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Abstract
The Bobesity paradox^ was reported in patients with stroke. We aimed to evaluate the pattern and magnitude of association
between body mass index (BMI) and prognosis of stroke in patients with minor ischemic stroke or transient ischemic attack
(TIA). A total of 5163 patients with available BMI data from the Clopidogrel in High-risk patients with Acute Non-disabling
Cerebrovascular Events (CHANCE) trial were included. Patients were classified into three groups according to their BMI values:
normal weight (< 23.9 kg/m2), overweight (24–27.9 kg/m2), and obese (≥ 28.0 kg/m2). The efficacy outcomes included a new
stroke (ischemic or hemorrhagic), poor functional outcome defined as modified Rankin scale ≥ 2 points and death from any cause
within 90 days. The interaction effects were determined using multivariable Cox or logistic regression models. After 90 days of
follow up, there were 513 new strokes. Overweight (BMI 24–27.9 kg/m2) patients had a higher risk of recurrent strokes than
those with normal weight (10.8% vs 8.8%; HR = 1.24, 95% CI 1.02–1.50) after adjusting for the baseline covariates, but no
significant association was observed for those who were obese (P = 0.37). No significant association was found between being
overweight or obese and poor functional outcome or death. For patients with a minor ischemic stroke or TIA, being overweight
was associated with an increased risk of recurrent stroke compared to being of normal weight in our study.

Trial registration: URL:http://www.clinicaltrials.gov. Unique identifier: NCT00979589.
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Introduction

Being overweight or obese is associated with progres-
sively increasing risk of ischemic stroke (Bazzano et al.

2010; Strazzullo et al. 2010). Because of this confirmed
knowledge in the general population, individuals are ad-
vised to strive for a normal weight (Sacco et al. 2006).
However, contrary to this recommendation, various stud-
ies have shown that patients who are overweight or
obese with numerous chronic diseases, including stroke,
have lower mortality rates than normal weight or under-
weight patients (Kim et al. 2012; Olsen et al. 2008;
Vemmos et al. 2011). This unexpected association of
obesity with improved prognosis after stroke has been
termed as the Bobesity paradox^ and has led to uncer-
tainty about the effects of being overweight or obese
(Kernan et al. 2013; Scherbakov et al. 2011; Kernan
et al. 2014). Conversely, some other studies have dem-
onstrated that obesity is not associated with a lower risk
of death after a stroke (Dehlendorff et al. 2014; Towfighi
and Ovbiagele 2009).

Furthermore, most studies have only reported death as an
outcome after an ischemic stroke or TIA (Vemmos et al. 2011;
Skolarus et al. 2014; Wohlfahrt et al. 2015). Few studies have
reported the endpoint of post-stroke disability or stroke
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recurrence (Doehner et al. 2013; Andersen and Olsen 2015).
Therefore, the relationship between obesity and recurrent
strokes has not been well established (Kernan et al. 2014).
Moreover, factors associated with stroke recurrence and
post-stroke disability in patients with minor stroke or TIA
were different from those in patients with ischemic stroke
(Ois et al. 2008). It is still unknown whether or not the obesity
paradox exists in patients with minor stroke and TIA.
Thus, the relationship between being overweight or obese
and the risk of recurrent stroke and post-stroke disability
in patients with minor stroke or TIA should be further
examined. The body mass index (BMI) cutoffs for the
Chinese population as recommended by the Obesity
Working Group of International Life Science Association
of China is as follows: normal weight, overweight, and
obesity are defined as < 23.9 kg/m2, 24–27.9 kg/m2, and
≥ 28.0 kg/m2 respectively (Zeng et al. 2014; Zhou 2002;
Hsu et al. 2015).

Among patients with minor stroke or TIA, we com-
pared the risk of recurrent stroke and post-stroke disabil-
ity in those with overweight or obese to those with normal
weight.

Materials and Methods

Study Participants

Data were derived from the Clopidogrel in High-risk pa-
tients with Acute Non-disabling Cerebrovascular Events
(CHANCE) trial. The CHANCE trial was a randomized,
double-blind, controlled trial that enrolled 5170 patients
within 24 h after onset of minor stroke (NIH Stroke Scale
[NIHSS] ≤ 3) or high-risk TIA (ABCD2 ≥ 4) from 114
clinical centers in China (Wang et al. 2010, 2013, 2015).
Patients without data for weight or height were excluded
from our study because they were essential factors for the
definition of BMI. The CHANCE trial was registered at
clinicaltrials.gov (URL:http://www.clinicaltrials.gov.
Unique identifier: NCT00979589). The protocol and data
collection of the CHANCE trial were approved by ethics
committee of Beijing Tiantan Hospital and all other
par t ic ipa t ing hospi ta l s , in compl iance wi th the
Declaration of Helsinki. Written informed consent was
obtained from all participants or their legal proxies.

Demographics and Clinical Characteristics

Baseline demographics and clinical characteristics, includ-
ing age, gender, history of ischemic stroke, TIA, myocar-
dial infarction, angina, congestive heart failure, known
atrial fibrillation or flutter, valvular heart disease, hyper-
tension, diabetes, hypercholesterolemia, smoking status,

index event, and NIH stroke scale on admission, time to
randomization and antiplatelet therapy were collected
through face-to-face interviews by neurologists from clin-
ical centers. Body weight and height were measured by the
stroke unit nurses on admission.

Assessment of BMI

BMI was calculated by weight in kilograms divided by the
square of the height in meters (kg/m2). Based on the opti-
mal cut-off of BMI for the Chinese population as recom-
mended by Obesity Working Group of International Life
Science Association of China, patients were classified into
three groups according to their BMI values: normal weight
(< 23.9 kg/m2), overweight (24–27.9 kg/m2), and obese (≥
28.0 kg/m2) (Zeng et al. 2014; Zhou 2002; Hsu et al.
2015).

Efficacy Outcomes

The efficacy outcomes included having a new stroke (is-
chemic or hemorrhagic), poor functional outcome defined
as modified Rankin Scale (mRS) ≥ 2 points, and death
from any cause within 90 days (Wang et al. 2013). Stroke
was defined by the presence of sudden new symptomatic
neurological deficits on a background of stability or im-
provement after the presenting event (Rothwell et al.
2007). Secondary efficacy outcomes included composite
events (ischemic stroke, hemorrhagic stroke, myocardial
infarction, or vascular death) and ischemic strokes (Wang
et al. 2013). All the events were evaluated and confirmed
by a central adjudication committee that was blinded to the
study-group assignments.

Statistical Analysis

We presented categorical variables of baseline characteristics
as proportions and continuous variables as medians with in-
terquartile ranges (IQRs). Baseline characteristics among dif-
ferent weight statuses were compared with Kruskal-Wallis test
for continuous variables and χ2 test for categorical variables.

We assessed the interaction effect of weight status by treat-
ment group assignment using weight status × treatment group
assignment in multivariable models. Then, we assessed the
association between weight status and prognosis of minor
stroke or TIA. Adjusted hazards ratios (HRs) and their 95%
confidence intervals (CIs) for stroke recurrence were calculat-
ed based on the multivariable Cox regression models.
Adjusted odds ratios (ORs) and their 95% CIs for poor out-
come were calculated based on the multivariable logistic re-
gression models. Both Cox and logistic regressions were an-
alyzed by twomodels. In the first model, we adjusted only age
and gender. In the second model, we included all the potential
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covariates listed in Table 1. To further assess the influence of
age on the association between weight status and outcomes,
we performed the analysis by age categories (< 65 years vs. ≥
65 years) (Suk et al. 2003). We assessed the interaction effect
of weight status by age category using weight status × age
category in multivariable models. We performed a Cox regres-
sion model with restricted cubic splines for BMI (continuous
variable) adjusting for covariates to evaluate the pattern and
magnitude of associations between BMI and risk of stroke and
a logistic regression model with restricted cubic splines for
BMI for the endpoint of poor functional outcome. BMI of
24 was treated as the reference and the 5 knots for spline were
placed at the 5th, 25th, 50th, 75th, and 95th percentiles of
BMI. A two-sided P value < 0.05 was considered to be statis-
tically significant. All analyses were performed with SAS
software version 9.4 (SAS Institute Inc., Cary, NC).

Results

Baseline Characteristics

A total of 5170 patients with minor ischemic stroke or TIA
were enrolled in the CHANCE trial. After excluding 7 patients
with missing data for weight and height at baseline, 5163
patients were included in the analysis. Among the 5163 pa-
tients included, the median age was 62.3 (IQR 54.7–71.2), and
1748 (33.9%) were female.

Among the 5163 patients, the median BMI was 24.5 kg/m2

(ranging from 15.0 to 37.1). There were 2148 (41.6%), 2351
(45.5%), and 664 (12.9%) patients identified as normal
weight, overweight and obese, respectively. Compared to pa-
tients with normal weight, obese patients were younger, more
likely to be female, had more vascular risk factors (such as

Table 1 Baseline characteristics of the patients by body mass index (BMI) categories

Characteristic Normal Weight (N = 2148) Overweight (N = 2351) Obese (N = 664) P value

Age (year), median (IQR) 64.1 (56.2–73.2) 61.1 (53.9–70.3) 60.1 (53.6–68.1) < 0.001

Female, n (%) 742(34.5) 719(30.6) 287(43.2) < 0.001

Weight 61.1 ± 7.5 72.4 ± 6.9 82.5 ± 9.0 < 0.001

BMI 21.9 ± 1.6 25.7 ± 1.1 29.9 ± 1.6 < 0.001

Medical history, n (%)

Ischemic stroke 387 (18.0) 518 (22.0) 123 (18.5) 0.002

TIA 62 (2.9) 86 (3.7) 26 (3.9) 0.25

Myocardial infarction 37 (1.7) 48 (2.0) 11 (1.7) 0.67

Angina 61 (2.8) 92 (3.9) 31 (4.7) 0.04

Congestive heart failure 24 (1.1) 41 (1.7) 14 (2.1) 0.10

Known atrial fibrillation or flutter 77 (3.6) 71 (3.0) 28 (4.2) 0.27

Valvular heart disease 12 (0.6) 2 (0.1) 0 (0.0) 0.003

Hypertension 1287 (59.9) 1599 (68.0) 506 (76.2) < 0.001

Diabetes 389 (18.1) 532 (22.6) 170 (25.6) < 0.001

Hypercholesterolemia 167(7.8) 303 (12.9) 102 (15.4) < 0.001

Smoking status, n (%) 0.19

Never smoking 1233 (57.4) 1317 (56.0) 396 (59.6)

Previous smoker 195 (9.1) 255 (10.9) 64 (9.6)

Current smoker 720 (33.5) 779 (33.1) 204 (30.7)

Index event, n (%) 0.31

Minor stroke 1566 (72.9) 1690 (71.9) 464 (69.9)

TIA 582 (27.1) 661 (28.1) 200 (30.1)

NIHSS score on admission, median (IQR) 2 (0–2) 2 (0–2) 2 (0–2) 0.47

Mean time to randomization (h) 12.2 (6.5–19.5) 11.7 (6.3–19.5) 11.5 (6.3–19.0) 0.19

Time to randomization, n (%) 0.35

< 12 h 1043 (48.6) 1187 (50.5) 338 (50.9)

≥ 12 h 1105 (51.4) 1164 (49.5) 326 (49.1)

Antiplatelet therapy, n (%) 0.02

Aspirin only 1024 (47.7) 1216 (51.7) 341 (51.4)

Clopidogrel + aspirin 1124 (52.3) 1135 (48.3) 323 (48.6)

BMI body mass index, IQR interquartile range, NIHSS National Institutes of Health stroke scale, TIA transient ischemic attack
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angina, hypertension, diabetes and hypercholesterolemia),
and less likely to be on dual antiplatelet therapy. Meanwhile,
overweight patients were more likely to have a history of
ischemic stroke (Table 1).

Association of Weight Status with Outcome

There were 513 (9.9%) new stroke occurrence within
90 days, among which 497 (96.9%) were ischemic strokes
and 16 (3.1%) were hemorrhagic strokes. There was no
interaction effect of weight status by antiplatelet treatment
assignment for the risk of new stroke (P for interaction =
0.67 in the fully adjusted model). Table 2 shows the 90-day
risk of stroke after a minor stroke or TIA across categories
of weight status. Compared to patients with normal weight,
overweight patients had approximately 1.25-fold higher
risk of stroke (including ischemic and hemorrhagic stroke)
at 90 days after fully adjusting for potential covariates
(10.8% vs. 8.8%; adj.HR = 1.24, 95%CI 1.02–1.50),
whereas no significant association was observed in those
who were obese (10.2% vs. 8.8%; adj.HR = 1.14, 95%CI
0.86–1.51) (Table 2). Similar results were found for the
endpoints of composite vascular events and ischemic
stroke. No significant association was found between

being overweight, obese, and poor functional outcome or
death from any cause. There was no interaction effect of
age group by weight categories for the risk of stroke or
poor outcome (P for interaction = 0.26 and 0.64 in the fully
adjusted model, respectively) (Table 3).

Using a multivariable Cox regression model with re-
stricted cubic spline, we found a rotated L-shaped associ-
ation between BMI and risk of stroke with a threshold of
24 kg/m2 (Fig. 1). On the other hand, using a multivariable
logistic model with restricted cubic spline, we observed a
weak U-shaped association between BMI and risk of poor
functional outcome at 90-day with a dinar of 24 kg/m2.

Discussion

The present study showed that being overweight was asso-
ciated with an increased risk of recurrent strokes compared
to being of normal weight. However, obesity was not re-
lated to recurrent strokes. Also, being overweight or obese
was not related to poor functional outcome after a minor
stroke or TIA. In our study, the obesity paradox was not
observed in patients with minor stroke or TIA.

Table 2 Outcomes at 90 days for weight categories after minor stroke or TIA

Outcomes Weight status Number Events, n (%) Model 1c Model 2d

Adj.HR/OR (95% CI)e P value Adj. HR/OR (95% CI)e P value

Stroke Normal Weight 2148 190 (8.8) 1 1

Overweight 2351 255 (10.8) 1.29 (1.07–1.56) 0.008 1.24 (1.02–1.50) 0.03

Obese 664 68 (10.2) 1.21 (0.91–1.60) 0.18 1.14 (0.86–1.51) 0.37

Composite eventsa Normal Weight 2148 191 (8.9) 1 1

Overweight 2351 261 (11.1) 1.31 (1.09–1.59) 0.005 1.26 (1.04–1.52) 0.02

Obese 664 69 (10.4) 1.22 (0.93–1.61) 0.16 1.15 (0.87–1.52) 0.34

Ischemic stroke Normal Weight 2148 181 (8.4) 1 1

Overweight 2351 249 (10.6) 1.32 (1.09–1.60) 0.004 1.27 (1.04–1.54) 0.02

Obese 664 67 (10.1) 1.25 (0.94–1.66) 0.12 1.17 (0.88–1.56) 0.27

Poor functional outcomeb Normal Weight 2132 219 (10.3) 1 1

Overweight 2333 261 (11.2) 1.16 (0.96–1.41) 0.12 1.11 (0.91–1.35) 0.31

Obese 660 71 (10.8) 1.12 (0.84–1.49) 0.45 1.07 (0.80–1.44) 0.65

Death Normal Weight 2148 9 (0.4) 1 1

Overweight 2351 9 (0.4) 1.09 (0.43–2.78) 0.85 1.09 (0.42–2.83) 0.86

Obese 664 2 (0.3) 0.85 (0.18–3.97) 0.83 0.81 (0.17–3.90) 0.79

CI confidence interval, HR hazard ratio, OR odds ratio, TIA transient ischemic attack
a Composite events: stroke, myocardial infarction, or death from cardiovascular causes
b Poor functional outcome: modified Rankin Scale 2–6
cModel 1: Adjusted for age and gender
dModel 2: Adjusted for age, gender, history of ischemic stroke, TIA, myocardial infarction, angina, congestive heart failure, known atrial fibrillation or
flutter, valvular heart disease, hypertension, diabetes, hypercholesterolemia, smoking status, index event and NIH stroke scale on admission, time to
randomization and antiplatelet therapy
eHR calculated for stroke recurrence and death, OR calculated for poor functional outcome
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Though various studies indicate a survival benefit of
obese individuals, the impact of BMI on recurrent stroke
was less well established, especially for minor stroke or
TIA. Reports of obesity paradox might lead to uncertainty
about secondary prevention in excess body weight patients
with stroke. Our study did not show the obesity paradox.
Higher BMI might be associated with stroke recurrence in
patients with minor stroke or TIA. Although not statistical-
ly significant, the risk of stroke recurrence in patients with
obesity was higher than those with normal weight, which
may be caused by the small sample size in the obese group
(n = 664). Data from the African American Antiplatelet
Stroke Prevention Study also showed an association be-
tween being overweight and an increased risk of stroke
recurrence (Ruland et al. 2005). However, a previous study
found that obese patients had lower overall vascular risk
than those with normal weight, but not related to recurrent
stroke risk in patients with a recent ischemic stroke or TIA
(Ovbiagele et al. 2011). Another study showed the obesity
paradox in that overweight and obese patients with stroke
or TIA had a lower risk of recurrent stroke than patients
with BMI ≤ 25 kg/m2 (Doehner et al. 2013). Furthermore,
we failed to observe an influence of age on the association
of weight status with prognosis of stroke.

Although not statistically significant, our study demonstrat-
ed a slight trend that being overweight or obese was related to
poor functional outcome for patients with a minor stroke or
TIA. This could potentially be explained by the small sample
size and mild disabilities of patients in our study. Furthermore,
our study revealed a weak U-shaped relationship between

obesity and the risk of poor functional outcome. The U-
shaped curve showed that the lowest risk of poor functional
outcome was associated with a BMI of 24 kg/m2 which was
boundary between normal weight and overweight. A BMI of
24 kg/m2 was found to have the best sensitivity and specificity
for risk-factor identification and was recommended as the cut-
off point for the overweight range for the Chinese population
(Zhou 2002; Hsu et al. 2015). Meanwhile, a BMI of 28 kg/ m2

was found to identify risk factors with specificity of approxi-
mately 90% and was recommended as the cut-off point for the
obese category (Zhou 2002; Hsu et al. 2015). Thus, in this
post-hoc analysis, we applied the recommended definition of
overweight and obesity for Chinese patients for analysis.

The secondary stroke prevention guidelines mentioned that
the usefulness of weight loss among obese patients with a
recent TIA or ischemic stroke was uncertain (Kernan et al.
2014). In the present study, obesity was a risk factor for stroke
recurrence rather than a protective factor as described by the
obesity paradox. Minor strokes and TIAs account for approx-
imately 65% of all acute ischemic cerebrovascular events (von
Weitzel-Mudersbach et al. 2013) and lead to 10% to 15%
increase in the risk of stroke occurrence within 90 days
(Giles and Rothwell 2007). Even with medical intervention,
minor stroke and TIA still lead to a high risk of recurrence,
which could raise the disability rate (Giles and Rothwell 2007;
Coull et al. 2004). Our study added the evidence that being
overweight was associated with an increased risk of a new
stroke in patients with minor stroke and TIA. Thus, it may
be significant to provide recommendation to overweight and
obese patients with minor strokes or TIAs to strive to reach a

Table 3 Outcomes at 90 days for weight categories after minor stroke or TIA by age categories

Outcomes Weight status Age < 65 years Age ≥ 65 years P for
interaction

N Events,
n (%)

Adj. HR/OR
(95% CI)b,c

P
value

N Events,
n (%)

Adj. HR/OR
(95% CI)b,c

P
value

Stroke Normal
Weight

1130 95 (8.4) 1 1018 95 (9.3) 1 0.26

Overweight 1460 135
(9.2)

1.04
(0.80–1.36)

0.75 891 120
(13.5)

1.45
(1.11–1.91)

0.008

Obese 438 44
(10.0)

1.11
(0.77–1.59)

0.58 226 24 (10.6) 1.05
(0.66–1.65)

0.85

Poor functional
outcomea

Normal
Weight

1120 103
(9.2)

1 1012 116 (11.5) 1 0.64

Overweight 1447 137
(9.5)

0.95
(0.72–1.25)

0.70 886 124
(14.0)

1.26
(0.95–1.67)

0.11

Obese 436 43 (9.9) 0.98
(0.67–1.44)

0.91 224 28 (12.5) 1.04
(0.66–1.65)

0.86

CI confidence interval, HR hazard ratio, OR odds ratio, TIA transient ischemic attack
a Poor functional outcome: modified Rankin Scale 2–6
bAdjusted for gender, history of ischemic stroke, TIA, myocardial infarction, angina, congestive heart failure, known atrial fibrillation or flutter, valvular
heart disease, hypertension, diabetes, hypercholesterolemia, smoking status, index event and NIH stroke scale on admission, time to randomization and
antiplatelet therapy
cHR calculated for stroke recurrence and death, OR calculated for poor functional outcome
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normal weight. The association of BMI and stroke recurrence
has not been studied before, and our study indicated that this
association might be very different from that in patients with
ischemic stroke. Further prospective cohort studies are needed
to evaluate the relationship between BMI and stroke recur-
rence in patients with minor stroke or TIA.

Our study has some limitations. First, only 20 patients
(0.4%) died in our study; thus, we cannot assess the relation-
ship between the obesity and mortality. Some (Vemmos et al.
2011; Ovbiagele et al. 2011) but not all previous studies
(Dehlendorff et al. 2014; Towfighi and Ovbiagele 2009;
Skolarus et al. 2014) reported the obesity paradox in patients
with stroke using death as an outcome measurement. Second,
the characteristics of minor stroke and TIA patients enrolled in

this study were different from those in typical minor stroke or
TIA population-based cohorts. Most of the minor stroke pa-
tients recruited in this study had non-cardiogenic embolism
and TIA patients had a high risk of having a stroke (ABCD2

scores ≥ 4), which may have resulted in a high recurrence rate.
Large-scale population-based cohorts testing the association
of being overweight or obese with recurrent stroke and poor
functional outcome are needed to confirm our results. Third,
only Chinese patients were enrolled in our study, and further
evaluation of patients in other races who are overweight or
obese with minor stroke and TIA might also be required.
Fourth, we did not collect information on waist circumference
or hip circumference in the CHANCE study. Waist to hip ratio
or waist circumference in addition to the BMI might be better
correlated to the findings than BMI alone. Fifth, obese people
tend to have other co-morbidity and different baseline health.
Some potential variance which was related to the obesity was
not analyzed because the data were not collected in the
CHANCE study, which might cause bias. Finally, the data of
etiology classification for patients in the CHANCE trial was
not available and we could not analyze the association be-
tween being overweight or obese and stroke subtypes, which
may be significant for mechanistic explanations. Previous
studies have shown that the obesity paradox could be related
to the etiology classification of ischemic stroke (Ovbiagele
et al. 2011).

Conclusions

In conclusion, for patients with a minor ischemic stroke or
TIA in our study, being overweight was associated with an
increased risk of recurrent stroke compared to being of
normal weight in our study. Further prospective cohort
studies with larger-scale sample size are needed to evaluate
the relationship between BMI and stroke recurrence in pa-
tients with minor stroke or TIA.
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