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1. Thesis structure
This dissertation is based on the following five papers, which are referred to by their Roman
numerals (I–V) in the text.
I.

Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker HE, Schmidt M. Positive
predictive value of cardiovascular diagnoses in the Danish National Patient Registry: a
validation study. BMJ Open 2016 Nov 18;6(11)

II. Adelborg K, Sundbøll J, Munch T, Frøslev T, Sørensen HT, Bøtker HE, Schmidt M.
Positive predictive value of cardiac examination, procedure, and surgery codes in the Danish
National Patient Registry: a population-based validation study. BMJ Open 2016 Dec 9;6 (12)
III. Adelborg K, Schmidt M, Sundbøll J, Pedersen L, Videbech P, Bøtker HE,
Egstrup K, Sørensen HT. Mortality Risk Among Heart Failure Patients With Depression: A
Nationwide Population-Based Cohort Study. J Am Heart Assoc. 2016 Sep 7;5(9)
IV. Adelborg K, Horváth-Puhó E, Ording A, Pedersen L, Sørensen HT, Henderson VW. Heart
failure and risk of dementia: a Danish nationwide population-based cohort study. Eur J Heart
Fail. 2017 Feb 19(2):253-260
V. Adelborg K, Szépligeti S, Sundbøll J, Horváth-Puhó E, Henderson VW, Ording A, Pedersen L,
Sørensen HT. Risk of Stroke in Patients With Heart Failure: A Population-Based 30-Year
Cohort Study. Stroke. 2017 Apr 4 [Epub ahead of print]
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2. Introduction
Affecting more than 37 million people worldwide, heart failure constitutes a major and growing
public health issue.1,2 In the United States and Europe, the prevalence of heart failure in the adult
population is around 1%-2%, increasing steeply with advancing age to above 10% in those older
than 70 years.1,3 The lifetime risk of developing heart failure is 20%–33%.1,4 In a cross-sectional
study of patients aged ≥65 years presenting with dyspnea in the primary health care sector, 16%
had unrecognized heart failure, as determined by diagnostic criteria from an expert panel,
indicating that the burden of heart failure is even greater than anticipated.5
In past decades, the incidence of heart failure was stable or slightly declining.6-9 Due to increasing
survival rates among heart failure patients, attributable to improvements in treatments,10,11 along
with aging of the Western population, the prevalence of heart failure is rising,12,13 and the
corresponding estimated health care expenditures are expected to increase three fold during the
next 15–20 years.14,15

2.1 Heart failure definition
Several different diagnostic criteria such as the Framingham criteria,16 Boston criteria,17 and
Gothenburg criteria18 have been used to ascertain heart failure. According to the most recent
guidelines from the European Society of Cardiology,3 heart failure is characterized by (1)
symptoms (e.g. ankle swelling and breathlessness), (2) signs (e.g. pulmonary crackles and
peripheral edema), and (3) structural abnormalities (e.g. systolic or diastolic dysfunction) (Table
1). Patients with heart failure can broadly be divided into those with reduced left ventricular
ejection fraction (LVEF) and those with preserved LVEF (≥50%) (Table 1).3 This terminology was
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introduced because the two types of heart failure may involve different etiologies, characteristics,
treatment, and prognosis.3,19,20

Table 1. Criteria for the diagnosis of heart failure with reduced left ventricular ejection fraction
and for heart failure with preserved left ventricular ejection fraction. To be diagnosed with heart
failure, all 3 criteria should be fulfilled (A–C). Modified from Ponikowski et al. Eur Heart J, 2016.3
Criteria

Reduced ejection fraction

Preserved ejection fraction

A.

Symptoms

Symptoms

B.

Signs

Signs

C.

Left ventricular ejection fraction

Left ventricular ejection fraction ≥50%

<50%

and
1. Elevated natriuretic peptides and
2. Relevant structural heart disease or
diastolic dysfunction

2.2 Heart failure risk and prognostic factors
The term risk relates to the probability of an event whereas exposures increasing the likelihood
of an event are risk factors.21 In contrast, prognosis is the prediction of a disease course whereas
characteristics associated with disease outcome are referred to as prognostic factors.21 Thus, risk
factors and prognostic factors are analogous but represent different parts of the exposure–
disease–outcome association.21 For example, ischemic heart disease represents a risk factor for
heart failure3 but also is a prognostic factor for death following the diagnosis of heart failure.22
The etiology of heart failure is often multifactorial, consisting of several cardiovascular and noncardiovascular underlying risk factors that may induce heart failure.3 Heart failure is the end
stage of conditions involving diseased myocardium, such as ischemic heart disease, toxic damage,
immune-mediated and inflammatory damage, infiltration, metabolic derangements, and genetic
3

abnormalities. In addition, abnormal loading conditions such as valvular heart disease,
hypertension, and pericardial pathologies, as well as volume overload and cardiac arrhythmias,
may contribute to the development of heart failure.3
The prognosis following a diagnosis of heart failure is serious and, with a 50% mortality rate at 5
years, resembles that of many cancers.1,3,7,20 Heart failure is one of the most frequent causes of
hospitalization among people aged ≥65 years.23 In the United States, the total number of heart
failure–related hospitalizations was 3.9 million in 2001, increasing to 4.2 million in 2009.23 This
trend was driven by an increase in secondary heart failure hospitalization such as, e.g.,
pneumonia or renal failure, while hospitalization with primary heart failure diagnoses declined
during the study period.23 Thus, in recent years, patients with heart failure are more likely to be
admitted to the hospital for comorbidities rather than for worsening heart failure. Prognostic
factors in heart failure include atrial fibrillation, anemia, chronic kidney disease, peripheral
artery disease, and diabetes mellitus.22

2.3 Heart failure pathophysiology
Heart failure is a chronic condition that often is irreversible; however, it may be transient due to
conditions such as uncontrolled atrial fibrillation. The symptoms and signs in patients with heart
failure arise from compensation in the early stages of the disease, adaptations to maintain cardiac
output. Activation of the renin–angiotensin–aldosterone system and the sympathetic nervous
system leads to vasoconstriction and sodium and water retention, which is beneficial in the short
term, ensuring that blood is directed to vital organs,24 and improves myocardial contractility and
heart rate, restoring cardiac output.24 On the other hand, these pathophysiological changes may
have long-term deleterious effects, including ventricular remodeling and further decline in
myocardial dysfunction.24
4

2.4 Comorbidity in heart failure
Comorbidity is frequent in patients with heart failure.23 Comorbidity can be defined as diseases
present at the time of heart failure diagnosis or later but not being a direct consequence of heart
failure.25 In an analysis from the Nationwide Inpatient Sample database in the United States,
hospitalized heart failure patients in 2009 had on average six comorbid conditions.23 The heart
failure patients had not only a high prevalence of various cardiovascular conditions but also a
high prevalence of non-cardiac conditions such as diabetes mellitus (41%), mental illness (38%),
renal failure (40%), chronic obstructive pulmonary disease (30%), and anemia (30%).23 The
presence of comorbid conditions may affect prognosis and choice of treatment (e.g. angiotensinconverting enzyme inhibitors and beta blockers are used with caution in patients with renal
disease and chronic pulmonary disease, respectively).3,20 Therefore, the European Society of
Cardiology26 and the American Heart Association/American College of Cardiology20 stress several
knowledge gaps in the treatment and outcome assessment of heart failure–associated
comorbidities that should be prioritized in future research.

2.5 Depression in heart failure
In a 2006 meta-analysis of 27 studies, the aggregated prevalence of depression among heart
failure patients was 22%, equivalent to a 2–3-fold increased risk of depression relative to the
general population.27 The analysis also found that the prevalence of depression in patients with
heart failure varies substantially (from 9% to 60%), which may reflect different depression
assessment methods or depression definitions, discrepancies in heart failure severity
classification, and variable inclusion criteria.27 In the same meta-analysis, seven studies reported
on rates of health care use and found a higher rate among those with depression than those
without depression. In addition, eight studies investigated the association between depression
5

and mortality and associated cardiac events, documenting a 2.1-fold higher rate [pooled adjusted
risk ratio=2.10; 95% confidence interval (CI), 1.71−2.58] among those with depression compared
to those without depression. Similarly, another meta-analysis from 2014 also provided evidence
that depression was a predictor for all-cause mortality in patients with heart failure [overall
adjusted hazard ratio (aHR)=1.51; 95% CI, 1.19−1.91].28 Subgroup analysis revealed that major
depression was associated with increased all-cause mortality (aHR=1.98; 95% CI, 1.23−3.19) but
that mild depression was not (aHR=1.04; 95% CI, 0.75−1.45). Consistent with this result, a 2016
meta-analysis of 26 studies reported a pooled aHR for all-cause mortality of 1.40 (95% CI,
1.22−1.60).29 Of note, the studies included in the meta-analyses were limited by small sample
sizes, inclusion of selected patients, short follow-up period, inadequate adjustment for
confounding factors, and the inability to stratify their analyses into subgroups of heart failure
patients. The main focus of a majority of the studies was to assess the prognostic impact of
depression diagnosed after the diagnosis of heart failure, and the impact on pre-admission
depression was less explored. In addition, no previous studies included routinely collected
hospital-based depression diagnoses from psychiatrists.
The mechanisms of heart failure and depression share several overlapping features, which may
contribute to the high mortality of heart failure patients with depression.30,31 Depression is
characterized by activation of the hypothalamic–pituitary–adrenal axis,32 which may augment the
neurohormonal activation inherent to heart failure. Patients with depression have higher levels
of inflammatory markers such as interleukin 1,33 interleukin 6,34 tumor necrosis factor,35
interferon gamma,36 and acute-phase response,37 which may worsen cardiac dysfunction. The
threshold for developing ventricular arrhythmias may be lowered in those with depression
relative to those without depression because of a depression-associated decrease in heart rate
variability38 and as a side effect of antidepressants, particular tricyclic antidepressants.39 Finally,
6

depression has been linked to abnormal platelet function,40 lower adherence to medication,41 a
more sedentary lifestyle, and a higher suicide rate compared to patients without depression.
Although several observational studies have suggested an association of depression with heart
failure mortality, results from randomized controlled trials of heart failure patients treated with
selective serotonin reuptake inhibitors have generally been neutral.42,43 The SADHART-CHF study
from the United States assessed outcomes of 12 weeks of sertraline treatment or placebo in 469
New York Heart Association (NYHA) class II–IV heart failure patients with depression and LVEF
≤45%.42 Compared with placebo, sertraline did not decrease the depression score or the risk of a
cardiovascular composite outcome.42 In line with this finding, the MOOD-HF study, conducted in
Germany, randomized 372 NYHA class II–IV heart failure patients with LVEF <45% to either 24
weeks of escitalopram or placebo and showed no difference in all-cause death or hospitalization
rates and no improvement in depression.43 Inclusion of a high proportion of patients with mild to
moderate depression in these studies could partly explain the lack of positive findings; selective
serotonin reuptake inhibitors are efficient in reducing depressive symptoms only in patients with
very severe depression.44 In addition, the SADHART-CHF study and the MOOD-HF study
evaluated changes in depression symptoms using the Hamilton Depression Rating Scale and
Montgomery-Åsberg Depression Rating Scale; however, the Hamilton Depression Rating Scale in
particular appears to be inappropriate for assessing depression severity in elderly patients with
medical conditions.45 Furthermore, the discrepancy between the observational studies and the
randomized studies indicates that the observational studies thus far have not sufficiently
specified depression exposures and heart failure populations with enough detail to guide
development of positive randomized controlled trials. Randomized studies also usually restrict
inclusion to younger patients with a low prevalence of comorbidity whereas observational
studies often involve entire patient populations without excluding older and frail patients.
7

Finally, randomization limits confounding, but confounding is always a concern in observational
studies, potentially explaining disparities in results between observational and randomized
studies.46

2.6 Neurological complications of heart failure
Dementia and stroke are frequent neurological diseases, which to some extent share risk factors
with heart failure.

2.6.1 Dementia
Dementia is a burdensome health condition primarily affecting the elderly.47,48 It is characterized
by a decline in cognition, with Alzheimer’s disease being the most common form (about 50% of
all cases), followed by vascular dementia (about 25%) and mixed Alzheimer’s disease and
vascular dementia.47 In 2015, the prevalence of dementia was approximately 47 million people
worldwide.48 Owing to the aging of the Western population, a striking increase in the burden of
dementia will occur in the coming decades, reaching 76 million in 2030 and 135 million in
2050.48 Risk factors for dementia include age, lack of physical activity, smoking, obesity, low
educational level, traumatic brain injury, alcohol abuse, atherosclerosis, diabetes mellitus,
hypertension, depression, and genetic mutations.49,50 There is, however, a critical need to identify
other potentially modifiable risk factors for dementia.
Few studies have examined the risk of dementia among heart failure patients relative to the
general population.51,52 In two small cohort studies from Sweden and Finland, heart failure in late
life was clearly associated with a 1.8–2.1-fold increased risk of all-cause dementia. More data on
the association between heart failure and dementia are needed.
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Heart failure is characterized by several risk factors, which per se also are linked to a higher
dementia risk.53 Low cardiac output may reduce cerebral blood flow, contributing to cerebral
hypoperfusion, which in the long term could impair cerebral autoregulation and cause white
matter injury.54 Neurohormonal activation related to heart failure may trigger inflammation and
cerebral microvascular dysfunction. These mechanisms could cause chronic cerebral hypoxia and
contribute to dementia pathogenesis.55

2.6.2 Stroke
As for dementia, stroke is a leading cause of disability and death. In the United States,
approximately 795,000 patients experience a stroke each year.56 Of all strokes, 87% are ischemic
in origin, 10% are intracerebral hemorrhages (ICHs), and 3% are subarachnoid hemorrhages
(SAHs).56 Risk factors for stroke include age, hypertension, hypercholesterolemia, myocardial
infarction, smoking, diabetes, chronic kidney disease, atrial fibrillation, obesity, physical
inactivity, and depression.56 Accumulating evidence also suggests that heart failure is a risk factor
for stroke,57-59 but the evidence is less clear. Three studies have indicated that stroke risk among
patients with heart failure is particularly high in the short term, but conclusions are conflicting
regarding the long term and associations with hemorrhagic stroke.57-59 In addition, these studies
have been hampered by their short follow-up periods, small sample sizes that precluded
stratification by or adjustment for atrial fibrillation, and the inability to separately assess
ischemic and hemorrhagic stroke outcomes. Considering these inconsistencies, there is a need for
more research on this issue.
The association between heart failure and stroke has been hypothesized to be related to several
putative mechanisms.60,61 One potential mechanism involves thrombus formation in the left
ventricle and in the left atrium with subsequent embolization to the brain.60,61 Moreover, shared
9

cardiovascular risk factors and increased activity of procoagulant factors, aggregation of
thrombocytes, and endothelial dysfunction among patients with heart failure are other potential
explanatory pathways in the association between heart failure and stroke.60,61 Also, with ischemic
heart disease and atrial fibrillation or atrial flutter, heart failure patients often require treatment
with antiplatelets and anticoagulants, which protects against ischemic stroke at the expense of an
increased risk for hemorrhagic stroke. In contrast, heart failure is often accompanied by low
blood pressure, which likely attenuates potential associations with stroke.
The association between heart failure and ischemic stroke has led to the hypothesis that heart
failure patients in sinus rhythm, in addition to those with atrial fibrillation or atrial flutter, would
benefit from anticoagulants, but the results from the HELAS,62 WARCEF,63 and WASH64 trials have
been neutral. A substudy analysis of the WARCEF trial, however, recently indicated that patients
receiving high-quality anticoagulation with warfarin may benefit from the treatment.65 Of
importance, the role of direct-acting oral anticoagulants is unknown but is currently being
investigated in the COMMANDER-HF study (with estimated study completion in May 2018),66
assessing the effectiveness and safety of rivaroxaban vs. placebo in reducing the risk of death,
myocardial infarction, or stroke in patients with heart failure and coronary artery disease
without atrial fibrillation.

2.7 Danish health registries
Worldwide, health care data are becoming increasingly available from sources such as disease
registries, electronic medical record systems, epidemiological surveillance registries, and
administrative registries.67 These data sources facilitate cost-effective research to improve
patient treatment and help decision- and policy-making in the health care system. As the use of
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health care data is increasing, evaluating the strengths and limitations of these data sources
becomes imperative.68 Thus, assessing the validity of data sources is essential.46,69
Validation studies may promote a positive feedback loop, motivating clinicians to improve coding
in the registries because data from the registries are used to improve patient outcomes.70 Results
from validation studies can be used in bias analyses, evaluating the potential impact of
misclassification on study results.70 The importance of validation studies has been highlighted in
international guidelines,71 epidemiological textbooks,46 position papers from
pharmacoepidemiological societies,72 and editorials in Epidemiology73 and Clinical
Epidemiology.70
Denmark is unique worldwide for the richness of its population-level health care databases that
offer the possibility of conducting longitudinal studies with long-term follow-up.74 The
cornerstone of Danish registries is the Civil Registration System, which enables cross-linkage of
data from the registries.75 The Danish National Patient Registry (DNPR)76 has been used in many
cardiovascular epidemiology studies.76 Several validation studies of algorithms to identify
cardiovascular diagnoses have been published,76 but as documented in a recent review of the
DNPR, many cardiovascular diagnoses remain to be validated.76 The DNPR has been the data
source to an even lesser extent in studies on cardiac interventions, which correspondingly
mirrors a limited knowledge about the accuracy of these variables.76 The diagnosis of heart
failure in the DNPR has been evaluated in a few validation studies. Using information in the
medical records or clinical examination applying heart failure criteria as the reference standard,
the positive predictive value (PPV) has previously been estimated with large variations, ranging
from 80% to 100%.77-79 Thus, great uncertainty remains about whether the validity of the
diagnosis of heart failure is moderate (around 80%) or high (above 90%).
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Taken together, validation studies covering all major cardiovascular diagnoses, including heart
failure, as well as cardiac interventions in the DNPR are needed and would provide a benchmark
for future studies within cardiovascular epidemiology.

2.8 Literature review
To review the literature, we searched Medline and Scopus using a free-text search to ensure
inclusion of the most recently published articles. The search was performed during February–
March 2017. Because the free-text search in study V resulted in too many hits, we also did a
Medical Subject Headings search. For studies III–V, we excluded studies published in languages
other than English, Danish, Swedish, and Norwegian, those published before 1995, and
nonclinical reports. The search was restricted to clinical studies, clinical trials, meta-analyses,
observational studies, and literature reviews. Titles and abstracts were reviewed and relevant
papers selected. A summary of the selected literature is provided in Table 2.
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2.9 Hypotheses
Epidemiological studies relying on routinely collected health care data require valid coding to
identify study cohorts such as patients with heart failure; therefore, we examined the PPV of
major cardiovascular diagnoses (study I) and cardiac interventions (study II) in the DNPR. In
addition, this thesis explores the following hypotheses:


Depression is an adverse prognostic factor for all-cause mortality (study III) among patients
with heart failure.



Heart failure is a risk factor for dementia (study IV).



Heart failure is a risk factor for stroke (study V).

13

Table 2. Summary of the literature.
Study I – Cardiovascular diagnoses in the DNPR
Author, journal, year

Design, setting, registries, period

Population, exposure, outcome

Results

Lasota et al. 80
- Eur J of Vasc
Endovasc Surg
- 2017

- Validation study
- Denmark
- DNPR
- 1993−2009

PPV=69% (95% CI, 67%–72%)
PPVIN=81% (95% CI, 76%–85%); PPVOUT=67% (95% CI, 64%–69%)
PPVA=76% (95% CI, 73%–79%); PPVB=59% (95% CI, 50%–67%)

Schmidt et al.81
- BMJ Open
- 2013

- Cohort and validation study
- Denmark
- DNPR
- 1977−2010

Nielsen et al.82
- Ugeskr laeger
- 1996

- Validation study
- Denmark
- DNPR
- 1983−1990
- Validation study
- Denmark
- DNPR
- 1993−2003

- Patients with peripheral artery
disease (n=1435)
- Reference: Medical record (clinical
information, symptoms, signs,
examinations, procedures)
- Male patients with hypertension
(n=524)
- Reference: Prescription of
antihypertensives
- PPV
- Patients with hypertension
(n=310)
- Reference: Medical record review
- PPV
- Patients with acute coronary
syndrome (n=1558), unstable
angina (n=444), MI (n=1072), and
cardiac arrest (n=42)
- Reference: Medical record, blood
test, electrocardiogram
- PPV

Joensen et al.83
- J Clin Epidemiol
- 2009

14
Coloma et al.84
- BMJ Open
- 2013

PPV=88% (95% CI, 85%–91%)

PPV=40% (95% CI, 26%–55%) to 60% (95% CI, 49%–70%)

Acute coronary syndrome: PPVIN/OUT/ED=66% (95% CI, 63%–68%);
PPVIN=80% (95% CI, 78%–82%)
Unstable angina: PPVIN/OUT/ED=28% (95% CI, 23%–32%); PPVIN=42% (95%
CI, 36%–48%)
Myocardial infarction: PPVIN/OUT/ED=82% (95% CI, 80%–84%); PPVIN=92%
(90%–94%); PPVIN; A=94% (95% CI, 93%–96%)
Cardiac arrest: PPVIN/OUT/ED=50% (95% CI, 34%–66%); PPVIN=53% (95% CI,
37%–69%)
PPV=100% (95% CI, 98%–100%)

- Validation study
- Denmark
- DNPR
- 1996−2009
- Validation study
- Denmark
- DNPR
- 1998−2007

- Patients with acute MI (n=148)
- Reference: Medical record
- PPV
- Patients with MI (n=50) and heart
failure (n=50)
- Reference: Medical record
- PPV

Myocardial infarction: PPV=98% (95% CI, 89%–100%)

Madsen et al.85
- J Clin Epidemiol
- 2003

- Validation study
- Denmark
- DNPR
- 1982−1991

PPVA=94% (95% CI, 94%–95%); PPVA+B=93% (95% CI, 93%–94%)

Madsen et al.86
- Ugeskr laeger
- 1990

- Validation study
- Denmark
- DNPR
- 1979−1980

- Patients with acute MI (n=5022)
- Reference: DANMONICA definite
or possible cases including cardiac
arrest
- PPV
- Patients with acute MI (n=527)
- Reference: Medical record
- PPV

Thygesen et al.79
- BMC Med Res
Methodol
- 2011

Heart failure: PPV=100% (95% CI, 93%–100%)

PPV=92% (95% CI, 90%–94%)

Drljevic et al.87
- Clin Epidemiol
- 2014

- Validation study
- Denmark
- DNPR
- 1995−2012
- Validation study
- Denmark
- DNPR
- 1994−2006

- Prostate cancer patients with
venous thromboembolism (n=120)
- Reference: Medical record
- PPV
- Patients with VTE (n=1135)
- Reference: Medical record,
blood tests; ultrasound;
venography; echo; V-P lung scan; CT
- PPV

Larsen et al.89
- J Clin Epidemiol
- 2005

- Validation study
- Denmark
- DNPR
- 1980−2001

- Patients with VTE during
pregnancy and postpartum (n=311)
- Reference: Medical record
- PPV

Ingeman et al.90
- J Clin Epidemiol
- 2003

- Validation study
- Denmark
- DNPR
- 2003−2006
- Validation study
- Denmark
- DNPR
- 2004−2012
- Validation study
- Denmark
- DNPR
- 1977−1999

- Patients with VTE after stroke
(n=19)
- Reference: Medical record
- PPV
- Patients with VTE (n=20)
- Reference: Medical record
- PPV

Pulmonary embolism: PPV=91% (95% CI, 59%–100%)
Deep vein thrombosis: PPV=88% (95% CI, 47%–100%)

- Patients with atrial flutter and
atrial fibrillation (n=408)
- Reference: Medical record and
heart rhythm documentation
- PPV
- Patients with atrial fibrillation and
flutter (n=174)
- Reference: Medical record and
heart rhythm documentation
- PPV
- Patients with atrial fibrillation and
flutter (n=116)
- Reference: Medical record and
heart rhythm documentation
- PPV
- Patients with HF (n=758)
- Reference: Medical record
- PPV

Atrial fibrillation or atrial flutter: PPV=93% (95% CI, 89%–95%)
Atrial flutter: PPV=50% (95% CI, 41%–59%)

- Patients with HF (n=156)
- Reference: Clinical examination
- PPV

PPV=81% (95% CI, 74%–86%)

Severinsen et al.88
- J Clin Epidemiol
- 2010

Schmidt et al.91
- J Thromb Haemost
- 2014
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Rix et al.92
- Scan Cardiovasc J
- 2012
Frost et al.93
- Am J Med
- 2007

- Validation study
- Denmark
- DNPR
- 1980−2002

Frost et al.94
- Arch Intern Med
- 2004

- Validation study
- Denmark
- DNPR
- 1980−2002

Mard et al.77
- Clin Epidemiol
- 2010

- Validation study
- Denmark
- DNPR
- 2005−2007
- Validation study
- Denmark
- DNPR
- 1980−1999

Kümler et al.78
- Eur J Heart Fail
- 2008

PPV=86% (95% CI, 79%–92%)

Pulmonary embolism: PPVAll=67% (95% CI, 61%–71%); PPVIN=82% (95%
CI, 77%–86%); PPVED=30% (95% CI, 21%–39%); PPVA=87% (95% CI,
82%–91%)
Deep vein thrombosis: PPVAll=55% (95% CI, 51%–58%); PPVIN=71% (95%
CI, 67%–75%); PPVED=32% (95% CI, 27%–37%); PPVA=73% (95% CI,
68%–76%)
Pulmonary embolism: PPVpreg+postpartum=82% (95% CI, 60%–95%);
PPVpreg=64% (95% CI, 41%–83%)
Deep vein thrombosis: PPVpreg+postpartum=86% (95% CI, 80%–91%);
PPVpreg==75% (95% CI, 67%–81%)

PPV=90% (95% CI, 70%–97%)

PPV=99% (95% CI, 96%–100%)

PPV=97% (95% CI, 92%–99%)

PPV=84% (95% CI, 81%–87%); PPVFirst-time events=78% (95% CI, 74%–82%)

Egholm et al.95
- Clin Epidemiol
- 2016

- Validation study
- Denmark
- DNPR
- 2006−2012

- Patients undergoing percutaneous
coronary intervention with MI
(n=285)
- Reference: Medical record
- PPV

Different algorithms: PPV=42% (95% CI, 38%–46%) to 87% (95% CI, 81%–
91%)

Author, journal, year
Nielsen et al.96
- Clin Epidemiol
- 2014

Design, setting, registries, period
- Validation study
- Denmark
- DNPR
- 2008−2012

Author, journal, year
Rutledge et al. 27
- JACC
- 2006

Design, setting, registries, period
- Meta-analysis of 8 studies

Population, exposure, outcome
- Refer to the individual studies
- Pooled estimates

Results
Mortality and associated cardiac events:
aHR=2.10 (95% CI, 1.71−2.58)

Fan et al.28
- Prev Med
- 2014

- Meta-analysis of 9 studies

- Refer to the individual studies
- Pooled estimates

Sokoreli et al.29
- Heart Fail Rev
- 2016
Albert et al.97
- Am J Med
- 2009

- Meta-analysis of 26 studies

- Refer to individual studies
- Pooled estimates

All-cause mortality: aHR=1.51 (95% CI, 1.19−1.91)
All-cause mortality (mild depression): aHR=1.04 (95% CI, 0.75−1.45)
All-cause mortality (severe depression): aHR=1.98 (95% CI, 1.23−3.19)
Cardiovascular mortality (2 studies): aHR=2.19 (95% CI, 1.46−3.29)
All-cause mortality: aHR=1.40 (95% CI, 1.22−1.60)
Larger studies associated with smaller effect size

- Cohort study
- US
- 2003−2004

All-cause mortality: adjusted odds ratio=1.46 (95% CI, 1.05−2.03)

Alhurani et al.98
- Psychosomatics
- 2015

- Cohort study
- US and international sites
- Study period not reported

- HF inpatients in the OPTIMIZE-HF
registry (n=48,612)
- History of depression (medical
record review)
- Mortality
- HF patients (n=1260)
- Depression assessed by PHQ-9
- Mortality

Coyne et al.99
- Psychosom Med
- 2011

- Cohort study
- Dutch
- 2002−2005

All-cause mortality: aHR=1.02 (95% CI, 1.00−1.04)

Volz et al.100
- J Behav Med
- 2011

- Cohort study
- Switzerland
- 2004−2008

Friedmann et al.101
- Am Heart J
- 2006

- RCT substudy
- Multinational
- 2004−2008

Smith et al.102
- Psychosom Med
- 2012

- Cohort study
- Dutch
- 2003−2006

HF inpatients (n=706) from the
COACH trial
- Depression assessed by CES-D
scale
- Mortality
- HF outpatients (n=111)
- Depression assessed by HADS
scale
- Mortality
- HF outpatients (n=153) from the
SCD-HeFT study
- Depression assessed by BDI-II
scale
- HF outpatients (n=380)
- Depression assessed by BDI scale

Study II – Cardiovascular interventions in the DNPR
Population, exposure, outcome
- Patients with cardiac CT
angiogram (n=289)
- Reference: Medical record
- PPV

Results
PPV=100% (95% CI, 99%–100%)

Study III – Mortality risk among heart failure patients with depression
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All-cause mortality: aHR=1.06 (95% CI, 1.01−1.11)

Depression (≤7 vs. >7), all-cause mortality: aHR=0.89 (95% CI, 0.23−3.40)

All-cause mortality: aHR=2.58 (95% CI, 0.23−5.43)

All-cause mortality: aHR=1.41 (95% CI, 1.05−1.88)
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Macchia et al.103
- Eur J Heart Failure
- 2008

- Cohort study
- Italy (6 local health authorities)
- 2000−2004

Zuluaga et al.104
- Am Heart J
- 2010

- Cohort study
- Spain (4 hospitals)
- 2000−2001

Dies-Quevedo et al.105
- Int J Cardiol
- 2013

- Cohort study
- Spain
- 2001−2010

- HF outpatients (n=1017)
- Depression assessed by GDS score
and use of antidepressants
- Mortality

Cully et al.106
- Psychosomatics
- 2009

- Cohort study
- US
- 2000−2002

Jiang et al.107
- Arch Intern Med
- 2001

- Cohort study
- US (1 hospital)
- 1997−1998

- HF outpatients (n=12,028)
- Depression assessed by
depression diagnosis codes
- Mortality
- HF inpatients (n=374)
- Depression assessed by BDI score
- Mortality

Jiang et al.108
- Amer Heart J
- 2007

- Cohort study
- US
- 1997−2003

Broek et al.109
- American J Card
- 2010

- Cohort study
- US (4 geographic communities)
- 1989−1995

Brouwers et al.110
- Int J Cardiol
- 2016

- Cohort study
- Danish
- 1997−2010

Rollman et al.111
- J Cardiac Failure
- 2012

- Cohort study
- US (4 hospitals)
- 2007−2009

Faller et al.112
- Eur J Heart Failure
- 2007

- Cohort study
- German (2 university hospitals)
- 2002−2003

- HF in- and outpatients (n=48,117)
- Prescription for antidepressants
within 12 months
- Mortality and cardiovascular
outcomes
- HF inpatients (n=433)
- Depression assessed by GDS
- Mortality

- HF inpatients (n=1006)
- Depression assessed with BDI
scale
- Mortality
- HF in- and outpatients (n=208)
- Depression assessed by CES-D
- Low depression and low NTproBNP as reference
- Mortality

All-cause mortality: aHR=1.20 (95% CI, 1.08−1.33)
Stroke/TIA/MI: aHR=1.23 (95% CI, 1.13−1.34)
HF hospitalization: aHR=1.06 (95% CI, 0.93−1.20)
Any hospitalization: 1.00 (95% CI, 0.94−1.06)
All-cause mortality (mild depression): aHR=0.99 (95% CI, 0.74−1.34); allcause mortality (severe): aHR=1.27 (95% CI, 0.95−1.70)
All-cause mortality (severe): aHR=1.10 (95% CI, 0.82−1.49) in the fully
adjusted model
All-cause mortality: aHR=1.31 (95% CI, 1.07−1.60)
Use of any antidepressant: aHR=0.99 (95% CI, 0.98–0.99)

All-cause mortality: adjusted odds ratio=0.93 (95% CI, 0.71−1.15)

3 months–
All-cause mortality (mild): adjusted odds ratio=1.43 (95% CI, 0.44−4.67)
All-cause mortality (major): adjusted odds ratio=2.68 (95% CI, 0.93−7.72)
1-year–
All-cause mortality (mild): adjusted odds ratio=0.87 (95% CI, 0.33−2.26)
All-cause mortality (major): adjusted odds ratio=2.12 (95% CI, 0.94−4.81)
All-cause mortality: aHR=1.36 (95% CI, 1.09-1.70)

All-cause mortality–
Depression+high NT-proBNP: aHR=3.15 (95% CI, 1.75–5.69)
Depressed+low NT-proBNP: aHR=1.32 (95% CI, 0.60–2.88)
Cardiovascular related mortality–
Depression+high NT-proBNP: aHR=5.42 (95% CI, 2.38-12.36)
Depressed+low NT-proBNP: aHR=1.91 (95% CI, 0.65-5.64)

- HF inpatients (n=121,252)
- Depression assessed by use of
antidepressant and diagnoses
- Mortality
- HF inpatients (n=471)
- Depression assessed by PHQ-2
- Mortality

All-cause mortality–
No antidepressant, depression diagnosis: aHR=1.25 (95% CI, 1.15−1.36)
Antidepressant, no depression diagnosis: aHR=1.24 (95% CI, 1.22−1.27)
Antidepressant, depression diagnosis: aHR=1.21 (95% CI, 1.16−1.27)
All-cause mortality: aHR=3.1 (95% CI, 1.4−6.7)
Cardiovascular mortality: aHR=2.7 (95% CI, 1.1−6.6)

- HF outpatients (n=231)
- Depression assessed by PHQ-9

All-cause mortality: major depression, aHR=2.4 (95% CI, 1.3–4.6);
minor depression, HR=1.6 (95% CI, 0.8–3.1) – this was unadjusted
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Faller et al.113
- J Psychosom Res
- 2015

- Cohort study
- German (2 university hospitals)
- 2002−2003

- HF outpatients (n=863)
- Depression assessed by PHQ-9
- Mortality

All-cause mortality: aHR=1.04 (95% CI 1.01−1.07)

Kato et al.114
- J Cardiac Failure
- 2009

- Cohort study
- Japanese (1 university hospital)
- 2006

- HF outpatients (n=115)
- Depression assessed by CES-D
- Mortality

Cardiac death or HF hospitalization: aHR=3.29 (95% CI, 1.24−8.70)
All-cause mortality: aHR=5.52 (95% CI, 1.65−18.46)

Sullivan et al.115
- American J Card
- 2004

- Cohort study
- US (single center)
- 1999−2001

All-cause mortality or transplantation (any depression): adjusted odds
ratio=2.41 (95% CI, 1.24–4.68)

Moraska et al.116
- Circ Heart Fail
- 2013

- Cohort study
- US (4-5 centers)
- 2007−2010

- HF outpatients (n=142)
- Interview performed by nurse:
Hamilton Depression Rating Scale
- Self-reported: Hopkins symptom
checklist scale (SCL-20)
- Mortality
- HF in- and outpatients (n=402)
- Depression assessed by PHQ-9
- Mortality

Adams et al.117
- Psychosomatics
- 2012
O’ Connor et al.118
- Arch Intern Med
- 2008
Faris et al.119
- Eur J Heart Fail
- 2002

- Cohort study
- US (single center)
- 1997-2003
- Cohort study
- US (single center)
- 1997-2003
- Cohort study
- UK (single center)
- 1994−1998

All-cause mortality (BDI <5 as reference), BDI 5–9: aHR=1.03 (95% CI,
0.84−1.26); BDI 10–18: aHR=1.24 (95% CI, 0.98−1.58); BDI >18: aHR=2.02
(95% CI, 1.48−2.76)
All-cause mortality: aHR=1.39 (95% CI, 1.12−1.74)

Lesman-Leegte et
al.120
- Eur J Heart Fail
- 2009
Vaccarino et al.121
- J Am Coll Cardiol
- 2001

- Cohort study
- Dutch (multicenter)
- COACH substudy
- 2002−2005
- Cohort study
- US (single center)
- 1996−1998

- HF inpatients (n=985)
- Depression assessed by BDI
- Mortality
- HF in- or outpatients (n=1006)
- Depression assessed by BDI
- Mortality
- Patients with dilated
cardiomyopathy, inpatients (n=396)
- Diagnosis of previous depression
in the medical records
- Mortality
- HF inpatients (n=958)
- Depression assessed by CES-D
- Mortality and readmission
- HF patients (n=391)
- Depression assessed by GDS
- Mortality

Jünger et al.122
- Eur J Heart Fail
- 2005

- Cohort study
- Germany (single center)
- 1996−1999

- HF outpatients (n=209)
- Depression assessed by HADS
- Mortality

All-cause mortality–
Mild depression: adjusted relative risk=1.07 (95% CI, 0.49−2.33),
Moderate depression: adjusted relative risk=1.25 (95% CI, 0.58−2.70)
Severe depression: adjusted relative risk =1.68 (95% CI, 0.63−4.45)
All-cause mortality: aHR=1.08 (95% CI, 1.01−1.15)

Murberg et al.123
- Int J Psych in Med
- 1999

- Cohort study
- Norway (single center)
- Study period not reported

- HF outpatients (n=119)
- Depression assessed by SDS
- Mortality

All-cause mortality (per 1-point increase in SDS): aHR=1.08 (no valid CI
reported)

Murberg et al.124
- Med Sci Monit
- 2004

- Cohort study
- Norway (single center)
- Study period not reported

- HF outpatients (n=119)
- Depression assessed by SDS
- Mortality

All-cause mortality (per 1-point increase in SDS): aHR=1.05 (1.00−1.08)

All-cause mortality (mild): aHR=1.59 (95% CI, 0.89−2.83)
All-cause mortality (moderate to severe): aHR=4.06 (95% CI, 2.35−7.01)

All-cause mortality: aHR=3.0 (95% CI, 1.4−6.6)

HF readmission or mortality (per 10-point increase in CES-D): aHR=1.13
(95% CI, 1.02–1.26); mortality (per 10-point increase in CES-D): aHR=1.17
(95% CI, 1.03–1.34)

De Denus et al.125
- Pharmacotherapy
- 2004
Sherwood et al.126
- Arch Intern Med
- 2007
Sherwood et al.127
- J Am Coll Cardiol
- 2011

- Cohort study
- US (single center)
- ADHERE substudy
- 2002
- Cohort study
- US
- 2000−2002
- Cohort study
- US
- 2000−2002

- HF inpatients (n=171)
- Medical record depression
diagnoses
- Mortality
- HF outpatients (n=204)
- Depression assessed by BDI
- Mortality
- HF outpatients (n=147)
- Depression assessed by BDI over
one year
- Mortality
- HF outpatients (n=558)
- Depression assessed by CES-D
- Mortality

In-hospital death or resuscitation: adjusted odds ratio=3.3 (95% CI,
1.01−10.6)
Death or cardiovascular hospitalization: aHR=1.56 (95% CI, 1.07−2.29)
Death or all-cause hospitalization: aHR=1.06 (95% CI, 1.01−1.11)
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Murad et al.128
- JACC Heart Fail
- 2015

- Cohort study (data from the
Cardiovascular Health Study)
- US
- 1990−2002

All-cause mortality: aHR=1.44 (95% CI, 1.09−1.90)

Suzuki et al.129
- J Cardiol
- 2014

- Cohort study
- Japan
- 2006−2008

- HF inpatients (n=221)
- Depression assessed by SDS
- Mortality

All-cause mortality and rehospitalization for heart failure: aHR=1.69 (95%
CI, 0.97−2.95)

Testa et al.130
- Eur J Clin Invest
- 2011
Banta et al.131
- Mil Med
- 2010

- Cohort study
- Italy
- 1992
- Cohort study
- US
- 2001

All-cause mortality: aHR=1.08 (95% CI, 1.01−1.15)

Veien et al.132
- Int J Cardiol
- 2011

- Cohort study (Hjerterplus system)
- Danish
- 2002−2006

Fosbøl et al.133
- Circ Heart Fail
- 2009

- Cohort study
- Danish
- 1997−2005

- HF patients (n=1268)
- Depression assessed by GDS
- Mortality
- HF inpatients (n=15,498)
- Depression assessed by diagnostic
codes
- Mortality
- HF outpatients (n=3346)
- Depression assessed by use of
antidepressants
- Mortality
- HF inpatients (n=99,335)
- Depression assessed by use of
antidepressants
- Mortality

Schiffer et al.134
- J Clin Psychiatry
- 2009
Frasure-Smith et
al.135
- Circulation
- 2009
Johansson et al.136
- Scand Cardiovasc J
- 2007

- Cohort study
- Dutch
- 2003−2007
- Cohort study
- Multinational
- Substudy from AF-CHF trial
- 2001−2005
- Cohort study
- Swedish
- 1995−1996

- HF outpatients (n=3346)
- Depression assessed by BDI
- Mortality
- HF patients (n=974)
- Depression assessed by BDI-II
- Mortality

All-cause mortality (somatic/affective symptoms): aHR=1.80 (95% CI,
1.03–3.07)

All-cause mortality: aHR=2.2 (95% CI, 1.3–3.7)
Cardiovascular mortality: aHR=3.0 (95% CI, 1.6−5.5)

Rumsfeld et al.137
- Am Heart J
- 2005

- Cohort study
- US, UK, Canada
- Substudy from the EPHESUS trial
- 1999−2001

- HF primary care (n=3346)
- Depression assessed by mental
health index
- Mortality
- MI patients with HF (n=634)
- Depression assessed by Medical
Outcomes Study-Depression score
- Mortality

All-cause mortality: adjusted odds ratio=1.30 (95% CI, 1.07−1.59)

All-cause mortality: aHR=1.49 (95% CI, 1.03–2.16)

All-cause mortality (tricyclic antidepressants): aHR=1.47 (95% CI, 1.39–
1.54)
All-cause mortality (selective serotonin reuptake inhibitors): aHR=1.51
(95% CI, 1.48–1.55)

All-cause mortality: aHR=1.38 (95% CI, 1.07–1.77)

All-cause mortality: aHR=1.75 (95% CI, 1.15–2.68)

Freedland et al.138
- Psychosom Med
- 2016

- Cohort study
- US
- 1994−1999

- HF inpatients (n=662)
- Depression assessed by mental
health index
- Mortality
- HF outpatients (n=130)
- Depression assessed by a
psychiatrist according to diagnostic
criteria and BDI-II
- Mortality

Ramos et al.139
- J Affect Disord
- 2016

- Cohort study
- Portuguese

Author, journal, year
Rusanen et al.51
- J Alzheimers Dis
- 2014

Design, setting, registries, period
- Cohort study (CAIDE study)
- Finland
- 1972, 1977, 1982, 1987

All-cause mortality (major depression): aHR=1.64 (95% CI, 1.27–2.11)

All-cause mortality: adjusted odds ratio=2.91 (95% CI, 1.23−6.87)

Study IV – Heart failure and risk of dementia
Population, exposure, outcome
- HF patients (n=141)
- All-cause dementia and
Alzheimer’s disease

Results
Midlife heart failure–
All-cause dementia: aHR=0.84 (95% CI, 0.33−2.13)
Alzheimer’s disease: aHR=1.11 (95% CI, 0.43−2.81)
Late-life heart failure–
All-cause dementia: aHR=2.06 (95% CI, 1.00−4.27)
Alzheimer’s disease: aHR=1.82 (95% CI, 0.84−3.97)
All-cause dementia: aHR=1.84 (95% CI, 1.35−2.51)
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Qiu et al.52
- Arch Intern Med
- 2006

- Cohort study
- Sweden
- 1987−1989

- HF patients (n=205) >75 years
- All-cause dementia and
Alzheimer’s disease

Habeych et al.140
- J Nerv Ment Dis
- 2015
Jefferson et al.141
- Circulation
- 2015

- Case–control study
- US
- 2010
- Cohort study
- US
- 1998−2001

- Patients with vascular dementia
(n=898)

Heart failure as risk factor:
Age- and sex-controlled odds ratio=1.8 (95% CI, 1.6−4.7)

- Framingham Offspring Cohort
(n=1039)
- Cardiac index (normal vs.
impaired)
- All-cause dementia and
Alzheimer’s disease

All-cause dementia: aHR=2.07 (95% CI, 1.02−4.19)
Alzheimer’s disease: aHR=2.10 (95% CI, 0.96−4.61)

Sabayan et al.142
- J Am Heart Assoc
-2015

- Cohort study
- Iceland
- 2002−2006

For each 10% decrease in left ventricle ejection fraction (aOR=1.02, 95% CI,
0.75−1.38), 10 mL decrease in left ventricular stroke volume (aOR=1.24,
95% CI, 0.99−1.57), and 1 L/min decrease in cardiac output (aOR=1.40,
95% CI, 0.99−2.00)

Bruijn et al.143
- Neurology
- 2015

- Cohort study
- Dutch
- 2002-2005

- AGES Reykjavik study population
(n=931)
- Cardiac function
- Risk of mild cognitive impairment
or dementia
- Rotterdam study population
(n=3291)
- Subclinical cardiac dysfunction
(e.g. high vs. low E/A ratio and
fractional shortening per standard
deviation)
- Dementia

Alzheimer’s disease: aHR=1.80 (95% CI, 1.25−2.61)

All-cause dementia–
E/A ratio: aHR=0.82 (95% CI, 0.70−0.96)
Fractional shortening: aHR=0.98 (95% CI, 0.85−1.13)
Alzheimer’s disease–
E/A ratio: aHR=0.78 (95% CI, 0.66−0.92)
Fractional shortening: aHR=0.97 (95% CI, 0.83−1.13)

Study V – Heart failure and risk of stroke
Author, journal, year
Lip et al.58
- BMJ open
- 2012

Design, setting, registries, period
- Cohort study
- Danish
- 1995−2009

Population, exposure, outcome
- Patients with heart failure in the
Diet, Cancer and Health cohort
(n=1239) compared with patients
without heart failure (n=50,314)
- Stroke and death

Results
All stroke: aHR=2.1 (95% CI, 1.7−2.7)
Ischemic stroke: aHR=2.3 (95% CI, 1.8−3.0)
Hemorrhagic stroke: aHR=1.8 (95% CI, 1.0−3.3)
Stronger associations in the short term than in the long term (for a
composite of death and stroke)

Alberts et al.57
- Eur J Epidemiol
- 2010

- Cohort study
- Dutch
- 1990−1993

- HF patients (n=1247)
- General population without HF
(n=6299)
- Stroke

All stroke: aHR=1.07 (95% CI, 0.86−1.32)
Ischemic stroke: aHR=1.02 (95% CI, 0.77−1.37)
Hemorrhagic stroke: aHR=0.80 (95% CI, 0.37−1.76)
All stroke–
0–30 days: aHR=3.59 (95% CI, 1.59−8.10)
30 days: aHR=6 months 1.60 (95% CI, 0.93−2.73
6 months–5 years aHR=0.78 (95% CI, 0.58−1.05)
Ischemic stroke–
0–30 days: aHR=4.60 (95% CI, 1.70−12.49)
30 days: aHR=6 months 2.75 (95% CI, 1.53−4.94)
6 months–5 years aHR=0.58 (95% CI, 0.37−0.92)
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Witt et al.59
- American Heart J
- 2006

- Cohort study
- US
- 1979−1999

Pullicino et al.144
- Stroke
- 2009

- Cross sectional
- US
- 2003−2007

- Incident HF (n=630)
- General population cohort
(standardized morbidity ratios)
- Ischemic stroke
- HF patients (n=251)
- General population without HF
(n=21,202)

Ischemic stroke–
0–30 days: standardized morbidity ratio=17.4 (95% CI, 8.4−32.1)
5 years: standardized morbidity ratio=2.9 (95% CI, 2.2−3.8)
Prevalent stroke/TIA was present in 26.3% and 8.5% of participants with
and without HF, respectively.
Stroke/TIA: adjusted odds ratio=2.2 (95% CI 1.5−3.4)

Abbreviations: aHR, adjusted hazard ratio; BDI, Beck Depression Inventory; CES-D, Center for Epidemiologic Studies–Depression; CI, confidence interval; DNPR, Danish National Patient
Registry; GDS, Geriatric Depression Scale; HADS, Hospital Anxiety and Depression Scale; HF, heart failure; PE, pulmonary embolism; PHQ, Patient Health Questionnaire; PPV, positive
predictive value; SDS, Zung Self-rating Depression Scale; MI, myocardial infarction; TIA, transitory ischemic attack; VTE, venous thromboembolism
MEDLINE search query:
Studies I-II: “positive predictive value” AND “Danish National Patient Registry" OR “Danish Hospital Discharge Registry” OR “Danish National Hospital Registry” OR "Danish Hospital
Registers” OR “Danish National Registry of Patients”=227 in Medline and 58 in Scopus
Study III: "Depression"[All Fields] AND "heart failure"[All Fields] AND "mortality"[All Fields] AND ("loattrfull text"[sb] AND ("1995/01/01"[PDAT]: "3000/12/31"[PDAT]) AND
"humans"[MeSH Terms] AND English[lang])=462 in Medline and 1155 in Scopus
Study IV: "dementia"[All Fields] AND "heart failure"[All Fields] AND ("loattrfull text"[sb] AND ("1995/01/01"[PDAT]: "3000/12/31"[PDAT]) AND "humans"[MeSH Terms] AND
English[lang])=480 in Medline and 1420 in Scopus
Study V: "Heart Failure/epidemiology"[Mesh] AND "Stroke/epidemiology"[Mesh] AND ("loattrfull text"[sb] AND ("1995/01/01"[PDAT]: "3000/12/31"[PDAT]) AND "humans"[MeSH Terms]
AND English[lang])=541 in Medline and 793 in Scopus (free text search: “heart failure” AND “stroke” AND “epidemiology”)

3. Methods
3.1 Setting
In Denmark, all residents have free access to universal tax- and government-supported
health care services at general practitioners and hospitals.75 Upon birth or immigration,
residents are assigned a unique and permanent identification number that allows
unambiguous linkage of data from the various registries.75 In Denmark, all patients who are
suspected to have heart failure and those with heart failure in the primary care setting
should be referred to a hospital department of cardiology to receive a relevant diagnostic
work-up, including echocardiography, coronary angiogram, and blood samples, to ensure
appropriate treatment. Heart failure patients are most often followed and treated in
hospital outpatient clinics. In Denmark, dementia is typically diagnosed and treated both by
general practitioners and in departments of neurology and psychiatry. Care for and
treatment of stroke patients is also provided by public hospitals.

3.2 Data sources
The studies included in the dissertation are based on prospectively collected data from
nationwide population-based registries, which are described below.

Danish Civil Registration System
This registry is updated electronically on a daily basis and has been used since 1968 to
track demographic data and changes in vital status and migration for all Danish residents.75
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Danish National Patient Registry
The DNPR holds data on all residents admitted since 1977 to Danish somatic hospitals and
all visits since 1995 to hospital outpatient clinics and emergency room departments.76 Each
admission is registered by one primary diagnosis and one or more secondary diagnoses
classified according to the International Classification of Diseases, Eighth Revision (ICD-8)
until the end of 1993, and Tenth Revision (ICD-10) thereafter.

The Registry of Causes of Deaths
Since 1943, this registry has been used to record dates and immediate and underlying
causes of death in Denmark.145

The Danish Heart Failure Registry
This registry, launched in February 2003, is a part of the Danish Clinical Registries,146,147
which is a nationwide initiative aimed at monitoring and improving the quality of care for
several patient groups, including patients with heart failure. All heart failure patients
admitted to a cardiology department or outpatient heart failure clinic in Denmark are
consecutively included in the Danish Heart Failure Registry.148 In contrast to registration of
heart failure in the DNPR, where patients are recorded based on ICD codes, only patients
who meet one or more of the well-defined criteria, including symptoms/objective signs
indicative of heart failure, and those with clinical response to treatment for heart failure
are enrolled in the registry.
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The Danish National Prescription Registry
Since 1995, this registry has held information on all redeemed prescriptions, including
package size, strength, form and Anatomical Therapeutic Chemical code.149

Danish Psychiatric Central Research Register
All patients admitted to psychiatric hospitals and psychiatric wards in general hospitals in
Denmark are included in this registry.150 Since 1995, information on all psychiatric
outpatient contacts has been included. Information on diagnoses is based on the ICD
system.

Danish registers on personal labor market affiliation
Statistics Denmark administers an extensive number of registries, including nationwide
registers of labor market affiliation. These registries contain information on highest
completed education, employment, and personal income, with annual updates since
1980.151

3.3 Study designs
We conducted two validation studies and three cohort studies. A summary of the objectives
and methods used in the study is provided in Table 3.
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Table 3. Overview of the objectives and methods.
Objectives

Design
Data sources
Study region
and study
period
Study
population
Exposures
Outcomes
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Covariables

Studies I-II
We examined the PPV of codes
for cardiovascular diseases and
cardiac interventions in the
DNPR
Validation studies (crosssectional studies analogous to
diagnostic tests)
CRS, DNPR, EPJ
Central Denmark Region
(Aarhus University Hospital,
Randers and Herning regional
hospitals), 2010−2012
Patients with cardiovascular
diagnoses and patients who
underwent cardiac interventions
N/A
PPVs with information in the
medical record as reference
standard
N/A

Statistics

Wilson score method for
confidence interval calculation

Confounder
control

N/A

Subgroup
analyses

Age, sex, index year,
primary/secondary diagnoses,
inpatient/outpatients, hospital
type
N/A

Sensitivity
analyses

Study III
We examined the influence of depression on
mortality risk in patients with HF

Study IV
We examined the risk of dementia among patients
with HF and members of a general population
comparison cohort

Population-based cohort study

Population-based matched cohort study

Study V
We examined short-term and long-term risk of
ischemic stroke, intracerebral hemorrhage, and
subarachnoid hemorrhage in HF patients and in a
general population comparison cohort
Population-based matched cohort study

CRS, DNPR, DPCR, DPR, DRPLMA, DHFR,
RCD
Nationwide:
1 July 1995 to 1 February 2014

CRS, DNPR, DPCR

CRS, DNPR, NHSPD

Nationwide:
1 January 1980 to 1 September 2012

Nationwide:
1 January 1980 to 30 November 2013

Patients with first-time inpatient HF
hospitalization

Patients with first-time HF hospitalization; general
population comparison cohort

Patients with first-time HF hospitalization; general
population comparison cohort

A history of depression defined as hospitalbased diagnoses or redeemed prescription
for antidepressants
All-cause mortality, cause-specific mortality
(immediate death causes)

N/A

N/A

All-cause dementia, Alzheimer’s disease, vascular
dementia, and other dementias

Ischemic stroke, intracerebral hemorrhage, and
subarachnoid hemorrhage

MI, hypertension, AFF, stroke, cancer,
obesity, DM, chronic pulmonary disease,
chronic kidney disease, peptic ulcer,
alcohol/smoking/illicit drug abuse,
dementia, anemia, peripheral arterial
disease, gross income, and employment
Cox proportional hazard regression,
Kaplan–Meier method; multiple imputation
to account for missing data
Adjustment for covariables
Stratification

MI, angina pectoris, AFF, valvular heart disease,
hypercholesterolemia, hypertension, stroke, obesity,
DM, chronic pulmonary disease, myxedema,
alcoholism-related diseases, head trauma,
osteoarthritis, anemia, chronic kidney disease, and a
modified CCI
Stratified Cox proportional hazard regression,
cumulative incidence risk function
Standardized incidence ratios
Age, sex, and calendar period matching
Adjustment for covariables
Stratification
Age, sex, index year, HF cause, comorbidity

MI, angina pectoris, AFF, valvular heart disease,
hypertension, intermittent claudication, venous
thromboembolism, hypercholesterolemia,
hypertriglyceridemia, obesity, DM, chronic kidney
disease, cancer, chronic pulmonary disease,
alcoholism-related disease, and dementia
Stratified Cox proportional hazard regression,
cumulative incidence risk function
Standardized incidence ratios
Age, sex, and calendar period matching
Adjustment for covariables
Stratification
Age, sex, index year, AFF, HF causes

Redefining the HF cohort to include both in- and
outpatients, sequentially excluding the initial 2, 3, 5,
and 10 years of follow-up, reclassification of
Alzheimer’s disease to include codes for unspecified
dementia in the Alzheimer’s disease definition

Restriction to stroke patients with a brain scan,
separate analysis of unspecified/specified ischemic
stroke, adjustment for antithrombotic and
anticongestive drugs, allowing patient to be at risk for
other strokes after first stroke, restriction to first-time
outpatient HF patients and HF primary diagnoses,
stratification by length of stay and intensive care unit

Age, sex, index year, HF cause, LVEF, NYHA
class, comorbidity, comedication,
socioeconomic factors
Analysis of patients with depression
recorded in the DNPR and DPCR, restriction
to recent depression diagnoses, adjustment
for education, anxiolytics/hypnotics and
antipsychotics, omitting MI, stroke,
hypertension, and DM from the models,
restriction to patients in the DHFR

Abbreviations: AFF, atrial fibrillation or atrial flutter; CCI, Charlson Comorbidity Index; CRS, Civil Registration System; DHFR, Danish Heart Failure Registry; DNPR, Danish National Patient Registry; DPCR, Danish Psychiatric Central Research
Register; DPR, Danish National Prescription Registry; DRPLMA, Danish registers on personal labor market affiliation; DM, diabetes mellitus; EPJ, electronic patient journal; HF, heart failure; ICD, International Classification of Diseases; LVEF, left
ventricular ejection fraction; MI, myocardial infarction; NHSPD, National Health Service Prescription Database; NYHA, New York Heart Association functional class; PPV, positive predictive value; RCD, Register of Causes of Deaths

3.4 Study populations
In all studies, the study populations were identified through the DNPR. For studies I-II, we
randomly sampled patients with cardiovascular diagnoses, examinations, procedures, and
surgeries in the study period using pre-specified algorithms defined in appendices I-II. For
studies III–V, we included patients with a first-time hospitalization for heart failure using
primary and secondary diagnoses (e.g. heart failure secondary to myocardial infarction or
atrial fibrillation). In study III, we also identified a subset of patients from the Danish Heart
Failure Registry. In studies IV and V, we excluded patients with previous dementia and
stroke or transient ischemic attack before the heart failure admission date, respectively, to
examine first-time events only.
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3.5 Depression exposure
In study III, the exposure was a history of depression any time before the heart failure
admission date. Depression was defined as a hospital-based discharge diagnosis recorded
in the DNPR or the Danish Psychiatric Central Research Register (DPCR). We categorized
patients according to depression severity with ICD-10 codes for mild, moderate, and severe
depression (where patients with more than one diagnosis were assigned the most severe
depression group), and timing of depression in relation to the hospitalization for heart
failure (depression diagnosed within 1, 2, and 3 years before heart failure admission date).
Patients with depression treated exclusively by general practitioners are not captured in
the Danish registries; thus, we expanded our exposure definition by including data on
redeemed prescriptions for antidepressants as a proxy for depression to increase the
sensitivity for depression. We defined patients with no depression diagnosis and less than
one redeemed prescription for antidepressants as the reference group. In addition, we
categorized patients as those with or without a depression diagnosis and further
subdivided these patients into those with less than or more than one prescription for
antidepressants. The ICD-10 code for a single depressive episode in the DPCR has been
validated with an interview using the Schedules for Clinical Assessment in Neuropsychiatry
as the reference standard. The overall PPV was 75%, representing PPVs of 83% for severe
depression, 76% for moderate depression, and 65% for mild depression.152 The PPV of
depression in the DNPR is unknown.
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3.6 Outcomes
3.6.1 Reference standard for cardiovascular diagnoses and interventions
In studies I-II, the primary outcome was PPVs for the cardiovascular diagnoses and
intervention recorded in the DNPR. Information in the medical record review was the
reference standard.153 Three physicians (K.A, J.S, and T.M.) reviewed and adjudicated all the
medical records (unblinded) and determined whether the codes in the DNPR were correct.

3.6.2 Mortality
All-cause mortality ascertained from the Danish Civil Registration System was the primary
outcome in study III.

3.6.3 Dementia
In study IV, the primary outcome was all-cause dementia recorded in the DNPR or DPCR.
Secondary outcomes were Alzheimer’s disease, vascular dementia, and other dementias. A
validation study of 197 in- and outpatients with dementia recorded in the DNPR and the
DPCR revealed a PPV of 86% for all-cause dementia and 81% for Alzheimer’s disease,
whereas the PPV was markedly lower for other specific dementia subtypes.154

3.6.4 Stroke
In study V, the primary outcome was stroke, specifically ischemic stroke, ICH, and SAH
ascertained using the DNPR. In a validation study by Krarup et al., first-time stroke
diagnoses recorded in the DNPR diagnosed in 1998−1999 were validated using the World
Health Organization stroke definition as the standard reference.155 A total of 264 patients
were identified as potential stroke cases with PPVs of 97% ischemic stroke, 74% for ICH,
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and 67% for SAH. They also reported that the unspecified stroke diagnosis was commonly
used (44% of all stroke diagnoses in the study) and that a majority of these patients
(approximately 60%) were truly patients with ischemic stroke. Therefore, we classified
unspecified strokes as ischemic stroke in the main analyses.

3.7 General population comparison cohorts
To contribute to the understanding of heart failure as a risk factor for dementia and stroke
in a population context, we took advantage of the unique opportunities of the Danish Civil
Registration System,75 forming two general population comparison cohorts (studies IV-V).
We matched each heart failure patient with up to five individuals without a previous
diagnosis of heart failure from the general population. Matching strategies include
sampling with replacement (that is, individuals from the general population could serve as
comparators for more than one heart failure patient) or sampling without replacement in
random or chronological order.156,157 We used matching with replacement for two reasons:
it is assumed to be superior to matching without replacement in producing unbiased
comparison cohorts, and no comparators were available for using matching without
replacement for approximately 30% of our heart failure patients because of their advanced
age.156,157 If individuals from the general population comparison cohort developed heart
failure during follow-up, they were maintained in the general population comparison
cohort to avoid informative censoring (equivalent to the intention-to-treat principle in
randomized controlled trials).46
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3.8 Covariables
We collated data from the DNPR on a number of covariables to characterize the study
cohorts, to adjust our analyses for potential confounders, and to examine potential
disparities in PPVs and risks across subgroups. In general, most of the discharge diagnoses
of the covariables have high PPVs in the DNPR.79 Lifestyle factors such as alcohol abuse and
smoking are severely underreported in the DNPR,158 indicating the necessity of also using
other data sources for assessment of these covariables.

3.9 Statistical analyses
The statistical analyses used for the studies are summarized in Table 3 and in detail for the
individual studies in appendices I–V. For studies I-II, we applied the Wilson score method
for CI calculation.159 In all time-to-event analyses (studies III–V), we followed patients from
admission date for heart failure until the date of the event, death, emigration, or end of
follow-up, whichever came first. The Kaplan–Meier method was implemented, and we
graphically illustrated survival curves for the depression exposure groups. For dementia
and stroke outcomes, the cumulative incidence (risk) function was used to calculate
absolute rates, accounting for death as a competing risk. In study III, we used Cox
regression analyses, comparing heart failure patients with a history of depression to those
without a history of depression. For the matched-cohort studies (studies IV-V), we used
stratified Cox regression analysis160 (that is, sustaining the age, sex, and calendar period
matching in the analyses), comparing the risk of an event in heart failure patients with the
general population cohorts. Moreover, we also calculated standardized incidence ratios as a
measure of relative risks.46 To account for confounding, we controlled for matching factors
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by study design, adjusted the analyses, and stratified the analyses by potential
confounders.
In study III, we used data from the Danish Heart Failure Registry to adjust our analyses for
smoking and alcohol abuse in a complete-case analysis and applied multiple imputation to
handle missing data. Multiple imputation with chained equations was used to create 25
data sets with imputed values for smoking and alcohol, assuming that data were missing at
random.161 In the imputation model, we included the covariables from the main model,
additional covariables as described in Appendix III, the outcome indicator, and the Nelson–
Aalen cumulative baseline hazard.161
All statistical analyses were performed using Stata version 14.1 (Stata Corp, College Station,
TX, USA) or SAS version 9.2 (SAS Institute, Cary, NC, USA). The individual studies were
approved by the Danish Data Protection Agency. According to Danish legislation, informed
consent from patients or ethics committee approval is not required for registry-based
studies.

3.10 Sensitivity analyses
A sensitivity analysis is a repetition of the analyses, introducing alternative methodological
decisions to those made in the main analysis.46 The purpose of sensitivity analyses is to
ensure that findings are robust to the methodological decisions (Table 3). Shortcomings of
our sensitivity analyses included the necessity of shortening the study periods due to
limited data availability (e.g. in stratified analyses of intensive care admission, where data
in the DNPR on intensive care unit admission are available from 2005 onwards only), and
the basis of the analysis on complete cases only (e.g. in multivariable analysis, where
education was included in the regression models).
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4. Results
The main findings from studies I–V are presented in the following section and in detail in
appendices I–V.

4.1 PPV of cardiovascular diagnoses and interventions in the DNPR (studies I–II)
Of the total sample, 2153 medical records (97%) for patients with various cardiovascular
diagnoses and 1333 medical records (98%) from patients who underwent cardiac
interventions were available for review.
The PPVs ranged from 64% to 100% (Figures 1-2). For the cardiovascular diagnoses, a
majority of the PPVs were above 85%, except for first-time and readmission for heart
failure (76% for both), dilated cardiomyopathy (75%), restrictive cardiomyopathy (78%),
ventricular tachycardia or fibrillation (80%), myocarditis (64%), and recurrent venous
thromboembolism (72%) (Figure 1). For the cardiovascular examinations, procedures, and
surgeries, all PPVs were above 85% except for primary implantable cardiac defibrillators
(83%) (Figure 2). The PPVs varied, although not substantially, across age groups, sex,
calendar year, hospital type (regional or university hospital), type of diagnosis (primary or
secondary), and type of hospital contact (inpatient or outpatient clinic visit).
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Figure 1. Positive predictive values for major cardiovascular diagnoses recorded in the Danish
National Patient Registry, 2010−2012. Modified from Sundbøll et al. BMJ Open 2016.162

Abbreviations: ARVC, arrhythmogenic right ventricular cardiomyopathy; PPV, positive predictive value; STEMI, ST-segment elevation
myocardial infarction; NSTEMI, non-STEMI
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Figure 2. Positive predictive values for cardiac interventions recorded in the Danish National
Patient Registry, 2010−2012. Modified from Adelborg et. al. BMJ Open 2016.163

Abbreviations: CABG, coronary artery bypass graft surgery; CI, confidence interval; ICD, implantable cardiac defibrillator; PCI,
percutaneous coronary intervention; RFA, radiofrequency ablation; RHC, right heart catheterization; TEE, transesophageal
echocardiography; TTE, transthoracic echocardiography
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4.2 Prognostic impact of depression on mortality (study III)
Patients with a history of depression diagnosis had higher absolute mortality rates than
those without depression prior to heart failure (1-year, 36% vs. 33% and 5-year, 68% vs.
63%). This difference yielded a multivariable adjusted mortality rate ratio (MRR) of 1.03
(95% CI, 1.01−1.06) (Table 4) and similar MRRs for mild, moderate, and severe depression.
The results remained consistent when the analysis was restricted to patients with recent
depression diagnoses. The associations increased slightly when redefining depression
using a combination of depression diagnoses and use of antidepressants (Table 4).
Table 4. The association between depression and all-cause mortality, by depression diagnoses
and use of antidepressant as proxy for depression. Adapted from Adelborg K et al. JAHA 2016.164
Depression
diagnosis
No depression
Depression (n=9636)
Mild (n=1379)
Moderate (n=2914)
Severe (n=1305)
No depression
Depression

Use of antidepressants

Unadjusted MRR
(95% CI)
Reference
1.14 (1.12–1.17)
1.27 (1.20–1.35)
1.16 (1.11–1.21)
1.05 (0.99–1.12)
Reference
1.08 (1.06–1.10)
1.37 (1.34–1.39)
1.07 (1.02–1.13)
1.07 (1.01–1.13)
1.28 (1.25–1.32)

N/A
N/A
N/A
N/A
N/A
Non-use (n=156,168)
Former use (n=16,457)
Current use (n=22,262)
Non-use (n=1912)
Former use (n=2007)
Current use (n=5717)

Adjusted MRR
(95% CI)
Reference
1.03 (1.01–1.06)
1.06 (1.00–1.13)
1.03 (0.99–1.08)
1.02 (0.96–1.09)
Reference
1.07 (1.05–1.09)
1.21 (1.19–1.23)
1.00 (0.95–1.06)
1.00 (0.95–1.06)
1.10 (1.06–1.13)

Abbreviations: CI, confidence interval; MRR: mortality rate ratio

Analysis of cause-specific deaths revealed that patients with previous depression (defined
as either a depression diagnosis or at least one prescription of antidepressant) had a higher
non-cardiovascular mortality (adjusted MRR, 1.19; 95% CI, 1.17−1.21) and a slightly higher
cardiovascular mortality (adjusted MRR, 1.09; 95% CI, 1.06−1.11) than patients without
previous depression. Specifically, the risk of dying from arrhythmia was only slightly
higher among those with depression than those without depression (adjusted MRR, 1.08;
95% CI, 1.01−1.16).
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In a subset of patients, the MRRs changed by LVEF, with adjusted MRRs of 1.17 (95% CI,
1.05−1.31) for LVEF ≤35%, 0.98 (95% CI, 0.81−1.18) for LVEF 36%–49%, and 0.96 (95%
CI, 0.74−1.25) for LVEF ≥50% (Figure 3). The associations were broadly unchanged across
age group and sex and in patients with different heart failure causes (Figure 3).
Figure 3. Association between a history of depression and all-cause mortality in subgroups of heart
failure patients. Modified from Adelborg et al. JAHA 2016.164

Abbreviations: aMRR, adjusted mortality rate ratio; CI, confidence interval; NYHA class, New York Heart Association functional class
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4.3 Heart failure and risk of dementia (study IV)
This study included 324,418 heart failure patients and 1,622,079 individuals from the
general population (median age=77 years, 52% male). Relative to the general population
comparison cohort, the all-cause dementia rate was increased among heart failure patients
(aHR=1.21; 95% CI, 1.18−1.24) (Figure 4). This increase was mainly driven by higher risks
for vascular dementia (aHR=1.49; 95% CI, 1.40−1.59) and other dementias (aHR=1.30;
95% CI, 1.26−1.34), while there was no association with Alzheimer’s disease (aHR=1.00;
95% CI, 0.96−1.04). The associations were stronger in men than in women and in heart
failure patients under age 70 than in those ≥70 years. The standardized incidence ratio
estimates were comparable to the unadjusted HRs.

Figure 4. Rates of dementia in the heart failure and general population comparison cohorts during
1–35 years of follow-up. Modified from Adelborg et al. Eur J Heart Fail 2017.165

Abbreviations: CI: confidence interval; HR: hazard ratio
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4.4 Heart failure and risk of stroke (study V)
In study V, we identified and followed 289,353 patients with heart failure and 1,446,765
individuals from the general population matched for age, sex, and calendar year. The oneyear rates among heart failure patients were 1.4% for ischemic stroke, 0.2% for ICH, and
0.03% for SAH. The 30-day adjusted stroke rate ratio (aSRR) was 5.08; 95% CI, 4.58−5.63
for ischemic stroke, 2.13; 95% CI, 1.53−2.97 for ICH, as well as 3.52; 95% CI, 1.54−8.08 for
SAH (Figure 5). Between 31 days and 30 years, heart failure remained positively associated
with all stroke subtypes (1.5- to 2.1-fold for ischemic stroke, 1.4- to 1.8-fold for ICH, and
1.1- to 1.7-fold for SAH) relative to the general population comparison cohort.

Figure 5. Rates of stroke in the heart failure and general population comparison cohorts.
Modified from Adelborg et al. Stroke 2017.166

Abbreviations: CI: confidence interval; HR: hazard ratio
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The associations with all stroke outcomes were largely the same for men and women while
the aSRR increased with decreasing age. In analyses restricted to those without atrial
fibrillation or atrial flutter, heart failure was still associated with ischemic stroke (30 days:
aSRR=5.49; 95% CI, 4.95−6.10; 31–365 days: aSRR=2.18; 95% CI, 2.09−2.28; and 1–30
years: aSRR=1.52; 95% CI, 1.49−1.55). When using intensive care unit stay and length of
hospital stay as proxies for heart failure severity, the association between heart failure and
one-year risk of ischemic stroke was higher for patients admitted than for those not
admitted to the intensive care unit, and for those with length of stay >7 days than for ≤7
days.

39

5. Discussion
5.1 Main findings
This dissertation using population-based Danish medical databases provides the following
insights. First, codes for the vast majority of cardiovascular diagnoses and cardiac
interventions had high PPVs in the DNPR during 2010−2012, while the PPVs for conditions
that included recurrent events, heart failure, and myocarditis were somewhat lower.
Second, among patients with heart failure, prior depression diagnoses were not associated
with all-cause mortality; however, in subgroups of heart failure patients with LVEF≤35%
and when extending the depression definition combining depression diagnosis with at least
one redeemed prescription for antidepressants, those with a history of depression had a
higher all-cause mortality rate than those without a history of depression. Third, as
compared with general population comparison cohorts matched for age, sex, and calendar
year, heart failure was associated with increased rates of all-cause dementia, as well as
with markedly increased short-term and long-term rates of ischemic and hemorrhagic
stroke.

5.2 Comparison with existing literature
Below, we discuss our findings in the context of the literature (Table 2).

5.2.1 PPV of cardiovascular diseases and cardiac interventions in the DNPR
Our results confirm previous validation studies, using the DNPR as a data source, on
myocardial infarction (PPV∼92%–100%),84,86 arterial hypertension (PPV∼88%),81 atrial
fibrillation or atrial flutter (PPV∼93%–99%),93,94 and first-time venous thromboembolism
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(PPV∼75%–90%).88,91 In line with a previous study, our PPV for recurrent venous
thromboembolism was lower than for first-time venous thromboembolism,91 indicating
that differentiation is challenging between true recurrent events and previous events based
on ICD codes in the DNPR.
The PPV for heart failure in our validation study was slightly lower than reported
previously.77-79 The PPV for heart failure was also lower than for several other
cardiovascular diseases. It could have been interesting to investigate whether true-positive
and false-positive cases differed in systematic ways; however, because of the relatively low
numbers of false-positive cases, inferences based on such analyses would not be sound. As
compared to myocardial infarction, for example, the diagnosis of heart failure is fairly
complex because the nonspecific symptoms often progress over days to weeks and it is
based on several criteria. During our medical record review, we observed that some
patients had prevalent heart failure but were categorized as false positive because we
validated first-time events.
In our study, the PPV for unstable angina pectoris was higher than in a previous study with
inclusion of patients from 1993−2003 (PPV=42%),83 which could trace to the
implementation of strict criteria for myocardial infarction and unstable angina pectoris
during our study period.167 We found a considerably higher PPV for cardiac arrest than in a
previous study (PPV=50%).83 The reason for this discrepancy might be the fact that the
previous study could not retrieve the medical records for one third of the cardiac arrest
patients and that the authors also sampled outpatients, in whom cardiac arrest occurs very
rarely.83 Our PPV estimates of stable angina pectoris, cardiomyopathies, bradycardia,
valvular heart disease, endocarditis, myocarditis, aortic diseases, cardiac tumors, and
cardiac interventions recorded in the DNPR are novel findings. It is important to emphasize
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that our validation studies included only cardiovascular diagnoses and cardiac
interventions during 2010−2012 and will therefore not necessarily translate to earlier
study periods.

5.2.2 Depression as a prognostic factor in heart failure
Numerous studies have examined the association between depression and mortality
among patients with heart failure.27-29 Studies conducted to date were highly
heterogeneous in terms of characteristics of the study population, heart failure severity,
measures to assess depression (i.e. self-reported questionnaires, prescription of
antidepressants, clinical interviews, or registry-based diagnoses), and duration of followup. Despite these differences, most studies have consistently linked depression with allcause mortality in patients with ischemic103,168 and non-ischemic heart failure,119 both
inpatients104,107 and outpatients.112,114,122 The finding seems consistent regardless of
geographical region as it has been identified in cohorts from Europe,103,104,112 Japan,168 and
the United States.107,115Although preserved LVEF and depression have not been widely
studied, the connection to increased mortality also seems uniform in these patients.168 The
vast majority of previous studies have investigated the impact of depression among
patients with reduced LVEF; one study from the US indicated that heart failure with high
levels of pro-brain natriuretic peptide – a proxy for those with more severe heart failure –
had a higher mortality associated with depression than those with normal pro-brain
natriuretic peptide levels.168 In accordance with that study, our data also suggested that
depression was predictive only of increased mortality in those with severely impaired
LVEF. Patients with a low LVEF may be more susceptible to the potential underlying
mechanisms discussed in section 2.5 than patients with higher ejection fraction, e.g., non42

adherence to heart failure medication and lifestyle recommendations is likely more
common among depressed than non-depressed patients and likely to have higher
prognostic importance in patients with severely impaired ejection fraction. The strength of
the associations increased in current users of antidepressants, suggesting that active
depression may play a prognostic role for all-cause mortality in patients with heart failure.
It should be noted that the prevalence of comorbid conditions was lower in our heart
failure cohort than reported in other studies.23 Our results, however, reflect a different
health care system and inclusion of all hospital contacts with heart failure. The etiology for
heart failure may also vary by geographic region.

5.2.3 Heart failure and risk of dementia
Several studies have linked heart failure with impaired cognitive performance (e.g. low
Mini-Mental State Examination scores);169 however, a poorly understood aspect is the
association between heart failure and dementia. The Finnish population-based CAIDE
cohort study of 2000 individuals from the general population with more than 25 years of
follow-up showed that mid-life heart failure was not associated with all-cause dementia
(aHR=0.84; 95% CI, 0.33−2.13) or Alzheimer’s disease (aHR=1.11; 95% CI, 0.43−2.81),51
although the relatively wide CIs prevented firm conclusions. In contrast, the same study
revealed that among those with late-life heart failure, the risk of dementia (aHR=2.06; 95%
CI, 1.00−4.27) and Alzheimer’s disease (aHR=1.82; 95% CI, 0.84−3.37) was higher relative
to those without heart failure. This finding was also apparent in a Swedish populationbased cohort of 205 heart failure patients and 1096 individuals without heart failure (aHR
for all-cause dementia=1.84; 95% CI, 1.35−2.51; and aHR for Alzheimer’s disease=1.80;
95% CI, 1.25−2.61).52 Of particular interest, the associations slightly attenuated when
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restricted to heart failure patients receiving antihypertensive drugs, defined as
antiadrenergics, diuretics, or beta blockers (aHR for all-cause dementia=1.38; 95% CI,
0.99−1.94; and aHR for Alzheimer’s disease=1.39; 95% CI, 0.93−2.07), indicating that
guideline-based treatment of heart failure may at least partially reverse the association
between heart failure and dementia. Two population-based cohorts (AGES-Reykjavik
study142 and the Framingham Offspring cohort study141) of individuals without heart
failure also support an association between heart failure and dementia. In the AGESReykjavik study of 931 individuals, for each 10 mL reduction in left ventricular stroke
volume, the adjusted odds ratio for mild cognitive impairment or dementia was 1.40 (95%
CI, 0.99−2.00), and for each 1 L/min reduction in cardiac output, the adjusted odds ratio
was 1.24 (95% CI, 0.99−1.57). Among 1039 Framingham Offspring cohort study
participants, each standard deviation unit decrease in cardiac index increased the risk of
dementia (aHR=1.66; 95% CI, 1.11−2.47) and Alzheimer’s disease (aHR=1.65; 95% CI,
1.07−2.54).

5.2.4 Heart failure and risk of stroke
Few studies have compared the risk of stroke among patients with heart failure with that in
the general population.57-59 Our findings are confirmatory, pointing towards a higher stroke
rate among patients with heart failure, in particular in the short term. In the Danish Diet,
Cancer, and Health cohort study, comprising 1239 patients with incident heart failure and
50,314 individuals free of heart failure, the aHR for ischemic stroke was 2.3 (95% CI,
1.8−3.0); for hemorrhagic stroke, it was 1.8 (95% CI, 1.0−3.3).58 In analyses stratified by
various time intervals since heart failure diagnoses, the risk of a composite of death and
any stroke was markedly elevated in the first 30 days (aHR=35.7; 95% CI, 27.5−46.4), while
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it attenuated but persisted between 30 days and 6 months and beyond 6 months. In the
Rotterdam cohort study based on 7546 participants of whom 1247 had heart failure, the
overall aHR for ischemic stroke was 1.02 (95% CI, 0.77−1.37). 57 However, the 0–30-day
ischemic stroke rate was elevated almost five fold (aHR=4.60; 95% CI, 1.70−12.49) but
decreased from 30 days to 6 months (aHR=2.75; 95% CI, 1.53−4.94), even reversing the
risk association from 6 months to 5 years (aHR=0.58; 95% CI, 0.37−0.92). In a US cohort
study that included 630 heart failure patients, the risk of ischemic stroke was also
substantially increased during the first 30 days (standardized morbidity ratio=17.4; 95%
CI, 8.4−32.1),59 but in contrast to the Dutch study, the risk persisted over 5 years of followup (standardized morbidity ratio=2.9; 95% CI, 2.2−3.8). Among patients with heart failure,
declining LVEF has in several studies been shown to predict increased rates of stroke170-172
– a trend also observed in our analyses using length of hospital and stay in intensive care as
proxies for heart failure severity.

5.3 Methodological considerations
Epidemiological studies are prone to bias, which broadly can be classified as selection bias,
information bias, and confounding. Below, we discuss potential sources and directions of
bias in relation to each of the individual studies I–V.

5.3.1 Selection bias
Selection bias arises when an association between exposure and outcome is different in
study participants than in non-participants.46 Our studies I-II are susceptible to selection
bias because we restricted the study population to those in the Central Denmark Region
due to study feasibility. Although there may be some regional differences in coding
45

practices for cardiovascular diseases and interventions, the Danish health care system is
relatively homogeneous with respect to patient characteristics, health care usage, and use
of medication.173 Inherent to the nationwide population-based design with virtually no loss
to follow-up, selection bias was minimized in studies III–V and is unlikely to explain the
findings.

5.3.2 Information bias
The quality of our data is dependent on the validity of the coding used in each study.
Because the PPV of the heart failure diagnosis is around 80% in the DNPR, we have likely
included some patients without heart failure. A high PPV of the study population is of
particular importance to ensure that any effect of an exposure really applies to the study
population of interest. Thus, we repeated our analyses in study III, restricted to heart
failure patients from the Danish Heart Failure Registry, which did not change the results.

5.3.2.1 Misclassification of depression
The most widely applied criteria for diagnosing depression are based on the ICD-10.
However, potential misclassification of depression is very likely. Because diagnoses from
general practitioners are not recorded in the Danish registries, the sensitivity of depression
is assumed to be low in analyses solely based on hospital-based depression diagnoses. As
such, the cohort of non-depressed patients would comprise patients with depression,
which would potentially bias the results toward the null and therefore probably cannot
explain the findings of an association between depression and all-cause mortality reported
for patients with LVEF ≤35%.46 Although antidepressants can be used for indications other
than depression (e.g. panic disorder, obsessive compulsive disorder, neurogenic pain), we
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redefined depression based on redeemed prescription for antidepressants or hospitalbased diagnoses of depression, which resulted in slightly larger associations. Whereas the
PPV of depression is appropriate in the DPCR, the validity of depression in the DNPR is
unknown, but separate analyses of patients with depression recorded from the DNPR or
the DPCR produced similar adjusted MRRs. For almost 60% of the patients with a
depression diagnosis, we had no information on severity of depression, which may
contribute to the lack of a linear increase between the severity of depression and risk of
mortality.

5.3.2.2 Misclassification of outcomes
In study III, the results of our cause-specific mortality analysis should be interpreted with
caution because causes of death are assessed by physician-subjective judgment, which very
rarely is confirmed by findings from autopsy. In study IV, the possibility of surveillance bias
should be considered, as should overestimation of the risk of dementia as a consequence
because patients with heart failure may be in contact with the medical establishment more
often than the general population. Moreover, data on cognitive tests and diagnostic brain
images are not available in the Danish registries to confirm the diagnoses of dementia and
stroke. Although we lacked data on the results of computer tomography or magnetic
resonance scans of the brain to confirm diagnoses, our results in study V remained
unchanged when stroke outcomes were defined according to the combination of ICD codes
and a procedure code for computer tomography or magnetic resonance scans of the brain.
In addition, a higher prevalence of cardiovascular risk factors in the heart failure cohort
than in the general population comparison cohort may have promoted diagnostic bias,
explaining some of the association with vascular dementia and the null association with
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Alzheimer’s disease. In study V, we classified a large number of unspecified strokes as
ischemic stroke; however, recording is presumably independent of presence or absence of
heart failure, resulting in non-differential misclassification and thus conservative SRRs, but
likely an overestimation of the absolute ischemic stroke risks in the heart failure and
comparison cohorts.

5.3.3 Confounding
Confounding is an important issue to consider in all epidemiologic studies. Confounding
relates to a mixture of effects between the exposure and other variables, resulting in biased
estimates, and it can be classified as unknown and known confounding, as well as
measured (including insufficiently measured confounders, which is often referred to as
residual confounding) and unmeasured confounding.46 To fulfill the confounder criteria, a
variable must be associated with the exposure and the outcome, should not be on the
causal pathway, and should be unequally distributed among the exposed and unexposed
groups.46 As we did, confounding can be addressed by matching, restriction, multivariable
analysis, and stratification. In our studies, potential confounders such as apolipoprotein E
status (study IV),174 lifestyle factors including smoking (studies IV-V) and physical exercise
(studies III–V), socioeconomic status (studies IV-V), and depression (studies IV-V) were
unavailable or were available only for some of the studies. In study III, data were available
on smoking habits and alcohol use for the Danish Heart Failure cohort, but additional
adjustment for these variables left the results broadly unchanged, suggesting that we, at
least partly, indirectly adjusted for these covariables by adjusting for comorbidity
reflecting chronic exposure to alcohol and smoking and socioeconomic variables. In
general, there was no missing data problem in our studies, except for study III, where data
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on smoking and alcohol were missing for 15%–25% of the patients in the Danish Heart
Failure cohort, which we tried to account for by using multiple imputation techniques.161
Data on education were missing exclusively from the oldest age group in the heart failure
cohort and were thus not data missing at random, preventing the use of multiple
imputation to account for missing data on education.

5.3.4 Limitations of long-term studies
Assessing long-time risk associated with an exposure is complex. First, the difficulty is that
the composition of the population is continuously changing.175 We observed a markedly
high mortality rate in our cohort of heart failure patients, and those at highest risk tend to
die first. It should be emphasized that our long-term risk estimates relate only to those who
survived until the subsequent follow-up period. Thus, for 1- to 30-year estimates, for
example, these results relate only to one-year survivors. Second, in long-term studies,
diagnostic criteria for study cohorts, exposures, and outcomes as well as treatment
guidelines and the organization of the health care system may change over time, which
should be taken into account. Third, we studied the clinical course after a first
hospitalization for heart failure, and because changes in depression status or
cardiovascular risk factors over time are on the causal pathway to a subsequent event, this
factor was not accounted for in the analyses. The causal question is complex, and many
mediators cannot be subtracted from the Danish registries while others have complex
patterns over time. Thus, determining post-exposure and time-varying effects was not the
aim of our studies.
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5.4 Perspectives
Our findings have some implications. Unlike sensitivity and specificity, PPV is affected by
the prevalence of a disease.46,176 We conducted these validation studies to provide context
to epidemiologic studies of cardiovascular diseases and cardiac interventions in the DNPR.
Researchers should always prioritize among measures of data quality (i.e. sensitivity,
specificity, and PPV) based on intended use.176 Prioritizing a high PPV is particularly
important when sampling study cohorts.176 Depending on their respective aims, our studies
indicate that the DNPR is useful for assessing prognosis related to most cardiovascular
diseases and interventions. Future validation studies should address and quantify potential
misclassification of cardiovascular diagnoses and cardiac interventions across exposure
groups, focus on improving algorithms for identifying diseases and intervention with low
or moderate PPV (e.g. recurrent events and heart failure), and include other measures of
data quality, including sensitivity, specificity, and negative predictive value.
As the prevalence of heart failure rises, it will become increasingly important to evaluate
related prognostic factors and complications. Although randomized trials have been
neutral on use of selective serotonin reuptake inhibitors for treating heart failure patients
with depression, clinicians should be aware of depression in patients with heart failure to
improve quality of life and ensure high adherence, particularly among patients with
severely impaired LVEF. More studies identifying who is susceptible to depression and to
develop treatment strategies are highly warranted.
Finally, the results of our studies add to emerging evidence implying that clinicians should
consider heart failure as a risk factor for all-cause dementia and stroke. Future studies
should focus on developing strategies to prevent or delay onset of dementia and stroke in
patients with heart failure to improve prognosis in these patients (tertiary prophylaxis).
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6. Summary
Heart failure is a complex clinical syndrome and one of the leading causes of morbidity and
mortality with a prevalence of 1%–2% of the adult population. The prognosis is poor with a
5-year mortality rate of 50%, which partly can be attributed to the presence of concomitant
comorbidity, including neurological and psychiatric comorbidities. However, the
prognostic impact of depression and the role of heart failure as a risk factor for dementia
and stroke are not fully understood.
Denmark is well-known for its unique health registries. The DNPR has been widely used in
cardiovascular research in the past decades, although the accuracy of several diseases and
interventions is largely unknown.
This thesis explored the PPV of a range of cardiovascular diagnoses including heart failure
(study I) and cardiac interventions (study II) recorded in the DNPR. In addition, we aimed
to provide new insights into the impact of depression on mortality in heart failure patients
with reduced and preserved left ventricular ejection fraction (study III). Finally, we studied
the association between heart failure and subsequent short-term and long-term risks of
dementia (study IV) and ischemic and hemorrhagic stroke (study V).
In studies I-II, we identified 3386 patients with various cardiovascular diagnoses or cardiac
interventions during 2010−2012 using the DNPR. Patient medical charts served as the gold
standard for diagnosis confirmation and were adjudicated by physicians. We found a high
PPV (≥90%) for the majority of the patients while the PPV was somewhat lower for
myocarditis, heart failure, and recurrent events.
In study III, we analyzed 205,719 patients with incident heart failure during 1995−2014. A
history of depression was associated with 15%–20% increased mortality rate in patients
with LVEF ≤35% and when defining depression based on a combination of redeemed
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antidepressant prescription and hospital-based diagnoses, but not when depression was
ascertained based solely on diagnoses.
In study IV, we included 324,418 heart failure patients and a general population
comparison cohort comprising 1,622,079 individuals matched for age and sex during
1980−2012. The heart failure cohort had a 21% increased rate of all-cause dementia,
mainly driven by increased hazards of vascular dementia and other dementia, whereas
heart failure was not associated with Alzheimer’s disease.
In study V, we identified and followed 289,353 patients with heart failure and 1,446,765
individuals from the general population matched for age, sex, and calendar year. Heart
failure patients had a five-fold elevated rate of ischemic stroke, two-fold increased rate of
ICH, and a four-fold increased rate of SAH within 30 days. These associations receded
towards the null but persisted over 30 years.
In conclusion, the DNPR contains data on several cardiovascular diagnoses and cardiac
interventions recorded with high PPVs. Our data also suggest that a history of depression is
an adverse prognostic factor for death in patients with heart failure and low LVEF. Finally,
heart failure emerged as a risk factor for all-cause dementia as well as for both ischemic
and hemorrhagic stroke.
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7. Dansk resume
Hjertesvigt en klinisk tilstand med symptomer og tegn på nedsat hjertepumpefunktion.
Prævalensen anslås til 1%-2%. Hjertesvigt indebærer overordnet en dårlig prognose med
en 5-års mortalitet på omkring 50%, hvilket til dels synes at kunne være forklaret ved
tilstedeværelse af komorbiditet, herunder neurologisk og psykiatrisk komorbiditet. Den
prognostiske betydning af depression hos patienter med hjertesvigt og om hjertesvigt er en
risikofaktor for udvikling af demens og apoplexi er dog ikke fuldt klarlagt.
Danmark har helt unikke sundhedsregistre. Landspatientregistret er hyppigt anvendt
indenfor forskning i hjertekarsygdomme, men det er væsentligt at vide, at der er en
begrænset evidens for validiteten af visse diagnoser og koder, som bør tages i betragtning
forud for gennemførelse af alle registerstudier.
Formålet med denne afhandling var at undersøge den positive prædiktive værdi (PPV) af
en række kardiovaskulære udskrivningsdiagnoser herunder hjertesvigtsdiagnosen (studie
I) samt kardiovaskulære undersøgelser, procedurer, og kirurgiske indgreb (studie II).
Derudover undersøgte vi den prognostiske betydning af depression for dødeligheden hos
patienter med hjertesvigt (studie III), og vi undersøgte om hjertesvigt er en risikofaktor vi
udviklingen af demens (studie IV) og apoplexi (studie V).
I studie I og II brugte vi Landspatientregistret til at identificere 3386 patienter med en
kardiovaskulær udskrivningsdiagnose eller en kardiologisk undersøgelse, procedure eller
kirurgiske indgreb i perioden 2010−2012. Med oplysninger i patientjournalen som
reference, fandt vi en høj PPV (≥90%) for de fleste diagnoser, undersøgelser, procedurer,
og kirurgiske indgreb, mens PPV var lavere for få sygdomme (myocarditis, hjertesvigt og
gentagne events).
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Studie III inkluderede 205,719 patienter med hjertesvigt identificeret i perioden
1995−2014. Vi fandt, at depression var associeret med en øget dødelighed i en subgruppe
af patienter med en venstre ventrikel ejection fraction ≤35% og hvis man definerede
depression ved kombinationen af diagnoser og indløste recepter på antidepressiva, men
ikke hos andre hjertesvigtspatienter.
Studie IV inkluderede 324,418 hjertesvigtspatienter og 1,622,079 kontroller af samme
alder og køn fra baggrundsbefolkningen i perioden 1980−2012. Overordnet fandt vi en
21% øget risiko for demens i hjertesvigtskohorten sammenlignet med
baggrundsbefolkningskohorten. Hjertesvigt var ikke associeret med en øget risiko for
Alzheimer’s demens, men det overordnede estimatet var drevet af en øget risiko for
vaskulær demens og andre demenstyper.
Studie V inkluderede 289,353 patienter med hjertesvigt og 1,446,765 kontroller af samme
alder og køn fra baggrundsbefolkningen i perioden 1980−2013. Sammenlignet med
baggrundbefolkningskohorten var 30-dages risikoen hos hjertesvigtskohorten 5-fold øget
for iskæmisk apoplexi, 2-fold for intracerebral blødning, samt 4-fold for subarachnoidal
blødning. Hjertesvigtskohorten forblev i højere risiko for alle apoplexityper sammenlignet
med baggrundsbefolkningkohorten fra 31 dage efter og indtil 30 år efter deres diagnose.
Sammenfattende viste vores studier en høj PPV for en lang række kardiovaskulære
diagnoser, undersøgelser, procedurer samt kirurgiske indgreb kodet i
Landspatientregistret. Derudover fandt vi, at depression var en prognostisk factor for død,
men kun hos hjertesvigtspatienter med venstre ventrikel ejection fraction ≤35%. Endelig
tyder vores resultater på at hjertesvigt er en risikofaktor for udviklingen af demens og alle
apoplexi typer.
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ABSTRACT
Objective: The majority of cardiovascular diagnoses
in the Danish National Patient Registry (DNPR) remain
to be validated despite extensive use in epidemiological
research. We therefore examined the positive predictive
value (PPV) of cardiovascular diagnoses in the DNPR.
Design: Population-based validation study.
Setting: 1 university hospital and 2 regional hospitals
in the Central Denmark Region, 2010–2012.
Participants: For each cardiovascular diagnosis, up to
100 patients from participating hospitals were
randomly sampled during the study period using the
DNPR.
Main outcome measure: Using medical record
review as the reference standard, we examined the PPV
for cardiovascular diagnoses in the DNPR, coded
according to the International Classification of
Diseases, 10th Revision.
Results: A total of 2153 medical records (97% of the
total sample) were available for review. The PPVs
ranged from 64% to 100%, with a mean PPV of 88%.
The PPVs were ≥90% for first-time myocardial
infarction, stent thrombosis, stable angina pectoris,
hypertrophic cardiomyopathy, arrhythmogenic right
ventricular cardiomyopathy, takotsubo cardiomyopathy,
arterial hypertension, atrial fibrillation or flutter, cardiac
arrest, mitral valve regurgitation or stenosis, aortic
valve regurgitation or stenosis, pericarditis,
hypercholesterolaemia, aortic dissection, aortic
aneurysm/dilation and arterial claudication. The PPVs
were between 80% and 90% for recurrent myocardial
infarction, first-time unstable angina pectoris,
pulmonary hypertension, bradycardia, ventricular
tachycardia/fibrillation, endocarditis, cardiac tumours,
first-time venous thromboembolism and between 70%
and 80% for first-time and recurrent admission due to
heart failure, first-time dilated cardiomyopathy,
restrictive cardiomyopathy and recurrent venous
thromboembolism. The PPV for first-time myocarditis
was 64%. The PPVs were consistent within age, sex,
calendar year and hospital categories.
Conclusions: The validity of cardiovascular diagnoses
in the DNPR is overall high and sufficient for use in
research since 2010.

Strengths and limitations of this study
▪ This is the first validation study to include all
major cardiovascular diagnoses in the Danish
National Patient Registry.
▪ We sampled patients only from hospitals in the
Central Denmark Region. However, our results
are most likely generalisable to other parts of the
country as the Danish healthcare system is
homogeneous in structure and practice.
▪ We only validated patients diagnosed during
2010–2012 and therefore cannot extrapolate our
results to previous periods.

INTRODUCTION
Remarkable improvements have occurred in
the prevention and treatment of cardiovascular diseases during recent decades.1–4 Still,
cardiovascular diseases remain a leading
cause of death worldwide,5 underscoring the
need for further research. Registries constitute an important source of data for cardiovascular research in Denmark. The key
registry is the Danish National Patient
Registry (DNPR),6 which contains long-term
longitudinal data, prospectively collected
since 1977. The registry has nationwide
coverage of a homogeneous healthcare
system with free and equal access and holds
the possibility of individual-level data linkage
with other registries.7 8 However, the quality
of registry-based research largely depends on
the validity of the diagnostic codes used.
Existing validation studies for cardiovascular
diagnoses in the DNPR have been limited to
relatively few diagnoses.6 We therefore conducted a validation study to examine the
positive predictive value (PPV) of diagnoses
in the DNPR for all major cardiovascular
diseases.
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METHODS
Setting
Denmark is divided into ﬁve regions, each of which is
representative of the Danish population with respect to
demographic and socioeconomic characteristics as well
as healthcare usage and medication use.9 Each region
typically has one major university hospital (including a
high volume cardiac centre) and several smaller regional
hospitals. The Danish National Health Service provides
free universal tax-supported healthcare, guaranteeing
unfettered access to general practitioners and hospitals.6
Study population
We used the DNPR to randomly sample inpatient and
outpatient hospital diagnoses from the Central Denmark
Region between 1 January 2010 and 31 December 2012.
The Central Denmark Region has a source population
of 1.2 million inhabitants. Within the Central Denmark
Region, we sampled speciﬁcally from the university hospital (Aarhus University Hospital) and two regional hospitals (Regional Hospitals of Randers and Herning).8
The DNPR has recorded data on dates of admission and
discharge from all Danish non-psychiatric hospitals since
1977 and on dates of emergency room and outpatient
clinic visits since 1995.6 Each hospital discharge or outpatient visit is recorded 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 10th Revision
(ICD-10) thereafter.6
Our study population consisted of patients discharged
with a primary or secondary ﬁrst-time diagnosis from
departments of cardiology, internal medicine, acute
medicine and neurology in the three hospitals. For myocardial infarction, heart failure and venous thromboembolism, we also validated recurrent events. For most
diseases, both inpatient and outpatient diagnoses were
included (see online supplementary table S1). However,
for diseases expected only to be diagnosed at inpatient
admission (eg, myocardial infarction, aortic dissection,
cardiac arrest), we only sampled inpatient diagnoses to
avoid potential misclassiﬁcation. Up to 100 patients were
sampled from the DNPR for each of the diagnoses,
which included ﬁrst-time acute myocardial infarction
(subsequently stratiﬁed by ST-elevation (STEMI) and
non-ST-elevation myocardial infarction (NSTEMI)),
recurrent myocardial infarction, stent thrombosis, stable
angina pectoris, unstable angina pectoris, ﬁrst-time
heart failure, heart failure readmission, arterial hypertension, pulmonary hypertension, atrial ﬁbrillation or
ﬂutter, bradycardia, ventricular tachycardia or ﬁbrillation, cardiac arrest with indication for resuscitation,
endocarditis, myocarditis, pericarditis, ﬁrst-time venous
thromboembolism (subsequently stratiﬁed by deep
venous thrombosis and pulmonary embolism), recurrent
venous thromboembolism (subsequently stratiﬁed by
deep venous thrombosis and pulmonary embolism),
arterial claudication, hypercholesterolaemia and cardiac
2

tumours. We sampled up to 100 cases for cardiomyopathy (by sampling 20 diagnoses each for dilated, hypertrophic, restrictive, arrhythmogenic right ventricular and
takotsubo cardiomyopathy), valvular heart disease (sampling 50 diagnoses each for mitral valve regurgitation or
stenosis, and aortic valve regurgitation or stenosis) and
aortic diseases (sampling 50 diagnoses each for aortic
dissection and aneurysm/dilation).
Recurrent myocardial infarction and readmission due
to heart failure were deﬁned as the ﬁrst readmission
after the initial diagnosis. Sampling of ﬁrst-time and
recurrent events was independent. Hence, recurrent
events could potentially include patients also included
in the random sample for validation of ﬁrst-time events.
To avoid situations in which a transfer from one department to another was registered as a new diagnosis, we
required that patients should be discharged for
>24 hours before readmission could be registered as a
true recurrent event. Bradycardia was deﬁned as sinus
node dysfunction or atrioventricular block. For venous
thromboembolism, we deﬁned recurrent events as
admissions occurring >3 months after the initial diagnosis as guidelines recommend at least 3 months of anticoagulant therapy following venous thromboembolism.10
All ICD codes used in the study are provided in online
supplementary table S1. The patients were sampled
using SAS V.9.2 (SAS Institute, Cary, North Carolina,
USA).
Medical record review
Medical record review was used as the reference standard. We did not have access to ECGs or other paraclinical recordings that supported the clinician’s decision.
However, descriptions of such recordings were available
in the medical records and included in the review
process. Three physicians ( JS, KA and TM) reviewed the
medical records and judged whether they conﬁrmed the
cardiovascular diagnosis coded in the DNPR. If the diagnosis was not described in the discharge summary or if
the discharge summary was not available, the full
medical record was reviewed to examine whether the
diagnosis code could be conﬁrmed. Review of the discharge summary/medical records began with conﬁrmation of the Civil Personal Register number (unique
personal identiﬁer) and discharge date for each hospital
contact retrieved from the DNPR. The diagnoses from
the discharge summary and/or medical records were
then compared with the diagnoses in the DNPR. Events
coded in the DNPR as recurrent were considered
correct if they were truly new events (for myocardial
infarction and venous thromboembolism) and for heart
failure if the readmission was due to a heart failure
exacerbation. If the reviewing physician was uncertain
whether the discharge summary or medical record
agreed with the ICD-10 code, a second independent
review was performed by one of the two other physicians. In case of disagreement, a consensus agreement
was reached.
Sundbøll J, et al. BMJ Open 2016;6:e012832. doi:10.1136/bmjopen-2016-012832
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Figure 1 Positive predictive values of cardiovascular diagnoses in the Danish National Patient Registry. Ratio, denotes
confirmed diagnoses/available records; PPV, positive predictive value; STEMI, ST segment elevation myocardial infarction;
NSTEMI, non-STEMI.

Data were entered into Epidata V.3.1 (EpiData
Association, Odense, Denmark, http://www.epidata.dk)
using a medical chart extraction form (see online
supplementary table S2).
Statistical analysis
For each diagnosis, we computed the PPV with 95% CIs
according to the Wilson score method.11 The PPV was
Sundbøll J, et al. BMJ Open 2016;6:e012832. doi:10.1136/bmjopen-2016-012832

computed as the proportion of diagnoses retrieved from
the DNPR that could be conﬁrmed in the discharge
summary or medical record. For venous thromboembolism (including deep venous thrombosis and pulmonary
embolism), we recalculated the PPVs for patients having
an ultrasound and/or CT scan recorded in the registry
during the index admission and for those who had
neither of these registered. To calculate the mean PPV
3
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Table 1 Positive predictive values of venous thromboembolism diagnoses in the Danish National Patient Registry, by
diagnostic modalities during admission

First-time venous thromboembolism
No ultrasound or CT scan during admission
Ultrasound or CT scan during admission
Ultrasound and CT scan during admission
Recurrent venous thromboembolism
No ultrasound or CT scan during admission
Ultrasound or CT scan during admission
Ultrasound and CT scan during admission

Number of patients
sampled

Confirmed diagnoses/
available records

Positive predictive
value, % (95% CI)

100
22
77
13
100
25
72
7

87/99
17/22
70/77
13/13
67/93
11/25
56/68
5/7

88 (80 to
77 (57 to
91 (82 to
100 (77 to
72 (62 to
44 (27 to
82 (72 to
71 (36 to

93)
90)
96)
100)
80)
63)
90)
92)

for all cardiovascular diseases, we divided the total
number of correct cases by the total number of validated
cases. We stratiﬁed the analyses by age group (<60 years,
60–80 years and >80 years), sex, calendar year (2010,
2011 and 2012), hospital type (regional or university
hospital), type of diagnosis ( primary or secondary) and
type of hospital contact (inpatient or outpatient).
Furthermore, we performed subgroup analyses for
myocardial infarction (STEMI and NSTEMI diagnoses)
and ﬁrst-time and recurrent venous thromboembolism
(deep venous thrombosis and pulmonary embolism
diagnoses).

ultrasound scan during hospitalisation (PPV=91%), and
receipt of both a CT and ultrasound scan during hospitalisation (PPV=100%; table 1).
The PPVs were consistent within age, sex, calendar
year and hospital categories (tables 2 and 3). The stratiﬁed analyses by type of diagnosis and type of hospital
contact revealed that the main results were driven by
primary diagnoses from inpatient admissions. Thus,
primary and inpatient diagnoses occurred most frequently, and the PPVs associated with these diagnosis
types overall tended to be higher than for secondary
and outpatient diagnoses (table 4).

RESULTS
We identiﬁed 2212 patients from the DNPR with cardiovascular diagnoses during 2010–2012. Medical records
were available for 2153 patients (97% of the total
sample). For the most common diseases, 100 patients
were sampled; for rare diseases, fewer patients were available for sampling (ﬁgure 1). PPVs ranged between 64%
and 100% with a mean PPV of 88%. PPVs were ≥90%
for ﬁrst-time myocardial infarction (including STEMI
and NSTEMI), stent thrombosis, stable angina pectoris,
hypertrophic cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, takotsubo cardiomyopathy,
arterial hypertension, atrial ﬁbrillation or ﬂutter, cardiac
arrest with indication for resuscitation, mitral valve
regurgitation or stenosis, aortic valve regurgitation or
stenosis, pericarditis, hypercholesterolaemia, aortic dissection, aortic aneurysm/dilation and arterial claudication (ﬁgure 1). The distribution of cardiac arrest was
57% out of hospital, 30% inhospital and 13% undetermined. Apart from myocarditis (PPV=64%), the remaining PPVs were between 80% and 90% for recurrent
myocardial infarction, unstable angina pectoris, pulmonary hypertension, bradycardia, ventricular tachycardia or
ﬁbrillation, endocarditis, cardiac tumours, ﬁrst-time
venous thromboembolism and between 70% and 80%
for ﬁrst-time and recurrent admission for heart failure,
dilated cardiomyopathy, restrictive cardiomyopathy and
recurrent venous thromboembolism. The PPV for
venous thromboembolism improved when the following
additional criteria were applied: receipt of CT or

DISCUSSION
The DNPR accurately recorded diagnoses of the most
common cardiovascular diseases during 2010–2012, with
the PPV exceeding 90% for myocardial infarction, arterial hypertension, atrial ﬁbrillation or ﬂutter, valvular
heart disease, aortic diseases and ﬁrst-time venous
thromboembolism. As an exception among the most frequent diseases, the PPV for heart failure was lower. For
less common conditions, the PPV varied from 64% for
myocarditis to 100% for takotsubo cardiomyopathy. The
PPV for recurrent myocardial infarction was 88%, but
somewhat lower for readmission for heart failure (76%)
and recurrent venous thromboembolism (72%). The
lower PPVs for recurrent events are most likely inﬂuenced by secondary recordings of the initial event as
part of follow-up visits or during successive hospital contacts without the occurrence of a truly new event. The
results were consistent in age, sex and calendar year
categories.
This is the ﬁrst validation study to include all major
cardiovascular diagnoses in the DNPR. Comparing our
results with previous Danish validation studies, it is
apparent that the PPVs have improved over time for
many cardiovascular diagnoses in the DNPR.6 This may
be explained by increased awareness of correct coding,
implementation of clear guidelines and deﬁnitions of
individual diseases, and improved availability of diagnostic modalities.6 Thus, the PPV of coding has
improved for myocardial infarction (PPV=100% during
1996–2009,12 98% during 1998–2007,13 92% during
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<60 years
Confirmed
diagnoses/
available
records

60–80 years
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

>80 years
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

Men
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

Women
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

29/30

97 (83 to 99)

47/48

98 (89 to 100)

20/21

95 (77 to 99)

61/63

97 (89 to 99)

35/36

97 (86 to 100)

17/19

89 (69 to 97)

51/57

89 (79 to 95)

20/24

83 (64 to 93)

61/69

88 (79 to 94)

27/31

87 (71 to 95)

9/9

100 (70 to 100)

11/13

85 (58 to 96)

2/2

100 (34 to 100)

15/16

94 (72 to 99)

7/8

88 (53 to 98)

25/29
24/28

86 (69 to 95)
86 (69 to 94)

51/54
51/57

94 (85 to 98)
89 (79 to 95)

13/13
9/11

100 (77 to 100)
82 (52 to 95)

63/69
48/55

91 (82 to 96)
87 (76 to 94)

26/27
36/41

96 (82 to 99)
88 (74 to 95)

13/13
7/14

100 (77 to 100)
50 (27 to 73)

37/50
42/50

74 (60 to 84)
84 (71 to 92)

22/32
24/32

69 (51 to 82)
75 (58 to 87)

50/60
45/56

83 (72 to 91)
80 (68 to 89)

22/35
28/40

63 (46 to 77)
70 (55 to 82)

32/33
3/3
5/5

97 (85 to 99)
100 (44 to 100)
100 (57 to 100)

40/44
11/13
9/10

91 (79 to 96)
85 (58 to 96)
90 (60 to 98)

8/12
1/4
4/5

67 (39 to 86)
25 (5 to 70)
80 (38 to 96)

38/44
6/10
12/13

86 (73 to 94)
60 (31 to 83)
92 (67 to 99)

42/45
9/10
6/7

93 (82 to 98)
90 (60 to 98)
86 (49 to 97)

2/3

67 (21 to 94)

5/6

83 (44 to 97)

0/0

N/A

4/5

80 (38 to 96)

3/4

75 (30 to 95)

14/14

100 (78 to 100)

6/6

100 (61 to 100)

0/0

N/A

14/14

100 (78 to 100)

6/6

100 (61 to 100)

8/8

100 (68 to 100)

9/9

100 (70 to 100)

3/3

100 (44 to 100)

2/2

100 (34 to 100)

18/18

100 (82 to 100)

20/24
24/28

83 (64 to 93)
86 (69 to 94)

52/55
41/50

95 (85 to 98)
82 (69 to 90)

17/18
22/22

94 (74 to 99)
100 (85 to 100)

48/55
36/41

87 (76 to 94)
88 (74 to 95)

41/42
51/59

98 (88 to 100)
86 (75 to 93)

14/15
14/14
27/31

93 (70 to 99)
100 (78 to 100)
87 (71 to 95)

49/53
35/40
37/51

92 (82 to 97)
88 (74 to 95)
73 (59 to 83)

29/29
38/46
13/14

100 (88 to 100)
83 (69 to 91)
93 (69 to 99)

50/53
49/55
50/60

94 (85 to 98)
89 (78 to 95)
83 (72 to 91)

42/44
38/45
27/36

95 (85 to 99)
84 (71 to 92)
75 (59 to 86)

31/31

100 (89 to 100)

43/45

96 (85 to 99)

20/24

83 (64 to 93)

69/73

95 (87 to 98)

25/27

93 (77 to 98)

8/9

89 (57 to 98)

22/23

96 (79 to 99)

17/17

100 (82 to 100)

20/22

91 (72 to 97)

27/27

100 (88 to 100)

6/6

100 (61 to 100)

22/23

96 (79 to 99)

21/21

100 (85 to 100)

21/22

95 (78 to 99)

28/28

100 (88 to 100)

21/24
33/39

88 (69 to 96)
85 (70 to 93)

40/47
8/18

85 (72 to 93)
44 (25 to 66)

18/25
1/9

72 (52 to 86)
11 (2 to 44)

62/75
30/43

83 (73 to 90)
70 (55 to 81)

17/21
12/23

81 (60 to 92)
52 (33 to 71)

5

Continued

Open Access

Myocardial infarction
First-time myocardial
infarction
Recurrent myocardial
infarction
Stent thrombosis
Angina pectoris
Stable angina pectoris
Unstable angina pectoris
Heart failure
First-time heart failure
Readmission for heart
failure
Cardiomyopathy
Cardiomyopathy overall
Dilated cardiomyopathy
Hypertrophic
cardiomyopathy
Restrictive
cardiomyopathy
Arrhythmogenic right
ventricular
cardiomyopathy
Takotsubo
cardiomyopathy
Hypertension
Arterial hypertension
Pulmonary hypertension
Cardiac arrhythmias
Atrial fibrillation or flutter
Bradycardia
Ventricular tachycardia
or fibrillation
Cardiac arrest
Valvular heart disease
Mitral regurgitation or
stenosis
Aortic regurgitation or
stenosis
Inflammation/infection
Endocarditis
Myocarditis

Positive
predictive
value, %
(95% CI)
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6
<60 years
Confirmed
diagnoses/
available
records
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Pericarditis
Aortic diseases
Aortic dissection
Aortic aneurysm/dilation
Venous thromboembolism
First-time venous
thromboembolism
First-time deep venous
thrombosis
First-time pulmonary
embolism
Recurrent venous
thromboembolism
Recurrent deep venous
thrombosis
Recurrent pulmonary
embolism
Other
Arterial claudication
Hypercholesterolaemia
Cardiac tumours

Positive
predictive
value, %
(95% CI)

60–80 years
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

>80 years
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

Men
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

Women
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

50/55

91 (80 to 96)

36/39

92 (80 to 97)

4/4

100 (51 to 100)

59/65

91 (81 to 96)

31/33

94 (80 to 98)

18/19
4/4

95 (75 to 99)
100 (51 to 100)

24/27
34/34

89 (72 to 96)
100 (90 to 100)

4/4
12/12

100 (51 to 100)
100 (76 to 100)

30/31
31/31

97 (84 to 99)
100 (89 to 100)

16/19
19/19

84 (62 to 94)
100 (83 to 100)

25/29

86 (69 to 95)

47/51

92 (82 to 97)

15/19

79 (57 to 91)

36/42

86 (72 to 93)

51/57

89 (79 to 95)

16/19

84 (62 to 94)

22/24

92 (74 to 98)

5/7

71 (36 to 92)

21/23

91 (73 to 98)

22/27

81 (63 to 92)

9/10

90 (60 to 98)

25/27

93 (77 to 98)

10/12

83 (55 to 95)

15/19

79 (57 to 91)

29/30

97 (83 to 99)

18/26

69 (50 to 84)

31/42

74 (59 to 85)

18/25

72 (52 to 86)

40/53

75 (62 to 85)

27/40

68 (52 to 80)

12/16

75 (51 to 90)

12/17

71 (47 to 87)

5/6

83 (44 to 97)

18/24

75 (55 to 88)

11/15

73 (48 to 89)

6/10

60 (31 to 83)

19/25

76 (57 to 89)

13/19

68 (46 to 85)

22/29

76 (58 to 88)

16/25

64 (45 to 80)

10/10
35/37
11/11

100 (72 to 100)
95 (82 to 99)
100 (74 to 100)

63/70
44/46
10/13

90 (81 to 95)
96 (85 to 99)
77 (50 to 92)

15/17
11/11
1/2

88 (66 to 97)
100 (74 to 100)
50 (9 to 91)

49/57
55/58
9/11

86 (75 to 93)
95 (86 to 98)
82 (52 to 95)

39/40
35/36
13/15

98 (87 to 100)
97 (86 to 100)
87 (62 to 96)
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2010
Confirmed
diagnoses/
available
records

2011
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

2012
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

University hospital
Confirmed
Positive
diagnoses/ predictive
available
value, %
records
(95% CI)

Regional hospital
Confirmed
Positive
diagnoses/ predictive
available
value, %
records
(95% CI)

34/35

97 (85 to 99)

28/29

97 (83 to 99)

34/35

97 (85 to 99)

59/61

97 (89 to 99)

37/38

97 (87 to 100)

28/33

85 (69 to 93)

35/38

92 (79 to 97)

25/29

86 (69 to 95)

47/51

92 (82 to 97)

41/49

84 (71 to 91)

6/6

100 (61 to 100)

7/9

78 (45 to 94)

9/9

100 (70 to 100)

20/21

95 (77 to 99)

2/3

67 (21 to 94)

32/35
26/29

91 (78 to 97)
90 (74 to 96)

27/29
31/36

93 (78 to 98)
86 (71 to 94)

30/32
27/31

94 (80 to 98)
87 (71 to 95)

63/68
40/46

93 (84 to 97)
87 (74 to 94)

26/28
44/50

93 (77 to 98)
88 (76 to 94)

25/31
21/28

81 (64 to 91)
75 (57 to 87)

27/38
30/38

71 (55 to 83)
79 (64 to 89)

20/26
22/30

77 (58 to 89)
73 (56 to 86)

29/40
27/37

73 (57 to 84)
73 (57 to 85)

43/55
46/59

78 (66 to 87)
78 (66 to 87)

22/25
1/2
4/5

88 (70 to 96)
50 (9 to 91)
80 (38 to 96)

22/24
6/7
5/5

92 (74 to 98)
86 (49 to 97)
100 (57 to 100)

36/40
8/11
9/10

90 (77 to 96)
72 (43 to 90)
90 (60 to 98)

61/66
6/8
11/12

92 (83 to 97)
75 (41 to 93)
92 (65 to 99)

19/23
9/12
7/8

83 (63 to 93)
75 (47 to 91)
88 (53 to 98)

3/4

75 (30 to 95)

1/2

50 (9 to 91)

3/3

100 (44 to 100)

7/9

78 (45 to 94)

0/0

N/A

8/8

100 (68 to 100)

7/7

100 (65 to 100)

5/5

100 (57 to 100)

20/20

100 (84 to 100)

0/0

N/A

6/6

100 (61 to 100)

3/3

100 (44 to 100)

11/11

100 (74 to 100)

17/17

100 (82 to 100)

3/3

100 (44 to 100)

14/15
24/28

93 (70 to 99)
86 (69 to 94)

39/43
26/31

91 (78 to 96)
84 (67 to 93)

36/39
37/41

92 (80 to 97)
90 (77 to 96)

35/41
49/60

85 (72 to 93)
82 (70 to 89)

54/56
38/40

96 (88 to 99)
95 (84 to 99)

27/29
24/26
23/30

93 (78 to 98)
92 (76 to 98)
77 (59 to 88)

30/32
28/35
21/27

94 (80 to 98)
80 (64 to 90)
78 (59 to 89)

35/36
35/39
33/39

97 (86 to 100)
90 (76 to 96)
85 (70 to 93)

30/33
61/71
49/63

91 (76 to 97)
86 (76 to 92)
78 (66 to 86)

62/64
26/29
28/33

97 (89 to 99)
90 (74 to 96)
85 (69 to 93)

29/32

91 (76 to 97)

26/26

100 (87 to 100)

39/42

93 (81 to 98)

72/75

96 (89 to 99)

22/25

88 (70 to 96)

9/10

90 (60 to 98)

15/16

94 (72 to 99)

23/23

100 (86 to 100)

30/32

94 (80 to 98)

17/17

100 (82 to 100)

13/13

100 (77 to 100)

16/16

100 (81 to 100)

20/21

95 (77 to 99)

29/29

100 (88 to 100)

20/21

95 (77 to 99)

25/29
14/21

86 (69 to 95)
67 (45 to 83)

26/29
14/24

90 (74 to 96)
58 (39 to 76)

28/38
14/21

74 (58 to 85)
67 (45 to 83)

49/59
33/49

83 (72 to 91)
67 (53 to 79)

30/37
9/17

81 (66 to 91)
53 (31 to 74)
Continued
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Open Access

Myocardial infarction
First-time myocardial
infarction
Recurrent myocardial
infarction
Stent thrombosis
Angina pectoris
Stable angina pectoris
Unstable angina pectoris
Heart failure
First-time heart failure
Readmission for heart
failure
Cardiomyopathy
Cardiomyopathy overall
Dilated cardiomyopathy
Hypertrophic
cardiomyopathy
Restrictive
cardiomyopathy
Arrhythmogenic right
ventricular
cardiomyopathy
Takotsubo
cardiomyopathy
Hypertension
Arterial hypertension
Pulmonary hypertension
Cardiac arrhythmias
Atrial fibrillation or flutter
Bradycardia
Ventricular tachycardia
or fibrillation
Cardiac arrest
Valvular heart disease
Mitral regurgitation or
stenosis
Aortic regurgitation or
stenosis
Inflammation/infection
Endocarditis
Myocarditis

Positive
predictive
value, %
(95% CI)
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8
2010
Confirmed
diagnoses/
available
records

Sundbøll J, et al. BMJ Open 2016;6:e012832. doi:10.1136/bmjopen-2016-012832

Pericarditis
Aortic diseases
Aortic dissection
Aortic aneurysm/dilation
Venous thromboembolism
First-time venous
thromboembolism
First-time deep venous
thrombosis
First-time pulmonary
embolism
Recurrent venous
thromboembolism
Recurrent deep venous
thrombosis
Recurrent pulmonary
embolism
Other
Arterial claudication
Hypercholesterolaemia
Cardiac tumours

Positive
predictive
value, %
(95% CI)

2011
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

2012
Confirmed
diagnoses/
available
records

Positive
predictive
value, %
(95% CI)

University hospital
Confirmed
Positive
diagnoses/ predictive
available
value, %
records
(95% CI)

Regional hospital
Confirmed
Positive
diagnoses/ predictive
available
value, %
records
(95% CI)

31/36

86 (71 to 94)

30/31

97 (84 to 99)

29/31

93 (79 to 98)

60/67

90 (80 to 95)

30/31

97 (84 to 99)

11/14
13/13

79 (52 to 92)
100 (77 to 100)

16/16
23/23

100 (81 to 100)
100 (86 to 100)

19/20
14/14

95 (76 to 99)
100 (78 to 100)

32/36
36/36

89 (75 to 96)
100 (90 to 100)

14/14
14/14

100 (78 to 100)
100 (78 to 100)

25/28

89 (73 to 96)

30/33

91 (76 to 97)

32/38

84 (70 to 93)

28/34

82 (66 to 92)

59/65

91 (81 to 96)

13/15

87 (62 to 96)

13/14

93 (69 to 99)

17/21

81 (60 to 92)

13/16

81 (57 to 93)

30/34

88 (73 to 95)

12/13

92 (67 to 99)

17/19

89 (69 to 97)

15/17

88 (66 to 97)

15/18

83 (61 to 94)

29/31

94 (79 to 98)

22/27

81 (63 to 92)

20/29

69 (51 to 83)

25/37

68 (51 to 80)

25/39

64 (48 to 77)

42/54

78 (65 to 87)

9/11

82 (52 to 95)

9/13

69 (42 to 87)

11/15

73 (48 to 89)

6/10

60 (31 to 83)

23/29

79 (62 to 90)

13/16

81 (57 to 93)

11/16

69 (44 to 86)

14/22

64 (43 to 80)

19/29

66 (47 to 80)

19/25

76 (57 to 89)

18/20
27/30
2/3

90 (70 to 97)
90 (74 to 97)
67 (21 to 94)

33/37
30/31
9/11

89 (75 to 96)
97 (84 to 99)
82 (52 to 95)

37/40
33/33
11/12

93 (80 to 97)
100 (90 to 100)
92 (65 to 99)

86/95
48/51
17/18

91 (83 to 95)
94 (84 to 98)
94 (74 to 99)

2/2
42/43
5/8

100 (34 to 100)
98 (88 to 100)
63 (31 to 86)
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Table 3 Continued

Primary diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

Inpatient diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

Outpatient diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

88/89
88/100
14/15

99 (94 to 100)
88 (80 to 93)
93 (70 to 99)

8/10
0/0
8/9

80 (49 to 94)
–
89 (57 to 98)

–
–
–

–
–
–

–
–
–

–
–
–

68/73
80/90

93 (85 to 97)
89 (81 to 94)

21/23
4/6

91 (73 to 98)
67 (30 to 90)

–
–

–
–

–
–

–
–

31/39
73/96

79 (64 to 89)
76 (67 to 83)

41/56
0/0

73 (60 to 83)
–

–
–

–
–

–
–

–
–

56/61
8/10
11/12
6/8
11/11

92 (82 to 96) 24/37
80 (49 to 94)
7/10
92 (65 to 99)
7/8
75 (41 to 93)
1/1
100 (74 to 100)
9/9

20/20

100 (84 to 100)

30/33
54/61

91 (76 to 97)
89 (78 to 94)

59/64
33/39

92 (83 to 97)
85 (70 to 93)

49/53
58/60

55/58
75/79
46/58
66/67

95 (86 to 98)
95 (88 to 98)
79 (67 to 88)
99 (92 to 100)

37/39
12/21
31/38
28/33

95 (83 to 99)
57 (37 to 76)
82 (67 to 91)
85 (69 to 93)

75/75
78/85
70/77

19/20
29/30

95 (76 to 99)
97 (83 to 99)

28/29
20/20

73/86
33/41
76/82

85 (76 to 91)
80 (66 to 90)
93 (85 to 97)

6/10
9/25
14/16

45/48
37/37
76/84

0/0

94 (83 to 98)
1/2
100 (91 to 100) 13/13
90 (82 to 95)

11/15

65 (49 to 78) 34/41
70 (40 to 89) 11/15
88 (53 to 98)
8/10
100 (21 to 100) 7/8
100 (70 to 100) 8/8
–

83
73
80
88
100
–

–

75/90
37/59
74/76

50 (9 to 91)
–
100 (77 to 100) 20/20
73 (48 to 89)

81/90

–
92 (82 to 97)
97 (89 to 99)

97 (83 to 99) 21/21
100 (84 to 100) 31/31
60 (31 to 83)
36 (20 to 55)
88 (64 to 97)

(69 to 91) 26/27
(48 to 89)
4/5
(49 to 94) 10/10
(53 to 98)
0/1
(68 to 100) 12/12

96 (82 to 99)
80 (38 to 96)
100 (72 to 100)
0 (0 to 79)
100 (76 to 100)
–

40/44
29/40

–
91 (79 to 96)
73 (57 to 84)

100 (95 to 100) 17/22
92 (84 to 96)
9/15
91 (82 to 96)
7/19
–
–

77 (57 to 90)
60 (36 to 80)
37 (19 to 59)
–

100 (85 to 100) 26/28
100 (89 to 100) 18/19

93 (77 to 98)
95 (75 to 99)

83 (74 to 90)
63 (50 to 74)
97 (91 to 99)

4/6
5/7
16/22

–
–
100 (84 to 100) 30/30
90 (82 to 95)

6/9

67 (30 to 90)
71 (36 to 92)
73 (52 to 87)
–
100 (89 to 100)

9

67 (35 to 88)
Continued

Open Access

Myocardial infarction
First-time myocardial infarction
Recurrent myocardial infarction
Stent thrombosis
Angina pectoris
Stable angina pectoris
Unstable angina pectoris
Heart failure
First-time heart failure
Readmission for heart failure
Cardiomyopathy
Cardiomyopathy overall
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Restrictive cardiomyopathy
Arrhythmogenic right ventricular
cardiomyopathy
Takotsubo cardiomyopathy
Hypertension
Arterial hypertension
Pulmonary hypertension
Cardiac arrhythmias
Atrial fibrillation or flutter
Bradycardia
Ventricular tachycardia or fibrillation
Cardiac arrest
Valvular heart disease
Mitral regurgitation or stenosis
Aortic regurgitation or stenosis
Inflammation/infection
Endocarditis
Myocarditis
Pericarditis
Aortic diseases
Aortic dissection
Aortic aneurysm/dilation
Venous thromboembolism
First-time venous thromboembolism

Secondary diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records
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91 (83 to 96)
93 (79 to 98)
100 (44 to 100)
73/80
28/30
3/3
88 (66 to 97)
97 (89 to 99)
83 (63 to 93)
15/17
62/64
19/23
100 (57 to 100)
95 (87 to 98)
75 (41 to 93)
90 (82 to 44)
5/5
100 (82 to 100) 73/77
89 (67 to 97)
6/8
83/92
17/17
16/18

71 (36 to 92)
50 (9 to 91)
–
–
–
5/7
1/2
–
–
–
88 (76 to 95)
91 (80 to 97)
–
–
–
38/43
43/47
–
–
–
83 (44 to 97)
67 (35 to 88)
13 (4 to 36)
0 (0 to 56)
15 (4 to 42)
5/6
6/9
2/16
0/3
2/13
86 (73 to 94)
95 (84 to 99)
84 (75 to 91)
81 (65 to 90)
88 (74 to 95)
38/44
38/40
65/77
29/36
36/41

First-time deep venous thrombosis
First-time pulmonary embolism
Recurrent venous thromboembolism
Recurrent deep venous thrombosis
Recurrent pulmonary embolism
Other
Arterial claudication
Hypercholesterolaemia
Cardiac tumours

Table 4 Continued

Primary diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

Secondary diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

Inpatient diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

Outpatient diagnosis
Confirmed Positive
diagnoses/ predictive
value, % (95%
available
CI)
records

Open Access
1993–200314 and 93% during 1982–1991,15) arterial
hypertension (PPV=88% during 1977–201016 and ≈50%
during 1990–199317) and ﬁrst-time venous thromboembolism (PPV=90% during 2004–201218 and 75%
during 1994–200619). The PPVs were overall in line with
previous studies for heart failure (PPV=78% during
2005–200720 and 100% during 1998–200713), atrial ﬁbrillation or ﬂutter (PPV=94% during 1993–2009,21 99%
during 1980–200222 and 97% during 1980–200223) and
recurrent venous thromboembolism (PPV=79% during
2004–2012 with CT or ultrasound scan during admission
and anticoagulant treatment 30 days after admission18).
Previous studies reported markedly lower PPVs than our
ﬁndings for unstable angina pectoris (PPV=42% during
1993–200314) and cardiac arrest (PPV=50% during
1993–200314). The ﬁnding of lower PPV for cardiac
arrest in the previous study14 may be explained by a
small sample size (n=42) and their inclusion of emergency department and outpatient diagnoses, whereas we
restricted to inpatient diagnoses. Moreover, the previous
study is more than 10 years old and changes in coding
practice may also account for part of the difference. For
unstable angina pectoris,14 the study period of the previous study ended in 2003, that is, shortly after the redefinition of myocardial infarction in 2000, which included
troponin release as an absolute criterion.24 This made
the discrimination between unstable angina pectoris and
myocardial infarction easier and most likely explains the
higher PPV found in our study. To the best of our knowledge, the validity of the remaining diagnoses included
in our study has not been assessed before.
Several limitations should be considered. Cautious interpretation of the PPV is warranted for diagnoses with
sample sizes below 100. These include subgroups of an
overall diagnosis and rare diagnoses with less than 100
cases diagnosed during the study period. Original recordings from diagnostic modalities such as ECG and echocardiography were not available. Therefore, the conﬁrmation
of the diagnoses was based solely on descriptions of such
recordings included in the discharge summary or medical
record. This limits the rigorousness of case validation and
also could potentially lead to different interpretations
between reviewers. We examined patients admitted to hospitals only in the Central Denmark Region. However, our
results are most likely generalisable to other parts of the
country as the Danish healthcare system is homogeneous
in structure and practice.9 Although some diagnoses (eg,
myocardial infarction) have shown consistently high validity across countries despite different registry types and
coding systems,6 12 25 it should be noted that our ﬁndings
may not per se be generalisable to all countries where
coding systems, coding practice, disease deﬁnitions and
diagnostics differ.
In this study, we chose the PPV as the measure of validity. The PPV is correlated with disease prevalence and is
dependent on speciﬁcity. However, sensitivity, speciﬁcity
and negative predictive value could not be calculated
because the data were sampled from the codes pertinent
Sundbøll J, et al. BMJ Open 2016;6:e012832. doi:10.1136/bmjopen-2016-012832
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to the diagnosis of interest. The importance of the different measures of data quality depends on the study
question and thus the design. A high PPV is important,
for example, when identifying patient cohorts in prognosis studies, but cannot stand alone, for example, when
identifying disease incidence. Future studies identifying
cardiovascular diseases from diagnoses in the DNPR
should consider the possibility that differential misclassiﬁcation may occur between exposure groups (eg, if the
exposure is diabetes, these patients may be more prone
to have a given outcome registered due to detection bias
and hence have a falsely increased risk of the outcome).
Also, since diagnoses were only validated during 2010–
2012, we cannot necessarily extrapolate our results to
previous periods due to potential temporal differences
in PPVs as exempliﬁed above.

5.

6.
7.

8.
9.

10.
11.

CONCLUSION
The validity of cardiovascular diagnoses in the DNPR is
overall high, and for the vast majority of diseases it is sufﬁcient for use in research since 2010.
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Supplementary Table 1. ICD-8 and ICD-10 codes for cardiovascular diagnoses.
ICD-8 codea
ICD-10 code
Myocardial infarction
First-time myocardial infarction
STEMI
NSTEMI
Recurrent myocardial infarction
Stent thrombosis
Angina pectoris
Stable angina pectoris
Unstable angina pectoris
Heart failure

410
N/A
410
N/A

I21
I211B, I210B, I213
I211A, I210A, I214
I21
T823D, T823E

Inpatient
Inpatient
Inpatient
Inpatient
Inpatient

413
411

I20 (without I200), I251, I259
I200

Inpatient
Inpatient

First-time heart failure

42709, 42710, 42711, 42719,
42899, 78249

Readmission for heart failure

42709, 42710, 42711, 42719,
42899, 78249

Cardiomyopathy
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Restrictive cardiomyopathy
ARVC
Takotsubo cardiomyopathy
Hypertension
Arterial hypertension
Pulmonary hypertension
Cardiac arrhythmias
Atrial fibrillation or flutter
Bradycardia
VT or VF
Cardiac arrest
Valvular heart disease
Mitral regurgitation or stenosis
Aortic regurgitation or stenosis
Inflammation/Infection
Endocarditis
Myocarditis
Pericarditis
Aortic diseases
Aortic dissection
Aortic aneurysm/dilatation
VTE
First-time VTE
First-time DVT
First-time PE
Recurrent VTE
Recurrent DVT
Recurrent PE
Other
Arterial claudication
Hypercholesterolemia
Cardiac tumors

Location of admission

I500, I501, I502, I503, I508,
I509, I110,
I130, I132, I420, I426, I427,
I428, I429
I500, I501, I502, I503, I508,
I509, I110,
I130, I132, I420, I426, I427,
I428, I429

Inpatient

Inpatient

425
N/A
N/A
N/A
N/A
N/A

I420
I421, I422
I425
I428A
I428B

Inpatient or outpatient
Inpatient or outpatient
Inpatient or outpatient
Inpatient or outpatient
Inpatient

400–404
426

I10-I15
I27

Inpatient or outpatient
Inpatient or outpatient

42793, 42794
42720, 42721, 42722, 42723

Inpatient or outpatient

42797, 42791
42727, 42797

I48
I440, I441, I442, I443, I455A,
I455B, I455C, I455G
I470, I472, I490
I46

394
395

I05, I34, I390, I511A
I06, I35, I391

Inpatient or outpatient
Inpatient or outpatient

421
422
39109, 393, 420, 423

I33, I38, I398
I40, I41, I090, I514
I30-132

Inpatient or outpatient
Inpatient or outpatient
Inpatient or outpatient

44109
44110, 44111, 44119, 44120,
44121, 44129, 44199

I710

Inpatient

I711-I716, I718-I719

Inpatient or outpatient

45100, 45108, 45109, 45099
45100, 45108, 45109
45099
45100, 45108, 45109, 45099
45100, 45108, 45109
45099

I801-I803, I26
I801-3
I26
I801-I803, I26
I801-3
I26

Inpatient or outpatient
Inpatient or outpatient
Inpatient or outpatient
Inpatient
Inpatient
Inpatient

44389-44399
27200

I739A
E780
C38, C380, C388, D151,
D487A, C380X, ZM88400

Inpatient or outpatient
Inpatient or outpatient

N/A

Inpatient or outpatient
Inpatient or outpatient
Inpatient

Inpatient or outpatient

Diagnostic modalities
CT scan
N/A
UXCA
N/A
Ultra sound scan
N/A
UXUG
N/A
a
ICD-8 codes were used to identify first-time and recurrent ICD-10 diagnoses.
Abbreviations: ICD, international classification of diseases; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial
infarction; ARVC, arrhythmogenic right ventricular cardiomyopathy; VT or VF, ventricular tachycardia or ventricular fibrillation; VTE, venous
thromboembolism; DVT, deep venous thrombosis; PE, pulmonary embolism; CT, computed tomography.

2

Supplementary Table 2. Medical chart extraction form
Variables
Explanation
Date
Initials
CPR number
CPR number (check)
SKS code
Name of disease
Date of discharge
Correct diagnosis
Correct diagnosis for subgroups
Data source
Algorithm

Comments

Date of the medical record review
Initials of the investigator
Unique 10-digit Civil Personal
Register number
Confirmation of the CPR number
ICD-10 code of the diagnosis
An abbreviation of the diagnosis
The date the patient was
examined/discharged
0=No, 1=Yes
0=No, 1=Yes
1=Discharge summary
2=Other medical record
3=Both 1+2
1=One investigator made the
decision
2=A second independent reviewer
agreed with the first reviewer
3=Consensus agreement
Any relevant comments

3
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ABSTRACT
Objective: Danish medical registries are widely used
for cardiovascular research, but little is known about
the data quality of cardiac interventions. We computed
positive predictive values (PPVs) of codes for
cardiac examinations, procedures and surgeries
registered in the Danish National Patient Registry
during 2010–2012.
Design: Population-based validation study.
Setting: We randomly sampled patients from 1
university hospital and 2 regional hospitals in the
Central Denmark Region.
Participants: 1239 patients undergoing different
cardiac interventions.
Main outcome measure: PPVs with medical record
review as reference standard.
Results: A total of 1233 medical records (99% of the
total sample) were available for review. PPVs ranged
from 83% to 100%. For examinations, the PPV was
overall 98%, reflecting PPVs of 97% for
echocardiography, 97% for right heart catheterisation
and 100% for coronary angiogram. For procedures, the
PPV was 98% overall, with PPVs of 98% for
thrombolysis, 92% for cardioversion, 100% for
radiofrequency ablation, 98% for percutaneous
coronary intervention, and 100% for both cardiac
pacemakers and implantable cardiac defibrillators.
For cardiac surgery, the overall PPVs was 99%,
encompassing PPVs of 100% for mitral valve surgery,
99% for aortic valve surgery, 98% for coronary artery
bypass graft surgery, and 100% for heart transplantation.
The accuracy of coding was consistent within age, sex,
and calendar year categories, and the agreement between
independent reviewers was high (99%).
Conclusions: Cardiac examinations, procedures and
surgeries have high PPVs in the Danish National Patient
Registry.

INTRODUCTION
The mortality rate among patients with cardiovascular disease has declined over the

Strengths and limitations of this study
▪ This is the first study to examine the positive
predictive value of the most commonly performed cardiac examinations, procedures and
surgeries recorded in the Danish National Patient
Registry.
▪ Medical charts information served as the reference for the validation. The agreement between
independent reviewers was high (99%).
▪ Our study was restricted to one out of five
Danish regions; however, owing to a highly
homogeneous Danish healthcare system, our
results are likely generalisable to other Danish
regions.

past two decades.1 However, it remains the
leading cause of death worldwide. Danish
medical registries are widely recognised as
being among the best population-based data
sources in the world,2 owing to the capability
for individual-level data linkage across registries and the possibility for long-term
follow-up.2 As the key register, the Danish
National Patient Registry (DNPR) has provided registration of all hospital admissions
in Denmark since 1977.3 It has been extensively used to identify cardiovascular diagnoses, but to a lesser extent used to ascertain
information on cardiac examinations, procedures and surgeries, partly due to lack of
knowledge about the validity of these variables.4 The data validity is important for
several reasons. First, misclassiﬁcation threatens study ﬁndings. Second, validation
studies permit researchers to quantify the
extent of misclassiﬁcation and evaluate its
impact on the study results. Finally, reporting
ﬁndings from validation studies may motivate
physicians to improve coding accuracy.5 We
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therefore examined the positive predictive value (PPV)
of codes for cardiac examinations, procedures and surgeries in the DNPR.
METHODS
Setting and design
This study was conducted in the Central Denmark
Region with a source population of 1.2 million residents.
The study period was from 1 January 2010 to 31
December 2012.6 All Danish residents have unfettered
access to healthcare services, including all types of
cardiac examinations, procedures and surgeries.3 The
DNPR has maintained information on all nonpsychiatric hospital admissions since 1977.3 Cardiac surgeries have been recorded in the DNPR according to
the Nordic Medico-statistical Committee’s Classiﬁcation
of Surgical Procedures (NOMESCO) since 1996.3
Denmark is divided into ﬁve regions, which each are
representative of the Danish population with respect to
demographic, and socioeconomic characteristics as well
as healthcare usage and medication use.7 Each region
typically has one major university hospital (including a
high volume cardiac intervention centre) and several
smaller regional hospitals ( performing some, but not all
cardiac interventions). Registration of cardiac procedures in the DNPRs is performed by the treating physician. Each hospital is required by law to submit their
data to the DNPR at least monthly.3 Data from the
DNPR are used by Danish researchers, but collaboration
with foreign researchers is common.
Study population
We used the DNPR to randomly sample patients from
different types of hospitals in the Central Denmark
Region. Speciﬁcally, we sampled from the region’s university hospital (Aarhus University Hospital) and from
two larger regional hospitals (Regional Hospital of
Randers and Regional Hospital of Herning). Given the
homogeneity of the Danish healthcare system, we considered these hospitals representative for hospitals of
similar size in other Danish regions.7 Patients were
sampled from the departments of cardiology, internal
medicine, acute medicine, neurology and cardiothoracic
surgery. We identiﬁed patients who underwent cardiac
examinations, which included echocardiography, right
heart catheterisation and coronary angiogram. We also
identiﬁed patients who underwent the following procedures: thrombolysis, cardioversion, radiofrequency ablation (used for cardiac diseases), percutaneous coronary
intervention (PCI), and implantation of a cardiac pacemaker or implantable cardiac deﬁbrillator (ICD). We
identiﬁed patients undergoing cardiac surgery, including
mitral valve and aortic valve surgery, coronary artery
bypass graft surgery and heart transplantation. We
sampled 100 patients for each code (or if fewer were
available, the highest number obtainable). For echocardiography and PCI, the sample of 100 patients was
2

attained by sampling 50 patients each for transthoracic
echocardiography and transoesophageal echocardiography and 50 patients each for unspeciﬁed PCI and PCI
with stent implantation. All patients with a given code in
the study period were identiﬁed and assigned a random
number between 0 and 1, and we then selected the 100
lowest numbers. All codes used in the study are given in
online supplementary table S1.
Medical record review
We considered the information in the medical record
review as the gold standard. One physician (KA)
reviewed all medical records. This investigator identiﬁed
the relevant part of the medical record (ie, the description of the examination, procedure or surgery), and
judged if the corresponding record in the DNPR was
correct. In cases of doubt, secondary independent
reviews (by JS and TM) were planned to reach consensus. As no doubts were raised in any cases, second or
third reviews were not performed. However, to investigate whether the assessment of the data extraction could
be considered independent, we performed a sensitivity
analysis of 100 randomly selected patients, whose
medical records were also adjudicated by the two other
reviewers ( JS and TM). We subsequently calculated the
proportion of cases that could be conﬁrmed by these
second reviewers.
When validating the indications for ICD implantation,
we deﬁned primary prevention and secondary indication according to the deﬁnitions given in online
supplementary table S2.
All data were entered into Epidata V.3.1 (EpiData
Association, Odense, Denmark, http://www.epidata.
dk) using a medical chart extraction form (online
supplementary table S3).
Statistical analysis
We calculated the PPVs with 95% CIs according to the
Wilson Score method.8 We computed PPVs separately
for subgroups of echocardiography (transthoracic vs
transoesophageal echocardiography) and PCI (unspeciﬁed PCI vs PCI with stent implantation). For ICDs, we
disaggregated the sample into patients receiving ICDs
for primary versus secondary prophylaxis.
Analyses were stratiﬁed by age group (<60, 60–80, and
>80 years), sex and calendar year (2010, 2011 and
2012). The patients were sampled using SAS, V.9.2 (SAS
Institute, Cary, North Carolina, USA), while the analyses
were performed using Microsoft Excel 2010 and Stata
statistical software, V.13 (StataCorp LP). In accordance
with Danish law, no approval from the Ethics Committee
was required.
RESULTS
We identiﬁed 1239 patients from the DNPR during
2010–2012. Of these, medical records were available for
1233 (99%) patients. Except for heart transplantation,
Adelborg K, et al. BMJ Open 2016;6:e012817. doi:10.1136/bmjopen-2016-012817
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100 patients were sampled for each of the codes, while
50 patients were sampled for each prespeciﬁed subgroup
(ﬁgure 1). Majority of patients were sampled from
Aarhus University Hospital (89% for examinations, 90%
for procedures and 100% for surgery). For cardiac
examinations, the overall PPV was 98% (95% CI 96% to
99%), reﬂecting a PPV of 97% for echocardiography,
97% for right heart catheterisation and 100% for coronary angiogram (ﬁgure 1). The overall PPV for cardiac
procedures was 98% (95% CI 97% to 99%). Individual
PPVs were 98% for thrombolysis, 92% for cardioversion,
100% for radiofrequency ablation, 98% for PCIs, and
100% both for cardiac pacemakers and ICDs. The PPV
was 100% for secondary ICDs, but was somewhat lower
for primary ICDs (83%). The overall PPV was 99% (95%
CI 97% to 100%) for cardiac surgery; individual PPVs
were 100% for mitral valve surgery, 99% for aortic valve
surgery, 98% for coronary artery bypass graft surgery
and 100% for heart transplantation. Analyses stratiﬁed

by age, sex and calendar year closely agreed with our
main ﬁndings (tables 1 and 2 and online supplementary
table S4). Finally, in the sample of 100 randomly
selected patients, the decisions made by the primary
reviewer could be conﬁrmed by the second and third
reviewer in 99% of the cases.

DISCUSSION
This study showed that cardiac examinations, procedures
and surgeries were coded with high accuracy in the
DNPR for all sex and age groups during 2010–2012.
Our study provides the ﬁrst validation of codes for the
most frequently performed cardiac examinations, procedures and surgeries in the DNPR. The only previous
study to examine the validity of cardiac examinations in
the DNPR focused on 282 patients, on whom cardiac
CT angiography was performed between 2008 and
2012.9 Using medical records as reference, this study

Figure 1 PPV of codes for cardiac examinations, procedures and surgeries in the Danish National Patient Registry, 2010–2012.
*Number of correct codes/total number of medical record reviews. CABG, coronary artery bypass graft surgery; ICD, implantable
cardiac defibrillator; PCI, percutaneous coronary intervention; PPV, positive predictive value; RFA, radiofrequency ablation; RHC,
right heart catheterisation; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
Adelborg K, et al. BMJ Open 2016;6:e012817. doi:10.1136/bmjopen-2016-012817
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Table 1 Positive predictive value of cardiac examinations, procedures and surgeries in the Danish National Patient Registry,
by age group

Examination
TTE
TEE
RHC
Coronary
angiogram
Procedure
Thrombolysis
Cardioversion
RFA
Unspecified PCI
PCI with stent
implantation
Cardiac
pacemaker
ICD
Surgery
Mitral valve
surgery
Aortic valve
surgery
CABG surgery
Heart
transplantation

<60 years
Number of
patients

Positive predictive
value (95% CI)

60–80 years
Number of Positive predictive
patients
value (95% CI)

>80 years
Number of
patients

23
19
58
27

100
100
95
100

(86 to 100)
(83 to 100)
(86 to 98)
(88 to 100)

21
22
37
55

95 (77 to 99)
91 (72 to 97)
100 (91 to 100)
100 (93 to 100)

5
8
5
18

100 (57 to 100)
100 (68 to 100)
100 (57 to 100)
100 (82 to 100)

23
28
58
16
17

100
96
100
100
88

(86 to 100)
(82 to 99)
(94 to 100)
(81 to 100)
(66 to 97)

52
66
38
24
29

96 (87 to 99)
91 (82 to 96)
100 (91 to 100)
100 (86 to 100)
100 (88 to 100)

21
83
4
10
4

100 (85 to 100)
83 (44 to 97)
100 (51 to 100)
100 (72 to 100)
100 (51 to 100)

10

100 (72 to 100)

46

100 (92 to 100)

44

100 (92 to 100)

33

100 (90 to 100)

63

100 (95 to 100)

4

100 (51 to 100)

45

100 (92 to 100)

48

100 (93 to 100)

7

100 (65 to 100)

16

94 (72 to 99)

53

100 (93 to 100)

31

100 (89 to 100)

19
33

95 (75 to 99)
100 (90 to 100)

70
6

99 (92 to 100)
100 (61 to 100)

11
N/A

100 (74 to 100)
N/A

Positive predictive
value (95% CI)

CABG, coronary artery bypass graft surgery; ICD, implantable cardiac defibrillator; PCI, percutaneous coronary intervention; RFA,
radiofrequency ablation; RHC, right heart catheterisation; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiography.

Table 2 Positive predictive value of cardiac examinations, procedures and surgeries in the Danish National Patient Registry,
by gender

Examination
TTE
TEE
RHC
Coronary angiogram
Procedure
Thrombolysis
Cardioversion
RFA
Unspecified PCI
PCI with stent
implantation
Cardiac pacemaker
ICD
Surgery
Mitral valve surgery
Aortic valve surgery
CABG surgery
Heart transplantation

Men
Number of
patients

Positive predictive value
(95% CI)

Women
Number of
patients

Positive predictive value
(95% CI)

22
34
54
62

95
97
94
100

(78 to 99)
(85 to 99)
(85 to 98)
(94 to 100)

27
15
46
38

100
93
100
100

(88 to 100)
(70 to 99)
(92 to 100)
(91 to 100)

57
60
61
31
44

96
93
100
100
95

(88 to 99)
(84 to 97)
(94 to 100)
(89 to 100)
(85 to 99)

39
40
39
19
6

100
90
100
100
100

(91 to 100)
(77 to 96)
(91 to 100)
(83 to 100)
(61 to 100)

60
79

100 (94 to 100)
100 (95 to 100)

40
21

100 (91 to 100)
100 (85 to 100)

63
59
71
23

100
100
97
100

37
41
29
16

100
98
100
100

(94 to 100)
(94 to 100)
(90 to 99)
(86 to 100)

(91 to 100)
(87 to 100)
(88 to 100)
(81 to 100)

CABG, coronary artery bypass graft surgery; ICD, implantable cardiac defibrillator; PCI, percutaneous coronary intervention; RFA,
radiofrequency ablation; RHC, right heart catheterisation; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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found a PPV of 100% (95% CI 99% to 100%) for this
examination.9 The accuracy of the codes for non-cardiac
surgery in the DNPR have previously been found to vary
substantially.3 It seems high for gastrointestinal surgery
(PPV=99% for appendectomy and 100% for cholestectomia),3 but lower for orthopaedic surgery procedures
(PPV=69%).3 For different types of gynaecological
surgery, the PPVs varied considerably (55% to 99%).3
In healthcare systems outside Denmark, the accuracy
of codes for cardiac examinations, procedures and surgeries remains largely unknown. However, a survey from
the Canadian Institute for Health Information demonstrated that codes for cardiac procedures had high PPVs
compared with a prospective clinical registry.10 In line
with our ﬁndings, the study reported PPVs of 96% for
PCI, 98% for coronary artery bypass graft surgery, 97%
for valve surgery and 95% for cardiac catheterisation.10
The Diagnosis-Related Group (DRG) system, established in 2002, ensures that public hospitals receive
payment for procedures and surgeries.11 These economic incentives increase the likelihood of accurate
coding. Although not examined in this study, they, along
with the nationwide coverage, also increase the completeness of registration. Private hospitals and clinics
remain a potential source of under-reporting, although
registration of procedures at these institutions is mandatory and urged by the Danish Health and Medicines
Authority.3 It remains for future studies to estimate
other measures of data quality such as sensitivity and
speciﬁcity.
The DNPR offers a variety of potential uses in
research,3 given its routine, longitudinal registration of
health history and the possibility of individual-level
linkage across different registries. Assessing data quality
for epidemiological research (sensitivity vs speciﬁcity), it
is always necessary to consider it in the context of individual study design. A high PPV is particular important
when identifying cohorts for prognosis studies or in subanalyses restricted to patients undergoing speciﬁc
cardiac interventions. In addition to supporting studies
of trends and prognosis of cardiac diseases,1 the DNPR
offers the opportunity to study trends in cardiac examinations such as echocardiography,12 cardiac procedures
such as ICD implantation13 and surgeries. Finally, the
DNPR may be used to study prognostic factors, as well as
procedure outcomes (eg, revascularisation) that are
useful in deﬁning composite outcomes. Still, the DNPR
lacks detailed information on other variables, including
examination results (eg, left ventricular ejection fraction) and procedure and surgery details (eg, types of
cardiac stent).
Our study has potential limitations. It was restricted to
one out of ﬁve Danish regions. However, the homogeneity of the Danish healthcare system makes it likely that
our results also apply to other Danish regions.7 Our
results may not necessarily be applicable to other countries, other healthcare systems or earlier study periods.3
Still, we ﬁnd it less likely that the validity of the codes
Adelborg K, et al. BMJ Open 2016;6:e012817. doi:10.1136/bmjopen-2016-012817

have varied substantially since the introduction of the
DRG system in 2002 in Denmark. Most patients in our
study were sampled from the university hospital because
a majority of cardiac procedures are performed in that
setting. We were therefore unable to stratify our results
by regional versus university hospital. In the Central
Denmark Region, right heart catheterisation, radiofrequency ablation, PCI, ICD implantation and all types of
cardiac surgery are performed at the university hospital
only, while other cardiac procedures and examinations
are performed both at the university and regional hospitals. For the procedures examined in subgroup analyses
(echocardiography and PCI), it should be noted that
the patient subpopulations were not randomly sampled.
Still, PPVs were consistently high within all subgroups.
CONCLUSION
We found consistently high PPVs for cardiac examinations, procedures and surgeries in the DNPR during
2010–2012, conﬁrming the potential of these variables
for cardiovascular research.
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The positive predictive value of cardiac examination, procedure, and surgery
codes in the Danish National Patient Registry: A population-based validation
study

1

Supplementary Table 1. Codes for cardiac examinations, procedures and surgeries used in the
study.
Code
Type of admission
Echocardiography
- Transthoracic echocardiography
UXUC80
In- or outpatient
- Transoesophageal echocardiography
UXUC81
In- or outpatient
Right Heart Catheterization
KTFC00
Inpatient
Coronary angiogram
UXAC85
Inpatient
Thrombolysis
BOHA1
Inpatient
Cardioversion
BFFA0
In- or outpatient
Radiofrequency Ablation
BFFB
Inpatient
Percutaneous coronary intervention
KFNG, KFNF
Inpatient
(overall)
- Unspecified with/without stent
KFNG, KFNF
- With stent implantation
KFNG05
Cardiac pacemakers
BFCA0, BFCA6,
Inpatient
KFPE00, KFPE10,
KFPE20, KFPE96,
KFPF00, KFPF10,
KFPF20, KFPF96
Implantable cardiac defibrillator

BFCB0, BFCB6, KFPG

Inpatient

Mitral valve surgery
Aortic valve surgery
Coronary artery bypass grafting
Heart transplantation

KFK
KFM
KFNA-KFNE, KFNH20
KFQA

Inpatient
Inpatient
Inpatient
Inpatient

2

Supplementary Table 2. Definition of primary and secondary indication for implantable cardiac
defibrillator and ICD-10 codes to identify patients.
Definition
ICD-10 codes used to
identify patients

Primary indication

Secondary indication

(1) coronary artery disease, left
ventricle ejection fraction ≤ 35%, and
New York Heart Association
Functional Class II or III despite
optimal medical treatment, or
(2) conditions such as long QTsyndrome, arrhythmogenic right
ventricular
dysplasia/cardiomyopathy, or other
congenital heart disease associated
with life-threatening arrhythmias
(1) post-cardiac arrest with
ventricular fibrillation or ventricular
tachycardia, or
(2) ventricular tachycardia causing
hemodynamic instability in the
absence of reversible or transient
causes of the arrhythmia and no
response to radiofrequency ablation,
or
(3) unexplained syncope or other
serious arrhythmia symptoms,
induced in a electrophysiological
examination

BFCB0, BFCB6, KFPG

BFCB0, BFCB6, KFPG and
any diagnoses of ventricular
fibrillation (DI 49.0),
ventricular tachycardia (DI
47.2), or cardiac arrest (DI 46)
during or before the admission
for implantable cardiac
defibrillator implantation

3

Supplementary Table 3. Variables in the medical record extraction form.
Variables

Explanation

Date

Date of the medical record review

Initials

Initials of the investigator

CPR number

10-digit personal identification number

CPR number (check)

Confirmation of the 10-digit personal identification number

SKS code

The code of the examination, procedure, or surgery

Name of procedure

Abbreviated name for the examination, procedure, or
surgery types

Date of discharge

The date the patient was examined/discharged

Correct procedure

0=No, 1=Yes

Correct procedure for
subgroups

0=No, 1=Yes

Data source

1=Discharge summary
2=Medical record
3=Both 1+2

Algorithm

1=One investigator made the decision
2=A second independent reviewer agreed with the first
reviewer
3=Consensus agreement

Comments

Any relevant comments

4

Supplementary Table 4. Positive predictive value of cardiac examinations, procedures, and surgeries in the Danish National
Patient Registry, by calendar year.
2010
2011
2012
Number of
patients

TTE

16

Positive
predictive
value
(95%CI)
94 (72-99)

Number of
patients

Number of
patients

Positive
predictive
value (95%CI)

17

Positive
predictive
value
(95%CI)
100 (82-100)

16

100 (81-100)

TEE
Right heart
catheterization
Coronary angiogram

12

100 (76-100)

19

89 (69-97)

18

100 (82-100)

36

94 (82-98)

25

100 (87-100)

39

97 (87-100)

29

100 (88-100)

40

100 (91-100)

31

100 (89-100)

Thrombolysis

26

100 (87-100)

30

100 (89-100)

40

95 (84-99)

Cardioversion
Radiofrequency
ablation
Unspecified PCI
PCI with stent
implantation
Cardiac pacemaker

21

90 (71-97)

44

93 (82-98)

35

91 (78-97)

29

100 (88-100)

34

100 (90-100)

37

100 (91-100)

14

100 (78-100)

18

100 (82-100)

18

100 (82-100)

20

90 (70-97)

12

100 (76-100)

18

100 (82-100)

29

100 (88-100)

41

100 (91-100)

30

100 (89-100)

ICD

36

100 (90-100)

30

100 (89-100)

34

100 (90-100)

Mitral valve surgery

34

100 (90-100)

34

100 (90-100)

32

100 (89-100)

Aortic valve surgery

38

100 (91-100)

32

100 (89-100)

30

97 (83-99)

CABG surgery

31

97 (84-99)

32

97 (84-99)

37

100 (91-100)

Heart transplantation

10

100 (72-100)

13

100 (77-100)

16

100 (81-100)

Abbreviations: CABG, coronary artery bypass graft surgery; CI, confidence interval. ICD, implantable
cardiac defibrillator; PCI, percutaneous coronary intervention; TEE, transoesophageal echocardiography;
TTE, transthoracic echocardiography
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Mortality Risk Among Heart Failure Patients With Depression:
A Nationwide Population-Based Cohort Study
Kasper Adelborg, MD; Morten Schmidt, PhD; Jens Sundbøll, MD; Lars Pedersen, PhD; Poul Videbech, DMSc; Hans Erik Bøtker, DMSc;
Kenneth Egstrup, DMSc; Henrik Toft Sørensen, DMSc

Background-—The prevalence of depression is 4- to 5-fold higher in heart failure patients than in the general population.
We examined the inﬂuence of depression on all-cause mortality in patients with heart failure.

Downloaded from http://jaha.ahajournals.org/ by guest on February 9, 2017

Methods and Results-—Using Danish medical registries, this nationwide population-based cohort study included all patients with a
ﬁrst-time hospitalization for heart failure (1995–2014). All-cause mortality risks and 19-year mortality rate ratios were estimated
based on Cox regression analysis, adjusting for age, sex, time period, comorbidity, and socioeconomic status. The analysis included
9636 patients with and 194 887 patients without a diagnosis of depression. Compared with patients without a history of
depression, those with depression had higher 1-year (36% versus 33%) and 5-year (68% versus 63%) mortality risks. Overall, the
adjusted mortality rate ratio was 1.03 (95% CI 1.01–1.06). Compared with no depression, the adjusted mortality rate ratios for
mild, moderate, and severe depression, as deﬁned by diagnostic codes, were 1.06 (95% CI 1.00–1.13), 1.03 (95% CI 0.99–1.08),
and 1.02 (95% CI 0.96–1.09), respectively. In a subcohort of patients, the mortality rate ratios were modiﬁed by left ventricular
ejection fraction, with adjusted mortality rate ratios of 1.17 (95% CI, 1.05–1.31) for ≤35%, 0.98 (95% CI 0.81–1.18) for 36% to 49%,
and 0.96 (95% CI 0.74–1.25) for ≥50%. Results were consistent after adjustment for alcohol abuse and smoking.
Conclusions-—A history of depression was an adverse prognostic factor for all-cause mortality in heart failure patients with left
ventricular ejection fraction ≤35% but not for other heart failure patients. ( J Am Heart Assoc. 2016;5:e004137 doi: 10.1161/
JAHA.116.004137)
Key Words: cohort study • depression • heart failure • mortality

H

eart failure is a major cause of hospitalization, morbidity, and mortality that affects >23 million people
worldwide.1 The prevalence of comorbid depression ranges
between 9% and 60% and is highest among heart failure
patients screened for depression, among women, and among
those with advanced heart failure.2
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Depression and heart failure share underlying biological
mechanisms. Patients with depression have hyperactivity of
the hypothalamic–pituitary–adrenal axis, higher levels of
inﬂammatory markers, decreased heart rate variability, abnormalities in platelet function, lower compliance with medication and dietary guidelines, less social support, and a more
sedentary lifestyle than patients without depression. These
factors may aggravate cardiac dysfunction in heart failure
patients.3,4 Depressed heart failure patients appear to have a
1.5- to 2-fold higher risk of mortality than nondepressed heart
failure patients.2,5 Nevertheless, studies to date have been
limited by inclusion of highly selected patients6–11; short
follow-up periods (3 months to 3 years)6,7,12–14; use of selfreported symptoms or antidepressant prescriptions as proxies
for depression6,7,9,10,12–15; limited control of confounding
factors such as smoking, alcohol use, socioeconomic factors,
and comorbidity9,10,13–15; and small sample size (<400
patients).6,7,9,10,15
Critical unanswered questions remain regarding the association between depression and mortality in subgroups of
heart failure patients deﬁned by sex, age group, left ventricular ejection fraction (LVEF) values, causes of heart failure,
presence or absence of various comorbidities, and New York
Journal of the American Heart Association
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This nationwide population-based cohort study, which used
prospectively collected data, was conducted from July 1,
1995, to February 1, 2014. Using the unique personal
identiﬁers assigned to all Danish residents at birth or at
immigration, we linked individual-level data from Danish
medical and administrative registries.16 The Danish national
health care system is government funded, ensuring equal and
free access to all medical care services provided by hospitals
and general practitioners.

Heart Failure Cohort
We identiﬁed all patients with a ﬁrst-time hospitalization for
heart failure (including primary and secondary diagnoses)
from the Danish National Patient Registry (DNPR).17 Admission date for the heart failure hospitalization deﬁned the index
date. The positive predictive value of heart failure diagnoses in
the DNPR is 81% with clinical examination as the reference
and 100% with information in medical records as the
reference.17

Depression
Information on all recorded diagnoses of depression any time
prior to the index date was obtained from the DNPR and the
Danish Psychiatric Central Research Register (DPCR).17,18 In
addition, we retrieved information on severity of depression
(mild, moderate, and severe) using codes from the International Classiﬁcation of Diseases, 10th Revision (ICD-10).
Patients with >1 depression diagnosis of any severity were
classiﬁed as being in the group with the most severe
depression. With an interview as the reference, the positive
predictive value of a single severe or moderate depression
episode in the DPCR is adequate (83% or 76%, respectively)
but is lower for mild depression (65%).19
Because many patients receive treatment for depression in
the primary care setting, depression may be underreported in
Danish medical registries, which do not yet include primary care.
To compensate for such underreporting, we obtained information
on redeemed prescriptions for antidepressants. We divided
patients into 6 categories: (1) no diagnosis of depression and ≤1
redeemed prescription for antidepressants before the index date
(reference group); (2) no diagnosis of depression, >1 redeemed
DOI: 10.1161/JAHA.116.004137

prescription before the index date, and previous use of
antidepressants; (3) no diagnosis of depression, >1 redeemed
prescription for antidepressants before the index date, and
current use of antidepressants; (4) a depression diagnosis and ≤1
redeemed prescription for antidepressants; (5) a depression
diagnosis, >1 redeemed prescription before the index date, and
previous use of antidepressants; and (6) a depression diagnosis,
>1 redeemed prescription before the index date, and current
antidepressant use. We deﬁned “current users” as having
redeemed a prescription for antidepressants within 90 days
before the index date. “Former users” redeemed their last
prescription >90 days before the index date. Data on redeemed
prescriptions of antidepressants were obtained from the Danish
Register of Medicinal Product Statistics, which has recorded all
dispensed prescriptions according to the Anatomical Therapeutical Chemical (ATC) classiﬁcation system since 1995.20

Outcome
The study outcome was all-cause mortality. We used the
Danish Civil Registration System to ascertain mortality during
the years following the index date.16 This registry has
recorded dates of death and emigration, with daily updates
since 1968.16 We also examined immediate causes of deaths
using data from the Danish Register of Causes of Death21
(data available through December 31, 2012). We estimated
cardiovascular and noncardiovascular mortality in patients
with and without depression. For this analysis, depression
was deﬁned as any diagnosis or >1 prescription of antidepressant before the index date. Patients registered with only
an underlying and no immediate cause of death were
considered not to have an immediate cause of death;
however, the results did not change if the underlying cause
of death was considered as the immediate cause of death in
these patients (data not shown). Moreover, we speciﬁcally
examined deaths caused by arrhythmia, venous thromboembolism, stroke, myocardial infarction, and heart failure.

Covariates
We collected information on a range of comorbidities
diagnosed from 1977 until the index date. These included
myocardial infarction, hypertension, atrial ﬁbrillation or atrial
ﬂutter, stroke, cancer, obesity, diabetes mellitus, chronic
pulmonary disease, chronic kidney disease, peptic ulcer,
illicit drug/alcohol/smoking abuse, dementia, anemia, and
peripheral artery disease. Data on these diagnoses were
obtained from the DNPR and the DPCR using ICD-8 codes
until 1994 and ICD-10 codes thereafter.17,18 We used all
available diagnoses other than emergency room diagnoses,
given the assumed low positive predictive value of the
latter.17
Journal of the American Heart Association
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Heart Association (NYHA) functional classes. We hypothesized
that a history of depression is a prognostic factor for death in
heart failure patients and examined long-term mortality
among patients with and without a history of depression.
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Statistical Analysis
All patients were followed from their admission date for heart
failure (index date) until the date of death or emigration or
September 1, 2014, whichever came ﬁrst. We compiled
descriptive data on the covariates described in the previous
section. The Kaplan–Meier method was used to compute
mortality risks at 1, 5, 10, and 15 years, and we generated
survival curves for patients with and without previous depression.
Crude and adjusted hazard ratios were computed using Cox
proportional hazards regression analysis comparing heart failure
patients with and without a history of depression. In multivariable
analyses, we adjusted for age, sex, time periods, the comorbidities listed in Table 1, gross income, and employment.
In stratiﬁed analyses, we examined potential interactions
on a relative scale according to time periods, age groups, sex,
heart failure cause, LVEF, NYHA class, comorbidity, comedication use, and socioeconomic factors. The analyses stratiﬁed by LVEF group and NYHA class were restricted to
patients with complete data on these variables. Because age
was nonlinear, it was included in the models as the best-ﬁtting
second-degree fractional polynomial. We evaluated proportional hazards using log-log plots and found no violation of the
assumption.

Sensitivity Analyses
To test the robustness of our estimates, we performed several
sensitivity analyses. First, we analyzed patients whose ﬁrst
DOI: 10.1161/JAHA.116.004137
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Data on the following comedications used ≤90 and
>90 days before the index date were retrieved from the
Danish Register of Medicinal Product Statistics: antidepressants, selective serotonin reuptake inhibitors, tricyclic antidepressants, anxiolytics or hypnotics, antipsychotics, statins,
low-dose aspirin, angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers, beta blockers, diuretics, and
nonsteroidal anti-inﬂammatory drugs.20 Data on socioeconomic variables, including gross income, employment, and
education, were obtained from the Integrated Database for
Labor Market Research (for the index year or for previous
years, depending on data availability).22 For a subcohort of
heart failure patients, we retrieved data from the Danish Heart
Failure Registry on smoking status, alcohol habits, LVEF
values, and NYHA functional class.23 It has been mandatory
for cardiologists to register all incident hospitalized heart
failure cases in this nationwide registry since 2003. Patients
with ICD-10 codes for heart failure are enrolled in the registry
if they fulﬁll the European Society of Cardiology’s deﬁnition of
heart failure. Regular structured audits are conducted to
ensure the high quality of the registry’s data.23 All ICD and
ATC codes used in the study are provided in Table S1.

Table 1. Characteristics of Heart Failure Patients With and
Without Previous Depression
No Depression

Previous Depression

Number

194 887 (95)

9636 (5)

Median age (25th to
75th percentiles), y

78 (68–84)

77 (67–84)

Women

89 671 (46)

6039 (63)

1995–1999

49 498 (25)

1801 (19)

2000–2004

59 842 (31)

2850 (30)

2005–2009

48 796 (25)

2792 (29)

2010–2014

36 751 (19)

2193 (23)

Myocardial infarction

39 761 (20)

1770 (18)

Hypertension

50 303 (26)

3100 (32)

Atrial fibrillation/atrial flutter

38 175 (20)

1734 (18)

Stroke

21 968 (11)

1517 (16)

Cancer

31 198 (16)

1691 (18)

Obesity

10 728 (6)

827 (9)

Diabetes mellitus

26 724 (14)

1509 (16)

Chronic pulmonary disease

33 815 (17)

2369 (25)

Chronic kidney disease

9431 (5)

582 (6)

Peptic ulcer

17 751 (9)

1404 (15)

illicit drug/alcohol/
smoking abuse

9989 (5)

2358 (24)

Dementia

6483 (3)

1219 (13)

Anemia

17 345 (9)

1337 (14)

Peripheral artery disease

6077 (3)

369 (4)

Antidepressants

24 239 (12)

5814 (60)

SSRIs

16 358 (8)

3316 (34)

TCAs

4133 (2)

1104 (12)

Anxiolytics or hypnotics

50 070 (26)

4793 (50)

Time period

Comorbidity

Comedication in the prior 90 days

Antipsychotics

8238 (4)

2239 (23)

Statins

30 164 (15)

1578 (16)

Low-dose aspirin

60 214 (31)

3191 (33)

ACEI/ARB

55 582 (29)

2466 (26)

Beta blockers

46 395 (24)

2121 (22)

Diuretics

100 130 (51)

5143 (53)

NSAIDs

30 000 (15)

1586 (16)

Low

41 640 (21)

1654 (17)

Intermediate

52 031 (27)

2732 (28)

High

50 304 (26)

3082 (32)

Very high

50 912 (26)

2168 (23)

Income

Continued
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No Depression

Previous Depression

Employed

25 618 (13)

557 (6)

Early retirement: receiving
sickness, disability, or
early retirement benefits

2649 (1)

145 (2)

Unemployed

20 163 (10)

1592 (17)

State pension

146 457 (75)

7342 (76)

Basic education,
primary school

74 173 (38)

4288 (45)

Youth education,
high school, or similar

43 145 (22)

2045 (22)

Higher education

15 199 (8)

827 (9)

Unknown

62 370 (32)

2476 (26)

Employment

Results

Education
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Data are shown as number (percentage), except as otherwise indicated. ACEI indicates
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; NSAIDs,
nonsteroidal anti-inﬂammatory drugs; SSRIs, selective serotonin reuptake inhibitors;
TCAs, tricyclic antidepressants.

diagnosis of depression was recorded in the DNPR separately
from those whose ﬁrst diagnosis was recorded in the DPCR.
Second, we restricted our analysis to depression diagnoses
occurring 1, 2, and 3 years before the index date. Third, we
ﬁtted 3 additional multivariable models, adjusted for education (omitted from the main model because data on education
were missing for heart failure patients with a high age, and
thus these data were missing not at random), use of
anxiolytics or hypnotics, and use of antipsychotics. Fourth,
we omitted myocardial infarction, stroke, hypertension, and
diabetes mellitus because these covariates potentially could
represent intermediate variables in the association between
depression and all-cause mortality.24–26 Finally, to increase
the positive predictive value of the recorded diagnosis of heart
failure, we repeated the main analysis restricted to patients
included in the Danish Heart Failure Registry. In this
subcohort, we also adjusted for smoking and alcohol habits
as categorical variables in a complete-case analysis and used
multiple imputation with chained equations to create 25 data
sets with imputed values for smoking and alcohol.27 We
assumed that data were missing at random, and in the
imputation model, we included the covariates from the main
model and those presented in Table 1 (except for nonsteroidal anti-inﬂammatory drugs, tricyclic antidepressants,
and education), the outcome indicator, and the Nelson-Aalen
cumulative baseline hazard. Finally, because depression can
be difﬁcult to assess in patients with illicit drug/alcohol/
smoking abuse, or dementia, we repeated the analysis
excluding these patients.
DOI: 10.1161/JAHA.116.004137

All analyses were performed using Stata version 14
(StataCorp LP). The study was approved by the Danish Data
Protection Agency (record 1-16-02-268-14). No approval from
an ethics committee or patient informed consent is required
for registry-based studies conducted in Denmark.

Overall, 205 719 patients with a ﬁrst-time hospitalization for
heart failure were eligible for analysis. We excluded 99
patients with negative follow-up time, 9 patients with missing
data on age, and 1088 patients with missing data on gross
income and employment. After these exclusions, 9636 heart
failure patients with previous depression (5%) and 194 887
heart failure patients without depression (95%) were available
for analysis. Median follow-up time was 844 days (25th to
75th percentiles: 164–2050 days) for patients without
depression and 688 days (25th to 75th percentiles: 119–
1737 days) for patients with previous depression. Median age
was 78 years in patients without depression and 77 years in
patients with depression. A higher proportion of patients with
depression were women compared with patients without
depression. Apart from hypertension, the groups were
balanced in terms of cardiac comorbidities. Patients with a
history of depression had a higher prevalence of noncardiac
conditions than patients without depression (Table 1 and
Table S2). We identiﬁed 29 854 heart failure patients from the
Danish Heart Failure Registry. Descriptive data on these
patients are provided in Table S3.

Mortality
Mortality risks among heart failure patients with depression
were higher than among heart failure patients without
depression (Table 2 and Figure S1). Compared with patients
without depression, 19-year mortality rate ratios after multivariable adjustment were 1.03 (95% CI 1.01–1.06) overall,
1.06 (95% CI 1.00–1.13) for mild depression, 1.03 (95% CI
0.99–1.08) for moderate depression, and 1.02 (95% CI 0.96–
1.09) for severe depression (Table 3). Slightly more positive
associations were found with various combinations of
depression diagnoses and antidepressant use (Table 4 and
Table S2). Patients with previous depression had higher
noncardiovascular mortality and slightly higher cardiovascular
mortality than patients without previous depression (Table 5).

Age, Sex, Heart Failure Severity, Heart Failure
Cause, and Comorbidity
No interactions were found by age, sex, NYHA class, and
cause of heart failure (Figure and Figure S2). Among patients
Journal of the American Heart Association
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Table 2. Mortality Risks (Percentage) Among Heart Failure Patients With and Without Previous Depression
1 Year (95% CI)

5 Years (95% CI)

10 Years (95% CI)

15 Years (95% CI)

No depression

32.6 (32.4–32.9)

63.3 (63.0–63.5)

81.5 (81.3–81.8)

90.4 (90.2–90.6)

Depression

36.4 (35.4–37.3)

68.0 (67.0–69.0)

85.7 (84.8–86.5)

93.3 (92.3–94.1)

with LVEF values ≤35%, those with a history of depression had
20% higher mortality than those who never had depression
(Figure). Stratiﬁed analyses among patients with various
comorbidities and comedications and according to gross
income, employment, and education showed no interactions
(Figures S3 through S5).

Discussion

Sensitivity Analyses
Downloaded from http://jaha.ahajournals.org/ by guest on February 9, 2017

Separate analyses of the prognostic impact of depression
based on cases registered in the DNPR and the DPCR agreed
with the main results (all sensitivity analyses are reported in
Table S4). When patients with depression diagnosed within 1,
2, and 3 years before the index date were excluded, the
results remained similar to the overall estimates. Repeating
the analyses restricted to heart failure patients included in the
Danish Heart Failure Registry also did not change the overall
estimates. The estimates remained unchanged among
patients included in this subcohort when we extended the
Cox model by adjusting for education, use of anxiolytics or
hypnotics, and use of antipsychotics, as well as for smoking
and alcohol use (in a complete case analysis and using
multiple imputation). Similarly, the main results were
unchanged when myocardial infarction, stroke, hypertension,
Table 3. The 19-Year MRRs in Heart Failure Patients With
and Without Depression, Overall and by Depression Severity

Crude MRR (95% CI)

Adjusted MRR
(95% CI)*

No depression

Reference

Reference

Depression overall†
(n=9636)

1.14 (1.12–1.17)

1.03 (1.01–1.06)

Mild depression‡
(n=1379)

1.27 (1.20–1.35)

1.06 (1.00–1.13)

Moderate depression‡
(n=2914)

1.16 (1.11–1.21)

1.03 (0.99–1.08)

Severe depression‡
(n=1305)

1.05 (0.99–1.12)

1.02 (0.96–1.09)

ICD indicates International Classiﬁcation of Diseases; MRR, mortality rate ratio.
*Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial ﬁbrillation
or atrial ﬂutter, stroke, cancer, obesity, diabetes mellitus, chronic kidney disease, peptic
ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anemia,
peripheral artery disease, gross income, and employment.
†
Including all ICD codes for depression.
‡
Speciﬁc ICD-10 codes are provided in Table S1.
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and diabetes mellitus were omitted from the multivariable
model and when we repeated the analysis excluding patients
with illicit drug/alcohol/smoking abuse, or dementia from the
cohort. Analyses stratiﬁed by time periods did not change the
results appreciably (Table S5).

In this cohort study of patients with a ﬁrst-time hospitalization
for heart failure, depression was a prognostic factor for allcause mortality in patients with LVEF ≤35%; however, in other
heart failure patients, a history of depression was not
associated with all-cause mortality. The prognostic effect of
depression showed no interaction with age, sex, heart failure
causes, NYHA class, cardiac comorbidities, and noncardiac
comorbidities.
A meta-analysis of 8 studies demonstrated that comorbid
depression was an adverse prognostic factor for all-cause
mortality in heart failure patients (overall adjusted relative risk
2.10, 95% CI 1.71–2.58).2 Consistent with this result, another
meta-analysis of 9 studies including 4012 heart failure
patients reported adjusted relative risk of all-cause mortality
of 1.51 (95% CI 1.19–1.91) and adjusted relative risk of
cardiovascular mortality of 2.19 (95% CI 1.46–3.29).5 Severe
depression was associated with increased mortality (relative
risk 1.98, 95% CI 1.23–3.19) but not with mild depression
(overall adjusted relative risk 1.04, 95% CI 0.75–1.45).5
The disparity between our results and those of the metaanalyses may have several explanations. Unlike our study,
studies in the meta-analyses used self-reported symptoms to
diagnose depression. Self-reported depression likely mimics
somatic symptoms and could reﬂect increasing heart failure
severity, which, if not sufﬁciently accounted for in the
analyses, could explain the poor prognosis of patients with
depression reported in previous studies.2,5 In addition, some
studies were not able to account for confounding factors such
as socioeconomic factors, smoking, and alcohol use, which
could have led to overestimation of the impact of depression
on mortality.9,10,13–15
In contrast to previous studies investigating the prevalence of comorbid depression, we retrieved data on at least
15 years of depression history. Even so, the prevalence of
depression was lower in our cohort (5%) than reported
previously.2 This may be attributed to our strict deﬁnition of
Journal of the American Heart Association
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No depression

Depression

Use of Antidepressants

Crude MRR (95% CI)

Adjusted MRR (95% CI)*

No use (n=156 168)

Reference

Reference

Former use (n=16 457)

1.08 (1.06–1.10)

1.07 (1.05–1.09)

Current use (n=22 262)

1.37 (1.34–1.39)

1.21 (1.19–1.23)

No use (n=1912)

1.07 (1.02–1.13)

1.00 (0.95–1.06)

Former use (n=2007)

1.07 (1.01–1.13)

1.00 (0.95–1.06)

Current use (n=5717)

1.28 (1.25–1.32)

1.10 (1.06–1.13)

MRR indicates mortality rate ratio.
*Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial ﬁbrillation or atrial ﬂutter, stroke, cancer, obesity, diabetes mellitus, chronic kidney disease, peptic ulcer,
chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anemia, peripheral arterial disease, gross income, and employment.

Downloaded from http://jaha.ahajournals.org/ by guest on February 9, 2017

depression history, use of ICD codes, and restriction to
patients with incident heart failure. When we deﬁned
previous depression using both diagnosed depression and
use of antidepressants, the prevalence increased to 24%
(Table 4), which is in accordance with the existing
literature.2
Our results extend the results of previous studies.
Supporting our ﬁndings, the US Cardiovascular Health Study
demonstrated that patients with depression and elevated NTproBNP had substantially increased all-cause mortality (hazard ratio 3.72, 95% CI 2.20–6.37) and cardiovascular
mortality (hazard ratio 5.42, 95% CI 2.38–12.36) compared
with patients without depression and with low NT-proBNP
levels.15 The prevalence of depression has been found to
increase with severity of heart failure symptoms, from 11%
among patients in NYHA class 1 to 20% in NYHA class 2, 38%
in NYHA class 3, and 42% in NYHA class 42; however, we did
not ﬁnd that depression was an adverse prognostic factor in
different NYHA classes. Nevertheless, standardized diagnostic

measures of depression could be particularly important for
patients with LVEF ≤35%.
Several pathophysiological and psychosocial mechanisms
in patients with depression and heart failure may underlie the
higher mortality observed for patients with LVEF ≤35%.3,4
Evidence suggests that patients with ongoing or remitted
depression have disturbances in the hypothalamic–pituitary–
adrenal axis, including higher cortisol levels than persons
without depression. This may augment the sympathetic
hyperactivity observed in advanced heart failure.28 Cortisol
has negative cardiovascular side effects, such as elevation of
blood pressure, truncal obesity, hyperinsulinemia, hyperglycemia, insulin resistance, dyslipidemia, and increased
plasma volume, which could worsen the prognosis of
advanced heart failure patients.29 Inﬂammatory cytokines
such as tumor necrosis factor, interleukin 1, and interleukin 6
also are elevated in patients with heart failure, and these
cytokines may be implicated in disease progression.3 Elevation of these cytokines is also characteristic of depression

Table 5. Cardiovascular and Noncardiovascular Mortality in Patients With and Without Previous Depression, 1995–2012
Rate Per 1000 Person-Years (95% CI)

All-cause mortality
Cardiovascular mortality

No Depression (n=149 235)

Depression (n=45 224)

Adjusted MRR (95% CI)*

194.1 (193.0–195.2)

255.7 (253.1–258.3)

1.14 (1.12–1.15)

70.3 (69.6–71.0)

86.0 (84.4–87.7)

1.09 (1.06–1.11)

Arrhythmia

7.6 (7.4–7.9)

8.9 (8.4–9.5)

1.08 (1.01–1.16)

Venous thromboembolism

1.7 (1.6–1.8)

2.3 (2.1–2.6)

1.15 (1.00–1.32)

Myocardial infarction

9.3 (9.0–9.6)

11.6 (11.0–12.3)

1.02 (0.97–1.09)

Stroke

6.5 (6.3–6.7)

9.2 (8.7–9.8)

1.12 (1.05–1.21)

Heart failure

23.4 (23.0–23.8)

29.8 (28.9–30.8)

1.08 (1.04–1.13)

108.9 (108.0–109.8)

160.2 (158.0–162.5)

1.19 (1.17–1.21)

Noncardiovascular mortality

MRR indicates mortality rate ratio.
*Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial ﬁbrillation or atrial ﬂutter, stroke, cancer, obesity, diabetes mellitus, chronic kidney disease, peptic ulcer,
chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anemia, peripheral artery disease, gross income, and employment.
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Table 4. The 19-Year MRRs in Heart Failure Patients According to Depression Diagnosis and Use of Antidepressants Before the
Index Date
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Figure. The aMRRs with 95% CIs in subgroups of heart failure patients with and without depression. The
aMRRs were adjusted for age, sex, time period, myocardial infarction, hypertension, atrial ﬁbrillation or
atrial ﬂutter, stroke, cancer, obesity, diabetes mellitus, chronic kidney disease, peptic ulcer, chronic
pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anemia, peripheral artery disease, gross
income, and employment (except for the stratifying variable). aMRR indicates adjusted mortality rate ratio;
NYHA, New York Heart Association.
and may further adversely affect prognosis of heart failure
patients with depression.3 Studies to date, however, have
found no association between depression severity and
cytokine response, indicating that these cytokines may be
trait markers for depression rather than markers of current
depression.3 Patients with depression also have decreased
heart rate variability, which is a predictor of increased
mortality and a prognostic factor for arrhythmias.3 Finally,
platelet abnormalities, noncompliance, poor social support,
and suicide have been proposed as other mechanisms
responsible for the adverse prognostic effect of depression
in heart failure patients with low LVEF.3
Our study is the ﬁrst nationwide population-based study to
address the association between depression and all-cause
mortality among heart failure patients. Strengths distinguishing this study from previous studies include the nationwide
coverage and a sample size exceeding the combined number
DOI: 10.1161/JAHA.116.004137

of patients included in the previous 2 meta-analyses.2,5 This
enabled us to study the prognostic impact of depression in
several subgroups. We had no loss to follow-up, largely
avoiding selection bias. Our study also has limitations.
Because the validity of depression in the DNPR is unknown,
misclassiﬁcation of depression cannot be ruled out. We
sought to address this potential limitation by showing that
results were consistent when analyzed separately for cases
identiﬁed in the DNPR and in the DPCR and by reclassifying
depression using both diagnoses and antidepressant use;
however, we had only a few years of prescription history for
patients identiﬁed early in the study period. In addition,
antidepressants are used for indications other than depression, a fact that we were unable to take into account.
Consequently, some of the patients using an antidepressant
without being diagnosed with depression may be misclassiﬁed
as surrogates for a history of depression. Moreover, we had
Journal of the American Heart Association
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We found that depression was an adverse prognostic factor
for death in patients with LVEF ≤35%, but not in other heart
failure patients. Consequently, clinical attention to depression
seems particularly warranted for patients with advanced heart
failure.
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data on depression severity for only about half of the patients,
and positive predictive values for codes for mild, moderate,
and severe depression were only moderate (65–83%). Another
concern is that the observational nature of the study design
did not permit us to exclude the risk of unmeasured
confounding. Nevertheless, we were able to adjust for known
prognostic comorbid conditions (anemia, chronic kidney
disease, peripheral artery disease, atrial ﬁbrillation, and
diabetes mellitus).30,31 Furthermore, we were able to adjust
for smoking, alcohol use, and socioeconomic status.

Mortality Risk among Heart Failure Patients with Depression: A
Nationwide Population-Based Cohort Study

SUPPLEMENTAL MATERIAL
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Table S1. International Classification of Diseases codes and Anatomical Therapeutic
Classification codes used in the study.
Heart failure

ICD-8
42709, 42710, 42711,
42719, 42899, 78249

ICD-10
I110, I130, I132, I420, I426,
I427, I428, I429, I500, I501,
I502, I503, I508, I509
F32-F33

ATC codes
N/A

F320, F3200, F3201, F330,
F3300, F3301
F321, F3210, F3211, F331,
F3310, F3311
F322, F323, F3230, F3231,
F332, F333, F3330, F3331

N/A

Mild depression

29609, 29629, 29809,
30049
N/A

Moderate depression

N/A

Severe depression

N/A

Cardiac comorbidity
Myocardial infarction
Heart valve disease
Myocarditis

410
394-397
422, 39129

I21
I05-I08, I098, I34-I37
I40-I41, I090, I514

N/A
N/A
N/A

Hypertension

400-404

I10-I15

N/A

Angina pectoris
Atrial fibrillation/atrial
flutter
Cardiomyopathy

411, 413
42793, 42794

I20, I251, I259
I48

N/A
N/A

425

I42-I43

N/A

430-434
140-209
277
24900-24909 (excluding
24902), 25000-25009
(excluding 25002)
490-493, 515-518

N/A
N/A
N/A
N/A

24902, 25002, 7531075319, 582-584, 59009,
59320, 792
53091, 53098, 531-534
303-304

I60-I61, I63-I64
C00-C96
E65-E66
E10 (excluding E102), E11
(excluding E112), E14
(excluding E142)
J40-J47, J60-J67, J684, J701,
J703, J841, J920, J961, J982J983
E102, E112, E142, N03, N05,
N110, N14, N16, N18-N19,
N269, Q611-Q614
K221, K25-K28
F10-F19

29009-29019, 29309
280-281, 283-285
44389-44399

F00-F03, G30
D50-55, D59, D61-D64
I739

N/A
N/A
N/A

Comedication
prescription <90 days
Antidepressants
SSRIs
TCAs
Anxiolytics/hypnotics
Antipsychotics

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A

N06A
N06AB
N06AA
N05B, N05C
N05A

Statins
Low-dose aspirin

N/A
N/A

N/A
N/A

ACEI/ARBs

N/A

N/A

Betablockers

N/A

N/A

C10AA, C10B
B01AC06,
N02BA01
C09A, C09B,
C09C, C09D
C07

Depression

N/A

N/A
N/A
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Non-cardiac
comorbidities
Stroke
Cancer
Obesity
Diabetes

Chronic pulmonary
disease
Chronic kidney disease

Peptic ulcer
Illicit
drug/alcohol/smoking
abuse*
Dementia*
Anaemia
Peripheral arterial disease

N/A

N/A

N/A
N/A

2

Diuretics
NSAIDs
Causes of death
Cardiovascular mortality
Venous thromboembolism
Myocardial infarction
Stroke
Heart failure

N/A
N/A

N/A
N/A

C03
M01A

N/A
N/A
N/A
N/A
N/A

I00-I99
I26, I80
I21-I23
I61, I63-I64
I50, I110, I130, I132

N/A
N/A
N/A
N/A
N/A

Arrhytmia

N/A

I44-I49

N/A

Non-cardiovascular
mortality

N/A

All other codes than I00-I99

N/A

Abbreviations: SSRIs, Selective serotonin inhibitors; TCAs: Tricyclic antidepressants; ACEI/ARBs: Angiotensin-converting enzyme
inhibitors/Angiotensin II receptor blockers; NSAIDs, Nonsteroidal anti-inflammatory drugs
*Data from the Danish National Patient Registry and the Danish Psychiatric Central Research Register.
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Table S2. Descriptive data for patients with and without depression combining diagnoses and use of
antidepressants.
No depression

Median age (25th-75th
percentiles)
Women
Time period
1995-1999
2000-2004
2005-2009
2010-2014
Comorbidity
Myocardial infarction
Hypertension
Atrial fibrillation/atrial
flutter
Stroke
Cancer
Obesity
Diabetes
Chronic pulmonary
disease
Chronic kidney disease
Peptic ulcer
Illicit drug/alcohol abuse
Dementia
Anaemia
Peripheral arterial
disease
Comedication < 90
days
Antidepressants
SSRIs
TCAs
Anxiolytics/hypnotics

Depression

No use of
antidepressants
77 (68-84)

Former use of
antidepressants
77 (67-84)

Current use of
antidepressants
79 (70-85)

No use of
antidepressants
75 (66-81)

Former use of
antidepressants
74 (64-83)

Current use of
antidepressants
78 (69-85)

67,806 (43)

8954 (54)

12,911 (58)

1057 (55)

1166 (58)

3816 (67)

43,912 (28)
48,178 (31)
37,111 (24)
26,967 (17)

1,820 (11)
4,606 (28)
5,181 (31)
4,850 (30)

3,766 (17)
7,058 (32)
6,504 (29)
4,934 (22)

649 (34)
603 (32)
427 (22)
233 (12)

239 (12)
551 (27)
626 (31)
591 (30)

913 (16)
1,696 (30)
1,739 (30)
1,369 (24)

31,945 (21)
37,061 (24)
29,868 (19)

3524 (21)
5869 (36)
3623 (22)

4292 (19)
7373 (33)
4684 (21)

387 (20)
474 (25)
283 (15)

411 (21)
679 (34)
396 (20)

972 (17)
1947 (34)
1055 (19)

14,787 (9)
24,083 (16)
7675 (5)
20,052 (13)
24,696 (16)

2681 (16)
3015 (18)
1383 (9)
2883 (18)
3845 (23)

4500 (20)
4100 (18)
1670 (8)
3789 (17)
5274 (24)

238 (12)
275 (14)
157 (8)
278 (15)
429 (22)

322 (16)
366 (18)
213 (11)
361 (18)
500 (25)

957 (16)
1050 (18)
467 (8)
870 (15)
1440 (25)

7018 (4)
12,868 (8)
6147 (4)
3383 (2)
12,437 (8)
4267 (3)

1094 (7)
1980 (12)
1723 (11)
888 (5)
1982 (12)
862 (5)

1319 (6)
2903 (13)
2119 (10)
2212 (10)
2926 (13)
948 (4)

116 (6)
271 (14)
509 (27)
136 (7)
190 (10)
59 (3)

140 (7)
306 (15)
570 (28)
244 (12)
287 (14)
94 (5)

326 (6)
827 (14)
1279 (22)
839 (15)
860 (15)
216 (4)

1977 (1)
1325 (0.9)
253 (0.2)
33,771 (22)

0 (0)
0 (0)
0 (0)
6281 (38)

22,262 (100)
15,033 (68)
3880 (17)
10,018 (45)

97 (5)
72 (4)
6 (0.3)
705 (37)

0 (0)
0 (0)
0 (0)
887 (44)

5717 (100)
3244 (57)
1098 (19)
3201 (56)

4
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Antipsychotics
Statins
Low-dose aspirin
ACEI/ARBs
Betablockers
Diuretics
NSAIDs
Income
Low
Intermediate
High
Very high
Employment
Employed
Early retirement,
receiving
sickness/incapacity/early
retirement
Unemployed
State pensioner
Education
Basic education,
primary school
Youth education, high
school or similar
Higher education
Missing

4599 (3)
22,634 (14)
46,153 (30)
43,925 (28)
36,578 (23)
78,477 (50)
23,122 (15)

1072 (7)
3362 (20)
5602 (34)
5167 (31)
4403 (27)
8401 (51)
2744 (17)

2567 (12)
4168 (19)
8459 (38)
6490 (29)
5414 (24)
13,252 (60)
4134 (19)

338 (18)
217 (11)
536 (28)
443 (23)
361 (19)
914 (48)
296 (15)

347 (17)
347 (17)
620 (31)
531 (26)
477 (24)
888 (44)
308 (15)

1554 (27)
1014 (18)
2035 (36)
1492 (26)
1283 (23)
3341 (58)
982 (17)

35,301 (23)
41,426 (27)
38,271 (25)
41,170 (26)

2345 (14)
4209 (26)
5266 (32)
4637 (28)

3994 (18)
6396 (29)
6767 (30)
5105 (23)

493 (26)
614 (32)
497 (26)
308 (16)

270 (13)
530 (26)
689 (34)
518 (26)

891 (16)
1588 (28)
1896 (33)
1342 (24)

22,497 (14)
2197 (1)

1601 (10)
238 (1)

1520 (7)
214 (1)

134 (7)
24 (1)

142 (7)
40 (2)

281 (5)
81 (1)

15,154 (10)
116,320 (75)

2426 (15)
12,192 (74)

2583 (12)
17,945 (81)

336 (18)
1418 (74)

447 (22)
1378 (69)

809 (14)
4546 (80)

57,997 (37)

6916 (42)

9260 (42)

899 (47)

878 (44)

2511 (44)

34,551 (22)

4042 (25)

4552 (21)

396 (21)

511 (25)

1138 (20)

11,989 (8)
51,631 (33)

1548 (9)
3951 (24)

1662 (7)
6788 (30)

113 (6)
504 (26)

210 (11)
408 (20)

504 (9)
1564 (27)

Data are numbers (%).
Abbreviations: SSRIs, Selective serotonin inhibitors; TCAs, Tricyclic antidepressants; ACEI/ARBs: Angiotensin-converting enzyme inhibitors/Angiotensin II receptor
blockers; NSAIDs, Nonsteroidal anti-inflammatory drugs

5

Table S3. Characteristics of heart failure patients with and without depression
registered in the Danish Heart Failure Registry (1 January 2003–1 February
2014).
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Number of patients
Left Ventricular Ejection Fraction
>49%
36%-49%
<36%
Missing
New York Heart Association
(NYHA) classification
NYHA Class I
NYHA Class II
NYHA Class III
NYHA Class IV
Missing
Alcohol intake
Maximum 14 drinks for women and 21
for men per week
More than 14 drinks for women and 21
for men per week
Missing
Smoking habits
Smoker
Former smoker
Never smoker
Missing

No depression
28,602 (96)

Depression
1252 (4)

1842 (6)
5509 (19)
17,948 (63)
3303 (12)

93 (7)
270 (22)
714 (57)
175 (14)

2359 (8)
10,838 (38)
5798 (20)
649 (2)
8958 (31)

63 (5)
425 (34)
299 (24)
28 (2)
437 (35)

20,491 (72)

827 (66)

2075 (7)

125 (10)

6036 (21)

300 (24)

7987 (28)
9741 (34)
6448 (23)
4426 (15)

448 (36)
376 (30)
230 (18)
198 (16)

Data are numbers (%).
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Table S4. Sensitivity analyses: Mortality rate ratios comparing heart failure
patients with and without depression. The number of patients with depression is
reported in parentheses.
Crude mortality rate ratio
(95% confidence intervals)
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Registry with first diagnosis of
depression
National Patient Registry (n=2325)
Psychiatric Central Research
Register
(n=7311)
Years since first depression
diagnosis
Within 1 year (n=1253)
Within 2 years (n=1991)
Within 3 years (n=2578)
Danish Heart Failure Registry
cohort
Depression vs. no depression
(n=1252)
+ adjustment for smoking† (n=1054)
+ adjustment for alcohol† (n=952)
Additional adjustments*
+ education† (n=7160)
+ anxiolytics/hypnotics (n=9636)
+ antipsychotics (n=9636)
No adjustment for myocardial
infarction, stroke, hypertension, and
diabetes (n=9636)
Excluding patients with illicit
drug/alcohol/smoking abuse or
dementia
Depression vs. no depression
(n=6,331)

Adjusted mortality rate ratio*
(95% confidence intervals)

1.28 (1.23-1.34)
1.10 (1.07-1.13)

1.01 (0.97-1.06)
1.04 (1.01-1.06)

1.26 (1.19-1.34)
1.23 (1.17-1.29)
1.23 (1.18-1.29)

1.05 (0.99-1.12)
1.05 (1.00-1.10)
1.05 (1.00-1.10)

1.24 (1.15-1.35)

1.07 (0.99-1.16)

1.24 (1.14-1.35)
1.20 (1.09-1.31)

1.07 (0.97-1.17)‡
1.06 (0.96-1.16)‡

1.25 (1.22-1.29)
1.14 (1.12-1.17)
1.14 (1.12-1.17)
1.14 (1.12-1.17)

1.04 (1.01-1.07)
1.00 (0.98-1.03)
0.99 (0.96-1.01)
1.04 (1.01-1.06)

1.12 (1.09-1.16)

1.08 (1.05-1.11)

*

Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity,
diabetes, chronic kidney disease, peptic ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anaemia,
peripheral arterial disease, gross income, and employment.
†Analyses restricted to patients with complete data on all variables.
‡Using multiple imputation, the adjusted mortality rate ratio, including adjustment for smoking, was 1.09 (95% confidence
interval: 1.00-1.18) and the adjusted mortality rate ratio, including adjustment for alcohol, was 1.09 (95% confidence interval:
1.01-1.18)
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Table S5. Mortality rate ratios in heart failure patients according to depression diagnosis
and use of antidepressants before the index date, by time periods.
Diagnosis

1995-1999
No depression
Depression
No depression

Depression
2000-2004
No depression
Depression
No depression
Downloaded from http://jaha.ahajournals.org/ by guest on February 9, 2017

Depression
2005-2009
No depression
Depression
No depression

Depression

Use of antidepressants

Crude mortality rate
ratio
(95% confidence
intervals)

Adjusted mortality ratio
(95% confidence
intervals)*

No use
Former use
Current use
No use
Former use
Current use

Reference
1.13 (1.08-1.19)
Reference
1.17 (1.11-1.22)
1.28 (1.24-1.33)
1.14 (1.05-1.23)
1.33 (1.17-1.52)
1.14 (1.06-1.22)

Reference
1.07 (1.02-1.13)
Reference
1.09 (1.04-1.14)
1.20 (1.16-1.24)
1.07 (0.99-1.16)
1.27 (1.11-1.44)
1.06 (0-99-1.14)

No use
Former use
Current use
No use
Former use
Current use

Reference
1.12 (1.08-1.17)
Reference
1.18 (1.14-1.22)
1.37 (1.34-1.41)
1.00 (0.91-1.09)
1.13 (1.03-1.24)
1.27 (1.21-1.34)

Reference
0.99 (0.95-1.03)
Reference
1.09 (1.06-1.13)
1.18 (1.15-1.22)
0.96 (0.88-1.05)
0.94 (0.86-1.03)
1.06 (1.01-1.12)

No use
Former use
Current use
No use
Former use
Current use

Reference
1.19 (1.14-1.25)
Reference
1.14 (1.10-1.18)
1.50 (1.45-1.54)
1.02 (0.90-1.14)
1.09 (0.99-1.20)
1.43 (1.36-1.51)

Reference
1.02 (0.97-1.07)
Reference
1.05 (1.02-1.09)
1.22 (1.18-1.26)
0.92 (0.82-1.04)
0.93 (0.85-1.03)
1.11 (1.05-1.18)

2010-2014
No depression
Depression
No depression

Reference
Reference
1.26 (1.19-1.34)
1.07 (1.00-1.14)
No use
Reference
Reference
Former use
1.07 (1.02-1.12)
1.02 (0.97-1.07)
Current use
1.52 (1.46-1.59)
1.22 (1.17-1.28)
Depression
No use
1.12 (0.92-1.36)
1.03 (0.85-1.26)
Former use
1.06 (0.93-1.20)
1.02 (0.89-1.16)
Current use
1.54 (1.43-1.66)
1.14 (1.06-1.24)
*
Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial fibrillation/atrial flutter,
stroke, cancer, obesity, diabetes, chronic kidney disease, peptic ulcer, chronic pulmonary disease, illicit
drug/alcohol/smoking abuse, dementia, anaemia, peripheral arterial disease, gross income, and
employment.
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Figure S1. Kaplan-Meier survival curve for heart failure patients with and without
depression.
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Figure S2. Adjusted mortality rate ratios with 95% confidence intervals by age and sex
comparing heart failure patients with and without depression.
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Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity, diabetes, chronic
kidney disease, peptic ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anaemia, peripheral arterial disease, gross
income, and employment.
Abbreviations: aMRR, adjusted mortality rate ratio; CI, confidence interval
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Figure S3. Comorbidity-stratified adjusted mortality rate ratios comparing heart failure
patients with and without depression.
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Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity, diabetes, chronic
kidney disease, peptic ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anaemia, peripheral arterial disease, gross
income, and employment (except for the stratifying variable).
Abbreviations: aMRR, adjusted mortality rate ratio; CI, confidence interval
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Figure S4. Adjusted mortality rate ratios comparing heart failure patients with and
without depression according to use of comedications within 90 days prior to the index
date.

Downloaded from http://jaha.ahajournals.org/ by guest on February 9, 2017

Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity, diabetes, chronic
kidney disease, peptic ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anaemia, peripheral arterial disease, gross
income, and employment.
Abbreviations: aMRR, adjusted mortality rate ratio; CI, confidence interval; SSRIs, Selective serotonin inhibitors; TCAs, Tricyclic
antidepressants; ACEI/ARB, Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers; NSAIDs, Nonsteroidal antiinflammatory drugs
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Figure S5. Adjusted mortality rate ratios comparing heart failure patients with and
without depression according to socioeconomic status.
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Adjusted for age, sex, time period, myocardial infarction, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity, diabetes, chronic
kidney disease, peptic ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, anaemia, peripheral arterial disease, gross
income, and employment (except for the stratifying variable).
Abbreviations: aMRR, adjusted mortality rate ratio; CI, confidence interval
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Aims

The association between heart failure and dementia remains unclear. We assessed the risk of dementia among patients
with heart failure and members of a general population comparison cohort.
.....................................................................................................................................................................
Methods
Individual-level data from Danish medical registries were linked in this nationwide population-based cohort study
and results
comparing patients with a first-time hospitalization for heart failure between 1980 and 2012 and a year of birth-,
sex-, and calendar year-matched comparison cohort from the general population. Stratified Cox regression analysis
was used to compute 1–35-year hazard ratios (HRs) for the risk of all-cause dementia and, secondarily, Alzheimer’s
disease, vascular dementia, and other dementias. Analyses included 324 418 heart failure patients and 1 622 079
individuals from the general population (median age 77 years, 52% male). Compared with the general population
cohort, risk of all-cause dementia was increased among heart failure patients [adjusted HR 1.21, 95% confidence
interval (CI) 1.18–1.24]. The associations were stronger in men and in heart failure patients under age 70. Heart
failure patients had higher risks of vascular dementia (adjusted HR 1.49, 95% CI 1.40–1.59) and other dementias
(adjusted HR 1.30, 95% CI 1.26–1.34) than members of the general population cohort. Heart failure was not
associated with Alzheimer’s disease (adjusted HR 1.00, 95% CI 0.96–1.04).
.....................................................................................................................................................................
Conclusion
Heart failure was associated with an increased risk of all-cause dementia. Heart failure may represent a risk factor
for dementia, but not necessarily for Alzheimer’s disease.

..........................................................................................................
Heart failure •

Dementia •

Morbidity •

Introduction
Dementia is one of the most burdensome health conditions in
western countries.1 – 3 The prevalence of dementia is increasing
globally, with 4.6 million incident cases every year.2 The societal and
financial burdens are enormous. Identifying modifiable risk factors
to prevent or delay dementia onset thus could have a major public
health impact.2,4
While dementia and heart failure often co-exist, the relationship between these two common conditions is unclear.5,6 A
population-based Swedish cohort study found a 1.8-fold higher
risk of dementia and Alzheimer’s disease in heart failure patients
aged 75 years and older compared with patients without heart

.......................................

Keywords

Epidemiology

failure.7 In another small cohort study, late-life heart failure was
associated with a doubled risk of dementia and Alzheimer’s
disease.8 Putative mechanisms are unknown, but low cardiac output and neurohormonal effects of heart failure may lead to chronic
cerebral hypoxia and potentially contribute directly to dementia pathogenesis9 or may lower the threshold for the emergence of dementia symptoms in the presence of specific dementia
pathologies.10
To examine potential associations between heart failure and
dementia and to examine factors that might mediate this association, we used nationwide population registries to assess the risk
of dementia in heart failure patients and in a matched general population comparison cohort.

*Corresponding author. Department of Clinical Epidemiology, Aarhus University Hospital, Olof Palmes Allé 43–45, DK-8200 Aarhus N, Denmark. Tel: +45 8716 8514, Fax: +45
8716 7215, Email: kade@clin.au.dk
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This nationwide cohort study was conducted between 1 January 1980
and 1 September 2012 within a cumulative population of 8 262 736
Danish residents.11 In Denmark all residents are assigned a unique
personal identifier, which allows linkage of individual-level data across
healthcare registries.11

Heart failure
We identified a cohort of patients with a first-time inpatient hospitalization for heart failure recorded in the Danish National Patient
Registry (DNPR).12 This registry has coded hospital admissions and
outpatient clinic visits according to the International Classification of
Diseases since 1977 [Eighth Revision (ICD-8) until 1994 and Tenth
Revision (ICD-10) starting in 1994].12 Each hospital contact is registered in the DNPR with one main diagnosis (primary) and appropriate
secondary diagnoses. We used both primary and secondary diagnoses
to identify heart failure patients. The positive predictive value of the
heart failure diagnosis in the DNPR is between 81% and 100%.12

General population comparison cohort
We used the Danish Civil Registration System to construct a comparison cohort, consisting of up to five individuals randomly sampled
from the general population for each heart failure patient, matched
with replacement on year of birth, sex, and calendar year of heart
failure diagnosis.11 The Danish Civil Registration System has provided
daily updates on vital statistics, including dates of birth, emigration, and
death since 1968.11 Heart failure patients and persons in the matched
comparison cohort who were diagnosed with dementia before the
index date were excluded. The index date was the date of heart failure
diagnosis and the corresponding matching date for members of the general population cohort. If members of the general population cohort
were diagnosed with heart failure after the index date, they were transferred to the heart failure group and new corresponding comparison
cohort members were selected from the general population.

Incident dementia
The primary outcome was incident all-cause dementia diagnosed in
hospital inpatient and outpatient settings. Secondary outcomes were
dementia subtypes classified as Alzheimer’s disease, vascular dementia, and other dementias (i.e. any specific or unspecified dementia
other than Alzheimer’s disease and vascular dementia). Information
on dementia diagnoses was obtained from the DNPR and the Danish Central Psychiatric Registry.12 In the DNPR, dementia diagnoses
are available for hospital admissions since 1977 and for hospital-based
outpatient clinics since 1995.12 In the Danish Central Psychiatric Registry, dementia has been registered in the psychiatric hospital system
since 1969.13 The positive predictive value of all-cause dementia diagnosis in the two registries is 86% and that of Alzheimer’s disease is
81%. Positive predictive values for other dementia subtypes are lower,
and the diagnostic sensitivity is unknown.14

Covariates
We collected information on the following co-morbidities to include as
covariates in our analyses: myocardial infarction, angina pectoris, atrial
fibrillation/atrial flutter, valvular heart disease, hypercholesterolaemia,

........................................................................................................................................................................
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hypertension, stroke, obesity, diabetes mellitus, chronic obstructive
pulmonary disease (as an indicator of smoking exposure), myxoedema,
alcoholism-related diseases, head trauma, osteoarthritis (as an indicator for use of non-steroidal anti-inflammatory drugs), anaemia, chronic
kidney disease, and a modified Charlson Comorbidity Index (CCI)
score (excluding congestive heart failure, myocardial infarction, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, diabetes, and chronic kidney disease) diagnosed up to the index
date. Data on the above diagnoses (including all available primary and
secondary diagnoses other than emergency room diagnoses) were
retrieved from the DNPR from 1977 until the index date. ICD codes
used in the study are provided in the Supplementary material online,
Tables S1 and S2.

Statistical analyses
All heart failure patients and members of the general population
comparison cohort were followed from their index date until the
date of an inpatient or outpatient hospital contact for any dementia diagnosis, emigration, death, or 1 September 2014, whichever
came first. Descriptive data on sex, age groups (<60 years, 60–69
years, 70–79 years, and ≥80 years), index year calendar periods
(1980–1989, 1990–1999, and 2000–2012), and co-morbidities are
presented in Table 1. We excluded the first year of follow-up, since
dementia diagnosed in this period is unlikely to be a consequence of
heart failure. Using the cumulative incidence (risk) function accounting
for death as a competing risk, we calculated dementia risks during
1–35 years, 1–10 years, 11–20 years, and 21–35 years of follow-up.
We calculated standardized incidence ratios as the observed number
of dementia cases among heart failure patients divided by the number
expected if heart failure patients had the same dementia risk as the
general population of Denmark. The expected number of dementia
cases was calculated using national incidence rates for first-time
dementia diagnoses, according to sex, age, and calendar 1-year
intervals. The 95% confidence intervals (CIs) for the standardized
incidence ratio estimates were computed assuming a Poisson distribution of the observed numbers of dementia cases in the different time
periods.
Hazard ratios (HRs) and corresponding 95% CIs were computed
with multivariable stratified Cox hazards regression models, comparing
heart failure patients with members of the general population comparison cohort.15 In the multivariable analyses, we controlled for age,
sex, and calendar year by the matched study design and adjusted for
co-morbidities in Table 1 and the modified CCI score. We considered any potential interactions in stratified models, which we used to
examine the risk of dementia by sex, age groups, and the following
factors associated with heart failure: previous myocardial infarction,
angina pectoris, atrial fibrillation/atrial flutter, valvular heart disease,
myocarditis, hypertension, and cardiomyopathy. We also examined the
risk of dementia in subgroups of heart failure patients with hypercholesterolaemia, stroke, obesity, diabetes mellitus, chronic obstructive pulmonary disease, myxoedema, alcoholism-related diseases, head
trauma, osteoarthritis, anaemia, chronic kidney disease, and different CCI levels as potential underlying conditions that might modify
associations between heart failure and dementia. We assessed the
possibility of cohort effects due to lack of outpatient clinic records
before 1995 and increasing dementia awareness by healthcare professionals, by stratifying analyses in two index periods (1980–1994 and
1995–2012). For this analysis, we restricted follow-up to 10 years,
to ensure homogeneous follow-up between the index periods. We
© 2016 The Authors
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Table 1 Characteristics of patients hospitalized with a
first-time diagnosis of heart failure during 1980–2012
and members of the general population comparison
cohort
Heart failure Comparison
cohort
cohort
(n = 324 418) (n = 1 622 079)
................................................................
Male gender
Age, years
<60
60–69
70–79
≥80
Median (interquartile range)
Decade of diagnosis
1980 − 1989
1990 − 1999
2000 − 2012
Co-morbidities
Myocardial infarction
Angina pectoris
Atrial fibrillation or flutter
Valvular heart disease
Hypercholesterolaemia
Hypertension
Stroke
Obesity
Diabetes mellitus
COPD
Myxoedema
Alcoholism-related diseases
Head trauma
Osteoartrhitis
Anaemia
Chronic kidney disease
Charlson Comorbidity Indexa
Normal
Moderate
Severe
Very severe

168 564 (52)

842 810 (52)

31 848 (10)
57 446 (18)
109 496 (34)
125 628 (39)
77 (69–84)

159 ,659 (10)
287 942 (18)
546 989 (34)
627 489 (39)
77 (69–84)

96 020 (30)
109 866 (34)
118 532 (37)

480 096 (30)
549 327 (34)
592 656 (37)

51 802 (16)
53 484 (17)
39 005 (12)
14 329 (4)
9 066 (3)
52 564 (16)
20 625 (6)
14 292 (4)
36 143 (11)
46 660 (14)
4995 (2)
8480 (3)
43 632 (13)
38 387 (12)
19 575 (6)
10 095 (3)

69 041 (4)
89 915 (6)
61 464 (4)
14 878 (0.9)
18 136 (1)
119 823 (7)
57 244 (4)
20 342 (1)
60 980 (4)
76 580 (5)
12 458 (0.8)
16 852 (1)
183 321 (11)
146 389 (9)
42 714 (3)
12 900 (0.8)

235 534 (73)
45 406 (14)
31 105 (10)
12 373 (4)

1 350 105 (83)
118 649 (7)
123 189 (8)
30 136 (2)

Values are given as n (%).
a Categories of co-morbidity were based on scores on the modified Charlson
Comorbidity Index of 0 (normal), 1 (moderate), 2 (severe), and ≥3 (very severe).

assessed the proportionality of hazards graphically using log minus log
plots, and found the assumption to be fulfilled in the analysed follow-up
periods.

Sensitivity analyses
We performed three sensitivity analyses to assess the robustness of the
study results. First, we redefined the cohort of heart failure patients
to include patients diagnosed in outpatient as well as inpatient settings.
Secondly, due to an assumed induction period in the development of
dementia, we repeated the analyses sequentially excluding the initial 2,
3, 5, and 10 years of follow-up. Thirdly, we reclassified Alzheimer’s
disease to include the ICD code for unspecified dementia in the
Alzheimer’s disease definition.

........................................................................................................................................................................

Heart failure and dementia

© 2016 The Authors
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All statistical analyses were performed using SAS version 9.2 (SAS
Institute, Cary, NC, USA). The study was approved by the Danish Data
Protection Agency (record number: 1-16-02-268-14). No approval
from an ethics committee or informed consent from patients is
required for registry studies in Denmark.

Results
In total, 324 418 heart failure patients (median age, 77 years;
male, 52%) and 1 622 079 individuals from the general population (median age, 77 years; male, 52%) were included in
the analysis. Median follow-up time was 2 years (interquartile
range 0.2–5.3 years) for patients with heart failure and 6.5 years
(interquartile range 3.1–11.6 years) for members of the comparison cohort, due primarily to higher mortality in the heart
failure cohort. Heart failure patients had a higher prevalence of
co-morbidity than members of the general population cohort
(Table 1).

Risk of dementia
During the 35-year follow-up period, 148 541 were diagnosed with
dementia (51 412 with Alzheimer’s disease, 18 624 with vascular
dementia, and 78 505 with other dementias) (Table 2). Because
of competing mortality, the absolute 1–35-year risk of all-cause
dementia was substantially lower among heart failure patients
(7.22%; 95% CI 7.08–7.36%) than among members of the general
population comparison cohort (14.95%; 95% CI 14.84–15.06%)
(Table 2). After adjustment for co-morbid diseases, the risk of
all-cause dementia among heart failure patients was higher than
that among the general population (1–35-year HR 1.21, 95% CI
1.18–1.24). There was no association with Alzheimer’s disease
(1–35-year HR 1.00, 95% CI 0.96–1.04), but the relative risks of
vascular dementia (1–35-year HR 1.49, 95% CI 1.40–1.59) and
other dementias (1–35-year HR 1.30, 95% CI 1.26–1.34) were
higher in heart failure patients than in members of the general
population (Table 2). The dementia incidence ratios standardized
to the Danish population agreed with the unadjusted HRs (Table 2).

Age, sex, heart failure causes,
and co-morbidity
Age-stratified analyses revealed that the magnitude of association between heart failure and all-cause dementia was higher in
patients aged under 70 than in patients older than 70 (Table 3).
The 1–35-year HRs were higher for men than women (Table 3).
For men, the 1–35-year HR was 1.31 (95% CI 1.26–1.36), and for
women it was 1.15 (95% CI 1.11–1.18). HRs for all-cause dementia were similar for heart failure patients with or without previous
myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter,
valvular heart disease, and hypertension (Table 4). Results of analyses stratified by other co-morbidities are reported in the Supplementary material online, Table S3. The association between heart
failure and all-cause dementia applied to patients in 1980–1994 as
well as for patients in 1995–2012 (Supplementary material online,
Table S4).
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Table 2 Cumulative incidence risks and hazard ratios of dementia in heart failure patients and members of the
general population comparison cohort
Years since
diagnosis

Comparison cohort
..........................................
Events/no.
Cumulative
at risk
incidence risk,
% (95% CI)

Heart failure patients
....................................
Events /no.
Cumulative
at risk
incidence
risk, % (95% CI)

Standardized
incidence
ratio (95% CI)

92 228/1 492 102
37 332/511 213
7497/99 527
137 057/1 492 102

7.18 (7.13–7.22)
9.82 (9.72–9.92)
13.42 (13.00–13.86)
14.95 (14.84–15.06)

9808/198 038
1534/29 655
142/2906
11 484/198 038

5.39 (5.29–5.49)
6.96 (6.62–7.31)
7.60 (6.27–9.09)
7.22 (7.08–7.36)

1.13 (1.10–1.15)
1.13 (1.07–1.18)
1.20 (1.01–1.41)
1.13 (1.11–1.15)

1.28 (1.25–1.31)
1.26 (1.17–1.35)
1.47 (1.14–1.88)
1.28 (1.25–1.30)

1.21 (1.18–1.24)
1.19 (1.11–1.28)
1.38 (1.07–1.79)
1.21 (1.18–1.24)

34 454/1 492 102
11 170/511 213
2469/99 527
48 093/1 492 102

2.67 (2.65–2.70)
2.95 (2.89–3.00)
4.62 (4.37– 4.88)
5.18 (5.11–5.25)

2921/198 038
356/29 655
42/2906
3319/198 038

1.59 (1.54–1.65)
1.62 (1.45–1.80)
2.61 (1.74–3.75)
2.07 (1.98–2.15)

0.90 (0.87–0.93)
0.82 (0.74–0.91)
1.02 (0.74–1.38)
0.89 (0.86–0.92)

1.02 (0.98–1.06)
0.79 (0.69–0.90)
1.37 (0.88–2.12)
1.00 (0.96–1.04)

1.02 (0.97–1.06)
0.80 (0.70–0.92)
1.31 (0.83–2.07)
1.00 (0.96–1.04)

11 168/1 492 102
4710/511 213
922/99 527
16 800/1 492 102

0.87 (0.86–0.89)
1.25 (1.22–1.29)
1.71 (1.56–1.87)
1.90 (1.85–1.94)

1546/198 038
248/29 655
30/2906
1824/198 038

0.85 (0.81–0.90)
1.12 (0.98–1.27)
1.53 (1.03–2.21)
1.17 (1.11–1.23)

1.43 (1.36–1.50)
1.44 (1.26–1.63)
2.04 (1.37–2.91)
1.44 (1.37–1.50)

1.66 (1.56–1.77)
1.84 (1.54–2.20)
2.64 (1.44–4.85)
1.69 (1.59–1.79)

1.47 (1.38–1.57)
1.59 (1.32–1.93)
2.29 (1.18–4.45)
1.49 (1.40–1.59)

46 606/1 492 102
21 452/511 213
4106/99 527
72 164/1 492 102

3.67 (3.63–3.70)
5.71 (5.63–5.79)
7.37 (7.03–7.72)
8.17 (8.08–8.26)

5341/198 038
930/29 655
70/2906
6341/198 038

2.96 (2.88–3.03)
4.26 (3.99–4.54)
3.52 (2.71–4.49)
4.03 (3.92–4.14)

1.22 (1.19–1.25)
1.23 (1.15–1.31)
1.11 (0.87–1.41)
1.22 (1.19–1.25)

1.38 (1.33–1.43)
1.46 (1.33–1.60)
1.26 (0.89–1.79)
1.39 (1.35–1.43)

1.29 (1.25–1.34)
1.37 (1.24–1.51)
1.18 (0.82–1.70)
1.30 (1.26–1.34)

Adjusted
Hazard
hazard ratio
ratio
(95% CI)b
controlled
for matching
factorsa (95% CI)
...............................................................................................................................................................
All-cause dementia
1–10
11–20
21–35
1–35
Alzheimer’s disease
1–10
11–20
21–35
1–35
Vascular dementia
1–10
11–20
21–35
1–35
Other dementias
1–10
11–20
21–35
1–35

Sensitivity analyses
Redefining the cohort to include both inpatient and outpatient
diagnoses of heart failure did not change the overall results (Supplementary material online, Table S5). Excluding the first year of
follow-up decreased the overall risk estimates of dementia, but
HRs did not change by excluding more than the initial year of
follow-up (Supplementary material online, Table S6). When ICD
codes for unspecified dementia were reclassified as Alzheimer’s
disease, heart failure patients now had a higher risk of this diagnosis than members of the general population comparison cohort:
1–35-year adjusted HR of 1.16, 95% CI 1.14–1.20, with similar
hazards for 1–10, 11–20, and 21–35 year categories (Supplementary material online, Table S7).

Discussion
In this nationwide cohort study, we found a clear association
between heart failure and risk of all-cause dementia, driven by
higher risks of vascular and other dementias, compared with members of the general population cohort over 35 years of follow-up.
Dementia risk was increased for both men and women but was
somewhat greater for men. Although causes and outcomes of heart
failure can differ between men and women,16 the basis of the sex
difference in dementia risk is unclear. Heart failure was a less strong
relative risk factor for dementia in elderly than in young patients.

.............................................................................

CI, confidence interval.
a Age, sex, and calendar year.
b Controlled for matching factors by study design and adjusted for stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolaemia, myocardial infarction, stable angina pectoris, valvular
heart disease, diabetes, chronic obstructive pulmonary disease, obesity, myxoedema, alcoholism-related disease, head trauma, osteoarthritis, anaemia, chronic kidney disease, and a modified Charlson
Comorbidity Index score.

Two small studies have evaluated the risk of dementia in heart
failure patients.7,8 A Finnish cohort study of 55 heart failure patients
showed no association between midlife heart failure and dementia
(25-year HR 0.84, 95% CI 0.33–2.13), but in 86 patients with
late-life heart failure the risk of dementia was doubled (25-year
HR 2.06, 95% CI, 1.00–4.27).8 A Swedish population-based cohort
study of 205 heart failure patients aged ≥75 years reported an
adjusted 9-year HR of 1.84 (95% CI 1.35–2.51) for dementia.7
In the Framingham Offspring Cohort Study, subjects with an
impaired cardiac index (n = 269) had higher risks of all-cause
dementia (adjusted HR 2.07, 95% CI 1.02–4.19) and Alzheimer’s
disease (adjusted HR 2.10, 95% CI 0.96–4.61) than patients with
a normal cardiac index, after 7.7 years of follow-up.17 Supporting
a weak association between heart failure and dementia, the Age,
Gene/Environment Susceptibility (AGES)-Reykjavik Study of 931
subjects showed an increased risk of mild cognitive impairment or
dementia for each 10% decrease in LVEF (odds ratio 1.02, 95% CI
0.75–1.38), 10 mL decrease in LV stroke volume (odds ratio 1.24,
95% CI 0.99–1.57), and 1 L/min decrease in cardiac output (odds
ratio 1.40, 95% CI 0.99–2.00).18 Our results extend these findings
within a large, nationwide cohort, indicating that heart failure is
associated with ∼20% elevated risk of all-cause dementia among
patients surviving at least 1 year after their heart failure diagnosis.
Low cardiac output may directly reduce cerebral blood flow,
contributing to cerebral hypoperfusion, impaired vascular autoregulation, and white matter injury. Moreover, neurohormonal
© 2016 The Authors
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Table 3 Age- and sex-stratified analyses and cumulative incidence risks, %, and hazard ratio of dementia in heart
failure patients and members of the general population comparison cohort
1–10 years
11–35 years
1–35 years
.....................................
........................................
......................................
Cumulative
Adjusted
Cumulative
Cumulative
Adjusted
Adjusted
incidence risk,
hazard ratio
incidence risk,
incidence risk,
hazard ratio
hazard ratio
% (95% CI)
(95% CI)a
% (95% CI)
% (95% CI)
(95% CI)a
(95% CI)a
...........................................................................................................................................
All-cause dementia
Male
Female
<60 years
60–69 years
70–79 years
≥80 years
Alzheimer’s disease
Male
Female
<60 years
60–69 years
70–79 years
≥80 years
Vascular dementia
Male
Female
<60 years
60–69 years
70–79 years
≥80 years
Other dementias
Male
Female
<60 years
60–69 years
70–79 years
≥80 years

4.60 (4.46–4.73)
6.22 (6.07–6.39)
1.05 (0.92–1.19)
3.03 (2.86–3.22)
6.25 (6.07–6.45)
7.51 (7.31–7.73)

1.31 (1.27–1.37)
1.14 (1.11–1.18)
2.50 (2.02–3.08)
1.71 (1.57–1.86)
1.24 (1.20–1.29)
1.06 (1.03–1.10)

7.69 (7.07–8.34)
9.79 (9.07–10.54)
4.90 (4.15–5.73)
10.77 (9.87–11.72)
10.88 (10.12–11.67)
6.33 (5.33–7.43)

1.26 (1.13–1.40)
1.18 (1.07–1.29)
1.56 (1.29–1.89)
1.31 (1.17–1.46)
1.06 (0.95–1.18)
0.80 (0.57–1.12)

6.29 (6.10–6.49)
8.17 (7.95–8.38)
3.77 (3.33–4.25)
6.52 (6.18–6.88)
8.13 (7.90–8.36)
7.85 (7.64–8.07)

1.31 (1.26–1.36)
1.15 (1.11–1.18)
1.93 (1.68–2.23)
1.56 (1.46–1.66)
1.22 (1.18–1.27)
1.06 (1.02–1.10)

1.32 (1.24–1.39)
1.89 (1.80–1.98)
0.13 (0.09–0.18)
0.76 (0.67–0.85)
2.05 (1.94–2.16)
2.17 (2.06–2.29)

1.13 (1.06–1.21)
0.95 (0.90–1.01)
2.73 (1.51–4.92)
1.22 (1.05–1.42)
1.05 (0.98–1.12)
0.94 (0.88–1.00)

1.82 (1.50–2.19)
2.69 (2.20–3.24)
1.40 (0.98–1.94)
2.78 (2.29–3.35)
2.68 (2.30–3.11)
0.86 (0.52–1.35)

0.80 (0.65–1.00)
0.86 (0.73–1.02)
1.07 (0.74–1.56)
0.98 (0.79–1.20)
0.69 (0.56–0.85)
0.35 (0.13–0.92)

1.72 (1.62–1.83)
2.43 (2.29–2.57)
0.90 (0.67–1.21)
1.66 (1.48–1.87)
2.52 (2.39–2.65)
2.22 (2.10–2.34)

1.09 (1.02–1.16)
0.94 (0.89–0.99)
1.35 (1.00–1.84)
1.14 (1.01–1.28)
1.01 (0.94–1.07)
0.93 (0.87–0.99)

0.83 (0.77–0.89)
0.88 (0.82–0.94)
0.25 (0.19–0.33)
0.71 (0.62–0.80)
1.07 (0.99–1.15)
0.94 (0.86–1.01)

1.47 (1.34–1.62)
1.48 (1.35–1.62)
4.43 (2.65–7.41)
2.48 (2.05–3.01)
1.54 (1.39–1.70)
1.13 (1.02–1.26)

1.47 (1.22–1.76)
1.50 (1.23–1.81)
1.11 (0.79–1.53)
2.21 (1.80–2.68)
1.36 (1.09–1.67)
0.62 (0.34–1.04)

1.70 (1.31–2.21)
1.64 (1.28–2.11)
2.41 (1.54–3.76)
1.91 (1.46–2.50)
1.23 (0.89–1.68)
0.53 (0.16–1.80)

1.16 (1.07–1.24)
1.18 (1.10–1.27)
0.87 (0.68–1.11)
1.43 (1.27–1.60)
1.31 (1.22–1.41)
0.97 (0.89–1.05)

1.50 (1.37–1.64)
1.50 (1.38–1.64)
3.27 (2.36–4.53)
2.24 (1.92–2.62)
1.50 (1.36–1.66)
1.13 (1.01–1.25)

2.46 (2.36–2.56)
3.47 (3.35–3.60)
0.67 (0.57–0.79)
1.58 (1.45–1.71)
3.15 (3.02–3.29)
4.43 (4.27–4.60)

1.41 (1.33–1.48)
1.22 (1.17–1.28)
2.24 (1.72–2.93)
1.92 (1.70–2.16)
1.34 (1.26–1.42)
1.14 (1.08–1.19)

4.47 (3.99–4.98)
5.72 (5.25–6.22)
2.44 (1.94–3.03)
5.94 (5.26–6.68)
6.95 (6.33–7.60)
4.87 (4.00–5.86)

1.43 (1.24–1.66)
1.30 (1.15–1.47)
1.63 (1.24–2.15)
1.39 (1.19–1.63)
1.29 (1.13–1.48)
0.95 (0.63–1.42)

3.45 (3.31–3.60)
4.62 (4.47–4.78)
2.02 (1.72–2.37)
3.51 (3.26–3.79)
4.36 (4.19–4.54)
4.69 (4.52–4.87)

1.41 (1.34–1.48)
1.23 (1.18–1.29)
1.93 (1.60–2.33)
1.70(1.55–1.87)
1.33 (1.26–1.41)
1.13 (1.08–1.19)

activation related to heart failure may cause inflammation and
cerebral microvascular dysfunction.9 These mechanisms may lead
to chronic cerebral hypoxia and contribute directly to dementia pathogenesis9 or lower the threshold for the emergence of
dementia symptoms in the presence of dementia pathology.10
Dementia risk was elevated for vascular dementia and other
dementias, but heart failure was not associated with registry diagnoses of Alzheimer’s disease. However, relatively large numbers of
patients were classified as having unspecified dementia (ICD-10),
suggesting substantial misclassification of specific dementia subtypes into this less specific category. Patients with heart failure
have multiple vascular risk factors that may explain their observed
increased risk of vascular dementia.19,20 Heart failure has been
suggested to increase the risk of stroke.21 Similarly, heart failure is
associated with atrial fibrillation, diabetes, and hypertension, all of
which are strongly associated with stroke or vascular dementia,22
but also with Alzheimer’s disease.23 Although heart failure was not

...................................................

CI, confidence interval.
a Controlled for matching factors by study design and adjusted for stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolaemia, myocardial infarction, stable
angina pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary disease, obesity, myxoedema, alcoholism-related disease, head trauma, osteoarthritis, anaemia,
chronic kidney disease, and a modified Charlson Comorbidity Index score.
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associated with Alzheimer’s disease per se, our sensitivity analysis,
in which unspecified dementia was reclassified as Alzheimer’s
disease, implied that heart failure patients might in fact be at
higher risk of Alzheimer’s disease than members of the general
population comparison cohort.
Due to the dramatic increase in ageing populations of Western
countries in the coming years, the number of patients with dementia is expected to increase.2 More assiduous management of heart
failure might reduce the burden of dementia. Since cognitive impairment and dementia in heart failure patients predict mortality,24
clinicians should remain vigilant to these conditions, and more
research on prevention and intervention strategies is warranted.

Strengths and limitations
This is the largest cohort study to date on the association between
heart failure and dementia. Study strengths include its nationwide

1.14 (1.04–1.24)
1.26 (1.22–1.30)
1.17 (1.09–1.26)
1.26 (1.22–1.30)
1.18 (1.08–1.28)
1.25 (1.22–1.29)
1.29 (1.09–1.53)
1.25 (1.21–1.28)
1.31 (1.22–1.40)
1.23 (1.19–1.27)
3.72 (1.02–13.59)
1.25 (1.21–1.29)
1.18 (0.73–1.93)
1.25 (1.21–1.29)

1.23 (1.05–1.44)
1.39 (1.31–1.48)
1.35 (1.18–1.54)
1.36 (1.28–1.45)
1.12 (0.96–1.31)
1.40 (1.32–1.49)
1.17 (0.86–1.61)
1.37 (1.30–1.45)
1.27 (1.12–1.44)
1.38 (1.29–1.47)
(.–.)
1.37 (1.30–1.45)
1.47 (0.63–3.46)
1.37 (1.29–1.45)

1.01 (0.90–1.15)
0.99 (0.95–1.03)

0.77 (0.69–0.86)
1.02 (0.98–1.07)

0.94 (0.83–1.06)
0.99 (0.95–1.03)

0.78 (0.62–0.98)
1.00 (0.96–1.04)

0.96 (0.86–1.06)
0.99 (0.95–1.03)

(.–.)
0.99 (0.95–1.03)

0.86 (0.41–1.78)
0.99 (0.95–1.03)

1.15 (0.80–1.65)
1.17 (1.15–1.20)

0.99 (0.37–2.67)
1.17 (1.15–1.20)

1.19 (1.13–1.26)
1.16 (1.13–1.19)

1.08 (0.96–1.22)
1.17 (1.15–1.20)

1.10 (1.03–1.17)
1.18 (1.15–1.20)

1.07 (1.01–1.13)
1.19 (1.16–1.22)

1.11 (1.04–1.19)
1.18 (1.15–1.20)

1.12 (0.07–18.41)
0.85 (0.76–0.94)

(.–.)
0.85 (0.76–0.94)

0.63 (0.42–0.93)
0.86 (0.78–0.96)

1.01 (0.46–2.23)
0.85 (0.76–0.94)

0.94 (0.61–1.43)
0.84 (0.75–0.93)

0.74 (0.55–1.00)
0.87 (0.78–0.97)

0.88 (0.65–1.20)
0.85 (0.76–0.95)

(.–.)
1.39 (1.23–1.58)

(.–.)
1.39 (1.23–1.58)

1.39 (0.90–2.16)
1.39 (1.22–1.59)

2.24 (0.79–6.37)
1.38 (1.22–1.57)

1.07 (0.66–1.72)
1.42 (1.25–1.62)

1.47 (1.01–2.14)
1.38 (1.20–1.58)

1.15 (0.79–1.69)
1.43 (1.25–1.64)

1.06 (0.15–7.30)
1.23 (1.15–1.32)

(.–.)
1.23 (1.15–1.31)

1.13 (0.89–1.44)
1.24 (1.15–1.32)

2.04 (1.21–3.46)
1.22 (1.14–1.31)

1.10 (0.84–1.43)
1.24 (1.16–1.33)

1.03 (0.84–1.26)
1.26 (1.18–1.35)

1.18 (0.95–1.46)
1.24 (1.15–1.33)

1.85 (0.51–6.70)
1.13 (1.08–1.19)

(.–.)
1.13 (1.08–1.19)

1.01 (0.84–1.22)
1.14 (1.08–1.20)

1.71 (1.14–2.54)
1.13 (1.07–1.19)

1.05 (0.86–1.30)
1.14 (1.08–1.20)

0.99 (0.86–1.16)
1.16 (1.10–1.22)

1.08 (0.92–1.27)
1.14 (1.08–1.21)

CI, confidence interval.
(.–.) Insufficient for estimates.
a Adjusted for age, sex, calendar year, stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolaemia, myocardial infarction, stable angina pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary disease,
obesity, myxoedema, alcoholism-related disease, head trauma, osteoarthritis, anaemia, chronic kidney disease, and a modified Charlson Comorbidity Index score (except the stratified variable).

Myocardial infarction
Yes
No
Angina pectoris
Yes
No
Atrial fibrillation or flutter
Yes
No
Valvular heart disease
Yes
No
Hypertension
Yes
No
Myocarditis
Yes
No
Cardiomyopathy
Yes
No

1–10 year adjusted hazard ratio (95% CI)a
11–35 year adjusted hazard ratio (95% CI)a
...............................................................................
.....................................................................................
Alzheimer’s
Vascular
Other
All-cause
Alzheimer’s
Vascular
Other
All-cause
disease
dementia
dementias
dementia
disease
dementia
dementias
dementia
.........................................................................................................................................................................................

Table 4 Risk of dementia in selected subgroups of heart failure patients: adjusted hazard ratios (reference group: general population)

258
K. Adelborg et al.

© 2016 The Authors
European Journal of Heart Failure © 2016 European Society of Cardiology

259

population coverage and complete long-term follow-up, virtually
eliminating the risk of selection bias. However, our study is subject to the limitations inherent to dementia registration in the
Danish medical registries. The diagnosis of dementia has a high
positive predictive value,14 but the sensitivity of this diagnosis is
unknown. Low sensitivity would be expected to underestimate
associations with dementia. Heart failure patients are more frequently in contact with the healthcare system than members of
the general population. Therefore, registration of dementia may
be higher for heart failure patients than for members of the general population, and surveillance bias could have overestimated
the associations observed with dementia.25 We lacked results of
diagnostic brain imaging; data on drug treatment, socio-economic
status, marital status, and other potential confounders; and objective measures of cognitive function. Also, due to vascular risk factors in heart failure patients, diagnostic bias may contribute to
findings on our initial analysis of increased risk of vascular dementia but the null association with Alzheimer’s disease. In addition,
while we adjusted for previous cardiovascular co-morbidities, we
did not include incident cardiovascular conditions occurring during follow-up, because these conditions could represent factors
that mediate the association between heart failure and dementia.
Because data on heart failure severity are not registered in the
DNPR, we could not investigate the risk of dementia in subgroups
of patients with more advanced heart failure. However, dementia
risks were similar in heart failure patients with shorter and longer
follow-up intervals. The Danish population is relatively homogeneous, consisting mostly of Caucasians, and the generalizability of
our study results to other populations is unknown.

Conclusion
Heart failure was associated with an increased risk of all-cause
dementia, with stronger associations for men than for women.
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Table S1. International Classification of Diseases codes used in
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Table S2. Charlson Comorbidity Index conditions.
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cohort.
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comparison cohort.
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Supplementary Online Material
Table S1. International Classification of Diseases codes used in the study.
ICD-8

ICD-10

42709, 42710, 42711, 42719,
42899,78249
410

I50, I11.0, I13.0, I13.2

413

I20 (except I20.0), I25.1, I25.9

42793, 42794

I48

Valvular heart disease

394-398

I05, I06, I07, I08.0, I09.8, I34I37, I39.0, I39.3, I51.1A, Q22

Hypercholesterolemia

27200

E780

400-404

DI10-DI15, I67.4

431, 433-434

I61, I63-I64

Myocarditis

422

I40, I41, I090, I514

Cardiomyopathy

425

I42-I43 (exluding I42.6)

Obesity

277

E65-E68

249, 250 (excluding 24902,
25002)

E10 (excluding E10.2), E11
(excluding E11.2), H36.0

490-493; 515-518

J40-J47; J60-J67; J68.4; J70.1;
J70.3; J84.1; J92.0; J96.1;
J98.2; J98.3
E00, E03, E890

Heart failure
Myocardial infarction
Angina pectoris
Atrial fibrillation or flutter

Hypertension
Stroke

Diabetes mellitus
Chronic obstructive pulmonary
disease
Myxedema

244

I21

Alcoholism-related diseases

980, 29109-29199, 3030930399, 57109-57111, 57710

F10 (except F10.0), G31.2,
G62.1, G72.1, I 42.6, K29.2,
K86.0, Z72.1

Head trauma

800-803, 850-854, 810-874

S00-S09

713

M15-M19

280-281, 283-285

D50-55, D59, D61-D64

24902, 25002, 7531075319, 582-584, 59009,
59320, 792

E102, E112, E142, N03, N05,
N110, N14, N16, N18-N19,
N269, Q611-Q614

Osteoarthritis (patients often use
NSAIDs which therefore may
modify the risk of dementia).
Other connective tissue diseases
associated with use of NSAIDs are
included in the CCI index
Anemia
Chronic kidney disease

Outcomes
Alzheimer’s disease

29010, 29009

F00 series (includes F00.0x,
F00.1x, F00.2x, and F00.9x);
G30 (includes G30, G30.0,
30.1, 30.8, 30.9)

Vascular dementia

Other dementia

29309, 29319

F01 series (includes F01.0x,
F01.1x, F01.2x, F01.3x,
F01.8x, & F01.9x)

09419 and 29209, 29011,
29018, 29019, 29209

F02 series; F03 series; F1x.73
series (F10.73 through F19.73);
G23.1; G31.0, G31.1, G31.8B,
G31.8E, G31.85

Table S2. Charlton comorbidity index conditions.
Diseases
Peripheral vascular disease

Weights
1

Connective tissue disease
Ulcer disease
Mild liver disease
Hemiplegia

2

Non-metastatic solid tumor
Leukemia
Lymphoma
Moderate to severe liver disease

3

Metastatic cancer
AIDS

6

ICD-8: 440, 441, 442, 443, 444, 445; ICD-10: I70, I71, I72, I73, I74, I77
ICD-8: 712, 716, 734, 446, 135.99; ICD-10: M05, M06, M08, M09, M30, M31,
M32, M33, M34, M35, M36, D86
ICD-8: 530.91, 530.98, 531-534; ICD-10: K22.1, K25-K28
ICD-8: 571, 57301, 57304; ICD-10:B18, K70.0-K70.3, K70.9, K71, K73, K74,
K76.0
ICD-8: 344; ICD-10: G81, G82
ICD-8: 140-194; ICD-10: C00-C75
ICD-8: 204-207; ICD-10: C91-C95
ICD-8: 200-203, 275.59; ICD-10: C81-C85, C88, C90, C96
ICD-8: 070.00, 070.02, 070.04, 070.06, 070.08, 573.00, 456.00-456.09; ICD10: B15.0, B16.0, B16.2, B19.0, K70.4, K72, K76.6, I85
ICD-8: 195-198, 199; ICD-10: C76-C80
ICD-8: 079.83; ICD-10: B21-B24

Table S3. Selected subgroups of heart failure patients and corresponding hazard ratios for dementia comparing heart failure patients with members of the general
population.
1-10 year adjusted hazard ratio (95% CI)*

Hypercholesterolemia
Yes
No
Stroke
Yes
No
Obesity
Yes
No
Diabetes mellitus
Yes
No
Chronic pulmonary
disease
Yes
No
Myxedema
Yes
No
Alcoholism-related
disease
Yes
No
Head trauma
Yes
No
Osteoarthritis
Yes
No
Anemia
Yes
No
Chronic kidney disease
Yes
No
Charlson Comorbidity
Index score
Normal

11-35 year adjusted hazard ratio (95% CI)*

Alzheimer’s disease

Vascular dementia

Other dementias

All-cause dementia

Alzheimer’s disease

Vascular dementia

Other dementias

All-cause dementia

1.00 (0.79–1.27)
0.99 (0.95–1.03)

1.39 (1.01–1.90)
1.37 (1.30–1.45)

1.53 (1.27–1.86)
1.24 (1.21–1.28)

1.30 (1.13–1.48)
1.17 (1.14–1.20)

0.87 (0.39–1.97)
0.85 (0.76–0.94)

0.46 (0.09–2.26)
1.41 (1.24–1.60)

1.74 (0.70–4.30)
1.23 (1.15–1.31)

0.96 (0.55–1.67)
1.13 (1.08–1.19)

0.98 (0.81–1.18)
0.99 (0.95–1.03)

0.98 (0.84–1.15)
1.42 (1.34–1.51)

1.14 (1.02–1.27)
1.25 (1.22–1.29)

1.07 (0.98–1.16)
1.18 (1.15–1.20)

1.16 (0.47–2.84)
0.84 (0.76–0.94)

1.17 (0.58–2.38)
1.40 (1.23–1.59)

1.54 (0.98–2.43)
1.22 (1.14–1.31)

1.34 (0.94–1.91)
1.13 (1.07–1.19)

1.26 (1.01–1.58)
0.98 (0.95–1.02)

1.17 (0.87–1.56)
1.38 (1.30–1.46)

1.35 (1.15–1.60)
1.24 (1.21–1.28)

1.29 (1.14–1.46)
1.17 (1.14–1.19)

0.76 (0.43–1.36)
0.85 (0.76–0.94)

1.82 (0.83–4.01)
1.38 (1.21–1.57)

1.53 (1.07–2.19)
1.22 (1.14–1.30)

1.30 (0.98–1.73)
1.12 (1.07–1.18)

0.84 (0.73–0.98)
1.00 (0.96–1.04)

1.15 (0.96–1.38)
1.39 (1.31–1.47)

1.18 (1.07–1.30)
1.25 (1.21–1.29)

1.07 (1.00–1.16)
1.18 (1.15–1.20)

0.70 (0.41–1.21)
0.85 (0.77–0.95)

1.39 (0.77–2.52)
1.39 (1.22–1.58)

1.18 (0.87–1.60)
1.23 (1.15–1.31)

1.09 (0.85–1.39)
1.13 (1.07–1.19)

0.90 (0.79–1.04)
1.00 (0.96–1.04)

1.07 (0.89–1.30)
1.40 (1.32–1.49)

1.15 (1.05–1.27)
1.26 (1.22–1.30)

1.06 (0.99–1.14)
1.18 (1.16–1.21)

1.00 (0.66–1.49)
0.84 (0.75–0.93)

1.80 (1.09–2.98)
1.36 (1.20–1.56)

1.40 (1.06–1.84)
1.22 (1.14–1.30)

1.33 (1.08–1.63)
1.12 (1.06–1.18)

0.86 (0.61–1.20)
0.99 (0.95–1.03)

1.34 (0.83–2.16)
1.37 (1.29–1.45)

1.19 (0.96–1.49)
1.25 (1.21–1.29)

1.10 (0.93–1.31)
1.17 (1.15–1.20)

0.65 (0.15–2.81)
0.85 (0.76–0.94)

1.13 (0.24–5.33)
1.39 (1.22–1.58)

0.81 (0.36–1.85)
1.23 (1.15–1.32)

0.80 (0.42–1.52)
1.13 (1.08–1.19)

0.90 (0.62–1.31)
0.99 (0.96–1.03)

1.18 (0.79–1.78)
1.37 (1.30–1.45)

1.13 (0.94–1.35)
1.25 (1.21–1.29)

1.10 (0.94–1.28)
1.17 (1.15–1.20)

1.58 (0.58–4.33)
0.85 (0.76–0.94)

1.44 (0.44–4.70)
1.39 (1.23–1.58)

1.33 (0.85–2.08)
1.22 (1.15–1.31)

1.34 (0.91–1.97)
1.13 (1.07–1.19)

0.88 (0.78–0.98)
1.01 (0.97–1.05)

1.37 (1.17–1.59)
1.37 (1.29–1.46)

1.12 (1.04–1.21)
1.27 (1.23–1.32)

1.07 (1.01–1.14)
1.19 (1.16–1.22)

0.68 (0.47–1.00)
0.86 (0.78–0.96)

1.45 (0.97–2.16)
1.39 (1.22–1.59)

1.31 (1.08–1.59)
1.22 (1.14–1.31)

1.16 (0.99–1.35)
1.13 (1.07–1.19)

0.94 (0.85–1.05)
1.00 (0.96–1.04)

1.24 (1.06–1.44)
1.39 (1.31–1.48)

1.17 (1.09–1.26)
1.26 (1.22–1.31)

1.11 (1.05–1.17)
1.18 (1.16–1.21)

0.77 (0.54–1.09)
0.85 (0.77–0.95)

1.69 (1.12–2.54)
1.36 (1.19–1.56)

0.91 (0.72–1.15)
1.26 (1.18–1.35)

0.96 (0.80–1.14)
1.15 (1.09–1.21)

0.65 (0.52–0.82)
1.00 (0.96–1.04)

1.20 (0.91–1.57)
1.37 (1.30–1.46)

1.11 (0.98–1.25)
1.25 (1.21–1.29)

0.99 (0.90–1.10)
1.18 (1.15–1.20)

1.31 (0.61–2.81)
0.84 (0.76–0.93)

1.63 (0.48–5.56)
1.39 (1.23–1.58)

0.99 (0.58–1.69)
1.23 (1.15–1.32)

1.12 (0.74–1.70)
1.13 (1.08–1.19)

1.04 (0.74–1.47)
0.99 (0.95–1.03)

1.21 (0.79–1.85)
1.37 (1.30–1.45)

1.27 (1.00–1.61)
1.25 (1.21–1.28)

1.20 (1.00–1.43)
1.17 (1.15–1.20)

0.52 (0.13–2.15)
0.85 (0.76–0.94)

1.18 (0.11–12.79)
1.40 (1.23–1.59)

1.89 (0.89–4.00)
1.23 (1.15–1.31)

1.35 (0.71–2.56)
1.13 (1.07–1.19)

1.02 (0.98–1.07)

1.40 (1.31–1.49)

1.24 (1.20–1.28)

1.18 (1.15–1.21)

0.83 (0.74–0.93)

1.42 (1.24–1.63)

1.19 (1.10–1.27)

1.11 (1.05–1.17)

Moderate
0.88 (0.78–1.00)
1.25 (1.07–1.46)
1.22 (1.12–1.32)
1.11 (1.04–1.18)
0.92 (0.63–1.34)
1.09 (0.68–1.74)
1.70 (1.37–2.12)
1.38 (1.16–1.64)
Severe
0.78 (0.67–0.91)
1.22 (1.01–1.49)
1.30 (1.18–1.43)
1.14 (1.06–1.23)
0.89 (0.56–1.41)
1.29 (0.66–2.51)
1.29 (0.955–1.75)
1.15 (0.91–1.46)
Very severe
0.87 (0.65–1.16)
1.32 (0.90–1.94)
1.29 (1.08–1.53)
1.17 (1.04–1.33)
1.30 (0.51–3.32)
0.57 (0.06–5.12)
0.91 (0.41–2.01)
0.99 (0.56–1.77)
*Adjusted for age, sex, calendar year, stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolemia, myocardial infarction, stable angina pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary disease,
obesity, myxedema, alcoholism-related disease, head trauma, osteoarthritis, anemia, chronic kidney disease, and a modified CCI score (except the stratified variable).
CI, confidence interval

Table S4. Cumulative incidence 1-10 year risks and hazard ratios of dementia in heart failure patients and
members of the general population cohort, stratified by index periods.
Comparison Cohort

Heart Failure Patients

Events /No. at
risk

Cumulative
incidence risk, %
(95% CI)

Events /No. at
risk

Cumulative
incidence risk, %
(95% CI)

Hazard ratio
controlled for
matching factors*
(95% CI)

Adjusted hazard
ratio (95% CI)†

33,059/704,336

5.03 (4.98 - 5.09)

3,063/85,496

3.58 (3.46 - 3.71)

1.38 (1.32–1.44)

1.31 (1.26–1.37)

Alzheimer’s
16,553/704,336
disease

2.49 (2.46 - 2.53)

1,508/85,496

1.76 (1.68 - 1.85)

1.28 (1.20–1.36)

1.24 (1.17–1.32)

1980-1994
All-cause
dementia

Vascular
dementia

3,678/704,336

0.56 (0.54 - 0.58)

438/85,496

0.51 (0.47 - 0.56)

1.92 (1.70–2.17)

1.69 (1.49–1.92)

Other
dementias

12,828/704,336

1.98 (1.95 - 2.02)

1,117/85,496

1.31 (1.23 - 1.38)

1.39 (1.29–1.49)

1.31 (1.21–1.41)

59,169/787,766

9.43 (9.36 - 9.50)

6,745/112,542

6.95 (6.78 - 7.11)

1.23 (1.20–1.27)

1.17 (1.13–1.20)

Alzheimer’s
17,901/787,766
disease

2.91 (2.87 - 2.96)

1,413/112,542

1.48 (1.41 - 1.56)

0.84 (0.79–0.89)

0.84 (0.79–0.89)

1995-2012
All-cause
dementia

Vascular
dementia

7,490/787,766

1.20 (1.17 - 1.23)

1,108/112,542

1.14 (1.08 - 1.21)

1.58 (1.47–1.70)

1.39 (1.29–1.51)

Other
dementias

33,778/787,766

5.40 (5.34 - 5.46)

4,224/112,542

4.35 (4.22 - 4.48)

1.38 (1.33–1.43)

1.29 (1.24–1.34)

*Age, sex, and calendar year
†Controlled for matching factors by study design and adjusted for stroke, atrial fibrillation/atrial flutter, hypertension,
hypercholesterolemia, myocardial infarction, stable angina pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary
disease, obesity, myxedema, alcoholism-related disease, head trauma, osteoarthritis, anemia, chronic kidney disease, and a modified CCI
score. CI, confidence interval

Table S5. Cumulative incidence risks and hazard ratio of dementia in heart failure patients (defined as a first-time inpatient
and/or outpatient diagnosis) and members of the general population.
Years
since
Diagnosis

Events /No. at risk

Cumulative incidence
risk, % (95% CI)

Events /No. at risk

Cumulative incidence
risk, % (95% CI)

Hazard ratio
controlled for
matching factors*
(95% CI)

Adjusted hazard
ratio (95% CI)†

1-10

100,211/1,665,527

7.12 (7.08 - 7.17)

11,199/231,360

5.42 (5.32 - 5.52)

1.25 (1.22–1.28)

1.19 (1.16–1.22)

11-20

39,216/558,822

9.75 (9.65 - 9.84)

1,790/36,414

6.98 (6.66 - 7.31)

1.26 (1.18–1.34)

1.19 (1.11–1.27)

21-35

7,575/102,213

13.40 (12.98 - 13.83)

150/3,209

7.52 (6.22 - 8.97)

1.42 (1.12–1.81)

1.35 (1.06–1.73)

1-35

147,002/1,665,527

15.13 (15.01 - 15.24)

13,139/231,360

7.55 (7.40 - 7.70)

1.25 (1.22–1.28)

1.19 (1.16–1.21)

1-10

37,154/1,665,527

2.63 (2.61 - 2.66)

3,290/231,360

1.58 (1.53 - 1.64)

0.99 (0.95–1.03)

0.99 (0.95–1.03)

11-20

11,909/558,822

2.97 (2.91 - 3.02)

443/36,414

1.73 (1.57 - 1.90)

0.84 (0.74–0.95)

0.85 (0.75–0.97)

21-35

2,496/102,213

4.61 (4.36 - 4.87)

43/3,209

2.57 (1.72 - 3.70)

1.27 (0.83–1.94)

1.22 (0.78–1.91)

1-35

51,559/1,665,527

5.24 (5.17 - 5.31)

3,776/231,360

2.16 (2.07 - 2.25)

0.98 (0.94–1.01)

0.98 (0.94–1.02)

1-10

12,289/1,665,527

0.88 (0.86 - 0.89)

1,798/231,360

0.88 (0.84 - 0.92)

1.63 (1.54–1.72)

1.44 (1.35–1.53)

11-20

4,951/558,822

1.24 (1.21 - 1.28)

289/36,414

1.11 (0.98 - 1.25)

1.81 (1.53–2.13)

1.55 (1.30–1.85)

21-35

929/102,213

1.70 (1.55 - 1.86)

32/3,209

1.52 (1.04 - 2.17)

2.80 (1.53–5.10)

2.58 (1.32–4.91)

1-35

18,169/1,665,527

1.93 (1.89 - 1.97)

2,119/231,360

1.24 (1.18 - 1.30)

1.65 (1.57–1.75)

1.46 (1.38–1.54)

1-10

50,768/1,665,527

3.65 (3.62 - 3.68)

6,111/231,360

2.98 (2.91 - 3.06)

1.35 (1.30–1.39)

1.27 (1.23–1.31)

11-20

22,356/558,822

5.63 (5.56 - 5.70)

1,058/36,414

4.19 (3.94 - 4.45)

1.43 (1.31–1.56)

1.34 (1.22–1.46)

21-35

4,150/102,213

7.36 (7.02 - 7.72)

75/3,209

3.49 (2.71 - 4.42)

1.25 (0.89–1.74)

1.17 (0.83–1.66)

1-35

77,274/1,665,527

8.27 (8.18 - 8.37)

7,244/231,360

4.21 (4.10 - 4.32)

1.35 (1.32–1.39)

1.28 1.24–1.31)

All-cause
dementia

Alzheimer
’s disease

Vascular
dementia

Other
dementias

*Age, sex, and calendar year
†Controlled for matching factors by study design and adjusted for stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolemia, myocardial infarction, stable angina
pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary disease, obesity, myxedema, alcoholism-related disease, head trauma, osteoarthritis, anemia, chronic
kidney disease, and a modified CCI score. CI, confidence interval

Table S6. Cumulative incidence risks and hazard ratios of dementia in heart failure patients and members
of the general population comparison cohort, excluding the initial follow-up periods.
Comparison cohort
Years since
diagnosis

Heart failure patients

Events /No. at risk

Cumulative incidence
risk, % (95% CI)

Events /No. at
risk

Cumulative
incidence risk, %
(95% CI)

Hazard ratio
controlled for
matching factors*
(95% CI)

Adjusted hazard
ratio (95% CI)†

1-35

137,057/1,492,102

14.95 (14.84 - 15.06)

11,484/198,038

7.22 (7.08 - 7.36)

1.28 (1.25–1.30)

1.21 (1.18–1.24)

2-35

123,074/1,370,234

15.01 (14.90 - 15.13)

9,409/162,228

7.53 (7.37 - 7.70)

1.27 (1.24–1.30)

1.20 (1.17–1.24)

3-35

110,204/1,226,987

15.09 (14.96 - 15.21)

7,631/131,192

7.72 (7.53 - 7.91)

1.26 (1.23–1.30)

1.19 (1.16–1.23)

5-35

87,270/974,261

15.23 (15.09 - 15.37)

5,051/85,962

8.14 (7.89 - 8.40)

1.27 (1.23–1.32)

1.20 (1.15–1.24)

10-35

44,829/511,213

15.37 (15.17 - 15.58)

1,676/29,655

8.73 (8.26 - 9.21)

1.27 (1.19–1.36)

1.21 (1.12–1.29)

1-35

48,093/1,492,102

5.18 (5.11 - 5.25)

3,319/198,038

2.07 (1.98 - 2.15)

1.00 (0.96–1.04)

1.00 (0.96–1.04)

2-35

42,331/1,370,234

5.13 (5.06 - 5.20)

2,654/162,228

2.11 (2.01 - 2.21)

0.98 (0.94–1.03)

0.99 (0.94–1.03)

3-35

37,278/1,226,987

5.10 (5.02 - 5.17)

2,064/131,192

2.09 (1.98 - 2.21)

0.94 (0.89–0.99)

0.95 (0.90–1.00)

5-35

28,545/974,261

5.04 (4.95 - 5.12)

1,302/85,962

2.14 (1.99 - 2.29)

0.91 (0.85–0.98)

0.92 (0.86–0.98)

10-35

13,639/511,213

4.90 (4.78 - 5.02)

398/29,655

2.24 (1.96 - 2.54)

0.82 (0.72–0.93)

0.83 (0.73–0.95)

1-35

16,800/1,492,102

1.90 (1.85 - 1.94)

1,824/198,038

1.17 (1.11 - 1.23)

1.69 (1.59–1.79)

1.49 (1.40–1.59)

2-35

15,099/1,370,234

1.91 (1.86 - 1.95)

1,504/162,228

1.23 (1.16 - 1.30)

1.69 (1.58–1.80)

1.49 (1.39–1.59)

3-35

13,490/1,226,987

1.91 (1.87 - 1.96)

1247/131,192

1.28 (1.20 - 1.36)

1.75 (1.63–1.89)

1.53 (1.42–1.66)

5-35

10,718/974,261

1.94 (1.88 - 1.99)

811/85,962

1.34 (1.24 - 1.45)

1.80 (1.64–1.98)

1.58 (1.43–1.74)

10-35

5,632/511,213

1.98 (1.91 - 2.06)

278/29,655

1.48 (1.29 - 1.69)

1.89 (1.60–2.24)

1.66 (1.38–1.99)

1-35

72,164/1,492,102

8.17 (8.08 - 8.26)

6,341/198,038

4.03 (3.92 - 4.14)

1.39 (1.35–1.43)

1.30 (1.26–1.34)

2-35

65,644/1,370,234

8.28 (8.19 - 8.38)

5,251/162,228

4.24 (4.12 - 4.37)

1.38 (1.34–1.43)

1.29 (1.25–1.34)

3-35

59,436/1,226,987

8.39 (8.28 - 8.49)

4,320/131,192

4.40 (4.26 - 4.54)

1.38 (1.33–1.44)

1.29 (1.24–1.34)

5-35

48,007/974,261

8.57 (8.46 - 8.69)

2,938/85,962

4.73 (4.55 - 4.92)

1.41 (1.34–1.48)

1.30 (1.24–1.37)

10-35

25,558/511,213

8.82 (8.66 - 8.99)

1,000/29,655

5.09 (4.76 - 5.45)

1.45 (1.32–1.58)

1.35 (1.23–1.48)

All-cause
dementia

Alzheimer’s
disease

Vascular
dementia

Other
dementia

*Age, sex, and calendar year.
†Controlled for matching factors by study design and adjusted for stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolemia,
myocardial infarction, stable angina pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary disease, obesity, myxedema,
alcoholism-related disease, head trauma, osteoarthritis, anemia, chronic kidney disease, and a modified CCI score. CI, confidence interval

Table S7. Cumulative incidence risks and hazard ratio of Alzheimer’s disease using including ICD code F03 in heart failure patients and members of
the general population comparison cohort.
Comparison Cohort
Years since
Diagnosis

Heart Failure Patients

Events /No. at
risk

Cumulative incidence risk,
% (95% CI)

Events /No. at
risk

Cumulative incidence
risk, % (95% CI)

Hazard ratio controlled
for matching factors*
(95% CI)

Adjusted hazard
ratio (95% CI)†

1-10

77,905/1,492,102

6.07 (6.03 - 6.12)

7,871/198,038

4.33 (4.24 - 4.42)

1.21 (1.18–1.25)

1.17 (1.14–1.20)

11-20

31,290/511,213

8.25 (8.16 - 8.34)

1,229/29,655

5.60 (5.29 - 5.92)

1.19 (1.10–1.28)

1.14 (1.06–1.24)

21-35

6,334/99,527

11.35 (10.95 - 11.76)

104/2,906

5.72 (4.53 - 7.09)

1.24 (0.93–1.65)

1.16 (0.87–1.56)

1-35

115,529/1,492,102

12.65 (12.55 - 12.76)

9,204/198,038

5.79 (5.66 - 5.92)

1.21 (1.18–1.24)

1.16 (1.14–1.20)

*Age, sex, and calendar year.
†Controlled for matching factors by study design and adjusted for stroke, atrial fibrillation/atrial flutter, hypertension, hypercholesterolemia, myocardial infarction,
stable angina pectoris, valvular heart disease, diabetes, chronic obstructive pulmonary disease, obesity, myxedema, alcoholism-related disease, head trauma,
osteoarthritis, anemia, chronic kidney disease, and a modified CCI score. CI, confidence interval
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Background and Purpose—The long-term risk of specific stroke subtypes among heart failure patients is largely unknown.
We examined short-term and long-term risk of ischemic stroke, intracerebral hemorrhage (ICH), and subarachnoid
hemorrhage (SAH) in heart failure patients and in a general population comparison cohort.
Methods—In this nationwide cohort study (1980−2012), we used Danish population-based medical registries to identify
and follow (1) all patients hospitalized for the first time with heart failure and (2) a birth year–, sex-, and calendar year–
matched general population comparison cohort. Age-, sex-, and comorbidity-adjusted stroke rate ratios were computed
based on Cox regression analysis.
Results—We included 289 353 patients with heart failure and 1 446 765 individuals from the general population in the
analysis. One- and 5-year risks among heart failure patients were 1.4% and 3.9% for ischemic stroke, 0.2% and 0.5% for
ICH, and 0.03% and 0.07% for SAH. The 30-day adjusted stroke rate ratio was increased markedly for ischemic stroke
(5.08; 95% confidence interval, 4.58–5.63] and was also elevated for ICH (2.13; 95% confidence interval, 1.53–2.97)
and SAH (3.52; 95% confidence interval, 1.54–8.08). Between 31 days and 30 years, risk of all stroke subtypes remained
positively associated with heart failure (1.5- to 2.1-fold for ischemic stroke, 1.4- to 1.8-fold for ICH, and 1.1- to 1.7-fold
for SAH) in comparison with the general population cohort.
Conclusions—Heart failure was associated with increased short-term and long-term risk of all stroke subtypes, suggesting
that heart failure is a potent and persistent risk factor for ischemic stroke, ICH, and SAH.   (Stroke. 2017;48:00-00. DOI:
10.1161/STROKEAHA.116.016022.)
Key Words: cerebral hemorrhage ◼ heart failure ◼ hemorrhagic ◼ risk factor ◼ stroke, ischemic

H

As well, they were conducted in the era before routine use of
angiotensin-converting enzyme inhibitors and beta blockers,8
did not separately examine ischemic and hemorrhagic stroke,6–8
and did not adjust or stratify for atrial fibrillation.7,8 They found
that heart failure patients had a higher 30-day ischemic stroke
rate than persons in the general population,5,6,15 but data after
this initial follow-up period were sparse and equivocal.5,15
We, therefore, examined short-term (0–1 year) and longterm (1–30 year) risks and temporal trends in risk of ischemic
stroke, intracerebral hemorrhage (ICH), and subarachnoid
hemorrhage (SAH) in a large cohort of heart failure patients
and in a general population comparison cohort. We also
assessed how comorbidity affected the relation between heart
failure and stroke risk. An understanding of this association
could have important implications for future prevention strategies in patients with heart failure.

eart failure, affecting >23 million people per year worldwide, is a leading cause of death.1 Comorbidities associated with heart failure have substantial implications for
its prognosis.2 Heart failure may increase the risk of ischemic stroke because of thromboembolic complications and
increased activity of procoagulant factors. At the same time,
heart failure is associated with low blood pressure, which may
protect against stroke.3 Well-known stroke risk factors include
disorders associated with heart disease, such as hypertension,
coronary artery disease, atrial fibrillation, diabetes mellitus,
and obesity.4 However, the role of heart failure as a risk factor
for stroke remains less clear.5–15
A few studies have compared stroke risk among heart failure patients with that of the general population. However,
these were limited by relatively small sample sizes (<1500
patients)5–8 and relatively short follow-up periods (<5 years).5–7
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Methods
Setting and Design
We conducted a population-based nationwide cohort study of Danishborn residents (7 107 236 people cumulatively during the study
period).16 In Denmark, all residents have equal access to universal
tax-supported health care, including unfettered access to general
practitioners and hospitals, and partial reimbursement for prescribed
medications. All residents are assigned a unique central personal
registry number at birth or on immigration, allowing linkage of data
among administrative and medical registries.16

Heart Failure Patients
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Patients with a first-time hospitalization for heart failure between
January 1, 1980, and November 30, 2012, were identified from the
Danish National Patient Registry (DNPR).17 Since 1977, this registry has maintained records on hospital admissions and discharges,
including dates and diagnoses coded according to the International
Classification of Diseases, 8th Revision through 1993 and 10th
Revision thereafter.17 Hospital outpatient clinic and emergency
room visits were added in 1995. We used both primary and secondary diagnoses (eg, heart failure diagnosed secondary to myocardial
infarction) to identify patients with heart failure. To examine firsttime stroke events in our study population, we excluded patients
with an inpatient, emergency room, or outpatient clinic diagnosis of transient ischemic attack or stroke before the heart failure
admission date. International Classification of Diseases codes
used in the study are provided in Table I in the online-only Data
Supplement.

General Population Comparison Cohort
We used the Danish Civil Registration System, which has maintained a registry with dates of birth, emigration, and death with daily
updates since 1968, to form a general population comparison cohort.
We matched each heart failure patient on birth year, sex, and calendar
year of heart failure diagnosis with ≤5 individuals drawn from the
general population without heart failure.16 We used matching with
replacement (ie, individuals from the general population comparison
cohort could be matched with >1 heart failure patient).18 We excluded
individuals with a previous inpatient or outpatient diagnosis of transient ischemic attack or stroke. Individuals diagnosed with heart
failure after the index date were sustained in the general population
comparison cohort (to avoid informative censoring). The index date
was defined as the inpatient hospital admission date for persons diagnosed with heart failure and the corresponding date of matching for
members of the general population cohort.

Stroke
The study outcome was defined as all inpatient hospitalizations for
stroke recorded in the DNPR after the index date.17 Stroke included
first-time ischemic stroke, ICH, or SAH. In primary analyses, unspecified stroke diagnoses were included in the definition of ischemic
stroke because more than 2 thirds of unspecified strokes in the DNPR
are ischemic in origin.19

Covariables
We retrieved information from the DNPR on factors associated
with heart failure and comorbidities between 1977 and the index
date, using all available primary and secondary hospital-based
diagnoses except for those made in an emergency room.17 We
obtained data on previous myocardial infarction, angina pectoris,
atrial fibrillation or flutter, valvular heart disease, hypertension,
intermittent claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, obesity, diabetes mellitus, chronic
kidney disease, cancer, chronic pulmonary disease (as an indicator of chronic cigarette exposure), alcoholism-related disease, and
dementia.

Statistical Analysis
All heart failure patients and members of the general population comparison cohort were followed from the index date until the hospital admission date for any stroke, emigration, death, November 30,
2013, or 30 years of follow-up, whichever came first. We characterized the cohorts by sex, age categories (<60, 60–69, 70–79, and ≥80
years), index year calendar periods (1980−1989, 1990−1999, and
2000−2012), and the covariables described earlier. Age and personyears of follow-up were reported as medians with interquartile ranges.
Characteristics of the cohorts were compared using Chi-square test
for categorical variables and 2-sample t test for continuous variables.
Cumulative stroke risks were calculated using cumulative incidence
curves/risks, accounting for death as a competing risk. We computed
standardized incidence ratios as the observed number of stroke cases
among heart failure patients divided by the expected number of cases
in the general Danish population (assuming that heart failure patients
had the same stroke risk as the general population).20 The expected
number of stroke cases was calculated using national incidence rates
for first-time stroke diagnoses, by sex, age, and 1-year intervals.
The 95% confidence intervals (CIs) for the standardized incidence
ratio estimates were computed assuming a Poisson distribution of
the observed number of stroke cases in the different time periods.
Stratified Cox regression analysis was used to calculate unadjusted
(controlled only for matching factors by study design) and adjusted
stroke rate ratios (aSRRs, specifically hazard ratios) with corresponding 95% CIs, comparing heart failure patients with the general population cohort.21 We adjusted for the variables presented in Table 1 in
the regression analysis.
To investigate associations between heart failure and stroke independent of atrial fibrillation or atrial flutter, we repeated the analyses
in heart failure patients and individuals from the general population
with and without atrial fibrillation or atrial flutter. To assess temporal
changes in stroke risk, we stratified the analyses by calendar periods,
and we provided statistics for temporal changes using the statistical
basis of meta-analyses.22 We also considered potential interactions in
stratified analyses, which we used to examine the risk of stroke by
sex, age groups, and in subgroups of heart failure patients. The proportional hazards assumption was assessed graphically in the pooled
data set by means of log–log plots and found to be satisfied for the
time periods analyzed.

Sensitivity Analyses
We conducted 7 sensitivity analyses. First, to improve the specificity
of the stroke diagnosis, we limited an analysis to patients who were
diagnosed with stroke and underwent a computed tomography scan or
magnetic resonance imaging scan of the brain during the same admission (restricted to patients diagnosed from January 1, 2000, onwards,
when these data were available). Second, we separately analyzed
patients with unspecified stroke and specified ischemic stroke. Third,
since antithrombotic drugs, angiotensin-converting enzyme inhibitors, and beta blockers may be important risk reduction mediators
between heart failure and ischemic stroke, we repeated the analyses
adjusting for their use within 90 days before the index date, using
data from the National Health Service Prescription Database (data
available from July 2004 onwards).23 Because the validity of recurrent stroke diagnoses in the DNPR is unknown, in the main analysis,
we followed patients only until their first stroke diagnosis. However,
to test the sensitivity of this approach, in our fourth sensitivity analysis, we allowed individuals to be at risk of other stroke subtypes
after their initial stroke diagnosis. Fifth, we repeated the analyses for
patients with first-time outpatient heart failure diagnoses (data available from January 1, 1995, onwards). Sixth, to exclude reverse causality (ie, stroke patients admitted with heart failure), we restricted
the analyses to patients with primary heart failure inpatient diagnoses. Finally, because data on heart failure severity (ie, left ventricular
ejection fraction) were not available, we stratified our heart failure
cohort by intensive care unit admission and length of hospital stay
(≤7 days and >7 days) as proxy measures of severity. To avoid conditioning on the future and potential immortal time bias, we changed
the index date to 30 days after the admission date, with subsequent
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Table 1. Characteristics of Patients Hospitalized With First-Time Heart Failure
and Members of the General Population Comparison Cohort, Denmark, 1980–2012
Heart Failure Cohort
(n=289 353), n (%)

Comparison Cohort
(n=1 446 765), n (%)

P Value

150 349 (52.0)

751 745 (52.0)

1

 <60 y

28 760 (9.9)

144 113 (10.0)

0.723

 60–69 y

51 260 (17.7)

256 959 (17.8)

0.558

 70–79 y

96 894 (33.5)

484 451 (33.5)

0.989

112 439 (38.9)

561 242 (38.8)

0.507

Male
Age

 ≥80 y
Median (interquartile range)

77 (69–84)

77 (69–83)

0.618

Decade of diagnosis
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 1980−1989

92 148 (31.8)

460 740 (31.8)

1

 1990−1999

97 377 (33.7)

486 885 (33.7)

1

 2000−2012

99 828 (34.5)

499 140 (34.5)

1

 Myocardial infarction

43 985 (15.2)

58 177 (4.0)

<0.001

 Angina pectoris

42 939 (14.8)

72 278 (5.0)

<0.001

 Atrial fibrillation or flutter

31 001 (10.7)

47 136 (3.3)

<0.001

 Valvular heart disease

11 480 (4.0)

11 558 (0.8)

<0.001

 Hypertension

38 251 (13.2)

Comorbidities

86 932 (6.0)

<0.001

 Intermittent claudication

4570 (1.6)

7342 (0.5)

<0.001

 Venous thromboembolism

9291 (3.2)

23 728 (1.6)

<0.001

 Hypercholesterolemia

6041 (2.1)

11 656 (0.8)

<0.001

 Hypertriglyceridemia

1820 (0.6)

2667 (0.2)

<0.001

 Obesity

11 989 (4.1)

17 018 (1.2)

<0.001

 Diabetes mellitus

29 147 (10.1)

49 177 (3.4)

<0.001

 Chronic kidney disease

8191 (2.8)

10 505 (0.7)

<0.001

 Cancer

31 942 (11.0)

122 368 (8.5)

<0.001

 Chronic pulmonary disease

40 766 (14.1)

66 023 (4.6)

<0.001

 Alcoholism-related disease

7609 (2.6)

15 827 (1.1)

<0.001

 Dementia

4808 (1.7)

23 003 (1.6)

0.005

new matching at this point in time. We excluded patients who died or
had stroke within 30 days in this analysis.
In all sensitivity analyses, a 1- to 5-year instead of a 1- to 30-year
follow-up period was applied for long-term risk assessment.
All statistical analyses were performed using SAS version 9.2.
According to Danish law, no approval from an ethics committee or
informed consent from patients was required for this registry-based
study. The study was approved by the Danish Data Protection Agency
(record numbers: 1-16-02-1-08 and 2011-41-5755).

Results
The study comprised 289 353 heart failure patients and
1 446 765 individuals from the general population (Table 1).
Because of the study design, the distribution of age, sex, and
calendar year of the index date was the same for both cohorts.
The median follow-up was 1.9 years (interquartile range,
0.2–5.1 years) for the heart failure cohort and 6.7 years (interquartile range, 3.2–11.9 years) for the general population

comparison cohort. Competing mortality largely explains the
difference in median follow-up. Heart failure patients had a
higher prevalence of cardiac and noncardiac comorbidity than
people from the general population (Table 1).

Ischemic Stroke
Cumulative incidence curves for the heart failure and general
population cohorts are shown in Figure 1. During the first 5
years, patients with heart failure had a slightly higher absolute
risk of ischemic stroke than individuals from the general population (Table 2 and Figure 1; and Table II in the online-only
Data Supplement). After 5 years, the absolute risk of ischemic
stroke was somewhat lower for heart failure patients than for
the general population cohort because of competing mortality. In the Cox regression analysis, the 30-day aSRR was 5.08
(95% CI, 4.58–5.63). It declined but remained elevated during
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Figure 1. Cumulative 30-year incidence curve
for ischemic stroke, ICH, and SAH in patients
with incident heart failure compared with the
general population comparison cohort. ICH
indicates intracerebral hemorrhage; and SAH,
subarachnoid hemorrhage.
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31 to 365 days of follow-up (aSRR=2.08; 95% CI, 1.99–2.18)
and during 1 to 30 years of follow-up (aSRR=1.54; 95% CI,
1.51–1.58; Table 2). Standardized incidence ratio estimates
agreed closely with unadjusted stroke rate ratios (Table 2),
and the associations between heart failure and ischemic stroke
persisted in patients without atrial fibrillation or atrial flutter
(Table 3).

Hemorrhagic Stroke
During the first 5 years of follow-up, absolute risks of ICH
and SAH were similar for heart failure patients and the general population comparison cohort. After 5 years, absolute
risks decreased for the heart failure cohort because of competing mortality (Figure 1). The 30-day aSRRs of ICH and
SAH were increased (2.13 [95% CI, 1.53–2.97] and 3.52
[95% CI, 1.54–8.08], respectively) and remained 1.1- to
1.8- fold increased from 31 days to 30 years of follow-up
(Table 2).

Stroke Risk Over Time
Temporal changes in stroke risk are illustrated in Figure 2. For
ischemic stroke, a slight increase was seen in the 30-day aSRR
over the 3 decades. In contrast, the aSRR slightly decreased
for the 31- to 365-day and 1- to 5-year follow-up periods. For
ICH, the aSRR remained stable during the 3 decades.

Subgroup and Sensitivity Analyses
Analyses stratified by age, sex, and cardiac comorbidity are
presented in Table III in the online-only Data Supplement. For
ischemic stroke, the aSRRs were similar for men and women.
Although the aSRR for ischemic stroke decreased with age,
the age-stratified results were consistent with the pattern
reported for the main analysis (Table III the online-only Data
Supplement).
The results were not appreciably different in any of the
sensitivity analyses (Tables IV–X in the online-only Data
Supplement). Within the first year of follow-up, the association

between heart failure and ischemic stroke was stronger for
patients admitted than for those not admitted to the intensive
care unit and for those with length of stay >7 days than for
those with length of stay ≤7 days (Table X in the online-only
Data Supplement).

Discussion
In this nationwide cohort study, heart failure was associated
with increased risks of ischemic stroke, ICH, and SAH over
both the short and long term, and risks did not differ over 3
decades of follow-up. The associations persisted in patients
without atrial fibrillation or flutter, across age groups, and sex,
and remained robust in sensitivity analyses.
In accordance with previous studies, we found that heart
failure is a strong risk factor for ischemic stroke, especially
over the short term. A US cohort study of 630 heart failure
patients reported a 17-fold elevated 30-day ischemic stroke
risk compared with the general population, which persisted
over 5 years.6 These findings were supported by a UK study
reporting 2- to 3-fold higher odds for prevalent stroke in heart
failure patients compared with the general population.7 Similar
to these results, a Danish study of 1239 heart failure patients
in the Diet, Cancer and Health Cohort reported an ischemic
stroke rate ratio of 2.3 (95% CI, 1.8–3.0) and a 30-day relative risk for the composite outcome of death and all strokes
of 35.7 (95% CI, 27.5–46.4). Although the association leveled
out, it persisted over time (6 months to 14 years).15 Similarly,
a Dutch cohort study of 1247 heart failure patients found that
the rate of ischemic strokes was elevated in the first 6 months
after a heart failure diagnosis. In contrast to our findings, the
risk then converged to or became even lower than the risk of
the general population.5 The Danish Diet, Cancer and Health
Cohort study also reported elevated hemorrhagic stroke risk
(adjusted hazard ratio, 1.8; 95% CI, 1.0–3.3) in heart failure
patients,15 while another study found a decreased hemorrhagic
stroke risk (hazard ratio, 0.80; 95% CI, 0.37–1.76)5 among
heart failure patients relative to the general population. Our
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Table 2. Risk of Stroke in Heart Failure Patients and Members of the General Population Comparison Cohort, by Type of Stroke and
Follow-Up Time

Number at Risk/
No. of Events

Risk, % (95% CI)

SIR (95% CI)

Stroke Rate Ratio
Controlled for
Matching Factors*
(95% CI)

  CC cohort

1 446 765/886

0.06 (0.06–0.07)

Reference

Reference

  HF cohort

289 353/883

0.31 (0.29–0.33)

5.30 (4.96–5.67)

5.68 (5.16–6.26)

  CC cohort

1 438 164/9677

0.67 (0.66–0.69)

Reference

Reference

  HF cohort

238 274/3227

1.36 (1.31–1.40)

2.19 (2.12–2.27)

2.39 (2.29–2.49)

  CC cohort

1 345 483/112 000

11.35 (11.29–11.42)

Reference

Reference

  HF cohort

176 288/12 218

8.73 (8.57–8.89)

1.64 (1.61–1.67)

1.74 (1.70–1.78)

  CC cohort

1 446 765/153

0.01 (0.01–0.01)

Reference

Reference

  HF cohort

289 353/62

0.02 (0.02–0.03)

2.45 (1.87–3.14)

2.18 (1.62–2.94)

  CC cohort

1 438 164/1476

0.10 (0.10–0.11)

Reference

Reference

  HF cohort

238 274/395

0.17 (0.15–0.18)

1.81 (1.64–2.00)

1.97 (1.75–2.22)

  CC cohort

1 345 483/14 024

1.53 (1.50–1.56)

Reference

Reference

  HF cohort

176 288/1327

0.98 (0.93–1.04)

1.38 (1.30–1.45)

1.45 (1.35–1.54)

  CC cohort

1 446 765/23

0.00 (0.00–0.00)

Reference

Reference

  HF cohort

289 353/15

0.01 (0.00–0.01)

4.24 (2.37–7.00)

3.55 (1.83–6.89)

  CC cohort

1 438 164/219

0.02 (0.01–0.02)

Reference

Reference

  HF cohort

238 274/63

0.03 (0.02–0.03)

2.01 (1.54–2.57)

1.90 (1.42–2.55)

  CC cohort

1 345 483/2080

0.23 (0.22–0.24)

Reference

Reference

  HF cohort

176 288/185

0.14 (0.12–0.17)

1.23 (1.06–1.42)

1.18 (1.00–1.39)

P Value

Fully Adjusted
Stroke Rate Ratio†
(95% CI)

P Value

Ischemic stroke
 0–30 days
Reference
<0.001

5.08 (4.58–5.63)

<0.001

2.08 (1.99–2.18)

<0.001

1.54 (1.51–1.58)

<0.001

2.13 (1.53–2.97)

<0.001

 31–365 days
Reference
<0.001

 1–30 y
Reference
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<0.001

Intracerebral hemorrhage
 0–30 days
Reference
<0.001

 31–365 days
Reference
<0.001

1.83 (1.62–2.07)

<0.001

 1–30 y
Reference
<0.001

1.37 (1.28–1.46)

<0.001

Subarachnoid hemorrhage
 0–30 days
Reference
<0.001

3.52 (1.54–8.08)

0.003

 31–365 days
Reference
<0.001

1.70 (1.24–2.34)

0.001

 1–30 y
Reference
0.056

1.13 (0.95–1.35)

0.178

CC indicates comparison cohort; CI, confidence interval; HF, heart failure; and SIR, standardized incidence ratio.
*Adjusted for matching factors (age, sex, calendar decade of heart failure diagnosis).
†Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart disease, intermittent claudication, venous
thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension, obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary disease, alcoholismrelated disorders, and dementia.

study complements and extends knowledge about long-term
stroke risk and risk of stroke subtypes among patients with
heart failure.
Several mechanisms are thought to underlie the increased
risk of ischemic stroke in heart failure patients. One is formation of thrombi in the dilated, hypokinetic left ventricle
because of wall-motion abnormalities and in the left atrium
because of atrial fibrillation. In addition to shared stroke risk

factors, heart failure is also associated with increased activity of procoagulant factors, aggregation of thrombocytes,
and endothelial dysfunction.3 Changes in cardiovascular
risk factors over time could be a part of the causal pathway
to a subsequent stroke, and thus, they were not adjusted for
in the analyses. Clinical pathways leading to the increased
risk of hemorrhagic stroke are less well characterized and
likely multifactorial, but may in part reflect a higher use of
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Table 3. Risk of Stroke Among Heart Failure Patients With and Without Atrial
Fibrillation or Flutter, by Stroke Subtype
Risk, % (95% CI)

Fully Adjusted Stroke
Rate Ratio* (95% CI)

P Value

No atrial fibrillation or atrial flutter
 Ischemic stroke
  0–30 days

0.29 (0.27–0.31)

5.49 (4.95–6.10)

<0.001

  31–365 days

1.26 (1.21–1.31)

2.18 (2.09–2.28)

<0.001

  1–30 y

8.48 (8.31–8.64)

1.52 (1.49–1.55)

<0.001

  0–30 days

0.02 (0.02–0.03)

2.57 (1.86–3.55)

<0.001

  31–365 days

0.16 (0.14–0.18)

1.78 (1.58–2.02)

<0.001

  1–30 y

0.95 (0.89–1.01)

1.33 (1.25–1.41)

<0.001

  0–30 days

0.01 (0.00–0.01)

4.09 (1.99–8.38)

<0.001

  31–365 days

0.03 (0.02–0.03)

1.95 (1.42–2.66)

<0.001

  1–30 y

0.14 (0.11–0.16)

1.08 (0.92–1.28)

0.343

0.41 (0.35–0.49)

2.84 (2.13–3.78)

<0.001

 Intracerebral hemorrhage

 Subarachnoid hemorrhage
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Atrial fibrillation or atrial flutter
 Ischemic stroke
  0–30 days
  31–365 days

2.13 (1.96–2.31)

1.40 (1.26–1.57)

<0.001

11.11 (10.48–11.77)

1.07 (1.00–1.13)

0.041

  0–30 days

0.02 (0.01–0.04)

0.66 (0.23–1.90)

0.442

  31–365 days

0.22 (0.17–0.28)

1.24 (0.88–1.74)

0.216

  1–30 y

1.39 (1.13–1.70)

1.05 (0.87–1.27)

0.584

  0–30 days

0.01 (0.00–0.02)

0.75 (0.09–6.54)

0.798

  31–365 days

0.03 (0.02–0.06)

1.27 (0.51–3.14)

0.606

  1–30 y

0.19 (0.12–0.30)

1.55 (0.93–2.59)

0.095

  1–30 y
 Intracerebral hemorrhage

 Subarachnoid hemorrhage

CI indicates confidence interval.
*Adjusted for matching factors, myocardial infarction, angina pectoris, valvular heart disease, intermittent
claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension, obesity,
diabetes mellitus, chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders,
and dementia.

antithrombotic drugs in the heart failure cohort than in the
general population comparison cohort during follow-up.
Use of antithrombotic agents to reduce ischemic stroke risk
among heart failure patients in sinus rhythm has been debated
during recent years.2 Because of null findings in randomized
trials, anticoagulants have not been included in international
treatment recommendations for heart failure patients without
atrial fibrillation.2 However, the WARCEF substudy (Warfarin
Versus Aspirin in Reduced Cardiac Ejection Fraction) of heart
failure patients in sinus rhythm reported that longer time in
the therapeutic range among patients allocated to warfarin
reduced the risk of the primary outcome (ischemic stroke, ICH,
or death) and death alone and also improved net clinical benefit.24 Heart failure patients with particularly high stroke risk
include those with severely impaired left ventricular ejection

fraction9,12,13 and with high risk scores for atrial fibrillation.25
The potential benefit of ischemic stroke prevention, including
use of anticoagulants in heart failure patients without atrial
fibrillation who are at high risk of stroke, and the role of non–
vitamin K oral antagonists remains to be elucidated.
Our study benefitted from a large sample size, nationwide
coverage, and virtually complete follow-up for 30 years. The
risk of selection bias was, thus, minimized. The positive predictive value of diagnoses of ischemic stroke in the DNPR
is 97% (using medical records as reference).17 However, the
positive predictive values are somewhat lower for heart failure (~80%–100%),26 ICH (74%), and SAH (67%).17 Because
recording of stroke subtypes is likely independent of the presence or absence of heart failure, any misclassification would
be nondifferential and, thus, would bias our results toward
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the null.20 We adjusted for a range of confounders, but cannot exclude unmeasured confounders, such as physical activity. We lacked data on left ventricular ejection fraction. We
could, therefore, not separately assess the potential differences in stroke risk among heart failure patients with reduced
left ventricular ejection fraction and in those with preserved
ventricular ejection fraction. However, analyses stratified by
proxy measures of heart failure severity—intensive care unit
admission and length of hospital stay—suggested that stroke
risk may indeed be greater among patients whose left ventricular ejection fractions are reduced.

Conclusions
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In this nationwide cohort study, heart failure was associated
with increased hazard of ischemic stroke, ICH, and SAH,
especially in the short term but also in the long term, suggesting that heart failure is an important risk factor for all types
of stroke. This finding highlights the importance of clinical
attention to stroke risk among heart failure patients. Further
studies on potential prevention strategies are warranted.
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Supplemental Table I. International Classification of Diseases (ICD) codes.
ICD-8 codes

ICD-10 codes

427.09; 427.10; 427.11; 427.19;
428.99; 782.49

I50; I11.0; I13.0; I13.2

Ischemic stroke

433-434

I63-I64

Specified ischemic stroke
Unspecified ischemic
stroke
Intracerebral hemorrhage

433-434

I63
I64

431

I61

SAH

430

I60

Transient ischemic attack

435

G45.9

Computed tomography
(CT) scan*
Magnetic resonance
imaging (MRI)*

N/A

UXCA

N/A

UXMA

Myocardial infarction

410

I21

Angina pectoris

413

I20 (except I20.0), I25.1, og I25.9

Atrial fibrillation or flutter

427.93, 427.94

I48

Valvular heart disease

394-398

I05, I06, I07, I08.0, I09.8, I34I37, I39.0, I39.3, I51.1A, Q22

Hypertension

400-404

DI10-DI15, I67.4

Intermittent claudication

443.89-443.99

I73.9

Venous thromboembolism

450.99, 451.00

I26, I80.1-3

Hypercholesterolemia

27200

E780

Hypertriglyceridemia

27201

E781-785

Obesity

277

E65-E68

Diabetes mellitus

249, 250 (excluding 249.02,
250.02)

E10, E11, H36.0 (excluding
E10.2 and E11.2)

Chronic kidney disease

249.02, 250.02, 753.10-

E10.2, E11.2, E14.2, N03, N05,

Heart failure
Stroke

Comorbidities

Other diseases

753.19, 582, 583, 584, 590.09,
593.20, 792

N11.0, N14; N16, N18-N19,
N26.9, Q61.1-Q61.4

Cancer

140-209, 28710

C00-C99, D45, D473

Chronic pulmonary disease

490-493; 515-518

Alcoholism-related
diseases

291, 303, 456, 571.09, 571.10,
577.10

J40-J47; J60-J67; J68.4; J70.1;
J70.3; J84.1; J92.0; J96.1; J98.2;
J98.3
F10.1-9, G31.2, G62.1, G72.1, I
42.6, K29.2, K86.0, Z72.1;

Dementia

290.09-290.19; 293.09

F00-F03; F05.1; G30

Antithrombotic drugs: B01A
Angiotensin converting enzyme inhibitors: C09A, C09B
Betablockers: C07
*Codes for these examinations, not ICD-10 codes.

Supplemental Table II. Risk of stroke in patients with heart failure and the general population comparison
cohort, by stroke type and follow-up period.

Ishemic
stroke
ICH
SAH

0-1 year risk,
% (95% CI)
Heart failure
General
cohort
population
comparison
cohort
1.42 (1.38–1.47) 0.73 (0.72–0.74)

0-3 year risk,
% (95% CI)
Heart failure
General
cohort
population
comparison
cohort
2.88 (2.82–2.94)
2.16 (2.14–2.18)

3.94 (3.86–4.01)

3.52 (3.49–3.55)

0.16 (0.15–0.17)
0.03 (0.02–0.03)

0.34 (0.32–0.36)
0.05 (0.05–0.06)

0.47 (0.45–0.50)
0.07 (0.06–0.08)

0.51 (0.50–0.53)
0.08 (0.07–0.08)

0.11 (0.11–0.12)
0.02 (0.01–0.02)

0.32 (0.32–0.33)
0.05 (0.04–0.05)

Abbreviations: CI: confidence interval, ICH: intracerebral hemorrhagic, SAH: subarachnoid hemorrhage

0-5 year risk,
% (95% CI)
Heart failure
General population
cohort
comparison cohort

Supplemental Table III. Risk of stroke in patients with heart failure compared with a general population comparison cohort, by
selected subgroups of heart failure patients.
0-30 days

31-365 days

1-30 years

Risk among heart
failure patients, %
(95% CI)

Fully-adjusted
stroke rate ratio
(95% CI)*

Risk among heart
failure patients,
% (95% CI)

Fully-adjusted
stroke rate ratio
(95% CI)*

Risk among heart
failure patients, %
(95% CI)

Fully-adjusted stroke
rate ratio
(95% CI)*

Female

0.32 (0.29–0.35)

5.15 (4.47–5.94)

1.44 (1.38–1.52)

2.08 (1.96–2.20)

8.99 (8.77–9.22)

1.52 (1.48–1. 56)

Male

0.29 (0.26–0.32)

4.69 (4.08–5.39)

1.27 (1.21–1.34)

1.92 (1.81–2.04)

8.47 (8.25–8.70)

1.43 (1.39–1.47)

<60 years

0.25 (0.20–0.32)

24.05 (13.62–42.44)

0.83 (0.72–0.94)

7.11 (5.58–9.04)

11.06 (10.43–11.71)

1.92 (1.79–2.06)

60-69 years

0.32 (0.27–0.37)

15.64 (11.17–21.90)

1.02 (0.93–1.11)

2.92 (2.54–3.34)

10.38 (9.99–10.79)

1.69 (1.61–1.77)

70-79 years

0.30 (0.26–0.33)

5.68 (4.71–6.84)

1.41 (1.33–1.49)

2.13 (1.97–2.30)

9.00 (8.75–9.26)

1.42 (1.38–1.47)

80 years

0.32 (0.29–0.36)

3.28 (2.86–3.75)

1.64 (1.55–1.72)

1.63 (1.54–1.73)

(.–.)

1.24 (1.20–1.29)

0.29 (0.27–0.31)

5.12 (4.61–5.69)

1.33 (1.28–1.39)

2.11 (2.02–2.21)

8.64 (8.47–8.81)

1.50 (1.47–1.53)

0.39 (0.34–0.46)

4.77 (3.51–6.49)

1.47 (1.35–1.60)

1.56 (1.39–1.76)

9.30 (8.86–9.76)

1.17 (1.10–1.24)

No angina

0.29 (0.27–0.31)

5.25 (4.72–5.84)

1.28 (1.23–1.33)

2.12 (2.02–2.22)

8.39 (8.22–8.55)

1.50 (1.47–1.53)

Previous
angina
No valvular
heart disease
Valvular heart
disease
No
hypertension

0.41 (0.35–0.47)

4.03 (3.08–5.26)

1.75 (1.62–1.89)

1.63 (1.46–1.81)

10.92 (10.37–11.48)

1.22 (1.16–1.29)

0.30 (0.28–0.32)

5.15 (4.66–5.70)

1.33 (1.29–1.38)

2.06 (1. 98–2.15)

8.66 (8.50–8.82)

1.48 (1.45–1.51)

0.52 (0.40–0.67)

5.16 (2.89–9.19)

1.85 (1.60–2.14)

1.61 (1.29–2.00)

10.73 (9.76–11.76)

1.14 (1.01–1.28)

0.28 (0.26–0.30)

5.35 (4.81–5.97)

1.23 (1.19–1.28)

2.09 (2.00–2.19)

8.34 (8.18–8.51)

1.49 (1.46–1.52)

Hypertension

0.48 (0.42–0.55)

3.98 (3.12–5.08

2.12 (1.97–2.28)

1.76 (1.59–1. 95)

11.69 (11.10–12.30)

1.28 (1.21–1.35)

Intracerebral hemorrhagic
Sex
0.02 (0.01–0.02)
Female

1.42 (0.86–2.34)

0.15 (0.13–0.18)

1.52 (1.28–1.81)

0.95 (0.87–1.03)

1.32 (1.22–1.44)

0.03 (0.02–0.04)

3.18 (2.12–4.76)

0.18 (0.16–0.21)

1.94 (1.65–2. 28)

1.02 (0.94–1.11)

1.29 (1.19–1.40)

Ischemic stroke
Sex

Age

Comorbidities
No myocardial
infarction
Previous
myocardial
infarction

Male

Age
<60 years

0.04 (0.02–0.07)

47.50 (10.27–
219.61)

0.15 (0.11–0.20)

3.87 (2.24–6.69)

1.27 (1.04–1.52)

1.59 (1.30–1.94)

60-69 years

0.02 (0.01–0.04)

5.48 (2.30–13.01)

0.17 (0.13–0.21)

3.07 (2.24–4.22)

1.26 (1.11–1.42)

1.58 (1.40–1.80)

70-79 years

0.02 (0.01–0.03)

1.81 (0.99–3.31)

0.19 (0.16–0.22)

1.81 (1.48–2.21)

1.03 (0.94–1.12)

1.21 (1.10–1.33)

80 years

0.02 (0.01–0.03)

1.41 (0.88–2.26)

0.15 (0.13–0.18)

1.25 (1.04–1.50)

(.–.)

1.09 (0.98–1.22)

No myocardial
infarction
Previous
myocardial
infarction

0.02 (0.02–0.03)

2.17 (1.57–3.01)

0.17 (0.16–0.19)

1.75 (1.54–1.97)

1.01 (0.94–1.07)

1.33 (1.25–1.41)

0.02 (0.01–0.04)

2.62 (0.82–8.32)

0.12 (0.09–0.17)

1.37 (0.91–2.05)

0.86 (0.72–1.01)

1.07 (0.89–1. 30)

No angina

0.02 (0.02–0.03)

2.30 (1.67–3.18)

0.17 (0.15–0.19)

1.75 (1.55–1.98)

0.97 (0.91–1.04)

1.33 (1.24–1.41)

Previous
angina
No valvular
heart disease
Valvular heart
disease
No
hypertension

0.01 (0.00–0.03)

1.28 (0.40–4.05)

0.15 (0.12–0.20)

1.40 (0.98–1.99)

1.05 (0.89–1.24)

1.13 (0.95–1.34)

0.02 (0.02–0.03)

2.18 (1.59–2.99)

0.16 (0.15–0.18)

1.70 (1.51–1.91)

0.96 (0.90–1.02)

1.30 (1.23–1. 39)

0.02 (0.00–0.06)

4.37 (0.39–49.50)

0.26 (0.18–0.38)

2.07 (1.10–3.91)

1.71 (1.29–2.23)

1.21 (0.88–1.68)

0.02 (0.02–0.03)

2.14 (1.52–3.00)

0.16 (0.14–0.18)

1.83 (1.61–2.07)

0.94 (0.88–1.00)

1.29 (1.21–1.38)

Hypertension

0.03 (0.02–0.05)

2.61 (1.13–6.02)

0.21 (0.17–0.27)

1.14 (0. 85–1.53)

1.39 (1.16–1.66)

1.29 (1. 10–1.52)

Subarachnoid hemorrhage
Sex
0.00 (0.00–0.01)
Female

2.55 (0.87–7.47)

0.02 (0.01–0.03)

1.32 (0.83–2.12)

0.16 (0.13–0.19)

1.17 (0.94–1.46)

0.01 (0.00–0.01)

3.72 (1.49–9.29)

0.03 (0.02–0.04)

2.23 (1.51–3.31)

0.13 (0.10–0.16)

1.07 (0.85–1. 35)

<60 years

0.01 (0.00–0.03)

21.31 (1.93–235.04)

0.03 (0.02–0.07)

2.06 (0.81–5.24)

0.29 (0.20–0.42)

1.10 (0.75–1.62)

60-69 years

0.00 (0.00–0.01)

0.91 (0.10–8.68)

0.02 (0.01–0.04)

1.53 (0.73–3.23)

0.18 (0.13–0.24)

1.07 (0.77–1.50)

70-79 years

0.01 (0.00–0.01)

3.44 (1.18–10.03)

0.03 (0.02–0.04)

2.28 (1.36–3.82)

0.12 (0.09–0.15)

1.11 (0.85–1.46)

80 years

0.00 (0.00–0.01)

3.40 (1.01–11.47)

0.02 (0.02–0.04)

1.49 (0.91–2.43)

(.–.)

1.16 (0.85–1.60)

Comorbidities
No myocardial
infarction

0.01 (0.00–0.01)

3.33 (1.67–6.66)

0.03 (0.02–0.03)

1.90 (1.38–2.62)

0.14 (0.12–0.17)

1.10 (0.93–1.30)

Comorbidities

Male
Age

Previous
myocardial
infarction

(.–.)

(.–.)

0.03 (0.02–0.06)

1.62 (0.71–3.72)

0.14 (0.09–0.21)

1.42 (0.86–2.32)

No angina

0.00 (0.00–0.01)

3.29 (1.55–6.98)

0.03 (0.02–0.03)

2.01 (1.47–2.77)

0.14 (0.12–0.16)

1.15 (0.97–1.36)

Previous
angina
No valvular
heart disease
Valvular heart
disease
No
hypertension

0.01 (0.00–0.02)

5.52 (0.56–54.30)

0.03 (0.01–0.05)

1.08 (0.48–2.42)

0.20 (0.11–0.35)

0.98 (0.63–1.53)

0.01 (0.00–0.01)

3.44 (1.71–6.92)

0.03 (0.02–0.03)

1.84 (1.35–2.50)

0.14 (0.12–0.16)

1.12 (0.95–1.32)

0.01 (0.00–0.05)

(.–.)

0.05 (0.02–0.12)

1.06 (0.24–4.76)

0.21 (0.11–0.39)

1.00 (0.45–2.26)

0.00 (0.00–0.01)

3.10 (1.44–6. 70)

0.02 (0.02–0.03)

1.78 (1.28–2.47)

0.13 (0.11–0.16)

1.10 (0.93–1.31)

Hypertension

0.01 (0.00–0.03)

4.86 (0.81–29. 01)

0.04 (0.02–0.06)

1.70 (0.79–3. 64)

0.17 (0.12–0.25)

1.15 (0.76–1. 74)

*Adjusted for age, sex, calendar year, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart disease, intermittent claudication, venous thromboembolism,
hypercholesterolemia, hypertriglyceridemia, hypertension, obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and dementia (except as a
stratifying variable).
Abbreviation: CI: confidence interval.
(.-.) Insufficient number for estimates.

Supplemental Table IV. Risk of stroke in heart failure patients and the general
population comparison cohort. Computed tomography or magnetic resonance imaging
of the brain was obtained during the stroke admission (available for patients after year
2000).
Number at
risk/no. events

Risk, %
(95% CI)

Stroke rate ratio
controlled for
matching factors*
(95% CI)

Fully-adjusted
stroke rate ratio
(95% CI)†

416,144/271

0.07 (0.06–0.07)

Reference

Reference

HF cohort

182,824/513

0.28 (0.26–0.31)

6.25 (5.34–7.31)

5.66 (4.77–6.72)

31-365 days
CC cohort

413,644/3043

0.74 (0.71–0.76)

Reference

Reference

HF cohort

156,531/1945

1.25 (1.19–1.30)

2.45 (2.30–2.61)

2.13 (1.99–2.28)

386,839/10,893

3.21 (3.15–3.27)

Reference

Reference

121,650/4154

3.90 (3.79–4.02)

1.84 (1.76–1.92)

1.64 (1.56–1.71)

0.01 (0.01–0.01)

Reference

Reference

Ischemic stroke
0-30 days
CC cohort

1-5 years
CC cohort
HF cohort

Intracerebral hemorrhage
0-30 days
CC cohort
416,144/30
HF cohort

182,824/28

0.02 (0.01–0.02)

2.65 (1.55–4.51)

1.47 (0.71–3.03)

31-365 days
CC cohort

413,644/371

0.09 (0.08–0.10)

Reference

Reference

HF cohort

156,531/201

0.13 (0.11–0.15)

1.99 (1.64–2.40)

1.89 (1.54–2.30)

1-5 years
CC cohort

386,839/1331

0.40 (0.38–0.42)

Reference

Reference

HF cohort

121,650/436

0.41 (0.38–0.45)

1.52 (1.34–1.73)

1.37 (1.19–1.57)

0.00 (0.00–0.00)

Reference

Reference

Subarachnoid hemorrhage
0-30 days
CC cohort
416,144/8
HF cohort

182,824/7

0.00 (0.00–0.01)

2.86 (0.98–8.35)

1.25 (0.20–7.89)

31-365 days
CC cohort

413,644/70

0.02 (0.01–0.02)

Reference

Reference

HF cohort

156,531/39

0.03 (0.02–0.03)

1.87 (1.23–2.86)

1.58 (0.97–2.56)

1-5 years
CC cohort

386,839/251

0.08 (0.07–0.09)

Reference

Reference

HF cohort

121,650/64

0.06 (0.05–0.08)

1.10 (0.81–1.50)

1.01 (0.72–1.43)

* Controlled for matching factors (age, sex, calendar decade of heart failure diagnosis).
† Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart
disease, intermittent claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension,
obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and
dementia.
Abbreviations: CC: comparison cohort, CI: confidence interval, HF: heart failure.

Supplemental Table V. Risk of specified ischemic stroke and unspecified stroke in heart failure
patients and the general population comparison cohort.
Number at
risk/no. events
Specified ischemic stroke
0-30 days
CC cohort
604,940/241

Risk, %
(95% CI)

Stroke rate ratio
controlled for
matching factors*
(95% CI)

Fully-adjusted stroke rate
ratio
(95% CI)†

0.04 (0.04–0.05)

Reference

Reference

HF cohort

265,618/518

0.20 (0.18–0.21)

6.94 (5.90–8.15)

6.23 (5.22–7.43)

31-365 days
CC cohort

601,193/2622

0.44 (0.42–0.45)

Reference

Reference

HF cohort

226,095/1746

0.78 (0.74–0.81)

2.50 (2.34–2.67)

2.21 (2.05–2.38)

561,223/10,137

2.00 (1.96–2.04)

Reference

Reference

173,549/3831

2.46 (2.38–2.54)

1.85 (1.77–1.94)

1.65 (1.57–1.73)

Unspecified stroke
0-30 days
CC cohort
604,940/317

0.05 (0.05–0.06)

Reference

Reference

1-5 years
CC cohort
HF cohort

HF cohort

265,618/764

0.29 (0.27–0.31)

8.25 (7.17–9.50)

7.35 (6.30–8.56)

31-365 days
CC cohort

601,193/3592

0.60 (0.58–0.62)

Reference

Reference

HF cohort

226,095/2619

1.16 (1.12–1.21)

2.81 (2.66–2.98)

2.42 (2.28–2.57)

561,223/11,741

2.30 (2.26–2.34)

Reference

Reference

173,549/4812

3.06 (2.97–3.15)

2.08 (2.00–2.17)

1.85 (1.77–1.93)

1-5 years
CC cohort
HF cohort

* Controlled for matching factors (age, sex, calendar decade of heart failure diagnosis).
† Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart disease,
intermittent claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension, obesity, diabetes,
chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and dementia.
Abbreviations: CI: confidence interval, CC: comparison cohort, HF: heart failure.

Supplemental Table VI. Risk of stroke in heart failure patients and the general population
comparison cohort. Analyses adjusted for use of antithrombotic drugs, use of angiotensin
converting enzyme inhibitors, and beta blockers (for patients included after 2004).
Number at risk
no. events

Fully-adjusted
stroke rate ratio
(95% CI)*

Fully*- adjusted stroke
rate ratio and
adjustment for
antithrombotic drugs
(95% CI)

Fully*-adjusted
stroke rate ratio
and adjustment
for ACE-I and
beta blockers
(95% CI)

245,630/206

Reference

Reference

Reference

49,126/258

6.23 (5.05–7.69)

6.22 (5.04–7.68)

6.29 (5.08–7.78)

244,227/2187

Reference

Reference

Reference

42,172/723

2.08 (1.89–2.29)

2.07 (1.88–2.28)

2.07 (1.88–2.28)

1-5 years
CC cohort

229,084/6111

Reference

Reference

Reference

HF cohort

33,123/1161

1.50 (1.39–1.61)

1.49 (1.39–1.61)

1.49 (1.38–1.60)

Reference

Reference

Reference

49,126/11

1.49 (0.54–4.14)

1.46 (0.53–4.06)

1.39 (0.49–3.98)

244,227/259

Reference

Reference

Reference

Ischemic stroke
0-30 days
CC cohort
HF cohort
31-365 days
CC cohort
HF cohort

Intracerebral hemorrhage
0-30 days
CC cohort
245,630/27
HF cohort
31-365 days
CC cohort
HF cohort

42,172/83

1.98 (1.50–2.61)

1.94 (1.47–2.57)

1.99 (1.50–2.63)

1-5 years
CC cohort

229,084/800

Reference

Reference

Reference

HF cohort

33,123/128

1.13 (0.91–1.40)

1.12 (0.90–1.39)

1.13 (0.91–1.41)

Reference

Reference

Reference

Subarachnoid hemorrhage
0-30 days
CC cohort
245,630/7
HF cohort

49,126/10

33.30 (2.57–431.13)

34.08 (2.31–503.21)

25.41 (1.71–
376.87)

31-365 days
CC cohort

244,227/65

Reference

Reference

Reference

HF cohort

42,172/16

1.47 (0.75–2.89)

1.50 (0.76–2.97)

1.46 (0.74–2.88)

229,084/158

Reference

Reference

Reference

33,123/30

1.49 (0.93–2.39)

1.47 (0.92–2.37)

1.51 (0.94–2.44)

1-5 years
CC cohort
HF cohort

* Controlled for matching factors (age, sex, calendar decade of heart failure diagnosis) and adjusted for
matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart
disease, intermittent claudication, venous thromboembolism, hypercholesterolemia,
hypertriglyceridemia, hypertension, obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary
disease, alcoholism-related disorders, and dementia.
Abbreviations: ACE-I: angiotensin converting enzyme inhibitors, CC: comparison cohort, CI:
confidence interval, HF: heart failure.

Supplemental Table VII. Risk of stroke in heart failure patients and the general
population comparison cohort. Person-time counted separately for each outcome.
Number at
risk/no. events

Risk, %
(95% CI)

Stroke rate ratio
controlled for
matching factors*
(95% CI)

Fully-adjusted
stroke rate ratio†
(95% CI)

1,446,765/892

0.06 (0.06–0.07)

Reference

Reference

289,353/884

0.31 (0.29–0.33)

5.65 (5.13–6.22)

5.04 (4.54–5.59)

1,438,276/9768

0.68 (0.67–0.69)

Reference

Reference

238,314/3245

1.36 (1.32–1.41)

2.38 (2.28–2.48)

2.07 (1.98–2.17)

1,346,257/38,912

3.02 (2.99–3.05)

Reference

Reference

176,473/6973

4.13 (4.04–4.23)

1.78 (1.73–1.83)

1.57 (1.53–1.62)

Intracerebral hemorrhage
0-30 days
CC cohort
1,446,765/167

0.01 (0.01–0.01)

Reference

Reference

289,353/63

0.02 (0.02–0.03)

2.04 (1.52–2.74)

2.03 (1.47–2.81)

1,438,965/1596

0.11 (0.11–0.12)

Reference

Reference

238,978/425

0.18 (0.16–0.20)

1.95 (1.74–2.18)

1.81 (1.61–2.04)

1,353,065/6211

0.48 (0.47–0.49)

Reference

Reference

178,594/927

0.54 (0.51–0.58)

1.47 (1.36–1.58)

1.37 (1.27–1.49)

Subarachnoid hemorrhage
0-30 days
CC cohort
1,446,765/24

0.00 (0.00–0.00)

Reference

Reference

289,353/16

0.01 (0.00–0.01)

3.61 (1.90–6.88)

3.60 (1.60–8.07)

1,439,064/270

0.02 (0.02–0.02)

Reference

Reference

239,000/73

0.03 (0.02–0.04)

1.80 (1.37–2.35)

1.58 (1.18–2.11)

1,353,718/978

0.08 (0.07–0.08)

Reference

Reference

178,718/146

0.09 (0.07–0.10)

1.36 (1.13–1.65)

1.23 (1.01–1.50)

Ischemic stroke
0-30 days
CC cohort
HF cohort
31-365 days
CC cohort
HF cohort
1-5 years
CC cohort
HF cohort

HF cohort
31-365 days
CC cohort
HF cohort
1-5 years
CC cohort
HF cohort

HF cohort
31-365 days
CC cohort
HF cohort
1-5 years
CC cohort
HF cohort

* Adjusted for matching factors (age, sex, calendar decade of heart failure diagnosis).
† Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart
disease, intermittent claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension,
obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and dementia.
Abbreviations: CC: comparison cohort, CI: confidence interval, HF: heart failure.

Supplemental Table VIII. Risk of stroke in first-time outpatient heart failure patients
and the general population comparison cohort.
Number at
risk/no. events

Risk, %
(95% CI)

Stroke rate ratio
controlled for
matching factors*
(95% CI)

Fully-adjusted
stroke rate ratio†
(95% CI)

169,930/121

0.07 (0.06–0.08)

Reference

Reference

33,986/76

0.22 (0.18–0.28)

3.14 (2.35–4.18)

3.21 (2.33–4.43)

169,346/1207

0.71 (0.67–0.75)

Reference

Reference

33,585/486

1.45 (1.32–1.58)

2.12 (1.91–2.36)

1.84 (1.63–2.07)

1-5 years
CC cohort

162,527/4425

3.18 (3.09–3.28)

Reference

Reference

HF cohort

30,583/1128

4.31 (4.07–4.56)

1.55 (1.44–1.66)

1.35 (1.26–1.46)

Intracerebral hemorrhage
0-30 days
CC cohort
169,930/10

0.01 (0.00–0.01)

Reference

Reference

33,986/3

0.01 (0.00–0.03)

1.50 (0.41–5.45)

5.85 (0.30–
115.75)

169,346/146

0.09 (0.07–0.10)

Reference

Reference

33585/40

0.12 (0.09–0.16)

1.42 (1.00–2.01)

1.23 (0.83–1.81)

162,527/534

0.39 (0.36–0.43)

Reference

Reference

30,583/97

0.38 (0.31–0.46)

1.10 (0.88–1.38)

1.03 (0.80–1.33)

(.–.)

Reference

Reference

33,986/0

(.–.)

(.–.)

(.–.)

169,346/30

0.02 (0.01–0.03)

Reference

Reference

Ischemic stroke
0-30 days
CC cohort
HF cohort
31-365 days
CC cohort
HF cohort

HF cohort
31-365 days
CC cohort
HF cohort
1-5 years
CC cohort
HF cohort

Subarachnoid hemorrhage
0-30 days
CC cohort
169,930/0
HF cohort
31-365 days
CC cohort
HF cohort

33,585/7

0.02 (0.01–0.04)

1.20 (0.53–2.76)

0.88 (0.26–2.96)

1-5 years
CC cohort

162,527/89

0.07 (0.05–0.08)

Reference

Reference

HF cohort

30,583/26

0.10 (0.07–0.15)

1.72 (1.09–2.72)

1.67 (0.96–2.92)

* Adjusted for matching factors (age, sex, calendar decade of heart failure diagnosis)
† Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart
disease, intermittent claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension,
obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and dementia.
Abbreviations: CC: comparison cohort, CI: confidence interval, HF: heart failure.
(.–.) Insufficient numbers for estimates.

Supplemental Table IX. Risk of stroke in heart failure patients and the general
population comparison cohort, restricted to patients with primary heart failure diagnoses.

Ischemic stroke
0-30 days
CC cohort
HF cohort
31-365 days
CC cohort

Number at
risk/no. events

Risk, %
(95% CI)

Stroke rate ratio
controlled for
matching factors*
(95% CI)

Fully-adjusted
stroke rate ratio†
(95% CI)

581,070/360

0.06 (0.06–0.07)

Reference

Reference

116,214/345

0.30 (0.27–0.33)

5.47 (4.69–6.37)

4.92 (4.16–5.81)

577,530/3991

0.69 (0.67–0.71)

Reference

Reference

HF cohort
1-5 years
CC cohort

96,525/1339

1.39 (1.32–1.46)

2.40 (2.25–2.57)

2.07 (1.93–2.22)

539,159/16316

3.16 (3.11–3.21)

Reference

Reference

HF cohort

71,350/2956

4.35 (4.20–4.51)

1.82 (1.74–1.91)

1.61 (1.53–1.68)

Intracerebral hemorrhage
0-30 days
CC cohort
581,070/62

0.01 (0.01–0.01)

Reference

Reference

116,214/23

0.02 (0.01–0.03)

2.05 (1.26–3.33)

1.93 (1.09–3.41)

577,530/564

0.10 (0.09–0.11)

Reference

Reference

HF cohort
31-365 days
CC cohort
HF cohort
1-5 years
CC cohort

96,525/142

0.15 (0.13–0.17)

1.81 (1.50–2.20)

1.72 (1.40–2.12)

539,159/2141

0.42 (0.40–0.44)

Reference

Reference

HF cohort

71,350/327

0.49 (0.44–0.55)

1.52 (1.34–1.73)

1.34 (1.17–1.54)

Subarachnoid hemorrhage
0-30 days
CC cohort
581,070/5

0.00 (0.00–0.00)

Reference

Reference

116,214/5

0.00 (0.00–0.01)

5.00 (1.45–17.27)

2.09 (0.46–9.45)

577,530/84

0.01 (0.01–0.02)

Reference

Reference

HF cohort
31-365 days
CC cohort
HF cohort
1-5 years
CC cohort

96,525/31

0.03 (0.02–0.05)

2.32 (1.51–3.56)

2.03 (1.26–3.29)

539,159/336

0.07 (0.06–0.07)

Reference

Reference

HF cohort

71,350/44

0.07 (0.05–0.09)

1.17 (0.84–1.64)

1.11 (0.78–1.59)

* Adjusted for matching factors (age, sex, calendar decade of heart failure diagnosis)
† Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial flutter, valvular heart
disease, intermittent claudication, venous thromboembolism, hypercholesterolemia, hypertriglyceridemia, hypertension,
obesity, diabetes, chronic kidney disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and dementia.
Abbreviations: CC: comparison cohort, CI: confidence interval, HF: heart failure.

Supplemental Table X. Risk of stroke in heart failure patients and the general population
comparison cohort, stratified by intensive care unit stay and length of hospital stay.
Number at
Risk, %
Stroke rate ratio
Fully-adjusted
stroke rate ratio†
risk/no.
(95% CI)
controlled for
events
matching factors*
(95% CI)
(95% CI)
No intensive care unit stay
Ischemic
stroke
0-30 days
42628 / 132
0.31 (0.26–0.37)
3.68 (2.94–4.60)
2.73 (2.08–3.57)
31-365 days
40501 / 676
1.67 (1.55–1.80)
2.05 (1.88–2.24)
1.63 (1.46–1.80)
1-5 years
32629 / 1184
4.56 (4.30–4.82)
1.50 (1.41–1.60)
1.22 (1.13–1.31)
Intracerebral hemorrhage
0-30 days
42628 / 6
0.01 (0.01–0.03)
1.54 (0.62–3.82)
0.87 (0.31–2.48)
31-365 days
40501 / 78
0.19 (0.16–0.24)
1.89 (1.46–2.44)
1.49 (1.10–2.02)
1-5 years
32629 / 129
0.51 (0.42–0.60)
1.27 (1.05–1.53)
1.11 (0.89–1.37)
Subarachnoid hemorrhage
0-30 days
42628 / 3
0.01 (0.00–0.02)
3.88 (0.87–17.35)
5.43 (0.87–33.70)
31-365 days
40501 / 15
0.04 (0.02–0.06)
1.67 (0.94–2.96)
1.23 (0.62–2.43)
1-5 years
32629 / 30
0.12 (0.08–0.17)
1.41 (0.95–2.09)
1.24 (0.78–1.96)
Intensive care unit stay
Ischemic
stroke
0-30 days
3182 / 14
0.44 (0.25–0.72)
8.03 (3.47–18.54)
7.56 (2.70–21.13)
31-365 days
2973 / 35
1.18 (0.84–1.62)
2.40 (1.62–3.56)
2.02 (1.22–3.34)
1-5 years
2424 / 64
3.55 (2.75–4.49)
1.46 (1.12–1.92)
1.00 (0.72–1.39)
Intracerebral
hemorrhage
0-30 days
3182 / 0
(.–.)
(.–.)
(.–.)
31-365 days
2973 / 6
0.20 (0.09–0.43)
3.53 (1.28–9.71)
2.85 (0.81–10.05)
1-5 years
2424 / 6
0.38 (0.16–0.80)
1.04 (0.44–2.45)
0.69 (0.26–1.87)
Subarachnoid
hemorrhage
0-30 days
3182 / 1
0.03 (0.00–0.18)
(.–.)
(.–.)
31-365 days
2973 / 1
0.03 (0.00–0.19)
3.00 (0.27–33.04)
3.78 (0.18–77.75)
1-5 years
2424 / 1
0.06 (0.01–0.32)
1.01 (0.12–8.20)
1.55 (0.12–19.41)
Length of hospital stay ≤ 7 days
Ischemic
stroke
0-30 days
110900 / 222
0.20 (0.18–0.23)
3.25 (2.74–3.84)
2.21 (1.81–2.70)
31-365 days
106875 / 1486 1.39 (1.32–1.46)
2.10 (1.98–2.23)
1.54 (1.43–1.65)
1-30 years
86543 / 3641
4.51 (4.36–4.65)
1.67 (1.61–1.73)
1.31 (1.26–1.37)
Intracerebral
hemorrhage
0-30 days
110900 / 19
0.02 (0.01–0.03)
2.14 (1.25–3.66)
2.07 (1.11–3.87)
31-365 days
106875 / 166
0.16 (0.13–0.18)
1.63 (1.37–1.94)
1.25 (1.02–1.53)
1-30 years
86543 / 382
0.49 (0.44–0.54)
1.32 (1.19–1.48)
1.16 (1.02–1.32)
Subarachnoid
hemorrhage

0-30 days
110900 / 8
0.01 (0.00–0.01)
5.80 (2.10–15.99)
4.72 (1.38–16.16)
31-365 days
106875 / 24
0.02 (0.02–0.03)
1.61 (1.02–2.53)
1.02 (0.60–1.75)
1-30 years
86543 / 57
0.07 (0.06–0.09)
1.28 (0.96–1.69)
0.90 (0.64–1.25)
Length of hospital stay > 7 days
Ischemic
stroke
0-30 days
128027 / 307
0.24 (0.21–0.27)
5.00 (4.28–5.85)
3.69 (3.08–4.43)
31-365 days
117848 / 1470 1.25 (1.19–1.31)
2.28 (2.14–2.42)
1.65 (1.54–1.77)
1-30 years
86260 / 3126
3.73 (3.61–3.86)
1.73 (1.67–1.80)
1.30 (1.24–1.36)
Intracerebral
hemorrhage
0-30 days
128027 / 31
0.02 (0.02–0.03)
2.03 (1.34–3.07)
1.94 (1.21–3.12)
31-365 days
117848 / 201
0.17 (0.15–0.20)
1.78 (1.52–2.08)
1.51 (1.25–1.81)
1-30 years
86260 / 435
0.53 (0.48–0.58)
1.52 (1.37–1.68)
1.33 (1.18–1.49)
Subarachnoid
hemorrhage
0-30 days
128027 / 5
0.00 (0.00–0.01)
2.38 (0.83–6.84)
2.76 (0.81–9.43)
31-365 days
117848 / 29
0.02 (0.02–0.04)
1.89 (1.25–2.87)
1.75 (1.08–2.84)
1-30 years
86260 / 50
0.06 (0.05–0.08)
1.38 (1.03–1.86)
1.05 (0.74–1.49)
* Adjusted for matching factors (age, sex, calendar decade of heart failure diagnosis)
† Adjusted for matching factors, myocardial infarction, angina pectoris, atrial fibrillation/atrial
flutter, valvular heart disease, intermittent claudication, venous thromboembolism,
hypercholesterolemia, hypertriglyceridemia, hypertension, obesity, diabetes, chronic kidney
disease, cancer, chronic pulmonary disease, alcoholism-related disorders, and dementia.
Abbreviations: CC: comparison cohort, CI: confidence interval, HF: heart failure.
(.–.) insufficient for estimates

