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Abstract

Background and aim: To investigate the prognostic implication of body mass index (BMI) on clinical outcomes after 
acute ischemic and hemorrhagic stroke.

Methods: The subjects of the study included adult patients with available baseline body weight and height data who 
had suffered an acute stroke and were registered in the Japan Stroke Data Bank—a hospital-based, multicenter stroke 
registration database—between January 2006 and December 2020. The outcome measures included unfavorable out-
comes defined as a modified Rankin Scale (mRS) score of 5–6 and favorable outcomes (mRS 0–2) at discharge, and in-
hospital mortality. Mixed effects logistic regression analysis was conducted to determine the relationship between BMI 
categories (underweight, normal weight, overweight, class I obesity, class II obesity; <18.5, 18.5–23.0, 23.0–25.0, 25–30, 
⩾30 kg/m2) and the outcomes, after adjustment for covariates.

Results: A total of 56,230 patients were assigned to one of the following groups: ischemic stroke (IS, n = 43,668), 
intracerebral hemorrhage (ICH, n = 9741), and subarachnoid hemorrhage (SAH, n = 2821). In the IS group, being under-
weight was associated with an increased likelihood of unfavorable outcomes (odds ratio, 1.47 (95% confidence interval 
(CI):1.31−1.65)) and in-hospital mortality (1.55 (1.31−1.83)) compared to outcomes in those with normal weight. Being 
overweight was associated with an increased likelihood of favorable outcomes (1.09 (1.01−1.18)). Similar associations 
were observed between underweight and these outcomes in specific IS subtypes (cardioembolic stroke, large artery 
stroke, and small-vessel occlusion). Patients with a BMI ⩾30.0 kg/m2 was associated with an increased likelihood of unfa-
vorable outcomes (1.44 (1.01−2.17)) and in-hospital mortality (2.42 (1.26−4.65)) in large artery stroke. In patients with 
ICH, but not those with SAH, being underweight was associated with an increased likelihood of unfavorable outcomes 
(1.41 (1.01−1.99)).

Conclusions: BMI substantially impacts functional outcomes following IS and ICH. Lower BMI consistently affected 
post-stroke disability and mortality, while higher BMI values similarly affected these outcomes after large artery 
stroke.

Keywords
BMI, stroke subtypes, ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage, stroke

Received: 1 June 2023; accepted: 4 April 2024

1249370WSO International Journal of StrokeMiwa et al.

Research

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/wso


908	 International Journal of Stroke 19(8)

International Journal of Stroke, 19(8)

Introduction

Stroke is the second leading cause of death and the third 
leading cause of disability worldwide.1,2 Given the enor-
mous burden of stroke-related disability and mortality, 
identifying modifiable risk factors associated with stroke 
outcomes is becoming increasingly imperative. Body mass 
index (BMI) is defined as the body weight in kilograms 
divided by the height in meters squared and is an estimate 
of total adiposity and muscle mass. Having a high BMI is a 
well-established risk factor for the development of cardio-
vascular events, including stroke, and is an independent 
predictor of mortality in the general population.3 A recent 
systematic analysis revealed that a high BMI was one of the 
leading risk factors contributing to the increase in stroke-
related disability-adjusted life years over the past two dec-
ades.2 However, the prognostic impact of BMI on clinical 
outcomes after stroke remains inconclusive. Previous stud-
ies have shown that being overweight or obese may be 
associated with a favorable prognosis; this is known as the 
“obesity paradox” and is observed in patients afflicted by a 
variety of vascular diseases (e.g. coronary artery disease 
and heart failure) and in those with nonvascular diseases.4 
In terms of stroke, several studies have demonstrated a 
lower risk of stroke recurrence and all-cause mortality in 
overweight or obese patients compared with the outcomes 
in patients with a normal weight, and those studies have 
mostly focused on the risk of mortality.5 A recent meta-
analysis of patients with acute ischemic stroke (IS) revealed 
that compared with the outcomes in those with normal 
body weight, being underweight was associated with a 
higher risk of disability and mortality at 3 months, whereas 
obesity was not associated with a better prognosis.6 In par-
ticular, studies examining the relationship between BMI 
and disability after hemorrhagic stroke are scarce, and 
those that have been conducted have reported conflicting 
results.6 Although IS is classified into specific subtypes that 
have inherently heterogeneous pathogeneses, no studies 
have investigated the association between BMI and the 
etiologic subtypes of IS; therefore, the prognostic impact of 
BMI on functional outcomes in those suffering from IS of 
each etiology remains uncertain.

Accordingly, we aimed to quantify the associations 
between BMI and post-stroke outcomes, expressed in terms 
of functional outcomes after acute stroke, including 
ischemic and hemorrhagic stroke (intracerebral hemor-
rhage (ICH) and subarachnoid hemorrhage (SAH)).

Methods

Data source

Detailed information on the Japan Stroke Data Bank 
(JSDB) has been described in previous studies.7–9 The 
JSDB is an ongoing hospital-based, multicenter, prospec-
tive registry of patients treated for acute stroke or transient 

ischemic attack in Japan. The JSDB prospectively collects 
information related to the clinical diagnosis of acute stroke 
based on the professional evaluations of stroke specialists 
from 130 high-volume stroke centers and academic teach-
ing hospitals. Data on hospitalization attributed to acute 
stroke are recorded by the study physicians or clinical 
report coordinators in each institute using a standardized 
database form online. The study protocol was approved by 
the institutional ethics review board at the National Cerebral 
and Cardiovascular Center (M27-090-15). Due to the anon-
ymous nature of the data, the requirement for individual 
consent for entry of information into the database was 
waived by the institution. Instead, an opt-out consent 
method was employed to notify or disclose the research 
information.

Patients

For the analyses, adult patients (⩾18 years) diagnosed with 
acute ischemic or hemorrhagic stroke who had available 
body weight and height data at admission were eligible for 
inclusion. The database included clinical information on 
demographic variables, stroke subtypes (IS including IS 
subtypes, ICH, and SAH), according to the International 
Classification of Diseases, Tenth Revision (codes 160, 161, 
163), neurological impairment (National Institutes of 
Health Stroke Scale (NIHSS) for patients with IS or ICH 
and World Federation of Neurological Surgeons (WFNS) 
grading for those with SAH), medical history, risk factors, 
medications, and functional outcomes at discharge, based 
on modified Rankin Scale (mRS) scores. IS was classified 
into the following five subtypes according to the Trial of 
Org 10172 in Acute Stroke Treatment (TOAST) criteria: 
large artery stroke, cardioembolic stroke, small-vessel 
occlusion, other determined etiology stroke, or undeter-
mined etiology stroke.10 Height and weight upon admission 
were measured by nursing staff while lying flat in bed or 
self-reported by patients or legal proxies. Patients were 
grouped into five BMI categories. As recommended  
for Asian populations by the World Health Organization 
definitions and the American Heart Association, the BMI 
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categories were slightly modified,11,12 as follows: (1) under-
weight: BMI <18.5; (2) normal weight:18.5 ⩽ BMI < 23; 
(3) overweight: 23.0 ⩽ BMI < 25; (4) class I obesity: 
25.0 ⩽ BMI < 30; and (5) class II obesity: BMI ⩾30.0 kg/m2.

We evaluated the association of BMI with the following 
outcomes by stroke subtypes. The primary outcome meas-
ure was an unfavorable functional outcome at discharge, 
defined as mRS score of 5–6. The secondary outcomes 
were the following: (1) a favorable outcome, defined as 
mRS score of 0–2; (2) distribution of mRS score; and (3) 
in-hospital all-cause mortality.

Statistical analysis

Descriptive statistics were used to summarize the baseline 
characteristics of the study population following stratifica-
tion based on BMI. Continuous data were presented as the 
mean (SD) or median (interquartile range), whereas cate-
gorical data were presented as n (%). Kruskal–Wallis, chi-
square test, and Cochran–Armitage trend tests were used to 
evaluate the significance of differences between BMI cate-
gories for continuous and categorical variables as appropri-
ate. Mixed effects binary logistic regression analyses using 
the institutions as random intercepts were performed to cal-
culate the odds ratios (ORs) and 95% confidence intervals 
(CIs) to evaluate the associations between BMI and indi-
vidual outcomes. Mixed effects ordinal logistic regression 
analysis was employed to compare the distribution of mRS 
score. Risk estimates were adjusted for covariates on the 
basis of clinical relevance for functional outcome after 
stroke and availability in this study: age, sex, hypertension, 
diabetes, dyslipidemia, atrial fibrillation, history of stroke 
or cancer, premorbid mRS score, initial NIHSS (for those 
with IS and ICH) or WFNS grade (for those with SAH), 
systolic blood pressure, and acute reperfusion therapy 
(intravenous thrombolysis and/or endovascular treatment 
for those with IS) or the ICH location and hematoma vol-
ume for those with ICH, using stratified groups based on 
stroke types. The same covariates were adjusted across all 
IS subtypes. We tested the interaction effects between BMI 
and key characteristics (age (<60, 60–80, or ⩾80 years), 
sex, hypertension, diabetes, dyslipidemia, and NIHSS (0–5, 
5–10, 10–20, or >20)),13,14 and reperfusion therapies for IS 
by including the respective interaction terms in the final 
model. Restricted cubic splines were used to allow for non-
linear relationships between BMI as continuous variables 
and outcomes to facilitate calculations of the ORs at each 
BMI increment. The knots for the splines were set at 18.5, 
23, 25, and 30 kg/m2, which correspond to the cut-off points 
for underweight, normal weight, overweight, and obesity 
categories, respectively.11,12 A BMI of 23 kg/m2 was used as 
the reference. The analyses were based on data from all 
patients who had complete information; therefore, missing 
values were not imputed. We acknowledged the over-infla-
tion of type I error probability resulting from multiple 

comparisons. As this work was considered to be hypothesis 
generating, all p values were two-sided, and a p value of 
<0.05 was considered statistically significant. The analy-
ses were performed using STATA17 (Stata Corp).

Results

The subjects were abstracted from patients treated from 
January 2006 (the time at which the collection of data on 
body weight and height at admission was conducted) to 
December 2020; among these, BMI assessments were con-
ducted in 56,230 patients (32%), whereas no BMI data 
existed for 119,625 patients (Figure S1). The comparison of 
demographic and clinical data between those with available 
BMI data and those without it is shown in Supplemental 
result and Table S1–3. Accordingly, 56,230 patients were 
included in this study, 43,668 of whom were diagnosed 
with IS (mean age: 74 ± 12 years; 26,696 (61%) males), 
9741 of whom were diagnosed with ICH (mean age: 
69 ± 14 years; 5654 (56%) males), and 2821 of whom were 
diagnosed with SAH (mean age: 63 ± 15 years; 943 (33%) 
males). The patient distributions according to BMI catego-
ries are shown in Figure 1.

Associations between BMI and clinical 
outcomes in IS

The clinical characteristics according to the BMI categories 
among those with IS are presented in Table 1. The patients 
with higher BMI tended to be younger in age and current 
smokers, with more frequent drinking habits and a meta-
bolic risk profile (hypertension, diabetes, dyslipidemia) 
that led to more frequent treatment with pharmacotherapeu-
tic agents (i.e. antihypertensive and antidiabetic agents). 
However, atrial fibrillation and a history of stroke or cancer 
were less common in those with higher BMI. The initial 
NIHSS score was higher, the duration of hospitalization 
was longer, and the baseline systolic blood pressure and 
diastolic blood pressure were lower in those who were 
underweight than in those with obesity.

Figure S2 shows the proportions of individuals with the 
mRS scores for overall IS and for each IS subtype. An 
inverse linear trend was observed between unfavorable out-
comes and BMI categories for all IS subtypes (p for trend 
<0.001). In the multivariable analysis, underweight 
patients had a higher risk of experiencing unfavorable out-
comes than did those with normal weight in IS and all IS 
subtypes (Table 2). In addition, being overweight was 
inversely associated with unfavorable outcomes in IS (OR, 
0.87 (95% CI, 0.78−0.98)) and small-vessel occlusion 
(0.59 (0.37−0.95)) (Table 2). Patients with a BMI ⩾30.0 kg/
m2 were positively associated with unfavorable outcomes 
in large artery stroke (1.44 (1.01−2.17)) (Table 2). In the 
adjusted restricted cubic spline analysis, a lower BMI 
(<23 kg/m2) was associated with unfavorable outcomes in 
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IS and in all IS subtypes (Figure 2(a) and (b), Figure S3). In 
addition, a significant U-shaped association was observed 
in those with large artery stroke (Figure 2(b)). The sub-
group analysis revealed significant BMI–subgroup interac-
tions for age, sex, hypertension, stroke severity, and acute 
reperfusion therapy (Table S4). The effect of underweight 
on unfavorable outcomes was significant in patients with 
higher NIHSS (⩾10) (1.58 (1.28−1.95)) and those receiv-
ing acute reperfusion therapy (1.46 (1.31−1.64)), while an 
inverse association was observed between unfavorable out-
comes and obesity in older patients (age ⩾80 years) (0.83 
(0.70−0.97)) (Table S4).

Similarly, the inverse association between being under-
weight and favorable outcomes (mRS 0–2) was observed. 
Being underweight was also associated with outcomes 
across mRS shift, and in-hospital mortality in IS subtypes, 
except for stroke of other determined and undetermined eti-
ologies (Table 2, Table S5). Patients with a BMI ⩾30.0 kg/
m2 were positively associated with in-hospital mortality in 
large artery stroke (2.42 (1.26−4.65)) (Table 2).

Hemorrhagic stroke

The clinical characteristics of patients with ICH or SAH 
according to the BMI categories are presented in Table S6–
7, respectively. Among those with ICH, patients with 
underweight exhibited larger hematoma volumes, and lobar 
ICH and less often in deep ICH than in patients with obe-
sity. Figure S4 shows the proportions of individuals with 
mRS scores among those with ICH and SAH. An inverse 

linear trend was observed between unfavorable outcomes 
and the BMI categories in those with ICH (p for trend 
<0.001) and SAH (p for trend = 0.017). In the multivariable 
analysis, compared to patients with normal weight, under-
weight patients with ICH were associated with unfavorable 
outcomes (1.41 (1.01−1.99)) and a shift toward unfavora-
ble outcomes (1.31 (1.08−1.61)); this effect was not seen in 
those with SAH. The inverse association between being 
underweight and favorable outcomes was observed in 
patients with ICH (0.70 (0.49−0.99)) (Table S8). In the 
adjusted restricted cubic spline analysis, lower BMI levels 
(<23) were associated with a higher risk of unfavorable 
outcomes in patients with ICH (Figure 2(c)).

The analysis using traditional BMI categories is shown 
in the Supplemental result and Table S9–10.

Discussion

In this registry-based study of acute stroke, being under-
weight was consistently associated with higher risks of 
unfavorable functional outcomes after IS and ICH, but not 
after SAH. One of the novel findings was the association 
between BMI and post-stroke disability after specific IS 
subtypes and ICH. In patients with overall IS or small-ves-
sel occlusion, being overweight was associated with lower 
frequency of unfavorable outcomes compared with the out-
comes in those with normal weight. Patients with large 
artery stroke exhibited a U-shaped association between 
BMI categories and the likelihood of in-hospital mortality; 
patients with a BMI ⩾30.0 kg/m2 was another high-risk 

Figure 1.  Percentages of individuals in each of BMI categories by (a) stroke type and (b) ischemic stroke subtype.
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Table 1.  Comparison of clinical characteristics between BMI categories in patients with ischemic stroke.

Underweight 
(BMI < 18.5) 
(n = 4539)

Normal weight 
(18.5 ⩽ BMI < 23) 
(n = 18,550)

Overweight 
(23.0 ⩽ BMI < 25) 
(n = 9130)

Class I obesity 
(25.0 ⩽ BMI < 30) 
(n = 9689)

Class II obesity 
(BMI ⩾ 30) 
(n = 1760) p

Age, years 79.9 ± 11.7 75.6 ± 11.9 72.5 ± 11.5 70.1 ± 12.2 64.5 ± 14.2 <0.001

Male sex 1902 (41) 10,782 (58) 6372 (69) 6606 (68) 1033 (59) <0.001

Premorbid mRS score 1 (0−2) 0 (0−1) 0 (0−1) 0 (0−1) 0 (0−0) <0.001

Hypertension 2821 (63) 12,576 (68) 6662 (73) 7458 (77) 1442 (82) <0.001

Diabetes 801 (17) 4525 (24) 2750 (30) 3349 (24) 769 (43) <0.001

Dyslipidemia 1086 (24) 6478 (35) 3866 (42) 4564 (47) 929 (52) <0.001

Atrial fibrillation 1332 (30) 4204 (23) 1684 (18) 1683 (17) 282 (16) <0.001

History of stroke 1347 (30) 5040 (27) 2420 (27) 2439 (25) 362 (20) <0.001

History of cancer 442 (9) 1243 (6) 508 (5) 482 (5) 72 (4) <0.001

Current smokinga 686/4174 (16) 3518/16,929 (20) 1956/8262 (24) 2178/8761 (24) 415/1594 (26) <0.001

Drinking habitsb 200/3593 (6) 1375/14,556 (9) 815/7032 (11) 953/7616 (12) 155/1394 (4) <0.001

Antihypertensive 
agentsc

2211/3324 (66) 9507/13,381 (71) 4927/6553 (75) 5482/7003 (78) 989/1239 (70) <0.001

Statinsc 440/3324 (13) 2613/13,381 (19) 1458/6553 (22) 1712/7003 (24) 317/1239 (25) <0.001

Antidiabetic agentsc 440/3324 (13) 2594/13,381 (19) 1570/6553 (24) 1942/7003 (27) 419/1239 (34) <0.001

Antiplatelet agentsc 1129/3324 (34) 4906/13,381 (36) 2518/6553 (38) 2597/7003 (37) 386/1239 (31) 0.452

Anticoagulantsc 704/3324 (21) 241/13,381 (18) 1026/6553 (15) 1016/7003 (14) 151/1239 (12) <0.001

Systolic BP, mmHg 154 ± 29 157 ± 28 159 ± 28 161 ± 28 165 ± 28 <0.001

Diastolic BP, mmHg 84 ± 18 86 ± 18 88 ± 18 89 ± 18 94 ± 20 <0.001

NIHSS 6 (3−16) 4 (2−10) 3 (1−7) 3 (1−6) 3 (1−5) <0.001

Acute reperfusion 
therapy

619 (13) 2317 (12) 1121 (12) 1095 (11) 208 (11) 0.384

mRS score 4 (2−5) 2 (1−4) 2 (1−4) 2 (1−3) 1 (1−3) <0.001

mRS 0–2 1561 (34) 9940 (54) 5751 (63) 6258 (65) 1170 (67) <0.001

mRS 5–6 1332 (29) 2900 (15) 936 (10) 919 (9) 148 (8) <0.001

In-hospital mortality 357 (8) 686 (4) 220 (2) 219 (2) 44 (3) <0.001

Duration of 
hospitalization, days

19 (11−32) 16 (10−28) 15 (10−24) 15 (10−24) 15 (9−23) <0.001

Acute reperfusion therapy includes alteplase use or/and endovascular treatment. Drinking habits was reported as current drinker and characterized 
based on total weekly intake as >8 drinks. Values are presented as frequencies (percentages), means ± SD, or medians (interquartile ranges).
Abbreviations: mRS, modified Rankin scale; BP, blood pressure; NIHSS, National Institutes of Health Stroke Scale.
aData on current smoking habits were available for 36,666 patients.
bData on drinking habits were available for 34,191 patients.
cData on the use of antihypertensive agents, statins, antidiabetic agents, antiplatelet agents, and anticoagulants were available for 30,818 patients.
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Table 2.  Associations between BMI categories and outcome measures in ischemic stroke subgroups.

Underweight 
(BMI < 18.5)

Normal weight 
(18.5 ⩽ BMI < 23)

Overweight 
(23.0 ⩽ BMI < 25)

Class I obesity 
(25.0 ⩽ BMI < 30)

Class II obesity 
(BMI ⩾ 30)

Unfavorable outcome (mRS 5–6)

  Overall IS 1.47 (1.31−1.65)† Ref 0.87 (0.78−0.98)* 0.92 (0.82−1.04) 1.01 (0.78−1.29)

    Cardioembolic stroke 1.38 (1.17−1.62)† Ref 0.92 (0.78−1.09) 0.88 (0.78−1.09) 0.92 (0.63−1.35)

    Large artery stroke 1.51 (1.19−1.90)† Ref 0.95 (0.76−1.17) 1.17 (0.98−1.44) 1.44 (1.01−2.17)*

    Small-vessel occlusion 1.61 (1.09−2.39)* Ref 0.59 (0.37−0.95)* 0.89 (0.57−1.38) 0.89 (0.34−2.32)

  �  Other determined etiology 
stroke

1.42 (1.04−1.91)* Ref 0.76 (0.55−1.03) 0.74 (0.53−1.04) 0.55 (0.23−1.28)

  �  Undetermined etiology 
stroke

2.39 (1.24−4.59)† Ref 1.39 (0.69−2.80) 1.20 (0.61−2.38) 0.79 (0.08−7.60)

In-hospital mortality

  Overall IS 1.55 (1.31−1.83)† Ref 0.92 (0.77−1.11) 0.91 (0.75−1.10) 1.23 (0.83−1.84)

    Cardioembolic stroke 1.45 (1.17−1.79)† Ref 1.05 (0.83−1.33) 0.88 (0.68−1.13) 0.94 (0.53−1.67)

    Large artery stroke 1.69 (1.13−2.53)† Ref 0.96 (0.63−1.44) 1.30 (0.88−1.92) 2.42 (1.26−4.65)†

    Small-vessel occlusion 2.38 (1.06−5.34)† Ref 0.16 (0.02−1.26) 0.37 (0.08−1.68) 3.77 (0.79−18.0)

  �  Other determined etiology 
stroke

1.59 (1.00−2.55) Ref 0.65 (0.33−1.21) 0.72 (0.39−1.34) 0.33 (0.04−2.48)

  �  Undetermined etiology 
stroke

1.30 (0.46−3.62) Ref 0.59 (0.17−2.04) 1.15 (0.42−3.18) 2.27 (0.22−23.2)

Data are presented as odds ratios (95% confidence intervals) for outcomes in ischemic stroke subtypes based on BMI categories. Risk estimates 
were adjusted for age, sex, hypertension, diabetes, dyslipidemia, atrial fibrillation, history of stroke, history of cancer, premorbid mRS score, NIHSS, 
systolic blood pressure, and acute reperfusion therapy.
Abbreviations: mRS, modified Rankin scale; IS, ischemic stroke; Ref, reference.
*p < 0.05, †p < 0.001.

Figure 2.  Associations between BMI and unfavorable outcomes (mRS 5–6) by stroke types. Adjusted odds ratios (ORs) for 
unfavorable outcomes ((a) overall ischemic stroke; (b) large artery stroke; (c) intracerebral hemorrhage) according to BMI, based 
on restricted cubic splines. Risk estimates were adjusted for age, sex, hypertension, diabetes, dyslipidemia, atrial fibrillation, 
history of stroke, history of cancer, premorbid mRS score, NIHSS, systolic blood pressure, and acute reperfusion therapy 
(in those with ischemic stroke) or the location and hematoma volume (in those with intracerebral hemorrhage). Solid lines 
represent the OR and dashed lines represent the 95% confidence interval. A BMI of 23 was used as the reference.
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factor for mortality. The subgroup analyses demonstrated 
that lower frequency of unfavorable outcomes was observed 
in those with obesity; this association was significant in 
older patients (age ⩾80 years) with IS than in younger 
ones. In addition, the effect of being underweight on unfa-
vorable outcomes was apparent in patients with higher 
NIHSS (⩾10).

The observed associations between underweight and 
unfavorable outcomes and mortality after IS were consist-
ent with the results of a meta-analysis based on data from 
14 studies that supported the existence of the “lean para-
dox.”6 Although the cause of the lean paradox remains 
unclear, it may be driven by systemic catabolic activities, 
such as lipolysis and proteolysis, which are exacerbated by 
the hyperglycemia and weight loss that commonly occur 
after acute stroke.15,16 Poor nutritional status and weight 
loss are related to an increased stress response, a higher 
frequency of infections, and impaired stroke recovery.15 
Overweight patients may be less impacted by these changes, 
as they have greater metabolic reserves that can reduce the 
risk of cachexia and increase the likelihood of surviving 
post-stroke complications. Furthermore, patients with 
higher BMI tended to be younger in age, with more fre-
quent metabolic risk profiles (hypertension, diabetes, dys-
lipidemia), consistent with the findings of previous 
studies.17–20 In contrast, underweight patients were a dec-
ade older, with a greater prevalence of previous stroke and 
cancer compared with those with obesity. The impact of 
BMI on post-stroke recovery may result from pre-existing 
systemic insufficiencies or characteristics. Although we 
performed risk adjustment for multiple confounding fac-
tors, other potential factors (e.g. frailty, sarcopenia, or soci-
oeconomic status) that be unaccounted for may explain this 
paradox. A possibility could be related to the fact that the 
patients with underweight had the highest initial NIHSS 
score among the BMI categories in this study, potentially 
limiting the opportunity for favorable functional outcomes. 
However, the severity of neurological deficits as measured 
by NIHSS scores across BMI categories has not been con-
sistently reported across previous studies.17,18,20

The protective effect of obesity on post-IS disability and 
mortality, the so-called “obesity paradox” that was demon-
strated in a systematic review,21 was not observed for IS 
subtypes in this study; in fact, obesity was positively asso-
ciated with mortality in those with large artery stroke. This 
discrepancy may have been a result of differences in the 
follow-up period between studies;21 the obesity paradox 
was only evident after a sufficient amount of time had 
elapsed after stroke onset.22 Conversely, in terms of cardiac 
outcomes, the paradox was more evident during the short-
term follow-up period and emerged as higher long-term 
mortality among obese patients.23

In this study, patients with large artery stroke exhibited a 
U-shaped association between BMI and unfavorable out-
comes. Although such an association has already been 

reported in patients with coronary artery disease,23,24 there 
is still a paucity of data supporting such a relationship in 
patients with stroke. Furthermore, a differential effect of 
obesity on outcomes depended on its severity, with the 
apparently protective effects limited to those who were 
overweight or had mild obesity and were absent in those 
with severe obesity.18,25 A recent study involving 1033 
patients with acute IS from the Field Administration of 
Stroke Therapy–Magnesium (FAST-MAG) trial showed 
that the OR of unfavorable functional outcomes (mRS 2–6) 
was highest in the extreme BMI groups (BMI < 18.5 
or > 35.0 kg/m2) and lowest in those with a BMI of approx-
imately 25 kg/m2 in the unadjusted analysis; however, the 
relationship was no longer present after adjustment for cer-
tain covariates, including the NIHSS score.17

In patients with ICH, being underweight was associated 
with unfavorable functional outcomes, but not in-hospital 
mortality. In contrast, most previous studies focused on and 
were in support of an inverse relationship between BMI 
and mortality after ICH.26,27 The likelihood of an unfavora-
ble outcome among patients with SAH did not vary across 
BMI categories, which is in agreement with previous stud-
ies.6,28 A relationship between functional outcomes and 
BMI in the unadjusted analyses was diminished after 
accounting for the initial stroke severity, which indicated 
that the strong prognostic determinant factors included the 
initial stroke severity in those with acute SAH. In contrast, 
higher BMI values were shown to be associated with poor 
outcomes in patients with SAH who underwent surgical 
intervention.29 The disparate results between studies are 
likely due to differences in patient characteristics and sam-
ple sizes, making it difficult to draw definitive 
conclusions.

A strength of this study was the substantially large sam-
ple size, which enabled analyses based on individual IS 
subtypes with sufficient statistical power. This study also 
had inherent limitations. First, body weight and height were 
both assessed in only 32% of patients in the data from the 
JSDB, partly due to the difficulty in ensuring that accurate 
measurements are conducted in an acute setting, especially 
for those with severe stroke. Height and body weight were 
measured in different clinics using different scales. Not all 
equipment be calibrated in the same way nor correctly. 
Thus, selection bias could be considered due to the lack 
collection of consecutive BMI data, which limits the 
strength of association and generalizability. Second, BMI 
was based on a single assessment conducted at baseline; 
therefore, the potential influence of BMI changes over time 
on prognosis could not be assessed. Third, although BMI is 
widely used for assessment in epidemiological and clinical 
settings, BMI is not an accurate estimate of body composi-
tion and reflects of both adipose and muscle mass. Fourth, 
outcome measures were assessed at the time of discharge. 
Fifth, data on lifestyle-related variables, such as physical 
activity, and the incidence of certain complications (e.g. 
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aspiration pneumonia, urinary tract infection, and sepsis) 
during hospitalization were not available for analysis in this 
study. Sixth, all data were collected solely from Japanese 
patients, which could limit the generalizability of the find-
ings to other ethnicities.

This study demonstrates the clinical impact of BMI on 
post-stroke recovery, and the identification of patients with 
different stroke prognoses will improve outcomes in clini-
cal practice. Ultimately, maintaining an optimal body 
weight is required to ensure favorable post-stroke out-
comes. Furthermore, given the dramatic increase in the pro-
portion of older individuals in the general population, 
strategic attempts should be made to prevent muscle mass 
and nutritional deficiencies related to being underweight, 
which could, in turn, mitigate the risk of poorer outcomes 
in later life.
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