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Abstract

 Background—High body mass index (BMI) and low physical fitness are risk factors for 

stroke, but their interactive effects are unknown. Elucidation of interactions between these 

modifiable risk factors can help inform preventive interventions in susceptible subgroups.

 Methods—National cohort study of all 1,547,294 military conscripts in Sweden during 

1969-1997 (97-98% of all 18-year-old males). Standardized aerobic capacity, muscular strength, 

and BMI measurements were examined in relation to stroke identified from inpatient and 

outpatient diagnoses through 2012 (maximum age 62 years).
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 Results—16,979 men were diagnosed with stroke in 39.7 million person-years of follow-up. 

High BMI, low aerobic fitness, and (less strongly) low muscular fitness were associated with 

higher risk of any stroke, ischemic stroke, and intracerebral hemorrhage, independently of family 

history and sociodemographic factors. High BMI (overweight/obese vs. normal) and low aerobic 

capacity (lowest vs. highest tertile) had similar effect magnitudes, and their combination was 

associated with highest stroke risk (incidence rate ratio, 2.36; 95% CI, 2.14-2.60; P<0.001). 

Aerobic capacity and muscular strength had a positive additive and multiplicative interaction 

(P<0.001), indicating that low aerobic capacity accounted for more strokes among men with low 

compared with high muscular strength.

 Conclusions—High BMI and low aerobic capacity in late adolescence are associated with 

increased risk of stroke in adulthood. Low aerobic capacity and low muscular strength also have a 

synergistic effect on stroke risk. These findings suggest that preventive interventions should 

include weight control and aerobic fitness early in life, and muscular fitness especially among 

those with low aerobic capacity.
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 INTRODUCTION

Stroke is the second leading cause of death worldwide (1). Despite declines in mortality in 

the US over the past 4 decades, stroke still accounts for 130,000 deaths and $34 billion in 

health care and economic costs in the US annually (2). Because of its high incidence, long-

term disability, and mortality, better primary prevention of stroke is a major public health 

priority in the US and globally. High body mass index (BMI) (3-9), low physical activity 

(10-12), and low physical fitness (13-17) are established risk factors for stroke. Physical 

fitness (particularly aerobic capacity) has been found to be a stronger predictor of 

cardiovascular risk factors (18) and disease (19) than physical activity, and a better indicator 

of habitual physical activity than self-reported activity (20). Although the separate effects of 

BMI (3-9) and physical fitness (13-17) on stroke risk have been examined, their interactive 

effects remain unknown. For example, it is unknown whether low physical fitness has a 

stronger effect on stroke risk among persons with high BMI, or to what extent improvements 

in fitness may offset risk in this group. A better understanding of these common modifiable 

risk factors, including their combined and interactive effects, is needed to inform more 

effective preventive interventions in susceptible subgroups.

We conducted the first study to examine the interactive effects between physical fitness 

(including both aerobic capacity and muscular strength) and BMI in late adolescence in 

relation to the risk of stroke and its major subtypes in adulthood. Aerobic capacity, muscular 

strength, and BMI were assessed using standardized measurements in ~1.5 million 18-year-

old male military conscripts in Sweden who were followed up to a maximum age of 62 

years. Our aims were to examine potential additive and multiplicative interactions among 

aerobic capacity, muscular strength, and BMI in relation to stroke risk in a large national 

cohort, which may help inform more effective primary prevention.
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 METHODS

 Study Population

We identified all 1,547,478 males (age 18 years) who underwent a military conscription 

examination in Sweden during 1969-1997. This examination was compulsory for all 18-

year-old males nationwide each year except for 2-3% who either were incarcerated or had 

severe chronic medical conditions or disabilities documented by a physician. We excluded 

184 (0.01%) individuals who had a prior stroke identified from hospital discharge diagnoses. 

A total of 1,547,294 (>99.9% of the original cohort) remained for inclusion in the study. 

This study was approved by the Regional Ethics Committee of Lund University in Sweden 

(No. 2010/476).

 Aerobic Capacity, Muscular Strength, and BMI Ascertainment

Aerobic capacity, muscular strength, and BMI measurements were obtained from the 

Swedish Military Conscription Registry, which contains information from a 2-day 

standardized physical and psychological examination required for all conscripts starting in 

1969. Aerobic capacity was measured as the maximal aerobic workload in Watts, using a 

standard well-validated electrically-braked stationary bicycle ergometer test, as previously 

described (21). Maximal aerobic workload is highly correlated with maximal oxygen uptake 

(VO2 max) (correlation ~0.9) (22), and its measurement using this bicycle ergometer test is 

highly reproducible, with a test-retest correlation of 0.95 (23). Muscular strength was 

measured as the weighted sum of maximal knee extension (weighted × 1.3), elbow flexion 

(weighted × 0.8), and hand grip (weighted × 1.7), each measured in Newtons, using standard 

well-validated isometric dynamometer tests (24). Each dynamometer test was performed 

three times and the maximum value was recorded for analysis, except when the last value 

was highest, in which case testing was repeated until strength values stopped increasing. 

BMI was determined using standardized height and weight measurements and calculated as: 

[weight in kg]/[height in m]2. All testing equipment was calibrated daily (21, 24).

In the present study, aerobic capacity and muscular strength were modeled alternatively as 

continuous variables or categorical variables in tertiles (aerobic capacity in Watts: low 

[<240], medium [240-288], high [≥289]; muscular strength in Newtons: low [<1900], 

medium [1900-2170], high [≥2171]). BMI was modeled alternatively as a continuous or 

categorical variable using Centers for Disease Control and Prevention (CDC) definitions for 

children and adolescents aged 2 to 19 years to facilitate comparability with US studies: 

“overweight or obesity” is defined as ≥85th percentile on the CDC's 2000 sex-specific BMI-

for-age growth charts, which corresponds to BMI ≥25.6 for 18-year-old males (25).

 Stroke Ascertainment

The study cohort was followed up through December 31, 2012 for stroke and its major 

subtypes (ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrage), which 

were identified using International Classification of Diseases (ICD) diagnosis codes in the 

Swedish Hospital Registry and Swedish Outpatient Registry (any stroke: ICD-8 430-434; 

ICD-9 430-431, 433-434, 436; ICD-10 I60-I61, I63-I64; ischemic stroke: ICD-8 433-434; 

ICD-9 434; ICD-10 I63; intracerebral hemorrhage: ICD-8/9 431; ICD-10 I61; subarachnoid 
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hemorrhage: ICD-8/9 430; ICD-10 I60). The Swedish Hospital Registry contains all primary 

and secondary hospital discharge diagnoses from six populous counties in southern Sweden 

starting in 1964, and with nationwide coverage starting in 1987; and the Swedish Outpatient 

Registry contains outpatient diagnoses from all specialty clinics nationwide starting in 2001.

 Adjustment Variables

Other variables that may be associated with stroke were obtained from the Swedish Military 

Conscription Registry and national census data, which were linked using an anonymous 

personal identification number. The following were used as adjustment variables: year of the 

military conscription examination (modeled simultaneously as a continuous and categorical 

[1969-1979, 1980-1989, 1990-1997] variable to account for follow-up time and attained 

age); family history of stroke in a parent or sibling (yes or no, identified from diagnoses in 

the Swedish Hospital Registry during 1964-2012 and the Swedish Outpatient Registry 

during 2001-2012, using the same diagnosis codes noted above, plus 330-332 in ICD-7); 

highest education level attained during the study period (<12, 12-14, ≥15 years); and 

neighborhood socioeconomic status (SES) at baseline (included because neighborhood 

characteristics have been associated with stroke (26, 27) and with physical activity (28) and 

obesity (29); composed of an index that includes low education level, low income, 

unemployment, and social welfare receipt, as previously described (30); categorized as low 

[>1 SD below the mean], medium [within 1 SD from the mean], or high [>1 SD above the 

mean]).

As alternatives to BMI, we also examined height and weight simultaneously in a separate 

model, and modeled them alternatively as continuous or categorical (height: <175, 175-184, 

≥185 cm; weight: <60, 60-79, ≥80 kg) variables. Blood pressure may be in the causal 

pathway between high BMI or low physical fitness and stroke, and therefore is not 

considered a confounder. However, in a secondary analysis, we examined the effect on risk 

estimates of further adjusting for systolic and diastolic blood pressure at baseline (measured 

in mm Hg using a standard protocol at the military conscription examination) as continuous 

variables.

Missing data for each variable were imputed using a standard multiple imputation procedure 

based on the variable's relationship with all other covariates and the outcome (stroke) (31). 

Missing data were relatively infrequent for aerobic capacity (5.7%), muscular strength 

(5.0%), height (7.2%), weight (7.3%), education level (0.4%), neighborhood SES (9.1%), 

systolic blood pressure (8.6%), and diastolic blood pressure (8.7%). As an alternative to 

multiple imputation, sensitivity analyses were performed after restricting to individuals with 

complete data for all variables (N=1,303,705; 84.2%).

 Statistical Analysis

Poisson regression with robust standard errors was used to compute incidence rate ratios 

(IRRs) and 95% confidence intervals (CIs) for associations between aerobic capacity, 

muscular strength, or BMI and subsequent risk of stroke (32). In the main analyses, two 

different adjusted models were performed: the first was adjusted for year of the military 

conscription examination (to account for follow-up time and attained age), and the second 
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was additionally adjusted for aerobic capacity, muscular strength, BMI, family history of 

stroke, education level, and neighborhood SES (each as a categorical variable as defined 

above). In a secondary analysis, we adjusted additionally for systolic and diastolic blood 

pressure (as continuous variables). Poisson model goodness-of-fit was assessed using 

deviance and Pearson chi-squared tests, which showed a good fit in all models.

Interactions among aerobic capacity, muscular strength, and BMI on either the additive or 

multiplicative scale were examined in relation to stroke risk. Additive interactions were 

assessed using the “relative excess risk due to interaction” (RERI), which is computed for 

binary variables as: RERIIRR = IRR11 – IRR10 – IRR01 + 1 (33, 34). Multiplicative 

interactions were assessed using the ratio of IRRs: IRR11 / (IRR10 × IRR01) (33). All 

statistical tests were 2-sided and used an α-level of 0.05. All analyses were conducted using 

Stata version 14.0 (35).

 RESULTS

Among the 1,547,294 men in this cohort, 16,979 (1.1%) were subsequently diagnosed with 

stroke in 39.7 million person-years of follow-up (mean follow-up, 25.7 years). Among all 

strokes, 10,467 (61.6%) were ischemic, 3,425 (20.2%) were intracerebral hemorrhages, and 

3,087 (18.2%) were subarachnoid hemorrhages. The median age at the end of follow-up was 

47.2 years (mean 47.4, SD 7.9, range 23.2 to 62.0), and median age at any stroke diagnosis 

was 48.0 years (mean 46.1, SD 9.4, range 18.5 to 61.9). The median BMI among men 

diagnosed with any stroke was 21.1 (mean 21.6, SD 3.0, range 15.3 to 39.3), and among 

those without stroke was 21.1 (mean 21.7, SD 2.8, range 15.6 to 37.8); median aerobic 

capacity (in Watts) among those diagnosed with any stroke was 231.4 (mean 234.9, SD 49.3, 

range 110.8 to 429.0), and among those without stroke was 262.0 (mean 267.3, SD 54.4, 

range 114.8 to 455.0); and median muscular strength (in Newtons) among those diagnosed 

with any stroke was 1,996 (mean 1,997, SD 343, range 550 to 3,175), and among those 

without stroke was 2,020 (mean 1,985, SD 454, range 428 to 3,199). These distributions 

were similar among all stroke subtypes (data not shown).

 Main Effects of Aerobic Capacity, Muscular Strength, and BMI

Low aerobic capacity was associated with a subsequent increased risk of any stroke, after 

adjusting for BMI and other factors (Table 1, adjusted model 2: IRR for lowest vs. highest 

tertile, 1.64; 95% CI, 1.55-1.73; P<0.001), including a strong inverse trend across the full 

range of aerobic capacity (adjusted model 2: IRR for trend test per 100 Watts, 0.61; 95% CI, 

0.59-0.64; P<0.001). Low muscular strength was associated with a modestly increased risk 

of stroke (adjusted model 2: IRR for lowest vs. highest tertile, 1.10; 95% CI, 1.05-1.14; 

P<0.001).

High BMI also was an independent risk factor for stroke. Overweight or obese males (≥85th 

percentile on the CDC's 2000 sex-specific BMI-for-age growth chart) had more than a 1.5-

fold risk of stroke relative to those with normal BMI (Table 1, adjusted model 2: IRR, 1.58; 

95% CI, 1.50-1.67, P<0.001). When both height and weight were included in the model as 

an alternative to BMI, low height and high weight were each independently associated with 
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increased stroke risk (see Table 1, adjusted model 2), although high weight was a much 

stronger risk factor (Pheterogeneity<0.001).

A first-degree family history of stroke was associated with a ~1.2-fold risk of stroke (Table 

1). Education level and neighborhood SES were inversely related to stroke risk (i.e., high 

education level and high neighborhood SES were modestly protective) (Table 1; 

Ptrend<0.001). There was no evidence of statistical or biologically meaningful interaction 

between neighborhood SES and other factors in relation to stroke risk (P>0.05 for each). In a 

secondary analysis, further adjustment for systolic and diastolic blood pressure had a 

negligible effect on any of the risk estimates (data not shown). In sensitivity analyses that 

were restricted to individuals with no missing data, all risk estimates were very similar to the 

main results (data not shown).

All main effects for stroke subtypes were similar to those for strokes overall (Supplemental 

Tables 1a, 1b, and 1c), except that high BMI was not a significant risk factor for 

subarachnoid hemorrhage (fully adjusted IRR, 1.11; 95% CI, 0.97-1.28; P=0.13; 

Supplemental Table 1c).

 Interactions Among Aerobic Capacity, Muscular Strength, and BMI

The interactive effects of aerobic capacity and muscular strength on risk of stroke are shown 

in Table 2. Low aerobic capacity was associated with increased risk of stroke irrespective of 

muscular strength level (Table 2, right-most column), whereas low muscular strength was 

associated with a (modestly) increased risk of stroke only among men with low aerobic 

capacity. The combination of low aerobic capacity and low muscular strength was associated 

with highest stroke risk (IRR, 1.75; 95% CI, 1.64-1.88; P<0.001), relative to the reference 

group of men with high aerobic capacity and normal BMI. Low aerobic capacity and low 

muscular strength had a significant positive interaction on both the additive and 

multiplicative scale (P<0.001) (i.e., their combined effect on stroke risk exceeded the sum or 

product of their separate effects). The positive additive interaction indicates that low aerobic 

capacity accounts for more strokes among men with low compared with high muscular 

strength. Figure 1 shows the probability of stroke for the 25th, 50th, and 75th percentiles of 

muscular strength across the full distribution of aerobic capacity, from the fully adjusted 

model. The non-parallel curves, particularly at the lower range of aerobic capacity, reflect 

the positive interaction in relation to stroke risk.

The interactive effects of aerobic capacity and BMI on risk of stroke are shown in Table 3. 

Both low aerobic capacity and high BMI were independent risk factors with similar effect 

magnitudes. The combination of low aerobic capacity and high BMI was associated with 

highest stroke risk, which was ~2.3-fold relative to the reference group of men with high 

aerobic capacity and normal BMI, but with a negative multiplicative interaction (ratio of 

IRRs, 0.86; P=0.03) (i.e., their combined effect was less than the product of their separate 

effects).

The interactive effects of muscular strength and BMI on risk of stroke are shown in Table 3. 

High BMI was a strong risk factor irrespective of muscular strength level, whereas low 

muscular strength was associated with a modestly increased risk of stroke only among men 
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with normal BMI (Table 4, right-most column). Low muscular strength and high BMI had a 

negative interaction on both the additive (P=0.02) and multiplicative (P<0.001) scale, 

suggesting that high BMI accounted for more strokes among men with high compared with 

low muscular strength.

Compared with strokes overall, all major subtypes (ischemic stroke, intracerebral 

hemorrhage, and subarachnoid hemorrhage) had very similar interactive effects between 

aerobic capacity and muscular strength (Supplemental Tables 2a, 2b, and 2c), aerobic 

capacity and BMI (Supplemental Tables 3a, 3b, and 3c), and muscular strength and BMI 

(Supplemental Tables 4a, 4b, and 4c). Relatively few men with high BMI were diagnosed 

with subarachnoid hemorrhage (n=218), which limited statistical power for detecting 

interactions involving BMI in relation to this outcome.

 DISCUSSION

In this large national cohort study, we found that high BMI, low aerobic fitness, and (less 

strongly) low muscular fitness were associated with higher risk of stroke, independently of 

family history and sociodemographic factors. Second, high BMI and low aerobic capacity 

had similar effect magnitudes, and their combination was associated with highest stroke risk, 

but with a negative multiplicative interaction (i.e., their combined effect was less than the 

product of their separate effects). Third, low aerobic capacity and low muscular strength had 

a synergistic effect on stroke risk (i.e., significant super-additive and multiplicative 

interactions), indicating that low aerobic capacity accounted for more strokes among men 

with low compared with high muscular strength. All interactions were similar for ischemic 

stroke, intracerebral hemorrhage, and subarachnoid hemorrhage. If these associations are 

causal, they suggest that preventive interventions should begin early in life and include both 

weight control and aerobic fitness, as well as muscular fitness especially among those with 

low aerobic capacity.

To our knowledge, this large cohort study is the first to examine not only the independent 

effects of physical fitness and BMI on stroke risk, but also potential multiplicative and 

additive interactions. A better understanding of the interactive effects of these common 

modifiable factors can help inform primary prevention in susceptible subgroups. Additive 

interactions are often unexamined despite being more informative about public health impact 

(36, 37). Previous studies have reported similar main effects for BMI (3-9), aerobic fitness 

(13-17), or self-reported physical activity (10-12) in relation to stroke, without examining 

their interactions. In the present study, we found that the combination of low aerobic 

capacity and high BMI in late adolescence was associated with highest stroke risk in 

adulthood. Furthermore, low aerobic capacity and low muscular strength had a synergistic 

effect on the risk of stroke and all major subtypes.

These findings provide additional evidence that both “fatness” and “fitness” are important 

factors affecting the long-term risk of stroke. In this cohort, high BMI was associated with 

more than a 1.5-fold risk of any stroke (and ischemic stroke or intracerebral hemorrhage 

subtypes), but no significantly increased risk of subarachnoid hemorrhage. This is consistent 

with previous findings for total or ischemic stroke (3-9), whereas associations with 
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hemorrhagic stroke have been less consistent (5-9), but have seldom distinguished between 

intracerebral vs. subarachnoid hemorrhage. Our findings also suggest that obesity and low 

aerobic fitness have similar magnitudes of effect on stroke risk, and that each of these factors 

is associated with increased risk even in the absence of the other factor. In contrast, low 

muscular strength was associated with only a modestly increased risk of stroke.

The mechanisms by which obesity and low physical fitness contribute to the development of 

stroke are highly complex. Both increased adiposity and reduced physical fitness are known 

to have adverse effects on insulin sensitivity, lipid metabolism, autonomic tone, fibrinolysis 

and inflammation, which contribute to endothelial dysfunction and atherosclerosis (38, 39). 

Obesity and physical inactivity are associated with higher levels of prothrombotic and 

inflammatory markers (e.g., plasminogen activator inhibitor-1 [PAI-1] antigen, fibrinogen, 

and C-reactive protein) (40-43), which are associated with ischemic stroke (44, 45). In 

addition, physical activity may promote vascular upregulation of endothelial nitric oxide 

synthase (eNOS), which is associated with better cerebral blood flow, reduced brain injury 

during ischemia, and lower stroke risk (46).

Strengths of this study include its large national cohort design with prospective 

ascertainment of aerobic capacity, muscular strength, BMI, and stroke. The national cohort 

design prevented selection bias, and the use of registry data with prospectively measured 

exposures prevented bias that may result from self-reporting. We examined objective, well-

validated measures of aerobic capacity and muscular strength, which are likely better 

indicators of habitual physical activity than self-reported activity (20). We were able to 

adjust for several other risk factors for stroke, including family history and both individual 

and neighborhood-level socioeconomic factors, which also were prospectively ascertained 

and not self-reported.

Limitations include a lack of information on smoking, which is another known risk factor 

for stroke. Aerobic capacity (VO2 max) has been reported to be only 7% lower in 18-year-

old male smokers compared with non-smokers (47), thus smoking is unlikely to account for 

more than a small proportion of our observed association between aerobic capacity and 

stroke risk (16). Physical fitness and BMI were measured at only one age (~18 years), and 

hence we were unable to examine changes in these factors over time. Because this study was 

based on Swedish military conscripts, the cohort consisted entirely of men. Other studies 

have reported similar main effects for high BMI (3-8) or low physical fitness (15) in relation 

to stroke among women. In addition, this study cohort was relatively young, with a median 

age of 47 years (maximum 62) at the end of follow-up. Additional follow-up will be needed 

to examine these relationships at older ages when stroke is more common.

In summary, this large national cohort study is the first to examine potential interactions 

between physical fitness and BMI early in life in relation to stroke risk in adulthood. We 

found that high BMI, low aerobic fitness, and (less strongly) low muscular fitness in late 

adolescence were associated with higher risk of stroke in adulthood. Low aerobic capacity 

and low muscular strength had a synergistic effect on the risk of stroke and all major 

subtypes. These findings suggest that the risk of stroke in adulthood may be reduced by 

early lifestyle interventions, including weight control and aerobic fitness, as well as 
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muscular fitness especially among those with low aerobic capacity. Additional studies with 

longitudinal measurements of fitness will be needed to delineate the most important 

windows of susceptibility and further inform interventions.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Probability of stroke by aerobic capacity and muscular strength in 18-year-old males with 

average follow-up of 25.7 years (maximum age 62 years).
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Table 1

Adjusted incidence rate ratios for associations between physical fitness, BMI, or other factors among 18-year-

old males and subsequent risk of stroke.

Any Stroke Adjusted Model 1
a

Adjusted Model 2
b

No (N=1,530,315) Yes (N=16,979) IRR 95% CI P IRR 95% CI P

Aerobic capacity (tertiles)

Low 501,504 (32.8) 9,802 (57.7) 1.80 1.71, 1.90 <0.001 1.64 1.55, 1.73 <0.001

Medium 515,394 (33.7) 5,092 (30.0) 1.28 1.21, 1.35 <0.001 1.21 1.14, 1.28 <0.001

High 513,417 (33.5) 2,085 (12.3) 1.00 1.00

Per 100 Watts (trend test) 0.59 0.56, 0.61 <0.001 0.61 0.59, 0.64 <0.001

Muscular strength (tertiles)

Low 504,896 (33.0) 5,936 (35.0) 1.19 1.15, 1.24 <0.001 1.10 1.05, 1.14 <0.001

Medium 517,164 (33.8) 6,348 (37.4) 1.07 1.04, 1.12 <0.001 1.04 1.00, 1.08 0.05

High 508,255 (33.2) 4,695 (27.6) 1.00 1.00

Per 1000 Newtons (trend test) 0.79 0.75, 0.82 <0.001 0.87 0.83, 0.91 <0.001

Body mass index
c

Normal 1,411,897 (92.3) 15,448 (91.0) 1.00 1.00

Overweight or obese 118,418 (7.7) 1,531 (9.0) 1.53 1.46, 1.62 <0.001 1.58 1.50, 1.67 <0.001

Per 1 BMI unit (trend test) 1.03 1.02, 1.04 <0.001 1.05 1.04, 1.06 <0.001

Height (cm)

<175 (5 ft. 9 in.) 342,623 (22.4) 4,207 (24.8) 1.08 1.05, 1.12 <0.001 1.07 1.03, 1.11 <0.001

175-184 903,405 (59.0) 10,438 (61.5) 1.00 1.00

≥185 (6 ft. 1 in.) 284,287 (18.6) 2,334 (13.7) 0.79 0.76, 0.83 <0.001 0.83 0.80, 0.87 <0.001

Per 5 cm (trend test) 0.91 0.90, 0.92 <0.001 0.92 0.91, 0.93 <0.001

Weight (kg)

<60 (132 lbs.) 189,260 (12.4) 2,479 (14.6) 1.07 1.02, 1.11 0.004 0.94 0.90, 0.98 <0.001

60-79 1,136,314 (74.2) 12,339 (72.7) 1.00 1.00

≥80 (176 lbs.) 204,741 (13.4) 2,161 (12.7) 1.23 1.17, 1.28 <0.001 1.44 1.37, 1.51 <0.001

Per 5 kg (trend test) 1.04 1.03, 1.05 <0.001 1.09 1.08, 1.10 <0.001

Family history of stroke

No 1,250,181 (81.7) 12,209 (71.9) 1.00 1.00

Yes 280,134 (18.3) 4,770 (28.1) 1.24 1.20, 1.28 <0.001 1.24 1.20, 1.28 <0.001

Education (years)

<12 232,414 (15.2) 4,403 (25.9) 1.18 1.14, 1.23 <0.001 1.14 1.09, 1.18 <0.001

12-14 676,202 (44.2) 7,333 (43.2) 1.00 1.00

≥15 621,699 (40.6) 5,243 (30.9) 0.71 0.69, 0.74 <0.001 0.77 0.74, 0.80 <0.001

Per higher category (trend) 0.77 0.76, 0.79 <0.001 0.82 0.80, 0.84 <0.001

Neighborhood SES

Low 236,332 (15.4) 3,034 (17.9) 1.05 1.00, 1.09 0.03 1.01 0.98, 1.06 0.47

Medium 1,010,311 (66.0) 11,813 (69.6) 1.00 1.00

High 283,672 (18.5) 2,132 (12.6) 0.81 0.77, 0.85 <0.001 0.89 0.85, 0.93 <0.001
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Any Stroke Adjusted Model 1
a

Adjusted Model 2
b

No (N=1,530,315) Yes (N=16,979) IRR 95% CI P IRR 95% CI P

Per higher category (trend) 0.89 0.87, 0.91 <0.001 0.94 0.92, 0.97 <0.001

BMI = body mass index, IRR = incidence rate ratio, SES = socioeconomic status.

a
Adjusted for year of military conscription examination (to account for follow-up time and attained age).

b
Adjusted for year of military conscription examination, aerobic capacity, muscular strength, BMI, family history of stroke, education, and 

neighborhood SES. Height and weight were modeled simultaneously as an alternative to BMI in a separate model. The reference category for all 
variables is indicated by an IRR of 1.00.

c
BMI was categorized using CDC definitions for children and adolescents aged 2 to 19 years: “overweight or obese” is defined as ≥85th percentile 

from the CDC's 2000 sex-specific BMI-for-age growth charts, which corresponds to BMI ≥25.6 for 18-year-old males.
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