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Abstract 

Background and purpose Conflicting reports of obesity paradox have led to confusion about weight management 
strategies for post-stroke patients. The main purpose of this study is to determine whether the obesity paradox meas-
ured by body mass index (BMI) or by waist-to-height ratio (WHtR) is real.

Methods We evaluated the association of general obesity measured by BMI, and abdominal obesity measured by 
WHtR with 1-year all-cause mortality, recurrence of stroke and combined vascular events of acute ischemic stroke 
(AIS) patients in a cohort —— the Third China National Stroke Registry (CNSR-III). Cox proportional hazards models 
and restricted cubic splines were performed to investigate the association between obesity and clinical outcomes.

Results A total of 14,146 patients with ischemic stroke were included. When BMI was used as a measure of obesity, 
compared to the normal weight patients, mortality decreased in overweight patients (hazard ratio [HR] 0.74 [95% 
confidence interval (CI) 0.61–0.91], P = 0.0035) and obese patients (HR 0.54 [0.40–0.73], P < 0.0001); and increased 
in underweight patients (HR 2.55 [1.75–3.73], P < 0.0001). After adjustment for confounding factors, the protective 
effect of obesity and overweight disappeared. BMI had no association with recurrence of stroke or combined vascular 
events. When WHtR was used as a measure of obesity, obese patients had lower 1-year all-cause mortality (HR 0.64 
[0.43–0.97], P = 0.0357). After adjustment for confounding factors, this difference disappeared; overweight patients 
still had lower all-cause mortality (adjusted hazard ratio [aHR] 0.42 [0.26–0.67], P = 0.0003), recurrence of stroke (aHR 
0.77 [0.60–0.99], P = 0.0440) and combined vascular events (aHR 0.75 [0.58–0.95], P = 0.0198).

Conclusions Among Chinese patients with AIS, our study does not support the BMI paradox; overweight patients 
measured by WHtR had a more favorable prognosis. TOAST subtypes did not modify the association.
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Introduction
The prevalence of obesity among Chinese adults 
has been increasing since the beginning of this cen-
tury. Obesity is recognized as a vital risk factor for 
ischemic stroke due to its remarkable regulatory effect 
on chronic inflammation and metabolic disorders [1]. 
However, many studies have shown that after stroke, 
obese and overweight patients had a marked survival 
advantage over individuals with normal weight or 
underweight [2-4], a phenomenon commonly known 
as the obesity paradox. Still, the obesity paradox is con-
troversial. Two Asian population studies denied the 
obesity paradox [5, 6]. Etiological subtypes of stroke 
predicted risk of mortality independently of stroke 
severity and cardiovascular risk factors [7], and obesity 
is most closely associated with the risk of large-artery 
atherosclerosis stroke. The impact of etiological sub-
types on the association between obesity and stroke 
prognosis was not considered in previous studies [2-4, 
6]. A growing body of evidence implicates that visceral 
fat is more important than peripheral fat for regulating 
inflammation [8]. Body mass index (BMI) was used as 
a measure of obesity in most of the studies which does 
not reflect distribution of fat or total fat. Compared to 
BMI, markers of abdominal obesity showed a stronger 
association with risk of stroke [9].  In a heart failure 
cohort, obesity was associated with better outcomes 
only when defined by BMI, Whereas higher waist-to-
height ratio (WHtR) conferred higher all-cause mortal-
ity [10]. However, the association between abdominal 
obesity and prognosis of ischemic stroke is still less well 
characterized.

The main purpose of this study is to determine whether 
the obesity paradox exists and whether the obesity para-
dox defined by BMI or by WHtR is consistent.

Methods
Study definitions
The Third China National Stroke Registry (CNSR-III) is 
a nationwide prospective registry of patients with 14,146 
acute ischemic stroke (AIS) patients and 1020 transient 
ischemic attack (TIA) patients. Patients were recruited 
from a total of 201 hospitals all over the country from 
August 2015 to March 2018. In summary, AIS or TIA 
patients within 7 days after the onset of symptoms who 
were older than 18 years old were included in the regis-
try. Patients who refused to participate in the study or 
without symptoms and signs were excluded. The design 
details of CNSR-III have been previously reported else-
where [11]. The baseline data of participants were col-
lected by well-trained researchers following a standard 
protocol. The study protocol was approved by the eth-
ics committee at Beijing TianTan Hospital. Informed 
consent from patients or their legal representatives was 
obtained. BMI data were available for all the AIS patients 
(n = 14,146). Waist circumference was obtained in 4805 
patients. Data on 14,146 patients with AIS from CNSR-
III Registry were used in this study. The flow chart of our 
study is shown in Fig. 1.

Grouping and outcome definitions
Patients were grouped based on (1) Asian cutoffs for BMI 
recommended by WHO [12]: (underweight: < 18.5  kg/ 
 m2, normal weight: 18.5 to < 23.0  kg/  m2, overweight: 
23.0 to < 27.5 kg/  m2, and obese: ≥ 27.5 kg/  m2), (2) WHtR 
quartiles [10] (< 0.47, 0.47 to < 0.52, 0.52 to < 0.57, ≥ 0.57 
for underweight, normal weight, overweight, obese 
group respectively). The outcome was defined as 1-year 
all-cause mortality, recurrence of stroke and combined 
vascular events (including cardiovascular death, non-
fatal stroke and non-fatal myocardial infarction). As a 

Fig. 1 Flow chart of the study. TIA, transient ischemic attack; BMI, body mass index; WHtR, waist-to-height ratio
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sensitivity analysis, the association of BMI recommended 
by the Chinese obesity working group [13] (< 18.5  kg/ 
 m2, 18.5 to < 24 kg/  m2, 24 to < 28 kg/  m2, ≥ 28 kg/  m2 for 
underweight, normal weight, overweight, obese group 
respectively) and 1-year all-cause mortality was also 
analyzed.

Statistical analysis
Differences in baseline variables among groups were per-
formed using Kruskal–Wallis Test or non-parametric 
Wilcoxon for continuous variables and χ2 tests for cate-
gorical variables. P for linear trend was calculated by Ken-
dall’s Tau-b correlation analysis for continuous variables 
or Cochran-Armitage test for categorical variables. We 
performed univariate and multivariable Cox proportional 
hazards models to investigate the impact of obesity on 
the risk of 1-year all-cause mortality, recurrence of stroke 
and combined vascular events. After univariate analysis, 
independent variables were selected to be included in 
the multivariable model: variables with statistically sig-
nificant differences in univariate analysis, and the P value 
was extended to 0.1; variables with no statistically signifi-
cant differences in univariate analysis, but considered to 
be clinically related to the association between obesity 
and dependent variables. Variables adjusted in the mul-
tivariable analyses include age, gender, ethnicity, history 
of diabetes mellitus, history of atrial fibrillation, history 
of hypertension, history of myocardial infarction, history 
of lipid metabolism disorders, heavy drinking, smok-
ing, intravenous thrombolysis, arterial thrombolysis or 
mechanical thrombectomy, National Institutes of Health 
Stroke Scale (NIHSS) at admission, Trial of Org 10172 in 
Acute Stroke Treatment (TOAST) subtypes. The inter-
actions of BMI/WHtR with stroke subtype were investi-
gated with the addition of BMI/WHtR by stroke subtype 
groups using multivariable Cox proportional hazards 
models. In addition, restricted cubic splines were used to 
show the shape of the associations between BMI/WHtR 
and clinical outcomes. Age-stratified and gender-strat-
ified analyses of the association of BMI with all-cause 
mortality were also performed. P < 0.05 (two-tailed) was 
considered statistically significant. All statistical analyses 
were performed with SAS 9.4.

Results
Baseline characteristics
Information on BMI was available for the entire cohort 
with 14,146 AIS patients. Compared to underweight and 
normal weight patients, overweight and obese patients 
had larger waist measures, greater occurrence of diabe-
tes, hypertension and lipid metabolism disorders, and 
had lower prevalence of atrial fibrillation, lower NIHSS 
scores at admission, much younger age (P < 0.0001,  Pfor 

linear trend<0.0001) (Table 1). The proportion of cardioem-
bolism in the low BMI group was significantly higher 
than that in the high BMI groups (P < 0.01) (Table  1, 
Fig. 2).

Information on WHtR was available for 4805 patients. 
The higher WHtR group had larger BMI measures, 
greater occurrence of hypertension (P < 0.0001,  Pfor linear 

trend<0.0001) and lipid metabolism disorders (P = 0.0005, 
 Pfor linear trend<0.0001), and less occurrence of atrial fibril-
lation (P = 0.0042,  Pfor linear trend<0.0016), much younger 
age (P < 0.0001,  Pfor linear trend<0.0001) (Table  2). The dis-
tribution of stroke subtypes is not significantly different 
among groups (Table 2, Fig. 2).

Patients with waist information available compared 
with patients without waist information had a lower pro-
portion of men (P = 0.0008). There were slight differences 
between BMI data (P < 0.0001) and age (P < 0.0001), also 
in the distribution of stroke TOAST criteria (P = 0.0006). 
The NIHSS score at admission is similar between the two 
groups (P = 0.7350) (Table s1).

Clinical outcomes
When BMI was used as a measure of obesity, in the unad-
justed model, compared to the normal weight patients, 
underweight patients had the highest all-cause mortal-
ity (hazard ratio [HR] 2.55 [95% confidence interval (CI) 
1.75–3.73], P < 0.0001), and mortality decreased in over-
weight patients (HR 0.74 [0.61–0.91], P = 0.0035) and 
obese patients (HR 0.54 [0.40–0.73], P < 0.0001); after 
adjustment for age, gender, ethnicity, history of diabetes 
mellitus, history of atrial fibrillation, history of hyper-
tension, history of myocardial infarction, history of lipid 
metabolism disorders, heavy drinking, smoking, intrave-
nous thrombolysis, arterial thrombolysis or mechanical 
thrombectomy, NIHSS at admission, TOAST subtypes, 
the protective effect of obesity and overweight disap-
peared (Fig. 3, Table 3). Similar to the unadjusted model, 
underweight patients had higher mortality than normal 
weight patients (adjusted hazard ratio [aHR] 1.70 [1.16–
2.49], P = 0.007). Recurrence of stroke and combined vas-
cular events were not significantly lower in overweight 
and obese patients. Additionally, stroke subtype (TOAST 
classification) did not modify the association between 
BMI and clinical outcomes (Table 3).

Our sensitivity analysis showed similar results when 
using the Chinese obesity working group-recommended 
BMI cutoffs (Table s4, s5). Stratified analysis showed that 
underweight patients had higher all-cause mortality than 
normal weight patients in females (aHR 2.35 [1.39–3.97], 
P = 0.0014) but not in males. Similar results were found 
in the old (aHR 1.66 [1.10–2.51], P = 0.0151) but not in 
the young (Table s2, s3).
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Table 1 Baseline characteristics by BMI groups

Kruskal–Wallis test was used to compare group differences for continuous variables, and χ2 test was used for categorical variables. P for linear trend was calculated 
by Kendall’s Tau-b correlation analysis for continuous variables or Cochran-Armitage test for categorical variables. aHeavy drinking was defined as alcohol 
consumption ≥ 2 standard alcohol consumption /day. bWaist circumference was available for 4805 patients. BMI, body mass index; TOAST, Trial of Org 10,172 in Acute 
Stroke Treatment; NIHSS, National Institutes of Health Stroke Scale

Characteristics BMI groups, kg/m2 P-value P for linear trend

 < 18.5 18.5- < 23 23- < 27.5  ≥ 27.5

N, % 309, 2.18% 3855, 27.25% 7491, 52.95% 2491, 17.61%

Age (year), median (IQR) 72 (61–78) 65 (57–73) 62 (54–69) 60 (52–67)  < 0.0001  < 0.0001

Male, N (%) 177 (57.28%) 2599 (67.42%) 5303 (70.79%) 1641 (65.88%)  < 0.0001 0.2082

Ethnicity(Han), N (%) 299 (96.76%) 3776 (97.95%) 7268 (97.02%) 2387 (95.82%)  < 0.0001  < 0.0001

Stroke history, N (%) 80 (25.89%) 806 (20.91%) 1663 (22.20%) 585 (23.48%) 0.0361 0.1016

Medical comorbidities, N ( %)

 Diabetes mellitus 41 (13.27%) 760 (19.71%) 1829 (24.42%) 680 (27.30%)  < 0.0001  < 0.0001

 Atrial fibrillation 42 (13.59%) 303 (7.86%) 489 (6.53%) 152 (6.10%)  < 0.0001  < 0.0001

 Myocardial infarction 10 (3.24%) 69 (1.79%) 144 (1.92%) 55 (2.21%) 0.2572 0.6764

 Hypertension 159 (51.46%) 2085 (54.09%) 4835 (64.54%) 1808 (72.58%)  < 0.0001  < 0.0001

 Lipid metabolism disorders 16 (5.18%) 226 (5.86%) 572 (7.64%) 261 (10.48%)  < 0.0001  < 0.0001

Heavy  drinkinga, N ( %) 38 (12.30%) 552 (14.32%) 1075 (14.35%) 345 (13.85%) 0.7171 0.9632

Current smoker, N ( %) 99 (32.04%) 1210 (31.39%) 2411 (32.19%) 783 (31.43%) 0.8085 0.8819

Waist circumference (cm), median (IQR)b 72 (69–79) 80 (75–86) 87 (80–94) 96.5 (88–105) 0.0001  < 0.0001

TOAST subtypes, N (%)

 Large-artery atherosclerosis 78 (25.24%) 992 (25.73%) 1936 (25.84%) 661 (26.54%) 0.0016

 Small-vessel occlusion 52 (16.83%) 790 (20.49%) 1723 (23.00%) 572 (22.96%)

 Cardioembolism 28 (9.06%) 282 (7.32%) 442 (5.90%) 129 (5.18%)

 Stroke of other determined etiology 5 (1.62%) 50 (1.30%) 86 (1.15%) 30 (1.20%)

 Stroke of undetermined etiology 146 (47.25%) 1741 (45.16%) 3304 (44.11%) 1099 (44.12%)

NIHSS at admission, median (IQR) 5 (2–9) 4 (2–6) 3 (2–6) 3 (2–6)  < 0.0001  < 0.0001

Intravenous thrombolysis, N (%) 55 (17.80%) 465 (12.06%) 751 (10.03%) 249 (10.00%)  < 0.0001  < 0.0001

Arterial thrombolysis or mechanical 
thrombectomy, N (%)

3 (0.97%) 25 (0.65%) 32 (0.43%) 11 (0.44%) 0.2573 0.096

Fig. 2 TOAST classification distribution in patients grouped by BMI or WHtR. BMI, body mass index; WHtR, waist-to-height ratio; TOAST, Trial of Org 
10,172 in Acute Stroke Treatment



Page 5 of 11Li et al. BMC Neurology          (2023) 23:152  

When WHtR was used as a measure of obesity, obese 
patients had lower 1-year all-cause mortality (HR 
0.64 [0.43–0.97], P = 0.0357); overweight patients had 
lower 1-year all-cause mortality (HR 0.43 [0.27–0.68], 
P = 0.0004), recurrence of stroke (0.76 [0.59–0.98], 
P = 0.032) and combined vascular events (0.74 [0.58–
0.94], P = 0.0194). After adjustment for multiple con-
founding factors mentioned above, the protective 
effect of obesity disappeared; overweight patients still 
had lower all-cause mortality (aHR 0.42 [0.26–0.67], 
P = 0.0003), recurrence of stroke (aHR 0.77 [0.60–0.99], 
P = 0.0440) and combined vascular events (aHR 0.75 
[0.58–0.95], P = 0.0198) (Fig. 3, Table 3). Stroke subtype 
did not modify the association (Table 3).

Multivariable-adjusted spline regression models 
showed the relationships between BMI/WHtR and clini-
cal outcomes. When BMI was lower, BMI was inversely 
associated with 1-year all-cause mortality; as the BMI 
level increased, the mortality did not decline significantly 
as before, showing an L-shaped association. Association 

between BMI and recurrence of stroke, combined vas-
cular events was somewhat U-shaped. When WHtR was 
lower, WHtR was positively associated with mortality, as 
the WHtR level increased, association between WHtR 
and mortality was L-shaped. Association between WHtR 
and recurrence of stroke, combined vascular events was 
somewhat J-shaped (Fig. 4).

Discussion
Our findings in this analysis of 14,146 AIS patients do 
not support the BMI paradox, TOAST subtypes did not 
modify the association between obesity and post-stroke 
mortality, recurrence of stroke and combined vascular 
events which was not considered in most of the previous 
studies.

The novel findings are that abdominal obesity also did 
not follow inverse pattern of association with outcomes, 
which have rarely been studied in stroke patients. Previ-
ous studies on obesity and stroke outcomes have been 
inconsistent, and most of them used BMI as a measure 

Table 2 Baseline characteristics by WHtR groups

Kruskal–Wallis test was used to compare group differences for continuous variables, and χ2 test was used for categorical variables. P for linear trend was calculated 
by Kendall’s Tau-b correlation analysis for continuous variables or Cochran-Armitage test for categorical variables. aHeavy drinking was defined as alcohol 
consumption ≥ 2 standard alcohol consumption /day. WHtR, waist-to-height ratio; TOAST, Trial of Org 10172 in Acute Stroke Treatment; NIHSS, National Institutes of 
Health Stroke Scale

Characteristics WHtR groups P-value P for linear trend

 < 0.47 0.47- < 0.52 0.52- < 0.57  ≥ 0.57

N 1169 1316 1190 1130

Age (years), median (IQR) 65 (57–74) 64 (56–72) 63 (55–70) 63 (55–71)  < 0.0001  < 0.0001

Male, N (%) 824 (70.49%) 943 (71.66%) 790 (66.39%) 657 (58.14%)  < 0.0001  < 0.0001

Ethnicity(Han), N (%) 1140 (97.52%) 1264 (96.05%) 1130 (94.96%) 1049 (92.83%)  < 0.0001  < 0.0001

Stroke history, N (%) 192 (16.42%) 269 (20.44%) 237 (19.92%) 234 (20.71%) 0.0297 0.0191

Medical comorbidities, N (%)

 Diabetes mellitus 279 (23.87%) 274 (20.82%) 268 (22.52%) 286 (25.31%) 0.0558 0.2682

 Atrial fibrillation 111 (9.50%) 108 (8.21%) 102 (8.57%) 63 (5.58%) 0.0042 0.0016

 Myocardial infarction 19 (1.63%) 14 (1.06%) 22 (1.85%) 18 (1.59%) 0.4208 0.6407

 Hypertension 711 (60.82%) 819 (62.23%) 776 (65.21%) 801 (70.88%)  < 0.0001  < 0.0001

 Lipid metabolism disorders 64 (5.47%) 71 (5.40%) 94 (7.90%) 101 (8.94%) 0.0005  < 0.0001

Heavy  drinkinga, N (%) 134 (11.46%) 188 (14.29%) 140 (11.76%) 130 (11.50%) 0.0882 0.5481

Current smoker, N (%) 315 (26.95%) 419 (31.84%) 359 (30.17%) 296 (26.19%) 0.0054 0.4982

Body mass index, median (IQR) 22.84 (20.76–24.80) 23.44 (21.72–25.12) 24.68 (23.05–26.36) 26.71 (24.49–29.05)  < 0.0001  < 0.0001

TOAST subtypes, N (%)

 Large-artery atherosclerosis 281 (24.04%) 347 (26.37%) 298 (25.04%) 298 (26.37%) 0.0575

 Small-vessel occlusion 233 (19.93%) 270 (20.52%) 269 (22.61%) 276 (24.42%)

 Cardioembolism 97 (8.30%) 91 (6.91%) 94 (7.90%) 59 (5.22%)

 Stroke of other determined etiology 21 (1.80%) 21 (1.60%) 20 (1.68%) 15 (1.33%)

 Stroke of undetermined etiology 537 (45.94%) 587 (44.60%) 509 (42.77%) 482 (42.65%)

NIHSS at admission, median (IQR) 3 (2–6) 3 (2–6) 3 (2–6) 3 (2–6) 0.0832 0.0609

Intravenous thrombolysis, N (%) 143 (12.23%) 171 (12.99%) 128 (10.76%) 94 (8.32%) 0.0016 0.0007

Arterial thrombolysis or mechanical 
thrombectomy, N (%)

12 (1.03%) 10 (0.76%) 4 (0.34%) 2 (0.18%) 0.0274 0.0028
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of obesity. These studies are summarized in Table  4. In 
our study we noted that overweight patients measured 
by WHtR had a better prognosis than normal weight 
patients. Aparicio HJ et al. [14] reported that overweight 
and mildly obese patients with ischemic stroke but not 
high obese patients had improved 10-year survival when 
BMI was used as a measure. This association was more 
significant in patients younger than 70 years old. Authors 
speculated that there may be some kind of protective 
factors associated with moderate weight gain. In addi-
tion, certain age is an important factor. In patients with 
abdominal obesity, excess visceral fat is associated with 
systemic inflammation [15], and the benefits of moder-
ate weight gain may outweigh its negative effects in AIS 
patients. Despite WHtR instead of waist circumference 
or BMI was proposed to be an optimal anthropometric 
predictor for obesity and metabolic syndrome in previ-
ous studies [16, 17], our study still lacks a direct measure 
of body composition, and clinical trials are required to 
determine whether and how abdominal fat affects post-
stroke outcomes.

The obesity paradox still lacks an accepted  biologi-
cal explanation. This observation has been frequently 
explained as an artifact of selection bias and that the 

survival advantage may be due to differences in disease 
severity or stroke subtypes [18, 27]. Obese patients are 
more likely to have mild initial neurological severity 
which is an important factor affecting stroke prognosis 
[28]. Compared to obesity, the association between initial 
neurological severity and outcomes might be more criti-
cal. In addition, obese patients had lower prevalence of 
atrial fibrillation and much younger age which is consist-
ent with our study [18], and researchers speculated that 
the lower mortality in patients with higher BMI may be 
due to reduced risk of thromboembolic infarcts. How-
ever, our results suggested that stroke subtypes did not 
affect the association between BMI and stroke outcomes. 
Researchers have reported another explanation——sur-
vivor bias [29]. They thought overweight and obese peo-
ple who died of obesity had already been excluded from 
the study, and the remaining overweight and obese peo-
ple included in the study could strive against the rigors 
of obesity. What’s more, obese patients may get more 
attention from medical staff and receive prolonged 
intensive treatment, which may decrease mortality [30]. 
Lastly, a proposed explanation is that obesity may indi-
cate a higher metabolic reserve to overcome an increased 
energy expenditure after stroke [2, 18]. Post-stroke 

Fig. 3 Association of BMI and WHtR with outcomes using Cox proportional hazards models. Adjusted for age, gender, ethnicity, history of diabetes 
mellitus, history of atrial fibrillation, history of hypertension, history of myocardial infarction, history of lipid metabolism disorders, heavy drinking, 
smoking, intravenous thrombolysis, arterial thrombolysis or mechanical thrombectomy, NIHSS at admission, TOAST subtypes. BMI, body mass index; 
WHtR, waist-to-height ratio; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of Org 10,172 in Acute Stroke Treatment



Page 7 of 11Li et al. BMC Neurology          (2023) 23:152  

weight loss of 3 kg or more has been regarded as a pre-
dictor of poor prognosis [31]. The higher metabolic 
reserve may counteract the negative effects of obesity 
in post-stroke patients. In our study, after adjustment 
for confounding factors including age, gender, ethnicity, 
history of diabetes mellitus, history of atrial fibrillation, 
history of hypertension, history of myocardial infarction, 
history of lipid metabolism disorders, heavy drinking, 

smoking, intravenous thrombolysis, arterial thromboly-
sis or mechanical thrombectomy, NIHSS at admission, 
TOAST subtypes, the protective effect of obesity disap-
peared. Our study did not provide sufficient evidence to 
support the BMI paradox.

It is interesting to note that, compared to normal weight 
patients, underweight patients measured by BMI had sig-
nificantly higher mortality, but when measured by WHtR 

Table 3 Association of BMI/WHtR with outcomes

a were calculated using univariate COX proportional hazard models; bwere calculated using multivariable COX proportional hazard models adjusted for age, gender, 
ethnicity, history of diabetes mellitus, history of atrial fibrillation, history of hypertension, history of myocardial infarction, history of lipid metabolism disorders, heavy 
drinking, smoking, intravenous thrombolysis, arterial thrombolysis or mechanical thrombectomy, NIHSS at admission, TOAST subtypes. cPinteraction with stroke subtype, 
the interactions of BMI/WHtR with stroke subtype were investigated with the addition of BMI/WHtR by stroke subtype groups using multivariable Cox proportional 
hazards models. BMI body mass index, WHtR waist-to-height ratio, TOAST Trial of Org 10,172 in Acute Stroke Treatment, NIHSS National Institutes of Health Stroke Scale

Number at risk Number of 
events, N (%)

Unadjusted Hazard 
Ratio(95%CIa

P-value Adjusted Hazard 
Ratio(95%CI) b

P-value Pinteraction 

with stroke 

subtype
c

mortality
BMI groups, kg/m2 0.6751

 < 18.5 309 32 (10.36%) 2.55 (1.75–3.73)  < 0.0001 1.70 (1.16–2.49) 0.007

18.5- < 23 3855 162 (4.20%) 1.00 (Ref ) 1.00 (Ref )

23- < 27.5 7491 235 (3.14%) 0.74 (0.61–0.91) 0.0035 0.94 (0.77–1.16) 0.5779

 ≥ 27.5 2491 57 (2.29%) 0.54 (0.40–0.73)  < 0.0001 0.76 (0.56–1.03) 0.0784

WHtR groups 0.6714

 ≥ 0.57 1130 35 (3.10%) 0.64 (0.43–0.97) 0.0357 0.70 (0.46–1.07) 0.0977

0.52- < 0.57 1190 25 (2.10%) 0.43 (0.27–0.68) 0.0004 0.42 (0.26–0.67) 0.0003

0.47- < 0.52 1316 63 (4.79%) 1.00 (Ref ) 1.00 (Ref )

 < 0.47 1169 67 (5.73%) 1.21 (0.86–1.71) 0.2785 0.91 (0.64–1.29) 0.5937

Recurrence of stroke
BMI groups, kg/m2 0.6263

 < 18.5 309 36 (11.65%) 1.22 (0.87–1.72) 0.2525 1.13 (0.80–1.59) 0.5005

18.5- < 23 3855 382 (9.91%) 1.00 (Ref ) 1.00 (Ref )

23- < 27.5 7491 741 (9.89%) 1.00 (0.88–1.13) 0.9329 1.03 (0.91–1.17) 0.6484

 ≥ 27.5 2491 265 (10.64%) 1.07 (0.92–1.26) 0.3709 1.13 (0.96–1.32) 0.1499

WHtR groups 0.9101

 ≥ 0.57 1130 132 (11.68%) 1.07 (0.84–1.35) 0.6012 1.10 (0.87–1.40) 0.4345

0.52- < 0.57 1190 101 (8.49%) 0.76 (0.59–0.98) 0.032 0.77 (0.60–0.99) 0.0440

0.47- < 0.52 1316 145 (11.02%) 1.00 (Ref ) 1.00 (Ref )

 < 0.47 1169 111 (9.50%) 0.86 (0.67–1.10) 0.2339 0.83 (0.65–1.07) 0.1440

Combined vascular event
BMI groups, kg/m2 0.6467

 < 18.5 309 39 (12.62%) 1.24 (0.90–1.73) 0.1934 1.14 (0.82–1.58) 0.4469

18.5- < 23 3855 307 (10.56%) 1.00 (Ref ) 1.00 (Ref )

23- < 27.5 7491 784 (10.47%) 0.99 (0.88–1.11) 0.8354 1.02 (0.91–1.15) 0.7288

 ≥ 27.5 2491 275 (11.04%) 1.05 (0.90–1.22) 0.5664 1.10 (0.94–1.28) 0.2474

WHtR groups 0.8802

 ≥ 0.57 1130 140 (12.39%) 1.04 (0.83–1.30) 0.7576 1.07 (0.85–1.35) 0.5679

0.52- < 0.57 1190 107 (8.99%) 0.74 (0.58–0.94) 0.0194 0.75 (0.58–0.95) 0.0198

0.47- < 0.52 1316 158 (12.01%) 1.00 (Ref ) 1.00 (Ref )

 < 0.47 1169 115 (9.84%) 0.82 (0.64–1.04) 0.1005 0.79 (0.62–1.00) 0.0511
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this did not hold true. We also noted that underweight 
patients when measured by BMI were much older. We 
did age-stratified analysis of BMI and mortality which 
showed that underweight patients had higher mortal-
ity than normal weight patients in the old but not in the 
young. Old people always have more physical and mental 
illnesses than the young. It is reasonable to speculate that 
the higher mortality is probably caused by poor quality 
of life due to physical and mental illness which we could 
not adjust in the statistical analyses. Kim BJ et al. reported 
that the inverse association between BMI and long-term 
mortality was more prominent in stroke patients less than 
65  years old [2], and we need to pay attention to long-
term prognosis and the dynamics of this phenomenon 
after stroke. We also did sex-stratified analysis of BMI and 
1-year all-cause mortality which showed that underweight 
patients had higher mortality in females but not in males, 
and the mortality was almost twice as high in women as 
in men in underweight group. Female patients should pay 
more attention to avoiding low body weight after AIS.

This study has both strengths and limitations. This 
study was a prospective, multicenter registry with a 

large sample size, where trained research coordina-
tors enrolled eligible patients and collected baseline 
data by face-to-face interviews with the participants, 
and an electronic data capture system was used to 
ensure data quality [11]. Additionally, the baseline data 
of stroke etiology classification were available which 
reduced selection bias due to stroke etiological sub-
types. Finally, BMI was available for all the patients in 
our study, while the relatively high rate of missing data 
on BMI is a common problem in many other studies of 
BMI and stroke prognosis [2, 27, 32]. The main limita-
tion of our study was the lack of waist circumference 
data that was available for only a subset of the enrolled 
patients (4805). Additionally, there may be some miss-
ing variables affecting stroke prognosis, such as treat-
ment compliance, treatment options, which we couldn’t 
include in the multivariable model. Thirdly, CNSR-
III study is a hospital-based study, and most of the 
recruited patients were minor stroke patients, so our 
conclusion requires further validation in population-
based studies and cohorts of AIS patients of varying 
disease severity.

Fig. 4 Association of BMI and WHtR with outcomes using cubic spline regression models. The red line represents adjusted HR, and the blue 
lines depict the 95% CI. Data were fitted with a Cox proportional hazards model adjusted for age, gender, ethnicity, history of diabetes mellitus, 
history of atrial fibrillation, history of hypertension, history of myocardial infarction, history of lipid metabolism disorders, heavy drinking, smoking, 
intravenous thrombolysis, arterial thrombolysis or mechanical thrombectomy, NIHSS at admission, TOAST subtypes. BMI, body mass index; WHtR, 
waist-to-height ratio; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of Org 10,172 in Acute Stroke Treatment
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Conclusions
Among Chinese patients with AIS, patients with higher 
BMI had lower mortality, and the protective effect of higher 
BMI disappeared after adjustment for multiple confound-
ing factors. Our results do not support the BMI para-
dox. Overweight patients measured by WHtR had better 

outcomes compared with normal weight patients. Moder-
ately elevated WHtR is associated with improved progno-
sis. This association was not modified by stroke subtypes. 
Future clinical studies using alternative measures of fat 
distribution can enhance our understanding of the obesity 
paradox.

Table 4 List of studies on the association between obesity and stroke outcomes

BMI body mass index, WHtR waist-to-height ratio

References Design Number of participants Main Results

Liu Z et al. 2021 [18] Placebo-controlled, randomized clinical trial 1033 BMI is inversely associated with short-term 
mortality, and U-shaped or J-shaped with 
short-term functional outcomes

Oesch L et al. 2017 [19] Twenty-five studies, non-randomized studies 299,750 One study showed the association between 
WHtR and mortality was U-shaped
BMI and mortality after stroke: ten of twelve 
studies support the existence of an obesity 
paradox
BMI and non-fatal outcome: seven of nine 
studies reported the association between 
higher body weight and improved non-fatal 
outcomes

Rozen G et al. 2022 [20] Real-world national cohort 84,185 Inverse association between BMI and in-
hospital mortality

Aparicio HJ et al. 2017 [14] Nested case–control study 782 (stroke patients) Overweight and low obese patients but not 
high obese patients had reduced 10-year 
mortality

Akyea RK et al. 2021 [21] A prospective cohort study 30,702 Overweight or obesity was associated with 
better long-term outcomes, including lower 
risk of major adverse cardiovascular events 
and mortality

Jang SY et al. 2015 [22] A nested case study within a prospective 
nationwide cohort

2057 Extreme obesity (BMI > 30 kg/m2) is associated 
with short-term good functional outcomes, 
especially for the young

Pirson FAV et al. 2019 [23] A post hoc analysis of a national randomized 
trial for acute ischemic stroke

366 Higher BMI was associated with better short-
term prognosis, including improved functional 
outcome, reduced mortality for large vessel 
occlusion patients
BMI did not affect endovascular treatment 
effect

Freeman C et al. 2022 [24] Retrospective cohort study 392 The association between higher BMI and 
functional gains was affected by age, motor 
function on admission and diabetes

Scherbakov N et al. 2011 [25] a multicenter randomized trial and six non-
randomized studies

218,826 Higher mortality in undernourished patients (a 
randomized trial)
Inverse association of BMI and mortality (three 
studies, follow-up time 5–10 years)
Increased BMI associated with high mortality 
(two Asian studies)
Weight loss > 3 kg associated with increased 
mortality (a population-based study)

Xu J et al. 2019 [26] a nationwide prospective cohort 1227 A Chinese study showed that the BMI paradox 
existed in insulin-resistant patients but 
does not in insulin-sensitive ischemic stroke 
patients
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