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Abstract: Data on the association between body mass index (BMI) and stroke are scarce. We aimed
to examine the association between BMI and incident stroke (ischemic or hemorrhagic) and to
clarify the relationship between underweight, overweight, and obesity and stroke risk stratified
by sex. We analyzed the JMDC Claims Database between January 2005 and April 2020 including
2,740,778 healthy individuals (Median (interquartile) age, 45 (38–53) years; 56.2% men; median
(interquartile) BMI, 22.3 (20.2–24.8) kg/m2). None of the participants had a history of cardiovascular
disease. Each participant was categorized as underweight (BMI <18.5 kg/m2), normal weight (BMI
18.5–24.9 kg/m2), overweight (BMI 25.0–29.9 kg/m2), or obese (BMI ≥ 30 kg/m2). We investigated
the association of BMI with incidence stroke in men and women using the Cox regression model.
We used restricted cubic spline (RCS) functions to identify the association of BMI as a continuous
parameter with incident stroke. The incidence (95% confidence interval) of total stroke, ischemic
stroke, and hemorrhagic stroke was 32.5 (32.0–32.9), 28.1 (27.6–28.5), and 5.5 (5.3–5.7) per 10,000
person-years in men, whereas 25.7 (25.1–26.2), 22.5 (22.0–23.0), and 4.0 (3.8–4.2) per 10,000 person-
years in women, respectively. Multivariable Cox regression analysis showed that overweight and
obesity were associated with a higher incidence of total and ischemic stroke in both men and women.
Underweight, overweight, and obesity were associated with a higher hemorrhagic stroke incidence
in men, but not in women. Restricted cubic spline showed that the risk of ischemic stroke increased in
a BMI dose-dependent manner in both men and women, whereas there was a U-shaped relationship
between BMI and the hemorrhagic stroke risk in men. In conclusion, overweight and obesity
were associated with a greater incidence of stroke and ischemic stroke in both men and women.
Furthermore, underweight, overweight, and obesity were associated with a higher hemorrhagic
stroke risk in men. Our results would help in the risk stratification of future stroke based on BMI.
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1. Introduction

Stroke is a major cause of death and disability [1–3]. In the United States, the annual
incidence of stroke is approximately 795,000, of which approximately 610,000 are first-
ever stroke events, and 185,000 are recurrent stroke events [1]. In the European countries,
there were 2.3 million new cases diagnosed with stroke and 20.4 million people living
with stroke in 2017 [4]. Obesity is an important risk factor for cardiovascular disease
(CVD) [5–9] and is reported to be associated with a greater incidence of stroke [10–12].
Conversely, underweight is also associated with a higher risk of several CVDs and adverse
clinical outcomes [13–15]. However, the data on the risk of underweight with incident
stroke are scarce. Moreover, stroke can be categorized into two types, ischemic stroke, and
hemorrhagic stroke; additionally, the pathology of these two subtypes should be separately
discussed. For example, several studies have shown that body mass index (BMI) could
influence the risk of ischemic or hemorrhagic stroke differently [16,17]. However, the
association of wide-range BMI (including both obesity and underweight) with incident
ischemic or hemorrhagic stroke has not been fully elucidated [10–12,16,17]. Furthermore,
the distribution of BMI is different between men and women; therefore, the relationship
between BMI and the risk of stroke could differ by sex [10,12]. In this study, we sought
to examine the relationship between BMI and incident ischemic or hemorrhagic stroke
stratified by sex using a nationwide epidemiological database.

2. Methods

The data from the JMDC Claims Database are available for anyone who would pur-
chase it from JMDC Inc. (JMDC Inc.; Tokyo, Japan), which is a healthcare venture company
in Tokyo, Japan.

2.1. Study Population

We conducted this retrospective observational study using the JMDC Claims Database
between January 2005 and April 2020 [18–23]. The JMDC Claims Database includes the
health insurance claims data from more than 60 insurers. The majority of insured individuals
enrolled in the JMDC Claims Database are employees of relatively large companies. The
JMDC Claims Database includes the individuals’ health check-up data, including demo-
graphics, prior medical history, medication status, and hospital claims recorded using the
International Classification of Diseases, 10th Revision (ICD-10) coding. JMDC which is a
healthcare venture company, collected the data on health check-up and clinical outcome such
as diagnosis of stroke using ICD-10 code from insurer or medical institutes regularly, and
assembled a database. We extracted 3,621,942 individuals with available health check-up data
on BMI (12.5–60 kg/m2), blood pressure, and blood test results at health check-up from the
JMDC Claims Database between January 2005 and April 2020. Subsequently, we excluded
the individuals with a history of myocardial infarction, angina pectoris, stroke, heart failure,
and atrial fibrillation or hemodialysis (n = 166,144), and those with missing data on medica-
tions for hypertension, diabetes mellitus, or dyslipidemia (n = 222,496), cigarette smoking
(n = 15,404), alcohol consumption (n = 370,041), and physical inactivity (n = 107,079). Finally,
2,740,778 participants were included in this study (Figure 1).
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Individuals enrolled in the JMDC database between January 2005 and April 2020
with available health check-up data including

physical examination and blood test data  (n = 3,621,942)

Analyzed in this study (n=2,740,778)

Prior history of cardiovascular disease (n=166,144)

Missing data on 
• Medications for hypertension, diabetes mellitus, or 

dyslipidemia (n=222,496)
• Cigarette smoking (n=15,404)
• Alcohol consumption (n=370,041)
• Physical inactivity (n=107,079)              

Figure 1. Flowchart. We extracted 3,621,942 individuals with available health check-up data including physical examination
and blood test from the JMDC Claims Database between January 2005 and April 2020. We excluded individuals with CVD
history of myocardial infarction, angina pectoris, stroke, heart failure, and atrial fibrillation or hemodialysis (n = 166,144),
and those having missing data on medications for hypertension, diabetes mellitus, or dyslipidemia (n = 222,496), cigarette
smoking (n = 15,404), alcohol consumption (n = 370,041), and physical inactivity (n = 107,079). Finally, we included 2,740,778
participants in this study.

2.2. Ethics

This study was conducted according to the ethical guidelines of our institution (ap-
proval by the Ethical Committee of The University of Tokyo: 2018–10862) and in accordance
with the principles of the Declaration of Helsinki. The requirement for informed consent
was waived because all the data from the JMDC Claims Database were de-identified.

2.3. Category of Body Mass Index

We categorized the study participants into four groups: underweight, normal weight,
overweight, and obesity defined as BMI <18.5 kg/m2, 18.5–24.9 kg/m2, 25.0–29.9 kg/m2

and ≥30 kg/m2, respectively [14].

2.4. Measurements and Definitions

The data, including BMI, history of hypertension, diabetes mellitus, dyslipidemia,
CVD, blood pressure, and fasting laboratory values were collected using standardized pro-
tocols at the health check-up. The information on cigarette smoking (current or non-current)
and alcohol consumption (every day or not every day) were self-reported. Hypertension
was defined as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg,
or the use of blood pressure-lowering medications. Diabetes mellitus was defined as fasting
glucose level ≥ 126 mg/dL or the use of glucose-lowering medications. Dyslipidemia was
defined as low-density lipoprotein cholesterol level ≥ 140 mg/dL, high-density lipoprotein
cholesterol level <40 mg/dL, triglyceride level ≥ 150 mg/dL, or the use of lipid-lowering
medications. Physical inactivity was defined as not engaging in at least 30 min of exercise
two or more times a week or not walking ≥ 1 h per day, as previously described [24].

2.5. Outcomes

The outcomes were collected between January 2005 and April 2020. The primary
outcome was stroke (ICD-10: I630, I631, I632, I633, I634, I635, I636, I638, I639, I600, I601,
I602, I603, I604, I605, I606, I607, I608, I609, I610, I611, I613, I614, I615, I616, I619, I629, and
G459). We defined ischemic stroke as I630, I631, I632, I633, I634, I635, I636, I638, I639, and
G459, and hemorrhagic stroke as I600, I601, I602, I603, I604, I605. I606, I607, I608, I609, I610,
I611, I613, I614, I615, I616, I619, and I629.
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2.6. Statistical Analysis

We analyzed the study population stratified by sex. The data are expressed as me-
dian (interquartile range) for continuous variables or number (percentage) for categorical
variables. The summary statistics for the characteristics of participants between the four
categories based on BMI were calculated. The statistical significance of differences among
the four categories was determined using analysis of variance for continuous variables
and chi-squared tests for categorical variables. We conducted Cox regression analyses to
identify the association between BMI categories and incident stroke. The hazard ratios
(HRs) were calculated in an unadjusted model (Model 1), an age-adjusted model (Model
2), and after adjustment for age, hypertension, diabetes mellitus, dyslipidemia, cigarette
smoking, alcohol consumption, and physical inactivity (Model 3). We performed three
sensitivity analyses. First, we analyzed the relationship between BMI as a continuous
variable and incident stroke. To detect any possible linear or non-linear dependency in
regression models and to allow for a flexible interpretation of the relationship between BMI
as continuous data and stroke events, continuous changes in BMI were assessed through
shape-restricted cubic spline (RCS) regression models. We put three cut-off points for
BMI (18.5, 25.0, and 30.0 kg/m2) as the knots. HRs and 95% confidence interval (CI) for
incident stroke were calculated for each value of BMI with respect to the reference BMI
value of 23.0 kg/m2. Second, we used multiple imputation for missing data, as previously
described. [18,25] On the assumption of data missing at random, we imputed the missing
data for covariates using the chained equation method with 20 iterations as described by
Aloisio [26]. The HRs and standard errors were obtained using Rubin’s rules [27]. Third,
we analyzed the population after excluding hypertensive participants. The statistical sig-
nificance was set at p < 0.05. The statistical analyses were performed using SPSS software
(version 25, SPSS Inc., Chicago, IL, USA) and STATA (version 17; StataCorp LLC, College
Station, TX, USA).

3. Results
3.1. Baseline Clinical Characteristics

The baseline clinical characteristics are shown in Table 1. Overall, the median (in-
terquartile range) age was 45 (38–53) years, and 1,538,982 participants (56.2%) were
men. The median (interquartile range) BMI was 23.2 (21.3–25.5) kg/m2 in men and
21.0 (19.2–23.4) kg/m2 in women. The prevalence of hypertension, diabetes mellitus,
and dyslipidemia increased with BMI in both men and women.

Table 1. Clinical Characteristics of Study Population.

Men Women

Body Mass Index Category Body Mass Index Category

Normal
-Weight

(n =
1,013,302

Under
-Weight

(n =
61,704)

Over
-Weight

(n =
382,425)

Obesity
(n =

81,551)
p-Value

Normal
-Weight

(n =
832,491)

Under
-Weight

(n =
180,421)

Over
-Weight

(n =
146,243)

Obesity
(n =

42,641)
p-Value

Body Mass
Index, kg/m2

22.2
(20.9–23.5)

17.7
(17.1–18.1)

26.5
(25.7–27.8)

31.9
(30.8–33.9) <0.001 21.0

(19.7–22.5)
17.7

(17.0–18.1)
26.6

(25.7–27.9)
32.2

(30.9–34.4) <0.001

Age 45
(38–53)

40
(28–49)

46
(40–54)

44
(38–50) <0.001 44

(38–52)
42

(35–50)
47

(41–55)
45

(40–52) <0.001

Hypertension 168,808
(16.7)

4403
(7.1)

125,180
(32.7)

40,933
(50.2) <0.001 78,824

(9.5)
8078
(4.5)

36,944
(25.3)

17,570
(41.2) <0.001

Diabetes
Mellitus

38,041
(3.8)

1321
(2.1)

34,687
(9.1)

15,508
(19.0) <0.001 10,050

(1.2)
984
(0.5)

8101
(5.5)

5345
(12.5) <0.001

Dyslipidemia 402,085
(39.7)

8569
(13.9)

249,118
(65.1)

59,961
(73.5) <0.001 218,254

(26.2)
24,740
(13.7)

73,805
(50.5)

25,321
(59.4) <0.001

Cigarette
Smoking

358,087
(35.3)

26,057
(42.2)

138,997
(36.3)

30,566
(37.5) <0.001 89,573

(10.8)
21,531
(11.9)

18,698
(12.8)

6501
(15.2) <0.001

Alcohol
Drinking

334,709
(33.0)

15,635
(25.3)

111,393
(29.1)

13,905
(17.1) <0.001 106,545

(12.8)
21,594
(12.0)

14,257
(9.7)

2680
(6.3) <0.001

Physical
Inactivity

511,731
(50.5)

31,675
(51.3)

208,506
(54.5)

47,022
(57.7) <0.001 438,299

(52.6)
96,282
(53.4)

82,529
(56.4)

25,767
(60.4) <0.001
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Table 1. Cont.

Men Women

Body Mass Index Category Body Mass Index Category

Normal
-Weight

(n =
1,013,302

Under
-Weight

(n =
61,704)

Over
-Weight

(n =
382,425)

Obesity
(n =

81,551)
p-Value

Normal
-Weight

(n =
832,491)

Under
-Weight

(n =
180,421)

Over
-Weight

(n =
146,243)

Obesity
(n =

42,641)
p-Value

SBP, mmHg 119
(110–128)

112
(104–122)

126
(117–135)

131
(123–141) <0.001 111

(102–122)
106

(98–116)
122

(112–133)
129

(120–140) <0.001

DBP, mmHg 74
(67–81)

69
(62–76)

80
(72–86)

83
(76–90) <0.001 68

(61–76)
65

(59–72)
75

(68–83)
80

(72–88) <0.001

Glucose,
mg/dL

92
(87–99)

89
(84–95)

96
(89–105)

99
(91–113) <0.001 89

(84–94)
86

(82–92)
93

(87–100)
97

(90–107) <0.001

LDL-C/
mg/dL

119
(99–140)

98
(82–117)

130
(110–151)

132
(112–153) <0.001 113

(94–135)
102

(86–122)
129

(108–151)
132

(113–154) <0.001

HDL-C,
mg/dL

59
(50–69)

66
(57–77)

51
(44–59)

47
(41–54) <0.001 71

(61–81)
76

(67–87)
61

(52–71)
55

(48–64) <0.001

Triglycerides,
mg/dL

88
(63–127)

64
(48–85)

125
(88–181)

141
(101–202) <0.001 63

(48–87)
55

(43–71)
91

(66–128)
107

(79–149) <0.001

Data are reported as medians (interquartile range) and proportions (percentage). p values were calculated using chi-square tests for
categorical variables and the analysis of variance for continuous variables. Participants were categorized into four groups based on body
mass index (BMI); normal weight (BMI 18.5–24.9 kg/m2), underweight (BMI < 18.5 kg/m2), overweight (BMI 25.0–29.9 kg/m2), and
obesity (BMI ≥ 30.0 kg/m2). SBP; systolic blood pressure, DBP; diastolic blood pressure, LDL-C; low-density lipoprotein cholesterol,
HDL-C; high-density lipoprotein cholesterol.

3.2. Body Mass Index Category and Stroke

In men, during a mean follow-up of 1269 ± 928 days, 17,221 total strokes, 14,901
ischemic strokes, and 2,943 hemorrhagic strokes occurred. The incidence (95% confidence
interval) of total stroke, ischemic stroke, and hemorrhagic stroke was 32.5 (32.0–32.9),
28.1 (27.6–28.5), and 5.5 (5.3–5.7) per 10,000 person-years in men. In women, during a
mean follow-up of 1091 ± 893 days, 9159 total strokes, 8041 ischemic strokes, and 1443
hemorrhagic strokes occurred. The incidence (95% confidence interval) of total stroke,
ischemic stroke, and hemorrhagic stroke was 25.7 (25.1–26.2), 22.5 (22.0–23.0), and 4.0
(3.8–4.2) per 10,000 person-years. Compared with the normal weight group, the incidence
of total stroke and ischemic stroke was lower in the underweight group, whereas it was
higher in the overweight and obese groups in both men and women. Compared with the
normal weight group, the incidence of hemorrhagic stroke was lower in the underweight
group, and higher in the overweight and obese groups in women. However, the incidence
of the hemorrhagic group was higher in not only the overweight and obese groups, but also
in the underweight group compared with the normal weight group in men. Multivariable
Cox regression analyses showed that, compared with the normal weight group, overweight
(HR 1.07, 95% CI 1.03–1.10) and obesity (HR 1.18, 95% CI 1.10–1.26) were associated with a
higher incidence of total stroke in men. In women, compared with the normal weight group,
overweight (HR 1.07, 95% CI 1.01–1.13) and obesity (HR 1.15, 95% CI 1.03–1.27) were also
associated with a higher incidence of total stroke. In terms of ischemic stroke, overweight
(HR 1.06, 95% CI 1.03–1.11) and obesity (HR 1.14, 95% CI 1.06–1.23) were associated with
a higher risk than normal weight in men. Obesity was associated with a higher risk than
normal weight in women (HR 1.13, 95% CI, 1.01–1.27). Notably, overweight, obesity, and
underweight were not associated with the risk of hemorrhagic stroke in women. In men,
overweight (HR 1.10, 95% CI 1.01–1.19) and obesity (HR 1.37, 95% CI 1.19–1.58) were
associated with a greater risk of hemorrhagic stroke than normal weight. Furthermore,
underweight was also associated with a higher risk (HR 1.58, 95% CI 1.30–1.91) (Table 2).
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Table 2. Association between Body Mass Index Category and Stroke Events Stratified by Sex.

Men Women

Normal
Weight

(n =
1,013,302

Underweight
(n =

61,704)

Overweight
(n =

382,425)

Obesity
(n =

81,551)

Normal
Weight

(n =
832,491)

Underweight
(n =

180,421)

Overweight
(n =

146,243)

Obesity
(n =

42,641)

Total Stroke

No. of events 10,608 455 5089 1069 6197 1108 1443 411

Incidence 29.9
(29.4–30.5)

24.2
(22.1–26.5)

38.7
(37.6–39.8)

41.5
(39.0–44.0)

24.8
(24.2–25.5)

20.3
(19.2–21.6)

34.7
(32.9–36.5)

35.8
(32.5–39.4)

Model 1 1
(Reference)

0.81
(0.74–0.89)

1.30
(1.25–1.34)

1.39
(1.31–1.48)

1
(Reference)

0.82
(0.77–0.87)

1.40
(1.32–1.48)

1.44
(1.31–1.59)

Model 2 1
(Reference)

0.97
(0.89–1.07)

1.25
(1.21–1.29)

1.67
(1.57–1.78)

1
(Reference)

0.97
(0.91–1.04)

1.20
(1.13–1.27)

1.45
(1.31–1.60)

Model 3 1
(Reference)

1.05
(0.95–1.15)

1.07
(1.03–1.10)

1.18
(1.10–1.26)

1
(Reference)

1.02
(0.95–1.08)

1.07
(1.01–1.13)

1.15
(1.03–1.27)

Ischemic Stroke

No. of events 9274 359 4395 873 5457 978 1257 349

Incidence 26.1
(25.6–26.7)

19.1
(17.2–21.1)

33.4
(32.4–34.4)

33.8
(31.6–36.1)

21.9
(21.3–22.4)

18.0
(16.9–19.1)

30.2
(28.6–31.9)

30.4
(27.4–33.7)

Model 1 1
(Reference)

0.73
(0.66–0.81)

1.28
(1.23–1.33)

1.30
(1.21–1.40)

1
(Reference)

0.82
(0.77–0.88)

1.38
(1.30–1.47)

1.39
(1.25–1.55)

Model 2 1
(Reference)

0.88
(0.79–0.98)

1.24
(1.19–1.28)

1.58
(1.47–1.69)

1
(Reference)

0.98
(0.91–1.05)

1.18
(1.11–1.26)

1.40
(1.25–1.55)

Model 3 1
(Reference)

0.95
(0.85–1.05)

1.06
(1.03–1.11)

1.14
(1.06–1.23)

1
(Reference)

1.02
(0.96–1.10)

1.06
(1.00–1.13)

1.13
(1.01–1.27)

Hemorrhagic Stroke

No. of events 1699 111 891 242 953 175 239 76

Incidence 4.8
(4.5–5.0)

5.9
(4.9–7.1)

6.7
(6.3–7.2)

9.3
(8.2–10.6)

3.8
(3.6–4.1)

3.2
(2.8–3.7)

5.7
(5.0–6.5)

6.6
(5.3–8.2)

Model 1 1
(Reference)

1.24
(1.02–1.50)

1.42
(1.30–1.53)

1.97
(1.72–2.26)

1
(Reference)

0.84
(0.72–0.99)

1.51
(1.31–1.74)

1.74
(1.38–2.20)

Model 2 1
(Reference)

1.45
(1.20–1.76)

1.36
(1.26–1.48)

2.21
(1.93–2.53)

1
(Reference)

0.96
(0.82–1.13)

1.33
(1.16–1.54)

1.72
(1.37–2.18)

Model 3 1
(Reference)

1.58
(1.30–1.91)

1.10
(1.01–1.19)

1.37
(1.19–1.58)

1
(Reference)

1.02
(0.87–1.20)

1.09
(0.94–1.26)

1.14
(0.89–1.45)

The incidence rate was per 10,000 person-years. Model 1 = Unadjusted, Model 2 = Adjusted for age, Model 3 = Adjusted for age,
hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, alcohol consumption, and physical inactivity.

3.3. Restricted Cubic Spline

Figure 2 shows the dose–response relationship between BMI and the risk of incident
stroke. The association between BMI and the incidence of stroke was modeled using
multivariable-adjusted spline regression models with a reference point set at BMI of
23 kg/m2. A linear dose–response relationship was observed between BMI and the risk
of total stroke in men (Figure 2A). In women, RCS showed that the risk of total stroke
was lowest at around 20 kg/m2 and increased in a dose-dependent manner after the BMI
exceeded 20 kg/m2 (Figure 2A). There was a linear dose–response relationship between
BMI and the risk of ischemic stroke in men (Figure 2B). In women, RCS showed that the
incidence of ischemic stroke was lowest at around 20 kg/m2 and increased linearly after
BMI exceeded approximately 20 kg/m2 (Figure 2B). There was a U-shaped relationship
between BMI and the risk of hemorrhagic stroke with the bottoms of splines around
23–24 kg/m2 in men (Figure 2C). A dose-dependent association between BMI and the risk
of hemorrhagic stroke was not evident in women (Figure 2C).
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 Men Women 

 
Normal 
Weight 

(n = 1,321,093) 

Underweight 
(n = 83,425) 

Overweight 
(n = 487,325) 

Obesity 
(n = 104,275) 

Normal 
Weight 

(n = 1,012,062) 

Underweight 
(n = 220,072) 

Overweight 
(n = 175,854) 

Obesity 
(n = 51,692) 

Total Stroke 
No. of events 13,772 612 6672 1388 7602 1375 1786 510 

Incidence 
28.4 

(27.9–28.8) 
22.4 

(20.7–24.3) 
37.9 

(37.0–38.9) 
40.0 

(37.9–42.2) 
24.5 

(24.0–25.1) 
20.2 

(19.2–21.3) 
34.8 

(33.2–36.5) 
35.6 

(32.7–38.9) 

Model 1 
1 

(Reference) 
0.79 

(0.73–0.86) 
1.34 

(1.30–1.38) 
1.42 

(1.34–1.50) 
1 

(Reference) 
0.83 

(0.78–0.87) 
1.42 

(1.35–1.50) 
1.46 

(1.33–1.59) 

Model 2 
1 

(Reference) 
0.99 

(0.91–1.07) 
1.26 

(1.23–1.30) 
1.66 

(1.58–1.76) 
1 

(Reference) 
0.98 

(0.93–1.04) 
1.21 

(1.15–1.28) 
1.44 

(1.32–1.58) 

Model 3 
1 

(Reference) 
1.06 

(0.98–1.15) 
1.08 

(1.05–1.11) 
1.18 

(1.12–1.25) 
1 

(Reference) 
1.03 

(0.97–1.09) 
1.07 

(1.02–1.13) 
1.13 

(1.03–1.24) 
Ischemic Stroke 

No. of events 12,015 494 5787 1131 6690 1209 1554 437 

Incidence 
24.7 

(24.3–25.2) 
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32.9 

(32.0–33.7) 
32.5 

(30.7–34.5) 
21.6 
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17.8 

(16.8–18.8) 
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(28.8–31.8) 
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Model 1 
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1.32 
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(1.33–1.48) 
1.42 

(1.29–1.56) 

Model 2 
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(Reference) 
0.92 

(0.84–1.00) 
1.25 

(1.22–1.29) 
1.57 

(1.48–1.67) 
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(Reference) 
0.98 

(0.93–1.05) 
1.20 

(1.13–1.26) 
1.41 

(1.28–1.55) 

Figure 2. Restricted Cubic Spline. Restricted cubic spline of body mass index for total stroke (A), ischemic stroke (B), and
hemorrhagic stroke (C).



Nutrients 2021, 13, 2343 8 of 13

3.4. Multiple Imputation for Missing Data

We analyzed 3,455,798 participants (1,996,118 men and 1,459,680 women) after multi-
ple imputations for missing data. Among these participants, 22,444 and 11,273 total stroke
events occurred in men and women, respectively. In this model, overweight and obesity
were associated with a higher incidence of total stroke and ischemic stroke in both men and
women. Both obesity and underweight were associated with a greater risk of hemorrhagic
stroke in men, but not in women (Table 3).

Table 3. Association between Body Mass Index Category and Stroke Events Stratified by Sex after Multiple Imputation for
Missing Data.

Men Women

Normal
Weight

(n = 1,321,093)

Underweight
(n = 83,425)

Overweight
(n = 487,325)

Obesity
(n = 104,275)

Normal
Weight

(n = 1,012,062)

Underweight
(n = 220,072)

Overweight
(n = 175,854)

Obesity
(n = 51,692)

Total Stroke

No. of events 13,772 612 6672 1388 7602 1375 1786 510

Incidence 28.4
(27.9–28.8)

22.4
(20.7–24.3)

37.9
(37.0–38.9)

40.0
(37.9–42.2)

24.5
(24.0–25.1)

20.2
(19.2–21.3)

34.8
(33.2–36.5)

35.6
(32.7–38.9)

Model 1 1
(Reference)

0.79
(0.73–0.86)

1.34
(1.30–1.38)

1.42
(1.34–1.50)

1
(Reference)

0.83
(0.78–0.87)

1.42
(1.35–1.50)

1.46
(1.33–1.59)

Model 2 1
(Reference)

0.99
(0.91–1.07)

1.26
(1.23–1.30)

1.66
(1.58–1.76)

1
(Reference)

0.98
(0.93–1.04)

1.21
(1.15–1.28)

1.44
(1.32–1.58)

Model 3 1
(Reference)

1.06
(0.98–1.15)

1.08
(1.05–1.11)

1.18
(1.12–1.25)

1
(Reference)

1.03
(0.97–1.09)

1.07
(1.02–1.13)

1.13
(1.03–1.24)

Ischemic Stroke

No. of events 12,015 494 5787 1131 6690 1209 1554 437

Incidence 24.7
(24.3–25.2)

18.1
(16.6–19.8)

32.9
(32.0–33.7)

32.5
(30.7–34.5)

21.6
(21.1–22.1)

17.8
(16.8–18.8)

30.3
(28.8–31.8)

30.5
(27.8–33.5)

Model 1 1
(Reference)

0.73
(0.67–0.80)

1.33
(1.29–1.37)

1.32
(1.24–1.41)

1
(Reference)

0.82
(0.78–0.88)

1.40
(1.33–1.48)

1.42
(1.29–1.56)

Model 2 1
(Reference)

0.92
(0.84–1.00)

1.25
(1.22–1.29)

1.57
(1.48–1.67)

1
(Reference)

0.98
(0.93–1.05)

1.20
(1.13–1.26)

1.41
(1.28–1.55)

Model 3 1
(Reference)

0.98
(0.90–1.07)

1.08
(1.05–1.12)

1.14
(1.07–1.21)

1
(Reference)

1.03
(0.97–1.10)

1.07
(1.01–1.13)

1.13
(1.02–1.25)

Hemorrhagic Stroke

No. of events 2253 139 1132 312 1189 220 301 91

Incidence 4.6
(4.4–4.8)

5.1
(4.3–6.0)

6.4
(6.0–6.8)

8.9
(8.0–10.0)

3.8
(3.6–4.0)

3.2
(2.8–3.7)

5.8
(5.2–6.5)

6.3
(5.1–7.8)

Model 1 1
(Reference)

1.10
(0.93–1.31)

1.39
(1.29–1.49)

1.95
(1.73–2.19)

1
(Reference)

0.84
(0.73–0.98)

1.53
(1.35–1.74)

1.66
(1.34–2.06)

Model 2 1
(Reference)

1.33
(1.12–1.58)

1.31
(1.22–1.41)

2.17
(1.92–2.44)

1
(Reference)

0.97
(0.84–1.12)

1.35
(1.19–1.53)

1.64
(1.32–2.02)

Model 3 1
(Reference)

1.44
(1.21–1.71)

1.06
(0.98–1.14)

1.37
(1.21–1.55)

1
(Reference)

1.02
(0.89–1.18)

1.09
(0.96–1.25)

1.06
(0.85–1.33)

The incidence rate was per 10,000 person-years. Model 1 = Unadjusted, Model 2 = Adjusted for age, Model 3 = Adjusted for age,
hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, alcohol consumption, and physical inactivity.

3.5. Non-Hypertensive Participants

After excluding hypertensive participants, we analyzed 1,199,658 men and 1,060,380
women in this model. Among them, 9310 and 6619 total stroke events occurred in men
and women, respectively. Overweight and obesity were associated with a higher risk of
total stroke or ischemic stroke in both men and women. Overweight and underweight were
associated with a greater risk of hemorrhagic stroke in men. Notably, overweight, obesity, and
underweight were not associated with a risk of hemorrhagic stroke in women (Table 4).
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Table 4. Association between Body Mass Index Category and Stroke Events Stratified by Sex in Non-Hypertensive
Participants.

Men Women

Normal
Weight

(n = 844,494)

Underweight
(n = 57,301)

Overweight
(n = 257,245)

Obesity
(n = 40,618)

Normal
Weight

(n = 753,667)

Underweight
(n = 172,343)

Overweight
(n = 109,299)

Obesity
(n = 25,071)

Total Stroke

No. of events 6508 320 2203 279 4730 943 793 153

Incidence 22.0
(21.5–22.6)

18.3
(16.4–20.5)

24.9
(23.8–25.9)

22.1
(19.7–24.9)

20.8
(20.2–21.4)

18.1
(16.9–19.2)

25.3
(23.6–27.1)

22.9
(19.5–26.8)

Model 1 1
(Reference)

0.84
(0.75–0.94)

1.13
(1.08–1.19)

1.02
(0.90–1.15)

1
(Reference)

0.87
(0.81–0.93)

1.22
(1.13–1.31)

1.10
(0.94–1.30)

Model 2 1
(Reference)

0.97
(0.87–1.09)

1.14
(1.09–1.20)

1.32
(1.17–1.49)

1
(Reference)

0.99
(0.92–1.06)

1.13
(1.05–1.22)

1.26
(1.07–1.48)

Model 3 1
(Reference)

0.99
(0.88–1.10)

1.09
(1.04–1.15)

1.20
(1.06–1.35)

1
(Reference)

1.00
(0.93–1.08)

1.09
(1.01–1.18)

1.20
(1.02–1.41)

Ischemic Stroke

No. of events 5785 253 1958 249 4222 840 709 142

Incidence 19.6
(19.1–20.1)

14.5
(12.8–16.4)

22.1
(21.1–23.1)

19.8
(17.5–22.4)

18.6
(18.0–19.2)

16.1
(15.0–17.2)

22.6
(21.0–24.4)

21.2
(18.0–25.0)

Model 1 1
(Reference)

0.75
(0.66–0.85)

1.13
(1.08–1.19)

1.02
(0.90–1.16)

1
(Reference)

0.87
(0.80–0.93)

1.22
(1.13–1.32)

1.15
(0.97–1.36)

Model 2 1
(Reference)

0.87
(0.76–0.98)

1.15
(1.09–1.21)

1.34
(1.18–1.52)

1
(Reference)

0.99
(0.92–1.07)

1.13
(1.04–1.22)

1.31
(1.11–1.55)

Model 3 1
(Reference)

0.88
(0.77–1.00)

1.09
(1.04–1.15)

1.21
(1.07–1.38)

1
(Reference)

1.01
(0.94–1.09)

1.09
(1.00–1.18)

1.24
(1.05–1.47)

Hemorrhagic Stroke

No. of events 902 78 316 37 643 135 110 12

Incidence 3.0
(2.8–3.2)

4.5
(3.6–5.6)

3.6
(3.2–4.0)

2.9
(2.1–4.0)

2.8
(2.6–3.0)

2.6
(2.2–3.1)

3.5
(2.9–4.2)

1.8
(1.0–3.1)

Model 1 1
(Reference)

1.48
(1.18–1.87)

1.17
(1.03–1.33)

0.98
(0.71–1.37)

1
(Reference)

0.91
(0.76–1.10)

1.25
(1.02–1.53)

0.64
(0.36–1.13)

Model 2 1
(Reference)

1.68
(1.34–2.12)

1.17
(1.03–1.33)

1.16
(0.84–1.61)

1
(Reference)

1.01
(0.84–1.21)

1.17
(0.96–1.43)

0.70
(0.39–1.23)

Model 3 1
(Reference)

1.66
(1.32–2.10)

1.15
(1.01–1.31)

1.12
(0.81–1.57)

1
(Reference)

0.99
(0.83–1.20)

1.18
(0.97–1.45)

0.71
(0.40–1.27)

The incidence rate was per 10,000 person-years. Model 1 = Unadjusted, Model 2 = Adjusted for age, Model 3 = Adjusted for age, diabetes
mellitus, dyslipidemia, cigarette smoking, alcohol consumption, and physical inactivity.

4. Discussion

The current analyses using a nationwide epidemiological database including approxi-
mately 2,700,000 people without a prevalent history of CVD, demonstrated that overweight
and obesity were associated with a greater risk of total stroke and ischemic stroke in both
men and women. Furthermore, underweight was associated with a greater incidence of
hemorrhagic stroke in men, but not in women. These results did not change after multiple
imputations for missing data or excluding hypertensive participants.

Various studies have been conducted to explore the relationship between BMI and
future stroke events [10–12]. Prospective studies including approximately 900,000 people
showed that the mortality due to stroke increased in a dose-dependent manner with
baseline BMI after it exceeded 25 kg/m2 [28]. A population-based case–control study
including 1,201 patients with ischemic stroke and 1154 controls aged 15–49 years showed
that obesity defined as BMI > 30 kg/m2 was associated with an increased risk (odds ratio,
1.57; 95% CI, 1.28–1.94) [29]. Additionally, a higher BMI in adolescents was associated with a
greater risk of ischemic stroke [30]. The analysis of the Atherosclerosis Risk in Communities
(ARIC) Study including approximately 13,000 black and white people showed that obesity
was associated with a greater risk of ischemic stroke irrespective of race [31]. Ischemic
stroke was a major subtype of total stroke [1,32], and the majority of the studies focused
on the relationship between BMI and ischemic stroke. However, there have been several
studies on the association between BMI and hemorrhagic stroke. A recent analysis of
the China National Stroke Screening and Intervention Program showed that obesity was
associated with a higher risk of total and ischemic stroke, whereas underweight was
associated with an elevated risk of hemorrhagic stroke [16]. An analysis of 234,863 Korean
men aged 40–64 years reported a positive association between BMI and incident ischemic
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stroke, whereas a J-shaped association was observed between BMI and hemorrhagic
stroke [17].

Our results were generally in line with previous studies, as described above. The
present study had several strengths. First, this study included a large number of partici-
pants without a prior history of CVD. Additionally, the JMDC Claims Database included
the medical claims records from employees’ insurance programs. Therefore, as long as each
individual remained under coverage of the same insurance, the JMDC Claims Database
could track the individuals’ clinical information, including the diagnosis of stroke events,
even if the individual visits different medical institutions. Second, sex differences are
important in the risk stratification and prevention of CVD, including stroke. Furthermore,
the value of BMI is different between sexes; therefore, we separately analyzed men and
women. The positive association of overweight/obesity with the incidence of total stroke
and ischemic stroke was consistent in both men and women. However, underweight
was associated with a higher incidence of hemorrhagic stroke only in men. Therefore,
there could be a gender difference in the relationship between BMI and incident stroke,
particularly hemorrhagic stroke. Although similar findings were reported in a previous
study including Korean men [17], data including men in the United States did not show an
increase in the risk of hemorrhagic stroke in individuals having lower BMI [10]. A previous
study including 39,053 women in the United States examined the relationship between
BMI and incident stroke and showed that BMI was a risk factor for total or ischemic stroke
but not for hemorrhagic stroke, and this relationship was attenuated after adjustment
for hypertension, diabetes mellitus, and hypercholesterolemia [12]. Compared with this
study including women in the United States, the relationship between BMI and incident
stroke (particularly ischemic stroke) was seemingly more obvious even after adjustment
for covariates in women of this study. Therefore, further investigations are required to
verify our results. However, these associations in men and women did not change after
multiple imputations for missing data. Furthermore, because hypertension is known to be
a strong risk factor for both ischemic and hemorrhagic stroke, we conducted a sensitivity
analysis after excluding hypertensive participants. Even in this model, the main results
did not change. Third, because the association between BMI and incident stroke could
change depending on the cut-off value of BMI for underweight, overweight, and obesity,
we conducted the RCS of BMI for incident stroke to deal with BMI as a continuous value.
Similar to the association of overweight, obesity, and underweight with the risk of stroke,
RCS demonstrated a dose-dependent increase in the risk of total stroke and ischemic stroke
with BMI in men and women, and a U-shaped relationship between BMI and future hem-
orrhagic stroke risk in men. These results suggest a potential difference in the association
of BMI with risk of future events between ischemic and hemorrhagic stroke, particularly in
men.

This study has several limitations. Due to the nature of retrospective observational
studies, our study could not conclude a causal relationship between baseline BMI and inci-
dent stroke. For example, our study showed that overweight and obesity were associated
with an elevated risk of ischemic stroke. However, whether body weight loss could reduce
the future risk of ischemic stroke in overweight or obese participants could not be discussed
in this study. Similarly, although underweight was associated with a greater incidence of
hemorrhagic stroke in men, the underlying mechanism for this association and the optimal
management strategy for this population should be elucidated in future studies. For exam-
ple, malnutrition and specific comorbidities may contribute to the elevated incidence of
hemorrhagic stroke in underweight participants. However, the JMDC Claims Database
does not include sufficient data to consider this point. Although the incidence of CVD in
this database is acceptable compared with other epidemiological data in Japan, the recorded
diagnoses of administrative databases are generally considered less well-validated. Since
the JMDC Claims Database primarily included an employed population of working age,
a selection bias (e.g., healthy worker bias) might exist. Therefore, further investigations
are needed to determine whether our findings can be expanded to other populations of
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different races, ethnicities, and socioeconomic status. The main results did not change after
multiple imputations for missing data. However, the substantial proportion of missing
data should be considered a major study limitation. Although we used BMI in this study,
dual energy X-ray absorptiometry is a standard method to evaluate a body composition
including fat. This discrepancy might have contributed to the wide confidence intervals
at high and low BMI levels on the RCS curve in women. Data on medication status were
limited in this study. For example, use of antithrombotic medication or statin could influ-
ence the results. However, we were unable to analyze these data. Although the change in
mediation status could also influence the results, data on the change in medication status
were not available in this study.

In conclusion, we analyzed a nationwide epidemiological database including a general
population of 2,740,778 individuals with no prevalent history of CVD and found that
overweight and obesity were associated with a higher incidence of total stroke and ischemic
stroke in both sexes. Underweight was associated with a greater risk of future hemorrhagic
stroke events in men, but not in women. Similarly, RCS showed that the risk of ischemic
stroke dose-dependently increased with BMI in men and women, whereas there was a
U-shaped relationship between BMI and future hemorrhagic stroke risk in men. Our results
suggest that the association of BMI with subsequent risk differs between ischemic and
hemorrhagic stroke, particularly in men.
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