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Combined consideration of body mass ki

index and waist circumference identifies
obesity patterns associated with risk of stroke
in a Chinese prospective cohort study

Xiangfeng Cong', Shaobo Liu', Wenjuan Wang', Jixiang Ma? and Jianhong Li"

Abstract

Background: In China, few studies have examined the relationship between the combination of body mass index
and waist circumference and the risk of stroke. Moreover, the relationship may also be different in different genders.
Thus, we investigated the association between the combination of body mass index and waist circumference and the
risk of stroke in Chinese.

Methods: This prospective cohort study included 36 632 participants aged 18 to 90years. Participants were recruited
from 60 surveillance sites (25 urban sites and 35 rural sites) across China in 2010 China Chronic Disease Risk Factor
Surveillance, and followed up in 2016-2017. Incident cases of stroke were identified through questionnaires (includ-
ing the basis of clinical diagnosis, imaging tests, time of diagnosis, diagnosis unit) and Cardiovascular Event Report
System. Risk factors for stroke were collected at baseline using questionnaire, physical measurements and laboratory
tests. Cox proportional hazards regression models were used to generate adjusted hazard ratios and 95%Cl. All analy-
ses were duplicated by gender stratification.

Results: During 6.42 4 0.50years of follow-up, 1 333 (597 males, 736 females) stroke events were observed among
the 27 112 participants who did not have cardiovascular diseases at baseline. Compared with the general popula-
tion who have normal weight or underweight with normal WC, those who have normal weight or underweight

with abdominal obesity (adjusted hazard ratios 1.45, 95%Cl 1.07-1.97 in males; 0.98, 95%CI 0.78-1.24 in females),
overweight with abdominal obesity (1.41,95%Cl 1.14-1.75 in males; 1.33, 95%Cl 1.10-1.61 in females), obesity with
abdominal obesity (1.46, 95%Cl 1.11-1.91 in males; 1.46, 95%Cl 1.17-1.81 in females). Overweight with normal WC was
found to be not statistically significant for both males and females (all P>0.05). Subgroup analysis found a multiplica-
tive interaction between age and anthropometric group in females (P for interaction <0.05). Sensitivity analysis results
did not change. In the subjects with CVD risk factors, we found a similar relationship as in the general population .

Conclusions: Combined assessment of body mass index and waist circumference identifies obesity patterns associ-
ated with stroke risk.
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! National Center for Chronic and Non-communicable Disease Control Stroke is a leading cause of death, disability, and a signifi-
and Prevention, Chinese Center for Disease Control and Prevention, cant contributor to economic burden [1-3]. There were
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cases worldwide in 2016 [4]. In China, stroke has become
the highest burden of disease [5]. The number of stroke
patients is about 13 million, and the age-standardized
prevalence, incidence, and mortality rates of stroke were
11.2/1000 people, 2.5 and 1.2/1000 person-years, respec-
tively [6, 7]. Such a heavy disease burden of stroke has
been of great concern. Identifying and modifying risk
factors is essential for controlling the epidemic of stroke.
Numerous studies confirmed that obesity (defined by
body mass index) is an important risk factor for stroke
onset and its subtypes [8—11]. Body mass index (BMI) is
a common indicator of obesity in China [12]. However,
this indicator (BMI) has some limitations. For instance, it
cannot detect obesity levels of abdominal fat [13]. How-
ever, fat distribution may be an important factor in the
development of stroke, such as the ratio of gynoid fat
mass to total fat mass which is inversely associated with
hypertriglyceridemia and hypertension [14, 15]. Adipose
tissue constitutes a highly active endocrine organ, and
adipocytes can synthesize potential anti-atherosclerotic
proteins, such as adiponectin which is a fat-derived hor-
mone that appears to play a crucial role in protecting
against insulin resistance/diabetes and atherosclerosis
important mechanisms involved in the pathogenesis
of stroke [16—20]. It has been suggested that waist cir-
cumference (WC) can complement body mass index to
assess abdominal obesity [21, 22]. The combination of
BMI and WC might be better to evaluate the fat distribu-
tion. Recent studies also showed that people with normal
weight abdominal obesity had a higher mortality risk and
overweight without abdominal obesity had a lower mor-
tality risk, demonstrating the importance of combining
body mass index and waist circumference [23, 24].
However, studies on the relationship between the com-
bination of body mass index and waist circumference and
stroke onset are limited in China. Moreover, this relation-
ship is not consistent in different gender, country, and
region [25, 26]. Chinese people have a higher percentage
of body fat than Caucasians [27]. Therefore, it is neces-
sary to explore the relationship between the combination
of body mass index and waist circumference and stroke
onset in Chinese population. We used a cohort study to
analyze the risk of stroke in different anthropometric
groups according to BMI and WC combinations in Chi-
nese males and females and providing epidemiological
evidence for weight control to prevent stroke in China.

Methods

Study design and baseline survey

This study is a prospective cohort study to investigate the
association between the combination of body mass index
and waist circumference and the risk of stroke in Chinese.
According to 2010 China Chronic Disease Risk Factor
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Surveillance (CCDRFS) 162 eastern, central and western
surveillance sites distribution and fitting, we selected 60
(35 rural and 25 urban) surveillance sites to cover a wide
range of risk exposures. And a total of 36 632 participants
aged 18 to 90years were included at baseline in 2010. For
more details of the CCDRES have been reported previ-
ously [28, 29]. Our study passed the review of the Ethics
Review Committee of the National Center for Chronic
and Non-communicable Disease Control and Preven-
tion, Chinese Center for Disease Control and Prevention
(approval number: 201524B). All methods were per-
formed in accordance with the Declaration of Helsinki.
All survey respondents have signed informed consent.

The 2010 baseline survey consisted of questionnaires
(household and individual) through face-to-face sur-
vey, physical measurements, and laboratory tests. The
questionnaire included basic personal information, life-
style, and health status. Physical measurements included
height measurement, weight measurement, waist meas-
urement and blood pressure. Measurements were carried
out by trained and qualified investigators using standard
methods. Laboratory tests included fasting blood glu-
cose, oral glucose tolerance test-2h (OGTT-2h), total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG). Detailed information on the collec-
tion, preservation, processing of the blood samples has
been described previously [28, 30, 31].

Definition and grouping of the indicators

(1) Anthropometric group: subjects were grouped
according to BMI (normal weight or underweight:
<24kg/m?, overweight: 24-27.9kg/m® and obesity:
>28kg/m? and WC (normal WC: men’s WC <85cm,
womens<80cm; and abdominal obesity: mens WC
>85cm, women’s>80cm) [32]. Subjects were divided
into five anthropometric groups: (Dnormal weight or
underweight/normal WC, ®@ overweight/normal WC,
® normal weight or underweight/abdominal obe-
sity, @overweight/abdominal obesity, and &) obesity/
abdominal obesity. Obesity is not further divided by
waist circumference into obesity normal WC and obesity
abdominal obesity, both considered obesity abdominal
obesity. Because most obese individuals had a waist cir-
cumference above the cut-off point for abdominal obe-
sity, only 166 of our respondents were obese with normal
WC. (2) The subjects with CVD risk factors was defined
as people with diabetes mellitus and (or) hypertension
and (or) low HDL-C at baseline.

Follow-up and outcome measures
A follow-up survey of the population at the 60 surveil-
lance sites was conducted in 2016-2017. The survey was
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conducted in the form of a door-to-door interview. The
questionnaire consisted of a household questionnaire and
an individual questionnaire. For deceased subjects, the
relevant information was collected through the China
Death Cause Registration Reporting System [33, 34].
Respondents who moved away from the survey site were
interviewed by telephone about cardiovascular diseases
and completed a questionnaire.

For identifying stroke cases, diagnostic information
was collected through questionnaires (including the basis
of clinical diagnosis, imaging tests, time of diagnosis,
diagnosis unit), and medical records and images were
also reviewed. If the survey site has a Cardiovascular
Event Reporting System, the questionnaire data was also
be checked through the system. According to the Inter-
national Classification of Diseases, 10th Revision (ICD-
10), the stroke outcomes in our study were subarachnoid
haemorrhage (160), intracerebral haemorrhage (161), and
cerebral infarction (163). For analysis of incident stroke in
our study, only the first stroke event was counted. Over-
all, 27 762 people were followed up, including 814 who
died and 238 died of stroke. All follow-up subjects have
signed informed consent.

Statistical analysis

A total of 27 112 participants were included in the analy-
sis (Flowchart of participant inclusion see Figure S1 in the
Additional file 1). The follow-up time was defined as the
time interval between the date of the baseline interview
and the date of stroke diagnosis, death of any cause, or
of the follow-up survey, We analyzed males and females
subjects separately, for each of the baseline anthropomet-
ric groups. We used the Cox proportional hazards model
to calculate adjusted hazard ratios for the relationship
between anthropometric group and stroke. The propor-
tional hazards assumption for all variables was confirmed
using the Schoenfeld residuals method. We also used the
floating absolute risk (FAR) method to calculate the 95%
confidence intervals for the hazard ratios. The method
can be compared between different exposure categories,
including non-reference categories[35]. Multiplicative
interaction tests used likelihood ratio tests to compare
statistical significance between models with and without
interaction items. Sensitivity analyses were performed
by excluding those who died and those diagnosed with
stroke within the first year and repeating the Cox propor-
tional hazards model above.

Cox models were adjusted by considering confounder
factors including geographic region (eastern, cen-
tral, western), age, educational level (no formal educa-
tion, primary school, middle school, high school and
above), marital status (single, married/cohabiting, sepa-
rated/divorced/widowed), location (urban or rural),
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occupational  (agriculture/forestry/animal-husbandry/
fishing workers, business service personnel, professional/
managerial personnel, retired personnel, unemployed/
others), smoking (never, previous, current), current
drinking (yes or no), physical activity, self-rated health
(excellent, good, fair, poor), consumption of fresh vegeta-
bles (<4days/week, 4-6days/week, daily), consumption
of fresh fruit(never/rarely, 1-2days/week, 3-6 days/week,
daily), and insufficient intake of vegetables and fruit(yes
or no).

SAS software, version 9.4 (SAS Institute.) was used to
for the data analysis. The statistical significance level was
set at P < 0.05, and all P values were given for 2-sided
tests.

Results

Baseline Characteristics

According to the anthropometric group, the baseline
characteristics of 27 112 study population are presented
in Table 1. In males, the mean BMI (standard deviation)
was 23.9 (3.4) kg/m?, the mean WC (standard deviation)
was 82.6 (10.2) cm. The prevalence of general obesity
was 11.8% (95%CI: 11.2-12.3%), and abdominal obesity
was 40.1% (95%CI: 39.2-41.0%) (see Figure. S2 and Fig-
ure. S3 in the Additional file 1). In females, the mean BMI
(standard deviation) was 24.2 (3.6) kg/m?, the mean WC
(standard deviation) was 79.8 (9.9) cm. The prevalence
of general obesity was 14.6% (95%CI: 14.0-15.1%), and
abdominal obesity was 47.9% (95%ClL: 47.1-48.7%) (see
Figure. S2 and Figure. S3 in the Additional file 1).

Associations of Combining BMI and WC with Stroke

In males, 597 stroke events were observed during
6.40 £ 0.56 years follow-up. After adjusting for relevant
confounding factors, the normal weight or underweight/
normal WC group was the reference group. Among the
general male population, the risk of stroke onset was
increased by 45% (HR = 1.45 95%CI: 1.07-1.97), 41% (HR
= 1.41 95%CI: 1.14-1.75), and 46% (HR = 1.46 95%CL
1.11-1.91) in the normal weight/abdominal obesity, over-
weight/abdominal obesity, obesity/abdominal obesity
groups, respectively (see Table 2). In male with baseline
hypertension, diabetes, low HDL-C, or CVD risk fac-
tors, we found that stroke risk remained increased in the
normal weight or underweight/abdominal obesity, over-
weight/abdominal obesity, and obesity/abdominal obe-
sity groups (see Table S1 in the Additional file 1).

In females, 736 stroke events were observed during
6.44£0.43years follow-up. After adjusting for relevant
confounding factors, as for males, the normal weight or
underweight/normal WC group was the reference group.
Among the females, the risk of stroke onset was increased
by 33% (HR = 1.33 95%CI: 1.10-1.61), 46% (HR = 1.46
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Table 2 Associations of Combining BMI and WC with Stroke in Males

Normal weight or Overweight/  Normal weight or Overweight/ Obesity/
underweight/ Normal WC underweight/ Abdominal obesity Abdominal obesity
Normal WC Abdominal
obesity
General population
Number of events 249 60 57 152 79
Incidence rate (no./1000 person-years)  6.51 7.21 10.78 8.74 8.53
Hazard ratio 1.00 (reference) 1.09 1.45 141 1.46
95%Cl, without FAR - 0.81-1.47 1.07-1.97 1.14-1.75 1.11-1.91
95%Cl, with FAR 0.87-1.15 0.84-1.42 1.11-1.91 1.20-1.67 1.15-1.84
P-value’ - 0.561 0.017* 0.002* 0.007*
Subjects with CVD risk factors
Number of events 171 51 47 135 73
Incidence rate (no./1000 person-years)  7.62 847 12.56 9.46 8.76
Hazard ratio 1.00 1.10 1.56 140 1.40
95%Cl, without FAR - 0.79-1.54 1.10-2.20 1.10-1.79 1.04-1.88
95%Cl, with FAR 0.85-1.18 0.83-1.47 1.15-2.11 1.17-1.67 1.10-1.78
P-value’ 0.561 0012 0.007* 0.026"

Cl confidence interval, FAR floating absolute risk, BMI body mass index, WC waist circumference, HDL-C high-density lipoprotein cholesterol, CVD cardiovascular
disease

" P-value for fully adjusted hazard ratio (HR)
# indicates P<0.05

95%CI: 1.17-1.81) in the overweight/abdominal obe-  risk of stroke in the overweight/abdominal obesity, obe-
sity, obesity/abdominal obesity groups, respectively (see  sity/abdominal obesity groups except for the diabetes sub-
Table 3). In sub-populations, we still found an increased  population (see Table S2 in the Additional file 1).

Table 3 Associations of Combining BMI and WC with Stroke in Females

Normal weight or Overweight/  Normal weight or Overweight/ Obesity/
underweight/ Normal WC underweight/ Abdominal obesity Abdominal obesity
Normal WC Abdominal
obesity
General population
Number of events 220 46 77 242 151
Incidence rate (no./1000 person-years) 540 542 843 1037 10.87
Hazard ratio 1.00 (reference) 0.90 098 133 146
95%Cl, without FAR - 0.65-1.25 0.75-1.29 1.10-1.61 1.17-1.81
95%Cl, with FAR 0.87-1.15 0.67-1.21 0.78-1.24 1.17-1.52 1.24-1.72
P-value” 0.533 0.901 0.004" 0.001*
Subjects with CVD risk factors
Number of events 158 39 60 216 137
Incidence rate (no./1000 person-years)  7.81 6.94 10.09 12.55 11.83
Hazard ratio 1.00 0.84 0.90 127 127
95%Cl, without FAR - 0.59-1.20 0.66-1.22 1.03-1.58 1.00-1.61
95%Cl, with FAR 0.85-1.18 0.61-1.16 0.69-1.17 1.11-1.51 1.07-1.51
P-value’ 0.340 0.502 0.028" 0.046"

Cl confidence interval, FAR floating absolute risk, BMI body mass index, WC waist circumference, HDL-C high-density lipoprotein cholesterol, CVD cardiovascular
disease

" P-value for fully adjusted hazard ratio (HR)
# indicates P < 0.05
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Subgroup analysis and sensitivity analysis

The subgroup analysis and sensitivity analysis results for
the overweight/abdominal obesity group are summa-
rized in Fig. 1. In the subgroup analysis we only found
an interaction between age and anthropometric group
(P for interaction = 0.010) in the general female popu-
lation. Moreover, higher hazard ratio values for stroke
onset were found at age >50years than the age <50years.
In the sensitivity analysis, 356 (289) died and 36 (33) peo-
ple diagnosed with stroke within the first year among
the general male subjects (male subjects with CVD risk
factors) were excluded. Furthermore, 220 (186) people
died and 37 (32) people diagnosed with stroke within the
first year among the general female population (female
subjects with CVD risk factors) were excluded. We
both found no change in the sensitivity analysis results.
Results of subgroup analyses and sensitivity analyses for
other anthropometric groups are presented in Additional
file 1 Table S3.

Discussion

In our study, we found not only overweight/obesity with
abdominal obesity increased the risk of stroke onset,
but also normal weight or underweight with abdomi-
nal obesity increased the risk of stroke in male. It sug-
gests that males with abdominal obesity are at increased
risk of stroke even at a normal BMI. A Japanese study
showed a 22% (OR = 1.22 95%CI: 1.17-1.27) increased
risk of hypertension, 81% (OR = 1.81 95%CI: 1.74-1.89)
increased risk of dyslipidemia and 35% (OR = 1.35
95%CI: 1.25-1.46) increased risk of diabetes in normal
weight abdominal obesity males (normal weight with
normal WC as a reference) [36]. Moreover, some stud-
ies have shown an association between normal weight
abdominal obesity and stroke risk factors such as hyper-
tension, diabetes, and dyslipidemia [37, 38]. It may be one
reason why normal-weight abdominal obesity increased
the risk of stroke in males in our study. However, we
may overlook this group of people (normal weight with
abdominal obesity) because we tend to treat this group
as a normal population, namely no overweight/obesity.
Normal weight with abdominal obesity people may not
receive appropriate health education, and normal weight
people have lower central obesity awareness and control
[36, 39]. Thus, it is important to screen normal weight
with abdominal obesity using a combination of body
mass index and waist circumference in males [39, 40].

In the female general population, we only found an
increased risk of stroke in overweight/obesity with
abdominal obesity. Previous studies have shown that nor-
mal weight abdominal obesity is associated with CVD
risk factors in female [37, 38]. However, we found no
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increased risk of stroke in this population (normal weight
or underweight abdominal obesity), which may have
been influenced by other factors in our study. Specific
factors need to be further explored in our future studies.
A study found that elevated trunk fat and reduced leg fat
increase CVD risk in women of normal weight [25]. It
implies that the risk of CVD may be different in different
regions of body fat deposition in a normal weight popula-
tion of women. The present study suggests that it is may
be more beneficial to control waist circumference rather
than body mass index in overweight/obesity for stroke
prevention. Therefore, it is recommended to combine
body mass index and waist circumference to evaluate
the obesity pattern. Previous studies also recommended
combining body mass index and waist circumference to
evaluate obesity patterns [11, 41].

We analyzed hypertension and non-hypertension,
diabetes and non-diabetes, low HDL-C and non-low
HDL-C, CVD risk factors and non-CVD risk factors to
understand anthropometric groups’ impact on stroke risk
in the different subpopulations. We found that in male
with hypertension, diabetes, low HDL-C or CVD risk
factors populations all increased risk of stroke in the nor-
mal weight or underweight with abdominal obesity and
overweight/obesity with abdominal obesity population,
and also found hypertension, diabetes and low HDL-C
no modifying effects on the anthropometric group and
stroke incidence risk. Prior studies in the prediabetic
population in China shown that compared with normal
BMI without central obesity, the risk of cardiovascular
events was increased among men central obesity with
high BMI (HR, 95%ClIs were 1.32, 1.05 — 1.67 for BMI
24 — 27.9l(g/m2 and 1.31, 1.03 — 1.66 for BMI > 28kg/
m?, respectively) [42], consistent with the results of our
study. We also found that hypertension, diabetes, and low
HDL-C have no modifying effects on the anthropometric
group and stroke incidence risk. We further confirmed
the need for a combination of BMI and waist circumfer-
ence to assess obesity patterns.

Previous studies have confirmed that obesity defined
by BMI increases risk of cardiovascular disease. However,
BMI could not reflect the apportionment of body fat.
The distribution of body fat is closely related to the inci-
dence of cardiovascular diseases. Waist circumference
can be used as a supplement to BMI and roughly reflect
the distribution of body fat. A previous study found that
both WC and BMI were better than BMI or WC alone to
predict cardiovascular disease [43]. The possible mecha-
nism linking the combination of BMI and WC and risk of
stroke might be the increased oxidative stress and insulin
resistance resulting from increased body fat, and acceler-
ated atherosclerosis [44]. Moreover, some studies showed
that the combination of BMI and waist circumference
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Male

Subjects with CVD risk factors”

General population

05 10 15 20 25 3.

05 10 15 20 25 30

HR (95%CI) P for interaction HR (95%CI) P for interaction
Subgroup analysis
Age 0.368 0.336
<50 i 1.39 (0.78-2.49) —&——  1.64 (1.02-2.62)
=50 —a— 1.43 (1.09-1.88) —— 1.50 (1.17-1.93)
Educational level 0.284 0.765
Primary school and below  {—m—— 1.33 (0.94-1.90) —— 1.46 (1.06-2.01)
Middle school and above —— 1.60 (1.09-2.34) —a— 1.52 (1.09-2.11)
Current smoking 0.420 0.283
Yes - 1.38 (0.97-1.97) —a— 1.46 (1.06-2.00)
No - 1.47 (1.01-2.13) —.— 1.59 (1.13-2.22)
Current drinking 0.830 0.788
Yes —a— 1.43 (1.01-2.01) —— 1.43 (1.06-1.92)
No - 1.35 (0.92-1.98) . 1.44 (1.01-2.04)
Location 0.103 0.126
Urban H—a— 1.40 (0.89-2.21) —&——  1.62(1.09-2.40)
Rural — 1.52 (1.12-2.06) —a— 1.54 (1.17-2.03)
Sensitivity analysis
Excluding died —— 1.37 (1.08-1.75) - 1.39 (1.12-1.73)
Excluding stroke within 1 year |+—#— 1.41 (1.10-1.80) i 1.42 (1.14-1.77)
Excluding both above —.— 1.39 (1.08-1.77) - 1.40 (1.13-1.74)
Female 05 10 15 20 25 30 05 10 15 20 25 30
Subgroup analysis
Age 0.059 0.010
<50 — 1.24 (0.69-2.21) - 1.29 (0.84-1.99)
=50 —— 1.32 (1.03-1.69) i 1.34 (1.08-1.66)
Educational level 0.950 0.483
Primary school and below  |—&— 1.33 (1.02-1.74) — 1.28 (1.01-1.60)
Middle school and above —#——i 0.95 (0.58-1.53) —— 1.48 (1.00-2.19)
Current smoking 0.862 0.652
Yes » 0.54 (0.04-6.98) L 1.52 (0.37-6.36)
No —— 1.25 (1.01-1.56) i 1.30 (1.06-1.58)
Current drinking 0.690 0.806
Yes =281 (1.07-7.40) ———a——2.12(1.15-3.91)
No - 1.22 (0.96-1.54) i 1.29 (1.05-1.59)
Location 0.279 0.333
Urban o 1.12 (0.76-1.64) - 1.43 (1.02-1.99)
Rural —a— 1.39 (1.05-1.83) —m— 1.33 (1.04-1.71)
Sensitivity analysis
Excluding died - 1.28 (1.02-1.60) —m— 1.32 (1.09-1.61)
Excluding stroke within 1 year 8 1.27 (1.01-1.60) Hi— 1.33 (1.10-1.61)
Excluding both above . 1.26 (1.00-1.58) —m— 1.32 (1.09-1.61)

Fig. 1 Result of Overweight/Abdominal obesity in Subgroup and Sensitivity Analysis for Incident Stroke in Males and Females. *CVD risk factors
denotes subjects with hypertension, diabetes, or low blood HDL-C. CVD, cardiovascular disease; HDL-C, high-density-lipoprotein cholesterol.
Stratified by region, age and adjusted for educational level, marital status, location, occupational, smoking, current drinking, physical activity,
self-rated health, consumption of fresh vegetables, consumption of fresh fruit, insufficient intake of vegetables and fruit, not included subgroup. The
black boxes represent hazard ratios, and the horizontal lines represent 95% confidence intervals. Likelihood ratio tests were performed to examine
the interaction of anthropometric groups and baseline characteristic
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could better evaluate the proportion of body fat and pre-
dict visceral obesity which would allow for a more com-
prehensive assessment of a person’s obesity [45-47]. We
conducted subgroup and sensitivity analyses in the gen-
eral population and population with the CVD risk fac-
tors. We only found an effect modification of age on the
anthropometric group and stroke onset in the general
female population. Higher hazard values for age greater
than or equal to 50years of obesity with the abdominal
obesity population. We excluded those who died and
within the first year stroke with the results unchanged
and confirmation of stability of study results.

Several studies also examined the relationship between
the combination of body mass index and waist circumfer-
ence and the risk of stroke mortality. The Third National
Health and Nutrition Examination Survey (NHANES III)
showed that the total risk of mortality hazard ratios 1.87
(95%CI, 1.53-2.29) in the normal weight central obesity
population in men and 1.48 (95%CI, 1.35-1.62) in women,
and overweight without central obesity have lower all-
cause mortality among men [23, 24]. It demonstrates that
the combination of body mass index and waist circumfer-
ence is also significant in stroke mortality.

Our study has the strength of a prospective cohort
study. Height, weight, and waist circumference were
measured by trained and qualified investigators using
a uniform measurement protocol. In addition, stroke
outcomes were confirmed by a face-to-face survey with
a structured questionnaire, and further confirmed by
review of medical records (e.g., clinical diagnosis infor-
mation, imaging scans) and checking with Cardiovascu-
lar Event Reporting System. Previous studies have shown
that strokes can also be reasonably assessed using self-
administered questionnaires [48]. We also calculated the
hazard ratio (HR) (with the same hazard ratio value as
the traditional method) and 95% confidence interval of
HR using a floating absolute risk (FAR) method [49].

However, our study has limitations. First, there are
some loss-of-follow up. Although loss of follow-up rate
was less than 30%, the loss of follow-up may have biased
the results (e.g., over or underestimation of the results).
Second, body mass index and waist circumference
changes were not be measured after the baseline meas-
urements as fluctuations in body weight and waist cir-
cumference may affect the risk of stroke. Third, we did
not further analyze the stroke subtypes due to sample
size. It requires us to expand our populations to study the
situation of stroke subtypes in the future. Fourth, abdom-
inal obesity is assessed only using waist circumference
indicator, and several studies have shown that waist-to-
height ratio may be better than waist circumference [50,
51]. Moreover, it has been noted that the correlation of
BMI, waist circumference and waist to height ratio are
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up to 0.9, making it difficult to disentangle these param-
eters [52]. One suggestion, has been to use an index such
as ABSI, that normalizes waist circumference to BMI [53,
54]. Fifth, some confounding factors are not included
(e.g., air pollution). Finally, the results are possible lim-
ited due to the Chinese population.

Conclusions

Compared with the normal weight or underweight with
normal WC group, overweight/obesity with abdominal
obesity or normal BMI with abdominal obesity increase
the risk of incident stroke in males, and overweight/obe-
sity with abdominal obesity increases the risk of incident
stroke in females. Body mass index and waist circumfer-
ence should be combined to assess obesity patterns, and
identify individuals most in need of weight control to
prevent stroke.
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