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Diabetes as a risk factor for stroke. A population perspective 
B. Stegmayr, K. Asplund 

Department of Medicine, University Hospital, Ume~i, Sweden 

Summary Stroke incidence, case fatality and mortal- 
ity in diabetic patients were compared to non-dia- 
betic subjects in a 35-74-year-old population in 
northern Sweden (target population 241,000). Dur- 
ing an 8-year period, 1,544 stroke events in diabetic 
patients and 4,826 events in non-diabetic subjects 
were recorded. The crude incidence of stroke was 
1,000 per 100,000 in the diabetic men vs 247 in the 
non-diabetic men (relative risk 4.1; 95 % confidence 
interval 3.2-5.2). Among diabetic women, the crude 
incidence was 757 per 100,000 and 152 in non-dia- 
betic women (relative risk 5.8; 95 % confidence inter- 
val 3.7-6.9). The 28-day case fatality among men was 
similar in the diabetic and non-diabetic stroke pa- 
tients (18.6 vs 17.1%; p = 0.311), but significantly 
higher in diabetic women compared with non-dia- 
betic women (22.2 vs 17.9 %; p = 0.02). When com- 
pared with the non-diabetic population, the overall 

mortality from stroke in the diabetic population 
(first and recurrent) was 4.4-times higher in male 
and 5.1-times higher in the female patients. Hyper- 
tension, atrial fibrillation, heart  failure or myocar- 
dial infarction were all significantly more common in 
diabetic than in non-diabetic stroke patients. The 
population attributable risk, a crude estimate of all 
strokes ascribed to diabetes mellitus, was 18 % in 
men and 22% in women. In Sweden, about 50 
strokes are annually directly attributed to diabetes in 
a population of 100,000 in this age group. [Dia- 
betologia (1995) 38: 1061-1068] 

Key words Diabetes mellitus, cerebrovascular disor- 
ders, case fatality, stroke mortality, stroke incidence, 
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Diabetes me[litus is a well-established risk factor for 
stroke [1, 2] but little is known about its overall signif- 
icance for stroke in the general population. Patients 
with diabetes are found to have an excessive risk for 
cerebral infarction while the risk for subarachnoid 
haemorrhage and haemorrhage stroke does not 
seem to be elevated [3-5]. In the Framingham study, 
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the incidence of cerebral infarction in 45-74-year-old 
men and women was found to be 2.5 to 3.5 times high- 
er in diabetic patients compared with non-diabetic 
subjects [6]. Other  investigators have observed that 
diabetic patients have a doubled risk for mortality 
and morbidity for stroke, that persisted after adjust- 
ing for blood pressure, cholesterol, obesity, smoking 
and excluding individuals with previous myocardial 
infarction, heart  failure or stroke [7]. Besides being a 
risk factor for stroke, diabetes has been found to 
have an adverse affect on the short-term as well as 
the long-term outcome of stroke [8, 9]. 

The aim of the present study was to investigate di- 
abetes from a population perspective as a risk factor 
for stroke and to estimate its relative contribution to 
all strokes in the community. 
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Table 1. Previously known diabetic patients and patients detected by an oral glucose tolerance test in individuals participating in 
population surveys 1990 and 1994 

Age range Previously known diabetes Detected at survey Total prevalence 
(years) n (%) n (%) (%) 95 % CI 

Men 
35-44 5/379 1.3 2/184 1.1 2.4 (0.9-3.9) 
45-54 9/398 2.3 4/212 1.9 4.2 (2.2-6.4) 
55-64 21/413 5.1 7/216 3.2 8.3 (5.6-11.0) 
65-74 22/192 11.4 3/92 3.3 14.7 (9.7-19.7) 
35-74 57/1382 4.1 16/704 2.3 6.4 (5.1-7.7) 

Women 
35-44 5/407 1.2 0/206 0 1.2 (0.1-2.3) 
45-54 10/416 2.4 7/236 3.0 5.4 (3.2-7.6) 
55-64 15/417 3.6 6/215 2.8 6.4 (4.1-8.7) 
65-74 11/193 5.7 9/104 8.7 14.4 (9.4-19.4) 
35-74 41/1433 2.9 22/761 2.9 5.8 (4.6-7.0) 

Subjects and methods 

The two northern-most counties in Sweden together constitute 
one of the 39 collaborating centres in the World Health Orga- 
nisation (WHO) M O N I C A  Project (Multinational Monitor- 
ing of Trends and Determinants in Cardiovascular Disease). 
The main objective of this prospective project is to assess how 
changes in the incidence of coronary heart  disease and cere- 
brovascular disease over a 10-year period relate to changes in 
cardiovascular risk factors in the population. The northern 
Sweden M O N I C A  study covers a sparsely populated area of 
154,000 km 2, with a total population of 510,000. 

Population surveys. Prevalence of diabetes (known diabetes 
and diabetes diagnosed by an oral glucose load) was estimated 
from two population surveys performed in 1990 and 1994. The 
study population was selected by stratified randomisation for 
age and sex (35-44, 45-54, 55.64 years). The population survey 
in 1994 also included 65-74-year-old men and women. The tar- 
get population in the 1990 survey was 193,168 in the 35-64 year 
age group, and in the 1994 survey it was 243,663 in the 35- 
74 year age group. In each 10-year stratum, 250 men and 250 
women were selected from continuously updated population 
registers. The individuals were invited by letter to participate 
in a health survey. A reminder letter was sent if the person did 
not attend on the first invitation. Of the 1,500 eligible and in- 
vited people in 1990, 1,236 participated, a response rate of 
82.4 %. The corresponding figures for 1994 were 1,579 out of 
2,000, a response rate of 79.0 %. A questionnaire on smoking 
habits, previous cardiovascular diseases and previously known 
diabetes was filled in by the participants. Of all participants in 
the two surveys, 98 stated they had diabetes. From the remain- 
ing 2,717, a randomly-selected subsample of 1,472 men and 
women underwent a glucose tolerance test after an overnight 
fast. 

Glucose (75 g) was dissolved in 300 ml water and the solu- 
tion was ingested within 5 min. A venous blood sample was ta- 
ken in natriumfluoride tubes immediately before the glucose 
load and after 2 h. The samples were analysed by a hexokinase 
method (Boehringer Mannheim Automated Analysis for BM/ 
Hitachi System 717, Boehringer Mannheim, Mannheim, Ger- 
many). According to the W H O  criteria, subjects were classi- 
fied as diabetic if the fasting plasma value exceeded 7.7 mmol/1 
or the 2-h plasma glucose was above 11.0 mmol/1 [10]. 

Stroke registration. During an 8-year study period (1985-1992), 
all acute strokes in both men and women aged  35-74 years 

were included. The study population for stroke registration 
and risk factor surveys was the same; it was 240,727 in 1989 
(mid-year). All  hospital discharge records, general practitio- 
ner reports and death certificates with International Classifi- 
cation of Diseases (ICD) codes 430-438 were screened for 
acute events and validated (methods and definitions have 
been presented elsewhere) [11, 12]. In short, stroke was de- 
fined according to the W H O  criteria and stroke cases were reg- 
istered in a standardised manner according to the M O N I C A  
manual [13]. Transient ischaemic attacks, subdural haemor- 
rhages, traumatic intracerebral haemorrhages and lesions 
caused by brain turnouts were excluded. Since diabetes has 
not been shown to be a risk factor for subarachnoid haemor- 
rhage [3], such patients were excluded from all attack rate, in- 
cidence and mortali ty calculations in the present study. Dur- 
ing the study period, a total of 200 men and 280 women had 
subarachnoid haemorrhage. Only 8 of 905 (0.9 %) diabetic 
men and 6 of 653 (0.9 %) diabetic women had subarachnoid 
haemorrhage compared to 192 of 3,195 (6.0 %) men and 274 
of 2,097 (13.1%) women without diabetes. The proport ion of 
diabetic patients among subarachnoid haemorrhage patients 
was 14 of 480 (2.9 %); men and women together. 

Each stroke case was classified into one of three categories, 
"definite stroke", "unclassifiable" or "not stroke" based on the 
available background information. Unclassifiable events were 
mostly fatal cases ascertained from the death certificate diag- 
noses with sparse or no information on the clinical event. 

Fatal cases were subjects who died within 28 days from onset 
of stroke. In accordance with the terminology agreed upon by 
the M O N I C A  collaborators [14], "attack rate" describes all 
events regardless of whether the subjects had a previous event. 
"Incidence" refers to first ever stroke. When giving attack and 
incidence rates, only cases classified as "definite stroke" have 
been included in data on non-fatal events, whereas data on fa- 
tal events also include cases that were "unclassifiable" [14]. 

Classification of subtypes of acute stroke, according to the 
M O N I C A  manual, was based on the following findings (ICD- 
9 codes in parentheses): subarachnoid haemorrhage (430): 
bloodstained cerebrospinal fluid and an aneurysm or an arteri- 
ovenous malformation found on angiography or positive find- 
ing on computerised tomography (CT) scan or necropsy; in- 
tracerebral haemorrhage (431): positive finding on CT scan or 
at necropsy; brain infarction (434): no signs of haemorrhage 
on CT scan or at necropsy; unspecified stroke (436): not inves- 
tigated by CT scan or necropsy. 

Information on any medical history of diabetes, stroke, hy- 
pertension, myocardial  infarction, atrial fibrillation and car- 
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Table 2. Total number of diabetic and non-diabetic stroke pa- 
tients in the 35-74-year age group, 1985 through 1992 in north- 
ern Sweden 

Age range Diabetic patients Non-diabetic Total 
(years) patients 

n (%)  n (%)  n 

Men 
35-44 13 (14.6) 76 (85.4) 89 
45-54 71 (23.5) 231 (76.5) 302 
55-64 187 (18.4) 828 (81.6) 1015 
65-74 626 (22.4) 1868 (77.6) 2494 
Total 897 (23.0) 3003 (77.0) 3900 
Women 
35-44 8 (13.6) 51 (86.4) 59 
45-54 15 (11.8) 112 (88.2) 127 
55-64 104 (20.9) 393 (79.1) 497 
65-74 520 (29.1) 1267 (70.9) 1787 
Total 647 (26.2) 1823 (73.8) 2470 

Numbers in parentheses show % of diabetic and non-diabetic 
patients 
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Confidence intervals (CI) for relative risks were calculated ac- 
cording to Epi-Info [15]. 

Population attributable risk (also termed aetiologic frac- 
tion) was estimated as described by Armitage and Berry [16]. 

Results 

Diabetes in the population. In 1990 (35-64 year  age 
group),  3.4 % (42 of 1236) of the part icipants in the 
popula t ion  survey had  previously known diabetes 
and an addit ional  0.8 % (5 of 631 participants) were 
found to have an undiagnosed diabetes by an oral 
glucose tolerance test. In 1994, the upper  age limit 
was ex tended  to 74 years. Of  the part icipants in this 
survey, 3.6 % (56 of 1,579) declared they  had  diabe- 
tes and another  4.0 % (33 of 834) were found by the 
glucose tolerance test  to have diabetes. Table 1 
shows the age-specific diabetes prevalence in north- 
ern Sweden in m e n  and women.  

diac failure was obtained from hospital records or, in non-hos- 
pitalised fatal cases from medical records from primary health 
care centres. In 56 cases no information was available on dia- 
betes and previous stroke; these subjects were excluded in the 
analyses. Diabetes was diagnosed during the hospital stay in 
57 patients and they were analysed separately. 

Statistical analyses 

The population size changed only slightly over the years. In 
1985 the total population in the 35-74 year age range was 
238,948 and in 1992 it was 245,116. Calculations of attack rates 
and incidence were based on the population in 1989. The total 
number of diabetic individuals in the population was esti- 
mated from the prevalence of diabetic subjects found in the 
population surveys. 

The 95 % confidence intervals (CI) were calculated accord- 
ing to the binomial distribution for the number of events with- 
in the age groups. The Mantel-Haenszel chi-square statistics or 
Fisher's exact test were used to test differences in proportions. 

Stroke in the population. During the 8 years, 1985 
through 1992, 3,900 men  and 2,470 w o m e n  in the 35-  
74 year  age range fulfilled the M O N I C A  criteria for 
acute stroke (both first ever and recurrent) .  In total,  
680 men  died within 28 days after onset,  a case fatal- 
ity of 17.4 %. The corresponding figure for w o m e n  
was 471 deaths, a 28-day case fatali ty of 19.1%. 

In 56 fatal  events and 2 non-fatal  events (40 m e n  
and 18 women)  it was not  possible to obtain informa- 
t ion on diabetes and previous stroke. Most  of  these 
events (70 % ) o c c u r r e d  outside a hospital. They com- 
prised 0.9 % of all s troke events, and were excluded 
f rom this study. 

During hospital isat ion for stroke, 57 patients  were 
diagnosed with diabetes, previously not  known to 
the patient.  Of  the 35 men,  2 died within 28 days and 
of the 22 women,  3 died. These patients  with previ- 
ously unknown diabetes const i tuted 1.2 % of all non- 
diabetics and 3.7 % of  the diabetic pat ients  and be- 

Table 3. Crude stroke attack rate and incidence per 100,000 per year with 95 % CI in diabetic and non-diabetic patients in 10-year 
age groups 

Age range 
(years) 

Attack rate (all stroke events) Incidence (first ever) 

Diabetic (95 % CI) Non-diabetic (95 % CI) Diabetic (95 % CI) Non-diabetic (95 % CI) 
patients patients patients patients 

Men 
3544 180 (0-451) 24 (840) 159 (0-413) 23 (8-38) 
45-54 692 (237-1147) 96 (61-131) 498 (112-884) 84 (51-117) 
55--64 1041 (619-1463) 417 (337497) 760 (400-1120) 314 (244-384) 
65-74 2271  (1766-2776) 1174 (1023-1325) 1518 (1105-1931) 844 (716-972) 
35-74 1454  (1185-1723) 331 (299-365) 1000 (777-1223) 247 (218-276) 
Women 
35-44 230 (0-681) 18 (4-32) 207 (0q535) 15 (2-28) 
45-54 118 (0-286) 49 (23-75) 93 (0-243) 40 (17-63) 
55~i4 858 (422-1294) 190 (137-243) 524 (183-865) 151 (104-198) 
65-74 1797  (1360-2234) 724 (611-737) 1134 (787-1481) 527 (431-623) 
35-74 1168  (914-1422) 202 (176-228) 757 (552-962) 152 (129-175) 
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Table 4. 28-day case fatality with 95 % CI in diabetic and non-diabetic patients in 10-year age groups. Based on all stroke events 
during 8 years 

Age All strokes 
range 
(years) Diabetic patients Non-diabetic patients 

First ever strokes 

Diabetic patients Non-diabetic patients 

n % (95 % CI) n % (95 % CI) n % (95 % CI) n % (95 % CI) 

Men 
35-44 2/13 15.4 (0-34.4) 3/76 3.9 (0-8.3) 2/12 16.7 (0-37.8) 3/71 4.2 
45-54 3/71 4.2 (0-8.9) 31/231 13.4 (9.0-17.8) 1/51 2.0 (0-5.9) 27/202 13.4 
55~54 23/187 12.3 (7.6-16.9) 128/828 15.5 (12.9-17.9) 16/137 11.7 (6.3-17.1) 92/624 14.7 
65-74 139/626 22.2 (18.9-25.5) 351/1868 18.8 (17.0-20.6) 79/416 19.0 (15.2-22.8) 225/1342 16.8 
35-74 167/897 18.6 (16.1-21.1) 513/3003 17.1 (15.7-18.5) 98/616 15.9 (13.0-18.8) 347/2239 15.5 
Women 
35M4 1/8 12.5 (0-35.4) 2/51 3.9 (0-9.2) 1/7 14.3 (0-40.2) 2/44 4.5 
45-54 1/15 6.7 (0-19.4) 15/112 13.4 (7.1-19.7) 0/12 0 13/93 14.0 
55~4 23/104 22.1 (14.1-30.1) 53/393 13.5 (10.1-16.9) 15/73 20.5 (11.3-29.8) 43/312 13.8 
65-74 119/520 22.9 (19.3-26.5) 257/1267 20.3 (18.1-22.5) 57/328 17.4 (13.3-21.5) 171/921 18.6 
35--74 144/647 22.2 (19.0-25.4) 327/1823 17.9 (16.1-19.7) 73/420 17.4 (13.8-21.0) 229/1370 16.7 

(0-8.9) 
(8.7-18.1) 
(7.5-21.9) 
(14.8-18.8) 
(14.0-17.0) 

(0-10.6) 
(6.9-21.1) 
(10.0-17.6) 
(16.1-21.1) 
(14.7-18.7) 

cause of uncertainty about the accurancy of the diag- 
nosis, they were not included in the analyses. 

Diabetes in stroke patients. Of all male stroke pa- 
tients, 23.0 % (897 of 3,900) had diabetes at the onset 
of stroke. In men  with first ever stroke, 21.6 % (616 
of 2,855) were diabetic patients. In women, 26.2 % 
(647 of 2,470) of all stroke patients had diabetes, and 
in women with first ever stroke 23.5 % (420 of 1,790) 
were diabetic patients. Table 2 shows the proportion 
of diabetic patients in the different age groups. 

Intracerebral haemorrhage was significantly less 
prevalent in patients with diabetes (97 of 1,544; 
6.3 %) compared to those without diabetes (719 of 
4,826; 14.9 %) p < 0.0001. In patients with intracere- 
bral haemorrhage,  97 were diabetic out of 819 
(11.9 %), compared to 1,447 of 5,554 (26.1%) with di- 
abetes among patients with non-haemorrhagic 
stroke; p < 0.0001. 

Of all diabetic stroke events, 37 (4.1%) occurred 
in men  and 13 (2.0 %) in women with insulin-depen- 
dent diabetes. Information on the type of diabetes 
was not available for 27 (3.0 %) of the men  and for 
10 (1.5 %) of the women. Of the diabetic stroke pa- 
tients in the 35-44 year  age group, 76 % (16 of 21) 
had insulin-dependent diabetes and in 14 % (3 of 21) 
the type of diabetes was unknown. 

The proportion of recurrent  strokes out of all 
strokes was significantly higher in diabetic than in 
non-diabetic subjects. In men, this proportion was 
281 out of 897 (31.3 %) among the diabetic patients, 
and 764 out of 3,003 (25.4 %) in the non-diabetic sub- 
jects, respectively; p = 0.0006 and, in women, 227 out 
of 647 (35.1%) vs 453 of 1,823 (24.9 %) respectively; 
p < 0.0001. Of all recurrent  strokes in men, 281 of 
1,045 (26.9 %) affected diabetic patients, the corre- 
sponding proportion in first ever strokes being 616 di- 
abetic patients out of 2,855 (21.5 %). In women, 227 
of 680 (33.4 %) recurrent  events affected diabetic pa- 

tients, compared to 420 out of 1,790 (23.5 %) with 
first ever stroke events. 

Stroke attack rate and incidence. Table 3 shows the 
age- and sex-specific stroke attack rate (all events) 
and incidence (first ever) for the diabetic and the 
non-diabetic populations. Age-specific attack rate 
and incidence of stroke was consistently higher in dia- 
betic than in non-diabetic patients. The crude attack 
rate in diabetic men aged 35-74 years was 1,454 per 
100,000 per year and in non-diabetic men it was 331 
per 100,000, yielding a relative risk (RR) of 4.4 
(95 % CI 3.6-5.4). The crude incidence was 1,000 per 
100,000 in diabetic men and 247 in non-diabetic men  
(RR 4.1; 95 % CI 3.2-5.2). 

The crude attack rate in diabetic women was 1,168 
per 100,000 per year  and in non-diabetic women 202 
per 100,000 per year, corresponding to a RR of 5.8 
(95 % CI 4.5-7.4). The incidence was 757 per 100,000 
in diabetic women and 152/100,000 in non-diabetic 
women (RR 5.1; 95 % CI 3.7-6.9). 

Standardised to the 1989 population, the attack 
rate for diabetic men was 1,003 per 100,000 per year 
(95 % CI 776-1,230) and for non-diabetic men 350 
per 100,000 per year  (95 % CI 315-385); (RR of 2.9). 
Corresponding figures for women were 643 per 
100,000 per year (95 % CI 449-837) in diabetic and 
213 (95 % CI 185-241); (RR 3.0) in non-diabetic 
women. 

Case fatality and mortality rates. The 28-day case fa- 
tality increased with age in men and women in both 
the diabetic and the non-diabetic groups. Table 4 
shows the case fatality rates in men and women. The 
overall case fatality in the 35-74 year age range was 
17.1% in non-diabetic men and 18.6 % in diabetic 
men (p = 0.311) Also in men with first ever stroke, 
the case fatality was similar in non-diabetic and dia- 
betic men (15.9 vs 15.5 %; p = 0.852). 
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Table 5. Numbers of concomitant disorders in diabetic and non-diabetic stroke patients and the relative risk (RR) with 95 % confi- 
dence intervals (95 % CI) for diabetic vs non-diabetic patients 

Disorder Patients 

Diabetic Non-diabetic Relative risk 

Number % Number % RR (95 % CI) 

Me/'/ 
Atrial fibrillation 122/893 13.7 330/2984 11.1 1.24 1.02-1.50 
Hypertension 403/851 47.4 990/2823 35.1 1.35 1.24-1.47 
Heart failure 112/895 12.5 142/2995 4.7 2.64 2.08-3.34 
Myocardial infarction 241/889 27.1 501/2951 17.0 1.60 1.40-1.83 
Women 
Atrial fibrillation 109/641 17.0 190/1859 10.2 1.42 1.14-1.77 
Hypertension 379/680 55.7 747/1823 41.0 1.36 1.25-1.48 
Heart failure 114/644 17.7 94/1813 5.2 3.41 2.64-4.42 
Myocardial infarction 92/645 14.3 167/1815 9.2 1.55 1.22-1.97 

% 
3o- 

25- 

20- 

15- 

lO- 

5- 

o 

Women 

Men 

35-44 45-54 55-64 65-74 

Age (years) 

Fig. 1. Population attributable risk for stroke in men and wom- 
en in different age groups 

The overall 28-day case fatality in the 35-74 year 
age group was significantly (p -- 0.0191) higher for di- 
abetic women (CF 22.2 %) compared to non-diabetic 
women (CF 17.9 %). This increased risk was present 
only in the 35-64 year age group (diabetic 19.7 vs 
non-diabetic 12.6 %; p = 0.046), while older diabetic 
women (65-74 years) had almost the same case fatal- 
ity (22.9%) as the non-diabetic women (20.3%) 
(p -- 0.225). In women with first ever stroke there 
was no significant difference in case fatality between 
the diabetic and the non-diabetic patients (17.4 vs 
16.7 %; p = 0.766). The mortality rates in all strokes 
were 339 per 100,000 per year  (95 % CI 195-485) in 
diabetic men and 389 (95 % CI 209-569) in diabetic 
women. The corresponding rate in non-diabetic men 
was 56 (95 % CI 42-70) and in non-diabetic women 
36 (95 % CI 25-47). 

Concomitant disorders. Atrial fibrillation, hyperten- 
sion, heart failure and myocardial infarction were all 
significantly more common in both men and women 
with diabetes compared with non-diabetic stroke pa- 
tients. Table 5 shows the relative risks (with 95 % CI) 

in diabetic vs non-diabetic individuals for having any 
of these concomitant disorders. 

Population attributable risk. Figure 1 shows popula- 
tion attributable risk in different age groups. It var- 
ied little with age, and the overall attributable risk 
was 18 % in men and 22 % in women. If, in a sensitiv- 
ity analysis, the upper and the lower limit of the prev- 
alence of diabetes in the entire population was ap- 
plied in the calculations of population attributable 
risks, the attributable risks ranged from 17.1 to 
18.9 % in men and from 20.7 to 22.6 % in women. 

Discussion 

With more than 1,500 stroke events in diabetic pa- 
tients and more than 4,800 strokes in non-diabetic 
subjects, this is the first population-based study in 
which it has been possible to estimate the incidence 
of stroke in a diabetic compared to a non-diabetic 
population with reasonable accuracy. Middle-aged di- 
abetic patients were found to have an incidence of 
stroke that, in men, was 4.4 times higher and, in wom- 
en, 5.8 times higher than in non-diabetic subjects. 
Diabetes  was a major contributor to all strokes with 
a population attributable risk as high as a round 
20 %. Case fatality was observed to be similar in 
stroke patients with and without diabetes, resulting 
in an increase in stroke mortality among diabetic pa- 
tients that was of the same magnitude as the increase 
in incidence. The marked excess in stroke mortality 
is in accordance with recent results from the Multi- 
ple Risk Factor Intervention Trial (MRFIT)  in which 
mortality from non-haemorrhagic stroke during 
10 years' follow-up was 8 times greater in diabetic 
than in non-diabetic men [17]. 

The Northern Sweden M O N I C A  stroke register 
was thoroughly validated throughout the observa- 
tion period. Case ascertainment was found to be satis- 
factory with more than 95 % of all strokes being re- 
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corded [11, 12, 18]. The same personnel coded stroke 
events during the 8years covered by the present 
study, ensuring consistency over time. 

Previous estimates of the relative risk of stroke in 
diabetic individuals have been based on cross-sec- 
tional or cohort studies of smaller populations [2, 6, 
7, 19]. Our estimate of the incidence of stroke in dia- 
betic subjects is derived from the number of stroke 
patients with diabetes and the prevalence of diabetes 
m the same population. 

Applying the WHO criteria [10], the prevalence of 
undiagnosed diabetes detected by oral glucose toler- 
ance test was only slightly lower than that found in a 
population study in the United States (age range 20- 
74 years). The prevalence of undiagnosed diabetes in 
northern Sweden was 2.6 % (men and women to- 
gether) and in the United States study 3.2 % [20]. 
Thus, the prevalence of undiagnosed diabetes is 
about equal to that of previously diagnosed diabetes 
in the community. Applying the modified 1991 
WHO criteria for epidemiological studies, which do 
not take fasting plasma glucose levels into account 
[21], the prevalence of diabetes in this study would 
have been reduced from an overall of 6.1 to 5.7 %. 

People who have regular contacts with a physician 
are less likely to participate in population screenings. 
A possible over-representation of diabetic patients 
among people not participating in the population sur- 
vey is therefore possible. However, the overall non-re- 
sponder rate was low in the surveys (22 %) and the im- 
pact on prevalence rates of diabetes (and calculations 
of population attributable risks) would be modest. 

The overall prevalence of diabetes found in the 
present study is very similar to that observed for the 
same age groups in other parts of Sweden [22, 23], ex- 
cept that a lower prevalence in 65-74-year-old men 
was reported in one of the studies [23]. 

In a previous hospital-based study, we found 2 % of 
stroke patients of all ages to have diabetes diagnosed 
during the hospital stay for stroke [9]. In the present 
study, 57 patients with hyperglycaemia during the 
acute phase of stroke were not included because it 
was uncertain if this reflected stress-associated hyper- 
glycaemia in acute stroke [24] previously unknown di- 
abetes or diabetes precipitated by the acute event. In- 
formation on diabetes was lacking for another 58 of 
the 6,370 stroke patients; most of these cases were fa- 
tal without any mention of diabetes in the medical re- 
cords before the event. Even if all patients with hyper- 
glycaemia during the acute event and those without in- 
formation on diabetes were assumed to have diabetes, 
the prevalence of diabetes among stroke patients 
would increase from the present 24.2 % to no more 
than 26.0 % (both first and recurrent events), and it 
would have little influence on estimates of incidence 
and attack rates or population attributable risk. 

In patients with first ever stroke, 22% had a 
known diabetes at stroke onset. In other studies, the 
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reported prevalence of diabetes in stroke patients 
varies from 11 to 27 % [25-31]. The variations may 
partly be explained by the fact that some of the stud- 
ies were hospital based whereas others were commu- 
nity based, and that some included all strokes and 
some only first ever events. 

As a group, diabetic patients with stroke were 
much dominated by those with non-insulin-depen- 
dent diabetes. This agrees with previous observa- 
tions [9, 26]. In the 35-44 year age group, however, 
more than 75 % of patients had insulin-dependent di- 
abetes and, in this age group, they contributed sub- 
stantially to the high incidence of stroke associated 
with diabetes. 

Haemorrhagic lesions are, in relative terms, less 
common in diabetic patients, than in non-diabetic 
stroke patients. The prevalence of diabetes in pa- 
tients with subarachnoid haemorrhage was even low- 
er than in the general population (0.9 vs 8.8 %). A 
low prevalence of diabetes in patients with subarach- 
noid haemorrhage has also been documented by oth- 
ers [3-5]. We also observed a markedly lower preva- 
lence of diabetes in subjects with intracerebral haem- 
orrhage than in those with ischaemic stroke; this is in 
accordance with other reports [5, 26, 31]. However, a 
different picture emerges when a population ap- 
proach is used to express the risk of stroke in abso- 
lute terms. As the type of stroke was not known for 
a substantial proportion of patients (38 %), it was 
not possible to accurately determine type-specific in- 
cidence. However, using the limited data available, 
incidence of intracerebral haemorrhage was still 
found to be 2 times higher in diabetic than in non-di- 
abetic individuals (same ratio in both men and wom- 
en). 

In most of the other studies, diabetic stroke pati- 
ents were reported to have a worse outcome com- 
pared to non-diabetic subjects [6, 8, 17, 32]. In the 
present study, however, case fatality was only slightly 
higher in the diabetic patients and the difference was 
only statistically significant in one subgroup (women 
below the age of 65 years). One reason for the rela- 
tively low case fatality in diabetic stroke patients in 
the present study is that it covered only ages up to 
75 years. Also, it may be that, following greater 
awareness of complications threatening diabetic 
stroke patients, management and survival has im- 
proved in these patients in recent years. A report 
from the Minnesota Heart Survey does not, how- 
ever, support this view; between 1970 and 1985, case 
fatality did not improve in diabetic stroke patients as 
it did in non-diabetic patients [19]. 

As previously reported by other investigators [9, 
28, 33, 34], diabetic stroke patients were found to 
have more cardiovascular disorders than non-dia- 
betic patients. The cardiovascular disorders included 
were hypertension, ischaemic heart disease, cardiac 
failure and atrial fibrillation. These disorders are 
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also more common in the general population of dia- 
betic patients [4, 6, 35, 36] and they contribute to the 
increased risk of stroke in individuals with diabetes. 
We found concomitant disorders to be more com- 
mon in diabetic women than in men, which could 
contribute to the higher case fatality in women. 

The population attributable risk of stroke associ- 
ated with diabetes was calculated to be about 20 % 
for the ages covered by the present study. Attribut- 
able risk is a measure that is based on relative risk 
and proportion of the population exposed. It should 
be regarded as an estimate of the proportion of all 
stroke events that can be prevented if diabetes did 
not exist in the community. It should be emphasised 
that this is a crude measure that assumes a direct cau- 
sal relationship between diabetes and stroke, and it 
does not take into account interactions with other 
risk factors. Also, if the prevalence of diabetes in the 
general population is underestimated, the relative 
risk of stroke in diabetic vs non-diabetic subjects 
would be increased and the population attributable 
risk overestimated. However, in sensitivity analyses, 
the population attributable risk was only slightly re- 
duced if the upper 95 % confidence limit of preva- 
lence of diabetes in the general population was taken 
into consideration. 

In this paper, emphasis is on crude attack and inci- 
dence rates and not age-standardised rates. Crude 
rates show a more "true" impact of diabetes on 
stroke attack and incidence rates in each age group, 
than age-standardised rates. Standardised to the 
1989 population, the relative risks for stroke con- 
ferred by diabetes were somewhat lower, reflecting 
the age distribution of diabetes in the population. 

Our results emphasise the importance of diabetes 
as a risk factor for stroke from a population perspec- 
tive. If, as a theoretical exercise, the population attrib- 
utable risk of approximately 20 % is translated into 
number of strokes in the whole population of Sweden, 
approximately 50 strokes are directly attributable to 
diabetes each year in a population of 100,000 people 
aged 35-74 years. It is not known to what extent im- 
proved metabolic control in diabetic patients could re- 
duce the risk of stroke, but there is certainly room for 
further prevention of stroke in diabetic patients, by 
documented measures such as stopping smoking, bet- 
ter hypertension control, anticoagulation treatment 
in patients with atrial fibrillation and improved man- 
agement of symptomatic carotid disease. 
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