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Abstract
Although obesity is an established risk factor of primary stroke, the association between obesity and post-stroke mortality remains
unclear. The aim of this study was to investigate the association between dynamic obesity status andmortality in survivors of their first
stroke in China.
Of 775 patients with first-ever ischemic stroke included in a longitudinal study, 754 patients were included in this study and

categorized into 4 categories of body mass index (BMI) (underweight, normal weight, overweight, and obese) and 2 categories of
waist circumference (WC) (normal WC and abdominal obesity) according to standard Chinese criteria. The mortality information and
obesity status were obtained via telephone follow-up every 3 months, beginning in 2010 through 2016. Time-dependent Cox
proportional hazards models were used to estimate the unadjusted and adjusted hazard ratios (HRs) for the relationship between all-
cause mortality and dynamic obesity status.
Of 754 patients, 60.87% were male, and the overall mean age was 61.45 years. After adjusting for possible confounders,

significant inverse associations were identified between BMI and WC and all-cause mortality. Compared with those with normal BMI
or WC, those with abdominal obesity or overweight had a significantly lower risk of all-cause mortality (HR and 95% confidence
intervals [CIs]: .521 [.303–.897] and 0.545 [.352–.845], respectively), whereas patients with underweight had the highest risk and
those with obesity had lower risk of mortality, though it was not statistically significant (1.241 [.691–2.226] and .486 [.192–1.231],
respectively).
Overweight and abdominal obesity were paradoxically associated with reduced risk of mortality in patients who survived their first-

ever ischemic stroke in China. Future prospective studies must look at evaluating the role of obesity in different stroke subtypes and
devise appropriate weight-management strategies for optimal prognoses in secondary prevention in these survivors.

Abbreviations: BMI= bodymass index, CI= confidence interval, DM= diabetesmellitus, HR= hazard ratio, IL= interleukin, mRS
=modified Rankin Scale, OCSP=Oxfordshire Community Stroke Project, TEMPiS= Telemedical Project for Integrative Stroke Care,
TOAST = Org 10172 in Acute Stroke Treatment, WC = waist circumference.
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1. Introduction

Obesity has become a global epidemic and a major public health
concern.[1–3] The prevalences of overweight and obesity in adults
older than 18 years of age in 2016 were approximately 39% and
13% worldwide, respectively.[4] Epidemiological studies have
demonstrated that obesity is a risk factor for hypertension,[5]

diabetes mellitus (DM),[6] atrial fibrillation,[7] certain cancers,[8,9]

major cardiovascular diseases,[10,11] stroke,[12] and total mortal-
ity in the general population. Accordingly, the general agreement
is to recommend striving for a normal weight as part of primary
prevention of stroke.[13] However, the latest guidelines for
secondary prevention suggest that the beneficial effects of
reducing weight remain uncertain.[14] Furthermore, the associa-
tion of obesity with mortality in patients with stroke remains
controversial. Some findings suggest that obesity worsens the
prognosis in survivors of stroke,[15,16] while others suggest that
obesity confers better survival.[13,17] Numerous findings indicate
that, in contrast to the general population, an inverse relationship
is present between obesity and mortality in survivors of stroke,
which is termed as obesity paradox.[18,19] Andersen et al[13]

analyzed 45,615 patients with acute first-ever stroke (irrespective
of the subtype of stroke), and concluded that obesity was not only
associated with reduced mortality but also with lower risk of
readmission for recurrent stroke relative to patients with normal
weight. In the Telemedical Project for Integrative Stroke Care
(TEMPiS) study that included data of 4,428 patients with acute
stroke or transient ischemic attack, the highest mortality was
observed in underweight patients.[17] Therefore, patients with
overweight and obesity demonstrated significantly better survival
than did patients with normal body weight. Therefore, it is
unclear if the recommendations of primary prevention should be
extended to secondary prevention of cardiovascular diseases as
well.
Previous studies on the paradox between obesity and stroke

outcomes have limitations. Therefore, the results are yet to be
confirmed. It is well known, however, that the assumption that
obesity status remains constant during follow-up is unreasonable,
which may result in misclassification of the obesity status and
possibly biased results. Furthermore, it is noteworthy that
numerous studies on the obesity paradox fail to fully consider the
confounders associated with all-cause mortality in post-stroke
patients—e.g., the stroke severity may not have been quantified
and the treatment of stroke was ignored[13,16] —which may
provide a false impression that obesity constitutes a survival
advantage.
Therefore, the question remains if the phenomena that obesity

is associated with better prognosis after stroke is true or is it
biased by imperfect adjustments for confounders and research
methodology? Is maintaining normal weight still advisable if
being overweight or obese confers more favorable prognoses? To
our best of knowledge, few studies have simultaneously used
bodymass index (BMI) andwaist circumference (WC) to describe
the obesity status in patients with stroke from the general and
abdominal obesity aspects, and few studies have considered the
dynamic obesity status. Furthermore, limited studies have
explored the relationship between obesity and post-stroke
mortality in the Chinese population, a subgroup with high
prevalence rates of obesity and stroke.[20,21] Therefore, the aim of
our study was to investigate the association between dynamic
obesity status and mortality in survivors of first-ever ischemic
stroke in China.
2

2. Patients and methods

2.1. Study population

The study was performed in the Department of Neurology, West
China Hospital. The diagnosis of stroke was established
according to the World Health Organization criteria.[22]

Survivors of first-ever ischemic stroke were screened by computed
tomography or magnetic resonance imaging. Patients who
underwent cardiovascular surgeries, such as carotid endarterec-
tomy, cardiac surgeries, or angiography, which may induce
stroke, were excluded.
2.2. Ethics statements

Written informed consents were obtained from all patients or
their designated relatives. The study protocol was approved by
the Ethics Committee of the West China Hospital, Sichuan
University, Chengdu, China (ethical approval number, “2009
year 50”).

2.3. Study design

A semi-structured questionnaire was used to conduct face-to-face
interviews in the hospital by professionally trained, qualified, and
experienced interviewers. The interviewers consisted of students
pursuing Masters in Public Health who studied clinical medicine
for 5 years as an undergraduate and had sufficient clinical
expertise. The face-to-face interview was supplemented by
medical records. The demographic characteristics included sex,
age (<45, 45–64, and >65 years), marital status (with spouse,
without spouse), occupation (farmer, non-agricultural laborer,
retired, and unemployed), education (�6, 7–9, and ≥10 years),
household income (<$3057.4, $3057.4–6114.8, and >$6114.8
per year), and number of family members (<3, 3–4, and >4
persons). Lifestyle parameters included smoking status (never
smoked, cessation of smoking, currently smoking, and passively
smoking), drinking status (never or current drinking), and pre-
stroke exercise duration (<210, 210–420, and>420 minutes per
week). Vascular risk factors included family history of stroke,
hypertension, DM, hyperlipidemia, heart disease, and peripheral
vascular diseases. The aforementioned comorbidities were
diagnosed as per the current standards.[23,24]
2.4. Measure of obesity

Most patients were unable to stand on admission; therefore, it
was difficult to directly measure their height, weight, andWC. At
baseline, the participants were asked to report their weight,
height, and WC by answering the following questions: “what is
your weight now?” (in kg to the nearest .1kg) and “what is your
height and waist circumference?” (in cm to the nearest .1cm).
According to the distribution of fat, obesity is divided into

general obesity (i.e., obesity) and abdominal obesity.[25,26]

Obesity is assessed according to BMI, and abdominal obesity
is commonly assessed according to WC. BMI is calculated by
dividing the body weight (kg) by height squared (meters). WC
refers to the circumference at a point midway between the lowest
rib and the iliac crest in the horizontal plane.
Overweight, general obesity, and abdominal obesity were

defined by the standard criteria for the Chinese population
(underweight: BMI <18.5kg/m2; normal weight: BMI, 18.5 to
<24kg/m2; overweight: BMI, 24–28kg/m2; general obesity: BMI
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>28kg/m2[24,27]; abdominal obesity: WC ≥85cm for men and
≥80cm for women[28,29]).
2.5. Outcomes and follow-up

Follow-up was routinely performed via telephone interviews
every 3 months by trained and qualified investigators after
hospital discharge. Before formal participation in the survey, the
project organizer held a training meeting for investigators about
standardization of the survey language and matters that required
attention. The follow-up survey included information regarding
the severity of stroke, body weight, WC, adherence to anti-
thrombotic medications, and health outcomes. Most patients
were in the acute phase at the time of the baseline survey, and
stroke severity changes quickly; thus, the modified Rankin Scale
(mRS) scores at the time of the baseline surveymay not accurately
reflect the stroke severity.[30] Therefore, the mRS score at the first
follow-up was deemed to indicate the stroke severity instead.
mRS score <2 was defined as mild disability, whereas mRS score
≥3 was defined as severe/moderate disability.[31] Strict adherence
of patients to anti-thrombotic medications or to alterations of the
pharmacotherapy according to the doctors advice during
the follow-up period was termed as adherence. The endpoint
of the study was all-cause mortality, which was obtained from the
patients relatives during follow-ups. Survival time was calculated
from the baseline survey until death due to any cause, withdrawal
from the study, or the last follow-up since June 2016.
2.6. Statistical analysis

Descriptive statistics of the baseline individual characteristics
were stratified based on the baseline obesity status as assessed by
BMI and WC using the Chi-Squared test or Fisher exact test. We
used change in obesity status, whichwas updated every 3months,
as a time-varying exposure, and a time-dependent Cox
proportional hazard regression model[32,33] was used to estimate
the hazards ratio (HR) for all-cause mortality during the follow-
up. In this study, both empirical and theoretical strategies were
considered for the chosen confounding factors.[34] Statistical tests
were two-sided, and a P value <.05 was considered statistically
significant. All statistical analyses were performed using SAS,
version 9.3 (SAS Institute Inc., Cary, NC, USA).
3. Results

Between January 2010 and June 2016, 775 participants were
enrolled. After excluding 21 patients (2.7%) because of
duplication and missing data, 754 patients were included in
our analysis. The overall mean age was 61.45 years (range, 17–89
years) and 60.88% were male. The included patients were
followed up for a mean period of 54.86 months (range, 0–75
months). The baseline demographic and clinical characteristics
are summarized in Table 1.
At admission, 33.69% of patients were categorized as

overweight, 10.08% as obese, and 45.62% to have abdominal
obesity; the survival curve differed significantly between the
subgroups (Figs. 1 and 2). Results of the univariate analysis are
summarized in Table 2.

Results of the multivariable-adjusted time-dependent Cox

proportional hazards regression analysis of the BMI and WC
subgroups are summarized in Tables 3 and 4, respectively. When
adjusted for only age, overweight was associated with lower
3

mortality compared with the other BMI categories (HR: .491,
95% confidence interval [CI]: .293–.824); in the univariate
analysis, the severity of stroke was strongly associated with post-
stroke mortality. After age and stroke severity were simulta-
neously adjusted, the results of overweight differed slightly (HR:
.506; 95% CI: .302–.850). Similarly, after simultaneous adjust-
ments for all socio-demographic and other factors presented in
Table 2, an inverse relationship between BMI and all-cause
mortality was constantly observed in those who were overweight
(HR: .521; 95% CI: .303–.897). Particularly, those were
underweight had the worst survival constantly in all the adjusted
models; however, they were not statistically significant. Notably,
in those who were obese, the statistical significance was lost after
adjustments were made for any of the listed confounders. After
simultaneous adjustments were made for all of the aforemen-
tioned factors, the significant association between mortality and
obesity was still not observed (HR: .487; 95% CI: .192–1.235).
Furthermore, regarding the threshold categories for WC, the

inverse association was constantly observed in all of the
considered models. Following simultaneous adjustments for all
of the characteristics, the mortality risk was significantly lower in
those with abdominal obesity than in those with normal WC
(HR: 572; 95% CI: 370–883).
4. Discussion

The main finding of present study is that patients hospitalized for
ischemic stroke who were overweight and obese had better
survival than those whowere normal weight. In contrast, patients
who were underweight demonstrated the worst mortality rates. It
is noteworthy that the inverse association between body weight
and outcome measures remained after adjustments for con-
founders. Furthermore, the inverse association between abdomi-
nal obesity and mortality was also constantly observed.
The results of this study are in line with those of studies that

demonstrated that overweight was associated with a significantly
lower risk of mortality.[35,36] When omitting different covariates
from our models, the risk of mortality in those who were
overweight remained low. Similarly, Vemmos et al[36] revealed
that patients who were overweight had significantly better
survival rates than those with normal BMI. In contrast,
inconsistent with our findings, Dehlendorff et al[37] suggested
that being overweight was not associated with decreased risk of
all-cause mortality. The possible reason for this difference is that
survivors of both ischemic stroke and hemorrhagic stroke were
included in their study while we only included the former.
Another possible explanation for the distinct results is that our
participants were followed up for a mean period of 54.86 months
and the endpoint was all-cause mortality; the outcomes in the
study by Dehlendorff et al were deaths due to index stroke at 1
week and 1 month.
Furthermore, our findings revealed that obesity confers a lower

risk of mortality without statistical significance, which is
consistent with those of previous studies.[38,39] A Chinese
follow-up study[40] found that obesity (BMI, 27.5–32.4kg/m2)
was not associated with increased risk of mortality, which is
similar to the South Korean results by Ryu et al.[38] However, the
TEMPiS study[17] revealed that the lowest mortality risk was
observed in obese and very obese patients and not in those with
normal BMI. The discrepancy in the findings may be due to
several reasons. Firstly, the TEMPiS study was a non-randomized
intervention study that compared acute stroke treatment without
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Table 1

Epidemiologic characteristics, co-morbidities, and stroke severity by BMI and WC subgroup (at admission).

BMI Category WC Category

Characteristics Total
Underweight

(N,%)
Normal

weight (N,%)
Overweight

(N,%)
Obese
(N,%) P value

Normal WC
(N,%)

Abdominal
obesity (N,%) P value

Number of participant (N,%) 754 49 (6.50) 375 (49.73) 254 (33.69) 76 (10.08) 344 (45.62) 410 (54.38)
Sex
Male 459 27 (5.88) 234 (50.98) 154 (33.55) 44 (9.59) .719 218 (47.49) 241 (52.51) .198
Female 295 22 (7.46) 141 (47.80) 100 (33.90) 32 (10.85) 126 (42.71) 169 (57.29)

Age-group(year)
∗

<45 84 4 (4.76) 43 (51.19) 24 (28.57) 13 (15.48) .207 43 (51.19) 41 (48.81) .446
45– 337 19 (5.64) 158 (46.88) 125 (37.09) 35 (10.39) 156 (46.29) 181 (53.71)
65– 332 26 (7.83) 174 (52.41) 104 (31.33) 28 (8.43) 145 (43.67) 187 (56.33)

Married status
Without spouse 96 12 (12.50) 51 (53.13) 22 (22.92) 11 (11.46) .016 43 (44.79) 53 (55.21) .861
With spouse 658 37 (5.62) 324 (49.24) 232 (35.26) 65 (9.88) 301 (45.74) 357 (54.26)

Education(year)
∗

�6 285 26 (9.12) 142 (49.82) 89 (31.23) 28 (9.82) .364 138 (48.42) 147 (51.58) .282
7 to 9 190 7 (3.68) 95 (50.00) 69 (36.32) 19 (10.00) 88 (46.32) 102 (53.68)
≥10 275 16 (5.82) 135 (49.09) 96 (34.91) 28 (10.18) 115 (41.82) 160 (58.18)

Occupation
∗

Farmer 189 16 (8.47) 101 (53.44) 59 (31.22) 13 (6.88) .326 98 (51.85) 91 (48.15) .047
Non-agricultural laborer 203 10 (4.93) 101 (49.75) 66 (32.51) 26 (13.30) 100 (49.26) 103 (50.74)
Retired 312 17 (5.45) 151 (48.40) 112 (35.90) 32 (12.81) 126 (40.38) 186 (59.62)
Unemployed 49 6 (12.24) 22 (44.90) 17 (34.69) 4 (8.16) 20 (40.82) 29 (59.18)

Household income (dollars/year)
∗

< 3057.4 252 22 (8.73) 129 (51.19) 83 (32.94) 18 (7.14) .451 129 (51.19) 123 (48.81) .058
3057.4 to 6114.8 245 13 (5.31) 121 (49.39) 84 (34.29) 27 (11.02) 110 (44.90) 135 (55.10)
> 6114.8 237 14 (5.91) 113 (47.68) 83 (35.02) 27 (11.39) 96 (40.51) 141 (59.49)

Number of resident population
< 3 359 27 (7.52) 182 (50.70) 118 (32.87) 32 (8.91) .780 158 (44.01) 201 (55.99) .690
3 to 4 249 13 (5.22) 118 (47.39) 89 (35.74) 29 (11.65) 118 (47.39) 131 (52.61)
> 4 146 9 (6.16) 75 (51.37) 47 (32.19) 15 (10.27) 68 (46.58) 78 (53.42)

Smoking status
Non-smoking 334 23 (6.89) 161 (48.20) 108 (32.34) 42 (12.57) .139 144 (43.11) 190 (56.89) .403
Passive smoking 117 7 (5.98) 54 (46.15) 49 (41.88) 7 (5.98) 51 (43.59) 66 (56.41)
Smoking cessation 244 15 (6.15) 125 (51.23) 85 (34.84) 19 (7.79) 122 (50.00) 122 (50.00)
Current smoking 59 4 (6.78) 35 (59.32) 12 (20.34) 8 (13.56) 27 (45.76) 32 (54.24)

Drinking status
Non-drinking 490 34 (6.94) 242 (49.39) 170 (34.69) 44 (8.98) .466 209 (42.65) 281 (57.35) .026

∗

Current drinking 264 15 (5.68) 133 (50.38) 84 (31.82) 32 (12.12) 135 (51.14) 129 (48.86)
Pre-stroke exercise time within a month a week (minutes)
<210 minutes 491 30 (6.11) 255 (51.93) 156 (31.77) 49 (9.99) .001 229 (46.64) 262 (53.36) .194
210 – 82 14 (17.07) 34 (41.46) 26 (31.71) 8 (9.76) 42 (51.22) 40 (48.78)
420 – 181 5 (2.76) 85 (46.96) 72 (39.78) 19 (10.50) 73 (40.33) 108 (59.67)

Stroke severity
Mild disability 486 22 (4.53) 240 (49.38) 170 (34.98) 54 (11.11) .016 225 (46.30) 261 (53.70) .617
Severe/Moderate disability 268 27 (10.07) 135 (50.37) 84 (31.34) 22 (8.21) 119 (44.40) 149 (55.60)

Family history of stroke
No 606 39 (6.44) 312 (51.49) 200 (33.00) 55 (9.08) .143 290 (47.85) 316 (52.15) .013
Yes 148 10 (6.76) 63 (42.57) 54 (36.49) 21 (14.19) 54 (36.49) 94 (63.51)

Hypertension
No 284 25 (8.80) 157 (55.28) 86 (30.28) 16 (5.63) .001 155 (54.58) 129 (45.42) <.001
Yes 470 24 (5.11) 218 (46.38) 168 (35.74) 60 (12.77) 189 (40.21) 281 (59.79)

Diabetes mellitus
No 552 42 (7.61) 294 (53.26) 166 (30.07) 50 (9.06) <.001 280 (50.72) 272 (49.28) <.001
Yes 202 7 (3.47) 81 (40.10) 88 (43.56) 26 (12.87) 64 (31.68) 138 (68.32)

Hyperlipidemia
∗

No 486 41 (8.44) 269 (55.35) 140 (28.81) 36 (7.41) <.001 248 (51.03) 238 (48.97) <.001
Yes 266 8 (3.01) 104 (39.10) 114 (42.86) 40 (15.04) 94 (35.34) 172 (64.66)

Heart disease
No 587 36 (6.13) 288 (49.06) 204 (34.75) 59 (10.05) .641 275 (46.85) 312 (53.15) .205
Yes 167 13 (7.78) 87 (52.10) 50 (29.94) 17 (10.18) 69 (41.32) 98 (58.68)

Peripheral vascular diseases
∗

No 732 47 (6.42) 365 (49.86) 246 (33.61) 74 (10.11) 0.768 336 (45.90) 396 (54.10) .479
Yes 21 2 (9.52) 9 (42.86) 8 (38.10) 2 (9.52) 8 (38.10) 13 (61.90)

Anti-thrombotic drug medication adherence
Adherence 306 18 (5.88) 156 (50.98) 99 (32.35) 33 (10.78) .804 138 (45.10) 168 (54.90) .811
Non-adherence 448 31 (6.92) 219 (48.88) 155 (34.60) 43 (9.60) 206 (45.98) 242 (54.02)

∗
For some socio-demographic characteristics the sample size did not add up to 754 due to missing value.

P by x2 test or Fisher exact test.
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Figure 1. Survival curves following stroke according to groups of body mass index (BMI; univariate analysis).

Figure 2. Survival curves following stroke according to groups of waist circumference (WC; univariate analysis).
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Table 2

Relationship between BMI, WC and related factors with all-cause mortality in unadjusted analysis.

Parameter HR 95%CI P value

BMI criteria
Normal weight (18.5 to <24) 1.000 (reference)
Underweight (<18.5) 1.554 (0.895,2.700) .118
Overweight (24 to <27.9) 0.456 (0.272,0.764) .003
Obese (≥28.0 kg/m2) 0.370 (0.148,0.921) .033

WC criteria
Normal WC(male and WC �85cm or female WC �80 cm) 1.000 (reference)
Abdominal obesity(male and WC >85cm or female WC >80 cm) 0.527 (0.352,0.790) .002

Sex
Male 1.000 (reference)
Female 1.125 (0.756,1.674) .561

Age-group (year)
∗

<45 1.000 (reference)
45– 2.403 (0.734,7.860) .147
65– 5.501 (1.729,17.498) .004

Marital status
Without spouse 1.000 (reference)
With spouse 0.455 (0.287,0.719) .001

Education (year)
∗

�6 1.000 (reference)
7 to 9 0.446 (0.258,0.770) .004
≥10 0.554 (0.352,0.871) .011

Occupation
∗

Farmer 1.000 (reference)
Non-agricultural laborer 0.265 (0.126,0.555) <.001
Retired 0.970 (0.626,1.505) .894
Unemployed 0.678 (0.283,1.621) .382

House hold income (dollars/year)
∗

< 3057.4 1.000 (reference)
3057.4 to 6114.8 1.006 (0.638,1.587) .980
> 6114.8 0.824 (0.497,1.366) .452

Number of resident population
< 3 1.000 (reference)
3 to 4 0.716 (0.45,1.138) .157
> 4 0.886 (0.53,1.482) .646

Smoking status
Non-smoking 1.000 (reference)
Passive smoking 0.593 (0.324,1.085) .090
Smoking cessation 0.600 (0.377,0.955) .031
Current smoking 0.617 (0.247,1.542) .302
Drinking status
Non-drinking 1.000 (reference)
Current drinking 0.603 (0.386,0.943) .027

Pre-stroke exercise time within one week (minutes)
<210 1.000 (reference)
210 – 1.030 (0.546,1.944) .928
420 – 0.750 (0.442,1.273) .286

Stroke severity
Mild disability 1.000 (reference)
Severe/Moderate disability 4.155 (2.767,6.239) <.001

Family history of stroke
No 1.000 (reference)
Yes 0.708 (0.415,1.209) .206

Hypertension
No 1.000 (reference)
Yes 0.890 (0.595,1.330) .569

Diabetes mellitus
No 1.000 (reference)
Yes 1.158 (0.752,1.785) .505

Hyperlipidemia
∗

No 1.000 (reference)
Yes 0.683 (0.445,1.049) .081

Heart disease
No 1.000 (reference)
Yes 1.387 (0.896,2.147) .142

Peripheral vascular diseases
∗

No 1.000 (reference)
Yes 0.965 (0.306,3.043) .951

Anti-thrombotic drug medication adherence
Adherence 1.000 (reference)
Non-adherence 0.766 (0.512,1.147) .196

∗
For some socio-demographic characteristics the sample size did not add up to 754 due to missing values.

CI= confidence interval, HR=hazard ratio.
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Table 3

Effects of adjustment for personal characteristics and various indices of health on the association between all-cause mortality and BMI
criteria.

All patients Underweight Overweight Obese

P and HR (95% CI) of all-cause mortality as normal
BMI as reference, adjusted for: P

HR
(95% CI) P

HR
(95% CI) P

HR
(95% CI)

Age only .120 1.549 (0.892,2.692) .007 0.491 (0.293,0.824) .068 0.427 (0.171,1.067)
Age and mRS‡ .382 1.281 (0.735,2.233) .010 0.506 (0.302,0.850) .073 0.433 (0.174,1.082)
Age, mRS‡ and personal characteristics

∗
.586 1.173 (0.661,2.078) .011 0.507 (0.299,0.858) .131 0.489 (0.194,1.236)

Age, mRS‡, personal characteristics
∗
and comorbidities† .650 1.144 (0.640,2.044) .019 0.523 (0.304,0.898) .129 0.487 (0.192,1.233)

Age, mRS‡, personal characteristics
∗
, comorbidities†

and and anti-thrombotic medication adherence
.632 1.153 (0.644,2.062) .019 0.523 (0.305,0.897) .130 0.487 (0.192,1.235)

∗
personal characteristics include sex, married status, occupation, education, annual household income, number of resident population in their family, smoking status, drinking status, pre-stroke exercise time.

† Comorbidity included hypertension, diabetes mellitus, hyperlipidemia, heart disease, peripheral vascular diseases.
‡mRS: modified Rankin Scale.
CI= confidence interval, HR=hazard ratio.
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specialized care for stroke in hospitals, while ours was a hospital-
based longitudinal study without any interventions. Secondly, the
TEMPiS study included individuals with hemorrhagic stroke as
well, whereas our study included only those with the first
incidence of ischemic stroke. Therefore, the relationship between
obesity and all-cause mortality remains to be validated.
A remarkable finding in our study was that abdominal obesity

was also associated with better prognoses in patients with stroke,
which was in accordance with the results of previous studies.[41]

However, the participants in the current study were divided into
normal WC and abdominal obesity according to sex-specific WC
criteria, which cannot distinguish between mild, moderate, and
extreme abdominal obesity. However, Gomes et al[41] used
quartiles of WC to categorize different levels of abdominal
obesity; they found that patients in the 4th quartile of WC had
significantly better survival, while those in the 3rd and 2nd
quartiles had decreased risks of mortality without significance
compared with those in the 1st quartile.
Our findings suggest that the beneficial effects of higher BMI

and WC on all-cause mortality appear to be present in patients
with the first episode of ischemic stroke, which was previously
termed as obesity paradox.[42] The inverse relationship was
also confirmed in different patient populations, such as those
with heart failure,[43] those on dialysis,[44] and those with
diabetes,[45,46] certain cancers,[47,48] atrial fibrillation,[49] and
coronary artery bypass surgery.[50] A few explanations have been
proposed for the paradox. Firstly, individuals may receive
different treatments. As previously noted, obese patients
who develop stroke demonstrate a readily identifiable high
Table 4

Effects of a djustment for personal characteristics and various indice
criteria.

All patients

P and HR (95% CI) of all-cause mortality as normal WC as reference, adjusted f

Age only
Age and mRS‡

Age, personal characteristics
∗
and mRS‡

Age, personal characteristics
∗
, mRS‡ and comorbidities†

Age, personal characteristics
∗
, mRS‡, comorbidities† and anti-thrombotic medication adher

∗
personal characteristics include sex, married status, occupation, education, annual household income, n

† Comorbidity included hypertension, diabetes mellitus, hyperlipidemia, heart disease, peripheral vascula
‡mRS: modified Rankin Scale.
CI= confidence interval, HR=hazard ratio.
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cardiovascular risk phenotype. Therefore, they may tend to
present earlier or receive more aggressive treatment, thus, varying
the natural history of their disease[51] and confer them with
benefits of lead-time bias.[39] Similarly, Park et al[51] found that
obese patients had a higher number of diagnosed medical
comorbidities, were taking more medications, and had a higher
rate of optimal combination drug treatment than lean patients,
which could have contributed the differences in the prognoses.
Secondly, obesity may affect the immune response and alter the
levels of inflammatory factors.[52–55] Previous studies have
reported that obese patients have lower levels of several
proinflammatory cytokines, particularly interleukin (IL)-6 and
IL-8. Additionally, obese individuals may be better equipped to
undergo the initial catabolic phase of acute illness due to the
additional energy stores in the form of lipoproteins and adipose
tissue, which can neutralize the inflammatory effects.[52,56]

Thirdly, obesity can worsen the symptoms, such as dyspnea,
and obese individuals may have better prognosis because they
present earlier with any specific disease.[57] High BMImay also be
associated with some protective factors.[58] Another possible
explanation is that relative to patients with normal weight,
overweight/obese patients may have a better metabolic reservoir
—an aspect that enables them to deal better with catabolic
imbalance and impaired metabolic efficiency induced by
stroke.[59] Alternatively, obese patients who have survived until
their event may somehow be healthier individuals or have
metabolically benign obesity.[60] Finally, obese patients are
encouraged to change their unhealthy lifestyle [13] for a better
prognosis; however, additional research is required in this regard.
s of health on the association between all-cause mortality and WC

Abdominal obesity

or: P HR (95% CI)

.003 0.539 (0.359,0.807)

.002 0.528 (0.352,0.793)

.005 0.547 (0.360,0.832)

.011 0.569 (0.368,0.880)
ence .012 0.572 (0.370,0.883)

umber of resident population in their family, smoking status, drinking status, pre-stroke exercise time.
r diseases.

http://www.md-journal.com


Wang et al. Medicine (2020) 99:38 Medicine
Additionally, underweight may be the result of other underlying
diseases, unintentional weight loss, reduced mental and
physical health, or severe comorbidities that result in poor
prognosis.[61,62]

Several strengths and limitations of this study should be
acknowledged and discussed. The strength is that we considered
the association of mortality with not only general obesity but also
with abdominal obesity in a long-term Chinese cohort.
Furthermore, important confounding factors, such as stroke
severity and anti-thrombotic medication adherence, were
comprehensively considered, which were often absent in previous
studies.[13,16] Importantly, dynamic changes in weight and WC
during the follow-up were also considered by recording BMI and
WC at every follow-up, which may constitute for stronger
conclusions.
Our study does have some limitations. Firstly, the weight,

height, and WC were based on self-reporting by patients rather
than by using objective tools, which may have resulted in
biases.[63] However, previous studies have suggested that self-
reported weight, height, andWC are satisfactorily accurate in the
assessment of obesity status and have near-perfect correlations
and agreement with the measured anthropometric values.[64,65]

Furthermore, BMI fails in distinguishing between individuals
with different types of fat distribution,[66] andWC is incapable of
distinguishing between persons of varying heights.[67] However,
directly and accurately quantified methods are impractical and
time-consuming.[68] Therefore, self-reported data should be
generally acceptable. Secondly, we could not include the subtypes
of stroke because the necessary stroke etiology and clinical
features for classification of the subtypes of stroke were
insufficiently collected in first interview. Neither the TOAST
(Org 10172 in Acute Stroke Treatment) nor Oxfordshire
Community Stroke Project classification of the subtypes of
stroke was obtained. Thirdly, index bias may be present in our
study because though all possible confounding factors were
considered, essentially perfect controlling for confounding
factors between obesity and mortality is possible.[69] Even
though unmeasured confounders are inevitable, index bias alone
may be a partial explanation for the obesity paradox, which
cannot deny the presence of obesity paradox in stroke
survivors.[70] Finally, our participants were recruited from only
the West China Hospital of Sichuan University, which may limit
the generalizability of these findings.
5. Conclusions

Overweight and abdominal obesity were paradoxically associat-
ed with a lower risk of mortality in survivors of their first episode
of ischemic stroke in China. Consequently, we suggest that the
recommendations regarding body weight management in the
secondary stroke pre-strategy should not simply refer to primary
prevention. Future prospective studies must look at evaluating
the role of obesity in different stroke subtypes and devise
appropriate weight-management strategies for optimal progno-
ses in secondary prevention in these survivors.
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