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Abstract

Objective We aimed to evaluate the combined effects of a high body shape index (ABSI) and a high
serum C-reactive protein (CRP) level on the incidence of ischemic stroke in a Mongolian population in
China.

Methods A prospective cohort study was conducted among 2,589 participants from June 2002 to July
2012 in Inner Mongolia, China. The participants were categorized into 4 groups according to their level
of ABSI and CRP. Cox proportional hazards models were used to assess the hazard ratios (HRs) and 95%
confidence intervals (ClIs) for ischemic stroke among all groups.

Results The multivariate adjusted HRs (95% Cl) of ischemic stroke for high ABSI and high CRP level
were 1.46 (0.89-2.39) and 1.63 (0.95-2.79), respectively. Compared with the low ABSI/low CRP level
group, the multivariate adjusted HRs (95% Cl) of ischemic stroke in the low ABSI/high CRP, high ABSI/low
CRP, and high ABSI/high CRP groups were 1.04 (0.46-2.35), 1.06 (0.58-1.95) and 2.52 (1.27-5.00),
respectively. The HR of ischemic stroke for the high ABSI/high CRP level group was the highest and most
statistically significant.

Conclusion We found that participants with simultaneously high ABSI and high CRP levels had the
highest risk of ischemic stroke in the Mongolian population. Our findings suggest that the combination
of high ABSI and high CRP levels may increase the risk of ischemic stroke.
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INTRODUCTION

troke is one of the main causes of
Smortality and long-term disabilitym and
has become an important public health

concern worldwide. Ischemic stroke accounted for

nearly 87% of all strokes™?. In recent years, obesity
and C-reactive protein (CRP) levels have been

investigated extensively with regard to risk of stroke
and cardiovascular disease in populations[3'7]. CRP
has been proven to be a sensitive systemic marker of
endothelial inflammatory response; it is involved in
the initiation and progression of atherosclerosis and
is an important risk factor for ischemic stroke® ™",
Assessment of CRP levels for patients with
intermediate  cardiovascular risk  has  been
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recommended by the American College of
Cardiology Foundation™>*?, Obesity, defined as a
body mass index (BMI) > 30 kg/mz, is a modifiable
risk factor for stroke® and has been found to be
positively associated with a high CRP level™.
Obesity, as defined by the increase in BMI, might not
distinguish fat accumulation from muscle mass,
although it is widely used as a measure of obesitylls].
A Body Shape Index (ABSI), a new anthropometric
parameter, has been developed to evaluate obesity
and can reflect more abdominal adiposity than
BMI®E. A study reported that ABSI might predict
all-cause mortality independently of BMI in a large
cohort of American adults™”*®, However, few
studies have examined the combined effect between
obesity defined by ABSI and CRP on the risk of
ischemic stroke incidence. Hence, we investigated
the cumulative effect of a combined ABSI and CRP
status on the risk of ischemic stroke incidence
among a Mongolian population in Inner Mongolia,
China.

METHODS

Study Participants

This prospective cohort study was conducted
from June 2002 to July 2012 in Inner Mongolia, an
autonomous region in north China. Thirty-two
villages in 2 adjacent townships of Kezuohou Banner
(county) and Naiman Banner were selected as study
fields because they had the highest proportion of
Mongolians living a traditional Mongolian lifestyle.
The detailed methods for participant selection and
investigation protocols have been reported
previously“g]. In brief, there were a total of 3,475
Mongolians aged 20 years and older who lived in 32
villages in 2 townships. Among them, 886 people
were excluded for refusing to participate or for
existing cardiovascular or endocrine diseases
including hyper/hypothyroidism. A total of 2,589
participants were included in the study. This study
was approved by the Soochow University Ethics
Committee. Written informed consent was obtained
from all study participants.

Data Collection and Laboratory Tests

Baseline data on the demographic
characteristics, lifestyle risk factors, family history of
cardiovascular disease (CVD), and medical histories
of the participants were obtained using standard
questionnaires given by trained staff. Cigarette

smoking was defined as having smoked at least 1
cigarette per day for at least 1 year, and alcohol
consumption was defined as consuming any type of
alcoholic beverage containing at least 25 g alcohol
per day on average for 1 year or more during the
past few years. Three consecutive blood pressure
(BP) measurements were taken for each participant
in a seated position by trained staff using a mercury
sphygmomanometer according to a standard
protocol. The first and fifth Korotkoff sounds were
recorded as systolic BP (SBP) and diastolic BP (DBP),
respectively. The mean of the three BP
measurements was used for data analyses.
Hypertension was defined as SBP > 140 mmHg,
and/or DBP = 90 mmHg, and/or use of
antihypertensive medications in the last two
weeks?. Body weight and height were measured by
trained staff with participants wearing light clothing
and no shoes. Weight in kilograms divided by the
square of the height in meters was calculated as the
body mass index (BMI) (kg/mz). Waist circumference
(WC) was measured at the level of 1 cm above the
umbilicus at the end of a normal expiration. ABSI
was calculated according to the following formula:
ABSI = WC/(BMI*? x height%); WC and height were
expressed in meters.

Fasting blood samples were collected in the
morning after all participants had been fasting for at
least eight hours. Plasma and serum samples were
all frozen at -80 °C before laboratory testing. A
modified hexokinase enzymatic method was used to
determine fasting plasma glucose (FPG) levels. Total
cholesterol (TC), triglycerides (TG), and high-density
lipoprotein  cholesterol (HDL-C) levels were
measured enzymatically on a Beckman Synchrony
CX5 Delta Clinical System (Beckman Coulter,
Fullerton, CA, USA) using commercial reagents.
Low-density lipoprotein cholesterol (LDL-C) level was
calculated using the Friedewald equation for
participants with TG levels less than 400 mg/dL.
Serum CRP levels were assessed using an
immunoturbidimetric assay on a Beckman Synchron
CX5 Delta Clinical System with commercial reagents.

Follow-up and Outcome Assessment

All participants were followed up from June
2002 to July 2012. The follow-up methods and
outcome assessments have been previously
described in detail®™. In brief, the primary study
outcome was the occurrence of ischemic stroke
during the follow-up period. Participants who did not
experience an ischemic stroke event, who died from
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other causes, or were lost to follow-up were not
included in the analysis. The date of stroke incidence
was defined as the endpoint date. Four county-level
hospitals with modern diagnostic facilities including
computed tomography (CT) and magnetic resonance
imaging (MRI) provided residents in the study with
medical services. After the baseline data were
obtained, household surveys for all participants were
conducted every two vyears to determine the
incidence of ischemic stroke events. Trained staff
interviewed either the participants or their relatives
(if participants were dead or unable to communicate)
and completed a questionnaire regarding their
medical status. If a participant experienced a stroke
event during the period since the last survey, the
staff reviewed their hospital records including
outpatient or admission records, the discharge
summary, and especially CT or MRI scan results for
confirmation. Stroke was defined as evidence of an
acute disturbance in focal areas of the brain lasting
for 2 24 h and thought to be due to intracranial
hemorrhage or ischemia®. The participants
diagnosed with ischemic stroke by head CT or MRI
scans at a hospital were determined to have a
positive study outcome.

Statistical Analysis

In our study, the participants were categorized
into 2 groups according to their ABSI levels: a low
ABSI level [ABSI < 0.0837 (the bottom 3 quartiles)]
and a high ABSI level [ABSI > 0.0837 (the upper
quartile)]. The participants were also categorized
into 2 groups according to their CRP levels: a low
CRP level [log CRP < 1.06 mg/L (the bottom 3
quartiles)] and a high CRP level [log CRP > 1.06 mg/L
(the upper quartile)]. Furthermore, all participants
were divided into 4 groups: low ABSI/low CRP level,
low ABSI/high CRP level, high ABSI/low CRP level,
and high ABSI/high CRP level. Baseline characteristics
were compared across all four groups. Continuous
variables were expressed as mean t standard
deviation (SD) for normal distribution and as median
(interquartile ranges) for skewed distribution;
categorical variables were described as frequency
(percent). The distributions of conventional risk
factors were compared using analysis of variance for
continuous variables with normal distribution,
Kruskal-Wallis H tests for continuous variables with
skewed distribution, and chi-squared tests for
categorical variables. By adjusting for age, gender,
cigarette  smoking, alcohol drinking, FPG,
hypertension status, family history of cardiovascular

disease, TG, HDL-C, CRP (only adjusted in models for
ABSI), and BMI (only adjusted in models for CRP),
multivariable Cox proportional hazard models were
used to determine the hazard ratios (HRs) for
ischemic stroke associated with a high ABSI and a
high CRP level. Then, the cumulative risk of ischemic
stroke among the 4 groups was estimated using
Kaplan-Meier curves and compared with a log-rank
test. We used Cox proportional hazards models to
compute the HRs for ischemic stroke across the 4
groups by adjusting for important confounding
factors including age, gender, cigarette smoking,
alcohol drinking, FPG, hypertension, family history of
cardiovascular disease, TG, and HDL-C. In addition,
we tested the discriminatory ability of ABSI, BMI, WC,
and CRP to predict ischemic stroke using receiver
operating characteristic curves (ROCs). The DelLong
non-parametric test was used to compare the
different area under the curves (AUCs)[B]. A
two-tailed P-value < 0.05 was considered statistically
significant. All statistical analyses were conducted
using SAS statistical software (version 9.4, Cary, NC,
USA).

RESULTS

Until July 31, 2012, we followed 2,589
participants for an average of 9.2 years. Six
participants were lost to follow-up. Thirty-four
participants were excluded for missing ABSI or CRP
data, and a total of 2,549 people were ultimately
included in the analysis. Among the 2,549
participants, 76 ischemic stroke events were
recorded during the follow-up period. The
cumulative incidence rates of ischemic stroke were
2.98% and the incidence density was 323 per
100,000 person-years.

Demographic and Clinical Characteristics

Our study included 1,045 males and 1,504
females. The mean age of the participants was
46.50 * 12.38 years at baseline. Table 1 presents the
baseline characteristics among the 4 groups.
Conventional stroke risk factors, such as age, gender,
cigarette smoking, alcohol drinking, family history of
CVD, hypertension status, BMI, FPG, TG, TC, LDL-C,
and HDL-C were significantly different among the 4
groups. Participants with the a high level of ABSI in
either the low CRP level or the high CRP level group
tended to be older, smokers, drinkers, hypertensive,
and have higher TC levels; those with high CRP levels
in either the low ABSI or the high ABSI level groups
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were prone to be male, have higher levels of BMI, TG,
LDL-C, FPG, a family history of CVD, and lower levels
of HDL-C.

Associations of ABSI and CRP Levels with Ischemic
Troke

Table 2 shows the multivariable adjusted HR for
the association of ABSI and CRP levels with the risk
of incident ischemic stroke. In crude models, high
ABSI and high CRP levels were significantly associated

with the risk of ischemic stroke with HRs (95% Cl)
of 3.67 (2.34-5.75) and 1.94 (1.22-3.08),
respectively. After multivariate adjustments, HRs
(95% Cl) for ischemic stroke among the participants
with high ABSI and high CRP levels were 1.46
(0.89-2.39) and 1.63 (0.95-2.79), respectively,
compared to those with low ABSI or low CRP levels.
Moreover, 1-SD increment of ABSI and logarithm
CRP were 1.18 (0.94-1.47) and 1.18 (0.90-1.55),
respectively.

Table 1. Baseline Characteristics of 4 Subgroups According to ABSI and
CRP Levels among 2,549 Participants

oufSSlMOAS/ el MOy
Number of participants 1,495 418 424 212
Age (years) 42.92 +10.78 55.47 +2.32 45.66 +11.23 55.70 + 11.74 <0.0001
Male (%) 590 (39.41) 155 (36.73) 209 (49.64) 91 (43.54) 0.0004
Cigarette smoking (%) 604 (40.35) 214 (50.71) 201 (47.74) 112 (53.59) <0.0001
Alcohol drinking (%) 437 (29.19) 160 (37.91) 160 (38.00) 94 (44.98) <0.0001
Family history of CVD (%) 144 (9.62) 49 (11.61) 87(20.67) 50 (23.92) <0.0001
Hypertension (%) 440 (29.39) 190 (45.02) 202 (47.98) 121 (57.89) <0.0001
BMI (kg/m?) 22.05+3.21 21.56 +3.56 23.40+3.71 22.91+4.01 <0.0001
ABSI (m*"¢/kg”?) 0.0781 + 0.0036 0.0875 + 0.0040 0.0790 + 0.0031 0.0878 +0.0038 <0.0001
TG (mmol/L) 0.81(0.58-1.14) 0.96 (0.70-1.35) 1.38 (0.96-2.01) 1.55 (1.08-2.46) <0.0001
TC (mmol/L) 3.45 (2.83-4.07) 3.85 (3.23-4.60) 3.74 (3.13-4.78) 4.22(3.38-5.04) <0.0001
LDL-C (mmol/L) 2.04 (1.51-2.63) 2.36(1.78-3.11) 2.36 (1.73-3.21) 2.61(1.90-3.37) <0.0001
HDL-C (mmol/L) 1.17 (0.98-1.38) 1.19 (1.01-1.43) 1.03 (0.86-1.27) 1.09 (0.92-1.30) <0.0001
FPG (mmol/L) 4.7 (4.2-5.2) 4.6 (4.2-5.2) 5.3 (4.9-5.8) 5.6 (4.9-6.3) <0.0001
logCRP (mg/L) 0.66 +0.24 0.700.21 1.28+0.17 1.33+0.19 <0.0001

Note. *CVD, cardiovascular disease; BMI, body mass index; ABSI, a body shape index; TG, triglyceride; TC,
total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FPG,
fasting plasma glucose; CRP, C-reactive protein.

Table 2. Hazard Ratios and 95% Confidence Intervals of Ischemic Stroke with ABSI and CRP

Unadjusted Age and Gender Adjusted Multivariable Adjusted*

trems HR 95% ClI HR 95% ClI HR 95% ClI
Low ABSI 1.00 reference 1.00 reference 1.00 Reference
High ABSI 3.67 (2.34-5.75) 1.34 (0.82-2.19) 1.46 (0.89-2.39)
ABSI (per 1 SD) 1.61 (1.41-1.83) 1.13 (0.90-1.42) 1.18 (0.94-1.47)
Low CRP 1.00 reference 1.00 Reference 1.00 reference
High CRP 1.94 (1.22-3.08) 1.61 (1.01-2.56) 1.63 (0.95-2.79)
10gCRP (per 1 SD) 1.30 (1.05-1.62) 1.17 (0.93-1.46) 1.18 (0.90-1.55)

Note. *Adjusted for age, gender, alcohol drinking, cigarette smoking, hypertension, FPG, TG, HDL
cholesterol, family history of CVD, CRP (only adjusted in models for ABSI) and BMI (only adjusted in models for
CRP).
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Combined Effect of ABSI and CRP Level on Ischemic
Stroke Risk

Figure 1 presents the Kaplan-Meier curves for
cumulative incidence rates of ischemic stroke among
the 4 groups according to ABSI and CRP levels.
During the average 9.2 years of follow-up, the
cumulative incidence rates of ischemic stroke among
the low ABSI/low CRP, low ABSI/high CRP, high
ABSI/low CRP, and high ABSI/high CRP level groups
were 1.83%, 2.18%, 4.89%, and 9.71%, respectively
(P < 0.0001). The cumulative incidence of ischemic
stroke was highest in the high ABSI/high CRP level
group.

Table 3 presents the unadjusted and
multivariate adjusted HRs (95% ClI) for ischemic
stroke for the different combinations of ABSI and
CRP levels. Compared with the low ABSI/low CRP
level group, the unadjusted HRs (95% Cls) for
ischemic stroke in the low ABSI/high CRP, high
ABSI/low CRP and high ABSI/high CRP level groups
were 1.21 (0.57-2.58), 2.80 (1.57-4.99), and 5.82
(3.27-10.39), respectively. After adjusting for
multivariate factors including age, gender, cigarette

Q2| - Low ABSI/Low CRP

-1 Low ABSI/High CRP
-1 High ABSI/Low CRP
-1 High ABSI/High CRP

9.71%

0.08 |

—4.89%
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Figure 1. Estimated cumulative incidence

curve of ischemic stroke among four
subgroups.

smoking, alcohol drinking, hypertension, FPG, family
history of CVD, TG, and HDL-C, the HRs (95% ClIs) for
ischemic stroke for the low ABSI/high CRP, high
ABSI/low CRP, and high ABSI/high CRP level groups
were 1.04 (0.46-2.35), 1.06 (0.58-1.95), and 2.52
(1.27-5.00), respectively. The HR for the high
ABSI/high CRP level group remained significant
although it decreased. In addition, no significant
interaction was observed between ABSI and CRP
levels on ischemic stroke risk in the multivariable
analysis (P = 0.110).

ROC curves which demonstrated the predictive
values of ABSI, BMI, WC, and CRP on the risk
of ischemic stroke are shown in Figure 2. The AUCs
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Figure 2. Area under the curve for the
prediction of ischemic stroke incidence
according to the baseline ABSI, CRP, BMI, and
WC levels. The AUCs of ABSI, BMI, WC, and
CRP were 0.706 (0.688-0.724), 0.537 (0.517
-0.556), 0.572 (0.552-0.591), and 0.585
(0.565-0.604), respectively. The AUC of ABSI
is significantly higher than that of BMI (P =
0.0002), WC (P = 0.0001) and CRP (P =
0.0024).

Table 3. Adjusted Hazard Ratios for Ischemic Stroke Incidence According to ABSI with CRP Level

Unadjusted Age and Gender Adjusted Multivariable Adjusted*
Items Events Person-years
HR 95% CI HR 95% CI HR 95% CI
Low ABSI/Low CRP 27 13948 1.00 (reference) 1.00 (reference) 1.00 (reference)
Low ABSI/High CRP 9 4005 1.21 (0.57-2.58) 0.98 (0.46-2.09) 1.04 (0.46-2.35)
High ABSI/Low CRP 20 3721 2.80 (1.57-4.99) 0.93 (0.50-1.71) 1.06 (0.58-1.95)
High ABSI/High CRP 20 1860 5.82 (3.27-10.39) 2.12 (1.16-3.88) 2.52 (1.27-5.00)
ABSI x CRP 1.72 (0.65-4.56) 2.34 (0.88-6.21) 2.30 (0.83-6.36)

Note. *Adjusted for age, gender, alcohol drinking, cigarette smoking, hypertension, FPG, TG, HDL
cholesterol, family history of CVD. FPG: fasting plasma glucose, TG: triglyceride, HDL: high density lipoprotein

cholesterol.
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(95% ClIs) of ABSI, CRP, BMI, and WC were 0.706
(0.688-0.724), 0.585 (0.565-0.604), 0.537 (0.517
-0.556), and 0.572 (0.552-0.591), respectively.
The AUC of ABSI was significantly higher than that of
BMI (P = 0.0002), WC (P = 0.0001), and CRP (P =
0.0024).

DISCUSSION

In this prospective cohort study in the Inner
Mongolian population, we found that individuals
with higher ABSI and higher CRP levels only show a
marginally significant association with increased risk
of ischemic stroke although they had higher HRs of
1.46 and 1.63, respectively, after adjustment for
other important cardiovascular risk factors including
age, gender, cigarette smoking, alcohol drinking,
hypertension, FPG, family history of CVD, TG, HDL-C,
CRP (only adjusted in models for ABSI), and BMI
(only adjusted in models for CRP). However, the
individuals with both high ABSI and high CRP levels
had a 2.52-fold higher risk of ischemic stroke after
adjusting for the important cardiovascular risk
factors, than those with low ABSI and low CRP levels.
These findings suggest a combined effect of high
ABSI and high CRP levels on the risk of ischemic
stroke. To the best of our knowledge, this is the first
study conducted to assess the cumulative effect of
higher ABSI and higher CRP levels on ischemic stroke
incidence among Mongolians in China.

Obesity, especially abdominal visceral fat, has
been reported to be strongly associated with
cardiovascular risks>24%°, ABSI, a new
anthropometric measure which reflect indicates the
accumulation of abdominal visceral fat[m, was
associated with mortality and the incidence of CVD
events®®® as well as atherosclerosis in patients
with type 2 diabetes®”. A meta-analysis including 24
retrospective cohort studies and 14 cross-sectional
studies across 15 countries found that 1 SD increase
in ABSI was associated with a 21% increase for CVD
and a 55% increase for all-cause mortality risk®,
CRP is a marker of low-grade vascular inflammation
and plays a key role in the development and rupture
of atheromatous plaques[32’33]. CRP may contribute
to the progression of atherothrombosis®***),
atherosclerosis, and endothelial cell dysfunction[%],
and is independently associated with the risk of
cardiovascular events, including ischemic
stroke™¥3%. Given that both ABSI and CRP were
closely associated with atherosclerosis, our study
focused on the combined effect of ABSI and CRP on

ischemic stroke. Although CRP had a weak
association with ischemic stroke with an HR (95% C/)
of 1.63 (0.95-2.79) in our study, the participants with
both high ABSI and high CRP levels had the highest
cumulative incidence and highest risk of ischemic
stroke indicating that co-existence of high ABSI and
high CRP levels had a higher risk of ischemic stroke
than each factor alone. Some studies have reported
that CRP increased among obese subjects whose
microvascular endothelium was impaired”o'“], and
visceral obesity can significantly increase insulin
resistance and the risk of hyperlipidemias[43]. In turn,
hyperlipidemias could evoke inflammation and
contribute to ischemic lesions*. Furthermore, some
studies have shown that CRP, TG, and obesity are
interrelated and seem to act synergistically to
aggravate the progression of cardiovascular
diseases"***!. statin therapy was confirmed to be
effective in decreasing CRP concentrations and
preventing coronary events®®.  These studies
supported our findings that there was a combined
effect of high ABSI and high CRP levels on the
incidence of ischemic stroke. Horvei et al. suggested
that the combination of increased CRP levels and
obesity may share the same pathway in promoting
arterial and venous thromboses, which increases the
risk of ischemic stroke!”. Our findings suggested
that examination of CRP and TG concentrations and
an evaluation of ABSI should be performed to screen
high risk populations at to predict the risk of
ischemic stroke.

Several strengths in our study are worth
mentioning. Firstly, the study participants were
homogeneous in terms of their stable genetic
background and environmental exposures. Secondly,
the study data were collected with rigid quality
controls. Thirdly, a relatively long observation period
and a low rate of loss to follow-up assured a less
biased association in the analyses. However, there
are some limitations that need to be considered.
First, the sample size was not very large, and
sub-analyses were not performed due to the limited
number of study outcomes. Additionally, measures
of ABSI and CRP levels were conducted only at
baseline. Weight loss or CRP variations could not be
assessed during the follow-up period. Moreover,
information regarding any treatments for low-level
inflammation  and  dyslipidemia  was  not
collected. Given the low rates of awareness and
treatment for diseases in the Mongolian population,
the effect of these confounding factors might be
minimal.
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CONCLUSIONS

We found that the participants with
simultaneously high ABSI and high CRP levels had the
highest risk of ischemic stroke in the Mongolian
population. Our findings suggest that the
combination of high ABSI and high CRP levels may
increase the risk of ischemic stroke.
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