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Abstract 

 

Aims/hypothesis: This study compared survival and causes of death after stroke in diabetic 

and non-diabetic patients in Sweden. We hypothesized that differences in cardiovascular risk 

factors, acute stroke management, or socioeconomic status could explain the higher risk of 

death after stroke in diabetic patients. 

Methods: The study included 155,806 first-ever stroke patients from the Swedish Stroke 

Register from 2001–2009. Individual patient information on socioeconomic status was 

retrieved from Statistics Sweden. Survival was followed until 2010 (532,140 person years) 

with a median follow-up time of 35 months. Multiple Cox regression was used to analyze 

survival adjusting for differences in background characteristics, in-hospital treatment, 

socioeconomic status, and year of stroke. Causes of death were analyzed using cause-specific 

proportional hazard models. 

Results: The risk of death after stroke increased in diabetic patients (HR 1.23, 95% CI 1.21, 

1.26), and this risk was greater in younger patients and in women. Differences in background 

characteristics, cardiovascular risk factors, in-hospital treatment, and socioeconomic status 

did not explain the increased risk of death after stroke (HR 1.29, 95% CI 1.26, 1.31 after 

adjustments). Diabetic patients had an increased probability of dying from cerebrovascular 

disease and even higher probabilities of dying from other circulatory causes and all other 

causes except cancer. 

Conclusion/interpretation: Differences in cardiovascular risk factors, acute stroke 

management, and socioeconomic status do not explain the lower survival after stroke in 

diabetic compared to non-diabetic patients. Diabetic patients are at higher risk of dying from 

cardiovascular causes and all other causes of death except cancer. 

 

Key words: case fatality, diabetes, register, socioeconomic status, stroke, survival 

 

Abbreviations:  
LISA  Longitudinal integration database for health insurance and labor 

market studies 

Riks-Stroke  the Swedish Stroke Register 

SES  Socioeconomic status 

 

  



  3 

INTRODUCTION 

Diabetes is a strong risk factor for stroke [1] and is associated with an increased risk of death 

in the first four weeks after the stroke [2-4]. The impact of diabetes on survival after stroke is 

more pronounced among women and younger persons, and the disparity between persons with 

or without diabetes has not changed over the past 20 years [5].  

 

In Sweden, diabetes is more common among individuals with low socioeconomic status 

(SES) and among immigrants [6]. In individuals with diabetes, low SES is associated with 

higher mortality [7]. In the general population, higher mortality from stroke is noted among 

lower socioeconomic groups [8, 9] and this is partly explained by differences in risk factors 

[9]. Low income and lack of education predicts higher case fatality after the acute phase of the 

stroke in the Swedish Stroke Register [10]. 

 

Only a few studies report the long-term (>2 y) survival after stroke in people with diabetes 

[11, 12]. We recently reported a greater impact of diabetes on long-term survival after stroke 

in patients younger than 65 years than those 65–74 years of age in the Northern Sweden 

MONICA Study [5]. Differences in survival increased over longer follow-up periods in 

younger patients but were stable in older patients indicating different mechanisms and 

possibly also different causes of death.  

 

Because low SES is associated with both increased risk of diabetes and increased risk of fatal 

outcome after a stroke, SES could possibly explain the increased stroke fatality in diabetic 

patients. The nationwide Swedish Stroke Register (Riks-Stroke) contains data on more than 

150,000 first stroke events and provides an opportunity to discern the independent effect of 

diabetes on survival after shorter or longer time periods while taking multiple risk factors into 

account.  

 

Our aim was to determine if differences in SES and traditional cardiovascular risk factors, 

severity of stroke, or hospital treatment could explain the higher case fatality in diabetic 

patients. We also aimed to determine if causes of short and long-term death after stroke 

differed between patients with or without diabetes. 

METHODS 

This study included 156,591 patients with a first stroke (ischemic stroke or intra-cerebral 

hemorrhage, ICD-10: I61, I63, and I64) registered in the Riks-Stroke database from 2001 to 

2009. Riks-Stroke was established in 1994 to monitor and support the improvement of quality 

of stroke care in Sweden, and all hospitals admitting acute stroke patients participate [13]. In 

2009, the register included 76 hospitals and covered approximately 91% of adult stroke 

patients in Sweden when compared with hospital discharge diagnoses and taking a 6% 

overdiagnosis of acute stroke in routine clinical practice into account [14]. Information from 

Riks-Stroke includes background patient characteristics, stroke diagnosis, acute hospital care, 

discharge status, and prescribed secondary prevention at hospital discharge (for more 

information see http://www.riks-stroke.org accessed 27 May 2013). The diabetes diagnosis in 

Riks-Stroke is registered according to hospital records and includes both type 1 and type 2 

diabetes mellitus. 

 

Dates and causes of death as of December 31, 2010, were retrieved from the Swedish Cause 

of Death Register managed by the National Board of Health and Welfare. Underlying causes 

of death were grouped into cerebrovascular diseases (ICD-10: I60–69), other circulatory 

diseases (I00–I99, except for I60–69), cancer (C00–D48), diabetes (E10–E14), and other 

http://www.riks-stroke.org/
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causes. If the underlying cause of death was reported as diabetes and multiple causes were 

reported, the first registered multiple cause was used. 

 

Individual patient information concerning education, income, and country of birth were 

retrieved for the year preceding the stroke through linkage with the LISA database 

(Longitudinal integration database for health insurance and labor market studies) managed by 

Statistics Sweden. Income was coded as high (the 10% highest incomes), low (the 10% lowest 

incomes), or middle income. Highest attained education was coded as primary school, 

secondary school, or university. Information on education was missing for a large proportion 

of older patients (34.0% of patients ≥75 years) so the analysis that included education was 

restricted to patients younger than 75 years. The registers were linked using the Swedish 

personal identification number. The study was approved by the regional ethical review board. 

 

Patient characteristics are presented as means and percentages separately for diabetic and non-

diabetic stroke patients. Differences were compared with the t-test for continuous variables 

and with the 2-test for categorical variables. Survival is presented by Kaplan-Meier curves, 

and differences in survival between diabetic and non-diabetic patients were compared with 

the Log-Rank test. Different multiple Cox regression models were used to adjust for 

differences in background characteristics by adding in hospital treatment and SES and 

stratifying for year of stroke. Preliminary analysis of overall survival, including age in 10-year 

intervals, showed an approximately linear effect of age, hence age was included as a linear 

effect in the model. Outcomes are presented as hazard ratios (HRs) with 95% confidence 

intervals (CIs). To test if the reduced survival was more pronounced in some patient groups 

based on sex, age, or SES, interactions were added to the model. Short-term survival (≤ 28 

days) and long-term survival (patients surviving >28 days) were analyzed in separate models.  

 

To investigate the importance of the various diseases underlying the case fatality structure, 

cause-specific proportional hazard models were used. These clarify how different factors 

influence the immediate risk a patient has of dying from a specific disease at any point in 

time. From these models, the probability of dying from a given cause before a given time (the 

cumulative incidence) was calculated. The causes of death considered were cerebrovascular 

diseases, other circulatory diseases, cancer, and all other causes combined. The effects of 

diabetes on the various causes are given as HRs corrected for sex, year of stroke, and age. For 

the HR for age, a flexible piecewise linear model with attached knots at every decade from 40 

to 90 years of age was used, and this allowed for changing age effects in the very young and 

very old. All models used piecewise constant HRs with a breakpoint at day 28 to separate the 

effects of the acute phase from those of the long-term follow-up. 

 

P-values <0.05 were considered statistically significant. The survival package in R 2.15.0 

(The R Foundation for Statistical Computing) was used to analyze cause of death. SAS 9.3 

(SAS Institute Inc., Cary, NC, USA) and IBM SPSS Statistics for Windows 21.0 (IBM Corp., 

Armonk, NY, USA) were used for other statistical analysis. 

RESULTS 

Of the 156,591 patients with a first stroke, 785 (0.5%) were missing information on diabetes. 

Thus, a total of 155,806 patients were included in the main analyses, of which 29,580 (19.0%) 

had diabetes, a frequency that remained at a similar level from 2001 to 2009. Patients were 

followed for a total of 532,140 patient years, and the median follow-up times were 32 months 

for diabetic patients and 36 months for non-diabetic patients. 
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During follow-up, 15,805 (53.4%) of the diabetic patients and 58,107 (46.0%) of the non-

diabetic patients died. The median survival after stroke was 55 months (95% CI: 54–56 

months) in diabetic patients compared to 72 months (95% CI 71, 73 months) in non-diabetic 

patients. Survival after stroke was reduced in diabetic patients compared to non-diabetic 

patients in both women and men and in all age groups (P <0.001, Log-Rank test, Figure 1). 

The observed difference in survival was small during the first month and increased with time 

(Figure 1). 

 

Compared to non-diabetic patients, diabetic patients were more often men, living in an 

institution, dependent in activities of daily living before stroke, and had atrial fibrillation or 

taken blood pressure lowering drugs before their stroke. Smoking and hemorrhagic stroke 

were less common among diabetic stroke patients (Table 1). In the age group 18–80 years 

with ischemic stroke, diabetic patients were less likely to receive thrombolytic therapy. 

Secondary prevention has been recorded in the same way in Riks-Stroke since April 2004. In 

94,207 patients who were discharged alive from hospital after that date, diabetic patients 

received similar or more intense secondary prevention as did non-diabetic patients (77.2% vs. 

62.5% were prescribed with an antihypertensive drug at hospital discharge, 81.7 vs. 80.7% of 

ischemic stroke patients received an antiplatelet drug, 52.0% vs. 43.3% of ischemic stroke 

patients received statins, and 34.3% vs. 35.8% of ischemic stroke patients with atrial 

fibrillation received warfarin). Diabetic stroke patients had lower income and less education 

than non-diabetic patients and were more often born outside of Sweden (Table 1).  

 

The unadjusted HR comparing patients with diabetes to those without diabetes was 1.10 (95% 

CI 1.06, 1.14) for short-term survival and 1.28 (95% CI 1.25, 1.31) for long-term survival. 

Differences in demographics, cardiovascular risk factors, in-hospital treatment, and SES could 

not explain the reduced survival (Table 2). Adding interactions to a regression model of the 

entire time interval showed that the difference in survival between diabetic and non-diabetic 

patients was more pronounced in younger patients (P <0.001) and in women (P = 0.008) 

(Figure 1). The association between lower education and reduced survival was similar in 

diabetic and non-diabetic patients. 

 

Compared to non-diabetic patients, diabetic patients had a higher probability of dying from 

cardiovascular diseases and from other causes except cancer (Figure 2). The impact of 

diabetes on the estimated probability of dying from cerebrovascular causes before 28 days 

was small, for example for a 75-year-old man admitted with acute stroke in 2009, the 

predicted probability was 6.5% in diabetic patients vs. 5.7% in non-diabetic patients. For 

other circulatory causes, the corresponding probability was 2.3% vs. 1.8%. For cancer death, 

the probability in diabetic patients was 0.6%, which was lower than the 0.7% in non-diabetic 

patients. The cause-specific hazard ratios within the first 28 days were 1.15 (95% CI 1.10, 

1.20) for cerebrovascular death, 1.32 (95% CI 1.23, 1.41) for other circulatory causes, 0.81 

(95% CI 0.65, 1.01) for cancer, and 1.32 (95% CI 1.13, 1.54) for other causes of death. The 

predicted probability for a 75-year-old man admitted with acute stroke in 2009 of dying from 

cerebrovascular causes within 5 years from stroke was 14.3% in diabetic patients vs. 12.4% in 

non-diabetic patients. Corresponding probabilities were 15.2% vs. 10.6% for other circulatory 

diseases, 7.3% vs. 7.7% for cancer, and 11.6% vs. 8.0% for other causes of death, 

respectively. Over the entire follow-up, beyond 28 days, diabetes had a significant effect on 

cerebrovascular death (HR 1.25, 95% CI 1.20, 1.30) and a stronger effect on death from other 

circulatory causes (HR 1.59, 95% CI 1.54, 1.64) and on causes other than cancer (HR 1.60, 

95% CI 1.53, 1.66). No significant effect was seen on death from cancer (HR 1.05, 95% CI 

0.99, 1.12). 
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DISCUSSION 

Based on more than 150,000 Swedish patients suffering their first stroke over a period of 10 

years, we have found that the risk of death during long-term follow-up is increased in diabetic 

stroke patients and that this risk is increased more in younger patients and in women. 

Differences in cardiovascular risk factors, acute stroke management, and SES do not explain 

the lower survival. Over the entire 10 year follow-up period, the effect of diabetes has a 

limited, but significant, effect on cerebrovascular death and a stronger effect on other 

circulatory causes of death and on other causes except for cancer. 

 

The strength of our study is that we include stroke patients from a nationwide register with 

high coverage. Due to the large number of patients, long-term follow-up, and very low 

attrition rates, our estimates have high validity and representation. Data on possible 

confounders such as premorbid conditions, hospital treatment, stroke severity, and discharge 

medication as well as income and immigration status were available for most patients. 

However, patients dying very early after admission are overrepresented among patients not 

included in Riks-Stroke [15]. This may have impacted on absolute percentages of survival 

during the 0–28 day interval but is unlikely to have affected the difference between diabetic 

and non-diabetic patients. The validity of recorded causes of death is challenged, especially 

among elderly patients, but this should be non-differential regarding patients with or without 

diabetes thus not likely to introduce any major bias. The diabetes diagnosis was registered 

according to hospital records and has not been validated. Thus, we cannot exclude a potential 

dilution bias affecting the magnitude of the differences seen between diabetic and non-

diabetic patients. In Riks-Stroke, the strategy has been to keep the registration simple to 

maintain a high patient coverage. We cannot rule out residual confounding due to unmeasured 

factors.    

 

Our finding of increased case fatality among diabetic stroke patients corroborates two small 

Danish studies with follow-up periods of 10–12 years [11, 12] and two recent reports from the 

Northern Sweden MONICA study of long term survival after a first stroke [5] or myocardial 

infarction [16]. Although limited to patients below the age of 75 years, a stronger impact of 

diabetes on stroke survival was noted among younger and female patients in the MONICA 

Study. In this current study using the Riks-Stroke data, these results were extended to all ages 

and it was evident that in ages above 75 years the effect of diabetes decreases, which has not 

previously been described. A German study based on data from a health insurance company 

followed patients with a first stroke up to five years and noted significantly lower case fatality 

among men with diabetes during the first month [17], which we found no evidence for. 

 

Our results refute our original hypothesis that higher case fatality after stroke in diabetic 

patients is caused by lower SES [6, 8, 9] even though lower levels of education among stroke 

patients with diabetes was associated with worse prognosis. Other factors that could lead to 

lower survival, such as living in institutions, being dependent in activities of daily living, and 

having atrial fibrillations, were more common among diabetic patients while others were less 

common, such as being a smoker or having hemorrhagic stroke. Thrombolysis was more often 

given to those stroke patients without diabetes, but in the MONICA study the gap in survival 

did not change when thrombolysis was introduced in Sweden [5] and adjustment for this 

treatment difference did not influence estimates of case fatality.  

 



  7 

There is a paucity of data on causes of death after stroke and no studies on first stroke and 

diabetes. A long-term follow up of the Danish MONICA Study recorded cardiovascular 

causes of death in two thirds of patients who died within five years after stroke in the 1990s, 

and this result is similar to ours [18]. Early after stroke, cerebrovascular causes were more 

common in the Riks-Stroke registry but other circulatory diseases dominated later in the 

follow-up period. The higher fatality rate in diabetic patients was more pronounced for other 

circulatory causes than for cerebrovascular causes of death, which may be one important clue 

to diabetic patients’ increased case fatality.  

 

The decreased survival after stroke in patients with diabetes is very similar to that after 

myocardial infarction[16]. As increased mortality is mostly attributable to heart disease, 

similar mechanisms probably apply after the initial event of both stroke and myocardial 

infarction. Less intensive or less effective secondary prevention among diabetics after the 

event could contribute although there are no data to confirm or refute such hypothesis. It is 

also possible that diabetic stroke patients may benefit from higher doses of antiplatetelet drugs 

or lower targets for blood pressure or cholesterol treatment. Finally it is probable that the 

deleterious effects of diabetes not only is conveyed by the impact of traditional risk factors 

but also by specific mechanism such as the formation of advanced glycation end-products for 

which no treatment currently is available [19]. 

 

Our study is the largest study on prognosis after first-ever stroke among diabetic patients and 

includes data from half a million patient years and almost 30,000 patients with diabetes. We 

have found solid evidence for a lower survival over the long-term and our results suggest that 

younger patients and women are at particularly high risk in relative terms. Low SES among 

patients with diabetes does not explain the higher case fatality. Because cardiovascular causes 

of deaths were more common in those with diabetes, aggressive secondary prevention aimed 

at coronary risk factors seems warranted. 
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TABLES 

 

Table 1. Patient characteristics in diabetic and non-diabetic stroke patients from 2001 to 2009 

 n (non-missing N) Non-diabetic 

patients 

(N=126,226) 

Diabetic 

patients 

(N=29,580) 

Mean age (years)              (155,806) 74.9 74.6 
Men (%) 77,544 (155,806) 48.9 53.4 
Living in institutions (%)   10,911 (155,062) 6.8 8.0 
Living alone (%) 75,506 (154,761) 48.8 48.9 
Dependent in ADL before stroke (%)   11,109 (153,727) 6.7 9.5 
Atrial fibrillation (%)   38,997 (154,109) 24.9 27.1 
Blood pressure lowering drugs (%) 77,589 (153,901) 46.5 67.3 
Smoker (%) 22,037 (136,042) 16.5 14.7 
Drowsy/unconscious upon hospital 

admission (%) 
26,631 (154,451) 17.3 17.0 

Hemorrhagic stroke (%) 18,953 (155,806) 12.9 8.9 
Stroke unit care (%) 124,602 (155,806) 79.9 80.4 
Thrombolysisa (%) 3,329 (102,929) 3.4 2.4 
Education    
   -Primary school (%) 64,009 (123,425) 50.7 56.5 
   -Secondary school (%) 42,439 (123,425) 34.7 33.2 
   -University (%) 16,977 (123,425) 14.6 10.3 
Income                    
   -Low (%) 15,500 (155,044) 9.9 10.4 
   -Middle (%) 124,039 (155,044) 79.7 81.5 
   -High (%) 15,505 (155,044) 10.4 8.1 
Country of birth     
   -Sweden (%) 113,342 (155,041) 90.3 87.5 
   -Other Nordic (%) 6,122 (155,041) 4.9 5.4 
   -Other Europe (%) 4,412 (155,041) 3.5 4.9 
   -Other world (%) 1,701 (155,041) 1.3 2.1 

a) ischemic strokes, 2003–2009 

b) activities of daily living (ADL) 
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Table 2. Short-term case fatality after stroke (within 28 days) and long-term fatality (in 

patients surviving the first 28 days after stroke). Hazard ratios (HR) with 95% confidence 

intervals (CI), stratified by year of stroke using Cox regression. Covariates are added 

cumulatively to the previous model at each step. 

Covariates in model ≤28 days from stroke 

HR (95% CI) 

>28 days from stroke 

HR (95% CI) 

Diabetes (unadjusted model) 1.10 (1.06, 1.14) 1.28 (1.25, 1.31) 

 + Age, sex 1.16 (1.12, 1.20) 1.40 (1.37, 1.43) 

 + Living in an institution, living alone, 

ADL, atrial fibrillation, blood pressure 

lowering drugs, smoking, 

consciousness on hospital admission, 

stroke diagnosis 

1.11 (1.07, 1.16) 1.35 (1.32, 1.38) 

 + Stroke unit care, thrombolysis 1.12 (1.08, 1.17) 1.35 (1.32, 1.38) 

 + Income group, education, country of 

birth 

1.12 (1.07, 1.16) 1.35 (1.32, 1.37) 
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Figure 1. 
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FIGURE LEGENDS 

 
Figure 1. Kaplan-Meier curves of long-term survival in non-diabetic (dashed line) and 

diabetic (solid line) stroke patients. Women, 18-64 years (a), men, 18-64 years (b), women, 

65-74 years (c), men, 65-74 years (d), women, 75-84 years (e), men, 75-84 years (f), women. 

80+ (g), and men, 80+ (h) 

 

Figure 2. Evolution of the cause-specific cumulative short- and long-term incidences of 

cerebrovascular (light grey), other circulatory (grey), other causes of death except cancer 

(dark grey), and cancer (black) for a 75-year-old man admitted with acute stroke in 2009. 

Non-diabetic patients (a, c), diabetic patients (b, d), 28 days case fatality (a, b) and long-term 

survival (c, d)  


