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Background and Purpose Estimating age- and sex-specific population attributable risks
(PARs) of major risk factors for stroke may be a useful strategy to identify risk factors for
targeting preventive strategies.
Methods For this case-control matched study, consecutive patients aged 18-90 years and
admitted to nine nationwide hospitals with acute ischemic stroke between December 2008
and June 2010, were enrolled as cases. Controls, individually matched by age and sex, were
chosen from the 4th Korean National Health & Nutrition Examination Survey (2008-2010).
Based on odds ratios and prevalence, standardized according to the age and sex structure of
the Korean population, PARs of major risk factors were estimated according to age (young,
≤ 45; middle-aged, 46-65; and elderly, ≥ 66 years) and sex subgroups.
Results In 4,743 matched case-control sets, smoking (PAR, 45.1%) was the greatest contributing risk factor in young men, followed by hypertension (28.5%). In middle-aged men,
the greatest contributing factors were smoking (37.4%), hypertension (22.7%), and diabetes
(14.6%), whereas in women the greatest factors were hypertension (22.7%) and stroke history (10.6%). In the elderly, hypertension was the leading factor in men (23.7%) and women
(23.4%). Other noticeable factors were stroke history (men, 19.7%; women, 17.3%) and diabetes (men, 12.5%; women, 15.1%). In young women, risk factors with a PAR greater than
10% were not found.
Conclusions Smoking cessation in young people and hypertension and diabetes control in
older people may be effective in reducing the burden of stroke on the population. In the elderly, secondary prevention could also be emphasized.
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Introduction
Stroke is a leading cause of disability and death in most countries.1 Control of modifiable risk factors is the most effective approach to decreasing the burden of stroke.2-4 According to an international case-controlled study (INTERSTROKE), ten risk
factors account for about 90% of the risk of stroke, and our efforts at stroke prevention should be concentrated on reducing
blood pressure (BP) and promoting smoking cessation, physical
activity, and a healthy diet.5
However, the impact of modifiable risk factors on stroke incidence is not equal between different ethnic groups, sexes, or age
groups.1,6-9 For example, in the INTERSTROKE study, hypertension was more strongly associated with strokes in women than
in men, and in people aged 45 years or younger than in those
aged 45 years or older.5 The recommended strategies for preventing strokes in women with hypertension are different from those
in men with hypertension,7 and the optimal target BP is higher in
people aged 60 years or older than in those less than 60 years.10
Additionally, the risk of strokes in diabetic patients varies with
age8 and sex.9 Therefore, stroke prevention strategies in a specific
populations would be more effective if they were designed based
on knowledge of the population attributable risks (PARs) of individual risk factors in each age- and sex-specific subpopulation
because the PAR indicates the proportion of a disease that could
be prevented by eliminating the risk factor of interest in a specific
population.11
The burden of stroke, as compared to coronary heart disease
(CHD), is disproportionately high in East Asian countries, including China, Japan, and South Korea.12 Furthermore, these
countries are the world’s fastest aging countries;13 their burden
of stroke is therefore expected to increase substantially in the
near future unless effective prevention strategies are launched.
However, there is a paucity of information about age- and sexspecific PARs of the major risk factors in Asian populations.14-17
In this study, we aimed to estimate the age- and sex-specific
PARs of the major risk factors for strokes in the Korean population.

Methods
Recruitment of cases
The Clinical Research Center for Stroke (CRCS) project
sponsored by the Korean Government was established in 2006
to facilitate a multicenter collaborative stroke research program
in Korea and to develop and implement clinical practice guidelines for stroke treatment and prevention. The fifth section of
CRCS (CRCS-5), which was dedicated to epidemiologic research, constructed a web-based, prospective stroke registry dahttp://dx.doi.org/10.5853/jos.2015.17.3.302

tabase and, in April 2008, began to collect clinical information
on patients hospitalized for strokes. Using the CRCS-5 registry
database, cases were selected from acute ischemic stroke patients
admitted within 7 days of onset. Ischemic stroke was defined as
acute focal neurological deficits and relevant ischemic brain lesions found on computed tomography or diffusion-weighted
magnetic resonance imaging. Details of the CRCS-5 database
have been reported elsewhere.18
This study focused on ischemic stroke because 1) consecutive registration of hemorrhagic stroke patients was not guaranteed at some centers and 2) acute and hemorrhagic strokes have
fairly different risk factor profiles.19
Among the 6,023 patients hospitalized between December 1,
2008 and June 30, 2010, we excluded 274 who were admitted
≥ 7 days after stroke onset, 135 with hemorrhagic stroke, and
340 with a transient ischemic attack. Patients younger than 19
years or older than 90 years were also excluded because matched
control cases of these age ranges were rare in the Korea National
Health and Nutrition Examination Survey (KNHANES) database. Patients with missing height or weight information (n =
101) were also excluded. Ultimately, 5,107 cases were eligible for
matching (Figure 1A).

Recruitment of controls
The 4th (2007-2009) and 5th (2010-2012) KNHANES was
conducted by the Korean Center for Disease Control to investigate the health status of the Korean population through annual
nationwide representative sampling.20 The KNHANES employed a stratified, multi-stage probability sampling design; subjects were selected from sampling units predicated on geographical area, sex, and age, based on household registers. Among the
subjects surveyed in 2008, 2009, and 2010, 19,435 subjects, aged
19-90 years with no missing information about risk factors of interest, were selected for matching (Figure 1B).

Matching process
Each case was matched to one control by age ( ± 3 years) and
sex. Despite limiting the age range to 19-90 years, 364 elderly patients were excluded due to a lack of corresponding controls.
Therefore, 4,743 case-control sets were used for the analysis.
The CRCS-5 registry got approval for collection and analysis
of anonymized clinical data without patients’ consent for the
purpose of monitoring and improving the quality of stroke care
from the institutional review boards (IRBs) of the participating
centers. We obtained additional approval for the use of the registry database and the KNHANES database to conduct this study.
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2008. 12. 1-2010. 6. 30
All registered pt. n= 6,023

Onset to admit ≤ 7 days
n= 5,749

Population of KNHANES IV-V (n= 27,858)
2008 (n= 9,307)
2009 (n= 10,078)
2010 (n= 8,473)

ICH or SAH (n= 135)
DWI (-) TIA (n= 340)
Ischemic stroke
n= 5,274

Age ≥ 19 years (n= 20,730)

Age< 19 years (n= 2),
> 90 years (n= 64)
Missing information on
height or weight (n= 101)

Unavailable s-cholesterol
(n= 988)/ fasting sugar (n= 47)/
height or weight (n= 91)/ blood
pressure (n= 3)/ medical history
(n= 145)/ smoking status (n= 21)

Cases before matching
n= 5,107
Unmatched Case n= 364
Matched Case
n= 4,743

A

Controls before matching
(n= 19,435, 93.8% of age ≥ 19 years

B

Figure 1. Flow diagram for cases (A) and controls (B). ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage; DWI, diffusion-weighted image; TIA, transient
ischemic attack; KNHANES, Korea National Health and Nutrition Examination Survey.

Definition and selection of vascular risk factors
Risk factors of interest were chosen based on their relative importance in the primary prevention guidelines4 and the comparability of their definitions between the CRCS-5 registry and the
KNHANES. Hypertension, diabetes, hypercholesterolemia,
smoking, prior stroke, CHD, and obesity were selected. Despite
its importance as a stroke risk factor, atrial fibrillation was not included because the KNHANES did not gather information on it.
Hypertension was defined as a mean systolic BP ≥ 140 mmHg
or a mean diastolic BP ≥ 90 mmHg in repeated measures, prior
use of antihypertensive medications, or a self-reported physician
diagnosis. BP measurements used for the diagnosis of hypertension in the cases were obtained after patients were medically and
neurologically stabilized. Diabetes was defined as a fasting blood
glucose ≥ 126 mg/dL, prior use or prescription-at-discharge of
hypoglycemic medications, or a self-reported physician diagnosis. Hypercholesterolemia was defined as prior use of lipid lowering agents, fasting total serum cholesterol > 240 mg/dL, or a selfreported physician diagnosis. For the cases, smoking was defined
as a current smoker who had smoked at least one cigarette in the
last month, whereas for the controls it was defined as a current
smoker with a lifetime history of smoking ≥ 100 cigarettes. Prior
stroke was defined as a stroke history diagnosed by a physician.
CHD was defined as a self-reported physician diagnosis for angina pectoris or myocardial infarction. A history of coronary intervention (angioplasty and/or stent insertion) and of coronary arterial bypass graft surgery was added to the definition of CHD
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only for the cases. Obesity was diagnosed according to the World
Health Organization guidelines. Subjects whose body mass index
(BMI) was < 18.5 kg/m2, 25 to 29.9 kg/m2, or ≥ 30 kg/m2 were
classified as underweight, overweight, or obese, respectively.

Statistical analysis
Continuous variables are presented as means ± SD or medians (interquartile range, IQR), and categorical variables are reported as proportions. Before estimating the PAR of a risk factor, we determined the strength of the association between the
risk factor and ischemic strokes in all subjects and within each
age and sex subgroup by using odds ratios (ORs) and 95% confidence intervals (CIs). Conditional logistic regression was applied to the estimation of ORs and CIs for the matched sets and
adjustments were made for risk factors of interest and age. PARs
of individual risk factors were calculated using the following
formula: PAR = PR (OR-1)/[1+PR(OR-1)],21 where PR represents the age- and sex-specific prevalence of a risk factor in the
Korean population, estimated from the age- and sex-specific
prevalence in the 4th KNHANES and standardized according
to the age and sex structure of the general population in the
2010 Census of Korea (Table 1). OR represents the age- and
sex-specific OR obtained as described above. CIs of the PARs
were estimated using a substitution method.22
To estimate age-specific PARs, age was categorized into 3
groups; ≤ 45 years (young), 46 to 65 years (middle-aged), and
≥ 66 years (elderly). In men and women, age-specific PARs were
http://dx.doi.org/10.5853/jos.2015.17.3.302
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Table 1. Prevalence of individual risk factors in the general population according to age group
Prevalence* %, (95% CI)
Hypertension
Diabetes
Smoking
Stroke history
Coronary heart disease
Hypercholesterolemia
Obesity, BMI (kg/m2)
25.0-29.9
≥ 30
< 18.5
18.5≤ , < 25

20-45 years

46-65 years

≥ 66 years

Total

8.09 (7.41-8.77)
2.78 (2.38-3.18)
33.27 (32.11-34.44)
0.11 (0.04-0.18)
0.33 (0.20-0.47)
5.45 (4.93-5.98)

34.50 (33.15-35.84)
12.90 (11.98-13.81)
26.62 (25.35-27.89)
1.86 (1.49-2.24)
2.71 (2.29-3.14)
16.32(15.23-17.41)

58.98 (57.05-60.91)
20.89 (19.21-22.56)
16.54 (15.06-18.01)
6.00 (5.20-6.79)
5.70 (4.91-6.48)
17.31 (15.74-18.87)

23.98 (23.13-24.83)
8.68 (8.20-9.15)
28.73 (27.92-29.54)
1.51 (1.35-1.68)
1.87 (1.68-2.07)
10.74 (10.22-11.26)

23.77 (22.75-24.79)
4.23 (3.75-4.71)
6.42 (5.81-7.03)
65.58 (64.42-66.74)

33.44 (32.24-34.64)
3.66 (3.15-4.16)
2.04 (1.61-2.46)
60.86 (59.59-62.14)

28.96 (27.20-30.72)
3.31 (2.62-4.00)
4.76 (4.04-5.48)
62.97 (62.21-64.74)

27.73 (27.00-28.47)
3.91 (3.58-4.25)
4.72 (4.35-5.09)
63.64 (62.81-64.47)

Age- and sex-standardized prevalence using a direct standardization method.
CI, confidence interval; BMI, body mass index.
*

Table 2. Prevalence of individual risk factors in men of the general population according to age group
Prevalence* %, (95% CI)
Hypertension
Diabetes
Smoking
Stroke history
Coronary heart disease
Hypercholesterolemia
Obesity, BMI (kg/m2)
25.0-29.9
≥ 30
< 18.5
18.5≤ , < 25

20-45 years

46-65 years

≥ 66 years

Total

12.41 (11.20-13.61)
3.16 (2.55-3.77)
57.26 (55.56-58.97)
0.16 (0.04-0.28)
0.46 (0.23-0.69)
7.26 (6.36-8.16)

37.33 (35.24-39.43)
15.49 (14.00-16.97)
48.76 (46.54-50.98)
2.21 (1.60-2.83)
2.85 (2.18-3.51)
13.59 (12.10-15.09)

51.59 (48.65-54.54)
20.20 (18.04-22.36)
32.00 (29.04-34.96)
7.69 (6.32-9.05)
6.35 (5.11-7.60)
9.75(7.86-11.63)

25.30 (24.16-26.44)
9.27 (8.59-9.95)
51.52 (50.21-52.82)
1.71 (1.45-1.97)
1.94 (1.65-2.23)
9.69 (8.93-10.44)

31.83 (30.15-33.51)
4.76 (3.99-5.53)
3.29 (2.63-3.95)
60.12 (58.37-61.87)

36.84 (34.97-38.70)
2.77 (2.08-3.45)
1.97 (1.43-2.51)
58.43 (56.52-60.33)

22.83 (20.47-25.18)
1.23 (0.65-1.82)
6.55 (5.21-7.89)
69.39 (66.79-71.99)

32.51 (31.36-33.65)
3.69 (3.19-4.19)
3.21 (2.77-3.66)
60.60 (59.40-61.80)

Age standardized prevalence using a direct standardization method.
CI, confidence interval; BMI, body mass index.
*

estimated by using the age-standardized prevalence within each
age group (Tables 2, 3). A two-sided P value < 0.05 was considered statistically significant. All statistical analyses were performed with SAS version 9.3 (SAS, Cary, NC, USA).

Results
Of the 4,743 cases in this study, 60% were men, and the mean
age was 63.7± 11.6 years in men and 69.2± 11.0 years in women.
The proportion of cases ≤ 45 years, 46-65 years, and ≥ 66 years
were 5.7%, 35.6%, and 58.7%, respectively. The median National
Institute of Health Stroke Scale score was 4 (IQR, 2-8). Hypertension was the most frequent risk factor (63.6% in men, 70.1%
in women), followed by diabetes and smoking (Table 4).
When combining all age groups, hypertension, diabetes,
stroke history, and CHD related to an increased risk of strokes
in both sexes, whereas hypercholesterolemia and smoking were
http://dx.doi.org/10.5853/jos.2015.17.3.302

related to an increased risk in men but not in women (Table 4).
Being underweight increased the risk of strokes in women while
being overweight was protective in both sexes.
Age- and sex-specific ORs and PARs of individual risk factors
are presented in Table 5. The OR of hypertension was highest
in the young and decreased with age in both sexes. However, its
PAR was similar in most of age and sex subgroups because the
prevalence of hypertension increased with age (Tables 1-3).
Approximately one fourth of strokes were attributed to hypertension across all age groups except for young women.
For cases involving diabetes, the OR was highest in young men
but the PAR was highest in elderly women. The OR decreased
with age in men, but was similar between middle-aged and elderly women.
Stroke history was a strong risk factor in most age and sex subgroups, especially in the elderly, where the PAR was 19.7% in elderly men and 17.3% in women. The OR and PAR of CHD
http://j-stroke.org
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Table 3. Prevalence of individual risk factors in women of the general population according to the age group
Prevalence* %, (95% CI)
20-45 years
Hypertension
Diabetes
Smoking
Stroke history
Coronary heart disease
Hypercholesterolemia
Obesity, BMI (kg/m2)
25.0-29.9
≥ 30
< 18.5
18.5≤ , < 25

46-65 years

≥ 66 years

Total

3.62 (3.05-4.20)
2.38 (1.86-2.90)
8.44 (7.39-9.50)
0.07 (0.00-0.14)
0.20 (0.09-0.31)
3.59 (2.99-4.18)

31.72 (29.98-33.47)
10.37 (9.25-11.49)
4.98 (4.09-5.88)
1.52 (1.13-1.90)
2.58 (2.04-3.13)
18.99 (17.53-20.45)

63.92 (61.50-66.34)
21.35 (19.06-23.63)
6.19 (4.92-7.46)
4.86 (3.92-5.81)
5.25 (4.17-6.34)
22.36 (20.07-24.66)

22.72 (21.72-23.72)
8.11 (7.48-8.73)
6.93 (6.26-7.60)
1.33 (1.13-1.53)
1.81 (1.54-2.08)
11.74 (11.04-12.44)

15.44 (14.21-16.66)
3.68 (3.06-4.58)
9.66 (8.60-10.71)
71.23 (69.75-72.70)

30.13 (28.53-31.72)
4.53 (3.73-5.32)
2.10 (1.47-2.73)
63.24 (61.50-64.99)

33.06 (30.79-35.33)
4.70 (3.61-5.78)
3.56 (2.76-4.36)
58.68 (56.39-60.97)

23.17 (22.21-24.13)
4.13 (3.68-4.58)
6.16 (5.54-6.78)
66.54 (65.48-67.61)

Age standardized prevalence using a direct standardization method.
CI, confidence interval; BMI, body mass index.
*

Table 4. Frequency of individual risk factors in cases and controls
Men, n (%)

Women, n (%)

Cases (n= 2,846)

Controls (n= 2,846)

Adjusted OR (95% CI)

Cases (n= 1,897)

Controls (n= 1,897)

Adjusted OR (95% CI)

1,811 (63.6)
954 (33.5)
675 (23.7)
1,286 (45.2)
641 (22.5)
291 (10.2)

1,349 (47.4)
526 (18.5)
422 (14.8)
911 (32.0)
140 (4.9)
146 (5.1)

1.76 (1.55-2.00)
1.89 (1.63-2.19)
1.38 (1.18-1.62)
2.03 (1.78-2.31)
4.96 (3.97-6.17)
1.76 (1.38-2.25)

1,329 (70.1)
626 (33.0)
541 (28.5)
111 (5.9)
406 (21.4)
191 (10.1)

1,067 (56.2)
367 (19.3)
455 (24.0)
108 (5.7)
75 (4.0)
70 (3.7)

1.64 (1.39-1.95)
1.83 (1.53-2.19)
1.07 (0.89-1.27)
1.26 (0.92-1.74)
6.21 (4.56-8.45)
2.65 (1.89-3.72)

110 (3.9)
1,874 (65.8)
792 (27.8)
70 (2.5)

120 (4.2)
1,844 (64.8)
821 (28.8)
61 (2.1)

0.87 (0.63-1.19)
1
0.85 (0.74-0.98)
0.77 (0.51-1.17)

120 (6.3)
1,188 (62.6)
504 (26.6)
85 (4.5)

66 (3.5)
1,142 (60.2)
607 (32.0)
82 (4.3)

1.87 (1.29-2.70)
1
0.68 (0.57-0.80)
0.80 (0.55-1.15)

Hypertension
Diabetes
Hypercholesterolemia
Smoking
Stroke history
Coronary heart disease
BMI (kg/m2)
< 18·5
18.5-24.9
25.0-29.9
≥ 30.0

OR was adjusted for age and other risk factors of interest.
OR, odds ratio; CI, confidence interval; BMI, body mass index.

were highest in elderly women, which on average, were twice
those in elderly men (2.99 vs. 1.67; 9.5% vs. 4.1%).
The increased risk of strokes due to smoking was highest in
middle-aged women (OR, 2.66; 95% CI, 1.39-5.12). However,
the PAR for strokes due to smoking was highest in young men.
About half of strokes in young men and more than one third of
strokes in middle-aged men were attributed to smoking. The
magnitude of the increased risk and the contribution to stroke
incidence by smoking were mitigated in elderly men.
Hypercholesterolemia increased the risk of strokes only in elderly men. The association of BMI with strokes was inconsistent
throughout all age and sex subgroups. Being underweight did
not increase the risk in any subgroup. Obesity increased the risk
only in young women. Being overweight in middle-aged men
and obesity in middle-aged women were both associated with a
decreased risk of strokes.
To summarize the major contributions of the risk factors among
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age and sex subgroups, smoking (PAR, 45.1%) and hypertension
(28.5%) were the major contributing risk factors in young men.
There were no risk factors with a PAR greater than 10% in young
women. In middle-aged men, smoking was still the greatest risk
factor (37.4%), followed by hypertension (22.7%). In middleaged women, hypertension was the greatest risk factor (22.7%).
The contributions of diabetes and stroke history were larger in the
middle-aged than in the young.
In the elderly, the contribution of hypertension was similar in
both sexes and not different from that in the middle-aged. The
contribution of stroke history and diabetes was also remarkable
in the elderly.

Discussion
Our study shows that the contributions of the major risk factors to ischemic strokes differ by age and sex. Therefore, taihttp://dx.doi.org/10.5853/jos.2015.17.3.302
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Table 5. Odds ratio and population attributable risk in age- and sex-specific subgroups
Risk factor
Hypertension

Diabetes

Smoking

Hypercholesterolemia

Stroke history

Coronary heart disease

BMI (kg/m2)
< 18.5

25.0-29.9

≥ 30.0

Age groups (N/n)

Men

Women

OR* (95% CI)

PAR (95% CI), %

OR* (95% CI)

PAR† (95% CI), %

≤ 45 yr (410/132)
46-65 yr (2,430/946)
≥ 66 yr (2,852/2,716)
≤ 45 yr (410/132)
46-65 yr (2,430/946)
≥ 66 yr (2,852/2,716)
≤ 45 yr (410/132)
46-65 yr (2,430/946)
≥ 66 yr (2,852/2,716)
≤ 45 yr (410/132)
46-65 yr (2,430/946)
≥ 66 yr (2,852/2,716)
≤ 45 yr (410/132)
46-65 yr (2,430/946)
≥ 66 yr (2,852/2,716)
≤ 45 yr (410/132)
46-65 yr (2,430/946)
≥ 66 yr (2,852/2,716)

4.21 (2.26-7.83)
1.79 (1.47-2.17)
1.60 (1.33-1.92)
2.78 (1.14-6.80)
2.10 (1.68-2.63)
1.71 (1.39-2.10)
2.43 (1.46-4.07)
2.22 (1.83-2.69)
1.77 (1.45-2.15)
1.65 (0.84-3.22)
1.19 (0.95-1.50)
1.63 (1.27-2.08)
4.22 (0.68-26.08)
6.91 (4.54-10.52)
4.18 (3.21-5.46)
1.66 (0.18-15.19)
1.84 (1.21-2.80)
1.67 (1.23-2.28)

28.45 (13.51-45.86)
22.66 (14.93-30.38)
23.67 (14.70-32.21)
5.32 (0.43-15.49)
14.56 (9.52-20.12)
12.48 (7.28-18.11)
45.05 (20.74-63.72)
37.36 (28.91-45.24)
16.73 (12.64-26.95)
4.49 (-1.17-13.90)
2.54 (-0.70-6.32)
5.76 (2.58-9.54)
0.51 (-0.05-3.88)
11.58 (7.27-17.41)
19.66 (14.51-25.51)
0.30 (-0.38-6.13)
2.34 (0.59-4.87)
4.10 (1.44-7.50)

2.57 (0.78-8.53)
1.93 (1.41-2.62)
1.48 (1.20-1.82)
2.14 (0.38-11.98)
1.81 (1.25-2.63)
1.83 (1.49-2.25)
1.74 (0.36-8.48)
2.66 (1.39-5.12)
0.84 (0.57-1.26)
1.23 (0.28-5.52)
0.85 (0.61-1.19)
1.18 (0.95-1.46)
4.37 (0.12-164.75)
8.83 (4.18-18.63)
5.30 (3.79-7.41)

5.39 (-0.82-21.45)
22.69 (11.61-33.95)
23.40 (11.44-34.31)
2.65 (-1.49-20.72)
7.76 (2.49-14.47)
15.07 (9.43-21.10)
5.89 (-5.74-38.72)
7.65 (1.88-17.04)
-0.98 (-2.75-1.55)
0.83 (-2.66-13.94)
-2.89 (-7.95-3.41)
3.81 (-1.15-9.29)
0.22 (-0.06-9.65)
10.61 (4.60-21.11)
17.30 (11.96-23.76)

1.95 (0.97-3.93)
2.99 (2.02-4.43)

2.40 (-0.08-7.04)
9.45 (5.06-15.26)

≤ 45 yr (13/8)
46-65 yr (58/23)
≥ 66 yr (159/155)
≤ 45 yr (152/29)
46-65 yr (826/311)
≥ 66 yr (635/771)
≤ 45 yr (27/9)
46-65 yr (57/36)
≥ 66 yr (47/122)

0.81 (0.20-3.34)
1.32 (0.68-2.53)
0.74 (0.50-1.08)
1.48 (0.87-2.49)
0.79 (0.65-0.97)
0.84 (0.68-1.04)
1.31 (0.47-3.70)
0.67 (0.36-1.25)
0.75 (0.37-1.54)

-0.62 (-2.71-7.16)
0.62 (-0.63-2.93)
-1.76 (-3.38-0.52)
-13.16 (-4.18-32.20)
-8.38 (-14.95--1.27)
-3.84 (-8.01-0.95)
1.47 (-2.61-11.40)
-0.92 (-1.81-0.70)
-0.31 (-0.79-0.66)

1.47 (0.33-6.50)
0.95 (0.39-2.33)
1.26 (0.18-8.71)
1.91 (0.67-5.42)
0.80 (0.58-1.10)
0.88 (0.40-1.91)
2.05 (1.35-3.11)
0.62 (0.50-0.76)
0.73 (0.47-1.13)

4.33 (-6.89-34.68)
1.87 (-0.70-8.50)
3.60 (1.23-6.99)
-0.82 (-10.49-17.04)
-6.45 (-14.41-2.90)
-14.41 (-19.66--8.54)
0.96 (-3.10-22.12)
-0.57 (-2.79-3.96)
-1.29 (-2.55-0.60)

†

a

*OR was adjusted for age and other risk factors of interest; †PAR was calculated using the following formula: PAR= Pg (OR−1)/[1+Pg (OR−1)], where Pg represents risk factor
prevalence in the general population, estimated from the prevalence in the portion of the population over 19 years old in the 4th KNHANES, with standardization to the age
structure of the general population from the 2010 Census; aOR was not available due to the rarity of coronary heart disease in this age group.
N represents the number of men in each age group, n represents the number of women; OR, odds ratio; PAR, population attributable risk; CI, confidence interval; BMI, body
mass index.

lored preventive strategies based on this knowledge may be an
effective approach to stroke prevention at a population level.
Stroke incidence and mortality have declined over the past decades in developed countries. This could be explained by widespread implementation of public health programs for the control
of hypertension, diabetes, and dyslipidemia, and the cessation of
smoking.23,24 Stroke mortality declined by 34.2% in Korea from
2002 to 2011.25 However, the declining trend in stroke mortality
leveled out after 2011, with only a 0.8% decrease over the next 3
years, which could be at least partly attributed to the fast-aging
population. Thus, it is time to develop new preventive strategies
using the knowledge obtained from the current study.
Although several studies have reported the PARs of individual
risk factors for strokes in Korean population,26-28 only one study28
described the age- and sex-specific PARs. The relative risks used
in that study were mostly obtained from non-Koreans, and therefore, might not reflect the properties of Korean populations. The
http://dx.doi.org/10.5853/jos.2015.17.3.302

estimated age- and sex-specific PARs in the current study indicate that there should be an emphasis on BP control in the entire
population, on smoking cessation in young- and middle-aged
men, on diabetes control in the middle-aged and elderly of both
sexes, and on the secondary prevention of strokes in the elderly
of both sexes.
Although hypertension is the greatest contributing risk factor
for ischemic strokes,4 the proportion of stroke incidence attributable to hypertension varies depending on the demographic
features (age, sex, and ethnicity) of the study population.5,6,15,29,30
With the exception of young women, the age- and sex-specific
PARs of hypertension (23%-28%) in the current study were
greater than the PARs among non-Hispanic white (3%) and
black (16%) populations but were smaller than the PAR among
Hispanics (51%), as reported in the recent Northern Manhattan
Study.6 The contribution of hypertension to stroke incidence in
Asian countries might have declined during the past decades. A
http://j-stroke.org
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recent cohort study in Japan reported that the PAR of hypertension decreased from 51% to 30% over 27 years.30 However, in order to sustain this declining trend we should pay attention to BP
control in the elderly because of the rapid aging of populations
in East Asian countries.
Given the high smoking rate in Asian men compared to other
parts of the world,16 it may be no surprise that about one-third of
ischemic strokes in men were attributed to smoking. However,
in contrast to the findings of a recent meta-analysis,31 we could
not find a significant association between smoking and strokes
in young or elderly women. One possible explanation for the
discrepancy is that this study included only ischemic stroke cases
and smoking was associated with a greater risk for hemorrhagic
strokes in women than in men.31 Additionally, our study might
lack the statistical power to detect a significant association between smoking and strokes in young women due to the small
sample size of this demographic subgroup. Only 21% of the general population in Korea is aware that smoking is a stroke risk
factor.32 This underscores the urgent need to inform the public
that smoking is an important risk factor for stroke, especially for
young men in Korea, and to find a way to promote smoking cessation in this subpopulation.
We found a greater risk of stroke in relation to diabetes in
young men (OR, 2.78) than in middle-aged (2.10) and elderly
men (1.71). The increased risk of stroke among the younger diabetic men has been previously reported.8,33 However, we did not
observe any sex differences in stroke risk related to diabetes, as
reported in previous studies.9,34,35 A recent meta-analysis of 64
cohorts, including 775,385 individuals and 12,539 strokes, clearly showed an increased risk of stroke associated with diabetes in
women; the pooled ratio of relative risks for women compared
to men was 1.27 (95% CI, 1.10-1.46).9 The above meta-analysis
showed a lower, although statistically insignificant, relative risk
of stroke for women compared to men in Asian than in nonAsian populations and that women have a lower risk of ischemic
stroke than hemorrhagic stroke. This may explain, at least in
part, the discrepancy between our study and the previous studies. The greatest PAR of diabetes was observed in elderly women, followed by the PARs in middle-aged and elderly men. These
high PARs may be attributable to the higher prevalence in these
age and sex subgroups (Tables 2, 3). Thus, the importance of diabetes control should be emphasized to alleviate the burden of
stroke in the elderly of both sexes and in middle-aged men.
An increased risk associated with stroke history found in our
study is consistent with the findings from Western populations
where the risk of a second stroke is six to nine times greater than
the risk of a first stroke.36,37 The proportion of stroke incidence
attributable to stroke history was distinctly high in the elderly
308
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and the most plausible explanation is the high prevalence in this
age group. In order to alleviate the stroke burden in elderly populations, in addition to strictly controlling factors such as BP and
diabetes, improving patient adherence to antithrombotic drugs
may also be effective as they are known to reduce the risk of recurrent vascular events.38
The contributions of hypercholesterolemia and CHD were
not noticeable in our study population. The weak association of
hypercholesterolemia with ischemic stroke in Koreans is concordant with the findings from a meta-analysis of 29 Asia-Pacific
cohorts.17 The PAR for CHD was measurable only in the elderly,
and was comparable to that found in Western populations.29,39 A
stronger association of CHD with strokes in elderly women than
in elderly men might be attributable to either a higher mean age
or a higher prevalence of atrial fibrillation in women than in
men.40 The inconsistent association of BMI with stroke risk
throughout the age and sex subgroups in this study probably resulted from the small sample size of each subgroup and the modest effect of BMI on stroke risk. The protective effect of being
overweight or obese, which was seen in middle-aged men and
elderly women in this study, may be accounted for by an inverse
relationship between obesity and better survival rates observed
in some studies of CHD and stroke.41,42
This study has several limitations. First, there may be a concern about the national representativeness of both of the cases
and the controls. Although national representativeness of stroke
cases in the CRCS-5 registry has been commented on in a previous paper43 and the age and sex distribution of our cases was almost identical to that of a report from the National Health Insurance Review Board in Korea (Supplementary Table 1), the fact
that most of the study sites were university hospitals could have
introduced a selection bias. The CRCS-5 registry received a
waiver of informed consent from the local IRBs and the completeness and consecutiveness of case registration was monitored aggressively through the monthly meetings of the steering
committee.18 Therefore, a selection bias related to loss of cases in
participating hospitals was less likely to occur. For controls, national representativeness was ensured by using the KNHANES
data, the target population of which comprises nationally representative non-institutionalized civilians in Korea.20 Second, ORs
observed in our study might be underestimated because our
control group was not a stroke-free cohort, which limits the ability to measure the PAR of a prior stroke. However, the number
of stroke survivors included was small (4% of the control population) and likely had little effect on ORs. Third, differential recall and differences in risk factor definitions between the cases
and controls might have led to biased estimates of ORs. For example, the risk of stroke history or CHD might be overestimated
http://dx.doi.org/10.5853/jos.2015.17.3.302
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by a recall bias in the cases. As for smoking, the strength of association might be overestimated due to a looser definition for the
cases. Fourth, subjects taking statins, even though they do not
have hypercholesterolemia, might be misclassified as having it
because prior use of lipid lowering agents was defined as hypercholesterolemia in this study. However, this misclassification was
not likely to influence ORs because the same definition was applied to both the cases and the controls. Finally, we did not analyze other modifiable risk factors, such as atrial fibrillation, physical activity, or alcohol intake, due to the unavailability of these
data for the cases and the controls. In particular, given that the
risk factors evaluated in this study are primarily related to atherosclerosis, the contribution of the unmeasured risk factors to
the risk of stroke might be expected to be greater in the young
than in the elderly (Supplementary Table 2).

2.

3.
4.

5.

6.

Conclusions
Measurements of the PARs of major risk factors for strokes
by age and sex subgroups may be useful to help guide preventive strategies in public health programs. For example, we need
to reinforce public campaigns and health education programs
to reduce the smoking rate among young and middle aged populations. In the elderly, more medical surveillance to prevent
stroke recurrence is required.
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Supplementary Table 1. Comparison of stroke population from the Clinical
Research Center for Stroke-5 (CRCS-5) and from the Health Insurance Review
and Assessment Service (HIRA)

Mean age (SD), year
18≤ , < 30 (%)
30≤ , < 45 (%)
45≤ , < 60 (%)
60≤ , < 75 (%)
75≤ , < 90 (%)
90≤ (%)
Male (%)
Onset to arrival time (hour) %
≤3
3< , ≤ 6
6< , ≤ 12
12< , ≤ 24
24<

CRCS-5 (n= 5,274)

HIRA (n= 5,264)*

67.6 (12.5)
0.3
4.3
19.7
44.2
30.0
1.5
58

68.0 (12.6)
0.4
3.7
20.8
40.9
32.6
1.6
57

28.3
13
13.3
12.8
32.6

36.2
14.5
14.6
14
20.7

*Acute ischemic stroke patients (n = 5,264) who admitted ER of 201 nation-wide
hospitals between Jan. 2010-Mar. 2010 were assessed by HIRA.
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Supplementary Table 2. Odds ratios and population attributable risks according to age groups for atherosclerotic stroke and non-atherosclerotic stroke
Risk factor
Hypertension

DM

HL

Smoking

Stroke history

CHD

BMI (kg/m2)
< 18.5

25.0-29.9

≥ 30.0

Age

Atherosclerotic stroke*

Non-atherosclerotic stroke†

Adjusted OR (95% CI)

PAR (95% CI), %

Adjusted OR (95% CI)

PAR (95% CI), %

≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66

4.76 (2.19, 10.35)
2.07 (1.67, 2.57)
1.57 (1.32, 1.88)
2.32 (0.79, 6.80)
2.47 (1.93, 3.15)
2 (1.66, 2.42)
2.32 (0.89, 6.05)
1.09 (0.86, 1.37)
1.31 (1.07, 1.61)
3.02 (1.51, 6.06)
2.82 (2.21, 3.60)
2 (1.60, 2.51)
2.11 (0.22, 20.31)
7 (4.42, 11.08)
4.68 (3.58, 6.12)
Non estimated
1.34 (0.83, 2.17)
1.39 (1.00, 1.93)

23.32 (8.78, 43.07)
27.01 (18.82, 35.15)
25.26 (15.84, 34.04)
3.53 (-0.59, 13.87)
15.9 (10.71, 21.71)
17.33 (12.10, 22.89)
6.7 (-0.61, 21.59)
1.37 (-2.36, 5.72)
5.12 (1.16, 9.56)
40.24 (14.48, 62.75)
32.64 (24.35, 40.89)
14.21 (8.96, 19.99)
0.13 (-0.09, 2.15)
10.05 (5.99, 15.80)
18.08 (13.39, 23.50)
0.92 (-0.47, 3.08)
2.16 (-0.02, 5.04)

2.42 (1.06, 5.51)
1.51 (1.17, 1.96)
1.62 (1.30, 2.01)
4.56 (1.19, 17.43)
1.34 (0.98, 1.84)
1.51 (1.20, 1.90)
1.13 (0.49, 2.62)
1.13 (0.83, 1.55)
1.35 (1.04, 1.75)
2.08 (0.99, 4.37)
1.62 (1.22, 2.16)
0.94 (0.71, 1.25)
Non estimated
7.52 (4.14, 13.65)
4.78 (3.44, 6.64)
1.86 (0.18, 19.16)
2.87 (1.65, 5.02)
3.41 (2.36, 4.91)

10.31 (0.51, 26.74)
14.99 (5.45, 24.82)
26.65 (14.99, 37.35)
8.99 (0.53, 31.33)
4.22 (-0.28, 9.80)
9.63 (3.99, 15.84)
0.7 (-2.88, 8.14)
2.12 (-2.89, 8.25)
5.7 (0.70, 11.46)
26.42 (-0.33, 52.85)
14.17 (5.44, 23.58)
-0.97 (-5.04, 3.97)
10.82 (5.52, 19.06)
18.46 (12.74, 25.27)
0.28 (-0.27, 5.66)
4.84 (1.72, 9.83)
12.05 (7.21, 18.20)

≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66
≤ 45
46-65
≥ 66

1.44 (0.32, 6.46)
1.23 (0.58, 2.62)
0.98 (0.69, 1.40)
1.23 (0.64, 2.37)
0.76 (0.62, 0.95)
0.74 (0.61, 0.89)
1.77 (0.46, 6.81)
0.69 (0.38, 1.28)
0.59 (0.37, 0.94)

2.72 (-4.57, 25.95)
0.46 (-0.87, 3.18)
-0.09 (-1.50, 1.86)
13.06 (-31.13, 47.25)
-16.77 (-30.50, -3.33)
-19.67 (-32.56, -7.15)
15.42 (-14.79, 58.01)
-11.48 (-26.42, 8.53)
-13.58 (-22.45, -1.74)

0.74 (0.19, 2.96)
1.8 (0.81, 4.02)
1.4 (0.90, 2.18)
1.36 (0.72, 2.56)
0.84 (0.64, 1.12)
0.68 (0.53, 0.87)
1.97 (0.54, 7.19)
0.8 (0.36, 1.76)
0.98 (0.54, 1.80)

-1.69 (-5.52, 11.16)
1.61 (-0.39, 5.79)
1.87 (-0.47, 5.30)
19.01 (-22.39, 50.54)
-10.57 (-28.56, 6.75)
-25.34 (-41.79, -9.29)
18.71 (-12.31, 59.53)
-7.36 (-27.29, 20.29)
-0.52 (-15.52, 18.77)

*Atherosclerotic stroke indicates the ischemic stroke attributed to large artery disease or small vessel occlusion according to the Trial of Org 10172 in Acute Stroke Treatment
(TOAST); †Non-atherosclerotic stroke indicates the ischemic stroke attributed to cardioembolism, other determined etiology, and unknown causes despite extensive routine diagnostic testing according to the TOAST.
DM indicates diabetes mellitus; HL, hypercholesterolemia; CHD, coronary heart disease; BMI, body mass index.
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