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1 Introduction 

Intensive care units (ICUs) comprise a central part of the health care system, caring for 

critically ill patients in the hospitals. There are more than 30,000 ICU admissions in 

Denmark each year.1 The ICUs require extensive staffing day and night and advanced 

technology.2, 3 An ICU admission in Europe typically costs approximately 3000 USD,4 but 

twofold more in the US, where up to 20% of hospital costs are allocated to intensive care.5 

Given the limited resources in the health care system, the cost-effectiveness of intensive 

care treatment is therefore important, and data on the prognosis of intensive care patients 

with different preadmission characteristics are needed to understand the safety of 

intensive care treatment, to identify patients who will benefit from intensive care, and 

thereby to guide ethical considerations regarding who should be offered intensive care 

admission.6, 7 

The global population is ageing, with life expectancy raising from 64 years in 1990 to 68 

years in 2009.8 In Denmark, it is expected that the population over age 65 will increase 

during the next 20 years from 934,000 in 2011 to 1,350,000 in 2031.9  Despite some 

elderly being refused ICU admission,10 the number of very old patients admitted is 

increasing dramatically.11 Many elderly patients have one or more chronic diseases that 

may leave them more prone to critical illness and potentially worsen the prognosis of their 

critical illnesses. In the USA, approximately 45% of the population has at least one chronic 

condition, but this prevalence is as high as 85% in those aged 65 or older.12 Consequently, 

the proportion of persons with chronic conditions is expected to increase steadily in 

decades to come.12 Importantly, even patients with severe chronic diseases, such as cancer, 

may benefit from intensive care, and patients that would not have been offered intensive 

care a few decades ago are now admitted to  ICUs.13-15 This change in ICU triage 

contributes to the increased proportion of elderly patients and patients with chronic 

diseases in ICUs during the last decades.15  

One of the most frequent chronic diseases, diabetes, affected 153 million people 

worldwide in 1980 and 347 million people in 2008.16 This epidemic rise in diabetes 

prevalence is primarily due to an increase in type 2 diabetes. Prevalence is expected to 
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further increase by 50% over the next 20 years17 because of increased life expectancy and 

increasing prevalence of obesity, which are both risk factors for type 2 diabetes.18, 19 Type 2 

diabetes is commonly complicated by cardiovascular and kidney diseases that potentially 

worsen the outcome of critical ill patients admitted to an ICU. On the other hand, patients 

with type 2 diabetes may receive pharmacological treatments that have potential beneficial 

effects during critical illness. While morbidity is frequently assessed during or shortly 

before current hospitalization, there is a need for studies that address preadmission 

morbidity, including the impact of chronic diseases such as type 2 diabetes diagnosed 

several years before ICU admission.20, 21  

The aim of the three studies in this thesis was to examine the impact on mortality of 

preadmission morbidity level (Study I), type 2 diabetes (Study II), and preadmission 

metformin use (Study III) in ICU patients.  

 

1.1 Clinical epidemiological aspects of intensive care research 

1.1.1 Introduction to intensive care 

The first ICU in Denmark was established in 1953 during the polio epidemic.22 The year 

before, in 1952, the Danish anesthesiologist Bjørn Ibsen treated the first polio patients with 

acute respiratory failure with tracheotomy and manual positive-pressure ventilation. The 

prognosis improved substantially for these patients, with in-hospital mortality decreasing 

from 87% to 40%.23 He realized that it was necessary to have  a special ward with technical 

equipment and trained nurses and physicians in order to observe and treat patients 24 

hours a day.24 The successful treatment of patients with respiratory failure in these new 

ICUs was soon extended to other patient groups. Consequently, patients who previously 

died of respiratory failure now survived. These patients often had multiple organ 

dysfunction caused by major trauma or severe sepsis.25, 26 This, together with the improved 

medical and surgical treatments may explain the increasing complexity of the treatment of 

intensive care patients, and today intensive care units offer high-technology treatment to a 

wide range of patients with manifest or threatening organ-dysfunction. 
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1.1.2 The definition of an ICU patient 

The term intensive care is usually restricted to patients admitted to the ICU, while 

critical care may be considered a more broad term that also includes critically ill patients 

outside the ICUs, e.g., on medical wards and coronary care units.27 ICUs thus take care of 

critically ill patients, but not all patients with critical illness are in an ICU.28 (Figure 1-1) 

Patients can be critically ill at hospital admission and be almost immediately admitted to 

the ICU, or can develop critical illness during hospitalization, for example due to urinary 

tract infection. Patients may also be admitted to the ICU for monitoring if they are at high-

risk of developing critical illness, for example after major trauma or major surgery 

including cardiac surgery. 

 

Figure 1-1. The relationship between critical care and intensive care. 

 

 

A study population included in a cohort study of ICU patients is thus defined simply by 

presence at a geographical location within the hospital, and this  differs from other clinical 

epidemiological studies that define cohorts by a disease, an exposure, or an outcome.29  
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Patients in the ICU are not defined by having a particular disease (index disease), but 

rather by having manifest organ dysfunction or being at high-risk of developing organ 

dysfunction that requires intensive monitoring or treatment. Common organ dysfunctions 

in patients admitted to general ICUs include respiratory, cardiovascular, cerebral, and 

renal dysfunction.  The expected prognosis with and without intensive care is central for 

triage, and at least 25% of patients considered for ICU admission are rejected because they 

are considered to be either too ill or too healthy to benefit from an ICU admission.30, 31 

According to US guidelines, specific diagnoses and physiological abnormalities may justify 

ICU admission,32 but there are still considerable difference in triage based on individual 

clinical judgment and ICU capacity.7 The lack of a European consensus may explain why 

the yearly number of ICU admissions in Europe ranges from 216 per 100,000 citizens in 

the UK to 2,353 per 100,000 citizens in Germany.4 In Denmark, there are approximately 

603 ICU admissions per 100,000 citizens (33,361 ICU admissions in 2010 within a 

population of 5,534,738).1 There are no Danish guidelines for ICU admission, although the 

Danish National Board of Health provides some overall principles that should help the 

ICUs to define local admission criteria.2 ICU patients thus comprise a heterogeneous 

cohort with regard to current disease (index disease), reason for ICU admission, 

preadmission morbidity, and severity of illness. These differences, often collectively 

denoted case-mix, complicate international comparisons.  

1.1.3 Studying prognosis of ICU patients 

Prognosis can be defined as the prediction of the outcome of an illness, an essential 

concept in clinical medicine.33, 34 Death is the most widely used outcome measure in 

studies of ICU prognosis, but other relevant long-term outcomes of ICU admission include 

persistent organ dysfunction such as chronic renal failure, readmission with somatic 

disease, psychiatric illness, return to previous functional level, and quality of life.35, 36 

Prognostic knowledge is important in order to inform patients and their relatives, to 

understand the clinical course of the illness, and to guide clinical decision making. 

 

Figure 1-2 describes factors that may influence the outcome.  
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Figure 1-2. Determinants of the outcome of intensive care. (Modified from Sackett37)  

 The patient 
(Age, gender, preadmission morbidity) 

  

+ Pre-ICU factors  
(Surgery, resuscitation, antibiotics, etc.) 

  

+ The illness 
(Reason for ICU admission: injury, surgery, 

infection, severity of organ-dysfunction) 

  

+ Diagnostic tests 
(Performance and interpretation of tests 

such as ultrasound, CT scan, and lab tests) 

  

+ Potential treatments 
(Antibiotics, organ-supportive treatment, 

intensive insulin therapy, surgery, 

withholding/withdrawing treatment) 

  

+ Clinical performance  
(Competence, motivation, and barriers, 

including bed availability) 

  

  

= Clinical outcome 
(Death, disease, discomfort, disability, 

dissatisfaction) 

 

Patient characteristics, including age and preadmission morbidity, may influence the 

prognosis, and a description of this influence constitutes the primary aim of this thesis. 

Other factors that may influence prognosis include pre-hospital and in-hospital treatment 

before ICU admission, e.g., early goal-directed therapy in the emergency room38 or early 
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initiation of antibiotic therapy in sepsis.39 Prognosis is also influenced by the severity of 

illness and reason for ICU admission. Both diagnostic tests and treatments (e.g., organ 

support, surgery, and medical treatment) are complicated by the critical illness and 

influence on the outcome. Naturally, the outcome also depends on any decision to withheld 

or withdraw therapy in the ICU.7 Finally, the clinical performance of the personnel and the 

organization of the ICUs and bed availability would also influence outcome. 

1.1.4 Prediction versus etiological studies on prognosis 

Prognostic studies can be divided in prediction studies and etiological studies, but there 

is an overlap in many studies.33 While data collection and analyses are almost similar, the 

aims are different. The aim of a prediction study is to predict outcome for future patients 

based on a number of available variables (e.g. at time of ICU admission) that not 

necessarily influence the outcome.  A prediction study should be developed within one 

cohort and validated in another.33, 40-42 Results from a prediction study could help defining 

high-risk groups and may guide clinical decision making, although they should not be used 

alone to decide treatment in individual patients. Classic examples of prediction studies 

used in ICU patients include severity of illness scores, such as the Acute Physiology And 

Chronic Health Evaluation (APACHE), and simplified acute physiology score (SAPS) 

scores developed to predict risk of in-hospital death.43-45 

In contrast, the etiological (or causal) study has a well-defined hypothesis about a 

potential causal association between an exposure and an outcome. The association may be 

confounded by other variables, which should be considered and handled appropriately in 

order to provide valid estimates of a potential causal association. As an example, a cohort 

study of ICU patients with septic shock hypothesized that early combination antibiotic 

therapy was associated with lower 28-day mortality compared with monotherapy.39 The 

two intervention groups differed with regard to age, preexisting diseases, co-interventions, 

infection site, etc. After this confounding was handled, the hazard ratio moved from 0.57 

(95% CI: 0.51−0.63) to 0.77 (95% CI: 0.67-0.88).  

Data on prognostic factors may improve our understanding of critical illness in ICU 

patients, may help us define risk groups, and may guide the design of subsequent clinical 

trials.34 The three studies in this thesis are designed as etiological (causal) studies. 
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1.1.5 Observational studies versus randomized clinical trials  

The randomized clinical trial (RCT) is commonly considered the gold standard in 

clinical research and superior to non-randomized (observational) studies when the 

outcome is effect of an intervention.46 But not all research questions can be answered in a 

trial, including our question about the prognostic impact of morbidity level and diabetes. 

Even when an intervention could be studied in a randomized design, observational studies 

can often be a reasonable alternative, especially when the outcomes are negative effects or 

adverse events.47 The randomized assignment of an intervention prevents confounding and 

information bias if the trial is adequately large, but with the heterogeneity of ICU patients, 

this often requires inclusion of thousands of ICU patients for all confounders to be equal or 

requires several restrictions of the study cohort to make it homogenous. Randomized trials 

are therefore very expensive and may have limited generalizability. Results from RCTs with 

restricted ICU populations are often difficult to reproduce.48 As an example, the beneficial 

effect of intensive insulin therapy in a single-center study of mainly surgical ICU patients49 

could not be reproduced in subsequent multi-center studies.50, 51 

In contrast to RCTs, observational studies may better reflect daily practice, and if 

confounding and bias are adequately handled, these may have advantages in the ICU 

population,48 as summarized in Table 1-1 below. Another advantage is the possibility to 

study exposure prior to critical illness, such as preadmission metformin use, which is 

otherwise only possible to study in randomized studies of patients that are expected to be 

admitted to the ICU after major surgery.  

In conclusion, the RCT is still the gold standard in studies of the causal effects of 

interventions, although application of RCTs in the ICU population is hampered by the 

heterogeneity of ICU patients. Well-designed observational studies are feasible alternatives 

and have advantages in ICU populations, for example, by representing an unrestricted, 

real-life setting.  
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Table 1-1. Strengths and limitations of randomized trials and observational studies. 

(modified from Sørensen et al.47) 

 Randomized clinical trial Observational study 

 
Study population 

 
Typically restricted by exclusion 
criteria 

 
Typically all ICU patients  

Ethics Informed consent needed Ethical concerns limited as there are 
no interventions 

Cost High Low if existing data are used 

Heterogeneity Reduced by restriction More heterogeneous 

Exposure 1-2 interventions No limits 

Exposure assignment Randomly assigned Non-randomly assigned (observed) 

Blinding Possible Impossible 

Outcome measures Well-defined Depend on available data 

Rare outcome Cost-intensive, typically not 
feasible 

Larger studies are more feasible 

Selection bias Can be a problem if eligible 
patients differs from non-eligible, 
e.g. by inclusion of selected ICUs 

Depend on completeness of ICU 
registration and follow-up 

Information bias No major problem Depend on data quality 

Confounding Limited. Confounders equal 
distributed in large studies 

Unmeasured and residual 
confounding may be a major 
problem 

Generalizability Difficult and only to the restricted 
patient population. 
Reproducibility in less restrictive 
ICU populations often fails.  

Good (to similar ICUs) because the 
population typically includes all ICU 
patients. 
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1.2 Background and existing literature 

1.2.1 Preadmission morbidity level among ICU patients 

Chronic diseases are increasingly common, also among ICU patients.15 Several scores 

developed to predict in-hospital mortality, for example the APACHE43 and the SAPS 

scores,44, 52 include severe chronic diseases, such as metastatic cancer, severe heart failure, 

and liver cirrhosis. The importance of chronic diseases was also underlined by the recent 

PREDICT study in which the widely used Charlson Comorbidity Index (CCI) was found to 

be one of the most important predictors of long-term mortality.53 We previously found that 

the CCI together with age and gender may be almost as good in predicting 30-day 

mortality as the APACHE II, SAPS II, and SAPS III scores.54 In 2003, an expert panel 

proposed the PIRO concept (acronym for Predisposition, Infection/Insult, Response, 

Organ Failure) and acknowledged that preadmission chronic disease may affect the 

prognosis of severe sepsis.19, 28 This concept was proposed to be used in severe sepsis, like 

the TNM classification in cancer.19, 55 The concept has recently been applied as a prediction 

model in which predisposing factors for death include age, gender, congestive failure, 

pulmonary disease, diabetes, malignancy, and renal disease.26, 56  

Despite the predictive importance of chronic diseases, there are very few prognostic 

studies addressing the influence of preadmission morbidity level and specific chronic 

diseases on mortality among ICU patients, and the terminology is conflicting. Comorbidity 

is probably the most widely used term and is defined as the presence of  one or more 

diseases that exist together with an index disease.21 However, the ICU population is not 

characterized by a single index disease because ICU patients have many different diseases, 

some being complications to underlying chronic diseases. We therefore used the term 

preadmission morbidity level to describe the burden of chronic diseases including 

diagnoses within five years before, but not during, the index hospitalization. 

We assessed preadmission morbidity level using the CCI.20, 57, 58 The advantage of a 

comorbidity index is the ability to summarize several diseases into a single score.59, 60 This 

is widely used to control for confounding in observational studies, but can also be used as 

the exposure or outcome.59, 60 Originally, the aim of the CCI was to predict one-year 

mortality.57 It was developed using records from 559 medical patients admitted to a New 
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York hospital during one month in 1984 and validated using a historic cohort of 685 breast 

cancer patients.57 The final CCI included 19 diseases weighted according to the integer of 

the coefficients from the regression model. The included diseases are presented in Figure 

1-3. While the original index used medical record data, it has subsequently been adapted to 

administrative databases using ICD-8, ICD-9, and ICD-10.20, 58 This application to 

administrative databases is an important strength, also for critical care research.61  

 

Figure 1-3. Diseases included in the Charlson Comorbidity Index.57 

Disease Score 

Myocardial infarction 1 

Congestive heart failure 1 

Peripheral vascular disease 1 

Cerebrovascular disease 1 

Dementia 1 

Chronic pulmonary disease 1 

Connective tissue disease 1 

Peptic ulcer disease 1 

Mild liver disease 1 

Diabetes type 1 and type 2  1 

Hemiplegia 2 

Moderate to severe renal disease 2 

Diabetes with end organ damage, type 1 and type 2 2 

Any tumor 2 

Leukemia 2 

Lymphoma 2 

Moderate to severe liver disease 3 

Metastatic solid tumor 6 

Acquired Immunodeficiency Syndrome (AIDS) 6 
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1.2.1.1 Existing literature on the mortality impact of preadmission morbidity level among 

ICU patients compared with the general population 

Data on the prognostic impact of preadmission morbidity level are needed not only to 

understand the clinical course in ICU patients, but also to plan the needed ICU capacity in 

the future. To better understand the impact of morbidity on prognosis in ICU patients, it is 

relevant to compare the impact with the prognostic impact of morbidity in the general 

population. No previous studies have undertaken such a comparison and we therefore 

separately reviewed the literature examining: 1) mortality following ICU admission 

compared with mortality in the general population, 2) the mortality in ICU patients with 

different CCI levels. 

We first identified studies comparing mortality among ICU patients with mortality in 

the general population. Medline was searched using the following query:  ("Intensive 

Care"[Mesh] OR "Critical Care"[Mesh]) AND "mortality"[Mesh] AND "general 

population". 

This gave 16 hits, with three of them relevant. Review of the reference lists of these 

papers and papers citing these revealed another five studies. (Table 1-2)  
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Table 1-2. Studies comparing mortality in ICU patients with survival in the general population. 

Author, 

publication year, 

reference 

Country N Design Patients Setting, study 

period 

Follow-

up 

time 

Outcome 

measure of 

interest 

Result 

Timmers TK, 2011 62 The 

Netherlands 

1,822 Cohort 

study 

Surgical ICU 

patient, ≥ 18 

years 

Surgical ICU in 

a single hospital, 

1995−2000 

Up to 10 

years 

10-year 

mortality  

51% in ICU patients and 27% in general 

population with same age and sex 

distribution 

Wright JC, 2003 63 Scotland 2,104 Cohort 

study 

All ICU patients 

(no 

neurosurgical 

and pediatric 

patients <16 

years) 

Single ICU, 

1985−1992,  

5-12 

years 

Mortality, 

standardized 

mortality ratio 

(SMR) 

5-year mortality 47.1% in ICU patients. 

Overall SMR = 3.4 (using age- and sex-

specific death rates in the general 

population). SMR was highest within the 

first years, but close to 1.0 after 4 years.   

Niskanen M, 1996 64 Finland 12,180 Cohort 

study 

Adult ICU 

patients ≥ 15 

years 

25 ICUs (~ 75% 

of ICU 

admissions in 

Finland), 1987 

4-5 

years 

Mortality, 

SMR 

5-year mortality 40.1%. SMR = 3.3 (95% 

CI: 3.0−3.4), but mortality in ICU 

patients paralleled the general 

population after 2 years. 

Williams TA, 2008 65 Australia 19,921 Cohort 

study 

ICU patients 

alive at hospital 

discharge 

Single ICU, 

1987−2002 

Up to 15 

years 

SMR First year SMR = 2.9 (95% CI: 2.7−3.1), 

subsequent year SMR ~1.5 (during the 

remaining follow-up period) 
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Table 1-2. Studies comparing mortality in ICU patients with survival in the general population. 

Author, 

publication year, 

reference 

Country N Design Patients Setting, study 

period 

Follow-

up 

time 

Outcome 

measure of 

interest 

Result 

(continued…) 

Flaatten H, 2001 66 Norway 219 Cohort 

study 

All ICU patients Single ICU, 1987 12 years Survival 

estimates, 

survival 

difference 

12-year survival 48.4% in ICU patients 

and 77.7% in the general population. 

Survival difference was 6.3% 

(95%CI: -0.7%−13.4%) in the period 

after 2 years of follow-up. 

Zaren B, 1989 67 Sweden 980 Cohort 

study 

All adult ICU 

patients ≥ 15 

years, >1 hour in 

the ICU 

Single general 

ICU, 1983 

2 years Survival 

estimates, 

relative 

survival rate 

One month survival 84.9%, one-year 

survival 73.6%. Observed vs. expected 

survival was 0.85 (95% CI: 0.83−0.87) 

for 0-1 month, 0.92 (95% CI: 

0.90−0.94) for months 1−6, 0.96 (95% 

CI: 0.94−0.97) for months 6−12 and 

very similar thereafter.  

Dragsted L, 1990 68  Denmark 926 Cohort 

study 

ICU patients 

surviving to 

hospital 

discharge 

Single ICU, 

1979-1983 

5 years Relative 

mortality 

5-year mortality 5 times higher in ICU 

patients than general population 

Wunsch H, 2010 69 USA 35,308 Cohort 

study 

ICU patients 

surviving to 

hospital 

discharge 

Medicare 

sample, 2003 

3 years Mortality, 

hazard ratio 

(HR) for death 

3-year mortality was 39.5% in ICU 

patients and 14.9% in general population 

cohort (adjusted HR = 2.39, 95% CI: 

2.31−2.48). 
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The table illustrates that there are conflicting results from the eight studies that 

examined whether ICU admission was a predictor of long-term mortality. Four Nordic 

studies with sample sizes ranging from 236 to 12,180 ICU patients consistently reported 

increased mortality from 6 months to 2 years after intensive care compared with the 

general population, but not thereafter.64, 66-68 A Scottish study found that mortality among 

patients who had received care in an ICU was comparable to the general population after 4 

years.63 A recent US cohort study that followed elderly ICU patients for up to 3 years found 

increased 3-year mortality among ICU patients who survived until hospital discharge, 

compared with the general population.69 An Australian study found persistently increased 

mortality for up to 15 years among ICU patients discharged alive.65 Also, a Dutch study 

including surgical ICU patients found approximately two-fold increased mortality during 

the 10-year study period.62 Although preadmission morbidity has an important impact on 

mortality among ICU patients, only one of the studies compared morbidity levels with the 

population comparison cohort and found markedly higher morbidity level among ICU 

patients.69 

We therefore did a supplementary literature search to identify studies on CCI level and 

mortality among ICU patients. We searched Medline using the following queries: 

  ("Intensive Care"[Mesh] OR "Critical Care"[Mesh]) AND "Chronic disease"[Mesh] 

AND "Mortality"[Mesh] (25 hits) 

  ("Intensive Care"[Mesh] OR "Critical Care"[Mesh]) AND "Comorbidity"[Mesh] 

AND "Mortality"[Mesh] (65 hits) 

 ("Intensive Care"[Mesh] AND "Critical Care"[Mesh]) AND "Chronic Disease"[Mesh] 

(119 hits) 

 ("Intensive Care"[Mesh] AND "Critical Care"[Mesh]) AND "Comorbidity"[Mesh] 

(131 hits) 

 ("Intensive Care"[Mesh] OR "Intensive Care Units"[Mesh]) AND "Mortality"[Mesh] 

AND ("Chronic Disease"[Mesh] OR "Comorbidity"[Mesh]) 241 hits 

Only three studies were found relevant after review of titles and abstracts.53, 65, 70 Two of 

these were causal studies and one was a prediction study. Another causal study was found 
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in the reference list of another study.71 All found high CCI to be associated with an 

increased mortality. (Table 1-3) 

An Australian cohort study on long-term prognosis of 22,980 ICU patients found a CCI 

score of 0 in 55% of the ICU patients, 1–2 in 33%, and 3 or more in 12% of ICU patients, 

using diagnoses recorded within 5 years before ICU admission.70 ICU patients with a CCI 

of 3 or more had markedly increased 1- and 3-year mortality compared with patients with a 

CCI of 0.70 In the study including the 19,921 of the ICU patients who survived to hospital 

discharge, CCI was a predictor for mortality after adjustment for confounders including 

age and gender.65 Also in the PREDICT study, a high CCI score of 5 or more was an 

important predictor of long-term mortality.53  Another Australian single-center study of 

2,022 ICU patients found  that the excess hazard for post-discharge death compared with 

the general Australian population  increased with increasing CCI level.71  

To summarize, mortality was markedly higher in ICU patients compared to the general 

population, at least for the first years after the ICU stay. Among ICU patients, 

preadmission morbidity was associated with a markedly higher long-term mortality rate.  

1.2.1.2 Limitations of the existing literature 

Most previous studies included data that are now 10 to 25 years old; a period in which 

treatment of chronic diseases has changed dramatically as has the composition of ICU 

patients. The results may therefore not be applicable today. Only one study included data 

on preadmission morbidity in the general population comparison cohort, but none of the 

previous studies examined potential interaction, i.e., whether preadmission morbidity had 

the same impact on mortality in ICU patients as it did in the general population. 
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Table 1-3. Studies on the impact of preadmission morbidity level on mortality in ICU patients. (CCI: Charlson Comorbidity Index) 

Author, 

publication year 

Country N Design Patients Setting, study 

period 

Follow-

up 

time 

Outcome 

measure of 

interest 

Result 

Williams TA, 2006 70 Australia 22,980 Cohort 

study 

All ICU patients Single ICU, 

1987−2002 

Up to 15 

years 

Survival 

estimates 

1-year survival 86.6% for CCI = 0, 84.8% 

for CCI = 1−2, and 67.9% for CCI = 3+. 

Corresponding 3-year survival was 

83.1% (CCI = 0), 78.8% (CCI = 1−2), 

58.1% (CCI = 3+). 

Ho KM, 2008 53 Australia 11,930 Cohort 

study 

(predicti

on 

study) 

ICU patients 

surviving >5 

days 

Single ICU, 

1989−2002 

Up to 15 

years 

Hazard ratio 

(HR) for death  

HR for CCI 5 vs. 0 was 2.15 after 

adjustment for other predictors. 

Williams TA, 2008 65 Australia 19,921 Cohort 

study 

ICU patients 

alive at hospital 

discharge 

Single ICU, 

1987−2002 

Up to 15 

years 

Hazard ratio 

for death 

Adjusted HR for CCI = 3+ was 2.67 (95% 

CI: 2.45−2.90), and 1.48 (95% CI: 

1.39−1.57) for CCI = 1−2, both compared 

to CCI = 0. The corresponding adjusted 

HRs restricted to 1 year post discharge 

was 3.98 (95 %CI: 3.38−4.68) and 2.02 

(95% CI: 1.73−2.35), respectively.  

Ghelani D, 2009 71 Australia 2,022 Cohort 

study 

All ICU patients  Single ICU, 

1993−1999 

4.2−9.6 

years 

Excess hazard 

ratio 

(compared 

with general 

population) 

Compared to CCI = 0, excess HR for CCI 

= 1 was 2.1 (95%CI: 1.9−2.3), for CCI = 

2: 3.7 (95% CI: 3.3−4.1), CCI = 3: 3.9 

(95% CI: 3.1−4.8). 
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1.2.2 Type 2 diabetes and mortality among ICU patients 

Almost 10% of the world population has diabetes,16 but among ICU patients the 

prevalence may be as high as 19%.72 Still, this prevalence of diabetes in ICU patients may 

be overestimated by misclassification of stress hyperglycemia as diabetes during current 

hospitalization.73 The relative prevalence was, however, confirmed by our finding of more 

than a two-fold higher prevalence of a prior hospital diagnosis of diabetes in ICU patients 

compared with the general population (Study I).74  Diabetes is most often a comorbidity in 

ICU patients and is only occasionally the reason for ICU admission, for example in patients 

with severe diabetic ketoacidosis or hyperosmolar hyperglycemic syndrome.75  

Diabetes is associated with immune dysfunction76, 77 and hypercoagulation,78, 79 which 

may contribute to the increased risk of acute kidney injury,80 cardiovascular events,81-83 

pneumonia,84 and in some studies also bacteremia.85-87  All these conditions may lead to 

ICU admission. In contrast, the attenuated immune response may potentially protect 

against organ dysfunction including acute lung injury, which is characterized by an 

overwhelming inflammatory response.88-91   

Despite a potentially increased risk of critical illness, data on the effect of diabetes on 

outcome of critical illness are limited and conflicting. Diabetes is associated with increased 

mortality in patients with specific critical illnesses such as myocardial infarction,92, 93 

cardiac surgery,94 and complicated peptic ulcer,95 while such an association is less clear in 

patients with burns,96 trauma,97 pneumonia,98, 99, sepsis,86, 100 and bacteremia.86, 101, 102 

During the last 10 years, several studies examined the prognostic impact of hyperglycemia 

and therapeutic effects of intensive insulin therapy in ICU patients,  both of which seem to 

have less impact in patients with diabetes than in patients without diabetes.103-106 These 

topics are, however, beyond the scope of this thesis. 

Type 2 diabetes is commonly complicated by micro- and macrovascular complications, 

including chronic kidney disease107, 108 and cardiovascular disease,81 that may affect the 

outcome of critical illness. End-stage renal disease is associated with a poor prognosis 

among ICU patients.109-111 This may be mediated through an increased risk of acute kidney 



18 

 

injury,80 although the mortality of patients with acute kidney injury is not further 

increased by end-stage renal disease.112, 113 Heart failure may also be a predictor of 

increased mortality in ICU patients.114 Indeed, both diabetes and heart failure are 

associated with increased 90-day mortality in ICU patients with end-stage renal disease.111  

A recent systematic review and meta-analysis of observational and interventional 

studies included 141 studies that described short-term mortality in adult ICU patients and 

provided data on diabetes.72  Thirty-day (28- or 30-day) mortality was reported in 20 of 

the studies (19,040 patients), but the overall odds ratio for death was still imprecise (OR = 

1.19, 95% CI: 0.96−1.47), while it was more clearly increased in surgical ICU patients (OR 

= 1.62, 95% CI: 1.13−2.34). The wide confidence intervals may be explained by the 

heterogeneity of the included studies, and the use of a random effects model.115 Only one of 

the included studies specifically aimed at studying the impact of diabetes,116 and the meta-

analysis therefore relied primarily on studies that did not control for confounding. 

Importantly, any misclassification of diabetes status in the included studies would also bias 

the overall result of the meta-analysis.  

1.2.2.1 Existing literature on the effect of diabetes on mortality among ICU patients 

In the literature review, we focused on studies that had the primary aim of studying the 

impact of diabetes on mortality among ICU patients. We searched Medline using the 

following query: 

 ("Intensive Care"[Mesh] OR "Intensive Care Units"[Mesh]) AND "Diabetes 

Mellitus"[Mesh] AND "Mortality"[Mesh]  

A total of 65 articles were identified, and titles and abstracts were reviewed to identify 

studies examining the effect of diabetes on mortality in ICU patients. We did not include 

prediction studies, studies on intensive insulin therapy, and studies on the prognostic 

impact of glucose level. We found three studies that specifically examined the overall 

impact of diabetes on mortality in ICU patients. (Table 1-4) 
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Table 1-4. Studies on the impact of diabetes on mortality in ICU patients.  

Author, 
publication 
year, 
reference 

Country N Design Patients, data 
source  

Setting, 
study period 

Follow-up 
time 

Outcome 
measure of 
interest 

Result 

Stegenga, 
2010117 

Multinational 
(11 countries) 

830 Cohort 
study 

Patients with 
severe sepsis 
included in a 
previous trial118 

 

164 centers, 
July 
1998−June 
2000 

Up to 90 
days 

28- and 90-
day mortality 

28-day mortality: 31.4% in diabetic and 
30.5% in non-diabetic patients 

90-day mortality: 39.1% and 39.0% 

Graham, 
2010116 

USA 1,509,890 + 
36,414 

Cohort 
study 

Patients aged 18 
years or older 
without acute 
diabetic 
complications. 
Identified in 
University Health 
System database 
(UHC) + Mayo 
cohort 

130 centers, 
January 
2003–
December 
2006 
(1999−2007 
for Mayo 
cohort) 

To hospital 
discharge 

In-hospital 
mortality, 
age-adjusted 
odds ratio 

Mortality in diabetic patients was 8.8% 
and in non-diabetic 9.7% in the UHC 
cohort and 10.3% vs. 9.7% in the Mayo 
cohort. 
Adjusted OR = 0.79 (95% CI: 
0.78−0.80) in the UHC and 1.01 (95% 
CI: 0.92−1.11) in the Mayo cohort.  

Vincent, 
2010119 

24 European 
countries 

3,147  Cohort 
study 

Adult ICU 
patients included 
in the Sepsis 
Occurrence in 
Acutely ill 
Patients (SOAP) 
study 

198 centers, 1 
– 15 May 2002 

To hospital 
discharge 
but no 
longer than 
28 days 

Hospital 
mortality, 
adjusted 
hazard ratio 
(HR) 

Hospital mortality, 28% in insulin-
treated diabetic ICU patients and 24% in 
other ICU patients. 

Adjusted HR = 0.78 (95% CI: 0.58−1.07) 
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A US cohort study including more than 1.5 million ICU patients, primarily included 

from the University Health System Consortium’s benchmarking database, reported in-

hospital mortality of 8.8% in diabetics and 9.7% in nondiabetics, corresponding to an age-

adjusted odds ratio of 0.79.116 However, the age-adjusted odds ratio was 1.01 (95% CI: 

0.92−1.11) in a subcohort of patients in the Mayo Clinic.116 In a European study of 3,147 

patients from 198 ICUs, insulin-treated diabetes was associated with slightly increased 

crude in-hospital mortality (28% vs. 24%, corresponding to a crude relative mortality risk 

of 1.17). The hazard ratio for hospital mortality within 28 days was 0.78 (95% CI: 

0.58−1.07) after adjustment for age, liver cirrhosis, SAPS II score, and mechanical 

ventilation.119 A multinational cohort study included 830 patients with severe sepsis from 

the control arm of a multicenter trial conducted in 1998–2000.117, 118 The 28-day mortality 

rates were very similar in diabetic (31.4%) and nondiabetic patients (30.5%).117  

In conclusion, the previous three studies found no association between diabetes and 

mortality among intensive care patients. This finding was surprising because diabetes 

patients were older and had a greater severity of illness at ICU admission.116, 117, 119 

Suggested mechanisms include protective biological effects of diabetes and antidiabetic 

treatment,89, 120 miscoding of diabetes, or better care of diabetes patients during both acute 

critical illness and chronic disease.116 

1.2.2.2 Limitations of the existing literature 

The earlier studies were limited by lack of data regarding diabetes type and 

complications 116, 117, 119, lack of hemoglobin A1c (HbA1c) data to identify diabetes 116, 117, 119, 

adjustment for factors influenced by diabetes (intermediate steps in the causal pathway),119 

and potential selection bias due to restricted inclusion criteria.117 Finally, the two larger 

studies reported only in-hospital mortality,116, 119 and none had long-term follow-up beyond 

90 days.116, 117, 119 None were conducted within a uniform population-based hospital 

setting.116, 117, 119  
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1.2.3 Metformin treatment of type 2 diabetes and mortality among ICU patients 

1.2.3.1 Metformin 

Metformin is an oral antidiabetic drug used in the treatment of type 2 diabetes.121, 122 

The use increased dramatically after 1998, when the UK Prospective Diabetes Study 

(UKPDS) found reduced all-cause mortality and cardiovascular event rate among 

metformin users compared with users of other antidiabetic drugs including 

sulfonylurea.123, 124 

Metformin has pleiotropic effects.121, 125 The hypoglycemic effect of metformin is mediated 

through reduced glucotoxicity in pancreatic islet cells, increased peripheral glucose uptake, 

and decreased hepatic gluconeogenesis.126 Metformin also has anti-inflammatory effects, 

such as decreased neutrophil activation and attenuation of mitochondrial derived reactive 

oxygen species after exposure to bacterial lipopolysaccharide (LPS) in vitro.120 LPS 

infusion induces a systemic inflammatory response like sepsis.127 In mice exposed to LPS, 

metformin reduces severity of acute lung injury, release of proinflammatory cytokines, 

expression of adhesion molecule genes, and mortality.120, 128-130  The potential 

anticoagulant and vascular effects of metformin include increased fibrinolysis, reduction in 

coagulation factors VII and XIII, stabilization of platelet function, and increased post-

ischemic blood flow.131 

Hyperinflammation and procoagulation are central to the pathogenesis of sepsis and 

multiple organ dysfunction, which are common among intensive care patients.89, 127, 132 

Because sepsis is characterized by an early phase of immune activation followed by a phase 

of immune suppression, we would expect that the anti-inflammatory effect of metformin 

would be beneficial if the drug is administered before or early after onset of critical 

illness.127, 133, 134 

Treatment with metformin after onset of critical illness is usually avoided because of the 

feared risk of lactic acidosis, and metformin is therefore often discontinued on admission 

to hospital.125 The suggested mechanism behind lactic acidosis is inhibition of 
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gluconeogenesis, which has lactate as one of its substrates.135 However, the fear of lactic 

acidosis arose with the previously used phenformin (a predecessor of metformin) that, in 

contrast to metformin, increased peripheral lactate production. Although lactic acidosis is 

reported in metformin users, the rate is reported to be as low as 4.3 per 100,000 person-

years, which may actually be similar to the situation in other type 2 diabetic patients (5.4 

per 100,000 person-years).136 We only found four (0.2%) metformin users with a primary 

diagnosis of lactic acidosis (Study II). Is has been suggested that metformin may be safely 

used in conditions like mild to moderate chronic kidney failure, a condition in which 

metformin use was also considered to be associated with increased risk of lactic acidosis.137  

There are limited clinical data on metformin use before and during critical illness. 

Metformin decreases insulin sensitivity when added to intensive insulin therapy.138 A 

potential cardioprotective effect139 may explain the decreased mortality and complications 

after coronary intervention.140 However, metformin has no major impact on mortality 

following acute myocardial infarction.141-143 In Denmark, most patients with acute 

myocardial infarction are treated in coronary care units outside the ICUs. In contrast to 

patients with acute myocardial infarction, ICU patients often have severe systemic 

inflammation, and any anti-inflammatory properties of metformin may have beneficial 

effects in these patients. 

1.2.3.2 Existing literature on metformin and mortality among ICU patients 

The primary aim of the literature search was to identify studies on the impact of 

metformin on mortality in ICU patients. We did not include case reports on lactic acidosis. 

We searched Medline using the following query: 

 ("Intensive Care"[Mesh] OR "Intensive Care Units"[Mesh]) AND 

"Metformin"[Mesh]  

This revealed nine hits. There were no human studies on the impact of metformin on 

mortality among ICU patients. Only one had some relevance by showing that the 

combination of intensive insulin therapy with metformin decreased insulin resistance, but 

the study did not include mortality as an outcome.138  
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Next, we widened the search to include sepsis patients and perioperative patients, 

because these patients are commonly admitted to the ICU. 

We searched using the following Medline query: 

 "Sepsis"[Mesh] AND "Metformin"[Mesh] 

This revealed four hits, none of which were relevant. Three were animal studies, and 

one was a case-report of lactic acidosis. 

 ("General Surgery"[Mesh] OR "Surgical Procedures, Operative"[Mesh]) AND 

"Metformin"[Mesh] 

This search revealed 163 hits, but after review of these, only one human study was 

relevant. (Table 1-5) 

Duncan et al. included 1,284 diabetic patients who underwent cardiac surgery between 

1994 and 2004 from a registry at the Cleveland Clinic in Ohio, USA.144 Among these, 524 

received metformin preoperatively, i.e., until the night before surgery. After propensity 

score matching of 443 metformin users to 443 non-users, mortality was 0.7% in 

metformin-treated and 1.4% in non-metformin treated, corresponding to an odds ratio of 

0.5 (95% CI: 0.1−2.0). Also, cardiac complications were less frequent in metformin-treated 

patients (0.5% vs. 1.4%, OR = 0.3 (95% CI: 0.1−1.7)). There was no evidence of metabolic 

acidosis in metformin-treated patients. The main limitation of the study is the imprecise 

estimates that hamper interpretation of the data. 

In conclusion, metformin has potential beneficial anti-inflammatory effects in ICU 

patients and may be associated with reduced complications and mortality after cardiac 

surgery.  

1.2.3.3 Limitations of the existing literature 

There are no previous studies on the impact of metformin treatment on mortality 

among ICU patients. The only study on preadmission metformin use before cardiac 

surgery provided only imprecise in-hospital mortality estimates because of the low number 

of outcomes.  
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Table 1-5. The study on preadmission metformin use and prognosis among cardiac surgery patients. 

Author, 

publication 

year, 

reference 

Country N Design Patients Setting, 

study 

period 

Follow-up 

time 

Outcome measure 

of interest 

Results 

Duncan AI, 

2007 144 

USA 1,284 

(884 in 

matched 

analysis) 

Cohort 

study, 

propensity 

score 

matched 

Patients receiving 

oral antidiabetic 

drugs who were 

hospitalized the day 

of cardiac surgery 

Single 

center, 

1994− 

2004 

To hospital 

discharge 

In-hospital mortality, 

complications 

(cardiac, renal, 

respiratory, 

neurological, 

infection) 

Mortality 0.7% vs. 1.4%, 

OR = 0.5 (95% CI: 

0.1−2.0). Overall OR for 

complications 0.4 (95% 

CI: 0.2−0.8) 
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2 Aims of the thesis 

 To examine the prevalence of preadmission morbidity in ICU patients and in an 

age- and sex-matched sample of the general population. Furthermore, to examine 

the impact of preadmission morbidity on mortality within 3 years of ICU admission 

compared with the impact of morbidity on mortality in the general population. 

(Study I) 

 To examine the impact of uncomplicated and complicated type 2 diabetes on 

mortality in ICU patients. Additionally, to examine how covariates influenced the 

association. (Study II) 

 To examine the association between preadmission metformin use and mortality in 

ICU patients. Additionally, to examine how covariates influenced the association. 

(Study III) 
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3 Patients and methods 

3.1 Setting 

We conducted the three studies within the population of Northern Denmark (Central 

Denmark Region and North Denmark Region), a mixed rural-urban area with 

approximately 1.8 million citizens (approximately 33% of the Danish Population). 

Denmark has a national tax-supported health care system. All acute care is provided by 

public hospitals and none of the few private hospitals in Denmark have intensive care 

units. 

3.2 Data sources 

We obtained data from existing population-based registries and databases. All Danish 

citizens are assigned a unique personal identifier (the civil registration number or CPR 

number) at birth or immigration.145 This allowed unambiguous electronically linkage of the 

data sources described below.146  

3.2.1 The Intensive Care Cohort of Northern Denmark 

We assembled a cohort of all adult patients aged 15 years or older living in Northern 

Denmark admitted to an ICU in the study period from 1 January 2005 to 31 December 

2010, using the Danish National Registry of Patients (DNRP). (Characteristics of the 

cohort are illustrated in Table 3-1) The study period was chosen because data on intensive 

care were not registered routinely before 2005.147 We restricted the cohort to patients who 

lived in the study area, because we wanted complete medical, laboratory, and prescription 

history that were only available in the study area.  

There are 17 ICUs in this area. Nine are highly specialized or multidisciplinary (general) 

ICUs located at Aarhus University Hospital in Aarhus and Aalborg, and eight are 

multidisciplinary ICUs at regional hospitals in Horsens, Randers, Silkeborg, Holstebro, 

Herning, Hjørring, Viborg, Thisted, and Hobro. 

We identified the patients first ICU admission in the study period by a procedure code 

for ICU admission (Danish procedure codes NABB or NABE) registered in the DNRP. Date 
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of ICU admission was defined as the date of procedure coding. We also included procedure 

codes for any treatments with mechanical ventilation, renal replacement therapy (acute 

dialysis or hemofiltration), or inotropes/vasoactive drugs. The reason for ICU admission 

was considered surgical if the patient had a surgical procedure registered in the DNRP on 

day of ICU admission or within 7 days before.44 All other patients were considered medical 

ICU patients. We defined diagnostic category by the first-listed diagnosis during current 

hospitalization as a proxy for ICU admission diagnosis. The cohort is described in Table 

3-1. 
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Table 3-1. Characteristics of the 46,630 adult patients admitted to ICUs in Northern 

Denmark 2005−2010. 

 15−39 years 40−59 years 60−79 years 80+ years Total 

 n = 7,197  
(%) 

n = 11,229 
(%) 

n = 21,546 
(%) 

n = 6,658 
(%) 

n = 46,630 
(%) 

Charlson Comorbidity 
Index 

     

0 6,390 (88.8) 7,200 (64.1) 10,111 (46.9) 3,184 (47.8) 26,885 (57.7) 

1−2 588 (8.2) 2,793 (24.9) 7,909 (36.7) 2,507 (37.7) 13,797 (29.6) 

3+ 219 (3.0) 1,236 (11.0) 3,526 (16.4) 967 (14.5) 5,948 (12.8) 

Preadmission diabetes      

Type 1 diabetes 189 (2.6) 146 (1.3) 1 (<0.1) 0 (0.0) 336 (0.7) 

Type 2 diabetes 143 (2.0) 1,094 (9.7) 3,861 (17.9) 1,072 (16.1) 6,170 (13.2) 

Diagnostic category 
(current admission) 

     

Pneumonia 67 (0.9) 285 (2.5) 695 (3.2) 301 (4.5) 1,348 (2.9) 

Infectious diseases excluding 
pneumonia 

723 (10.0) 1,013 (9.0) 1,600 (7.4) 593 (8.9) 3,929 (8.4) 

Diabetes 127 (1.8) 110 (1.0) 91 (0.4) 29 (0.4) 357 (0.8) 

Endocrinology excluding 
diabetes  

98 (1.4) 263 (2.3) 230 (1.1) 59 (0.9) 650 (1.4) 

Cardiovascular diseases 360 (5.0) 2,679 (23.9) 7,425 (34.5) 1,642 (24.7) 12,106 (26.0) 

Respiratory diseases 145 (2.0) 482 (4.3) 1,652 (7.7) 541 (8.1) 2,820 (6.1) 

Gastrointestinal and liver 
disease 

310 (4.3) 1,092 (9.7) 2,158 (10.0) 1,260 (18.9) 4,820 (10.3) 

Cancer 250 (3.5) 1,504 (13.4) 3,734 (17.3) 696 (10.5) 6,184 (13.3) 

Trauma and poisoning 2,721 (37.8) 2,007 (17.9) 1,754 (8.1) 888 (13.3) 7,370 (15.8) 

Other  2,396 (33.3) 1,794 (16.0) 2,207 (10.2) 649 (9.8) 7,046 (15.1) 

ICU admission type      

Medical 3,514 (48.8) 4,436 (39.5) 7,053 (32.7) 2,622 (39.4) 17,625 (37.8) 

Surgical 3,683 (51.2) 6,793 (60.5) 14,493 (67.3) 4,036 (60.6) 29,005 (62.2) 
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3.2.2 The Danish National Registry of Patients (DNRP) 

The DNRP includes data on all hospital admissions since 1977 and also on outpatient 

clinic visits and emergency room visits since 1995. It is mandatory to report to the DNRP, 

which is used, i.a., to monitor health care and to assess the Danish diagnosis-related 

groups (DRG). DRG is a measure of health care costs and is used by the state and between 

hospital owners (the regions) to reimburse hospitals. 

Data for each hospital contact include civil registration number, date of admission and 

discharge, date and type of surgery, major treatments and procedures, one primary 

diagnosis (main reason for the hospitalization) and up to 19 secondary diagnoses.148 

Diagnoses are assigned by discharging physicians according to the International 

Classification of Diseases 8th edition (ICD-8) until 1993 and the 10th edition (ICD-10) 

thereafter. The 9th edition (ICD-9) was never used in Denmark. Surgical procedures are 

coded according to The Nordic Medico-Statistical Committee (NOMESCO) Classification 

of Surgical Procedures.149 

Procedures and treatments are coded according to a Danish classification of 

treatments. ICU admission and important treatments during this admission are coded 

using these codes. These codes are typically assigned by the intensive care physicians and 

entered by secretary staff at the intensive care unit, but the referring ward (e.g. the surgical 

or medical ward) is legally responsible for the coding. Data are entered into a local patient 

administrative system that automatically transfers data to regional servers and thence to 

the DNRP at the Danish National Board of Health. There are several checks of data, which 

may cause 1 to several months of delay from data entry to data are available in the DNRP. 

3.2.3 The Civil Registration System (CRS) 

The Danish Civil Registration system is an administrative registry that keeps track of 

vital status, marital status, and residential address for all Danish Citizens. It was 

established in 1968 and is updated daily.145 We used the CRS to secure that patients were 

residents of the study area, to obtain data on their marital status as a marker for 

socioeconomic status, and to obtain complete follow-up data for death or emigration. 
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3.2.4 The Prescription Database of Northern Denmark 

The Danish health care system provides partial reimbursement for prescribed drugs. 

All Danish pharmacies are equipped with an electronic accounting system that allows 

reimbursement when the drug is dispensed to the patient. Data from this system in 

Northern Denmark are transferred to a research database at Aarhus University. Data 

include civil registration number, drug dispensing date, drug name, Anatomical 

Therapeutics Chemical Classification System (ATC) code, total package size, and package 

item number. The database is complete for the study area since 1998, except for a small 

area in the southern part of Central Denmark Region that was not included in the database 

until 2007.150  

3.2.5 The Clinical Laboratory Information Systems 

The laboratory information systems used at the hospitals in the study area are the 

backbone of daily clinical work used to order tests and to display the results online for the 

clinicians. All tests performed in hospitals laboratories are included, i.e., all tests among 

hospital in- or outpatients and virtually all tests from general practice (with the exception 

of hemoglobin, C-reactive protein, and blood glucose that are usually analyzed at the GPs’  

own clinic as point-of-care testing).151 Data include civil registration number, date of test, 

test name, test code (local analysis number and/or code according to IUPAC, International 

Union for Pure and Applied Chemistry), and unit. The database currently includes data in 

the former North Jutland County from 1997 through 2008 and in the former Aarhus 

County from 2000 through 2010. Although the entire Central Denmark Region is now 

included in the database, this was not uniformly covered throughout the study period for 

our studies. All data are merged into the regional registries of health and morbidity hosted 

at Department of Clinical Epidemiology, Aarhus University.  
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3.3 Study design 

All three studies were designed as cohort studies. 

 

3.4 Study population, exposure, outcome, and confounders 

3.4.1 Study populations 

We included adult patients admitted to the ICUs in Northern Denmark from 1 January 

2005 to 31 December 2008 in Study I, and through 31 December 2010 in Study II and 

Study III. Studies I and III included adults 15 years or older, while Study II included only 

patients aged 40 years or older in order to have more similar age profile of type 2 diabetes 

patients and patients without diabetes. 

Study I also included an age- and gender-matched comparison cohort. For Studies II 

and III we required that the patients should have lived in the study area for at least 2 years 

in order to have sufficient preadmission laboratory and prescription data. 

3.4.2 Validation of ICU coding 

We validated the registration of ICU admissions in the DNRP in a random sample of 50 

patients per year in 2005−2008 (150 patients in total) at one of the hospitals within the 

Aarhus University Hospital network. Specifically, we used the hospital records to confirm 

the occurrence and date of ICU admissions. Among the 150 patients registered in the 

DNRP with an ICU admission, 148 were identified with an ICU admission in the local 

hospital records, that is, a positive predictive value (PPV) of 98.7% (95%CI: 

95.3%−99.8%). The date of first ICU code corresponded to the day of ICU admission in all 

patients except one, who was admitted to the recovery room at date of coding but 

transferred to the ICU the following day.  

3.4.3 Exposure 

In Study I, the exposure was both ICU admission and preadmission morbidity level in 

order to study any different effect of preadmission morbidity in ICU patients compared 

with the general population. Preadmission morbidity level was assessed by the CCI, 
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including diagnoses from the DNRP within 5 years before ICU admission. The DNRP 

coding of the conditions included in the CCI is accurate.58   

In Study II, the exposure was type 2 diabetes. We defined diabetic patients as patients 

with either 1) a previous hospital diagnosis of diabetes since 1977, or 2) any prescription 

for an antidiabetic drug since 1998, or 3) a HbA1c level elevated of 6.5% or more within the 

year before ICU admission.98, 152 Patients were considered to have type 2 diabetes, and not 

type 1 diabetes, if they were diagnosed with diabetes after age 30, if they were diagnosed 

before age 30 but did not fill prescriptions for insulin within one year before admission, or 

if they had ever filled a prescription for an oral antidiabetic drug.98 Because metformin is 

also used to treat polycystic ovarian syndrome (PCOS), metformin users with a history of 

PCOS were considered nondiabetic if they lacked a diabetes diagnosis and had never been 

prescribed another antidiabetic drug (n = 3).142 Because major micro- and macro-vascular 

complications of diabetes may affect prognosis, we further segregated type 2 diabetic 

patients according to preadmission history of kidney disease and heart disease, comprising 

myocardial infarction and heart failure. We did not include complications like diabetic 

retinopathy or neuropathy because these were expected to have minimal impact on 

mortality in ICU patients. Because a diagnosis of diabetes may be preceded by heart and 

kidney complications, we included patients in the analysis if they were initially diagnosed 

with kidney or heart disease within 1 year before receiving the first type 2 diabetes 

diagnosis or antidiabetic prescription and before the index hospitalization. Diabetes was 

thus divided into five subcategories: no diabetes, uncomplicated type 2 diabetes, type 2 

diabetes with heart disease but without kidney disease, type 2 diabetes with kidney disease 

but without heart disease, and type 2 diabetes with both heart and kidney disease. 

In Study III, the exposure was preadmission metformin use, defined as any filled 

prescription for metformin within 90 days before ICU admission. To address different 

severities of diabetes, patients were divided in metformin monotherapy users that only 

received metformin, and metformin combination therapy users that also received any 

other oral antidiabetic drug or insulin within this 90-day preadmission period. 

Confounding by indication, i.e., reason for metformin prescription, may influence our 

findings. To address this, we did several additional analyses. First, we did a comparison of 

metformin monotherapy users with sulfonylurea monotherapy users because these groups 
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may be more homogeneous with regard to indication for treatment. Next, we divided 

metformin users in current (prescription filled within 0−90 days before ICU admission), 

recent (91−365 days), former (1−5 years), and never users (>5 years or no prescription). If 

the association was confounded by chronic disease or life-style factors present during these 

periods, we would expect an association in current, recent, and former users, when 

compared to no users. We further divided current users in new- and long-term users, as 

new-users may provide a more true drug effect because long-term users may be more 

healthy as they had to tolerate side effects to continue treatment.153 As a sensitivity 

analysis, we changed the time window for capturing metformin prescriptions from 90 days 

before admission to 180 and 365 days before. 

3.4.4 Outcome 

The outcome in the studies was all-cause death after ICU admission, and the regression 

analyses were based on time to death. Mortality was defined as probability of death within 

each of the predefined time periods.  

Deaths after ICU admission may occur while the patient is in the ICU, after ICU 

discharge but before hospital discharge, or after hospital discharge.154 Because in-hospital 

and ICU mortality are influenced by local transferal and discharge patterns, we used the 

fixed time periods to assess mortality.155 

Study I included mortality for up to 3 after ICU admission, segregated in the following 

periods: day 0−30, day 31−365, day 366−3 years. This was done to address changes in 

relative mortality during follow-up. Study II included more recent data, and follow-up for 

mortality was therefore limited to 1 year, segregated into day 0 – 30 and day 31−365 after 

ICU admission. Study III included only 30-day mortality, because we were interested in 

the short-term effect of preadmission metformin use. 

3.4.5 Potential confounding factors 

Several factors associated with mortality that are not in the causal pathway, may be 

unequal distributed across exposure groups and are therefore potential confounders.156 
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We used the CRS to obtain data on age, sex, and marital status. Through the DNRP, we 

obtained data on preadmission diseases, current primary diagnosis (diagnostic category), 

and surgical procedures performed. In Study I, we simply divided diagnostic category 

according to chapters in the ICD-10, while in studies II and III infectious diseases were 

extracted from the organ-specific chapters.  

For Study III, we obtained data from the prescription database on preadmission use of 

statins, beta-blockers, and low-dose aspirin. We assessed acute organ dysfunction on the 

day of ICU admission  as defined by the Sequential Organ Failure Assessment (SOFA) 

score’s criteria for kidney, liver, and coagulation system dysfunction.157 We defined organ 

dysfunction as any organ-specific score above 0.  We assessed this score by blood test data 

(creatinine, bilirubin, and platelet count) from the laboratory database.151 The analysis of 

organ dysfunction was restricted to the part of the study area covered by the database 

(67.4% of the study cohort). For patients without routine measurement on day of ICU 

admission, we computed the mean of the values the day before and the day after ICU 

admission.157 Still, some patients in the area with laboratory coverage had missing data for 

all 3 days (creatinine n=198 (4.8%), bilirubin 2,173 (55.3%), platelet count 632 (15.3%)). 

These tests are usually performed on minor indication, and we therefore assumed that 

missing tests represented normal values as previously done elsewhere.158 

 

3.5 Statistical analyses 

In all three studies, follow-up started on day of ICU admission and continued to death 

(event of interest), to loss of follow-up (e.g., due to emigration), or to the end of follow-up, 

whichever came first. Follow-up was restricted to 3 years in Study I, to 1 year in Study II, 

and 30 days in Study III. 

3.5.1 Mortality (Studies I, II, III) 

We assessed mortality (1 – survival probability) and 95% confidence intervals (CI) in 

each of the time periods by the Kaplan-Meier method, which account for censoring, and 

plotted the cumulative mortality curves. 
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3.5.2 Standardization (Study I) 

In Study I, each ICU patient was matched by age and sex to 10 individuals from the 

general population using the CRS. We did not match on Charlson Comorbidity level, 

because this was one of the exposures of interest. Therefore the age and sex distributions 

within each Charlson Comorbidity level were different in ICU patients compared with the 

general population. Furthermore, the age and sex matching was violated during follow-up 

because of persons dying. To allow comparison of mortality in the time periods at each 

morbidity level, we therefore used direct standardization to adjust the Kaplan-Meier 

estimates at each comorbidity level and time period to the age and sex distribution of the 

general population cohort.159  

3.5.3 Interaction risk (Study I) 

Death after ICU admission may be either from the critical illness or from preadmission 

morbidity. ICU patients with preadmission morbidity may have reduced physiological 

reserves and may thereby be more susceptible to progression of organ dysfunction and 

death. The mortality in ICU patients would thus depend on preadmission morbidity. Such 

interaction of two causal factors is denoted biological interaction, which should not be 

confused with statistical interaction that is specific for a given statistical model and just 

implies that an observed effect depends on the level of another factor for a particular 

outcome measure (corresponds to effect-measure modification when all bias is adequately 

controlled).156, 160 

We addressed this potential biological interaction by computing the interaction risk 

using the age- and sex-standardized mortality estimates.156, 161, 162 As shown in the 

expression below, we subtracted the standardized mortality difference between ICU 

patients with moderate/high (CCI+) and low (CCI-) preadmission morbidity from the 

mortality difference between general population cohort members (pop) with 

moderate/high and low index morbidity:  

Interaction risk = (R(ICU,CCI+) − R(ICU,CCI-))- (R(pop,CCI+) − R(pop,CCI-)) 

The overall difference constitutes the excess mortality or interaction risk caused by the 

biological interaction of critical illness and preadmission morbidity on mortality, i.e., the 
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mortality that cannot be explained by the sum of mortality from critical illness and 

preadmission morbidity.156  

3.5.4 Propensity score adjusted and matched analysis (Study III) 

Factors that affect treatment choice may confound non-randomized studies of 

interventions. There is an ongoing development of methods that aim to reduce 

confounding, and these include methods based on propensity score. The indication for 

using propensity score-based analyses in our study is the ability to include several 

covariates into a single score, which is more robust when there are few outcomes per 

covariate.163, 164  In our study, the propensity score thus describe the probability of being 

treated with metformin given the measured covariate pattern.163 We computed the 

propensity score in a multivariate logistic regression model that included  age, sex, marital 

status (five levels), diabetes duration 5 years or more, HbA1c of 8% or more, concurrent 

cardiovascular drug use (low-dose aspirin, beta-blockers, statins), preadmission diseases 

(myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, 

chronic pulmonary disease, liver disease, moderate/severe renal disease, cancer, 

metastatic cancer, diabetic retinopathy, diabetic nephropathy, hypertension, obesity, 

alcoholism), diagnostic category, and medical/surgical admission type, and organ 

dysfunction at ICU admission (renal, liver, and coagulation). These variables were 

assumed to be associated with the outcome, which is the most important criterion for 

including the variable in the estimation of the propensity score.165  

First, we used the propensity score to adjust for confounding in a Cox regression model, 

both overall and in subgroups. Next, we used the propensity score to match each 

metformin user to the non-user with the closest propensity score (nearest-neighbor-

matching) within a maximum range of +/- 0.025. Matching was thereby possible in 91.5% 

of metformin users. We found covariates well balanced after the matching, as assessed by 

an absolute standardized difference for each covariate of less than 0.1.166  

3.5.5 Cox proportional hazard regression analysis (Studies I, II, III) 

We used Cox proportional hazards regression (Cox regression) with 95% confidence 

intervals (CIs) in the three studies to compute hazard ratios for death.167 The computed 



37 

 

hazard ratios were interpreted as mortality rate ratios (MRRs). We assumed proportional 

hazards, i.e., that the MRRs did not change within each time period of follow-up. This 

assumption was checked graphically in each of the three studies by log(-log) plots and 

found reasonable. 

We adjusted for potential confounders using multivariate Cox regression.168  

In Study I, we used Cox regression to compare mortality rates at different preadmission 

morbidity levels within ICU patients and to compare mortality rate in ICU patients with 

those in the general population. We adjusted the analyses for age group and sex, and 

among ICU patients also for medical/surgical admission type.  

In Study II, we adjusted for age and sex in the primary analysis, but a second analysis 

also included marital status, medical/surgical admission type, diagnostic category, 

dementia, chronic pulmonary disease, connective tissue disease, liver disease, cancer, 

metastatic cancer, alcoholism, and obesity. 

In Study III, we adjusted for the following potential confounders: age, sex, marital 

status (five levels), diabetes duration 5 years or more, HbA1c of 8% or more, concurrent 

cardiovascular drug use (low-dose aspirin, beta-blockers, statins), preadmission diseases 

(myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, 

chronic pulmonary disease, liver disease, moderate/severe renal disease, cancer, 

metastatic cancer, diabetic retinopathy, diabetic nephropathy, hypertension, obesity, 

alcoholism), diagnostic category, and medical/surgical admission type. Because acute 

organ dysfunction may be a part of the causal pathway (and thereby not a confounder) 

variables concerning organ dysfunction were only adjusted for in an additional analysis, 

but used in computing the propensity score. (See section 3.5.4) We used a stratified Cox 

regression analysis in the propensity score-matched analysis to take the matching into 

account. 

3.5.6 Stratified analyses (Studies I, II, III) 

All three studies included analyses stratified by covariates that represented subgroups 

of ICU patients. We did these analyses because the effect of the exposure may differ 

between these groups of ICU patients, i.e., there may be an effect measure modification.156  
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Study I included analyses stratified by subgroups of ICU patients according to medical 

and surgical admission type. 

Study II included analyses stratified by age group, sex, diagnostic category, 

medical/surgical admission type, and according to mechanical ventilation. 

Study III included stratified analyses by age group, sex, diagnostic category, 

medical/surgical admission type, HbA1c <8%/≥ 8%, and according to the presence of 

preadmission kidney or pulmonary disease. 
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4 Results 

4.1 Study I: The preadmission morbidity level study 

Study I included 28,172 ICU patients and 281,671 age- and sex-matched persons from the 

general population. Among ICU patients, 56.8% were men, 60.6% were surgical patients, 

and the median age was 63 years. 

4.1.1 Prevalence of morbidity 

Among ICU patients, 14.4% had a high morbidity level, 34.1% had a moderate, and 

51.5% had a low morbidity level. The general population had markedly lower morbidity 

levels, with 3.7% having high, 16.2% moderate, and 80.1% having a low morbidity level. 

All morbidities, except dementia, were more common among ICU patients. The 

prevalence of diabetes was more than two-fold higher in ICU patients, but the most 

marked difference was in the prevalence of metastatic cancer and liver disease, which were 

both approximately six-fold higher in ICU patients than in the general population. 

4.1.2 Mortality 

The 30-day mortality was 26.7% in ICU patients with a high morbidity level, 18.4% in a 

moderate, and 10.8% in ICU patients with a low morbidity level. Also 31−365 day mortality 

was higher in patients with a high morbidity level (27.8%) compared with moderate 

(15.5%) and low morbidity levels (5.7%). The 1−3 year mortality was very similar: 30.4%, 

17.4%, and 6.4% in the three groups. (Table 4-1) 

The MRRs were increased throughout the study period in patients with high and 

moderate morbidity levels compared with patients with a low morbidity level. The relative 

impact was, however, most pronounced after 30 days. (Table 4-1)  

Despite a higher absolute mortality of medical ICU patients, the relative impact of 

preadmission morbidity level was very similar in medical and surgical ICU patients. 
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Table 4-1. Mortality and mortality rate ratio (MRR) for ICU patients within 0−30 

days, 31−365 days, and 1−3 years after ICU admission for the three preadmission 

morbidity levels among patients who were alive at the beginning of these periods 

(Charlson Comorbidity Index (CCI) score = 0, 1−2, or 3+). 

  N at 
period 
start 

Mortality % (95%CI) Crude MRR 
(95%CI) 

Adjusted MRR* 
(95%CI) 

Day 0−30 CCI = 0 14,514 10.8% (10.3%−11.3%) 1.00 (Ref.) 1.00 (Ref.) 

 CCI = 1−2 9,598 18.4% (17.6%−19.2%) 1.77 (1.65−1.89) 1.30 (1.21−1.39) 

 CCI = 3+ 4,060 26.7% (25.3%−28.0%) 2.67 (2.47−2.88) 1.86 (1.71−2.01) 

Day 
31−365 

CCI = 0 12,944 5.7% (5.4%−6.2%) 1.00 (Ref.) 1.00 (Ref.) 

 CCI = 1−2 7,832 15.5% (14.7%−16.3%) 2.83 (2.58−3.10) 2.10 (1.92−2.31) 

 CCI = 3+ 2,977 27.8% (26.3%−29.5%) 5.50 (4.98−6.07) 3.93 (3.55−4.35) 

Day 366–3 
years 

CCI = 0 12,173 6.4% (5.9%−6.8%) 1.00 (Ref.) 1.00 (Ref.) 

 CCI = 1−2 6,612 17.4% (16.5%−18.4%) 2.91 (2.65−3.20) 2.16 (1.96−2.38) 

 CCI = 3+ 2,142 30.4% (28.4%−32.4%) 5.54 (4.97−6.17) 3.96 (3.55−4.43) 

* Adjusted for age group, sex, and medical/surgical admission type. 
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As expected, mortality was markedly higher in ICU patients than in the general 

population within the first months after ICU admission, but it remained elevated 

throughout the study period for all three preadmission morbidity levels. (Figure 4-1) 

Figure 4-1. Relative risk of death (mortality rate ratio) among ICU patients compared 

with the general population cohort at each morbidity level and for up to 3 years, adjusted 

for age and sex, with 95% confidence intervals.  

 

4.1.3 Interaction risk 

We found an interaction between increased morbidity level and ICU admission. 

Morbidity added more to the absolute mortality in ICU patients than it did in the general 

population. This interaction risk in the first 30-day period was 3.1% (95% CI: 2.2%−4.0%) 

for moderate and 10.5% (95% CI: 8.7%−12.3%) for high morbidity, but remained elevated 

throughout the 3-year follow-up. Even ICU patients with a low morbidity level had a higher 

1−3 year mortality of 8.7% compared with 4.4% in the general population. 
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4.2 Study II: The diabetes study 

Among 39,286 ICU patients over 40 years of age, 6,027 (15.3%) had type 2 diabetes, 

which was complicated by chronic heart disease in 1,103 (18.3%), by kidney disease in 261 

(4.3%), and by both in 142 (2.4%). 

The median age was 70 years in patients with type 2 diabetes and 67 years in other ICU 

patients. There were slightly more men among the type 2 diabetic patients (60.3%) than 

among other ICU patients (56.9%). Patients with type 2 diabetes were more likely to have a 

previous diagnosis of other lifestyle-associated diseases, such as chronic pulmonary 

disease, liver disease, and obesity. Cancer was slightly more frequent in patients without 

type 2 diabetes. 

Thirty-day mortality was 22.9% (95% CI: 21.9%24.0%) in type 2 diabetic patients and 

18.4% (95% CI: 18.0%18.8%) in other ICU patients. Mortality in type 2 diabetic patients 

ranged from 22.1% among those without complications to 34.5% among those with 

diabetes complicated by both heart and kidney disease. (Figure 4-2 and Table 4-2)  

Figure 4-2. Cumulative 1-year mortality among intensive care patients without diabetes, 

patients with uncomplicated type 2 diabetes, and patients with type 2 diabetes complicated 

by heart and/or kidney disease. 
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Age- and sex-adjusted MRR was 1.18 (95% CI: 1.111.25). (Table 4-2) Type 2 diabetes 

complicated by heart disease was also associated with a slight mortality increase [adjusted 

MRR 1.12 (95% CI: 0.991.27)], while diabetes patients with chronic kidney disease had 

markedly increased mortality compared with patients without diabetes [adjusted MRR 

with kidney disease 1.65 (95% CI: 1.322.05), adjusted MRR with both kidney and heart 

disease 1.66 [95% CI: 1.262.21]). Duration of diabetes had no impact on mortality. 

Stratified analyses revealed that the association was most pronounced in patients aged 60 

years or older and in patients that were not mechanically ventilated. 

The long-term mortality from day 31 to day 365 after ICU admission was 17.3% (95% 

CI: 16.2%18.5%) among type 2 diabetic patients and 13.7% (95% CI: 13.2%14.1%) among 

other ICU patients. The 31−365-day mortality was approximately 30% in type 2 diabetic 

patients with kidney disease (Table 4-2). The adjusted long-term MRR was 1.20 (95% CI 

1.111.30), and peaked at 2.25 (95% CI: 1.712.96) in type 2 diabetic patients with kidney 

disease. (Table 4-2) 
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Table 4-2. Thirty-day and 31365-day mortality and mortality rate ratio (MRR) in type 2 diabetic patients with/without 

history of heart and kidney disease. 

 N 30-day mortality  31  365 day mortality 

Diabetes status and 

complications 

 Mortality, % 

(95%CI)  

Crude MRR 

(95%CI) 

Adjusted* 

MRR (95%CI) 

 Mortality, % 

(95%CI) 

Crude MRR 

(95%CI) 

Adjusted* 

MRR (95%CI) 

         

No diabetes 33,259 18.4 (18.018.8) 1.00 (ref.) 1.00 (ref.)  13.7 (13.214.1) 1.00 (ref.) 1.00 (ref.) 

Type 2 diabetes 6,027 22.9 (21.924.0) 1.28 (1.201.35) 1.18 (1.111.25)  17.3 (16.218.5) 1.29 (1.191.40) 1.20 (1.111.30) 

- Without complications 4,521 22.1 (20.923.3) 1.22 (1.141.31) 1.16 (1.081.24)  16.1 (14.917.4) 1.18 (1.081.30) 1.12 (1.021.23) 

- With heart disease† 1,103 23.0 (20.625.6) 1.29 (1.141.46) 1.12 (0.991.27)  18.3 (15.821.2) 1.40 (1.191.66) 1.22 (1.031.44) 

- With kidney disease‡ 261 30.7 (25.536.7) 1.79 (1.432.23) 1.65 (1.322.05)  30.7 (24.338.3) 2.43 (1.853.20) 2.25 (1.712.96) 

- With heart† and kidney 

disease‡ 

142 34.5 (27.343.0) 2.06 (1.562.73) 1.66 (1.262.21)  29.6 (21.140.3) 2.39 (1.623.51) 1.91 (1.302.81) 

† Heart diseases comprise myocardial infarction and congestive heart failure. 

‡ Kidney diseases comprised chronic kidney disease. 

* Adjusted for age and sex
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4.3 Study III: The metformin study 

We included 6,170 type 2 diabetic patients within the cohort of 46,630 adult ICU 

patients. Among included patients, 827 (13.4%) were metformin monotherapy users, 1,101 

(17.8%) metformin combination therapy users, and 4,242 (68.8%) were non-users of 

metformin.  

Compared with non-users, both groups of metformin users had less preadmission 

morbidity including cardiovascular, liver, renal and pulmonary disease. However, 

metformin combination therapy users were more likely to have diabetic nephropathy and 

retinopathy, long diabetes duration, high preadmission HbA1c level, compared with non-

users. Metformin users more frequently received concurrent cardiovascular drugs. There 

were only slight differences in proportion admitted to the ICU after surgery (64% of 

metformin monotherapy users, 62% of metformin combination therapy users, and 59% of 

non-users). Preadmission characteristics were equally distributed in the propensity-score 

matched cohorts. 

Compared with non-users, metformin monotherapy and combination therapy users 

were less likely to have renal, liver, and coagulation system dysfunction on day of ICU 

admission. 

The 30-day mortality was 16.9% in metformin monotherapy users, 18.0% in metformin 

combination therapy users, and 25.0% in non-users. Among non-users, the mortality was 

very similar in users of sulfonylurea, insulin, other/combination therapy, and in those who 

not take antidiabetic medications.  

Compared with non-users, the adjusted MRR was 0.79 (95% CI: 0.66−0.95) in 

metformin monotherapy users and 0.83 (95% CI: 0.71−0.97) in metformin combination 

therapy users. Further adjustment for organ dysfunction had no influence on the overall 

estimate. Estimates were very similar after adjustment for propensity score. In the 

propensity score matched cohorts, the unadjusted MRR was 0.85 (95% CI; 0.73−1.00) for 

metformin users compared with non-user. Stratified analyses revealed very similar results 

across subgroups of ICU patients, although the estimates were imprecise.  
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The association was restricted to current users of metformin [adjusted MRR = 0.81 

(95% CI: 0.71−0.93) compared with never users], with no association found in recent 

[adjusted MRR = 1.01 (95% CI: 0.81−1.27)] and former metformin users [adjusted MRR = 

1.04 (95% CI: 0.85−1.26)]. The decreased mortality was less pronounced in new users 

[aMRR = 0.90 (95% CI: 0.58−1.41)] than in long-term metformin users [aMRR = 0.81 

(95% CI: 0.71−0.93)]. 

In a direct comparison of metformin monotherapy users (n = 827) with sulfonylurea 

monotherapy users (n = 799), the mortality decrease was less pronounced in the adjusted 

analysis [adjusted MRR = 0.87 (95% CI: 0.69−1.10)], but very similar in the propensity 

score adjusted analysis [MRR = 0.77 (95% CI: 0.61−0.96)].  

Changing the metformin exposure window to 180 days increased the number of 

metformin users from 1,928 to 2,149, without substantial change of the estimates [adjusted 

MRR = 0.83 (95% CI: 0.73−0.94)]. Similarly, use of a 1-year window did not markedly 

change the estimates (adjusted MRR = 0.85 (95% CI: 0.75−0.95) among 2,310 metformin 

users compared with non-users). 
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Table 4-3. Thirty-day mortality and mortality rate ratios (MRRs) for metformin monotherapy, metformin combination 

therapy, and non-metformin users among type 2 diabetics admitted to intensive care units in Northern Denmark. 

 n 30-day mortality, % 

(95% CI) 

Crude MRR 

(95%CI) 

Adjusted MRR 

(95%CI) 

Propensity score 

adjusted MRR 

(95%CI) 

Overall analysis      

Metformin users 1,928 17.5 (15.9−19.3) 0.67 (0.59−0.76) 0.81 (0.71−0.92) 0.84 (0.74−0.96) 

Metformin monotherapy 827 16.9 (14.5−19.6) 0.64 (0.54−0.77) 0.79 (0.66−0.95) 0.80 (0.67−0.96) 

Metformin combination therapy 1,101 18.0 (15.8−20.4) 0.69 (0.59−0.80) 0.83 (0.71−0.97) 0.88 (0.75−1.03) 

Metformin non-user 4,242 25.0 (23.7−26.3) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Propensity score matched cohorts      

Metformin users 1,765 18.0 (16.3−19.8) 0.85 (0.73−1.00) 0.82 (0.68−0.99) 0.86 (0.72−1.02) 

Metformin non-user 1,765 20.7 (18.9−19.8) 1.00 (Ref.) 1.00 (Ref.) 1.00 (ref.) 

Monotherapy comparison      

Metformin monotherapy 827 16.9 (14.5−19.6) 0.63 (0.51−0.78) 0.87 (0.69−1.10) 0.77 (0.61−0.96) 

Sulfonylurea monotherapy 799 25.4 (22.6−28.6) 1.00 (Ref.) 1.00 (Ref.) 1.00 (ref.) 
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5 Discussion 

5.1 Methodological considerations 

We examined potential causal associations between preadmission exposures and 

mortality after ICU admission in the three cohort studies. Several potential study 

limitations should be considered before any found association can be considered a causal 

association.29 First, bias from selective inclusion of ICU patients or from erroneous 

information about the exposure or outcome should be excluded. Second, the statistical 

precision of the estimated association should be examined, e.g. by 95% confidence interval, 

in order to reassure that the association could not have occurred by chance (i.e., exclude 

type I error). However, statistically imprecise estimates from small ICU studies cannot be 

used to exclude any association (type II error). Third, given the heterogeneity of ICU 

patients, differences between exposure groups are very common, and these potential 

confounders should be adequately measured and controlled for. Any effect of unmeasured 

confounding can hardly be excluded in non-randomized studies, and the final 

interpretation about causality should therefore be cautious. 

Chance, or better random error, is unlike to explain our findings. The large number of 

patients included in the three studies yielded statistically precise estimates of the 

associations with narrow 95% confidence intervals. However, the stratified analyses gave 

less certain results for subgroups of ICU patients. 

Selection and information bias are systemic errors from the study design, which, in 

contrast to confounding, cannot be corrected for by statistical analyses. Bias and 

confounding will be discussed in further detail in the sections below. 

As with all other research data, data quality is also important for the applicability of 

existing data sources.169-171 Data in the applied large population-based databases were 

routinely collected independent of the studies, thereby limiting certain types of bias at the 

expenses of inability to expand the number of variables collected.171 The value of existing 

data sources depend on the completeness of registration, the accuracy of data, the size of 

the data source, the registration period, the data availability, the data format, and the 
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possibility of record linkage.169, 170 Several of these issue are outlined in the description of 

the databases in section 3.2, but further addressed below. 

5.1.1 Selection bias 

Selection bias is a systematic error that arises if the association between an exposure 

and an outcome is different in patients included in the study compared to those not 

included.156 

We included almost all ICU patients in a well-defined population with virtually 

complete follow-up. We included only the first ICU admission in the study period, and 

patients included early in the study period may have had an ICU admission just before 

study start. Except for a very few potential re-admissions, a history of ICU admission is not 

expected to influence the outcome markedly.  Registration of ICU admissions in the DNRP 

is considered to be approximately 95% complete,1 but approximately 1% of adults 

registered as admitted to an ICU were not actually admitted.74 We find it unlikely that any 

registration error regarding ICU admission would depend on preadmission morbidity level 

(Study I), diabetes (Study II), or preadmission metformin treatment (Study III). And even 

if it did, the proportion miscoded would be small and any selection bias would be minimal.  

The reason for ICU admission may, however, differ between exposure groups, but this 

should be considered confounding by indication for ICU admission and not selection 

bias.172  This is important because confounding can be controlled for in the statistical 

analysis as described in section 5.1.3. However, one should still be aware that indications 

for ICU admission caused by the exposure could be a part of the causal pathway, and 

adjustment may attenuate the estimate of a causal association mediated through this. As 

an example, diabetes may increase the risk of acute kidney injury or severe sepsis, which 

may both be reasons for ICU admission. Therefore, we undertook analyses both with and 

without adjustment for reason for ICU admission to allow careful interpretation. 

Additionally, we provided stratified analyses on reason for admission because this may 

reveal different effects with different reasons for ICU admission, i.e., effect-measure 

modification, which would have been overlooked if simply included in an adjusted 

regression model. 
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5.1.2 Information bias 

Information bias arises if data about the exposure (morbidity level, diabetes, and 

metformin use) is measured erroneous and dependent on the outcome (time to death) or 

vice versa.156  

The exposures in these studies are measured on dichotomous or categorical scales, and 

any error would result in a misclassification. If the misclassification of the exposure is 

associated with death, such misclassification will be differential. If not, it is non-

differential. Differential misclassification may lead to unpredictable information bias, 

while non-differential misclassification of dichotomous variables will bias the results 

towards the null. 

In Study I, exposure is preadmission morbidity level at three levels assessed by the CCI. 

We used all inpatient and outpatient clinic diagnoses to assess this, and the diagnostic 

coding is known to be accurate.58 We included diagnoses within a 5-year period before 

index admission because we assumed that patients having one of these chronic diseases 

would have at least one hospital contact during the period. Still, patients may have been 

diagnosed as having a chronic disease either before that or had the diagnosis assigned by 

their general practitioner without hospital contact. Such misclassification will be non-

differential because it is independent of mortality during or after the index admission. 

Because there are three exposure groups, it is more difficult to judge the direction of any 

bias. We would, however, expect that any incomplete or inaccurate data on preadmission 

chronic diseases would tend to overestimate the mortality at the lower preadmission 

morbidity levels, thereby leading to a potential underestimation of the effect of a high 

preadmission morbidity level. It is also a limitation that the CCI does not take into account 

the time from diagnosis to index admission, e.g., patients having a cancer diagnosis 5 years 

before ICU admission may be cured, whereas patients with diabetes or kidney disease may 

have experienced disease progression during such a period. Furthermore, the index was 

developed more than 25 years ago and an update of the weighting of the 19 included 

conditions may be appropriate.173  

In Study II, exposure is type 2 diabetes diagnosed or treated at any time before index 

admission. We were able to identify diabetes by in- or outpatient diagnoses, prescriptions 
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for antidiabetic drugs, and elevated HbA1c levels. Still, there are a considerable number of 

patients in the population with unrecognized diabetes, and in addition HbA1c 

measurements were not available for the entire study area. Therefore, there might be some 

misclassification of diabetic patients as non-diabetics, but it is not expected to be 

associated with time to death and therefore non-differential. Our estimates would 

therefore be conservative, as any bias would be towards the null. Although diagnostic 

coding of heart and kidney diseases is valid,58 we neither estimated the glomerular 

filtration rate to assess severity of kidney dysfunction nor assessed the severity of heart 

disease, which ranged from uncomplicated myocardial infarction to severe congestive 

heart failure. We also assumed that heart and kidney diseases diagnosed in the period from 

1 year before diagnosis of type 2 diabetes until the current hospitalization could be 

ascribed to diabetes. However, there may be exceptions, such as patients who become 

diabetic when their glomerulonephritis was treated with glucocorticoids. In addition, any 

impact of undiagnosed heart disease may have biased our results regarding type 2 diabetes 

with heart disease towards the null. Misclassifications between type 1 and type 2 diabetes 

would be few, and they are not expected to have any major influence on our results. 

In Study III, the exposure is preadmission use of metformin. We used filled 

prescriptions as a proxy for drug use, and any non-adherence would most likely bias our 

estimates towards the null when comparing metformin users with non-users. Patients who 

filled their prescription more than 90 days before index admission, but were still taking the 

drug would also tend to bias our results towards the null. Metformin users with numerous 

hospitalizations within the 90 days may not have filled a prescription, and this could 

actually be associated with an increased mortality rate, thereby causing differential 

misclassification, which could potentially bias our results towards a more beneficial effect 

in metformin users. This is unlikely to have any major impact, as our estimates were 

virtually unchanged by expanding the exposure window from 90 to 180 and to 365 days. 

The outcome in the three studies was time to death. Time to death is measured 

accurately in the CRS,145 and we were thus able to follow patients using the CRS. We had 

complete follow-up for death in all except 59 (0.1%) patients who emigrated and three 

patients who disappeared during follow-up. Information bias from misclassification of 

death is therefore unlikely.     
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5.1.3 Confounding 

Confounding is a systematic error that leads us to confuse the effect of an exposure with 

the effect of another variable, the confounder. Confounding is only relevant to consider in 

causal models like ours, but not in prediction models. In contrast to information and 

selection bias, confounding can be accounted for not only in the study design (e.g., by 

randomization, restriction, or matching) but also during analyses of data (e.g., by 

standardization, stratification, or in multivariate regression models).156 It may be 

necessary to use more than one of the methods to reduce residual confounding. Matching 

in cohort studies may reduce confounding from factors present at the start of follow-up, 

whereas matching in case-control studies may actually introduce bias.174 

By definition, a confounder must be associated with both the outcome (death) and the 

exposure (morbidity level, diabetes, metformin) and should not a part of the causal 

pathway (i.e., an intermediate step).175 Consequently, complications during intensive care 

admission that occur after the exposure of interest should not be considered confounders, 

and adjustment for these may bias the result. In our studies, treatment during the ICU stay 

with mechanical ventilation, renal replacement therapy, and inotropes or vasopressors 

may be markers of an underlying complication and are therefore not considered as 

confounders. Also, adjustment for severity of illness scores may be problematic if the 

exposure of interest precedes and potentially causes its effect through increased severity of 

illness. Confounding is more obvious with variables clearly present before hospitalization, 

e.g., age, gender, and preadmission morbidity, and these may actually also be useful 

alternatives to risk adjustment with severity of illness scores.54, 61 

Non-randomized studies of interventions, such as drug use, are prone to confounding 

due to the reason for prescription of the drug or intervention, i.e., confounding by 

indication.176, 177 In general, the decision to initiate and adhere to a specific intervention is 

complex and affected by the health care system, the physician, and the patient.176 Residual 

confounding can therefore hardly be fully excluded in non-randomized studies, especially 

when the intervention is used in the prevention of the outcome. For instance, the use of a 

pulmonary artery catheter, which is used to monitor the most severely ill patients at 

highest risk of dying, may itself cause severe complications. It can thus be challenging to 

adjust for confounding by indication, e.g., by severity of illness. This may explain why a 
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previous cohort study found increased mortality in patients with a pulmonary artery 

catheter compared with patients without.178 In contrast, a randomized trial found no 

mortality difference.179 A cohort study actually reached the same conclusion after 

balancing potential confounders by propensity score matching.180  Also non-randomized 

studies on ICU treatments not directly related to the outcome may be hampered by 

confounding by indication. For example, a study found use of haloperidol in the first days 

after ICU admission to be associated with decreased hospital mortality in mechanically 

ventilated patients, but confounder adjustment may not adequately have adjusted for the 

differences between treated and non-treated. These differences that include comorbidity, 

reason for admission, and severity of agitation may actually be associated with recovery.181  

In Study I, the association between preadmission morbidity level and mortality could 

be confounded by age and gender, which may be associated with both morbidity level and 

mortality. We handled this potential confounding by standardization and by adjustment in 

a multivariate regression analysis. The importance of especially age as a confounder is 

underlined by the clear decrease in mortality rate ratios (MRRs) after adjustment. To 

account for any different effect in medical and surgical patients, we further adjusted for 

admission type. However, stratification provided more information by showing that 

although surgical patients had a lower absolute mortality, the relative impact of 

preadmission morbidity level was similar in medical and surgical patients.  

In Study II, we restricted the study to patients aged over 40 to reduce confounding by 

age and further adjusted for age in the multivariate regression analysis. The challenge in 

diabetes is that many diseases may be considered as complications to diabetes rather than 

confounders. Therefore, we considered separately diabetes patients with heart and/or 

kidney disease, which represent major macrovascular and microvascluar complications. To 

address a potential confounding effect, we did an analysis in which diseases not directly 

caused by diabetes, e.g. chronic pulmonary disease, were controlled for. Adjustment for 

these further decreased MRRs, especially in diabetic patients with kidney disease, which 

indicates potential residual confounding. 

In Study III, several potential confounders influence the indication and 

contraindication for metformin prescription and outcome. The most important 
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contraindications include severe liver or renal disease or severe congestive heart failure.  

We adjusted for these and a wide range of variables, but can still not exclude any effect of 

unmeasured or residual confounding, e.g. from life-style factors like smoking, diet, 

exercise, and obesity. However, except for obesity, there is little difference in life-style 

factors between metformin users and users of other antidiabetic drugs.182 Although obesity 

was found associated with decreased mortality in some studies of ICU patients,183, 184 it is 

unlikely to fully explain our findings because we found no association between 

preadmission metformin and mortality in recent and former metformin users who are 

likely to have same prevalence of obesity. 

5.2 Comparison with the existing literature 

This section includes a discussion of the findings in relation to previous studies 

mentioned in section 1.2. 

5.2.1 Study I: The preadmission morbidity level study 

Our study confirms previous research with regard to the prevalence of preadmission 

morbidity level and its impact on mortality. Additionally, our study extends previous 

research by providing data about the mortality in ICU patients compared with a general 

population cohort, and adds to the previous research by comparing this mortality impact 

within different preadmission morbidity levels and by including an analysis of interaction 

between ICU admission and preadmission morbidity level.  

We found a prevalence of morbidity level that was very similar to an Australian study 

reporting a prevalence of 12% for a high, 33% for a moderate, and 55% for a low morbidity 

level.70 Mortality was, however, lower in that study, with a cumulative 3-year mortality of 

41.9% for patients with a severe, 21.2% for a moderate, and 16.9% for a low morbidity 

level.70 The less pronounced effect of morbidity on absolute mortality, compared with our 

findings, may be explained by differences in the ICU populations because the Australian 

studies included only 31% medical patients and a large proportion of cardiac surgery 

patient with a low mortality.65 The different case-mix may largely be explained by the fact 

that the Australian studies included ICU patients back to 1987, as it is known that the case-

mix of ICU patients has changed considerable since then.15 
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The relative impact on long-term mortality was close to our findings. Among ICU 

patients who survived 1 year after hospital discharge, the adjusted hazard ratios were 1.48 

(95% CI: 1.39−1.57) for those with a moderate and 2.67 (95% CI: 2.45−2.90) for those with 

a severe morbidity level compared with a low morbidity level during follow-up for up to 15 

years.65 Also in an Australian prediction study, a very high morbidity level (CCI ≥ 5) was 

associated with a two-fold increased mortality.53 The excess hazard with increasing CCI 

level found in another Australian study is in accordance with our finding of an interaction 

between ICU admission and CCI level; however the study relied on life tables for the 

general population and had therefore no data on CCI in the general population.71 

Our findings on long-term mortality in ICU patients compared with the general 

population were supported by a recently published US cohort study on 35,308 elderly ICU 

survivors, who had persistently elevated mortality during a 3-year follow-up compared 

with the general population.69 Also, analyses from the aforementioned Australian cohort 

study showed increased mortality for up to 15 years after ICU discharge, compared with 

the general population.65 In a Scottish cohort study, survival was increased during the first 

3 years but became comparable with that in the general population 4 years after ICU 

discharge.63 We did not have a long enough follow-up time to confirm these findings. In 

contrast, both a Finnish and a Norwegian cohort study found that survival was comparable 

with the general population after 2 years.64, 66 Actually, the Norwegian study found a 

mortality difference of 6.3% (95% CI: -0.7−13.4), and the imprecise estimate may be 

explained by small study size (N = 219). The previous studies did not describe whether they 

accounted for the change in age and sex composition of the cohorts during follow-up of the 

cohorts, e.g., elderly fragile ICU patients may die during the hospitalization, leaving the 

ICU cohort younger than the general population comparison cohort. We accounted for this 

by age and sex standardization at the start of each time period of follow-up. The US study 

was the only study that compared preadmission morbidity level in ICU patients with that 

in the general population. They found preadmission morbidity, as assessed by Elixhauser 

score, in as many as 84.3% of ICU patients, but only 41% of the general population. The 

high prevalence may be explained by the use of the Elixhauser score that includes more (30 

vs. 19) and less severe conditions (such as obesity and uncomplicated hypertension) than 

the CCI,185 and by differences in registration praxis the US and European health care 
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system. Importantly, we compared mortality in ICU patients with the general population 

and cannot distinguish the impact of ICU admission from the impact of hospitalization. As 

expected, the impact of ICU admission is less pronounced when compared with 

hospitalized patients.69, 71, 186 

Our study thus confirmed that almost half of ICU patients have preadmission morbidity 

that is associated with a markedly worsened prognosis. Our study was the first to 

demonstrate that the increased mortality of ICU patients compared with the general 

population was present at all preadmission morbidity levels, and that preadmission 

morbidity had more impact on mortality in ICU patients than it did in the general 

population. 

5.2.2 Study II: The diabetes study 

Our study extends previous studies by having more detailed diabetes data and by 

reporting mortality for up to 1-year, while previous studies only reported short-term 

mortality, mainly in-hospital mortality. In contrast to our study, the previous studies found 

no association between diabetes and short-term mortality after ICU admission. In the large 

US study, diabetes was associated with a decreased in-hospital mortality in the overall 

cohort [age-adjusted odds ratio 0.79 (95% CI: 0.78−0.80)], but with similar mortality in 

one of the included centers that used nurses to assess diabetes status on admission instead 

of registry diagnosis [age-adjusted odds ratio 1.01 (95% CI: 0.92−1.11)].116 The European 

multicenter study of 3,147 patients from 198 ICUs found slightly higher in-hospital 

mortality in patients with insulin-treated diabetes (28% vs. 24%), but diabetes was not a 

predictor for mortality after adjustment for age, liver cirrhosis, SAPS II score, and 

mechanical ventilation [hazard ratio 0.78 (95% CI 0.581.07)].119 In a cohort of 830 

patients with severe sepsis from the control group of an international multicenter trial, the 

28-day mortality was very similar in patients with and without diabetes (31.4% vs. 

30.5%),117 but type 2 diabetic patients with severe chronic complications may have been 

excluded by one of several exclusion criteria in the original trial.118  

Several issues may explain the different findings, including bias from the selection 

of study participants, bias from inaccurate diabetes information, uncontrolled 

confounding, or chance. Reported diabetes prevalence in previous studies ranged from 
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7.2% 119 to 22.7% 117. Importantly, identification of diabetes by insulin treatment, chart 

review, or registration during index hospitalization could bias the results towards no 

association if diabetes was underreported in patients with other and more severe 

diagnoses, or if non-diabetic patients with stress hyperglycemia during their current ICU 

admission were registered as having diabetes.187 Importantly, the largest two of the 

previous studies reported only in-hospital mortality. This outcome is sensitive to discharge 

and transferal patterns.155 This potential problem is supported by a recent meta-analysis 

that found no effect of diabetes on in-hospital mortality but a statistically non-significant 

increase in 30-day mortality that was very similar to our overall estimate [odds ratio 1.19 

(95% CI 0.961.47)]. 

5.2.3 Study III: The metformin study 

Our study was the first to examine the association between preadmission metformin 

use and mortality among ICU patients. Generally seen, there are only very limited data on 

metformin use and outcome of critical illness. A US cohort study compared 1,284 cardiac 

surgery patients who received preadmission oral antidiabetic drugs with patients who did 

not. In a propensity score-matched analysis, metformin users had less postoperative 

morbidity, including infections (0.7% vs. 3.2%). Mortality was non-significantly decreased 

(0.7% vs. 1.4%).144 An Iranian randomized trial of 21 patients with systemic inflammatory 

response syndrome examined the clinical effect of metformin during treatment in the ICU 

and found a decrease in proinflammatory cytokines and reduced insulin requirements 

when metformin was added to intensive insulin therapy.138 However, the study did not 

include data on clinical outcomes. The findings in our study can also be compared with 

findings in experimental animal studies that found metformin treatment to be associated 

with decreased mortality in mice with lipopolysaccharide (LPS)-induced acute lung injury 

or endotoxemia.120, 128 These effects were mediated through attenuation of the 

proinflammatory response and included a decrease in proinflammatory cytokines such as 

TNF-α and IL-1β and decreased neutrophil activation through mitochondrial inhibition.120, 

128 The hyperinflammatory response is central part of the pathogenesis in the early phase 

of sepsis and organ dysfunction,127 and early metformin treatment may have beneficially 

modulated this response, although evidence is still very limited. 
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6 Main conclusions 

The following conclusions are based on the research questions raised on page 25. 

6.1 Study I: The preadmission morbidity level study 

We found that 14.4% of ICU patients had a high and 34.1% had a moderate 

preadmission morbidity level and that these levels were associated with a worsened 

prognosis compared with ICU patients with a low preadmission morbidity level. High and 

moderate morbidity were less frequent in the general population and had less impact on 

mortality. ICU patients had increased mortality for up to 3 years after ICU admission 

compared with the general population, regardless of the morbidity level. 

6.2 Study II: The diabetes study 

We found that ICU patients with type 2 diabetes had 20% higher mortality than other 

ICU patients for up to 1 year after ICU admission. The effect of type 2 diabetes was most 

pronounced in those with chronic kidney disease, whereas there was no further increase in 

mortality in diabetic patients with heart disease. 

6.3 Study III: The metformin study 

We found that preadmission use of metformin, as monotherapy and in combination 

with other antidiabetic drugs, was associated with decreased 30-day mortality compared 

with other type 2 diabetic patients in the ICU. The association could not be explained by 

the lower rate of renal, liver, and coagulation system dysfunction.   
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7 Perspective 

This thesis examined the mortality impact of chronic diseases, including diabetes, 

diagnosed before current hospitalization. This contrasts with most previous research on 

intensive care outcomes that have focused mainly on the acute critical illness itself. The 

potential implications of this thesis for patients, physicians, health care planners, and the 

society are summarized in Figure 7-1. 

 

Figure 7-1. Potential implications of this thesis. 

Patient related 

 Improved counseling of patient/relatives about prognosis in patients with preadmission morbidity 

 

Physician related 

 Awareness of the increased mortality in ICU patients with preadmission morbidity, including type 2 
diabetes, may potentially prevent complications and deaths 

• Knowledge about prognosis of patients with preadmission morbidity and diabetes may add to 
improved ICU triage 

• The impact of preadmission metformin on mortality may direct attention to anti-inflammatory 
therapy before admission and during the early phase of critical illness 

• Metformin should not necessarily be discontinued routinely on hospital admission  given the 
potential beneficial effects during the early phase of critical illness 

 

Health care system related 

• With the increased prevalence of preadmission morbidity, including diabetes, more ICU beds may be 
required if the increased mortality also represents longer and more complicated ICU stays 

• Primary prevention of chronic diseases including diabetes may reduce mortality from critical illness 

• Tertiary prevention of kidney disease in diabetes patients may reduce mortality from critical illness 

 

Society related 

• The increased mortality for several years after ICU admission, compared with the general population, 
contribute to public health burden 

• Primary prevention of chronic diseases may reduce mortality from critical illness considerably 
because of the interaction between ICU admission and preadmission morbidity level  
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This thesis also demonstrated the unique opportunities provided by doing clinical 

epidemiological research in intensive care patients recruited through use of Danish 

registries and databases.  The availability of unambiguous individual-level linkage allowed 

us to have complete data on preadmission morbidity and on mortality.  

This thesis does, however, raise following questions: 

1. ICU patients comprise a heterogeneous cohort, and there is further need to examine 

whether associations between chronic diseases and outcome are different in 

disparate groups of ICU patients, i.e., whether there are effect-measure 

modifications. 

2. Can patients at high risk of death be identified earlier and death thereby prevented 

by earlier ICU admission? 

3. What is the mechanism behind the increased mortality in ICU patients with chronic 

diseases including diabetes?  

4. Does chronic diseases including diabetes and preadmission metformin treatment 

influence ICU admission rate? 

5. What is the impact of specific chronic diseases with different severities? 

6. What is the impact of preadmission chronic diseases on other and potentially 

treatable long-term outcomes, including readmissions, persistent organ 

dysfunction, return to work, and somatic and psychiatric illness? 

7. How frequently are oral antidiabetic drugs continued during hospitalization and 

what is the impact of in-hospital metformin use on the frequency of lactic acidosis 

and outcome in ICU patients? 

 

These questions could be addressed by: 

1. Studies examining the influence of reason for ICU admission, including type of any 

preadmission surgery, on the association between chronic diseases and outcome, 

e.g., by stratification or restriction to subgroups of ICU patients based on reason for 

admission, including type of surgery before ICU admission. 
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2. Studies of critical illness outside the ICU could help identifying high-risk groups 

that may benefit from earlier ICU admission. 

3. More detailed clinical data about in-hospital complications and severity of illness 

that may help us identify the underlying mechanisms behind the increased 

mortality and redirect preventive initiatives towards these.  

4. Studies of risk factors for ICU admission could be conducted within cohorts of all or 

particular groups of hospitalized patients, e.g., patients with specific surgical 

procedures, which would be feasible using large databases. Given the complexity of 

ICU triage, it would also be of interest to study patients that were considered for 

ICU admission but were rejected. 

5. More detailed data on severity of preadmission chronic diseases should be obtained. 

For example estimated glomerular filtration rate in chronic kidney disease, ejection 

fraction in heart failure, or pharmacological treatment steps in patients with 

diseases like chronic obstructive pulmonary disease or heart failure. 

6. Studies of other long-term outcomes of ICU patients compared with other 

hospitalized patients and the general population can be conducted using data 

available from the Danish registries and databases.  

7. In-hospital medication data are needed to address whether oral antidiabetic are 

discontinued on hospital admission and to examine any impact of other treatment 

during hospitalization, including the ICU stay.   

 

In order to address these questions, it will be necessary to supplement existing data 

with more detailed clinical data. Such data could be obtained from manual data collection, 

from data in the newly implemented electronic medical records, and from nationwide 

clinical databases, such as the Danish Intensive Care Database, that are becoming 

increasingly complete. 

The overall aim for future studies would be to improve the outcome for Danish 

intensive care patients. As illustrated in Figure 1-2 on page 5, there are several 

determinants of prognosis, and efforts should be directed to all of these to improve 

prognosis. At the patient level, prevention of chronic disease and its complications may 
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potentially decrease death from critical illness. Early identification and treatment of 

exacerbations of chronic diseases, sepsis, and other serious medical and surgical 

complications in the wards may potentially reduce the number of ICU admissions and 

decrease the severity of illness on ICU admission. Prognosis may also be improved by 

improved diagnostics during the ICU stay, including technically improvements with better 

diagnostic imaging and biochemical characterization of the critical illness by biomarkers. 

Many clinicians and ICU studies focus primarily on the clinical performance, e.g., bed 

availability, avoidance of adverse events, and treatment during the ICU stay, such as organ 

supportive treatment, antibiotic treatment, and immune modulating therapy. But this is, 

as illustrated, only one of the determinants of the outcome.  

The hope is that this thesis will contribute to an improved understanding of the 

prognosis of ICU patients with preadmission morbidity, including diabetes, and that it will 

foster the suggested future research. 
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8 Summary 

The intensive care units (ICUs) comprise a central and resource demanding part of the 

health care system with more than 30,000 admissions in Denmark each year. An 

understanding of the clinical course of ICU patients is needed for clinical decision making 

and for future planning of ICU capacity. With the increased life expectancy, more elderly 

with chronic diseases are expected to be admitted to the ICUs. It is therefore crucial to 

know the prognosis of patients with an increased preadmission morbidity level in general 

as well as in patients with specific diseases such as diabetes.  

This thesis included three cohort studies on mortality among ICU patients based on 

data from the Danish National Registry of Patients, the Danish Civil Registration System, 

and the prescription and laboratory databases covering Northern Denmark.  

The aims of this thesis were to examine: 1) whether preadmission morbidity level was 

associated with increased mortality following ICU admission and whether the impact was 

more pronounced than in the general population, 2) whether preadmission type 2 diabetes 

with and without major diabetic complications was associated with increased mortality, 3) 

whether metformin was associated with a decreased mortality in ICU patients with type 2 

diabetes. 

Study I included all 28,172 adult patients admitted to an ICU in Northern Denmark in 

2005–2008. Preadmission morbidity level was assessed by the Charlson Comorbidity 

Index (CCI) Score: 51.5% had a low morbidity level (CCI = 0), 34.1% had a moderate (CCI 

= 1–2), and 14.4% had a high morbidity level (CCI = 3+). The 30-day mortalities at these 

levels were 10.8%, 18.4%, and 26.7%, respectively. Compared with patients with a low 

morbidity level, the age- and sex-adjusted 30-day mortality was 30% higher in patients 

with a moderate morbidity level and 86 % higher in patients with a high morbidity level. 

The 3-year mortality in the three groups was 21.3%, 43.1%, and 63.2%, respectively. 

Morbidity level was lower in an age- and gender-matched general population cohort that 

included 281,671 persons and had less impact on mortality throughout the follow-up 

period. 
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Study II included 39,286 ICU patients aged over 40 who were admitted during 2005–

2010. Type 2 diabetes was prevalent in 15.3%. In 18.3% of these, diabetes was complicated 

by heart disease, 4.3% by kidney diseases, and 2.4% by both. The 30-day mortality was 

22.9% in type 2 diabetic patients and 18.4% in non-diabetic patients, corresponding to a 

18% increased mortality after adjustment. Mortality was 65% higher in diabetes patients 

with kidney disease compared with patients without diabetes. Mortality was also increased 

from day 31 up to 1 year and was 17.3% in type 2 diabetic patients and 13.7% in 

nondiabetics patients, corresponding to 20% increased mortality after adjustment. 

Study III included 6,170 adult ICU patients with type 2 diabetes. Within 90 day before 

ICU admission, 13.4% of these filled a prescription for metformin only, while 17.8% 

received metformin in combination with one or more other antidiabetic drugs. The 30-day 

mortality was 16.9% in metformin monotherapy users, 18.0% in metformin combination 

therapy users, and 25.0% in non-users. After adjustment, mortality was decreased 21% in 

metformin monotherapy users and 17% in metformin combination therapy users, both 

compared with non-users. The association could be due to a pharmacological effect of 

metformin, although unmeasured differences in patient characteristics between metformin 

users and non-users could influence the results 

In conclusion, this thesis showed that ICU patients with increased preadmission 

morbidity levels had markedly worsened short- and long-term prognosis compared with 

the general population. Also, type 2 diabetes was associated with a worsened prognosis, 

especially when complicated by kidney disease. Preadmission metformin use was, 

however, associated with a decreased mortality among type 2 patients admitted to the ICU. 
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9 Dansk resume 

Intensivafdelingerne udgør en central og ressourcekrævende del af sundhedssystemet 

med mere end 30.000 intensivindlæggelser i Danmark hvert år. Forståelse af det kliniske 

forløb hos intensivpatienter er nødvendig for den kliniske beslutningsproces og for 

fremtidig planlægning af intensivafdelingernes kapacitet. Idet der er øget forventet levetid 

i befolkningen, vil vi forvente at flere ældre med kroniske sygdomme fremover bliver 

indlagt på intensivafdelingerne. Det er derfor vigtigt at kende prognosen for patienter med 

generelt forøget morbiditetsniveau, samt for patienter med specifikke sygdomme såsom 

diabetes.  

Denne afhandling indeholder tre kohortestudier omkring dødelighed blandt 

intensivpatienter og bygger på data fra Landspatientregisteret, CPR-registeret, samt 

recept- og laboratoriedatabaserne i Region Midtjylland og Region Nordjylland (nordlige 

Danmark).  

Formålet med afhandlingen var at undersøge: 1) Hvorvidt morbiditetsniveau forud for 

indlæggelsen var forbundet med øget dødelighed efter intensivindlæggelse og hvorvidt 

påvirkningen var mere udtalt end i befolkningen generelt, 2) Hvorvidt forudgående type 2 

diabetes med og uden betydelige diabetiske komplikationer var forbundet med øget 

dødelighed, og 3) Hvorvidt forudgående metformin var forbundet med nedsat mortalitet 

hos intensivpatienter med type 2 diabetes. 

Studie I inkluderede 28.172 patienter indlagt på intensivafdelinger i det nordlige 

Danmark i 2005-2008. Forudgående morbiditetsniveau blev fastlagt vha. Charlson 

komorbiditetsindex score. I alt 51,5 % havde lavt morbiditetsniveau, 34,1 % havde moderat 

og 14,4 % havde højt morbiditetsniveau. 30-dages mortaliteten in disse grupper var 

henholdsvis 10,8 %, 18,4 % og 26,7 %. Sammenlignet med patienter med lavt 

morbiditetsniveau, var den alders- og kønsjusterede 30-dages dødelighed 30 % højere hos 

patienter med moderat morbiditetsniveau og 86 % højere hos patienter med højt 

morbiditetsniveau. 3-års dødeligheden i de tre grupper var henholdsvis 21,3 %, 43,1 %, og 

63,2 %. Morbiditetsniveauet var lavere hos de 281.671 personer inkluderet i den alders- og 

kønsmatchede befolkningskohorte og morbiditet havde mindre indflydelse på 

dødeligheden under hele opfølgningstiden. 
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Studie II inkluderede 39.286 intensivpatienter over 40 år indlagt i 2005-2010. I alt 15,3 

% havde type 2 diabetes. Af disse, var 18,3 % kompliceret af hjertesygdom, 4,3 % af 

nyresygdom og 2,4 % af begge. 30-dages dødeligheden var 22,9 % blandt type 2 

diabetespatienter og 18,4 % in ikke-diabetiske patienter. Efter justering, svarede dette til 

18 % forøget dødelighed. Hos type 2 diabetes patienter med nyresygdom var dødeligheden 

dog 65 % højere end hos patienter uden diabetes. Dødeligheden fra dag 31 og op til 1 år var 

17,3 % hos type 2 diabetespatienter og 13,7 % hos øvrige patienter, sv.t. 20 % øget 

dødelighed efter justering.  

Studie III inkluderede 6,170 intensivpatienter med type 2 diabetes. I perioden 90 dage 

op til intensivindlæggelse indløste 13,4 % en recept på metformin som monoterapi, 

medens 17,8 % fik metformin i kombination med et andet antidiabetisk lægemiddel. 30-

dages dødeligheden var 16,9 % hos patienter med metformin som monoterapi, 18,0 % hos 

patienter med metformin som kombinationsterapi og 25,0 % blandt ikke-brugere. Efter 

justering for køn og alder var der stadig en 21% lavere dødelighed blandt metformin 

monoterapi brugere og en 17% lavere dødelighed blandt metformin kombinationsterapi 

brugere, sammenlignet med ikke-brugere. Den fundne association kan være en 

famakologisk effekt, men umålte forskelle i patientkarakteristika kan have påvirket 

resultaterne.  

Samlet set har studierne vist, at intensivpatienter med forudgående morbiditet har en 

betydelig forværret kort- og langtidsprognose sammenlignet med betydningen i 

befolkningen generelt. Også type 2 diabetes var forbundet med en øget dødelighed, særligt 

hos patienter med samtidig kronisk nyresygdom. Metformin brug var derimod associeret 

med nedsat dødelighed blandt intensivpatienter med type 2 diabetes. 
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Background: Chronic diseases are common among inten-
sive care unit (ICU) patients and may worsen their
prognosis. We examined the prevalence and impact of
pre-admission/index morbidity among ICU patients com-
pared with a general population cohort.
Methods: Our study encompassed all 28,172 adult patients
admitted to ICUs in northern Denmark in 2005–2007 and
281,671 age- and sex-matched individuals from the general
population. We used a nationwide hospital registry to
obtain a 5-year history of 19 chronic diseases and com-
puted Charlson Comorbidity Index (CCI) for each study
participant and grouped them into low (CCI 5 0), moder-
ate (CCI 5 1–2), and high (CCI 5 31) morbidity levels. We
computed mortality and mortality rate ratios (MRRs)
adjusted for confounders, and compared the mortality
between ICU patients and the general population cohort.
Results: Low, moderate, and high pre-admission morbid-
ity levels were present in 51.5%, 34.1%, and 14.4% of ICU
patients, respectively. In these groups, 30-day mortality
was 10.8%, 18.4%, and 26.7%, respectively. Three-year

mortality was 21.3%, 43.1%, and 63.2%, respectively. The
adjusted 30-day MRR was 1.30 [95% confidence intervals (CI):
1.21–1.39] and 1.86 (95% CI: 1.71–2.01) for ICU patients with
moderate and high morbidity levels, both compared with a low
morbidity level. The general population had a lower morbidity
level and mortality at all morbidity levels throughout the study
period. Interaction between ICU admission and high morbidity
level added 5.1% to the mortality during the second and third
year of follow-up.
Conclusion: A high pre-admission morbidity level was
frequent among ICU patients and associated with a wor-
sened prognosis. Morbidity had more impact on mortality
among ICU patients compared with a general population
cohort.
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WITH the aging of the population, more fragile
elderly people with high levels of pre-admis-

sion morbidity will be admitted to intensive care
units (ICU).1–4 Currently, almost half of ICU pa-
tients have a history of pre-admission morbidity,
and their morbidity levels are increasing steadily.4,5

Although a high pre-admission morbidity level is a
strong predictor for poor long-term prognosis and
is associated with increased mortality during ICU
stays and within 1 year post-discharge,5–7 data are
lacking on the impact of pre-admission morbidity
among ICU patients compared with the general
population.

Data comparing the prognosis of ICU patients
with that of the general population are limited and
conflicting. Only seven studies have examined this

topic.7–13 Four Nordic studies with sample sizes
ranging from 236 to 12,180 ICU patients consis-
tently reported increased mortality from 6 months
to 2 years after intensive care compared with the
general population, but not thereafter.8–11 A Scot-
tish study found that mortality among patients
who had received care in an ICU was comparable
to the general population after 4 years.12 A recent
US cohort study that followed elderly ICU patients
for up to 3 years found slightly increased long-term
mortality among ICU patients who survived
until hospital discharge, compared with the gen-
eral population.13 In contrast, an Australian study
found persistently increased mortality for up to 15
years among ICU patients discharged alive.7

Although pre-admission morbidity has an im-
portant impact on mortality among ICU patients,
only one study compared morbidity levels with a
population comparison cohort.13 No attempts have
been made to clarify the effect of pre-admission
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morbidity on long-term mortality, including
whether mortality among ICU patients without
chronic diseases is similar to that of the general
population. Such data are needed to understand
and potentially prevent death after intensive care.

We therefore compared the prevalence of pre-
admission morbidity among ICU patients with
morbidities in an age- and sex-matched general
population comparison cohort. We also assessed
and compared the mortality patterns among ICU
patients with different pre-admission morbidity
levels. Finally, we examined how pre-admission
morbidity levels influenced mortality for up to 3
years after ICU admission compared with the
influence of morbidity in the general population.

Materials and methods

Study design and setting
We conducted this cohort study in northern Den-
mark (the Central Denmark Region and the North
Denmark Region) within a population of 1.8 million
people (approximately 33% of the Danish popula-
tion). The study area is mixed rural–urban and
includes 17 ICUs: eight highly specialized units at
university hospitals and nine multidisciplinary units
at regional hospitals. All Danish citizens have access
to the national tax-supported public health service,
which includes all ICUs in Denmark. We linked the
population-based registries described below using
the unique civil registration number assigned to
every Danish citizen at birth.14

ICU patients
We used the Danish National Registry of Patients
(DNRP) to identify first-time ICU admissions be-
tween 1 January 2005 and 31 December 2007,
among patients aged 15 years or older.

The DNRP contains data on all discharges from
all non-psychiatric hospitals since 1977 and on
emergency room and outpatient clinic visits since
1995. It includes information on patients’ civil
registration numbers, dates of admission and dis-
charge, surgical procedures, procedure codes, one
primary diagnosis (main reason for hospital admis-
sion), and up to 19 secondary diagnoses coded by
physicians according to the International Classifica-
tion of Diseases (ICD) (8th edition until the end of
1993, 10th edition thereafter).15,16

We used the DNRP to identify ICU patients by
the procedure codes for intensive care observa-
tion/therapy (NABE and NABB) and defined the

date of first ICU admission as the first day an
intensive care code was used. Admission type
was considered surgical if the patient had surgical
procedures on the day of ICU admission or within
7 days before. We obtained data from the DNRP on
the primary diagnosis for the current ICU stay and
categorized these into major disease groups (see
Appendix 1).

We validated ICU codes for a random sample of
50 patients per year in the study period (150
patients in total), who had a first-time admission
to ICUs at one of the hospitals within Aarhus
University Hospital. Specifically, we used hospital
records to confirm the occurrence and date of ICU
admissions.

General population comparison cohort
For each ICU patient, we used the Danish Civil
Registration System (CRS) to sample 10 age- and
sex-matched persons from the general population
who were alive on the date that the ICU patient
was admitted (the index date).14

The general population cohort allowed us to
compare the prevalence of pre-admission/index
morbidity and mortality in ICU patients with that
in the general population, and further to study
whether the level of pre-admission/index morbid-
ity influenced the mortality difference between ICU
patients and the general population cohort.

Pre-admission/index morbidity level
We used the DNRP to obtain data on previous
diagnoses of the 19 diseases in the Charlson Comor-
bidity Index (CCI) within five years before the
current ICU admission date and index date in the
general population cohort. The CCI score was com-
puted from the sum of weights for the 19 diseases
(see Appendix 2 for ICD-10 codes). The CCI was
originally developed to assess comorbidity based on
medical record data,17 but has subsequently been
validated for use with administrative data including
that for ICU patients.18,19 We divided morbidity
levels on the ICU admission date/index date into
three groups: low (CCI score 0), moderate (CCI
score 1 or 2), and high (CCI score 3 or more).

Mortality
We used the CRS to obtain data on mortality up to 3
years after the ICU admission date/index date.
Since 1968, the CRS has recorded all changes in
vital status and migration for the entire Danish
population.

Impact of morbidity on mortality after intensive care
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Statistical analysis
The baseline characteristics of the ICU cohort
were described in contingency tables. The preva-
lence of pre-admission/index morbidity was de-
scribed for the ICU cohort and the population
cohort and compared with prevalence ratios and
prevalence differences, both with 95% confidence
intervals (95% CI). Patients were followed from
the date of ICU admission until the date of
death, emigration, 1 January 2010, whichever
came first. We computed Kaplan–Meier estimates
with 95% CI. We plotted survival functions for ICU
patients with low, moderate, and high pre-admis-
sion morbidity levels and described mortality
estimates for the entire 3-year period and within
three time periods: 0–30 days (period of acute
illness), 31–365 days (post-acute phase), and 366
days to 3 years after ICU admission (post-hospital
period).

We used Cox proportional hazard regression
analysis to estimate hazard ratios (HRs) as a mea-
sure of mortality rate ratios (MRRs) in the three
time periods for moderate and high pre-admission
morbidity levels compared with a low pre-admis-
sion morbidity level. We adjusted MRRs for age
group, sex, and admission type (surgical/medical)
and also stratified based on medical/surgical ad-
mission. The assumption of proportional hazards
was checked graphically and found to be reason-
able for all three time periods. We also used Cox
proportional hazard regression analysis to compare
survival in ICU patients with survival in the gen-
eral population cohort for each morbidity level in
3-month periods, adjusted for age (time-scale), sex,
and admission type.

Over the course of the study period, age and sex
distributions may have differed among subgroups
of patients with different pre-admission morbidity
levels; e.g., fragile elderly patients with high pre-
admission morbidity levels may have died soon
after ICU admission. In order to compare the risk of
death in three time periods, we adjusted mortality
through direct standardization of the Kaplan–
Meier estimates to the age and sex distribution of
the general population cohort.

We compared the impact of pre-admission/
index morbidity levels among ICU patients and the
general population cohort by subtracting the mor-
tality difference between ICU patients with and
without pre-admission morbidity from the mortal-
ity difference between general population cohort
members with and without index morbidity. The
overall difference constitutes the excess mortality

or interaction risk caused by the interaction of
critical illness and pre-admission morbidity on
mortality, i.e., the mortality that cannot be ex-
plained by the sum of mortality from critical illness
and pre-admission morbidity.20

All statistical analyses were performed using
Stata software (version 10.1; StataCorp LP, College
Station, TX). The study was approved by the Danish
Data Protection Agency (record no. 2009-41-3987).

Results

Descriptive data
We identified 28,172 ICU patients in the 3-year
study period and 281,671 general population
comparison cohort members (10 for 28,124 ICU
patients, nine for 47 ICU patients, and eight for
the last ICU patient). Among ICU patients, 56.8%
were men, the median age was 63 years (interquar-
tile range: 48–74 years), and 17,060 (60.6%) were
surgical patients (Table 1). The most common
primary diagnoses during the hospital stay were
cardiovascular diseases, trauma/poisoning, and
cancer (Table 1). Most cancer patients were surgical
patients (90.2%), and the most common cancer sites
were the lung, colon, rectum, and prostate.

Prevalence of pre-admission/index morbidity in
ICU patients and in the general population
A high pre-admission morbidity level was present
in 4060 (14.4%) ICU patients, a moderate pre-
admission morbidity level in 9598 (34.1%) patients,
and a low level in 14,514 patients (51.5%). Patients
with a moderate or a high pre-admission morbidity
level were older and were more likely to be men
(Table 1). The morbidity level was substantially
lower in the general population cohort: a high
index morbidity level was present in 10,414 per-
sons (3.7%), a moderate pre-admission morbidity
level in 45,736 persons (16.2%), and a low pre-
admission morbidity level in 225,521 persons
(80.1%) (data not shown).

The most common pre-admission/index mor-
bidities were cardiovascular diseases, chronic pul-
monary disease, diabetes, and cancer (Table 2).
Compared with the general population cohort,
ICU patients had an approximately threefold
higher prevalence of major cardiovascular diseases,
chronic pulmonary diseases, and cancer. The pre-
valence of metastatic cancer was 6.2-fold higher
and liver diseases was 5.6–8.8-fold higher in the
ICU cohort compared with the general population
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cohort. Only dementia was less common among
ICU patients. In the two cohorts, absolute differ-
ences in prevalence were the greatest for chronic
pulmonary disease and cancer (Table 2).

Mortality
Thirty-day mortality was 10.8% (95% CI: 10.3–11.3)
among ICU patients with a low pre-admission
morbidity level, 18.4% (95% CI: 17.6–19.2) among

Table 1

Characteristics of intensive care unit (ICU) patients and the general population comparison cohort

ICU patients Population comparison cohort

Charlson Comorbidity Index score Total 28,172
(100%)

Total 281,671
(100%)

0 1–2 31
14,514 9598 4060
(51.5%) (34.1%) (14.4%)

Age group (years)
15–39 4010 (27.6) 554 (5.8) 154 (3.8) 4718 (16.7) 47,205 (16.8)
40–59 4107 (28.3) 2097 (21.9) 879 (21.7) 7083 (25.1) 70,651 (25.1)
60–79 4946 (34.1) 5450 (56.8) 2377 (58.5) 12,773 (45.3) 127,868 (45.4)
801 1451 (10.0) 1497 (15.6) 650 (16.0) 3598 (12.8) 35,947 (12.8)
Gender
Female 6546 (45.1) 4068 (42.4) 1566 (38.6) 12,180 (43.2) 121,784 (43.2)
Male 7968 (54.9) 5530 (57.6) 2494 (61.4) 15,992 (56.8) 159,887 (56.8)
Type of admission
Medical 5856 (40.4) 3573 (37.2) 1683 (41.5) 11,112 (39.4) –
Surgical 8658 (59.7) 6025 (62.8) 2377 (58.5) 17,060 (60.6) –
Primary diagnosis during current hospital admission
Infectious diseases 271 (1.9) 246 (2.6) 149 (3.7) 666 (2.4) –
Endocrinology including diabetes 384 (2.7) 211 (2.2) 90 (2.2) 685 (2.4) –
Cardiovascular diseases 3286 (22.6) 3038 (31.7) 984 (24.2) 7308 (25.9) –
Respiratory diseases 969 (6.7) 1324 (13.8) 517 (12.7) 2810 (10.0) –
Gastrointestinal and liver diseases 1983 (13.7) 1141 (11.9) 562 (13.8) 3686 (13.1) –
Cancer and other neoplasm 1273 (8.8) 1634 (17.0) 985 (24.3) 3892 (13.8) –
Trauma and poisoning 3375 (23.3) 840 (8.8) 242 (6.0) 4457 (15.8) –
Other 2973 (20.5) 1164 (12.1) 531 (13.1) 4668 (16.6) –

Table 2

Morbidity in ICU patients before admission and before index date in the population comparison cohort

Diseases included in the Charlson
Comorbidity Index

ICU patients,
n (%)

Population comparison
cohort, n (%)

Prevalence
ratio (95% CI)

Prevalence
difference (95% CI)

28,172 (100%) 281,671 (100%)

Myocardial infarction 1825 (6.5) 5632 (2.0) 3.2 (3.1, 3.4) 4.5% (4.2, 4.8)
Congestive heart failure 1977 (7.0) 6734 (2.4) 2.9 (2.8, 3.1) 4.6% (4.3, 4.9)
Peripheral arterial disease 2039 (7.2) 6061 (2.2) 3.4 (3.2, 3.5) 5.1% (4.8, 5.4)
Cerebrovascular disease 2441 (8.7) 12,483 (4.4) 2.0 (1.9, 2.0) 4.2% (3.9, 4.6)
Dementia 220 (0.8) 2637 (0.9) 0.8 (0.7, 1.0) � 0.2% (� 0.3, � 0.05)
Chronic pulmonary disease 3308 (11.7) 10,887 (3.9) 3.0 (2.9, 3.2) 7.9% (7.5, 8.3)
Connective tissue disease 763 (2.7) 3859(1.4) 2.0 (1.8, 2.1) 1.3% (1.1, 1.5)
Peptic ulcer disease 1060 (3.8) 3642 (1.3) 2.9 (2.7, 3.1) 2.5% (2.2, 2.7)
Mild liver disease 590 (2.1) 1073 (0.4) 5.5 (5.0, 6.1) 1.7% (1.5, 1.9)
Moderate-to-severe liver disease 235 (0.8) 270 (0.1) 8.7 (7.3, 10.3) 0.7% (0.6, 0.8)
Diabetes without organ damage 2067 (7.3) 8563 (3.0) 2.4 (2.3, 2.5) 4.3% (4.0, 4.6)
Diabetes with organ damage 1258 (4.5) 4562 (1.6) 2.8 (2.6, 2.9) 2.8% (2.6, 3.1)
Hemiplegia 140 (0.5) 318 (0.1) 4.4 (3.6, 5.4) 0.4% (0.3, 0.5)
Moderate-to-severe renal disease 865 (3.1) 2154 (0.8) 4.0 (3.7, 4.3) 2.3% (2.1, 2.5)
Cancer 3502 (12.4) 11,488 (4.1) 3.0 (2.9, 3.2) 8.4% (8.0, 8.7)
Metastatic cancer 642 (2.3) 1042 (0.4) 6.2 (5.6, 6.8) 1.9% (1.7, 2.1)
Leukemia 133 (0.5) 453 (0.2) 2.9 (2.4, 3.6) 0.3% (0.2, 0.4)
Lymphoma 245 (0.9) 789 (0.3) 3.1 (2.7, 3.6) 0.6% (0.5, 0.7)
AIDS 15 (0.05) 96 (0.03) 1.6 (0.9, 2.7) 0.01% (� 0.01, 0.05)
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patients with a moderate pre-admission morbidity
level, and 26.7% (95% CI: 25.3–28.0%) for patients
with a high level (Fig. 1 and Table 3). Thirty-day
mortality ranged from 2.4% in patients aged 15–39
years with a low pre-admission morbidity level to
42.8% in patients aged 80 years and over with a
high pre-admission morbidity level. In all age
groups, mortality was about 10% higher in patients
with high pre-admission morbidity compared with
patients with low pre-admission morbidity (data
not shown).

Among patients surviving 30 days, mortality 31–
365 days after ICU admission was 5.7% (95% CI:
5.4–6.2%) for patients with a low pre-admission

morbidity level, 15.5% (95% CI: 14.7–16.3%) for
patients with a moderate morbidity level, and
27.8% (95% CI: 26.3–29.5%) for patients with a
high morbidity level. If patients survived the first
year after ICU admission, mortality in the second
and third years was 6.4% (95% CI: 5.9–6.8%), 17.4%
(95% CI: 16.5–18.4%), and 30.4% (95% CI: 28.4–
32.4%), respectively, among patients with the three
pre-admission morbidity levels.

The mortality within the first three years after
ICU admission was 21.3% (95% CI: 20.7–22.0%),
43.1% (95% CI: 42.1–44.1%), and 63.2% (95% CI:
61.7–64.8%) in the three morbidity levels (Table 3).

Compared with ICU patients with a low pre-
admission morbidity level, the adjusted 30-day
MRR was 1.30 (95% CI: 1.21–1.39) for ICU patients
with moderate morbidity and 1.86 (95% CI: 1.71–
2.01) for ICU patients with high morbidity (Table
3). The impact of a moderate or a high pre-
admission morbidity level was even stronger for
the period from 31 to 365 days after ICU admission
[MRR 5 2.10 (95% CI: 1.92–2.31) for moderate
morbidity, MRR 5 3.93 (95% CI: 3.55–4.35) for
high morbidity]. Very similar associations were
found from day 366 to 3 years after ICU admission
(Table 3).

While the absolute mortality was higher in med-
ical patients than surgical ICU patients (e.g. overall
30-day mortality 21.6% vs. 11.8%), an increased
pre-admission morbidity level was associated
with a similar relative mortality increase in medical
and surgical ICU patients. The 30-day adjusted
MRRs for medical patients were 1.41 (95% CI:
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Fig. 1. Three-year survival curves among intensive care unit (ICU)
patients with low, moderate, and high pre-admission morbidity
levels [ 5 low morbidity level/Charlson Comorbidity Index
score (CCI) 5 0, 5 moderate pre-admission morbidity level/
CCI 5 1–2, 5 high pre-admission morbidity level/CCI 5 31].

Table 3

Mortality and mortality rate ratio (MRR) for intensive care unit (ICU) patients within the first 30 days, 31–365 days, and 1–3 years for
the three pre-admission morbidity levels among patients who were alive at the beginning of these periods (Charlson Comorbidity Index
score 5 0, 1–2, or 3)

n at period start Mortality (%) (95% CI) Crude MRR (95% CI) Adjusted MRR (95% CI)*

Day 0–30
CCI 5 0 14,514 10.8% (10.3%, 11.3%) 1.00 (Ref.) 1.00 (Ref.)
CCI 5 1–2 9598 18.4% (17.6%, 19.2%) 1.77 (1.65, 1.89) 1.30 (1.21, 1.39)
CCI 5 31 4060 26.7% (25.3%, 28.0%) 2.67 (2.47, 2.88) 1.86 (1.71, 2.01)
Day 31–365
CCI 5 0 12,944 5.7% (5.4%, 6.2%) 1.00 (Ref.) 1.00 (Ref.)
CCI 5 1–2 7832 15.5% (14.7%, 16.3%) 2.83 (2.58, 3.10) 2.10 (1.92, 2.31)
CCI 5 31 2977 27.8% (26.3%, 29.5%) 5.50 (4.98, 6.07) 3.93 (3.55, 4.35)
Day 366–3 years
CCI 5 0 12,173 6.4% (5.9%, 6.8%) 1.00 (Ref.) 1.00 (Ref.)
CCI 5 1–2 6612 17.4% (16.5%, 18.4%) 2.91 (2.65, 3.20) 2.16 (1.96, 2.38)
CCI 5 31 2142 30.4% (28.4%, 32.4%) 5.54 (4.97, 6.17) 3.96 (3.55, 4.43)
0–3 years
CCI 5 0 14,514 21.3% (20.7%, 22.0%) 1.00 (Ref.) 1.00 (Ref.)
CCI 5 1–2 9598 43.1% (42.1%, 44.1%) 2.29 (2.18, 2.40) 1.69 (1.62, 1.78)
CCI 5 31 4060 63.2% (61.7%, 64.8%) 3.92 (3.72, 4.13) 2.78 (2.63, 2.93)

*Adjusted for age group, sex, and type of admission (surgical/medical).
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1.28–1.55) for moderate pre-admission morbidity
and 1.81 (95% CI: 1.63–2.02) for high morbidity. The
adjusted 30-day MRRs for surgical patients were
1.21 (95% CI: 1.10–1.34) for moderate pre-admis-
sion morbidity and 1.94 (95% CI 1.73–2.18) for high
morbidity, compared with a low pre-admission
morbidity level (data not shown).

Compared with the general population cohort,
mortality was most markedly increased during the
first 3 months after ICU admission, but remained
elevated throughout the 3-year period (Fig. 2).

The impact on mortality of the interaction
between critical illness and pre-admission
morbidity level
Compared with the general population cohort,
mortality was increased among ICU patients
throughout the study period, even among patients
with a low pre-admission morbidity level. The
standardized mortality rate during the second
and third year of follow-up was 8.7% in ICU
patients with low pre-admission morbidity, but
only 4.4% in the general population cohort (i.e.
risk difference 4.3%) (Table 3).

Morbidity before admission/index date in-
creased mortality more in ICU patients than in
the general population, e.g., during the second
and third year of follow-up, high morbidity on
the index date added 15.8% to mortality in the
general population, but high pre-admission mor-
bidity added 20.9% to mortality in ICU patients,
i.e., mortality was 5.1% higher than expected (the

interaction risk) (Table 4). The interaction risk was
the highest for young patients.

Validation of ICU admission and treatment
coding
Among a sample of 150 patients registered in the
DNRP with an ICU admission, 148 were identified
with an ICU admission in the local hospital re-
cords, i.e. the PPV was 98.7% (95% CI: 95.3–99.8%).
The date of the first ICU code corresponded to the
day of ICU admission in all patients except one,
who was admitted to the recovery room at date of
coding but transferred to the ICU the following
day.

Discussion

This large population-based study found that
nearly half of the ICU patients had moderate or
high pre-admission morbidity. Also, virtually all
specific chronic diseases examined were more
common in the ICU patients than in the general
population comparison cohort. Pre-admission mor-
bidity among ICU patients was associated with
markedly increased short- and long-term mortality.
Throughout the 3-year study period, ICU patients
had persistently higher mortality compared with
the general population cohort. A higher level of
morbidity before the ICU admission date/index
date had a greater impact on mortality among ICU
patients than on mortality in the general popula-
tion comparison cohort.

Fig. 2. Relative risk (mortality rate ratio)
of death among intensive care unit (ICU)
patients compared with the general popu-
lation cohort for up to 3 years, adjusted for
age and sex, with 95% confidence inter-
vals [ 5 low morbidity level/Charlson
Comorbidity Index score (CCI) 5 0,

5 moderate pre-admission morbidity
level/CCI 5 1–2, 5 high pre-
admission morbidity level/CCI 5 31].
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Our study extends previous research by showing
that a moderate or a high pre-admission morbidity
level was common among ICU patients and had a
major impact on mortality.5–7 Our study is also the
first to compare the effect of the pre-admission/
index morbidity on mortality among ICU patients
and a general population cohort. An Australian
cohort study on the long-term prognosis of ICU
patients included 22,980 patients admitted to a
single ICU between 1987 and 2002.5 Forty-five
percent of the ICU patients in that study had a
moderate or a severe pre-admission morbidity
level, only a few percent lower than that observed
in our study. Mortality was lower and the pre-
admission morbidity level affected mortality less
than that in our study, probably because the case-
mix was different. Our findings were supported by
a recently published US cohort study on 35,308
elderly ICU survivors, who had persistently ele-
vated mortality during a 3-year follow-up com-
pared with the general population.13 Similarly,
analyses from the Australian cohort study cited
above showed increased mortality for up to 15
years after ICU discharge, compared with the
general population.7 In contrast, both a Finnish
and a Norwegian cohort study found that survival
was comparable with the general population after 2
years.8,9 In a Scottish cohort study, survival was
comparable with that in the general population 4
years after ICU discharge.12

Our study made use of routinely collected
data in a population-based hospital setting with
complete follow-up. In Denmark, public hospitals
care for all patients with acute critical illness,
including those requiring intensive care, thereby
limiting referral, diagnostic, and other information
biases.14 Still, our study has several limitations. Its
findings depend on the quality of coding for
intensive care and comorbidities. It is mandatory
to report to the DNRP and coding should
follow the regulations by the National Board of
Health. The chronic diseases included in the Charl-
son Index are accurately coded in the DNRP, with
high PPVs.21 We used 5-year registry history of in-
and outpatient diagnoses to secure completeness of
hospital diagnoses. The CCI score has proved to be
a valid predictor of mortality and a good tool for
risk adjustment.18,19 We found a high PPV of ICU
admissions registered in the DNRP and the num-
ber of admissions was stable in the 3 years included
in this study, thereby indicating consistent registra-
tion. Still, we cannot rule out that some ICU
patients admitted for short stays were not regis-
tered in the DNRP.

We had limited data on the exact mechanism
behind the associations we observed. Patients with
pre-admission morbidity may have more serious
illness at the time of ICU admission, but we lacked
data on severity of illness. It is possible that
patients with a high pre-admission morbidity level

Table 4

Standardized mortality and interaction risk by preadmission/index morbidity level (Charlson Comorbidity Index scores of 0, 1–2, or 31)
in intensive care unit (ICU) patients compared with the general population cohort.

Preadmission/
index morbidity
level

Standardized
mortality ICU
patients, % (95% CI)*

Standardized
mortality Population
comparison cohort,
% (95% CI)*

Risk difference
(ICU patients –
population
comparison
cohort) (%)

Interaction risk
(%) (95% CI)w

Day 0–30 CCI 5 0 12.9 (12.3%, 13.5%) 0.1 (0.1%, 0.1%) 12.8 –
CCI 5 1–2 16.3 (15.6%, 17.0%) 0.4 (0.3%, 0.4%) 15.9 3.1 (2.2%, 4.0%)
CCI 5 31 24.7 (23.0%, 26.4%) 1.4 (1.2%, 1.6%) 23.3 10.5 (8.7%, 12.3%)

Day 31–365 CCI 5 0 7.7 (7.2%, 8.2%) 1.5 (1.5%, 1.6%) 6.2 –
CCI 5 1–2 14.2 (13.5%, 15.0%) 4.1 (4.0%, 4.3%) 10.1 3.9 (3.0%, 4.9%)
CCI 5 31 26.9 (24.8%, 29.0%) 11.2 (10.4%, 12.1%) 15.7 9.5 (7.1%, 11.8%)

Day 366–3 years CCI 5 0 8.7 (8.1%, 9.4%) 4.4 (4.4%, 4.5%) 4.3 –
CCI 5 1–2 16.7 (15.8%, 17.6%) 9.2 (8.9%, 9.5%) 7.5 3.2 (2.1%, 4.4%)
CCI 5 31 29.6 (27.1%, 32.2%) 20.2 (18.8%, 21.6%) 9.4 5.1 (2.1%, 8.1%)

0–3 years CCI 5 0 25.4 (24.7%, 26.2%) 5.9 (5.8%, 6.0%) 19.5 –
CCI 5 1–2 38.4 (37.4%, 39.4%) 12.8 (12.6%, 13.1%) 25.6 6.0 (4.8%, 7.3%)
CCI 5 31 60.2 (58.1%, 62.2%) 29.4 (27.8%, 30.9%) 30.8 11.3 (8.6%, 13.9%)

*Standardized to the age and sexdistribution of the population comparison cohort.
wAs an example, the 30-day interaction risk in patients with a high pre-admission morbidity level was computed as the difference in
mortality in ICU patients with a low and a high preadmission morbidity level, i.e., 11.8% (24.7–12.9%), minus the difference in mortality
in the general population cohort with a low and a high index morbidity level, i.e., 1.3% (1.4–0.1%). The interaction risk is thereby 11.8–
1.3% 5 10.5%.
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will have an increased severity of illness score, e.g.
Simplified Acute Physiology (SAPS) II score. This
could either be from older age, severe morbidity, or
abnormal physiological variables, which are all
included in the score. Patients with chronic organ
dysfunction may be prone to acute organ dysfunc-
tion, e.g., chronic kidney disease is a strong risk
factor for acute kidney injury and thereby an
increased SAPS II score.22 We found a markedly
higher prevalence of most chronic diseases in the
ICU patients than in the general population com-
parison cohort, indicating that these diseases may
be risk factors for critical illness, or at least for
admission to an ICU. However, this finding should
be interpreted with caution because it may depend
on the likelihood for intensive care admission. For
instance, treatment may be withheld in elderly ICU
patients with high pre-admission morbidity,23

thereby leading to increased mortality, but patients
with the highest morbidity, such as metastatic
cancer, may not even be admitted to an ICU. Future
studies are needed to clarify the mechanisms un-
derlying the markedly increased mortality among
ICU patients, focusing on the impact of individual
chronic diseases on ICU prognosis.

This study underscores the need for the assess-
ment of pre-admission chronic diseases in ICU
patients because they are common and have a
major impact on mortality. Although the influence
of moderate and high pre-admission morbidity
was most pronounced within the first month after
ICU admission, excess mortality persisted for up to
3 years, indicating the need for a long-term follow-
up of critically ill patients.

In conclusion, we found that pre-admission/
index morbidity was more common among ICU
patients than in the general population cohort. Pre-
admission morbidity was associated with mark-
edly increased mortality for up to 3 years after ICU
admission. The general population had a lower
morbidity level and mortality at all morbidity
levels throughout the study period. Finally, pre-
admission/index morbidity had a greater impact
on mortality in ICU patients compared with the
general population cohort.
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Appendix 1: Diagnostic codes by disease
group

Infectious diseases (ICD-10:A00-B99)
Endocrinology including diabetes (ICD-10:E00-
E90)
Cardiovascular diseases (ICD-10: I00-I99)
Respiratory diseases (ICD-10: J00-J99)
Gastrointestinal and liver disease (ICD-10: K00-
K99)
Cancer (ICD-10: C00-D89)
Trauma and poisoning (ICD-10: S00-T98)
Other (ICD-10: all codes not included in other
categories)

Appendix 2: Diagnoses included in the
Charlson Comorbidity Index and
corresponding ICD-10 codes

Charlson Comorbidity
Index disease

ICD-10 code Score

1 Myocardial infarction I21;I22;I23 1
2 Congestive heart failure I50; I11.0; I13.0; I13.2 1
3 Peripheral vascular

disease
I70; I71; I72; I73; I74;
I77

1

4 Cerebrovascular
disease

I60-I69; G45; G46 1

5 Dementia F00-F03; F05.1; G30 1
6 Chronic pulmonary

disease
J40-J47; J60-J67;
J68.4; J70.1; J70.3;
J84.1; J92.0; J96.1;
J98.2; J98.3

1

7 Connective tissue
disease

M05; M06; M08;
M09;M30;M31; M32;
M33; M34; M35; M36;
D86

1

8 Ulcer disease K22.1; K25-K28 1
9 Mild liver disease B18; K70.0-K70.3;

K70.9; K71; K73; K74;
K76.0

1

10 Diabetes type 1 E10.0, E10.1; E10.9 1
Diabetes type 2 E11.0; E11.1; E11.9

11 Hemiplegia G81; G82 2
12 Moderate-to-severe

renal disease
I12; I13; N00-N05;
N07; N11; N14; N17-
N19; Q61

2

13 Diabetes with end
organ damage

2

Type 1 E10.2-E10.8
Type 2 E11.2-E11.8

14 Any tumor C00-C75 2
15 Leukemia C91-C95 2
16 Lymphoma C81-C85; C88; C90;

C96
2

17 Moderate-to-severe
liver disease

B15.0; B16.0; B16.2;
B19.0; K70.4; K72;
K76.6; I85

3

18 Metastatic solid tumor C76-C80 6
19 AIDS B21-B24 6
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ABSTRACT 

OBJECTIVE— To examine whether type 2 diabetes complicated by chronic heart and/or 

kidney disease is associated with increased mortality among intensive care unit (ICU) 

patients. 

RESEARCH DESIGN AND METHODS— We used population-based medical databases 

to assemble a cohort of all patients aged 40 years or older admitted to ICUs in Northern 

Denmark during 20052010. Type 2 diabetes was identified by a filled prescription for an 

antidiabetic drug, previous hospital diagnosis of diabetes, or elevated hemoglobin A1c 

measurement. Patients were grouped according to history of heart and kidney disease. We 

estimated 30-day and 31365-day mortality. Age- and sex-adjusted mortality rate ratios 

(MRRs) were computed using Cox regression. 

RESULTS— Among 39,286 ICU patients, 6,027 (15.3%) had type 2 diabetes, which was 

complicated by chronic heart disease in 1,103 (18.3%), by kidney disease in 261 (4.3%), and 

by both in 142 (2.4%). Thirty-day mortality was 22.9% in patients with type 2 diabetes and 

18.4% in other patients, corresponding to an overall 30-day adjusted MRR of 1.18 (95% CI 

1.111.25). MRR was similar for type 2 diabetes patients with heart disease, but higher for 

diabetic patients with kidney disease (adjusted MRR 1.65 [1.322.05]). Mortality was also 

increased during the 31365-day period (adjusted MRR 1.20 [1.111.30]), and most 

pronounced in diabetic patients with kidney disease. 

CONCLUSIONS— ICU patients with type 2 diabetes had higher mortality than other ICU 

patients for up to one year. The impact was most pronounced in those with chronic kidney 

disease.
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INTRODUCTION 

Diabetes is associated with an increased risk of chronic micro- and macrovascular 

complications such as chronic kidney and heart disease (1-3), as well as specific critical 

illnesses such as acute renal failure (4), infections (5-7), and acute cardiovascular events 

(2,8,9), which may lead to intensive care unit (ICU) admission. Diabetes also influences 

prognosis in patients with complicated peptic ulcer (10) and myocardial infarction (11), while 

data are conflicting in patients with trauma (12), pneumonia (13,14), and bacteremia (15,16). 

These conditions are common among ICU admission. 

A recent systematic review and meta-analysis extracted data about diabetes and 

mortality in adult ICU patients from 141 studies, and concluded that diabetes was not 

associated with ICU or in-hospital mortality (17). However, only 20 of the included studies 

reported 30-day mortality among 19,040 ICU patients. Diabetes was associated with a 

statistically non-significant 20% increase in 30-day mortality, and with a 60% increase in 30-

day mortality in surgical ICU patients (17). 

Examining the impact of diabetes on mortality following intensive care unit (ICU) 

admission was the primary aim in only three studies (18-20). These studies each included 

from 830 to 1.5 million patients, and observed that diabetes was not associated with short-

term mortality (18-20). This finding was surprising because diabetes patients were older and 

had higher severity of illness at ICU admission (18-20). Suggested mechanisms include 

protective biological effects of diabetes and antidiabetic treatment (21-23), misclassification 

of diabetes, or better care for diabetes patients during both acute critical illness and chronic 

disease (19). These studies were limited by lack of data regarding diabetes type and 

complications (18-20), lack of hemoglobin A1c (HbA1c) to identify diabetes (18-20), and 

potential selection bias due to restricted inclusion criteria (18). Finally, the two larger studies 



 

4 

 

only reported in-hospital mortality (19,20). None were conducted within a uniform 

population-based hospital setting (18-20). 

There is a need for a large population-based study to provide reliable estimates of the 

prognostic impact of type 2 diabetes, including major diabetic complications. With the 

increasing prevalence of type 2 diabetes and the high costs of intensive care, any prognostic 

impact of type 2 diabetes may have important implications for the management of high-risk 

diabetes patients and for the implementation of preventive initiatives. 

We therefore undertook a large population-based cohort study to examine whether 

type 2 diabetes, including chronic heart and kidney complications, was associated with 

increased mortality for up to one year after ICU admission. 

 

RESEARCH DESIGN AND METHODS 

We conducted this cohort study among patients living in Northern Denmark, a region with a 

mixed rural and urban population of approximately 1.8 million (approximately 33% of the 

entire Danish population). Included individuals had to have lived in the study area for at least 

two years for sufficient preadmission data to exist regarding antidiabetic drug prescriptions. 

Denmark has a tax-supported health care system that guarantees unfettered access to 

medical care for all residents, as well as partial reimbursement of the costs of the majority of 

prescribed drugs. All acute care, including intensive care therapy, is provided by public 

hospitals. There are 17 ICUs in Northern Denmark, including eight highly specialized units at 

university hospitals and nine multidisciplinary units at regional hospitals. All Danish citizens 

receive a unique personal identification number (CPR number) at birth or upon immigration 

that allows unambiguous linkage among all Danish medical databases. 
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Identification of patients in intensive care units 

We used the Danish National Registry of Patients (DNRP) to identify all patients aged 40 

years or older with at least one admission to an ICU in the study region between 1 January 

2005 and 31 December 2010 (24). We did not include patients younger than 40 years because 

type 2 diabetes is less frequent in this age group. We focused on type 2 diabetes because type 

1 diabetes patients comprise a different group of younger patients who were admitted to the 

ICU more frequently because of acute diabetes-related complications. 

The DNRP has documented more than 99% of all non-psychiatric hospital admissions 

in Denmark since 1977, and outpatient clinic and emergency room visits since 1995 (25). 

DNRP records comprise routinely collected data from the hospitals, including dates of 

admission and discharge, one primary diagnosis (the main reason for hospitalization), and up 

to 19 secondary diagnoses, treatments, and procedures, including valid data regarding 

intensive care observation/therapy (24). Data are registered routinely at the hospital level and 

electronically transferred to the DNRP for quality monitoring and reimbursement of hospital 

costs. Diagnoses are coded according to the International Classification of Diseases, 8
th

 

revision (ICD-8) through 1993, and the 10
th

 revision (ICD-10) since 1994. We defined 

diagnostic category by the first-listed diagnosis during current hospitalization as a proxy for 

ICU admission diagnosis. The first-listed diagnosis in the registry is assigned by the 

discharging physician and is the most important diagnosis during the hospitalization. Surgical 

ICU admission was defined by the performance of any surgical procedure on the day of ICU 

admission or within seven days before admission (26). We also obtained data regarding 

mechanical ventilation, non-invasive ventilation, and treatment with inotropes or 

vasopressors from the DNRP. 
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Diabetes data 

For each ICU patient, we searched the DNRP for any previous diabetes diagnosis since 1977 

(see Supplemental Table S1 for ICD-8 and ICD-10 codes). Because not all patients received 

their diabetes diagnosis at a hospital, we also identified patients with any previous filled 

prescription for an antidiabetic drug, including insulin and oral antidiabetic drugs (see 

Supplemental Table S2 for Anatomical Therapeutical Chemical [ATC] codes). Pharmacies in 

the region are equipped with an electronic accounting system that is used to secure 

reimbursement from the National Health Service. For each prescription, data are transferred 

to the prescription database at Aarhus University. Data include the patient’s unique 

identification number, the date of dispensing, and the amount and type of drug prescribed 

according to the ATC classification system (27). Because metformin is also used to treat 

polycystic ovarian syndrome (PCOS), metformin users with a history of PCOS were 

considered nondiabetic if they lacked a diabetes diagnosis and had never been prescribed 

another antidiabetic drug (n = 3) (28). 

To capture diabetic patients treated by general practitioners with dietary and lifestyle 

changes only, we also included patients with a HbA1c measurement at the diagnostic level 

for diabetes (i.e., an HbA1c value of 6.5% or greater, as defined in the American Diabetes 

Association’s guidelines) (29). We obtained these data from a laboratory database, which 

included results of HbA1c tests performed in the main part of the study area (30). 

We defined patients as having type 2 diabetes, and not type 1 diabetes, if they were 

diagnosed with diabetes after age 30, if they were diagnosed before age 30 but did not fill 
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prescriptions for insulin within one year before admission, or if they had ever filled a 

prescription for an oral antidiabetic drug (5). 

Because major micro- and macrovascular complications of diabetes may affect 

prognosis, we further segregated type 2 diabetes patients according to preadmission history of 

chronic kidney disease and heart disease, including myocardial infarction and heart failure. 

The relevant ICD codes are provided in the Supplemental Table S1. Because a diabetes 

diagnosis may be preceded by these complications, we included patients in the analysis if 

they were initially diagnosed with kidney or heart disease within one year before receiving 

the first diabetes diagnosis or antidiabetic prescription and before the index hospitalization. 

Diabetes was thus divided into five subcategories: no diabetes, uncomplicated type 2 

diabetes, type 2 diabetes with heart disease but without kidney disease, type 2 diabetes with 

kidney disease but without heart disease, and type 2 diabetes with both heart and kidney 

disease. 

 

Mortality 

Data regarding vital status, including the exact date of death or emigration, were obtained 

from the Danish Civil Registration System, which includes daily updated data regarding vital 

status (dead or alive), marital status, and place of residence for all Danes (31). 

 

Potential confounders 

We used all inpatient and outpatient diagnoses in the DNRP within five years before ICU 

admission to identify other preadmission morbidity, including chronic pulmonary disease, 
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connective tissue disease, liver disease, cancer, and metastatic cancer, which are all known to 

have prognostic impacts in the Charlson Comorbidity Index (32,33). We also included 

obesity and alcoholism defined as alcoholism-related disease or prescription for disulfiram 

(see Supplemental Table S1 and S2 for ICD-10 and ATC codes). We obtained demographic 

data from the Danish Civil Registration System. 

 

Statistical analyses 

We followed patients for up to one year, from the day of their first ICU admission during the 

study period until death (event), censoring at emigration, or 1 January 2011, whichever came 

first. Covariates, including demographic variables and preadmission morbidity, were 

tabulated by type 2 diabetes status and diabetic complications. 

The Kaplan-Meier life table method was used to estimate 30-day and 31-365-day 

mortality. Kaplan-Meier curves were plotted with respect to type 2 diabetes status and 

diabetic complications. 

To compare mortality rates, we used a Cox proportional hazards regression analysis to 

compute age- and sex-adjusted 30-day and 31-365-day hazard ratios as estimates of the 

corresponding mortality rate ratios (MRRs) for patients with type 2 diabetes in each group of 

diabetic complications, compared with other ICU patients. The assumption of proportional 

hazards was checked graphically and found appropriate. We also examined mortality 

according to duration of type 2 diabetes, because patients with long-standing diabetes may 

have more severe chronic end-organ damage. Duration of type 2 diabetes was defined as 

years elapsed from the first diabetes diagnosis or the first prescription for an antidiabetic 

drug. 
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To address the impact of potential confounders other than age and sex, we conducted 

a second analysis that was further adjusted for other preadmission chronic disease, diagnostic 

category, medical/surgical admission type, and marital status (i.e., all variables listed in Table 

1 excepting ICU treatments). We also repeated the analyses excluding patients identified 

using only HbA1c criteria (n = 568), because they may have had more mild diabetes. 

To address the potentially different effects of type 2 diabetes in subgroups (effect 

measure modification), we stratified the analyses by age group, sex, diagnostic category 

(including the following non-endocrinology disease groups: pneumonia, other infectious 

disease, cardiovascular, respiratory, gastrointestinal/liver, cancer, trauma/poisoning, and 

other diseases), treatment with mechanical ventilation, and surgical/medical admission type. 

(see Supplemental Table S1 for diagnostic codes) 

All analyses were conducted using the software package Stata, version 10.1 

(StataCorp, College Station, TX, USA). The study was approved by the Danish Data 

Protection Agency. 

 

RESULTS 

Descriptive data 

The study cohort consisted of 39,286 patients aged 40 years or older admitted to ICUs in 

Northern Denmark during the six-year study period. Among these, 6,027 (15.3%) had type 2 

diabetes and 33,259 (84.7%) did not have diabetes. Diabetes was identified by a previous 

inpatient or outpatient hospital diagnosis in 4,475 patients (74.2%), by a prescription for 

antidiabetic drugs alone in 960 patients (15.9%), and by an elevated HbA1c test alone in 568 

patients (9.4%). Most of the ICU patients with type 2 diabetes did not have a history of heart 
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or kidney disease (n = 4,521, 75.0%); 1,103 (18.3%) had comorbid heart disease alone, 260 

(4.3%) had comorbid kidney disease alone, and 142 (2.4%) had both of these complications. 

The median age was 70 years in patients with type 2 diabetes and 67 years in other 

ICU patients. There were slightly more men among the type 2 diabetes patients (60.3%) than 

among other ICU patients (56.9%) (Table 1). Patients with type 2 diabetes were more likely 

to have a previous diagnosis of other lifestyle-associated diseases, such as chronic pulmonary 

disease, liver disease, and obesity. Cancer was slightly more frequent in patients without type 

2 diabetes. There was no major difference in marital status between the two groups (Table 1). 

Type 2 diabetes patients with previous heart disease were older (median age, 72 

years) and more had chronic pulmonary disease. Surprisingly, more than 90% of patients 

with kidney complications also had chronic pulmonary disease (Table 1). Mechanical 

ventilation was provided in approximately 40% of both uncomplicated type 2 diabetes 

patients and other ICU patients, and renal replacement therapy was provided in 3% of 

uncomplicated type 2 diabetes patients and more than 20% of patients with kidney 

complication, compared with 4% of other ICU patients. Treatment with inotropes or 

vasopressors was also more frequent among type 2 diabetes patients with heart and/or kidney 

disease (Table 1). Most type 2 diabetes patients with kidney complications were non-surgical 

ICU patients (Table 1). 

 

Mortality 

Thirty-day mortality was 22.9% (95% CI 21.9%24.0%) in type 2 diabetes patients and 

18.4% (95% CI 18.0%18.8%) in other ICU patients. Mortality in type 2 diabetes patients 

ranged from 22.1% among those without complications to 34.5% among those with diabetes 
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complicated by both heart and kidney disease. Type 2 diabetes was also associated with 

increased mortality compared with other patients after age and sex adjustment, adjusted MRR 

was 1.18 (95% CI 1.111.25). Additionally, type 2 diabetes complicated by heart disease was 

associated with a slight mortality increase (adjusted MRR 1.12 [95% CI 0.991.27]). Type 2 

diabetes patients with chronic kidney disease had markedly increased mortality compared 

with patients without diabetes, both when kidney disease was the only complication [adjusted 

MRR 1.65 [95% CI 1.322.05]) and when combined with heart disease (MRR 1.66 [95% CI 

1.262.21]). Duration of diabetes had no impact on mortality (Table 2). 

Additional adjustment for other chronic diseases, diagnostic category, surgical/medical 

admission, and marital status decreased the overall MRR without changing the conclusion 

(adjusted MRR 1.12 [95% CI 1.051.19]). Additionally, in diabetes subcategories the 

estimates moved further towards one: adjusted MRR for uncomplicated diabetes was 1.12 

(95% CI 1.051.20); 1.09 (95% CI 0.961.23) if complicated by heart disease; 1.17 (95% CI 

0.921.50) if complicated by kidney disease; and 1.17 (95% CI 0.871.58) if complicated by 

both heart and kidney disease. 

The long-term mortality from day 31 to day 365 after ICU admission was 17.3% 

(95% CI 16.2%18.5%) among type 2 diabetes patients and 13.7% (95% CI 13.2%14.1%) 

among other ICU patients. Mortality rose to approximately 30% in type 2 diabetes patients 

with kidney disease (Fig. 1 and Table 2). The adjusted long-term MRR was 1.20 (95% CI 

1.111.30), and peaked at 2.25 (95% CI 1.712.96) in type 2 diabetes patients with kidney 

disease (Table 2). 

Among the 6,027 type 2 diabetes patients, 568 (9.4%) were included only because of 

an HbA1c test result indicating diabetes. Excluding these patients did not affect the overall 
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estimates (overall 30-day MRR 1.18 [95% CI 1.111.25] and overall 31-365day MRR 1.19 

[95% CI 1.091.29]). 

 

Stratified analyses 

The effect of type 2 diabetes on mortality was primarily in patients aged 60 years or older. 

There were no sex-associated differences (Fig. 2). 

Type 2 diabetes had no impact on mortality in ICU patients hospitalized because of 

infectious diseases, including pneumonia, and cardiovascular disease. The estimates were 

close to the overall result for patients admitted with cancer, respiratory diseases, 

gastrointestinal/liver disease, and trauma/poisoning (Fig. 2). 

Overall, there were no major differences in the impact of type 2 diabetes among 

surgical (adjusted MRR 1.17 [95% CI 1.071.27]) and medical ICU patients (adjusted MRR 

1.11 [95% CI 1.021.20]) (Fig. 2). The association was less pronounced in patients treated 

with mechanical ventilation (adjusted MRR 1.06 [95% CI 0.981.15]) than in patients not 

receiving mechanical ventilation (adjusted MRR 1.29 [95% CI 1.191.41]) (Fig. 2). 

 

DISCUSSION 

This is the first study to report one-year mortality among intensive care patients with type 2 

diabetes. During the entire follow-up period, the mortality rate was 20% higher among ICU 

patients with type 2 diabetes than among other ICU patients. The excess risk was most 

pronounced in diabetic patients with chronic kidney disease, while preadmission heart disease 
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did not further increase mortality. The impact of type 2 diabetes was primarily in patients 

aged 60 years or older. 

In contrast to our findings, the three previous studies observed no increased short-

term mortality among intensive care patients with diabetes. A cohort study conducted in the 

United States that included more than 1.5 million ICU patients from an administrative 

database reported in-hospital mortality of 8.8% in diabetic patients and 9.7% in other ICU 

patients, corresponding to an age-adjusted odds ratio of 0.79 (95% CI 0.780.80) in the 

overall cohort, and 1.01 (95% CI 0.921.11) in 36,414 patients in which diabetes history was 

obtained by nurses at ICU admission (19). In a European study of 3,147 patients from 198 

ICUs, insulin-treated diabetes was associated with slightly increased crude in-hospital 

mortality (28% vs. 24%, corresponding to a relative mortality risk of 1.17), which is 

compatible with our finding; however, the hazard ratio for in-hospital mortality within 28 

days was 0.78 (95% CI 0.581.07) after adjustment for age, liver cirrhosis, SAPS II score, 

and mechanical ventilation (20). Adjustment for factors influenced by diabetes may have 

biased any true association towards the null. Another cohort study included 830 patients with 

severe sepsis from the control group of an international multicenter trial conducted in 

19982000 (18). Although the 28-day mortality rates were very similar in ICU patients with 

and without diabetes (31.4% vs. 30.5%), type 2 diabetes patients with severe chronic 

complications may have been excluded by one of several exclusion criteria in the trial (34). 

Very similar to our finding, a recent meta-analysis observed that an unadjusted odds 

ratio for death within 30 days of ICU admission was 1.19 (95% CI 0.961.47) in diabetes 

patients compared with other ICU patients. In contrast to our finding, diabetes was associated 

with markedly increased mortality in surgical patients (OR 1.62 [95% CI 1.132.34]); 
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however, the study may have included patients admitted only for postoperative recovery, 

because mortality was as low as 2.5% in surgical ICU patients (17). 

In summary, several issues may explain the varied findings, including bias from the 

selection of study participants, bias from inaccurate diabetes information, uncontrolled 

confounding, or chance. Reported diabetes prevalence in previous studies ranged from 7.2% 

(20) to 22.7% (18). Importantly, identification of diabetes by insulin-treatment, chart review, 

or registration during index hospitalization could bias the results towards no association if 

diabetes was underreported in patients with other and more severe diagnoses, or if non-

diabetic patients with stress hyperglycemia during their current ICU admission were 

registered as having diabetes (35). 

The present study was conducted in a population-based hospital setting within a 

uniform health care system with little racial or socioeconomic diversity. However, several 

issues must be considered in the interpretation of our data. We relied on routine registrations 

to identify ICU admissions. The registrations of ICU admissions in the DNRP are considered 

approximately 95% complete and 99% accurate (24), thereby limiting selection bias. We also 

had complete follow-up for death and accurate data regarding diabetes before the index 

hospitalization, which limits information bias (6), and undetected diabetes patients will bias 

our results towards no association. Although diagnostic coding of heart and kidney diseases is 

valid (33), we did not estimate the glomerular filtration rate to assess severity of kidney 

dysfunction. We also assumed that heart and kidney diseases diagnosed in the period from 

one year before diagnosis of type 2 diabetes until the current hospitalization could be ascribed 

to diabetes. However, there may be exceptions, such as patients who become diabetic when 

their glomerulonephritis is treated with glucocorticoids. In addition, any impact of 

undiagnosed heart disease may have biased our results regarding type 2 diabetes with heart 
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disease towards the null. Finally, we cannot rule out effects from unmeasured confounding by 

lifestyle factors such as smoking and body mass index, as our estimates decreased slightly 

when further adjusted for a previous diagnosis of lifestyle-associated chronic diseases, 

including chronic pulmonary disease, alcoholism, and obesity. 

Several mechanisms may explain our findings. First, preclinical studies suggest that 

diabetes is associated with immune dysfunction, endothelial dysfunction, and procoagulation 

(7), which may increase risk and worsen prognosis of critical illness, including sepsis and 

organ dysfunction, although clinical data are conflicting (23,36). Second, clinical awareness 

of critical complications in diabetes patients may lead to earlier ICU admission with milder 

acute illness; however, previous studies do not support this hypothesis, as they observed 

higher severity of illness in diabetes patients (18-20,36). Third, type 2 diabetes patients often 

receive preadmission cardioprotective drugs, such as statins and betablockers, which may 

affect the prognosis of critical illness and explain how coexisting heart disease was not 

associated with any further mortality risk (37,38). Fourth, antidiabetic drugs may have anti-

inflammatory and anti-coagulative effects that may be beneficial during critical illness (21), 

although the potential beneficial effect of intensive insulin therapy is not observed in ICU 

patients with diabetes (39). 

This study demonstrates that type 2 diabetes may affect the clinical course of ICU 

patients, and those with chronic kidney disease may be at particularly high risk, which may 

be of interest both in the clinical setting and for planning preventive initiatives. However, our 

observational study used existing data and we had limited clinical data to explore underlying 

mechanisms such as severity of illness. Equal access to health care in Denmark strengthens 

the study’s internal validity at the expense of generalizability to other and more diverse health 

care systems. 
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In conclusion, ICU patients with type 2 diabetes experienced higher mortality than 

other ICU patients for up to one year after ICU admission. The impact was most pronounced 

in those with chronic kidney disease. 
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Table 1—Characteristics of intensive care patients with and without type 2 diabetes and 

among type 2 diabetes patients according to history of heart and kidney disease 

 No diabetes 
 

Type 2 diabetes 

  
 

All Major diabetes-related complications† 

  
   

No 

 

Heart 

disease 

 

Kidney 

disease 

 

Heart+kidney 

disease 

 n = 33,259 

(%)  

 n = 6,027 

(%) 

n = 4,521 

(%)  

n = 1,103 

(%) 

n = 261 

 (%) 

n = 142  

(%) 

Age group  
 

     

4059 years 9,989 (30.0) 
 

1,094 (18.2) 910 (20.1) 128 (11.6) 44 (16.9) 12 (8.5) 

6079 years 17,684 (53.2) 
 

3,861 (64.1) 2,846 (63.0) 743 (67.4) 173 (66.3) 99 (69.7) 

80+ years 5,586 (16.8) 
 

1,072 (17.8) 765 (16.9) 232 (21.0) 44 (16.9) 31 (21.8) 

Age, median (IQR*) 67 (57-76) 
 

70 (62-77) 69 (61-77) 72 (65-78) 71 (63-77) 74 (68-78) 

Sex  
 

     

Female 14,328 (43.1) 
 

2,393 (39.7) 1,845 (40.8) 402 (36.5) 98 (37.6) 48 (33.8) 

Male 18,931 (56.9) 
 

3,634 (60.3) 2,676 (59.2) 701 (63.6) 163 (62.5) 94 (66.2) 

Marital status  
 

     

Married 18,283 (55.0) 
 

3,093 (51.3) 2,323 (51.4) 570 (51.7) 127 (48.7) 73 (51.4) 

Never married 3,587 (10.8) 
 

617 (10.2) 472 (10.4) 96 (8.7) 35 (13.4) 14 (9.9) 

Divorced 4,567 (13.7) 
 

905 (15.0) 700 (15.5) 147 (10.4) 34 (13.0) 24 (16.9) 

Widowed 6,744 (20.3) 
 

1,407 (23.3) 1,021 (22.6) 290 (26.3) 65 (24.9) 31 (21.8) 

Unknown 78 (0.2) 
 

5 (0.1) 5 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 

Other preadmission morbidity‡  
 

     

Dementia 337 (1.0) 
 

68 (1.1) 44 (1.0) 14 (1.3) 4 (1.5) 6 (4.2) 

Chronic pulmonary disease 906 (2.7) 
 

631 (10.5) 180 (4.0) 78 (7.1) 239 (91.6) 134 (94.4) 

Connective tissue disease 945 (2.8) 
 

243 (4.0) 147 (3.3) 65 (5.9) 22 (8.4) 9 (6.3) 

Liver disease 769 (2.3) 
 

202 (3.4) 170 (3.8) 23 (2.1) 7 (2.7) 2 (1.4) 

Cancer 5,189 (15.6) 
 

801 (13.3) 645 (14.3) 112 (10.2) 34 (13.0) 10 (7.0) 

Metastatic cancer 840 (2.5) 
 

109 (1.8) 92 (2.0) 14 (1.3) 2 (0.8) 1 (0.7) 

Alcoholism 2,458 (7.4) 
 

399 (6.6) 323 (7.1) 46 (4.2) 21 (8.1) 9 (6.3) 

Obesity 620 (1.9) 
 

603 (10.0) 395 (8.7) 152 (13.8) 35 (13.4) 21 (14.8) 
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 No diabetes 
 

Type 2 diabetes 

  
 

All Major diabetes-related complications† 

  
   

No 

 

Heart 

disease 

 

Kidney 

disease 

 

Heart+kidney 

disease 

 n = 33,259 

(%)  

 n = 6,027 

(%) 

n = 4,521 

(%)  

n = 1,103 

(%) 

n = 261 

 (%) 

n = 142  

(%) 

ICU admission type  
 

     

Medical 11,620 (34.9) 
 

2,408 (40.0) 1,796 (39.7) 416 (37.7) 123 (47.1) 73 (51.4) 

Surgical 21,639 (65.1) 
 

3,619 (60.0) 2,725 (60.3) 687 (62.3) 138 (52.9) 69 (48.6) 

Intensive care treatments  
 

     

Mechanical ventilation 13,224 (39.8) 
 

2,569 (42.6) 1,886 (41.7) 542 (49.1) 99 (37.9) 42 (29.6) 

Renal replacement therapy 1,240 (3.7) 
 

394 (6.5) 261 (5.8) 47 (4.3) 57 (21.8) 29 (20.4) 

Treatment with 

inotropes/vasopressors 

9,216 (27.7) 
 

1,938 (32.2) 1,410 (31.2) 386 (35.0) 101 (38.7) 41 (28.9) 

† First diagnosed from one year before first diabetes diagnosis/antidiabetic prescription until the current hospital 

admission. 

‡ Any diagnosis within five years before the current hospital admission 

* IQR = interquartile range 
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Table 2—Thirty-day and 31365-day mortality and mortality rate ratio (MRR), including type 2 diabetes patients with/without history of heart 

and kidney disease, as well as diabetes duration 

 N 30-day  31365day-mortality 

  Mortality, % 

(95%CI)  

Crude MRR 

(95%CI) 

Adjusted* MRR 

(95%CI) 

 Mortality, % 

(95%CI) 

Crude MRR 

(95%CI) 

Adjusted* MRR 

(95%CI) 

Diabetes status and complications         

No diabetes 33,259 18.4 (18.018.8) 1.00 (ref.) 1.00 (ref.)  13.7 (13.214.1) 1.00 (ref.) 1.00 (ref.) 

Type 2 diabetes 6,027 22.9 (21.924.0) 1.28 (1.201.35) 1.18 (1.111.25)  17.3 (16.218.5) 1.29 (1.191.40) 1.20 (1.111.30) 

Without complications 4,521 22.1 (20.923.3) 1.22 (1.141.31) 1.16 (1.081.24)  16.1 (14.917.4) 1.18 (1.081.30) 1.12 (1.021.23) 

With heart disease† 1,103 23.0 (20.625.6) 1.29 (1.141.46) 1.12 (0.991.27)  18.3 (15.821.2) 1.40 (1.191.66) 1.22 (1.031.44) 

With kidney disease‡ 261 30.7 (25.536.7) 1.79 (1.432.23) 1.65 (1.322.05)  30.7 (24.338.3) 2.43 (1.853.20) 2.25 (1.712.96) 

With heart† and kidney disease‡ 142 34.5 (27.343.0) 2.06 (1.562.73) 1.66 (1.262.21)  29.6 (21.140.3) 2.39 (1.623.51) 1.91 (1.302.81) 

Diabetes duration         

02 years 1,849 21.9 (20.123.9) 1.00 (ref.) 1.00 (ref.)  18.1 (16.120.2) 1.00 (ref.) 1.00 (ref.) 

35 years 1,101 21.6 (19.224.1) 0.98 (0.841.15) 1.02 (0.871.19)  16.2 (13.818.9) 0.89 (0.721.10) 0.90 (0.731.11) 

610 years 1,396 24.2 (22.026.5) 1.11 (0.961.28) 1.09 (0.941.25)  16.8 (14.619.3) 0.93 (0.771.14) 0.90 (0.741.10) 

>10 years 1,681 23.8 (21.825.9) 1.10 (0.961.26) 1.06 (0.921.21)  17.8 (15.720.1) 0.99 (0.821.19) 0.95 (0.791.14) 

† Heart diseases included myocardial infarction and congestive heart failure. 

‡ Kidney diseases included chronic kidney disease. 

* Adjusted for age and sex  
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FIGURES 

 

Figure 1—Cumulative one-year mortality among intensive care patients without diabetes, 

patients with uncomplicated type 2 diabetes, and patients with type 2 diabetes complicated by 

heart and/or kidney disease. 
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Figure 2—Thirty-day mortality rate ratio (MRR) comparing type 2 diabetes patients with 

other ICU patients, stratified by age, sex, diagnostic category (main reason for 

hospitalization), surgery at or before intensive care unit (ICU) admission, and mechanical 

ventilation. 
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ONLINE-ONLY SUPPLEMENTAL MATERIAL 

 

Supplemental Table S1. International Classification of Diseases, 8
th

 (ICD-8) and 10
th

 revision 

(ICD-10) diagnosis codes. 

 
 

 ICD-8 ICD-10 

Diabetes 249, 250 E10-E14, O24 (except O24.4), G63.2, H36.0, N08.3 

Chronic kidney disease 249.02, 250.02, 403-

404, 580-584,  590.09, 

593.20, 753.10, 753.19 

N00-N01, N03-N05, N07, N08 N11, N14-N16, N18-

N19, N26, N27, I12, I13, I15.0, I15.1, Q61.1-Q61.4, 

E10.2, E11.2, E14.2 

Heart disease (myocardial infarction and 

heart failure) 

410, 427.09, 427.10, 

427.11, 427.19, 428.99, 

782.49 

I21, I22, I23, I50, I11.0, I13.0, I13.2 

Obesity - E66 

Alcoholism** - F10 (except F10.0), G31.2, G62.1, G72.1, I 42.6, K29.2, 

K86.0, Z72.1 

Polycystic ovarian syndrome - E28.2 

Diagnostic category   

Pneumonia - J12-J18, A48.1, A70.9 

 

Infectious diseases excluding pneumonia - A00-B99 (without A48.1, A70.9), G00-G07, I00-I02, 

I30.1, I32.0, I33, I38, I40.0, J00-J06, J36, J39.0, J10-J11, 

J20-J22, J85.1, J86, K35, K37, K57.0, K57.2, K57.4, 

K57.8, K61, K63.0, K65.0, K65.9, K67, K75.0, K75.1, 

K80.0, K80.3, K80.4, K81.0, K81.9, K83.0, L00-L03, 

L05-L08, M00, M01, M86, N10, N12, N15.1, N30, 

N39.0, N41, N45, N70-N77 

Diabetes - E10-E14, O24 (except O24.4), G63.2, H36.0, N08.3 

Endocrinology excluding diabetes - E00-E90 (without E10-E14) 

Cardiovascular diseases - I00-I99 without I00-I02, I30.1, I32.0, I33, I38, I40.0 

Respiratory diseases - J00-J99 without J00-J06, J36, J39.0, J10-J11, J12-J18, 

J20-J22, J85.1, J86 

Gastrointestinal and liver disease 

 

- K00-K99 without , K35, K37, K57.0, K57.2, K57.4, 

K57.8, K61, K63.0, K65.0, K65.9, K67, K75.0, K75.1, 

K80.0, K80.3, K80.4, K81.0, K81.9, K83.0 

Cancer - C00-D89 

Trauma and poisoning - S00-T98 

Other  

 

- all codes not included in other categories 
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Supplemental Table S2. Anatomical Therapeutical Chemical (ATC) codes for included drugs. 
 

 

 ATC-code 

Antidiabetic drugs (insulin, oral antidiabetic drug) A10A, A10B 

Disulfiram N07BB01 
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Abstract 

Rationale: Metformin has anti-inflammatory and anti-thrombotic effects that may improve 

the outcome of critical illness, but clinical data are limited. 

Objectives: To examine the impact of preadmission metformin use on mortality among 

intensive care patients with type 2 diabetes. 

Methods: Cohort study of type 2 diabetic patients admitted to intensive care units in Northern 

Denmark (population~1.8 million) in 2005−2010. By individual-level linkage of medical 

databases, diabetes was identified by previous diabetes hospital diagnoses, filled prescriptions 

for antidiabetic drugs, or elevated hemoglobin A1c. Metformin use was identified by filled 

prescriptions within 90 days before admission. Covariates included among others surgery, 

preadmission morbidity, diabetes duration, and organ dysfunction. We computed 30-day 

mortality and adjusted mortality rate ratios adjusted for covariates in the overall cohort and 

after propensity score matching. 

Measurements and Main Results: Among 6,170 type 2 diabetes patients (13.2% of all ICU 

patients), 827 (13.4%) used metformin as monotherapy and 1,101 (17.8%) in combination 

with other antidiabetic drugs. Metformin users had less comorbidity and less organ 

dysfunction upon ICU admission. The 30-day mortality was 16.9% among metformin 

monotherapy users, 18.0% among metformin combination therapy users, and 25.0% among 

non-users. The adjusted mortality rate ratio was 0.79 (95% confidence interval (CI): 

0.66−0.95) for metformin monotherapy users and 0.83 (95% CI: 0.71−0.97) for metformin 

combination therapy users, compared to non-users. Adjustment for organ dysfunction had no 

influence on the estimates. Propensity score matched analyses revealed similar estimates. 
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Conclusions: Preadmission metformin use was associated with a reduced mortality among 

intensive care patients with diabetes. 
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Introduction 

Metformin is a widely used drug in the treatment of patients with type 2 

diabetes.
1;2

 The use of metformin increased dramatically after 1998, when the UK Prospective 

Diabetes Study (UKPDS) found reduced all-cause mortality and cardiovascular event rate 

among metformin users compared with users of other antidiabetic drugs.
3;4

 Despite this, 

treatment with metformin is generally not recommended during hospitalization because of the 

potential risk of lactic acidosis reported in patients with severe kidney, liver, or heart disease, 

and after major surgery.
5-7

 The low observed rate of lactic acidosis in acutely ill patients 

should be balanced against the possible beneficial effects of metformin.
8
 

Metformin has pleiotropic effects.
9
 The hypoglycemic effect of metformin is 

mediated through increased glucose sensitivity in pancreatic islet cells, increased peripheral 

glucose utilization, and decreased hepatic gluconeogenesis.
10

  In addition, experimental 

animal studies found that metformin has anti-inflammatory and anti-thrombotic effects that 

may influence the outcome of critical illness by attenuating the development and progression 

of acute organ dysfunction, such as acute lung injury.
11-13

   

Only few human studies have examined the effect of metformin in relation to 

critical illness. A clinical trial of 21 intensive care unit (ICU) patients found anti-

inflammatory properties of metformin when added to intensive insulin therapy.
14

 In a cohort 

of 1,284 diabetes patients who underwent cardiac surgery, preadmission metformin was 

associated with a more than 50% decreased post-operative morbidity rate, including 

infections, and with a substantial decrease in inpatient mortality.
15

 Any potential impact may, 

however, be limited to conditions with an early phase of high-grade inflammation,
16;17

 as 

metformin use was not associated with mortality in patients with acute myocardial 
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infarction.
18-20

 Still, no data exist on the impact of metformin on mortality after intensive care 

admission.  

Examination of the association between preadmission metformin use and 

mortality following ICU admission may promote understanding of disease processes and may 

elucidate future therapeutic targets. We therefore examined whether preadmission metformin 

use was associated with decreased 30-day mortality among ICU patients with type 2 diabetes. 

Some of the results of this study have been previously reported in the form of an abstract.
21

 

 

Methods 

This cohort study included type 2 diabetes patients living in Northern Denmark who were 

admitted to one of the 17 ICUs in the region between January 1, 2005 and December 31, 

2010.
22

 Data collection was based on unambiguous individual-level linkage between medical 

registries and databases,
23-25

 using a unique person identifier assigned to each Danish 

citizen.
26;27

 For methodological details, see the online supplement. 

 

Intensive care patients with type 2 diabetes 

We identified type 2 diabetic patients using a previously validated algorithm including any 

previous inpatient or outpatient clinic diagnosis of diabetes after age 30, or any filled 

prescription for an oral antidiabetic drug.
28

 We further included patients diagnosed before age 

30 if they had not filled any prescriptions for insulin within a year before admission, and 

patients with HbA1c level of 6.5% or more within a year before admission.
5
 Non-diabetic 

patients with metformin-treated polycystic ovarian syndrome were excluded (n = 15).
19
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Preadmission metformin use 

We identified all prescriptions for antidiabetics including metformin through a complete 

population-based prescription database.
23

 Metformin use was defined by a filled prescription 

within 90 days before admission.
29

 

 

Covariates 

We used the Sequential Organ Failure Assessment (SOFA) score to assess organ-specific 

dysfunction of kidney, liver, or coagulation system.
25;30

  

We obtained demographic data on age, sex, and marital status, and diagnoses from hospital 

contacts with chronic diseases within five years before the current admission.
31

 We also 

included data on preadmission prescriptions for low-dose aspirin, beta-blockers, and 

statins.
23;32-34

 

 

Statistical analyses 

We described covariates and the rate of organ dysfunction in contingency tables. 

We had complete follow-up from date of ICU admission until date of death, or to censoring at 

emigration.
26

 Thirty-day mortality was assessed by the Kaplan-Meier method. We used a Cox 

proportional hazards regression analysis to compute hazard ratios (mortality rate ratios) 

adjusted for the covariates (age, sex, marital status, preadmission diseases, concurrent drug 

use, diabetes duration, HbA1c level, diagnostic category, and surgical/medical admission 
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type). We also stratified the analyses according to these covariates.
35

  In an additional analysis 

we also adjusted for organ dysfunction despite that it may be in the causal pathway.
36

  

We did several other additional analyses to support the main analyses. Propensity score 

adjusted and matched analyses were used to improve the adjustment for the likelihood for 

getting metformin.
37;38

 Propensity score matching of metformin users with non-users was 

possible in 1,765 (91.5%) patients within a range of +/- 0.025. Covariates were adequately 

balanced after matching.
39

 Current (prescription 0−90 days before ICU admission), recent 

(91−365 days), and former use (1−5 years) of metformin were compared with never use to 

provide evidence of timing of any drug effect. Current users were further divided in new and 

long-term users.
40

 We also compared metformin monotherapy with sulfonylurea monotherapy 

because these groups may have comparable and easier controllable type 2 diabetes. Last, we 

extended the exposure window from 90 to 180 and 365 days to assess sensitivity of the cut 

point. For methodological details and codes, see the online supplement. 

All analyses were conducted using the software package Stata, version 10.1. The study was 

approved by the Danish Data Protection Agency.  

 

Results 

The study included 6,170 adult type 2 diabetes patients, corresponding to 13.2% of 46,630 

adult patients admitted to the ICUs. Among type 2 diabetic patients, 827 (13.4%) were 

metformin monotherapy users, 1,101 (17.8%) used metformin in combination with other anti-

diabetic drugs, and 4,242 (68.3%) were non-users.  
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Descriptive data are presented in Table 1a. A larger proportion of metformin monotherapy 

and combination therapy users were younger than 80 years compared with non-users. Both 

groups of metformin users also had less preadmission morbidity, including cardiovascular, 

liver, renal, and chronic pulmonary diseases. Diabetic nephropathy and retinopathy were more 

common in metformin combination therapy users and non-users than in metformin 

monotherapy users. Long diabetes duration (5 years or more) and high preadmission glucose 

level (hemoglobin A1c greater than 8%) were more common in metformin combination 

therapy users and less common in metformin monotherapy users compared to non-users. 

Cardiovascular drugs, particular statins, were more frequently prescribed in metformin users 

than in non-users. (Table 1a) 

The primary diagnosis, registered for the current hospitalization, only differed slightly, with a 

larger proportion of metformin users admitted because of cardiovascular disease and a smaller 

proportion with infectious disease. (Table 1b) Sixty-four percent of metformin monotherapy 

users and 62% of metformin combination therapy users had surgical reason for ICU 

admission, compared to 59% of non-users. (Table 1b) Four (0.2%) of the metformin users had 

a primary diagnosis of lactic acidosis. (Data not shown) 

 

Organ dysfunction and organ supportive treatment 

Organ dysfunction at day of ICU admission, as evidenced by abnormal creatinine levels, 

bilirubin levels, and platelet counts, was less common in both metformin monotherapy users 

and metformin combination therapy users, compared with non-users. As expected, there was 

virtually no difference after propensity score matching because admission organ dysfunction 

was included in the score. (Table 1b) 
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Metformin users were more frequently treated with mechanical ventilation (48% vs. 39%), 

but there was virtually no difference in use of inotropes/vasopressors and renal replacement 

therapy. (Table 1b) When comparing the propensity score matched cohorts, all these intensive 

care treatments were slightly more common among metformin users. (Table 1b) 

 

Mortality 

Mortality data are presented in Table 2. Thirty-day mortality was 16.9% in metformin 

monotherapy users, 18.0% in metformin combination therapy users, and 25.0% in non-users. 

There were no major mortality differences between non-users who did not get antidiabetic 

drugs and users of sulfonylurea, insulin, or other/combination therapy. (Table 2)  

The mortality rate in metformin users were decreased in both monotherapy [adjusted MRR 

(aMRR) = 0.79 (95% CI: 0.66−0.95)] and combination therapy users [aMRR = 0.83 (95% CI: 

0.71−0.97)] compared to non-users after adjustment for age, sex, marital status, diabetes 

duration, high preadmission HbA1c, preadmission morbidity, concurrent cardiovascular 

medication, diagnostic category, and medical/surgical admission type. (Table 2) Further 

adjustment for organ dysfunction on ICU admission had no influence on the combined 

estimate for metformin use [aMRR = 0.79 (95% CI: 0.67−0.94)]. (Table 2) The propensity 

score adjusted analysis gave virtually the same estimates [metformin monotherapy: aMRR = 

0.80 (95% CI: 0.67−0.96); metformin combination therapy: aMRR = 0.88 (95% CI: 

0.75−1.03)].  

In the propensity score matched cohorts, 30-day mortality was 18.0% in metformin users 

combined and 20.7% in non-users, corresponding to an unadjusted MRR of 0.85 (95% CI: 
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0.73−1.00). As expected, further adjustment for variables originally included in the propensity 

score only slightly changed the estimate [aMRR = 0.82 (95% CI: 0.68−0.99)]. (Table 2) 

Among all 6,170 patients, 1,928 (31.2%) were current, 382 (6.2%) were recent, 483 (7.8%) 

were former, and 3,377 (54.7%) were never users of metformin. Compared to never users of 

metformin, current use was associated with decreased mortality rate [aMRR = 0.81 (95% CI: 

0.71−0.93)], while no such association was found in recent [aMRR = 1.01 (95% CI: 

0.81−1.27)] and former users [aMRR = 1.04 (95% CI: 0.85−1.26)]. Among current users, 111 

were new-users and 1,817 were long-term users. The decreased mortality was less 

pronounced in new users [aMRR = 0.90 (95% CI: 0.58−1.41)] than in long-term metformin 

users [aMRR = 0.81 (95% CI: 0.71−0.93)].  

The comparison of metformin monotherapy (n=827) with sulfonylurea monotherapy (n=799) 

revealed a slightly less pronounced association with an aMRR of 0.87 (95% CI: 0.69−1.10) 

but very similar in the propensity score adjusted analysis with a aMRR of 0.77 (95% CI: 

0.61−0.96). (Table 2) 

Changing the antidiabetic drug capture window from 90 to 180 or 365 days before ICU 

admission slightly increased the number of metformin users without changing the estimates 

considerably. (Data not shown) 

 

Stratified analyses 

Figure 1 illustrates the results of the stratified analyses. The mortality decrease was most 

pronounced in patients aged 60−79 years and in males, which include the groups that most 

commonly used metformin. Although the estimates were imprecise in subgroups, the 
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protective effect of metformin was most evident in those with a primary diagnosis of 

septicemia and other infectious diseases, and in patients with cancer. The mortality reduction 

was almost similar in medical and surgical ICU patients. The estimates were also very similar 

in patients with high/low preadmission hemoglobin A1c, and in those with and without 

chronic pulmonary disease. 

 

Discussion 

This was the first study to address the association between preadmission 

metformin use and outcome after ICU admission. Both use of metformin as monotherapy and 

in combination with other antidiabetic drugs was associated with a decreased 30-day mortality 

compared to non-use. The association persisted after adjustment for different admission 

pattern, organ dysfunction, and other potential confounders. Results were confirmed in a 

propensity score matched analysis.  

There are only very limited data on metformin use and outcome of critical 

illness. A US cohort study compared 1,284 cardiac surgery patients who received 

preadmission oral antidiabetic drugs with patients who did not. In a propensity score matched 

analysis metformin users had less postoperative morbidity, including infections (0.7% vs. 

3.2%). Mortality was non-significantly decreased (0.7% vs. 1.4%).
15

 An Iranian randomized 

trial of 21 patients with systemic inflammatory response syndrome examined the clinical 

effect of metformin during treatment in the ICU and found a decrease in pro-inflammatory 

cytokines and reduced insulin requirements when metformin was added to intensive insulin 

therapy.
14

 However, the study did not include data on clinical outcomes.  
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Our study also translate findings from experimental animal studies that found 

metformin treatment to be associated with decreased mortality in lipopolysaccharide induced 

acute lung injury or endotoxemia.
11;13

 These effects were mediated through attenuation of the 

pro-inflammatory response including a decrease in pro-inflammatory cytokines such as TNF-

α and IL-1β and decreased neutrophil activation through mitochondrial inhibition.
11;13

 The 

hyperinflammatory response is a central part of the pathogenesis in the early phase of sepsis 

and organ dysfunction,
16

 and early metformin treatment may have beneficially modulated this 

response. Beside the anti-inflammatory effects, the pleiotropic effects of metformin include 

fibrinolytic effects that may prevent microvasuclar thrombosis by reducing the level of 

plasminogen activator.
12

 We did not have clinical data to support the previous animal studies 

indicating a lower rate of acute lung injury.
13

 Actually, we found an increased rate of 

mechanical ventilation in metformin users compared with non-users, but we have no data on 

the indication and this might be imbalanced despite propensity score matching. 

Any effect of preadmission metformin in our study was most likely through mediation of the 

early response to critical illness, because metformin will often be switched to insulin at 

hospital admission. We can only speculate on any prolonged anti-inflammatory and 

anticoagulative effect after discontinuation.  

Several issues should be considered in the interpretation of our data. We had 

accurate data on ICU admissions, prescription data, and death during follow-up which limit 

information and selection bias. We used prescriptions for antidiabetic drugs as a proxy for 

current use, but any non-compliance would most likely bias our estimates towards no 

association.  We also included patients not receiving antidiabetic drugs in the comparison 

group of non-users. This is unlikely to bias our results as we found virtually the same 

mortality as in the other non-users, probably because this group comprised a mix of mild and 
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non-compliant diabetes patients. We had data on routine biochemical parameters, but lacked 

data on cardiovascular, respiratory, and cerebral dysfunction to compute the entire SOFA 

score or other severity-of-illness scores. Our assumption that missing biochemical variables 

are normal is generally accepted but may not be entirely true.
41

 

Metformin users were more often admitted after surgery; however, we found virtually the 

same association in medical and surgical ICU patients. Metformin is contraindicated in 

patients with severe congestive heart failure, or with severe liver or renal disease and should 

be used with caution in patients aged 80 years or older and in patients with chronic 

obstructive pulmonary disease.
5;6;42

 We adjusted for age and these diseases, but unmeasured 

differences may still influence our findings. We adjusted for diagnosed life-style related 

diseases, such as chronic pulmonary disease, obesity, alcohol-related disease, and 

cardiovascular disease. Unmeasured life-style factors are unlikely to explain our findings 

because there are no major difference in smoking, diet, and physical activity between users of 

different antidiabetic drugs in Denmark.
43

 This is also confirmed by the similar results when 

analyses were stratified in patients with and without chronic pulmonary disease. Obesity is, 

however, more frequent in metformin users and may be associated with lowered mortality in 

ICU patients.
44;45

 However, a true drug effect was supported by the fact that the decreased 

mortality was restricted to current metformin users while no such association was found in 

recent or former users, who are expected to be very similar with regard to indication for drug 

prescription including obesity. 

Although ICU patients may benefit from preadmission use of metformin, the 

effect and safety of metformin treatment initiation and continuation in patients who are 

already critically ill remain to be clarified. Routinely discontinuation of metformin at 

hospitalization may not be warranted. The non-randomized allocation of metformin treatment 
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may give rise to uncontrolled confounding, but altogether our analyses support a potential 

causal association between preadmission metformin use and decreased mortality.  

In conclusion, preadmission metformin use was associated with decreased 30-

day mortality among ICU patients with type 2 diabetes.  
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Table 1a. Patient characteristics in metformin users and non-users (overall and after propensity 

score matching). 

 All type 2 diabetic ICU patients (n=6,170)  Propensity score matched 

patients  

  

Metformin 

monotherapy 

users  

n=827 (%) 

 

 

Metformin 

combination 

therapy 

users 

n=1,101(%) 

 

All 

Metformin 

users 

n=1,928 (%) 

Non-users 

n=4,242 

(%) 

 

 

Metformin 

users 

n=1,765(%) 

Non-users 

n=1,765 (%) 

Age group        

15−39 18 (2.2) 14 (1.3) 32 (1.7) 111 (2.6)  31 (1.8) 30 (1.7) 

40−59 147 (17.8) 211 (19.2) 358 (18.6) 736 (17.4)  325 (18.4) 315 (17.9) 

60−79 563 (68.1) 765 (69.5) 1,328 (68.9) 2,533 (59.7)  1,200 (68.0) 1,205 (68.3) 

80+ 99 (12.0) 111 (10.1) 210 (10.9) 862 (20.3)  209 (11.8) 215 (12.2) 

Sex        

Female 325 (39.3) 416 (37.8) 741 (38.4) 1,747 (41.2)  688 (39.0) 685 (38.8) 

Male 502 (60.7) 685 (62.2) 1,187 (61.6) 2,495 (58.8)  1,077 (61.1) 1,080 (61.2) 

Marital status        

Married 462 (55.9) 619 (56.2) 1,081 (56.1) 2,070 (48.8)  980 (55.5) 990 (56.1) 

Never married 82 (9.9) 127 (11.5) 209 (10.8) 475 (11.2)  181 (10.3) 185 (10.5) 

Divorced 120 (14.5) 148 (13.4) 268 (13.9) 648 (15.3)  251 (14.2) 231 (13.1) 

Widowed 163 (19.7) 206 (18.7) 369 (19.1) 1,038 (24.5)  352 (19.9) 358 (20.3) 

Unknown 0 (0.0) 1 (0.1) 1 (0.1) 11 (0.3)  1 (0.1) 1 (0.1) 

Preadmission diseases        

Myocardial infarction 66 (7.9) 123 (11.2) 180 (9.3) 492 (11.6)  175 (9.9) 168 (9.5) 

Heart failure 71 (8.6) 118 (10.7) 189 (9.8) 665 (15.7)  184 (10.4) 190 (10.8) 

Peripheral vascular 

disease 

72 (8.7) 116 (10.5) 188 (9.8) 603 (14.2)  187 (10.6) 182 (10.3) 

Cerebrovascular disease 94 (11.4) 107 (9.7) 201 (10.4) 635 (15.0)  198 (11.2) 192 (10.9) 

Chronic pulmonary 

disease 

24 (2.9) 56 (5.1) 80 (4.2) 562 (13.3)  80 (4.5) 78 (4.4) 

Liver disease 17 (2.1) 13 (1.2) 30 (1.6) 180 (4.2)  30 (1.7) 31 (1.8) 

Moderate to severe renal 

disease 

15 (1.8) 30 (2.7) 45 (2.3) 434 (10.2)  45 (2.5) 48 (2.7) 

Cancer 103 (12.5) 125 (11.4) 228 (11.8) 582 (13.7)  223 (12.6) 235 (13.3) 

Metastatic cancer 15 (1.8) 23 (2.1) 38 (2.0) 73 (1.7)  33 (1.9) 33 (1.9) 

Diabetic retinopathy 26 (3.1) 105 (9.5) 131 (6.8) 369 (8.7)  128 (7.3) 117 (6.6) 

Diabetic nephropathy 10 (1.2) 39 (3.5) 49 (2.5) 319 (7.5)  49 (2.8) 53 (3.0) 

Hypertension 302 (36.5) 396 (36.0) 698 (36.2) 1,524 (35.9)  623 (35.3) 625 (35.4) 

Obesity 98 (11.9) 153 (13.9) 251 (13.0) 381 (9.0)  202 (11.4) 199 (11.3) 

Alcoholism 35 (4.2) 30 (2.7) 65 (3.4) 350 (8.3)  65 (3.7) 60 (3.4) 

Diabetes duration > 5 

years 

255 (30.8) 769 (69.9) 1,024 (53.1) 2,088 (49.2)  907 (51.4) 946 (53.6) 

Hemoglobin A1c* ≥ 8% 79 (9.6) 273 (24.8) 352 (18.3) 691 (16.3)  313 (17.7) 336 (19.0) 

Concurrent drug use        

Low-dose aspirin 349 (42.2) 459 (41.7) 808 (41.9) 1,474 (34.8)  696 (39.4) 699 (39.6) 

Beta-blockers 319 (38.6) 452 (41.1) 771 (40.0) 1,587 (37.4)  692 (39.2) 709 (40.2) 

Statins 518 (62.6) 727 (66.0) 1,245 (64.6) 1,875 (44.2)  1,083 (61.4) 1,094 (62.0) 

*Available in 4,365 (70.7%). 
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Table 1b. Characteristics of current hospitalization and ICU stay including primary diagnosis 

(diagnostic category), surgery, organ dysfunction, and ICU treatments in metformin users and non-

users (overall and after propensity score matching). 

 All type 2 diabetic ICU patients (n=6,170)  Propensity score matched 

patients  

  

Metformin 

monotherapy 

users  

n=827(%) 

 

Metformin 

combination 

therapy 

users 

n=1,101(%) 

All 

Metformin 

users 

n=1,928 (%) 

Non-users 

n=4,242 

n (%) 

 

 

Metformin 

users 

(n=1,765) 

n (%) 

Non-users 

(n=1,765) 

N (%) 

Diagnostic category        

Pneumonia 20 (2.4) 36 (3.3) 56 (2.9) 172 (4.1)  54 (3.1) 55 (3.1) 

Septicemia 27 (3.3) 25 (2.3) 52 (2.7) 144 (3.4)  50 (2.8) 48 (2.7) 

Other infectious diseases 36 (4.4) 57 (5.2) 93 (4.8) 271 (6.4)  91 (5.2) 86 (4.9) 

Diabetes 6 (0.7) 24 (2.2) 30 (1.6) 149 (3.5)  30 (1.7) 42 (2.4) 

Endocrinology excl. diabetes 12 (1.5) 27 (2.5) 39 (2.0) 73 (1.7)  34 (1.9) 31 (1.8) 

Cardiovascular diseases 292 (35.3) 411 (37.3) 703 (36.5) 1,205 (28.4)  623 (35.3) 616 (34.9) 

Respiratory diseases 63 (7.6) 94 (8.5) 157 (8.1) 289 (6.8)  130 (7.4) 130 (7.4) 

Gastrointestinal and liver 

diseases 

91 (11.0) 101 (9.2) 192 (10.0) 524 (12.4)  187 (10.6) 177 (10.0) 

Cancer and other neoplasm 102 (12.3) 112 (10.2) 214 (11.1) 494 (11.7)  206 (11.7) 229 (13.0) 

Trauma and poisoning 81 (9.8) 94 (8.5) 175 (9.1) 342 (8.1)  155 (8.8) 148 (8.4) 

Other 97 (11.7) 120 (10.9) 217 (11.3) 579 (13.7)  205 (11.6) 203 (11.5) 

Surgical ICU admission 531 (64.2) 685 (62.2) 1,216 (63.1) 2,480 (58.5)  1,112 (63.0) 1,103 (62.5) 

Organ dysfunction on day of 

ICU admission* 

       

SOFA − Renal score ≥ 1 

(Creatinine ≥ 110 µmol/L) 

151 (18.3) 236 (21.4) 387 (20.1) 1,258 (29.7)  374 (21.2) 377 (21.4) 

SOFA − Liver ≥ 1  

(Bilirubin ≥ 20 µmol/L) 

36 (4.4) 56 (5.1) 92 (4.8) 355 (8.4)  88 (5.0) 87 (4.9) 

SOFA − Coagulation ≥ 1 

(Platelet count < 150 x10
9
/L) 

113 (13.7) 167 (15.2) 280 (14.5) 772 (18.2)  271 (15.4) 260 (14.7) 

ICU treatments        

Mechanical ventilation 394 (47.6) 539 (49.0) 933 (48.4) 1,664 (39.2)  837 (47.4) 764 (43.3) 

Renal replacement therapy 56 (6.8) 67 (6.1) 123 (6.4) 279 (6.6)  112 (6.4) 86 (4.9) 

Treatment with 

inotropes/vasopressors 

280 (33.9) 369 (33.5) 649 (33.7) 1,304 (30.7)  605 (34.3) 524 (29.7) 

*Subsample of 4,156 (67.4%) with laboratory database coverage.  

SOFA = the Sequential Organ Failure Assessment score  
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Table 2. 30-day mortality and mortality rate ratios (MRRs) for metformin users and non-users among type 2 diabetics admitted to intensive care 

units in Northern Denmark. 

 n 30-day mortality, 

% (95% CI) 

Crude MRR 

(95%CI) 

Adjusted* MRR 

(95%CI) 

Propensity score 

adjusted MRR 

(95%CI) 

Overall analysis      

Metformin users 1,928 17.5 (15.9−19.3) 0.67 (0.59−0.76) 0.81 (0.71−0.92) 0.84 (0.74−0.96) 

Metformin monotherapy 827 16.9 (14.5−19.6) 0.64 (0.54−0.77) 0.79 (0.66−0.95) 0.80 (0.67−0.96) 

Metformin combination therapy 1,101 18.0 (15.8−20.4) 0.69 (0.59−0.80) 0.83 (0.71−0.97) 0.88 (0.75−1.03) 

Metformin non-user 4,242 25.0 (23.7−26.3) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

- Sulfonylurea monotherapy 799 25.4 (22.6−28.6) − − − 

- Insulin monotherapy 1,160 26.1 (23.6−28.7) − − − 

- Other/combination 189 23.8 (18.4−30.6) − − − 

- No pharmacotherapy 2,094 24.3 (22.5−26.2) − − − 

      

Subsample with laboratory data 

(n=4,156) 

     

Metformin users 1,325 14.8 (12.9−16.9) 0.62 (0.52−0.73) 0.79 (0.66−0.93) 0.85 (0.71−1.01) 

Metformin users, adjusted for 

admission organ dysfunction 

1,325 14.8 (12.9−16.9) 0.62 (0.52−0.73) 0.79 (0.67−0.94) − 

Metformin non-users 2,831 22.8 (21.5−24.4) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Propensity score matched cohorts      

Metformin users 1,765 18.0 (16.3−19.8) 0.85 (0.73−1.00) 0.82 (0.68−0.99) 0.86 (0.72−1.02) 

Metformin non-user 1,765 20.7 (18.9−19.8) 1.00 (Ref.) 1.00 (Ref.) 1.00 (ref.) 

Monotherapy comparison      

Metformin monotherapy 827 16.9 (14.5−19.6) 0.63 (0.51−0.78) 0.87 (0.69−1.10) 0.77 (0.61−0.96) 

Sulfonylurea monotherapy 799 25.4 (22.6−28.6) 1.00 (Ref.) 1.00 (Ref.) 1.00 (ref.) 

*Adjusted for all variables in Table 1a and 1b, except organ dysfunction and ICU treatments.
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Figure 1. Adjusted mortality rate ratios (MRRs) in metformin users compared with non-users 

stratified by subgroups of type 2 diabetes patients admitted to intensive care units in Northern 

Denmark. 
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SUPPLEMENTARY MATERIALS: 

 

Methods in details 

We conducted this cohort study among persons with type 2 diabetes who were admitted to an 

ICU in Northern Denmark between January 1, 2005 and December 31, 2010.
22

 Data 

collection was based on unambiguous individual-level linkage between medical registries and 

databases using the unique Danish Civil Registration number (CPR-number) assigned to each 

Danish citizen at birth or upon immigration.
26

 Denmark provides tax-financed health care, 

including partial reimbursement of drugs, including antidiabetic drugs, for all Danish citizens. 

All ICUs in Denmark are located in public hospitals. Northern Denmark has 17 ICUs, 

including eight units in university hospitals and nine multidisciplinary units in regional 

hospitals.  

Intensive care patients with type 2 diabetes 

We used the Danish National Registry of Patients (DNRP) to identify adult persons (aged 

15+) who were admitted to an ICU during the study period (n=46,630). We required that 

study participants should have lived in the area for at least two years, in order to ensure a 

complete history of laboratory and prescription data. Virtually all admissions to Danish 

hospitals since 1977 and outpatient clinic visits since 1995 are registered in the DNRP.
24

 Data 

include CPR number, dates of hospital admission and discharge, one primary diagnosis (main 

reason for hospitalization), up to 19 secondary diagnoses, surgical procedures, and major 

treatments. Diagnoses are coded according to the International Classification of Diseases, 8
th

 

edition (ICD-8) until 1993 and 10
th

 edition (ICD-10) thereafter. Registration of intensive care 

therapy is considered accurate and virtually complete since 2005.
22
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We defined diabetic patients as patients with either 1) a previous hospital diagnosis of 

diabetes since 1977, or 2) any prescription for an antidiabetic drug since 1998, or 3) a 

hemoglobin A1c level elevated of 6.5% or more within the year before ICU admission. 

Patients were considered to have type 2 diabetes, and not type 1 diabetes, if they were 

diagnosed with diabetes after age 30, diagnosed under age 30 but had not filled any 

prescriptions for insulin within the year before admission, or if they had ever filled a 

prescription for an oral antidiabetic drug. Non-diabetic patients with metformin-treated 

polycystic ovarian syndrome were excluded (n = 15).
19

 

We used the DNRP to identify all inpatient and outpatient clinic diagnosis of diabetes 

mellitus. (See Appendix for ICD-10 codes). Because general practitioners’ diagnoses are not 

included in the DNRP, we also identified patients who filled any prescription for an 

antidiabetic drug since 1998, when the prescription database was established.
23

 All filled 

prescriptions in Denmark are registered to ensure partial reimbursement at the time of 

dispensing. The prescription database covering Northern Denmark includes date of 

dispensing, type of drug according to the Anatomical Therapeutical Classification (ATC) 

system, and total amount dispensed.
23

 To identify patients treated only by diet and lifestyle 

changes, we also obtained data on hemoglobin A1c tests. Type 2 diabetes DM was defined 

using the definition by the American Diabetes Association, i.e., 6.5% or more.
5
 We defined 

severe diabetes as any hemoglobin A1c measurement at or above 8% in the year before ICU 

admission and by diabetes duration of more than five years from the first diagnosis or 

antidiabetic prescription. The laboratory database partly covers the study area and includes 

HbA1c measurements on 4,365 (70.7%) of the type 2 diabetes patients.
25
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Preadmission metformin use 

For each intensive care patient with type 2 diabetes, we searched for any metformin 

prescription dispensed within 90 days prior to the current ICU admission and categorized 

metformin users in metformin monotherapy, and metformin combination therapy when 

combined with insulin or any other oral antidiabetic drug. All other ICU patients with type 2 

diabetes were defined as metformin non-users. The 90-day period was chosen because 

prescriptions are rarely issued for more than three months.
29

 This choice of exposure window 

was challenged by extending the exposure window from 90 to 180 and 365 days to assess 

sensitivity of the cut point.  

Acute organ dysfunction 

Because any effect of metformin may be mediated through decreased severity of organ 

dysfunction, we assessed acute organ dysfunction on the day of ICU admission  as defined by 

the Sequential Organ Failure Assessment (SOFA) score´s criteria for kidney, liver, and 

coagulation system dysfunction.
30

  We defined organ dysfunction as any organ-specific score 

above 0 at the day of ICU admission assessed by creatinine, bilirubin, and platelets using data 

on blood test results from a clinical laboratory database.
25

 The database includes virtually all 

in- and outpatient blood tests and covers the former counties of Aarhus and North Jutland 

(67% of the study population). The analyses of organ dysfunction were therefore restricted to 

this part of the study area. 

For patients without routine measurement at day of ICU admission, we computed the mean of 

the values the day before and the day after ICU admission.
30

 Still, some patients in the area 

with laboratory coverage had missing data for all three days [creatinine n=200 (4.8%), 
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bilirubin 2,184 (52.6%), platelet count 640 (15.4%)]. Missing tests were assumed normal 

because they are usually performed on minor indication.
41

  

We obtained data from the DNRP on any organ supportive treatment with mechanical 

ventilation, renal replacement therapy, and inotropes/vasopressors during the ICU admission 

in the entire study population.  

Mortality 

We followed patients using the Danish Civil Registration system (DCRS) to the date of death 

or emigration. DCRS data include vital status, residence, and marital status, updated daily.
26

 

Covariates 

We used the DCRS to obtain demographic data on age, sex, and marital status as a marker of 

social status. We retrieved data from the DNRP on relevant in- and outpatient hospital 

contacts with preadmission morbidity diagnoses within five years before the current 

admission. 

In order to study possible differential impacts of metformin use in subgroups of ICU patients, 

we obtained data from the DNRP on the diagnostic category defined by primary diagnosis 

during the current hospitalization; used as a surrogate for ICU admission diagnosis. Surgical 

ICU admission was defined as any surgical procedures performed on the day of ICU 

admission or within seven days beforehand.
35

 

Because cardiovascular drug use may affect prognosis following intensive care, we obtained 

information from the prescription database on concurrent prescriptions for low-dose aspirin 

within 90 days, beta-blockers within 120 days, and statins within 120 days before ICU 

admission reflecting typical prescription durations.
32-34
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Statistical analyses 

We obtained contingency tables for demography, preadmission morbidity, diabetes 

characteristics, concurrent drug use, and primary diagnoses during the current hospitalization 

for metformin monotherapy users, metformin combination therapy users, all metformin users 

combined, and non-users. In the subgroup with laboratory data coverage, the rate of organ 

dysfunction was described as the percentage of patients with biochemical evidence of organ 

dysfunction or who received organ supportive treatment. 

We followed patients from date of ICU admission until date of death, or to censoring at 

emigration. Thirty-day mortality among metformin users and non-users was assessed by 

Kaplan-Meier estimates. We used a Cox proportional hazards regression analysis to compute 

hazard ratios comparing mortality in metformin users with that in non-users, and adjusted for 

the potential confounders listed in Table 1. We stratified the analyses by covariates that were 

considered most important. Further adjustment for organ dysfunction was performed in the 

subgroup of the study area where laboratory data is available. We did not adjust for treatment 

during ICU admission because the effect may be mediated through these complications.
36

 The 

hazard ratios are estimates of the mortality rate ratios (MRRs). Linearity of age and the 

assumption of proportional hazards was checked graphically and found appropriate.  

We also did analyses with propensity score adjustment and matching, because these may be 

more robust as we have few outcomes per covariate.
37;38

 The propensity score is the 

probability of being metformin user. We computed the propensity score in a multivariate 

logistic regression model including all variables in table 1a and 1b (except ICU treatment 

data), i.e., marital status, each preadmission morbidity, medical/surgical admission type, and 
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organ dysfunction on ICU admission. We first did the Cox regression adjusted for the 

propensity score. Next, we matched each metformin user with the non-user who had the 

closest propensity score within a range of no more than +/- 0.025. Matching was possible in 

1,765 (91.5%) of metformin users. This leaved the covariates well balanced, as confirmed by 

an absolute standardized difference below 0.1.
39

  (Table 1a and 1b) We used Cox regression 

with stratification to matched pairs to compute MRRs unadjusted and adjusted for the all 

variables included in the primary model in case of any imbalance.  

We stratified the overall analyses in subgroups of ICU patients to elucidate whether patient 

characteristics influenced the result. We also compared metformin monotherapy with 

sulfonylurea monotherapy because these patients may have more similar indication for 

treatment. 

To examine any temporary effect associated with the indication for metformin treatment 

rather than the pharmacological effect, we categorized metformin users as current users (0−90 

days before ICU admission), recent users (91−365 days before ICU admission), former users 

(1−5 years before ICU admission), and never users (no prescriptions within 5 years before 

ICU admission). Current users were further categorized into new users (with their first 

prescription filled 0−90 days before current ICU admission) and long-term users (with filled 

prescriptions for metformin more than 91 days prior to ICU admission).
40

  

All analyses were conducted using the software package Stata, version 10.1 (StataCorp, 

College Station, TX, USA). The study was approved by the Danish Data Protection Agency. 

Informed consent was not required. 
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Appendix 

 

Preadmission morbidity. Diagnosis codes according to the International Classification of Diseases, 8
th

 (ICD-8) 

and 10
th

 revision (ICD-10).  

 ICD-8 ICD-10 

Diabetes 249, 250 E10−E14, O24 (except O24.4), G63.2, H36.0, N08.3 

Myocardial infarction * I21, I22, I23 

Congestive heart failure * I50, I11.0, I13.0, I13.2 

Kidney disease (Moderate to severe 

renal disease) 

* I12, I13, N00−N05, N07, N11, N14, N18−N19, Q61 

Dementia * F00−F03, F05.1, G30 

Chronic pulmonary diseases * J40−J47, J60−J67, J68.4, J70.1,  

J70.3, J84.1, J92.0, J96.1, J98.2, J98.3 

Connective tissue disease * M05, M06, M08, M09,M30,M31,  

M32, M33, M34, M35, M36, D86 

Liver disease * B18, K70.0−K70.3, K70.9, K71, K73, K74, K76.0  

B15.0, B16.0, B16.2, B19.0, K70.4, K72, K76.6, I85 

Cancer (solid tumor, leukemia, 

lymphoma) 

* C00−C75 (without C44) 

C91−C95  

C81−C85, C88, C90, C96 

Metastatic cancer * C76−C80 

Obesity * E66 

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

Z72.1 (Or prescription for disulfiram. See drug code below) 

Polycystic ovarian syndrome * E28.2 

Diabetic retinopathy * H36.0, E10.3, E11.3, E12.3, E13.3, E14.3 

Diabetic nephropathy * N08.3, E10.2, E11.2, E12.2, E13.2, E14.2 

*Not applicable because only morbidity within five years before admission was included. (Covered by ICD-10) 
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Primary diagnosis during current hospitalization (diagnostic category), according to the International 

Classification of Diseases, 10
th

 edition. 

 

 ICD-10 

Pneumonia J12−J18, A48.1, A70.9 

 

Septicemia A39.2, A40, A41, A42.7, B37.7 

Infectious diseases 

excluding pneumonia 

A00−B99 (without A48.1, A70.9), G00−G07, I00−I02, I30.1, I32.0, I33, I38, I40.0, 

J00−J06, J36, J39.0, J10−J11, J20−J22, J85.1, J86, K35, K37, K57.0, K57.2, K57.4, 

K57.8, K61, K63.0, K65.0, K65.9, K67, K75.0, K75.1, K80.0, K80.3, K80.4, K81.0, 

K81.9, K83.0, L00−L03, L05−L08, M00, M01, M86, N10, N12, N15.1, N30, N39.0, 

N41, N45, N70−N77 

Diabetes E10−E14, O24 (except O24.4), G63.2, H36.0, N08.3 

Endocrinology 

excluding diabetes  

 

E00−E90 (without E10−E14) 

Cardiovascular diseases I00−I99 without I00−I02, I30.1, I32.0, I33, I38, I40.0 

Respiratory diseases J00−J99 without J00−J06, J36, J39.0, J10−J11, J12−J18, J20−J22, J85.1, J86 

Gastrointestinal and 

liver disease 

 

K00−K99 without K35, K37, K57.0, K57.2, K57.4, K57.8, K61, K63.0, K65.0, K65.9, 

K67, K75.0, K75.1, K80.0, K80.3, K80.4, K81.0, K81.9, K83.0 

Cancer C00−D89 

Trauma and poisoning 

 

S00−T98 

Other  

 

all codes not included in other categories 

Lactic acidosis E87.2A 

 

 

Surgical procedures 

 

Surgery All surgical codes (K-codes) in the Nordic Medico-Statistical Committee (NOMESCO) 

Classification of Surgical Procedures. 
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Drug codes according to Anatomical Therapeutic Classification (ATC). 

Drug name (generic) ATC code 

All antidiabetic drugs A10A, A10B 

- Insulin A10A 

- Metformin A10BA02 

- Sulfonylureas A10BB, A10BC 

- Other antidiabetic drugs A10B without A10BA02, A10BB, A10BC 

Low-dose aspirin  B01AC06 

Beta-blockers C07 

Statins C10AA 

Disulfiram N07BB01 

Blood test codes (Nomenclature for Properties and Units (NPU)-CODES and local analysis codes): 

Blood test NPU/analysis code 

HbA1c 

 

NPU03835, DNK35249, AAB00091, AAA00740, 

AAB00061, NPU02307, NPU27300, AAB00092 

Creatinine, highest NPU18016, NPU01807 

Platelets, lowest NPU03568 

Bilirubin, highest NPU 01370 

ICU treatment codes:  

Treatment Danish treatment code 

Mechanical ventilation (respirator) BGDA0 

Acute dialysis BJFD0 

Treatment with inotropes or vasopressors BFHC92A,  BFHC92B,  BFHC92C,  BFHC92D, BFHC92E, 

BFHC93A, BFHC93B, BFHC93C, BFHC95 

 

https://www.itsundhed.dk/laboratorie_liste/Prog/d_udskriftsvenlig_udgave.aspx?id=2520
https://www.itsundhed.dk/laboratorie_liste/Prog/d_udskriftsvenlig_udgave.aspx?id=2871
https://www.itsundhed.dk/laboratorie_liste/Prog/d_udskriftsvenlig_udgave.aspx?id=2444
https://www.itsundhed.dk/laboratorie_liste/Prog/d_udskriftsvenlig_udgave.aspx?id=2743
https://www.itsundhed.dk/laboratorie_liste/Prog/d_udskriftsvenlig_udgave.aspx?id=2873
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