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ABSTRACT
Background and purpose Diabetes mellitus (DM)
is a common metabolic disorder with increased risk
of cardiovascular and cerebrovascular complications.
However, its relationship with risk of subarachnoid
haemorrhage (SAH), the most devastating form of stroke,
remains controversial.
Methods To evaluate the relationship between DM and
risk of SAH, we performed a retrospective cohort study
using a nationwide, population‐based, health screening
database in Korea. We included participants without history
of stroke who underwent a nationwide health screening
programme between 2003 and 2004. Primary outcome
was occurrence of SAH. Participants were followed up until
development of SAH or December 2015. Multivariate Cox
proportional hazards regression analysis was performed
with adjustments for age, sex, systolic blood pressure, total
cholesterol, body mass index, physical activity, smoking
status, alcohol habit, household income and treatment with
antihypertensive agents and statins.
Results Among 421 768 study participants, prevalence
of DM was 9.6%. During a mean follow-up period of
11.6±1.9 years, 1039 patients developed SAH. Presence
of DM was significantly associated with decreased risk of
SAH (adjusted HR 0.68; 95% CI 0.53 to 0.86; p<0.001).
Elevated level of fasting blood glucose was also negatively
associated with risk of SAH (adjusted HR per 1 mmol/L
increase 0.90; 95% CI 0.86 to 0.95; p<0.001).
Conclusion DM and elevated level of fasting blood
glucose were inversely associated with risk of SAH.
Further studies may elucidate the possibly protective,
pathophysiological role played by hyperglycaemia in
patients at risk of SAH.

INTRODUCTION
Subarachnoid haemorrhage (SAH) is the
most devastating form of stroke, which results
in death or severe disability in 50%–70% of
affected patients.1 2 A relatively younger age
of onset and a high associated probability of
long-term disability after occurrence of SAH
impose a heavy burden on patients, their families and communities.3 4 Despite the significant
global health problem with SAH, risk factors
for SAH have not been adequately investigated in large cohorts.5 Diabetes mellitus
(DM) is a common metabolic disorder and
is a well-established cardiovascular risk factor
for atherosclerotic disease involving coronary,

peripheral and cerebral arteries. However,
there are epidemiological data indicating
a paradoxically reduced risk of aneurysmal
disorders in patients with diabetes.6 7 The prevalence and incidence of aortic aneurysms are
lower in patients with diabetes as compared
with that in those without the disorder.8–10
Approximately >80% of cases of spontaneous
SAH occur as a consequence of ruptured cerebral aneurysms.11 With regard to the potential role of DM against aneurysmal disorders,
we hypothesised that the risk for SAH may
be lower in diabetes compared with non-
diabetes. Although DM is a common medical
illness and SAH is a major life-
threatening
disorder, the relationship between SAH and
DM has received little attention and still
remains unclear. Investigation of the possible
relationship may contribute to better understanding of the pathophysiology of SAH and
allow researchers to identify potential therapeutic targets for intervention. In the current
study, we aimed to evaluate the risk of SAH
according to the presence of DM and fasting
blood glucose levels using a nationwide,
population-
based, health screening cohort
database in Korea.
METHODS
Study design and data sources
This study was a retrospective cohort study
conducted using the National Health Insurance Service-
National Health Screening
Cohort (NHIS-
HEALS) in Korea.12 NHIS-
HEALS is a nationwide, population-
based
sample cohort, which includes 514 866
subjects (aged between 40 and 79 years)
who participated in a free national health
screening programme organised by the NHIS.
Data collected as part of the health screening
programme included physical examination
findings, self-administered questionnaires for
eliciting medical history and lifestyle details
and results of blood laboratory investigations
including fasting glucose. The national health
screening programme in Korea can only be
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Participants and outcomes
We included stroke-free participants who underwent the
health screening in 2003–2004. Index date was defined
as the day on which each participant underwent a health
screening programme. We excluded participants who
had: (1) history of stroke, (2) <1 month of follow-up data
available, (3) extreme values of fasting blood glucose
(≤3 or ≥25 mmol/L), and (4) missing values for covariates. Primary outcome was the development of spontatraumatic) SAH during the study period.
neous (non-
Development of spontaneous SAH was defined as those
participants who were admitted with a primary diagnosis
of I60 (ICD-10 code for non-traumatic SAH), excluding
I60.8 (meningeal haemorrhage and rupture of cerebral
arteriovenous malformation), and underwent brain CT
or MR angiography during admission.13 14 Patients with
ICD-10 codes of S02, S04, S06, S07, S09, T02.0, T04.0
and T06.0 in their records were not captured in a bid to
exclude those who had experienced outcomes of traumatic SAH. Study participants were followed up until
the development of SAH, study end date (31 December
2015), loss of eligibility to the NHIS or date of death,
whichever outcome occurred first.
Data collection
A patient was identified as suffering from DM if either
the fasting glucose level during the health examination
was ≥7 mmol/L or if the participant answered ‘yes’ in
response to the question eliciting this medical history
on the health examination questionnaire.15 The health
examination data were used to collate information on
relevant factors including age, sex, household income,
body mass index (BMI), systolic blood pressure, fasting
2

blood glucose, total cholesterol level, smoking habit,
alcohol consumption and physical activity. Household
income were stratified into three tertiles (low, middle,
high). Based on BMI, patients were classified into one
of the following four groups: low (<18.5 kg/m2), normal
(18.5–25 kg/m2), obesity 1 (25–30 kg/m2) and obesity 2
(≥30 kg/m2).15 Smoking status was used to classify patients
as ‘current smoker’, ‘ex-smoker’ or ‘never smoker’. Based
on patients’ average weekly alcohol consumption, they
were classified into groups of ‘<1 time’, ‘1–2 times’, ‘3–4
times’ and ‘≥5 times’.16 Depending on the number of days
that patients reportedly exercised per week on average
(regardless of the type or intensity of the workout), they
were classified into one of the following groups: ‘<1 day’,
‘1–3 days’ and ‘≥4 days’. Treatments with antihypertensive medication (calcium channel blockers, ACE inhibitors, angiotensin receptor blockers, diuretics and beta
blockers) and statin (atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, rosuvastatin and simvastatin)
were determined by prescription of the medications
between 1 year before and the date of the baseline health
examination.
Statistical analyses
Clinical characteristics were represented as number (%)
for categorical variables and as mean±SD for continuous
variables. Differences in characteristics between groups
were compared using the χ2 test and the independent
t-test for categorical and continuous variables, respectively. Continuous variables included age, BMI, systolic
blood pressure, total cholesterol and fasting serum
glucose. We calculated the standardised mean difference
for each variable between those with diabetes and non-
diabetes.17 We constructed a cumulative incidence plot
for SAH according to the presence of DM. HR and 95%
CI for primary outcome were calculated based on a Cox
proportional hazards regression analysis. We constructed
(1) a model adjusted for age and sex, and (2) a model
fully adjusted for age, sex, systolic blood pressure, BMI,
total cholesterol, household income, lifestyle habits
(exercise, smoking, alcohol), treatments with antihypertensive agents and statins, and interaction terms
between systolic blood pressure and antihypertensive
agents, and between total cholesterol and statins. The
assumption of proportional hazards for DM and fasting
glucose in Cox regression model was tested by calculating the Schoenfeld residuals using ‘cox.zph’ function
in the R package, which were found to be satisfactory.
The linear association between log hazard and level of
fasting glucose is illustrated by constructing the flexible
HR curve using the penalised spline smoothing functions of the ‘smoothHR’ package in R.18 Data manipulation and statistical analyses were performed using both
SAS V.9.4 (SAS) and R software V.3.3.3 (R Foundation
for Statistical Computing, Vienna, Austria; http://www.
R-project.org/). A two-sided p value <0.05 was regarded
as statistically significant.
Kim JH, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2020-000601
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conducted at designated healthcare centres or hospitals.
For maintenance and quality control of health screening
programme, the NHIS of the Korea government has
conducted the quality assessment activities on the
human resource, facility, equipment and the reliability
of laboratory tests of individual health screening centres.
According to the quality reports of health screening,
institutions receiving low grade are subject to administrative dispositions such as temporary suspension and
cancellation of the designation. The results of the quality
assessment of the institutions are available on the web
page of the NHIS (https://hi.nhic.or.kr/ca/ggpca001/
ggpca001_m02.do).
NHIS is a single-payer programme in Korea, and the
NHIS-HEALS database contains complete health insurance claims data for all hospital visits, which include diagnostic code, procedure performed, prescriptions issued,
demographic information (sex, age, annual household
income) and mortality data between 2002 and 2015. Diagnostic codes are recorded at each hospital visit, according
to the International Statistical Classification of Diseases,
10th Revision (ICD-10). Data from NHIS-HEALS were
fully anonymised as per data privacy restrictions and did
not contain any identifying information.

Open access

Exclusion of 88,854 participants
who did not undergo the health
screening program in 2003–2004
N = 426,012
who completed the health screening
programme in 2003–2004
Exclusion of 2,018 participants with
prior history of stroke
N = 423,994
Exclusion of 1,083 participants with
missing or excessive value (≤3
mmol/L or ≥25 mmol/L) of fasting
glucose
Exclusion of 978 participants with
incomplete data of covariate

Exclusion of 165 participants with
follow up <1 month

N = 421,768

Figure 1 Flow chart of patient inclusion and exclusion. NHIS-HEALS, National Health Insurance Service-National Health
Screening Cohort.

RESULTS
Following application of both inclusion and exclusion
criteria, this study finally included 421 768 participants
without history of stroke, who underwent health screening
examination in 2003–2004 (figure 1). Mean age of the
study population at the time of screening was 53.7±9.5
years, and males constituted 55.2% of the cohort (table 1).
Mean level of fasting glucose was 5.43±1.58 mmol/L and
figure 2 shows the distribution of fasting glucose level in
the study population. In total, 9.6% of participants were
identified as having DM. Compared with non-diabetes,
those with diabetes were more likely to be male, older,
receive treatments with antihypertensive agents and
statins, and to have high systolic blood pressure, high
total cholesterol and high fasting blood glucose levels.
Both groups differed significantly with respect to factors
including BMI, smoking habit, alcohol consumption,
exercise and household income.
The mean follow-up period was 11.6±1.9 years. During
the study period, 1039 subjects developed primary
outcome (spontaneous SAH). Figure 3 illustrates the
cumulative incidence curve of SAH, according to the presence of DM, which indicates that the risk of occurrence of
SAH is lower in those with DM. On computing a hazards
model adjusted for age and sex (table 2), patients with
DM had significantly lower risk of SAH, as compared with
non-diabetics (HR 0.73; 95% CI 0.58 to 0.93; p=0.010).
Significance of DM as an independent factor did not
 JH, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2020-000601
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change in fully adjusted models as well (HR 0.68; 95%
CI 0.53 to 0.86; p<0.001). In the fully adjusted model,
risk factors associated with SAH were female sex, old
age, high systolic blood pressure and current smoking.
Obesity was associated with lower risk for SAH. Instead of
the presence of DM, incorporating level of fasting blood
glucose as a possible risk factor in the model also revealed
an inverse association between blood glucose level and
risk of occurrence of SAH. Calculated HR per 1 mmol/L
increase in fasting glucose in the age and sex-adjusted
model and in that fully adjusted model for other covariates was 0.92 (95% CI 0.88 to 0.97) (p<0.001) and 0.90
(95% CI 0.86 to 0.95) (p<0.001), respectively. For further
evaluation of the association between SAH risk and the
continuous level of fasting glucose, we illustrate spline-
based log HR curve (figure 4). A visual inspection of the
HR curve indicates that the level of fasting glucose is in
inverse linear relation to the log hazard. Our data clearly
showed that the presence of DM and elevated levels of
fasting glucose were negatively associated with risk of
SAH, a critical cerebrovascular disorder.
DISCUSSION
This population-based cohort study showed that patients
with DM were at a lower risk for spontaneous SAH, as
compared with non-diabetics. Fasting blood glucose level
was negatively associated with the risk of SAH. Other
3
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Variable

All

Non-diabetes

Diabetes

P value

Standardised
mean difference

Subjects (n)
Sex (male)

421 768
232 786 (55.2)

381 406
207 633 (54.4)

40 362
25 153 (62.3)

–
<0.001

–
0.160

Age (years)

53.71±9.51

53.32±9.41

57.37±9.69

<0.001

0.423

Systolic blood pressure (mmHg)

127.2±18.0

126.6±17.8

133.1±18.7

<0.001

0.358

Fasting glucose (mmol/L)

5.43±1.58

5.09±0.70

8.71±3.11

<0.001

1.608

Total cholesterol (mmol/L)

5.17±0.97

5.16±0.96

5.27±1.10

<0.001

0.112

<0.001

0.210

 Low: <18.5

9779 (2.3)

9072 (2.4)

707 (1.8)

 Normal: 18.5–25

266 425 (63.2)

244 193 (64.0)

22 232 (55.1)

 Obesity 1: 25–30

134 001 (31.8)

118 461 (31.1)

15 540 (38.5)

 Obesity 2: ≥30

11 563 (2.7)

9680 (2.5)

1883 (4.7)
<0.001

0.102

 Never smoking

290 852 (69.0)

264 763 (69.4)

26 089 (64.6)

 Past smoking

36 851 (8.7)

32 932 (8.6)

3919 (9.7)

 Current smoking

94 065 (22.3)

83 711 (21.9)

10 354 (25.7)
<0.001

0.101

<0.001

0.111

<0.001

0.029

<0.001
<0.001

0.390
0.262

2

Body mass index (kg/m )

Smoking habit

Alcohol consumption (frequency/week)
 <1 time

235 557 (55.8)

213 465 (56.0)

22 092 (54.7)

 1–2 times

139 297 (33.0)

126 677 (33.2)

12 620 (31.3)

 3–4 times

28 867 (6.8)

25 551 (6.7)

3316 (8.2)

 ≥5 times

18 047 (4.3)

15 713 (4.1)

2334 (5.8)

Exercise (days/week)
 <1

225 258 (53.4)

204 242 (53.5)

21 016 (52.1)

 1–3

154 795 (36.7)

140 716 (36.9)

14 079 (34.9)

 ≥5

41 715 (9.9)

36 448 (9.6)

5267 (13.0)

Household income
 T1 (low)

146 907 (34.8)

132 657 (34.8)

14 250 (35.3)

 T2

121 170 (28.7)

109 269 (28.6)

11 901 (29.5)

 T3 (high)

153 691 (36.4)

139 480 (36.6)

14 211 (35.2)

Treatment with antihypertensive agents
Treatment with statins

85 443 (20.3)
19 536 (4.6)

71 047 (18.6)
15 183 (4.0)

14 396 (35.7)
4353 (10.8)

Data are n (%) or mean±SD. P values and standardised mean difference are derived from comparisons between diabetes and non-diabetes.

factors including female sex, old age, high blood pressure
and current smoking habit were found to be independent
risk factors for SAH. These are already well-established
risk factors for SAH.7 19 20 This consistent finding of a
positive association with known risk factors in the current
study supports the reliability of our cohort data. The
inverse association between DM and SAH was in line with
the prior epidemiological reports for the negative relationship between diabetes and aortic aneurysms (another
dilating aneurysmal vascular disorder).10 21 DM is known
to be negatively associated with both the presence, size and
growth rate of aortic aneurysms.9 22 A systematic review
of existing literature on the topic, which included 17
large population prevalence studies, found a signiﬁcantly
lower risk of occurrence of abdominal aortic aneurysms
4

in patients with diabetes (pooled OR 0.80; 95% CI 0.70
to 0.90; p<0.001).23 A longitudinal study of patients with
abdominal aortic aneurysms showed an inverse association between aneurysmal growth rate and HbA1c levels
both in diabetic individuals and in those without diabetes,
indicating that chronically elevated blood sugar inhibits
aneurysmal progression.24 Considering that a large aortic
diameter and high growth rate are major risk factors for
aneurysmal rupture, patients with diabetes may be at a
lower risk of developing aortic aneurysm rupture.8 9
While prior studies consistently found a negative association of diabetes with aortic aneurysms, there were
inconsistent reports on its relationship with SAH, which
commonly occurs due to rupture of an intracerebral
aneurysm.25 26 In the first report on this topic published in
Kim JH, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2020-000601
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Table 1 Baseline characteristics of the study population
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Figure 3 Cumulative incidence curve for subarachnoid
haemorrhage according to diabetes mellitus.
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Events (n)

1 (ref)
0.68 (0.53 to 0.86)
–
0.010
4 435 095
448 998

Adjusted HR (95% CI) and p values are derived by multivariate Cox proportional hazards regression models for subarachnoid haemorrhage.
*Rate per 100 000 person-years.
†Adjusted for age, sex, systolic blood pressure, body mass index, total cholesterol, household income, lifestyle habits (exercise, smoking, alcohol), antihypertensive agents, statins, interaction
between systolic blood pressure and antihypertensive agents and interaction between total cholesterol and statins.

0.2

381 406
40 362

0.3

Non-diabetes
Diabetes

Non−diabetes
Diabetes

Group

Cumulative incidence (%)

0.4

Table 2

1978, based on the Harvard Cooperative Stroke Registry
data, only 2% of patients with aneurysmal SAH had DM,
as compared with its presence in 13%–29% of patients
diagnosed with other types of cerebrovascular diseases.27
In another age and sex-matched case–control study of
329 patients diagnosed with aneurysmal SAH, prevalence
of DM was lower than that in the general population,
although the differences did not reach statistical significance.28 Data reported in two systemic reviews demonstrated that presence of DM was significantly associated
with lower risk of SAH in case–control studies, but not in
longitudinal studies.7 25 In one meta-analysis, data from
high-quality studies (n=5) found significant association
between aneurysmal SAH and DM, but those derived
from low to moderate-quality studies (n=13) did not.25
In a case–control study between two groups of 1058 and

Risk of subarachnoid haemorrhage according to the presence of diabetes mellitus

Figure 2 Distribution of fasting glucose level in study
population. Histogram represents the number of participants
at each level of fasting glucose (intervals of 0.2 mmol/L). Blue
dashed line indicates median value of fasting glucose (5.11
mmol/L).

1 (ref)
0.73 (0.58 to 0.93)

Sex and age-adjusted model

fasting glucose, mmol/L

21.69 (20.34 to 23.11)
17.15 (13.53 to 21.43)

3 4 5 6 7 8 9 10 11 12

Estimated event rates
(95% CI)*

0

962
77

P value

10000

P value Adjusted HR (95% CI)

20000

Adjusted HR (95% CI)

Fully adjusted model†

30000

Patient-years
Participants (n) at risk

Number

40000
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50000

–
<0.001

Open access

5

Open access

Log HR

ref (glucose = 5.11 mmol/L)

0.0

-0.5

-1.0
3

6
9
fasting glucose, mmol/L

12

Figure 4 Inverse linear association between fasting glucose
level and the risk of subarachnoid haemorrhage. The curved
black line and grey shadows represent the estimated log
HR and 95% CIs taking the median value of fasting glucose
(5.11 mmol/L) as reference (HR=1.0) using penalised spline
smoothing function from the Cox regression model for
subarachnoid haemorrhage. The HR curve shows that the
level of fasting glucose is in inverse linear relation to the log
hazard.

484 patients with ruptured and unruptured intracranial
saccular aneurysms, incidence of DM did not significantly
differ.26 However, a recent large cohort study conducted
using linked electronic health records in England, with
a median follow-up duration of 5.5 years, demonstrated
that type 2 diabetes was inversely associated with SAH
(adjusted HR 0.48; 95% CI 0.26 to 0.89).29 The Million
Women Study, a cohort study of British women, found
women with DM had substantially reduced risk for SAH
(relative risk 0.43; 95% CI 0.26 to 0.69) compared with
other women.30 Factors including small sample size, high
heterogeneity of the study population and lack of consideration of confounding variables can lead to conflicting
results and limit the identification of the potential effect
of DM on risk of SAH. We added an evidence for the
significant relationship between DM and risk of SAH
based on longitudinal cohort data in Korea. The inverse
dose–response relationship between the level of fasting
glucose and the risk of SAH also suggests the contributing
role of glycaemic control on the development of SAH.
Our current study was based on data collected during a
nationwide health screening programme, which enabled
inclusion of a large study sample (>400 000) from the
general population and allowed collation of information about known potential confounders such as systolic
blood pressure, BMI, cholesterol level, physical activity
level, smoking habit and alcohol consumption, an aspect
frequently lacked in prior studies.31 Further, utilisation of
national health claims data enabled long-term follow-up
6
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and allowed identification of patients diagnosed with a
critical and highly fatal, though relatively rare, condition
like SAH, which would have been difficult to achieve
with conventional data collection methods. The present
study strengthened by these factors showed an inverse
association between risk of SAH and presence of DM
or an elevated fasting glucose level, an association that
remained significant even after allowing adjustments for
the potential confounders. Our data support the existence of a possibly protective pathophysiological role of
DM and hyperglycaemia in patients at risk of SAH.
There are some explanatory mechanisms for the protective role played by DM in dilating aneurysmal disorders.9 32
Diabetes induces atherosclerotic changes that cause stiffening of vessel walls, which are therefore more resistant
to haemodynamic pressure and are less likely to undergo
dilation and consequent rupture.31 Collagen cross-linking
induced by advanced glycation end products generated
in diabetes may protect against its proteolytic breakdown
and thus play a protective role, preventing aneurysmal
progression.33 Diabetic animal models showed decrease
in both macrophage infiltration and neovascularisation
within arterial walls, both proinflammatory processes
involved in development and progression of aneurysms.9
Indeed, intraoperative findings have shown that DM was
more frequent in stabilised intracranial aneurysms.34
Further, levels of plasmin and matrix metalloproteinase-2
and metalloproteinase-9 are suppressed in patients with
diabetes, which may restrict fibrinolytic pathway, progressive degeneration and remodelling of aneurysmal vessel
walls.10 22 35 Lifestyle, social habits and other known coexisting risk factors could be potential confounders in the
relationship between DM and SAH. It is strongly recommended that patients with diabetes maintain healthy lifestyles and control modifiable cardiovascular risk factors
such as blood pressure, obesity, physical activity and
smoking habit, which may contribute to the paradoxically
lower risk of SAH in observational studies.28 Frequent
hospital visits by patients with diabetes may lead to an
earlier diagnosis and treatment of cerebral aneurysms,
thus mitigating an important risk factor for occurrence
of SAH.26 Another explanation involves the protective
role played by cardiovascular medications frequently
prescribed to patients with diabetes. A large proportion
of patients with diabetes suffer from hypertension and
receive antihypertensive drugs, which reduce high blood
pressure, a strong modifiable risk factor for SAH. Statins
are also frequently prescribed to patients with diabetes,
considering their increased cardiovascular risk. In vitro
and in vivo studies suggest that statins can protect against
rupture of cerebral aneurysm.13 Pleiotropic effects of
antidiabetic medications may prevent further dilatation and rupture of an aneurysmal vessel wall. A nested
case–control study found that metformin, sulfonylurea
and thiazolidinedione-
treated patients were at lower
risk of aortic aneurysms.36 Unfortunately, these explanatory mechanisms for lower risk of SAH in patients with
diabetes were principally evaluated with respect to aortic

Open access

CONCLUSION
This study, based on large population-based cohort data,
demonstrated that patients with diabetes were at lower
risk for spontaneous SAH. Exploration and identification
of the underlying protective mechanisms may help us
understand the pathophysiology of SAH and allow us to
determine novel therapeutic targets, which can be used
to prevent the fatal disorder.
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