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1. Introduction 

1.1. Cardiovascular disease 

Cardiovascular disease is the number one cause of death globally.16 Representing 31% of all global deaths, an 

estimated 18 million people died from cardiovascular diseases in 2016.16 Of these deaths, 85% was due to 

acute myocardial infarction (MI) or stroke. More than 75% of deaths from cardiovascular disease takes place 

in low- and middle-income countries.16 Out of the 17 million premature deaths (before age 70 years) due to 

noncommunicable diseases in 2015, 37% was caused by cardiovascular disease.16  

Most cardiovascular diseases can be prevented by addressing lifestyle and non-behavioral risk factors. 

Lifestyle risk factors include tobacco use, unhealthy diet, obesity, physical inactivity, and harmful use of 

alcohol. The most important modifiable non-behavioral risk factors include hypertension, diabetes, and 

hyperlipidemia. Some underlying determinants of cardiovascular disease (‘the causes of the causes’), which 

drive social, economic, and cultural changes, include globalization, urbanization, and population ageing.16 

 From a Danish perspective, cardiovascular disease has remained the second most common cause of 

death, following cancer, over the last 25 years.17 However, although the age-standardized mortality rate per 

100,000 individuals due to cardiovascular disease was close to that due to cancer in 1995 (331 vs. 303), 

cardiovascular disease-related mortality has improved more rapidly than cancer-related mortality. In 2018, the 

age-standardized mortality due to cardiovascular disease was close to half of that due to cancer (118 vs. 227 

per 100,000 individuals).17 Nevertheless, the prevalence of cardiovascular disease in Denmark is >10%, and 

among Danish individuals over the age of 55 years, more than half will experience cardiovascular disease.18 

Although cardiovascular disease mortality has halved during the last three decades,17 every fourth death in 

Denmark (~12,400 per year) is attributed to cardiovascular disease, particularly ischemic heart disease.1-3,19,20 

1.2. Multimorbidity 

Increasingly, healthcare systems must manage individuals with multiple coexisting diseases; currently, these 

conditions have become the norm, rather the exception.21 Multimorbidity is defined as the existence of two or 

more chronic diseases in a single individual.22 However, measuring multimorbidity is not straightforward.23 

Heterogeneous definitions in the medical literature24,25 have contributed to large differences in prevalence 

estimates, ranging from 3.5% to 98.5% in older general populations.26 These competing definitions impede the 

ability to collate evidence in a coherent way; thus, it is difficult to evaluate the implications of the available 

research, including the potential for improving patient care.27 Therefore, the Academy of Medical Science 

recommends the definition of multimorbidity established by the World Health Organization: ‘the coexistence 

of two or more chronic conditions, each one of which is either a non-communicable disease, a mental health 

disorder, or an infectious disease of long duration’.28  

Overall, there are four possible hypotheses concerning the etiological aspects of multimorbidity: (1) 

There is no etiological association between diseases; (2) there is a direct causal link between diseases; (3) 
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concurrent diseases have associated or shared risk factors; and (4) diseases develop independently (i.e., co-

existence is due to a third, distinct disease or condition).29 Despite the varying definitions of multimorbidity, 

some risk factors and adverse effects are well established. The established risk factors for multimorbidity 

include advanced age, female sex, and less advantaged backgrounds.28 Currently, multimorbidity is increasing 

globally, particularly in high-income countries, due to the aging population, urbanization, and the growing 

burden of non-communicable diseases, such as obesity and type 2 diabetes.27,30 

Multimorbidity negatively influences a range of outcomes, including healthcare use (utilization, 

organization, quality, and costs), quality of life,31 and mortality:32 Healthcare utilization and costs are increased 

due to more frequent emergency department contacts, avoidable inpatient admissions, treatment complications, 

longer hospital stays, and higher readmission rates.32-34 In the United States, about 80% of Medicare spending 

is attributed to patients with four or more chronic conditions, and the costs increase exponentially as the 

number of chronic conditions increases.33 Healthcare organizations are influenced by the challenges related to 

accessibility, coordination, and consultation times. The quality of healthcare is reduced, due to fragmented and 

ineffective care,35 polypharmacy, and nonadherence to guidelines;34 Reduced quality of life is related to 

psychological distress, and in particular, multimorbidity clusters of concurrent physical and mental health 

conditions;28 Multimorbidity increases the risk of premature death,28 and mortality increases with both the 

number and particular combinations of morbidities.36,37 Thus, the presence of multimorbidity raises the already 

high risk of death among patients with low socioeconomic status and/or high stress.36-38 

Although multimorbidity is a growing global health concern, the available evidence on its causes, 

impact, prevention, and treatment remains inadequate.28 Thus, the Academy of Medical Science has called for 

urgent, advanced research to tackle multimorbidity, by specifically investigating: (i) ‘the scale and nature of 

multimorbidity and how it is changing over time’, (ii) ‘which clusters of conditions cause the greatest problems 

for patients’, and (iii) ‘how doctors can increase the benefits and reduce the risks of treatment for patients with 

multimorbidity’.28 

1.3. Comorbidity 

In clinical practice, patients are not referred for evaluations of multimorbidity; instead, they are referred for 

evaluations of a particular (index) disease. Similarly, medical school, postgraduate medical training (except 

pediatrics and geriatrics), and the organization of healthcare systems typically focus on specific index diseases. 

In the context of an index disease, addressing multimorbidity means addressing comorbidity. The concept of 

comorbidity was first defined by Alvan R. Feinstein, in 1970, as “any additional co-existing ailment in a 

patient with a particular index disease”.39 However, the term comorbidity has not been uniformly 

conceptualized. For example, the terms ‘co-existing’ and ‘co-occurring’ have been used interchangeably,22,39 

although an important distinction exists: ‘co-existing’ refers to the simultaneous presence of multiple health 

conditions, without an index disease (i.e., multimorbidity); in contrast, ‘co-occurring’ implies a cluster of one 

or more additional diseases in an individual with an index disease, where the additional diseases occur at a 

higher rate than expected by chance alone (i.e., comorbidity).40 In addition, comorbidity has been variously 



 

5 

expressed as a count (a sum of the number of diseases) or an index (a combination of the number and severity 

of diseases).41 

As early as 1970, Feinstein stressed that “the failure to classify and analyze co-morbid diseases has led 

to many difficulties in medical statistics”.39 Supporting this view, comorbidities have been assessed from 

various sources, including medical records, physical examinations, personal interviews, questionnaires, and 

registries. In addition, the nature of the conditions that co-occur have variously included diseases, disorders, 

conditions, illnesses, and health problems.29 Some, but not all, of these terms and concepts can be linked to 

classification systems, which makes reproducibility difficult. The chronologic aspects of comorbidity are also 

important, because the time interval in which the co-occurrence of two or more conditions is assessed and the 

sequence in which comorbidities appear can have prognostic impacts.29 Moreover, it is important to separate 

comorbidity from complications. Complications arise after the index disease is diagnosed, and therefore, they 

qualify as either an endpoint or an intermediate step between the exposure and a more distant point in the 

clinical pathway.42 Finally, patient complexity is an emerging construct, which, in addition to health-related 

characteristics, takes into account the socioeconomic, cultural, environmental, and patient behavioral 

characteristics.43,44  

Feinstein also commented on the prognostic importance of comorbidity, with the statement: “the 

omissions of co-morbid diseases create misleading (…) fatality rates for an individual disease.”39 In other 

words, comorbidity can change the clinical course and survival of an index disease.39 In addition to its 

prognostic effects, comorbidity can affect symptoms and signs, time to detection, stage at diagnosis, time to 

treatment, choice of acute interventional and medical treatments, treatment response, choice of tertiary medical 

prevention, rehabilitation, and compliance to treatment for an index disease. Nonetheless, comorbidity remains 

widely neglected in clinical guidelines for many patient groups.  

Guidelines within cardiology are largely based on the results of randomized controlled trials (RCTs), 

which typically exclude patients of advanced age or with multimorbidity.45 Therefore, RCTs generally do not 

quantify harms well.46,47 Nevertheless, RCTs often lead to broad implementation of long-term treatments, even 

when the benefits and harms have not been examined in individuals with shorter life expectancies (e.g., older 

individuals).48,49 To obtain presumably ‘homogeneous’ comparison groups and to increase internal validity (by 

reducing systematic errors, particularly confounding), the controlled settings of RCTs come at the cost of 

external validity; thus, extrapolating the results to the more heterogeneous clinical reality becomes uncertain.39 

Previous reviews have emphasized four reasons for measuring comorbidity in research: (1) to identify 

effect modification; (2) to adjust for confounding; (3) to predict outcomes; and (4) to create comprehensive 

comorbidity indices that improve statistical efficiency.41 Our rationale for measuring comorbidity in patients 

with a cardiovascular (index) disease include the aforementioned four reasons and three additional reasons: 

(5) to increase our understanding of the prevalence of comorbidity, and (6,7) to understand its prognostic 

impact, by elucidating its (6) associations and (7) interactions with cardiovascular mortality (detailed below). 
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1.3.1. Trends in prevalence of comorbidity at first-time cardiovascular disease 

Nearly half of the adult population has at least one chronic disease. That proportion increases to 90% when 

considering only individuals older than 65 years.33 In Denmark, the median ages at a first-time MI are 68 years 

for men and 75 years for women.1 Risk factors that are shared between ischemic heart disease and other chronic 

diseases, such as smoking, physical inactivity, obesity, diabetes, chronic obstructive pulmonary disease, and 

cancer, contribute to the high prevalence of comorbid diseases.27 However, it remains largely unknown 

whether trends in comorbidity prevalence have changed over time among patients with cardiovascular disease. 

1.3.2. Association between comorbidity and cardiovascular mortality 

There is a high prevalence of comorbidity among individuals with a first-time cardiovascular disease. 

Currently, with the availability of new therapies,50 it is increasingly important to understand the impact of 

comorbidity on the prognosis of cardiovascular disease and its association with mortality.51 Furthermore, it is 

unclear whether comorbidities are associated with long-term and/or short-term outcomes. Associations with 

short-term outcomes could indicate a potential biological interaction (see below) between comorbidity and 

cardiovascular disease. Therefore, it is important to establish whether and to what extent comorbidity is 

associated with short- and/or long-term cardiovascular mortality. 

1.3.3. Effect modification by comorbidity on cardiovascular mortality trends 

Effect measure modification is the variation in the selected effect measure for the variable of interest across 

levels of another variable. The outcome of many major cardiovascular diseases, such as ischemic heart disease, 

has improved considerably during the last few decades.1,52 Improvements in mortality are explained by a 

reduction in major risk factors and by the availability of evidence-based medical therapies.52-54 However, 

comorbidity can modify the effectiveness of newer therapies, and hence, the clinical course of a cardiovascular 

disease.55 Therefore, it is important to examine whether comorbidity modifies trends in cardiovascular 

mortality; or put another way, whether trends in survival apply to all patients, independent of their comorbidity 

burden. 

1.3.4. Interaction effect of comorbidity on cardiovascular mortality 

Although the magnitude of the association between comorbidity and short- and long-term outcomes is yet to 

be established, comorbidity burden is expected to be associated with higher long-term mortality, due to its 

adverse prognostic effect. However, if comorbidity increases the cardiovascular mortality rate beyond what 

could be expected from their independent effects, it would suggest a synergistic interaction.56 This differs from 

the effect measure modification (described above), which is defined in terms of the effect (mortality risk over 

time) of one variable (e.g., MI) varying across the strata of a second variable (comorbidity burden). In contrast, 

an interaction is defined in terms of the combined (including synergistic) effects of comorbidity and an MI on 

mortality.57 A biological interaction differs from a statistical interaction. A statistical interaction is defined as 

the interaction coefficients in a statistical model; in general, a statistical interaction does not correspond to an 
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interaction in the sense of sufficient cause.58 A biological interaction (or synergism) is quantified on the 

additive scale (risk difference), as opposed to the multiplicative scale. Using the additive scale can provide 

insights into the impact on public health.59,60 No previous study has examined the biological interaction effect 

of cardiac and non-cardiac comorbidities on cardiovascular disease mortality.61 

1.3.5. Prediction of cardiovascular mortality using comorbidity indices 

A comorbidity index characterizes the combined burden of prespecified diseases or conditions as a single 

measure on a scale. In addition to the etiological (deterministic) models needed to address the questions listed 

in the previous sections, comorbidity prediction models (indices) are widely used to predict disease outcome, 

based on the comorbidity burden, regardless of causal inference (hence, probabilistic). In addition to outcome 

prediction, comorbidity indices are used to quantify comorbidity burden as a covariable in other analyses, e.g., 

risk-adjustment and stratification.62  

There is no universally agreed upon measure or list of diseases to define comorbidity; therefore, 

numerous indices have been developed. More than 35 comorbidity indices have been used to measure 

comorbidity in community and population studies.62 In addition, a variety of comorbidity indices have been 

developed for patients admitted to hospital or with specific diseases. Accordingly, indices have been developed 

specifically for patients with cardiac diseases63-66 and for mixed populations, with subsequent testing in patients 

with cardiac diseases.67-70 Commonly known comorbidity indices include the Kaplan-Feinstein Index, the 

Cumulative Illness Rating Scale, the Index of Co-existing Disease, the Elixhauser Comorbidity Index (ECI), 

and the most widely used index, the Charlson Comorbidity Index (CCI).41 

The CCI was initially developed with a small cohort of 559 patients admitted to a medical center in the 

New York Hospital during a 1-month period, in 1984.67 The CCI assigns one to six points to 19 comorbid 

diseases, depending on the strength of their relationship to one-year mortality. The CCI has been validated as 

a prognostic marker of comorbidity for several cardiovascular index diseases (e.g., acute61,71,72 and chronic 

ischemic heart disease,61,73 heart failure,61 aortic stenosis,74,75 and ischemic stroke61,76), but it has several 

limitations. Since 1984, the impact of comorbidities on survival has changed with improvements in prophylaxis 

and with treatments that prolong survival.1,57 Additionally, the CCI does not include psychiatric diseases, which 

can confer substantial morbidity, even in patients with a physical index disease.45,75 Moreover, the CCI 

evaluates disease severity only for a few diseases (diabetes, liver disease, and cancer) and to a very limited 

extent.42 In addition, it does not consider the prognostic impact of disease duration; it is likely, that the 

prognostic impact increases with duration, for some diseases (e.g., diabetes), and decreases with duration for 

others (e.g., a successfully treated ulcer disease or cancer).42 In summary, the CCI does not seem ideal for 

assessing the predictive ability of comorbidity burden in contemporary patients with cardiac diseases.  

1.4. Polypharmacy 

The increasing use of multiple medications has paralleled the rise in multimorbidity prevalence. The definitions 

of polypharmacy are many,77 but they often include concomitant prescriptions of ≥5 drugs.78 Polypharmacy is 
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increasingly common, due to the greater availability of effective drugs, guideline-recommended treatments for 

many chronic conditions, and changes in patient expectations.78 For example, the proportion of adults with 

polypharmacy in Scotland doubled to 21% between 1995 and 2010.78 Standard treatment regimens for chronic 

cardiovascular diseases, such as ischemic heart disease, arterial hypertension, dyslipidemia and congestive 

heart failure, fulfil the criteria for polypharmacy alone; hence, polypharmacy has become the rule, rather than 

the exception, in patients with cardiovascular diseases. In addition to cardiac comedications, noncardiac 

comedications can increase the number of comedications and often result in excessive polypharmacy, defined 

as the concomitant prescription of ≥10 drugs. 

 Polypharmacy comes at the risk of adverse drug events (ADEs), drug-drug interactions, drug-disease 

interactions, and inappropriate dosing.77 Approximately 6–12% of all emergency hospital admissions are 

attributable to ADEs,79 and at least half of these are judged preventable.80 An estimated 3% of deaths in the 

general population are attributed to ADEs.81 Thus, ADEs represent a major healthcare burden, by causing 

significant morbidity and increasing mortality risk and healthcare costs.79 The main risk factors or predictors 

of ADE-related admissions are advanced age, comorbidity, and polypharmacy.78,79 Older patients are 

particularly susceptible to ADEs, due to age-related cognitive impairment, functional impairment, and changes 

in pharmacokinetics and pharmacodynamics.79 

Three out of the eight most common groups of drugs that cause ADE-related hospital admissions in 

older individuals are non-aspirin non-steroidal anti-inflammatory drugs (NSAIDs), antithrombotic drugs 

(anticoagulant and antiplatelet drugs), and other cardiovascular drugs, including diuretics, cardiac glycosides, 

angiotensin-converting enzyme inhibitors (ACEIs), beta blockers, antiarrhythmic drugs, and calcium channel 

blockers.79 Moreover, among all preventable ADE-related hospital admissions, the following four drug classes 

account for more than 50%: antiplatelet drugs (16%), diuretics (16%), NSAIDs (11%), and anticoagulant drugs 

(8%). The most common underlying causes of ADEs are related to incorrect prescribing (median 31%), non-

adherence (33%), and/or a lack of monitoring (22%).80 Trials often fail to account for co-interventions with 

therapies outside the study protocols; consequently, the reliability of trial data is often limited for guiding 

clinical decision-making related to polypharmacy. Therefore, phase 4 studies and post-marketing 

surveillance are essential for detecting ADEs and drug-drug interactions. 

1.5. Cardiac comedication 

In this section, we will review ADEs and drug-drug interactions related to certain cardiac comedications. First, 

we will examine adherence to guidelines for monitoring renal function after renin-angiotensin system (RAS) 

blockade by use of ACEIs or angiotensin-II receptor blockers. Then, we will examine the potential cardiorenal 

risks associated with renal dysfunction after such RAS blockade. Third, we will quantify potential drug-drug 

interactions between clopidogrel and proton pump inhibitors (PPIs). 
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1.5.1. Adverse drug events 

1.5.1.1. Adherence to monitoring and discontinuation rules after RAS blockade 

A blockade of the RAS with ACEI/ARBs is a mainstay in treating hypertension,82 heart failure,83 diabetic 

microalbuminuria or proteinuria renal diseases,84 and in tertiary prevention of MI.85 However, some patients 

experience a sudden decline in kidney function when they initiate these drugs, presumably due to antagonism 

of the efferent arteriolar constriction mediated by angiotensin II or impaired kidney potassium excretion.86,87  

The potential impact of a RAS blockade on kidney function should be evaluated by periodically 

comparing pre- and post-initiation levels of serum creatinine and potassium.88 Guidelines recommend 

treatment discontinuation, when the creatinine level exceeds 30% above the patient’s baseline value, or when 

hyperkalemia develops.89 However, it remains unclear whether these recommendations are routinely followed 

in clinical practice.90  

A few studies have compared baseline and follow-up creatinine/potassium monitoring results,90 but 

there is a lack of large studies that use contemporary data with reference to current guidelines. Consequently, 

it remains unknown whether the individual risk of renal impairment influences the likelihood that an individual 

will be monitored.90 Therefore, it is important to examine adherence to creatinine and potassium monitoring 

and treatment discontinuation guidelines after the initiation of ACEI/ARB and to determine whether patients 

are monitored according to their individual risk profile. 

 

1.5.1.2. Cardiorenal risks associated with creatinine elevation after RAS blockade 

Clinical trials have indicated that ACEI/ARB-induced renal impairment is uncommon.89,91 However, in routine 

clinical practice, patients are, on average, older, and they have more comorbidities than the participants eligible 

for trials.92 Consequently, the absolute risk of experiencing a ≥30% increase in creatinine is not uncommon in 

the community setting.6 Although a 30% creatinine increase after ACEI/ARB initiation raises concern about 

the long-term risk-benefit balance, smaller increases (<30%) do not prompt a consideration of treatment 

discontinuation, according to current guidelines. The rationale for the 30% threshold in the context of adverse 

clinical outcomes is unclear,89 because little evidence is available on the actual risks associated with creatinine 

increases <30%. Due to the high prevalence of ACEI/ARB use in general practice, the identification of 

previously unrecognized ADEs would have major clinical and public health implications.  

1.5.2. Drug-drug interactions  

The thienopyridine, clopidogrel, is a mainstay in tertiary prevention of vascular events in patients with 

ischemic heart disease or ischemic stroke.93 Clopidogrel is a pro-drug that is metabolized by hepatic 

cytochrome P450 (CYP) enzymes (primarily the 2C19 and 3A4 isoforms) to an active thiol metabolite. This 

thiol irreversibly inhibits the binding of adenosine-5-diphosphate to the platelet P2Y12-receptor. Thus, 

concomitant drugs that are metabolized by CYP2C19 and CYP3A4 might interact with clopidogrel 

metabolism.94 This interaction might be clinically important, because patients with high residual adenosine-5-

diphosphate-inducible platelet reactivity are at increased risk of major adverse cardiovascular events (MACE) 

after a percutaneous coronary intervention (PCI).95 It was shown in ex vivo experiments that the clopidogrel 
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antiplatelet effect was diminished with concomitant use of CYP2C19-metabolizing PPIs,96-99 CYP3A4-

metabolizing lipophilic statins,100-103 and CYP3A4-metabolizing calcium channel blockers.104-106 However, it 

is debated whether those finding would translate into adverse clinical outcomes in vivo.94,107 

These potential interactions are important to public health authorities, due to the large number of PCIs 

performed annually, the increasing use of coronary stents, with the associated need for long-term antiplatelet 

treatment,93 and the possibility of preventing adverse interactions by avoiding co-administration of interacting 

drugs.94 No previous studies have examined whether the interaction between clopidogrel and PPI in patients 

undergoing a PCI might affect the clinical outcome based on a time-varying drug assessment that could 

accommodate intermittent lapses in therapy.108 

1.6. Non-cardiac comedication  

1.6.1. NSAIDs 

Cardiovascular-musculoskeletal multimorbidity is the most prevalent combination of morbidities, and 

NSAIDs are the drugs most frequently used to treat musculoskeletal disease.109 Therefore, the cardiovascular 

risks associated with NSAIDs are of particular importance when treating patients with or at risk of 

cardiovascular disease. Thus, NSAIDs serve as an example of non-cardiac comedication. 

NSAIDs are indicated for fever, inflammation, and pain syndromes.110 Symptoms of inflammation 

include painful, stiff, and/or swollen joints. Pain treatment may be indicated, when the effect of non-

pharmacological and other analgesic treatments are insufficient (e.g., for cancer-related, lower back, or 

postoperative pain), or when concurrent inhibition of prostaglandin synthesis is beneficial (e.g., dysmenorrhea 

or ureteral stones).110  

NSAIDs are available as prescription and over-the-counter (OTC) drugs.111 In Denmark, the mean 

prevalence of prescribed NSAID use has been 15% for the last 20 years. This mean percentage reflects an 

increase from 14% in 1999, which rose to 17% in 2005, and then steadily declined to 12% in 2019.111 However, 

the prevalence is higher among women, and it increases with age.111 Ibuprofen, naproxen, and diclofenac are 

the NSAIDs most frequently used among younger individuals. Etodolac is used almost exclusively among 

individuals over 40 years.111 The overall prevalence of NSAID use is expected to increase, due to the aging 

population and the associated increasing prevalence of painful, degenerative, and inflammatory conditions.  

Traditional NSAIDs were developed throughout the 1960s, as a safer alternative to aspirin 

(acetylsalicylic acid), which is associated with gastrointestinal erosions and ulcers.110 However, traditional 

NSAIDs also exhibited gastrointestinal toxicities, which could cause dyspepsia, ulcers, bleeding, and 

perforation.112 Silent ulceration is a particular concern. Based on the rationale that selective cyclooxygenase 

(COX)-2 isoenzyme inhibition would provide anti-inflammatory, analgesic, and antipyretic activity, without 

increasing the risk of adverse gastrointestinal events, newer COX-2 inhibitors (coxibs) were developed. 

Coxibs were introduced into clinical practice in 1999, but shortly after that, they became associated with 

cardiovascular toxicity. Rofecoxib was withdrawn in 2004, and valdecoxib was withdrawn in 2005.113 The 

pharmacodynamic effects of NSAIDs have been described in detail previously.114 In brief, selective COX-2 
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inhibition is thought to shift the prothrombotic/antithrombotic balance on endothelial surfaces towards 

thrombosis by inhibiting the COX-2–derived generation of vascular prostacyclin without affecting the COX-1–

mediated generation of thromboxane A2 (Figure 2).114 Other factors that contribute to the cardiovascular hazard 

of selective COX-2 inhibition include acceleration of atherogenesis, blood pressure elevation, risk or 

exacerbation of heart failure, and proarrhythmic effects (Figure 2).  

 

 

Figure 2 | Biological rationale for the cardiovascular risks associated with selective cyclooxygenase (COX)-2 inhibition 

 

1.6.2. Diclofenac 

1.6.2.1. Cardiovascular risks 

The COX selectivity of NSAIDs can be represented as a continuum (Figure 3A).115 It has become apparent 

that a subset of the traditional NSAIDs also has a COX-2 preference (Figure 3B).116 These so-called older 

COX-2 inhibitors include diclofenac, meloxicam, and etodolac.116 The COX-2 selectivity of diclofenac is 

similar to that of some coxibs (e.g., celecoxib, Figure 3A).116 However, the cardiovascular risks associated 

with diclofenac have never been compared head-to-head with other traditional NSAIDs in RCTs.117 Current 

concerns about these risks118 have made it unethical to conduct such a RCT. The European Medicines Agency 

(EMA) recently called for a further safety assessment of diclofenac.119 Underscoring its clinical and public 

health importance, diclofenac is the most frequently used NSAID in low-, middle-, and high-income countries, 
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and it is available OTC in most countries.120 A novel emulated trial design has provided a unique opportunity 

to study the cardiovascular risks associated with diclofenac use.121 In this design, the reference group can be 

expanded from non-users to include active comparators. It is particularly important clinically to compare the 

risks of diclofenac with those of non-selective NSAIDs (ibuprofen and naproxen) and non-NSAID alternatives 

(acetaminophen/paracetamol) to establish the best risk-benefit balance, when analgesia is needed. 

 

 

Figure 3 | NSAID selectivity for COX-1 or COX-2 and NSAID classification. (A) The continuum of relative COX 

selectivity for different NSAIDs. IC80, concentration required to inhibit COX-1 and COX-2 activity by 80%. (B) The 

proposed classification of NSAIDs; those selected for focus in this dissertation are highlighted in red. Abbreviations: 

COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drug. Modified from Schmidt M et al. Eur Heart J 

2016,118 Schmidt M. Dan Med J 2015,14 and Warner TD et al. FASEB J 2004.115 

 

1.6.2.2. Trends and predictors of contraindicated NSAID use 

Consistent with their previous initiatives (Figure 4), EMA has recently called for a further safety assessment 

of diclofenac.119 First, in 2006, EMA assessed the cardiovascular safety of traditional NSAIDs. At that time, 

they suggested that the magnitude of the cardiovascular risk associated with diclofenac could be the same as 

that associated with coxibs.122 In 2013, EMA’s Pharmacovigilance Risk Assessment Committee concluded 

that the increased cardiovascular risk associated with diclofenac was comparable to that of coxibs, and that the 

precautions in place for coxibs should be applied to diclofenac.123 Therefore, EMA subsequently implemented 

risk minimization measures, which included (1) a contraindication in patients with congestive heart failure, 

ischemic heart disease, peripheral arterial disease, and/or cerebrovascular disease; (2) a caution for patients 

with certain cardiovascular risk factors (e.g., hypertension, hyperlipidemia, diabetes mellitus, and smoking); 

and (3) a recommendation for using diclofenac at the lowest dose and the shortest duration possible.124 In 2016, 

a position paper by the European Society of Cardiology stated that diclofenac should be avoided altogether.118 

It recommended that, when NSAID use could not be avoided, low-dose ibuprofen (≤1200 mg/day) or naproxen 

(≤500 mg/day) were the least harmful alternatives for patients with or at high risk of cardiovascular disease.118 

The overall use of diclofenac has decreased by 75% since 2008 in Denmark, where national warnings were 

first issued from the Danish Medicines Agency and the Danish Society for Cardiology.111 However, it remains 

unclear whether the clinical and health authority recommendations for cautious NSAID use have led to similar 

trends in patients with established cardiovascular disease. 
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1.6.2.3. Prescriber responsibility for contraindicated use 

The physician issuing a prescription is accountable for the prescription and must ensure that good clinical 

practice is followed. As described above, incorrect prescribing is one of the most common underlying causes 

of ADE.80 However, little is known about which clinical specialty dispenses the majority of NSAID 

prescriptions. General practitioners are considered to play an important role, but the lack of data on prescriber 

responsibility has limited insight into the proportions of NSAIDs prescribed by general practitioners and other 

healthcare providers, including the hospital sector and private practice specialists.  

Currently, in Denmark, diclofenac is available only by prescription. Therefore, the key to facilitating 

more appropriate NSAID use is to assess prescriber responsibility. Only one previous study has investigated 

prescriber responsibility. They found that, among all diclofenac prescriptions in Germany, 61% were issued 

by general practitioners, 22% by orthopedists, 6.8% by surgeons, and 9.1% by others.125 However, no study 

has examined the degree to which different healthcare providers are responsible for prescribing NSAIDs to 

patients with cardiovascular contraindications. 

 

 

Figure 4 | Timeline of important regulatory actions taken regarding diclofenac and coxibs in the Nordic countries. 

Regulatory actions prompted by studies described in this dissertation are marked in red. Abbreviations: EMA, European 

Medicines Agency; ESC, European Society of Cardiology; OTC, over the counter. Modified from Kristensen KB et al. 

Pharmacotherapy 2019126 

 

1.6.3. Novel cardiovascular risks 

Previous studies have provided a timeline of the cardiovascular risks established for coxibs and traditional 

NSAIDs.118 Many side-effects, including non-fatal MI, non-fatal ischemic stroke, hypertension, heart failure, 

and cardiac death are considered to be caused by coxibs, diclofenac, and high-dose ibuprofen (compared to 

non-use).117,127 However, the nature of the associations with other cardiovascular diseases remains unclear. As 

shown in Figure 2, biological links have been proposed between NSAIDs and venous thrombosis and 

arrhythmia. Moreover, the prognostic effect of NSAIDs on stroke mortality remains unknown. The following 
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three sections of this dissertation elaborate on these unexplored outcomes. A literature overview is provided 

in the Supplementary material (Table S1).15  

 

1.6.3.1.      Atrial fibrillation/flutter 

Atrial fibrillation/flutter is the most common cardiac rhythm disorder observed in clinical practice.128 The 

overall incidence rate (per 1000 person-years) is 4, which reflects a range from <0.5, in individuals under 40 

years of age, to >25, in individuals above 80 years of age.128 The corresponding prevalence is 0.1% in 

individuals under 40 years of age and >10% in individuals above 80 years of age.128 Of clinical and public 

health importance, atrial fibrillation/flutter is associated with a reduced quality of life129 and elevated risks of 

heart failure,130 systemic embolisms (particularly ischemic stroke),131 and death.132  

NSAID use may increase the risk of atrial fibrillation/flutter through several cardiovascular- and renal-

related effects (Figure 2), as follows:133 (1) Direct proarrhythmic effects may increase the susceptibility to 

atrial fibrillation/flutter.114 Indeed, COX-2-derived prostacyclin acts as an endogenous antiarrhythmic agent 

through its inhibition of epicardial sympathetic nerve activity.134-136 Experimental animal studies have shown 

that selective deletion of cardiomyocyte COX-2 expression in mice induced interstitial and perivascular 

fibrosis associated with an enhanced susceptibility to arrythmias.137 Moreover, coxibs, independent of their 

COX-2 inhibition, might inhibit delayed-rectifier potassium channels, and thereby, induce arrhythmia.138 (2) 

Adverse renal effects, such as fluid retention and expansion of the plasma volume, may increase left atrial 

pressure/stretch.139 Even short-term NSAID use (<14 days) has been shown to increase left ventricular end-

diastolic and end-systolic dimensions on echocardiography.140 In addition, due to reduced potassium excretion 

from the distal nephron, NSAID use might also cause proarrhythmic fluctuations in potassium levels.139 (3) 

Heart failure and elevated blood pressure might occur, due to plasma volume expansion, increased peripheral 

resistance, and the attenuation of diuretic and antihypertensive drug effects141,142 

The role of COX inhibition in atrial fibrillation/flutter occurrence has only been investigated sparsely 

(Table S1).143,144 A meta-analysis of 114 clinical trials suggested that the use of rofecoxib was associated with 

a 3-fold increased risk of any type of cardiac arrhythmia (relative risk=2.90, 95% CI: 1.07–7.88),144 but that 

analysis included relatively few events (n=286), and the precision was limited; consequently, atrial fibrillation 

and atrial flutter could not be examined separately.144  

 

1.6.3.2.      Venous thromboembolism 

Venous thromboembolism (VTE) is a common disease that affects 1–3 per 1000 individuals in Western 

populations annually; thus, VTE represents the third leading vascular disease, after MI and stroke.145 However, 

the annual incidence rate increases exponentially with age for both men and women. Thus, the annual VTE 

incidence varies from <0.5 per 1000 persons among those under 40 years of age to about 10 per 1000 persons 

among those aged 80 years or more.146,147 The classic risk factors for VTE include immobilization, recent 

surgery, trauma, cancer, pregnancy, and the use of oral contraceptives or postmenopausal hormonal 

replacement therapy.148 Based on the presence or absence of these classic risk factors, VTE can arbitrarily be 

categorized as provoked or unprovoked, respectively.148 VTE is associated with increased morbidity and 
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mortality.20,148 It occurs predominantly in the deep vessels of the lower limbs (i.e., deep vein thrombosis), and 

it increases the risk of pulmonary embolism and post-thrombotic syndrome.149 Among patients with pulmonary 

embolism, 2–4% develop chronic thromboembolic pulmonary hypertension with disabling dyspnea, both at 

rest and upon exertion.150 The recurrence rate after stopping anticoagulant drug therapy is 5% per year, overall, 

and it is higher for unprovoked (8%) than for provoked (3%) VTE.151 Therefore, recurrent VTE is a major 

clinical problem. Recent data show that patients with VTE are at increased risk of death within the first 30 

days after the diagnosis (absolute risks are 3% for deep vein thrombosis and 31% for pulmonary embolism) 

but also during the following 30 years, with VTE as an important cause of death.20 

Traditionally, atherosclerotic and venous thrombosis have been considered two separate disease entities, 

because arterial thrombi mainly comprise platelets, and venous thrombi mainly comprise red blood cells and 

fibrin.152 However, platelets also play a role in venous thrombosis. Indeed, the biochemical interaction between 

platelets and the coagulation pathway (platelet-fibrin units) is essential for thrombus growth.153,154 Moreover, 

each of these disorders are associated with an increased risk of the other.155,156 Accordingly, treatments 

previously reserved for arterial thrombosis might also be effective for venous thrombosis.157,158 

COX-2 is expressed in greater amounts in venous smooth muscle cells than in arterial cells.159 

Furthermore, prostaglandins stimulate the expression of thrombomodulin, a strong inhibitor of blood 

coagulation in human smooth muscle cells.160 Therefore, the selective suppression of COX-2-derived 

prostacyclin may induce a prothrombotic state160 and also promote venous thrombosis (Figure 2).114,161 

The association between NSAID use and VTE has received little attention (Table S1). The VIGOR trial 

initially failed to report all cardiovascular events,162 but later re-analyses revealed that the rate of VTE had 

been five-fold higher in the rofecoxib group than in the naproxen group. That finding indicated that COX-2 

was strongly associated with the risk of VTE.114,163,164 However, the precision of the risk estimates was low for 

naproxen vs. rofecoxib (risk ratio=0.17, 95% CI: 0.00–1.37), because the trial was not powered to detect 

differences in individual thromboembolic events.114,163,164 Subsequent observational studies showed conflicting 

results on whether165,166 or not167,168 traditional NSAIDs were associated with VTE. 

 
1.6.3.3.      Stroke mortality 

Stroke is a leading cause of death and disability worldwide.169 The incidence rate of hospitalized stroke in 

Denmark is around 3 per 1000 person-years,170 which reflects a range (in 1000 person-years) of 1–2 in 

individuals under 45 years of age to 13–15 in individuals above 75 years of age.169,170 Thus, more than two-

thirds of all strokes occur in individuals 65 years or older,171 and this group has the highest prevalence of 

musculoskeletal comorbidity and NSAID use.3,111 

Numerous studies have examined the association between NSAID use and stroke risk.113,172,173 Although 

the evidence is inconsistent,117,172 the use of different coxibs or diclofenac confers an increase in 

cerebrovascular risks.113,172,173 Thus, the rate of cerebrovascular events increased more than two-fold over 

controls, in both the APPROVe trial (hazard ratio [HR]=2.32, 95% CI: 0.89–6.74) and in a meta-analysis of 

ibuprofen (HR=3.4, 95% CI: 1.00–11.60), diclofenac (HR=2.86, 95% CI: 1.09–8.36), etoricoxib (HR=2.67, 

95% CI: 0.82–8.72), and lumiracoxib (HR=2.81, 95% CI: 1.05–7.48).  
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It remains unknown whether NSAID use also affects stroke prognosis. Given the reported 

thromboembolic properties of COX-2 inhibitors,116,172,173 their use may lead to larger, more fatal 

thromboembolic occlusions compared to non-use. The effect of NSAID use on stroke mortality might, in part, 

also be mediated by stroke recurrence,113,172,173 MI,113 or atrial fibrillation/flutter, which increase the subsequent 

risk of heart failure and ischemic stroke.11 COX-2 inhibition might also impair the pathophysiological response 

to a stroke by inhibiting the neuroprotective effect of prostaglandin E2.
174 In fact, any anti-ischemic 

preconditioning response to a prior sublethal ischemic insult could be counteracted by COX-2 inhibition.175-177  

Despite experimental evidence that supports a role for COX enzymes in cerebral ischemia,174,178-180 only 

one study has examined the association between preadmission NSAID use and stroke outcome in a clinical 

setting (Table S1).181 That study showed that NSAID use was associated with an increased risk of stroke with 

mild functional outcome.181 No study has examined the effect of preadmission NSAID use on stroke mortality. 
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2. Aims 

The overall aim of the dissertation studies was to improve the understanding of how multimorbidity influences 

the risk, prognosis, and prediction of cardiovascular disease (Figure 1). This aim is detailed in the following 

three pillars of the dissertation: 

 Comorbidity: To examine the prognostic impact of comorbidity on major cardiovascular diseases, 

including MI, heart failure, and stroke. Specifically, we examined: (1) the trends in prevalence of 

comorbidity among individuals with a first-time cardiovascular disease; (2) the association between 

comorbidity and cardiovascular mortality; (3) the effect modification of comorbidity on cardiovascular 

mortality trends; (4) the interaction between comorbidity and cardiovascular mortality; and (5) the ability 

of comorbidity indices to predict cardiovascular mortality. 

 Cardiac comedication: To examine ADEs and drug-drug interactions. Specifically, we examined: (1) 

adherence to guidelines for creatinine and potassium monitoring and treatment discontinuation after a RAS 

blockade, and the cardiorenal risks associated with increases in creatinine; and (2) drug-drug interactions 

between clopidogrel and PPIs in patients that depend on appropriate post-PCI antiplatelet therapy after 

coronary stent implantation. 

 Non-cardiac comedication: To examine various cardiovascular risks associated with NSAID use. 

Specifically, we examined: (1) the cardiovascular risks associated with diclofenac initiation; (2) trends, 

predictors, and prescriber responsibility for NSAID use in patients with cardiac diseases; and (3) 

associations between NSAID use and atrial fibrillation/flutter, VTE, and stroke mortality. 
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Table 1 | Summary of dissertation studies, grouped according to comorbidity (red), cardiac comedication (grey), and non-cardiac comedication (blue) 

Comorbidity Comorbidity-MI mortality (I) Comorbidity-HF mortality (II) Comorbidity-stroke mortality (III) Comorbidity-MI interaction (IV) Comorbidity Index (V) 

Aim* To examine 25-year trends in MI 

hospitalization and mortality rates, and the 

prognostic impact of sex and comorbidity 

To examine 30-year trends in HF 

hospitalization and mortality rates, and the 

prognostic impact of comorbidity  

To examine 18-year trends in stroke 

mortality and the prognostic impact of 

comorbidity 

To examine whether comorbidity and MI interact to 

reduce survival beyond their independent effects 

To develop and validate the DANCAMI for 

adjustment of comorbidity burden in studies of 

MI prognosis 

Design Population-based cohort study Population-based cohort study Population-based cohort study Population-based matched cohort study Prediction study (2 cohort studies) 

Data source CRS, DNPR, RCD CRS, DNPR CRS, DNPR CRS, DNPR, NPR DK: CRS, DNPR, AUPD, LABKA;  

NZ: NMDS, MORT, NPC 

Study region Nationwide Nationwide Nationwide  Nationwide DK (Northern/Central); NZ (nationwide)  

Study period 1984–2008  1983–2012  1994–2011 1995–2016 2000–2013 (DK) and 2007–2016 (NZ)  

Study 

population 

Patients ≥15 years old with first-time MI 

(based on In; A+B), n=234,331 

Patients ≥15 years old with first-time HF 

(based on In; A+B), n=317,161 

Patients ≥15 years old with first-time stroke 

(based on In; A+B), n=219,354 

Patients >18 years old with first-time MI (based on 

In; A+B) (n=179,515) vs. matched comparison 

cohort members (n=880,347) 

Patients ≥15 years old with first-time MI 

(based on In; A+B) in DK (development, 

n=36,685) or NZ (validation, n=75,069) 

Follow-up 1 year 5 years 5 years 5 years 1 year 

Exposure Calendar time; CCI scores 0, 1, 2, ≥3 

(based on In+Out; A+B; Hx5) 

Calendar Time; CCI scores 0, 1, 2, ≥3 (based 

on In+Out; A+B; Hx5) 

Calendar Time; CCI scores 0, 1, 2, ≥3 (based 

on In+Out; A+B; Hx15) 

CCI scores 0, 1, 2–3 ≥4 and cardiac/noncardiac 

comorbidities (based on In+Out; A+B; Hx10) 

Continuous/categorical DANCAMI, rDANC-

AMI, CCI, ECI (based on In+Out; A+B; Hx5) 

Outcome CCI prevalence; 30-day and 31–365-day 

mortality 

CCI prevalence; 1- and 5-year mortality CCI prevalence; 30-day, 1- and 5-year 

mortality 

30-day, 31–365-day, and >1–5-year mortality 1-year all-cause mortality  

Covariables Age, sex, CCI categories/diseases Age, sex, CCI categories/diseases  Age, sex, CCI categories/diseases  Age, sex, CCI categories/diseases Potential predictors: Age, sex, and 41 

comorbidities (based on In+Out; A+B; Hx5) 

Statistics Kaplan-Meier, Cox, bootstrapping, three 

knot cubic splines 

Kaplan-Meier, Cox Kaplan-Meier, Cox Stratified Cox, absolute interaction effect 

(contrast=difference in rate differences), Cochran-

Armitage test for trends (dose-response) 

Cox, fractional polynomials, Kaplan-Meier, 

performance (R2, C-statistics, IDI, NRI) 

Confounder 

control 

Age standardization, stratification, 

regression-model adjustments 

Age standardization, stratification, 

restriction, regression model adjustments 

Age standardization, stratification, 

restriction, regression model adjustments 

Age standardization, matching (on age, sex, and 

individual CCI scores), stratification, restriction, 

regression model adjustments 

Not applicable (prediction model) 

Additional 

analyses 

(1) Stratification by age, sex, CCI, and 

calendar period; (2) Comparison of the 

proportions of MI recorded as cause of 

death, but not as a hospital diagnosis, over 

time 

(1) Stratification by age, sex, calendar 

period, acute/nonacute, A/B, pulmonary 

edema, and high-risk groups; (2) Including 

outpatient HF diagnoses (since 1995); (3) 

Temporal use of TTE, ICD, LVAD, and 

heart transplantation 

(1) Stratification by age, sex, calendar period, 

and stroke types (ischemic vs. hemorrhagic); 

(2) Restriction to period after 2003 

(radiology data available) and CT/MRI 

confirmed cases 

(1) Stratification by age, sex, calendar period, 

baseline CCI score/category/comorbidities, MI 

type, and compliance with standard post-MI 

medical therapy (among 1-year survivors); (2) 

Sensitivity to comorbidity look-back period (1 vs. 5 

years)  

(1) Stratification by age, sex, ethnicity; (2) 

Restriction to MI survivors; (3) Sensitivity to 

HR cut-off (1.10 vs. 1.20); use of exact β; HR 

vs. β for score components; adding novel 

variables to CCI (4) split-sample internal 

validation (2000–9 vs. 2010–13)  

Conclusions* 50% decline in MI incidence and mortality 

during 1984–2008. Comorbidity burden did 

not modify trends, but strongly affected 

prognosis; sex did not affect prognosis 

HF rates declined since 2000. 1- and 5-year 

mortality declined >40% over 30 years. 

Comorbidity burden did not modify trends, 

but strongly affected prognosis  

Short- and long-term stroke mortality 

improved considerably during 1994-2011. 

Comorbidity burden did not modify trends, 

but strongly affected prognosis 

Cardiac and non-cardiac comorbidity interacted in a 

dose-dependent manner with MI to increase short- 

and long-term mortality 

DANCAMI assessed comorbidity burden of 

MI patients, outperformed existing indices, and 

generalized to patients outside Denmark 
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Cardiac 

comedication 

Adverse side effects (RAS blockade)  Drug-drug interaction 

Renal function monitoring (VI) Creatinine elevation-CV risks (VII) Clopidogrel-PPI interaction (VIII) 

Aim* To examine Cr/K monitoring and 

discontinuation after ACEI/ARB 

initiation 

To examine long-term cardiorenal risks 

associated with increased Cr after 

ACEI/ARB initiation 

To examine the effect of the clopidogrel - 

PPI interaction on MACE after PCI  

Design General practice-based cohort study General practice-based cohort study Population-based cohort study 

Data source CPRD, HES, IMD CPRD, HES, IMD CRS, DNPR, WDHR, RCD 

Study region UK primary care (7% coverage) UK primary care (7% coverage) Western Denmark (55% coverage) 

Study period 2004–2014 1997–2014 2000–2005 

Study population Adults initiating ACEI/ARB 

(n=223,814) 

Adults initiating ACEI/ARB without 

previous ESRD (n=122,363) 

Patients with coronary 

stent implantation (n=13,001) 

Follow-up 2 months Through 31 March 2014 12 months 

Exposure Renal function monitoring (1) Cr increase ≥30% vs. <30%; (2) 10% 

incremental Cr increase 

Time-varying clopidogrel and/or PPI use 

Outcome (1) Cr/K monitoring; (2) Increases in Cr 

≥30%/K>6 mmol/L; (3) discontinuation  

ESRD, MI, HF, and death MACE (primary); MI, IS, stent thrombosis, 

TLR, or cardiac death (secondary); UGIB 

Covariables Age, sex, calendar period, SES, lifestyle 

(smoking, BMI, alcohol), CKD, DM, 

HF, MI, HTN, PAD, arrhythmia, eGFR, 

CKD stage 

Age, sex, calendar period, SES, lifestyle 

(smoking, BMI, alcohol), CKD, DM, HF, 

MI, HTN, PAD, arrhythmia, sBP, dBP, 

HTN drugs, NSAIDs 

Age, sex; DM, HTN, obesity (In+Out; 

A+B; Hx1977); time-varying use of ASA, 

CCB, and lipophilic statins  

Statistics Proportions, logistic regression Kaplan-Meier, Poisson regression, 

fractional polynomials, test for linear trend 

Cox, relative interaction effect (ratio of 

stratum-specific HRs), Wald chi2 test 

Confounder 

control 

Regression-model adjustments Stratification, restriction, regression-model 

adjustments 

Stratification, regression model 

adjustments, bias analysis (unmeasured 

confounder examined in a follow-up paper) 

Additional 

analyses 

(1) Sensitivity to extending first FU 

monitoring to 3 weeks; restriction to 

2009–14; exclusion if hospital contact 

within 1 month; re-defining continuation 

as drug use >90 days; (2) subgroups 

(HF, MI, HTN, CKD, PAD, DM) 

(1) Restriction to 2004–14, patients 

without DM/CKD stage 4, continuing 

users, or only DM; (2) Patients excluded if 

DM/CKD stage 4 or K>6 mmol/L; (3) 

Estimating reduction in median sBP/dBP; 

(4) Omit complete monitoring restriction 

(1) PPI subtypes (esomeprazole, 

lansoprazole, omeprazole, pantoprazole); 

(2) Stratification by pre-PCI PPI use, age, 

sex, PCI indication, DM 

 

Conclusions* Among ACEI/ARB initiators, only 10% 

receive guideline-recommended Cr 

monitoring, and 20% follow 

discontinuation criteria  

Cr increases after ACEI/ARB initiation 

were associated with adverse cardiorenal 

outcomes in a dose-reponse manner 

As a class, PPIs did not modify the 

protective effect of clopidogrel, 

but were associated with MACE, 

particularly among previous PPI users 
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Non-cardiac 

comedication 

Diclofenac Novel cardiovascular risks 

Diclofenac-CV risks (IX) Contraindicated NSAID use (X) NSAID-AF risk (XI) NSAID-VTE risk (XII) NSAID-Stroke mortality (XIII) 

Aim* To examine CV risks of diclofenac vs. 

other traditional NSAIDs, paracetamol, 

and no NSAID use 

To examine trends, predictors, and 

prescriber responsibility for NSAID use in 

patients with cardiac disease 

To examine whether NSAID use is 

associated with risk of AF 

To examine whether NSAID use is associated 

with risk of VTE 

To examine whether NSAID use is 

associated with stroke mortality 

Design Emulated trial (series of cohort studies)  Drug utilization study (cohort study) Population-based case-control study Population-based case-control study Population-based cohort study 

Data source CRS, DNPR, NPR, RCD, NHISR CRS, DNPR, NPR CRS, DNPR, AUPD CRS, DNPR, AUPD CRS, DNPR, DNDRP 

Study region Nationwide Nationwide Northern DK Northern DK Nationwide 

Study period Each month during 1996–2016 (=252) 1996–2017 1999–2008 (≥1 yr prescription history) 1999–2006 (≥1 yr prescription history) 2004–2012 (≥6 month prescription history) 

Study population Adults + no NSAID use within 1 year 

+ no exclusion criteria (CVD, CKD, 

liver/ulcer disease, C, SCZ, dementia 

(In+Out; A+B; Hx5/Px1) 

First-time CVD: SAP, MI, IS (based on 

In); AF, HF, VTE, VHD, IE (based on 

In+Out) 

AF cases (n=32,602); Age/sex-matched 

controls (n=325,918)  

VTE cases (n=8368); Age/sex-matched controls 

(n=82,218)  

First-time stroke (n=100,043) 

Follow-up 30 days 5 years N/A N/A 30 days 

Exposure Diclofenac vs. (1) ibuprofen/naproxen; 

(2) paracetamol; (3) no use 

Time (calendar year) NSAIDs (current, new, long-term, former, 

no use) 

NSAIDs (current, new, long-term, former, no use) Pre-admission NSAIDs (current, new, long-

term, former, no use) 

Outcome MACE (primary); AF, IS, HF, MI, 

cardiac death (secondary); UGIB 

1- and 5-year prevalence, predictors, and 

prescribers of NSAIDs 

AF VTE: overall, DVT, pulmonary embolism 30-day all-cause mortality 

Covariables Age, sex, comorbidity (DM, COPD, 

HTN, obesity, HT, OP, RA, OA, 

SCTD) (In+Out; A+B; Hx5), and 

comedication use (<90 days) 

Age, sex, calendar period, comorbidity 

(DM, COPD, HTN, obesity, HT, OP, RA, 

OA, SCTD) (In+Out; A+B; Hx1977) and 

comedication use (<90 days) 

Comorbidity (Alc, C, CVD, CKD, 

COPD/asthma, DM, HT, hypothyroidism, 

liver disease, CP, RA, SCTD) (In+Out; 

A+B; Hx1977), CORT (<60 days)  

Age, sex, CVD, COPD/asthma, DM, liver 

disease, obesity, SCTD, OA, RA, OP, CKD, 

recent admission, antipsychotics, HRT (In+Out; 

A+B; Hx1977), CORT, VKA (<60 days) 

MI, AF, PAD, DM, obesity, dementia, SAP, 

VHD, VTE, CKD, HTN, COPD, Alc, C, RA, 

SCTD, OA, OP (In+Out; A+B; Hx1977); CV 

drugs, CORT, SSRI, bisp (<90 days) 

Statistics SD, logistic regression (PS), PS 

distribution graphics, Cox, robust 

variance, Kaplan-Meier 

Standardized prevalence proportions, 

logistic regression 

Risk-set sampling, conditional logistic 

regression 

Risk-set sampling, unconditional logistic 

regression 

Cox, logistic regression (PS calculation) 

Confounder 

control 

Stratification, restriction, regression 

model adjustments, PS matching, 

unmeasured confounder analysis 

Standardization, regression model 

adjustments, stratification 

Restriction, stratification, regression model 

adjustments, bias analysis (unmeasured 

confounder) 

Restriction, stratification, regression model 

adjustments, bias analysis (unmeasured 

confounder) 

Restriction, PS matching, regression model 

adjustments, stratification 

Additional 

analysis 

(1) Stratification by age, sex, period, 

pill dose, MI type, baseline risk; (2) 

Omitting healthcare-seeking criteria; 

excluding OTC period; censoring when 

other NSAIDs were filled; 1 trial 

entry/person; low-dose cut-off limits  

(1) Stratification by sex, age, NSAID types 

(2) Median prescribed pill strength; (3) 1-

year accumulated dose distribution; (4) 

treatment duration (number of 

prescriptions filled among initiators) 

(1) Stratification by age, sex, CVD, CKD, 

OA, RA, SCTD, and pill dose; (2) 

Sensitivity to using ibuprofen as reference; 

(3) Restriction to primary diagnosis, 

cardioversion, and no previous 

digoxin/VKA/inflammatory conditions 

(1) Stratification by age, sex, C, CVD, DM, OA, 

RA, SCTD, obesity, trauma/fracture, recent 

hospitalization, and pill dose; (2) Sensitivity to 

changing exposure window (60 vs. 15, 30, 90, 

120 days) and using ibuprofen as reference 

(1) Stratification by age, sex, RA, OA, MI, 

AF, HTN, and DM; (2) Sensitivity to change 

in exposure window (60 vs. 30 days); (3) 

Restriction to CT or MRI scan-confirmed 

diagnoses 

Conclusions* Diclofenac poses a CV health risk 

compared to no use, paracetamol use, 

and use of other traditional NSAIDs 

NSAID use is declining. Shorter durations, 

declining COX-2I use, and increasing 

naproxen/low-dose ibuprofen use suggest 

adherence to guidelines. GPs prescribe 

90% of NSAID prescriptions. 

Use of NSAID was associated with AF 

risk, strongest for new and COX-2I users 

Use of nsNSAIDs or COX-2Is was associated 

with a two-fold or more increased risk of VTE. 

Preadmission use of COX-2Is, but not 

nsNSAIDs, was associated with increased 

30-day IS mortality 



 

 

2
1
 

Abbreviations: A | A+B, Primary and secondary diagnoses; ASA, aspirin; Alc, alcoholism-related disease; ACEI, ACE inhibitors; ARB, angiotensin-II receptor blockers; AF, 

atrial fibrillation/flutter; AUPD, Aarhus University Prescription Database; B | β, beta coefficients; bisp, bisphosphonates; BMI, body mass index; BP, blood pressure; C | C, 

cancer; CABG, coronary artery bypass grafting; CCB, calcium channel blockers; CCI, Charlson Comorbidity Index (including 19 CV and non-CV comorbidities); CCI scores 

were 0 (none), 1 (low), 2 (moderate), and ≥3 (severe); CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CORT, glucocorticoids; Cox, Cox 

proportional-hazards regression; COX, cyclooxygenase; COX-2I, COX-2 selective inhibitor; CP, chronic pancreatitis; CPRD, UK Clinical Practice Research Datalink; C-statistic, 

Harrell’s C-statistic (measures discriminative ability; equivalent to the area under the Receiver Operating Characteristic curve for binary outcomes); Cr, serum creatinine; CRS, 

Civil Registration System; CT, computerized tomography; CV, cardiovascular; CVD, CV disease; CV drugs, typically include antiplatelet drugs, anticoagulant drugs, ACEI, 

ARB, beta-blockers, CCB, diuretics, nitrates, and statins; CVD, CV disease; D | DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction (including 24 CV and 

non-CV comorbidities); dBP, diastolic BP; DDD, defined daily doses; DVT, deep vein thrombosis; DK, Denmark; DM, diabetes mellitus; DNDRP, Danish National Database of 

Reimbursed Prescriptions; DNPR, Danish National Patient Registry; E | ECI, Elixhauser Comorbidity Index (including 30 CV and non-CV comorbidities); eGFR, estimated 

glomerular filtration rate; ESRD, end stage renal disease; H | HES, UK Hospital Episode Statistics database; HF, heart failure; HR, hazard ratio; HRT, hormone replacement 

therapy; HT, hyperthyroidism; HTN, Hypertension; Hx, years of hospital record history (Hx5/10/15= 5-,10-, and 15-year histories, Hx1977=history since 1977); I | IBD, 

inflammatory bowel disease; IDI, integrated discrimination improvement (integrates the NRI over all possible cut-offs for the probability of an outcome, and it is the difference 

between the predicted probabilities of those +/- outcomes); IE, infective endocarditis; IMD, UK Index of Multiple Deprivation; In, inpatient diagnosis; In+Out, in- or outpatient 

diagnoses; IS, ischemic stroke; ITT, intention-to-treat; F | FU, follow-up; G | GP, general practitioners; K | K, serum potassium; L | LABKA, Clinical Laboratory Information 

System Research Database; M | M, million; MACE, major adverse cardiovascular events (composite of secondary outcomes); MI, myocardial infarction; MORT, NZ National 

Mortality Collection (vital status); MRI, magnetic resonance imaging; N | N/A, not applicable; NHISR, National Health Insurance Service Registry; NMDS, NZ National 

Minimum Dataset (hospital inpatient data); NPC, NZ National Pharmaceutical Collection (dispensed prescriptions); NPR, Danish National Prescription Registry; NRI, continuous 

Net Reclassification Index; NSAID, non-aspirin nonsteroidal anti-inflammatory drug; nsNSAIDs, non-selective NSAIDs; NZ, New Zealand; O | OA, osteoarthritis; OP, 

osteoporosis; OTC, Over-the-counter; P | PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; PPI, proton pump inhibitors; PS, propensity score; Px, years 

of prescription history; R | RA, rheumatoid arthritis; RAS, Renin–angiotensin system; RCD, Registry of Causes of Death; rDANCAMI, DANCAMI restricted to non-CV 

comorbidities; R2, modified version of Nagelkerke’s R2 (measures overall performance with explained variation); S | SAP, stabile angina pectoris; sBP, systolic BP; SCTD, 

systemic connective tissue disease; SCZ, schizophrenia; SES, socioeconomic status; SSRI, selective serotonin reuptake inhibitors; SD, standardized difference; T | TCP, 

thrombocytopenia; TLR, target lesion revascularization; TTE, transthoracic echocardiography; U | unprovoked, no pregnancy, major trauma, fracture, or surgery within 3 months 

preceding a VTE, and no pre-existing cancer or a new cancer diagnosis within 3 months after a VTE; U | UGIB, upper gastrointestinal bleeding; V | VHD, valvular heart disease; 

VKA, vitamin K antagonists; VTE, venous thromboembolism; W | WDHR, Western Denmark Heart Registry  

 

*Modified and abbreviated for summary purposes 
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3. Methods 

3.1. Data sources 

Table 1 provides an overview of the study methods. The studies were based on routinely collected healthcare 

data from Denmark, New Zealand, and the UK, as outlined in Table 2. All countries have tax-supported 

healthcare, which guarantees no-cost, equal access to general practitioners and hospitals and partial 

reimbursement for prescribed medications, including NSAIDs.182  

The Danish data sources included the Danish National Patient Registry (nationwide in- and outpatient 

hospital data),183 the Danish National Prescription Registry (nationwide data on dispensed prescriptions),184 

the Aarhus University Prescription Database (regional data on dispensed prescriptions),185 the Danish National 

Database of Reimbursed Prescriptions (nationwide data on reimbursed prescriptions),186 the Danish online 

drug use statistics (nationwide aggregated data on dispensed prescriptions and OTC drug sales),187 the Clinical 

Laboratory Information System Research Database (regional laboratory data),188 the Danish National Health 

Insurance Service Registry (nationwide data on general practice contacts),189 the Western Denmark Heart 

Registry (semi-national, detailed patient and procedure data),190 the Danish Registry of Causes of Death 

(nationwide cause-of-death data),191 and the Civil Registration System (nationwide mortality and migration 

data).192  

The New Zealand data sources included the National Minimum Dataset (nationwide hospital inpatient 

data),193 the National Mortality Collection (nationwide vital status),194 and the National Pharmaceutical 

Collection (nationwide dispensed prescriptions).195  

The UK data sources included the Clinical Practice Research Datalink (CPRD).196 The CPRD contains 

primary care electronic health records from 7% of the UK population. These data include patient 

demographics, the location of the general practice, medical diagnoses, all-cause mortality, drug prescriptions, 

and routine laboratory test results.196 Other UK data sources included the Hospital Episode Statistics (HES) 

database (nationwide inpatient hospital data in England),197 and the Index of Multiple Deprivation (data on 

socioeconomic status based on area of residence).198 

The Danish Civil Registration System and New Zealand National Mortality Collection are population 

registries, because they include all the inhabitants of a country;199 in contrast, the other population-based 

registries include members of the populations with some defining combination of medical data.199 

3.2. Data linkage 

Personal identifiers were used to link databases at the individual level in Denmark and New Zealand. In 

Denmark, the ten-digit Civil Personal Registry (CPR) number is assigned to all Danish residents at birth and 

to residents upon immigration.192 In New Zealand, the National Health Index (NHI) number is assigned to 

persons at entry into the public health system (>98% of the population).193  
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Table 2 | Sources for the different types of electronic healthcare data used in each country 

Applied data types Denmark New Zealand The United Kingdom 

Hospital data    

Inpatient diagnoses ✓183 ✓193 ✓197 

Outpatient diagnoses ✓183 n.a. n.a. 

Cardiac procedure data ✓183,190 n.a. n.a. 

General practice data    

Contacts ✓189 n.a. ✓196 

Diagnoses n.a. n.a. ✓196 

Laboratory data ✓188 n.a. ✓196 

Drug data    

Prescription data (individual-level) ✓184-186 ✓88 ✓196 

Issued n.a. n.a. ✓196 

Filled ✓184-186 ✓88 n.a. 

Over-the-counter data (aggregated) ✓187 n.a. n.a. 

Socioeconomic data n.a. n.a. ✓198 

Ethnicity data n.a. ✓193 n.a. 

Mortality data    

All-cause mortality ✓192 ✓194 ✓196 

Causes of death ✓191 n.a. n.a. 

Migration data ✓192 n.a. ✓196 

    

 

 

In the UK, there is no unique personal identifier. However, a large subset of English general practices 

(currently 75%, representing 58% of all UK CPRD practices) have consented to participate in the CPRD 

linkage scheme. Thus, patient-level data are linked via a trusted third party (the Health and Social Care 

Information Centre) to other data sources, including HES (hospitalization data), Office for National Statistics 

(all-cause and cause-specific mortality), Index of Multiple Deprivation and Townsend scores (deprivation 

data), and various disease registries.196 

3.3. Study designs 

We conducted 11 cohort studies (I–X and XIII) and two case-control studies (XI and XII). The majority of 

studies (all, except IX and XI–XIII) represent prognosis research.200 Prognosis research seeks to understand 

and improve future outcomes in patients with cardiovascular disease. The remaining (risk) studies examined 

the risk for developing cardiovascular disease in individuals from the general population, according to drug 

exposure. In accordance, we defined prognostic factors as variables associated with the outcome of a disease 

and risk factors as variables associated with the risk of a disease. Of note, there was some overlap between the 

risk and prognosis studies, because several of the risk studies also stratified the results by subgroups of patients, 

and hence investigated the outcome as part of the prognosis for these subgroups. 

According to the Prognosis research strategy (PROGRESS) framework,200 the prognosis studies could 

be further classified into the following subcategories: (1) fundamental prognosis research,200 which examined 

the course of health-related conditions, in the context of the nature and quality of current care (studies I–III); 
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(2) prognostic factor research,201 which examined specific factors associated with prognosis (studies I–IV, VI–

IX, and XIII); and (3) prognostic model research,202 which developed, validated, and determined the impact of 

statistical models that predicted the individual risk of a future outcome (study V). The methods are detailed in 

the original publications and summarized in Table 1. The sections below elaborate on key aspects related to 

comorbidity, drug use, and the statistical approach. 

 

Table 3 | Comorbidities included in the DANish Comorbidity index for Acute Myocardial Infarction,  

Charlson Comorbidity Index, and Elixhauser Comorbidity Index 

Disease 

categories 

DANish Comorbidity index for 

Acute Myocardial Infarction 

(DANCAMI) 

Charlson Comorbidity Index 

(CCI) 

Elixhauser Comorbidity Index 

(ECI) 

Cardiovascular 

disease 

Heart failure Congestive heart failure Congestive heart failure 

Intermittent arterial claudication Peripheral vascular disease Peripheral vascular disorder 

Stroke Cerebrovascular disease Hypertension 

Hypertension Myocardial infarction† Valvular disease 

Aortic disease  Cardiac arrhythmias 

Valvular heart disease  Pulmonary circulation disorders 

Kidney disease Chronic kidney disease Moderate to severe renal disease Renal failure 

Endocrine 

disease 

Diabetes uncomplicated Diabetes Diabetes uncomplicated 

Diabetes with end-organ damage Diabetes with end-organ damage Diabetes complicated 

  Obesity 

  Hypothyroidism 

  Fluid and electrolyte disorders 

  Weight loss 

Cancer High-risk cancer* Any tumor Solid tumor without metastasis 

Low-risk cancer* Metastatic solid tumor Metastatic cancer 

 Lymphoma Lymphoma 

 Leukemia  

Hematologic 

disease 

Coagulopathy* AIDS Coagulopathy 

  AIDS/HIV 

  Blood-loss anemia 

  Deficiency anemia 

Psychiatric 

disease 

Schizophrenia*  Psychosis 

Affective disorder*  Depression 

Alcohol and drug abuse*  Alcohol abuse 

  Drug abuse 

Neurologic 

disease 

Hemiplegia* Hemiplegia Paralysis 

Dementia* Dementia Neurodegenerative disorders 

Neurodegenerative disorder*   

Epilepsy*   

Pulmonary 

disease 

Chronic pulmonary disease* Chronic pulmonary disease Chronic pulmonary disease 

Gastrointestinal 

disease 

Ulcer disease* Ulcer disease Peptic ulcer disease, no bleeding 

Mild liver disease* Mild liver disease  

Moderate to severe liver disease* Moderate or severe liver disease Liver disease 

Chronic pancreatitis*   

Rheumatic 

disease 

 Connective tissue disease Rheumatoid arthritis/collagen 

vascular disease 

From Albertsen LW et al. Clin Epidemiol 20205  
*rDANCAMI is restricted to the asterisk (*)-marked non-cardiovascular comorbidities plus obesity and connective tissue disease 
†Myocardial infarction was not included in the estimated Charlson Comorbidity Index score in study V 
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3.4. Exposures 

3.4.1. Cardiac and non-cardiac comorbidities 

We assessed comorbidity to characterize the study populations (prevalence, studies I–XIII), adjust for 

confounding (studies I–IV and VI–XIII), identify predictors (for MI mortality in study V and NSAID initiation 

in study XII), examine associated mortality (studies I–III), and investigate effects in patient subgroups (effect 

measure modification, studies I–IV and VI–XIII). We obtained information on cardiovascular and non-

cardiovascular comorbidities from records on inpatient and outpatient diagnoses,183 procedures,183 and 

comedications, with a look-back period ranging from 5 to 15 years (Table 1).184-186 When possible, we 

combined prescription, discharge, and laboratory data to increase the completeness of comorbidities, such as 

diabetes, chronic pulmonary disease, and hypertension.183 

In addition to identifying individual comorbidities, we categorized the severity of comorbidity burden, based 

on comorbidity indices (Table 3). In studies prior to the study V where we developed comorbidity indices, we 

computed the CCI,67 based on in- and outpatient hospital diagnoses, for periods of 5–15 years prior to the index 

date.183 We computed the total CCI score for each patient, omitting index diseases when relevant (e.g., MI,1 

heart failure,2 and cerebrovascular disease3), and we defined four categories of comorbidity (Table 1). 

3.4.2. Cardiac and non-cardiac comedications 

We used prescription registries to identify prescriptions for cardiac and non-cardiac drugs that were filled by 

the study populations.184-186 The cohort-defined use of ACEI/ARB (studies VI–VII) was ascertained from the 

CPRD.196 Except for some NSAIDs, all drugs studied were available by prescription only. 

The recommended maintenance dose of clopidogrel for tertiary prevention of ischemic vascular events 

in Denmark was 75 mg (one tablet), daily, for up to 12 months. Thus, for study purposes, the number of days 

supplied from a dispensed clopidogrel prescription corresponded to the number of tablets per package. 

Packages available on the Danish market contained 28 or 84 tablets. We computed the number of days exposed 

by adding 7 days to the number of days supplied. This buffer allowed a 7-day gap to occur between prescription 

refills, before we considered that a patient had discontinued the medication. Similarly, we computed the 

number of days exposed to PPIs. At any given point in time, we defined current users of each drug, based on 

when the most recent prescription was filled. Thus, in a time-varying manner, each patient contributed to the 

time-at-risk as either a current or non-user of each drug. 

There were special issues related to NSAID use, due to the variety of NSAID subtypes, the OTC 

availability, the variability in clinical instructions for use/dosing, and the complexity of exposure modeling in 

the individual study designs. We classified NSAIDs, according to their COX-selectivity (Figure 3), as non-

selective NSAIDs (ibuprofen, naproxen, ketoprofen, dexibuprofen, piroxicam, and tolfenamic acid), older 

COX-2 inhibitors (diclofenac, etodolac, meloxicam, and nabumeton), or coxibs (celecoxib, rofecoxib, and 

etoricoxib).116 We identified NSAID use according to the individual study designs: study X evaluated the 

yearly prevalence (prescription users/1000 inhabitants); studies XI–XIII evaluated pre-admission use; and 

study IX evaluated use at baseline (IX). We modeled the time-at-risk, based on prescription filling and 
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discontinuation patterns.203 Some side effects may arise shortly after therapy initiation; thus, the inclusion of 

long-term users, who are more likely to tolerate the drug, may lead to an underestimation of NSAID-associated 

risks.204 Therefore, we divided current users into new users and long-term users (studies XI–XIII),204 and 

focused on patients that initiated NSAIDs in the emulated trial design (study IX). This approach increased the 

internal study validity by reducing potential confounding. In addition, it was clinically relevant, because 

NSAIDs are most often prescribed for use in one distinct treatment interval, for a short period of time (inter-

quartile range: 9–66 days),205 and with a median number of prescriptions within one year at around four.10 This 

prescribing behavior underlines the need to understand short-term effects, and it challenges previous 

unfounded assumptions that patients experience a short-term, risk-neutral treatment period. In contrast to long-

term drug regimens (e.g., statin treatment), short-term use poses a challenge, because data on the exposure 

window and daily dose are not directly available from the prescription registries and they cannot be estimated 

from the average time between prior consecutive prescription fills. Therefore, we defined the exposure window 

as 30 or 60 days, which was supported by sensitivity analyses with 15 and 45 days. With this approach, we 

captured most current NSAID users.205 We used the pill dose as a proxy for the daily dose, and we distinguished 

between low- and high-dose treatments. We defined non-users as individuals that did not fill a prescription 

within a 6-month period.  

3.4.3. Prescriber responsibility 

We assessed which healthcare units were responsible for NSAID prescriptions for patients with cardiac 

diseases, by identifying the prescriber variable in the prescription registries (study X).206 The prescriber 

variable is a unique identifier that designates a ‘provider number’ to prescriber practices and ‘hospital 

department numbers’ to different hospital departments. The prescriber number does not necessarily refer to a 

single prescriber; instead, it refers to a single-practice unit, such as a general practitioner, a private specialist 

practice, or a hospital department. The identity of the single-practice unit can be retrieved by linking the 

prescriber number to prescriber identifiers from other sources (e.g., the Registry of Health Providers and the 

SHAK classification).206 

3.4.4. Renal function 

All creatinine test results were extracted from the general practice records of the study population, based on 

creatinine-specific codes in the CPRD (studies VI–VII).196 Then, we cross-referenced to the creatinine test 

results identified from a broad Read code search. Any irrelevant codes were excluded. Renal function testing 

in the UK included creatinine and potassium measurements; thus, we inferred that the testing frequencies were 

similar for creatinine and potassium. For analyses related to potassium levels, we repeated the procedure used 

for identifying creatinine levels to identify potassium test results. 
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3.5. Outcomes  

We used discharge diagnoses in the Danish National Patient Registry183,207 and the CPRD196 to identify MI, 

heart failure, stroke, atrial fibrillation/flutter, VTE, and end stage renal disease, as individual cardiovascular 

outcomes. Moreover, we used the Western Denmark Heart Registry190 to assess stent thrombosis and target 

lesion revascularization as procedure-specific outcomes, after a PCI (study VIII). Based on reviews of original 

medical records and catheterization angiograms, a cardiac specialist committee, blinded to the medication use 

history, adjudicated the occurrence of definite stent thrombosis, based on the definition established by the 

Academic Research Consortium.190 A target lesion revascularization was defined as a repeated PCI or coronary 

artery bypass graft of the index lesion.190 

All-cause mortality was obtained from the Danish Civil Registration System, in Denmark,192 the 

National Mortality Collection, in New Zealand,194 and the CPRD, in the UK.196 Cause-specific deaths in 

Denmark were obtained from the Danish Registry of Causes of Death.191 Furthermore, in the drug-drug 

interaction study (study VIII), the cardiac specialist committee reviewed the underlying cause listed on the 

original death certificate and classified it as either cardiac or noncardiac.190 Cardiac death was defined as an 

evident cardiac death, unwitnessed death, or death from unknown causes.208 

 In studies VIII and IX, we defined MACE as the composite of a first occurrence of either (1) MI, 

ischemic stroke, stent thrombosis, target lesion revascularization, and cardiac death (study VIII) or (2) MI, 

ischemic stroke, heart failure, atrial fibrillation/flutter, and cardiac death (study IX). 

3.6. Statistical analysis 

We initially created contingency tables for the main study variables.209 In the time-to-event analyses, we 

followed all patients until the date of a non-fatal outcome, death, emigration, or the end of follow-up, 

whichever came first. We performed Poisson regressions (study VII) to calculate incidence rates and incidence 

rate ratios (IRRs). Alternatively, we performed Cox proportional-hazards regressions (studies I–V, VIII, IX, 

and XII), with the time from cohort entry as the underlying time scale, to calculate HRs as a measure of the 

IRR. We performed log-log plots to verify the proportional hazards assumption graphically. We performed 

logistic regression to compute odds ratios (ORs) of potential predictors of NSAID initiation (study X), the 

effect estimates in case-control analyses (studies XI and XII), and propensity scores (PS) (studies IX and 

XIII).210 Because we used risk-set sampling of controls (studies XI and XII), the ORs provided unbiased 

estimates of the IRRs.211 In calculating the PS, the logistic regression included potential confounders and risk 

factors, but not factors associated exclusively with NSAID use.212 With a greedy matching algorithm,213 we 

matched each NSAID user with the comparator (non-user or paracetamol user), based on the closest PS.213 We 

performed the PS matching without replacement, within a maximum matching PS range (caliper width) of 

±0.025. PS matching was performed separately for each class and each individual type of NSAID.213 We 

calculated 95% confidence intervals (CIs) for all estimates; i.e., upon repeated sampling, 95% of the intervals 
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constructed in the same way would be expected to cover the true parameter, assuming no bias or prior 

knowledge.  

In the etiological models (studies I–IV and VI–XIII), we applied various strategies to control for 

confounding (Table 1). In the design phase, we applied restriction and matching. In the analysis phase, we 

applied standardization, multivariable adjustment, stratification, and quantitative bias analyses.214 We selected 

potential confounders, based on a clinical evaluation of the expected associations with both exposure and 

outcome.215 We stratified the results into clinically relevant subgroups of patients, including covariables that 

could indicate underlying mechanisms for an association (e.g., chronic kidney disease in study XIII and 

baseline cardiovascular risk in study IX). We performed a range of sensitivity analyses to examine the extent 

to which our results were sensitive to changes in analytical assumptions or variable definitions (Table 1).216  

In addition to these well-established statistical methods, we applied the five novel methods below. These 

methods were related to the development and validation of comorbidity indices (study V) and the application 

of advanced study designs, to model the disease-disease interaction (study IV), drug-drug interaction (study 

VIII), renal function, based on a model of laboratory data (studies VI and VII), and the emulated trial design 

(study IX). 

3.6.1. Comorbidity index 

To develop the novel DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI) (study V), 

we included 41 cardiovascular and non-cardiovascular comorbidities in a multivariable Cox model with sex 

and age. Through backwards selection, we then eliminated comorbidities that had HRs <1.10 or a 95% CI that 

overlapped 1. Then, we fitted the revised models with the remaining comorbidities, sex, and age. We repeated 

this stepwise approach, until the model included only comorbidities with HRs ≥1.10 (Table 4). We tested the 

proportionality assumption with the global test, based on scaled Schoenfeld residuals and log-log plots for 

variables that appeared non-proportional. We assigned weights to each comorbidity in the final index by 

multiplying the beta coefficient from the multivariable models by ten and rounding to the nearest integer. The 

total DANCAMI score for each patient was determined by summing the weights for his/her comorbidities 

(Table 4). Restricting to non-cardiovascular comorbidities, we repeated the above steps to develop the 

rDANCAMI. In addition to the continuous comorbidity scores, we categorized the scores into low risk 

(score=0), medium risk (scores=1–3), high risk (scores=4–5), and very high risk (scores≥6). This 

categorization was based on the survival curves for the individual DANCAMI/rDANCAMI scores (Figure 5).  

We evaluated the performance of the continuous and categorical scores in MI cohorts from Denmark 

(internal validation) and New Zealand (external validation) with standard performance measures, including 

Nagelkerke’s R2, Harrell’s C-statistic, the integrated discrimination improvement (IDI), and the continuous 

Net Reclassification Index (Table 1).217 We intended the DANCAMI to be used for research, rather than 

clinical applications; therefore, we focused the performance measurements on its discriminatory ability. 

Subsequently, we compared the performance of the DANCAMI with that of existing comorbidity indices (CCI 

and ECI) by estimating nonparametric correlations.  
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The standard model performance measures were largely developed for assessing the performance of 

dichotomous diagnostic tests; thus, their application to risk prediction scores is debatable. Moreover, these 

metrics are insensitive to the addition of important predictors.218 Therefore, we also tested the significance of 

the novel DANCAMI variables, which were not included in the CCI, by including them in a model containing 

the CCI variables. In this model, significant HRs for the novel DANCAMI variables would support the 

conclusion that the DANCAMI was superior to the CCI in the ability to predict 1-year all-cause mortality. 

 

 
 
Figure 5 | Survival according to the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI) categories 

of comorbidity burden with 95% confidence intervals. Abbreviations:  DANCAMI, DANCAMI restricted to non-cardio-
vascular comorbidities. Modified from Albertsen LW et al. Clin Epidemiol 20205 
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Table 4 | Development of the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI) 

Covariables  SE HR (95% CI) Weight 

DANCAMI*     

Heart failure  0.320 0.037 1.38 (1.28–1.48) 3 

Intermittent arterial claudication 0.229 0. 055 1.26 (1.13–1.40) 2 

Aortic disease 0.209 0. 082 1.23 (1.05–1.45) 2 

Valvular heart disease 0.233 0.042 1.26 (1.16–1.37) 2 

Stroke 0.254 0.042 1.29 (1.19–1.40) 3 

Hypertension 0.121 0.025 1.13 (1.08–1.18) 1 

High-risk cancer 1.043 0.053 2.84 (2.56–3.15) 10 

Low-risk cancer 0.190 0.036 1.21 (1.13–1.30) 2 

Coagulopathy 0.127 0.037 1.14 (1.06–1.22) 1 

Diabetes uncomplicated 0.183 0.034 1.20 (1.12–1.28) 2 

Diabetes with end-organ damage 0.315 0.040 1.37 (1.27–1.48) 3 

Dementia 0.327 0.063 1.39 (1.23–1.57) 3 

Alcohol and drug abuse 0.302 0.080 1.35 (1.16–1.58) 3 

Schizophrenia 0.464 0.048 1.59 (1.45–1.75) 5 

Affective disorder 0.255 0.027 1.29 (1.22–1.36) 3 

Epilepsy 0.287 0.090 1.33 (1.12–1.59) 3 

Neurodegenerative disorder 0.286 0.085 1.33 (1.13–1.57) 3 

Hemiplegia 0.577 0.183 1.78 (1.24–2.55) 6 

Chronic kidney disease 0.373 0.047 1.45 (1.32–1.59) 4 

Chronic pulmonary disease 0.226 0.024 1.25 (1.20–1.31) 2 

Ulcer disease 0.176 0.048 1.19 (1.08–1.31) 2 

Mild liver disease 0.286 0.129 1.33 (1.03–1.71) 3 

Moderate-to-severe liver disease 0.664 0.190 1.94 (1.34–2.82) 7 

Chronic pancreatitis 0.500 0.207 1.65 (1.10–2.47) 5 

rDANCAMI†     

High-risk cancer 1.041 0.053 2.83 (2.55–3.14) 10 

Low-risk cancer 0.193 0.036 1.21 (1.13–1.30) 2 

Coagulopathy 0.260 0.037 1.30 (1.21–1.39) 3 

Obesity 0.248 0.085 1.28 (1.09–1.51) 2 

Dementia 0.362 0.063 1.44 (1.27–1.62) 4 

Alcohol and drug abuse 0.336 0.080 1.40 (1.20–1.64) 3 

Schizophrenia 0.470 0.048 1.60 (1.46–1.76) 5 

Affective disorder 0.299 0.027 1.35 (1.28–1.42) 3 

Epilepsy 0.392 0.090 1.48 (1.24–1.76) 4 

Neurodegenerative disorder 0.295 0.085 1.34 (1.14–1.59) 3 

Hemiplegia 0.637 0.183 1.89 (1.32–2.71) 6 

Chronic pulmonary disease 0.265 0.024 1.30 (1.24–1.36) 3 

Ulcer disease 0.247 0.048 1.28 (1.16–1.41) 2 

Mild liver disease 0.359 0.130 1.43 (1.11–1.85) 4 

Moderate-to-severe liver disease 0.554 0.191 1.74 (1.20–2.53) 6 

Chronic pancreatitis 0.643 0.207 1.90 (1.27–2.85) 6 

Connective tissue disease 0.105 0.533 1.11 (1.00–1.23) 1 

From Albertsen LW et al. Clin Epidemiol 20205 

Abbreviations: , beta coefficient; CI, confidence interval; HR, hazard ratio; rDANCAMI, DANCAMI restricted to non-
cardiovascular comorbidities; SE, standard error 

*Includes both cardiovascular and non-cardiovascular comorbidities 

†Restricted to non-cardiovascular comorbidities 
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3.6.2. Disease-disease interaction 

We examined disease-disease interactions (study IV) on the additive scale, by calculating interaction contrasts 

(Figure 6).57,58 The interaction contrast is the difference in rate differences and measures the excess or deficit 

mortality rate, above or below the mortality that could be explained by: (1) the baseline mortality rate among 

individuals without an MI or comorbidity, (2) the comorbidity-associated mortality rate, and (3) the MI-

associated mortality rate. We calculated interaction contrasts for 30-day, 31–365-day, and 1–5-year MI 

mortality rates for different CCI categories and for individual comorbidities.  

 

 

Figure 6 | Proportions of the 31–365-day mortality rate attributable to myocardial infarction, comorbidity, and their 

interaction. Abbreviations: CCI: Charlson Comorbidity Index; GP, General population; MI, Myocardial infarction; MR, 

mortality rate. Modified from Schmidt M et al. Int J Cardiol 20204 

 

 

3.6.3. Drug-drug interaction 

In the drug-drug interaction study (VIII), we modeled drug exposure with a time-varying approach. That is, 

we allowed patients to be exposed to different combinations of medication over time. We considered the 

following combinations: clopidogrel plus PPI, clopidogrel without PPI, PPI without clopidogrel, and no 

clopidogrel or PPI. With this approach, we could compare the frequency of MACE per cumulated time-at-risk, 

associated with each of the four exposure categories. We then examined whether PPIs, as a class, could modify 

the association between clopidogrel and MACE, by comparing the current use of clopidogrel to non-use, in 

subgroups of patients with or without concomitant PPI use, and vice versa.  
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The choices of scale and interaction measures comprise an issue of debate. Drug-drug interactions may 

also be studied on the additive scale, with interaction contrasts or surrogate interaction measures, such as the 

relative excess risk due to interaction (RERI), the attributable proportion due to interaction, or the synergy 

index.219,220 Studying drug-drug interactions on an additive scale is most appropriate for assessing public health 

importance and biological interactions.57 However, we aimed in this study to provide an explanation for the 

previous clinical outcome studies, which examined the relative risk of MACE among clopidogrel users that 

did or did not use PPIs. We therefore estimated the ‘interaction effect’ on the multiplicative scale, and 

expressed it as the exponentiated coefficient of the interaction term in a Cox proportional-hazards regression 

model, that is, the ratio of the stratum-specific HRs.108 The interaction effect on the multiplicative scale 

estimates the relative rate increase (or decrease) in patients that use both clopidogrel and a PPI, beyond that 

expected from the independent effects of each drug alone.108 An interaction effect other than 1.0 suggests that 

the concomitant PPI use has modified any protective effect of clopidogrel. We used the Wald chi2 test to assess 

the null hypothesis of no interaction. 

3.6.4. Renal function modeling based on laboratory data 

To analyze changes in renal function after ACEI/ARB initiation (studies VI and VII), we categorized 

ACEI/ARB users according to the level of creatinine monitoring, as follows: no baseline or follow-up 

monitoring, baseline monitoring only, follow-up monitoring only, and both baseline and follow-up monitoring. 

Baseline monitoring was defined as a test performed on the date of drug initiation or within either 12 months 

prior (wide interval) or 1 month prior (narrow interval) to initiation. Monitoring one month prior to initiation 

was a more ideal interval, and it was assumed to be driven by the ACEI/ARB initiation plan. The post-initiation 

monitoring interval was based on previous trial data; thus, we defined follow-up monitoring as a test performed 

within the first 2 months after drug initiation.89 We then computed the proportion of individuals with both 

baseline and initial follow-up monitoring, where the latter was performed within the guideline-recommended 

interval of 2 weeks after drug initiation. 

We repeated the analyses for continuing users to examine adherence to the stricter guideline 

recommendations for ongoing monitoring (i.e., monitoring within 1, 3, 6, and 12 months after the first retest).221 

Continuation was defined as ACEI/ARB use beyond 30 days after the first monitoring date (to allow for drug 

stockpiling). The end date of each prescription was calculated by adding the prescription duration (total number 

of tablets prescribed divided by the specified number of tablets per day) to the date that the prescription was 

filled.  

We analyzed the subcohort of patients with both pre-initiation (within 12 months prior) and post-

initiation (within two months after) creatinine measurements to: (1) calculate the proportion of patients with 

severe declines in renal function at the first follow-up monitoring; a severe decline was defined as a creatinine 

increase ≥30% or a potassium level >6 mmol/L; (2) calculate the proportion of patients that continued 

treatment, despite contraindications for use; (3) identify patient characteristics associated with a severe decline 

in renal function and compare those characteristics to the characteristics associated with receiving post-

initiation follow-up monitoring within 2 weeks; and (4) categorize the relative creatinine increase, according 
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to the guideline recommended cut-off levels of ≥30% vs. <30%, and according to 10% incremental increases 

(<10%, 10–19%, 20–29%, 30–39%, and ≥40%).  

All new ACEI/ARB users that showed a change in creatinine concentration between baseline and the 

date of the first follow-up test were followed until the occurrence of an outcome, death, withdrawal from the 

general practice, or the end of the follow-up period (31 March 2014), whichever occurred first. We performed 

Poisson regressions to compute rates and IRRs for determining whether different categories of percentage 

creatinine increase were associated with cardiorenal outcomes. We calculated robust standard errors to account 

for clustering of general practices. We performed cause-specific hazards analyses to account for competing 

risks.222,223  

3.6.5. Emulated trial design 

We designed an emulated trial to study the cardiovascular risks associated with diclofenac (study IX). We used 

the Danish population-based registries to emulate the eligibility criteria, washout period, treatment groups, and 

follow-up period of a RCT.121,224 Eligible individuals were ≥18 years with (1) at least one year of continuous 

prescription records prior to date of study entry, (2) no exclusion criteria, and (3) no NSAID prescriptions in 

the 12-month washout period before enrolment. Exclusion criteria were previous cardiovascular disease, 

chronic kidney disease, chronic liver disease, other alcoholism-related diseases, ulcer disease, malignancy, 

schizophrenia (or use of antipsychotic drugs), or dementia. Among eligible individuals, we identified all those 

that initiated (1) diclofenac; (2) ibuprofen or naproxen (active NSAID comparators); (3) paracetamol (active 

non-NSAID comparators); or (4) did not initiate NSAID treatment (NSAID non-initiators). The two latter 

comparison groups were PS-score matched among health-care seeking individuals that had contacted a general 

practice within the trial month. 

In all trials, we followed enrolled individuals from baseline (i.e., the date of prescription) until the first 

occurrence of MACE, death, loss to follow-up, or the 30-day follow-up, whichever occurred first. To increase 

the number of initiators and events, we applied the enrolment approach in every month between January 1996 

and December 2016. Thus, we created a series of emulated ‘trials’ (n=252), each with a one-month enrollment 

period (Figure 7). We estimated an observational analogue of the intention-to-treat HR, as a measure of the 

IRR, by fitting a Cox proportional-hazards model, using time since baseline as the time scale and a time-

independent covariable for the treatment assignment. All individual trials were pooled into a single model. We 

adjusted for baseline covariables in the analyses with active NSAID comparators. 
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Figure 7 | The emulated trial design. Individual-level linkage among nationwide population-based registries was 

performed to emulate the eligibility criteria, washout period, treatment groups, and follow-up period of a clinical trial. 

Panel A shows how all initiators of diclofenac and naproxen were identified during the month of January 1996. Each 

person was followed until a non-fatal endpoint, death, loss to follow-up, or 30 days of follow-up. This enrollment protocol 

was repeated for the months of February and March (Panel B), and subsequently, the protocol was performed for every 

month from January 1996 through December 2016 (Panel C). The series of 252 emulated ‘trials’ were then pooled into 
one model, which generated a sample size of 1,370,832 diclofenac initiators and 291,490 naproxen initiators. A similar 

approach was used to identify ibuprofen initiators (n=3,878,454) and propensity-score matched paracetamol initiators 

(n=764,781) and NSAID non-initiators (n=1,303,209). Modified from Schmidt M et al. BMJ 20189 
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4. Results 

Here, we summarize the main findings of all thirteen studies. The findings are presented according to content, 

rather than publications; therefore, some studies are described collectively. The comorbidity summary focuses 

primarily on MI as the index disease, rather than all individual cardiovascular diseases, to prioritize aspects of 

comorbidity. The non-cardiac comedication summary focuses on individual NSAIDs, rather than combined 

classes, to increase the clinical relevance. The figures are presented as published or slightly modified, and the 

original tables are modified, collapsed, and/or presented graphically to improve the overview. 

4.1. Comorbidity 

4.1.1. Trends in prevalence of comorbidity at first-time cardiovascular disease 

Over the last 2–3 decades, the burden of comorbidity increased at first-time hospitalization of an MI. Thus, the 

prevalence of patients with an MI, but without a comorbidity, fell from 76% to 64%, during 1984–2008. 

Concomitantly, the percentages of patients with low, moderate, and severe comorbidity burden increased from 

13% to 16%, from 7.4% to 11%, and from 3.9% to 10%, respectively. The most prevalent individual 

comorbidities in MI patients were diabetes (7.0%), stroke (7.0%), heart failure (5.8%), chronic pulmonary 

disease (5.8%), peripheral vascular disease (5.3%), cancer (5.4%), ulcer disease (2.5%), connective tissue 

disease (2.1%), and severe renal disease (1.6%). 

4.1.2. Association between comorbidity and cardiovascular mortality 

The 30-day and 31–365-day mortality risks were strongly associated with the comorbidity burden. To examine 

this association, we evaluated the age- and sex-adjusted mortality rate ratio (MRR), with no comorbidity as 

the reference group (study period: 2004–2008). Patients with low comorbidity had MRRs of 1.35 (95% CI: 

1.26–1.45) within 30 days, and 1.83 (95% CI: 1.68–2.00) within 31–365 days (Figure 8). For patients with 

severe comorbidity, the adjusted MRRs were 1.96 (95% CI: 1.83–2.11) within 30 days and 3.89 (95% CI: 

3.58–4.24) within 31–365 days. The mortality rate increased in association with the increasing level of 

comorbidity consistently across calendar periods. Moreover, consistent with the principle that effect estimates 

are higher among those at lower baseline risk, we found that patient age could modify the MRR associated 

with each comorbidity category. Indeed, we found higher effect estimates in younger age groups. 

Among the individual non-malignant comorbidities, we found that mild liver disease, moderate-to-

severe liver disease, and dementia were each associated with an approximately two-fold increase in the 

mortality rate within 30 days after an MI, compared to patients without comorbidity (Figure 8). Within 31–

365 days after an MI, we also observed two-fold increases in MRRs among patients with moderate-to-severe 

liver or renal diseases. Heart failure, peripheral vascular disease, cerebrovascular vascular disease, chronic 

pulmonary disease, and ulcer disease were associated with 1.2- to 1.3-fold increases in MRR within 30 days; 

furthermore, these fold-increases rose to 1.5-fold within 31–365 days. Diabetes with end-organ damage was 

associated with a 1.3-fold increase in the short- and long-term mortality rates, but connective tissue disease 

did not affect mortality. 
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Figure 8 | 30-day and 31–365-day adjusted mortality rate ratios (MRRs) after a first-time hospitalization for myocardial 

infarction in Denmark, between 2004 and 2008, associated with the severity of individual comorbidities. Modified from 

Schmidt M et al. BMJ 20121 

 

4.1.3. Effect modification by comorbidity on cardiovascular mortality trends  

The standardized 30-day and 31–365-day mortality risks after a first-time MI were similar for men and women, 

and the risks decreased comparably, between 1984 and 2008 (Figure 9). From the first calendar period (1984–

1988) to the last period (2004–2008), the 30-day mortality declined from 31% to 15%, and the 31–365-day 

mortality declined from 16% to 11%. After adjusting for age- and comorbidity, the decline in mortality over 

time was above 50% (MRRs were 0.37, 95% CI: 0.35–0.38, within 30 days, and 0.48, 95% CI: 0.47–0.51 

within 31–365 days). Importantly, the improvement in mortality was observed for all patients, in all age groups, 

and independent of their comorbidity burden (Figure 10). 

30-day MRR 31–365 day MRR
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Figure 9 | Standardized rates of 30-day and 31–365 day mortality after a first-time hospitalization for myocardial 

infarction, among men and women, between 1984 and 2008. From Schmidt M et al. BMJ 20121 

 
 

 

Figure 10 | 30-day and 31–365-day mortality after a first-time hospitalization for myocardial infarction, between 1984 
and 2008, according to the severity of comorbidity burden. From Schmidt M et al. BMJ 20121
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Figure 11 | Proportion of the total mortality rate attributable to myocardial infarction, individual comorbidities, and their 

interaction during (A) 30 days, (B) 31–365 days, and (C) >1–5 years of follow-up. Modified from Schmidt M et al. Int J 
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4.1.4. Interaction effect of comorbidity on cardiovascular mortality  

Among individuals without comorbidity, the 30-day mortality rates (per 1000 person-years) were 1851 (95% 

CI: 1818–1884) for patients with an MI and 22 (95% CI: 21–24) for the comparison cohort (i.e., the rate 

difference=1829). For individuals with a low comorbidity burden, the baseline mortality rates were 2498 (95% 

CI: 2436–2560) in the MI cohort and 54 (95% CI: 50–57) in the comparison cohort (rate difference=2444). 

The corresponding interaction contrast (2444–1829=616) indicated that an interaction between comorbidity 

and MI accounted for 25% (616/2498) of the total 30-day mortality rate in patients with MI and a low 

comorbidity burden. This interaction increased further for patients with moderate (35%) and severe (45%) 

comorbidity levels. Absolute and relative interaction effects were largest within the first 30 days and inversely 

related to age. Dose-response relationships between the comorbidity burdens and the mortality rates were also 

observed during the 31–365-day and 1–5-year follow-ups (p-values for trends <0.002). The interaction 

strengths depended on the types of cardiac and non-cardiac comorbidities (Figure 11). 

4.1.5. Prediction of cardiovascular mortality using comorbidity indices 

The model development resulted in the inclusion of 24 comorbidities in the DANCAMI and 17 in the 

rDANCAMI (Table 4). High-risk cancer received the highest severity weight (weight=10) in both indices. 

Other comorbidities with high severity weights (weights ≥5) were: schizophrenia, hemiplegia, moderate/severe 

liver disease, and chronic pancreatitis (Table 4). 

The model performance (discrimination) measures showed that the explained variance (R2) was 

significantly higher in the prediction model that included age, sex, and the DANCAMI (R2=0.33, 95% CI: 

0.32–0.34), compared to the R2 in the baseline model, which included only age and sex (R2=0.28, 95% CI: 

0.27–0.29) (Table 5). Similarly, the discrimination of DANCAMI was better than that of the baseline model 

(C-statistic: 0.75 vs. 0.73). Adding the DANCAMI score to the baseline model improved its discrimination 

(IDI=0.054) compared to the baseline model alone. Similarly, improved discrimination was evidenced by a 

total Net Reclassification Index of 0.52, where 77% of non-events and 49% of events received a better 

prediction of the probability of 1-year mortality. The DANCAMI score categories performed almost as well 

in the R2 and C-statistics as the continuous DANCAMI score (Table 5). 

A comparison between the DANCAMI and existing comorbidity indices showed that both the 

continuous and categorical DANCAMIs performed slightly better than the CCI and the ECI for all four 

performance measures. The superiority of the DANCAMI over the CCI was strongly supported by the finding 

that each of the eight novel variables included in the DANCAMI (i.e., those that did not overlap with the CCI 

variables) predicted 1-year mortality, even after adjusting for the CCI variables. These novel variables included 

valvular heart disease (HR for 1-year mortality=1.25, 95% CI: 1.14–1.35), coagulopathy (1.13, 95% CI: 1.05–

1.22), alcohol and drug abuse (1.35, 95% CI: 1.15–1.58), schizophrenia (1.60, 95% CI: 1.46–1.76), affective 

disorder (1.29, 95% CI: 1.22–1.36), epilepsy (1.26, 95% CI: 1.05–1.50), neurodegenerative disorder (1.30, 

95% CI: 1.10–1.54) and chronic pancreatitis (1.71, 95% CI: 1.14–2.56). Finally, the external validation showed 
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that the DANCAMI performed as well as the CCI and the ECI in predicting 1-year mortality in the New 

Zealand MI population, based on the standard performance measures. 

 

Table 5 | Performance of the continuous and categorical scores of DANCAMI and other comorbidity indices  

in the Danish (development) and New Zealand (validation) cohorts with a first-time myocardial infarction 

Discrimination 

measures 

Continuous DANCAMI score Categorical DANCAMI score 

Danish cohort  New Zealand cohort  Danish cohort  New Zealand cohort  

R2         

Baseline* 0.28 (0.27–0.29) ref. 0.28 (0.28–0.29)  ref. 0.28 (0.27–0.29) ref. 0.28 (0.28–0.29)  ref. 

DANCAMI† 0.33 (0.32–0.34) 1.20‡ 0.37 (0.37–0.38)  1.32‡ 0.32 (0.31–0.33) 1.14‡ 0.36 (0.35–0.37)  1.29‡ 

rDANCAMI† 0.32 (0.31–0.33) 1.15‡ 0.36 (0.35–0.37)  1.28‡ 0.31 (0.30–0.32) 1.11‡ 0.35 (0.34–0.36)  1.25‡ 

CCI† 0.32 (0.31–0.33) 1.14‡ 0.37 (0.37–0.38)  1.32‡ 0.31 (0.30–0.32) 1.11‡ 0.36 (0.36–0.37)  1.29‡ 

ECI† 0.31 (0.30–0.32) 1.13‡ 0.38 (0.37–0.38)  1.33‡ 0.31 (0.30–0.32) 1.11‡ 0.38 (0.37–0.39)  1.36‡ 

Harrell’s C         

Baseline* 0.73 (0.72–0.73) ref. 0.73 (0.72–0.73) ref. 0.73 (0.72–0.73) ref. 0.73 (0.72–0.73) ref. 

DANCAMI† 0.75 (0.75–0.76) 1.04§ 0.77 (0.77–0.78) 1.07§ 0.75 (0.74–0.75) 1.03§ 0.77 (0.76–0.77)  1.05§ 

rDANCAMI† 0.75 (0.74–0.75) 1.03§ 0.77 (0.76–0.77) 1.05§ 0.74 (0.74–0.75) 1.01§ 076. (0.76–0.77)  1.04§ 

CCI† 0.74 (0.74–0.75) 1.03§ 0.77 (0.77–0.78) 1.07§ 0.74 (0.74–0.75) 1.01§ 0.77 (0.77–0.77)  1.05§ 

ECI† 0.74 (0.74–0.75) 1.02§ 0.77 (0.77–0.78) 1.07§ 0.74 (0.74–0.75) 1.01§ 0.78 (0.77–0.78) 1.07§ 

IDI          

Baseline* vs. 

DANCAMI† 

0.054 - 0.079 - 0.044 - 0.061 - 

Baseline* vs. 

rDANCAMI† 

0.038 - 0.068 - 0.033 - 0.057 - 

Baseline* vs. CCI† 0.038 - 0.077 - 0.034 - 0.066 - 

Baseline* vs. ECI† 0.029 - 0.081 - 0.029 - 0.081 - 

NRI         

Baseline* vs. DANCAMI† 0.52 - 0.68 - 0.55 - 0.72 - 

Baseline* vs. rDANCAMI† 0.43 - 0.57 - 0.41 - 0.53 - 

Baseline* vs. CCI† 0.41 - 0.58 - 0.46 - 0.71 - 

Baseline* vs. ECI† 0.40 - 0.68 - 0.47 - 0.69 - 

From Albertsen LW et al. Clin Epidemiol 20205 

Abbreviations: CCI, Charlson Comorbidity Index; DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction; ECI, 
Elixhauser Comorbidity Index; rDANCAMI, DANCAMI restricted to non-cardiovascular comorbidities 
*Baseline model was a Cox model that included sex and age 

†Model performance was examined in a Cox model that included sex, age, and individual model scores/categories 
‡Difference in R2 relative to the baseline model 
§Difference in Harrell’s C relative to the baseline model 

4.2. Cardiac comedication 

4.2.1. Adverse drug events 

4.2.1.1. Adherence to renal function monitoring and discontinuation rules after RAS blockade 

Among patients that initiated an ACEI/ARB treatment, creatinine levels were not monitored in 10%, either at 

baseline (i.e., within 12 months before initiation) or during follow-up (i.e., 2 months after initiation). Moreover, 

28% were monitored only at baseline, 15% were monitored only during follow-up, and 47% were monitored 

both at baseline and during follow-up. The median period between the most recent baseline monitoring event 

and drug initiation was 40 days (inter-quartile range: 12–125 days). Among the 34% of patients that had 

baseline creatinine monitoring within one month before initiating therapy, less than 10% also had the 

guideline-recommended follow-up test recorded within two weeks. One in 15 patients started ACEI/ARBs, 

despite a baseline potassium level above the recommended level; elevated baseline potassium was also shown 
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to be a strong predictor of severe post-initiation hyperkalemia. Among the monitored patients, nearly 1.5% 

experienced a ≥30% creatinine increase or a >6 mmol/L potassium level, and most (80%) did not discontinue 

therapy, despite guidelines that recommended discontinuation. Although patients with a prior MI, 

hypertension, or baseline potassium >5 mmol/L were at an increased risk of sudden decline in kidney function 

after ACEI/ARB initiation, there was no evidence that these patient groups were monitored more frequently 

during initiation. 

 

4.2.1.2. Creatinine elevation after RAS blockade and cardiorenal risks 

Among the 1.7% of individuals with ≥30% increases in creatinine, a higher proportion were female, older, had 

cardiorenal comorbidity, and used NSAIDs, loop diuretics, or potassium-sparing diuretics, compared to those 

with <30% increases. Creatinine increases ≥30% were associated with an increased adjusted IRR for all 

outcomes, compared to creatinine increases <30%. The adjusted IRRs were 3.43 (95% CI: 2.40–4.91) for end-

stage renal disease, 1.46 (95% CI: 1.16–1.84) for MI, 1.37 (95% CI: 1.14–1.65) for heart failure, and 1.84 

(95% CI: 1.65–2.05) for death. Examining the interaction with time since drug initiation (Figure 12), we found 

that the risks were highest in the first year after starting ACEI/ARB treatment, and they declined within 2 

years, but residual risks of end stage renal disease, MI, and death were sustained for up to 10 years.  

 A more detailed categorization of creatinine increases revealed graduated effects for all outcomes, as 

illustrated by the survival function (Figure 13A). This function also provided the absolute 1-, 5-, and 10-year 

risks of death for each group. This ‘dose-response’ relationship also held for all outcomes, after adjusting for 

possible confounders (all p-values for trends <0.001; Figure 13B). Notably, creatinine increases <30% were 

also associated with increased IRRs for all outcomes. The IRRs of death were 1.15 (95% CI: 1.09–1.22) for 

increases of 10%–19%, and 1.35 (95% CI: 1.23–1.49) for increases of 20%–29%, when <10% was used as the 

reference. Results were consistent across calendar periods and patient subgroups, and for continuing users.  

 

 
Figure 12 | Time-dependent cardiorenal risks associated with creatinine increases ≥30% after renin-angiotensin system 

blockade. Modified from Schmidt M et al. BMJ 20177 
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Figure 13 | Effects of creatinine increases after renin-angiotensin system blockade on (A) cumulative mortality and (B) 

the incidence rate ratios for the associated cardiorenal risks. Modified from Schmidt M et al. BMJ 20177 

A

B
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4.2.2. Drug-drug interactions  

Within 12 months after a PCI with stent implantation, 91% of patients filled prescriptions for clopidogrel and 

21% filled prescriptions for PPIs. Clopidogrel use was associated with a markedly reduced rate of MACE 

within 12 months after a coronary stent implantation, independent of PPI use (Table 6). The use of PPIs, 

individually or as a class, did not substantially modify the protective effect of clopidogrel. However, PPI use 

was associated with an increased rate of MACE, particularly among long-term users. Thus, when PPI use was 

compared to non-use, the adjusted HR for MACE was 1.40 (95% CI: 1.17–1.68) among clopidogrel users and 

1.16 (95% CI: 0.95–1.43) among clopidogrel non-users. Conversely, when clopidogrel use was compared to 

non-use, the adjusted HR for MACE was 0.57 (95% CI: 0.44–0.74) among PPI users and 0.47 (95% CI: 0.42–

0.53) among PPI non-users. Thus, the relative interaction effect was 1.20 (95% CI: 0.91–1.58). Among patients 

that used PPIs before the PCI, the MACE rate increased by 25% compared to patients that did not previously 

use PPIs, independent of clopidogrel use (adjusted HR=1.24, 95% CI: 0.97–1.58 for clopidogrel users and 

1.26, 95% CI: 0.97–1.63 for clopidogrel non-users). We observed similar results for other outcomes, including 

MI, target lesion revascularization, and cardiac death. These overall results were similar to the results observed 

in patient subgroups and for individual PPIs. 

 

 
Table 6 | Hazard ratios for major adverse cardiovascular events* associated with clopidogrel use,  

compared to non-use, with (+) or without (-) concomitant use of proton pump inhibitors 

Proton pump 

inhibitors 

 Clopidogrel use Unadjusted  

hazard ratio 

(95% CI)  

Adjusted  
hazard ratio‡ 

(95% CI) 

Interaction  
effect§ 

(95% CI) 

p|| 
 Number† 

 

Rates†  

 Non-use Use 
 

Non-use Use 

Any type¶ - 973 677 
 

263 104 0.38 (0.34–0.42) 0.47 (0.42–0.53)   

 + 102 138 
 

267 154 0.48 (0.37–0.63) 0.57 (0.44–0.74) 1.20 (0.91–1.58) 0.19 

Esomeprazole - 1039 759 
 

264 108 0.39 (0.35–0.43) 0.39 (0.35–0.43)   

 + 36 56 
 

238 153 0.50 (0.33–0.77) 0.51 (0.34–0.78) 1.32 (0.86–2.03) 0.20 

Lansoprazole  - 1050 787 
 

263 109 0.39 (0.35–0.44) 0.39 (0.35–0.44)   

 + 25 28 
 

289 138 0.41 (0.24–0.71) 0.43 (0.25–0.74) 1.09 (0.63–1.89) 0.75 

Omeprazole  - 1053 796 
 

263 110 0.39 (0.35–0.44) 0.39 (0.36–0.44)   

 + 22 19 
 

288 145 0.40 (0.21–0.73) 0.40 (0.21–0.73) 1.00 (0.54–1.87) 0.99 

Pantoprazole  - 1056 782 
 

264 109 0.39 (0.35–0.43) 0.39 (0.35–0.43)   

 + 19 33 
 

254 154 0.56 (0.32–0.99) 0.57 (0.32–1.01) 1.47 (0.83–2.60) 0.19 

From Schmidt M et al. Aliment Pharmacother. 20118 

*Composite of myocardial infarction, ischemic stroke, stent thrombosis, target lesion revascularization, and cardiac death, within 12 

months after a coronary stent implantation. 
†Numbers reflect exposure status at the time of outcome. Rates are the number of events per 1000 person years. 
‡Adjusted for age, sex, diabetes, hypertension, obesity, and time-varying use of aspirin, calcium channel blockers, and statins. 
§The ratio of the stratum-specific hazard ratios, which estimates the increase in hazard ratio associated with concomitant use of 
clopidogrel and proton pump inhibitors, beyond that expected from the independent effects of these drugs alone. 
||Based on the Wald 2 test for detecting “no interaction” in the model. 
¶Any use of esomeprazole, lansoprazole, omeprazole, pantoprazole, or rabeprazole. 
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4.3. Non-cardiac comedication 

4.3.1. Diclofenac 

4.3.1.1. Cardiovascular risks 

Among patients that initiated diclofenac, the rate of MACE within 30 days increased by 50% compared to 

patients that did not initiate NSAIDs, 20% compared to those that initiated paracetamol and ibuprofen, and 

30% compared to those that initiated naproxen (Figure 14A). Diclofenac initiators also showed rate increases 

in all MACE components, including a 20% increase in atrial fibrillations/flutters, a 60% increase in ischemic 

strokes, a 70% increase in heart failures and cardiac deaths, and a 90% increase in MIs, compared to NSAID 

non-initiators. The risk increases were similar among men and women of all ages. The IRR was more 

pronounced for high-dose than for low-dose diclofenac pills (although the CIs overlapped); nevertheless, the 

IRR also increased consistently for low-dose pills (Figure 14C).  

The additional absolute annual number of MACE per 1000 patients that initiated diclofenac (the adjusted 

incidence rate difference) increased with the baseline risk. Thus, for patients at low, moderate, and high 

 

 

Figure 14 | Incidence rate ratios for major adverse cardiovascular events (MACE) within 30 days after diclofenac 

initiation. Diclofenac is compared to paracetamol, ibuprofen, naproxen, and NSAID non-initiators, both (A) overall and 
according to (B) baseline cardiovascular risk and (C) pill dose. Modified from Schmidt M et al. BMJ 20189 

A B

C



 

45 

baseline risk, the additional MACE observed were, respectively, 1, 7, and 16, compared to those that initiated 

ibuprofen, 1, 7, and 10 compared to those that initiated naproxen, 3, 8, and 1 compared to those that initiated 

paracetamol, and 4, 14, and 39 compared to NSAID non-initiators. Although the absolute risk of MACE was 

highest among individuals with high baseline risk, the relative risk was highest among individuals with low or 

moderate baseline risk (Figure 14B). In addition, the risk of upper gastrointestinal bleeding associated with 

diclofenac initiation was increased by 4.5-fold compared to NSAID non-initiation, increased by 2.5-fold 

compared to ibuprofen and paracetamol initiation, and similar to the risk associated with naproxen initiation.  

 

4.3.1.2. Trends and predictors of contraindicated use 

The yearly prevalence of NSAID initiation after a first-time diagnosis of cardiovascular disease increased by 

3.4%, from 1996 (19.4%) to 2001 (22.7%), and it declined by 2.7% from 2002 to 2017 (13.5%) (Figure 15). 

These trends were independent of age, sex, and the subtype of cardiovascular disease, although after 2002, 

larger annual declines occurred among patients with heart failure (3.9%) and ischemic heart disease (3.5%).  

 

 

Figure 15 | Temporal trends in the one-year prevalence of non-aspirin NSAID use after a first-time diagnosis of 

cardiovascular disease in Denmark (1996–2017). The trends for each type of NSAID are shown for (A) cardiovascular 
diseases overall and (B) subgroups of patients with different cardiovascular diseases. Modified from Schmidt M et al. 

Eur Heart J Cardiovasc Pharmacother 202010 

 

Cardiovascular disease overall Stable angina pectoris Myocardial infarction

Atrial fibrillation/flutter Heart failure

Venous thromboembolism Ischemic stroke

Valvular heart disease Infective endocarditis

Year of diagnosis Year of diagnosis
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In 2017, the one-year prevalence was highest among patients with VTE (16.6%) and angina (13.8%), and it 

was lowest among patients with ST-segment elevation MI (7.0%) and heart failure (8.8%). Patients that 

initiated NSAIDs were predominantly prescribed ibuprofen (59%), diclofenac (23%), and etodolac (6%). 

However, diclofenac and coxib use declined, and ibuprofen and naproxen use increased over time. The median 

prescribed dose of ibuprofen declined after 2008, from a moderate/high dose (600 mg/pill) to a low dose (400 

mg/pill). The treatment duration also declined for all NSAIDs, except for celecoxib. NSAID initiation was 

most strongly predicted by the presence of rheumatic diseases, obesity, and pain-related conditions. 

 

 

4.3.1.3. Prescriber responsibility for contraindicated use 

Within one year after a first-time diagnosis of cardiovascular disease (1996–2017), 86–91% of all NSAID 

prescriptions were issued by general practitioners, 7.3–12% were issued by hospital prescribers, and ≤1.1% 

were issued by private practice specialists (Figure 16). Despite minor variations, the percentages of NSAIDs 

prescribed by general practitioners were consistently high for ibuprofen (84–89%), naproxen (90–93%), 

diclofenac (87–93%), meloxicam (77–100%), etodolac (94–97%), celecoxib (56–90%), and etoricoxib (93–

100%).

 

 
Figure 16 | Prescriber responsibility for initiating non-aspirin NSAIDs within one year after a first-time diagnosis of 

cardiovascular disease in Denmark (1996–2017). (Top) Percentage of NSAID prescriptions issued from different 

providers from 1996 to 2017; (bottom) Percentages of each type of NSAID issued by different providers from 2013 to 

2017. From Schmidt M et al. Eur Heart J Cardiovasc Pharmacother 202010 
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4.3.2. Novel cardiovascular risks 

4.3.2.1. Atrial fibrillation/flutter 

NSAID use was associated with an increased risk of atrial fibrillation/flutter (Figure 17). Notably, COX-2 

inhibitors were associated with a greater increase in the risks of atrial fibrillation/flutter (adjusted IRR=1.27, 

95% CI: 1.20–1.34) than non-selective NSAIDs (1.17, 95% CI: 1.10–1.24). This finding indicated a potential 

important pharmacological role of COX-2 inhibition. Older COX-2 inhibitors and coxibs had similar effect 

estimates, although diclofenac had the highest estimated effect (1.38, 95% CI: 1.27–1.50). The association 

between NSAID use and atrial fibrillation/flutter was strongest among new users, who showed a 40–70% 

relative risk increase. The IRRs among new users were lowest for non-selective NSAIDs (1.46, 95% CI: 1.33–

1.62) and highest for COX-2 inhibitors (1.71, 95% CI: 1.56–1.88). The IRRs were highest among older 

individuals and patients with chronic kidney disease or rheumatoid arthritis. The results were robust when the 

evaluation was restricted to patients without systemic inflammatory conditions. The increased risks were 

consistent for both high-dose and low-dose pills of all individual NSAIDs. However, the effect was greater for 

high-dose than for low-dose pills of ibuprofen, naproxen, and diclofenac. In a direct drug comparison, with 

ibuprofen as reference, no NSAID had a lower associated risk than ibuprofen, and in particular, diclofenac 

conferred a higher risk than ibuprofen (1.19, 95% CI: 1.00–1.40). 

 

 
 
Figure 17 | Adjusted incidence rate ratios for the association between NSAID use and atrial fibrillation/flutter in patients 

with or without cardiovascular disease, chronic kidney disease, or rheumatoid arthritis. From Schmidt M et al. BMJ 

201111 

 

4.3.2.2. Venous thromboembolism 

NSAID use was associated with an increased rate of VTE. The adjusted IRRs for the association between non-

selective NSAIDs and VTE were 2.51 (95% CI: 2.29–2.76) for current users, 4.56 (95% CI: 3.85–5.40) for 

new users, and 2.06 (95% CI: 1.85–2.29) for long-term users. The adjusted IRRs for the association between 

COX-2 inhibitors and VTE were 2.19 (95% CI: 1.99–2.41) for current users, 3.23 (95% CI: 2.69–3.89) for 

new users, and 1.92 (95% CI: 1.72–2.15) for long-term users. Former use of non-selective NSAIDs (IRR: 1.44, 
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95% CI: 1.33–1.56) and COX-2 inhibitors (IRR: 1.41, 95% CI: 1.30–1.54) were also moderately associated 

with an increased VTE risk. The results were consistent in subgroup analyses of the exposure (individual 

NSAIDs, and low-dose and high-dose pills) and outcome (unprovoked VTE, deep vein thrombosis, and 

pulmonary embolism). A sensitivity analysis of different exposure windows indicated that our estimates might 

have underestimated the true risk. Finally, we estimated that, if no increased risk between NSAIDs and VTE 

actually existed, our findings could only be fully explained by an unmeasured confounder that was highly 

prevalent (30%), that occurred four times more frequently among COX-2 inhibitor users than among non-

users, and that increased the risk of VTE by a factor of 17 or more. Moreover, an even stronger confounder 

would be needed to explain our findings for current users of non-selective NSAIDs or for new users of either 

NSAID subclass. 

 

4.3.2.3. Stroke mortality 

Pre-admission use of COX-2 inhibitors was associated with an increase in the 30-day mortality following an 

ischemic stroke, but not a hemorrhagic stroke. Thus, the 30-day MRR for ischemic stroke was 1.14 (95% CI: 

1.03–1.27) for current users of COX-2 inhibitors, and among these it was highest for new users (1.31, 95% CI: 

1.13–1.52). The PS-matched analysis yielded similar results, with MRRs of 1.16 (95% CI: 1.01–1.34) for 

current users and 1.28 (95% CI: 1.07–1.54) for new users. 

When we compared the initiation of different types of COX-2 inhibitors, we found that the increased 

MRR was driven by older COX-2 inhibitors (1.30, 95% CI: 1.12–1.52). Among those, the MRRs were 1.51 

(95% CI: 1.16–1.98) for etodolac and 1.21 (95% CI: 1.01–1.45) for diclofenac. We observed no association 

between a former use of COX-2 inhibitors and ischemic stroke mortality. Moreover, the use of non-selective 

NSAIDs was not associated with 30-day mortality following ischemic stroke.  
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5. Discussion 

5.1. Summary 

The studies described in this dissertation examined the importance of multimorbidity — focusing on 

comorbidity and comedication — in relation to the risk, prognosis, and prediction of cardiovascular disease. 

We showed how the prevalence of comorbidity at a first-time MI, heart failure, or stroke has increased over 

the last three decades. In that same period, the mortality associated with these conditions declined, independent 

of the comorbidity burden. Nevertheless, the comorbidity burden was a strong prognostic factor for both short- 

and long-term mortality. We found that cardiac and non-cardiac comorbidities increased short- and long-term 

MI mortality beyond that explained by their additive effects. This synergistic effect suggested that these 

conditions interacted biologically. The interaction was dose-dependent and its magnitude was clinically 

important. We developed novel, contemporary comorbidity indices (DANCAMI and rDANCAMI) to assess, 

adjust for, and predict the impact of comorbidity on mortality, in patients with a first-time MI. The DANCAMI 

outperformed existing comorbidity indices, and was generalizable to MI patients in New Zealand. 

The dissertation studies also examined ADEs related to common cardiac comedications. ACEIs/ARBs 

are common comedications in this patient group. However, an important ADE of RAS blockade is kidney 

impairment. Consequently, kidney function must be routinely monitored. We found that only a minority (10%) 

of patients received serum creatinine monitoring before and after ACEI/ARB initiation, according to 

unambiguous guidelines for detecting sudden renal impairment. Moreover, the vast majority (>80%) of 

patients with ≥30% increases in creatinine levels or a potassium level >6 mmol/L at follow-up did not 

discontinue treatment, according to recommendations.225 Adding concern to this non-adherence to guidelines, 

we found that patients in routine clinical care that had started ACEI/ARB treatment and displayed a ≥30% 

increase in creatinine at the first follow-up represented a high-risk group for cardiorenal outcomes and death, 

compared to patients with more stable creatinine levels at follow-up.  

Our studies also examined drug-drug interactions for common cardiac comedications. Clopidogrel and 

PPIs are medications that are commonly co-prescribed in patients with ischemic heart disease. Among patients 

that underwent PCI with coronary stent implantations, we found no evidence of clinically relevant drug-drug 

interactions between clopidogrel and PPIs.  

NSAIDs are among the most commonly used classes of non-cardiac comedications. Therefore, we 

elucidated the cardiovascular risks associated with NSAID use. First, we outlined the cardiovascular risks 

associated with the most frequently prescribed older COX-2 inhibitor — diclofenac. We showed that 

diclofenac use increased these risks compared to non-use and also compared to the use of two active 

comparator drug classes, paracetamol and non-selective NSAIDs (ibuprofen and naproxen). Although NSAID 

use is declining, we found that it is frequently prescribed to patients after their first cardiovascular diagnosis. 

This finding emphasized the importance of raising the awareness of appropriate use, particularly among 

general practitioners, who issued 90% of NSAID prescriptions in these patients. Finally, our data suggested 

that the initiation of NSAIDs, particularly COX-2 inhibitors, was associated with cardiovascular risks that 

were not previously recognized, namely atrial fibrillation/flutter, VTE, and stroke mortality. 
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5.2. Internal validity 

Internal validity depends on random and systematic errors.226 By random error (or chance), we refer to the 

precision of the estimates.227 By systematic errors, we refer to selection bias, information bias, and 

confounding.226 Selection and information biases arise during data collection or in the study design; therefore, 

these biases are often difficult to correct for with statistical approaches.226 In contrast, confounding can be 

controlled for by both the study design (randomization, restriction, and matching) and statistical approaches 

(standardization, stratification, adjustment, and quantitative bias analyses) (Table 1).226 We discussed internal 

validity systematically in each publication described in this dissertation (Appendices I–X), but we will also 

summarize the internal validity of our studies here. 

 

5.2.1. Random error 

The precision of the associations was evaluated by the width of the CIs.227 We interpreted the CI as a 

quantitative measure that indicated the magnitude of the effect and the degree of precision, rather than as a 

surrogate for significance tests. Thus, according to recommendations,228 we consistently reported and discussed 

the point estimates (even when the CIs were wide), taking into account both the lower and upper limits of the 

CIs. We aimed to avoid overconfidence in the estimates, despite the high precision often achieved, by 

emphasizing potential systematic errors that were of concern. We deliberately chose not to dichotomize results 

based on statistical significance. In the exceptions, when we reported p-values (typically in tests for trends),229 

we provided sensible precision, omitted all kinds of adornments to denote statistical significance, and avoided 

binary inequalities, such as P <0.05 or >0.05. However, in general, we chose not to report p-values, because 

they are redundant for data interpretation, and they increase the risk of misinterpretation by the readers.228 

An example of the misinterpretation of a significance test was experienced in response to study XI.230 

In that study, we reported that the use of newer COX-2 inhibitors was associated with a relative risk of 1.20 

(95% CI: 1.09–1.33) for atrial fibrillation/flutter. A subsequent study by Chao et al.231 reported the same 

association, with a relative risk of 1.20 (95% CI: 0.97–1.48). In apparent contrast to our interpretation, Chao 

et al.231 concluded that the use of selective COX-2 inhibitors was not associated with the risk of atrial 

fibrillation. They further speculated on the biological mechanisms, and they mentioned that the discrepancy 

between our results and theirs was due to our inclusion of both atrial fibrillation and flutter, because “their 

detailed pathogeneses are different”.231 Nonetheless, as previously mentioned, atrial fibrillation and flutter 

share risk factors and some pathophysiology,232 and our results were mainly driven by cases of atrial fibrillation 

(>90%). Most importantly, however, the results from the two studies did not differ materially; Chao et al.231 

simply misinterpreted their data by relying on statistical significance testing to make inferences. As such, a 

comparison of the p-value functions227 for the associations from the two studies (Figure 18) demonstrated that 

the only real difference between the results of the two studies was that our data provided greater precision, 

which was reflected in the narrower CIs and the narrower p-value function (Figure 18). Thus, the data from 

Chao et al.231 did not contradict our findings, but actually supported them, as shown in the meta-analysis of 

the two study results (Figure 18).230 
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For our primary analyses, the large number of outcomes and cases in the Danish, New Zealand, and UK 

cohorts ensured statistically precise estimates.227 In general, the sample sizes were also sufficiently large to 

allow subgroup analyses, e.g., for individual comorbidities and comedications. However, despite the 

unprecedented large sample sizes in some studies (e.g., study IX), we had to categorize some variables (e.g., 

NSAID tablet dose) into broader classes than preferable. Similarly, despite our large PCI cohort (n=13,001) in 

our drug-drug interaction study (study VIII), compared to cohorts in other studies, the precision of the 

estimated effects on one-year MACE did not allow us to make firm conclusions about PPI subtypes.  

 

 
 

Figure 18 | P-value function and meta-analysis of the association between the use of COX-2 inhibitors and atrial 

fibrillation, as reported by Schmidt et al. BMJ. 201111 and Chao et al. Int J Cardiol. 2013.231 (Left) The p-value function 
describes the function most compatible with the data and shows the probability of observing risk ratios at least as extreme 

as the results actually observed, assuming that the null hypothesis is true. (Right) The results of the meta-analysis show 

the corresponding risk ratios and summary estimate with 95% confidence intervals (CIs). Modified from Schmidt M and 

Rothman KJ. Int J Cardiol 2014230 

 

 

We defined the primary outcome MACE in studies VIII–IX as a composite of several individual 

outcomes, because the absolute risk of some outcomes was expected to be low, due to the short follow-up 

period (e.g., 30 days in study IX), and because there was no preferred single outcome of interest. In clinical 

trials, MACE is often used to increase statistical efficiency,233 because it increases the event rate in the control 

group, which reduces the required sample size and the cost of a trial.234 The inherent trade-off in using MACE 

as an effect estimate is that the increased precision comes at the expense of greater uncertainty in interpreting 

the results.235 It is generally recommended that composite outcomes include components that are similar in 

severity, frequency (particularly among the most and least severe components), and treatment effect (i.e., no 

substantial variability across components).235 In practice, all these criteria are rarely met.233 In our emulated 

trial (study IX), atrial fibrillation/flutter was a less severe, but more frequent complication than ischemic stroke 

and cardiac death. Composite outcomes are particularly problematic, when only one component of the 

composite outcome is affected, or when the direction of the effect differs across the individual components.233 

In addition to reducing the precision, in the latter scenario, a strong association with one component might be 

attenuated by a less strong association with another, more frequent, component.233 Therefore, in the interest of 

transparency, we reported on the individual components separately and found no evidence that the null result 

0.8          1.0      1.2     1.4    1.6
0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

2
-s

id
e

d
 p

-v
a

lu
e

Risk ratio

 Schmidt et al.

 Chao et al.

0.9 1.0 1.51.1 1.2 1.3 1.4

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Study Risk ratio (95% CI)

1.20 (1.09–1.33)

1.20 (0.97–1.48)

1.20 (1.10–1.31)

Schmidt et al.

Chao et al.

Overall



 

52 

was due to heterogeneous treatment effects. Of note, we defined MACE as major adverse cardiovascular 

events and not solely cardiac events. Thus, we included ischemic stroke in the definition to acknowledge its 

importance as a thromboembolic complication of therapy. Our definition of MACE therefore corresponded 

well to another frequently used term: major adverse cardiac and cerebral events (MACCE). 

5.2.2. Systematic errors 

5.2.2.1. Selection bias 

We evaluated selection bias in terms of the systematic error associated with the selection of study participants 

according to exposure status, in cohort studies, or according to case or control status, in case-control studies.226 

A selection bias arises when the association between exposure and outcome is different between study 

participants and non-participants.226 However, this association among non-participants is rarely known; 

consequently, selection bias cannot be observed, it must be inferred.226  

 In the setting of the tax-supported universal healthcare systems in Denmark, New Zealand, and the UK, 

our population-based study designs largely removed selection biases that stemmed from the selective inclusion 

of specific hospitals, health insurance systems, or age groups.182 We had nationwide coverage in New Zealand 

(study V) and either nationwide (studies I–IV, IX, X, and XIII) or representative regional236 (studies V, XI, 

and XII) coverage in Denmark. Although the CPRD only covered 7% of the UK population, patients included 

in the CPRD (studies VI and VII) were largely representative of the UK population, in terms of age, sex, and 

ethnicity.196 Of note, a potential limitation was that the Danish National Patient Registry did not include 

patients that experienced a sudden cardiac death outside a hospital or an ambulance, or patients that did not 

receive a resuscitation attempt in the emergency room.182 To address this limitation, we performed a time-

course comparison of the proportion of patients with an MI recorded as the cause of death in the Danish 

Registry of Causes of Death to the proportion of patients without a previous MI recorded in the Danish National 

Patient Registry.1 This supplementary analysis revealed that the proportion of MIs missing from the Danish 

National Patient Registry could not account for the observed incidence and mortality trends.1 We could 

accurately account for censoring, due to death or emigration, in Denmark, through the Danish Civil 

Registration System,192 in New Zealand, through the National Mortality Collection,194 and in the UK, through 

the CPRD.196 In the UK, emigration was addressed by censoring at withdrawal from the general practice unit.237  

 

5.2.2.2. Information bias 

Information bias occurs when exposure or outcome data are measured erroneously (misclassified).226 

Differential misclassification occurs when misclassified exposure or outcome data depends on the presence of 

its counterpart. The direction of bias due to differential misclassification is particularly concerning, because it 

is less predictable.226 Because information on hospital diagnoses, drug use, and confounding factors were 

collected prospectively, we avoided reliance upon self-reporting, which reduced the potential of differential 

misclassification due to recall bias.226  

 Misclassification of exposure is non-differential, when it is independent of the outcome (and vice versa). 

Non-differential misclassification most often biases the results towards the null hypothesis.226 However, when 

the misclassification depends on misclassification of other variables, or when the exposure or disease variable 
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has more than two levels, then non-differential misclassification might introduce bias against the null 

hypothesis.226 Overall, it was unlikely that coding errors in hospital diagnoses and death had an important 

influence on our results. For example, non-differential misclassification of coding errors could not explain 

results that were not neutral.  

 Below, we discuss the potential for misclassifications of drug use (exposure in studies VI–XIII), 

laboratory data (studies VI and VII), hospital diagnoses (study cohorts in studies I–V, X, and XIII; exposures 

in studies I–V; and outcomes in studies VII–XII), cardiac death (outcome in studies VIII and IX), and all-cause 

mortality (a censoring event in all studies, and outcome in studies I–V, VII, and XIII). 

 

Misclassification of drug use 

The data in Denmark’s prescription databases are virtually complete; they only lack in-hospital and OTC 

medication use.184 Because the prescription data were prospectively recorded, any misclassifications of cardiac 

and noncardiac comedication use, due to ‘as-needed’ prescriptions, non-adherence, or OTC use, were likely 

non-differential. This implies that the effect estimates for current users may be underestimates.111 However, in 

the studies on novel cardiovascular risks, we categorized NSAID use into three exposure levels (non-use, 

former use, and current use); consequently, a non-differential misclassification between current and former 

NSAID use could potentially have introduced a bias in the effect estimates for former users against the null 

hypothesis.226 

Drug use was identified from actual pharmacy dispensations, for which patients paid a portion of the 

cost; thus, we did not rely on written prescriptions alone (except in the UK). Although we used prescriptions 

as a proxy for actual use, the intended beneficial effects of cardiac drugs, PPIs, and NSAIDs on a wide range 

of symptoms increased the likelihood of adherence among chronic users.  

In the drug-drug interaction study (study VIII), we computed the number of days exposed, based on the 

number of days a medication supply lasted (these drugs were typically prescribed as one pill per day). This 

approach increased the accuracy of exposure information. We also accounted for variations in patient 

adherence behavior by allowing up to 7-day gaps between prescription refills.238 Finally, with our time-varying 

drug assessment, we avoided the assumption that patients adhered to the medication for the entire 

recommended treatment period. These methods of defining exposure reduced the likelihood of nondifferential 

misclassification.239 

We lacked information on the OTC use of NSAIDs. The only OTC non-aspirin NSAIDs available in 

Denmark were diclofenac, which was available during a short period (July 16, 2007 to December 14, 2008), 

and ibuprofen, which was supplied in 200-mg pills (since 27 March 1989).111 Moreover, OTC sales of 

ibuprofen have been restricted over time; they were only available to individuals aged ≥18 years (since 2011), 

at a maximum of one package per person per day (since 2011), and package sizes could only contain a 

maximum of 20 pills (since 2013).111 Due to these OTC restrictions and the reimbursement scheme for 

prescriptions through the Danish National Health Service’s insurance program, regular NSAID users were 

motivated, both through practical and economic incentives, to obtain these drugs by prescription. Indeed, OTC 

use has been far less common in Denmark than in many other countries.111 Therefore, the potential for 

identifying NSAID use based on Danish prescription registries was relatively high: we captured 66–70% of 
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the total ibuprofen sales during 2000–2013, and that proportion increased to 85% in 2018; moreover, we 

captured virtually all sales of other NSAIDs.111 Finally, we previously showed that the magnitude of 

misclassification bias due to OTC ibuprofen use could not substantially impact the relative risk estimate, unless 

the relative risk estimate was very high, which was not the case in any of our studies.111 

 

Misclassification of cardiovascular diagnoses and procedures 

The hospital registries include discharge diagnoses, not admission diagnoses. However, the positive predictive 

values (PPVs) of cardiovascular diagnoses, examinations, procedures, and surgeries registered in the Danish 

National Patient Registry were previously validated and found adequate, with medical record review as the 

reference. The PPVs were approximately 92–100% for MI,183,207 75–90% for VTE,183,207 93–97% for atrial 

fibrillation,183,207 97% for ischemic stroke,240 74% for intracerebral hemorrhage,240 98% for examinations,241 

98% for procedures,241 and 99% for cardiac surgery.241 We classified unspecified strokes as ischemic strokes, 

which inevitably misclassified some intracerebral hemorrhages (approximately 6%) as ischemic strokes.240 

Given the lack of association between NSAID use and mortality due to intracerebral hemorrhage, this 

misclassification would only bias the results for ischemic stroke towards the null hypothesis, and thus, it could 

not explain our findings. Misclassification were also unavoidable in studies IX–XI, due to their inability to 

distinguish among paroxysmal, persistent, and permanent atrial fibrillation. However, in study XI, we 

restricted atrial fibrillation cases to patients treated with cardioversion within one year after a first diagnosis; 

thus, to some extent, NSAID use was related to disease severity. In study VIII, the individual components of 

MACE, including cardiac death, were adjudicated by a specialist committee and considered accurate.242,243 

Cardiac death diagnoses based on the Danish Registry of Causes of Death191 lacked adjudication (study IX), 

and thus, they were considered less valid. However, that misclassification was unlikely to be associated with 

prior NSAID use, and hence, it was considered nondifferential. The all-cause mortality data were accurate.192  

 In New Zealand, validation studies are rare. A validation study from 1987 reported a sensitivity of 

86% and a PPV of 67% for an MI in discharge diagnosis data.244 A recent validation study, based on the All 

New Zealand Acute Coronary Syndrome Quality Improvement (ANZACS-QI) as reference, also supported 

the validity and completeness of MI discharge diagnosis data.245 The universal tax-supported healthcare 

systems ensured that MI treatment was organized at public hospitals; this was an important reason for the high 

completeness of MI diagnoses in all three countries.182,244,246 Moreover, the mortality data were considered 

accurate and complete.247  

In the UK, the validity of MI diagnoses was also consistently high, with PPVs of 92–93%, in both the 

CPRD and HES.246,248 Heart failure, end-stage renal disease, and mortality have not been validated 

individually in the UK. However, the diagnoses recorded in the CPRD, particularly in the domains assessed 

by the Quality and Outcomes Framework,249,250 were generally considered to be adequately valid for research 

purposes; the overall median proportion of cases with a confirmed diagnosis was 89%.237,251 

 

Misclassification of comorbidity 

The overall PPV was 98% for the comorbidities included in the CCI.252 As suggested for patients with stable 

angina pectoris,73 the CCI could be even more appropriate for patients with MI by assigning greater weights 
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to some diseases (e.g., liver and renal disease) and omitting others that lacked prognostic significance (e.g., 

connective tissue disease) or showed low prevalence (e.g., hemiplegia, leukemia, and AIDS) among patients 

with MIs.73,253 Despite these limitations, we used the CCI (prior to our development of the DANCAMI), 

because it was proven acceptable for measuring the prognostic impact of the total comorbidity burden in 

patients with ischemic heart disease, heart failure, and stroke.61 In contrast to a full hospital discharge history, 

our fixed look-back periods, between 5–15 years, eliminated the risk of left-censoring before 1977 and reduced 

nondifferential misclassification by ensuring similar comorbidity histories between the comparison groups.254 

To avoid including complications caused by the index diseases (studies I–III), we excluded secondary 

diagnoses that were coded during the index admission.  

 The sensitivity of the comorbidity burden measured with the CCI has not been examined, but it is 

expected to be lower than its specificity. In developing the DANCAMI, we examined a larger spectrum of 

potential predictive comorbidities for inclusion in our comorbidity index, including psychiatric diseases. 

Therefore, the DANCAMI is likely to show higher sensitivity than the CCI in a contemporary cohort of Danish 

patients with MI.  

  

5.2.2.3. Confounding 

We defined confounding as the lack of exchangeability, which arises in situations where the effect of the 

exposure disease/drug is mixed with the effect of another variable.255 A confounder must be an independent 

cause or a proxy/marker for the cause, imbalanced across exposure categories, and not on the causal pathway 

between exposure and the study outcomes.226 As previously mentioned, we aimed to reduce potential 

confounding in both the design and analysis phases of our etiological study designs. Individual study 

approaches that we implemented to deal with confounding are summarized in Table 1. Due to the non-

randomized designs, we note that potential residual confounding (due to imperfect measurement) and 

unmeasured confounding could not be excluded. Here, we discuss issues of particular concern. 

In studies I–V, we identified individual comorbidities, and categorized comorbidity burden using 

comorbidity indices. We did not have data to compute patient complexity measures.43,44 In particular, we did 

not have data on socioeconomic status. Socioeconomic status is a well-established risk factor for 

multimorbidity256 and mortality.37 Whether it could have influenced the association or interaction between 

comorbidity and cardiovascular mortality in studies I–IV remains to be investigated.  

In study VII, patients that showed the greatest falls in renal function after starting ACEI/ARB treatment 

had a higher proportion of comorbidities and used more concurrent drugs that were associated with adverse 

renal outcomes. However, our findings were robust, after adjusting for a range of potential confounders, 

including comorbidity, comedication use, lifestyle factors, and socioeconomic status. Among the potential 

unmeasured confounders, we could not adjust for proteinuria, due to incomplete recording. However, to 

explain our results, the degree of proteinuria would have had to be positively associated with the degree that 

creatinine concentrations increased after starting ACEI/ARB treatment. We found no evidence of this 

association. In addition, the effect estimates were similar in analyses restricted to patients with diabetes, a 

disease associated with substantial urinary protein excretion. Nevertheless, residual or unmeasured 

confounding could not be excluded. This concern was also reflected in responses to our paper,257,258 and why 
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we stressed that it was not clear whether increases in creatinine values after the start of ACEI/ARB treatment 

were due to pathophysiological processes, representing a biomarker of increased risk, or whether a direct causal 

relation exists between reduced renal function and adverse outcomes.7 Therefore, the results identified a group 

of patients at high risk of adverse outcomes, but they did not necessarily support the discontinuation of 

ACEI/ARB treatment.7 The concern of premature discontinuation related particularly to patients with heart 

failure with reduced ejection fraction. In these patients, ACEI/ARB therapy has a well-documented, life-

prolonging effect, and declines in renal function might actually be caused by decompensated heart failure due 

to venous congestion and fluid overload.259 Thus, the adverse outcomes associated with creatinine elevations 

among patients that initiated ACEI/ARB require further investigation. Optimally, RCTs should enroll patient 

populations that are more generalizable to clinical practice to facilitate a separation between drug effects and 

patient frailty. 

In study VIII, confounding may have played an important role in identifying PPI-associated 

cardiovascular risks. The apparent increase in risk associated with PPI use was likely due to the characteristics 

of the patients studied.260 In Denmark, PPIs are prescribed mainly for clear indications, such as peptic ulcer 

disease or gastroesophageal reflux disease. They are not routinely prescribed in combination with dual 

antiplatelet therapy. However, previous studies have shown that PPI users tended to be more obese, smoke 

more frequently, and have more comorbidities than PPI nonusers.261 Therefore, the identified PPI-associated 

risks may reflect confounding, due to unmeasured variables (such as smoking, alcohol use, body mass index, 

or other cardiovascular risk factors that are not routinely recorded in registry data), or residual confounding, 

due to imperfectly measured variables (such as diabetes, hypertension, or obesity). Thus, it is important to note 

that the cardiovascular risks associated with PPI use most likely do not reflect a direct drug effect. 

In all our NSAID studies (studies IX–XIII), we adjusted indirectly for unmeasured lifestyle factors, by 

controlling for hospital-diagnosed chronic obstructive pulmonary disease, obesity, and ischemic heart disease. 

Additionally, the quantitative bias analyses in studies XI and XII indicated that the results could not easily be 

explained by a single unmeasured confounder, even if it had a strong effect. Moreover, the prescription 

registries did not contain information on indications for NSAID use; therefore, confounding by indication was 

a general concern in all our NSAID studies. We addressed confounding by indication, as outlined below, using 

active NSAID comparators, comparing effect estimates of current vs. former use, and excluding patients with 

inflammatory diseases of particular concern in sensitivity analyses.262 

In study IX, the fairly equal distribution of measured covariables among the NSAID groups increased 

the likelihood that unmeasured variables would also be equally distributed. Confounding by indication was 

not a concern in the active NSAID comparisons, due to the shared indications for the use of traditional NSAIDs. 

This was a major strength of our emulated trial design. Moreover, the consistency in both direction and 

magnitude between our point estimates and those of previous meta-analyses of both trial and observational 

data was reassuring,117,127 not least, because our precision was also higher than the precision of those studies.117 

Thus, the Coxib and traditional NSAID Trialists’ Collaboration meta-analysis of diclofenac use vs. placebo or 

no use found IRRs of 1.85 (95% CI: 1.17–2.94) for heart failure (in our study 1.7, 95% CI: 1.4–2.0), 1.70 (95% 

CI: 1.19–2.41) for MI (in our study 1.9, 95% CI: 1.6–2.2), 1.65 (95% CI: 0.95–2.85) for cardiac death (in our 

study 1.7, 95% CI: 1.4–2.1), and 1.41 (95% CI: 1.12–1.78) for MACE (in our study 1.5, 95% CI: 1.4–1.7).117 
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In study XI, we lacked data on underlying inflammatory conditions that could lead to NSAID use. These 

conditions could increase the risk of atrial fibrillation; therefore, we could not rule out the possibility that new 

users might have had more severe underlying inflammatory conditions, compared to long-term users (i.e., 

confounding by indication). However, former use (a marker of confounding by indication) was not associated 

with the outcome, which indicated that the effect was due to current use. Moreover, the effect estimates did 

not change, when we excluded patients with systemic inflammatory conditions, e.g., rheumatoid arthritis.  

In study XII, we lacked data on the use of oral contraceptives, body size, and immobilization.263 Because 

NSAID use was associated with VTE among both men and women, oral contraceptives were unlikely to have 

confounded the effect estimates substantially. We found an association between former use and VTE 

occurrence, but the association was much weaker than the association between current use and VTE, which 

indicated an actual drug effect of current use. The direct comparisons between VTE risk and the individual 

NSAIDs, with ibuprofen as the reference, likely reduced confounding by indication. The increased risk among 

long-term users was of particular importance, because the longer use period should have eliminated any 

protopathic bias, i.e. the association between new NSAID use and prodromal symptoms related to an incipient 

VTE occurrence.264 It remains unclear to what extent our results might have been influenced by physical 

limitations in mobility, due to, for example, lower back pain or chronic disease. 

In study XIII, we observed a balance in the measured variables between users and nonusers, after PS 

matching.213 Slight differences in the estimates between the PS-matched analyses and the multivariable 

outcome model might have been influenced, in part, by the exclusions due to matching and any potential 

treatment heterogeneity (the PS-matched analysis estimated the average treatment effect in the treated 

group).265 It should be noted that matching on the PS could result in an imbalance of unmeasured variables, 

such as smoking or body weight, between treated and untreated subjects (for variables unrelated to the 

covariables included in the PS calculation).213 Nevertheless, the agreement between these two approaches 

supported the robustness of our findings.  

5.3. External validity 

Assuming that systematic and random errors were negligible, our results would most likely be generalizable 

to similar populations. We note that representativeness is not a prerequisite for generalizability.266,267 Thus, 

valid scientific generalization does not require study subjects to constitute a representative sample of a target 

population.266,267 However, a different distribution of potential effect modifiers (e.g., lifestyle, socioeconomic 

status, and treatment regimens) in other target populations might limit extrapolation of our results. The Danish 

population is homogenous, regarding ethnicity: the vast majority of the population is of Scandinavian and 

European ancestry. Therefore, our relative estimates of association are likely to be applicable to similar ethnic 

groups; however, to the extent that ethnicity acts as an effect modifier (as observed in DANCAMI), they might 

not be applicable to non-European ethnicities. 
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5.4. Contributions to the advancement of science 

Validated measures that quantify the overall contributions made to the advancement of science by a dissertation 

are lacking. The 2019 Journal Impact Factor ranged between 2.3 and 30 for the studies in this dissertation 

(average=14). Quantitative measures, however, have limitations. For example, because the studies described 

in this dissertation were published over a 10-year period (2011–2020), cumulated paper citations would 

underestimate the influence of recent work. As a consequence, a more qualitative assessment is needed. 

 

Table 7 | Contributions to the advancement of science 

Impact on research 

methodology 

 Development and validation of new comorbidity indices  

o DANCAMI (including cardiovascular and non-cardiovascular comorbidities) 

o rDANCAMI (restricted to non-cardiovascular comorbidities) 

 Application of new study designs in cardiovascular epidemiology 

o Disease-disease interaction models (additive scale) 

o Renal function models (based on laboratory data) 

o Drug-drug interaction models (multiplicative scale) 

o Emulated trial design (based on Danish population-based data) 

o Prescriber responsibility (based on prescription data) 

 Application of new statistical methods in cardiovascular epidemiology 

o Rule-out approach to quantify the influence of an unmeasured confounder 

o Probabilistic bias analysis to control for an unmeasured confounder 

o Interpretation of significance testing 

 Underlying methodological advances 

o Registry reviews (research potential of key Danish registries) 

o Variable validation (cardiovascular diagnoses, examinations, and procedures) 

Impact on clinical 

practice 

 Insights into how multimorbidity affects cardiovascular disease 

o Comorbidity: Prognostic impact of comorbidity on cardiovascular diseases 

o Cardiac comedication: Adverse drug events and drug-drug interactions 

o Non-aspirin NSAIDs: Trends in use, prescriber responsibility, predictors for 

initiation, and associated cardiovascular risks 

 Medical education 

o Textbook curriculum in medical school in Denmark 

 Clinical guidelines 

o National and international guidelines 

o Position papers from the Danish and European Societies of Cardiology 

Impact on regulatory 

actions 

 Actions against drugs with adverse cardiovascular side effects 

o Withdrawal of over-the-counter diclofenac in Sweden in 2020 

o Withdrawal of over-the-counter diclofenac in Norway in 2020 

Abbreviations: DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction; NSAID, nonsteroidal anti-

inflammatory drug
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Contributions to science can be made at different levels. At the research level, advances in research 

methodology are important for the field of research in general. At the patient level, the importance of the 

individual study findings are reflected by their impact on clinical recommendations. Finally, at the population 

level, health authority regulations indicate study findings of not only clinical, but also public health importance. 

The following sections will summarize how I, through the studies described in this dissertation, have 

contributed to the advancement of science. This contribution will be detailed according to its impact on 

research methodology, clinical practice, and regulatory actions (Table 7).  

 

5.4.1. Impact on research methodology 

Studies I–V contributed important insights into the adverse prognostic effect of comorbidity in patients with 

cardiovascular disease by covering 3 out of 4 of the PROGRESS framework classification of prognostic studies 

(Figure 1).200 Studies IV and V were particularly innovative. Study IV pioneered, by its design, in the 

estimation of biological interaction between comorbidity and MI. The development of the DANCAMI in study 

V represented af turning point away from older, one-fits-all comorbididty indices, towards contemporary 

comorbidity indices developed specifically for cardiovascular disease with clinical-influenced variable 

selection. The external validation in New Zealand supported the generalizability of DANCAMI to MI patients 

in other countries as well. Improving the measure of comorbidity burden in patients with MI by using the 

DANCAMI indices will provide better adjustments for cardiovascular and/or non-cardiovascular 

comorbidities in future MI prognosis studies. The methods developed in studies I–V have overall paved the 

way for future studies on risk, interaction, and prediction of comorbidity-associated cardiovascular mortality.  

Studies VI–VII established renal function models based on laboratory data from general practices in the 

UK. The format of the laboratory data (e.g., repeated measurements) necessitated new statistical approaches. 

The  lack of general practice data and limited laboratory data at the time prevented the studies from being 

conducted in Denmark.  

Study VIII provided the first adequately-designed study to examine the potential drug-drug interaction 

between clopidogrel and PPI. With this study design, the one major limitation of all previous studies was 

adressed,268-276 i.e., the inability to quantify the isolated interaction effect on clinical outcomes. Although well-

described in the epidemiological literature,219 this approach to interaction was unknown to most clinical 

journals; thus, the majority of the studies on the clopidogrel-PPI interaction, including meta-analyses, had 

limited validity.277 The finding that PPI use vs. no PPI use was associated with an increased rate of MACE 

among clopidogrel users confirmed previous findings,278-280 but important evidence was added to show that the 

cardiovascular risks associated with PPI use were independent of clopidogrel use. Other methodological 

advances in this study included the use of probabilistic bias analysis to control for unmeasured confounders in 

summary estimates of the PPI-clopidogrel association281 The developed methodology was subsequently also 

applied to investigate the potential interactions between clopidogrel and calcium channel blockers282 and 

between clopidogrel and lipophilic statins.283 

Study IX introduced the emulated trial design in Denmark and was as such considered cutting edge. 

Moreover, the refinement of the emulated trial design to include active drug comparisons, particularly between 
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different NSAID types, was clinically important.9 This design may undergo further refinement in the future, 

but in general, it is applicable to a vast number of pharmaco-epidemiological studies on both short- and long-

term drug effects in Denmark.  

Study X was the first to examine temporal trends in the use and dosing of NSAIDs in patients with 

cardiovascular disease. The potential use of prescriber variables in the prescription registries remains unknown 

to most pharmacoepidemiologists in Denmark.206 This study was the first to use this information to shed light 

on the clinically important aspect of prescriber responsibility for contraindicated NSAID use. 

Studies XI–XIII were among the first in the field of cardiovascular epidemiology to apply a rule-out 

approach to quantify the influence of unmeasured confounding.214 Based on study XI, I also demonstrated how 

misinterpretation of significance tests can lead to faulty statistical inference.230 Although this example is only 

one of many on this topic since 1978,284 it nonetheless served as the key example in a Nature commentary 

entitled “Retire statistical significance”,228 which received unprecedented attention in the research society 

(Almetric score >12,900). Thus, this contribution helped convey the important message of how to interpret 

significance testing and p-values.  

Finally, although studies I–XIII represent the core work of this dissertation, it should be acknowledged 

that underlying methodological studies, such as registry reviews18,111,182-184,186,187,190,192,285,286 and validation 

studies,158,190,207,241,286-290 also indirectly contributed to the methodological advances arising from this 

dissertation.  

5.4.2. Impact on clinical practice 

Guidelines for managing comorbidity according to the cardiovascular index disease are rare. The importance 

of comorbidity is acknowledged and, to some degree, included in the European Society of Cardiology 

guidelines on acute and chronic heart failure.291 However, comorbidity is only sparsely mentioned in the 

guidelines for acute coronary syndromes292 and is highlighted as a knowledge gap for chronic coronary 

syndromes.293 Studies I–V added evidence to the influence of comorbidities on cardiovascular disease risk and 

prognosis. The findings highlighted the clinical importance of identifying and treating both cardiovascular and 

non-cardiovascular comorbidities, in addition to the index disease. The results of study I have also been 

included in the leading Danish textbook in internal medicine (in Danish: Medicinsk Kompendium), which 

forms part of the Danish medical school curriculum. 

Studies VI–VII documented a concerning lack of adherence to guidelines for creatinine monitoring and 

treatment discontinuation after RAS blockade. These findings prompt regular follow-up monitoring to ensure 

the implementation of guidelines in clinical practice. The study VIII on drug-drug interactions between 

clopidogrel and PPIs contributed to the accumulated evidence against a clinically important interaction. Hence, 

there is no need to warn against the concomitant use of these drugs. 

The NSAID results have been implemented in various guidelines, position papers, and reviews. Study 

IX has been cited in reference to the adverse cardiovascular risks of NSAIDs in UpToDate,294 and it is expected 

to influence upcoming recommendations from the EMA and US Food and Drug administration.124 The studies 

XI and XII are referenced in the national clinical guidelines from the Danish Society of Cardiology295 and in 
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reviews published in Danish296 and international medical journals.118,297 Study XI has also been cited in position 

papers published by the Danish298 and European118 Societies of Cardiology, UpToDate,294 and the Danish 

Pharmaceutical Information (in Danish: Dansk Lægemiddel Information).299 Highlighting the contribution to 

the field overall, I also first-authored the current position papers from the Danish298 and European118 Societies 

of Cardiology and the most recent review in the Danish Medical Journal.296 Overall, the data supported the 

current recommendations that selective COX-2 inhibitors, particularly diclofenac, should be contraindicated 

in patients with or at high risk of cardiovascular disease.118 Study X underlined the importance of these findings 

and call for follow-up studies to monitor whether the prevalence of NSAID use, particularly COX-2 inhibitors, 

declines further in patients with cardiovascular contraindications. Study X also elucidated the role of general 

practitioners in inappropriate NSAID prescribing and call for attention to whether general practitioners succeed 

in reducing NSAID prescriptions to patients with cardiovascular disease.  

Finally, it should be acknowledged that numerous follow-up papers to studies I–XIII expanded the 

evidence base further within the areas of comorbidity,300-304 cardiac comedication,158 drug-drug 

interactions,282,283 NSAIDs,111,118,126,230,298,305 cardiovascular disease trends.19,306,307 

5.4.3. Impact on regulatory actions 

Following our publications on the cardiovascular risks of diclofenac (study IX), we studied the differences in 

NSAID utilization among the Nordic countries.126 Surprisingly, the use of diclofenac varied considerably 

across countries. Diclofenac use declined after 2008 in all countries, but in Norway, it remained the most 

widely prescribed NSAID in 2016 with 63 prescription users/1000 inhabitants,. Moreover, the total sales 

(including OTC) remained high in Iceland, Norway, and Sweden, with defined daily doses/1000 

inhabitants/day of 13, 8.1, and 7.8, respectively.126 We considered the persistent high use of diclofenac in 

Iceland, Norway, and Sweden and the OTC availability of diclofenac in Norway and Sweden a cardiovascular 

health concern. We communicated this concern to the respective medical agencies. With direct reference to 

study IX, the Norwegian308 and Swedish309 medical agencies subsequently announced the withdrawal of OTC 

diclofenac during 2020. In addition to these announced regulatory actions, Table 8 and Figure 4 provide 

updated historic timelines of OTC NSAID sales in the Nordic countries.126 
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Table 8 | Timeline of over-the-counter availability of NSAIDs in the Nordic countries and the regulatory 

actions instigated due to the dissertation studies (red) 
 

OTC drugs Period of OTC availability Changes in regulations  

Denmark Diclofenac 12.5 mg 

Ibuprofen 200 mg 

July 2007–December 2008  

March 1989–present 

March 2011: NSAID sales restricted to individuals 

aged ≥18 years 

October 2012: Sales of NSAIDs allowed from 

outlets other than pharmacies 

September 2013: A single sale of ibuprofen 

restricted to 4000 mg 

 

Finland Dexibuprofen 300 mg 

Ibuprofen 400 mg 

Ketoprofen 25 mg 

Ketoprofen 50 mg 

Naproxen 250 mg 

1998–2008 

1989–present 

1992–present 

1992–1995 

December 2015–present 

1995: Each sale of ketoprofen decreased to 375 mg 

(from 750 mg) 

2008: Each sale of ibuprofen increased to 12,000 

mg (from 4000 mg) 

 

 

Iceland Diclofenac 12.5 mg  

Ibuprofen 200 mg  

Ibuprofen 400 mg 

Naproxen 250 mg 

<2003*–April 2014 

<2003*–present 

<2003*–present 

1991–present 

2011: Each sale of diclofenac increased to 500 mg 

(from 250 mg)  

November 2012: Each sale of ibuprofen increased 

to 20,000 mg (from 12,000 mg) 

 

Norway Diclofenac 12.5 mg 

Diclofenac 25 mg  

Ibuprofen 200 mg 

Ibuprofen 400 mg 

Naproxen 250 mg 

2001–2020 

2012–2020 

1989–present 

2004–present 

1997–present 

2003: Sales of NSAIDs allowed from outlets other 

than pharmacies to individuals aged ≥18 years 

2014: Each sale of diclofenac restricted to 250 mg 

2020: Withdrawal of OTC diclofenac 

 

 

Sweden  Diclofenac 12.5 mg  

Diclofenac 25 mg  

Diclofenac 50 mg  

Ibuprofen 100 mg  

Ibuprofen 200 mg  

Ibuprofen 400 mg  

Naproxen 250 mg 

2005–2020 

2004–2020 

2004–2020 

2015–present 

1982–present 

1982–present 

1991–present 

2009: Sales of NSAIDs (excluding diclofenac) 

allowed from outlets other than pharmacies to 

individuals aged ≥18 years 

2020: Withdrawal of OTC diclofenac 

Modified from Kristensen KB et al. Pharmacother 2019126 

Abbreviations: NSAIDs, non-aspirin nonsteroidal anti-inflammatory drugs; OTC, over-the-counter 

*OTC market entry occurred before 2003, but the exact dates were not available from the national medicine agencies. 
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6. Conclusions 

The studies described in this dissertation added evidence to support the importance of multimorbidity in the 

context of cardiovascular disease. The studies covered various aspects of how comorbidity influences 

cardiovascular prognosis, the ADEs and drug-drug interactions related to cardiac comedications, and the 

cardiovascular risks associated with NSAID use. In conjunction, this dissertation has contributed to the 

advancement of science through its impact on research methodology, clinical guidelines, and regulatory actions 

against OTC availability of drugs with adverse cardiovascular side effects. 

 



 

64 

7. Summaries 

7.1. English summary 

Multimorbidity refers to the coexistence of two or more chronic conditions, each a non-communicable disease, 

a mental health disorder, or an infectious disease of long duration. Multimorbidity is a growing global health 

concern, but currently, the available evidence on its causes, impact, and treatment remains inadequate. This 

dissertation describes population-based studies focused on the importance of multimorbidity — measured in 

terms of comorbidity and comedication — in relation to the risk and prognosis of cardiovascular disease, based 

on electronic healthcare records from Denmark, New Zealand, and the UK. 

The results showed how the prevalence of comorbidity at a first-time myocardial infarction, heart failure, 

or stroke has increased over the decades. Over the same period, the comorbidity burden did not influence the 

overall declining trends of mortality from these diseases, but increased the short- and long-term mortality. 

Moreover, cardiac and non-cardiac comorbidities interacted with myocardial infarction to increase short- and 

long-term mortality beyond that which could be explained by their additive effects. These interactions showed 

a dose-response relation with comorbidity burden and their magnitude was clinically important. We developed 

the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI) to enable future studies to adjust 

for comorbidity burden.  

We examined adverse drug events and drug-drug interactions of common cardiac comedications. We 

addressed concerns related to renal dysfunction after renin-angiotensin system blockade. We found that only 

10% of patients, who initiated angiotensin-converting enzyme inhibitors or angiotensin-II receptor blockers, 

received the recommended monitoring of serum creatinine, and 80% of these patients continued treatment 

despite meeting the post-initiation criteria for treatment discontinuation, based on creatinine and potassium 

elevations. Underlying the importance of these findings, 30% or more increases in creatinine at the first follow-

up monitoring were associated with adverse cardiorenal outcomes and death. Another concern was the 

potential drug-drug interaction between clopidogrel and proton pump inhibitors after coronary stent 

implantation. We found that this interaction was not clinically important.  

As an example of a non-cardiac comedication, we studied the cardiovascular risks associated with the 

use of non-steroidal anti-inflammatory drugs (NSAIDs). A particular focus was the risks associated with 

initiation of diclofenac compared to no use, paracetamol, or other traditional NSAIDs. Although declining, 

NSAID use has remained prevalent among patients with cardiovascular disease. Thus, awareness should be 

raised, particularly among general practitioners, about the appropriate use of NSAIDs. Additionally, we 

established novel associations between NSAID use and atrial fibrillation, venous thromboembolism, and stroke 

mortality. 

In conclusion, the studies described in this dissertation provided evidence to support the importance of 

multimorbidity in the context of cardiovascular disease. The dissertation has contributed to the advancement 

of science through its impact on research methodology, clinical guidelines, and regulatory actions against over-

the-counter availability of drugs with adverse cardiovascular side effects.
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7.2. Danish summary 

Multisygdom refererer til sameksistensen af to eller flere kroniske tilstande. Multisygdom er et voksende 

globalt sundhedsproblem. Viden om årsager til multisygdom, samt dets følger og behandling er mangelfuld. 

Denne doktordisputats sammenfatter forskning der ved brug af danske, newzealandske og britiske 

sundhedsregistre undersøgte betydningen af multisygdom hos patienter med hjertekarsygdom. 

Forskningen viste at andelen af hjertepatienter med multisygdom på debuttidspunktet er steget over de 

sidste årtier. I samme periode faldt dødeligheden fra hjertekarsygdom for alle patienter uafhængigt af graden 

af deres multisygdom. Multisygdom var dog i sig selv en stærk prognostisk faktor for kort- og 

langtidsdødeligheden. Vi fandt også et samspil (interaktion) mellem multisygdom og hjertesygdom som 

påvirkede prognosen i en sådan grad at kort- og langtidsdødeligheden blev forværret ud over det, der kunne 

forklares fra deres indvirkninger på død hver især. Vi udviklede en statistisk model (prædiktionsmodel) der 

kan bruges i fremtidige studier til at beskrive forekomsten af multisygdom, tage højde for multisygdom i 

statistiske analyser og forudsige dødeligheden af et akut hjerteanfald ud fra sværhedsgraden af multisygdom.  

Vi undersøgte også bivirkninger ved hjertemedicin, der hyppigt anvendes ved multisygdom. 

Resultaterne viste at kun 10% af de patienter der startede behandling med blodtryksmedicin af typen ACE-

hæmmere fik den anbefalede blodprøvekontrol efter opstart. Dertil kom at hele 80% af patienterne, som 

opfyldte kriterierne for at stoppe behandlingen pga. faldende nyrefunktion, fortsatte behandlingen. De patienter 

der oplevede et stort fald i nyrefunktionen med en kreatinin-stigning over 30% efter opstart af ACE-hæmmere 

var desuden i højere risiko for komplikationer i form af hjertekar- og nyresygdomme. Forskningen afkræftede 

endvidere at samspillet (interaktionen) mellem blodfortyndende medicin (clopidogrel) og syrepumpehæmmere 

havde klinisk betydning hos patienter der havde fået foretaget en ballonudvidelse efter et akut hjerteanfald.  

Som et eksempel på medicin der hyppigt anvendes ved andre sygdomme end hjertesygdomme 

undersøgte vi de hjertekarmæssige risici ved smertestillende medicin af typen non-steroide 

antiinflammatoriske midler (NSAID). Vi fandt brugere af NSAID-typen diclofenac havde en øget risiko for 

hjertekarsygdomme. Risikoen var øget sammenlignet med intet brug, men også i forhold til brug af andre 

NSAID og paracetamol. Selvom om forbruget af NSAID hos hjertepatienter faldt over tid så var det stadig højt 

i 2017 (14%). Størstedelen af recepterne på NSAID til hjertepatienter blev udskrevet i almen praksis (90%). 

Sammen med resultaterne fra en forudgående ph.d.-afhandling, viste forskningen endvidere nye 

sammenhænge mellem NSAID og forskellige hjertekarsygdomme, heriblandt en øget risiko for at udvikle 

forkammerflimren, blodpropper i ben og lunger og for at dø af et slagtilfælde.  

Disputatsen bidrager samlet set med viden om hvordan multisygdom påvirker risikoen og prognosen 

ved hjertekarsygdom. Der belyses mange aspekter af multisygdom, heriblandt dets forekomst blandt 

hjertepatienter, indvirkning på prognosen af hjertesygdom, samt evne til at forudsige død af hjertesygdom. 

Derudover belyses bivirkninger ved hjertemedicin samt hjertekarmæssige risici ved NSAID. Forskningen har 

bidraget til videnskabens fremme gennem dets indvirkning på nye forskningsmetoder, kliniske retningslinjer 

og lovgivningsmæssige indgreb mod håndkøbsmedicin med alvorlige hjertekarmæssige bivirkninger.
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8. Supplementary material 

Table S1 | Overview of literature analyzed for this dissertation on novel cardiovascular risks associated with NSAID use (studies XI–XIII)* 

XI: Atrial fibrillation/flutter 

Author / journal / year Design / setting / registries / period Population / exposure / outcome / controls Results / limitations 

Chokesuwattanaskul R et 

al.310  

- QJM 

- 2020 

- Meta-analysis (observational studies) 

- 4 case-control11,143,231,311 + 4 cohort studies9,312-314 

- Registries described under each study11,143,231,311-313 

- Through August 2019 

- Population described under each study 

(n=14,806,420)11,143,231,311-313 

- NSAIDs vs. no use 

- AF 

- See included case-control studies11,143,231,311 

- Pooled RRs: 1.29 (1.19–1.39) for all, 1.37 (1.15–1.63) for case–

control, 1.22 (1.14–1.31) for cohort studies; 1.30 (1.22–1.39) for 

ibuprofen, 1.44 (1.18–1.76) for naproxen, 1.37 (1.10–1.71) for 

diclofenac. 

- Between-study heterogeneity. 

Schmidt et al.9 

- BMJ 

- 2018 

- Emulated trial (series of 252 cohort studies) 

- Denmark (nationwide)  

- NPR, PR, CRS, RCD, NHISR 

- 1996–2016 

 

- General population (source) 

- Diclofenac initiators (n=1,370,832) 

- First-time AF/AFL (within 30 days) 

- PS-matched paracetamol (n=764,781)/no (1,303,209), 

ibuprofen (3,878,454), naproxen (291,490) initiators 

- aHRs=1.2 (1.1–1.4) vs. no NSAID use; 1.4 (1.2–1.6) vs. 

paracetamol; 1.1 (1.0–1.3) vs. ibuprofen; 1.3 (1.0–1.7) vs. naproxen 

- No data on AF subtypes or drug indications. 

Chuang SY et al.311 

- Br J Clin Pharmacol 

- 2018 

- Nested case–control study 

- Taiwan (nationwide)  

- NHIRD 

- 2001–2013 

- General population >45 yrs old (source) 

- NSAID (any) vs. no use 

- AF (n=28,529) 

- Matched controls (n=28,529) 

- aORs=1.18 (1.14–1.23) for current users, 2.18 (1.95–2.43) for new 

users, and 1.05 (1.01–1.10) for past users; 1.17 (1.11–1.24) for 

nsNSAIDs, 1.12 (1.06–1.18) for older COX-2Is, and 1.05 (0.93–

1.20) for coxibs. 

- No data on individual NSAIDs. 

Schjerning Olsen AM et 

al.314 

- Eur Heart J Cardiovasc 

Pharmacother. 2015 

- Cohort study 

- Denmark (nationwide)  

- NPR, PR, CRS 

- 1997–2011 

- Patients with a first-time MI >30 yrs old (n=86,496) 

- NSAIDs (time-varying) vs. no use 

- First-time AF/AFL 

- HRs=1.27 (1.14–1.40) overall, 1.28 (1.03–1.58) for diclofenac, 

1.31 (1.13–1.53) for ibuprofen, and 1.09 (0.65–1.85) for naproxen; 

1.45 (1.24–1.69) for short-term (0–14 days) treatment.  

- Lack of non-MI group limits interpretation of MI importance. 

Liu G et al.315 

- Am J Cardiol.  

- 2014 

- Meta-analysis (observational studies) 

- 3 case-control11,143,231 + 2 cohort studies312,313 

- Registries described under each study11,143,231,312,313 

- Through June 8, 2014  

- Population described under each study11,143,231,312,313 

- NSAIDs (any) 

- AF 

- Controls described in included case-control studies11,143,231 

- Pooled RRs: 1.18 (1.13–1.23) for current users, 1.05 (1.01–1.08) 

for recent users, 1.53 (1.37–1.70) for new users, 1.09 (1.04–1.14) for 

long-term users. 

- Between-study heterogeneity. Asymmetric funnel plot. 

Krijthe BP et al.312  

- BMJ Open 

- 2014 

- Cohort study 

- The Netherlands 

- Rotterdam Study, PR, NPR, CRS 

- 1990–2009 (interval follow-up) 

- Participants >55 yrs old without AF (n=8,423)  

- NSAIDs (any) (time-varying) vs. no use 

- AF (from ECG or medical record) (n=857) 

 

- aHRs=1.76 (1.07–2.88) for current users, 1.84 (1.34–2.51) for 

recent past users (<30 days after discontinuation), 1.00 (0.77–1.29) 

for past users (31–180 days after discontinuation), 1.04 (0.88–1.22) 

for distant past users (>180.days after discontinuation) 

- No data on individual NSAIDs/indications; limited sample size. 

Chao T et al.230,231  

- Int J Cardiol 

- 2013 

- Case-control study 

- Taiwan (nationwide) 

- NHIRD 

- 2000–2009 

- General population (source) 

- tNSAIDs, coxibs vs. no use 

- First-time AF ≥18 yrs old (n=7,280) 

- Matched controls (n=72,800) 

- aORs (tNSAIDs or coxibs)=1.14 (1.06–1.23) overall, 1.65 (1.38–

1.97) for new users, 1.92 (1.49–2.48) for new users with HF; aORs 

(coxibs)=1.20 (0.95–1.28) overall, 1.66 (1.14–2.41) for users with 

CKD, 1.71 (1.20–2.42) for users with COPD; aOR(tNSAIDs vs. 

coxibs)=1.39 (1.18–1.64) overall 

- Imprecise coxib estimates.  

Bäck M et al.313  

- Eur Heart J 

- 2012 

- Population-based cohort study 

- Sweden (nationwide) 

- NPR, PR, RCD, CRS, other 

- 2005–2008 

- General population >18 yrs old (n=6,991,645) 

- tNSAIDs, coxibs (time-varying) vs. no use 

- First-time AF (n=139,323) 

- aHRs=1.11 (1.09–1.13) for tNSAIDs, 1.35 (1.19–1.54) for 

etoricoxib, 0.94 (0.79–1.11) for celecoxib, and 1.16 (1.05–1.29) for 

coxibs combined. 

- No data on AF subtypes or individual tNSAIDs. 

Schmidt M et al.11,230 

- BMJ 

- 2011 

- Population-based case-control study  

- Northern Denmark  

- NPR, PR, CRS 

- 1999–2008 

- General population (source) 

- nsNSAIDs, older COXIs, coxibs 

- First-time AF or AFL (n=32,602) 

- Matched controls (n=325,918) 

- aORs (nsNSAIDs)=1.17 (1.10–1.24) overall, 1.46 (1.33–1.62) for 

new users. ORs (COX-2Is)=1.27 (1.20–1.34) overall, 1.71 (1.56–

1.88) for new users. OR (older COX-2Is)=1.31 (1.22–1.40); aOR 

(coxibs)=1.20 (1.09–1.33). COX-2I risk highest CKD or RA 

- No data on AF subtypes or drug indications. 

De Caterina R et al.143  

- Arch Intern Med 

- Case-control study 

- UK 

- General population (source) 

- tNSAIDs 

- aORs: chronic AF (>1 week)=1.44 (1.08–1.91) for current users, 

1.80 (1.20–2.72) for long-term users (>1 yr). aORs for paroxysmal 
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- 2010 - GPRD 

- 1996 

- Paroxysmal and chronic AF (n=525/1035) 

- Matched controls 40–89 yrs old (n=10,000) 

AF (≤1 week)=1.18 (0.85–1.66) for current users, 1.74 (1.11–2.71) 

for long-term users. 

- Imprecise estimates for individual NSAIDs. 

Zhang J et al.144  

- JAMA 

- 2006 

- Meta-analysis - 116,094 participants in 114 RCTs 

- Coxibs 

- Arrhythmias (any) (n=286) 

- aRRs=2.90 (1.07–7.88) for rofecoxib, 0.84 (0.45–1.57) for 

celecoxib, 0.78 (0.62–1.01) for valdecoxib/parecoxib, and 1.16 

(0.40–3.38) for etoricoxib. 

- Imprecise estimates and AF not examined. 

XII: Venous thromboembolism   

Author, journal, year Design, setting, registries, period Population, exposure, outcome, controls Results, limitations 

 

Lee T et al.316 

- Rheumatology 

- 2016 

- Nested case-control study 

- UK 

- The Health Improvement Network (THIN) 

- 1995–2013 

- Patients with knee OA, 18–90 yrs old (n=24,079) 

- Individual NSAIDs vs. no use 

- VTE (n=4,020) 

- Matched controls (n=20,059) 

aORs: 1.43 (1.36–1.49) overall, 1.49 (1.38–1.62) for ibuprofen, 1.00 

(0.89–1.12) for naproxen, 1.63 (1.53–1.74) for diclofenac, 1.29 

(1.11–1.50) for meloxicam, 1.30 (1.11–1.51) for celecoxib, and 1.44 

(1.18–1.76) for rofecoxib. 1.38 (1.32–1.44) for recent users. 

Ungprasert P et al.317 

- Rheumatology  

- 2015 

- Meta-analysis (6 observational studies) 

- 5 case-control12,166,167,318,319 and 1 cohort studies168 

- Registries described under each study12,166-168,318,319 

- Through December 2013 

- Population described under each study12,166-168,318,319 

- NSAID use vs. no use 

- VTE (n=21,401) 

- Controls described under each study12,166,167,318,319 

- Pooled RRs: 1.80 (1.28–2.52) overall and 1.99 (1.44–2.75) for 

COX-2Is. 

- Asymmetric Funnel plot. Between-study heterogeneity 

Goy J et al.320 

- Thromb Res 

- 2014 

- Meta-analysis (trials) 

- 15 trials 

- N/A 

- 1980–2011 

- Trial participants 

- Rofecoxib (n=15,160) vs. placebo (n=13,147) 

- VTE (not primary endpoints) 

- Number: 8 vs. 9 events; Rate: 86.8 vs. 99.1 per 100,000 person-yrs; 

RR=0.87 (0.29–2.56). 

- Sparse data. Short duration trials (~12 weeks). Between-study 

heterogeneity 

Bergendal A et al.318  

- Pharmacoepidemiol Drug 

Saf 

- 2013 

- Case-control study 

- Sweden (nationwide) 

- Thrombo Embolism Hormone Study 

- 2003–2009 

- Females, aged 18–64 yrs 

- Propionic-, acetic acid derivatives, coxibs 

- First-time VTE (n=1,433) 

- Matched population controls (n=1,402) 

- aORs: 0.88 (0.72–1.10) for propionic acid derivatives (92% 

ibuprofen), 1.18 (0.82–1.70) for acetic acid derivatives (97% 

diclofenac), and 1.76 (0.73–4.27) for coxibs (53% celecoxib, 29% 

rofecoxib, 15% etoricoxib). aORs increased with cumulative dose 

for diclofenac/coxibs. 

- No data on duration of use. Limited precision on coxib estimates. 

Biere‐Rafi S et al.319  

- Pharmacoepidemiol Drug 

Saf 

- 2011 

- Case-control study 

- The Netherlands 

- PHARMO Record Linkage System 

- 1990–2006 

- General population >18 yrs old (source) 

- NSAIDs, paracetamol, tramadol 

- First-time PE (n=4,433)  

- Matched controls (n=16,802) 

- aORs (any NSAIDs): 2.39 (2.06–2.77) for current users, 1.23 

(1.14–1.34) for past users, 4.77 (3.92–5.81) for new users, 2.14 

(1.48–3.09) for long-term users. aORs highest for tNSAIDs (3.19, 

2.73–3.72), diclofenac any dose (3.85, 3.09–4.81), and diclofenac 

>150 mg (6.64, 3.56–12.4). ORs=1.74 (1.42–2.14) for paracetamol, 

4.07 (2.86–5.75) for tramadol. 

- Concerns of confounding by underlying pain indication. 

Schmidt M et al.12  

- J Thromb Haemost  

- 2011 

- Population-based case-control study 

- Northern Denmark  

- NPR, PR, CRS 

- 1999–2006 

- General population (source) 

- nsNSAIDs, older COXIs, coxibs 

- First-time DVT/PE (n=8,368) 

- Matched controls (n=82,218) 

- aORs (nsNSAIDs)=2.51 (2.29–2.76) overall and 2.06 (1.85–2.29) 

for long-term users. aORs (COX-2Is)=2.19 (1.99–2.41) overall and 

1.92 (1.72–2.15) for long-term users. Similarly, increased risks were 

found for unprovoked VTE, DVT, PE, and individual NSAIDs. 

- Unmeasured confounding could not be excluded. 

Sundström et al.165  

- BJOG 

- 2008 

- Nested case-control study 

- UK 

- GPRD 

- 1992–1998 

- Women, 15–49 yrs old with menorrhagia 

- Mefenamic acid (prescription ≤90 days)  

- DVT/PE (n=134) 

- Matched controls (n=552) 

- aOR: 5.54 (2.13–14.40). 

- Small sample size (10 exposed cases and 12 exposed controls), 

only mefenamic acid examined. 

Lacut K et al.167  

- Haematologica 

- 2008 

 

- Case-control study 

- France 

- The EDITH study 

- 2000–2004 

- General population >18 yrs old (source) 

- NSAIDs 

- Unprovoked, first-time VTE (n=402) 

- Matched controls 

- aOR: 0.93 (0.44–1.98). 

- Small sample size and no data on individual NSAIDs or duration of 

use. 

 

Nagai N et al.321  

- Thromb Res 

- 2008 

- Animal experimental study 

- Belgium 

- 2008 

- Murine venous thrombosis model  

- Rofecoxib (4 weeks) 

- VTE 

- Enhanced prothrombotic effect detected in lean mice. 

- Not population-based or clinical setting, only rofecoxib examined. 

Huerta C et al.166  - Nested case-control study - General population (source) - aORs=1.86 (1.65–2.10) for VTE, 2.17 (1.89–2.50) for DVT, 1.60 
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- Arch Intern Med 

- 2007 

- UK 

- GPRD 

- 1994–2000 

- tNSAIDs (drugs not specified) 

- VTE (DVT/PE) (n=6,550)  

- Matched controls (n=10,000) 

(1.37–1.87) for PE. OR for VTE=2.82 (2.35–3.39) within 0–30 days, 

1.68 (1.39–2.04) within 31–365 days, 1.26 (1.04–1.54) >1 yr. No 

association for long-term users with OA (estimates not provided). 

- No data on individual NSAIDs. No subgroups other than OA. 

Westgate EJ et al.322 

- PLoS Med 

- 2005 

- Case report 

- US 

 

 

- 25 y old woman: >3 yrs of oral contraceptive use, non-

smoker, no risk factors, vigorously athletic 

- Valdecoxib (40 mg/day) due to neck pain 

- DVT/PE 

- DVT and bilateral and multiple PEs 1 month after drug initiation. 

- Risk of chance or confounding from oral contraceptives (despite 3–

yr period of apparent tolerance) or prolonged stasis due to a 6–h car 

trip (despite having taken similar trips on multiple occasions). 

Chan AL et al.323 

- Ann Pharmacother 

- 2005 

- Case report 

- Taiwan 

- 2003 

- 52 y old man with gout, no thrombosis history, previously 

prescribed indomethacin 

- Celecoxib 200 mg/day 

- DVT 

- DVT 5 days after drug initiation. Other causes were ruled out, 

except celecoxib. The adverse reaction was determined as probable, 

according to the Naranjo probability scale. 

- Risk of chance and confounding could not be ruled out. 

Layton D et al.163  

- Rheumatology (Oxford) 

- 2003 

- Cohort study 

- England 

- NHS PR, GP-questionnaires 

- 1996–1997 (for meloxicam); 1999 (for rofecoxib) 

- GP-treated general population cohort 

- Rofecoxib vs. meloxicam (reference)  

- Thromboembolic (cardiovascular, VTE, or cerebrovascular) 

events within 9 months 

- Number of VTEs=6/15,268 (0.05%) for rofecoxib and 20/19,087 

(0.10%) for meloxicam. aRR for VTE=0.29 (0.11–0.78). 

- COX-2I reference group made comparison to non-users difficult. 

No data on other NSAIDs. Risk of non-response bias. 

Tsai AW et al.168 

- Arch Intern Med 

- 2002  

- Cohort study 

- US (6 communities) 

- The ARIC and CHS studies 

- 1987–1998 

- General population (n=9,293) 

- tNSAIDs (drugs not specified) 

- First-time VTE (n=215) 

aHR=1.44 (1.03–2.02). No association (estimate not provided) after 

further adjustment for BMI and diabetes. 

- No data on individual NSAIDs or new/long-term use. Unclear if 

null association reflected mistaken inference of significance test 

Bombardier et al.162  

- New Engl J Med 

- 2000 

- RCT (VIGOR) 

- 301 centers in 22 countries 

- Randomization 

- 1999 

- Patients with RA (n=8,076) 

- Naproxen (500 mg twice/day) vs. rofecoxib (50 mg/day) 

- Peripheral vascular events (VTE) 

- aRR for peripheral vascular events=0.17 (0.00–1.37), with 

rofecoxib as reference.114,163,164 

- Not powered to detect differences among individual 

thromboembolic events. VTE results not part of original study. 

Crofford LJ et al.324  

- Arthritis Rheum 

- 2000 

- Case report 

- US 

- 1999 

- 56 y old woman with systemic sclerosis and lupus, taking 

anticoagulant 

- Celecoxib (200 mg/day) for leg pain 

- PE two days after drug initiation. 

- Although temporal relationship, risk of chance and confounding 

could not be ruled out. Risk of protopathic bias. 

XIII: Stroke mortality   

Author, journal, year Design, setting, registries, period Population, exposure, outcome, controls Results, limitations 

Rist PM et al.181  

- Eur J Intern Med 

- 2014 

- Cohort study 

- US 

- Women's Healthy Study 

- Since 1993 

- 39,860 women ≥45 yrs old without NSAID use 

- NSAIDs (any) 

- Functional outcome after first-time TIA (n=702) or ischemic 

stroke (n=292) 

- aHRs=1.00 (0.77–1.29) for TIA, 1.48 (1.04–2.10) for mRS scores 

0–1, 0.83 (0.52–1.33) for mRS scores 2–3, and 1.33 (0.68–2.59) for 

mRS scores 4–6. 

- Self reported NSAID use (≥11 days in the past month) vs. non-use 

(<11 days in the past month). No data on individual NSAIDs. 

Schmidt M et al.13  

- Neurology 

- 2014 

- Population-based cohort study  

- Denmark (nationwide) 

- NPR, PR, CRS 

- 2004–2012 

 

- Patients with first-time stroke (n=100,043) 

- nsNSAIDs, older COXIs, coxibs 

- 30-day all-cause mortality 

aHR for ischemic stroke: Current/new users: nsNSAIDs=1.00 (0.87–

1.15)/1.04 (0.85–1.26); COX-2Is=1.19 (1.02–1.38)/1.42 (1.14–1.77); 

older COX-2Is=1.20 (1.03–1.40)/1.42 (1.14–1.78), including 1.53 

(1.02–2.28) for etodolac and 1.28 (0.98–1.68) for diclofenac.  

- No data on ICH, stroke-specific mortality, functional outcomes, 

former users. Imprecise estimates for coxibs. 

Abbreviations: A | aHR, adjusted HR; aOR, adjusted OR; aRR, adjusted RR; AF, atrial fibrillation; AFL, atrial flutter; ARIC, The Atherosclerosis Risk In Communities; B | BMI, body mass index; C |CHS, The Cardiovascular 

Health Study; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; COX, cyclooxygenase; COX-2Is, COX-2 selective inhibitors; coxibs, newer COX-2 inhibitors; CRS, Civil Registration System or similar 

mortality/migration registry; D | DVT, deep vein thrombosis; G | GP, general practitioner; GPRD, General Practice Research Database; H |HF, heart failure; HR, hazard ratio; I | ICH, intracerebral hemorrhage; M | MI, myocardial 

infarction; mRS, modified Rankin Scale; N | N/A, not applicable; NHIRD, National Health Insurance Research Database; NHISR, National Health Insurance Service Registry; NSAID, non-aspirin non-steroidal anti-inflammatory 

drug; nsNSAIDs, nonselective NSAIDs; NPR, National Patient Registry; O | OA, osteoarthritis; OR, odds ratio; P | PE, pulmonary embolism; PR, Prescription registry (various); R | RA, rheumatoid arthritis; RCD, Registry of 

Causes of Death; RCT, randomized controlled trial; RR, relative risk; T | TIA, transient ischemic attacks; tNSAIDs, traditional NSAIDs (i.e., nsNSAIDs or older COX-2Is); U | UK, United Kingdom; US, United States; Y | yr(s), 

year(s) 

Medline search algorithms for studies XI–XIII: (1) relevant Medline hits (of total hits) + (2) relevant citing papers (Web of Science) + (3) relevant CoCites325 + other relevant papers = total number of relevant papers: 

 XI: ("Anti-Inflammatory Agents, Non-Steroidal"[Majr]) AND ("Arrhythmias, Cardiac"[Majr]): 3 (48) + 6 + 0 + 2 = 11 total papers 

 XII: (("Anti-Inflammatory Agents, Non-Steroidal"[Majr]) AND ("Venous Thrombosis"[Mesh] OR "Pulmonary Embolism"[Majr] OR "Venous Thromboembolism"[Majr])): (86) + 3 + 0 + 9 = 16 total papers 

 XIII: “(“"Anti-Inflammatory Agents, Non-Steroidal"[Mesh]) AND ("Stroke"[Majr] OR "Intracranial Hemorrhages"[Majr])”: 2 (295) + 0 + 0 + 0 = 2 total papers 

* This overview also includes post-publication studies, in accordance with Aarhus University’s dissertation criteria for studies previously included in a PhD thesis.15
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Abstract
Objectives To examine 25 year trends in first time hospitalisation for
acute myocardial infarction in Denmark, subsequent short and long term
mortality, and the prognostic impact of sex and comorbidity.

Design Nationwide population based cohort study using medical
registries.

Setting All hospitals in Denmark.

Subjects 234 331 patients with a first time hospitalisation for myocardial
infarction from 1984 through 2008.

Main outcome measures Standardised incidence rate of myocardial
infarction and 30 day and 31–365 day mortality by sex. Comorbidity
categories were defined as normal, moderate, severe, and very severe
according to the Charlson comorbidity index, and were compared by
means of mortality rate ratios based on Cox regression.

Results The standardised incidence rate per 100 000 people decreased
in the 25 year period by 37% for women (from 209 to 131) and by 48%
for men (from 410 to 213). The 30 day, 31–365 day, and one year
mortality declined from 31.4%, 15.6%, and 42.1% in 1984–8 to 14.8%,
11.1%, and 24.2% in 2004–8, respectively. After adjustment for age at
time of myocardial infarction, men and women had the same one year
risk of dying. The mortality reduction was independent of comorbidity
category. Comparing patients with very severe versus normal comorbidity
during 2004–8, the mortality rate ratio, adjusted for age and sex, was
1.96 (95% CI 1.83 to 2.11) within 30 days and 3.89 (3.58 to 4.24) within
31–365 days.

Conclusions The rate of first time hospitalisation for myocardial infarction
and subsequent short termmortality both declined by nearly half between
1984 and 2008. The reduction in mortality occurred for all patients,

independent of sex and comorbidity. However, comorbidity burden was
a strong prognostic factor for short and long term mortality, while sex
was not.

Introduction
Despite considerable improvements in prophylaxis and
treatment,1-3 myocardial infarction remains a common life
threatening disease and an enormous burden on Western
healthcare systems.1 The incidence of and mortality from
myocardial infarction are not continuously monitored by
surveillance registries, despite the critical need for ongoing
evaluation of its primary and tertiary prevention.
As people age, they are more likely to develop chronic medical
conditions. About 45% of the adult population has at least one
chronic disease.4 This proportion increases to 90% in persons
older than 65 years,4 who represent more than half of patients
with myocardial infarction.5 Myocardial infarction shares risk
factors with many chronic diseases (such as obesity, diabetes,
chronic obstructive pulmonary disease, and cancer6), increasing
the prevalence of comorbidity among patients with myocardial
infarction.7 8 Comorbidity potentially modifies effectiveness of
therapies and the clinical course of a myocardial infarction.8 9

However, clinical guidelines for treatment of myocardial
infarction are based on the results of trials that often exclude
patients of advanced age or with a large number of comorbid
conditions.10

With the availability of new therapies that also benefit older
patients,11 it has become increasingly important to understand
the impact of comorbidity on the prognosis of myocardial
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infarction and to determine whether trends in survival apply to
all patients with myocardial infarction.12 Previous studies on
this topic have been limited by size (<4100 participants),9 13

inclusion period (<6 years),9 13 or selective inclusion of patients
from specific hospitals9 13 or age groups.9 Also, the prognostic
impact of sex remains unclear because of conflicting study
findings.14-17 We therefore conducted a nationwide, population
based, cohort study to examine trends in first time hospitalisation
for myocardial infarction over the 25 year period from 1984 to
2008, subsequent short term and long term mortality, and the
prognostic impact of sex and comorbidity.

Methods
Setting
We conducted this cohort study in Denmark, which has 5.4
million inhabitants. The Danish National Health Service
provides universal, tax supported, healthcare, guaranteeing
unfettered access to general practitioners and hospitals and
partial reimbursement for prescribed drugs. Accurate and
unambiguous linkage of all registries at the individual level is
possible in Denmark by means of the unique central personal
registry number assigned to each Danish citizen at birth and to
residents on immigration.18

Acute myocardial infarction
We used the Danish National Registry of Patients19 to identify
all first time hospitalisations for myocardial infarction from 1
January 1984 to 31 December 2008 among Danish born
inhabitants aged 15 years or older. This registry contains data
on dates of admission and discharge from all Danish
non-psychiatric hospitals since 1977 and from emergency room
and outpatient clinic visits since 1995.19 Each hospital discharge
or outpatient visit is recorded in the registry with one primary
diagnosis and one or more secondary diagnoses classified
according to ICD-8 (international classification of diseases, 8th
revision) until the end of 1993 and ICD-10 (10th revision)
thereafter.19 Patients with myocardial infarction are included in
the Danish National Registry of Patients if they died in the
ambulance on the way to the hospital or during the hospital
admission, but not if they died at home. We used ICD-8 codes
410.09 and 410.99 and ICD-10 code I21 to identify myocardial
infarction.

Mortality
We obtained information on all cause mortality until the end of
2009 from the Danish Civil Registration System.18 20 This
registry has recorded all changes in vital status and migration
for the entire Danish population since 1968, with daily electronic
updates.18

Comorbidity
We obtained information on comorbid conditions from inpatient
and outpatient hospital diagnoses (all available primary or
secondary diagnoses) recorded in the Danish National Registry
of Patients in the five years before the myocardial infarction.
To avoid inclusion of complications caused by the myocardial
infarction, secondary diagnoses coded during the admission for
myocardial infarction were excluded. We categorised the
severity of comorbidity using the Charlson comorbidity index,21
a scoring system that has been adapted for use with hospital
discharge data9 and validated for patients with acute and chronic
ischaemic heart disease.8 9 22 23 The index assigns between one
and six points to a range of diseases, depending on the strength

of their relation to mortality in the subsequent year (during the
era when the Charlson comorbidity index was developed): one
point for myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease, dementia,
chronic pulmonary disease, connective tissue disease, ulcer
disease, mild liver disease, and diabetes without end organ
damage; two points for diabetes with end organ damage,
hemiplegia, moderate to severe renal disease, non-metastatic
solid tumour, leukaemia, and lymphoma; three points for
moderate to severe liver disease; six points for metastatic cancer
and AIDS. We computed the total Charlson score for each
patient and defined four categories of comorbidity as used in
the Predicting Risk of Death in Cardiac Disease Tool
(PREDICT) study—that is, total scores of 0 (normal), 1
(moderate), 2 (severe), and ≥3 (very severe).22 Myocardial
infarction was not included in the scoring. The Charlson
comorbidity index and associated ICD codes are provided in
web extra table A on bmj.com.

Statistical analysis
We computed and illustrated graphically the incidence rate of
myocardial infarction (standardised to the age distribution of
the Danish population in the year 2000) and subsequent 30 day
and 31–365 day mortality (standardised to the age distribution
of the population diagnosed with myocardial infarction in the
year 2000) for men and women from 1984 through 2008.23 We
calculated confidence intervals using the approximate bootstrap
method.24 25 We repeated the analyses for subgroups of patients
aged 35–49, 50–59, 60–69, 70–79, and ≥80 years.
We then characterised patients with myocardial infarction
according to sex, age, and comorbidity category, overall and
for five calendar periods of diagnosis (1984–8, 1989–93,
1994–8, 1999–2003, and 2004–8).We calculated the prevalence
of individual Charlson comorbidities registered in the five years
preceding the admission formyocardial infarction.We illustrated
graphically the change in median age from 1984 through 2008
for both men and women.
We followed all patients until the date of death, emigration, or
one year of follow-up, whichever came first. Using the
Kaplan-Meier estimator,25we computed the 30 day and 31–365
day mortality risk associated with each calendar period of
diagnosis and comorbidity category.We used Cox proportional
hazards regression to estimate the mortality rate ratio
(specifically, the hazard ratio) associated with calendar period
of diagnosis and comorbidity category within 30 days and
31–365 days after myocardial infarction.
First, we comparedmortality rates across calendar periods, using
the earliest period as the reference and adjusting for sex, age
groups, and comorbidity categories. To evaluate the potential
for residual confounding by age and comorbidity, we repeated
the analysis modelling age and comorbidity by three knot cubic
splines.25 The results were consistent with the categorical
modelling strategy and are therefore not reported further.
Second, we compared mortality rates across comorbidity
categories, using normal comorbidity category as the reference
and adjusting for sex and age groups. Within the 2004–8
calendar period of diagnosis, we also examined the 30 day and
31–365 day mortality rate ratios associated with the individual
Charlson comorbidities, adjusting for the other comorbidities,
age, and sex. The proportional hazards assumption was assessed
graphically by plotting log(−log(survival function)) against time
for all exposure variables and found to be valid.25

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2012;344:e356 doi: 10.1136/bmj.e356 Page 2 of 12

RESEARCH

http://www.bmj.com/permissions
http://www.bmj.com/subscribe


Results
Incidence
We identified 234 331 first time hospitalisations for myocardial
infarction in Denmark from 1984 through 2008. The Danish
population in this 25 year period consisted of 5 610 039 Danish
born inhabitants aged 15 years or older. The annual standardised
incidence rate of myocardial infarction (per 100 000 people)
decreased during this period, by 37% for women (from 209 to
131) and by 48% for men (from 410 to 213) (fig 1⇓). A transient
increase in incidence occurred between 2000 and 2004 (fig 1).
It was driven by the incidence among people aged ≥70 years,
particularly those aged ≥80 years (fig 2⇓). For patients younger
than 70 years, the incidence steadily decreased throughout the
25 year period (fig 2).

Patient characteristics
Although the female proportion of patients with myocardial
infarction increased slightly between the first five year calendar
period (35.8%) and the last (38.8%), men still accounted for the
majority (62.1%) of all hospitalisations for myocardial infarction
(table 1⇓). The median age at time of diagnosis was 75 years
for women and 68 for men. While the median age held fairly
steady at about 68 years for men, it increased for women from
74 years in 1984 to 77 years in 2008 (web extra fig A on
bmj.com). The prevalence of patients with normal comorbidity
burden fell from 75.5% to 63.8% between the earliest and latest
calendar period (table 1⇓). The percentage of patients with
moderate comorbidity increased from 13.2% to 16.2%, the
percentage with severe comorbidity increased from 7.4% to
10.5%, and the percentage with very severe comorbidity
increased from 3.9% to 9.6% (the prevalence for Charlson scores
1 to 10 is provided in web extra table B). The most prevalent
Charlson comorbidities were diabetes (7.0%), stroke (7.0%),
congestive heart failure (5.8%), chronic pulmonary disease
(5.8%), peripheral vascular disease (5.3%), cancer (5.4%), ulcer
disease (2.5%), connective tissue disease (2.1%), and severe
renal disease (1.6%).

Mortality
The standardised 30 day and 31–365 day mortality risks after
first time myocardial infarction were similar for men and
women, decreasing comparably between 1984 and 2008 (fig
3⇓). The 30 daymortality declined from 31.4% (95% confidence
interval: 31.0% to 31.8%) during 1984–8 to 14.8% (14.5% to
15.2%) during 2004–8 (table 2⇓). The one year mortality
declined overall from 42.1% (41.7% to 42.5%) during 1984–8
to 24.2% (23.8% to 24.7%) during 2004–8; and among 30 day
survivors it fell from 15.6% (15.2% to 16.0%) during 1984–8
to 11.1% (10.7% to 11.4%) during 2004–8.When the latest five
year period was compared with the earliest, the mortality rate
ratio adjusted for age and comorbidity category was 0.37 (95%
confidence interval 0.35 to 0.38) within 30 days and 0.48 (0.47
to 0.51) within 31–365 days. Age stratified analyses revealed
no difference in mortality among men and women within age
categories (web extra fig B on bmj.com).

Prognostic impact of comorbidity
The improvement in mortality after myocardial infarction
between 1984 and 2008 was observed for all patients in all age
groups, independent of their comorbidity category (fig 4⇓). The
30 day and 31–365 day mortality risks were strongly associated
with the patient’s category of comorbidity for all five year
calendar periods (web extra table C on bmj.com). With normal

comorbidity category as the reference, the mortality rate ratios
adjusted for age and sex among patients with moderate
comorbidity in 2004–8 were 1.35 (95% confidence interval 1.26
to 1.45) within 30 days and 1.83 (1.68 to 2.00) within 31–365
days (table 3⇓). Comparing patients with very severe and normal
comorbidity in 2004–8, the adjusted mortality rate ratios were
1.96 (1.83 to 2.11) within 30 days and 3.89 (3.58 to 4.24) within
31–365 days (table 3⇓). The magnitude of the increased
mortality rate ratios associated with increasing comorbidity
categories was similar across calendar periods (web extra table
C). Consistent with the principle that effect estimates are higher
among those at lower baseline risk, we found that age modified
the mortality rate ratio associated with each comorbidity
category, with higher estimates in younger age groups (web
extra table D).
Among the individual non-malignant comorbidities, liver disease
and dementia were each associated with a roughly doubled
mortality rate within 30 days after myocardial infarction
compared with patients without comorbidity (table 4⇓). Within
31–365 days, twofold increased mortality rate ratios were also
observed for patients with moderate to severe liver or renal
diseases. Congestive heart failure, peripheral or cerebrovascular
vascular disease, chronic pulmonary disease, and ulcer disease
were associated with a 1.2 to 1.3-fold increased mortality rate
ratio within 30 days, increasing to 1.5-fold within 31–365 days.
Diabetes with end organ damage was associated with 1.3-fold
increased short term and long termmortality rate ratios, whereas
connective tissue disease was not.

Discussion
In this nationwide cohort study, we found an almost 50%
reduction both in the first time hospitalisation for myocardial
infarction between 1984 and 2008 and in subsequent short term
mortality. During the same period, one year mortality among
30 day survivors declined by a third. The improved survival
since 1984 applied to all myocardial infarction patients
independently of sex and comorbidity. However, the
comorbidity burden measured five years before admission was
a strong predictor of mortality within 30 days after myocardial
infarction and during the remainder of the first year, whereas
sex was not.

Strengths and limitations of study
Several issues should be considered in interpreting our results.
The population based design in a country with universal
healthcare reduced selection biases stemming from selective
inclusion of specific hospitals, health insurance systems, or age
groups. All patients were followed until death, emigration, or
end of follow-up, and hence no one had incomplete registration.
The positive predictive values of diagnoses in the Danish
National Registry of Patients have previously been validated
and found to exceed 90% for both myocardial infarction
(>90%)26 and the Charlson comorbidities (98% overall).27 A
potential limitation was that patients with sudden cardiac death
outside hospital or ambulance or who did not receive a
resuscitation attempt at the emergency roomwere not registered
in the Danish National Registry of Patients. To address this
limitation, we compared over time the proportion of patients
who had myocardial infarctions recorded as cause of death in
the Danish Register of Causes of Death without having it or a
previous myocardial infarction recorded in the Danish National
Registry of Patients. This supplementary analysis revealed that
such patients could not account for the observed incidence and
mortality trends.
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Other diseases such as diabetes and chronic pulmonary disease
are likely to be under-represented in the Danish National
Registry of Patients, because some patients are treated in primary
care only. Although the 7% prevalence of diabetes among
patients with myocardial infarction is substantially lower than
in other Western countries,2 it is only slightly lower than
reported in the second Danish trial on Acute Myocardial
Infarction (DANAMI-2) (11%).28Also, because the comparisons
were made within a population of patients with myocardial
infarction, underascertainment of comorbidities is unlikely to
influence substantially the relativemortality estimates associated
with comorbidity categories. Themortality data from the Danish
Civil Registration System are virtually complete.18

As suggested for stable angina pectoris patients,23 the Charlson
comorbidity index could potentially be made even more
appropriate for patients with myocardial infarction by assigning
greater weight to some diseases (such as liver and renal disease)
and omitting others lacking prognostic significance among
patients with myocardial infarction (such as connective tissue
disease) or with low prevalence (such as hemiplegia, leukaemia,
and AIDS).23 29 Also, peripheral and cerebrovascular disease
may to some extent represent “disease staging” of underlying
atherosclerosis that has progressed to multiple vascular systems,
rather than representing separate disease entities.29 However,
despite these limitations regarding individual comorbidities, the
Charlson comorbidity index in its original form has proved an
adequate tool for measuring the prognostic impact of total
comorbidity burden in patients with myocardial infarction.9 30

Comparison with other studies
Our study is the first to examine nationwide 25 year trends in
myocardial infarction epidemiology. Its results are in line with
previous US,31-41 UK,42 43 Australian,44 and multinational3 45

studies examining trends in the incidence and outcomes of
myocardial infarction. Compared with our study, these studies
were conducted over shorter time periods,34-45 with data
collection before the definition of myocardial infarction was
amended in 2000,32-34 38 42 45 or in modest sized cohorts such as
the Atherosclerosis Risk in Communities Study,35 Framingham
Heart Study,32 33 Minnesota Heart Survey,34 Perth MONICA
(Monitoring Trends and Determinants in Cardiovascular
Disease) cohort,44 or Worcester Heart Attack Study.31 39

It is estimated that half of the decline in mortality since 1980
is attributable to primary prevention of myocardial
infarction—that is, reduction in the prevalence of major
cardiovascular risk factors such as smoking, sedentary lifestyle,
and uncontrolled high blood pressure.1 2 The other half is
attributable to the introduction of thrombolysis, coronary artery
bypass grafting, percutaneous coronary intervention, and
improved tertiary medical prevention with antiplatelet regimens,
β blockers, angiotensin converting enzyme inhibitors, and
statins.1 3 It is noteworthy that the incidence of myocardial
infarction has continued to decline despite increased prevalence
of obesity and diabetes.1 2 The transient increase in incidence
between 2000 and 2004 with local maximum in 2002 was
presumably attributable to new diagnostic criteria that included
troponin as the main diagnostic biomarker of myocardial
infarction.46 Although we did not discriminate between ST
segment and non-ST segment elevation myocardial infarction,
the changing biomarker use is likely to have increased the
detection rate of smaller infarcts and thus predominantly the
rates of non-ST segment elevation myocardial infarction.35 36

We observed a larger decrease in myocardial infarction
incidence among men than women until 1997, after which the

decreasing trend seemed independent of sex. One explanation
for this difference is that cardiovascular disease previously was
considered primarily a man’s disease, and thus cardiovascular
disease prevention primarily focused on riskmodification among
men. Also, within the last two to three decades, the lifestyles
and risk behaviours of women and men became more similar
with regard to smoking, sedentary work, and working outside
the home. We observed that sex did not influence the prognosis
of myocardial infarction as previously suggested.14 15 Thus, age
is the single most important prognostic factor to control for
when comparing mortality frommyocardial infarction between
men and women.16 17 47

Our study is also the first to examine the short and long term
mortality risks and rates associated with comorbidity burden in
a nationwide population. We observed increased levels of
comorbidity over time. This trend may, however, be explained
partly by the increase in age at time of diagnosis, a more
complete disease registration (owing to the addition of outpatient
clinic diagnoses in the Danish National Registry of Patients)
from 1995 onwards, and the introduction of the diagnosis related
group system as a prospective payment system around 2000.
Because short term mortality is likely to be closely related to
the severity and progression of myocardial infarction, it is
notable that comorbidity had a substantial influence on 30 day
mortality. Also important, we found that improvements in
survival among patients with myocardial infarction occurred
independently of their comorbidity burden. In contrast, survival
improvements for other major diseases, such as breast cancer,
depend on patients’ comorbidity categories, with poorer survival
improvement among those with severe comorbidity.12

Our large study, including nearly 250 000 patients, extends the
results of two smaller studies that also examined the prognostic
impact of comorbidity burden as classified by the Charlson
comorbidity index.9 13 O’Connell et al based their analysis on
theMONICA study of 4081 people aged 25–69 years whowere
admitted for myocardial infarction between 1988 and 1994 and
who survived for at least 28 days.9 Their reported association
between comorbidity and mortality (adjusted hazard ratio 1.36
(95% confidence interval 1.07 to 1.72) for moderate to severe
comorbidity and 2.74 (1.73 to 4.34) for very severe comorbidity)
was consistent with our results. Núñez et al examined the
association between comorbidity and mortality among 1035
patients admitted to hospital with myocardial infarction between
2000 and 2003.13 The 30 day and one year mortality rate ratios
that they reported were consistent with our results for the
calendar period 1999–2003.
Comorbidity may influence the prognosis of myocardial
infarction in several ways. Comorbid conditions may directly
alter the effectiveness of treatments and affect the course of
myocardial infarction. Although comorbidities are likely to
increase non-cardiac mortality in particular,48 the increased short
term mortality also suggests an impact on cardiac mortality.
Underuse of coronary reperfusion therapy among patients with
comorbid diseases may account for some of the increased
mortality associated with comorbidity within the first 30 days
after hospitalisation for myocardial infarction.7

Generalisability, implications, and
conclusions
The observed trend for incidence and mortality of myocardial
infarction are likely generalisable to most industrial Western
societies where changes in lifestyle, risk factor modification,
and increasing use of aggressive medical and interventional
treatment have followed international recommendations.2

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2012;344:e356 doi: 10.1136/bmj.e356 Page 4 of 12

RESEARCH

http://www.bmj.com/permissions
http://www.bmj.com/subscribe


Furthermore, the ratio of mortality rates associated with
comorbidity categories should be unbiased because the
comparisons over time were made between patients all with
myocardial infarction.25

Our findings have implications for research and clinical care.
Clinical trials should include patients with prevalent comorbid
illness so that results may be extrapolated to the entire spectrum
of patients with myocardial infarction.5 Cardiovascular disease
registries should measure comorbidities to permit fair inferences
regarding mortality, process of care, and risk stratification after
myocardial infarction.8 22 Finally, comorbidity should be
considered in individual patient counselling, with treatment
optimised to improve the outcome both of the comorbid
condition and the myocardial infarction. Our findings are
particularly important for elderly people, given their high
prevalence of comorbidity4 and the increasing numbers of people
of advanced age facing treatment decisions for coronary artery
disease.4 5

In conclusion, we found that the rate of first time hospitalisation
for myocardial infarction and subsequent short term mortality
both declined by nearly half between 1984 and 2008. The
reduction in mortality occurred for all patients, independent of
sex and the severity of comorbidity. However, comorbidity
burden was a strong prognostic factor for short and long term
mortality, while sex was not.
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What is already known on this topic

A marked decrease in incidence of acute myocardial infarction and associated mortality has occurred since 1980
As the population ages, an increasing proportion of patients with myocardial infarction will have comorbidities

What this study adds

This study of all 234 331 patients hospitalised in Denmark with first time myocardial infarction between 1984 and 2008 showed a near
halving of incidence and short term mortality of myocardial infarction
The reduction in mortality occurred for all patients with myocardial infarction independent of sex and comorbidity
Comorbidity burden was a strong independent predictor of short term and long term mortality, while sex was not

39 McManus D, Gore J, Yarzebski J, Spencer F, Lessard D, Goldberg R. Recent trends in
the incidence, treatment, and outcomes of patients with STEMI and NSTEMI. Am J Med
2010;124:40-7.

40 Movahed MR, John J, Hashemzadeh M, Jamal MM. Trends in the age adjusted mortality
from acute ST segment elevation myocardial infarction in the United States (1988-2004)
based on race, gender, infarct location and comorbidities. Am J Cardiol 2009;104:1030-4.

41 Roger VL, Weston SA, Gerber Y, Killian JM, Dunlay SM, Jaffe AS, et al. Trends in
incidence, severity, and outcome of hospitalized myocardial infarction. Circulation
2010;121:863-9.

42 Capewell S, Livingston BM, MacIntyre K, Chalmers JW, Boyd J, Finlayson A, et al. Trends
in case-fatality in 117,718 patients admitted with acute myocardial infarction in Scotland.
Eur Heart J 2000;21:1833-40.

43 Davies AR, Grundy E, Nitsch D, Smeeth L. Constituent country inequalities in myocardial
infarction incidence and case fatality in men and women in the United Kingdom, 1996-2005.
J Public Health (Oxf) 2011;33:131-8.

44 Briffa T, Hickling S, Knuiman M, Hobbs M, Hung J, Sanfilippo F, et al. Long term survival
after evidence based treatment of acute myocardial infarction and revascularisation:
follow-up of population based Perth MONICA cohort, 1984-2005. BMJ 2009;338:b36.

45 Tunstall-Pedoe H, Kuulasmaa K, Mähönen M, Tolonen H, Ruokokoski E, Amouyel P.
Contribution of trends in survival and coronary-event rates to changes in coronary heart

disease mortality: 10-year results from 37WHOMONICA project populations. Monitoring
trends and determinants in cardiovascular disease. Lancet 1999;353:1547-57.

46 Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarction redefined—a
consensus document of the Joint European Society of Cardiology/American College of
Cardiology Committee for the redefinition of myocardial infarction. J Am Coll Cardiol
2000;36:959-69.

47 D’Ascenzo F, Gonella A, Quadri G, Longo G, Biondi-Zoccai G, Moretti C, et al. Comparison
of mortality rates in women versus men presenting with ST-segment elevation myocardial
infarction. Am J Cardiol 2011;107:651-4.

48 Kostis W, Deng Y, Pantazopoulos J, Moreyra A, Kostis J. Trends in mortality of acute
myocardial infarction after discharge from the hospital. Circ Cardiovasc Qual Outcomes
2010;3:581-9.

Cite this as: BMJ 2012;344:e356
This is an open-access article distributed under the terms of the Creative Commons
Attribution Non-commercial License, which permits use, distribution, and reproduction in
any medium, provided the original work is properly cited, the use is non commercial and
is otherwise in compliance with the license. See: http://creativecommons.org/licenses/by-
nc/2.0/ and http://creativecommons.org/licenses/by-nc/2.0/legalcode.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2012;344:e356 doi: 10.1136/bmj.e356 Page 6 of 12

RESEARCH

http://creativecommons.org/licenses/by-nc/2.0/
http://creativecommons.org/licenses/by-nc/2.0/
http://creativecommons.org/licenses/by-nc/2.0/legalcode
http://www.bmj.com/permissions
http://www.bmj.com/subscribe


Tables

Table 1| Numbers (percentages) of people with a first time hospitalisation for myocardial infarction in Denmark in five year periods from
1984 through 2008 by sex, age, and comorbidity category

Total (n=234 331)

Calendar periods of diagnosis

2004–8 (n=41 002)1999–2003 (n=44 365)1994–8 (n=42 261)1989–93 (n=50 249)1984–8 (n=56 454)

Sex:

88 708 (37.9)15 926 (38.8)17 652 (39.8)16 238 (38.4)18 691 (37.2)20 201 (35.8)Female

145 623 (62.1)25 076 (61.2)26 713 (60.2)26 023 (61.6)31 558 (62.8)36 253 (64.2)Male

Age (years):

1 077 (0.5)224 (0.5)228 (0.5)223 (0.5)196 (0.4)206 (0.4)15–34

16 697 (7.1)3 185 (7.8)3 172 (7.1)2 974 (7.0)3 521 (7.0)3 845 (6.8)35–49

34 906 (14.9)6 296 (15.4)6 859 (15.5)6 176 (14.6)7 241 (14.4)8 334 (14.8)50–59

57 439 (24.5)9 227 (22.5)9 604 (21.6)10 020 (23.7)12 978 (25.8)15 610 (27.7)60–69

70 997 (30.3)10 526 (25.7)12 617 (28.4)13 309 (31.5)16 080 (32.0)18 465 (32.7)70–79

53 215 (22.7)11 544 (28.2)11 885 (26.8)9 559 (22.6)10 233 (20.4)9 994 (17.7)≥80

Comorbidity category*:

164 937 (70.4)26 157 (63.8)28 323 (63.8)30 041 (71.1)37 771 (75.2)42 645 (75.5)Normal

34 941 (14.9)6 633 (16.2)7 599 (17.1)6 409 (15.2)6 845 (13.6)7 455 (13.2)Moderate

20 327 (8.7)4 295 (10.5)4 592 (10.4)3 571 (8.4)3 701 (7.4)4 168 (7.4)Severe

14 126 (6.0)3 917 (9.6)3 851 (8.7)2 240 (5.3)1 932 (3.8)2 186 (3.9)Very severe

*Categories of comorbidity were based on Charlson comorbidity index scores of 0 (normal), 1 (moderate), 2 (severe), and ≥3 (very severe).
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Table 2| 30 day and 31–365 day mortality risk and mortality rate ratio after first time hospitalisation for myocardial infarction in Denmark
in five year periods of diagnosis from 1984 through 2008

31–365 day mortality30 day mortality
Median
age

(years)
No of

patients
Period of
diagnosis

Mortality rate ratio (95% CI)Mortality risk %
(95% CI)

Mortality rate ratio (95% CI)Mortality risk %
(95% CI) Adjusted*UnadjustedAdjusted*Unadjusted

1 (reference)1 (reference)15.6 (15.2 to 16.0)1 (reference)1 (reference)31.4 (31.0 to 31.8)7056 4541984–8

0.79 (0.76 to 0.82)0.83 (0.80 to 0.87)13.2 (12.9 to 13.6)0.84 (0.82 to 0.86)0.86 (0.84 to 0.88)27.4 (27.1 to 27.8)7050 2491989–93

0.63 (0.60 to 0.66)0.73 (0.70 to 0.76)11.7 (11.3 to 12.0)0.68 (0.67 to 0.70)0.73 (0.71 to 0.75)23.8 (23.4 to 24.2)7142 2611994–8

0.56 (0.54 to 0.58)0.76 (0.73 to 0.79)12.2 (11.8 to 12.5)0.46 (0.45 to 0.47)0.54 (0.52 to 0.55)18.1 (17.8 to 18.5)7244 3651999–2003

0.48 (0.47 to 0.51)0.69 (0.66 to 0.72)11.1 (10.7 to 11.4)0.37 (0.35 to 0.38)0.43 (0.42 to 0.44)14.8 (14.5 to 15.2)7141 0022004–8

*Adjusted for age, sex, and comorbidity category.
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Table 3| 30 day and 31–365 day mortality risk and mortality rate ratio after first time hospitalisation for myocardial infarction in Denmark
between 2004 and 2008 associated with comorbidity category

31–365 day mortality30 day mortality

No of
patients

Comorbidity
category*

Mortality rate ratio (95% CI)Mortality risk %
(95% CI)

Mortality rate ratio (95% CI)Mortality risk %
(95% CI) Adjusted†UnadjustedAdjusted†Unadjusted

1 (reference)1 (reference)6.2 (5.9 to 6.5)1 (reference)1 (reference)10.8 (10.4 to 11.2)26 157Normal

1.83 (1.68 to 2.00)2.64 (2.42 to 2.87)15.5 (14.6 to 16.5)1.35 (1.26 to 1.45)1.85 (1.73 to 1.98)19.2 (18.3 to 20.2)6633Moderate

2.50 (2.29 to 2.74)3.61 (3.30 to 3.96)20.6 (19.3 to 22.1)1.52 (1.41 to 1.64)2.09 (1.94 to 2.25)21.4 (20.2 to 22.7)4295Severe

3.89 (3.58 to 4.24)5.80 (5.34 to 6.31)31.2 (29.5 to 32.9)1.96 (1.83 to 2.11)2.72 (2.53 to 2.91)27.1 (25.7 to 28.5)3917Very severe

* Categories of comorbidity were based on Charlson comorbidity index scores of 0 (normal), 1 (moderate), 2 (severe), and ≥3 (very severe).
†Adjusted for sex and age.
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Table 4| 30 day and 31–365 day mortality rate ratios associated with individual comorbidities after first time hospitalisation for myocardial
infarction in Denmark between 2004 and 2008

Adjusted mortality rate ratio (95% CI)*

31-365 days30 day

1 (reference)1 (reference)No comorbid diseases

1.62 (1.48 to 1.78)1.30 (1.20 to 1.41)Congestive heart failure

1.47 (1.33 to 1.62)1.23 (1.13 to 1.34)Peripheral vascular disease

1.52 (1.39 to 1.65)1.21 (1.12 to 1.30)Cerebrovascular disease

1.52 (1.28 to 1.81)1.81 (1.60 to 2.05)Dementia

1.54 (1.41 to 1.68)1.21 (1.12 to 1.31)Chronic pulmonary disease

1.05 (0.89 to 1.23)0.95 (0.82 to 1.09)Connective tissue disease

1.50 (1.31 to 1.72)1.24 (1.10 to 1.39)Ulcer disease

1.80 (1.22 to 2.67)2.00 (1.48 to 2.71)Mild liver disease

1.19 (1.05 to 1.34)0.99 (0.89 to 1.09)Diabetes without end organ damage

1.25 (1.09 to 1.44)1.30 (1.16 to 1.46)Diabetes with end organ damage

1.68 (0.97 to 2.89)1.32 (0.79 to 2.19)Hemiplegia

2.08 (1.83 to 2.36)1.26 (1.11 to 1.42)Moderate to severe renal disease

1.69 (1.53 to 1.87)1.22 (1.12 to 1.34)Non-metastatic solid tumour

1.89 (1.21 to 2.95)1.85 (1.32 to 2.59)Leukaemia

1.60 (1.15 to 2.22)1.40 (1.07 to 1.83)Lymphoma

1.97 (0.94 to 4.10)2.21 (1.34 to 3.64)Moderate to severe liver disease

2.91 (2.33 to 3.63)1.58 (1.25 to 2.01)Metastatic cancer

AIDS was omitted from the table because of its low prevalence (<0.1%).
*Adjusted for the other comorbidities, age, and sex.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2012;344:e356 doi: 10.1136/bmj.e356 Page 10 of 12

RESEARCH

http://www.bmj.com/permissions
http://www.bmj.com/subscribe


Figures

Fig 1 Standardised incidence rates for first time hospitalisation for myocardial infarction in Denmark between 1984 and
2008 among men and women

Fig 2 Standardised incidence rates for first time hospitalisation for myocardial infarction between 1984 and 2008, for men
and women within age groups
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Fig 3 Standardised 30 day and 31–365 day mortality after first time hospitalisation for myocardial infarction among men
and women between 1984 and 2008.

Fig 4 30 day and 31–365 day mortality after first time hospitalisation for myocardial infarction between 1984 and 2008,
according to comorbidity category.
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Aims We examined 30-year nationwide trends in heart failure hospitalization and mortality rates, and the prognostic impact
of co-morbidity.
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Methods
and results

We conducted a population-based cohort study of 317 161 patients with first-time inpatient hospitalizations for heart
failure during 1983–2012. We computed the standardized hospitalization rate and 5-year mortality risk. Co-morbidity
levels and calendar periods of diagnosis were compared by means of mortality rate ratios (MRRs) based on Cox
regression. The standardized hospitalization rate (per 100 000 persons) decreased between 1983 and 2012 by 25%
for women (from 192 to 144) and by 14% for men (from 217 to 186). The decrease reflected an average annual 1%
increase until 2000 and a 3.5% decline thereafter. Between 1983–1987 and 2008–2012, 1-year mortality declined
from 45% to 33% and 1- to 5-year mortality from 59% to 43%. The decline occurred independently of patients’
co-morbidity levels. Comparing 2008–2012 with 1983–1987, the 5-year age-, sex-, and co-morbidity-adjusted MRR
was 0.57 [95% confidence interval (CI) 0.56–0.58]. Using low co-morbidity as reference, the adjusted 5-year MRR
in 2003–2007 was increased by 43% for moderate, 66% for severe, and 2.2-fold for very severe co-morbidity. The
magnitude of co-morbidity-associated mortality increased over time and was highest in the youngest patients.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusions Hospitalization rates for heart failure have declined markedly since 2000 in Denmark. One- and five-year mortality
declined >40% over the last three decades. The decline in mortality occurred for patients with all levels of
co-morbidity, but co-morbidity burden was a strong prognostic factor.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Heart failure • Cohort study • Co-morbidity • Incidence • Mortality

Introduction
Heart failure is the most frequent cause of hospitalization among
persons aged over 65 years.1 Despite improvements in treatment,
the 5-year mortality rate following heart failure remains similar
to that of many cancers.2 Increasing age at time of diagnosis and
risk factors shared with many other chronic diseases make the

*Corresponding author. Department of Clinical Epidemiology, Aarhus University Hospital, Olof Palmes Allé 43–45, 8200 Aarhus N, Denmark. Tel: +45 87168063, Fax: +45
87167215; E-mail: morten.schmidt@clin.au.dk
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..
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..
. co-morbidity burden high in heart failure patients.3 It has therefore

become increasingly important to understand how co-morbidities
affect mortality in patients with heart failure. We conducted a
nationwide population-based cohort study to examine 30-year
trends in first-time hospitalization for heart failure, the subse-
quent long-term mortality rate, and the prognostic impact of
co-morbidity.
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Methods
Setting
We conducted this cohort study in Denmark, whose cumulative
population was 6 936 205 persons during 1983–2012. The Danish
National Health Service provides universal tax-supported healthcare,
guaranteeing unfettered access to general practitioners and hospitals,
and partial reimbursement for prescribed medications.4 Accurate
linkage of all registries at the individual level is possible in Denmark
using the unique central personal registry number assigned to each
Danish citizen at birth and to residents upon immigration.5

Heart failure
We used the Danish National Patient Registry to identify heart failure
hospitalizations from 1 January 1983 to 31 December 2012 among
Danish-born residents.4 This registry contains data on dates of admis-
sion and discharge from all Danish non-psychiatric hospitals since 1977
and from emergency room and outpatient clinic visits since 1995.4

Each hospital discharge or outpatient visit is recorded in the registry
with one primary diagnosis and potentially several secondary diagnoses
classified according to the International Classification of Diseases, 8th
revision (ICD-8) until the end of 1993 and 10th revision (ICD-10)
thereafter.4 We identified heart failure using primary and secondary
diagnoses from all inpatient admissions. To restrict our study popula-
tion to patients with first-time hospitalizations, we excluded patients
with inpatient or outpatient diagnoses of heart failure prior to our
study period (i.e. from 1977 to 1982).

Mortality
We obtained information on all-cause mortality until the end of 2012
from the Danish Civil Registration System.5 This registry has recorded
all changes in vital status and migration for the entire Danish population
since 1968, with daily electronic updates.5

Co-morbidity
We identified co-morbidities from inpatient and outpatient hospital
diagnoses recorded in the Danish National Patient Registry in the 5
years preceding the heart failure diagnosis.4 We categorized the sever-
ity of co-morbidity using the Charlson Comorbidity Index, a scoring
system that has been adapted for use with hospital discharge data and
validated for patients with acute and chronic ischaemic heart disease.6

The Charlson Comorbidity Index assigns between one and six points
to a range of diseases, depending on their association with mortality in
the subsequent year. We computed the total Charlson score for each
patient and defined the following categories of co-morbidity burden:
Charlson score of 0 (low), 1 (moderate), 2 (severe), and ≥3 (very
severe).6 Myocardial infarction and heart failure were not included
in the scoring. In addition to the Charlson co-morbidities, we also
identified previous diagnoses of myocardial infarction, angina pectoris,
peripheral arterial disease, AF, endocarditis, cardiomyopathy, valvular
heart disease, hypertension, venous thrombo-embolism, obesity, dia-
betes, ischaemic stroke, and hyperthyroidism.

Statistical analysis
We characterized heart failure patients according to calendar period
of diagnosis, age, sex, and co-morbidities. We computed the rate of ..
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.. first-time heart failure hospitalization (standardized to the age distri-
bution of the Danish population in the year 2000) during 1983–2012,
overall and according to sex, admission type (acute/non-acute),
diagnosis type (primary/secondary), and high-risk patient groups (i.e.
those with first-time myocardial infarction, AF, obesity, hypertension,
diabetes, cardiomyopathy, or valvular heart disease). The high-risk
groups were sampled as separate nationwide cohorts between 1983
and 2012, and the rate of hospitalization for heart failure was then
estimated within each group. To examine the rate of heart failure
independently of myocardial infarction, we excluded patients with
myocardial infarction from all non-myocardial infarction groups. As a
sensitivity analysis, we repeated the sampling of heart failure hospital-
izations to include also first-time diagnoses from outpatient specialty
clinics from 1995 onwards (i.e. when these began to be recorded). We
estimated the annual rate of echocardiography and the standardized
prevalence proportion of patients diagnosed with heart failure after
2000 (when data became available) who received an implantable
cardioverter-defibrillator (ICD), ventricular assist device (HeartMate),
or heart transplantation.4

We followed patients until date of death, emigration, or 5 years of
follow-up, whichever came first. Using the Kaplan–Meier estimator, we
computed 1-year, 1- to 5-year (i.e. 366–1826 days), and 5-year mor-
tality risks (standardized to the age distribution of the population diag-
nosed with heart failure in the year 2000). The analyses were repeated
according to age, sex, and co-morbidity, and for high-risk groups. We
used Cox proportional hazards regression to estimate the mortality
rate ratio (specifically, the hazard ratio) associated with calendar peri-
ods of diagnosis (adjusting for age, sex, and co-morbidity), co-morbidity
level (adjusting for age and sex), and individual co-morbidities (adjust-
ing for age, sex, and other co-morbidities). The proportional hazards
assumption was assessed graphically by plotting log[−log(survival func-
tion)] vs. time for all exposure variables and found valid. The study
was approved by the Danish Data Protection Agency (record number
1-16-02-1-08).

Research ethics and informed consent
As this study did not involve any contact with patients or any inter-
vention, it was not necessary to obtain permission from the Danish
Scientific Ethical Committee.

Results
Patient characteristics
Characteristics of the 317 161 patients with a first-time heart
failure diagnosis between 1983 and 2012 are shown in Table 1. The
proportion of males increased from 53% in 1983–1987 to 56% in
2008–2012. Median age at time of diagnosis was 75 years for men
and 80 years for women. While the median age for men varied
slightly around 75 years (range 73–76 years), it increased steadily
for women from 78 years in 1983 to 81 years in 2012.

The proportion of patients with a low co-morbidity burden fell
from 66% to 48% between the earliest and latest calendar period
(Table 1). Concomitantly, the percentage of patients with moder-
ate, severe, and very severe co-morbidity increased from 19, 10,
and 5% during 1983–1987 to 21, 16, and 16% during 2008–2012,
respectively. The most prevalent cardiovascular morbidities in the
latest calendar period were hypertension (30%), angina pectoris

© 2016 The Authors
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Heart failure hospitalization, outcome, and co-morbidity 3

Table 1 Characteristics of patients with a first-time hospitalization for heart failure in Denmark in 5-year periods
during 1983–2012

Calendar periods of diagnosis
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1983–1987 1988–1992 1993–1997 1998–2002 2003–2007 2008–2012 Total
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n (%) n (%) n (%) n (%) n (%) n (%) n (%)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total 49 158 (100) 53 270 (100) 55 561 (100) 59 774 (100) 52 602 (100) 46 796 (100) 317 161 (100)
Male sex 25 950 (53) 27 635 (52) 28 339 (51) 30 472 (51) 27 710 (53) 26 322 (56) 166 428 (52)
Age, years
<50 1333 (3) 1261 (2) 1151 (2) 1559 (3) 1916 (4) 1921 (4) 9141 (3)
50–59 3086 (6) 2986 (6) 2965 (5) 3985 (7) 3897 (7) 3581 (8) 20 500 (6)
60–69 9526 (19) 9373 (18) 9099 (16) 9196 (15) 8484 (16) 8334 (18) 54 012 (17)
70–79 18 426 (37) 19 328 (36) 19 584 (35) 19 393 (32) 15 333 (29) 13 098 (28) 105 162 (33)
≥80 16 787 (34) 20 322 (38) 22 762 (41) 25 641 (43) 22 972 (44) 19 862 (42) 128 346 (40)

Median age (IQR) 76 (69–82) 77 (70–83) 78 (71–84) 78 (70–85) 78 (69–85) 78 (68–85) 78 (69–84)
Co-morbidities

Myocardial infarction 5532 (11) 5609 (11) 5936 (11) 5921 (10) 6063 (12) 5363 (11) 34 424 (11)
Angina pectoris 3043 (6) 3990 (7) 7667 (14) 11 376 (19) 11 805 (22) 10 834 (23) 48 715 (15)
Peripheral vascular disease 2631 (5) 2823 (5) 3364 (6) 4529 (8) 4502 (9) 4553 (10) 22 402 (7)
Atrial fibrillation 2435 (5) 3253 (6) 4911 (9) 7874 (13) 9353 (18) 10 673 (23) 38 499 (12)
Endocarditis 64 (0) 74 (0) 113 (0) 169 (0) 204 (0) 278 (1) 902 (0)
Cardiomyopathy 115 (0) 185 (0) 404 (1) 838 (1) 1223 (2) 1788 (4) 4553 (1)
Valvular heart disease 704 (1) 910 (2) 1650 (3) 2901 (5) 3740 (7) 4503 (10) 14 408 (5)
Hypertension 3231 (7) 3618 (7) 4102 (7) 6569 (11) 10 865 (21) 14 123 (30) 42 508 (13)
Venous thrombo-embolism 868 (2) 785 (1) 808 (1) 1236 (2) 1360 (3) 1479 (3) 6536 (2)
Obesity 1268 (3) 1086 (2) 850 (2) 1137 (2) 1579 (3) 1924 (4) 7844 (2)
Diabetes 4055 (8) 4619 (9) 4918 (9) 5871 (10) 6460 (12) 6910 (15) 32 833 (10)
Ischaemic stroke 801 (2) 838 (2) 1906 (3) 4120 (7) 4036 (8) 3457 (7) 15 158 (5)
Hyperthyroidism 418 (1) 418 (1) 643 (1) 1007 (2) 997 (2) 742 (2) 4225 (1)
Dementia 576 (1) 592 (1) 655 (1) 1117 (2) 1460 (3) 1309 (3) 5709 (2)
Chronic pulmonary disease 4823 (10) 5539 (10) 6665 (12) 8446 (14) 7787 (15) 7377 (16) 40 637 (13)
Connective tissue disease 1250 (3) 1372 (3) 1585 (3) 1914 (3) 1863 (4) 1744 (4) 9728 (3)
Ulcer disease 1462 (3) 1806 (3) 2468 (4) 2874 (5) 2462 (5) 1864 (4) 12 936 (4)
Mild liver disease 273 (1) 253 (0) 263 (0) 348 (1) 353 (1) 375 (1) 1865 (1)
Hemiplegia 188 (0) 159 (0) 117 (0) 114 (0) 99 (0) 121 (0) 798 (0)
Renal disease 822 (2) 740 (1) 951 (2) 1556 (3) 2139 (4) 2800 (6) 9008 (3)
Non-metastatic solid tumour 2098 (4) 2474 (5) 3194 (6) 4566 (8) 4015 (8) 4339 (9) 20 686 (7)
Leukaemia 141 (0) 150 (0) 202 (0) 249 (0) 247 (0) 278 (1) 1267 (0)
Lymphoma 191 (0) 210 (0) 287 (1) 464 (1) 471 (1) 484 (1) 2107 (1)
Moderate to severe liver disease 53 (0) 62 (0) 68 (0) 109 (0) 169 (0) 202 (0) 663 (0)
Metastatic cancer 320 (1) 297 (1) 327 (1) 410 (1) 509 (1) 479 (1) 2342 (1)

Comorbidity burdena

Low 32 375 (66) 34 372 (65) 33 378 (60) 32 146 (54) 26 943 (51) 22 356 (48) 181 570 (57)
Moderate 9498 (19) 10 865 (20) 12 443 (22) 13 981 (23) 11 680 (22) 9831 (21) 68 298 (22)
Severe 4702 (10) 5343 (10) 6138 (11) 7979 (13) 7319 (14) 7267 (16) 38 748 (12)
Very severe 2583 (5) 2690 (5) 3602 (6) 5668 (9) 6660 (13) 7342 (16) 28 545 (9)

IQR, interquartile range.
aFour categories of co-morbidity were defined based on Charlson Comorbidity Index scores of 0 (low), 1 (moderate), 2 (severe), and ≥3 (very severe).

(23%), AF (23%), diabetes (15%), myocardial infarction (11%),
peripheral vascular disease (10%), valvular heart disease (10%), and
ischaemic stroke (7%). Chronic pulmonary disease (16%) and can-
cer (9%) were the most prevalent non-cardiovascular diseases.

Hospitalization rate
The hospitalization rate per 100 000 person-years decreased
overall from 210 in 1983 to 164 in 2012 (Figure 1). The overall ..
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..

..
.. decrease reflected an initial average increase of 1.1% per year until

2000, followed by a subsequent decline of 3.5% per year (Table 2).
The decline after 2000 occurred despite a marked increase in use of
echocardiography in the same period (from 1045 to 2911 patients).
The change in rate over time was driven by the hospitalization
rate among persons 70 years or older, in particular among persons
80 years or older (Figure 2). The hospitalization rate for persons
below 60 years of age remained low throughout the 30-year
period.

© 2016 The Authors
European Journal of Heart Failure © 2016 European Society of Cardiology



4 M. Schmidt et al.

A

B

Figure 1 Standardized hospitalization rates for heart failure in Denmark during 1983–2012, according to patient sex, admission type, and
diagnosis type (A), and patient subgroups (B).

Stratified hospitalization rates are provided in the Supple-
mentary material online, Table S1. While the hospitalization
rate per 100 000 person-years was consistently higher for men
than for women, it decreased 25% for women (from 192 to
144) and 14% for men (from 217 to 186). Although the vast
majority of patients were admitted acutely, the reduction in the
hospitalization rate over time occurred among acute admissions
(from 185 to 141 per 100 000 person-years) rather than among
non-acute admissions (from 25 to 24). The hospitalization rate ..
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..
.. for heart failure listed as the primary diagnosis increased from

73 in 1983 to 112 in 1995 before decreasing to 64 in 2012.
The hospitalization rate for heart failure listed as a secondary
diagnosis decreased consistently from 136 in 1983 to 100 in
2012. The sensitivity analysis revealed that although heart fail-
ure was diagnosed primarily during inpatient admissions, an
increasing rate of first-time diagnoses was observed in outpatient
clinics between 1995 and 2012 (from 18 to 35 per 100 000
person-years).

© 2016 The Authors
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Table 2 Mean annual change in the standardized hospitalization rate for heart failure in Denmark during 1983–2012,
overall and within high-risk patient groups

Standardized hospitalization rate (95% CI)a Mean change in standardized
hospitalization rate

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Population Number at
risk

1983 2000 2012 1983–2000 2001–2012 1983–2012

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Overall 6 936 205 210 (205–214) 252 (247–256) 164 (161–168) 1.1% −3.5% −0.8%
Obesityb 237 637 934 (815–1067) 1010 (917–1110) 455 (418–495) 1.0% −6.1% −2.0%
Hypertensionb 633 833 1550 (1415–1697) 1478 (1406–1552) 741 (713–769) 0.0% −5.5% −2.3%
Diabetesb 316 999 1566 (1443–1696) 1463 (1376–1554) 796 (750–844) −0.2% −4.8% −2.1%
Valvular heart diseaseb 102 555 7393 (5922–10550) 4413 (4077–4770) 2362 (2211–2522) −1.9% −4.8% −3.1%
Atrial fibrillationb 321 170 3928 (3551–4335) 3778 (3598–3964) 2403 (2304–2505) 0.0% −3.6% −1.5%
Myocardial infarction 313 551 4683 (4426–4952) 4184 (4016–4356) 3432 (3294–3574) −0.5% −1.5% −0.9%
Cardiomyopathyb 27 633 6681 (4062–11656) 6219 (5388–7142) 6172 (5551–6853) 2.5% 0.2% 1.6%

CI, confidence interval.
aRate per 100 000 person-years.
bRestricted to patients without concurrent history of myocardial infarction.

Figure 2 Standardized hospitalization rates for heart failure in Denmark during 1983–2012, by sex and age groups.

The temporal changes in the hospitalization rate for heart
failure were similar for high-risk patients, with a decrease after
2000 (Figure 1). However, the absolute hospitalization rate varied
substantially within the different high-risk patient groups (Table 2)
and was highest for cardiomyopathy, myocardial infarction, and
AF (rate in 2012: 6172, 3432, and 2403 per 100 000 patients,
respectively). Among patients diagnosed between 2000 and 2010,
2.81% received ICD implantation (range: 1.27–5.19% within
strata of diagnosis year), 0.08% received a ventricular assist device
(range: 0.02–0.14%), and 0.18% underwent heart transplantation
(range: 0.13–0.23%). The prevalence of heart failure increased ..
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..
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..
..

.. consistently throughout the study period (Supplementary material
online, Table S2).

Mortality
One-year and 1- to 5-year heart failure mortality decreased con-
sistently between 1983 and 2012, overall (Figure 3) and within
age (Figure 4), co-morbidity (Supplementary material online, Figure
S1), and high-risk patient groups (Supplementary material online,
Figure S2). While 1-year and 1- to 5-year mortality risks were
higher for men than for women in 1983, the difference levelled
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Figure 3 Standardized 1-year and 1- to 5-year mortality risk among men and women after first-time hospitalization for heart failure in
Denmark during 1983–2012.

out over time, becoming almost identical by the end of the study
period (Figure 3). One-year mortality declined from 45% during
1983–1987 to 33% during 2008–2012 (Table 3). During the same
calendar periods, 1- to 5-year mortality declined from 59% to 43%.
Comparing the latest with the first 5-year period, the 5-year age-,
sex-, and co-morbidity-adjusted mortality rate ratio was 0.57 (95%
confidence interval 0.56–0.58).

Prognostic impact of co-morbidity
Short- and long-term mortality risks were strongly associated with
patients’ co-morbidity levels (Table 4). Using low co-morbidity as
reference, the adjusted 5-year mortality rate ratio in 2003–2007
was increased by 43% for moderate co-morbidity, 66% for
severe co-morbidity, and 2.2-fold for patients with very severe
co-morbidity. The magnitude of co-morbidity-associated mortality
following heart failure was consistent within 1-year and 1- to
5-year intervals (Table 4), increased from the first to last calendar
period (Supplementary material online, Table S3), and was high-
est in the youngest age groups (Supplementary material online,
Table S4).

For individual non-malignant co-morbidities, the 5-year mor-
tality rate ratio was increased by close to 20% among patients
with valvular heart disease and ulcer disease; 30% among patients
with diabetes, ischaemic stroke, hemiplegia, and intermittent
claudication; 50% among patients with chronic pulmonary disease;
70–80% among patients with mild liver disease, renal disease, and
dementia; and 2.2-fold among patients with severe liver disease
(Supplementary material online, Figure S3). ..
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. Discussion
The rate of first-time hospitalization for heart failure increased
slightly in Denmark between 1983 and 2000 and declined markedly
thereafter. During the 30-year period, the 5-year mortality rate
following heart failure declined by >40%. The reduction in mortal-
ity over time occurred for all age, sex, co-morbidity, and high-risk
patient groups. Co-morbidity burden, measured 5 years before
admission, was a strong prognostic factor for both short- and
long-term mortality following first-time hospitalization for heart
failure.

Comparison with the existing literature
Compared with our study, previous country-specific studies were
conducted over shorter time periods.7–15 Overall, hospitalization
rates for heart failure in Western populations seem to have peaked
in the 1990s and declined thereafter. This trend has been observed
in The Netherlands (1980–1999),16 Scotland (1986–2003),14

Sweden (1987–2006),7 New Zealand (1988–2008),12 Australia
(1990–2007),13 Canada (1999–2007),10 France (2000–2012),15

and the USA (2001–2009).8 The peak and subsequent decline in
first-time hospitalizations occurred in the early 1990s in Western
Australia,13 in the mid 1990s in Sweden and Scotland,7,14 and in
the late 1990s in New Zealand.12 However, not all populations
experienced a decline in hospitalization rates. Most strikingly, Spain
experienced markedly increasing hospitalization rates for heart fail-
ure up to 2005, with a subsequent apparent levelling off.11 The
reduction in mortality risk following heart failure was consistently

© 2016 The Authors
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Table 3 Mortality risk and mortality rate ratio after first-time diagnosis of heart failure by 5-year calendar periods of
diagnosis

Mortality estimates (95% CIs)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1-year mortality 1- to 5-year mortality Overall 5-year mortality
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Period of diagnosis No. Mortality risk,
% (95% CI)

Mortality rate
ratio (95% CI)a

Mortality risk,
% (95% CI)

Mortality rate
ratio (95% CI)a

Mortality risk,
% (95% CI)

Mortality rate
ratio (95% CI)a

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1983–1987 49 158 45.4 (44.9–45.8) 1 (reference) 58.5 (57.9–59.1) 1 (reference) 77.3 (76.9–77.7) 1 (reference)
1988–1992 53 270 43.3 (42.9–43.8) 0.90 (0.89–0.92) 59.1 (58.5–59.6) 0.99 (0.96–1.01) 76.8 (76.4–77.2) 0.94 (0.92–0.95)
1993–1997 55 561 39.7 (39.3–40.2) 0.77 (0.76–0.79) 55.9 (55.4–56.4) 0.87 (0.85–0.89) 73.4 (73.1–73.8) 0.81 (0.80–0.83)
1998–2002 59 774 36.1 (35.7–36.5) 0.66 (0.65–0.67) 50.9 (50.4–51.4) 0.74 (0.73–0.76) 68.6 (68.2–69.0) 0.69 (0.68–0.70)
2003–2007 52 602 34.6 (34.2–35.0) 0.62 (0.60–0.63) 45.1 (44.5–45.6) 0.62 (0.61–0.63) 64.1 (63.7–64.5) 0.62 (0.61–0.63)
2008–2012 46 796 32.7 (32.3–33.2) 0.56 (0.55–0.58) 42.5 (39.8–45.3) 0.56 (0.54–0.58) 61.3 (59.5–63.2) 0.57 (0.56–0.58)

CI, confidence interval.
aAdjusted for age, sex, and co-morbidity level.

Table 4 Mortality after first-time diagnosis of heart failure in Denmark during 2003–2007, by co-morbidity level.

Mortality estimates (95% confidence intervals)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1-year mortality 1- to 5-year mortality Overall 5-year mortality
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Co-morbidity levela No. Mortality
risk, %b

Mortality
rate ratioc

Mortality
risk, %b

Mortality
rate ratioc

Mortality
risk, %b

Mortality
rate ratioc

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Low 26 943 27.6 (27.1–28.2) 1 (reference) 37.0 (36.4–37.7) 1 (reference) 54.4 (53.8–55.0) 1 (reference)
Moderate 11 680 37.1 (36.2–38.0) 1.37 (1.32–1.42) 52.2 (51.1–53.4) 1.51 (1.45–1.57) 69.9 (69.1–70.8) 1.43 (1.39–1.47)
Severe 7319 42.5 (41.3–43.6) 1.65 (1.58–1.72) 54.6 (53.1–56.1) 1.66 (1.58–1.74) 73.9 (72.8–74.9) 1.66 (1.61–1.71)
Very severe 6660 49.9 (48.7–51.1) 2.12 (2.04–2.21) 64.3 (62.7–65.9) 2.26 (2.15–2.37) 82.1 (81.2–83.0) 2.18 (2.11–2.25)

aFour categories of co-morbidity were defined based on Charlson Comorbidity Index scores of 0 (low), 1 (moderate), 2 (severe), and ≥3 (very severe).
bStandardized on age and sex.
cAdjusted for age and sex.

observed in all the above countries. The trends we observed for
the heart failure hospitalization rate and the mortality rate were
similar to those in previous reports for patients with myocardial
infarction9 and AF.17 Moreover, we add to the existing literature by
providing data on hospitalization and mortality rates in additional
high-risk patient groups.

Factors probably contributing to the decline in the hospital-
ization rate for heart failure after 2000 include (i) reductions in
the prevalence of smoking, sedentary lifestyle, and uncontrolled
high blood pressure; (ii) declining incidence of myocardial infarc-
tion; (iii) tertiary medical treatment after myocardial infarction
with renin–angiotensin inhibitors, beta-blockers, aldosterone
inhibitors, and statins; and (iv) the increasing number of heart
failure patients diagnosed and treated in the primary care setting
only. Of note, the decrease in hospitalization rates occurred
despite an increasing prevalence of obesity, diabetes, and AF. The
continued high hospitalization rate for heart failure following
myocardial infarction underscores the continued need for new
and better treatment strategies, including strategies to prevent
reperfusion injury such as remote ischaemic pre-conditioning.18

The decline in heart failure mortality is probably driven by ..
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.. improved guideline-recommended processes of care.19 Still,
1- and 5-year mortality after diagnosed heart failure remains
remarkably high.

Consistent with previous cohort studies including >200 patients,
we showed that co-morbidity level was a strong prognostic factor
for heart failure.20,21 Among individual co-morbidities, COPD,21–24

depression,24 diabetes,21,22,24 immobility,22 stroke,21–24 chronic
kidney disease,24 cancer,21–24 dementia,21–24 and liver disease23

have previously been emphasized as poor prognostic factors for
survival.

Co-morbidities may affect the course of heart failure by changing
the physiological response to therapy, altering the effectiveness of
patient preferences for treatment, and reducing patients’ ability
to adhere to recommendations.25 Some co-morbidities, such as
pulmonary, renal, and liver dysfunction, are often also associated
with systemic inflammation and may affect LV function directly.25

Study strengths and limitations
The study’s population-based design, within the setting of a
tax-supported universal healthcare system and with virtually

© 2016 The Authors
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complete follow-up of all patients, reduced selection biases.5 All
data were collected prospectively throughout the 30-year study
period. Still, long-term trends in hospitalization rates should be
interpreted with caution due to the introduction of new diagnostic
technologies, changes in hospital admission practices (including
the addition of outpatient contacts to the Danish National Patient
Registry in 1995), and changes in disease classification systems
over time (particularly the transition from ICD-8 to ICD-10).4

The change from ICD-8 to ICD-10 may account for the transient
increase in the hospitalization rate in around 1994. Increasing use
of echocardiography starting in the late 1980s may have influenced
the increasing hospitalization rate until 2000, but cannot explain
the observed decline since 2000. The slight increase in first-time
diagnoses received in outpatient clinics after 1995 also cannot
explain the overall decrease in hospitalization rates after 2000.
Mortality rates were calculated among inpatients and thus may not
apply to patients diagnosed only in the outpatient setting.

A limitation shared with nearly all previous studies was that
we studied hospitalization rates rather than true incidence rates.
First-time hospitalization rates may reflect the incidence of the
most severe and symptomatic cases of heart failure. While we
lacked detailed clinical data such as the NYHA class or EF, we
did have data on use of ICD, ventricular assist devices, and heart
transplantation as measures of disease severity. Also, hospitaliza-
tion rates among high-risk patients, who are more likely to undergo
evaluation for cardiac dysfunction, are likely to be closer to the
true incidence than hospitalization rates in the general population.
Although the magnitude of hospitalization rates and true incidence
rates may differ, the trend of declining hospitalization rates since
2000 still may reflect a decline in incidence. It falls to future studies
to examine long-term trends in readmission rates.

The positive predictive values are adequate for heart failure
(81–100%), myocardial infarction (82–100%), AF (92–99%),
and co-morbidities included in the Charlson Comorbidity Index
(97% overall).4 The classification of admissions as acute and
non-acute has an overall positive predictive value and sensitiv-
ity of 98%.4 Co-morbidities such as diabetes and hypertension
are likely to be under-reported in the Danish National Patient
Registry, because some co-morbidities may be treated only in
primary care.4 Although the 10% prevalence of diabetes observed
among patients with heart failure in Denmark may be lower
than in other Western countries, it is only slightly lower than
the prevalence reported in the second Danish trial on Acute
Myocardial Infarction (DANAMI-2) (11%).26 When estimating the
prognostic effect of co-morbidities, it is important to empha-
size that the comparisons were made within the heart failure
cohort; under-reporting of co-morbidities is therefore unlikely to
influence the relative mortality estimates substantially. Increasing
levels of co-morbidity over time may also be explained in part
by older age at time of diagnosis for women, the addition of
outpatient clinic diagnoses to the Danish National Patient Registry
starting in 1995, and the introduction of diagnosis-related groups
as a prospective payment system around 2000. The increasing
co-morbidity burden we observed in heart failure patients is
also consistent with findings from other heart failure cohorts ..
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.. for whom a range of co-morbidities, in particular hypercholes-
terolaemia, diabetes, obesity, kidney disease, thyroid disease, and
osteoporosis, have been reported to be increasingly prevalent
among heart failure patients.3 Mortality data were complete and
accurate.5

Conclusions
The first-time hospitalization rate for heart failure in Denmark
has declined markedly since 2000. Subsequent 5-year mortality
declined by >40% over the last 30 years. The decline in mortality
was independent of co-morbidity burden, but co-morbidity burden
was a strong prognostic factor.
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version of this article:
Figure S1 1-year and 1-5-year mortality risk after first-time
hospitalisation for heart failure in Denmark during 1983–2012, by
comorbidity level.
Figure S2 One- and 5-year mortality after first-time hospital-
isation for heart failure in Denmark during 1983–2012 within
high-risk patient groups.
Figure S3 Five-year mortality rate ratio associated with indi-
vidual comorbidities after first-time diagnosis of heart failure,
2003–2007.
Table S1 Standardized rate of first-time hospitalisation for heart
failure in Denmark, 1983–2012.
Table S2 Prevalence of first-time hospitalisation for heart failure
in Denmark, 1983–2012.
Table S3 Mortality risk and mortality rate ratio after first-time
diagnosis of heart failure associated with comorbidity level, by
5-year calendar periods of diagnosis.
Table S4 Mortality after first-time hospitalisation for heart failure
in Denmark during 2003–2007, according to comorbidity and age
categories.
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ABSTRACT

Objectives: To examine 18-year trends in short-term and long-term stroke mortality and the prog-
nostic influence of comorbidity.

Methods: We conducted a nationwide population-based cohort study. Using the Danish National
Registry of Patients, covering all Danish hospitals, we identified all 219,354 patients with a first-
time hospitalization for stroke during 1994–2011. We computed standardized 30-day, 1-year,
and 5-year mortality by sex. Comorbidity categories were defined by Charlson Comorbidity Index
scores of 0 (none), 1 (moderate), 2 (severe), and 3 or more (very severe). Calendar periods of
diagnosis (1994–1998, 1999–2003, 2004–2008, and 2009–2011) and comorbidity catego-
ries were compared by means of mortality rate ratios based on Cox regression.

Results: Over time, the 30-day mortality rate ratio adjusted for age, sex, and comorbidity
decreased by approximately 45% for ischemic stroke (standardized risk decreased from
17.2% in 1994–1998 to 10.6% in 2009–2011) and by 35% for intracerebral hemorrhage
(from 43.2% to 33.8%). The absolute mortality reduction occurred for all levels of comorbidity.
Five-year mortality risk decreased from 56.4% in 1994–1998 to 46.1% in 2004–2008 for
ischemic stroke and from 66.1% to 61.0% for intracerebral hemorrhage. Comparing very severe
comorbidity with no comorbidity, 30-day and 5-year mortality rate ratios were both approxi-
mately 2.5-fold increased for ischemic stroke and 1.7-fold increased for intracerebral
hemorrhage.

Conclusions: Short- and long-term mortality improved considerably between 1994 and 2011 for
all types of stroke. Short-term mortality improved regardless of comorbidity burden. However,
comorbidity burden was a strong prognostic factor for both short- and long-term mortality.
Neurology® 2014;82:340–350

GLOSSARY
CCI 5 Charlson Comorbidity Index; CI 5 confidence interval; DNRP 5 Danish National Registry of Patients; ICD 5 Interna-
tional Classification of Diseases; MRR 5 mortality rate ratio; mRS 5 modified Rankin Scale.

In coming decades, stroke is projected to remain a leading cause of death and disability world-
wide, exceeded only by myocardial infarction.1 Whereas myocardial infarction in Western
populations has undergone a dramatic 50% decline in short-term mortality rates over the last
25 years,2 short- and long-term mortality trends for stroke subtypes are less clear and remain to
be examined in a nationwide setting.3

More than two-thirds of all strokes occur among persons aged 65 years or older.4 This age
group, in which 9 of 10 persons have at least one chronic disease, is projected to increase from
20% of the total population in 2000 to 35% in 2050.1 Stroke shares risk factors with many
chronic diseases (e.g., myocardial infarction, obesity, hypertension, kidney disease, diabetes, and
cancer)—further increasing the prevalence of comorbidity among stroke patients.

With the aging of the population, it has become increasingly important to understand how
comorbidity affects mortality from stroke. In previous research, patients’ overall comorbidity
burden has been found to increase inpatient mortality from stroke.5 However, few studies have
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examined postdischarge outcomes in light of
comorbidity levels.6–9 Available studies were
small (fewer than 1,000 participants) and
selected patients from specific hospitals.6–9

We therefore conducted a population-based
cohort study to examine nationwide trends in
short- and long-term mortality after first-time
hospitalization for ischemic stroke and intrace-
rebral hemorrhage between 1994 and 2011,
and the prognostic influence of comorbidity.

METHODS Setting. We conducted the study in Denmark,

which had 5,233,159 Danish-born inhabitants aged 15 years or

older between 1994 and 2011. The Danish National Health

Service provides universal tax-supported health care, guaranteeing

unfettered access to general practitioners and hospitals and partial

reimbursement for prescribed medications. Accurate and

unambiguous linkage of all registries at the individual level is

possible in Denmark using the unique central personal registry

number assigned to each Danish citizen at birth and to residents

upon immigration.10

Stroke. There is a long tradition in Denmark for hospitalizing

patients with acute stroke (an estimated 90% are admitted).11

The Danish National Registry of Patients (DNRP)12 contains

data on dates of admission and discharge from all Danish non-

psychiatric hospitals since 1977 and from emergency room and

outpatient specialist clinic visits since 1995.12 Each hospital dis-

charge or outpatient visit is recorded in the registry with one

primary diagnosis and one or more secondary diagnoses classified

according to ICD-8 until the end of 1993 and ICD-10 thereaf-

ter.12 Patients with stroke are included in the DNRP if they died

in the ambulance on the way to the hospital or during hospital

admission, but not if they died at home without being hospital-

ized. To avoid problems stemming from the different registration

criteria and different quality of the ICD-8 and ICD-10 systems,

we restricted to all first-time inpatient hospitalizations for

ischemic stroke and intracerebral hemorrhage among Danish-

born inhabitants aged 15 years or older during the period

January 1, 1994 to December 31, 2011 (all codes are provided

in table e-1 on the Neurology® Web site at www.neurology.org).

We classified unspecified strokes (40% of all stroke diagnoses) as

ischemic strokes because more than two-thirds of all unspecified

strokes are known to be ischemic strokes.13,14 To restrict our

study population to patients with incident events, we excluded

patients who had diagnoses of cerebrovascular disease or

hemiplegia before the stroke admission in our study period.

Mortality. We obtained information on all-cause mortality until

the end of 2011 from the Danish Civil Registration System.10

This registry has recorded all changes in vital status and

migration for the entire Danish population since 1968, with

daily electronic updates.10

Comorbidity. We obtained information on comorbid conditions

using inpatient and outpatient hospital diagnoses recorded in the

DNRP during the 15 years preceding the stroke (both primary

and secondary diagnoses). To avoid considering stroke-related

complications as comorbidities, other diagnoses coded during the

hospital admission for stroke were excluded from the analyses.

We categorized severity of comorbidity using the Charlson

Comorbidity Index (CCI), a scoring system that has been adapted

for use with hospital discharge data.8,15 The CCI assigns between

1 and 6 points to a range of diseases, depending on the strength of

their relation with mortality.8,15 We computed the total CCI

score for each patient and defined 4 categories of comorbidity,

i.e., total scores of 0 (none), 1 (moderate), 2 (severe), and 3 or

higher (very severe).16 Cerebrovascular disease and hemiplegia

were not included in the scoring.

Statistical analysis. We characterized patients according to sex,

age, and comorbidity, both overall and for 4 calendar periods of

diagnosis (1994–1998, 1999–2003, 2004–2008, and 2009–

2011). We illustrated graphically the age distribution at time of

diagnosis and the change in median age from 1994 to 2011 for

both men and women.

We followed all patients until date of death, emigration, 5

years of follow-up, or December 31, 2011, whichever came first.

We illustrated graphically the 30-day, 1-year, and 5-year mortal-

ity (standardized to the age distribution of the population diag-

nosed with stroke in the year 2000). We computed confidence

intervals (CIs) using the delta method. We repeated the analyses

according to type of stroke (ischemic stroke and intracerebral

hemorrhage) and in strata of age and sex. We used the Kaplan-

Meier estimator to compute 30-day, 31- to 365-day, 1- to

5-year (specifically, 366- to 1,826-day), and overall 5-year mortal-

ity risks associated with the 4 calendar periods of diagnosis and

comorbidity categories.

Within the same follow-up periods, we used Cox

proportional-hazards regression to compute the hazard ratio as

a measure of the mortality rate ratio (MRR) associated with the

calendar period of diagnosis and comorbidity category. First,

we compared mortality rates across calendar periods, using the

earliest period as the reference and adjusting for sex, age, and

comorbidity categories. Second, we compared mortality rates

across comorbidity categories, using the “no comorbidity” cate-

gory as the reference and adjusting for sex and age groups. For the

2004–2008 calendar period of diagnosis (to allow for up to 5 years

of follow-up), we repeated the analyses for individual comorbid-

ities included in the CCI plus atrial fibrillation or flutter, adjust-

ing for age, sex, and the other individual comorbidities.

To reduce possible inaccurate coding in the DNRP, we con-

ducted a subanalysis restricted to patients diagnosed after 2003

(when radiology data became available) and who had either a CT

or MRI scan during their hospitalization. The proportional-

hazards assumption was assessed graphically by log–log plots and

found to be valid. Analyses were performed using SAS version 9.2

(SAS Institute Inc., Cary, NC).

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Danish Data Protec-

tion Agency (record number 1-16-02-1-08). Because this study

did not involve contact with patients or any intervention, it

was not necessary to obtain permission from the Danish Scientific

Ethical Committee.

RESULTS Patient characteristics.We identified 219,354
first-time hospitalizations for stroke (table 1). Half of
the patients were women. The median age was 77 years
for women and 71 for men. While the median age
decreased for ischemic stroke between 1994 and
2011 (from 73 to 71 years for men and from 78 to
77 years for women), it increased for intracerebral
hemorrhage (from 66 to 71 years for men and from
71 to 75 years for women). Based on inpatient and
outpatient hospital diagnoses within the 15 years

Neurology 82 January 28, 2014 341

http://www.neurology.org/


Table 1 Characteristics of patients with a first-time hospitalization for stroke in Denmark, 1994–2011

Ischemic stroke Intracerebral hemorrhage

Total

Calendar periods of diagnosis

Total

Calendar periods of diagnosis

Total1994–1998 1999–2003 2004–2008 2009–2011 1994–1998 1999–2003 2004–2008 2009–2011

Total 52,495 (100) 59,439 (100) 53,545 (100) 29,115 (100) 194,594 (100) 6,175 (100) 7,194 (100) 7,237 (100) 4,154 (100) 24,760 (100) 219,354 (100)

Sex

Female 25,813 (49.2) 29,776 (50.1) 26,251 (49.0) 14,028 (48.2) 95,868 (49.3) 2,948 (47.7) 3,543 (49.2) 3,579 (49.5) 1,978 (47.6) 12,048 (48.7) 107,916 (49.2)

Male 26,682 (50.8) 29,663 (49.9) 27,294 (51.0) 15,087 (51.8) 98,726 (50.7) 3,227 (52.3) 3,651 (50.8) 3,658 (50.5) 2,176 (52.4) 12,712 (51.3) 111,438 (50.8)

Age, y

15–49 2,639 (5.0) 3,216 (5.4) 3,537 (6.6) 2,113 (7.3) 11,505 (5.9) 753 (12.2) 858 (11.9) 767 (10.6) 418 (10.1) 2,796 (11.3) 14,301 (6.5)

50–59 5,011 (9.5) 6,808 (11.5) 6,265 (11.7) 3,356 (11.5) 21,440 (11.0) 897 (14.5) 1,122 (15.6) 1,014 (14.0) 559 (13.5) 3,592 (14.5) 25,032 (11.4)

60–69 9,854 (18.8) 11,018 (18.5) 11,193 (20.9) 6,408 (22.0) 38,473 (19.8) 1,387 (22.5) 1,391 (19.3) 1,483 (20.5) 914 (22.0) 5,175 (20.9) 43,648 (19.9)

70–79 17,599 (33.5) 18,496 (31.1) 14,839 (27.7) 7,838 (26.9) 58,772 (30.2) 1,865 (30.2) 2,017 (28.0) 1,934 (26.7) 1,050 (25.3) 6,866 (27.7) 65,638 (29.9)

‡80 17,392 (33.1) 19,901 (33.5) 17,711 (33.1) 9,400 (32.3) 64,404 (33.1) 1,273 (20.6) 1,806 (25.1) 2,039 (28.2) 1,213 (29.2) 6,331 (25.6) 70,735 (32.2)

Comorbidity burdena

None 31,242 (59.5) 33,918 (57.1) 29,413 (54.9) 15,430 (53.0) 110,003 (56.5) 4,196 (68.0) 4,648 (64.6) 4,348 (60.1) 2,297 (55.3) 15,489 (62.6) 125,492 (57.2)

Moderate 10,189 (19.4) 11,201 (18.8) 10,065 (18.8) 5,263 (18.1) 36,718 (18.9) 945 (15.3) 1,142 (15.9) 1,174 (16.2) 685 (16.5) 3,946 (15.9) 40,664 (18.5)

Severe 6,606 (12.6) 8,033 (13.5) 7,254 (13.5) 4,126 (14.2) 26,019 (13.4) 645 (10.4) 824 (11.5) 936 (12.9) 585 (14.1) 2,990 (12.1) 29,009 (13.2)

Very severe 4,458 (8.5) 6,287 (10.6) 6,813 (12.7) 4,296 (14.8) 21,854 (11.2) 389 (6.3) 580 (8.1) 779 (10.8) 587 (14.1) 2,335 (9.4) 24,189 (11.0)

Comorbidities

Myocardial infarction 4,362 (8.3) 4,841 (8.1) 4,278 (8.0) 2,252 (7.7) 15,733 (8.1) 263 (4.3) 302 (4.2) 381 (5.3) 228 (5.5) 1,174 (4.7) 16,907 (7.7)

Congestive heart failure 4,223 (8.0) 5,111 (8.6) 4,606 (8.6) 2,457 (8.4) 16,397 (8.4) 262 (4.2) 343 (4.8) 420 (5.8) 256 (6.2) 1,281 (5.2) 17,678 (8.1)

Atrial fibrillation or flutter 4,553 (8.7) 6,373 (10.7) 6,693 (12.5) 4,234 (14.5) 21,853 (11.2) 359 (5.8) 550 (7.6) 840 (11.6) 576 (13.9) 2,325 (9.4) 24,178 (11.0)

Peripheral vascular disease 3,779 (7.2) 4,779 (8.0) 4,394 (8.2) 2,596 (8.9) 15,548 (8.0) 269 (4.4) 360 (5.0) 425 (5.9) 254 (6.1) 1,308 (5.3) 16,856 (7.7)

Dementia 909 (1.7) 1,342 (2.3) 1,586 (3.0) 948 (3.3) 4,785 (2.5) 80 (1.3) 153 (2.1) 241 (3.3) 169 (4.1) 643 (2.6) 5,428 (2.5)

Chronic pulmonary disease 3,369 (6.4) 4,552 (7.7) 5,050 (9.4) 3,129 (10.7) 16,100 (8.3) 354 (5.7) 426 (5.9) 557 (7.7) 418 (10.1) 1,755 (7.1) 17,855 (8.1)

Connective tissue disease 1,499 (2.9) 1,964 (3.3) 2,065 (3.9) 1,213 (4.2) 6,741 (3.5) 175 (2.8) 201 (2.8) 229 (3.2) 161 (3.9) 766 (3.1) 7,507 (3.4)

Ulcer disease 3,022 (5.8) 3,562 (6.0) 3,216 (6.0) 1,652 (5.7) 11,452 (5.9) 305 (4.9) 399 (5.5) 414 (5.7) 210 (5.1) 1,328 (5.4) 12,780 (5.8)

Mild liver disease 378 (0.7) 493 (0.8) 583 (1.1) 337 (1.2) 1,791 (0.9) 86 (1.4) 141 (2.0) 133 (1.8) 80 (1.9) 440 (1.8) 2,231 (1.0)

Diabetes without end-organ damage 3,026 (5.8) 2,898 (4.9) 2,447 (4.6) 1,476 (5.1) 9,847 (5.1) 185 (3.0) 190 (2.6) 211 (2.9) 152 (3.7) 738 (3.0) 10,585 (4.8)

Diabetes with end-organ damage 1,697 (3.2) 2,498 (4.2) 2,657 (5.0) 1,580 (5.4) 8,432 (4.3) 113 (1.8) 187 (2.6) 231 (3.2) 176 (4.2) 707 (2.9) 9,139 (4.2)

Moderate to severe renal disease 811 (1.5) 1,200 (2.0) 1,502 (2.8) 992 (3.4) 4,505 (2.3) 143 (2.3) 169 (2.3) 179 (2.5) 150 (3.6) 641 (2.6) 5,146 (2.3)

Nonmetastatic solid tumor 3,974 (7.6) 5,307 (8.9) 5,194 (9.7) 3,328 (11.4) 17,803 (9.1) 411 (6.7) 598 (8.3) 712 (9.8) 485 (11.7) 2,206 (8.9) 20,009 (9.1)
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before the stroke diagnosis, 57.2% had no comorbidity,
18.5% had moderate comorbidity, 13.2% had severe
comorbidity, and 11.0% had very severe comorbidity.
From the first to the last calendar period, the proportion
of patients without any comorbidity decreased 6.5
percentage points for ischemic stroke (from 59.5% to
53.0%) and 12.7 percentage points for intracerebral
hemorrhage (from 68.0% to 55.3%), while the
proportion of patients with very severe comorbidity
increased 6.3 percentage points (from 8.5% to
14.8%) for ischemic stroke and 7.8 percentage points
(from 6.3% to 14.1%) for intracerebral hemorrhage.
The most prevalent comorbidities at the time of
stroke diagnosis were atrial fibrillation or flutter
(11.0%), cancer (10.9%), diabetes (9.0%), congestive
heart failure (8.1%), chronic pulmonary disease (8.1%),
peripheral vascular disease (7.7%), myocardial infarction
(7.7%), ulcer disease (5.8%), connective tissue disease
(3.4%), dementia (2.5%), and severe renal disease
(2.3%).

Mortality. Age-standardized 30-day and 1-year mortality
risks were comparable for men and women and
decreased similarly between 1994 and 2011 (figure 1).
This finding held within age groups (figure e-1). The
5-year mortality risk also decreased similarly for men
and women. However, the risk was higher for men
than women (figure 1) in the age groups above 70
years (figure e-1).

Thirty-day mortality risk declined overall from
20.0% in 1994–1998 to 13.5% in 2009–2011
(table 2), corresponding approximately to a 40%
reduction in MRR after adjusting for age, sex, and
comorbidity (MRR 5 0.62, 95% CI: 0.60–0.64).
Mortality risks decreased from 17.2% in 1994–1998
to 10.6% in 2009–2011 for ischemic stroke and from
43.2% in 1994–1998 to 33.8% in 2009–2011 for
intracerebral hemorrhage. This overall reduction in
30-day mortality reflected a decrease of approximately
45% for ischemic stroke (MRR 5 0.56, 95% CI:
0.54–0.58) and of 35% for intracerebral hemorrhage
(MRR 5 0.67, 95% CI: 0.63–0.72).

The 1-year mortality risk among 30-day survivors
also decreased substantially from 1994–1998 to
2009–2011. The adjusted MRR was 0.73 (95%
CI: 0.70–0.76) for ischemic stroke and 0.79 (95%
CI: 0.69–0.91) for intracerebral hemorrhage.

When we compared calendar periods with up to
5 years of follow-up, we observed that overall 5-year
mortality declined from 56.4% in 1994–1998 to
46.1% in 2004–2008 for ischemic stroke (MRR 5

0.70, 95% CI: 0.69–0.72) and from 66.1% in 1994–
1998 to 61.0% in 2004–2008 for intracerebral hem-
orrhage (MRR 5 0.78, 95% CI: 0.75–0.82).

Prognostic influence of comorbidity. Throughout the
18-year study period, higher levels of comorbidity
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Figure 1 Standardized mortality risk estimates after first-time hospitalization for stroke among men and
women between 1994 and 2011

(A) Stroke overall. (B) Ischemic stroke. (C) Intracerebral hemorrhage.
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were associated with higher short- and long-term
mortality risks (figure e-2). From 1994–1998 to
2009–2011, the overall 30-day mortality risk
decreased from 16.8% to 9.7% for patients without
comorbidity and from 30.1% to 23.2% for patients
with very severe comorbidity (table e-2). This
decrease in mortality across levels of comorbidity
was also seen for stroke subtypes (table e-2).

In 2004–2008, stroke patients without comorbidity
had an overall 10.5% 30-day mortality risk, increasing
to 36.6% within 5 years (table 3). The corresponding
mortality risks associated with very severe comorbidity
were 23.9% and 74.5%. Compared with patients with-
out comorbidity, the 30-day MRR was 1.36 (95% CI:
1.28–1.44) for moderate comorbidity, 1.57 (95% CI:
1.47–1.66) for severe comorbidity, and 2.14 (95%
CI: 2.02–2.27) for very severe comorbidity. Similar
overall 5-year MRRs were observed (table 3). The
increased MRR associated with comorbidity burden
was consistent for both ischemic stroke and intrace-
rebral hemorrhage (table 3), although slightly higher
for ischemic stroke. It was also consistent across calen-
dar periods of diagnosis (table e-2). In age-stratified
analyses, comorbidity burden had the strongest
effect on the MRR in the younger age groups
(table e-3).

The effect of individual comorbidities on mortal-
ity risk within 5 years is shown in table 4. Among
individual noncancer comorbidities, the 30-day MRR
was increased approximately 15% for ulcer disease
and diabetes with end-organ damage, 20% for
peripheral vascular disease, 25% for chronic pulmo-
nary disease, 35% for congestive heart failure and
atrial fibrillation or flutter, 45% for moderate to
severe renal disease, 60% for dementia, and 1.8- to
2.4-fold for mild to severe liver disease. Myocardial
infarction, connective tissue disease, and diabetes
without end-organ damage were not associated with
any substantial differences in short-term mortality.
The magnitude of all 5-year MRRs was similar to
the 30-day MRRs (estimates for stroke subtypes are
provided in table e-4). The subanalysis including only
patients with CT or MRI supported the overall
results.

DISCUSSION Short-term and long-term mortality
risk improved considerably between 1994 and
2011 for both ischemic stroke and intracerebral
hemorrhage. Although patients with intracerebral
hemorrhage had a 2 to 3 times higher 30-day
mortality risk than patients with ischemic stroke,
the absolute mortality reduction over time was fairly
similar for both stroke subtypes and occurred for
all levels of comorbidity. However, comorbidity
burden was a strong prognostic factor for both
short-term and long-term mortality.
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Table 3 Mortality risk and mortality rate ratio after first-time hospitalization for stroke in Denmark by comorbidity category, 2004–2008

Comorbidity categorya No.

5-y mortality estimates (95% confidence intervals)

30 d 31–365 d 1–5 y Overall 5 y

Mortality risk, % Mortality rate ratiob Mortality risk, % Mortality rate ratiob Mortality risk, % Mortality rate ratiob Mortality risk, % Mortality rate ratiob

Stroke overall

None 33,761 10.5 (10.1–10.8) 1 (reference) 9.2 (8.9–9.6) 1 (reference) 22.0 (21.5–22.5) 1 (reference) 36.6 (36.1–37.1) 1 (reference)

Moderate 11,239 15.5 (14.8–16.2) 1.36 (1.28–1.44) 15.8 (15.0–16.5) 1.51 (1.42–1.61) 35.4 (34.3–36.5) 1.52 (1.45–1.59) 54.0 (53.0–55.0) 1.46 (1.42–1.51)

Severe 8,190 18.2 (17.4–19.1) 1.57 (1.47–1.66) 20.2 (19.2–21.2) 1.86 (1.75–1.99) 40.4 (39.0–41.9) 1.68 (1.60–1.77) 61.1 (60.0–62.2) 1.69 (1.63–1.75)

Very severe 7,592 23.9 (22.9–24.9) 2.14 (2.02–2.27) 28.0 (26.9–29.2) 2.79 (2.62–2.96) 53.4 (51.8–55.0) 2.57 (2.44–2.70) 74.5 (73.4–75.5) 2.47 (2.39–2.55)

Ischemic stroke

None 29,413 7.5 (7.2–7.8) 1 (reference) 9.0 (8.6–9.3) 1 (reference) 22.0 (21.5–22.6) 1 (reference) 34.3 (33.8–34.9) 1 (reference)

Moderate 10,065 12.5 (11.9–13.2) 1.50 (1.40–1.61) 15.6 (14.9–16.4) 1.56 (1.46–1.66) 35.5 (34.4–36.7) 1.54 (1.47–1.62) 52.4 (51.4–53.4) 1.54 (1.48–1.59)

Severe 7,254 15.1 (14.3–15.9) 1.77 (1.64–1.90) 19.8 (18.8–20.8) 1.88 (1.76–2.02) 40.2 (38.8–41.7) 1.69 (1.60–1.78) 59.3 (58.1–60.5) 1.76 (1.70–1.82)

Very severe 6,813 20.7 (19.8–21.7) 2.55 (2.38–2.73) 28.0 (26.8–29.2) 2.89 (2.71–3.08) 53.4 (51.7–55.1) 2.61 (2.47–2.75) 73.4 (72.3–74.5) 2.66 (2.57–2.75)

Intracerebral hemorrhage

None 4,348 30.8 (29.5–32.2) 1 (reference) 11.6 (10.5–12.8) 1 (reference) 21.6 (20.0–23.3) 1 (reference) 52.0 (50.5–53.6) 1 (reference)

Moderate 1,174 41.1 (38.3–43.9) 1.27 (1.14–1.41) 17.3 (14.7–20.4) 1.19 (0.96–1.46) 34.0 (30.0–38.3) 1.30 (1.09–1.54) 67.8 (65.1–70.6) 1.27 (1.17–1.38)

Severe 936 42.3 (39.2–45.5) 1.30 (1.16–1.45) 24.8 (21.4–28.7) 1.78 (1.46–2.18) 43.0 (38.0–48.4) 1.70 (1.42–2.03) 75.3 (72.3–78.1) 1.46 (1.34–1.60)

Very severe 779 51.7 (48.3–55.3) 1.69 (1.51–1.89) 29.0 (24.7–33.9) 2.11 (1.70–2.62) 53.7 (47.1–60.5) 2.27 (1.87–2.76) 84.1 (81.2–86.8) 1.87 (1.71–2.05)

a Four categories of comorbidity were defined based on Charlson Comorbidity Index scores of 0 (none), 1 (moderate), 2 (severe), and 3 or more (very severe).
bAdjusted for sex and age.
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Most previous studies have shown improved sur-
vival rates after stroke over time,17–24 but not all.25–27

The decreasing 30-day mortality during our study
period was in line with a recent systematic review of
56 population-based studies including 37,016 incident
strokes from 47 centers in 28 different countries.3 As a
consequence, we note that studies of outcome in stroke
patients need to take temporal variations in stroke mor-
tality into account when using historical controls. In
comparison with studies reporting worse25,28,29 or
improved30 prognosis for women than for men, we
found that sex did not affect short-term mortality sub-
stantially. We did observe a higher 5-year mortality risk
in men than women, but only in elderly persons older
than age 70. The relative mortality reduction over time
was higher for ischemic stroke than for intracerebral
hemorrhage. However, these results should not be
compared directly because the absolute mortality risk
was much higher for intracerebral hemorrhage.

Our study extends previous research by associating
comorbidity burden with short- and long-term out-
come of both ischemic stroke and intracerebral hem-
orrhage. A previous cohort study of 266 ischemic
stroke patients concluded that the CCI score was
not associated with an unfavorable functional out-
come (defined as modified Rankin Scale [mRS]31

score .2).6 In contrast, another cohort study of

133 women hospitalized with ischemic stroke found
that higher CCI scores were the sole factor indepen-
dently associated with poorer 90-day mRS scores.7

The CCI score has also been found to predict
12-month functional outcome after intracerebral
hemorrhage (the odds ratio for 1-point worsening
of mRS scores was 2.3 for CCI score 5 2 and 3.5
for score$3).9 Finally, a study including 960 patients
admitted with ischemic stroke to Veterans Affairs
Hospitals in the United States between 1995 and
1997 reported a 37% increased risk of poor func-
tional outcome (mRS $2) at discharge, 60%
increased 30-day mortality, and 72% increased
1-year mortality associated with a CCI score$2 com-
pared with#1.8 Although we used different reference
groups, our effect estimates were even larger.8

Among individual comorbidities, diabetes has been
associated with increased 30-day and 1-year mortality,
most often in the range of 20% to 50%.6,32–36 One
study, however, found no association.37 In our study,
we observed different prognostic effects of diabetes
with vs without end-organ failure. Peripheral vascular
disease and myocardial infarction have been observed
to have an association with poorer long-term, but not
always short-term mortality from stroke.6,32,34 We did
not find previous myocardial infarction to be a predic-
tor of either short- or long-term stroke mortality.

Table 4 Mortality rate ratio associated with individual comorbidities after first-time hospitalization for stroke
in Denmark, 2004–2008

Adjusted mortality rate ratioa (95% confidence interval)

30 d 31–365 d 1–5 y Overall 5 y

No comorbid diseases 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Myocardial infarction 1.00 (0.93–1.08) 1.05 (0.97–1.14) 1.07 (1.01–1.14) 1.05 (1.00–1.09)

Congestive heart failure 1.35 (1.26–1.44) 1.44 (1.34–1.55) 1.37 (1.29–1.46) 1.37 (1.32–1.42)

Atrial fibrillation or flutter 1.37 (1.30–1.45) 1.23 (1.15–1.31) 1.25 (1.18–1.31) 1.28 (1.23–1.32)

Peripheral vascular disease 1.18 (1.10–1.27) 1.32 (1.23–1.42) 1.33 (1.25–1.41) 1.27 (1.22–1.32)

Dementia 1.62 (1.48–1.77) 1.84 (1.67–2.03) 2.21 (2.03–2.41) 1.84 (1.75–1.94)

Chronic pulmonary disease 1.26 (1.18–1.34) 1.23 (1.15–1.32) 1.46 (1.38–1.55) 1.33 (1.28–1.38)

Connective tissue disease 0.95 (0.86–1.05) 1.08 (0.97–1.20) 1.18 (1.08–1.28) 1.08 (1.02–1.14)

Ulcer disease 1.13 (1.05–1.22) 1.19 (1.10–1.30) 1.22 (1.14–1.30) 1.18 (1.13–1.24)

Mild liver disease 1.78 (1.51–2.10) 1.43 (1.15–1.77) 2.01 (1.73–2.34) 1.80 (1.63–1.99)

Diabetes without end-organ damage 1.07 (0.97–1.17) 1.15 (1.03–1.27) 1.14 (1.05–1.24) 1.12 (1.06–1.18)

Diabetes with end-organ damage 1.16 (1.06–1.27) 1.28 (1.17–1.41) 1.50 (1.39–1.62) 1.33 (1.26–1.39)

Moderate to severe renal disease 1.46 (1.32–1.61) 1.70 (1.53–1.90) 1.68 (1.53–1.86) 1.58 (1.49–1.68)

Nonmetastatic solid tumor 1.28 (1.20–1.36) 1.54 (1.44–1.64) 1.35 (1.28–1.43) 1.37 (1.33–1.42)

Leukemia 2.24 (1.79–2.82) 1.96 (1.47–2.61) 1.90 (1.44–2.51) 2.04 (1.76–2.37)

Lymphoma 1.50 (1.23–1.83) 1.38 (1.09–1.74) 1.26 (1.02–1.56) 1.38 (1.22–1.56)

Moderate to severe liver disease 2.41 (1.88–3.07) 3.14 (2.41–4.09) 2.89 (2.29–3.64) 2.87 (2.49–3.31)

Metastatic cancer 2.38 (2.07–2.74) 4.34 (3.78–4.98) 2.26 (1.90–2.68) 2.87 (2.63–3.12)

aAdjusted for the other comorbidities, age, and sex.
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Consistent with previous reports, we found that a history
of atrial fibrillation predicted a poor outcome.6,32–35,38

It should be noted that although we estimated the
prognostic effect of individual comorbid conditions,
comorbidities often coexist and therefore may interact
and worsen the prognosis beyond that expected from
the independent effects of each comorbid condition
alone.

Improved mortality likely stems from several fac-
tors, including the clinical history of stroke with a shift
toward less severe strokes and improved stroke care over
the past decades.22 Less severe attacks is likely attribut-
able to better management of risk factors for stroke (in
particular hypertension, smoking, atrial fibrillation, and
dyslipidemia) and increased diagnostic sensitivity.39

Comorbidity may influence the clinical outcome of
stroke through several clinical pathways including the
disease, the diagnostic process, treatment effects, com-
plication rates, and rehabilitation. Although comorbid-
ities increase mortality from causes other than stroke,
the increased short-term mortality also suggests a direct
effect on stroke outcome.

Several issues should be considered when interpret-
ing our results. The study’s nationwide population-
based design, within the setting of a tax-supported
universal health care system and with complete
follow-up for all patients, eliminated selection bias.

The positive predictive value of recorded diagno-
ses in the DNRP has previously been examined and
was found to be high for cerebrovascular disease
(94%)40—highest for ischemic stroke (97%)13 and
lowest for intracerebral hemorrhage (72%),13 and also
high for the diseases included in the CCI (98% over-
all).40 Mortality data in the Danish Civil Registration
System are complete.10

The 17-year minimum washout period (1977 to
at least 1993) increased the likelihood of distinguish-
ing first-time from recurrent strokes. Because we clas-
sified the unspecified strokes as ischemic strokes, we
inevitably misclassified some intracerebral hemor-
rhages (approximately 6%) as ischemic strokes.14 Still,
intracerebral hemorrhage accounted for the expected
proportion (11%) of all strokes, and the proportion of
misclassified cases likely decreased over time. Impor-
tantly, such misclassification cannot account for the
time trends or the prognostic influence of comorbid-
ity, as these results were consistent for the separate
stroke types as well as stroke overall.

Some comorbidity is likely to be underrecorded,
because some patients are treated only in the primary
care setting. Thus, the 9% prevalence of diabetes in
our cohort is lower than that observed in the Danish
Stroke Registry (13%) and in otherWestern countries.4

However, because comparisons were made within a
population of stroke patients, underascertainment of
certain diseases is unlikely to affect substantially the

relative mortality estimates associated with categories
of comorbidity. Increased levels of comorbidity
observed over time may reflect patients’ progression
to poor health, but also may be explained in part by
more complete disease registration in the DNRP
because of the introduction of diagnosis-related groups
as a payment system in Denmark in 2000. The CCI
potentially could be made even more appropriate for
patients with stroke by assigning greater weight to some
diseases (e.g., dementia, liver disease, and renal disease)
and omitting others lacking prognostic significance for
stroke patients (e.g., connective tissue disease) or with
low prevalence (e.g., leukemia and AIDS). Despite cur-
rent limitations regarding individual comorbidities,
however, the CCI has proven to be a valid tool for
predicting mortality from comorbidity in patients with
stroke.8,15

We found that short- and long-term mortality
improved considerably between 1994 and 2011 for
all types of stroke. Short-term mortality improved
regardless of comorbidity burden. However, comor-
bidity burden was a strong prognostic factor for both
short- and long-term mortality.
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Background:Whether the prognostic impact of comorbidity onmyocardial infarction (MI) mortality is due to co-
morbidity alone or/and its interaction effect is unknown.
Methods: We used Danish medical registries to conduct a nationwide cohort study of all first-time MIs during
1995–2016 (n = 179,515) and a comparison cohort matched on age, sex, and individual comorbidities (n =
880,347). We calculated age-standardized 5-year all-cause mortality rates. Interaction was examined on an ad-
ditive scale by calculating interaction contrasts (difference in rate differences).
Results:Among individualswithout comorbidity, the 30-daymortality rate per 1000 person-yearswas 1851 (95%
CI: 1818–1884) for MI patients and 22 (21–24) for comparison cohort members (rate difference = 1829). For
individuals with low comorbidity, corresponding baseline mortality rates were 2498 (2436–2560) in the MI
and 54 (50–57) in the comparison cohort (rate difference = 2444). The interaction contrast (616) indicated
that the interaction accounted for 25% (616/2498) of the total 30-day mortality rate in MI patients with low co-
morbidity. This percentage increased further for moderate (35%) and severe (45%) comorbidity levels. Absolute
and relative interaction effects were largest within the first 30 days and younger individuals. Dose-response pat-
terns were also observed during 31–365 days and 1–5 years of follow-up (p-values for trendsb0.002). The inter-
action differed substantially between individual types of cardiac and non-cardiac comorbidities.
Conclusion: Cardiac and non-cardiac comorbidities interact with MI to increase short- and long-term mortality
beyond that explained by their additive effects. The interaction had a dose-response relation with comorbidity
burden and a magnitude of clinical importance.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Despite considerable reduction in incidence and mortality in past
decades, myocardial infarction (MI) remains a common life-
threatening disease[1,2]. Aging of the population increases the preva-
lence of multiple chronic diseases in the general population as well as
among MI patients[3]. The median age of MI patients is approximately
68 years for men and 75 years for women[2]. Shared risk factors with
other chronic diseases further increases the burden of comorbidity
among MI patients and almost two-thirds of MI patients have at least
one comorbid chronic disease at time of their coronary event[3].

The prevalence of multi-morbidity is a concern because individual
comorbidities, such as diabetes[4,5] and chronic obstructive pulmonary

disease[6], aggravate MI prognosis. However, a systematic overview of
the interaction effect of both cardiac and non-cardiac comorbidities is
lacking. Moreover, it remains unclear how the clustering of multiple
cardiac and non-cardiac comorbidities influences clinical outcome[7].

While comorbidity burden has been established as an important
prognostic factor for MI prognosis[2], it remains unanswered whether
its prognostic effect is explained by the effect of comorbidity itself, or
whether comorbidity and MI interact with one another to reduce sur-
vival beyond their independent effects acting alone. We undertook the
current study to answer this question.

2. Methods

2.1. Setting and data sources

The Danish National Health Service provides universal tax-
supported health care, guaranteeing unfettered access to general
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practitioners and hospitals, and partial reimbursement for prescribed
medications[8]. Accurate linkage of all registries at the individual level
is possible in Denmark using the unique Central Personal Register num-
ber assigned to eachDanish citizen at birth and to residents upon immi-
gration[9].

We used the Danish National Patient Registry to identify the
study population and their comorbidities[10]. The registry contains
data on dates of admission and discharge from all Danish non-
psychiatric hospitals since 1977 and from emergency room and out-
patient clinic visits since 1995[10]. Each hospital discharge or outpa-
tient visit is recorded in the registry with one primary diagnosis and
potentially several secondary diagnoses classified according to the
International Classification of Diseases, Eighth Revision until the end
of 1993 and Tenth Revision thereafter[10]. We obtained information
on all-cause mortality and migration status from the Danish Civil
Registration System[9], which has recorded all changes in vital status
andmigration for the entire Danish population since 1968, with daily
electronic updates[9].

2.2. Comorbidity

We extracted all available inpatient and outpatient clinic discharge
diagnoses of comorbidities from the Danish National Patient Registry
for the 10-year period preceding the index date[10].We categorized se-
verity of comorbidity burden using the Charlson Comorbidity Index
(CCI)[11], a scoring system that has been adapted for use with hospital
discharge data[12] and validated for patients with acute ischemic heart
disease[13,14]. The CCI assigns between one and six points to a range of
diseases, depending on the strength of their relation to mortality in the
subsequent year (during the era when the CCI was developed). One
point is assigned forMI, congestive heart failure, peripheral vascular dis-
ease, cerebrovascular disease, dementia, chronic pulmonary disease,
connective tissue disease, ulcer disease, mild liver disease, and diabetes
without end-organ damage; two points are assigned for diabetes with
end-organ damage, hemiplegia, moderate to severe renal disease,
non-metastatic solid tumor, leukemia, and lymphoma; three points
are assigned for moderate to severe liver disease; and six points are
assigned for metastatic cancer and AIDS. We computed the total CCI
score for each patient (omitting MI) and defined four categories of co-
morbidity: 0 (none), 1 (low), 2–3 (moderate), and ≥4 (severe). Finally,
we defined individual non-cardiac comorbidities from CCI comorbidi-
ties (excludingMI and congestive heart failure) and assessedmajor car-
diac comorbidities previously validated[15].

2.3. Design and study population

We conducted a nationwide study of all adult patients (aged
N18 years) with an inpatient diagnosis of MI between 1995 and 2016
and a comparison cohort of personswithoutMI. In the primary analysis,
the comparison cohort were drawn from the general population and
matched 5:1 (if possible) to MI patients on year of birth (5-year inter-
vals), sex, and individual Charlson comorbidities. In the secondary anal-
ysis of cardiac comorbidity, we resampled the comparison cohort as
previously, but replaced the Charlson comorbidities with the individual
cardiac comorbidities. Matching was done without replacement in
chronological order. The date of MI diagnosis defined the matching
date (index date).

Among 184,916 MI patients, 5401 (2.9%) persons could not be
matched with a member of the general population comparison cohort
and were excluded. The combination of older age and specific pattern
of multi-morbidity precluded matching. Thus, unmatched patients
were older (59% were ≥80 years vs. 24% of matched patients) and had
a higher comorbidity burden (78.0% had a CCI score of ≥3 vs. 8.4% of
matched patients).

2.4. Statistical analysis

We followed cohort members from their index dates until death
from any cause (the study outcome), emigration, five years of follow-
up, or 31 December 2016, whichever came first. We stratified the
follow-up period by the first 30 days, 31–365 days, and N 1–5 years
after the index date. Members of the two cohorts were categorized by
age (0–49, 50–59, 60–69, 70–79, and ≥80 years), sex, calendar period,
baseline CCI score, and individual CCI comorbidities. Calendar period
reflected the first, second, and third universal re-definitions of MI in
2000, 2007, and 2012 (1995–1999, 2000–2006, 2007–2011, and
2012–2016).

Standardized mortality rates and 95% confidence intervals were
computed using age weights based on the index dates of the MI cohort.
We then performed stratified Cox proportional-hazard regression to
compute hazard ratios as an estimate of themortality rate ratio compar-
ing MI patients with members of the matched cohort.

Analyses were also restricted to individual comorbidities diseases
and stratified by sex and age groups. Using the stratified Cox regression,
we implicitly controlled for matching factors by study design. As the
matching was done on 5-year age-groups, we decided to dissolve the
matching in the stratified analyses by different age categories and Cox
proportional-hazards regressions were applied with adjustment for
matching factors. Age was included as continuous variable in these re-
gression models. The shape of the log-log plots indicated that the
proportional-hazards assumption was not violated in the analyzed
time intervals.

The interaction effect of MI and comorbidity on the mortality
rate was examined by calculating interaction contrasts[16]. The in-
teraction contrast is a measure of the excess or deficit mortality
rate above or below what can be explained given the baseline mor-
tality rate among persons without MI and comorbidity, the effect of
MI on the mortality rate, and the effect of comorbidity on the mor-
tality rate. An example of the calculation of the interaction contrast
is presented in Fig. 1. Within each follow-up period, we tested for a
dose-response effect between comorbidity burden and the size of
the interaction contrast using the Cochran-Armitage test for trends
[17].

2.5. Sensitivity analyses

We conducted four sensitivity analyses: (1) As recently diag-
nosed comorbidities may be more prevalent among MI patients
than matched comparison cohort members and also influence MI
prognosis more than chronic comorbidities, we resampled comor-
bidity burden by 1- and 5-year look-back windows to explore impact
of potential differential baseline risk; (2) As MI mortality rate de-
pends on ST-segment deviations, we stratified by MI type (STEMI,
NSTEMI, unknown); (3) As the definitions and patient management
of MI have changed over time, we stratified by index year period to
explore temporal variations in interaction contrasts; (4) As non-
compliance of standard post-MI medical therapy may influence the
interaction effect, we repeated the 1–5 year mortality analysis
among 1-year MI survivors. To ensure that the CCI score reflected co-
morbidity and not MI complications, we kept the matching at base-
line, but acknowledge an inherent risk of healthy selection bias. We
examined 1-year post-MI compliance of antithrombotic (antiplatelet
or anticoagulant) drugs, statins, and beta blockers from post-MI
prescription redemptions within 6–12 months. Independent of
other indications for anticoagulant therapy (e.g., atrial fibrillation),
standard post-MI antithrombotic therapy included dual therapy
within 6–12 months and monotherapy thereafter. We therefore
subcategorized antithrombotic therapy as none, single, or dual.
Analyses were conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).
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3. Results

3.1. Characteristics

Patient characteristics are provided in Table 1 and eTable1.We iden-
tified 179,515 MI patients and 880,347 Charlson comorbidity-matched
comparison cohort members, of which 62% were male and the median
age in both cohorts was 70 years (interquartile range: 60 to 80 years).
Cumulative mortality risks are shown as eFig. 1. The median follow-up
time was 4.3 (interquartile range: 0.8–5.0) years for the MI cohort and
5 (interquartile range: 3.0–5.0) years for the Charlson-comorbidity
matched comparison cohort.

3.2. Comorbidity burden

Among individuals without comorbidity, themortality rate per 1000
person-years during 30 days of follow-upwas 1851 (95% confidence in-
terval (CI): 1818–1884) forMI patients and 22 (95% CI: 21–24) for com-
parison cohort members, yielding a rate difference of 1829. For
individuals with low comorbidity, corresponding baseline mortality
rates per 1000 person-years were 2498 (95% CI: 2436–2560) in the MI
cohort and 54 (95% CI: 50–57) in the comparison cohort (rate differ-
ence = 2444).

An interaction contrast of 616 (95% CI: 545–686) indicates that the
interaction accounted for 25% (616/2498) of the total mortality rate in
MI patientswith low comorbidity. The percentage of the 30-daymortal-
ity rate explained by interaction increased further to 35% for moderate
comorbidity levels [interaction contrast: 1049 (95% CI: 967–1131)]
and to 45% for severe comorbidity levels [1662 (95% CI: 1461–1862)]
(P for trend b0.0001).

The interaction effect was largest within the first 30 days of follow-
up, but similar dose-response patterns were also observed during
31–365 days of follow-up (percentage of rate explained by interaction
was 23% for low, 34% formoderate, and 37% for severe comorbidity bur-
den, P for trend = 0.0015), as well as during 1–5 years of follow-up
(percentage of rate explained by interaction was 8% for low, 10% for

moderate, and 25% for severe comorbidity burden, p for trendb0.0001)
(Table 2).

The results were independent of sex but influenced by age
(eTable 2). Thus, the percentage of the rate explained by the interaction
was highest in the younger age groups and decreased (although re-
maining substantial) with increasing age. As an example, during 30-
day follow-up, the percentage of the rate explained by the interaction
in patients with severe comorbidity was 79% in MI patients younger
than 50 years of age, 68% in MI patients 50–59 years of age, 68% in MI
patients 60–69 years of age, 44% in MI patients 70–79 years of age,
and 24% inMI patients 80 years of age or older. A similar patternwas ob-
served for 31–365 days and for 1–5 years of follow-up.

3.3. Individual comorbidities

Theproportions of the totalmortality rate attributable toMI, individ-
ual comorbidities, and their interactions are shown in Fig. 2. During the
first 30 days of follow-up, the rate attributable toMIwas high. The inter-
action effect for non-cardiac comorbidity was most pronounced for de-
mentia, liver disease, diabetes (especially with end-organ damage),
hemiplegia, renal disease, and metastatic solid tumor. In contrast,
short-term MI mortality rate was not substantially influenced by inter-
actionswith connective tissue disease or lymphoma. Among cardiac co-
morbidities, the interaction effect was substantial for congestive heart
failure and pulmonary hypertension, but also pronounced for valvular
heart disease, pericarditis, and aortic aneurysm/dilatation. Endocarditis
could not be assessed due to small numbers.

Within 31–365 days of follow-up, the attributable rate of comorbid-
ity increased substantially, and for many patient groups exceeded that
attributable toMI. The non-cardiac comorbidities with the strongest in-
teraction effect on the mortality rate did not differ substantially from
the first 30 days. Exceptions included far less interaction effect from
liver disease and a higher attributable rate due to interaction with ma-
lignancies (leukemia, lymphoma, and metastatic solid tumor). Among
cardiac comorbidities, the interaction effect was strongest for endocar-
ditis, congestive heart failure, cardiomyopathy, and valvular heart dis-
ease, but smaller effects were also observed for pulmonary

Fig. 1. Proportion of the total 31–365 day mortality rate attributable to myocardial infarction, comorbidity, and their interaction. Abbreviations: CCI, Charlson Comorbidity Index; GP,
general population; MI, myocardial infarction; MR, mortality rate.
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hypertension, atrial fibrillation/flutter, aortic aneurysm/dilatation, and
arterial claudication.

Five-year mortality rates among 1-year survivors were influenced
substantially by comorbidity burden per se. Still, strong interaction be-
tween non-cardiac comorbidity and MI was seen for patients with
hemiplegia, moderate to severe renal or liver disease, and metastatic
solid tumor. Endocarditis, pulmonary hypertension, and pericarditis
were the cardiac comorbidities with strongest interaction effect, al-
though all cardiac comorbidities showed interaction effect at some
extent.

3.4. Sensitivity analyses

Sensitivity analyses showed no substantial interaction effect modifi-
cation by (1) comorbidity look-back window (eTable 3); (2) MI type
(eTable 4); (3) calendar period of diagnosis (eTable 5); or compliance
in use of antithrombotic drugs, statins, and beta blockers among 1-
year survivors (eTable 6). Of note, the proportion of mortality due to
the interaction of severe comorbidity burden seemed larger among pa-
tients on dual (75%) compared with single (26%) and no (34%) anti-
thrombotic therapy, but wide confidence intervals prevented firm
conclusions.

4. Discussion

We showed an additive interaction effect of comorbidity on short-
and long-term MI mortality. As expected, comorbidity diminished 5-
year MI survival. However, the poorer prognosis was not explained
solely by the prognostic impact of comorbidity per se, but to a large ex-
tent by the interaction between comorbidity burden and MI. The dose-
response relation between comorbidity burden and size of the interac-
tion effect supported these findings. The interaction effect was most
pronounced for short-termmortality, but persisted for 31–365-day sur-
vival, as well as 5-year mortality among 1-year survivors. It was consis-
tent for both men and women, strongest in young MI patients, and
varied in magnitude according to individual cardiac and non-cardiac
comorbidities.

4.1. Previous literature

Previous studies have shownhow comorbidity burden has increased
over time amongMI patients[2]. Temporal improvements inMI survival
during the last three decades have occurred independently of MI pa-
tients' comorbidity burden, but comorbidity has remained a strong
prognostic factor in these patients. Few studies have quantified the
prognostic influence of comorbidity burden as defined by the CCI[7].

An Australian cohort study (1988–1994) of 4081 28-day survivors of
a ‘definite’ or ‘possible’MI showed a 1.4-fold increasedmortality rate as-
sociated with CCI scores of 1–2 and a 2.7-fold increased mortality rate
for scores of 3 or more[12]. The restriction to 28-day survivors was jus-
tified by the authors because ‘short-term mortality was likely to be
closely related to the severity of the AMI and its progression[12].

An Italian cohort study (1991–2009) of MI patients with renal dys-
function also demonstrated that the CCI score (excluding chronic kidney
disease) was associated with in-hospital death (relative risk (RR) per
point: 1.10, 95% CI: 1.07–1.13)[18]. A Spanish cohort study (2000
−2003) of 1035 MI patients, approximately half with ST-elevation MI,
showed that comorbidity independently predictedmortality and recur-
rent MI within both 30 days (1.6–1.8-fold increased RR for CCI scores of
2–4) and 1 year (RR increasing from 1.6 for a CCI score of 2 to 2.2 for a
score of 4)[19].

Two Swiss cohort studies examined patients with acute coronary
syndrome overall, as well as 8330 patients with ST-segment elevation
MI undergoing percutaneous coronary intervention during 2005–2012
[20]. The latter showed that CCI scores ≥2 increased 1-year risk of
major adverse cardiovascular and cerebrovascular events by 40% (RR:
1.42; 95% CI, 1.05–1.92)[20]. The prognostic importance of comorbidity
in patients with non–ST-segment elevation MI has also been confirmed
in a US cohort study (2002–2008) (RR per CCI point: 1.3; 95% CI,
1.2–1.4)[21]. In a Danish cohort study of 234,331 MI patients
(1984–2008), we previously found a 2-fold increased mortality rate
ratio within 30 days, increasing to 4-fold increased within the remain-
ing one year, when comparing patients with CCI scores ≥3 vs. 0 during
2004–2008[2].

Recently, a UK cohort study (2003−2013) identified three pheno-
type clusters of comorbidity burden among 693,388 MI patients: con-
comitant heart failure, peripheral vascular disease, and hypertension
(severe); peripheral vascular disease and hypertension (moderate);
and few comorbidities (low)[3]. Comparedwith low comorbidity, mod-
erate and severe comorbiditywere associatedwith 1.5-fold and 2.4-fold
increased hazards of death and a loss in life expectancy of 1.52 and
2.89 years, respectively, over the 8.4-year follow-up period. Heart fail-
ure, renal failure, and cerebrovascular disease were the strongest prog-
nostic factors. However, only seven comorbidities were examined, not
including cancer and liver disease[3].

A recent meta-analysis summarized most available data and esti-
mated that each increase in the CCI score increased mortality by 30%
for patients with acute coronary syndrome (RR: 1.33; 95% CI,
1.15–1.54) and by 20% for patients undergoing percutaneous coronary

Table 1
Characteristics of the myocardial infarction and Charlson comorbidity-matched compari-
son cohorts, Denmark, 1995–2016.

Myocardial infarction
cohort,
n (%)

Comparison
cohort,
n (%)

Total 179,515 (100) 880,347 (100)
Female 68,975 (38) 338,040 (38)
Agea

b50 years 16,486 (9.2) 84,100 (9.6)
50–59 years 29,307 (16) 145,870 (17)
60–69 years 42,056 (23) 207,770 (24)
70–79 years 48,365 (27) 237,165 (27)
80+ years 43,301 (24) 205,442 (23)
Calendar periodb

1995–1999 41,384 (23) 205,074 (23)
2000–2006 63,080 (35) 309,297 (35)
2007–2011 38,886 (22) 189,409 (22)
2012–2016 36,165 (20) 176,567 (20)
Comorbidity burdenc

None 111,464 (62) 557,204 (63)
Low 33,076 (18) 164,608 (19)
Moderate 28,831 (16) 137,956 (16)
Severe 6144 (3.4) 20,579 (2.3)
Non-cardiac comorbidities
Peripheral vascular disease 12,566 (7.0) 55,828 (6.3)
Cerebrovascular disease 16,917 (9.4) 78,724 (8.9)
Dementia 2127 (1.2) 9511 (1.1)
Chronic pulmonary disease 14,723 (8.2) 68,588 (7.8)
Connective tissue disease 5272 (2.9) 23,871 (2.7)
Ulcer disease 6068 (3.4) 27,282 (3.1)
Mild liver disease 990 (0.6) 4358 (0.5)
Diabetes I and II 14,108 (7.9) 63,413 (7.2)
Hemiplegia 253 (0.1) 954 (0.1)
Moderate to severe renal
disease

4140 (2.3) 16,586 (1.9)

Diabetes with end-organ
damage

7831 (4.4) 33,237 (3.8)

Any tumor without MI 9585 (5.3) 44,962 (5.1)
Leukemia 408 (0.2) 1653 (0.2)
Lymphoma 752 (0.4) 3249 (0.4)
Moderate to severe liver
disease

199 (0.1) 768 (0.1)

Metastatic solid tumor 1001 (0.6) 4401 (0.5)

a Median age and interquartile range were 70 (60, 80) years for both cohorts.
b Calendar period reflected the first, second, and third universal definitions of myocar-

dial infarction in 2000, 2007, and 2012, respectively.
c Categories of comorbidity were based on Charlson Comorbidity Index scores of 0

(none), 1 (low), 2–3 (moderate), and ≥ 4 (severe).
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intervention (RR: 1.21; 95% CI, 1.12–1.31). A CCI score above 2 increased
the mortality rate 2.5-fold (2.52; 95% CI, 1.58–4.04) for patients with
acute coronary syndrome andmore than 3-fold for patients undergoing
percutaneous coronary intervention (RR: 3.36; 95% CI, 2.14–5.29)[7].

Although comorbidities are likely to increase non-cardiac mortality
in particular (as assumed by some studies[12]), the consistent increased
short-term cardiac mortality observed by others, as discussed above,
also suggests a direct impact on cardiac mortality, and hence an actual
interaction[2]. However, none of the previous studies were able to ad-
dress this issue. Moreover, we added detailed information on the inter-
action effect of individual cardiac and non-cardiac comorbidities.

4.2. Mechanisms

Comorbidity may influence MI prognosis in several ways. Although
comorbidities are likely to increase long-term non-cardiac mortality in
particular[22], we found that the interaction effect was most pro-
nounced for short-term mortality. The higher baseline mortality rate
among older individuals without MI or comorbidity likely explains
why the interaction effect was less pronounced in this group (con-
founding by baseline rate). Comorbidity may affect the course of MI, re-
duce the likelihood of receiving guideline-recommended care, and alter
the effectiveness of treatments. Patients with severe comorbidity more
often have NSTEMI and are less likely to receive standard therapy in

both the acute (aggressive antithrombotic therapy) and post-MI phase
(e.g., aspirin, beta-blockers, and statins)[3]. Even after adjustment for
patient demographics and the likelihood of receiving guideline-
recommended treatment, previous studies have, however, found that
severe comorbidity remains strongly associated with mortality[3].
These findings were also supported by our sensitivity analyses on MI
type or drug compliance. The more infrequent practice of coronary re-
perfusion therapy among patients with severe comorbidity may con-
tribute to increased short-term mortality[23].

4.3. Strengths and limitations

Several issues should be considered when interpreting our results.
The study's population-based design in a country with universal
healthcare reduced selection biases stemming from selective inclusion
of specific hospitals and health insurance systems. All patients were
followed until death, emigration, or end of follow-up, and hence no
one was lost to censoring. We matched patients on the exact diseases
in the CCI, rather than on the index value itself. The positive predictive
values of diagnoses in the Danish National Patient Registry have been
validated previously and found high for both MI (N90%)[10,15], cardiac
morbidities[10,15], and CCI comorbidities (98% overall)[24]. Mortality
data from the Danish Civil Registration System are considered accurate
and complete[9].

Table 2
Comorbidity-stratifiedmortality rates, interaction contrasts, andmortality rate ratios in themyocardial infarction cohort andmatched population comparison cohort during 30 days, 31–-
365 days, and N 1–5 year follow-up.

Comorbidity
burdena

Cohort No. of
persons

No. of
deaths

PY Standardized MR
per 1000 PY (95%

CI)

Interaction
contrast
(95% CI)b

Adjusted MRR (95%
CI)

% Rate due to
interactionc

P value
for

trend

30 days of follow-up
Overall MI 179,515 27,153 12,951 2236 (2209–2263) N/A 47.09 (45.28–48.97)

Comparison 880,347 3549 72,055 50 (49–52)
None MI 111,464 12,564 8304 1851 (1818–1884) Reference 93.37

(86.40–100.90)
Reference

Comparison 557,204 845 45,660 22 (21–24)
Low MI 33,076 6434 2296 2498 (2436–2560) 616 (545–686) 47.62 (43.98–51.57) 25%

Comparison 164,608 892 13,469 54 (50–57)
Moderate MI 28,831 6540 1947 2984 (2909–3059) 1049 (967–1131) 28.08 (26.34–29.95) 35%

Comparison 137,956 1403 11,256 107 (101−113)
Severe MI 6144 1615 405 3723 (3527–3920) 1662

(1461–1862)
15.46 (13.70–17.45) 45% b0.0001

Comparison 20,579 409 1670 233 (208–258)
31–365 days of follow-up
Overall MI 151,813 14,848 127,802 138 (135–140) N/A 2.84 (2.78–2.90)

Comparison 873,951 37,949 76,8041 52 (51–52)
None MI 98,545 5466 85,345 91 (89–94) Reference 3.25 (3.14–3.36) Reference

Comparison 554,493 12,001 493,073 30 (29–31)
Low MI 26,559 3618 21,820 158 (153–163) 37 (31–43) 2.82 (2.70–2.94) 23%

Comparison 163,283 10,109 142,418 60 (58–61)
Moderate MI 22,205 4444 17,377 237 (230–244) 80 (72–87) 2.58 (2.49–2.68) 34%

Comparison 136,093 12,793 116,223 96 (95–98)
Severe MI 4504 1320 3258 390 (368–413) 146 (122–169) 2.26 (2.09–2.43) 37% 0.0015

Comparison 20,082 3046 16,328 184 (177–191)
N1–5 years of follow-up
Overall MI 131,150 25,547 420,595 85 (84–86) N/A 1.49 (1.47–1.51)

Comparison 804,382 139,895 2,657,013 63 (62–63)
None MI 89,333 11,723 300,498 64 (63–66) Reference 1.53 (1.50–1.57) Reference

Comparison 522,436 58,655 1,798,078 45 (45–46)
Low MI 21,993 6298 66,325 105 (102–107) 8.8 (5.6–12) 1.47 (1.43–1.52) 8%

Comparison 1477,80 37,589 465,286 77 (76–78)
Moderate MI 16,873 6077 46,962 136 (132–139) 14 (9.8–18) 1.42 (1.38–1.46) 10%

Comparison 118,208 37,611 351,239 103 (101–104)
Severe MI 2951 1449 6811 221 (208–233) 55 (42–69) 1.55 (1.44–1.67) 25% b0.0001

Comparison 15,958 6040 42,410 146 (142–151)

Abbreviations: CI, confidence interval; MR, mortality rate; MRR, mortality rate ratio; PY, person-years.
a Categories of comorbidity were based on Charlson Comorbidity Index scores of 0 (none), 1 (low), 2–3 (moderate), and ≥ 4 (severe).
b The interaction contrast is calculated as the difference in rate differences and measures the combined mortality effect of comorbidity and myocardial infarction that cannot be ex-

plained by summing estimates of their individual effects.
c The proportion of the rate explained by interaction is calculated as the interaction contrast divided by baseline myocardial infarction mortality rate.
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Fig. 2. Proportion of the totalmortality rate attributable tomyocardial infarction, individual comorbidities, and their interaction during (A) 30 days, (B) 31–365 days, and (C) N1–5 years of
follow-up.
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Of note, the Danish National Patient Registry only registers diseases
that require inpatient or outpatient hospital treatment, hence not in-
cluding those treated solely in general practice. To some extent, we
therefore may have underestimated total comorbidity burden for dis-
eases treated only in the general practice setting. However, it is impor-
tant to recall that the CCI was developed as a prognostic index for
prevalent comorbid conditions measured in hospitalized patients, anal-
ogous in this regard to the present study's setting. As suggested for sta-
ble angina pectoris patients[25], the CCI potentially could bemade even
more appropriate for patients with MI by assigning greater weight to
some diseases (such as liver and renal disease) and omitting others
lacking prognostic significance among patients with MI (such as con-
nective tissue disease) or with low prevalence (such as hemiplegia, leu-
kemia, and AIDS)[25,26]. Also, peripheral and cerebrovascular disease
may indicate to some extent “disease staging” of underlying atheroscle-
rosis that has progressed to multiple vascular systems, rather than
representing separate disease entities[26]. Despite these limitations re-
garding individual comorbidities, however, the CCI in its original form
has proved to be an adequate tool for measuring the prognostic impact
of total comorbidity burden in patients with MI[25,27].

5. Conclusions and implications

Comorbidity influence MI mortality to a substantial degree through
an interaction effect. Thus, comorbidities interact with MI to increase
the mortality rate beyond that explained by the additive effect of MI
and comorbidities acting alone, particularly in younger patients and in
the first month after MI. Furthermore, the interaction showed a dose-
response relation with comorbidity burden and a magnitude of clinical
importance. As a consequence, guideline-recommended care of comor-
bidities is warranted to reduce MI-related premature death. Treating
physicians, such as cardiologists and general practitioners, should ac-
knowledge this responsibility. Additional to improving provision of
evidence-based care, novel interventions are warranted, including de-
sign of new pharmacotherapies and/or greater use of community-
based interventions such as home care, telemedicine, and follow-up
visits. Finally, future randomized trials are obliged not only to focus on
single disease pathways in patients without comorbidity, but to a larger
extent test interventions in patients with multiple diseases who reflect
the typical MI patients treated in every-day clinical practice.

Data permission

The study was approved by the Danish Data Protection Agency (Re-
cord number 2015-57-0002).

Contributorship statement

All authors critically revised the manuscript for intellectual content
and approved the final version before submission. The corresponding
author attests that all listed authors meet authorship criteria and that
no others meeting the criteria have been omitted. MS is the guarantor.

Source of funding

The study was supported by Department of Clinical Epidemiology's
Research Foundation and the Program for Clinical Research Infrastruc-
ture (PROCRIN) established by the Lundbeck Foundation and the Novo
Nordisk Foundation and the Danish Research Council (grants 11-
108354 and 11-115818). The funding sources had no role in the design,
conduct, analysis, or reporting of the study.

Transparency declaration

The lead author affirms that the manuscript is an honest, accurate,
and transparent account of the study being reported; that no important

aspects of the study have been omitted; and that any discrepancies from
the study as planned have been explained.

Ethics committee approval

No ethics committee approval was needed, according to Danish law.

Dissemination declaration

Results will be disseminated to relevant patient organisations.

Data sharing

Not allowed.

Patient involvement statement

No patient involvement.

CRediT authorship contribution statement

Morten Schmidt:Conceptualization,Writing - original draft, Valida-
tion.ErzsébetHorváth-Puhó:Formal analysis, Validation.AnneGulbech
Ording:Conceptualization, Validation.Hans Erik Bøtker:Validation.
Timothy L. Lash:Conceptualization, Validation.Henrik Toft Sørensen:
Conceptualization, Validation.

Declaration of competing interest

The authors report no conflicts of interest in this work. None of the
authors has received any fees, honoraria, grants or consultancies that
would constitute a conflict of interest with the current study. The De-
partment of Clinical Epidemiology, Aarhus University Hospital, receives
funding for other studies from companies in the form of research grants
to (and administered by) Aarhus University. None of those studies has
any relation to the present study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2020.01.059.

References

[1] E.S. Ford, U.A. Ajani, J.B. Croft, et al., Explaining the decrease in U.S. deaths from cor-
onary disease, 1980–2000, 356 (23) (2007) 2388–2398.

[2] M. Schmidt, J.B. Jacobsen, T.L. Lash, H.E. Bøtker, H.T. Sørensen, 25 year trends in first
time hospitalisation for acutemyocardial infarction, subsequent short and long term
mortality, and the prognostic impact of sex and comorbidity: a Danish nationwide
cohort study, BMJ 344 (2012) e356.

[3] M. Hall, T.B. Dondo, A.T. Yan, et al., Multimorbidity and survival for patients with
acute myocardial infarction in England and Wales: latent class analysis of a nation-
wide population-based cohort, PLoS Med. 15 (3) (2018), e1002501.

[4] A. Norhammar, J. Lindback, L. Rydén, L. Wallentin, U. Stenestrand, On behalf of the
Register of Information and Knowledge about Swedish Heart Intensive Care Admis-
sion (RIKS-HIA). Improved but still high short- and long-term mortality rates after
myocardial infarction in patients with diabetes mellitus: a time-trend report from
the Swedish register of information and knowledge about Swedish heart intensive
care admission, Heart 93 (12) (2006) 1577–1583.

[5] O.A. Alabas, M. Hall, T.B. Dondo, et al., Long-term excess mortality associated with
diabetes following acute myocardial infarction: a population-based cohort study, J.
Epidemiol. Community Health 71 (1) (2017) 25–32.

[6] N.M. Hawkins, Z. Huang, K.S. Pieper, et al., Chronic obstructive pulmonary disease is
an independent predictor of death but not atherosclerotic events in patients with
myocardial infarction: analysis of the Valsartan in Acute Myocardial Infarction
Trial (VALIANT), Eur. J. Heart Fail. 11 (3) (2009) 292–298.

[7] M. Rashid, C.S. Kwok, C.P. Gale, et al., Impact of co-morbid burden on mortality in
patients with coronary heart disease, heart failure, and cerebrovascular accident: a
systematic review and meta-analysis, Eur Heart J Qual Care Clin Outcomes 3 (1)
(2017) 20–36.

[8] M. Schmidt, S.A.J. Schmidt, K. Adelborg, et al., The Danish health care system and ep-
idemiological research: from health care contacts to database records, Clin
Epidemiol 11 (2019) 563–591.

7M. Schmidt et al. / International Journal of Cardiology 308 (2020) 1–8

https://doi.org/10.1016/j.ijcard.2020.01.059
https://doi.org/10.1016/j.ijcard.2020.01.059
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0005
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0005
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0010
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0010
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0010
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0010
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0015
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0015
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0015
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0020
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0020
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0020
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0020
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0020
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0020
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0025
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0025
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0025
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0030
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0030
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0030
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0030
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0035
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0035
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0035
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0035
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0040
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0040
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0040


[9] M. Schmidt, L. Pedersen, H.T. Sørensen, The Danish Civil Registration System as a
tool in epidemiology, Eur. J. Epidemiol. 29 (8) (2014) 541–549.

[10] M. Schmidt, S.A.J. Schmidt, J.L. Sandegaard, V. Ehrenstein, L. Pedersen, H. Sørensen,
The Danish National Patient Registry: a review of content, data quality, and research
potential, Clin Epidemiol 7 (2015) 449–490.

[11] M.E. Charlson, P. Pompei, K.L. Ales, C.R. MacKenzie, A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation, J.
Chronic Dis. 40 (5) (1987) 373–383.

[12] R.L. O’Connell, L.L. Lim, Utility of the Charlson comorbidity index computed from
routinely collected hospital discharge diagnosis codes, Methods Inf. Med. 39 (1)
(2000) 7–11.

[13] M. Singh, Scores for post-myocardial infarction risk stratification in the community,
Circulation 106 (18) (2002) 2309–2314.

[14] D.R. Jacobs, C. Kroenke, R. Crow, et al., PREDICT: a simple risk score for clinical sever-
ity and long-term prognosis after hospitalization for acute myocardial infarction or
unstable angina: the Minnesota heart survey, Circulation 100 (6) (1999) 599–607.

[15] J. Sundbøll, K. Adelborg, T. Munch, et al., Positive predictive value of cardiovascular
diagnoses in the Danish National Patient Registry: a validation study, BMJ Open 6
(11) (2016), e012832.

[16] T.J. VanderWeele, On the distinction between interaction and effect modification,
Epidemiology 20 (6) (2009) 863–871.

[17] A. Agresti, Categorical Data Analysis. Chapter 5, Logistic Regression, Hoboken, New
Jersey, John Wiley & Sons, Inc, 2002.

[18] F. Fabbian, M. Pala, A. De Giorgi, et al., In-hospital mortality in patients with renal
dysfunction admitted for myocardial infarction: the Emilia-Romagna region of
Italy database of hospital admissions, Int. Urol. Nephrol. 45 (3) (2012) 769–775.

[19] J.E. Núñez, E. Núñez, L. Fácila, et al., Prognostic value of Charlson comorbidity index
at 30 days and 1 year after acute myocardial infarction, 57 (9) (2004) 842–849.

[20] R. Jeger, M. Jaguszewski, B.N. Nallamothu, et al., Acute multivessel revascularization
improves 1-year outcome in ST-elevation myocardial infarction: a nationwide study
cohort from the AMIS Plus registry, Int. J. Cardiol. 172 (1) (2014) 76–81.

[21] J. Sanchis, J. Núñez, V. Bodí, et al., Influence of comorbid conditions on one-year out-
comes in non–ST-segment elevation acute coronary syndrome, Mayo Clin. Proc. 86
(4) (2011) 291–296.

[22] W.J. Kostis, Y. Deng, J.S. Pantazopoulos, A.E. Moreyra, J.B. Kostis, Trends in mortality
of acute myocardial infarction after discharge from the hospital, Circ Cardiovasc
Qual Outcomes 3 (6) (2010) 581–589.

[23] D. Balzi, E. Buiatti, C. Franceschini, et al., Effect of comorbidity on coronary reperfu-
sion strategy and long-termmortality after acute myocardial infarction, Am. Heart J.
151 (5) (2006) 1094–1100.

[24] S.K. Thygesen, C.F. Christiansen, S. Christensen, T.L. Lash, H.T. Sørensen, The predic-
tive value of ICD-10 diagnostic coding used to assess Charlson comorbidity index
conditions in the population-based Danish National Registry of Patients, BMC
Med. Res. Methodol. 11 (2011) 83.

[25] M. Sachdev, J.L. Sun, A.A. Tsiatis, C.L. Nelson, D.B. Mark, J.G. Jollis, The prognostic im-
portance of comorbidity for mortality in patients with stable coronary artery dis-
ease, J. Am. Coll. Cardiol. 43 (4) (2004) 576–582.

[26] H. Quan, B. Li, C.M. Couris, et al., Updating and validating the Charlson comorbidity
index and score for risk adjustment in hospital discharge abstracts using data from 6
countries, Am. J. Epidemiol. 173 (6) (2011) 676–682.

[27] J.A. Chirinos, A. Veerani, J.P. Zambrano, et al., Evaluation of comorbidity scores to
predict all-cause mortality in patients with established coronary artery disease,
Int. J. Cardiol. 117 (1) (2007) 97–102.

8 M. Schmidt et al. / International Journal of Cardiology 308 (2020) 1–8

http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0045
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0045
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0050
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0050
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0050
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0055
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0055
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0055
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0060
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0060
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0060
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0065
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0065
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0070
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0070
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0070
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0075
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0075
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0075
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0080
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0080
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0085
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0085
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0090
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0090
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0090
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0095
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0095
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0100
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0100
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0100
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0105
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0105
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0105
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0110
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0110
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0110
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0115
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0115
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0115
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0120
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0120
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0120
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0120
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0125
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0125
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0125
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0130
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0130
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0130
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0135
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0135
http://refhub.elsevier.com/S0167-5273(19)34237-8/rf0135


	

 

 
 

Paper V 
 
 
 



 



O R I G I N A L  R E S E A R C H

The DANish Comorbidity Index for Acute 
Myocardial Infarction (DANCAMI): Development, 
Validation and Comparison with Existing 
Comorbidity Indices

This article was published in the following Dove Press journal: 
Clinical Epidemiology

Lisbeth Wellejus Albertsen 1 

Uffe Heide-Jørgensen1 

Sigrun  
Alba Johannesdottir Schmidt 1 

Corina Grey2 

Rod Jackson 2 

Henrik Toft Sørensen 1 

Morten Schmidt 1,3,4

1Department of Clinical Epidemiology, 
Aarhus University Hospital, Aarhus, 
Denmark; 2Section of Epidemiology and 
Biostatistics, School of Population Health, 
University of Auckland, Auckland, New 
Zealand; 3Department of Cardiology, 
Regional Hospital West Jutland, Herning, 
Denmark; 4Department of Cardiology, 
Aarhus University Hospital, Aarhus, 
Denmark 

Objective: To develop and validate the DANish Comorbidity index for Acute Myocardial 
Infarction (DANCAMI) for adjustment of comorbidity burden in studies of myocardial 
infarction prognosis.
Methods: Using medical registries, we identified patients with first-time myocardial infarction 
in Denmark during 2000–2013 (n=36,685). We developed comorbidity indices predicting 1-year 
all-cause mortality from all comorbidities (DANCAMI) and restricted to non-cardiovascular 
comorbidities (rDANCAMI). For variable selection, we eliminated comorbidities stepwise using 
hazard ratios from multivariable Cox models. We compared DANCAMI/rDANCAMI with 
Charlson and Elixhauser comorbidity indices using standard performance measures 
(Nagelkerke’s R2, Harrell’s C-statistic, the Integrated Discrimination Improvement, and the 
continuous Net Reclassification Index). We assessed the significance of the novel DANCAMI 
variables not included in the Charlson Comorbidity Index. External validation was performed in 
patients with myocardial infarction in New Zealand during 2007–2016 (n=75,069).
Results: The DANCAMI included 24 comorbidities. The rDANCAMI included 17 non- 
cardiovascular comorbidities. In the Danish cohort, the DANCAMI indices outperformed 
both the Charlson and the Elixhauser comorbidity indices on all performance measures. The 
DANCAMI indices included multiple variables that were significant predictors of 1-year 
mortality even after controlling for all variables in the Charlson Comorbidity Index. These 
novel variables included valvular heart disease (hazard ratio for 1-year mortality=1.25, 95% 
CI: 1.14–1.35), coagulopathy (1.13, 95% CI: 1.05–1.22), alcohol and drug abuse (1.35, 95% 
CI: 1.15–1.58), schizophrenia (1.60, 95% CI: 1.46–1.76), affective disorder (1.29, 95% CI: 
1.22–1.36), epilepsy (1.26, 95% CI: 1.05–1.50), neurodegenerative disorder (1.30, 95% CI: 
1.10–1.54) and chronic pancreatitis (1.71, 95% CI: 1.14–2.56). The results were supported 
by the external validation in New Zealand.
Conclusion: DANCAMI assessed comorbidity burden of patients with first-time myocardial 
infarction, outperformed existing comorbidity indices, and was generalizable to patients 
outside Denmark. DANCAMI is recommended as a standard approach for comorbidity 
adjustment in studies of myocardial infarction prognosis.
Keywords: comorbidity, myocardial infarction, prognosis, risk score

Introduction
Comorbidity burden is a strong predictor of myocardial infarction (MI) mortality.1 

Although declining, 30-day MI mortality risk remains around 15% overall and 
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increases to almost 30% among patients with a Charlson 
Comorbidity Index (CCI) score of ≥3.1 Underlining its 
clinical and public health importance, the prevalence of 
a high comorbidity burden in patients with MI is increas-
ing with the aging population.1 The need to better under-
stand the effect of a comorbidity burden on MI prognosis 
is therefore compelling.

Comorbidity prediction models (indices) are widely 
used for this purpose. Comorbidity indices have been 
developed specifically for cardiac patients2–6 and for 
mixed populations with subsequent testing in cardiac 
patients.7–10 The CCI is one of the most commonly used 
comorbidity indices in research.7 It was developed in 1984 
from 559 medical inpatients to predict 1-year mortality.7 It 
did not include psychiatric diagnoses although the need for 
exploring the coexistence of physical and mental illness 
has recently been highlighted.11 A more contemporary 
comorbidity index is the van Walraven-weighted version 
of the Elixhauser Comorbidity Index (ECI),8 developed 
from a mixed patient group to predict in-hospital mortality. 
Neither index seems ideal for assessing the predictive 
ability of comorbidity burden in contemporary MI 
patients. We therefore developed and validated the 
DANish Comorbidity index for Acute Myocardial 
Infarction (DANCAMI) for adjustment of comorbidity 
burden in research on MI patients.

Methods
Setting and Data Sources
The Danish National Health Service provides universal tax- 
supported health care, guaranteeing free access to general 
practitioners and hospitals in Denmark.12 All Danish resi-
dents are assigned a unique central personal registry (CPR) 
number at birth or upon immigration.13 Using the CPR 
number, we linked the Danish Civil Registration System 
(mortality and migration data),13 The Danish National 
Patient Registry (DNPR) (hospital discharge data),14 the 
Aarhus University Prescription Database (dispensed 
prescriptions),15 and the Clinical Laboratory Information 
System Research Database (laboratory data).16

Study Cohort and Outcome
We used the DNPR to identify all patients aged ≥15 years 
hospitalized with a first-time inpatient MI diagnosis in the 
Northern and Central Denmark Regions between 
1 January 2000 and 31 December 2013. We excluded 
patients with any previous in- or outpatient MI diagnosis 

recorded in the DNPR. Follow-up continued through 2014. 
We defined the outcome as time to all-cause mortality 
within 1 year from MI admission.13

Potential Predictors
We assembled a list of comorbidities from previously con-
structed indices and clinical knowledge. For each MI patient, 
we identified comorbidities from all in- and outpatient diag-
noses in the DNPR within the 5 years before MI hospitaliza-
tion. This included diagnoses recorded during the index 
admission, except for potential complications of MI, antith-
rombotic treatment, or associated immobilization (angina pec-
toris, heart failure, venous thromboembolism, atrial 
fibrillation/flutter, heart block, ventricular tachycardia, valvu-
lar heart disease, and stroke).

Based on Danish 5-year mortality estimates, we cate-
gorized cancer as high-risk (survival <30%) or low-risk 
(survival ≥30%) cancer. High-risk cancers included can-
cers of the hypopharynx, esophagus, stomach, liver, gall-
bladder, pancreas, trachea and lung, as well as 
mesothelioma, acute myeloid leukemia, unspecified leuke-
mia, and secondary cancer. All remaining types of cancer 
were considered low-risk cancers.

Diabetes, chronic pulmonary disease, and hyperten-
sion might be treated solely in general practice, and not 
be registered in the DNPR.14 We therefore also identi-
fied diabetes as a HbA1c level >48 mmol/L16 or from 
antidiabetic prescriptions.15 We supplemented diagnosis 
codes for chronic pulmonary disease with any prescrip-
tion record for a drug used to treat obstructive airway 
disease.15 We defined hypertension as a hospital diag-
nosis, redemption of antihypertensive combination 
tablets, or redemption of at least two antihypertensive 
drugs within 90 days before MI admission. Finally, we 
supplemented diagnosis codes for schizophrenia and 
affective disorders with relevant prescriptions within 
90 days.15

The final list of potential predictors included 41 indi-
vidual comorbidities (eTable 1). In addition to developing 
a comorbidity index accounting for both cardiovascular 
and non-cardiovascular comorbidities (DANCAMI), we 
also developed an index restricted to non-cardiovascular 
comorbidities (rDANCAMI) to enable researchers to 
adjust for individual non-cardiovascular comorbidities. 
The potential predictors for rDANCAMI included the 24 
non-cardiovascular comorbidities from the final list of 41 
comorbidities.
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Existing Comorbidity Indices
Table 1 provides an overview of the variables included in 
the DANCAMI, CCI and ECI. For each MI patient, we 
calculated the CCI7 and the ECI8 scores. We based the 
CCI score on 18 comorbidities (MI excluded) and categor-
ized it in four groups (0, 1, 2, and ≥3).7 The ECI score was 
based on 30 comorbidities and categorized in four groups 
(≤0, 1–5, 6–13, and ≥14).8

External Validation Cohort
We validated the performance of DANCAMI/rDANCAMI 
in patients with first-time MI in New Zealand between 
1 January 2007 and 31 December 2016. We used the 
unique New Zealand National Health Index (NHI) num-
ber, assigned to patients at entry into the public health 
system (>98% of the population),17 to link the New 
Zealand National Minimum Dataset (hospital inpatient 
data),17 the National Mortality Collection (vital status),18 

and the National Pharmaceutical Collection (dispensed 
prescriptions).19 The National Minimum Dataset includes 
nationwide information on all patients discharged from 
publicly funded hospitals, including admission dates, pri-
mary diagnoses, and secondary diagnoses.17 Except for 
HbA1c data (unavailable), the eligibility criteria, covari-
ables, and outcome of the validation cohort were identical 
to those used for the Danish development cohort.

Statistical Analysis
Model Development
We used Cox regression to compute hazard ratios (HRs) 
with 95% confidence intervals (CIs) for the minimally (sex 
and age) adjusted association between each comorbidity 
and 1-year mortality. To select variables for the 
DANCAMI, we included in the Cox models all 41 comor-
bidities, sex and age, regardless of the results from the 
minimally adjusted analyses.20 Fractional polynomials 
supported a linear association between age and 1-year 
mortality. We then eliminated comorbidities with a HR 
<1.10 or a CI that overlapped 1. We fitted revised models 
with the remaining comorbidities, sex, and age. We 
repeated this approach until the models included only 
comorbidities with a HR ≥1.10. We tested the proportion-
ality assumption using the global test based on scaled 
Schoenfeld residuals21 and with log-log plots for variables 
that appeared non-proportional. We assigned weights to 
each comorbidity in the final index by multiplying the 
beta coefficient from the multivariable models by ten and 

rounding to the nearest integer to yield the score compo-
nents (Table 2). The final DANCAMI score was formed by 
adding the weights of each of the individual patient’s 
comorbidities.22,23 We repeated the above steps with the 
24 non-cardiovascular comorbidities to develop 
rDANCAMI. In addition to continuous comorbidity 
scores, we categorized them into no (score=0), low 
(score=1–3), moderate (score=4–5) and severe comorbid-
ity burden (score ≥6). The categorization cut-off values 
were based on the survival curves of the individual 
DANCAMI/rDANCAMI scores.

Model Performance
The focus of performance measurements was discrimina-
tory ability because the DANCAMI was intended for 
research rather than clinical use. We evaluated the perfor-
mance of the continuous and categorical comorbidity 
index scores using standard performance measures, includ-
ing: (1) a modified version of Nagelkerke’s R2 to measure 
overall performance with explained variation; (2) Harrell’s 
C-statistic, which is equivalent to the area under the 
Receiver Operating Characteristic curve and indicates the 
proportion of all pairs of patients in which the patient who 
died first has higher predicted mortality;20 (3) the inte-
grated discrimination improvement (IDI); and (4) the con-
tinuous Net Reclassification Index (NRI) performance 
measures. The IDI and NRI indicate how much 
a predictor adds to a model’s discriminatory power and 
are joint measures of a model’s comparative improvement 
in sensitivity and specificity.20 The NRI represents the net 
proportion of patients with a change in predicted risk in 
the correct direction when the comorbidity score is added 
to a baseline model containing age and sex.20 The IDI 
integrates the NRI over all possible cut-offs for the prob-
ability of an outcome and is the difference between pre-
dicted probabilities in those who do and those who do not 
experience the outcome. It corresponds to the difference in 
discrimination slopes of two models.20 A positive NRI or 
IDI indicates better prediction in the new model compared 
with the baseline model. We used resampling methods to 
calculate CIs for the performance measures.

Comparison with Existing Comorbidity 
Indices
We calculated Nagelkerke’s R2 and Harrell’s C-statistic for 
the (1) baseline model (age and sex) and the baseline 
model plus the (2) DANCAMI, (3) rDANCAMI, (4) 
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CCI, and (5) ECI. The relative difference between perfor-
mance of the baseline model and the four different comor-
bidity indices was assessed. IDI and NRI were assessed to 
compare the baseline model with each of the four comor-
bidity indices. Of note, these standard model performance 

measures have largely been developed for assessing the 
performance of dichotomous diagnostic tests. The applica-
tion of these metrics to risk prediction scores are question-
able because they are insensitive to the addition of 
important predictors.20

Table 1 Comorbidities included in the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI), Charlson 
Comorbidity Index (CCI), and Elixhauser Comorbidity Index (ECI)

Disease Categories DANCAMI CCI ECI

Cardiovascular disease Heart failure Congestive heart failure Congestive heart failure

Intermittent arterial claudication Peripheral vascular disease Peripheral vascular disorder

Stroke Cerebrovascular disease Hypertension
Hypertension Myocardial infarction† Valvular disease

Aortic disease Cardiac arrhythmias

Valvular heart disease Pulmonary circulation disorders

Kidney disease Chronic kidney disease Moderate to severe renal disease Renal failure

Endocrine disease Diabetes uncomplicated Diabetes Diabetes uncomplicated

Diabetes with end-organ damage Diabetes with end-organ damage Diabetes complicated
Obesity

Hypothyroidism

Fluid and electrolyte disorders
Weight loss

Cancer High-risk cancer* Any tumor Solid tumor without metastasis
Low-risk cancer* Metastatic solid tumor Metastatic cancer

Lymphoma Lymphoma

Leukemia

Hematologic disease Coagulopathy* AIDS Coagulopathy

AIDS/HIV
Blood-loss anemia

Deficiency anemia

Psychiatric disease Schizophrenia* Psychosis

Affective disorder* Depression

Alcohol and drug abuse* Alcohol abuse
Drug abuse

Neurologic disease Hemiplegia* Hemiplegia Paralysis
Dementia* Dementia

Neurodegenerative disorder* Neurodegenerative disorders

Epilepsy*

Pulmonary disease Chronic pulmonary disease* Chronic pulmonary disease Chronic pulmonary disease

Gastrointestinal 

disease

Ulcer disease* Ulcer disease Peptic ulcer disease, no bleeding

Mild liver disease* Mild liver disease
Moderate to severe liver disease* Moderate or severe liver disease Liver disease

Chronic pancreatitis*

Rheumatic disease Connective tissue disease Rheumatoid arthritis/collagen vascular 

disease

Notes: *Included in the restricted (r)DANCAMI together with obesity and connective tissue diseas. † Myocardial infarction was not included in the Charlson Comorbidity 
Index score in the analyses.
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Improved performance is therefore better assessed by 
the HRs of the additional predictors in our index that 
were not included in the existing indices. As a key ana-
lysis, we therefore tested the significance of the novel 
DANCAMI variables not included in the CCI by 

including them in a model containing the CCI variables. 
In this model, significant HRs of the novel DANCAMI 
variables would support an improved ability of 
DANCAMI over the CCI in predicting 1-year all-cause 
mortality.

Table 2 The Model Development of the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI)

Covariables β coefficient Standard error Hazard ratio (95% CI) Weight

DANCAMI*
Heart failure 0.320 0.037 1.38 (1.28–1.48) 3

Intermittent arterial claudication 0.229 0.055 1.26 (1.13–1.40) 2

Aortic disease 0.209 0.082 1.23 (1.05–1.45) 2
Valvular heart disease 0.233 0.042 1.26 (1.16–1.37) 2

Stroke 0.254 0.042 1.29 (1.19–1.40) 3

Hypertension 0.121 0.025 1.13 (1.08–1.18) 1
High-risk cancer 1.043 0.053 2.84 (2.56–3.15) 10

Low-risk cancer 0.190 0.036 1.21 (1.13–1.30) 2
Coagulopathy 0.127 0.037 1.14 (1.06–1.22) 1

Diabetes uncomplicated 0.183 0.034 1.20 (1.12–1.28) 2

Diabetes with end-organ damage 0.315 0.040 1.37 (1.27–1.48) 3
Dementia 0.327 0.063 1.39 (1.23–1.57) 3

Alcohol and drug abuse 0.302 0.080 1.35 (1.16–1.58) 3

Schizophrenia 0.464 0.048 1.59 (1.45–1.75) 5
Affective disorder 0.255 0.027 1.29 (1.22–1.36) 3

Epilepsy 0.287 0.090 1.33 (1.12–1.59) 3

Neurodegenerative disorder 0.286 0.085 1.33 (1.13–1.57) 3
Hemiplegia 0.577 0.183 1.78 (1.24–2.55) 6

Chronic kidney disease 0.373 0.047 1.45 (1.32–1.59) 4

Chronic pulmonary disease 0.226 0.024 1.25 (1.20–1.31) 2
Ulcer disease 0.176 0.048 1.19 (1.08–1.31) 2

Mild liver disease 0.286 0.129 1.33 (1.03–1.71) 3

Moderate to severe liver disease 0.664 0.190 1.94 (1.34–2.82) 7
Chronic pancreatitis 0.500 0.207 1.65 (1.10–2.47) 5

rDANCAMI†

High-risk cancer 1.041 0.053 2.83 (2.55–3.14) 10

Low-risk cancer 0.193 0.036 1.21 (1.13–1.30) 2

Coagulopathy 0.260 0.037 1.30 (1.21–1.39) 3
Obesity 0.248 0.085 1.28 (1.09–1.51) 2

Dementia 0.362 0.063 1.44 (1.27–1.62) 4

Alcohol and drug abuse 0.336 0.080 1.40 (1.20–1.64) 3
Schizophrenia 0.470 0.048 1.60 (1.46–1.76) 5

Affective disorder 0.299 0.027 1.35 (1.28–1.42) 3

Epilepsy 0.392 0.090 1.48 (1.24–1.76) 4
Neurodegenerative disorder 0.295 0.085 1.34 (1.14–1.59) 3

Hemiplegia 0.637 0.183 1.89 (1.32–2.71) 6

Chronic pulmonary disease 0.265 0.024 1.30 (1.24–1.36) 3
Ulcer disease 0.247 0.048 1.28 (1.16–1.41) 2

Mild liver disease 0.359 0.130 1.43 (1.11–1.85) 4

Moderate to severe liver disease 0.554 0.191 1.74 (1.20–2.53) 6
Chronic pancreatitis 0.643 0.207 1.90 (1.27–2.85) 6

Connective tissue disease 0.105 0.533 1.11 (1.00–1.23) 1

Notes: *Includes both cardiovascular and non-cardiovascular comorbidities. †Restricted to non-cardiovascular comorbidities. 
Abbreviation: CI, confidence interval.
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External Validation
For external validation, we estimated the ability to predict 
1-year mortality in the New Zealand MI cohort by using the 
DANCAMI/rDANCAMI. We applied the same methods 
described above to assess performance and for comparison 
with existing comorbidity indices.

Sensitivity Analyses
We performed eight sensitivity analyses. To evaluate how 
the decisions made during model development affected the 
final indices, we (1) changed the HR cut-off from 1.10 to 
1.20; (2) used the exact rather than rounded beta coefficients 
for score components; (3) used the HRs instead of beta 
coefficients for score components; (4) performed split-sam-
ple internal validation according to diagnosis year (temporal 
validation rather than randomly)20 by repeating the model 
development in the derivation cohort (2000–09) and 
assessed performance in the validation cohort (2010–13); 
(5) restricted to MI hospital survivors; and stratified by 
(6–7) age and sex and (8) ethnicity groups in New Zealand 
(European, Maori, Pacific, Indian, and Chinese/other Asian). 
All statistical analyses were conducted using Stata Version 
14.2 (Stata Corp, College Station, Texas, USA).

Results
Model Development
The Danish cohort included 36,685 MI patients (61% 
men) with a median age of 72 years (interquartile range: 
61–81 years). eTable 1 presents the prevalence of each 
comorbidity assessed and their associations with 1-year 
mortality (adjusted for age and sex). The most prevalent 
comorbidity in the population was hypertension (53%), 
followed by chronic pulmonary disease (22%), and stable 
angina pectoris (19%). We observed significant associa-
tions with 1–year mortality for most predictors, except 
deep vein thrombosis in a lower limb, pulmonary embo-
lism, heart block, immune system disorders, human immu-
nodeficiency virus infection, endocrine disorders 
(excluding diabetes), anxiety and behavioural disorders, 
and inflammatory bowel disease. Nonsignificant associa-
tions were due to a combination of small effect sizes and 
low prevalence. The model development resulted in the 
inclusion of 24 comorbidities in the DANCAMI and 17 in 
the rDANCAMI. Weights indicating the severity of each 
included variable are presented in Table 2.

The characteristics of the Danish and New Zealand 
cohorts are shown in Table 3. The 1-year mortality in the 

Danish MI cohort was 24%. Most of these deaths occurred 
during hospital admission with in-hospital mortality at 
14%. The DANCAMI score categories showed that 29% 
had no, 41% had low, 11% had moderate, and 19% had 
severe comorbidity burden. The corresponding proportions 
for rDANCAMI were 57%, 26%, 5.2%, and 12%, respec-
tively. Survival decreased with increasing comorbidity 
burden (Figure 1).

Model Performance
The explained variance (R2) was significantly higher in the 
prediction model including age, sex and DANCAMI 
(R2=0.33, 95% CI: 0.32–0.34) than in the baseline model 
containing only age and sex (R2=0.28, 95% CI: 0.27–0.29) 
(Table 4). Similarly, the discrimination of DANCAMI was 
better than the baseline model (C-statistic: 0.75 vs. 0.73). 
Adding the DANCAMI score to the baseline model 
improved discrimination (IDI=0.054) compared with the 
baseline model alone. Similarly, improved discrimination 
was observed by a total NRI of 0.52 where 77% of non- 
events and 49% of events had a better predicted probability 
of 1-year mortality (eTable 2). DANCAMI score categories 
performed almost as well in R2 and C-statistics as the 
continuous score (Table 4), but the IDI was lower (0.044 
vs. 0.054) and the NRI higher (0.55 vs. 0.52).

Comparison with Existing Comorbidity 
Indices
Compared with the CCI and the ECI, both the continuous and 
the categorical DANCAMI scores performed better in the four 
standard performance measures (Table 4). Although the dif-
ferences in performance measures were minor, the superiority 
of DANCAMI over the CCI was strongly supported by the 
result that each of the eight DANCAMI variables, not included 
in the CCI, predicted 1-year mortality despite adjustment for 
the CCI (Table 5). These novel variables included valvular 
heart disease (HR for 1-year mortality=1.25, 95% CI: 1.14–-
1.35), coagulopathy (HR=1.13, 95% CI: 1.05–1.22), alcohol 
and drug abuse (HR=1.35, 95% CI: 1.15–1.58), schizophrenia 
(HR=1.60, 95% CI: 1.46–1.76), affective disorder (HR=1.29, 
95% CI: 1.22–1.36), epilepsy (HR=1.26, 95% CI: 1.05–1.50), 
neurodegenerative disorder (HR=1.30, 95% CI: 1.10–1.54) 
and chronic pancreatitis (HR=1.71, 95% CI: 1.14–2.56).

External Validation
In the New Zealand MI cohort (n=75,069), the 1-year mor-
tality was 20% (half of which occurred in-hospital), the male 
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proportion was 59%, and the median age was 71 years (Table 
3). The proportion of MI patients with at least one comorbid-
ity (DANCAMI score >0) was slightly lower than in 

Denmark (67% vs. 71%), but higher in patients with at 
least one non-cardiovascular comorbidity (rDANCAMI >0) 
(47% vs. 43%). As in the Danish cohort, the two most 

Table 3 Characteristics of the Danish and New Zealand Myocardial Infarction Cohorts

Myocardial Infarction Cohorts

Denmark New Zealand

Number of patients, n (%) 36,685 (100) 75,069 (100)

Follow-up time, person years 29,293 63,263
1-year mortality, n (%) 8974 (24) 14,951 (20)

In-hospital mortality, n (%) 5014 (14) 7095 (9.5)

Sex, n (%)

Female 14,255 (39) 30,514 (41)

Male 22,430 (61) 44,555 (59)

Age, median year (IQR) 72 (61–81) 71 (59–81)

>75 years, n (%) 14,978 (41) 31,027 (41)

Comorbidities (%)

Most prevalent Hypertension (53) Hypertension (38)
Second most prevalent Chronic pulmonary disease (22) Chronic pulmonary disease (17)

Third most prevalent Stable angina pectoris (19) Diabetes with end-organ failure (16)

DANCAMI score, n (%)

0 10,725 (29) 25,047 (33)

1–3 14,953 (41) 21,393 (29)
4–5 4184 (11) 8136 (11)

≥6 6823 (19) 20,493 (27)

rDANCAMI score, n (%)

0 20,775 (57) 39,558 (53)
1–3 9691 (26) 16,921 (23)

4–5 1913 (5.2) 5195 (6.9)

≥6 4306 (12) 13,395 (18)

CCI score, n (%)

0 21,893 (60) 37,008 (49)
1 6515 (18) 8633 (12)

2 4232 (12) 11,841 (16)

≥3 4045 (11) 17,587 (23)

ECI score, n (%)

≤0 22,705 (62) 39,427 (53)
1–5 9285 (25) 14,559 (19)

6–13 3923 (11) 12,363 (16)

≥14 772 (2.1) 8720 (12)

Ethnicity, n (%)

European NA 58,315 (78)
Maori NA 7544 (10)

Pacific NA 3915 (5.2)

Indian NA 2412 (3.2)
Chinese/Other Asian NA 1693 (2.3)

Other NA 1190 (1.6)

Abbreviations: CCI, Charlson Comorbidity Index; DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction; ECI, Elixhauser Comorbidity Index; IQR, 
interquartile range; NA, not available; rDANCAMI, DANCAMI restricted to non-cardiovascular comorbidities.
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prevalent comorbidities were hypertension (38%) and 
chronic pulmonary disease (17%), but here diabetes with 
end-organ failure came third (16%) (Table 3).

DANCAMI scores also added to the predictive perfor-
mance compared with the baseline model. Discrimination 
was better than that of the baseline model (C-statistic 0.77 
vs. 0.73) and R2 was higher (0.37 vs. 0.28). IDI was 0.079 and 
NRI was 0.682 with 78% of non-events and 56% of events 
obtaining a more correct predicted probability of 1-year mor-
tality compared with the predictions of the baseline model 
(eTable 2). Performances of the CCI and the ECI were nearly 
identical to that of DANCAMI, except for NRI where the CCI 
performance was lower (Table 4). rDANCAMI performance 
was lower than the other three indices (Table 4). Similar to the 
Danish cohort, DANCAMI score categories performed almost 
as well in R2 and C-statistics as the continuous score, but with 
a lower IDI and a higher NRI (Table 4).

Sensitivity Analyses
The sensitivity analyses showed that (1) changing the 
inclusion threshold to 1.20 (ie, removing all comorbidities 

with a score of one) or (2) changing severity weights to 
precise beta-coefficients had limited effect on the model 
performance (eTable 3); (3) using HRs as severity weights 
worsened all performance measures (eTable 3); and (4) 
1-year mortality was higher in the derivation cohort (26%) 
than in the validation split-sample cohort (21%), although 
baseline characteristics were similar (eTable 4a). The 
number of comorbidities obtaining different severity 
weights was 7 in the refitted DANCAMI and 5 in the 
refitted rDANCAMI. Still, both refitted models performed 
better than the CCI and the ECI when tested in the valida-
tion cohort (eTable 4b).

Among patient subgroups (eTables 5–7), the models 
performed best for (5) patients surviving the initial MI 
hospitalization (6) younger age groups <75 years: (7) 
males (mostly attributable to the baseline model and not 
the added comorbidity score); and (8), European ethnicity 
(while the ECI was best in the other ethnic groups).

Discussion
We developed and validated two comorbidity indices pre-
dicting 1-year mortality for Danish patients after their first 
hospital admission for MI based on any type of comorbid-
ity (DANCAMI) or non-cardiovascular comorbidities 
(rDANCAMI). The new indices included multiple vari-
ables not included in the current comorbidity indices and 
outperformed both the CCI and the ECI. The DANCAMI/ 
rDANCAMI score categories performed almost equally as 
well as the continuous scores.

Previous Literature
In contrast to previous studies, DANCAMI was developed 
in a contemporary cohort with contemporary comorbidities 
(eg, exclusion of AIDS as a comorbidity and inclusion of 
psychiatric disorders). The rDANCAMI is the first comor-
bidity index for MI patients to include only non- 
cardiovascular comorbidities. However, other comorbidity 
indices have been developed specifically for MI patients. 
A 1994 US study used Medicare data to develop 
a comorbidity index predicting 2-year MI mortality.2 

However, the patients were diagnosed in 1987 and were 
all 30-day survivors; and therefore not generalizable to all 
MI patients. A Chinese comorbidity index was developed in 
2016 to predict in-hospital mortality in MI patients admitted 
to a Beijing hospital during 2006–2010.3 The study aimed 
to develop a method to adjust for heterogeneity between 
Chinese hospitals. In contrast to DANCAMI, the Chinese 

Figure 1 Survival according to the DANish Comorbidity index for Acute 
Myocardial Infarction (DANCAMI) score categories of comorbidity burden with 
95% confidence intervals. 
Abbreviations: rDANCAMI, DANCAMI restricted to non-cardiovascular 
comorbiditis
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index included potential complications of MI such as car-
diac arrest and shock. In 2011, a Spanish comorbidity index 
was developed for patients hospitalized during 2002–2008 
with non-ST-segment elevation MI.4 This index included 
only 1017 patients and may not generalize to all MI 
patients. A 2001 Canadian study developed two separate 
comorbidity indices predicting 30-day and 1-year mortality 
among MI patients with age group and sex included in the 
indices.5 Unfortunately, the authors only reported regres-
sion coefficients and odds ratios with 95% CIs and did not 
generate a simpler scoring system.5 Finally, a Canadian 
comorbidity index developed in 2019 included a study 
population of patients undergoing diagnostic and/or thera-
peutic cardiac catheterization.6 The difference between this 
and our MI study populations complicates comparison.

Unlike most other comorbidity indices, the DANCAMI 
and the rDANCAMI include multiple mental and beha-
vioural health disorders such as alcohol/drug abuse, 

schizophrenia, and affective disorders, which were 
assigned relatively high weights of 3 to 5 in our study. In 
some indices, these disorders were not included or not 
considered for inclusion.3–7 The ECI8 and the 1994 US 
study2 both included psychiatric diagnoses. In the ECI, 
drug abuse and depression scored less than zero, while 
alcohol abuse and psychoses scored zero. In the US study, 
the prevalence of these disorders was very low compared 
with our Danish cohort. This discrepancy could be due to 
use of different definitions of these diagnoses. The high 
prevalence and significant HRs of the psychiatric diag-
noses in DANCAMI and rDANCAMI indicate that these 
variables are important predictors of mortality. This 
assumption is supported by our analysis showing that all 
novel variables in DANCAMI, including the mental and 
behavioural disorders, where significant predictors of mor-
tality in the Danish cohort after adjusting for the CCI 
variables. The novel variables were also significant 

Table 4 Performance of the Continuous and Categorical Scores of DANCAMI and Other Comorbidity Indices in the Danish 
(Development) and New Zealand (Validation) Cohorts of Patients with First-Time Myocardial Infarction

Discrimination Measures Continuous Comorbidity Index Scores Categorical Comorbidity Index Scores

Danish Cohort New Zealand Cohort Danish Cohort New Zealand Cohort

R2

Baseline* 0.28 (0.27–0.29) Ref. 0.28 (0.28–0.29) Ref. 0.28 (0.27–0.29) Ref. 0.28 (0.28–0.29) Ref.

DANCAMI† 0.33 (0.32–0.34) 1.20‡ 0.37 (0.37–0.38) 1.32‡ 0.32 (0.31–0.33) 1.14‡ 0.36 (0.35–0.37) 1.29‡

rDANCAMI† 0.32 (0.31–0.33) 1.15‡ 0.36 (0.35–0.37) 1.28‡ 0.31 (0.30–0.32) 1.11‡ 0.35 (0.34–0.36) 1.25‡

CCI† 0.32 (0.31–0.33) 1.14‡ 0.37 (0.37–0.38) 1.32‡ 0.31 (0.30–0.32) 1.11‡ 0.36 (0.36–0.37) 1.29‡

ECI† 0.31 (0.30–0.32) 1.13‡ 0.38 (0.37–0.38) 1.33‡ 0.31 (0.30–0.32) 1.11‡ 0.38 (0.37–0.39) 1.36‡

Harrell’s C

Baseline* 0.73 (0.72–0.73) Ref. 0.73 (0.72–0.73) Ref. 0.73 (0.72–0.73) Ref. 0.73 (0.72–0.73) Ref.

DANCAMI† 0.75 (0.75–0.76) 1.04§ 0.77 (0.77–0.78) 1.07§ 0.75 (0.74–0.75) 1.03§ 0.77 (0.76–0.77) 1.05§

rDANCAMI† 0.75 (0.74–0.75) 1.03§ 0.77 (0.76–0.77) 1.05§ 0.74 (0.74–0.75) 1.01§ 0.76 (0.76–0.77) 1.04§

CCI† 0.74 (0.74–0.75) 1.03§ 0.77 (0.77–0.78) 1.07§ 0.74 (0.74–0.75) 1.01§ 0.77 (0.77–0.77) 1.05§

ECI† 0.74 (0.74–0.75) 1.02§ 0.77 (0.77–0.78) 1.07§ 0.74 (0.74–0.75) 1.01§ 0.78 (0.77–0.78) 1.07§

IDI

Baseline* vs DANCAMI† 0.054 – 0.079 – 0.044 – 0.061 –
Baseline* vs rDANCAMI† 0.038 – 0.068 – 0.033 – 0.057 –

Baseline* vs CCI† 0.038 – 0.077 – 0.034 – 0.066 –

Baseline* vs ECI† 0.029 – 0.081 – 0.029 – 0.081 –

NRI
Baseline* vs DANCAMI† 0.52 – 0.68 – 0.55 – 0.72 –

Baseline* vs rDANCAMI† 0.43 – 0.57 – 0.41 – 0.53 –

Baseline* vs CCI† 0.41 – 0.58 – 0.46 – 0.71 –
Baseline* vs ECI† 0.40 – 0.68 – 0.47 – 0.69 –

Notes: *Baseline model defined as a Cox model including sex and age. †Model performances were examined in a Cox model including sex, age and the individual 
continuous/categorical comorbidity index scores. ‡Relative difference in R2 compared to baseline model. §Relative difference in Harrell’s C compared to baseline model. 
Abbreviations: CCI, Charlson Comorbidity Index; DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction; ECI, Elixhauser Comorbidity 
Index; rDANCAMI, DANCAMI restricted to non-cardiovascular comorbidities; Ref., Reference.

Clinical Epidemiology 2020:12                                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1307

Dovepress                                                                                                                                           Wellejus Albertsen et al
 

C
lin

ic
al

 E
pi

de
m

io
lo

gy
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

85
.2

03
.2

08
.8

5 
on

 2
1-

N
ov

-2
02

0
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com


predictors of mortality in the New Zealand MI cohort. 
These results indicate that the inclusion of these additional 
predictors in the comorbidity indices are important for 
accurate outcome prediction. The value of these added 
predictors is not clearly reflected in the standard perfor-
mance measures (eg, R2 and C-statistic), which was not 
surprising as these are global measures that are relatively 
insensitive to the addition of new variables.20

Both DANCAMI and rDANCAMI showed higher dis-
crimination in the New Zealand validation cohort than in 
the Danish development cohort, which was unexpected. 
However, the CCI and the ECI also showed higher dis-
crimination in the New Zealand cohort. These findings 
likely reflect different case mixes in the two nationwide 
cohorts, eg, a more ethnically diverse population in New 
Zealand than in Denmark. DANCAMI was slightly 

superior in the subgroup of the New Zealand cohort with 
European ethnicity that is likely to be more comparable to 
the Danish population.

The CCI and the ECI have previously been validated in 
MI patient populations. In studies performed in the US,24 

Taiwan,25 and five different European countries,26 the ECI 
outperformed the CCI in predicting in-hospital24–26 and 
1-year mortality.25 These studies differ from our study as 
they included comorbidities as separate variables in their 
performance analyses instead of using a summary score. 
A Japanese study compared the performance of the CCI 
and the ECI using individual comorbidities vs. a summary 
score, and found that the ECI performed better with indi-
vidual comorbidities.27 However, the CCI and the ECI 
performed similar when the summary score was applied. 
This finding demonstrates that performance of individual 

Table 5 Adjusted Hazard Ratios for the Charlson Comorbidity Index and Additional DANCAMI Variables, Derived in 
the Danish and New Zealand Myocardial Infarction Cohorts

Covariables Hazard Ratio (95% Confidence Interval)

Danish Cohort New Zealand Cohort

Charlson Comorbidity Index
Congestive heart failure 1.37 (1.28–1.46) 1.51 (1.44–1.58)

Peripheral vascular disease 1.38 (1.29–1.47) 1.38 (1.30–1.45)

Cerebrovascular disease 1.24 (1.17–1.31) 0.95 (0.90–1.01)
Dementia 1.36 (1.20–1.54) 1.80 (1.70–1.89)

Chronic pulmonary disease 1.36 (1.28–1.44) 1.44 (1.38–1.51)

Connective tissue disease 1.03 (0.93–1.15) 1.18 (1.07–1.30)
Ulcer disease 1.19 (1.08–1.31) 1.08 (0.99–1.18)

Mild liver disease 1.33 (1.03–1.71) 1.11 (0.97–1.29)

Diabetes 1.03 (0.94–1.12) 1.03 (0.99–1.08)
Hemiplegia 1.71 (1.19–2.45) 1.65 (1.55–1.76)

Moderate or severe renal disease 1.37 (1.26–1.49) 1.81 (1.74–1.88)

Diabetes with end organ damage 1.31 (1.21–1.41) 1.18 (1.07–1.30)
Any tumor 1.31 (1.22–1.40) 1.24 (1.18–1.30)

Leukemia 1.51 (1.14–1.98) 2.17 (1.84–2.57)

Lymphoma 1.68 (1.37–2.06) 1.69 (1.48–1.93)
Moderate or severe liver disease 1.86 (1.28–2.70) 2.87 (2.50–3.30)

Metastatic solid tumor 3.33 (2.91–3.80) 3.48 (3.26–3.71)

AIDS 0.43 (0.06–3.05) 0.33 (0.05–2.35)

DANCAMI additional variables*

Valvular heart disease 1.25 (1.14–1.35) 1.29 (1.20–1.38)
Coagulopathy 1.13 (1.05–1.22) 1.13 (1.09–1.18)

Alcohol and drug abuse 1.35 (1.15–1.58) 1.20 (1.11–1.31)
Schizophrenia 1.60 (1.46–1.76) 1.21 (0.99–1.48)

Affective disorder 1.29 (1.22–1.36) 1.21 (1.10–1.32)

Epilepsy 1.26 (1.05–1.50) 1.20 (1.01–1.42)
Neurodegenerative disorder 1.30 (1.10–1.54) 1.40 (1.28–1.54)

Chronic pancreatitis 1.71 (1.14–2.56) 1.31 (0.91–1.87)

Notes: *Hazard ratios for the non-overlapping DANCAMI variables adjusted for the Charlson Comorbidity Index variables. 
Abbreviations: DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction.
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comorbidity indices can vary depending on their applica-
tion. In our performance analyses of the summary scores, 
the CCI showed better performance than the ECI in the 
Danish cohort. In contrast, the ECI performed marginally 
better than the CCI in the New Zealand cohort.

Despite the concerns of information loss that may arise 
with the simplification of summary scores,20 they can be 
a useful tool to adjust for comorbidity burden in observa-
tional studies in which multiple variables often are 
included in regression analyses. The same applies when 
categorizing summary scores. The categorized groups are 
a simple and easily accessible method to illustrate and 
adjust for comorbidity burden. However, they provide 
further simplification of the original prediction model 
since they assign the same predicted risk to patients with 
different comorbidity scores.20 Moreover, there is no clear 
consensus on the method behind the categorization of 
summary scores.20 We created four categories by examin-
ing the survival curves of the individual DANCAMI and 
rDANCAMI scores. In our performance analyses, the 
DANCAMI score categories performed almost as good 
as the continuous scores. Similar results were found for 
the ECI where the continuous scores and categories per-
formed similar in C-statistics.8

Strength and Limitations
Study strengths include the nationwide population-based 
design (reducing selection bias) and large sample size (redu-
cing random error). Furthermore, rDANCAMI allows 
researchers to study the effect of individual cardiovascular 
diseases separately while adjusting for non-cardiovascular 
comorbidity burden. We used recommended methods to 
generate summary scores in our final indices20 and consid-
ered a variety of variables for both indices, including psy-
chiatric diagnoses, which have previously been overlooked.

Although we used a five-year look-back period to 
identify comorbidities and defined variables from algo-
rithms including both diagnoses, prescriptions, and labora-
tory data, misclassification of some conditions is 
unavoidable.28 However, the positive predictive values 
have been reported to be high for both cardiac14,29 and 
CCI comorbidities (98% overall).30 Like previous 
studies,2,8 we found several comorbidities that were asso-
ciated with a decreased 1-year mortality (eg, stable angina 
pectoris and anxiety) in our multivariable model. These 
seemingly protective comorbidities could result from 
a bias in coding in which severity of overall patient illness 
may inversely affect the coding of chronic and nonfatal 

comorbidities.8 We therefore excluded these comorbidities 
from our final indices.

We lacked detailed clinical information, eg, electro-
cardiogram results and cardiac biochemical markers, 
which may be important predictors particularly of short- 
term mortality. This is evident in clinical risk prediction 
models, such as the Global Registry of Acute Coronary 
Events (GRACE) risk score,31 and may explain the 
superior performance of our indices among patients 
surviving hospital admission. However, detailed clinical 
information is often not available in routine secondary 
care data which makes it less useful as predictors in this 
setting.

Our robust external validation indicated that both 
DANCAMI and rDANCAMI generalize well outside the 
Danish cohort. Still, it should be noted that DANCAMI 
was developed and validated in patients with MI. Thus, its 
performance in patients with other cardiovascular diseases 
remains to be examined.

Conclusions
Comorbidity burden was a strong predictor of mortality in 
MI patients and must be controlled for accurately when 
studying outcomes in MI patients. We developed two 
separate comorbidity indices with (DANCAMI) and with-
out (rDANCAMI) cardiovascular comorbidities to predict 
1-year mortality following first-time MI. The indices were 
based on comorbidities in contemporary MI patients. 
DANCAMI performed better than the previous most com-
monly used comorbidity indices and included novel 
comorbidities with incremental ability to predict mortality. 
Both indices can be used to control for comorbidity burden 
in MI patients either by applying the continuous or the 
categorized summary score. The indices are likely general-
izable to MI patients in other Western countries similar to 
Denmark and New Zealand. We therefore recommend 
DANCAMI as a standard approach for comorbidity adjust-
ment in studies of MI prognosis.

Data Permission
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ABSTRACT
Objectives: To examine adherence to serum
creatinine and potassium monitoring and
discontinuation guidelines following initiation of
treatment with ACE inhibitors (ACEI) or angiotensin
receptor blockers (ARBs); and whether high-risk
patients are monitored.
Design: A general practice-based cohort study using
electronic health records from the UK Clinical Practice
Research Datalink and Hospital Episode Statistics.
Setting: UK primary care, 2004–2014.
Subjects: 223 814 new ACEI/ARB users.
Main outcome measures: Proportion of patients
with renal function monitoring before and after ACEI/
ARB initiation; creatinine increase ≥30% or potassium
levels >6 mmol/L at first follow-up monitoring; and
treatment discontinuation after such changes. Using
logistic regression models, we also examined patient
characteristics associated with these biochemical
changes, and with follow-up monitoring within the
guideline recommendation of 2 weeks after treatment
initiation.
Results: 10% of patients had neither baseline nor
follow-up monitoring of creatinine within 12 months
before and 2 months after initiation of an ACEI/ARB,
28% had monitoring only at baseline, 15% only at
follow-up, and 47% both at baseline and follow-up.
The median period between the most recent baseline
monitoring and drug initiation was 40 days (IQR
12–125 days). 34% of patients had baseline creatinine
monitoring within 1 month before initiating therapy,
but <10% also had the guideline-recommended follow-
up test recorded within 2 weeks. Among patients
experiencing a creatinine increase ≥30% (n=567,
1.2%) or potassium level >6 mmol/L (n=191, 0.4%),
80% continued treatment. Although patients with prior
myocardial infarction, hypertension or baseline
potassium >5 mmol/L were at high risk of ≥30%
increase in creatinine after ACEI/ARB initiation, there
was no evidence that they were more frequently
monitored.

Conclusions: Only one-tenth of patients initiating
ACEI/ARB therapy receive the guideline-recommended
creatinine monitoring. Moreover, the vast majority of
the patients fulfilling postinitiation discontinuation
criteria for creatinine and potassium increases continue
on treatment.

INTRODUCTION
Renin angiotensin system blockade using
ACE inhibitors (ACEI) and angiotensin
receptor blockers (ARBs) is a mainstay in
treatment of hypertension,1 heart failure,2

diabetic microalbuminuria or proteinuric

Strengths and limitations of this study

▪ This is the largest monitoring study until now,
examining both adherence to creatinine and
potassium monitoring and discontinuation
guidelines following initiation of ACE inhibitors
or angiotensin receptor blockers in UK primary
care, and whether patients are monitored in
accordance with their individual risk profile.

▪ Use of the UK Clinical Practice Research Datalink
and Hospital Episode Statistics ensured that the
study was population-based and not restricted to
specific demographic, hospital or insurance
groups.

▪ Blood tests performed in hospital systems were
not recorded in the Clinical Practice Research
Datalink, but the results were consistent for
patients with no recent hospital admissions.

▪ If the recording of creatinine levels was not
missing completely at random, the associations
between patient characteristics and creatinine
increase may have been underestimated.
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renal diseases,3 and after myocardial infarction.4

However, some patients experience a sudden decline in
kidney function when initiating these drugs, presumably
due to antagonism of the angiotensin II-mediated effer-
ent arteriolar constriction or impaired kidney excretion
of potassium.5 6

The potential impact on kidney function should be
evaluated by comparing preinitiation and postinitiation
levels of serum creatinine and potassium.7

Discontinuation is recommended if the rise in creatinine
exceeds 30% above baseline or if hyperkalaemia
develops.8 It is unclear whether these recommendations
are routinely followed in clinical practice.9

A few studies have compared baseline and follow-up
monitoring results,9 but large studies using contempor-
ary data with reference to current guidelines are lacking,
and it is unknown whether patients’ individual risk of
renal impairment influences their likelihood of being
monitored.9 We therefore examined adherence to cre-
atinine and potassium monitoring and treatment discon-
tinuation guidelines following ACEI/ARB initiation in
UK primary care, and whether patients are monitored in
accordance with their individual risk profile.

METHODS
Data sources
We used the UK’s Clinical Practice Research Datalink
(CPRD) linked to hospital record data from the
Hospital Episode Statistics (HES) database. The CPRD
database contains primary care electronic health record
data from 7% of the UK population (∼15 million
patient lives, with ∼8 million currently under
follow-up).10 Patients included in the CPRD are largely
representative of the UK population in terms of age, sex
and ethnicity.10 11 Information recorded in the database
includes demographics such as sex and year of birth, the
location of the general practice, medical diagnoses
(based on ‘Read’ codes), drug prescriptions and a range
of routine laboratory test results. HES records cover all
hospital admissions for patients covered by the National
Health Service (NHS) who receive treatment either
from English NHS trusts or independent providers.10 11

Fifty-eight per cent of general practices included in the
CPRD have agreed to HES linkage.10 We obtained
linked data on socioeconomic status (index of multiple
deprivation) based on area of residence.

Monitoring guidelines
Consistent with other international guidelines, the
National Institute for Health and Care Excellence
(NICE) recommends baseline testing of creatinine when
initiating ACEI/ARB therapy in patients with hyperten-
sion,1 heart failure,2 myocardial infarction4 or chronic
kidney disease (CKD).3 The time interval for baseline
testing is not further specified.1–4 Among patients with
heart failure, myocardial infarction and CKD, NICE
recommends follow-up monitoring within 2 weeks of

treatment initiation,2–4 and for patients with myocardial
infarction at least annually thereafter.4 A baseline assess-
ment and follow-up test within 2 weeks is also recom-
mended by the UK Renal Association,12 as well as the
frequently used online web resource General Practice
(GP) Notebook.13 GP Notebook additionally recom-
mends monitoring 1, 3, 6 and 12 months after the first
follow-up test.13 NICE recommends not to initiate
ACEI/ARBs in patients with a baseline potassium level
>5 mmol/L and to discontinue therapy if potassium
rises above 6 mmol/L.

ACEI/ARB initiators
We identified a cohort of all HES-linked CPRD patients
aged ≥18 years, who initiated ACEI/ARB treatment
between 1 January 2004 and 31 March 2014. We did not
include earlier calendar periods, as laboratory data
before 2004 were incomplete due to interface problems
between laboratory reporting software and GP practice
management software.14 Also, creatinine testing was
incentivised in 2004 with the introduction of the dia-
betes Quality and Outcomes Framework (QOF) and
further in 2006 with the CKD QOF.14 To rule out any
potential influence of incomplete data around 2004, we
also examined the most recent 5-year calendar period
separately in a sensitivity analysis. New users were
defined as persons with at least 1 year of continuous
registration in the CPRD before their first recorded
ACEI/ARB prescription.

Laboratory data
All creatinine test results were extracted from the
general practice records of the study population, using
creatinine-specific codes in CPRD. Cross-reference was
then made to creatinine test results identified from a
broad Read code search. Any irrelevant codes were
excluded. Renal function testing in the UK includes cre-
atinine and potassium, so it can be inferred that testing
frequency is similar to creatinine for potassium. When
we conducted analyses related to potassium levels, we
repeated the procedure used to identify creatinine levels
for potassium test results.

Patient characteristics
We obtained information for all patients on age, sex, cal-
endar period of ACEI/ARB initiation (2004–2008 and
2010–2014), socioeconomic status (quintiles of the 2004
index of multiple deprivation scores), lifestyle factors
(smoking, alcohol intake and body mass index), baseline
potassium level (≤5 or >5 mmol/L), CKD, cardiovascu-
lar comorbidities (heart failure, myocardial infarction,
hypertension, peripheral arterial disease and arrhyth-
mia) and diabetes.15 We used algorithms for smoking
status, alcohol intake and body mass index based on the
most recent records in the CPRD before ACEI/ARB ini-
tiation.16 17 As measures of baseline creatinine and
potassium levels, we used the single most recent meas-
urement within 12 months before the first ACEI/ARB
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prescription. We calculated the estimated glomerular fil-
tration rate (eGFR) level from the most recent creatin-
ine measurement and CKD stage from the CKD
Epidemiology Collaboration (CKD-EPI) equation.18

Cardiovascular comorbidities and diabetes were identi-
fied from both the CPRD and HES based on diagnoses
recorded prior to ACEI/ARB initiation. The code lists
for all variables are provided in the online
supplementary appendix.

Patient involvement
The study included no patient involvement.

Statistical analysis
We described ACEI/ARB users according to patient
characteristics, both overall and according to creatinine
monitoring status (no baseline or follow-up monitoring,
baseline only, follow-up only, and both baseline and
follow-up monitoring). Baseline monitoring was defined
as a test performed on the date of drug initiation or
within either 12 months before (wide interval) or
1 month before initiation (more ideal interval assumed
to be driven by planned ACEI/ARB initiation). To
accord with the postinitiation monitoring interval
recommended from previous trial data, we considered
only follow-up monitoring within the first 2 months after
drug initiation.8

We calculated the proportion of persons in the total
cohort of new users who had baseline and follow-up
monitoring (within 1, 3 and 12 months before drug initi-
ation and within 2 weeks, 1 month and 2 months after
initiation). We then computed the proportion of
persons with both baseline and initial follow-up monitor-
ing within the guideline-recommended interval of
2 weeks following drug initiation.
We repeated the analyses for continuing users, in

order to examine adherence to the stricter guideline
recommendations for ongoing monitoring (ie, monitor-
ing within 1, 3, 6 and 12 months after the first retest).13

Continuation was defined as ACEI/ARB use beyond
30 days following the monitoring date, that is, when the
end date of the first continuous course of therapy was
after the date of the first monitoring date plus 30 days
(to allow for stockpiling). The end date of each pre-
scription was calculated by adding the prescription dur-
ation (total number of tablets prescribed divided by the
specified number of tablets per day) to the prescription
date. In identifying continuous courses of therapy, we
allowed for a 30-day gap between the end date of one
prescription and the start of the next consecutive
prescription.
In sensitivity analyses, we repeated the analyses (1)

extending the follow-up window for the first follow-up
monitoring from 2 to 3 weeks to account for minor
delays; (2) including only the most recent calendar
period (2009–2014) to account for temporal changes in
data completeness and quality of care; (3) excluding
patients with a hospital admission or discharge date

within 1 month before or after their first ACEI/ARB pre-
scription, in order to account for drug initiation and any
subsequent renal function tests occurring in the hospital
and therefore not captured in the CPRD; (4) focusing
on specific patient subgroups (heart failure, myocardial
infarction, hypertension, CKD (eGFR<60 mL/min/
1.73 m2), peripheral arterial disease and diabetes); and
(5) defining drug use continuation as ACEI/ARB use
beyond 90 days (instead of 30 days) after the first retest
date.
We used the subcohort of patients with both baseline

and follow-up monitoring to calculate the proportion of
patients with creatinine increases ≥30% or potassium
levels >6 mmol/L at the first follow-up monitoring
within 2 months after initiation, as well as the proportion
of patients continuing treatment despite these contrain-
dications for use.
Finally, we fitted a logistic regression model to identify

patient characteristics associated with a severe decline in
renal function (creatinine increase ≥30% or potassium
level >6 mmol/L) and compared these characteristics
with those associated with receiving postinitiation
follow-up monitoring within 2 weeks. The model
included age, sex, CKD stage, cardiovascular comorbid-
ities, diabetes and baseline potassium level (>5 vs
≤5 mmol/L). In three additional model-based sensitivity
analyses, we repeated the analyses (1) excluding patients
with a recent hospitalisation (as defined above); (2)
omitting baseline potassium from the model to examine
the extent of potential overfitting when both baseline
potassium and CKD stage were kept in the model; and
(3) also adjusting additionally for ethnicity.
All analyses were performed using the STATA 14 statis-

tical software package.

RESULTS
Serum creatinine monitoring before and after
ACEI/ARB initiation
We identified 223 814 new users of ACEI/ARB. We com-
pared these patients in four groups: 21 411 (10%) had
no baseline or follow-up creatinine tests within
12 months before and 2 months after treatment initi-
ation, 63 359 (28%) had only a baseline test, 33 185
(15%) had only follow-up tests, and 105 859 (47%) had
both baseline and follow-up tests (table 1). Median age
varied only slightly between the groups (60, 62, 59 and
63 years, respectively) and there were no substantial dif-
ferences in socioeconomic status, lifestyle factors or per-
ipheral arterial disease. Compared with patients with
neither preinitiation nor postinitiation monitoring,
patients with both were more likely to have diagnosed
hypertension (76% vs 61%) and diabetes (20% vs 7%),
but less likely to have diagnosed heart failure (4% vs
7%), myocardial infarction (4% vs 18%) and arrhythmia
(7% vs 10%). Among patients with baseline monitoring,
83% did not have CKD, 13% stage 3a, 3% stage 3b,
0.5% stage 4 CKD. In the same population, 7% started
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ACEI/ARB therapy despite baseline potassium above
5 mmol/L. The median number of days between base-
line monitoring and first prescription date was 40 days
(IQR 12–125 days).

Among all patients initiating ACEI/ARB therapy, the
proportion of patients receiving creatinine testing before
initiation was 76% within 12 months of treatment initi-
ation, declining to 34% within 1 month before initiation

Table 1 Characteristics of patients initiating ACE inhibitors or ARBs in the UK primary care during 2004–2014, by monitoring

groups

Serum creatinine monitoring*

Total

No baseline or

follow-up tests

Baseline test

only

Follow-up test

only

Baseline and

follow-up tests

Total number 21 411 (100) 63 359 (100) 33 185 (100) 105 859 (100) 223 814 (100)

Female sex 8882 (41) 27 722 (44) 14 570 (44) 49 109 (46) 100 283 (45)

Age (years)

<50 5019 (23) 13 697 (22) 8732 (26) 19 910 (19) 47 358 (21)

50–59 5485 (26) 15 135 (24) 9115 (27) 24 866 (23) 54 601 (24)

60–69 4863 (23) 15 586 (25) 7776 (23) 27 790 (26) 56 015 (25)

70–79 3579 (17) 12 193 (19) 5066 (15) 22 152 (21) 42 990 (19)

80+ 2465 (12) 6748 (11) 2496 (8) 11 141 (11) 22 850 (10)

Calendar period

2004–2008 14 814 (69) 40 667 (64) 19 808 (60) 60 902 (58) 136 191 (61)

2009–2014 6597 (31) 22 692 (36) 13 377 (40) 44 957 (42) 87 623 (39)

SES quintiles

1 (low) 5153 (24) 15 290 (24) 8533 (26) 25 577 (24) 54 553 (24)

2 4725 (22) 14 331 (23) 7887 (24) 24 851 (23) 51 794 (23)

3 4341 (20) 13 028 (21) 6890 (21) 22 629 (21) 46 888 (21)

4 4254 (20) 12 140 (19) 5931 (18) 19 318 (18) 41 643 (19)

5 (high) 2925 (14) 8508 (13) 3898 (12) 13 359 (13) 28 690 (13)

Missing 13 (0) 62 (0) 46 (0) 125 (0) 246 (0)

Smoking status

Never 7860 (37) 22 496 (36) 12 229 (37) 36 895 (35) 79 480 (36)

Ever 13 433 (63) 40 797 (64) 20 915 (63) 68 939 (65) 144 084 (64)

Missing 118 (1) 66 (0) 41 (0) 25 (0) 250 (0)

Alcohol intake

No use 2556 (12) 7819 (12) 3409 (10) 11 088 (10) 24 872 (11)

Current 15 495 (72) 47 322 (75) 25 656 (77) 82 870 (78) 171 343 (77)

Former 1328 (6) 4499 (7) 1933 (6) 7490 (7) 15 250 (7)

Missing 2032 (9) 3719 (6) 2187 (7) 4411 (4) 12 349 (6)

BMI groups

Underweight 282 (1) 700 (1) 304 (1) 1008 (1) 2294 (1)

Healthy weight 5666 (26) 15 406 (24) 8089 (24) 24 972 (24) 54 133 (24)

Overweight 7677 (36) 23 755 (37) 12 484 (38) 40 556 (38) 84 472 (38)

Obesity 6009 (28) 20 660 (33) 10 527 (32) 35 887 (34) 73 083 (33)

Missing 1777 (8) 2838 (4) 1781 (5) 3436 (3) 9832 (4)

CKD (eGFR)†

Stage ≤2 (≥60) 10 326 (48) 53 773 (85) 19 470 (59) 87 484 (83) 171 053 (76)

Stage 3a (45–59) 1137 (5) 7382 (12) 1766 (5) 13 913 (13) 24 198 (11)

Stage 3b (30–44) 217 (1) 1885 (3) 265 (1) 3854 (4) 6221 (3)

Stage 4 (15–29) 24 (0) 319 (1) 29 (0) 608 (1) 980 (0)

Not measured 9707 (45) 0 (0) 11 655 (35) 0 (0) 21 362 (10)

CV comorbidities‡

Heart failure 1568 (7) 3270 (5) 1386 (4) 4583 (4) 10 807 (5)

Myocardial infarction 3881 (18) 4653 (7) 3203 (10) 4620 (4) 16 357 (7)

Hypertension 13 023 (61) 44 273 (70) 24 195 (73) 80 946 (76) 162 437 (73)

Peripheral arterial disease 471 (2) 1590 (3) 523 (2) 2547 (2) 5131 (2)

Arrhythmia 2057 (10) 4973 (8) 2000 (6) 7123 (7) 16 153 (7)

Diabetes mellitus 1399 (7) 13 586 (21) 1992 (6) 21 548 (20) 38 525 (17)

*Monitoring groups based on baseline (within 12 months before) and follow-up (within 2 months after) serum creatinine monitoring.
†Calculated from most recent creatinine measurement within 12 months before the first prescription date.
‡Diagnosis ever registered before ACE/ARB initiation in CRPD or HES.
ARB, angiotensin receptor blocker; BMI, body mass index; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular
filtration rate; HES, Hospital Episode Statistics; SES, socioeconomic status.

4 Schmidt M, et al. BMJ Open 2017;7:e012818. doi:10.1136/bmjopen-2016-012818

Open Access



(table 2). The proportion with follow-up testing after
treatment initiation was 29% within 2 weeks, increasing
to 62% within 2 months. Among ACEI/ARB initiators
who had a baseline test within 12 months, 21% also had a
follow-up test within 2 weeks after starting treatment
(table 3). However, among patients undergoing testing
within 1 month prior to treatment initiation, only 9%
had also the recommended follow-up test within 2 weeks
of treatment start. When we extended the follow-up
window to 3 weeks, this proportion increased to only 14%
(table 3). Among patients continuing treatment, only 1%
had follow-up measurements at 1, 3, 6 and 12 months
after the first retest, in compliance with the strictest rec-
ommendation (eTable 1). These results were unchanged
when the analysis was restricted to the most recent

calendar period (eTables 1–2) and to patients with heart
failure, myocardial infarction, hypertension, peripheral
arterial disease, diabetes or no recent hospitalisation
(eTable 3). Only patients with CKD received a slightly
higher degree of monitoring (13%) within 2 weeks fol-
lowing treatment initiation (eTable 3). The proportion
with follow-up testing after treatment initiation was also
unchanged when results were stratified by date of ACEI/
ARB initiation in 2-year intervals (eTable 4).

Serum creatinine and potassium changes after
ACEI/ARB initiation
Among patients receiving the recommended renal func-
tion monitoring, 567 (1.2%) experienced a creatinine
increase ≥30% and 191 (0.4%) a potassium level
>6 mmol/L at their first follow-up test within 2 months
of treatment initiation (1.4% experienced the increase
in creatinine and/or potassium) (table 4). Among these
patients, 80% continued treatment beyond 30 days fol-
lowing the monitoring date (table 4). The sensitivity ana-
lysis showed that 65% of patients with a creatinine
increase ≥30% and 60% of those with a potassium level
>6 mmol/L also continued treatment beyond 90 days
after the monitoring date (eTable 5). The results
remained consistent for longer baseline monitoring
intervals (eTable 5).

Patients at high risk for creatinine increases ≥30%
When we examined patient characteristics associated
with a creatinine increase ≥30% and adjusted for the

Table 2 Prevalence of baseline and follow-up serum

creatinine monitoring among patients initiating ACE

inhibitors or angiotensin receptor blockers, 2004–2014

Serum creatinine, ≥1 test

Total number n=223 814 (100%)

Baseline testing

≤12 months before 169 218 (76%)

≤3 months before 115 348 (52%)

≤1 month before 75 476 (34%)

Follow-up testing

≤2 weeks after 65 090 (29%)

≤1 month after 114 244 (51%)

≤2 months after 139 044 (62%)

Table 3 Prevalence of baseline and follow-up serum creatinine monitoring among patients initiating ACE inhibitors or

angiotensin receptor blockers according to clinical guideline recommendations

Clinical guidelines

All initiators

n=223 814 (100%)

NICE

heart failure

NICE

MI

NICE/UKRA

hypertension

NICE

CKD

GP

Notebook

Wide baseline

interval

(≤12-months)

Ideal baseline

interval

(≤1 month)

Baseline testing x x x x x 169 218 (76%) 75 476 (34%)

+Follow-up test ≤2 weeks* x NA x x x 46 486 (21%) 19 679 (9%)

+Follow-up test ≤3 weeks† 70 792 (32%) 30 451 (14%)

*Follow-up test among those with baseline measurements.
†Sensitivity analysis illustrating the importance of 2-week vs 3-week cut-off interval in follow-up test intervals.
CKD, chronic kidney disease; GP, general practice; MI, myocardial infarction; NA, not applicable; NICE, National Institute for Health and Care
Excellence; UKRA, United Kingdom Renal Association.

Table 4 Proportion of new users of ACE inhibitors or angiotensin receptor blockers who continue or discontinue treatment

according to guideline recommended cut-off levels of serum creatinine and potassium at follow-up testing*

Continuation† Discontinuation† Total

Total number, % 42 942 (93.1) 3178 (6.9) 46 120 (100)

Serum creatinine increase ≥30%, n (%) 462 (81.5) 105 (18.5) 567 (100)

Serum potassium >6 mmol/L, n (%) 150 (78.5) 41 (21.5) 191 (100)

*Calculated from the most recent measurements within 1 month before and 2 months after drug initiation.
†A patient was considered a continuous user when the end date of the first continuous course of therapy was larger than the date of the first
follow-up monitoring +30 days (to allow for stockpiling and irregular use).
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Table 5 Association between patient characteristics and serum creatinine increase ≥30% and follow-up monitoring within 2 weeks following initiation of ACE inhibitors or

angiotensin receptor blockers

OR (95% CIs)

Characteristics

Serum creatinine monitoring ≤2 weeks Serum creatinine increase ≥30%* Serum potassium increase ≥30%*

Age-adjusted and

sex-adjusted Fully adjusted†

Age-adjusted and

sex-adjusted Fully adjusted†

Age-adjusted and

sex-adjusted Fully adjusted†

Female sex 1.07 (1.04 to 1.10) 1.07 (1.04 to 1.09) 1.39 (1.26 to 1.53) 1.63 (1.47 to 1.80) 0.87 (0.66 to 1.16) 0.94 (0.70 to 1.26)

Age (years)

<50 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

50–59 0.98 (0.94 to 1.01) 0.98 (0.95 to 1.02) 0.88 (0.74 to 1.05) 0.86 (0.72 to 1.03) 1.29 (0.79 to 2.11) 1.10 (0.67 to 1.81)

60–69 1.05 (1.02 to 1.09) 1.05 (1.01 to 1.09) 1.03 (0.88 to 1.21) 1.00 (0.85 to 1.19) 1.35 (0.84 to 2.17) 0.97 (0.60 to 1.58)

70–79 1.18 (1.14 to 1.23) 1.18 (1.13 to 1.23) 1.49 (1.27 to 1.74) 1.36 (1.15 to 1.61) 1.65 (1.02 to 2.66) 0.74 (0.43 to 1.26)

80+ 1.20 (1.14 to 1.25) 1.17 (1.11 to 1.23) 2.72 (2.32 to 3.20) 2.02 (1.68 to 2.44) 2.75 (1.67 to 4.53) 0.73 (0.41 to 1.32)

CKD stage

No CKD (≥60) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Stage 3a (45–59) 1.00 (0.96 to 1.04) 1.00 (0.96 to 1.04) 0.62 (0.53 to 0.73) 0.60 (0.51 to 0.70) 2.48 (1.66 to 3.71) 2.06 (1.36 to 3.11)

Stage 3b (30–44) 0.99 (0.93 to 1.06) 1.01 (0.94 to 1.08) 1.01 (0.82 to 1.24) 0.88 (0.71 to 1.09) 7.51 (4.75 to 11.9) 5.10 (3.16 to 8.22)

Stage 4 (15–29) 1.42 (1.21 to 1.67) 1.41 (1.20 to 1.66) 2.16 (1.52 to 3.05) 1.72 (1.18 to 2.51) 24.0 (13.5 to 42.6) 11.4 (6.07 to 21.4)

Comorbidities*

Heart failure 1.15 (1.09 to 1.23) 1.16 (1.08 to 1.23) 4.00 (3.49 to 4.58) 2.93 (2.51 to 3.42) 2.90 (1.90 to 4.42) 2.22 (1.38 to 3.58)

MI 0.80 (0.75 to 0.85) 0.77 (0.72 to 0.82) 2.33 (1.98 to 2.74) 1.57 (1.32 to 1.87) 2.12 (1.33 to 3.39) 1.35 (0.80 to 2.25)

Hypertension 1.00 (0.97 to 1.02) 1.05 (1.00 to 1.11) 0.62 (0.56 to 0.68) 1.58 (1.36 to 1.84) 0.60 (0.45 to 0.80) 1.02 (0.63 to 1.65)

PAD 1.09 (1.01 to 1.18) 1.11 (1.02 to 1.20) 2.10 (1.70 to 2.60) 1.87 (1.50 to 2.33) 2.14 (1.18 to 3.86) 1.53 (0.82 to 2.88)

Arrhythmia 1.09 (1.03 to 1.14) 0.98 (0.95 to 1.01) 2.37 (2.07 to 2.71) 0.77 (0.69 to 0.86) 1.41 (0.90 to 2.21) 0.77 (0.56 to 1.05)

Diabetes mellitus 0.93 (0.90 to 0.96) 0.93 (0.90 to 0.96) 1.09 (0.97 to 1.22) 1.04 (0.92 to 1.18) 0.97 (0.69 to 1.36) 0.90 (0.63 to 1.29)

Baseline K>5 mmol/L 1.04 (1.00 to 1.10) 1.04 (0.99 to 1.09) 1.04 (0.86 to 1.25) 0.97 (0.80 to 1.17) 8.22 (6.14 to 11.0) 6.68 (4.94 to 9.02)

*The increase was based on the difference between the most recent baseline measurements within 12 months before and first follow-up measurement within 2 months after drug initiation. All
analyses were restricted to those with both baseline and follow-up measurements (n=105 859).
†Adjusted for sex, age, CKD, heart failure, MI, hypertension, PAD, arrhythmia, diabetes and calendar period of prescription start.
CKD, chronic kidney disease; K, potassium; MI, myocardial infarction; PAD, peripheral arterial disease.
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other characteristics in a multivariable analysis (table 5),
we found an increased OR for women (1.6-fold
increased), for age above 70 years (at least 1.3-fold
increased), for CKD stage 4 (1.6-fold increased), heart
failure (2.9-fold increased), peripheral arterial disease
(1.9-fold increased), myocardial infarction (1.6-fold
increased) and hypertension (1.6-fold increased).

Patients at high risk for potassium >6 mmol/L
Baseline potassium level and CKD stage, but not age
and sex, were associated with potassium levels >6 mmol/
L after ACEI/ARB initiation. Thus, the OR was seven-
fold increased for baseline potassium >5 mmol/L,
twofold increased for CKD stage 3a, fivefold increased
for stage 3b, and 11-fold increased for stage 4 (table 5).
Among cardiovascular comorbidities, heart failure was
associated with the strongest OR of a potassium level
>6 mmol/L (2.22, 95% CI 1.38 to 3.58).

Monitoring high-risk patients
Some characteristics associated with increased odds of
having ≥30% rise in creatinine were also associated with
a greater likelihood of having a follow-up test within
2 weeks following drug initiation. These included older
age: persons aged 70 years or above compared with
≤50 years (1.18, 95% CI 1.13 to 1.23 for 70–79 years and
1.17, 95% CI 1.11 to 1.23 for 80+ years), CKD stage 4
compared with no CKD (1.41, 95% CI 1.20 to 1.66),
heart failure (1.16, 95% CI 1.08 to 1.23) and peripheral
arterial disease (1.11, 95% CI 1.02 to 1.20). However,
other characteristics associated with increased odds of
having ≥30% rise in creatinine were not associated with
a greater likelihood of having a follow-up test within
2 weeks following drug initiation: there was no substan-
tially increased OR (>10%) associated with female sex
(1.07, 95% CI 1.04 to 1.09), prior history of myocardial
infarction (0.77, 95% CI 0.72 to 0.82), hypertension
(1.05, 95% CI 1.00 to 1.11) or baseline potassium
>5 mmol/L (1.04, 95% CI 0.99 to 1.09). When we
excluded patients with a recent hospital admission, the
reduced OR for myocardial infarction was no longer
observed (0.93, 95% CI 0.80 to 1.08) (eTable 6). Finally,
the results remained consistent when we omitted adjust-
ment for baseline potassium (data not shown) and when
we adjusted additionally for ethnicity (eTable 6).

DISCUSSION
Only one-tenth of patients initiating ACEI/ARBs in UK
primary care appear to receive the guideline-
recommended creatinine monitoring. One in 15 patients
started ACEI/ARBs despite baseline potassium above the
recommended level, which was also shown to be a strong
predictor for severe postinitiation hyperkalaemia.
Among monitored patients, a creatinine increase ≥30%
or a potassium level >6 mmol/L occurred in almost 1.5%
of patients, and most did not discontinue therapy despite
guideline recommendations to stop. Although patients

with prior myocardial infarction, hypertension or a high
baseline potassium level were at higher risk of sudden
decline in kidney function after ACEI/ARB initiation,
there was no evidence that these patient groups were
monitored more frequently while initiating the drugs.

Strengths and limitations
Several issues should be considered when interpreting
our study results. Its large sample size increased preci-
sion. Use of the CPRD ensured that the study was
general practice-based and not restricted to specific
demographic, hospital or insurance groups.
Over the time course of this study, multiple factors

have impacted on the prescribing of ACEI/ARB and
measurement of renal function in primary care, for
example, the introduction of the relevant NICE guide-
lines, and QOF reimbursement for testing in certain
subgroups. We also did not have information about clini-
cal initiatives such as heart failure nurses and ACEI/
ARB stopping rules (‘sick-day rules’). While our main
results provide summary measures over a 10-year period,
sensitivity analyses confirm that despite these changes,
the proportion receiving the guideline suggested that
biochemical monitoring does not vary during the study
period. We did not have access to blood tests performed
in hospital systems, which may have been reported to
GPs, but not recorded in CPRD. However, restricting the
analysis to patients with no recent hospital admissions
who were most likely to have had renal function mea-
sured and acted on in secondary care had little effect on
our findings. We did not examine testing during initi-
ation of dual blockade with ACEI and ARB as this com-
bination is now used very infrequently for patients with
severe comorbidities who are likely to be monitored in
secondary care. Although some patients may also have
been seen in outpatient specialty clinics, it is common
practice for specialists to ask GPs to initiate new drugs
such as ACEI/ARBs, with local biochemical monitoring,
limiting misclassification.
Consistent with findings from other studies,19 we

found that ∼50% of all ACEI/ARB initiators were moni-
tored both before and after treatment start. If GPs are
retesting renal function in patients at higher risk of sub-
stantial biochemical changes, we may have overestimated
the proportion of patients with high potassium levels or
creatinine increases compared with the untested lower-
risk general population.
GP system software is used for issuing prescriptions,

ensuring the accuracy of prescription data. However, it
cannot be inferred that all patients actually redeemed
their prescription at the pharmacy and started medica-
tion on the same day that it was prescribed.18 20

Similarly, the estimated coverage of prescriptions may
not be completely accurate due to such factors as stock-
piling and irregular use. We also do not know whether
GPs contacted patients with elevated laboratory results
to advise them to stop taking the medication prior to
the end of their prescriptions. However, 80% of patients
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who developed creatinine increase ≥30% after ACEI/
ARB initiation were still issued a subsequent ACEI/ARB
prescription.
We aimed to detect discontinuation related closely in

time to the first follow-up monitoring and hence most
likely resulting from an elevated creatinine or potas-
sium result. We therefore defined continuation as
ACEI/ARB use beyond 30 days (the median prescrip-
tion duration) after the monitoring date. Extending
the definition of continuous use beyond 90 days
reduced the risk of misclassifying patients as continuing
treatment when they had in fact stopped. However,
extending the duration also increased the risk of identi-
fying discontinuation due to other reasons than creatin-
ine/potassium increase, for example, death or cough.
Diagnoses recorded in the CPRD generally have been
found to have adequate validity for research pur-
poses,21 22 particularly in the domains assessed by the
QOF.23 24

In the logistic regression analysis to estimate factors
associated with creatinine increase ≥30%, we excluded
patients without pre and post measurements (complete
case analysis). If the recording of creatinine levels was
not missing completely at random, the associations
between patient characteristics and creatinine increase
may have been underestimated.25 While this assumption
could not be tested directly, examination of baseline
characteristics revealed no major differences in age, sex,
socioeconomic status, and lifestyle between patients with
and without premonitoring and postmonitoring.
Furthermore, the results were consistent for each indi-
vidual patient group examined. Patients with no testing
before or after treatment initiation (including those with
potentially haemolysed samples) only accounted for
10% of all ACEI/ARB initiators.

Comparison with other studies
To the best of our knowledge, this is the largest study
conducted until now on adherence to monitoring and
discontinuation guidelines after ACEI/ARB initiation.
Only one previous study19 examined monitoring accord-
ing to guideline-recommended intervals (<14 days). All
others have used longer intervals (eg, 30 days26 or 6
months27 28), which make interpretations and implica-
tions for clinical practice less clear. Poor adherence to
monitoring guidelines after ACEI/ARB initiation is not
restricted to the UK,19 28 29 but has also been reported
in the USA,30–32 Canada33 and the Netherlands.26 34

Owing to our sample size, we were able to show that the
lack of monitoring occurred in all patient groups with
an indication for ACEI/ARB therapy.
A recent Dutch study, including 3353 patients initiat-

ing ACEI/ARBs between 2005 and 2011, found that
19% had creatinine measured within 30 days and 66%
within 1 year.26 Creatinine increases above 30% occurred
in 1.6% of patients, and among these 70% did not dis-
continue treatment.26 A Scottish study of 4056 patients
with type 2 diabetes, prescribed an ACEI/ARB between

2005 and 2009, found that 19% had both a baseline
(within 90 days) and follow-up measurement (within
2 weeks) of initiation. Within this cohort, 1.7% had both
a creatinine increase of ≥30% and potassium level
≥5.6 mmol/L.
The magnitude of the risk of severe renal impairment,

as measured by creatinine increase in these observa-
tional studies, was consistent with our findings, but
substantially higher than reported in clinical trials
(eg, 0.2% in the Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial
(ONTARGET)).35 It is not clear from the literature how
often harm occurs around the time of initiation, when
the risk of nephrotoxicity is thought to be greatest.8 If
physicians are to understand why follow-up monitoring
within 2 weeks of treatment start matters, the short-term
risks need to be clarified. Until now, most studies have
reported only on cumulative risk over entire courses of
treatment, such as the 1.1% 2-year risk for potassium of
>6 mmol/L in the Studies of Left Ventricular
Dysfunction (SOLVD) trials of patients with heart
failure.36 In contrast to clinical trial reviews, reporting a
0.2% (3/1818) risk of potassium >6 mmol/L, we found a
0.4% risk of hyperkalaemia already at the time of first
retesting after ACEI initiation.
Extending the previous literature, our results support

that advanced age, advanced CKD and heart failure, but
not sex, increase the likelihood of being moni-
tored.19 26 30 Consistent with some,26 30 but not all, previ-
ous studies,28 we found no association for diabetes.
However, these previous studies reporting an association
for diabetes focused on monitoring within broader inter-
vals (eg, 6 months),28 where patients with diabetes, irre-
spective of ACEI/ARB initiation, were likely to receive
blood testing owing to the diabetes QOF programme.
Determinants of increases in creatinine levels after

ACEI/ARB initiation are less well understood than for
hyperkalaemia, but increasing age is a consistently
reported factor.19 Advanced CKD and a range of cardio-
vascular comorbidities (mostly associated with athero-
sclerosis) were also important determinants in our
patient cohort. Consistent with previous studies, we
found that the risk of hyperkalaemia was associated with
CKD (most likely due to the impaired ability of the cor-
tical collecting tubule to secrete potassium), heart
failure (most likely due to the decreased delivery of
sodium to the distal nephron), and high pretreatment
potassium levels.6 8 19 37 We did not observe an associ-
ation with diabetes or increasing age, as could have
been expected due to diabetic nephropathy or age-
dependent hyporeninaemic hypoaldosteronism.6

Clinical relevance
Several possible explanations exist for the divergence
between the clinical guideline recommendations and
the observed monitoring and response patterns in
clinical practice. The first is clinician non-adherence to
ordering tests. This may be due to inconsistent
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recommendations for timing and frequency of monitor-
ing over time,6 consensus-based (rather than evidence-
based) monitoring guidelines, and a lack of guidelines
tailored to particular high-risk patients, such as those
with CKD and heart failure. Although we found that
follow-up monitoring correlated well with the risk of
renal impairment after ACEI/ARB initiation for most
patient groups, it was not observed for patients with
myocardial infarction or preinitiation high potassium.
The second explanation may be patient non-adherence to
ordered tests. This is particularly salient in UK primary
care where blood samples may be taken in phlebotomy
clinics that the patient has to visit rather than the GP
practice. Patients may find it burdensome to have blood
tests, and GPs have no direct economic incentives to
ensure that they are done. A third barrier is lack of evi-
dence of the clinical importance of monitoring and its cost-
effectiveness. ACEI/ARB-induced renal impairment is
rare in clinical trials, even among patients with multiple
risk factors for atherosclerotic renal artery stenosis.8 38

Trial results may therefore have led to a general percep-
tion that the rarity of renal impairment obviates the
need for close monitoring. However, as observed in our
data, the risks in real-world practice may be somewhat
higher and non-negligible. In addition, previous
research has shown that potassium monitoring in high-
risk patients with CKD and diabetes may reduce serious
hyperkalaemia-associated adverse events.39 Still, the
extent to which an initial creatinine increase ≥30%
translates into adverse long-term outcomes in real-world
patients remains to be clarified in future studies.

Generalisability, implications and conclusions
The majority of patients initiating treatment with ACEI/
ARBs experience only minor changes in renal function.
However, substantial increases in creatinine levels after
ACEI/ARB initiation may not be as rare as previously
suggested, reinforcing the need for adherence to clinical
guidelines for both pre-initiating and post-initiating
monitoring. Moreover, the postinitiation creatinine
increase and potassium levels used in this study are
widely recognised cut-off levels, making the results inter-
nationally applicable. The comparison with the previous
literature also confirms that the lack of systematic moni-
toring is not exclusive to the UK. Of particular concern
was that even when appropriate monitoring was per-
formed, severe renal impairment only rarely led to treat-
ment discontinuation. Individual patient counselling
may also be helpful to ensure that those at highest risk
are closely monitored. More work is needed to deter-
mine the prognostic importance of the changes in renal
function that we have observed.
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Serum creatinine elevation after renin-angiotensin system 
blockade and long term cardiorenal risks: cohort study
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Liam Smeeth,1 Laurie A Tomlinson1 

ABSTRACT
ObjeCtive
To examine long term cardiorenal outcomes associated 
with increased concentrations of creatinine after the 
start of angiotensin converting enzyme inhibitor/
angiotensin receptor blocker treatment.
Design
Population based cohort study using electronic health 
records from the Clinical Practice Research Datalink 
and Hospital Episode Statistics.
setting
UK primary care, 1997-2014.
PartiCiPants
Patients starting treatment with angiotensin 
converting enzyme inhibitors or angiotensin receptor 
blockers (n=122 363).
Main OutCOMe Measures
Poisson regression was used to compare rates of end 
stage renal disease, myocardial infarction, heart 
failure, and death among patients with creatinine 
increases of 30% or more after starting treatment 
against those without such increases, and for each 
10% increase in creatinine. Analyses were adjusted for 
age, sex, calendar period, socioeconomic status, 
lifestyle factors, chronic kidney disease, diabetes, 
cardiovascular comorbidities, and use of other 
antihypertensive drugs and non-steroidal anti-
inflammatory drugs.
results
Among the 2078 (1.7%) patients with creatinine 
increases of 30% or more, a higher proportion were 
female, were elderly, had cardiorenal comorbidity, and 
used non-steroidal anti-inflammatory drugs, loop 

diuretics, or potassium sparing diuretics. Creatinine 
increases of 30% or more were associated with an 
increased adjusted incidence rate ratio for all 
outcomes, compared with increases of less than 30%: 
3.43 (95% confidence interval 2.40 to 4.91) for end 
stage renal disease, 1.46 (1.16 to 1.84) for myocardial 
infarction, 1.37 (1.14 to 1.65) for heart failure, and 1.84 
(1.65 to 2.05) for death. The detailed categorisation of 
increases in creatinine concentrations (<10%, 10-19%, 
20-29%, 30-39%, and ≥40%) showed a graduated 
relation for all outcomes (all P values for trends 
<0.001). Notably, creatinine increases of less than 
30% were also associated with increased incidence 
rate ratios for all outcomes, including death (1.15 (1.09 
to 1.22) for increases of 10-19% and 1.35 (1.23 to 1.49) 
for increases of 20-29%, using <10% as reference). 
Results were consistent across calendar periods, 
across subgroups of patients, and among continuing 
users.
COnClusiOns
Increases in creatinine after the start of angiotensin 
converting enzyme inhibitor/angiotensin receptor 
blocker treatment were associated with adverse 
cardiorenal outcomes in a graduated relation, even 
below the guideline recommended threshold of a 30% 
increase for stopping treatment.

Introduction
Angiotensin converting enzyme inhibitors (ACEI) and 
angiotensin receptor blockers (ARB) are commonly pre-
scribed drugs for hypertension, heart failure, diabetic 
microalbuminuria, and proteinuric renal disease and 
after myocardial infarction.1  Patients may, however, 
have a sudden decline in kidney function after starting 
to take these drugs, owing to antagonism of angioten-
sin II mediated efferent arteriolar constriction.2  Despite 
unambiguous recommendations to detect sudden renal 
impairment by monitoring serum creatinine before and 
after the start of ACEI/ARB treatment and to discon-
tinue treatment if creatinine concentrations increase by 
30% or more,1  recent data show that only 10% of 
patients receive the recommended monitoring and only 
20% of those with a creatinine increase of 30% or more 
after starting ACEI/ARB treatment discontinue the 
drugs.3

Clinical trial data has indicated that ACEI/ARB 
induced renal impairment is uncommon.4 5  Patients 
seen in routine clinical practice are, however, on aver-
age older and have more comorbidity than those 
 eligible for trials.6  As a consequence, the absolute risk 
of increases in creatinine of 30% or more in the commu-
nity setting is not negligible.3  Although this level of cre-
atinine increase after starting ACEI/ARB treatment 

WhAT IS AlReAdy knoWn on ThIS TopIC
A sudden decline in kidney function may occur after treatment with angiotensin 
converting enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARB) is started
Increases in creatinine of up to 30% over baseline levels are generally considered 
safe and even a marker of long term preservation of kidney function
Long term cardiac and renal outcomes associated with more detailed categorisations 
of post-initiation increases in creatinine concentrations are unknown

WhAT ThIS STudy AddS
This cohort study shows a graduated increased risk of end stage renal disease, 
adverse cardiac outcomes, and death for each 10% increase in creatinine, even 
below the 30% threshold
Whether these creatinine changes are causally related to adverse outcomes or 
represent a biomarker of increased risk is unclear
Increases in creatinine after starting ACEI/ARB treatment identify a high risk group 
needing close monitoring and in whom the risks and benefits of ACEI/ARB 
prescribing should be considered
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raises concern about the long term balance of risks and 
benefits, smaller increases (<30%) do not prompt con-
sideration of treatment discontinuation according to 
current guidelines. The rationale for the 30% threshold 
in the context of adverse clinical outcomes is unclear,4 
as little evidence is available on the actual risks associ-
ated with creatinine increases of less than 30%.

Considering the high prevalence of ACEI/ARB use in 
general practice, any additional previously unrec-
ognised risks would have major clinical and public 
health implications. We therefore used real world data 
to examine the cardiorenal risks associated with differ-
ent levels of increase in creatinine after the start of 
ACEI/ARB treatment.

Methods
Data sources
We used the UK’s Clinical Practice Research Datalink 
(CPRD), linked to hospital record data from the Hospital 
Episode Statistics (HES) database. The CPRD database 
contains data from primary care electronic health 
records for 7% of the UK population (approximately 15 
million patient lives, with about 8 million currently fol-
lowed).7  Patients included in the CPRD are largely rep-
resentative of the UK population in terms of age, sex, 
and ethnicity.7 8  Information recorded in the database 
covers demographics such as sex and year of birth, the 
location of the general practice, medical diagnoses 
(based on Read codes), drug prescriptions, and a range 
of routine laboratory test results. The HES records all 
hospital admissions for patients covered by the 
National Health Service who receive treatment from 
either English NHS trusts or independent providers.7 8  
Fifty eight per cent of general practices included in the 
CPRD have agreed to HES linkage.7 We used lists of 
Read codes (CPRD) and ICD-10 (international classifica-
tion of diseases, 10th revision) codes (HES) to identify 
outcomes and covariables. We obtained linked data on 
socioeconomic status based on area of residence from 
the UK Index of Multiple Deprivation.

study population
We identified a cohort of all HES linked CPRD patients 
aged 18 years or above who started ACEI/ARB treatment 
between 1 April 1997 and 31 March 2014. We defined new 
users as those with at least one year of continuous regis-
tration in the CPRD before their first recorded prescrip-
tion for ACEI/ARB. We restricted our main study cohort 
to patients with both pre-initiation (within 12 months) 
and post-initiation (within two months) creatinine mea-
surements and excluded patients with end stage renal 
disease diagnosed before cohort entry (n=17).

serum creatinine
We extracted all creatinine test results from the general 
practice records of the study population. We calculated 
a change in creatinine concentrations after the start of 
ACEI/ARB treatment as the relative difference between 
the most recent baseline measurement before or on the 
date of starting treatment and the first follow-up 
 measurement within two months after starting. We 

defined the baseline measurement as within 12 months 
because previous work suggested that very recent creat-
inine concentrations are obtained for only a small pro-
portion of patients starting ACEI/ARBs.3  We chose the 
two month post-initiation period to accord with the 
interval recommended in reviews of previous trial data.4

In our analysis, we firstly dichotomised the relative 
increase according to the guideline recommended cut-off 
levels of 30% or more versus less than 30%. Secondly, to 
examine whether a graduated (“dose-response”) relation 
existed, we categorised increases in creatinine in more 
detail, as less than 10% (reference group), 10-19%, 
20-29%, 30-39%, and 40% or more. Thirdly, we used frac-
tional polynomials to assess the form of the association 
between the continuous creatinine increase variable and 
outcomes. Because of evidence of non-linearity in the log 
scale for the association with several of the outcomes, we 
kept to the categorical modelling.

Outcomes
We used HES and the CPRD to identify first time diagno-
ses of end stage renal disease, myocardial infarction, 
and heart failure, as well as all cause mortality. We 
defined end stage renal disease as the presence of a hos-
pital or primary care morbidity code for end stage renal 
disease, renal transplant, peritoneal dialysis or haemo-
dialysis, or an arteriovenous fistula (suggesting antici-
pation of end stage renal disease).

Patients’ characteristics
We obtained information for all patients on age, sex, 
socioeconomic status (fifths of 2004 Index of Multiple 
Deprivation scores), lifestyle factors (smoking, alcohol 
intake, and body mass index), comorbidities (diabetes, 
myocardial infarction, heart failure, hypertension, 
arrhythmia, peripheral arterial disease, and chronic 
kidney disease stage), blood pressure measurements 
before and after starting ACEI/ARB treatment, and con-
comitant use of other antihypertensive drugs (β block-
ers, calcium channel blockers, thiazides, loop diuretics, 
and potassium sparing diuretics) and non-steroidal 
anti-inflammatory drugs at time of starting ACEI/ARB 
treatment.9  We used algorithms to estimate smoking 
status, alcohol intake, and body mass index based on 
the most recent CPRD records before the start of ACEI/
ARB treatment.10 11  We calculated estimated glomerular 
filtration rate on the basis of the baseline creatinine 
concentration and the chronic kidney disease stage by 
using the CKD-EPI equation.12

We identified other comorbidities from the CPRD and 
HES on the basis of diagnoses recorded before the start 
of ACEI/ARB treatment. We defined pre-initiation and 
post-initiation systolic and diastolic blood pressure on 
the basis of the most recent measurement within 12 
months before and after the start of ACEI/ARB 
 treatment. Use of non-steroidal anti-inflammatory 
drugs was based on prescriptions recorded within 30 
days before the start of ACE/ARB treatment. We defined 
concurrent use of other antihypertensive drugs by 
courses of continuous treatment for each class of drugs 
concomitant with the ACEI/ARB prescription date. In 
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identifying continuous courses of treatment, we calcu-
lated the end date of each prescription by adding the 
duration of the prescription (total number of tablets 
prescribed divided by the specified number of tablets 
per day) to the date of the prescription. We further 
allowed for a 30 day gap between the end date of one 
prescription and the start of the next consecutive pre-
scription to allow for alternative sources of drug (eg, 
outpatient clinics) or stockpiling of prescriptions.

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
developing plans for recruitment, design, or implemen-
tation of the study. No patients were asked to advise on 
interpretation or writing up of results. There are no 
plans to disseminate the results of the research to study 
participants or the relevant patient community.

statistical analysis
We characterised all patients starting ACEI/ARB treat-
ment according to sex, age, comorbidities, co-medica-
tion use, socioeconomic status, lifestyle factors, and 
calendar period. We followed all new ACEI/ARB users 
with a change in creatinine concentration between base-
line and the date of the first follow-up test, until the 
occurrence of an outcome, death, withdrawal from the 
general practice, or end of the follow-up period (31 
March 2014), whichever occurred first. We illustrated the 
survival function by using the Kaplan-Meier estimator.

We used Poisson regression to examine the associa-
tion between the percentage increase in creatinine con-
centration and long term cardiorenal risks. We modelled 
the cause specific hazard to account for competing risks 
(that is, censoring outcomes competing with the out-
come of interest), which is appropriate for estimating 
causal effects.13 14 We calculated rates and incidence rate 
ratios comparing the associations of categories of per-
centage creatinine increase with outcomes, using robust 
standard errors to account for clustering by general 
practice. We adjusted for age and sex in the “crude” 
model. In the main analysis, we also adjusted for the 
comorbidities listed above (including chronic kidney 
disease stage at baseline), use of concurrent drugs, life-
style factors, socioeconomic status, calendar period, 
and time since first prescription. We included age (<50, 
50-59, 60-69, 70-79, and ≥80 years), calendar period 
(1997-2003, 2004-08, and 2009-14) and years since first 
prescription (<1, 1 to <2, 2 to <5, 5 to <10, and ≥10 years) 
as time updated variables. To restrict assessment of out-
comes to patients with incident disease, in each analysis 
we excluded people with a previous history (assessed at 
baseline) of the outcome in question. To examine 
whether patients’ characteristics modified the incidence 
rate ratios, we stratified the analyses by comorbidities. 
We also illustrated the time dependent effect estimates 
for each outcome graphically and did tests for linear 
trends to examine whether an interaction with time 
since starting drug treatment existed.

To consider the effect of potential confounders, we 
examined whether the effect estimates differed from 

our main results in several sensitivity analyses. Firstly, 
we restricted the study period to the most recent 10 
year calendar period (2004-14) to increase the com-
pleteness of covariable recording and to take into 
account temporal differences in patient care.15 Sec-
ondly, we excluded patients with diabetes or chronic 
kidney disease stage 4 to account for measurements 
made at outpatient hospital clinics and therefore not 
available in the CPRD for these groups of patients. 
Thirdly, to explore the effect of drug cessation, we 
restricted the analysis to continuing users (irrespective 
of creatinine result)—that is, patients whose first con-
tinuous course of ACE/ARB treatment ended at least 90 
days after the retest date. Fourthly, to consider the 
potential confounding effect of proteinuria, we 
restricted an analysis to ACEI/ARB users with diabetes, 
among whom we would anticipate that most have sub-
stantial protein excretion. Fifthly, we excluded patients 
with a potassium concentration above 6 mmol/L at the 
first follow-up monitoring to explore the prognostic 
influence of hyperkalaemia on the outcomes, particu-
larly death. Sixthly, to gain insight into potential alter-
native mechanisms leading to increases in creatinine 
after the start of ACEI/ARB treatment, we added a post 
hoc analysis to estimate the relative reduction in 
median systolic and diastolic blood pressure after the 
start of treatment. Finally, we examined whether our 
cohort differed from other patients starting ACEI/ARB 
treatment who did not have both pre-initiation and 
post-initiation creatinine monitoring. For this purpose, 
we resampled all patients starting ACEI/ARB treatment 
in the study period to compare baseline characteristics 
and cumulative mortality risk among those with com-
plete versus incomplete pre-initiation and post-initia-
tion monitoring. We used the STATA 14 statistical 
software package for all analyses.

Results
Patients’ characteristics
Among 303 451 patients who started ACEI/ARB treat-
ment during 1997-2014, 122 363 (40%) had both baseline 
and follow-up creatinine monitoring and were included 
in the study (table 1). Among these, 2078 (1.7%) had an 
increase in creatinine of 30% or more (median age 68 
years) and 120 285 (98.3%) had an increase of less than 
30% (median age 63 years). More detailed categorisa-
tion showed that the creatinine increase was less than 
10% for 102 445 (83.7%) patients, 10-19% for 14 301 
(11.7%) patients, 20-29% for 3539 (2.9%) patients, 
30-39% for 1099 (0.9%) patients, and 40% or more for 
979 (0.8%) patients.

Compared with patients with a creatinine increase of 
less than 30%, a higher proportion of those with an 
increase of 30% or more were female (56.1% v 46.1%) or 
had moderate to severe chronic kidney disease (stage 3b 
or 4) (8.9% v 4.3%), previous myocardial infarction 
(10.5% v 4.5%), heart failure (19.0% v 4.8%), arrhythmia 
(17.2% v 6.8%), or peripheral arterial disease (6.0% v 
2.5%). Patients with an increase of 30% or more were 
four times more likely to use loop diuretics (28.6% v 7.2%) 
or potassium sparing diuretics (8.8% v 2.0%) but also 
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more often used β blockers (23.7% v 17.0%) and non-ste-
roidal anti-inflammatory drugs (34.0% v 23.5%); fewer 
had hypertension (64.1% v 75.7%), calcium channel 
blocker use (16.9% v 18.9%), current alcohol consump-
tion (71.6% v 78.3%), or obesity (29.0% v 33.4%). The 
overall blood pressure response was similar in the two 
groups after the start of ACEI/ARB treatment, both hav-
ing a 7% reduction in systolic blood pressure (from 150 to 
140 mm Hg in patients with a creatinine increase of 30% 
or more and from 155 to 144 mm Hg in those with a less 
than 30% increase). Socioeconomic status, use of thia-
zides, prevalence of smoking, and prevalence of diabetes 
did not differ between the groups.

levels of creatinine increase and clinical outcomes
Increases in creatinine of 30% or more were associated 
with increased rates of all outcomes (table 2). The 
adjusted incidence rate ratios were 3.43 (95% confi-
dence interval 2.40 to 4.91) for end stage renal disease, 
1.46 (1.16 to 1.84) for myocardial infarction, 1.37 (1.14 to 
1.65) for heart failure, and 1.84 (1.65 to 2.05) for death.

When we examined interactions with time since the 
start of drug treatment (fig 1 and supplementary table 
A), we observed a pronounced effect of time for end 
stage renal disease, with increases in incidence rate 
ratios falling from 12.2-fold during the first year to 3.7-
fold within the second year, to 1.7-fold within 2 to <5 
years, and to 2.5-fold within 5 to <10 years after the start 
of treatment. However, confidence intervals were wide, 
reflecting the relatively small number of end stage renal 
disease events (P for trend=0.094). We observed similar 
trends of decreasing risk over time for heart failure (P 
for trend=0.025) and mortality (P for trend<0.001), 
although effect sizes were smaller. The incidence rate 
ratio for heart failure fell from a 1.9-fold increase within 
the first year to a 1.5-fold increase within the second 
year and remained neutral in risk thereafter. The mor-
tality rate ratio declined from a 3.5-fold increase within 
the first year and remained approximately 50% 
increased thereafter.

The more detailed categorisation of creatinine 
increases showed graduated effects for all outcomes. 
This is illustrated by the survival function in figure 2 . 
The absolute one year risk of dying was 2% in the group 
with less than 10% increase, 2% for 10-19%, 4% for 
20-29%, 7% for 30-39%, and 16% for 40% or above; the 
corresponding risks were 9%, 12%, 16%, 24%, and 37% 
at five years and 22%, 26%, 33%, 42%, and 57% at 10 
years. This “dose-response” relation also held for all 
outcomes after adjustment for possible confounders (fig 
3). Using creatinine increase less than 10% as reference, 
incidence rate ratios increased steadily among patients 
with creatinine increases of 10-19% up to those with 
 creatinine increases of 40% or more for end stage renal 
disease (1.73 to 4.04; P for trend<0.001), for myocardial 
infarction (1.12 to 1.59; P<0.001), for heart failure (1.14 to 
1.42; P<0.001), and for death (1.15 to 2.11; P<0.001).

Patient subgroups
Among subgroups of patients (table 3), the risk of 
adverse renal or cardiac outcomes associated with 

table 1 | Patients’ characteristics according to guideline recommended discontinuation 
level of creatinine increases (≥30%) after renin-angiotensin system blockade. values are 
numbers (percentages) unless stated otherwise

 Characteristic
serum creatinine elevation after starting aCei/arb
≥30% (n=2078) <30% (n=120 285)

Female sex 1166 (56.1) 55 482 (46.1)
Age, years:
 <50 292 (14.1) 21 959 (18.3)
 50-59 322 (15.5) 27 955 (23.2)
 60-69 452 (21.8) 31 820 (26.5)
 70-79 540 (26.0) 25 908 (21.5)
 ≥80 472 (22.7) 12 643 (10.5)
Comorbidities*

 Diabetes mellitus 494 (23.8) 26 433 (22.0)
 Myocardial infarction 219 (10.5) 5468 (4.5)
 Heart failure 395 (19.0) 5756 (4.8)
 Hypertension 1333 (64.1) 91 042 (75.7)
 Arrhythmia 358 (17.2) 8122 (6.8)
 Peripheral arterial disease 124 (6.0) 3044 (2.5)
 Chronic kidney disease (eGFR)†:
  Stage ≤2 (≥60) 1612 (77.6) 98 702 (82.1)
  Stage 3a (45-59) 281 (13.5) 16 387 (13.6)
  Stage 3b (30-44) 143 (6.9) 4502 (3.7)
  Stage 4 (15-29) 42 (2.0) 694 (0.6)
Co-medications
 β blockers 493 (23.7) 20 474 (17.0)
 Calcium channel blockers 352 (16.9) 22 700 (18.9)
 Thiazides 435 (20.9) 25 281 (21.0)
 Loop diuretics 594 (28.6) 8693 (7.2)
 Potassium sparing diuretics 183 (8.8) 2354 (2.0)
 NSAIDs 706 (34.0) 28 306 (23.5)
Blood pressure, median (IQR)‡:
 Pre-initiation systolic 150 (135-168) 155 (142-169)
 Pre-initiation diastolic 84 (75-95) 90 (80-98)
 Post-initiation systolic 140 (125-158) 144 (132-158)
 Post-initiation diastolic 80 (70-90) 83 (76-90)
Socioeconomic status, fifths:
 1 (lowest) 468 (22.5) 29 144 (24.2)
 2 469 (22.6) 28 463 (23.7)
 3 460 (22.1) 25 681 (21.4)
 4 388 (18.7) 21 799 (18.1)
 5 (highest) 287 (13.8) 15 040 (12.5)
 Missing 6 (0.3) 158 (0.1)
Smoking status:
 Never 687 (33.1) 41 528 (34.5)
 Ever 1373 (66.1) 78 574 (65.3)
 Missing 18 (0.9) 183 (0.2)
Alcohol intake:
 No use 276 (13.3) 12 951 (10.8)
 Current 1488 (71.6) 94 129 (78.3)
 Former 162 (7.8) 8146 (6.8)
 Missing 152 (7.3) 5059 (4.2)
Body mass index group:
 Underweight 47 (2.3) 1115 (0.9)
 Healthy weight 560 (26.9) 28 676 (23.8)
 Overweight 717 (34.5) 46 231 (38.4)
 Obesity 603 (29.0) 40 116 (33.4)
 Missing 151 (7.3) 4147 (3.4)
Calendar period:
 1997-2003 364 (17.5) 16 157 (13.4)
 2004-08 983 (47.3) 59 915 (49.8)
 2009-14 731 (35.2) 44 213 (36.8)
ACEI=angiotensin converting enzyme inhibitor; ARB=angiotensin receptor blocker; eGFR=estimated glomerular 
filtration rate; IQR=interquartile range; NSAID=non-steroidal anti-inflammatory drug.
*Diagnosis ever registered in Clinical Practice Research Datalink or Hospital Episode Statistics before start of 
treatment with ACEI or ARB.
†Calculated from most recent creatinine measurement within 12 months before first prescription date; eGFR 
given in mL/min/1.73 m2.
‡16 365 (13%) patients had no pre-initiation blood pressure measurement within 12 months before starting ACEI/
ARB treatment (18% among those with ≥30% increase in creatinine and 13% among those with <30% increase). 
Also, 17 190 (14%) patients had no post-initiation blood pressure measurement in 12 months after starting drug 
treatment (19% among those with ≥30% increase in creatinine and 14% among those with <30% increase).
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 creatinine increases of 30% or more was higher in men 
than in women. The precision of estimates for non-fatal 
outcomes varied by subgroups, but without substantial 
modification of the incidence rate ratios. Importantly, 
the incidence rate ratio for death had high precision for 
all subgroups and was consistently increased in 
patients with and without individual comorbidities, 
including diabetes.

sensitivity analyses
The sensitivity analysis comparing the baseline charac-
teristics of patients with and without complete monitor-
ing of creatinine concentrations showed no major 
differences in age, sex, blood pressure values, socioeco-
nomic status, or lifestyle factors (supplementary table 

table 2 | Creatinine increases of ≥30% after renin-angiotensin system blockade and risk of adverse cardiorenal events*

serum creatinine increase†
no of 
events

risk, % (95% Ci)‡ rate per 
1000 
person 
years

incidence rate ratio (95% Ci)

1 year 5 years 10 years
age and sex 
adjusted Fully adjusted§

End stage renal disease:
 <30% 762 0.05 (0.04 to 0.07) 0.33 (0.29 to 0.37) 0.77 (0.68 to 0.86) 1.3 1.00 (reference) 1.00 (reference)
 ≥30% 45 0.30 (0.13 to 0.63) 0.74 (0.41 to 1.25) 1.92 (1.02 to 3.30) 5.2 4.06 (3.01 to 5.48) 3.43 (2.40 to 4.91)
Myocardial infarction:
 <30% 3334 0.41 (0.37 to 0.45) 1.75 (1.67 to 1.84) 3.68 (3.5 to 3.88) 5.9 1.00 (reference) 1.00 (reference)
 ≥30% 87 0.28 (0.11 to 0.64) 2.19 (1.51 to 3.07) 3.80 (2.69 to 5.19) 11.0 1.73 (1.41 to 2.13) 1.46 (1.16 to 1.84)
Heart failure:
 <30% 6892 0.95 (0.90 to 1.01) 3.22 (3.10 to 3.34) 7.28 (7.00 to 7.56) 12.4 1.00 (reference) 1.00 (reference)
 ≥30% 208 2.94 (2.19 to 3.85) 5.89 (4.73 to 7.23) 9.01 (7.17 to 11.1) 28.9 2.12 (1.82 to 2.47) 1.37 (1.14 to 1.65)
All cause mortality:
 <30% 13281 1.74 (1.67 to 1.82) 9.68 (9.48 to 9.88) 22.5 (22.1 to 23.0) 22.4 1.00 (reference) 1.00 (reference)
 ≥30% 640 11.1 (9.77 to 12.5) 29.8 (27.6 to 32.1) 49.2 (45.5 to 53.0) 72.7 2.68 (2.47 to 2.91) 1.84 (1.65 to 2.05)
*Among patients with at least one creatinine measurement within 12 months before and 2 months after starting drug and who continued treatment after first follow-up measurement.
†Increase calculated as difference between most recent baseline measurement within 12 months before starting drug and first follow-up measurement within 2 months after starting drug.
‡Cumulative incidence proportions of non-fatal outcomes calculated taking into account death as competing risk.
§Adjusted for age, sex, comorbidities (diabetes mellitus, myocardial infarction, heart failure, hypertension, arrhythmia, peripheral arterial disease, and chronic kidney disease stage), 
co-medications (β blockers, calcium channel blockers, thiazides, loop diuretics, potassium sparing diuretics, and non-steroidal anti-inflammatory drugs), lifestyle factors (smoking status, 
alcohol intake, and body mass index), socioeconomic status, calendar period, and time since first prescription.
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B). However, those with complete monitoring had a 
higher prevalence of non-cardiac comorbidity, in par-
ticular diabetes and chronic kidney disease. The cumu-
lative mortality function for this group was similar to 
that of the group with creatinine increases between 
10% and 19% (supplementary figure A). The remaining 

sensitivity analyses all supported the robustness of the 
main results (supplementary tables C and D).

discussion
We found that patients in routine clinical care who 
started treatment with ACEI/ARB and whose creatinine 
concentration had increased by 30% or more at their 
first follow-up monitoring visit were at increased risk 
for adverse cardiac outcomes and death, compared 
with patients with more stable creatinine values. Our 
study thus confirms data from clinical trials in a real 
world clinical setting. Moreover, we established that 
risks were also substantially increased for end stage 
renal disease. In general, risks were highest in the first 
year after the start of ACEI/ARB treatment but were sus-
tained up to 10 years later for end stage renal disease, 
myocardial infarction, and death. Importantly, we 
showed a “dose-response” relation between the level of 
increase in creatinine values and risk of adverse out-
comes, indicating that all increases below 30% cannot 
be viewed as safe. Our results were consistent across 
calendar periods and patient subgroups in a range of 
sensitivity analyses. It is not clear whether increases in 
creatinine values after the start of ACEI/ARB treatment 
are due to pathophysiological processes representing a 
biomarker of increased risk or whether a direct causal 
relation exists between reduced renal function and 
adverse outcomes. These results therefore identify a 
group of patients at high risk but do not necessarily 
support discontinuation of ACEI/ARBs.

strengths and limitations of study
This large population based study is the first to use data 
from routine clinical care to examine long term out-
comes associated with changes in renal function after 

End stage renal disease
  <10%
  10-19%
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  30-39%
  ≥40%
Myocardial infarction
  <10%
  10-19%
  20-29%
  30-39%
  ≥40%
Heart failure
  <10%
  10-19%
  20-29%
  30-39%
  ≥40%
Mortality
  <10%
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1.00 (reference)
1.73 (1.41 to 2.13)
2.58 (1.87 to 3.56)
3.80 (2.28 to 6.33)
4.04 (2.46 to 6.63)

1.00 (reference)
1.12 (1.01 to 1.25)
1.27 (1.05 to 1.53)
1.42 (1.04 to 1.95)
1.59 (1.16 to 2.19)

1.00 (reference)
1.14 (1.06 to 1.23)
1.18 (1.02 to 1.37)
1.41 (1.13 to 1.76)
1.42 (1.08 to 1.87)

1.00 (reference)
1.15 (1.09 to 1.22)
1.35 (1.23 to 1.49)
1.72 (1.48 to 1.99)
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Fig 3 | Cardiorenal risks associated with levels of creatinine increase after renin-
angiotensin system blockade

table 3 | Creatinine increases ≥30% after renin-angiotensin system blockade and risk of adverse cardiorenal events, 
stratified by comorbidities

 baseline characteristics
adjusted incidence rate ratio (95% Ci)
end stage renal disease Myocardial infarction Heart failure all cause death

Sex:
 Men 4.81 (3.22 to 7.21) 1.64 (1.24 to 2.17) 1.51 (1.20 to 1.91) 1.89 (1.62 to 2.20)
 Women 1.64 (0.75 to 3.58) 1.30 (0.89 to 1.88) 1.25 (0.94 to 1.65) 1.74 (1.50 to 2.03)
Diabetes mellitus 3.19 (1.81 to 5.61) 1.82 (1.28 to 2.60) 1.32 (0.95 to 1.85) 1.96 (1.66 to 2.32)
 No diabetes mellitus 3.09 (1.91 to 5.01) 1.31 (0.97 to 1.78) 1.40 (1.13 to 1.73) 1.78 (1.55 to 2.04)
Previous myocardial infarction 1.12 (0.21 to 6.00) - 1.34 (0.85 to 2.10) 1.93 (1.53 to 2.43)
 No myocardial infarction 3.62 (2.50 to 5.24) - 1.42 (1.16 to 1.75) 1.84 (1.63 to 2.06)
Heart failure 1.86 (0.40 to 8.74) 1.63 (0.96 to 2.78) - 1.85 (1.54 to 2.23)
 No heart failure 3.86 (2.70 to 5.53) 1.47 (1.12 to 1.91) - 1.85 (1.63 to 2.10)
Hypertension 4.53 (2.99 to 6.87) 1.65 (1.22 to 2.22) 1.61 (1.30 to 1.99) 1.94 (1.69 to 2.22)
 No hypertension 1.92 (0.93 to 3.97) 1.21 (0.80 to 1.84) 1.14 (0.85 to 1.51) 1.76 (1.50 to 2.07)
Cardiac arrhythmia 3.83 (1.36 to 10.8) 1.70 (0.98 to 2.94) 1.35 (0.94 to 1.93) 1.68 (1.38 to 2.04)
 No cardiac arrhythmia 3.49 (2.41 to 5.05) 1.44 (1.11 to 1.87) 1.42 (1.17 to 1.74) 1.93 (1.71 to 2.19)
Peripheral arterial disease 1.03 (0.14 to 7.67) 1.59 (0.83 to 3.06) 1.78 (1.06 to 2.98) 1.86 (1.32 to 2.61)
 No peripheral artery disease 3.67 (2.58 to 5.22) 1.48 (1.16 to 1.88) 1.35 (1.10 to 1.64) 1.86 (1.68 to 2.06)
Chronic kidney disease (eGFR*):
 Stage ≤2 (≥60) 2.70 (1.61 to 4.50) 1.42 (1.06 to 1.89) 1.23 (0.99 to 1.53) 1.71 (1.49 to 1.96)
 Stage 3a (45-59) 5.81 (2.82 to 12.0) 2.10 (1.33 to 3.31) 1.90 (1.30 to 2.77) 2.05 (1.62 to 2.60)
 Stage 3b (30-44) 2.79 (1.06 to 7.34) 1.31 (0.54 to 3.17) 1.64 (0.96 to 2.81) 2.01 (1.45 to 2.77)
 Stage 4 (15-29) 7.81 (1.99 to 30.7) 0.84 (0.09 to 7.94) 0.68 (0.09 to 5.18) 2.36 (1.28 to 4.37)
See table 2 and text for definitions of study cohort, serum creatinine increases, and adjusted model.
*Estimated glomerular filtration rate (mL/min/1.73 m2).
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the start of ACEI/ARB treatment. It represents an 
important complement to clinical trials, the partici-
pants of which may not be representative of treated 
patients in clinical practice.6 The study’s size and long 
follow-up also permitted examination of a full range of 
outcomes, beyond those evaluated in individual clini-
cal trials. Importantly, this is the first study to examine 
the association with end stage renal disease, as clinical 
trials are rarely powered to examine this outcome.

Patients who had a greater fall in renal function after 
starting ACEI/ARB treatment had a higher proportion of 
comorbidities and concurrent drugs that are themselves 
associated with adverse renal outcomes. However, our 
findings were robust after adjustment for a range of 
potential confounders, including comorbidity, co-med-
ication use, lifestyle factors, and socioeconomic status. 
Nevertheless, residual confounding cannot be 
excluded. We were unable to adjust for proteinuria, a 
potentially important confounder owing to its associa-
tion with adverse cardiorenal outcomes, because of its 
incomplete recording. However, to provide an explana-
tion for our results, proteinuria would need to be asso-
ciated with the degree of increase in creatinine 
concentrations after the start of ACEI/ARB treatment. 
We are not aware of any evidence that this is the case. In 
addition, effect estimates were similar in all analyses 
restricted to patients with diabetes, among whom we 
would anticipate that a high proportion would have 
substantial urinary protein excretion.

The validity of the diagnosis of myocardial infarction 
has consistently been found to be high, with positive pre-
dictive values of 92-93% in both the CPRD and HES.16 17  
Heart failure, end stage renal disease, and mortality have 
not been validated individually. However, the diagnoses 
recorded in the CPRD, particularly in the domains 
assessed by the Quality and Outcomes Framework,18 19  
are in general considered to have adequate validity for 
research purposes, with an overall median proportion of 
cases with a confirmed diagnosis of 89%.20 21

A limitation of our study was that we could include 
only patients with both baseline and follow-up creati-
nine measurements (complete case analysis) to calcu-
late changes in renal function. Comparison of the 
baseline characteristics of patients with and without 
complete monitoring of creatinine concentrations 
showed no major differences in demographics, socio-
economics, or lifestyle, although a greater proportion of 
those with complete monitoring had diabetes and 
chronic kidney disease. Therefore, the proportion of 
patients with a decline in renal function among those 
starting ACEI/ARB treatment in the population as a 
whole may be lower than that observed in the moni-
tored group. This view was also supported by the cumu-
lative mortality function in the group with incomplete 
monitoring, which was similar to the monitored group 
with less pronounced increases in creatinine. Impor-
tantly, we have no reason to suspect that the associa-
tion between change in renal function and long term 
outcomes is not generalisable to the whole population. 
Also, our results were consistent within strata of 
patients’ comorbidities and when we excluded 

 subgroups of patients expected to have monitoring per-
formed in outpatient hospital clinics.

Although we used the most recent blood test within 
12 months, two thirds of all baseline creatinine tests 
were carried out within six months of the start of ACE/
ARB treatment. Our study was also able to focus on par-
ticipants whom we were confident continued to be pre-
scribed ACEI/ARBs after their post-initiation blood test 
(regardless of creatinine results). We previously found 
that 80% of patients with creatinine increases of 30% or 
more continued treatment despite guideline recom-
mendations to stop.3 Our new results emphasise the 
clinical implications of these findings, as the adverse 
outcomes associated with creatinine increases also 
applies to continuing ACEI/ARB users.

General practice system software used for issuing 
prescriptions ensures the accuracy of prescription data, 
but we cannot be certain that patients were taking their 
drugs as prescribed. However, given the consistency of 
results for the overall cohort and for patients with pre-
scription coverage 90 days after the monitoring date, 
misclassified drug use is unlikely to have affected the 
results substantially.

Comparison with other studies
Many post hoc analyses of clinical trials have examined 
the prognostic significance of a deterioration in renal 
function after the start of ACEI/ARB treatment. In clini-
cal trials of patients with heart failure, deterioration in 
renal function after starting ACEI/ARB treatment is 
commonly found.22  Although this deterioration is asso-
ciated with a poorer prognosis compared with patients 
with preserved renal function, the overall benefits of 
ACEI/ARB treatment compared with placebo remain for 
cardiovascular outcomes and mortality.22 Our study 
does not undermine that evidence but flags that the 
risk-benefit ratio may differ among patients with 
marked changes in creatinine concentrations. This is 
particularly the case for other prescribing indications 
for which the clinical trial evidence is less clear.

The recommendation in many international guide-
lines to stop ACEI/ARB treatment if creatinine rises by 
30% or more after initiation are founded on a single 
review of 12 clinical trials of ACEI/ARB treatment for 
diabetes and heart failure.4  Studies included in this 
review evaluated progression of renal disease among 
patients with pre-existing renal impairment. Of these 
studies, only six were double blinded and included a 
total of 1102 participants. These trials were published 
during 1993-97 and may not relate to patients receiving 
contemporary routine clinical care. The methods that 
define a cut-off level of creatinine increase at 30% for 
cessation are not clearly presented.4  In addition, the 
results provided by these studies are not supported by 
later trials. Recent reviews have not shown the superi-
ority of ACEI/ARBs compared with other antihyperten-
sive drugs for treating early non-diabetic chronic kidney 
disease,23  diabetes with normal renal function,24  and 
diabetes and chronic kidney disease.25  A UK multi-
centre interventional trial to compare the outcomes of 
continuation versus cessation of ACEI/ARB treatment is 
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under way in response to observational evidence that 
stopping ACEI/ARB treatment may slow progression in 
advanced renal disease.26 27

A fixed recommendation to stop ACEI/ARB treatment 
only if creatinine is increased by 30% or more is also 
hard to reconcile with the growing body of evidence 
related to acute kidney injury, which shows that even a 
small deterioration in renal function is associated with 
a subsequently increased risk of mortality and other 
adverse outcomes.28  It is important to consider that the 
prognostic significance of ACEI/ARB associated renal 
impairment may depend on the underlying cause and 
on subsequent changes in renal function if ACEI/ARB 
treatment is continued.4 22 Underlying causes may be 
different in the routine care setting, in which patients 
are older, have multiple comorbidities, and have more 
advanced kidney disease compared with patients who 
participated in early clinical trials.

Conclusions and implications
In routine primary care, most patients starting treat-
ment with an ACEI/ARB have only minor changes in 
renal function. However, increases in creatinine con-
centrations of more than 10% after starting ACEI/ARB 
treatment affect more than 15% of patients and have 
important implications. We have shown that creatinine 
increases after the start of ACEI/ARB treatment were 
associated with cardiorenal risks in a “dose-response” 
relation, with no distinct cut-off at 30%, as previously 
suggested. Further investigation is needed to ascertain 
whether ACEI/ARB associated changes in renal function 
unmask underlying pathophysiology or lead directly to 
adverse outcomes by causing permanent renal impair-
ment in some patients. In addition, a better under-
standing of the overall risk-benefit ratio of continuing 
treatment after loss of kidney function for different pre-
scribing indications is needed. Most importantly, 
patients with substantial increases in creatinine after 
starting ACEI/ARB treatment should be recognised as a 
very high risk group needing close ongoing monitoring. 
Review is needed of the risks and potential benefits of 
continuation of drug treatment for the specific prescrib-
ing indication for each patient.
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SUMMARY

Background
Cytochrome P450 inhibition by proton pump inhibitors (PPIs) may attenuate the effec-
tiveness of clopidogrel.

Aim
To examine whether PPI use modifies the association between clopidogrel use and
major adverse cardiovascular events (MACE) after percutaneous coronary intervention
(PCI) with stent implantation, using time-varying drug exposure ascertainment.

Methods
We conducted this population-based cohort study in Western Denmark (population
3 million) using medical databases. We identified all 13 001 patients with coronary
stent implantation between 2002 and 2005 and ascertained their reported comorbidities.
During the recommended 12-month postintervention treatment period, we tracked use
of clopidogrel and PPI and the rate of MACE. We used Cox regression to compute
hazard ratios (HRs), controlling for potential confounders.

Results
During follow-up, one or more prescriptions were redeemed by 91% of patients for
clopidogrel and by 21% of patients for PPIs. Of the patients, 15% experienced a MACE.
The adjusted HR for MACE comparing clopidogrel use with non-use was 0.57 [95%
confidence interval (CI): 0.44–0.74] among PPI users and 0.47 (95% CI: 0.42–0.53)
among PPI non-users, yielding an interaction effect (i.e. relative rate increase) of 1.20
(95% CI: 0.91–1.58). PPI users treated from before PCI had a 25% increased rate of
MACE compared to PPI non-users, independent of clopidogrel use [adjusted
HR = 1.24 (95% CI: 0.97–1.58) for clopidogrel users and 1.26 (95% CI: 0.97–1.63) for
clopidogrel non-users].

Conclusions
The use of PPIs as a class did not modify the protective effect of clopido-
grel, but its use was associated with major adverse cardiovascular events
itself, particularly among patients having used PPIs before percutaneous
coronary intervention.
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INTRODUCTION
The thienopyridine clopidogrel is currently a mainstay in
tertiary prevention of vascular events in patients with
coronary artery disease or ischaemic stroke.1 Clopidogrel
is a pro-drug that is metabolized by hepatic cytochrome
P450 (CYP) enzymes (primarily the 2C19 and 3A4 iso-
forms) to an active thiol metabolite, which irreversibly
inhibits the binding of adenosine-5-diphosphate (ADP)
to the platelet P2Y12-receptor. Patients with high residual
ADP-inducible platelet reactivity are at increased risk of
major adverse cardiovascular events (MACE) after per-
cutaneous coronary intervention (PCI).2

Several proton pump inhibitors (PPIs) are metabolized
by CYP2C19 and thus may interact with clopidogrel
metabolism.3 Intense debate is ongoing about whether
the diminished ex vivo antiplatelet effect of clopidogrel
through concomitant PPI use translates into adverse clin-
ical outcomes.3, 4 The importance of this interaction
arises from the large number of PCIs performed annu-
ally, the increasing use of drug-eluting stents with the
associated necessity for long-term clopidogrel treatment,1

and the possibility of preventing an adverse interaction
by avoiding co-administration of PPIs.3

No population-based study has examined the clinical
outcome of the clopidogrel-PPI interaction in patients
receiving coronary stents, with assessment of clopidogrel
and PPI use in a manner that accounts for discontinuation
and restart of therapy, allowing clinical quantification of
the interaction effect.5 To clarify these issues, we examined
in detail whether PPI use modified the association between
clopidogrel use and MACE after coronary stent implanta-
tion, and whether clopidogrel users were at increased risk
of MACE when concomitantly administered a PPI.

METHODS

Setting
We conducted this population-based cohort study using
medical databases in Western Denmark, which has
3 million inhabitants (55% of the Danish population).
The Danish National Health Service provides universal
tax-supported health care, guaranteeing unfettered access
to general practitioners and hospitals, and partial
reimbursement for prescribed medications, including
clopidogrel and PPIs. Accurate and unambiguous linkage
of all registries at the individual level is possible in
Denmark using the unique central personal registry
number assigned to each Danish citizen at birth and to
residents upon immigration.6

Patients and procedures
We used the Western Denmark Heart Registry (WDHR)
to identify all PCIs performed between 1 January 2002
and 30 June 2005.7 Since 1999, this registry has collected
patient and procedure data from all cardiac intervention
centres in Western Denmark.7 We defined the first PCI
during the inclusion period as the ‘index PCI’ and the
date of the procedure as the ‘index date’. We did not
include patients treated by balloon angioplasty without
stenting.

Participating centres are high-volume facilities, each
performing more than 1000 PCIs per year. The interven-
tions were performed according to current standards,
with the interventional strategy (including balloon angio-
plasty, pre- or postdilatation, choice of stent, use of
direct stenting, and administration of periprocedural
glycoprotein IIb ⁄ IIIa inhibitor) left to the operator’s
discretion.7

Medication use
We used the Danish Nationwide Prescription Database
(DNPD)8 to identify all redeemed prescriptions for clopi-
dogrel and PPIs.9 Thienopyridines and PPIs were avail-
able by prescription only during the study period. As no
prescriptions were filled for ticlopidine, no alternative
ADP receptor inhibitor was included in the study. Rele-
vant Anatomical Therapeutic Chemical codes are pro-
vided in the Appendix S1.

The recommended daily maintenance dose of clopido-
grel for secondary prevention of ischaemic vascular
events in Denmark is 75 mg (one tablet) daily for up to
12 months.9 Thus, for study purposes the number of
days supplied from a dispensed clopidogrel prescription
corresponded to the number of tablets per package.
Packages available in the Danish market contained 28 or
84 tablets.9 We computed the number of days exposed
by adding 7 days to the number of days supplied. This
buffer allowed for a 7-day gap to occur between pre-
scription redemptions before a patient was considered to
have discontinued the medication.

Use of the following PPIs was recorded in the DNPD:
esomeprazole, lansoprazole, omeprazole, pantoprazole
and rabeprazole.10 As in the case of clopidogrel, we com-
puted the number of days exposed for PPIs. We defined
current users of clopidogrel and PPI, individually, at a
given point in time as patients exposed by the most
recent prescription redeemed. In a time-varying manner,
patients thus contributed time-at-risk as a current user
or as a non-user of each drug.
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Major adverse cardiovascular events
In line with the recommended duration of clopidogrel
treatment, we identified MACE occurrences within
12 months after the index date.9 We defined MACE as a
first occurrence of myocardial infarction (MI), ischaemic
stroke, stent thrombosis, target lesion revascularization,
or cardiac death. A committee of cardiac specialists,
blinded to the history of medication use, reviewed rele-
vant records to determine the occurrence of stent throm-
bosis and cardiac death, diagnoses that originally were
not included in Danish medical registries.7

Myocardial infarction and ischaemic stroke
We used the Danish National Registry of Patients
(DNRP), covering all nonpsychiatric hospitals since 1977
and emergency room and outpatient clinic visits since
1995, to identify admissions for MI and ischaemic
stroke.11 Associated International Classification of Dis-
eases (ICD) codes are provided in the Appendix S1.

Stent thrombosis and target lesion revascularization
Based on review of original medical records and cathe-
terisation angiograms, the cardiac specialist committee
adjudicated the occurrence of definite stent thrombosis
as defined by the Academic Research Consortium.7 We
defined target lesion revascularization as a repeat PCI or
coronary artery bypass grafting of the index lesion, iden-
tified from the WDHR.7

Mortality
We obtained data on all-cause mortality from the Danish
Civil Registration System.6 This registry has recorded
vital statistics – including date of birth, change of
address, date of emigration, and exact date of death – for
the Danish population since 1968.6 The cardiac specialist
committee then reviewed original paper death certificates
obtained from the National Registry of Causes of Death,
which has collected data on dates and causes of death in
Denmark since 1943.12 Deaths were classified as either
cardiac or noncardiac, based on the underlying cause
recorded on the death certificates. Cardiac death was
defined as an evident cardiac death, unwitnessed death,
or death from unknown causes.13

Patient characteristics
We obtained information on potential confounders (dia-
betes, hypertension and obesity) from diagnoses recorded
in the DNRP between 1977 and the index date. To
ensure complete identification of patients with diabetes,
we also searched the DNPD for any use of antidiabetic

drugs from 1995 to the index date. From the WDHR, we
retrieved procedure-specific data, including the year of
index PCI, PCI indication (ST-segment elevation MI,
non-ST-segment elevation MI or unstable angina pecto-
ris, or stable angina pectoris), number of treated arteries
(1, 2, or 3 or more), number of implanted stents (1, 2,
or 3 or more), lesion type (A, B1, B2, or C),14 and stent
type (drug-eluting or bare-metal stent).7 We used the
DNPD to obtain information on use of the following
medications: aspirin, calcium channel blockers, statins,
vitamin K antagonists, nonselective nonsteroidal anti-
inflammatory drugs, cyclooxygenase-2 selective inhibi-
tors, and systemic glucocorticoids. Associated ICD and
ATC codes are provided in the Appendix S1.

Statistical analysis
We characterised the patients on the basis of medical,
procedural and demographic variables. We followed all
patients from the index date until the date of MACE,
noncardiac death, emigration, or 12 months of follow-
up, whichever came first. Among clopidogrel and PPI
users, we examined the proportion taking medication at
end of follow-up, based on the number of days exposed
since the last prescription redemption. We stratified the
analyses according to whether patients had initiated ther-
apy before or after index PCI.

Time-varying exposure assessment allowed patients to
be considered exposed to different medications over
time: that is, clopidogrel plus a PPI, clopidogrel without
a PPI, a PPI without clopidogrel, or no use of clopido-
grel or a PPI. This approach permitted comparison of
MACE frequency per cumulative time-at-risk associated
with each of the four exposure categories. We illustrated
graphically how the event rates associated with these
four categories progressed relative to each other over
time.

We examined whether PPIs as a class modified the
association between clopidogrel and MACE, by compar-
ing current use of clopidogrel with non-use, in subgroups
of patients with or without concomitant PPI use. We
used Cox proportional hazards regression to compute
hazard ratios (HRs) with 95% confidence intervals (CIs).
The ‘interaction effect’ is the exponentiated coefficient
for the interaction term in the model, that is, the ratio of
the stratum-specific HRs.5 The interaction effect esti-
mates the relative hazard rate increase (or decrease) in
patients with concomitant use of clopidogrel and a PPI,
beyond that expected from the independent effects of
each drug alone.5 An interaction effect other than
1.0 suggests that concomitant PPI use modifies any
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protective effect of clopidogrel. We used the Wald v2 test
to assess the null hypothesis of no interaction.

In regression analyses, we adjusted for the following
potential confounders: age, gender, diabetes, hyperten-
sion, obesity and time-varying use (calculated from the
number of days exposed) of aspirin and of calcium chan-
nel blockers and lipophilic statins (drugs with potential
for interaction with clopidogrel).15 To examine the con-
founding impact of our measures of diabetes, hyperten-
sion, and obesity, we fit a minimally adjusted model
omitting these variables. As the results from the mini-
mally adjusted model were similar to those from the
fully adjusted model, they are not further reported.
We repeated the analyses stratifying by age, gender, PCI

Table 1 | Characteristics of the entire cohort receiving
stents and the subgroup experiencing major adverse
cardiovascular events (MACE)

All patients
(n = 13 001)

MACE patients*
(n = 1890)

N (%) %

Female 3599 (27.7) 533 (28.2)

Age group

<60 years 4763 (36.6) 585 (31.0)

60–69 years 3949 (30.4) 825 (27.9)

‡70 years 4289 (33.0) 777 (41.1)

Medication use�

Clopidogrel 11 859 (91.2) 1097 (58.0)

Proton pump inhibitors 2742 (21.1) 271 (14.3)

Esomeprazole 1260 (9.7) 119 (6.3)

Lansoprazole 719 (5.5) 60 (3.2)

Omeprazole 421 (3.2) 45 (2.4)

Pantoprazole 765 (5.9) 65 (3.4)

Rabeprazole 18 (0.1) 1 (0.1)

Aspirin 11 231 (86.4) 906 (47.9)

Vitamin K antagonists 889 (6.8) 93 (4.9)

Nonselective NSAIDs 1409 (10.8) 75 (4.0)

COX-2 inhibitors 1322 (10.2) 78 (4.1)

Oral glucocorticoids 943 (7.3) 70 (3.7)

Calcium channel blockers 3016 (23.2) 244 (12.9)

Statins 9720 (74.8) 763 (40.4)

Comorbidities�

Diabetes 1390 (10.7) 267 (14.1)

Hypertension 389 (3.0) 76 (4.0)

Obesity 82 (0.6) 12 (0.6)

Procedure data

Year of study entry

2002 3112 (23.9) 496 (26.2)

2003 3722 (28.6) 561 (29.7)

2004 3986 (30.7) 542 (28.7)

2005 2181 (16.8) 291 (15.4)

PCI indication

STEMI 3790 (29.2) 862 (45.6)

Non-STEMI or
unstable angina pectoris

3987 (30.7) 508 (26.9)

Stable angina pectoris 4876 (37.5) 461 (24.4)

Other 348 (2.7) 59 (3.1)

Number of treated arteries§

1 10 184 (78.3) 1472 (77.9)

2 2366 (18.2) 356 (18.8)

Table 1 | (Continued)

All patients
(n = 13 001)

MACE patients*
(n = 1890)

N (%) %

‡3 339 (2.6) 47 (2.5)

Number of stents§

1 10 761 (82.8) 1483 (78.5)

2 1720 (13.2) 308 (16.3)

‡3 458 (3.5) 93 (4.9)

Lesion type§–

A 2684 (20.6) 310 (16.4)

B 7884 (60.6) 1200 (63.5)

C 2427 (18.7) 380 (20.1)

Stent type

BMS 8847 (68.0) 1428 (75.6)

DES 3548 (27.3) 378 (20.0)

BMS and DES 606 (4.7) 84 (4.4)

BMS, bare-metal stent; COX, cyclooxygenase; DES, drug-
eluting stent; NSAIDs, nonsteroidal anti-inflammatory drugs;
PCI, percutaneous coronary intervention; STEMI, ST-segment
elevation myocardial infarction.

* Patients with myocardial infarction, ischaemic stroke, stent
thrombosis, target lesion revascularization, or cardiac death
during the 12-month follow-up period.

� Any prescription redemption during follow-up.

� Registered between 1977 and the index PCI.

§ Data were not available on the number of treated arteries
for 112 patients, on the number of stents for 62 patients, and
on the lesion type for six patients.

– Lesion classification: A, noncomplicated, length <10 mm; B,
irregular, length 10–20 mm; C, irregular, side branch, 90
degrees, chronic occlusion, length >20 mm.14
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indication, and presence ⁄ absence of diabetes. We also
repeated the analyses for the most commonly used PPIs
(esomeprazole, lansoprazole, omeprazole and pantopraz-
ole) for the individual outcomes included in MACE, and
for presence of upper gastrointestinal bleeding. Because
there were few instances of stent thrombosis, ischaemic
stroke, and upper gastrointestinal bleeding, we do not
report further on these individual outcomes.

Finally, we examined whether clopidogrel modified
the association between PPI use and MACE, by compar-
ing current PPI use with non-use, in subgroups of
patients with or without concomitant clopidogrel use. To
examine the impact of new use (starting after PCI) and
longer term PPI use (starting before PCI),16 we repeated
the analysis in subgroups of patients with or without one
or more filled PPI prescriptions before index PCI.

RESULTS

Patient characteristics
We identified 13 001 patients who had undergone coro-
nary stent implantation (Table 1). The median age on

the index date was 64 years and 28% were women. The
indications for PCI were STEMI for 3790 (29%) patients,
non-STEMI or unstable angina pectoris for 3987 (31%)
patients, and stable angina pectoris for 4876 (37.5%)
patients. During follow-up, 11 859 (91%) patients filled
at least one prescription for clopidogrel and 2742 (21%)
filled at least one prescription for a PPI. Among patients
using clopidogrel after PCI, only 45% continued treat-
ment until end of follow-up (Table 2). This proportion
was 54% among PPI users, highest among longer-term
users (64%) and lowest among new users (39%).

Clinical outcomes
Overall, 1890 (15%) patients experienced a MACE dur-
ing the 12-month follow-up. The rates of MACE per
1000 person years were 154 for concomitant clopidogrel
and PPI use, 104 for clopidogrel without PPI use, 267
for PPI without clopidogrel use, and 263 for no use of
either drug (Table 3 and Figure 1).

The adjusted HR for MACE comparing clopidogrel
use with non-use was 0.57 (95% CI: 0.44–0.74) among
PPI users and 0.47 (95% CI: 0.42–0.53) among PPI

Table 2 | The proportion of clopidogrel and proton pump inhibitor (PPI) users who continued therapy until the end of
follow-up*

N

Drug use at end of follow-up*

No (%) Yes (%)

Ever use of clopidogrel after PCI� 11 859 6557 (55.3) 5302 (44.7)

Ever use of clopidogrel before PCI� 1698 811 (47.8) 887 (52.2)

No clopidogrel prescription before PCI 10 161 5746 (56.5) 4415 (43.5)

No clopidogrel prescription after PCI 1142 1102 (96.5) 40 (3.5)§

Ever use of clopidogrel before PCI� 169 129 (76.3) 40 (23.7)§

No clopidogrel prescription before PCI 973 973 (100) –

Ever use of a PPI after PCI� 2742 1263 (46.1) 1479 (53.9)

Ever use of a PPI before PCI� 1622 578 (35.6) 1044 (64.4)

No PPI prescription before PCI 1120 685 (61.2) 435 (38.8)

No PPI prescription after PCI 10 259 10 183 (99.3) 76 (0.7)§

Ever use of a PPI before PCI� 1432 1356 (94.7) 76 (5.3)§

No PPI prescription before PCI 8827 8827 (100) –

PCI, percutaneous coronary intervention.

* End of follow-up was defined by a major adverse cardiovascular event, noncardiac death, emigration, or 12 months of follow-up,
whichever came first. Patients were considered drug users at end of follow-up if they were covered by the number of days
exposed from their last prescription redemption.

� At least one prescription redemption within follow-up.

� At least one prescription redemption within 5 years before PCI.

§ Patients who at time of death were covered by the number of days exposed from their last prescription redemption before PCI
and who did not live to fill a new prescription after PCI.
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non-users (Table 3), yielding an interaction effect of 1.20
(95% CI: 0.91–1.58). The results were consistent for MI,
TLR, and cardiac death, as separate outcomes (Table S1).
We observed no substantial difference from the overall
results in subgroups based on age, gender, PCI indica-
tion, or presence ⁄ absence of diabetes (data not shown).

The adjusted HR for MACE, comparing use of PPIs
as a class with non-use, was 1.40 (95% CI: 1.17–1.68)
among clopidogrel users and 1.16 (95% CI: 0.95–1.43)
among clopidogrel non-users (Table 4). The results were
similar for individual PPIs among clopidogrel users
(Table S2). The adjusted HR comparing new PPI use
with non-use was 1.61 (95% CI: 1.13–2.29) among
clopidogrel users and 0.98 (95% CI: 0.58–1.67) among
clopidogrel non-users (interaction effect 1.64, 95% CI:
0.87–3.11). Patients with a longer-term PPI use had a
25% increased rate of MACE compared to PPI non-
users, independent of whether or not they were using
clopidogrel (adjusted HR 1.24, 95% CI: 0.97–1.58 for
clopidogrel users and 1.26, 95% CI: 0.97–1.63 for clopi-
dogrel non-users).

DISCUSSION
In this population-based cohort study of 13 001 patients
undergoing PCI, clopidogrel use was associated with a
markedly reduced rate of MACE within 12 months after
coronary stent implantation, independent of PPI use.
Use of PPIs individually or as a class did not modify the
protective effect of clopidogrel substantially. However,
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Figure 1 | Survival function for major adverse cardio-
vascular event (MACE) associated with time-dependent
categories of clopidogrel and proton pump inhibitor use.

Table 4 | Hazard ratio for major adverse cardiovascular events,* comparing use of proton pump inhibitors (PPIs)� with
non-use, with or without concomitant use of clopidogrel

Unadjusted hazard
ratio (95% CI)

Interaction effect�
(95% CI) P§

Adjusted hazard
ratio– (95% CI)

Interaction
effect� (95% CI) P§

PPI use overall

) Clopidogrel 1.18 (0.96–1.44) 1.28 (0.97–1.69) 0.08 1.16 (0.95–1.43) 1.20 (0.91–1.58) 0.19

+ Clopidogrel 1.51 (1.26–1.81) 1.40 (1.17–1.68)

Longer-term use**

) Clopidogrel 1.25 (0.97–1.62) 1.02 (0.71–1.45) 0.92 1.26 (0.97–1.63) 0.98 (0.69–1.40) 0.93

+ Clopidogrel 1.28 (1.00–1.63) 1.24 (0.97–1.58)

New use��

) Clopidogrel 1.01 (0.60–1.72) 1.69 (0.89–3.20) 0.11 0.98 (0.58–1.67) 1.64 (0.87–3.11) 0.13

+ Clopidogrel 1.71 (1.20–2.44) 1.61 (1.13–2.29)

* Composite of myocardial infarction, ischaemic stroke, stent thrombosis, target lesion revascularization and cardiac death within
12 months after coronary stent implantation.

� Any use of esomeprazole, lansoprazole, omeprazole, pantoprazole, or rabeprazole.

� The ratio of the stratum-specific hazard ratios, which estimates the relative hazard rate increase associated with concomitant
use of clopidogrel and a proton pump inhibitor, beyond that expected from the independent effects of these drugs alone.

§ Wald v2 test for no interaction in the model.

– Adjusted for age, gender, diabetes, hypertension, obesity and time-varying use of aspirin, proton pump inhibitors and statins.

** Patients with one or more filled PPI prescriptions before index PCI.

�� Patients with no filled PPI prescriptions before index PCI.
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PPIs use was associated with an increased rate of MACE
itself, particularly among longer-term users.

Several studies have reported on the effect of coad-
ministering PPIs to clopidogrel.3, 4, 17, 18 Gilard et al19

first drew attention to this potential drug-drug interac-
tion in a placebo-controlled trial of 124 patients receiving
coronary stents. They found a reduced ex vivo antiplat-
elet effect of clopidogrel when combined with omepra-
zole.19 Several other ex vivo studies supported such an
effect for concomitant use of omeprazole,20–22 but
not lansoprazole, pantoprazole, or esomeprazole.21–25

Recently, however, a post hoc analysis of the PRINCI-
PLE-TIMI 44 trial demonstrated a decreased inhibition
of platelet aggregation of a 600 mg clopidogrel loading
dose associated with concomitant use of all these four
PPIs individually.26

Observational studies have showed similar inconsis-
tency regarding whether concomitant clopidogrel and
PPI use is27–31 or is not 26, 32–37 associated with adverse
clinical outcomes. The only study that randomly allo-
cated PPI treatment to clopidogrel users was the Clopi-
dogrel and the Optimization of Gastrointestinal Events
Trial (COGENT).38 This study concluded that there was
no apparent increased cardiovascular risk by using clopi-
dogrel and omeprazole concomitantly compared with
clopidogrel alone,38 although the confidence limits
allowed for a 44% relative increase in cardiovascular
risk.3 Similarly, a post hoc analysis of the TRITON-TIMI
38 trial found no clinically relevant cardiovascular risk
associated with concomitant clopidogrel and PPI use.26

Our finding that PPI use was associated with an
increased rate of MACE among clopidogrel users is in
line with three meta-analyses estimating that concomi-
tant clopidogrel and PPI use is associated with a 30–40%
increased risk for MACE compared with clopidogrel use
alone.4, 17, 18 Importantly, the cardiovascular risk associ-
ated with PPI use in our study seemed independent of
clopidogrel use. This finding is consistent with previous
reports.32, 35, 39 The apparent increase in risk associated
with PPI use may be due to the characteristics of the
patients who use them.32, 35, 39 In Denmark PPIs are
prescribed mainly for clear indication such as peptic
ulcer disease or gastroesophageal reflux disease, and not
routinely in combination with dual antiplatelet therapy.
Our nonrandomized design is vulnerable to confounding
by unmeasured variables (e.g. cardiovascular risk factors
not routinely recorded in registry data such as smoking,
alcohol use, lipid levels, and body mass index) and resid-
ual confounding from imperfect measured variables (in
our study, e.g. diabetes, hypertension, or obesity) might

also play a role.32, 39 Thus, it is important to note that
the cardiovascular risks associated with PPI use may not
necessarily reflect a direct drug effect.

One major limitation of most previous studies was an
inability to quantify the isolated interaction effect on
clinical endpoints.26, 27, 29–31, 33–35, 37 Initiating clopido-
grel therapy may not be a valid proxy for exposure status
throughout follow-up, because patients may stop and
restart treatment or may discontinue completely before
the end of the recommended treatment period, for exam-
ple due to intolerable side effects, as it was seen for more
than half of our patients. To quantify the actual interac-
tion effect, it is therefore necessary to examine and com-
pare the rate of MACE associated with use of clopidogrel
alone, clopidogrel plus a PPI, a PPI alone, or neither.
Through our time-varying clopidogrel and PPI ascertain-
ment, we avoided the assumption that once a patient ini-
tiated a medication it was continued for the remainder
of the recommended treatment period.

Strength and limitations
A number of issues should be considered when interpret-
ing our study’s results. Its population-based design
within the setting of a tax-supported universal healthcare
system largely eliminated selection biases. Data in the
prescription database are virtually complete.8 Although
we had to use prescription data as a proxy for drug use,
we based drug exposure information on actual dispens-
ing at pharmacies.8 Copayment requirements increased
the likelihood of compliance. We were able to calculate
the number of days exposed from the number of days of
medication supplied, increasing the accuracy of exposure
information. We also accounted for patient adherence
behaviour by allowing up to 7-day gaps between pre-
scription refills.40 These advanced methods of defining
exposure reduced the likelihood of nondifferential mis-
classification,41 despite reliance on assumptions regarding
consumption of dispensed medications. Discontinuation
of PPIs could be associated with poor health.42 If so, the
high rate of PPI discontinuation throughout follow-up
would draw the effect estimates towards unity and thus
cannot explain the findings of an increased risk associ-
ated with PPI use. The results for individual PPIs and
individual outcomes were limited by wide confidence
intervals, making it difficult to rule out small, but poten-
tially clinically relevant, risks. Also, we cannot not rule
out that the cardiovascular risk associated with PPI use
is independent of clopidogrel use32 only among longer-
term PPI users and not among patients initiating PPI
treatment after PCI. Use of WDHR and DNRP data to
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ascertain study outcomes has previously been vali-
dated,7, 43 and the DNPD has been shown to be accurate
and complete.8

Information on drug use and hospitalizations were
collected independently from medical databases, avoiding
reliance upon self-report and thus reducing the potential
for differential misclassification.44

In conclusion, use of PPIs as a class did not modify
the protective effect of clopidogrel after coronary stent
implantation. PPI use was, however, associated with
MACE itself, particularly among patients having used
PPIs before PCI.
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Diclofenac use and cardiovascular risks: series of nationwide 
cohort studies
Morten Schmidt,1,2 Henrik Toft Sørensen,1,3 Lars Pedersen1

ABSTRACT
Objective
To examine the cardiovascular risks of diclofenac 
initiation compared with initiation of other traditional 
non-steroidal anti-inflammatory drugs, initiation of 
paracetamol, and no initiation.
DeSiGN
Series of 252 nationwide cohort studies, each 
mimicking the strict design criteria of a clinical trial 
(emulated trial design).
SettiNG
Danish, nationwide, population based health 
registries (1996-2016).
PARticiPANtS
Individuals eligible for inclusion were all adults 
without malignancy; schizophrenia; dementia; or 
cardiovascular, kidney, liver, or ulcer diseases (that is, 
with low baseline risk). The study included 1 370 832 
diclofenac initiators, 3 878 454 ibuprofen initiators, 
291 490 naproxen initiators, 764 781 healthcare 
seeking paracetamol initiators matched by propensity 
score, and 1 303 209 healthcare seeking non-initiators 
also matched by propensity score.
MAiN OUtcOMe MeASUReS
Cox proportional hazards regression was used to 
compute the intention to treat hazard ratio (as a 
measure of the incidence rate ratio) of major adverse 
cardiovascular events within 30 days of initiation.

ReSULtS
The adverse event rate among diclofenac initiators 
increased by 50% compared with non-initiators 
(incidence rate ratio 1.5, 95% confidence interval 
1.4 to 1.7), 20% compared with paracetamol or 
ibuprofen initiators (both 1.2, 1.1 to 1.3), and 30% 
compared with naproxen initiators (1.3, 1.1 to 1.5). 
The event rate for diclofenac initiators increased for 
each component of the combined endpoint (1.2 (1.1 
to 1.4) for atrial fibrillation/flutter, 1.6 (1.3 to 2.0) 
for ischaemic stroke, 1.7 (1.4 to 2.0) for heart failure, 
1.9 (1.6 to 2.2) for myocardial infarction, and 1.7 (1.4 
to 2.1) for cardiac death) as well as for low doses of 
diclofenac, compared with non-initiators. Although 
the relative risk of major adverse cardiovascular 
events was highest in individuals with low or moderate 
baseline risk (that is, diabetes mellitus), the absolute 
risk was highest in individuals with high baseline risk 
(that is, previous myocardial infarction or heart failure). 
Diclofenac initiation also increased the risk of upper 
gastrointestinal bleeding at 30 days, by approximately 
4.5-fold compared with no initiation, 2.5-fold 
compared with initiation of ibuprofen or paracetamol, 
and to a similar extent as naproxen initiation.
cONcLUSiONS
Diclofenac poses a cardiovascular health risk 
compared with non-use, paracetamol use, and use of 
other traditional non-steroidal anti-inflammatory drugs.

Introduction
The cardiovascular risks of non-aspirin, non-steroidal 
anti-inflammatory drugs (NSAIDs) remain a major 
safety concern after rofecoxib’s thromboembolic 
properties were revealed.1 Diclofenac is a traditional 
non-steroidal anti-inflammatory drug (NSAID) with 
cyclo-oxygenase-2 (COX 2) selectivity similar to COX 
2 inhibitors,2 but its cardiovascular risks compared 
with those of other traditional NSAIDs have never been 
examined in a randomised controlled trial.3 Current 
concerns about these risks, as stated by the European 
Society of Cardiology,4 now make such a trial unethical 
to conduct.

Diclofenac is the most frequently used NSAID in low, 
middle, and high income countries, and is available 
over the counter in most countries;5 therefore, its 
cardiovascular risk profile is of major clinical and 
public health importance. As a consequence, the 
European Medicines Agency has again called for a 
safety assessment of diclofenac.6 In response, we 
conducted a series of cohort studies, each mimicking 
the strict design criteria of a clinical trial (a so-called 
emulated trial design), to compare rates of major 
adverse cardiovascular events among diclofenac 
initiators with rates among non-initiators or initiators 
of active comparator drugs.

WhAT IS AlReAdy knoWn on ThIS TopIC
Diclofenac is the most commonly used non-steroidal anti-inflammatory drug 
(NSAID) in low, middle, and high income countries
Its cardiovascular risks compared with other traditional NSAIDs have never been 
examined in a randomised controlled trial, and current concerns about these 
risks make such a trial unethical to conduct
A series of Danish nationwide cohort studies, each mimicking the strict design 
criteria of a clinical trial (emulated trial design), included 1 370 832 initiators 
of diclofenac, 3 878 454 initiators of ibuprofen, 291 490 initiators of naproxen, 
764 781 healthcare seeking initiators of paracetamol (matched by propensity 
score), and 1 303 209 healthcare seeking NSAID non-initiators (matched by 
propensity score)

WhAT ThIS STudy AddS
The incidence rate ratio of major adverse cardiovascular events at 30 days among 
diclofenac initiators increased by 50% versus non-initiators, by 20% versus 
ibuprofen or paracetamol initiators, and by 30% versus naproxen initiators
The increased risk was observed for atrial fibrillation or flutter, ischaemic stroke, 
heart failure, myocardial infarction, and cardiac death; both sexes of all ages; 
and even at low doses of diclofenac. 
Risk of upper gastrointestinal bleeding at 30 days with diclofenac was similar 
to that of naproxen, but considerably higher than for no NSAID initiation, 
paracetamol, and ibuprofen
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Methods
Setting
The Danish national health service provides universal 
tax supported healthcare, guaranteeing unfettered 
access to general practitioners and hospitals, and 
part reimbursement for prescribed drug treatments, 
including diclofenac.7 Individual level linkage of 
all Danish registries is possible by use of a unique 
personal identifier assigned to each Danish citizen at 
birth and to residents on immigration.8

Apart from low dose ibuprofen (200 mg) and 
diclofenac (from 16 July 2007 to 14 December 2008), all 
non-aspirin NSAIDs require a prescription in Denmark.9 
Regular users of over-the-counter NSAIDs have an 
incentive to obtain a prescription because prescription 
costs are partially reimbursed through the Danish 
national health service’s insurance programme.9

Data sources
We used the Danish National Patient Registry covering 
all Danish hospitals to identify the study population, 
their comorbidities, and non-fatal endpoints.10 Each 
hospital discharge or outpatient visit (since 1977 
and 1995, respectively) is recorded in the registry 
with one primary diagnosis and potentially several 
secondary diagnoses classified according to the ICD-8 
(international classification of diseases, 8th revision) 
and ICD-10 thereafter.10 Data on general practice 
contacts were obtained from the Danish National 
Health Insurance Service Registry.11

We used the Danish National Prescription Registry 
to identify drug use.7 Since 1995, this registry has 
maintained detailed records of all prescriptions 
dispensed from all Danish pharmacies.7 We obtained 
mortality and migration data from the Danish Civil 
Registration System,8 which has recorded all changes 
in vital status and migration for the entire Danish 
population since 1968, with daily electronic updates.8 
Cause of death data were obtained from the Danish 
Register of Causes of Death.12

Design
We used population based registries to emulate the 
eligibility criteria, washout period, treatment groups, 
and follow-up period of a clinical controlled trial 
(eTable 1).13 14 Eligible individuals were those aged 
at least 18 years with at least one year of continuous 
prescription records before date of study entry, who did 
not meet the exclusion criteria (listed below), and who 
did not redeem NSAID prescriptions in the 12 month 
washout period before enrolment. Among all eligible 
individuals in January 1996 (the first trial month), we 
identified all diclofenac initiators and the following 
three comparator groups:

•	  Active NSAID comparators: we identified initiators 
of ibuprofen or naproxen to enable comparison with 
other traditional NSAIDs. Initiation was defined as 
filling a first prescription within the trial month. Any 
person who fulfilled criteria for both the diclofenac 
group and an active comparator group was 

categorised according to the first drug redeemed. If 
the two drugs were redeemed on the same day, the 
person was excluded.

•	  Non-user comparators: we identified non-initiators 
of NSAIDs from the general population, who were 
alive and fulfilled the eligibility criteria in January 
1996. To account for healthcare seeking behaviour, 
further restriction was made to individuals with 
a general practice contact within the trial month. 
We calculated the propensity score for all eligible 
individuals initiating diclofenac at enrolment 
by fitting a logistic regression model including 
covariates on sex, age, year, comorbidity, and drug 
treatment use.15 We then matched non-initiators 
to diclofenac initiators (1:1) by propensity score 
within a maximum matching range of 0.025 and 
without replacement.

•	  Active non-NSAID comparator: we matched 
paracetamol initiators from the general population 
to diclofenac initiators by propensity score. We used 
a similar matching approach as above, except for 
adding to the general practice contact criteria that 
comparators should also redeem a prescription 
for paracetamol within the trial month. As an 
analogue to the washout period in the active NSAID 
comparisons, we also required that paracetamol 
initiators and NSAID non-initiators had not been 
enrolled in trials in the previous 12 months.

In all models, enrolled individuals in the January 
trial were followed from baseline (that is, date of 
prescription redemption for NSAID/paracetamol 
initiators and general practice contact for non-
initiators) until the first occurrence of a non-fatal 
endpoint, death, loss to follow-up, or 30 days of follow-
up, whichever occurred first. 

To increase the number of initiators and events, we 
subsequently applied the approach described above 
to every month between January 1996 and December 
2016, thereby creating a series of emulated trials 
(n=252), each with a one month enrolment period 
(fig  1). Fulfilling the eligible criteria at any given 
baseline, participants could potentially take part in 
several trials. Thus, NSAID non-initiators in the January 
1996 “trial” could still be included in the January 1997 
“trial.” By contrast, all enrolled individuals in the 
January 1996 “trial” were ineligible for inclusion in the 
subsequent 12 months.

exclusion criteria
Exclusion criteria were based on all information 
recorded in the Danish National Patient Registry (within 
five years) and Danish National Prescription Registry 
(within one year). Exclusion criteria were previous 
cardiovascular disease (angina pectoris, myocardial 
infarction, coronary intervention (percutaneous 
coronary intervention or coronary artery bypass 
grafting), heart failure, stroke, peripheral vascular 
disease, venous thromboembolism, atrial fibrillation or 
flutter, or use of digoxin, nitrates, antiplatelet drugs, or 
anticoagulant drugs within one year), chronic kidney 
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disease, chronic liver disease, other alcoholism related 
diseases, ulcer disease, malignancy, schizophrenia (or 
use of antipsychotic drugs), or dementia.

endpoints
The primary endpoint—major adverse cardiovascular 
events—was a composite of non-fatal events10 and 
cardiac death.8 Non-fatal events were defined as 
first time inpatient diagnoses of atrial fibrillation or 
flutter, ischaemic stroke, heart failure, and myocardial 
infarction.10 For atrial fibrillation or flutter, we also 
included first time outpatient diagnoses. Cardiac 
death was defined as death from any cardiac cause. 
Secondary endpoints included all the individual 
components of major adverse cardiovascular events. 
Finally, we stratified cardiac death according to 
underlying causes.

Participant characteristics
We characterised the study population by age, sex, 
comorbidity, and drug treatment use at baseline. 
We compared the distribution of baseline covariates 
in the propensity score matched samples using the 
standardised difference16 and illustrated graphically 
the propensity score distribution before and after 

matching. Comorbidity was based on the complete 
five year inpatient and outpatient medical history in 
the Danish National Patient Registry (both primary 
and secondary diagnoses). Drug treatment use was 
defined as a redeemed prescription within 90 days 
before enrolment. To increase the completeness of 
diabetes, chronic obstructive pulmonary disease, and 
hypertension ascertainment, we also searched the 
Danish National Prescription Registry for any previous 
prescription redemption of diabetic, respiratory, or 
antihypertensive drugs. We defined hypertension 
as a hospital diagnosis or redemption of at least two 
prescriptions for antihypertensive drug classes within 
90 days before enrolment.17 All registry codes are 
provided in eTable 2.

intention to treat analysis
We estimated an observational analogue of the 
intention to treat hazard ratio, as a measure of the 
incidence rate ratio, by fitting a Cox proportional 
hazards model, using time since start of follow-up as 
the time scale and a time independent covariate for 
treatment assignment. We pooled data from all trials 
into one model and included each trial as a stratum 
in the regression (using values from 1 to 252). The 
covariate values for each “trial” were based on the data 
most recently recorded at the start of the respective trial. 
Because individuals could participate in more  than 
one of these trials, we used a robust variance estimator 
to estimate conservative 95% confidence intervals.18 In 
the active NSAID comparator models, we adjusted for 
the baseline covariates on sex, age, year, comorbidity, 
and drug treatment use. Adjustment was used rather 
than propensity score matching to approximate a trial 
setting.

Participant subgroups
In addition to our primary low risk population (defined 
by eligibility criteria), we repeated the sampling and 
analyses for patients with diabetes mellitus (that is, 
at moderate cardiovascular risk at baseline) and for 
patients with previous myocardial infarction or heart 
failure (that is, at high cardiovascular risk at baseline). 
In the high risk group, cardiovascular drug use within 
one year was omitted as an exclusion criterion. To 
facilitate the interpretation of the relative effect 
estimates, we also calculated adjusted incidence rate 
differences according to baseline cardiovascular risk. 
Finally, we stratified the study population by age (<65, 
65-79, or ≥80 years), sex, calendar period (1996-2002, 
2003-09, and 2010-16), and diclofenac dose (low dose 
(<100 mg) v high dose (100 mg) tablets).

Sensitivity analyses
We performed the following sensitivity analyses, in 
order to: 

1.  Omit the restriction among NSAID non-initiators to 
healthcare seekers, to examine the confounding-
reducing effect of this inclusion criterion

2.  Examine upper gastrointestinal bleeding as a 
control outcome in the model validation 

Baseline MACE Death
Emigration

30 days of
follow-up

Diclofenac initiators
Naproxen initiators

January 1996 (trial 1)

B M D F

B M D F

Diclofenac initiators
Naproxen initiators

February 1996 (trial 2)

Diclofenac initiators
Naproxen initiators

March 1996 (trial 3)

B M D F

Diclofenac initiators
Naproxen initiators

December 2016 (trial 252)

Fig 1 | emulated trial design, to compare rates of major adverse cardiovascular events 
among diclofenac initiators with rates among non-initiators or initiators of active 
comparator drugs in Denmark. individual level linkage of nationwide population based 
registries was used to emulate the eligibility criteria, washout period, treatment 
groups, and follow-up period of a clinical controlled trial. eligible individuals were 
aged at least 18 years who had at least one year of prescription history and none of the 
exclusion criteria. All initiators of diclofenac and naproxen were identified during the 
month of january 1996. each person was followed up to a non-fatal endpoint, death, 
loss to follow-up, or 30 days of follow-up. enrolment was repeated in the months of 
February and March, and subsequently for every month up to December 2016. the 
series of 252 emulated trials were then statistically pooled into one model, generating 
a sample size of 1 370 832 diclofenac initiators and 291 490 naproxen initiators. A 
similar approach was used to identify ibuprofen initiators (n=3 878 454) and propensity 
score matched initiators of paracetamol (n=764 781) and NSAiD non-initiators 
(n=1 303 209). b=baseline; MAce=major adverse cardiovascular events; D=death or 
emigration; F=30 days of follow-up
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3.  Exclude trial sampling from July 2007 to December 
2008, to quantify potential non-differential 
misclassification due to use of diclofenac obtained 
over the counter 

4.  Censor patients on redemption of a prescription 
for an NSAID other than the active comparator 
drug received at baseline, to examine the potential 
impact of crossover

5.  Allow only one trial entry per person
6.  Change the cutoff limit for low dose diclofenac 

(from <100 mg to <75 mg and <50 mg tablets), to 
examine the effect of dose definitions, as high dose 
diclofenac (150 mg/day) has accounted for almost 
all outcomes in previous trials3

7.  Examine subtypes of myocardial infarction 
separately (ST segment elevation, non-ST segment 
elevation, and unspecified) to investigate differential 
effects on severity

8.  Use a rule-out approach19 to estimate how strongly 
a single unmeasured binary confounder would need 
to be associated with use of diclofenac and major 
adverse cardiovascular events to fully explain our 
findings. 

As a worst case scenario, we assumed a confounder 
prevalence of 25% and use of diclofenac by 4% of the 
population.9

Patient involvement statement
This research was done without patient involvement. 
Patients were not invited to comment on the study 
design and were not consulted to develop patient 
relevant outcomes or interpret the results. Patients 
were not invited to contribute to the writing or editing 
of this document for readability or accuracy.

Results
Participant characteristics
We identified 1 370 832 diclofenac initiators who met 
the inclusion criteria, 3 878 454 ibuprofen initiators, 
291 490 naproxen initiators, 764 781 matched 
paracetamol initiators, and 1 303 209 matched non-
initiators (67 623 initiators could not be matched, 
mainly due to advanced age; table 1). Men accounted 
for about 45% of diclofenac and ibuprofen initiators, 
35% of paracetamol initiators, and 40% of naproxen 
initiators. The median age was 46-49 years among 
NSAID initiators and 56 years among paracetamol 
initiators. The proportion of individuals contributing 
to more than one trial was 31% for diclofenac (1.6% 
contributed to ≥5 trials), 49.6% for paracetamol 
(12.3%), 47% for ibuprofen (4.6%), 23% for naproxen 
(2.2%), and 19% for NSAID non-initiators (0.04%). 
Diclofenac was initiated primarily for short term 
treatment. Thus, 44% of patients redeemed one 
prescription, 19% redeemed two, and 10% redeemed 
three; only 9% redeemed 10 or more prescriptions. 
Most diclofenac initiators (75%) redeemed only one 
prescription within six months of initiation. The design 
yielded fairly equal distributions of comorbidities 
and drug treatment use across exposure groups 

(standardised differences <10%), indicating that 
diclofenac and ibuprofen/naproxen initiators had 
similar characteristics and that the propensity score 
matching was successful (table 1 and eFigure 1).

event rates
Within 30 days, major adverse cardiovascular events 
occurred among 1465 (0.10%) diclofenac initiators, 
2912 (0.07%) ibuprofen initiators, 205 (0.07%) 
naproxen initiators, 967 (0.13%) paracetamol 
initiators, and 898 (0.07%) NSAID non-initiators 
(eTables 3-4). Corresponding rates of these events 
per 100 person years were 1.29 (95% confidence 
interval 1.23 to 1.36) for diclofenac initiators, 0.91 
(0.88 to 0.94) for ibuprofen initiators, 0.85 (0.74 to 
0.98) for naproxen initiators, 1.53 (1.44 to 1.63) for 
paracetamol initiators, and 0.83 (0.78 to 0.89) for 
NSAID non-initiators (eTables 3-4).

Diclofenac v non-use
Diclofenac initiators had a 50% increased rate of major 
adverse cardiovascular events compared with NSAID 
non-initiators (incidence rate ratio 1.5, 95% confidence 
interval 1.4 to 1.7). Supporting use of a combined 
endpoint, event rates consistently increased for all 
individual outcomes: 1.2-fold for atrial fibrillation or 
flutter, 1.6-fold for ischaemic stroke, 1.7-fold for heart 
failure, 1.9-fold for myocardial infarction, and 1.7-fold 
for cardiac death (fig 2 and eTable 5). Cardiac death 
was driven by death from heart failure (incidence rate 
ratio 2.3, 1.3 to 4.2), cardiac arrhythmia (1.9, 1.1 to 
3.3), and myocardial infarction (1.7, 1.2 to 2.4).

Diclofenac v paracetamol
Compared with paracetamol initiators, diclofenac 
initiators had a 20% increased rate of major adverse 
cardiovascular events (incidence rate ratio 1.2, 95% 
confidence interval 1.1 to 1.3), reflecting a 1.2-fold 
increased rate of ischaemic stroke and heart failure 
and a 1.4-fold increased rate of atrial fibrillation or 
flutter and myocardial infarction (fig 2 and eTable 
5). Although overall there was no association with 
cardiac death (incidence rate ratio 1.0, 0.8 to 1.2), 
stratification on underlying causes of death revealed a 
substantial elevated risk of fatal myocardial infarction 
(1.8, 1.2 to 2.6).

Diclofenac v ibuprofen or naproxen
Diclofenac initiators had a 20% increased rate of 
major adverse cardiovascular events compared with 
ibuprofen initiators (incidence rate ratio 1.2, 95% 
confidence interval 1.1 to 1.3) and a 30% increased 
rate compared with naproxen initiators (1.3, 1.1 to 
1.5; fig 2 and eTable 5). With ibuprofen as reference, 
the incidence rate ratio increased 1.1-fold for atrial 
fibrillation or flutter and heart failure, 1.2-fold for 
myocardial infarction, 1.3-fold for ischaemic stroke, 
and 1.5-fold for cardiac death. Cardiac death was 
driven by death due to heart failure (incidence rate 
ratio 1.9, 1.2 to 3.0), cardiac arrhythmias (1.7, 1.1 
to 2.7), and myocardial infarction (1.4, 1.1 to 1.8). 



RESEARCH

the bmj | BMJ 2018;362:k3426 | doi: 10.1136/bmj.k3426 5

ta
bl

e 
1 

| b
as

el
in

e 
ch

ar
ac

te
ris

tic
s 

of
 N

SA
iD

 in
iti

at
or

s,
 p

ar
ac

et
am

ol
 in

iti
at

or
s,

 a
nd

 N
SA

iD
 n

on
-in

iti
at

or
s 

in
 D

en
m

ar
k 

(1
99

6-
20

16
)

to
ta

l

Ac
tiv

e 
NS

Ai
D 

co
m

pa
ris

on
Ac

tiv
e 

no
n-

NS
Ai

D 
co

m
pa

ris
on

No
n-

us
er

 c
om

pa
ris

on

Di
cl

of
en

ac
  

in
iti

at
or

s 
(N

o 
(%

))

ib
up

ro
fe

n 
in

iti
at

or
s

Na
pr

ox
en

 
in

iti
at

or
s

Di
cl

of
en

ac
  

in
iti

at
or

s 
 

(N
o 

(%
))

Pa
ra

ce
ta

m
ol

 
in

iti
at

or
s*

Di
cl

of
en

ac
  

in
iti

at
or

s 
(N

o 
(%

))

NS
Ai

D 
no

n-
in

iti
at

or
s*

No
 (%

)
SD

 (%
)†

No
 (%

)
SD

 (%
)†

No
 (%

)
SD

 (%
)†

No
 (%

)
SD

 (%
)†

No
 (%

)
1 

37
0 

83
2 

(1
00

)
3 

87
8 

45
4 

(1
00

)
—

 
29

1 
49

0 
(1

00
)

—
 

76
4 

78
1 

(1
00

)
76

4 
78

1 
(1

00
)

—
1 

30
3 

20
9 

(1
00

)
1 

30
3 

20
9 

(1
00

)
—

 
Se

x
 

M
al

e
62

0 
68

7 
(4

5.
3)

1 
79

4 
96

9 
(4

6.
3)

−2
.0

11
8 

37
8 

(4
0.

6)
9.

4
28

3 
53

1 
(3

7.
1)

27
9 

94
8 

(3
6.

6)
1.

0
59

3 
39

6 
(4

5.
5)

59
8 

22
2 

(4
5.

9)
−0

.7
Ag

e 
 

M
ed

ia
n 

(IQ
R)

48
 (3

7.
1-

59
.2

)
48

 (3
6.

5-
58

.6
)

—
 

46
 (3

3.
9-

57
.5

)
—

 
56

 (4
5.

4-
65

.6
)

56
 (4

5.
0-

65
.5

)
—

49
 (3

7.
1-

59
.2

)
49

 (3
7.

0-
59

.6
)

—
 

 
18

-4
9 

ye
ar

s
74

8 
87

3 
(5

4.
6)

2 
17

1 
62

2 
(5

6.
0)

−2
.7

17
5 

77
7 

(6
0.

3)
−1

1.
5

28
1 

99
7 

(3
6.

9)
28

1 
99

7 
(3

6.
9)

−3
.1

71
3 

01
7 

(5
4.

7)
71

1 
14

7 
(5

4.
6)

0.
3

 
50

-6
9 

ye
ar

s
48

4 
81

5 
(3

5.
4)

1 
36

6 
91

0 
(3

5.
2)

0.
3

89
 2

80
 (3

0.
6)

10
.1

34
8 

72
8 

(4
5.

6)
34

8 
72

8 
(4

5.
6)

4.
3

46
0 

66
4 

(3
5.

3)
45

0 
36

7 
(3

4.
6)

1.
7

 
≥7

0 
ye

ar
s

13
7 

14
4 

(1
0.

0)
33

9 
92

2 
(8

.8
)

4.
3

26
 4

33
 (9

.1
)

3.
2

13
4 

05
6 

(1
7.

5)
13

4 
05

6 
(1

7.
5)

−1
.8

12
9 

52
8 

(9
.9

)
14

1 
69

5 
(1

0.
9)

−3
.1

ca
le

nd
ar

 y
ea

r
 

19
96

-2
00

0
43

3 
18

1 
(3

1.
6)

73
0 

10
7 

(1
8.

8)
29

.7
11

6 
74

9 
(4

0.
1)

−1
7.

7
18

5 
32

3 
(2

4.
2)

18
5 

32
3 

(2
4.

2)
0.

0
41

4 
32

8 
(3

1.
8)

41
4 

32
8 

(3
1.

8)
0.

0
 

20
01

-0
5

43
5 

90
8 

(3
1.

8)
85

8 
26

0 
(2

2.
1)

21
.9

62
 8

14
 (2

1.
5)

23
.3

21
7 

09
6 

(2
8.

4)
21

7 
09

6 
(2

8.
4)

0.
0

41
2 

36
9 

(3
1.

6)
41

2 
36

9 
(3

1.
6)

0.
0

 
20

06
-1

0
34

1 
03

0 
(2

4.
9)

96
7 

27
6 

(2
4.

9)
−0

.1
46

 3
29

 (1
5.

9)
22

.4
21

7 
33

4 
(2

8.
4)

21
7 

33
4 

(2
8.

4)
0.

0
32

2 
40

5 
(2

4.
7)

32
2 

40
5 

(2
4.

7)
0.

0
 

20
11

-1
6

16
0 

71
3 

(1
1.

7)
1 

32
2 

81
1 

(3
4.

1)
−5

5.
3

65
 5

98
 (2

2.
5)

−2
8.

9
14

5 
02

8 
(1

9.
0)

14
5 

02
8 

(1
9.

0)
0.

0
15

4 
10

7 
(1

1.
8)

15
4 

10
7 

(1
1.

8)
0.

0
co

m
or

bi
di

tie
s

 
Di

ab
et

es
32

 4
91

 (2
.4

)
10

1 
11

6 
(2

.6
)

−1
.5

69
50

 (2
.4

)
−0

.1
28

 1
37

 (3
.7

)
28

 1
37

 (3
.7

)
−0

.4
30

 4
08

 (2
.3

)
29

 7
73

 (2
.3

)
0.

3
 

CO
PD

70
 7

18
 (5

.2
)

19
9 

05
2 

(5
.1

)
0.

1
14

 6
62

 (5
.0

)
0.

6
57

 4
14

 (7
.5

)
57

 4
14

 (7
.5

)
−0

.4
66

 0
88

 (5
.1

)
64

 2
79

 (4
.9

)
0.

6
 

Hy
pe

rte
ns

io
n

86
 4

66
 (6

.3
)

26
8 

82
7 

(6
.9

)
−2

.5
17

 5
68

 (6
.0

)
1.

2
75

 5
55

 (9
.9

)
75

 5
55

 (9
.9

)
−0

.1
80

 9
41

 (6
.2

)
79

 6
31

 (6
.1

)
0.

4
 

Ob
es

ity
20

 3
49

 (1
.5

)
77

 5
02

 (2
.0

)
−3

.9
45

98
 (1

.6
)

−0
.8

16
 5

65
 (2

.2
)

16
 5

65
 (2

.2
)

−0
.1

18
 9

81
 (1

.5
)

17
 0

10
 (1

.3
)

1.
3

 
Hy

pe
rth

yr
oi

di
sm

73
47

 (0
.5

)
20

 5
83

 (0
.5

)
0.

1
13

99
 (0

.5
)

0.
8

57
86

 (0
.8

)
57

86
 (0

.8
)

−0
.1

68
52

 (0
.5

)
65

92
 (0

.5
)

0.
3

 
Os

te
op

or
os

is
87

24
 (0

.6
)

31
 1

22
 (0

.8
)

−2
.0

17
02

 (0
.6

)
0.

7
85

87
 (1

.1
)

85
87

 (1
.1

)
−0

.7
81

44
 (0

.6
)

84
20

 (0
.6

)
−0

.3
 

Rh
eu

m
at

oi
d 

ar
th

rit
is

59
93

 (0
.4

)
20

 2
49

 (0
.5

)
−1

.2
13

96
 (0

.5
)

−0
.6

62
42

 (0
.8

)
62

42
 (0

.8
)

−0
.9

56
56

 (0
.4

)
60

48
 (0

.5
)

−0
.4

 
Os

te
oa

rth
rit

is
81

31
 (0

.6
)

25
 8

64
 (0

.7
)

−0
.9

17
34

 (0
.6

)
−0

.0
77

56
 (1

.0
)

77
56

 (1
.0

)
−0

.3
76

22
 (0

.6
)

71
55

 (0
.5

)
0.

5
 

 Sy
st

em
ic

 co
nn

ec
tiv

e 
tis

su
e 

di
se

as
e

68
57

 (0
.5

)
19

 8
26

 (0
.5

)
−0

.2
15

38
 (0

.5
)

−0
.4

67
94

 (0
.9

)
67

94
 (0

.9
)

−1
.0

64
31

 (0
.5

)
62

59
 (0

.5
)

0.
2

Dr
ug

 tr
ea

tm
en

t u
se

‡
 

AC
E 

in
hi

bi
to

rs
34

 8
37

 (2
.5

)
11

0 
25

3 
(2

.8
)

−1
.9

74
12

 (2
.5

)
−0

.0
30

 1
14

 (3
.9

)
30

 1
14

 (3
.9

)
−0

.0
32

 6
75

 (2
.5

)
32

 7
60

 (2
.5

)
0.

0
 

AR
Bs

21
 2

47
 (1

.5
)

65
 5

58
 (1

.7
)

−1
.1

41
22

 (1
.4

)
1.

1
18

 3
12

 (2
.4

)
18

 3
12

 (2
.4

)
−0

.3
19

 8
72

 (1
.5

)
19

 0
31

 (1
.5

)
0.

5
 

β 
bl

oc
ke

rs
42

 8
19

 (3
.1

)
10

8 
77

9 
(2

.8
)

1.
9

90
26

 (3
.1

)
0.

2
36

 3
69

 (4
.8

)
36

 3
69

 (4
.8

)
−0

.3
40

 1
14

 (3
.1

)
39

 1
97

 (3
.0

)
0.

4
 

Ca
lc

iu
m

 c
ha

nn
el

 b
lo

ck
er

s
42

 1
65

 (3
.1

)
13

2 
89

4 
(3

.4
)

−2
.0

90
45

 (3
.1

)
−0

.2
37

 1
34

 (4
.9

)
37

 1
34

 (4
.9

)
0.

1
39

 4
86

 (3
.0

)
39

 4
70

 (3
.0

)
0.

0
 

Di
ur

et
ic

s
78

 8
49

 (5
.8

)
20

0 
27

8 
(5

.2
)

2.
6

15
 4

08
 (5

.3
)

2.
0

70
 7

94
 (9

.3
)

70
 7

94
 (9

.3
)

0.
5

73
 6

14
 (5

.6
)

73
 9

70
 (5

.7
)

−0
.1

 
St

at
in

s
37

 7
75

 (2
.8

)
14

8 
03

0 
(3

.8
)

−6
.0

80
57

 (2
.8

)
−0

.1
33

 7
01

 (4
.4

)
33

 7
01

 (4
.4

)
0.

0
35

 2
65

 (2
.7

)
33

 9
43

 (2
.6

)
0.

6
 

SS
RI

s
39

 4
59

 (2
.9

)
11

7 
42

9 
(3

.0
)

−0
.9

78
09

 (2
.7

)
1.

2
34

 8
70

 (4
.6

)
34

 8
70

 (4
.6

)
−0

.6
36

 5
37

 (2
.8

)
37

 4
42

 (2
.9

)
−0

.4
 

An
ti-

ul
ce

r d
ru

gs
78

 6
97

 (5
.7

)
21

5 
88

2 
(5

.6
)

0.
8

14
 5

43
 (5

.0
)

3.
3

70
 4

11
 (9

.2
)

70
 4

11
 (9

.2
)

−1
.0

73
 0

38
 (5

.6
)

68
 2

99
 (5

.2
)

1.
6

 
Sy

st
em

ic
 g

lu
co

co
rti

co
id

s
33

 7
36

 (2
.5

)
74

 0
17

 (1
.9

)
3.

8
55

56
 (1

.9
)

3.
8

24
 2

68
 (3

.2
)

24
 2

68
 (3

.2
)

−0
.5

31
 3

49
 (2

.4
)

29
 6

29
 (2

.3
)

0.
9

AC
E=

an
gi

ot
en

si
n 

co
nv

er
tin

g 
en

zy
m

e;
 A

RB
=a

ng
io

te
ns

in
 re

ce
pt

or
 b

lo
ck

er
; C

OP
D=

ch
ro

ni
c 

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y d
is

ea
se

; I
QR

=i
nt

er
qu

ar
til

e 
ra

ng
e;

 N
SA

ID
=n

on
-s

te
ro

id
al

 a
nt

i-i
nf

la
m

m
at

or
y d

ru
g;

 S
D=

st
an

da
rd

is
ed

 d
iff

er
en

ce
; S

SR
I=

se
le

ct
iv

e 
se

ro
to

ni
n 

re
up

ta
ke

 
in

hi
bi

to
r.

*M
at

ch
ed

 to
 d

ic
lo

fe
na

c 
in

iti
at

or
s b

y p
ro

pe
ns

ity
 s

co
re

.
†S

ta
nd

ar
di

se
d 

di
ffe

re
nc

e 
co

m
pa

re
d 

wi
th

 d
ic

lo
fe

na
c 

in
iti

at
or

s. 
Ib

up
ro

fe
n/

na
pr

ox
en

 in
iti

at
or

s w
er

e 
co

m
pa

re
d 

wi
th

 a
ll 

1 
37

0 
83

2 
di

cl
of

en
ac

 in
iti

at
or

s,
 w

he
re

as
 th

e 
pr

op
en

si
ty

 s
co

re
 m

at
ch

ed
 co

ho
rts

 w
er

e 
co

m
pa

re
d 

on
ly

 w
ith

 th
e 

di
cl

of
en

ac
 in

iti
at

or
s t

o 
wh

om
 

th
ey

 w
er

e 
m

at
ch

ed
 to

 (t
ha

t i
s,

 7
64

 7
81

 a
nd

 1
 3

03
 2

09
 d

ic
lo

fe
na

c 
in

iti
at

or
s f

or
 p

ar
ac

et
am

ol
 a

nd
 N

SA
ID

 n
on

-in
iti

at
or

s,
 re

sp
ec

tiv
el

y)
.

‡F
ill

ed
 p

re
sc

rip
tio

n 
wi

th
in

 9
0 

da
ys

.



RESEARCH

6 doi: 10.1136/bmj.k3426 | BMJ 2018;362:k3426 | the bmj

Compared with naproxen initiators, the incidence rate 
ratio increased 1.2-fold for ischaemic stroke, 1.3-fold 
for atrial fibrillation or flutter and cardiac death, 1.4-
fold for myocardial infarction, and 1.5-fold for heart 
failure. Consistently, cardiac death was driven by 
death due to heart failure (incidence rate ratio 1.7, 0.6 
to 5.0) and myocardial infarction (1.5, 0.8 to 2.9).

Patient subgroups
The risk of major adverse cardiovascular events 
remained elevated in sex and age groups (fig 3 and 
eTables 6-7), and across calendar periods (data not 
shown). While sex did not modify substantially the 
effect of diclofenac compared with paracetamol and 
ibuprofen initiation, diclofenac initiation conferred a 
higher risk in women than men when compared with 
NSAID non-initiation (incidence rate ratio 1.9 v 1.3) 
and naproxen initiation (1.6 v 1.2).

Stratifying on baseline cardiovascular risk (fig 4 
and eTables 8-9), the point estimates for patients 
with moderate baseline cardiovascular risk were close 
to those in the overall analyses. For patients with 
high baseline risk, the incidence rate ratio remained 
marginally elevated compared with NSAID non-
initiation (1.1, 1.0 to 1.3), but levelled out for the 

active comparator groups. By contrast, the additional 
absolute number of major adverse cardiovascular 
events per 1000 diclofenac initiators per year 
(adjusted incidence rate difference) increased with 
baseline risk (eTable 10). Thus, among patients at low 
baseline risk, diclofenac initiators had one additional 
event versus ibuprofen initiators, one additional 
event versus naproxen initiators, three additional 
events versus paracetamol initiators, and four 
additional events versus NSAID non-initiators. Among 
patients at moderate baseline risk, corresponding 
figures were seven, seven, eight, and 14 additional 
events, respectively; for those at high baseline risk, 
corresponding numbers were 16, 10, one, and 39 
additional events, respectively.

Stratification on dose (fig 5 and eFigure 2) revealed 
that the increased risk related both to low and high 
dose diclofenac. There was a non-significant tendency 
towards increased effect estimates for high doses 
(fig 5).

Sensitivity analyses
In sensitivity analyses, restriction to healthcare 
seeking behaviour among NSAID non-initiators was 
shown to infer important confounder control, because 
omission of this criterion increased the incidence 
rate ratio for major adverse cardiovascular events 
considerably (2.0, 95% confidence interval 1.8 to 2.2). 
Diclofenac initiation increased upper gastrointestinal 
bleeding risk at 30 days by approximately 2.5-fold 
compared with ibuprofen (incidence rate ratio 2.5, 

Diclofenac v no NSAID
  Atrial �brillation or flutter
  Ischaemic stroke
  Heart failure
  Myocardial infarction
  Cardiac death
  MACE
Diclofenac v paracetamol
  Atrial �brillation or flutter
  Ischaemic stroke
  Heart failure
  Myocardial infarction
  Cardiac death
  MACE
Diclofenac v ibuprofen
  Atrial �brillation or flutter
  Ischaemic stroke
  Heart failure
  Myocardial infarction
  Cardiac death
  MACE
Diclofenac v naproxen
  Atrial �brillation or flutter
  Ischaemic stroke
  Heart failure
  Myocardial infarction
  Cardiac death
  MACE

1.2 (1.1 to 1.4)
1.6 (1.3 to 2.0)
1.7 (1.4 to 2.0)
1.9 (1.6 to 2.2)
1.7 (1.4 to 2.1)
1.5 (1.4 to 1.7)

1.4 (1.2 to 1.6)
1.2 (1.0 to 1.5)
1.2 (1.0 to 1.4)
1.4 (1.2 to 1.7)
1.0 (0.8 to 1.2)
1.2 (1.1 to 1.3)

1.1 (1.0 to 1.3)
1.3 (1.1 to 1.5)
1.1 (1.0 to 1.3)
1.2 (1.1 to 1.4)
1.5 (1.2 to 1.8)
1.2 (1.1 to 1.3)

1.3 (1.0 to 1.7)
1.2 (0.8 to 1.8)
1.5 (1.1 to 2.1)
1.4 (1.0 to 1.8)
1.3 (0.9 to 1.9)
1.3 (1.1 to 1.5)

0.8 1 2 3

Endpoints Incidence rate
ratio (95% CI)

Incidence rate
ratio (95% CI)

Fig 2 | cardiovascular risks at 30 days associated 
with diclofenac initiation compared with no NSAiD 
initiation and initiation of paracetamol, ibuprofen, or 
naproxen. NSAiD=non-steroidal anti-inflammatory drug; 
MAce=major adverse cardiovascular event

Diclofenac v no NSAID
  Women
  Men
  Age 18-49
  Age 50-69
  Age ≥70
Diclofenac v paracetamol
  Women
  Men
  Age 18-49
  Age 50-69
  Age ≥70
Diclofenac v ibuprofen
  Women
  Men
  Age 18-49
  Age 50-69
  Age ≥70
Diclofenac v naproxen
  Women
  Men
  Age 18-49
  Age 50-69
  Age ≥70

1.9 (1.6 to 2.1)
1.3 (1.2 to 1.5)
1.6 (1.2 to 2.0)
1.5 (1.3 to 1.7)
1.7 (1.5 to 1.9)

1.2 (1.1 to 1.4)
1.2 (1.1 to 1.4)
1.2 (0.9 to 1.7)
1.1 (1.0 to 1.3)
1.3 (1.2 to 1.5)

1.2 (1.1 to 1.3)
1.3 (1.1 to 1.4)
1.7 (1.4 to 2.0)
1.2 (1.1 to 1.4)
1.1 (1.0 to 1.3)

1.6 (1.2 to 2.0)
1.2 (1.0 to 1.4)
1.9 (1.1 to 3.1)
1.3 (1.0 to 1.7)
1.2 (1.0 to 1.5)

0.8 1 2 3

Sex and age groups Incidence rate
ratio (95% CI)

Incidence rate
ratio (95% CI)

Fig 3 | Risk of major adverse cardiovascular events 
after diclofenac initiation according to sex and age. 
NSAiD=non-steroidal anti-inflammatory drug
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2.1 to 3.1) or paracetamol (2.4, 2.0 to 2.9), 4.5-fold 
compared with no initiation (4.4, 3.5 to 5.5), and to a 
similar extent as naproxen (0.9, 0.7 to 1.1; eTables 11-
13). The results were not influenced by potential over-
the-counter use of diclofenac in part of 2007-08 (data 
not shown), potential crossover between exposure 
groups (eTable 14), restriction to only one trial entry 
per person (eTable 15), changes to the low dose cutoff 
limit (data not shown), and myocardial infarction 
subtype (data not shown). Finally, an unmeasured 
confounder that was twice as frequent among 
diclofenac initiators versus among non-initiators 
would still need to increase the risk of major adverse 
cardiovascular events by a factor of nine or more to 
fully explain the results, if no increased risk actually 
existed (eFigure 3).

Discussion
In our study, we found that diclofenac initiators were 
at increased risk of major adverse cardiovascular 
events—both compared with no NSAID initiation, 
initiation of paracetamol as an analgesic alternative 
to NSAIDs, as well as initiation of other traditional 
NSAIDs. Risk estimates compared with no initiation, 
paracetamol initiation, and ibuprofen or naproxen 
initiation increased for almost all individual 
components of major adverse cardiovascular events 
(that is, atrial fibrillation or flutter, ischaemic stroke, 
heart failure, acute myocardial infarction, and cardiac 
death). The risk increase applied to men and women 
of all ages. Although the absolute risks were highest 
in individuals with high baseline cardiovascular 
risk, the relative risks were highest in those with the 
lowest baseline risk. While NSAID use previously was 
considered risk-neutral in short treatment periods 
and low doses,20 the risks were apparent even within 
30 days and also for low doses of diclofenac. Finally, 
the upper gastrointestinal bleeding risk of diclofenac 

was comparable to that for naproxen, but considerably 
higher than for paracetamol use, ibuprofen use, and 
no use.

Strengths and limitations
The Danish registry infrastructure made the emulated 
trial design possible. To our knowledge, the sample 
size of more than 6.3 million initiators of diclofenac, 
paracetamol, ibuprofen, or naproxen is larger than 
all previous meta-analyses of observational and 
randomised studies taken together.3 21-23 The largest 
meta-analysis of randomised trials (Coxib and 
traditional NSAID Trialists’ Collaboration) included 
only 70 major vascular events in 158 trials comparing 
traditional NSAIDs with placebo (38 081 participants; 
16 217 person years) and 24 major vascular events 
in 335 trials comparing different traditional NSAIDs 
(68 507; 22 418).3 By comparison, our study included 
over 4500 adverse events among NSAID initiators, 
close to 1000 adverse events among paracetamol 
initiators, and a similar number among non-initiators. 
The tendency we observed for reduced relative risk 
estimates as baseline risk increased and in comparisons 
with active comparator drugs is consistent with the 
principle that effect estimates are highest among 
individuals at lowest baseline risk.

The population based design in the setting of a 
tax supported, universal healthcare system largely 
removed selection biases stemming from selective 
inclusion of specific hospitals, health insurance 
systems, or age groups. The study had no missing data 
on exposure, confounders, or events. The prescription 
registry permitted identification of diclofenac use and 
is virtually complete.7 9 Our new user design resembled 
drug allocation in randomised controlled trials.24 
Although we had to use prescription data as a proxy 
for actual NSAID use, we did not base drug exposure 
information on written prescriptions, but on actual 
dispensing at pharmacies.7 Required copayments 
increased the likelihood of compliance,25 although non-
compliance in taking the prescribed tablet dose could 

Diclofenac v no NSAID
  Low baseline risk
  Moderate baseline risk
  High baseline risk
Diclofenac v paracetamol
  Low baseline risk
  Moderate baseline risk
  High baseline risk
Diclofenac v ibuprofen
  Low baseline risk
  Moderate baseline risk
  High baseline risk
Diclofenac v naproxen
  Low baseline risk
  Moderate baseline risk
  High baseline risk

1.5 (1.4 to 1.7)
1.6 (1.2 to 2.2)
1.1 (1.0 to 1.3)

1.2 (1.1 to 1.3)
1.2 (0.9 to 1.7)
1.0 (0.9 to 1.2)

1.2 (1.1 to 1.3)
1.1 (0.9 to 1.4)
1.0 (0.9 to 1.1)

1.3 (1.1 to 1.5)
1.3 (0.8 to 2.4)
1.1 (0.9 to 1.4)

0.8 1 2 3

Baseline cardiovascular risk Incidence rate
ratio (95% CI)

Incidence rate
ratio (95% CI)

Fig 4 | Risk of major adverse cardiovascular events after 
diclofenac initiation according to baseline cardiovascular 
risk. NSAiD=non-steroidal anti-inflammatory drug

Diclofenac v no NSAID
  Low dose
  High dose
Diclofenac v paracetamol
  Low dose
  High dose
Diclofenac v ibuprofen
  Low dose
  High dose
Diclofenac v naproxen
  Low dose
  High dose

1.6 (1.5 to 1.8)
1.8 (1.5 to 2.2)

1.3 (1.2 to 1.4)
1.4 (1.2 to 1.8)

1.2 (1.1 to 1.3)
1.3 (1.2 to 1.5)

1.3 (1.1 to 1.5)
1.4 (1.2 to 1.7)

0.8 1 2 3

Dose Incidence rate
ratio (95% CI)

Incidence rate
ratio (95% CI)

Fig 5 | Risk of major adverse cardiovascular events 
comparing initiation of low and high dose diclofenac 
with no NSAiD initiation or initiation of paracetamol, 
ibuprofen, or naproxen. NSAiD=non-steroidal anti-
inflammatory drug 



RESEARCH

8 doi: 10.1136/bmj.k3426 | BMJ 2018;362:k3426 | the bmj

have masked a dose-response effect. Over-the-counter 
use of low dose ibuprofen accounted for 30-35% of 
total ibuprofen sales and 15-25% of total NSAID sales 
during the study period.7 As shown, misclassification 
of diclofenac use did not affect the results substantially. 
Non-differential misclassification by over-the-counter 
ibuprofen use would bias the effect estimates towards 
unity, if it occurred, and cannot explain the results. The 
cardiovascular registry diagnoses used in the study 
have been validated26 and the mortality and migration 
data were accurate and complete.8

Although the models of healthcare seeking non-
initiators and paracetamol initiators varied by 
design compared with the active NSAID comparators 
(propensity score matching v adjustment), both were 
based on and controlled for the same measured 
covariates. The fairly equal distribution of measured 
covariates among the NSAID groups increased the 
likelihood that unmeasured variables were also equally 
distributed. Moreover, confounding by indication 
was not a concern in the active drug comparisons 
owing to the shared indications for use of traditional 
NSAIDs. Still, the emulated trial design lacked 
baseline randomisation, and therefore, unmeasured 
confounding cannot be excluded.

Mechanisms
Owing to its short half life of 1-2 hours, diclofenac 
is prescribed at doses high enough for effective 
analgesia throughout the dosing interval. The plasma 
concentration of diclofenac therefore greatly exceeds 
that necessary to inhibit COX-2 early in the dosing 
interval, and coincidently inhibits COX-1 (attained 
selectivity).27 As plasma concentration falls, diclofenac 
continues to inhibit COX-2 completely, while its 
effect on COX-1 subsides gradually, generating a 
window of pure COX-2 inhibition.28 Neither ibuprofen 
nor naproxen show such a window, because their 
inhibition of COX-1 exceeds that of COX-2 throughout 
the dosing interval.27 Selective COX-2 inhibition 
favours thrombosis by inhibiting generation of COX-2 
derived vascular prostacyclin while not affecting COX-
1 mediated thromboxane A2.29

Other factors contributing to the cardiovascular 
toxicity of COX-2 inhibitors include acceleration of 
atherogenesis,30 elevation or destabilisation of blood 
pressure,31 and risk of heart failure decompensation.32 33 
COX-2 derived prostacyclin also acts as an endogenous 
anti-arrhythmic agent through inhibition of epicardial 
sympathetic nerve activity.34-36 COX-2 inhibition 
could therefore render patients more susceptible to 
arrhythmias such as atrial fibrillation.27 The inhibition 
of COX-2 up regulation might be particularly harmful 
during myocardial ischaemia, because thromboxane 
and prostacyclin are released from the acutely 
ischaemic myocardium and their balance is related to 
arrhythmia risk37 and infarct size.38

Previous literature
This large study directly compares the risks of 
diclofenac initiation with those of paracetamol, 

ibuprofen, and naproxen for various cardiovascular 
outcomes. Comparing diclofenac initiation with no 
NSAID initiation, the consistency between our results 
and those of previous meta-analyses of both trial and 
observational data provides strong evidence to guide 
clinical decision making. The Coxib and traditional 
NSAID Trialists’ Collaboration meta-analysis found a 
40% increased risk of vascular events associated with 
diclofenac use versus placebo or no use (incidence 
rate ratio 1.41, 95% confidence interval 1.12 to 1.78), 
driven by an increased rate of myocardial infarction 
(1.70, 1.19 to 2.41).3 Also in line with our results, the 
meta-analysis showed that diclofenac users had an 
increased risk of heart failure (1.85, 1.17 to 2.94) and 
vascular death (1.65, 0.95 to 2.85).3

The discrepancy between our estimated 60% 
increased risk and the meta-analysis’ estimate for any 
stroke (1.18, 0.79 to 1.78) could be explained by our 
focus on ischaemic stroke.3 The incidence rate ratio for 
atrial fibrillation or flutter found in our study was lower 
than previously reported (1.73, 1.53-1.97),39 in part 
owing to our ability to control for healthcare seeking 
behaviour. Finally, the meta-analysis estimated the 
excess absolute rate of major adverse cardiovascular 
events per 1000 diclofenac initiators per year as 
three events among low risk individuals (of which 
one was fatal) and seven to eight events among high 
risk individuals (of which two were fatal).3 Compared 
with non-initiators, we found a similar excess rate 
among low risk individuals (about four major adverse 
cardiovascular events, including one fatal cardiac 
event), but an even greater rate in high risk individuals 
(about 40 events, of which about half were fatal).

conclusions and implications
Our study provides an overview of the spectrum and 
magnitude of cardiovascular risks related to initiation 
of diclofenac. We also showed that diclofenac 
initiators had an upper gastrointestinal bleeding risk 
similar to that of naproxen initiators and more than 
twice the risk of ibuprofen initiators. Treatment of pain 
and inflammation with NSAIDs may be worthwhile 
for some patients to improve quality of life despite 
potential side effects. Considering its cardiovascular 
and gastrointestinal risks, however, there is little 
justification to initiate diclofenac treatment before 
other traditional NSAIDs.40

It is time to acknowledge the potential health risk of 
diclofenac and to reduce its use. Diclofenac should not 
be available over the counter, and when prescribed, 
should be accompanied by an appropriate front 
package warning about its potential risks. Moreover, 
the choice to use diclofenac as the reference group to 
provide evidence of safety of selective COX-2 inhibitors 
represents a potential flaw in safety trials.41-43 Future 
trials should instead use low dose ibuprofen (≤1200 
mg/day) or naproxen (≤500 mg/day) as comparators.4 
In conclusion, our data support that initiation of 
diclofenac poses a cardiovascular health risk, both 
compared with no use, paracetamol use, and use of 
other traditional NSAIDs.
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Aims To examine whether prescription patterns complied with recommendations not to use non-steroidal anti-inflam-
matory drugs (NSAIDs) in patients with cardiovascular contraindications. Moreover, we examined predictors for
initiation and prescriber responsibility.

...................................................................................................................................................................................................
Methods and
results

We used Danish medical databases to identify all patients with first-time cardiovascular disease during 1996–2017
(n = 628 834). We assessed standardized prevalence proportions, predictors from logistic regression, and pre-
scriber identifiers. One-year prevalence of NSAID initiation increased 3.4% from 1996 (19.4%) to 2001 (22.7%)
and declined by 2.7% thereafter until 2017 (13.5%). Trends were independent of age, sex, and disease subtype, al-
though larger annual declines occurred for heart failure (3.9%) and ischaemic heart disease (3.5%) since 2002.
One-year prevalence remained highest among patients with venous thromboembolism (16.6%) and angina (13.8%),
and lowest for ST-segment elevation myocardial infarction (7.0%) and heart failure (8.8%). Initiators were predom-
inantly prescribed ibuprofen (59%), diclofenac (23%), and etodolac (6%). Diclofenac and coxib use declined, while
ibuprofen and naproxen use increased. Median prescribed pill dose of ibuprofen declined after 2008 from moder-
ate/high (600 mg) to low (400 mg). Treatment duration declined for all NSAIDs, except celecoxib. Rheumatic,
obesity, and pain-related conditions predicted NSAID initiation. General practitioners issued 86–91% of all NSAID
prescriptions, followed by hospital prescribers (7.3–12%).

...................................................................................................................................................................................................
Conclusions Initiation of NSAIDs in patients with cardiovascular disease declined since 2002. Shorter treatment duration, declin-

ing COX-2 inhibition, and increasing use of naproxen and low-dose ibuprofen suggest adherence to guidelines
when NSAIDs cannot be avoided. Still, NSAID use remained prevalent despite cardiovascular contraindications,
warranting awareness of appropriateness of use among general practitioners in particular.
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Introduction

Non-aspirin non-steroidal anti-inflammatory drugs (NSAIDs) are
among the most widely used drugs worldwide for the treatment of

pain, fever, and inflammation. All NSAIDs increase the risk of elevated
blood pressure and congestive heart failure.1 The risk of thrombo-
embolic events varies with the type of drug but has been shown
increased for several newer COX-2 inhibitors (coxibs), older

* Corresponding author. Tel: þ45 87167212, Fax: þ45 87167215, Email: morten.schmidt@clin.au.dk
Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2020. For permissions, please email: journals.permissions@oup.com.
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COX-2 inhibitors (in particular diclofenac), and non-selective NSAID
(in particular high-dose ibuprofen).1

Following several risk assessments by the Food and Drug
Administration (FDA)2,3 and the European Medicines Agency
(EMA),4–7 international risk minimization measures have been imple-
mented including box warning labelling on the potential cardiovascu-
lar risks and general recommendations to avoid use of NSAIDs in
patients with cardiovascular disease. These recommendations also
reflect the position from the European Society of Cardiology.1

While general population trends show declining use of diclofenac
and coxibs in Denmark, their use is persistently high in other Nordic
countries such as Norway, Iceland, and Sweden.8 These trends high-
light a varying impact of international recommendations between
countries, and likely also patient groups. Patients with existing cardio-
vascular disease are of key importance because NSAID use in this
group is both common (due to age-related musculoskeletal comor-
bidity) and associated with higher absolute thromboembolic risk in-
crease (due to higher baseline risk). Recent data indicate a persistent
high prevalence of diclofenac use in patients with cardiovascular dis-
ease.9 It remains unknown to what extent guidelines and regulatory
actions have influenced use of NSAIDs in different cardiovascular
subgroups.

We therefore studied temporal trends in NSAID use after first-
time diagnosed cardiovascular diseases, and identified predictors for
initiation as well as prescriber responsibility.

Methods

Setting
The Danish National Health Service (NHS) provides universal tax-
supported health care, guaranteeing unfettered access to general practi-
tioners and hospitals, and partial reimbursement for prescribed medica-
tions, including NSAIDs.10 Accurate linkage of all registries at the
individual level is possible in Denmark using the unique Central Personal
Register number assigned to each Danish citizen at birth and to residents
upon immigration.11

Over-the-counter (OTC) use of NSAIDs in Denmark is far less com-
mon than in many other countries.12 Thus, all NSAIDs are available by
prescription only, except for low-dose ibuprofen (200 mg pills) and diclo-
fenac (between 16 July 2007 and 14 December 2008).12Over-the-
counter sales of ibuprofen have moreover been restricted to age groups
>_18 years and one package per person per day since 2011, and pack sizes
containing a maximum of 20 tablets since 2013.12 Finally, regular users of
NSAIDs that are available OTC have an economic incentive to obtain the
drugs by prescription to receive reimbursement.10 The potential for iden-
tifying NSAID use from Danish prescription registries is therefore high
with proportions of total sales captured of 66–70% during 2000–2013,
increasing to 85% in 2018, for ibuprofen and virtually complete capture
for all other non-aspirin NSAIDs.12

Data sources
We used the Danish National Patient Registry to identify the study
cohorts, non-fatal outcomes, and comorbidities.13 We used the Danish
National Prescription Registry to identify all prescription fillings since
1995.14 We obtained information on all-cause mortality and migration
status from the Danish Civil Registration System.11

Cardiovascular disease cohorts
The study cohorts were identified from the Patient Registry between 1
January 1996 and 31 December 2017, with follow-up data through 2018.
Applying validated algorithms,13,15 we used inpatient diagnoses to identify
stable angina pectoris, myocardial infarction [MI, including ST-segment
elevation (STEMI) and non(N)STEMI], and ischaemic stroke; and in- and
outpatient diagnoses to identify atrial fibrillation/flutter, heart failure, ven-
ous thromboembolism, valvular heart disease, and infective endocarditis.
Both primary and secondary diagnoses were used.15 For infective endo-
carditis, we further restricted to patients with admission length
>_2 weeks.16

Each of the cohorts was sampled separately (i.e. a patient may be
included in more than one cohort). We restricted to first-time (incident)
cardiovascular disease cohorts by excluding patients with inpatient or
outpatient diagnoses of the index disease prior to our study period (i.e.
from 1977 through 1995). Follow-up started at the date of the first-time
diagnosis (index date).

Non-steroidal anti-inflammatory drug use
Information on usage of NSAID in the study period was obtained by iden-
tifying all filled prescriptions for NSAIDs (excluding glucosamine). The
most frequently used individual NSAIDs were examined according to
COX-selectivity as non-selective NSAIDs (ibuprofen and naproxen),
older COX-2 inhibitors (diclofenac, meloxicam, and etodolac), and
coxibs (celecoxib, etoricoxib, and rofecoxib).

Statistical analyses
First, we examined NSAID use after first-time cardiovascular diagnosis.
We computed the 1- and 5-year prevalence of NSAID use. We standar-
dized to the age distribution of the index cohort in 2000. We stratified by
sex, age (at diagnosis), MI subtype, comorbidity burden (Charlson
Comorbidity Index), and NSAID subtypes. We further described the pre-
scribing characteristics of individual NSAIDs, including the proportion of
NSAIDs prescribed, the median prescribed pill strength, 1-year accumu-
lated dose distribution [light <15 daily defined dose (DDD), medium 15–
50 DDD, and heavy >50 DDD], and number of prescription redemptions
among initiators (within 1 year from initiation).

Second, we characterized NSAID initiators and non-initiators (within
1 year after index date) according to demographics, comorbidity, and
comedication use, both overall and according to accumulated dose.
Comorbidity was based on the complete inpatient and outpatient medi-
cal history available in the Patient Registry (both primary or secondary
diagnoses) of the comorbidities listed in Table 1.13 To increase the com-
pleteness of diagnoses of diabetes and chronic obstructive pulmonary
disease, we also identified any previous dispensing of antidiabetic and re-
spiratory medication.14 We also used the Prescription Registry to obtain
information on comedication use defined by prescription fills within
90 days before enrolment (as chronic medication use is usually pre-
scribed for 3 months at a time).14

Third, we determined the degree to which age, calendar period,
comorbidities, and comedication use predicted NSAID initiation in
patients with cardiovascular disease. As prior NSAID use is likely a strong
predictor for future use, we restricted these analyses to patients without
NSAID redemptions within 90 days before their cardiovascular diagnosis.
We used multivariate logistic regression analysis to identify patient covari-
ates predicting NSAID use within 1 year. The model included all covari-
ates in Table 1.

Fourth and last, we assessed the proportion of NSAID prescriptions
issued by general practitioners, private practicing specialists, hospital pre-
scribers and other prescribers (e.g. dentists).17 All registry codes are
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provided in Supplementary material online, eTable 1. All analyses were
conducted in STATA software V.16.1 (STATA, College Station, TX,
USA).

Results

Trends in overall non-steroidal anti-in-
flammatory drug use
Overall, the use of NSAIDs in patients with cardiovascular disease
showed a slight decline throughout the study period (Figure 1 and
Table 1). The overall 1-year prevalence initially increased from 1996
(19.4%) to 2002 (22.7%) after which it declined by an average of 2.9%
annually to reach 13.5% in 2017 (mean annual decline 1996–2017
was 1.5%). Although higher, the 5-year prevalence followed a similar
trajectory, from 40% in 1996, over 44% in 2002 (average annual in-
crease of 2.1%) to 34% in 2013 (average annual decline of 2.0%).
Temporal trends in prevalence of use was not influenced substantially
by age-standardization and was independent of sex, age, and comor-
bidity burden (Supplementary material online, eFigures 1 and 2).

Similar patterns in trends for 1- and 5-year prevalence were also
observed for all individual cardiovascular diseases (Figure 2), including
MI subtypes (Supplementary material online, eFigure 3). However, al-
though similar relative trends were observed, the absolute changes in
NSAID initiation differed substantially according to the underlying
cardiovascular disease. The mean annual decrease in 1-year preva-
lence since 2002 was highest for patients with heart failure (3.9%), is-
chaemic heart disease overall (3.5%), ischaemic stroke (3.3%), atrial
fibrillation/flutter (3.1%), infective endocarditis (2.5%), valvular heart
disease (2.1%), and venous thromboembolism (2.1%). Accordingly,
contraindicated NSAID initiation within 1 year following diagnosis
remained in 2017 highest for patients with venous thromboembolism
(16.6%), valvular heart disease (15.3%), and angina pectoris (13.8%)

and lowest for STEMI (7.0%) and heart failure (8.8%). Similarly, the 5-
year prevalence of NSAID use for patients diagnosed in 2013
remained highest for patients with venous thromboembolism (37.9%),
angina pectoris (36.6%), and valvular heart disease (34.9%) and lowest
for heart failure (25.5%) and infective endocarditis (28.2%).

Trends in individual non-steroidal anti-in-
flammatory drug use
The majority of NSAID initiators were prescribed ibuprofen (59%),
followed by diclofenac (23%) and etodolac (6.3%) (Table 2).
Correspondingly, the proportion of filled prescriptions was highest for
ibuprofen (48%), followed by diclofenac (21%) and etodolac (7.4%).
Over time, the use of ibuprofen and naproxen increased alongside a

...................................................................................... ......................................................................................

............................ ........................................................ ............................ ........................................................

......................................................................................................................................................................................................................

Table 1 Mean annual change in 1-year prevalence of NSAID use after first-time cardiovascular disease

1-year prevalence 5-year prevalence

Prevalence (%) Mean annual change (%) Prevalence (%) Mean annual change (%)

1996 2002 2017 1996–2001 2002–2017 1996–2017 1996 2002 2013 1996–2001 2002–2013 1996–2013

Overall 19.4 22.7 13.5 3.4% -2.7% -1.5% 39.9 44.0 34.4 2.1% -2.0% -0.8%

Ischaemic heart disease 17.4 20.9 9.9 4.1% -3.5% -2.0% 36.4 40.9 31.7 2.4% -2.0% -0.8%

Angina pectoris 22.1 24.7 13.8 2.3% -2.9% -1.8% 44.6 47.6 36.6 1.3% -2.1% -1.1%

Myocardial infarction 14.8 18.0 8.7 4.3% -3.5% -2.0% 33.4 38.0 30.5 2.8% -1.8% -0.5%

NSTEMI 18.1 20.3 9.6 2.4% -3.5% -2.2% 41.9 41.5 33.0 -0.2% -1.9% -1.2%

STEMI 12.7 16.3 7.0 5.6% -3.8% -2.1% 27.4 36.6 28.8 6.7% -1.9% 0.3%

Atrial fibrillation/flutter 18.2 20.4 10.9 2.5% -3.1% -1.9% 37.5 39.3 28.8 0.9% -2.4% -1.4%

Heart failure 17.3 21.0 8.8 4.2% -3.9% -2.4% 32.4 37.6 25.5 3.2% -2.9% -1.3%

Venous thromboembolism 20.8 24.1 16.6 3.2% -2.1% -1.0% 43.1 46.6 37.9 1.6% -1.7% -0.7%

Ischaemic stroke 16.9 20.6 10.4 4.4% -3.3% -1.8% 34.6 38.8 29.4 2.5% -2.2% -0.9%

Valvular heart disease 18.9 22.5 15.3 3.8% -2.1% -0.9% 37.8 43.2 34.9 2.9% -1.8% -0.5%

Infective endocarditis 13.8 18.6 11.8 7.0% -2.5% -0.7% 30.2 33.6 28.2 2.2% -1.4% -0.4%

NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction.
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Figure 1 Temporal trends in 1-year prevalence of non-aspirin
non-steroidal anti-inflammatory drug use after first-time cardiovas-
cular disease in Denmark (1996–2017).
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decline in the use of diclofenac, meloxicam, etodolac, and a marked
drop in use of coxibs (Figure 1 and Supplementary material online,
eTable 2).

These trends were generally found to be consistent when assess-
ing individual cardiovascular diseases (Table 1 and Figure 2). As

exceptions, the prevalence of ibuprofen initiation 1 year after first-
time heart failure diagnosis remained stable with a recent tendency
to decline. A similar tendency for declining prevalence in ibuprofen
initiation since 2014 was also apparent for the other cardiovascular
diseases.

Figure 2 Temporal trends in 1-year prevalence of non-aspirin non-steroidal anti-inflammatory drug use after first-time diagnosis of individual car-
diovascular diseases in Denmark (1996–2017).
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.. Trends in dose and treatment duration
Temporal prescribing characteristics of individual NSAIDs (Table 2
and Supplementary material online, eTables 3 and 4) revealed that
the median prescribed pill dose (mg) was stable over time at 500
[interquartile range (IQR) 250–500] for naproxen, 50 (50–75) for
diclofenac, 300 (200–300) for etodolac, 200 (200–200) for celecoxib,
90 (90–120) for etoricoxib, and 25 (12.5–25) for rofecoxib. There
was a tendency for an increase in the median prescribed pill dose of
meloxicam over time [overall median 7.5 (IQR 7.5–15) and in 2017
median 15 (IQR 7.5–15)]. The median prescribed pill dose for ibu-
profen increased from 400 mg during 1996–2001 to predominantly
600 mg between 2002 and 2008, but then dropped again to 400 mg
during 2009–2017.

Among those initiating NSAIDs, the median number (IQR) of pre-
scription redemptions per patient within 1 year was overall 4 (2–7),
which reflected a reduction from 5 (2–8) in 1996 to 3 (1–5) in 2017.
The median number of prescription redemptions per patient overall
varied according to NSAID type, from 3 for ibuprofen to 6 for etodo-
lac, celecoxib, and rofecoxib. However, the number of consecutive
prescriptions per patient declined over time for naproxen (from 4 to
3), ibuprofen (from 4 to 2), diclofenac (from 4 to 3), meloxicam
(from 5 to 4), etodolac (from 6 to 5), and etoricoxib (from 6 to 4),
but not celecoxib (6) (Table 2).

Patient characteristics
Overall, the prevalence of NSAID use increased with age up to
80 years after which it decreased for most NSAIDs except celecoxib
and rofecoxib (Supplementary material online, eTables 2 and 5).
Naproxen, ibuprofen, and diclofenac were used in all age groups,
whereas meloxicam, etodolac, and coxibs were rarely prescribed in
individuals below 50 years of age. The prevalence of individual
comorbidities was generally similar across initiators of individual
NSAIDs. However, meloxicam, etodolac, and coxibs were more fre-
quently prescribed to individuals with rheumatic diseases or drug use
suggestive of rheumatic disease (glucocorticoids and methotrexate)
or pain syndromes (paracetamol and opioids). Coxibs were more
often prescribed to individuals prescribed anti-ulcer drugs.

Predictors for non-steroidal anti-inflam-
matory drug initiation
Whereas use of non-selective NSAIDs was independent of sex, fe-
male gender was associated with use of both older and newer COX-
2 inhibitors (Table 3). Age below 50 years predicted initiation of na-
proxen, ibuprofen, and diclofenac. There was no strong association
between age and meloxicam and etodolac. Older age strongly pre-
dicted initiation of coxibs. Calendar periods after 2006 predicted ibu-
profen initiation. In contrast, recent calendar periods were
increasingly inversely associated with initiation of diclofenac, meloxi-
cam, etodolac, celecoxib, etoricoxib, and rofecoxib.

Comorbidity burden was overall also inversely related to NSAID
initiation. Among individual comorbidities, the strongest predictors
for NSAID initiation were osteoarthritis [odds ratio = 1.53, 95% con-
fidence interval (CI) 1.49–1.56], rheumatoid arthritis (1.48, 95% CI
1.40–1.56), sleep apnoea (1.37, 95% CI 1.29–1.46), obesity (1.32, 95%
CI 1.27–1.37), and chronic obstructive pulmonary disease (1.24, 95%
CI 1.22–1.26).

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

T
ab

le
2

T
re

n
d

s
in

p
re

sc
ri

b
in

g
c
h

a
ra

c
te

ri
st

ic
s

o
f
in

d
iv

id
u

a
l
N

S
A

ID
s

a
ft

e
r

fi
rs

t-
ti

m
e

c
a
rd

io
v
a
sc

u
la

r
d

is
e
a
se

in
D

e
n

m
a
rk

a
c
c
o

rd
in

g
to

d
o

se
a
n

d
tr

e
a
tm

e
n

t
d

u
ra

ti
o

n

N
S

A
ID

ty
p

e

P
e
o

p
le

tr
e
a
te

d
,

n
(%

)

F
il
le

d

p
re

sc
ri

p
ti

o
n

s,

n
(%

)

P
re

sc
ri

b
e
d

p
il
l
d

o
se

(m
g
),

m
e
d

ia
n

(I
Q

R
)

N
u

m
b

e
r

o
f
p

re
sc

ri
p

ti
o

n
re

d
e
m

p
ti

o
n

s

a
m

o
n

g
in

it
ia

to
rs

w
it

h
in

1
y
e
a
r,

m
e
d

ia
n

(I
Q

R
)

1
9
9
6

2
0
0
2

2
0
1
7

1
9
9
6
–
2
0
1
7

1
9
9
6

2
0
0
2

2
0
1
7

1
9
9
6
–
2
0
1
7

A
ny

N
SA

ID
11

6
16

7
(1

00
)

30
3

75
9

(1
00

)
—

—
—

—
5

(2
–8

)
5

(2
–8

)
3

(1
–5

)
4

(2
–7

)

N
ap

ro
xe

n
55

41
(4

.8
)

11
49

9
(3

.8
)

50
0

(2
50

–5
00

)
50

0
(2

50
–5

00
)

50
0

(5
00

–5
00

)
50

0
(2

50
–5

00
)

4
(2

–7
)

3
(2

–7
)

3
(1

–6
)

4
(2

–7
)

Ib
up

ro
fe

n
68

11
7

(5
9)

14
6

98
7

(4
8)

40
0

(4
00

–6
00

)
60

0
(4

00
–6

00
)

40
0

(4
00

–6
00

)
40

0
(4

00
–6

00
)

4
(2

–7
)

4
(2

–7
)

2
(1

–5
)

3
(2

–7
)

D
ic

lo
fe

na
c

27
21

5
(2

3)
63

18
0

(2
1)

50
(5

0–
75

)
50

(5
0–

75
)

50
(5

0–
75

)
50

(5
0–

75
)

4
(2

–8
)

5
(2

–8
)

3
(2

–6
)

4
(2

–7
)

M
el

ox
ic

am
54

2
(0

.4
7)

13
95

(0
.4

6)
7.

5
(7

.5
–1

5)
7.

5
(7

.5
–1

5)
15

(7
.5

–1
5)

7.
5

(7
.5

–1
5)

5
(2

–7
)

5
(2

–7
)

4
(4

–9
)

5
(3

–8
)

Et
od

ol
ac

73
35

(6
.3

)
22

50
8

(7
.4

)
30

0
(2

00
–3

00
)

30
0

(2
00

–3
00

)
30

0
(2

00
–3

00
)

30
0

(2
00

–3
00

)
6

(3
–9

)
7

(3
–1

0)
5

(2
–8

)
6

(3
–1

0)

C
el

ec
ox

ib
48

87
(4

.2
)

13
60

7
(4

.5
)

—
20

0
(2

00
–2

00
)

20
0

(1
00

–2
00

)
20

0
(2

00
–2

00
)

—
6

(3
–8

)
6

(3
–1

3)
6

(3
–9

)

Et
or

ic
ox

ib
48

8
(0

.4
2)

10
41

(0
.3

4)
—

12
0

(9
0–

12
0)

12
0

(1
20

–1
20

)
90

(9
0–

12
0)

—
6

(2
–1

1)
4

(1
.5

–1
0)

5
(2

–8
)

R
of

ec
ox

ib
49

63
(4

.3
)

14
98

5
(4

.9
)

—
25

(1
2.

5–
25

)
—

25
(1

2.
5–

25
)

—
6

(3
–9

)
—

6
(3

–9
)

IQ
R

,i
nt

er
qu

ar
til

e
ra

ng
e.

Contraindicated NSAID use 5
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvaa073/5862631 by Aarhus U
niversity Library, M

orten Schm
idt on 21 O

ctober 2020

https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvaa073#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvaa073#supplementary-data


..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

T
ab

le
3

A
ss

o
c
ia

ti
o

n
s

b
e
tw

e
e
n

p
a
ti

e
n

t
c
h

a
ra

c
te

ri
st

ic
s

a
n

d
N

S
A

ID
in

it
ia

ti
o

n
w

it
h

in
1

y
e
a
r

a
ft

e
r

fi
rs

t-
ti

m
e

c
a
rd

io
v
a
sc

u
la

r
d

is
e
a
se

a

A
d

ju
st

e
d

o
d

d
s

ra
ti

o
(9

5
%

c
o

n
fi

d
e
n

c
e

in
te

rv
a
l)

b

O
v
e
ra

ll
N

o
n

-s
e
le

c
ti

v
e

N
S

A
ID

s
O

ld
e
r

C
O

X
-2

in
h

ib
it

o
rs

N
e
w

e
r

C
O

X
-2

in
h

ib
it

o
rs

(c
o

x
ib

s)

N
a
p

ro
x
e
n

Ib
u

p
ro

fe
n

D
ic

lo
fe

n
a
c

M
e
lo

x
ic

a
m

E
to

d
o

la
c

C
e
le

c
o

x
ib

E
to

ri
c
o

x
ib

R
o

fe
c
o

x
ib

Se
x M

al
e

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)

Fe
m

al
e

1.
07

(1
.0

5–
1.

08
)

0.
92

(0
.8

6–
0.

99
)

1.
02

(1
.0

0–
1.

04
)

1.
07

(1
.0

4–
1.

11
)

1.
42

(1
.1

2–
1.

81
)

1.
30

(1
.2

2–
1.

39
)

1.
49

(1
.3

7–
1.

61
)

1.
30

(1
.2

2–
1.

39
)

1.
07

(1
.0

4–
1.

11
)

A
ge <

50
ye

ar
s

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)

50
–5

9
ye

ar
s

0.
89

(0
.8

6–
0.

91
)

0.
88

(0
.7

8–
0.

98
)

0.
85

(0
.8

2–
0.

88
)

0.
91

(0
.8

6–
0.

96
)

1.
29

(0
.8

0–
2.

07
)

1.
15

(1
.0

1–
1.

32
)

1.
23

(1
.0

3–
1.

47
)

1.
15

(1
.0

1–
1.

32
)

0.
91

(0
.8

6–
0.

96
)

60
–6

9
ye

ar
s

0.
73

(0
.7

1–
0.

75
)

0.
70

(0
.6

3–
0.

78
)

0.
67

(0
.6

5–
0.

69
)

0.
80

(0
.7

6–
0.

84
)

0.
93

(0
.5

8–
1.

49
)

1.
14

(1
.0

1–
1.

29
)

1.
26

(1
.0

7–
1.

49
)

1.
14

(1
.0

1–
1.

29
)

0.
80

(0
.7

6–
0.

84
)

70
–7

9
ye

ar
s

0.
61

(0
.5

9–
0.

62
)

0.
61

(0
.5

5–
0.

69
)

0.
53

(0
.5

1–
0.

54
)

0.
65

(0
.6

1–
0.

68
)

1.
24

(0
.8

0–
1.

93
)

1.
07

(0
.9

5–
1.

21
)

1.
50

(1
.2

8–
1.

77
)

1.
07

(0
.9

5–
1.

21
)

0.
65

(0
.6

1–
0.

68
)

80
ye

ar
s

or
m

or
e

0.
47

(0
.4

5–
0.

48
)

0.
47

(0
.4

2–
0.

54
)

0.
37

(0
.3

6–
0.

39
)

0.
52

(0
.4

9–
0.

55
)

1.
03

(0
.6

5–
1.

63
)

1.
00

(0
.8

8–
1.

13
)

1.
39

(1
.1

8–
1.

64
)

1.
00

(0
.8

8–
1.

13
)

0.
52

(0
.4

9–
0.

55
)

C
al

en
da

r
ye

ar

19
96

–2
00

0
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

20
01

–2
00

5
1.

07
(1

.0
5–

1.
10

)
0.

62
(0

.5
6–

0.
68

)
1.

12
(1

.0
9–

1.
16

)
0.

87
(0

.8
3–

0.
90

)
0.

19
(0

.1
4–

0.
27

)
1.

52
(1

.4
0–

1.
66

)
4.

69
(4

.2
3–

5.
21

)
1.

52
(1

.4
0–

1.
66

)
0.

87
(0

.8
3–

0.
90

)

20
06

–2
01

0
0.

85
(0

.8
4–

0.
88

)
0.

56
(0

.5
0–

0.
62

)
1.

31
(1

.2
7–

1.
35

)
0.

69
(0

.6
6–

0.
72

)
0.

11
(0

.0
7–

0.
17

)
1.

09
(0

.9
9–

1.
19

)
0.

11
(0

.0
8–

0.
15

)
1.

09
(0

.9
9–

1.
19

)
0.

69
(0

.6
6–

0.
72

)

20
11

–2
01

5
0.

73
(0

.7
1–

0.
75

)
0.

67
(0

.6
1–

0.
74

)
1.

43
(1

.3
9–

1.
47

)
0.

30
(0

.2
8–

0.
31

)
0.

08
(0

.0
5–

0.
12

)
0.

39
(0

.3
5–

0.
44

)
0.

11
(0

.0
8–

0.
14

)
0.

39
(0

.3
5–

0.
44

)
0.

30
(0

.2
8–

0.
31

)

20
16

–2
01

7
0.

61
(0

.5
9–

0.
63

)
0.

67
(0

.5
9–

0.
76

)
1.

29
(1

.2
4–

1.
34

)
0.

18
(0

.1
7–

0.
20

)
0.

03
(0

.0
1–

0.
09

)
0.

16
(0

.1
3–

0.
20

)
0.

07
(0

.0
4–

0.
11

)
0.

16
(0

.1
3–

0.
20

)
0.

18
(0

.1
7–

0.
20

)

C
om

or
bi

di
tie

s

D
ia

be
te

s
1.

06
(1

.0
3–

1.
09

)
1.

12
(1

.0
0–

1.
26

)
1.

06
(1

.0
2–

1.
09

)
1.

07
(1

.0
1–

1.
13

)
1.

24
(0

.8
2–

1.
88

)
1.

15
(1

.0
3–

1.
28

)
1.

08
(0

.9
4–

1.
24

)
1.

15
(1

.0
3–

1.
28

)
1.

07
(1

.0
1–

1.
13

)

H
yp

er
te

ns
io

n
1.

03
(1

.0
0–

1.
05

)
1.

16
(1

.0
6–

1.
28

)
1.

04
(1

.0
1–

1.
07

)
1.

01
(0

.9
6–

1.
06

)
0.

74
(0

.5
0–

1.
11

)
1.

04
(0

.9
5–

1.
14

)
0.

98
(0

.8
8–

1.
10

)
1.

04
(0

.9
5–

1.
14

)
1.

01
(0

.9
6–

1.
06

)

O
be

si
ty

1.
32

(1
.2

7–
1.

37
)

1.
14

(0
.9

7–
1.

34
)

1.
29

(1
.2

3–
1.

35
)

1.
36

(1
.2

6–
1.

46
)

1.
14

(0
.5

9–
2.

20
)

1.
30

(1
.1

2–
1.

51
)

1.
25

(1
.0

2–
1.

54
)

1.
30

(1
.1

2–
1.

51
)

1.
36

(1
.2

6–
1.

46
)

C
O

PD
1.

24
(1

.2
2–

1.
26

)
1.

25
(1

.1
6–

1.
35

)
1.

22
(1

.1
9–

1.
24

)
1.

26
(1

.2
2–

1.
31

)
1.

11
(0

.8
5–

1.
45

)
1.

26
(1

.1
7–

1.
35

)
1.

21
(1

.1
1–

1.
32

)
1.

26
(1

.1
7–

1.
35

)
1.

26
(1

.2
2–

1.
31

)

Sl
ee

p
ap

no
ea

1.
37

(1
.2

9–
1.

46
)

1.
35

(1
.0

5–
1.

72
)

1.
37

(1
.2

8–
1.

46
)

1.
20

(1
.0

4–
1.

38
)

0.
74

(0
.1

0–
5.

32
)

1.
14

(0
.8

3–
1.

55
)

1.
14

(0
.6

7–
1.

95
)

1.
14

(0
.8

3–
1.

55
)

1.
20

(1
.0

4–
1.

38
)

H
yp

er
th

yr
oi

di
sm

0.
97

(0
.9

2–
1.

02
)

0.
88

(0
.6

9–
1.

12
)

0.
98

(0
.9

2–
1.

05
)

0.
99

(0
.8

9–
1.

09
)

0.
85

(0
.3

8–
1.

92
)

0.
89

(0
.7

2–
1.

10
)

0.
95

(0
.7

5–
1.

20
)

0.
89

(0
.7

2–
1.

10
)

0.
99

(0
.8

9–
1.

09
)

O
st

eo
po

ro
si

s
0.

90
(0

.8
7–

0.
94

)
0.

89
(0

.7
5–

1.
06

)
0.

93
(0

.8
9–

0.
97

)
0.

89
(0

.8
2–

0.
97

)
1.

59
(0

.9
7–

2.
62

)
0.

97
(0

.8
4–

1.
12

)
0.

86
(0

.7
2–

1.
04

)
0.

97
(0

.8
4–

1.
12

)
0.

89
(0

.8
2–

0.
97

)

R
he

um
at

oi
d

ar
th

ri
tis

1.
48

(1
.4

0–
1.

56
)

1.
74

(1
.4

1–
2.

15
)

1.
28

(1
.1

9–
1.

37
)

1.
27

(1
.1

3–
1.

42
)

1.
76

(0
.9

3–
3.

33
)

1.
47

(1
.2

1–
1.

78
)

1.
59

(1
.2

7–
1.

99
)

1.
47

(1
.2

1–
1.

78
)

1.
27

(1
.1

3–
1.

42
)

SC
T

D
1.

08
(1

.0
3–

1.
13

)
1.

18
(0

.9
7–

1.
43

)
1.

08
(1

.0
1–

1.
14

)
1.

08
(0

.9
8–

1.
18

)
1.

12
(0

.6
1–

2.
05

)
0.

92
(0

.7
7–

1.
11

)
1.

14
(0

.9
3–

1.
40

)
0.

92
(0

.7
7–

1.
11

)
1.

08
(0

.9
8–

1.
18

)

O
st

eo
ar

th
ri

tis
1.

53
(1

.4
9–

1.
56

)
1.

33
(1

.2
1–

1.
46

)
1.

46
(1

.4
2–

1.
50

)
1.

41
(1

.3
6–

1.
47

)
1.

85
(1

.3
8–

2.
48

)
1.

73
(1

.6
0–

1.
87

)
1.

59
(1

.4
4–

1.
75

)
1.

73
(1

.6
0–

1.
87

)
1.

41
(1

.3
6–

1.
47

)

C
om

or
bi

di
ty

bu
rd

en
c

N
on

e
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

1.
00

(r
ef

.)
1.

00
(r

ef
.)

Lo
w

0.
96

(0
.9

4–
0.

98
)

0.
95

(0
.8

7–
1.

04
)

0.
97

(0
.9

4–
0.

99
)

0.
96

(0
.9

2–
1.

00
)

0.
89

(0
.6

5–
1.

21
)

0.
94

(0
.8

7–
1.

02
)

1.
03

(0
.9

4–
1.

14
)

0.
94

(0
.8

7–
1.

02
)

0.
96

(0
.9

2–
1.

00
)

M
od

er
at

e
0.

83
(0

.8
0–

0.
86

)
0.

81
(0

.6
9–

0.
96

)
0.

82
(0

.7
8–

0.
86

)
0.

85
(0

.7
9–

0.
92

)
1.

02
(0

.6
1–

1.
72

)
0.

89
(0

.7
8–

1.
03

)
0.

92
(0

.7
8–

1.
09

)
0.

89
(0

.7
8–

1.
03

)
0.

85
(0

.7
9–

0.
92

)

Se
ve

re
0.

73
(0

.7
0–

0.
76

)
0.

70
(0

.5
8–

0.
83

)
0.

78
(0

.7
5–

0.
82

)
0.

76
(0

.7
0–

0.
82

)
0.

71
(0

.3
6–

1.
42

)
0.

62
(0

.5
2–

0.
74

)
0.

81
(0

.6
7–

0.
99

)
0.

62
(0

.5
2–

0.
74

)
0.

76
(0

.7
0–

0.
82

)

M
ed

ic
at

io
n

us
ed

A
nt

ip
la

te
le

t
dr

ug
s

1.
03

(1
.0

1–
1.

05
)

0.
96

(0
.8

7–
1.

05
)

1.
01

(0
.9

8–
1.

04
)

1.
06

(1
.0

1–
1.

10
)

0.
95

(0
.6

8–
1.

32
)

1.
11

(1
.0

2–
1.

21
)

1.
03

(0
.9

4–
1.

14
)

1.
11

(1
.0

2–
1.

21
)

1.
06

(1
.0

1–
1.

10
)

A
nt

ic
oa

gu
le

nt
dr

ug
s

0.
77

(0
.7

4–
0.

80
)

0.
84

(0
.7

1–
0.

99
)

0.
75

(0
.7

1–
0.

78
)

0.
77

(0
.7

1–
0.

84
)

0.
90

(0
.4

6–
1.

77
)

0.
80

(0
.6

8–
0.

95
)

0.
97

(0
.7

9–
1.

18
)

0.
80

(0
.6

8–
0.

95
)

0.
77

(0
.7

1–
0.

84
)

Co
nt

in
ue

d

6 M. Schmidt and A. Pottegård
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Among individual drugs, gout agents most strongly predicted over-

all NSAID initiation (odds ratio = 1.38, 95% CI 1.30–1.46), primarily
driven by use of naproxen (1.84, 95% CI 1.51–2.25), ibuprofen (1.30,
95% CI 1.21–1.39), and diclofenac (1.40, 95% CI 1.26–1.56). In con-
trast, paracetamol, opioids, antiulcer drugs, and systemic glucocorti-
coids were strongly associated with coxib initiation.

Prescriber responsibility
General practitioners issued 86–91% of the NSAID prescriptions to
patients with first-time cardiovascular disease between 1996 and
2017, while hospital prescribers were responsible for 7.3–12% and
private practicing specialists <_1.1% of NSAID prescribing (Figure 3).
The figures for general practice were driven by ibuprofen (84–89%),
naproxen (90–93%), and diclofenac (87–93%), but even higher for
meloxicam (77–100%), etodolac (94–97%), and etoricoxib (93–
100%). An exception was celecoxib with a lower proportion pre-
scribed in general practice (56–90%) and a higher proportion of hos-
pital prescribers (6.8–44%).

Discussion

The prevalence of NSAID initiation after first-time cardiovascular dis-
ease has declined in Denmark by close to 3% annually since 2002.
This trend was observed for all major cardiovascular diseases, but
strongest for patients with heart failure and ischaemic heart disease.
The overall trends, however, reflected large differences in the tem-
poral use of individual NSAIDs. As recommended by clinical guide-
lines when NSAID use cannot be avoided, treatment duration was
shortened, initiation of older and newer COX-2 inhibitors declined,
and naproxen and low-dose ibuprofen use increased. Rheumatic,
obesity, and pain-related comorbidity predicted NSAID initiation in
general, whereas factors associated with gastrointestinal bleeding risk
(older age, antiulcer drugs, systemic glucocorticoids, and severe
comorbidity burden) predicted use of coxibs specifically. Despite
declining overall trends, the prevalence of contraindicated NSAID ini-
tiation after newly diagnosed cardiovascular disease remained high,
with general practice being the health care sector responsible for the
vast majority of all NSAID prescriptions.

87

.65

12

.39

88

.52
12
.45

87

.65

12

.42

88

.62
11
.79

88

.64
11
.54

87

.86

12

.64

88

.89
11
.55

88

.99
11
.86

89

.86
9.5
.93

89

.68
9

.98

89

.97
8.5
1.1

89

1.1
8.8
1.1

91

1
7.3
.99

90

.89
7.9
1.1

89

1.1
8.1
1.4

89

.95
8.7
1.3

89

.74
8.4
1.4

90

.78
7.7
1.3

91

.46
7.5
1.5

88

.47
9.5
1.6

86

.84
11

1.7

86

.78

12

1.4

0
10
20
30
40
50
60
70
80
90

100

P
er

ce
nt

ag
e 

of
 p

re
sc

ri
pt

io
ns

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

Any NSAID

92

2.1

5.4
.52

93

.4
5.8
.4

90

.78

8.9

91

1

7.7

90

.2
9.4
.6

89

.53
9

1.7

89

.34
8.5
1.9

87

.38
11
2.1

85

.69
12

2.1

84

.79

14

1.8

93

1
6.5

93

.45
6.2
.18

92

.11
7.5
.43

87

1.2
11
.49

90

.33
10

100 100 100

77

23

100 96

.75
3

.19

97

.77
2.3
.39

95

1.5
3.5

94

.82
5.3

96

3.9

90

2.9
6.8

84

16

56

44

87

4.3
8.7

87

2.9
10

100 95

5

100 100
93

6.9

Naproxen Ibuprofen Diclofenac Meloxicam Etodolac Celecoxib Etoricoxib

0
10
20
30
40
50
60
70
80
90

100

P
er

ce
nt

ag
e 

of
 p

re
sc

ri
pt

io
ns

20
13

20
14

20
15

20
16

20
17

20
13

20
14

20
15

20
16

20
17

20
13

20
14

20
15

20
16

20
17

20
13

20
14

20
15

20
16

20
17

20
13

20
14

20
15

20
16

20
17

20
13

20
14

20
15

20
16

20
17

20
13

20
14

20
15

20
16

20
17

General practitioner Private practicing specialist Hospital Other
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Previous literature
Drug utilization studies are fundamental to identify and improve po-
tential irrational drug prescribing habits. Few studies have examined
nationwide trends and predictors of NSAID use in patients with car-
diovascular disease. The available evidence, as summarized below, all
indicate high-prevalent use of NSAID in cardiovascular patients
across Europe, USA, and Canada, with a concerning higher propor-
tion of older and newer COX-2 inhibitors used in these countries
compared with Denmark.

Following a 2005 FDA warning,2 initial studies of the rate of poten-
tially inappropriate medication prescriptions in the USA decreased
from 46% in 2006–2007 to 41% in 2009–2010,18 among which the
prevalence of NSAID prescriptions showed the largest decline com-
pared with other drug categories.18 However, subsequent data from
the US National Health and Nutrition Examination Survey 2009–
2010 on self-reported NSAID use in patients with pre-existing car-
diovascular disease showed higher prevalence of NSAID use among
patients with vs. without cardiovascular disease (43% vs. 24%), con-
sistent for both prescription (10% vs. 4%) and OTC use (38% vs.
22%). Fifty-four percent of cardiovascular patients reported pre-
scribed NSAID use for 1 year or longer compared with 46% among
those without cardiovascular disease.19 When adjusting for age, sex,
race, and education, the odds for NSAID use was overall 2.1-fold
increased among individuals with vs. without cardiovascular disease,
but with substantial variation within cardiovascular disease subtypes
(1.6-fold for ischaemic heart disease and 0.8-fold for congestive heart
failure).19 Another US study showed that prescribed NSAID for mus-
culoskeletal pain management in subsequent years (2010–2013)
increased from 14% to 16% in patients with hypertension, heart fail-
ure, or chronic kidney disease.20

A Canadian cohort study during 2012–2016 of 814 049 elderly
patients >_65 years with a musculoskeletal disorder and hypertension,
heart failure, or chronic kidney disease showed an overall declining
trend in prescription NSAID use over time, with an absolute reduc-
tion of 2.1% from 2012 (10%) to 2016 (8.1%).21 The prescribing rate
decreased relatively by 2.0% per quarter during the period.21 Almost
one-fifth of all prescribed NSAID was coxibs (18%).21

An Italian study during 2008–2011 of 511 989 elderly patients
>_65 years with cerebro-cardiovascular disease showed a 21–48%
prevalence of NSAID use across five different regions.22 The preva-
lence of NSAID use decreased from 31% in 2008 to 23% in 2011 and
was highest for nimesulide (9.6%) and diclofenac (7.5%), followed by
ketoprofen (5.4%), ibuprofen (5.3%), coxibs (3.8%), ketorolac (2.4),
piroxicam (1.9%), aceclofenac (1.3%), meloxicam (0.9%), and na-
proxen (0.7%). The highest proportion of new NSAID use was nime-
sulide (22% in 2011), diclofenac (21% in 2011), and coxibs (9% in
2011), which sum COX-2 selective agents to at least 30% of all
NSAIDs in 2011.22

Most recent, a German study compared diclofenac use before and
after implementation of European risk minimization measures in
2013.9 The study focused on the prevalence of congestive heart fail-
ure, ischaemic heart disease, peripheral arterial disease, and cerebro-
vascular disease among diclofenac initiators and found, similar to our
study, that although use of diclofenac declined, the prevalence of
NSAID initiators with cardiovascular contraindications remained high
(12% in 2014).9 The study also reported on the diclofenac

prescribers in general (not only for cardiovascular patients) and
found 61% prescribed by general practitioners, 22% by orthopaedists,
6.8% by surgeons, and 9.1% by others.9

Interpretation of trends
While NSAIDs are generally now considered contraindicated in
patients with cardiovascular disease (except pericarditis),1 it was not
the case through the entire study period. The declining trends in
prevalence since 2002 therefore likely in part reflect temporal
changes in clinical guidelines and regulatory actions.

The FDA requested in 2005 revised NSAID labelling to include a
boxed warning about the potential increased risk of cardiovascular
disease.2 FDA warnings were further strengthened in 2015.3 The
EMA raised first concerns about the cardiovascular risks of coxibs as
a class in 2005, and in 2006 also diclofenac (particularly at a high dose
of 150 mg daily) and high-dose ibuprofen (2400 mg daily).4 As smaller
risks with use of other NSAIDs could not be excluded, the EMA rec-
ommended use of NSAIDs at the lowest effective dose for the short-
est possible duration.4 Updated risk assessments were carried out by
the EMA in the following years: in 2012, previous conclusions were
confirmed but also added that naproxen may be associated with
lower thromboembolic risk than other NSAIDs although small risks
cannot be excluded5; in 2013, a firm conclusion was drawn that diclo-
fenac use was associated with an elevated risk of acute cardiovascular
events6; and in 2015 that ibuprofen in high dose (>_2400 mg/day)
increased cardiovascular risks to a degree similar to coxibs and diclo-
fenac, that moderate dose (1200–2400 mg/day) likely increased risk
in a dose-dependent manner, and that low dose (<_1200 mg/day) did
not increase risk.7 Dexibuprofen was expected to have similar car-
diovascular risk as high-dose of ibuprofen when used at equipotent
doses. The clinical impact of a potential reduced antiplatelet drug ef-
fect of acetylsalicylic acid when administered concomitantly with ibu-
profen/dexibuprofen remains debated.7 Latest the EMA called in
2017 again for another safety assessment of diclofenac.23 As a result,
data accumulate on the cardiotoxicity of diclofenac,8,24 prompting re-
cent withdrawal of OTC diclofenac also in Norway and Sweden,25 al-
though the final EMA report is yet to be made public.

The Danish Medicines Agency issued the first national warning
about diclofenac in 2008 after which OTC diclofenac was prohib-
ited.12 Latest, the European Society of Cardiology stated in 2016 their
position that NSAIDs should in general not be used in patients with
established or at high risk of cardiovascular disease and when pre-
scribing traditional NSAIDs, older selective COX-2 inhibitors such as
diclofenac, should be avoided.1 The Danish Society for Cardiology
has adapted this position.26

The overall trends in NSAID use paralleled widely with trends for
the whole Danish population8,12 and were thus not specific or mark-
edly better for patients with cardiovascular disease. Nonetheless,
considering the changes to national and international recommenda-
tions above, our results are encouraging in showing a substantial and
ongoing decline in NSAID use since 2002, with a particular decline in
use of coxibs after 2004 and diclofenac after 2008, but also a begin-
ning decline in ibuprofen use after 2014. Moreover, the general shift
away from selective COX-2 inhibitors towards ibuprofen/naproxen
supports adherence to guideline recommendations when NSAID
cannot be avoided. Finally, the general reduction in treatment
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duration and shift from predominantly moderate/high to low-dose
ibuprofen supports the EMA recommendation of lowest effective
dose for the shortest possible duration.4,5

The relatively short delay from guideline changes to clinical impli-
cations in Denmark, likely reflected a combination of supportive digit-
al health solutions and a long tradition for and adherence to national
guidelines.10 Still, it should be noted that adherence to guidelines
does not alone explain the trend in use as the decline started in 2002,
that is, before the first FDA/EMA (2005)2,4 and Danish (2008)12 rec-
ommendations. The establishment of the Institute for Rational
Pharmacotherapy in Denmark in 1999 with its impact on general
practitioners’ prescribing habits and enforcement of paracetamol as
the first-line drug for pain management likely contributed to reduce
NSAID use in the early period of the decline.27

Despite these positive trends, the recommendation from the
European Society of Cardiology to consider NSAIDs contraindicated
in patients with cardiovascular disease is clear.1 A continuous 1-year
prevalence of NSAID use in 2017 close to 15%, increasing to above
30% within 5 years, is therefore too high. Part of the explanation for
this apparent high-prevalent contraindicated use is likely that
NSAIDs previously was thought to be risk-neutral in low doses and
short treatment periods. Both assumptions are incorrect as general
rules. While ibuprofen in low doses (<_1200 mg/day) according to
EMA recommendations are considered safe for low-risk popula-
tions,7 it is not the case in the presence of cardiovascular disease.1

The cardiovascular risks of older COX-2 inhibitors as diclofenac are
clinical relevant even at low doses and also short treatment dura-
tions.24 The adverse event rate thus increases at time of initiation and
accumulate thereafter.

Strengths and limitations
The 22-year nationwide inclusion period provided high statistical pre-
cision and enabled subgroup analyses of individual cardiovascular dis-
eases and NSAIDs. The population-based design in the setting of a
tax supported, universal healthcare system largely removed selection
biases stemming from selective inclusion of specific hospitals, health
insurance systems, or age groups.10 The prescription data, including
prescriber information, are considered valid.14,17 Moreover, NSAID
use was not based on written prescriptions, but on actual dispensing
at pharmacies.14 Required copayments increased the likelihood of
compliance, although any non-compliance would not influence the
estimated proportion of patients prescribed NSAIDs. Any OTC use
of ibuprofen or diclofenac would only underestimate results.12

The algorithms identifying the individual cardiovascular diseases
have all been validated and found adequate with positive predictive
values around 93% for angina pectoris,15 97% for MI (96% for STEMI
and 92% for NSTEMI),15 95% for atrial fibrillation/flutter,15 76%–84%
for heart failure,15,28 88% for venous thromboembolism,15 97% for is-
chaemic stroke,13 96% for valvular heart disease,15 and 90% infective
endocarditis.16 The mortality and migration data were accurate and
complete.11

Implications
The persistent high-prevalent contraindicated NSAID use in patients
with newly diagnosed cardiovascular disease is a major public health
concern that needs attention from health care authorities and

relevant medical societies. A novel finding in our study was the as-
sessment of prescriber responsibility, which documents the central
role of general practice. Although general practitioners should be
acknowledged for their contributions to overall declining and more
differentiated NSAID use in patients with cardiovascular disease as
described above, the burden of minimizing the remaining contraindi-
cated NSAID use, however, also lies in general practice given that 9
out 10 such prescriptions are issued here.

Conclusions

Following regulatory actions and changes in clinical guidelines, initi-
ation of NSAIDs after newly diagnosed cardiovascular disease has
declined consistently in Denmark since 2002, and most for patients
with heart failure or ischaemic heart disease. Temporal changes in
prescribing behaviour towards shorter treatment periods, less use of
COX-2 inhibitors—in particular diclofenac and coxibs—and more
naproxen and low-dose ibuprofen, indicate adherence to clinical
guidelines when NSAIDs cannot be avoided. Despite these overall
encouraging utilization trends, contraindicated NSAID use remain
too common, being initiated in more than one in 10 cardiac patients
within a year after diagnosis, increasing to above three in 10 patients
within 5 years. Safer alternatives to pain relief should always be
sought out before initiating NSAIDs in the presence of cardiovascular
disease. Interventions to promote appropriateness of use, in particu-
lar targeted at general practitioners, are warranted.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.
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Abstract
Objectives To examine the risk of atrial fibrillation or flutter associated
with use of non-selective non-steroidal anti-inflammatory drugs (NSAIDs)
or selective cyclo-oxygenase (COX) 2 inhibitors.

Design Population based case-control study using data from medical
databases.

Setting Northern Denmark (population 1.7 million).

Participants 32 602 patients with a first inpatient or outpatient hospital
diagnosis of atrial fibrillation or flutter between 1999 and 2008; 325 918
age matched and sex matched controls based on risk-set sampling.

Main outcome measures Exposure to NSAID use at the time of
admission (current use) or before (recent use). Current use was further
classified as new use (first ever prescription redemption within 60 days
before diagnosis date) or long term use. We used conditional logistic
regression to compute odds ratios as unbiased estimates of the incidence
rate ratios.

Results 2925 cases (9%) and 21 871 controls (7%) were current users
of either non-selective NSAIDs or COX 2 inhibitors. Compared with no
use, the incidence rate ratio associating current drug use with atrial
fibrillation or flutter was 1.33 (95% confidence interval 1.26 to 1.41) for
non-selective NSAIDs and 1.50 (1.42 to 1.59) for COX 2 inhibitors.
Adjustments for age, sex, and risk factors for atrial fibrillation or flutter
reduced the incidence rate ratio to 1.17 (1.10 to 1.24) for non-selective
NSAIDs and 1.27 (1.20 to 1.34) for COX 2 inhibitors. Among new users,
the adjusted incidence rate ratio was 1.46 (1.33 to 1.62) for non-selective

NSAIDs and 1.71 (1.56 to 1.88) for COX 2 inhibitors. Results for
individual NSAIDs were similar.

Conclusions Use of non-aspirin NSAIDs was associated with an
increased risk of atrial fibrillation or flutter. Compared with non-users,
the association was strongest for new users, with a 40-70% increase in
relative risk (lowest for non-selective NSAIDs and highest for COX 2
inhibitors). Our study thus adds evidence that atrial fibrillation or flutter
needs to be added to the cardiovascular risks to be considered when
prescribing NSAIDs.

Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) are widely
used to treat inflammatory conditions and pain.1 By inhibiting
cyclo-oxygenase (COX)-1 mediated production of
prostaglandins,1 non-selective NSAIDs are known to cause
gastrointestinal toxicity1 and a variety of nephrotoxic
syndromes.2 An alternative is selective COX 2 inhibitors,
available in the form of older or newer agents.3 The newer COX
2 inhibitors, introduced into clinical practice in 1998, were
developed as NSAIDs with an improved gastrointestinal side
effect profile.1 The cardiovascular safety of all marketed newer
COX 2 inhibitors requires thorough evaluation in view of the
increased cardiovascular4-6 and renal risk2 reported for several
of these drugs.
Atrial fibrillation is the most common rhythm disorder observed
in clinical practice. It more than doubles in prevalence during
each advancing decade of life, from 0.5% at age 50-59 years to
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above 10% at age 80-89 years.7 It is associated with increased
mortality and morbidity, mainly due to haemodynamic
impairments that exacerbate or even cause heart failure,8 and a
threefold to fourfold increased risk of thromboembolic stroke.9

Use of NSAIDs may increase the risk of atrial fibrillation
through its adverse renal effects—for example, fluid retention,
electrolyte disturbances, and blood pressure destabilisation
2 6—but the evidence for such effects is limited.10 11 Although
no original research has been published on COX 2 inhibitors
and atrial fibrillation, a meta-analysis summarised data from
114 clinical trials and found that rofecoxib was associated with
an increased risk of cardiac arrhythmias (relative risk 2.90, 95%
confidence interval 1.07 to 7.88).10 Because the meta-analysis
included only 286 incident arrhythmias, precision was low and
risk of arrhythmia subtypes such as atrial fibrillation could not
be examined.10 Recently, traditional NSAIDs (that is,
non-selective NSAIDs and older COX 2 inhibitors) have been
associated with increased risk of chronic atrial fibrillation
(incidence rate ratio 1.44, 1.08 to 1.91).11

Any confirmed association between use of NSAIDs and atrial
fibrillation would have major clinical and public health
implications. Older people are of special concern because the
prevalence of use of NSAIDs and the incidence of atrial
fibrillation increase with age. To address the limitations of the
existing literature, we conducted a large population based
case-control study examining whether and to what extent use
of NSAIDs increases the risk of atrial fibrillation or flutter.

Methods
Setting
We conducted this population based case-control study in
northern Denmark, which has 1.7 million inhabitants (30% of
the Danish population). Since 1998 complete computerised
prescription records have been available for this population.12
Our study period encompassed 1 January 1999 to 31 December
2008, which yielded at least one year of prescription history for
all study participants.
The Danish National Health Service provides universal tax
supported healthcare, guaranteeing unfettered access to general
practitioners and hospitals and partial reimbursement for
prescribedmedications, including NSAIDs.13Most patients with
atrial fibrillation or flutter are diagnosed during a hospital
admission or at a hospital outpatient clinic.14 Very few
cardiologists work outside the public hospital system in
Denmark. Linkage among national registries is possible using
the unique central personal registry number assigned to each
Danish citizen at birth and to residents on immigration.15

Patients with atrial fibrillation or flutter
We used the Danish National Registry of Patients,16 covering
all non-psychiatric hospitals since 1977 and emergency room
and outpatient clinic visits since 1995, to identify all patients
with a first time inpatient or outpatient diagnosis of atrial
fibrillation or flutter during the study period. Because atrial
fibrillation and flutter share risk factors and to some degree
pathophysiology,17 18 we collapsed them into one disease
entity.17 18More than 90% of patients registered with these codes
had atrial fibrillation.19 We considered the date of the first
diagnosis of atrial fibrillation or flutter to be the index date for
cases.

Population controls
We used the Danish Civil Registration System to select 10
population controls for each case, matched for age and sex.15
This registry has recorded vital statistics for the Danish
population since 1968 with daily updates.15We selected controls
using risk set sampling.20 Controls were assigned an index date
identical to that of corresponding cases.

Non-steroidal anti-inflammatory drug use
We used the prescription database in the region12 to identify
prospectively all prescriptions of NSAIDs redeemed by cases
and controls before their index date. Except for ibuprofen in the
200 mg tablet dose, all non-aspirin NSAIDs are available by
prescription only.13 Regular users of ibuprofen typically are
registered in the database because the cost automatically is partly
refunded when the drug is prescribed by a doctor.13

We identified prescriptions for non-aspirin non-selective
NSAIDs (ibuprofen, naproxen, ketoprofen, dexibuprofen,
piroxicam, and tolfenamic acid), older COX 2 inhibitors
(diclofenac, etodolac, nabumeton, and meloxicam), and newer
COX 2 inhibitors (celecoxib, rofecoxib, valdecoxib, parecoxib,
and etoricoxib).3 21 Because of overlapping COX 2 selectivity,
we collapsed the groups of older and newer COX 2 inhibitors
into one group.3 Associated ATC (Anatomical Therapeutic
Chemical Classification System) codes are provided in the web
appendix.
We defined current users of NSAIDs as people who redeemed
their most recent prescription within 60 days before their index
date. We chose an exposure window of 60 days to capture most
current users, as prescriptions of NSAIDs are seldom provided
for more than 60 days at a time in Denmark.22 Some side effects
may arise shortly after starting treatment2 6 and inclusion of long
term users, who are more likely to tolerate the drug, could lead
to underestimation of the association with atrial fibrillation or
flutter.23We therefore categorised current users into two groups:
new users, defined by having redeemed their first ever
prescription within 60 days before the index date, and long term
users, defined by having redeemed their first prescription more
than 60 days before the index date. We defined people who had
redeemed their most recent prescription 61-365 days before the
index date as recent users. We defined people with no redeemed
prescriptions 365 days before their index date as non-users
(reference group).

Patient characteristics
Because a number of risk factors for atrial fibrillation or flutter
can also be associated with use of NSAIDs,24 25 we obtained
data from the Danish National Registry of Patients on any
previous hospital diagnosis since 1977 of diseases that may
increase the risk of atrial fibrillation or flutter (listed in table
1).24 25 To increase the sensitivity of the diagnoses, we used the
prescription database12 to obtain data on any use since 1998 of
relevant drugs. Furthermore, we identified current use of oral
glucocorticoids, because these are associated with increased
risk of atrial fibrillation or flutter.26 Associated ICD
(International Classification of Diseases) and ATC codes are
provided in the web appendix.

Statistical analysis
Initially, we created contingency tables for the main study
variables from which we calculated the frequency of cases and
controls in categories of exposure and other variables. We then
stratified the contingency tables according to each of the

Reprints: http://journals.bmj.com/cgi/reprintform Subscribe: http://resources.bmj.com/bmj/subscribers/how-to-subscribe

BMJ 2011;343:d3450 doi: 10.1136/bmj.d3450 Page 2 of 9

RESEARCH

http://journals.bmj.com/cgi/reprintform
http://resources.bmj.com/bmj/subscribers/how-to-subscribe


potential confounding factors listed in table 1.27 Next we used
conditional logistic regression to compute odds ratios for atrial
fibrillation or flutter among current, new, long term, and recent
users of non-selective NSAIDs or COX 2 inhibitors.28 Current
users of both subclasses of the drugs were treated as a separate
group. Because we used risk set sampling of controls, the odds
ratios estimated the incidence rate ratios.28 We fitted models
controlling for the potential confounding factors listed in table
1. We repeated the analyses in predefined subgroups of sex,
age, and presence or absence of cardiovascular disease, chronic
kidney disease, osteoarthritis, rheumatoid arthritis, or systemic
connective tissue disease. In the stratified analysis, we
disregarded the matching and performed unconditional logistic
regression with additional adjustments for the matching factors.
We repeated the overall analysis for the six most frequently
prescribed NSAIDs. To evaluate clinically relevant
heterogeneity across drugs, we then compared individual
NSAIDs directly using ibuprofen as the referent exposure.
Because all patients needed pain relief, this comparison was
likely to reduce confounding by indication. We used the tablet
dose from the last redeemed prescription as a proxy for the total
daily dose and examined the effect associated with low and high
tablet dose.
In four secondary analyses we restricted cases to patients with
atrial fibrillation or flutter: who had their diagnosis listed as the
first diagnosis in the discharge summary, thereby detecting the
potential effect of diagnostic surveillance bias among NSAID
users;28 who had never redeemed a prescription for digoxin or
a vitamin K antagonist before their index date, thereby excluding
patients with atrial fibrillation or flutter treated by their general
practitioner with no previous hospitalisation; who underwent
cardioversion within one year after the index date, thereby
relating use of NSAIDs to disease severity; or who had no
cancer, chronic obstructive pulmonary disease or asthma,
inflammatory bowel disease, rheumatoid or psoriatic arthritis,
or systemic connective tissue disease, thereby reducing
confounding from systemic inflammation. Finally, using a
rule-out approach,29 we estimated how strongly a single
unmeasured binary confounder would need to be associated
with use of NSAIDs and atrial fibrillation or flutter to fully
explain our findings.29

Results
Patient characteristics
Descriptive data are presented in table 1 for the 32 602 cases
and 325 918 population controls (web table 1 divides cases and
controls according to their use of NSAIDs). Among the cases,
27 984 (85.8%) were diagnosed with atrial fibrillation or flutter
during hospital admission, 4220 (12.9%) at an outpatient clinic,
and 398 (1.2%) at an emergency department. The median age
was 75 years, and 54% were male. Among cases, 80.1% had
been diagnosed previouslywith cardiovascular disease compared
with 58.7% of controls. Cancer, chronic obstructive pulmonary
disease or asthma, diabetes mellitus, glucocorticoid use,
hyperthyroidism, and osteoarthritis were also more common
among cases than controls.

Risk of atrial fibrillation or flutter
As table 2 shows, the age and sex matched incidence rate ratio
associating current drug use with atrial fibrillation or flutter was
1.33 (95% confidence interval 1.26 to 1.41) for non-selective
NSAIDs and 1.50 (1.42 to 1.59) for COX 2 inhibitors compared
with non-users. The crude incidence rate ratios, dissolving the
matched sets, were similar to the matched incidence rate ratios,

indicating that the matched factors were on balance not
associated with the exposure. Adjustment for confounders
reduced the incidence rate ratio to 1.17 (1.10 to 1.24) for
non-selective NSAIDs and 1.27 (1.20 to 1.34) for COX 2
inhibitors. Older and newer COX 2 inhibitors had similar
estimates of effect. The increased risk was driven by new users
with an adjusted incidence rate ratio of 1.46 (1.33 to 1.62) for
non-selective NSAIDs and 1.71 (1.56 to 1.88) for COX 2
inhibitors.
The stratified analyses showed no observable sign of modified
measure of effect by sex, osteoarthritis, or systemic connective
tissue disease (data not shown). The data indicated that the risk
of atrial fibrillation or flutter associated with use of NSAIDs
was highest in the elderly (web table 2). Among patients with
chronic kidney disease, the adjusted incidence rate ratio was
2.87 (1.53 to 5.38) for new users of COX 2 inhibitors and 1.75
(1.11 to 2.77) for long term users of non-selective NSAIDs (fig
1). Among patients with rheumatoid arthritis, the adjusted
incidence rate ratio was 2.49 (1.40 to 4.42) for new users of
COX 2 inhibitors and 1.44 (1.01 to 2.03) for long term users of
non-selective NSAIDs). Similar to the overall results, the
adjusted incidence rate ratio in the secondary analysis restricted
to patients without systemic inflammatory conditions was 1.45
(1.29 to 1.63) for new users of non-selective NSAIDs and 1.64
(1.46 to 1.84) for new users of COX 2 inhibitors.
The results for the individual NSAIDs are shown in table 3. The
adjusted incidence rate ratio for atrial fibrillation or flutter
among new drug users was 1.43 (1.28 to 1.59) for ibuprofen,
1.44 (0.97 to 2.12) for naproxen, 1.73 (1.53 to 1.97) for
diclofenac, 1.51 (1.17 to 1.95) for etodolac, 1.83 (1.44 to 2.34)
for celecoxib, and 1.59 (1.24 to 2.02) for rofecoxib. In the direct
drug comparison (web table 3), no NSAIDs were associated
with a lower risk than ibuprofen, and diclofenac in particular
conferred higher risk (1.19, 1.00 to 1.40 for new use). The
increased effect estimates associated with use of the individual
NSAIDs remained raised for both high dose and low dose
tablets. High dose tablets of ibuprofen, naproxen, and diclofenac,
however, were associated with higher risks than low dose tablets
(data not shown).
Supporting the robustness of our findings, the results of the
remaining three secondary analyses were similar to the overall
results (web tables 4 and 5 show the results for patients without
systemic inflammatory conditions). Finally, we estimated that
an unmeasured confounder that was twice as frequent among
users of NSAIDs as non-users would need to increase the risk
of atrial fibrillation or flutter by a factor of six or more to fully
explain the results, if no increased risk actually existed (web
figure).

Discussion
In this large population based case-control study, we found that
patients starting treatment with non-aspirin NSAIDs were at
increased risk of atrial fibrillation or flutter compared with those
not using NSAIDs. The relative risk increase was
40-70%—equivalent to approximately four extra cases per year
of atrial fibrillation per 1000 new users of non-selective
NSAIDS and seven extra cases per year of atrial fibrillation per
1000 new users of COX 2 inhibitors.7 The risk appeared highest
in older people. Patients with chronic kidney disease or
rheumatoid arthritis were at particularly increased risk when
starting treatment with COX 2 inhibitors.
Several issues should be considered when interpreting our
results. The study’s population based design within the setting
of a tax supported universal healthcare system largely removed
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selection biases. The positive predictive value of a diagnosis of
atrial fibrillation or flutter has been reported to be as high as
97% in the Danish National Registry of Patients.19Coding errors
were thus unlikely to have had any important influence on our
results. We considered cases of atrial fibrillation and flutter
together, but our results were driven by atrial fibrillation.
Although our findings also related to people treated with
cardioversion within one year after first diagnosis, our study
was limited by its inability to separate paroxysmal, persistent,
and permanent atrial fibrillation.
Data in the prescription database are virtually complete.12
Although we had to use prescription data as a proxy for actual
use of NSAIDs, we did not base drug exposure information on
written prescriptions,11 but on actual dispensing at pharmacies.12
Requirement of co-payment increased the likelihood of
compliance.13 We lacked information on over the counter use
of low dose (200 mg/tablet) ibuprofen, which accounted for
30% of total ibuprofen sales and 15% of total NSAID sales
during the study period.13This misclassification of drug exposure
would most likely have been non-differential and thus would
have biased the effect estimates towards the null. Therefore, to
the extent such misclassification occurred, our effect estimates
are underestimates.
Our results may be affected by confounding from unmeasured
variables, particularly by underlying inflammatory conditions
leading to use of NSAIDs. Although our estimates did not
change when patients with systemic inflammatory conditions
were excluded in a subanalysis, we cannot rule out that new
users may have more severe underlying inflammation, which
may increase the risk of atrial fibrillation.30 Finally, we lacked
data on lifestyle factors, including smoking and body size.
Nevertheless, we note that we did adjust partly for lifestyle
factors by controlling for history of cancer, chronic obstructive
pulmonary disease, and ischaemic heart disease, and that our
findings could not be explained by even a strong single
unmeasured confounder.
Our study is the first on NSAIDs and atrial fibrillation to include
both non-selective NSAIDs and COX 2 inhibitors. A
case-control study of patients in the United Kingdom diagnosed
in 1996 with chronic atrial fibrillation (n=1035) or paroxysmal
atrial fibrillation (n=525) found that contemporary use of
traditional NSAIDs was associated with an increased risk of
chronic atrial fibrillation (incidence rate ratio 1.44, 95%
confidence interval 1.08 to 1.91) and modestly associated with
paroxysmal atrial fibrillation (1.18, 0.85 to 1.66)—that is, with
magnitude of the association similar to our results.11By contrast
with our findings, however, in the UK study, long term use of
NSAIDs was associated with the largest risk increase for atrial
fibrillation.
The meta-analysis,10 involving 116 094 patients using newer
COX 2 inhibitors, had 6394 composite renal outcome events
but only 286 composite arrhythmia outcome events, of which
ventricular fibrillation, cardiac arrest, and sudden cardiac death
accounted for most.10 Although rofecoxib was associated with
an increased relative risk for the composite renal outcome of
1.53 (95% confidence interval 1.33 to 1.76) and the composite
arrhythmia outcome (2.90, 1.07 to 7.88),10 the small number
and types of arrhythmias available for analysis did not allow
for examination of atrial fibrillation as an outcome. In the
present study, we found an increased risk of atrial fibrillation
or flutter associated with older and newer COX 2 inhibitors.
Notably, COX 2 inhibitors, in particular diclofenac, were
associated with higher risks than non-selective NSAIDs,
indicating the important pharmacological role of COX 2
inhibition.3 5

Use of NSAIDs may increase the risk of atrial fibrillation or
flutter through renal and cardiovascular related actions. Five
per cent of patients treated with NSAIDs experience nephrotoxic
syndromes.2 Both COX enzymes are expressed in distinct
anatomic regions of adult kidney tissue.2 Thus, inhibition of
synthesis of COX derived prostaglandin impairs inflammation
and a variety of physiological processes.2 These changes may
induce increases in blood pressure due to expansion of plasma
volume, increased peripheral resistance, attenuation of diuretic
and antihypertensive drug effects,2 6 and fluctuation of serum
potassium as a result of decreased potassium excretion in the
distal nephron.2 Thus, the increased risk among new users may
be attributable to short term adverse renal effects of NSAIDs,
which subsequently trigger atrial fibrillation.24 The finding that
patients with chronic kidney disease have a markedly higher
risk when starting treatment with COX 2 inhibitors supports
this hypothesis.2 6

In conclusion, we found that use of non-aspirin NSAIDs was
associated with an increased risk of atrial fibrillation or flutter.
Compared with non-users, the association was strongest for new
users, with a 40-70% relative risk increase (lowest for
non-selective NSAIDs and highest for COX 2 inhibitors). Our
study thus adds evidence that atrial fibrillation or flutter need
to be added to the cardiovascular risks under consideration when
prescribing NSAIDs.
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What is already known on this topic

Atrial fibrillation is the most commonly sustained rhythm disorder observed in clinical practice, and NSAIDs are among the
most widely used drugs worldwide.
No previous study has examined whether use of COX 2 inhibitors increases the risk of atrial fibrillation.

What this study adds
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Compared with non-users, the association was strongest for new users, with a 40-70% increase in relative risk (lowest for
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Tables

Table 1| Characteristics of patients with atrial fibrillation or flutter and controls from northern Denmark, 1999-2008. Data are number (%)

Controls (n=325 918)Cases (n=32 602)

149 878 (46.0)14 993 (46.0)Sex, female

Age, years

15 506 (4.8)1544 (4.7)0-49

33 473 (10.3)3358 (10.3)50-59

63 242 (19.4)6277 (19.3)60-69

102 303 (31.4)10 273 (31.5)70-79

111 394 (34.2)11 150 (34.2)>80

Comorbidity

6171 (1.9)901 (2.8)Alcoholism related disorder*

31 638 (9.7)4089 (12.5)Cancer†

Cardiovascular diseases

191 200 (58.7)26 127 (80.1)Hospital diagnosis†

188 516 (57.8)25 657 (78.7)Use of cardiovascular drugs‡

65 598 (20.1)9820 (30.1)ACE or A2R inhibitors

96 294 (29.6)14 304 (43.9)Aspirin

63 144 (19.4)11 598 (35.6)β blockers

58 259 (17.9)9001 (27.6)Calcium channel blockers

126 537 (38.8)18 316 (56.2)Diuretics

41 147 (12.6)6809 (20.9)Nitrates

27 431 (8.4)3913 (12.0)Statins

6259 (1.9)887 (2.7)Other antihypertensives

3608 (1.1)874 (2.7)Chronic kidney disease†

53 448 (16.4)7987 (24.5)COPD or asthma§

10 383 (3.2)2246 (6.9)Current use of oral glucocorticoids||

22 715 (7.0)3192 (9.8)Diabetes mellitus§

10 335 (3.2)1614 (5.0)Hyperthyroidism§

11 827 (3.6)1263 (3.9)Hypothyroidism§

2068 (0.6)306 (0.9)Liver disease or chronic pancreatitis†

35 458 (10.9)4249 (13.0)Osteoarthritis†

4112 (1.3)592 (1.8)Rheumatoid arthritis†

5811 (1.8)791 (2.4)Systemic connective tissue disease†

ACE=angiotensin converting enzyme; A2R=angiotensin-2 receptor; COPD=chronic obstructive pulmonary disease.
*Acute alcohol intoxication or alcoholism related disease other than those affecting the liver or pancreas.
†Any hospital diagnosis recorded in the Danish National Registry of Patients since 1977.
‡Any redeemed prescription recorded in the prescription database since 1998.
§Any hospital diagnosis since 1977 or any redeemed prescription since 1998 of associated drugs.
||Prescription redemption within 60 days before the index date.
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Table 2| Association between use of NSAIDs and atrial fibrillation or flutter

Incidence rate ratio (95% CI)

Number of cases/controls Adjusted†Unadjusted*

1.00 (reference)1.00 (reference)24 593/260 139No use‡

Non-selective NSAIDs

1.17 (1.10 to 1.24)1.33 (1.26 to 1.41)1 385/10 985Current use§

1.46 (1.33 to 1.62)1.59 (1.44 to 1.75)480/3197New use||

1.05 (0.98 to 1.13)1.23 (1.14 to 1.32)905/7788Long term use¶

1.09 (1.04 to 1.14)1.20 (1.14 to 1.25)2 315/20 453Recent use**

COX 2 inhibitors

1.27 (1.20 to 1.34)1.50 (1.42 to 1.59)1 540/10 886Current use§

1.31 (1.22 to 1.40)1.49 (1.39 to 1.60)977/6 981Older COX 2 inhibitors

1.20 (1.09 to 1.33)1.51 (1.37 to 1.67)448/3 119Newer COX 2 inhibitors

1.71 (1.56 to 1.88)1.93 (1.76 to 2.11)561/3088New use||

1.10 (1.03 to 1.18)1.33 (1.24 to 1.43)979/7798Long term use¶

1.04 (0.99 to 1.09)1.18 (1.13 to 1.24)2 078/18 634Recent use**

1.01 (0.96 to 1.07)1.11 (1.05 to 1.17)1 396/12 892Older COX 2 inhibitors

1.02 (0.94 to 1.12)1.23 (1.13 to 1.35)596/5 152Newer COX 2 inhibitors

1.47 (1.15 to 1.87)1.79 (1.41 to 2.27)79/468Combination††

*Age and sex matched.
†Adjusted for all covariates listed in table 1 using conditional logistic regression.
‡No prescription redemption for any NSAID within 365 days before the index date.
§Prescription redemption within 60 days before the index date.
||Current users who redeemed their first ever prescription within 60 days before the index date.
¶Current users who redeemed their first prescription more than 60 days before the index date.
**Most recent prescription redemption within 61-365 days before the index date.
††Current use of both non-selective NSAIDs and COX 2 inhibitors.
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Table 3| Association between use of NSAIDs by type of medication and atrial fibrillation or flutter

Incidence rate ratio (95% CI)

Number of cases/controls AdjustedUnadjusted

1.00 (reference)1.00 (reference)24 593/260139No use

Ibuprofen

1.15 (1.07 to 1.23)1.30 (1.22 to 1.39)1044/8484Current use

1.43 (1.28 to 1.59)1.55 (1.39 to 1.72)389/2660New use

1.02 (0.94 to 1.11)1.19 (1.09 to 1.29)655/5824Long term use

1.10 (1.05 to 1.16)1.21 (1.15 to 1.27)1868/16295Recent use

Naproxen

1.28 (1.04 to 1.59)1.46 (1.19 to 1.80)102/738Current use

1.44 (0.97 to 2.12)1.49 (1.01 to 2.18)30/213New use

1.23 (0.95 to 1.58)1.45 (1.13 to 1.85)72/525Long term use

1.19 (1.01 to 1.40)1.30 (1.11 to 1.53)171/1390Recent use

Diclofenac

1.38 (1.27 to 1.50)1.56 (1.44 to 1.69)684/4654Current use

1.73 (1.53 to 1.97)1.88 (1.66 to 2.13)292/1647New use

1.19 (1.07 to 1.33)1.38 (1.24 to 1.53)392/3007Long term use

1.03 (0.96 to 1.10)1.13 (1.06 to 1.21)1021/9527Recent use

Etodolac

1.18 (1.03 to 1.36)1.37 (1.19 to 1.57)223/1730Current use

1.51 (1.17 to 1.95)1.64 (1.28 to 2.11)70/451New use

1.07 (0.91 to 1.27)1.27 (1.07 to 1.50)153/1279Long term use

1.04 (0.92 to 1.18)1.16 (1.03 to 1.31)285/2605Recent use

Celecoxib

1.22 (1.05 to 1.42)1.55 (1.34 to 1.80)201/1380Current use

1.83 (1.44 to 2.34)2.29 (1.80 to 2.90)83/387New use

0.99 (0.81 to 1.20)1.27 (1.05 to 1.53)118/993Long term use

1.02 (0.90 to 1.16)1.23 (1.09 to 1.40)287/2487Recent use

Rofecoxib

1.23 (1.06 to 1.43)1.51 (1.31 to 1.75)210/1483Current use

1.59 (1.24 to 2.02)1.93 (1.52 to 2.45)80/443New use

1.08 (0.89 to 1.30)1.33 (1.11 to 1.60)130/1040Long term use

1.07 (0.94 to 1.22)1.29 (1.13 to 1.46)278/2312Recent use

See user definitions and description of unadjusted and adjusted model in text and table 2.
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Figure

Adjusted incidence rate ratios (95% confidence intervals) for the association between use of NSAIDs and atrial fibrillation
or flutter in patients with or without cardiovascular disease, chronic kidney disease, or rheumatoid arthritis
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Summary. Background: The association between the use of

non-selective non-steroidal anti-inflammatory drugs (NSAIDs)

or cyclooxygenase-2-selective inhibitors (COX2Is) and the risk

of venous thromboembolism (VTE) remains unclear. Objec-

tives: To examine this association. Patients/Methods: We

conducted a population-based case–control study in northern

Denmark (population of 1.7 million). Using the National

PatientRegistry, we identified patients with a first hospital VTE

diagnosis during 1999–2006 (n = 8368) and their comorbidi-

ties. For each case, we selected 10 controls (n = 82 218)

matched by age and sex. From the prescription database, we

ascertained the use of NSAIDs at the time of diagnosis (current

use) or before (recent use), and comedications. Current use was

further classified as new use (first-ever prescription redemption

within 60 days before diagnosis date) or long-termuse.Weused

odds ratios from a logistic regression model to estimate

incidence rate ratios (IRRs) with 95% confidence intervals

(CIs). Results: As compared with no use, the adjusted IRR

associating current non-selective NSAID use with VTE was

2.51 (95% CI 2.29–2.76), and that for current COX2I use was

2.19 (95% CI 1.99–2.41). Recent users had substantially

smaller increases than current users. The adjusted IRRs among

long-term users were 2.06 for non-selective NSAIDs

(95% CI 1.85–2.29) and 1.92 for COX2Is (95% CI 1.72–

2.15). Similarly increased risks were found for unprovoked

VTE (occurrence in the absence of pregnancy, cancer, major

trauma, fracture or surgery within 3 months preceding the

VTE), deep vein thrombosis, pulmonary embolism, and

individual NSAIDs. Conclusions: The use of non-selective

NSAIDs or COX2Is was associated with a two-fold or more

increased risk of VTE.

Keywords: cardiovascular disease, case–control study, cyclo-

oxygenase-2 inhibitors, epidemiology, non-steroidal anti-

inflammatory drugs, venous thromboembolism.

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely

employed to treat inflammatory conditions and pain [1]. By

inhibiting cyclooxygenase (COX)-1-mediated production of

prostaglandins [1], non-selective NSAIDs are known to cause

gastrointestinal toxicity [1]. An alternative is provided byCOX-

2-selective inhibitors (COX2Is), which are available in the form

of older or newer agents [2]. The newer COX2Is (coxibs),

introduced into clinical practice in 1998, were developed as

NSAIDs with an improved gastrointestinal side effect profile

[1]. The safety of both traditional NSAIDs (i.e. older COX2Is

and non-selective NSAIDs) and coxibs is controversial,

because several of these drugs increase the risk of arterial

thromboembolic events [3]. Whether the use of NSAIDs is

related to the risk of venous thrombosis remains unclear [4,5].

Venous thrombosis occurs predominantly in the deep vessels

of the lower limbs (deep vein thrombosis [DVT]) and is a

common disease process affecting more than one per 1000 per-

sons each year in Western populations [6–8]. It is associated

with serious complications such as pulmonary embolism (PE)

and post-thrombotic syndrome [6,8]. DVT and PE are

collectively referred to as venous thromboembolism (VTE)

[6]. VTE incidence increases exponentially with age for both

men and women [6], with a recurrence rate as high as 30%

within 10 years [6]. The classic risk factors for VTE include

immobilization, cancer, fractures, pregnancy, and recent

surgery [7,8].

We hypothesized that prothrombotic drugs such as non-

aspirin NSAIDs increase the risk of VTE [3]. Whereas

conflicting results exist for traditional NSAIDs [4,5], no data

exist on the clinical association between coxibs and VTE.

Any increased VTE risk associated with NSAID use would

have major clinical and public health implications, especially

in the elderly, where the prevalence of NSAID use and the
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incidence of VTE are high. We conducted a large popula-

tion-based case–control study examining the association

between the use of non-selective NSAIDs or COX2Is and

the risk of VTE.

Methods

Setting

We conducted this study in northern Denmark, which has

1.7 million inhabitants (approximately 30% of the Danish

population). Since 1998, complete computerized prescription

records have been available for this population. Our study

period began on 1 January 1999, thus providing at least 1 year

of prescription history for all study participants. We included

subjects to 31 December 2006.

The Danish National Health Service provides universal tax-

supported healthcare, guaranteeing unfettered access to general

practitioners and hospitals, and partial reimbursement for

prescribed medications, including NSAIDs [9]. Linkage among

national registries is possible in Denmark by use of the unique

central personal registry number assigned to each Danish

citizen at birth and to residents upon immigration [10].

VTE

We used theDanishNational Patient Registry [11], covering all

Danish hospitals, to identify all VTE patients defined by an

incident inpatient or outpatient diagnosis of lower limb DVT

or PE during the study period. This registry contains data on

dates of admission and discharge, all discharge diagnoses from

non-psychiatric hospitals after 1977, and emergency room and

outpatient clinic visits after 1995 [11]. Each discharge is

associated with one primary diagnosis and one or more

secondary diagnoses classified according to the International

Classification of Diseases, 8th revision (ICD-8) until the end of

1993, and the 10th revision (ICD-10) thereafter [11].

We identified both primary and secondary diagnoses of

DVT (ICD-8, 451.00; ICD-10, I80.1–3) and PE (ICD-8, 450.99;

ICD-10, I26). To reduce potential coding errors, we excluded

patients who had an outpatient PE diagnosis with no

subsequent inpatient VTE diagnosis. In a secondary analysis,

we excluded VTE cases with the following classic risk factors:

pregnancy, major trauma, fracture, surgery within 3 months

preceding VTE, pre-existing cancer, or a new cancer diagnosis

within 3 months after VTE [12]. The date of the first VTE

diagnosis was taken as the index date for cases.

Controls

We used the Danish Civil Registration System to select 10

population controls for each case, matched on age and sex [10].

This registry has maintained data on all vital statistics –

including date of birth, change of address, date of emigration,

and exact date of death – for the Danish population since 1968,

with daily updates [10]. We selected controls using risk-set

sampling: controls had to be alive and at risk for a first VTE

hospitalization on the index date of the case to whom each was

matched. Controls were assigned an index date identical to that

of corresponding cases.

NSAID use

We used the regional prescription database [13] to identify

prospectively all NSAID prescriptions filled by cases and

controls before their index date. Pharmacies in Denmark are

equipped with electronic accounting systems, which are

primarily used to secure reimbursement from the National

Health Service. For each filled prescription, the patient�s
personal registry number, the type and amount of drug

prescribed according to the Anatomical Therapeutic Chemical

(ATC) classification system and the date onwhich the drug was

dispensed are transferred electronically from the pharmacies to

the prescription database [13].

Except for ibuprofen in the 200 mg per tablet dose, all non-

aspirin NSAIDs are available by prescription only [9]. Regular

users of ibuprofen are typically registered in the database,

because the cost is partly refunded when the drug is prescribed

by a physician.

We identified prescriptions for non-selective non-aspirin

NSAIDs (ibuprofen, naproxen, ketoprofen, dexibuprofen,

piroxicam, tolfenamic acid, and indomethacin), older COX2Is

(diclofenac, etodolac, nabumeton, and meloxicam), and newer

COX2Is (celecoxib, rofecoxib, valdecoxib, parecoxib, and

etoricoxib) [2]. Because of overlapping COX-2 selectivity, we

collapsed the groups of older and newer COX2Is into one

group named COX2Is [2]. In primary analyses, the exposures

consisted of the NSAID subclasses of non-selective NSAIDs

and COX2Is. In addition, preplanned analyses were conducted

for the six individualNSAIDsmost frequently prescribed in the

study population. The ATC codes are provided in Data S1.

We defined current NSAID users as persons who filled their

most recent NSAID prescription within 60 days before their

index date. We chose an exposure window of 60 days to

capture most current users, as NSAID prescriptions are

seldom provided for more than 60 days at a time in Denmark

[14]. Because some side effects may arise shortly after therapy

initiation and inclusion of long-term users may lead to

underestimation of these complications [15], we further

categorized current users into two groups: new users, defined

by having filled their first-ever prescription within 60 days

before their index date; and long-term users, defined by having

filled additional prescriptions 61–365 days before their index

date. The long-term user group was of interest because the

longer period of use should eliminate any protopathic bias, i.e.

the association between new NSAID use and prodromal

symptoms related to an incipient occurrence of VTE [16]. We

defined persons who had filled their most recent prescription

between 61 and 365 days before their index dates as recent

users. We defined persons with no filled NSAID prescriptions

365 days before their index date as non-users (reference

group).
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Other patient characteristics

We obtained information from 1977 from the Danish National

Patient Registry [11] on inpatient and outpatient diagnoses of

the following conditions that may be associated with NSAID

use: cardiovascular disease, chronic obstructive pulmonary

disease (COPD) or asthma, diabetes mellitus, liver disease,

obesity, osteoarthritis, osteoporosis, renal failure, rheumatoid

arthritis, and systemic connective tissue disease. To account

further for potential unmeasured confounding from frailty and

immobility, we included recent hospital admission as a

dichotomous variable defined by any inpatient diagnosis of

other diseases within 3 months before the index date. To

increase the sensitivity of the diagnoses for diabetes mellitus,

pulmonary disease, or cardiovascular disease, we used the

prescription database to obtain data on any use since 1998 of

the following drugs: antidiabetic drugs (oral antidiabetics and

insulin), respiratory drugs, and cardiovascular drugs (angio-

tensin-converting enzyme inhibitors or angiotensin II receptor

inhibitors, aspirin, b-blockers, calcium channel blockers, clop-

idogrel, diuretics, nitrates, statins, and other antihypertensives).

We also obtained data on concurrent use of antipsychotics,

hormone replacement therapy, oral glucocorticoids, and vita-

min K antagonists, because these drugs affect the VTE risk

[5,7,8]. The ICD and ATC codes are provided in Data S1.

Statistical analysis

Initially, we created contingency tables for the main study

variables, from which we calculated the frequency of cases and

controls in categories of exposures, and medical and demo-

graphic variables. We then stratified the contingency tables

according to each of the potential confounding factors listed in

Table 1.

Next, we used unconditional logistic regression with adjust-

ment for the matching factors of age and sex to estimate odds

ratios with 95% confidence intervals (CIs) for VTE among

current, new, long-term and recent users of non-selective

NSAIDs or COX2Is as compared with non-users. Subjects

with current use of both non-selective NSAIDs and COX2Is

(51 cases and 86 controls) were included in each subclass

analysis. Because we used risk-set sampling of controls, the

odds ratios estimate the incidence rate ratios (IRRs) [17].

Afterwards, we fitted models with adjustments for the potential

confounding factors listed in Table 1. To examine the effects of

different exposure definitions, we repeated the analyses for

exposure windows of 15, 30, 90 and 120 days. Stratified

analysis was performed on subgroups of sex, age, cancer,

cardiovascular disease, diabetes mellitus, musculoskeletal or

connective tissue disease (osteoarthritis, rheumatoid arthritis,

or systemic connective tissue disease), obesity, trauma or

fracture, and recent hospital admission.

To determine whether IRRs differed between all (composite)

VTEs and unprovoked VTEs, between VTE subtypes, or

between individual NSAIDs, the analyses were repeated for

unprovoked VTE, DVT, PE, and the six individual NSAIDs

most frequently prescribed. To evaluate clinically relevant

heterogeneity across drugs in VTE risk, we added a direct

comparison of VTE risk among the individual NSAIDs, using

ibuprofen as a referent exposure. Patients with concomitant use

of ibuprofen and another NSAID were excluded from this

analysis. Because all patients had a need for pain relief, this

comparison probably reduced confounding by indication. We

identified the tablet dose from the last filled prescription, and

examined the impact associated with low and high tablet dose.

We quantified the influence of potential unmeasured

confounding on the observed association by means of a rule-

out approach [18]. We estimated how strongly a single

unmeasured binary confounder would need to be associated

with NSAID use and VTE to fully explain our findings. We

illustrated this association graphically. We assumed, as a worst

case scenario, that the prevalence of such a confounder was

30% in the population and that 10% of the population used

NSAIDs. Analyses were performed with SAS version 9.1 (SAS

Institute, Cary, NC, USA).

Results

Patient characteristics

Characteristics are provided in Table 1 for the 8368 patients

with VTE and the 82 218 population controls. Slightly less

than half of the cases weremale and half were 70 years or older;

48.5% of controls and 61.4% of cases had been diagnosed

previously with cardiovascular disease or had used cardiovas-

cular drugs. COPD or asthma, diabetes mellitus, obesity and

musculoskeletal and connective tissue diseases were also more

common among cases than controls. Among all VTE patients,

4691 had unprovoked VTE. The distribution of characteristics

among unprovoked VTE patients was similar to that for the

overall group.

Risk of VTE

The age-adjusted and sex-adjusted IRRs for VTE among

current users were 3.24 (95% CI 2.98–3.52) for non-selective

NSAIDs and 3.10 (95% CI 2.84–3.38) for COX2Is as com-

pared with no use (Table 2). The crude IRRs were similar to

the age- and sex-adjusted IRRs. The matching factors were

thus not strongly associated with the exposure.

Adjusting for the potential confounders in Table 1 reduced

the IRRs to 2.51 (95% CI 2.29–2.76) for non-selective NSA-

IDs and 2.19 (95% CI 1.99–2.41) for COX2Is. Among new

users, confounder adjustment reduced the IRRs for VTE from

5.78 (95% CI 4.97–6.72) to 4.56 for non-selective NSAIDs

(95% CI 3.85–5.40) and from 4.40 (95% CI 3.73–5.19) to 3.23

for COX2Is (95% CI 2.69–3.89). Among long-term users, the

adjusted IRRs for VTE were 2.06 for non-selective NSAIDs

(95% CI 1.85–2.29) and 1.92 for COX2Is (95% CI 1.72–2.15).

Although the effect estimates were substantially smaller than

for current use, recent use of non-selective NSAIDs (adjusted

IRR 1.44, 95% CI 1.33–1.56) and COX2Is (adjusted
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IRR 1.41, 95% CI 1.30–1.54) was also moderately associated

with an increased VTE risk. For all user definitions, the

corresponding effect estimates were similarly increased for

unprovoked VTE (Table 2) and VTE subtypes (Table 3). The

IRRs were higher for DVT than for PE (Table 3).

Current use of individual NSAIDs was associated with

composite and unprovoked VTE (Table 4), for both high-dose

and low-dose tablets (data not shown), as well as DVT and PE

(Table S1), with a magnitude of the association similar to the

results for the overall NSAID subclasses. In the direct drug

comparison (Table 5), naproxen use was associated with a

substantially lower risk of composite VTE (adjusted IRR 0.54,

95% CI 0.36–0.80) and unprovoked VTE (adjusted IRR 0.39,

95% CI 0.23–0.68) than ibuprofen.

From the stratified analysis (Table S2), sex and age seemed

to modify the rate ratio estimates for VTE associated with the

use of non-selective NSAIDs and COX2Is, with the highest

effect among males and persons younger than 55 years.

Consistent with the principle that the effect estimates were

lower among those at higher baseline risk, the estimates were

slightly lower in strata of patients with cardiovascular disease,

diabetes mellitus, obesity, osteoarthritis, rheumatoid arthritis,

systemic connective tissue disease, and trauma or fracture.

We estimated that an unmeasured confounder that is four

times more frequent among NSAID users than non-users

would need to increase the risk of VTE by a factor of 17 or

more to explain our findings fully, if no increased risk actually

existed. Figure 1 illustrates this association for current use of

Table 1 Characteristics of cases with composite or unprovoked venous thromboembolism (VTE) and population controls from northernDenmark, 1999–

2006

Composite VTE Unprovoked VTE

Cases (%)

n = 8368

Controls (%)

n = 82 218

Cases (%)

n = 4691

Controls (%)

n = 40 152

Female sex 4493 (53.7) 44 143 (53.7) 2446 (52.1) 20 627 (51.4)

Age (years)

< 55 1922 (23.0) 19 115 (23.2) 1227 (26.2) 11 430 (28.5)

55-70 2621 (31.3) 25 889 (31.5) 1423 (30.3) 12 597 (31.4)

‡ 71 3825 (45.7) 37 214 (45.3) 2041 (43.5) 16 125 (40.2)

Median age (IQR) 69 (56-78) 68 (56-78) 67 (54-78) 66 (52-77)

Classic risk factors

Cancer* 1788 (21.4) 7099 (8.6) – –

Pregnancy� 47 (0.6) 151 (0.2) – –

Surgery� 2431 (29.1) 4027 (4.9) – –

Trauma or fracture� 722 (8.6) 1548 (1.9) – –

Other comorbidities�
Cardiovascular disease§ 5138 (61.4) 39 868 (48.5) 2746 (58.5) 17 765 (44.2)

COPD or asthma§ 1994 (23.8) 12 531 (15.2) 1090 (23.2) 5696 (14.2)

Diabetes mellitus§ 649 (7.8) 4857 (5.9) 345 (7.4) 2194 (5.5)

Liver disease 103 (1.2) 413 (0.5) 54 (1.2) 180 (0.4)

Obesity 383 (4.6) 1533 (1.9) 196 (4.2) 663 (1.7)

Osteoarthritis 1270 (15.2) 8136 (9.9) 598 (12.7) 3435 (8.6)

Osteoporosis 259 (3.1) 1870 (2.3) 113 (2.4) 800 (2.0)

Renal failure 159 (1.9) 556 (0.7) 64 (1.4) 225 (0.6)

Rheumatoid arthritis 201 (2.4) 1031 (1.3) 106 (2.3) 408 (1.0)

Systemic connective tissue disease 277 (3.3) 1419 (1.7) 139 (3.0) 583 (1.5)

Recent hospital admission– 2075 (24.8) 3563 (4.3) 582 (12.4) 779 (1.9)

NSAID use**

Ibuprofen 684 (8.2) 2323 (2.8) 380 (8.1) 1074 (2.7)

Naproxen 37 (0.4) 224 (0.3) 16 (0.3) 116 (0.3)

Diclofenac 385 (4.6) 1413 (1.7) 191 (4.1) 662 (1.6)

Etodolac 105 (1.3) 475 (0.6) 54 (1.2) 210 (0.5)

Celecoxib 115 (1.4) 431 (0.5) 47 (1.0) 183 (0.5)

Rofecoxib 98 (1.2) 352 (0.4) 46 (1.0) 151 (0.4)

Comedication use**

Antipsychotics 370 (4.4) 1906 (2.3) 216 (4.6) 825 (2.1)

Hormone replacement therapy 488 (5.8) 4213 (5.1) 265 (5.6) 1848 (4.6)

Oral glucocorticoids 832 (9.9) 2092 (2.5) 384 (8.2) 872 (2.2)

Vitamin K antagonists 221 (2.6) 1599 (1.9) 97 (2.1) 676 (1.7)

COPD, chronic obstructive pulmonary disease; IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drug. *Pre-existing cancer or a

cancer diagnosis within 3 months after the index date. �Any inpatient or outpatient diagnosis within 3 months before the index date. �Any

inpatient or outpatient diagnosis since 1977. §Any inpatient or outpatient diagnosis since 1977 or any filled prescription since 1998. –Any inpatient

diagnosis, within 3 months before the index date, other than the diseases listed in Table 1. **Prescription redemption within 60 days before the

index date (except for vitamin K antagonists [90 days] and hormone replacement therapy [120 days]).
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COX2Is. Even stronger confounders would be needed to

explain the findings for current use of non-selective NSAIDs or

new use of either subclass. The adjusted IRR for current use of

non-selective NSAIDs or COX2Is decreased with increasing

exposure windows (Table S3).

Discussion

In this population-based case–control study we found that the

use of non-selective NSAIDs or COX2Is was associated with

an increased risk of VTE. Although new user estimates may, in

particular, be influenced by protopathic bias, the association

was also observed for long-term users, who would be less

susceptible to such bias. The results were consistent, in that

similarly increased risks were found for unprovoked VTE,

DVT, PE, and individual NSAIDs. Furthermore, as NSAIDs

are often prescribed for < 60 days in Denmark, the true VTE

risk associated with NSAID use may be even higher, as

indicated by the sensitivity analysis.

The present study is the first to examine the association

between COX2Is and VTE. Case reports have previously

associated celecoxib with DVT [19] and valdecoxib with PE

[20], and in a murine model, rofecoxib has also been associated

with VTE [21]. Investigating multiple risk factors for VTE, two

Table 2 Incidence rate ratios for venous thromboembolism (VTE) associated with non-steroidal anti-inflammatory drug (NSAID) use

Incidence rate ratio (95% confidence interval)

Composite VTE Unprovoked VTE

No. of cases/controls Unadjusted* Adjusted� No. of cases/controls Unadjusted* Adjusted�

No use 5483/66 311 1 (reference) 1 (reference) 3202/32 677 1 (reference) 1 (reference)

Non-selective NSAIDs

Current use� 794/2971 3.24 (2.98–3.52) 2.51 (2.29–2.76) 438/1365 3.28 (2.92–3.67) 2.71 (2.40–3.05)

New use§ 257/543 5.78 (4.97–6.72) 4.56 (3.85–5.40) 152/257 6.19 (5.05–7.59) 5.43 (4.37–6.74)

Long-term use– 537/2428 2.68 (2.43–2.95) 2.06 (1.85–2.29) 286/1108 2.62 (2.29–3.00) 2.13 (1.84–2.45)

Recent use** 904/6282 1.75 (1.63–1.89) 1.44 (1.33–1.56) 456/3085 1.54 (1.38–1.71) 1.38 (1.24–1.54)

COX2Is

Current use� 709/2760 3.10 (2.84–3.38) 2.19 (1.99–2.41) 341/1240 2.76 (2.43–3.13) 2.15 (1.88–2.46)

New use§ 198/546 4.40 (3.73–5.19) 3.23 (2.69–3.89) 109/242 4.63 (3.68–5.82) 4.18 (3.29–5.32)

Long-term use– 511/2214 2.77 (2.50–3.06) 1.92 (1.72–2.15) 232/998 2.31 (1.99–2.67) 1.71 (1.46–2.00)

Recent use** 806/5092 1.91 (1.76–2.07) 1.41 (1.30–1.54) 403/2340 1.75 (1.56–1.95) 1.46 (1.30–1.64)

COX2I, cyclooxygenase-2-selective inhibitor. *Adjusted for the matching factors of age and sex. �Additional adjustments for the potential

confounders listed in Table 1 (i.e. cancer, pregnancy, surgery, trauma, fracture, cardiovascular disease, chronic obstructive pulmonary disease,

asthma, diabetes mellitus, liver disease, obesity, osteoarthritis, osteoporosis, renal failure, rheumatoid arthritis, systemic connective tissue disease,

other inpatient hospital admission within 3 months before VTE, and current use of antipsychotics, hormone replacement therapy, oral gluco-

corticoids, and vitamin K antagonists). The classic VTE risk factors (cancer, pregnancy, surgery, trauma, and fracture) were not included, per

definition, in the model for unprovoked VTE.

�Prescription redemption within 60 days before the index date.

§Current users who filled their first-ever prescription within 60 days before their index date.

–Current users who filled their first prescription between 61 and 365 days before their index date.

** Most recent prescription redemption within 61-365 days before the index date.

Table 3 Incidence rate ratios for deep vein thrombosis or pulmonary embolism associated with non-steroidal anti-inflammatory drug (NSAID) use

Incidence rate ratio (95% confidence interval)

Deep vein thrombosis Pulmonary embolism

No. of cases/controls Unadjusted Adjusted No. of cases/controls Unadjusted Adjusted

No use 3486/43 304 1 (reference) 1 (reference) 1997/23 007 1 (reference) 1 (reference)

Non-selective NSAIDs

Current use 568/1907 3.71 (3.36–4.10) 2.98 (2.67–3.32) 226/1064 2.45 (2.11–2.85) 1.74 (1.47–2.06)

New use 194/354 6.87 (5.75–8.22) 5.72 (4.70–6.96) 63/189 3.87 (2.90–5.17) 2.58 (1.85–3.59)

Long-term use 374/1553 2.99 (2.66–3.37) 2.36 (2.07–2.69) 163/875 2.15 (1.81–2.55) 1.55 (1.28–1.88)

Recent use 596/4085 1.83 (1.66–2.00) 1.53 (1.38–1.69) 308/2197 1.63 (1.43–1.85) 1.30 (1.13–1.50)

COX2Is

Current use 473/1724 3.40 (3.05–3.78) 2.46 (2.19–2.77) 236/1036 2.63 (2.26–3.05) 1.76 (1.48–2.09)

New use 139/340 5.10 (4.17–6.23) 3.93 (3.14–4.90) 59/206 3.32 (2.47–4.44) 2.19 (1.56–3.06)

Long-term use 334/1384 2.97 (2.62–3.37) 2.10 (1.83–2.41) 177/830 2.45 (2.07–2.90) 1.64 (1.35–2.00)

Recent use 539/3214 2.08 (1.88–2.29) 1.55 (1.39–1.73) 267/1878 1.64 (1.43–1.87) 1.20 (1.03–1.40)

COX2I, cyclooxygenase-2-selective inhibitor. See user definitions and description of the unadjusted and adjusted model in the text or in Table 2.
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previous studies included the use of traditional NSAIDs. In a

cohort study from the USA with 148 054 person-years of

follow-up, the use of traditional NSAIDs was not associated

with VTE after confounder adjustments [4]. A case–control

study of 6550 patients, diagnosed with VTE between 1994 and

2000 in the UK, found an elevated VTE risk among current

users of traditional NSAIDs (adjusted odds ratio 1.86,

95% CI 1.65–2.10) [5]. Similarly to our findings, the risk

increase was related to both DVT and PE [5]. The authors,

however, did not find long-term (at least 1 month) NSAID use

for an osteoarthritis indication to be associated with VTE,

raising the possibility of a protopathic bias [16]. In the present

study, we found an association for both new and long-term use

of non-selective NSAIDs, older COX2Is, and newer COX2Is.

The increased risk was also observed for patients with diseases

of the musculoskeletal system or connective tissue, including

osteoarthritis. As in previous reports on the arterial thrombotic

risk of NSAIDs [3], in our data naproxen had the safest risk

profile.

Until recently, atherosclerotic and venous thrombosis have

been considered to be two separate disease entities, because

arterial thrombi mainly comprise platelets, whereas venous

thrombi comprise red blood cells and fibrin [22]. Each of these

disorders, however, is a marker of increased risk of the other

[22,23]. Consistent with this pattern, we found evidence that all

non-aspirin NSAIDs, several of which increase the risk of

arterial thrombosis [3], are also associated with an increased

risk of venous thrombosis.

In our study, the population-based design in the setting of a

tax-supported universal healthcare system largely removed

Table 4 Incidence rate ratios for composite or unprovoked venous thromboembolism (VTE) associated with individual non-steroidal anti-inflammatory

drug use

Incidence rate ratio (95% confidence interval)

Composite VTE Unprovoked VTE

Unadjusted Adjusted Unadjusted Adjusted

No use 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Ibuprofen

Current use 3.57 (3.26–3.90) 2.79 (2.52–3.08) 3.62 (3.20–4.09) 2.98 (2.62–3.39)

Recent use 1.81 (1.67–1.96) 1.50 (1.37–1.64) 1.59 (1.42–1.79) 1.43 (1.27–1.61)

Naproxen

Current use 2.01 (1.42–2.86) 1.52 (1.03–2.25) 1.43 (0.85–2.42) 1.23 (0.71–2.13)

Recent use 1.59 (1.24–2.04) 1.28 (0.97–1.68) 1.45 (1.03–2.04) 1.16 (0.81–1.68)

Etodolac

Current use 2.63 (2.12–3.25) 1.96 (1.55–2.47) 2.52 (1.86–3.40) 1.87 (1.36–2.57)

Recent use 2.35 (1.97–2.80) 1.74 (1.43–2.12) 1.69 (1.29–2.23) 1.38 (1.03–1.84)

Diclofenac

Current use 3.30 (2.94–3.71) 2.38 (2.09–2.71) 2.95 (2.50–3.48) 2.41 (2.03–2.87)

Recent use 1.93 (1.75–2.13) 1.47 (1.32–1.63) 1.83 (1.59–2.10) 1.58 (1.37–1.82)

Celecoxib

Current use 3.14 (2.55–3.87) 1.89 (1.49–2.39) 2.44 (1.77–3.38) 1.79 (1.27–2.52)

Recent use 2.21 (1.84–2.65) 1.54 (1.26–1.89) 2.20 (1.69–2.86) 1.58 (1.20–2.08)

Rofecoxib

Current use 3.27 (2.61–4.10) 2.26 (1.75–2.91) 2.93 (2.10–4.08) 2.12 (1.49–3.04)

Recent use 1.98 (1.63–2.40) 1.32 (1.06–1.64) 1.51 (1.12–2.02) 1.15 (0.84–1.56)

See user definitions and description of the unadjusted and adjusted model in the text or in Table 2.

Table 5 Incidence rate ratios for composite or unprovoked venous thromboembolism (VTE) comparing current use of individual non-steroidal anti-

inflammatory drugs with ibuprofen as referent exposure

Incidence rate ratio (95% confidence interval)

Composite VTE Unprovoked VTE

Unadjusted Adjusted Unadjusted Adjusted

Ibuprofen 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Naproxen 0.56 (0.39–0.80) 0.54 (0.36–0.80) 0.39 (0.23–0.66) 0.39 (0.23–0.68)

Etodolac 0.83 (0.66–1.05) 0.84 (0.65–1.08) 0.80 (0.57–1.11) 0.76 (0.54–1.07)

Diclofenac 0.91 (0.79–1.06) 0.86 (0.74–1.01) 0.81 (0.66–0.99) 0.83 (0.67–1.03)

Celecoxib 1.01 (0.80–1.28) 0.84 (0.65–1.09) 0.77 (0.54–1.10) 0.76 (0.53–1.10)

Rofecoxib 1.13 (0.88–1.45) 1.01 (0.77–1.33) 0.95 (0.66–1.36) 0.91 (0.62–1.33)

See current user definition and description of the unadjusted and adjusted model in the text or in Table 2.
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selection biases stemming from selective inclusion of specific

hospitals, health insurance systems, or age groups. The large

study population yielded robust and consistent estimates across

VTE subtypes and individual NSAIDs. Furthermore, we were

able to link different population-based registries with virtually

complete data on outpatient visits, hospitalizations, and drug

use.

Data in Denmark�s regional prescription database are

almost complete [13]. Although we had to use prescription

data as a proxy for actual NSAID use, we did not base drug

exposure information on written prescriptions, but on actual

dispensing at pharmacies [13]. Copayment requirements

increased the likelihood of compliance. Nevertheless, we lacked

information on over-the-counter use of low-dose (200 mg per

tablet) ibuprofen, which accounted for 30% of total ibuprofen

sales and 15% of total NSAID sales during the study period

[14]. Any misclassification of drug exposure, including drugs

prescribed for �as-needed� use, would have biased the effect

estimates towards the null, implying that our effect estimates

are underestimates. The cancer and procedure data that we

used to define provoked VTE have high validity, making the

specificity of this classification high [23]. A potential weakness

is that our VTE data were derived from discharge diagnoses.

Approximately 20% of patients listed as having a VTE

inpatient diagnosis in the hospital registry might not fulfill

the strict criteria for the disease [24]. Nevertheless, the accuracy

of the VTE diagnosis is unlikely to differ by previous

medication exposure, so any misclassification would be non-

differential and would lead to underestimates. Such misclassi-

fication cannot explain our results.

Our study did not have the advantage of random assign-

ment, and therefore our results may be vulnerable to

confounding from unmeasured variables, including the under-

lying condition leading to NSAID use, use of oral contracep-

tives, limitations in mobility, and body size [6–8]. Recent use is

a possible marker of uncontrolled confounding by indication.

In our study, recent use was associated with VTE occurrence,

but much less than current use. Because NSAID use was

associated with VTE among both men and women, oral

contraceptives are unlikely to have had a substantial con-

founding influence. Finally, we note that we did adjust

indirectly for unmeasured lifestyle factors by controlling for

history of COPD and ischemic heart disease, and that our

findings could not easily be explained by even a strong, single,

unmeasured confounder.

In conclusion, we found an association between use of all

non-aspirin NSAIDs and an increased risk of VTE. The two-

fold increased VTE risk associated with long-term use provides

the most valid estimate of the association. It will fall to future

studies to establish whether this association is causal.
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Fig. 1. Required strength of an unmeasured confounder. Sensitivity

analysis illustrating how strongly an unmeasured confounder would need

to be associated with NSAID use (prevalence ratio for exposure–con-

founder association [PREC]) and venous thromboembolism (VTE) (rela-

tive risk of the disease in patients with the confounder [RRCD]) to fully

explain our estimates. The graphs depict the adjusted incidence rate ratio

(IRR) for composite VTE associated with current use of cyclooxygenase-

2-selective inhibitors (solid line) along with the lower limit of the 95%

confidence interval (dashed line).
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Preadmission use of nonaspirin
nonsteroidal anti-inflammatory drugs and
30-day stroke mortality

ABSTRACT

Objectives: To examine whether preadmission use of nonaspirin nonsteroidal anti-inflammatory
drugs (NSAIDs) influenced 30-day stroke mortality.

Methods: We conducted a nationwide population-based cohort study. Using medical databases,
we identified all first-time stroke hospitalizations in Denmark between 2004 and 2012 (n 5

100,043) and subsequent mortality. We categorized NSAID use as current (prescription redemp-
tion within 60 days before hospital admission), former, and nonuse. Current use was further
classified as new or long-term use. Cox regression was used to compute hazard ratios (HRs) of
death within 30 days, controlling for potential confounding through multivariable adjustment and
propensity score matching.

Results: The adjusted HR of death for ischemic stroke was 1.19 (95% confidence interval [CI]:
1.02–1.38) for current users of selective cyclooxygenase (COX)-2 inhibitors compared with non-
users, driven by the effect among new users (1.42, 95%CI: 1.14–1.77). Comparing the different
COX-2 inhibitors, the HR was driven by new use of older traditional COX-2 inhibitors (1.42, 95%
CI: 1.14–1.78) among which it was 1.53 (95% CI: 1.02–2.28) for etodolac and 1.28 (95% CI:
0.98–1.68) for diclofenac. The propensity score–matched analysis supported the association
between older COX-2 inhibitors and ischemic stroke mortality. There was no association for
former users. Mortality from intracerebral hemorrhage was not associated with use of nonselec-
tive NSAIDs or COX-2 inhibitors.

Conclusions: Preadmission use of COX-2 inhibitors was associated with increased 30-day mor-
tality after ischemic stroke, but not hemorrhagic stroke. Use of nonselective NSAIDs at time of
admission was not associated with mortality from ischemic stroke or intracerebral hemorrhage.
Neurology® 2014;83:1–10

GLOSSARY
CI5 confidence interval; COPD 5 chronic obstructive pulmonary disease; COX 5 cyclooxygenase; DNRP5 Danish National
Registry of Patients; HR 5 hazard ratio; ICD 5 International Classification of Diseases; ICH 5 intracerebral hemorrhage;
NSAID 5 nonsteroidal anti-inflammatory drug; PGE2 5 prostaglandin E2; SAH 5 subarachnoid hemorrhage.

Nonaspirin nonsteroidal anti-inflammatory drugs (NSAIDs) are used widely to treat inflamma-
tory conditions and pain. They include nonselective NSAIDs and selective cyclooxygenase
(COX)-2 inhibitors.1 Some COX-2 inhibitors have been associated with increased risk of ische-
mic stroke,2,3 but it remains unclear whether preadmission use of COX-2 inhibitors also affects
the outcome of an ischemic insult.

The role of COX inhibition in outcome after cerebral ischemia is controversial.4–7 Experi-
mental animal studies have found that COX-2 inhibition reduces edema, neuroinflammation,
and infarct size in rodent stroke models.4–6 In contrast, other studies have found a neuro-
protective role of COX-2–derived prostaglandin E2 (PGE2).7 Moreover, the individual roles
of COX-1 and COX-2 in neuroinflammation are debated because COX-1, classically viewed as
the homeostatic isoform, also is actively involved in brain injury after stroke, which indicates a
therapeutic potential for nonselective NSAIDs.8
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Strikingly, the experimental animal research
on the role of COX enzymes in cerebral ische-
mia4–7 has not yet been examined in the clinical
setting. Such data are needed to understand
and potentially prevent death from stroke.
To clarify these issues, we conducted a nation-
wide population-based cohort study to exam-
ine whether use of nonselective NSAIDs or
COX-2 inhibitors at time of hospitalization
for stroke influenced 30-day mortality after
ischemic stroke, intracerebral hemorrhage
(ICH), or subarachnoid hemorrhage (SAH).

METHODS Setting. Since January 1, 2004, theDanishNational
Database of Reimbursed Prescriptions has maintained complete com-

puterized prescription records for the entire Danish population.9 The

study period chosen for the current study was July 1, 2004 through

December 31, 2012, in order to ensure the availability of at least a

6-month prescription history for all study participants. The Danish

population in this study period included 6,379,918 inhabitants.

In Denmark, the National Health Service provides tax-

supported health care, including unfettered access to general prac-

titioners and hospitals and partial reimbursement for prescribed

medications.9 All Danish registries can be linked at the individual

level using the unique Civil Personal Register number assigned to

each Danish citizen at birth or upon immigration.10

Stroke. Patients with acute stroke are usually hospitalized in

Denmark, with an estimated admission rate of 90%.11 The

Danish National Registry of Patients (DNRP)12 contains data on

dates of admission and discharge from all Danish nonpsychiatric

hospitals since 1977 and on emergency room and outpatient spe-

cialist clinic visits since 1995.12 Each hospital discharge or outpa-

tient visit is recorded in the DNRP with one primary diagnosis and

one or more secondary diagnoses. Diagnoses are classified accord-

ing to ICD-8 until the end of 1993 and ICD-10 thereafter.12

We used the DNRP to identify all inpatient primary and sec-

ondary diagnoses of ischemic stroke, ICH, SAH, and unspecified

stroke during the study period. To include only incident strokes,

we did not include patients who had diagnoses of stroke or hemiple-

gia (a secondary measure of previous stroke) in the DNRP before

our study period.11 Because of their low positive predictive value,

we also excluded emergency room diagnoses of stroke in the absence

of a subsequent inpatient diagnosis.13 The DNRP also provided

information on CT or MRI performed during hospital admission.

NSAID use. As previously described,14,15 we used the nationwide

prescription database to identify prospectively all NSAID prescrip-

tions filled by stroke patients before their admission date.9 Danish

pharmacies have electronic accounting systems, which are primarily

used to secure reimbursement from the National Health Service.9

For each filled prescription, the patient’s Civil Personal Register

number, the date of dispensing, and the amount and type of drug

prescribed according to the Anatomical Therapeutic Chemical clas-

sification system are transferred electronically from the pharmacies to

the prescription database.9 Except for low-dose ibuprofen (200 mg/

tablet), all nonaspirin NSAIDs are available only by prescription.16

Regular ibuprofen users are also often registered in the prescription

database, because the cost of the drug is partly refunded when the

drug is prescribed by a physician.16

We identified prescriptions for nonselective NSAIDs (naproxen,

ibuprofen, dexibuprofen, piroxicam, ketoprofen, tolfenamic acid, and

indomethacin) and COX-2 inhibitors. COX-2 inhibitors were subca-

tegorized as older COX-2 inhibitors (etodolac, diclofenac, meloxicam,

and nabumetone) or coxibs (rofecoxib, celecoxib, and etoricoxib).1

We defined current NSAID users as persons who redeemed

their most recent NSAID prescription within 60 days before their

admission date. We chose a 60-day exposure window to capture

most current users, because NSAID prescriptions in Denmark are

seldom provided for more than 60 days at a time.15 We defined

former users as persons who had filled their most recent prescrip-

tion between 60 and 180 days before their admission date. If a

true effect of NSAID use exists, we expected the effect to be

greater among current users than former users. Nonusers were

defined as persons with no filled NSAID prescriptions 180 days

before their admission date. Because some side effects may arise

shortly after therapy initiation, inclusion of long-term users may

lead to underestimation of these complications.17 We therefore

subcategorized current users into new users (who had filled their

first-ever prescription within 60 days before their admission date)

and long-term users (who had filled additional prescriptions more

than 60 days before their admission date).

Mortality. As a measure of short-term mortality, we obtained

30-day all-cause mortality data from the Danish Civil

Registration System.10 This registry has recorded all changes in

vital status and migration for the entire Danish population since

1968, with daily electronic updates.10

Comorbidity. The complete inpatient and outpatient medical his-

tory available in the DNRP12 provided information on known prog-

nostic factors (myocardial infarction, atrial fibrillation or flutter,

intermittent arterial claudication, diabetes, and dementia)18 and other

potential confounders (angina pectoris, heart valve disease, venous

thromboembolism, obesity, chronic kidney disease, hypertension,

chronic obstructive pulmonary disease [COPD], alcoholism-related

diseases, cancer, rheumatoid arthritis, connective tissue disease,

osteoarthritis, and osteoporosis). To increase the completeness of

diagnoses of diabetes, COPD, and alcoholism-related diseases, we

also searched the prescription database for any previous dispensing of

diabetic medication, respiratory medication, and alcohol deterrents.9

As noninflammatory pain-related indications for NSAID use, we also

identified migraine, recent dental procedure, and fracture or trauma.

We defined migraine from a previous diagnosis in the DNRP or

prescription redemptions for medicines (triptans or ergots) used to

treat migraine attacks. As a measure of recent dental procedure, we

obtained data from the Danish National Health Service Registry on

all dental visits within 15 days before the last NSAID prescription

redemption.19 We defined fractures and traumas from diagnoses in

the DNRP within 60 days before the last NSAID prescription.

Comedications. We used the prescription database to ascertain

concurrent use of angiotensin-converting enzyme inhibitors or

angiotensin-II receptor antagonists, b-blockers, calcium channel

blockers, diuretics, nitrates (if $2 prescriptions), statins, aspirin,

clopidogrel, vitamin K antagonists, systemic glucocorticoids,

selective serotonin reuptake inhibitors, and bisphosphonates.

Because chronic medication use is rarely prescribed for more

than 3 months at a time, comedication use was defined as

prescription redemption within 90 days before the hospital

admission date.

Statistical analysis. We characterized the cohort according to

sex, age group, comorbidities, comedication use, and whether

CT/MRI was performed during hospital admission. Among

current NSAID users, we further estimated the proportion of

patients registered with migraine, recent dental procedure, and

fracture or trauma.
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We followed all patients from admission date until death,

emigration, or 30 days of follow-up, whichever came first. We

used a Cox proportional hazards regression model to estimate haz-

ard ratios of death within 30 days for current, new, long-term,

and former use compared with nonuse. As the primary analysis,

we used a multivariable model adjusting for the known prognostic

factors, other potential confounders, and comedication use as

defined above.

We performed several sensitivity analyses. To increase the pre-

cision of the estimates for ischemic stroke, we repeated the anal-

yses including also unspecified stroke diagnoses because at least

two-thirds of unspecified strokes are known to be ischemic

strokes.13 To increase the positive predictive value of the stroke

diagnosis, we repeated the analysis restricting to patients with

primary stroke diagnoses and a CT or MRI scan during hospital

admission. To examine the sensitivity of the estimates to differ-

ences in exposure definitions, we also repeated the analysis using a

30-day exposure window.We stratified analyses by sex, age group,

and presence/absence of rheumatoid arthritis, osteoarthritis, myo-

cardial infarction, atrial fibrillation or flutter, hypertension, dia-

betes mellitus, and COPD.

Finally, we performed a propensity score–matched analysis by

generating a logistic regression model that predicted current

NSAID use among stroke patients conditional on the variables

included in the multivariable model.20 We computed the proba-

bility of current NSAID use (i.e., the propensity score) for all

stroke patients and illustrated the propensity score distribution

among current users and nonusers. Using a greedy matching

algorithm, we matched each NSAID user with the nonuser with

the closest propensity score.21 The matching was performed with-

out replacement, within a maximum matching range (caliper

width) in propensity score of 60.025, and separately for each

class and individual type of NSAID.21 Using robust standard

errors that account for clustering in matched pairs, we repeated

the Cox regression comparing mortality rates between current

NSAID users and propensity score–matched nonusers.21 The

proportional hazard assumption was visually assessed and con-

firmed by log–log plots.

Analyses were performed using SAS version 9.2 (SAS Institute

Inc., Cary, NC). All registry codes are provided in table e-1 on the

Neurology® Web site at Neurology.org.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Danish Data Protec-

tion Agency (record number 2011-41-5755). Because this study

did not involve contact with patients or any intervention, it was

not necessary to obtain permission from the Danish Scientific

Ethical Committee.

RESULTS We identified 100,043 patients with first-
time stroke, among which 51,224 (51%) had ischemic
stroke (median age: 74 years), 11,779 (12%) had ICH
(median age: 72 years), 4,528 (5%) had SAH (median
age: 58 years), and 32,512 (32%) had unspecified
stroke (median age: 76 years). A total of 10,835
stroke patients (10.8%) were current NSAID users,
8402 (8.4%) were former users, and 80,806
(80.8%) were nonusers. Among the current NSAID
users, 51.4% used ibuprofen, 3.2% used naproxen,
27.0% used diclofenac, 10.7% used etodolac, 1.0%
used celecoxib, and 0.5% used rofecoxib. The
proportion of patients with postdischarge NSAID
use during follow-up was 15.5% after ischemic

stroke, 6.1% after ICH, and 4.9% after SAH. The
proportion of stroke patients with ICH or SAH was
16.5% among current NSAID users and 15.7%
among nonusers. Among current NSAID users,
4.1% had migraine, 4.7% a recent dental procedure,
and 2.2% a recent trauma or fracture. Migraine was
more prevalent among current NSAID users with
SAH (9.6%) than ischemic stroke (4.1%) and ICH
(3.8%). There was substantial overlap in propensity
score distributions among NSAID users and
nonusers before matching (figure e-1) and we
achieved virtually complete matching of controls to
current NSAID users (100% for ischemic stroke,
99.9% for ICH, 99.2% for SAH, and 100% for
unspecified stroke). The most notable difference in
patient characteristics before matching (tables 1 and
e-2) was that a higher proportion of NSAID users had
obesity, COPD, rheumatic disease, osteoarthritis, or
glucocorticoid use than nonusers. After matching, the
characteristics of NSAID users and nonusers were
equally distributed (table e-3).

Overall 30-day mortality among NSAID nonusers
was 8.7% for ischemic stroke, 35.1% for ICH,
24.5% for SAH, and 14.3% for unspecified stroke.
After multivariable adjustment (table 2), current use
of nonselective NSAIDs was not associated with mor-
tality from ischemic stroke compared with nonusers
(hazard ratio [HR] 5 1.00, 95% confidence interval
[CI]: 0.87–1.15). However, the HR for ischemic
stroke was 1.19 (95% CI: 1.02–1.38) for current
users of COX-2 inhibitors, driven by the effect
among new users (HR 5 1.42, 95% CI: 1.14–
1.77). Comparing initiation of different types of
COX-2 inhibitors and the statistical precision, the
effect was driven by older COX-2 inhibitors (multi-
variable-adjusted HR 5 1.42, 95% CI: 1.14–1.78),
among which it was 1.53 (95% CI: 1.02–2.28) for
etodolac users and 1.28 (95% CI: 0.98–1.68) for
diclofenac users (table 3). The results for individual
NSAID types and ICH and SAH are presented in
table e-4. The propensity score–matched analysis sup-
ported the association between use of older COX-2
inhibitors and ischemic stroke (HR5 1.31, 95% CI:
1.04–1.64 among current users and 1.44, 95% CI:
1.09–1.89 among new users).

We observed no association between former use of
COX-2 inhibitors and ischemic stroke mortality
(table e-5). Overall use of nonselective NSAIDs and
COX-2 inhibitors was not substantially associated
with 30-day mortality after ICH and SAH (tables 2
and e-5). New users of nonselective NSAIDs had,
however, a reduced HR for SAH-related mortality
(0.61, 95% CI: 0.41–0.91). Of note, similar reduced
HR for SAH mortality was seen for former users
(HR 5 0.69, 95% CI: 0.49–0.97) (table e-5). The
results were robust when including unspecified strokes
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Table 1 Characteristics of stroke patients according to preadmission use of nonaspirin NSAIDs

Nonaspirin NSAID use

Ischemic stroke Intracerebral hemorrhage Subarachnoid hemorrhage Unspecified stroke

Current use
(n 5 5,304)

Former use
(n 5 4,433)

Nonuse
(n 5 41,487)

Current use
(n 5 1,213)

Former use
(n 5 890)

Nonuse
(n 5 9,676)

Current use
(n 5 489)

Former use
(n 5 345)

Nonuse
(n 5 3,694)

Current use
(n 5 3,829)

Former use
(n 5 2,734)

Nonuse
(n 5 25,949)

Female sex 52.1 50.3 46.6 53.5 48.9 47.5 62.0 63.5 56.7 55.7 52.0 49.6

Age, y

<60 18.7 21.9 20.0 19.0 24.6 24.9 52.6 51.0 54.2 15.6 17.6 16.3

60–69 22.3 21.9 22.7 20.1 17.8 21.2 21.5 22.0 21.0 19.5 21.8 19.6

70–79 29.8 28.3 26.3 29.3 27.4 25.4 12.7 16.2 13.8 29.3 27.8 27.2

‡80 29.1 27.9 30.9 31.7 30.2 28.5 13.3 10.7 11.0 35.6 32.8 37.0

Comorbidity levela

Low 44.9 45.0 49.3 43.7 46.0 50.9 62.0 53.9 64.7 39.4 39.8 43.7

Moderate 40.2 38.9 35.9 41.1 38.3 34.0 29.0 37.1 27.3 41.2 40.8 37.8

High 14.9 16.2 14.9 15.2 15.7 15.1 9.0 9.0 8.0 19.3 19.4 18.4

Individual comorbidities

Myocardial infarction 7.3 7.9 8.5 5.3 7.6 6.1 2.5 4.6 3.2 8.8 9.7 9.9

Angina pectoris 13.9 15.8 14.9 11.0 14.0 11.8 8.0 9.9 6.9 16.6 18.7 16.6

Atrial fibrillation or flutter 10.8 11.8 13.4 11.3 12.4 13.5 5.7 5.8 5.3 12.7 13.9 14.9

Heart valve disease 3.9 4.2 4.4 2.4 5.2 4.2 2.5 2.0 1.9 3.9 4.8 4.9

Intermittent claudication 3.0 3.2 3.1 2.5 1.0 1.8 1.0 0.6 1.3 3.5 2.6 3.0

Venous thromboembolism 3.6 3.8 3.4 4.0 3.1 3.5 2.5 1.7 2.0 4.5 4.8 4.0

Obesity 6.2 5.1 3.5 5.4 4.0 2.9 4.3 4.3 2.8 5.8 5.6 3.7

Diabetes mellitus 13.6 13.6 12.4 9.7 8.9 9.7 7.6 6.7 5.4 15.1 16.0 14.4

Chronic kidney disease 1.8 2.1 2.4 1.6 2.7 2.9 1.4 1.4 1.6 2.4 2.9 3.2

Hypertension 25.7 26.6 24.4 22.3 25.1 23.3 16.6 18.6 13.7 28.2 26.9 26.2

COPD 24.1 24.5 19.2 22.1 21.5 18.3 18.6 25.5 17.3 25.0 24.2 21.0

Alcoholism-related disease 7.1 6.9 6.1 7.3 8.8 8.1 8.6 7.8 7.1 7.6 8.1 6.6

Dementia 2.3 2.6 3.0 4.0 2.5 4.1 1.2 1.2 1.4 3.0 3.4 4.3

Cancer 14.7 14.2 13.5 18.3 18.0 15.0 10.0 9.3 8.6 17.1 17.1 15.4

Rheumatoid arthritis 3.0 2.5 1.6 3.5 2.5 1.5 4.1 2.9 1.1 3.8 2.7 1.7

Connective tissue disease 3.3 3.5 2.6 3.2 3.0 2.2 3.3 2.9 1.6 3.7 3.3 2.8

Osteoarthritis 27.6 25.2 14.9 24.3 23.7 13.3 19.8 17.7 9.4 30.2 26.3 15.1

Osteoporosis 6.2 5.8 4.8 7.0 7.6 5.4 5.9 4.3 2.8 6.1 6.0 5.3

Continued

4
N
eurology

8
3

N
ovem

ber
2
5
,2

0
1
4

ª
2014

A
m
erican

A
cad

em
y
o
fN

euro
lo
g
y.U

nautho
rized

rep
ro
d
uctio

n
o
fthis

article
is

p
ro
hib

ited
.



Table 1 Continued

Nonaspirin NSAID use

Ischemic stroke Intracerebral hemorrhage Subarachnoid hemorrhage Unspecified stroke

Current use
(n 5 5,304)

Former use
(n 5 4,433)

Nonuse
(n 5 41,487)

Current use
(n 5 1,213)

Former use
(n 5 890)

Nonuse
(n 5 9,676)

Current use
(n 5 489)

Former use
(n 5 345)

Nonuse
(n 5 3,694)

Current use
(n 5 3,829)

Former use
(n 5 2,734)

Nonuse
(n 5 25,949)

Comedication

ACE or A2R inhibitors 29.2 27.7 25.6 23.4 22.7 19.8 20.2 18.0 13.8 28.8 26.0 25.4

b-Blockers 20.8 21.2 20.1 14.8 18.2 16.2 9.6 11.0 8.9 21.5 20.3 20.9

Calcium channel blockers 17.7 16.9 15.2 11.0 9.8 9.7 11.2 11.6 7.3 17.1 17.2 15.7

Diuretics 31.1 27.5 24.9 25.6 22.5 20.7 18.6 15.1 12.1 36.1 32.3 30.0

Nitrates 2.0 1.5 1.7 1.3 0.9 1.3 0.8 0.6 0.6 2.8 2.2 2.2

Statins 18.2 17.3 15.9 14.2 15.7 13.8 11.5 14.2 9.6 16.8 17.7 15.9

Acetylsalicylic acid 26.3 23.2 22.7 20.0 24.3 20.8 11.5 13.6 9.6 28.0 26.4 25.6

Clopidogrel 1.6 2.2 1.9 0.7 1.2 1.7 1.0 0.3 1.0 1.8 2.3 2.0

Vitamin K antagonists 3.2 4.2 4.4 8.9 9.4 10.3 2.7 3.2 3.6 4.5 4.8 5.7

Systemic glucocorticoids 7.2 6.0 3.9 4.8 5.2 3.7 3.9 4.6 2.5 8.0 7.6 4.9

SSRIs 10.1 9.0 7.9 11.6 9.2 9.4 7.6 7.2 7.0 12.4 10.7 9.8

Bisphosphonates 4.5 4.2 3.1 5.3 4.3 3.5 4.5 3.2 2.1 4.6 4.2 3.4

CT/MRI scan during admission 92.5 91.8 92.2 91.9 91.5 91.4 90.0 91.3 91.9 80.5 79.4 81.0

CT scan 89.5 88.2 88.7 90.4 89.9 89.3 89.0 89.9 91.2 79.0 77.5 79.6

MRI scan 14.5 16.2 15.7 7.9 6.6 7.7 6.7 6.1 5.9 6.2 6.8 6.3

Abbreviations: ACE 5 angiotensin-converting enzyme; A2R 5 angiotensin-2 receptor; COPD 5 chronic obstructive pulmonary disease; NSAID 5 nonsteroidal anti-inflammatory drug, SSRI 5 selective serotonin
reuptake inhibitor.
Data are percentages.
a Three levels of comorbidity were defined based on Charlson Comorbidity Index scores of 0 (low), 1–2 (moderate), and $3 (high).
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Table 2 Preadmission use of nonaspirin NSAIDs and 30-day mortality estimates after stroke

30-d mortality
risk

Hazard ratio (95% CI)

Unadjusted
Multivariable-
adjusteda

Propensity
score–matchedb

Ischemic stroke

No use of any NSAIDs 8.7 (8.4–9.0) 1 (reference) 1 (reference) 1 (reference)

Any NSAIDsc 8.8 (8.1–9.6) 1.01 (0.92–1.11) 1.02 (0.93–1.13) 0.99 (0.87–1.12)

New use 9.3 (8.1–10.6) 1.07 (0.92–1.24) 1.17 (1.00–1.35) 1.18 (0.95–1.47)

Long-term use 8.5 (7.6–9.5) 0.98 (0.87–1.11) 0.94 (0.83–1.07) 0.93 (0.79–1.09)

Nonselective NSAIDsc 8.1 (7.1–9.2) 0.93 (0.81–1.06) 1.00 (0.87–1.15) 1.02 (0.85–1.24)

New use 8.0 (6.6–9.6) 0.91 (0.75–1.11) 1.04 (0.85–1.26) 1.01 (0.80–1.28)

Long-term use 8.2 (6.8–9.7) 0.94 (0.78–1.13) 0.97 (0.80–1.17) 1.04 (0.83–1.30)

COX-2 inhibitors overallc 10.4 (9.1–11.9) 1.20 (1.04–1.40) 1.19 (1.02–1.38) 1.10 (0.89–1.36)

New use 11.4 (9.3–14.0) 1.33 (1.06–1.65) 1.42 (1.14–1.77) 1.21 (0.93–1.58)

Long-term use 9.7 (8.1–11.7) 1.12 (0.92–1.37) 1.05 (0.86–1.28) 1.02 (0.80–1.31)

Older COX-2 inhibitors 10.4 (9.0–11.9) 1.20 (1.03–1.40) 1.20 (1.03–1.40) 1.31 (1.04–1.64)

New use 11.4 (9.2–14.0) 1.32 (1.06–1.65) 1.42 (1.14–1.78) 1.44 (1.09–1.89)

Long-term use 9.7 (8.0–11.7) 1.12 (0.91–1.37) 1.06 (0.86–1.30) 1.22 (0.94–1.58)

Coxibs 10.8 (5.3–21.3) 1.23 (0.59–2.58) 0.87 (0.41–1.82) 0.97 (0.34–2.75)

New use 15.0 (5.1–39.6) 1.75 (0.56–5.43) 1.14 (0.37–3.53) 1.41 (0.37–5.31)

Long-term use 8.9 (3.4–22.0) 1.00 (0.37–2.67) 0.74 (0.28–1.97) 0.79 (0.24–2.65)

Intracerebral hemorrhage

No use of any NSAIDs 35.1 (34.1–36.0) 1 (reference) 1 (reference) 1 (reference)

Any NSAIDsc 34.7 (32.1–37.5) 0.99 (0.89–1.09) 0.97 (0.88–1.08) 0.91 (0.80–1.04)

New use 32.0 (28.0–36.4) 0.89 (0.76–1.05) 0.90 (0.76–1.06) 1.06 (0.84–1.33)

Long-term use 36.5 (33.1–40.1) 1.05 (0.93–1.19) 1.02 (0.90–1.16) 0.98 (0.83–1.16)

Nonselective NSAIDsc 32.4 (29.0–36.1) 0.91 (0.79–1.05) 0.94 (0.81–1.08) 0.96 (0.79–1.15)

New use 30.6 (26.0–35.8) 0.85 (0.70–1.03) 0.88 (0.72–1.07) 0.89 (0.71–1.13)

Long-term use 34.3 (29.4–39.8) 0.98 (0.81–1.18) 1.00 (0.83–1.21) 1.03 (0.82–1.29)

COX-2 inhibitors overallc 34.5 (30.0–39.4) 0.96 (0.81–1.14) 0.93 (0.78–1.11) 0.95 (0.75–1.21)

New use 31.8 (25.1–39.8) 0.88 (0.66–1.17) 0.87 (0.66–1.15) 0.87 (0.63–1.21)

Long-term use 36.2 (30.4–42.7) 1.01 (0.82–1.25) 0.97 (0.78–1.21) 1.01 (0.77–1.32)

Older COX-2 inhibitors 33.4 (28.9–38.5) 0.93 (0.77–1.11) 0.91 (0.76–1.09) 0.86 (0.68–1.10)

New use 31.0 (24.2–39.3) 0.85 (0.63–1.14) 0.85 (0.64–1.15) 0.79 (0.57–1.11)

Long-term use 35.0 (29.1–41.7) 0.98 (0.78–1.22) 0.94 (0.75–1.18) 0.91 (0.69–1.20)

Coxibs 48.2 (31.5–68.1) 1.42 (0.82–2.44) 1.29 (0.75–2.23) 0.78 (0.37–1.61)

New use 41.7 (19.9–73.0) 1.22 (0.51–2.92) 1.05 (0.44–2.53) 0.68 (0.25–1.85)

Long-term use 53.3 (31.3–78.8) 1.58 (0.79–3.15) 1.51 (0.75–3.03) 0.86 (0.38–1.95)

Subarachnoid hemorrhage

No use of any NSAIDs 24.5 (23.1–25.9) 1 (reference) 1 (reference) 1 (reference)

Any NSAIDsc 21.7 (18.3–25.6) 0.87 (0.71–1.07) 0.84 (0.69–1.03) 0.76 (0.59–0.98)

New use 15.4 (11.5–20.6) 0.59 (0.43–0.82) 0.64 (0.46–0.89) 0.65 (0.43–0.98)

Long-term use 28.1 (22.9–34.3) 1.19 (0.93–1.52) 1.03 (0.80–1.32) 0.97 (0.69–1.35)

Nonselective NSAIDsc 20.6 (16.4–25.8) 0.82 (0.63–1.07) 0.85 (0.65–1.11) 0.83 (0.59–1.18)

New use 15.1 (10.5–21.4) 0.58 (0.39–0.85) 0.61 (0.41–0.91) 0.58 (0.37–0.91)

Long-term use 29.0 (21.6–38.3) 1.23 (0.87–1.73) 1.22 (0.86–1.74) 1.25 (0.83–1.89)

Continued
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as ischemic strokes (table e-6), when restricting to pri-
mary diagnoses of stroke (table e-7) or CT- or MRI-
confirmed cases (table e-8), and when using a 30-day
exposure window (table e-9). The stratified analyses
revealed no substantial effect modification of the HRs
(table e-10).

DISCUSSION We found that preadmission use of
COX-2 inhibitors was associated with increased
mortality after ischemic stroke, while not affecting
mortality from ICH or SAH. Preadmission use of
nonselective NSAIDs was not associated with
mortality after ischemic stroke or ICH. The effect of
preadmission use of nonselective NSAIDs on SAH
mortality was inconclusive.

The increased mortality rate associated with
COX-2 inhibition in ischemic stroke was observed
only among current users, which may indicate an
actual drug effect. Such effect may be explained
through several potential mechanisms. Given the
thromboembolic properties of COX-2 inhibitors,1–3

their use could potentially lead to larger and more
often fatal thromboembolic occlusions compared
with nonuse. The effect may also be mediated
through adverse cardiovascular events15,22 or stroke
recurrence.2,3 COX-2 inhibition may also impair
the pathophysiologic response to a stroke. Thus, a

cerebral infarct causes an inflammatory response at
the site of injury and in the surrounding tissue, which
upregulates neuronal COX-2 expression23 and hence
nitric oxide, PGE2, and proinflammatory cytokines
(including tumor necrosis factor-a and interleukin-
1b).24,25 Whether this upregulation of COX-2 promotes
neuronal injury or protection is controversial,7,26,27

because tumor necrosis factor-a mediates inflamma-
tory neurotoxicity, while PGE2 seems neuroprotective
in cerebral ischemia.7 Inhibiting the neuroprotective
PGE2 response may therefore be associated with poor-
er outcome among users of COX-2 inhibitors. Any
ischemic preconditioning mediated by prior sublethal
ischemic insults would also be counteracted by COX-2
inhibition.28–30 Finally, we cannot exclude uncon-
trolled confounding, including the underlying comor-
bidity leading to NSAID use, as a potential explanation
for our findings.

Our study adds to the increasing body of evidence
concerning the vascular risk and prognostic impact
associated with use of COX-2 inhibitors. The prog-
nostic impact also needs to be considered when pre-
scribing older or newer COX-2 inhibitors to
patients at increased risk of thromboembolic events.
Whereas prescription rates of coxibs have decreased
dramatically after the withdrawal of rofecoxib in
2004, many older COX-2 inhibitors such as

Table 2 Continued

30-d mortality
risk

Hazard ratio (95% CI)

Unadjusted
Multivariable-
adjusteda

Propensity
score–matchedb

COX-2 inhibitors overallc 22.8 (17.0–30.2) 0.92 (0.66–1.29) 0.90 (0.64–1.26) 1.06 (0.66–1.69)

New use 16.1 (9.9–25.7) 0.63 (0.37–1.06) 0.71 (0.42–1.20) 0.72 (0.39–1.33)

Long-term use 31.0 (21.6–43.1) 1.32 (0.87–2.02) 1.11 (0.72–1.72) 1.51 (0.89–2.58)

Older COX-2 inhibitors 22.2 (16.4–29.7) 0.90 (0.64–1.27) 0.89 (0.63–1.26) 0.78 (0.50–1.22)

New use 16.7 (10.2–26.5) 0.65 (0.38–1.10) 0.74 (0.44–1.26) 0.56 (0.31–1.02)

Long-term use 29.0 (19.8–41.2) 1.24 (0.79–1.93) 1.06 (0.67–1.66) 1.06 (0.63–1.81)

Coxibs 40.0 (11.8–87.4) 1.50 (0.38–6.01) 1.16 (0.28–4.77) 1.86 (0.19–8.65)

New use — — — —

Long-term use — — — —

Abbreviations: CI 5 confidence interval; COX-2 5 cyclooxygenase-2; NSAID 5 nonsteroidal anti-inflammatory drug.
Table cells with only a dash indicate subgroups with insufficient data for regression analyses.
aMultivariable model with adjustment for myocardial infarction, angina pectoris, atrial fibrillation or flutter, heart valve
disease, intermittent arterial claudication, venous thromboembolism, obesity, diabetes, chronic kidney disease, hyperten-
sion, chronic obstructive pulmonary disease, alcoholism-related diseases, dementia, cancer, rheumatoid arthritis, connec-
tive tissue disease, osteoarthritis, osteoporosis, and concurrent use of angiotensin-converting enzyme inhibitors or
angiotensin-II receptor antagonists, b-blockers, calcium channel blockers, diuretics, nitrates, statins, aspirin, clopidogrel,
vitamin K antagonists, systemic glucocorticoids, selective serotonin reuptake inhibitors, and bisphosphonates.
b Propensity score–matched model that matched NSAID users with nonusers based on their probability (propensity score
6 0.025) of using NSAIDs, conditioned on the distribution of baseline characteristics.
c Estimates are provided for current use and subcategories of new and long-term use. NSAIDs were categorized as
nonselective NSAIDs (ibuprofen, naproxen, ketoprofen, dexibuprofen, piroxicam, tolfenamic acid, and indomethacin), older
COX-2 inhibitors (diclofenac, etodolac, nabumetone, and meloxicam) or coxibs (celecoxib, rofecoxib, valdecoxib, parecoxib,
and etoricoxib).

Neurology 83 November 25, 2014 7

ª 2014 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



diclofenac and etodolac are still frequently pre-
scribed.16 Use of diclofenac has previously been re-
ported to more than double the risk of ischemic
stroke2 and our results indicated that diclofenac and
etodolac users also have a worse outcome after ische-
mic stroke. If the association is truly causal, it con-
stitutes a strong argument for increasing the efforts to
ensure that patients with a high predicted risk of arte-
rial thromboembolism (e.g., atrial fibrillation patients
with high CHA2DS2-VASc score) are not prescribed
COX-2 inhibitors when alternative treatment options
are available. Of note, we studied the prognostic
effect of NSAID use initiated before, not after, stroke
admission. Consequently, our results do not neces-
sarily contradict reports suggesting a role for COX-2
inhibitors in treating postischemic oxidative stress
and inflammation.31

Several issues should be considered when inter-
preting our results. The nationwide population-
based study design, within the setting of a
tax-supported universal health care system and with
complete follow-up for all patients, reduced selec-
tion biases.10 The prescription data were virtually
complete.9 Although filled medication prescription
data were used as a proxy for actual NSAID use, this
was based on actual dispensing at pharmacies, rather

than written prescriptions.9,16 Copayments required
upon dispensing of NSAIDs increased the likelihood
of compliance. We lacked information on over-the-
counter use of low-dose ibuprofen, which accounted
for 30% to 35% of total ibuprofen sales and 15% to
25% of total NSAID sales during the study period.16

However, with a user prevalence in our cohort of
approximately 10%, the degree of misclassification
was likely insufficient to affect the relative estimates
substantially and in any case was nondifferential.16

The positive predictive value of acute stroke diagno-
ses in the DNRP has been examined previously and
was found to be 97% for ischemic stroke, 74% for
ICH, and 67% for SAH.13 The mortality data were
complete.10

Our study did not have the advantage of random
treatment assignment. Although we observed an
equal distribution of baseline characteristics, espe-
cially after propensity score matching, we cannot
exclude confounding. We did not have detailed data
available on smoking, body weight, or indications for
NSAID use. We did, however, adjust indirectly for
lifestyle factors through COPD, hospital-diagnosed
obesity, and ischemic heart disease. Moreover, smok-
ing has previously been reported to predict late more
than early case fatality rate from ischemic stroke.18

Table 3 Preadmission use of individual nonaspirin NSAIDs and 30-day mortality estimates after ischemic stroke

Ischemic stroke, hazard ratio (95% CI)

Unadjusted Multivariable-adjusteda Propensity score–matcheda

No use of any NSAIDs 1 (reference) 1 (reference) 1 (reference)

Ibuprofen (current use) 0.88 (0.76–1.02) 0.96 (0.83–1.12) 1.04 (0.84–1.28)

New use 0.87 (0.71–1.08) 1.00 (0.81–1.23) 1.04 (0.80–1.34)

Long-term use 0.88 (0.72–1.09) 0.93 (0.75–1.14) 1.05 (0.81–1.35)

Naproxen (current use) 1.06 (0.62–1.83) 1.25 (0.73–2.17) 1.20 (0.54–2.67)

New use 0.80 (0.33–1.92) 1.23 (0.51–2.95) 0.91 (0.32–2.60)

Long-term use 1.33 (0.67–2.66) 1.27 (0.64–2.55) 1.50 (0.60–3.73)

Etodolac (current use) 1.32 (1.01–1.74) 1.11 (0.84–1.46) 1.10 (0.74–1.63)

New use 1.77 (1.18–2.64) 1.53 (1.02–2.28) 1.48 (0.91–2.40)

Long-term use 1.09 (0.75–1.58) 0.89 (0.62–1.30) 0.90 (0.57–1.44)

Diclofenac (current use) 1.09 (0.90–1.32) 1.20 (0.99–1.46) 1.16 (0.88–1.53)

New use 1.13 (0.86–1.47) 1.28 (0.98–1.68) 1.20 (0.86–1.68)

Long-term use 1.06 (0.81–1.38) 1.13 (0.87–1.48) 1.13 (0.81–1.57)

Celecoxib (current use) 1.14 (0.43–3.04) 0.78 (0.29–2.07) 0.76 (0.21–2.78)

New use 1.50 (0.38–5.99) 1.12 (0.28–4.49) 1.00 (0.21–4.76)

Long-term use 0.92 (0.23–3.66) 0.59 (0.15–2.37) 0.62 (0.12–3.10)

Rofecoxib (current use) 2.08 (0.67–6.45) 1.47 (0.47–4.58) 1.50 (0.26–8.57)

New use 2.15 (0.30–15.23) 1.10 (0.16–7.85) 1.57 (0.15–16.40)

Long-term use 2.05 (0.51–8.18) 1.77 (0.44–7.10) 1.47 (0.22–9.70)

Abbreviations: CI 5 confidence interval; NSAID 5 nonsteroidal anti-inflammatory drug.
a See description of the multivariable-adjusted and propensity score–matched models in the text and in the footnote to table 2.
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Also, the analysis stratified by COPD showed that
smoking-related disease did not modify the results
(table e-10). The point estimates associating nonselec-
tive NSAIDs and SAH mortality were similarly
reduced for current and former users, which indicate
confounding by indication rather than a drug effect.
Moreover, because of the inhibiting effect of nonselec-
tive NSAIDs on platelets (through COX-1 inhibition),
it seems biologically less plausible that preadmission
use of nonselective NSAIDs would reduce mortality
after SAH. The estimates from the multivariable and
propensity score–matched analyses may differ slightly,
depending on the exclusions due to matching and any
potential treatment heterogeneity. The overall agree-
ment between the results from the 2 approaches, how-
ever, supports the robustness of our findings.

We found that preadmission use of COX-2 inhib-
itors was associated with increased 30-day mortality
after ischemic stroke, but not hemorrhagic stroke.
Use of nonselective NSAIDs at time of admission
was not associated with mortality from ischemic
stroke or ICH.
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