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The Chinese visceral adiposity index: a novel s

indicator more closely related to cardiovascular
disease than other abdominal obesity indices
among postmenopausal women
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Abstract

Background Several abdominal obesity indices including waist circumference (WC), waist-hip ratio (WHR), visceral
adiposity index (VAI), lipid accumulation product (LAP), and Chinese visceral adiposity index (CVAI) were considered
effective and useful predictive markers for cardiovascular disease (CVD) in general populations or diabetic popula-
tions. However, studies investigating the associations between these indices among postmenopausal women are
limited. Our study aimed to investigate the associations of the five indices with incident CVD and compare the predic-
tive performance of CVAI with other abdominal obesity indices among postmenopausal women.

Methods A total of 1252 postmenopausal women without CVD at baseline were analyzed in our investigation based
on a 10-year follow-up prospective cohort study. Link of each abdominal obesity index with CVD were assessed

by the Cox regression analysis and the Kaplan—Meier curve. The receiver operating characteristic (ROC) curves were
drawn to compare the predictive ability for CVD.

Results During the median follow-up of 120.53 months, 121 participants newly developed CVD. Compared

to quartile 1 of LAP and CVAI, quartile 4 had increased risk to develop CVD after fully adjusted among postmeno-
pausal women. When WC, VAl and CVAI considered as continuous variables, significant increased hazard ratios (HRs)
for developing CVD were observed. The areas under the curve (AUC) of CVAI (0.632) was greatly higher than other
indices (WC: 0.580, WHR: 0.538, LAP: 0.573, VAI: 0.540 respectively).

Conclusions This study suggested that the abdominal obesity indices were associated with the risk of CVD excluded
WHR and highlighted that CVAI might be the most valuable abdominal obesity indicator for identifying the high risk
of CVD in Chinese postmenopausal women.

Keywords Abdominal obesity indices, Cardiovascular disease, Chinese postmenopausal women, Chinese visceral
adiposity index
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Background

Cardiovascular disease (CVD) is the leading cause of
morbidity and mortality in women worldwide, with
a proportion of 35% of all death causes [1]. Since 1990,
China showed a steady increase in the prevalence of
CVD among women [2]. However, women cardiovascu-
lar health and cardiovascular risk were underemphasized
during the past decade [3, 4]. As a result, it is essential
to explore effective influencing factors for CVD in order
to better predict cardiovascular disease and provide valu-
able strategies for women. Previous study evidenced that
the fatality rate of CVD had increased largely among
women at midlife (40-65 years), the same time as men-
opause [5]. Menopause, with the reduction and even
disappearing of estrogen levels, is considered a turning
point for women’s cardiometabolic change [5]. Women
after menopause were found to have a notably higher
probability to develop CVD, identifying that menopausal
transition relates to increased cardiovascular risk [6] and
preventive strategies required [7].

Former studies indicated that close relationship may
exist between the menopause transition and the occur-
rence of obesity among women [8, 9]. Obesity has been
considered as an important cardiovascular risk factor by
accumulative evidence. Although body mass index (BMI)
is frequently utilized to classify overweight or obesity,
it cannot neither distinguish the lean mass and total fat
mass nor capture the distribution of body fat [10]. Fur-
thermore, menopause transition lead to an increased
abdominal fat deposition compared to peripheral fat
deposition [11, 12], and accumulative evidence demon-
strated that adipose tissue distribution rather than overall
adiposity is more critical in determining CVD risk [13].

Radiological imaging techniques can accurately assess
abdominal adiposity, however, the expensive cost, time
consuming and radiation hazards restrict its applica-
tion in large-scale clinical investigation [14]. Thus,
simple, effective, non-invasive, and easily accessible
markers closely associated with abdominal fat required
to be established. Electrocardiogram (ECG) and coronary
angiography are important methods to diagnose coro-
nary heart disease (CHD). Nevertheless, ECG and coro-
nary angiography may be normal at baseline in healthy
population. Screening high risk population for CVD is
very useful for early intervention and treatment. Consid-
ering the low detection rate of ECG at baseline and the
high cost and complex operation of coronary angiogra-
phy, we aimed to discover a surrogate marker for pre-
dicting CVD. As is known to all, waist circumference
(WQ) is considered as a traditional abdominal fat index.
Recently, several newly established indicators were found
to have independently predictive values for CVD inci-
dence in general population, including waist-hip ratio
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(WHR), lipid accumulation product (LAP), visceral adi-
posity index (VAI) and Chinese visceral adiposity index
(CVAI) [15, 16]. However, there is still unclear about the
longitudinal association of these indices with CVD risk in
postmenopausal women. Thus, it is necessary to exam-
ine further which abdominal obesity index is the optimal
predictor of CVD in postmenopausal women. The pre-
sent study aimed to investigate the association between
the abdominal fat indicators with CVD incidence and
compared their risk prediction performances in a pro-
spective cohort study.

Methods

Study population

The present study launched during the period from 2005
to 2006, enrolled participants aged 35-70 from 12 com-
munities in Eastern China and conducted a 10-year fol-
low-up. To obtain perfectly representative sample of the
general Eastern China populations against area variations
interference, participants were required to have resided
in the specific community for a minimum of 5 years,
selected by a random, multi-stage and cluster sampling.

From 2005 to 2006, a total of 2112 postmenopau-
sal women participants were included in our research.
After excluding participants with CVD history at base-
line (n=268), with missing data of the baseline informa-
tion (n=139), with abnormal menopausal age (<45 years
or >55 years, n=279), there were 1426 postmeno-
pausal women participants available included in our
investigation.

With the rapid economic development and unprec-
edented urbanization, the migration flow in China over
the past two decades has rapidly increased [17]. After a
median follow-up period of 120.53 months, 174 post-
menopausal women were lost to follow-up with a shed-
ding rate of 12.2%. Totally, 1252 participants eventually
took part in the present analysis (Fig. 1).

The study was approved by the Ethics Review com-
mittee of the Shandong Academy of Medical Sciences
(Approval Number: 202111120194) and conducted in
conformity with the Declarations of Helsinki. Written
informed consent were provided from all participants.

Baseline survey and definitions

Participants were asked to carry out the standardized
questionnaire investigations on their baseline infor-
mation face to face established by professional and
well-trained staffs, contained with socio-demographic
information (age, sex, menopausal information, num-
ber of children and education level), life styles (smok-
ing status, alcohol drinking status, physical activity and
energy intake percentage from fat and carbohydrate),
individual histories of diseases (diabetic mellitus,
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postmenopausal women participants aged
35-70 finished the standardized
questionnaires established by examination-
qualified staffs from 2005-2006 (n = 2112)
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Excluding 687 participants:
(1) with CVD history at baseline
(n=268)

» (2) with missing data of the baseline
information (n=139)

(3) with abnormal menopausal age
(< 45 years or > 55 years, n=279)

174 postmenopausal women were

A

1252 participants eventually took part
in the present analysis

Fig. 1 Flow diagram of patient selection. CVD cardiovascular disease

hypertension and CVD) and taking medication (anti-
hypertensive, antidiabetic and antilipemic drugs). The
menopausal information involved the menarcheal age,
the menstrual cycles, having gone through menopause
or not and age at menopause. The number of chil-
dren was categorized into 5 groups, including 0, 1, 2,
3, and >4. Education level was divided into three cat-
egories, inclusive of pre-secondary school, second-
ary school and post-secondary school. Smoking and
alcohol drinking status were both defined as never,
former or current. Physical activity was self-reported,
based on the International Physical Activity Question-
naire (IPAQ) in 1998, the most widely used instrument
applicable across countries for monitoring and assess-
ing population physical activity level [18]. Low physi-
cal activity was defined as <600 metabolic equivalent
task (MET) X minutes per week or <150 min per week
of moderate intensive physical activity. Energy intake
percentage from fat and carbohydrate were divided
into three according to the tertiles. The diagnostic
criteria for diabetic mellitus (DM) was fasting plasma
glucose>6.9 mmol/L, a self-reported history of DM
or the utilization of antidiabetic drugs [19]. Simi-
larly, hypertension was defined as systolic blood pres-
sure (SBP)>140 mmHg or diastolic blood pressure
(DBP) >90 mmHg, having been diagnosed with hyper-
tension or the use of antihypertensive drugs [20].

| lost to follow-up

Clinical laboratory results were obtained by experi-
enced physicians collecting participants’ venous blood
samples of the anterior elbow after an overnight fast
for a minimum of 8 h and next testing. Professional
experimental staffs in the laboratory were in charge of
measuring the biochemical indexes using standardized
autoanalyzers, including total cholesterol (TC), triglyc-
eride (TQ), fasting plasma glucose (FPG), high-density
lipoprotein cholesterol (HDL-C) and low-density lipo-
protein cholesterol (LDL-C).

The regularly calibrated sphygmomanometer was
applied to estimate participants’ blood pressure by pro-
fessional physicians complying with standard steps
repeatedly and the mean of the three measurements was
computed. In order to get an accurate blood pressure
reading, participants should be required to empty their
bladders, with no food or drink for at least 30 min and sit
comfortably for a minimum of 5 min before measuring,
put both feet flat on the ground and rest their arms on
the table with the cuff at chest height against bare skin
without talking during the measurement.

Anthropometric indices such as height, weight, waist
circumference and hip circumference were measured
twice by well-trained clinicians following standard-
ized protocols and then the averages calculated were
applied for further analysis. When measuring, the par-
ticipants were required to stand straight without shoes,
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heels together, look straight ahead and take only minimal
clothes. The waist circumference was measured at the
level of the umbilicus around the abdomen using tapes.
The WHR was calculated by dividing WC (cm) by hip
circumference (cm). As for the values of other abdomi-
nal obesity indices, the formulas for estimation were
shown by sex as follows according to previous published
researches [21].

Males:

CVAI = —267.93 + 0.68 x age (y) + 0.03
x BMI (1<g/m2) +4.00 x WC (cm)

+ 22.00 x Logl0TG (mmol/L)
—16.32 x HDL-C (mmol/L);

VAL = WC (cm) / [39.68 +1.88 x BMI (kg/m2)]
x [1.31/HDL-C (mmol/L)] x [TG (mmol/L)/1.03];

LAP = [WC (cm) — 65] x TG (mmol/L);

Females:

CVAI = —187.32 + 1.71 x age (y) + 4.23
x BMI (1<g/m2) +1.12 x WC (cm)

+ 39.76 x Logl0TG (mmol/L)
— 11.66 x HDL-C (mmol/L);

VAL = WC (cm) / [36.58 +1.89 x BMI (kg/mzﬂ
x [1.52/HDL-C (mmol/L)] x [TG (mmol/L)/0.81];

LAP = [WC (cm) — 58] x TG (mmol/L).

Follow-up for outcomes

After 10-year follow-up, we collected the information of
outcomes, including CVD, CHD and stroke. CVD was
defined as CHD (myocardial infarction, angina pectorals
or angiography-proven CHD) or stroke (ischemic, hem-
orrhagic or unspecified stroke) according to the hospital
record documents or the imaging evidence.

Statistical analysis
All reported p-values in the tables and figures were
two-sided and p value<0.05 was considered statistically
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significant. All statistical analyses and figures were com-
pleted with R software version 4.2.0 (R Foundation for
Statistical Computing). Baseline characteristics of eli-
gible study participants were displayed according to the
presence of outcomes. Continuous variables distrib-
uted normally were summarized as means and standard
deviations (SD) while non-normal distribution data were
expressed as medians and interquartile ranges. As for
categorical variables, frequencies and percentages were
calculated. To compare the differences at baseline with
and without CVD, the t-test and the Wilcoxon rank-sum
test were applied for analyzing continuous data while the
Pearson chi-square for categorical data. The five abdomi-
nal obesity indices at baseline were grouped by the quar-
tiles, named quartile 1 (Q1), quartile 2 (Q2), quartile 3
(Q3) and quartile 4 (Q4). The cumulative rates of CVD
of each abdominal obesity indices were compared among
groups categorized by the quartiles using the Kaplan—
Meier curves and the log-rank test. Hazard ratios
(HRs) and 95% confidence intervals (CIs) of CVD were
obtained using univariate and multivariate Cox regres-
sion to assess the associations between the incident CVD
and the five abdominal obesity indices, with Q1 as refer-
ence. HRs (95% CIs) for per Unit and per SD increase of
the five abdominal obesity indices were separately calcu-
lated. We performed the cox.zph() function with R soft-
ware to confirm the proportional hazards assumption.
The results show that there is no significant deviation
from the proportional hazards assumption for all inde-
pendent variates with all p-values>0.05, and an associ-
ated global significant test gives a p value (>0.05) which
means good fit of the proportional hazard Cox regression
models. To explore the independent predictive perfor-
mance of five abdominal obesity indices, four Cox regres-
sion models based on the cardiovascular risk factors were
established. Model 1 was only adjusted by age. Model 2
was adjusted by age, education, smoking, drinking and
physical activity. Model 3 was adjusted by age, education,
number of children, smoking, drinking, physical activ-
ity, TC, LDL-C, utilization of antihypertensive drugs,
antidiabetic drugs and antilipemic drugs, energy intake
percentage of fat and carbohydrates, and diagnosed
with DM and hypertension at baseline. Considering that
the present study focused on postmenopausal women,
Model 4 was adjusted for variables in Model 3 plus age at
menopause. Subgroup analyses stratified by age at meno-
pause (<48 years, 48—50 years or >50 years), diagnosed
with DM and hypertension at baseline (yes or no) were
performed to evaluate the robustness of the results, with
p for interaction calculated. Additionally, to compare the
predictive performance of the five abdominal obesity
indices for CVD, we drew the receiver operating charac-
teristic (ROC) curve and calculated the area under ROC
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(AUC). P for comparison was used to confirm the differ-
ences of predictive performance statistically significantly.
To further evaluate the improvement in discrimination
and risk reclassification for CVD, with the addition of the
five abdominal obesity indices, C-statistic, the net reclas-
sification index (NRI) and the integrated discrimination
improvement (IDI) were performed. Moreover, given
that CVD was the composition of CHD and stroke in our
study, sensitive analyses regarding the predictive value of
the five indices for CHD and stroke, and the associations
of CVAI with the incident CHD and stroke among post-
menopausal women were also conducted by the AUC
values, the ROC curves and the Cox regression analyses.

Results

Baseline characteristics

The subject characteristics of the participants divided by
the presence of incident CVD are shown in Table 1. Dur-
ing the median follow-up of 120.53 months, 121 partici-
pants (9.66%) newly developed CVD. The mean age and
mean age at menopause of the 1252 participants included
were 57.79 years and 49.45 years respectively. Compared
to participants without CVD, participants newly devel-
oping CVD during follow-up tend to be older, current
smokers, with higher values of SBP, DBP and BMI, with
utilization of antihypertensive drugs and antilipemic
drugs and with hypertension at baseline (all p <0.05). Sta-
tistically significant differences of the energy intake from
carbohydrate were observed in the two groups stratified
by the presence of CVD (p=0.046). Additionally, partici-
pants with CVD seemed to be with increased levels of the
four abdominal obesity indices, including WC, LAP and
CVAI (all p<0.05) (Table 1).

Correlations between abdominal obesity indices and CVD
incidence among postmenopausal women
The correlations between abdominal obesity indices and
CVD incidence were shown in Additional file 1: Table S1
and Table 2 using the Cox regression analyses. Compared
to lowest group of LAP and CVAI at baseline, the fully
adjusted HRs (95% ClIs) for CVD in the highest quar-
tile group were 1.747 (1.013, 3.012) and 1.893 (1.078,
3.323) respectively. In addition, the corresponding HRs
(95% CIs) for per SD increase in WC, VAI and CVAI
were 1.210 (1.002, 1.460), 1.143 (1.029, 1.269) and 1.407
(1.147, 1.726) respectively. Similarly, significant associa-
tions of CVD with WC, VAI and CVAI when estimated
as continuous variables. However, no significant correla-
tion between WHR and CVD was found when WHR was
estimated as a continuous or a categorical variable (Addi-
tional file 1: Table S1 and Table 2).

As shown in Fig. 2, the Kaplan—Meier curves and
the log-rank test during the follow-up time further
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confirmed the significantly elevated risk of incident CVD
in the highest group of WC, LAP and CVAI among post-
menopausal women (Fig. 2).

Subgroup analyses

Subgroup analyses stratified by age at menopause, hyper-
tension and DM in Model 4 are demonstrated in Fig. 3.
However, we did not find statistically significant differ-
ences in the association between the five indices and
CVD incidence across the subgroups according to the
interaction tests. (all P>0.05) (Fig. 3).

Assessment of the predictive performance of abdominal
obesity indices for incident CVD

The ROC curves and the AUC values exhibiting the pre-
dictive ability of abdominal obesity indices for incident
CVD were shown in Fig. 4 and Table 3. CVAI showed
superior performance to other four abdominal obesity
indices for predicting the CVD incidence. Moreover, with
the P for comparison calculated to explore the differences
of the AUCs between CVAI and other indices significant
or not, CVAI showed the largest AUC estimated signifi-
cantly different from other AUCs (all p<0.01). The AUCs
(95% CIs) of WC, WHR, LAP, VAI and CVAI were 0.580
(0.526, 0.634), 0.538 (0.481, 0.595), 0.573 (0.519, 0.627),
0.540 (0.484, 0.596) and 0.632 (0.576, 0.688) respectively
(Fig. 4 and Table 3).

Additional predictive value of abdominal obesity indices

in the risk assessment of CVD among postmenopausal
women

The additional predictive performance of abdominal
obesity indices for CVD among postmenopausal women
after adding these indices to the basic risk model 4
established by traditional cardiovascular risk are shown
in Table 4. CVAI demonstrated significantly enhanced
incremental predictive ability according to the estimation
of C-statistics, IDI and NRI and corresponding P values.
When CVALI added to the basic model including age, age
at menopause, education, number of children, smoking,
drinking, physical activity, TC, LDL-C, utilization of anti-
hypertensive drugs, antidiabetic drugs and antilipemic
drugs, percentage intake of fat and carbohydrates, and
diagnosed with DM and hypertension at baseline, the
C-statistics, IDI, continuous NRI and 95% Cls were 0.690
(0.641, 0.739), 0.0125 (0.005, 0.0201) and 0.3277 (0.1426,
0.5128) respectively (all p<0.001). However, no statisti-
cally significant additional predictive values of WHR,
LAP and VAI were observed (Table 4).
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Table 1 Baseline characteristics of the study population by the CVD status at follow-up

Variables Total (n=1252) Non-CVD (n=1131) Incident CVD (n=121) P-value
Age (years) 57.79+5.70 57.65+5.68 59.10+£5.72 0.008
Age at menopause (years) 4945+235 4942+234 49.74+2.38 0.157
SBP (mmHg) 144.78 £24.07 143.77+23.71 1543142535 <0.001
DBP (mmHg) 8545+12.99 85.02+13.00 89.51+£12.19 <0.001
TC (mmol/L) 5.05+0.95 5.04+0.96 5.14+0.89 0.283
TG (mmol/L) 142 (1.06) 1.39(1.04) 151(1.12) 0.100
LDL-C (mmol/L) 291+0.80 2.89+0.80 3.03+0.76 0.081
HDL-C (mmol/L) 1.38+0.32 1.38+0.31 1.34+£0.35 0.180
WC (cm) 84.18+941 83.93+9.36 86.55+9.62 0.003
BMI (kg/m?) 2493+3.59 24.78+3.54 26.38+3.76 <0.001
WHR 0.86+0.05 0.86+0.05 0.86+0.05 0.497
LAP 36.11 (36.66) 35.21(35.57) 44.10 (47.39) 0.008
VAI 2.00 (1.68) 1.97 (1.58) 2.06 (2.10) 0.148
CVAI 101.78+£30.84 100.43+30.29 11442+33.17 <0.001
Smoking, n (%)

Former 5(04) 5(04) 0(0) 0.048

Current 24 (19 18(1.6) 6 (5)

Never 1223 (97.7) 1108 (98) 115 (95)
Drinking, n (%)

Former 8(0.6) 6(0.5) 2(1.7) 0.227

Current 16(1.3) 15(1.3) 1(0.8)

Never 1228 (98.1) 1110(98.1) 118(97.5)
Education, n (%)

Secondary 777 (62.1) 713 (63) 64 (52.9) 0.058

Pre-secondary 430 (34.3) 380 (33.6) 50 (41.3)

Post-secondary 45 (3.6) 38(34) 7(5.8)
Percent energy intake from fat, n (%)

Tertile 1 418 (33.4) 386 (34.1) 32(264) 0.228

Tertile 2 417 (33.3) 371(32.8) 46 (38)

Tertile 3 417 (333) 374 (33.1) 43 (35.5)
Percent energy intake from carbohydrate, n (%)

Tertile 1 8(334) 366 (32.4) 52(43.0) 0.046

Tertile 2 417 (33.3) 379 (33.5) 38(31.4)

Tertile 3 417 (33.3) 386 (34.1) 31(25.6)
Antihypertensive drugs, n (%) 223(17.8) 184 (16.3) 39(32.2) <0.001
Antidiabetic drugs, n (%) 49 (3.9) 42 (3.7) 7 (5.8) 0318
Antilipemic drugs, n (%) 54 (4.3) 40 (3.5) 14 (11.6) <0.001
Low physical activity, n (%) 183 (14.6) 170 (15) 13(10.7) 0.225
Number of children, n (%)

0 5(04) 4(04) 1(0.8) 0.297

1 322(257) 299 (264) 23(19)

2 537 (42.9) 479 (42.4) 58 (47.9)

3 248 (19.8) 222 (19.6) 26 (21.5)

>4 40(11.2) 127 (11.2) 13(10.7)
Hypertension, n (%) 750 (59.9) 657 (58.1) 93 (76.9) <0.001
Diabetic mellitus, n (%) 7(93) 103 (9.1) 14 (11.6) 0410

Continuous variables distributed normally were summarized as mean + SD while non-normal distribution data were expressed as medians and interquartile ranges.
Categorical variables were given by frequency and percentage as n(%)

p values in bold are <0.05

CVD cardiovascular disease, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, TG triglyceride, LDL-C low-density lipoprotein-cholesterol,
HDL-C high-density lipoprotein-cholesterol, WC waist circumference, BMI body mass index, WHR waist-hip ratio, LAP lipid accumulation product, VA/ visceral adiposity
index, CVAI Chinese visceral adiposity index, SD standard deviation
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Table 2 Correlations of baseline abdominal obesity indices with incident CVD among postmenopausal women after fully adjusted

using Model 4

HR (95% Cl)

Indices

wc

WHR

LAP

VAI

CVAI

Per unit increase
Per SD increase

1.020 (1.000, 1.041)*
1.210(1.002, 1.460)*

1.009 (0.033, 31.233)
1.000 (0.831, 1.204)

Quartiles
Q1 1.00 1.00
Q2 1.072 (0.596, 1.929) 0.678 (0.383, 1.201)
Q3 1.350(0.771,2.361) 0.993 (0.595, 1.656)
Q4 1.673(0.973,2.877) 1.182(0.718, 1.944)

1.002 (0.999, 1.005)
1.097 (0.947,1.270)

1.00

0.804 (0.448, 1.442)
1.053 (0.603, 1.838)
1.747 (1.013,3.012)*

1.053 (1.011, 1.096)*
1.143 (1.029, 1.269)*

1.00

0.760 (0443, 1.304)
0.821(0478,1.412)
1.317(0.787, 2.203)

1.011 (1.004, 1.018)**
1.407 (1.147,1.726)**

1.00

0.663 (0.353, 1.244)
0.881 (0.484, 1.605)
1.893 (1.078,3.323)*

Model 4: adjusted by age, education, number of children, smoking, drinking, physical activity, TC, LDL-C, utilization of antihypertensive drugs, antidiabetic drugs and
antilipemic drugs, energy intake percentage of fat and carbohydrates, diagnosed with DM and hypertension at baseline and age at menopause

CVD cardiovascular disease, HR hazard ratio, C/ confidence interval, WC waist circumference, WHR waist-hip ratio, LAP lipid accumulation product, VA/ visceral
adiposity index, CVAI Chinese visceral adiposity index, SD standard deviation, TC total cholesterol, LDL-C low-density lipoprotein-cholesterol, DM diabetic mellitus

*p<0.05
*p<0.01

Sensitivity analyses for CVAI

As displayed in Additional file 1: Table S2, positive pre-
dictive performance of WC, LAP, CVAI for incident
CHD were observed among postmenopausal women,
among which CVAI had the largest AUC being 0.632
(0.567, 0.698). Moreover, significant differences existed
in the comparison between CVAI and LAP. As for pre-
dicting the incident stroke, only CVAI showed significant
predictive ability with the AUC being 0.613 (0.527, 0.700)
(Additional file 1: Table S2).

Additional file 1: Table S3 and Figure S1 confirmed the
positive correlations of CVAI with incident CHD but no
significant associations with incident stroke, using the
Cox regression analyses and the Kaplan—Meier curves.
After adjusted in Model 4, the HRs (95% CIs) for the
Q4 group of CHD and stroke were 1.985 (1.018, 3.872)
and 2.451 (0.894, 6.717) respectively (Additional file 1:
Table S3 and Figure S1).

Discussion

In this prospective cohort study of postmenopausal
women conducted in China, we observed and compared
the predictive power of five abdominal obesity indices
for the CVD incidence. Positive association were found
between these indices and the risk of future CVD among
postmenopausal women excluding WHR. Furthermore,
CVAI exhibited the greatest power in predicting CVD
incidence comparing with WC, WHR, VAI and LAP.
Additionally, when adding the five abdominal obesity
indices to the conventional risk model, CVAI exhibited
significant additional predictive ability for the incident
CVD.

The continuing rise in obesity prevalence to date has
posed a major public health challenge globally. Accord-
ing to the Global Burden of Disease Study, the preva-
lence of obesity has doubled in more than 70 countries
[22]. Obesity associated with the risk of numerous
chronic diseases, such as diabetic mellitus, cancers
and cardiovascular disease and lower life expectancy
[23]. However, BMI is imperfect in the evaluation of
abdominal body fat accumulation, which can neither
distinguish body fat distribution with overall adipos-
ity, nor distinguish fat mass with lean muscle mass [10,
24]. Investigations demonstrated that taking body fat
distribution into consideration when measuring may
improve the predictive ability of diseases [25]. Abdomi-
nal obesity was evidenced to have higher risk to develop
CVD than overall obesity [26, 27]. In comparison with
subcutaneous adipose tissue, visceral adiposity tissue is
evidenced to be metabolically more active and secrete
cytokines, adipokines and hormones at a higher speed
that biologically associated with chronic diseases by
the insulin/insulin-like growth factor (IGF) axis and
chronic low-grade inflammation [28]. However, WC, a
traditional index related to abdominal obesity, is hard
to tell visceral obesity from subcutaneous obesity.
Hence, besides WC, we introduced other four indi-
ces, WHR, CVAI, VAI, LAP to compare the predictive
values for CVD in the present study. Postmenopausal
women predispose to obesity and a closer relationship
between CVD and postmenopausal women than gen-
eral populations were found [6], due to the remarkable
decrease of estrogen [29]. Previous researches have
compared the five abdominal obesity indices and con-
firmed their close association with the development
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Fig. 2 Kaplan-Meier curves of CVD by abdominal obesity indices quartiles. The cumulative incidence of CVD during follow-up grouped

by the abdominal obesity indices quartiles was described using Kaplan-Meier curves, with p value calculated using the log-rank test. The
abdominal obesity indices are contained with WC (A), WHR (B), LAP (C), VAI (D) and CVAI (E). CVD cardiovascular disease, WC waist circumference,
WHR waist-hip ratio, LAP lipid accumulation product, VAl visceral adiposity index, CVAI Chinese visceral adiposity index

of CVD only in general populations or diabetic popu-
lations [15, 21]. As a result, our study was the first to
focus on the five abdominal obesity indices in postmen-
opausal women and to fill in the gap.

The present study underscored that CVAI showed not
only the most outstanding predictive performance for the

(See figure on next page.)

development of CVD, but also the greatest incremental
risk stratification when added to the conventional risk
model among women after menopause. Considerable
studies have emphasized the important effect of obesity
on the cardiovascular risk and CVD. However, focus-
ing on BMI or WC alone is a crude oversimplification of

Fig. 3 Correlations of baseline abdominal obesity indices with incident CVD among postmenopausal women in prespecified subgroups. HR are
adjusted for age, education, number of children, smoking, drinking, physical activity, TC, LDL-C, utilization of antihypertensive drugs, antidiabetic
drugs and antilipemic drugs, energy intake percentage of fat and carbohydrates, and diagnosed with DM, hypertension and age at menopause

at baseline. CVD cardiovascular disease, HR hazard ratio, C/ confidence interval, WC waist circumference, WHR waist-hip ratio, LAP lipid accumulation
product, VAl visceral adiposity index, CVAI Chinese visceral adiposity index, TC total cholesterol, LDL-C low-density lipoprotein-cholesterol, DM

diabetic mellitus
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Indices Subgroup Event/Total HR(95%CI) P for interaction

wcC Age at menopause , 0.516
<48 24/267 L = 1.626(1.023,2.584)
48-50 54/635 —+— 1.003(0.751,1.339)
>50 43/350 —-— 1.317(0.915,1.897)
Hypertension : 0.24
No 28/502 —_— 0.986(0.644,1.509)
Yes 93/750 : —_— 1.293(1.047,1.59)
Diabetes mellitus ! 0.539
No 107/1135 :—-— 1.197(0.978,1.466)
Yes 141117 . 1.483(0.716,3.072)

WHR Age at menopause : 0.607
<48 24/267 —_— 0.947(0.586,1.531)
48-50 54/635 —-:— 0.925(0.702,1.219)
>50 43/350 —_— 1.256(0.837,1.886)
Hypertension : 0.124
No 28/502 —_— 0.821(0.557,1.211)
Yes 93/750 —:-— 1.062(0.885,1.274)
Diabetes mellitus ! 0.674
No 107/1135 —-i— 0.983(0.798,1.21)
Yes 14117 ' 1.168(0.567,2.406)

LAP Age at menopause : 0.999
<48 24/267 4 1.444(0.725,2.878)
48-50 54/635 —:-— 1.039(0.810,1.333)
>50 43/350 —_—l 1.041(0.736,1.473)
Hypertension : 0.613
No 28/502 —_— 0.840(0.427,1.655)
Yes 93/750 —:!— 1.082(0.936,1.250)
Diabetes mellitus ! 0.942
No 107/1135 +-— 1.112(0.926,1.336)
Yes 141117 - 1.314(0.924,1.868)

VAI Age at menopause : 0.23
<48 24/267 —_— 0.824(0.454,1.494)
48-50 54/635 :—-— 1.127(0.950,1.337)
>50 43/350 —_—l 1.040(0.726,1.489)
Hypertension : 0.431
No 28/502 ——— 1.104(0.908,1.343)
Yes 93/750 :—l— 1.214(1.035,1.422)
Diabetes mellitus ! 0.052
No 107/1135 :—-— 1.098(0.967,1.248)
Yes 141117 | — 1.489(1.125,1.970)

CVAI Age at menopause : 0.912
<48 24/267 L 1.521(0.881,2.626)
48-50 54/635 —:—-— 1.195(0.874,1.636)
>50 43/350  — 1.536(1.051,2.245)
Hypertension : 0.075
No 28/502 —_— 0.898(0.569,1.418)
Yes 93/750 : —_— 1.559(1.247,1.949)
Diabetes mellitus ! 0.206
No 107/1135 : —_— 1.368(1.099,1.704)
Yes 141117 ! ll 2.962(1.154,7.603)

o 05 i 15 2 25 3

Fig. 3 (Seelegend on previous page.)
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Fig. 4 Receiver operating characteristic curves of CVD by abdominal
obesity indices. The predictive performance of abdominal obesity
indices for incident CVD was shown based on the receiver operating
characteristic curves. The AUCs are as follows: CVAI: 0.632; WC: 0.580;
LAP: 0.573; VAI: 0.540; WHR: 0.538. CVD cardiovascular disease, AUC
area under the curve, CVA/ Chinese visceral adiposity index, WC waist
circumference, LAP lipid accumulation product, VAl visceral adiposity
index, WHR waist-hip ratio

Table 3 The predictive performance of abdominal obesity
indices for incident CYD among postmenopausal women

Indices C-statistic (95% Cl) P-value P for comparison
CVAI 0.632 (0.576, 0.688) <0.001 Ref.

LAP 0.573(0.519,0.627) 0.008 <0.001

WC 0.580 (0.526, 0.634) 0.004 0.003

WHR 0.538 (0481, 0.595) 0.148 <0.001

VAI 0.540 (0.484, 0.596) 0.168 <0.001

p values in bold are <0.05

CVD cardiovascular disease, Cl confidence interval, CVAI Chinese visceral
adiposity index, Ref. reference, LAP lipid accumulation product, WC waist
circumference, WHR waist-hip ratio, VAl visceral adiposity index

obesity. Additionally, postmenopausal women are prone
to the accumulation of visceral adiposity for changes of
physiology and life styles. Previous evidence found that
higher abdominal fat was related to increased health risk
irrespective of the value of BMI [30]. Abdominal fat is a
composition of subcutaneous and visceral adipose tissue,
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among which visceral adiposity tissue showed closer
relationship with the incident CVD and had more del-
eterious effect on cardiometabolic outcomes [31]. Fur-
thermore, excess visceral adiposity tissue (VAT), defined
as the amount of adiposity tissue located in the abdomi-
nal cavity, was found to increase the cardiometabolic risk
and cardiovascular outcomes at any BMI level [30]. High
level of plasma triglyceride were regarded as an effective
and simple marker for evaluating excess visceral adipos-
ity with a large waistline existing [32, 33]. CVAI incorpo-
rates anthropometric indices and lipid profiles including
triglyceride and HDL, which is closely associated with
visceral adiposity surpassing other traditional anthropo-
metric indices in Chinese population [34]. Additionally,
CVAL is the only index that takes age into account com-
pared to other indexes in our study. A large number of
previous studies have shown that age is an independent
risk factor that promotes the occurrence and develop-
ment of cardiovascular diseases. Previous study found
that senescent cells secreted cytokines, chemokines,
growth factors, and reactive oxygen species, so-called
senescence-associated secretory phenotype (SASP), lead-
ing to the development and progression of cardiovascu-
lar diseases [35], which of course may not correspond to
biological age, but should be considered in future study.
In the previous studies with regard to the comparison
of obesity indicators, CVAI showed the largest predic-
tive value not only for cardiovascular risk factors such as
DM [34], hypertension [36] and carotid plaque [37] but
also for the development of CVD [15], CHD [38] and
stroke [39]. Previous studies have focused on CVAI and
different cardiovascular events among different popula-
tions. For example, CVAI is considered effective for risk
stratification of stroke in middle-aged and elderly partici-
pants from the China Health and Retirement Longitudi-
nal Study (CHARLS) [40]. Previous cohort studies also
evidenced the association of CVAI with CHD and Risk
of Carotid Plaque in large Chinese populations [37, 38].
Women who have occurred menopause were faced with
increasing risk to develop cardiovascular disease, which
made it meaningful to explore the effect of CVAI on car-
diovascular disease among postmenopausal women. To
our best knowledge, our current study is the first to focus
on the association between CVAI and CVD risk among
postmenopausal women. Similar with our findings, a
study in Southwest China confirmed that CVAI was
the strongest predictive indicator for the incident CVD
among female subjects compared to other visceral adi-
posity indices [15]. As a result, the present findings pro-
posed that CVAI could be adopted as a simple and easily
available clinical accessing tool to identify postmenopau-
sal women at high risk of CVD development. However,
what should be pointed out is that the AUC of CVAI in
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Table 4 The incremental predictive value of the abdominal obesity indices for CVD

Model C-statistic P-value IDI (95% Cl) P-value NRI (95% CI) P-value
D-(95% ClI)

Basic model 0.676 (0.630,0.723) Ref. Ref. Ref.

+WC 0.679(0.631,0.727) 0.043 0.0043 (2e—04, 0.0084) 0.041 0.1353 (—0.052,0.3226) 0.157
+WHR 0.676 (0.629,0.722) 0.810 2e—04 (—3e—04, 6e—04) 0482 0.0409 (—0.1464, 0.2282) 0.669
+LAP 0.679 (0.632,0.725) 0.208 0.0017 (—7e—04,0.0041) 0.168 0.0595 (- 0.1236, 0.2427) 0.524
+VAI 0.681 (0.635,0.728) 0.010 0.0118 (—0.0028, 0.0264) 0.112 0.1155 (—0.0666, 0.2976) 0214
+CVAI 0.690 (0.641,0.739) <0.001 0.0125 (0.005, 0.0201) 0.001 0.3277 (0.1426,0.5128) <0.001

p values in bold are <0.05

CVD cardiovascular disease, C/ confidence interval, IDI integrated discrimination improvement, NRI net reclassification improvement, Ref. reference, WC waist
circumference, WHR waist-hip ratio, LAP lipid accumulation product, VAl visceral adiposity index, CVAI Chinese visceral adiposity index

our analysis was less than 0.70. Considering the complex
pathogenesis of cardiovascular disease, it is difficult to
discover a single index for risk prediction. In addition,
abdominal obesity can only partially explain the onset of
cardiovascular disease.

In the present study, no significant correlation between
WHR and CVD was found when WHR was estimated
as a continuous or a categorical variable. Similar to our
results, WHR was found to have no significant associa-
tion with CVD incidence in women population with DM
or without after fully adjusted [41, 42]. One probable
explanation could be postmenopausal women tend to
have not only higher value of WHR [43], but also other
increased cardiovascular risk, such as increased total
cholesterol and LDL cholesterol [44], which in case may
reflect weak or even no relationship between WHR and
CVD incidence.

The subgroup analyses found the significant association
between CVAI and the occurrence of CVD among post-
menopausal women with age at menopause>50 years,
with the history of hypertension, with or without the his-
tory of DM. Post menopausal women tend to accumulate
visceral fat. Moreover, cardiovascular risk remarkably
increases in women with menopause occurring before
age 50, compared with those after 50 [45, 46], which
may obscure the effect of CVAI leading to a higher link
between CVAI and CVD among women with menopau-
sal age > 50 years.

Although another study from Rural Chinese Cohort
Study data found the excellent predictive ability for
stroke of CVAI in general population [39], the sensitive
analysis evidenced the association of CVAI with CHD
but no significant relationship with stroke. More investi-
gations focusing on postmenopausal women and the risk
of stroke development were needed in the future.

However, several limitations should be mentioned
in the study. Firstly, because the survey focused on the
community population, we did not test the actual value

of visceral adiposity by computed tomography (CT),
dual-energy x-ray absorptiometry (DXA) or magnetic
resonance imaging (MRI), and fat mass index (FMI), VAT
were not available. Secondly, our study was conducted in
Eastern China, and our findings might not be appropri-
ate for other regions due to the differences of lifestyles
and residential environment. Thirdly, despite adjusting
for potential risk factors in multivariate analyses, some
potential unknown confounding variables were not con-
sidered in our present investigation, such as the changes
in estrogen and the number of pregnancies. Fourthly,
the indices such as exercise, lifestyle and anthropomet-
ric indices are dynamic and changing, and we do not
take into account the changes of these indices over the
follow-up period. As a result, further multicenter, large-
size, prospective studies focusing on imaging indicators
and dynamic changes of covariables may strengthen our
conclusion.

Conclusion

In summary, our results implied that the four abdominal
obesity indicators (WC, LAP, VAI and CVAI) were asso-
ciated with the increased risk for developing CVD among
postmenopausal women. Especially, CVAI exhibited
the best performance for predicting incident CVD. Our
results suggested that CVAI might be a valuable abdomi-
nal obesity indicator for identifying the high risk of CVD
incidence in postmenopausal women.

Abbreviations

WC Waist circumference

WHR Waist-hip ratio

VAI Visceral adiposity index

LAP Lipid accumulation product
CVAI Chinese visceral adiposity index

CvD Cardiovascular disease

ROC Receiver operating characteristic
HR Hazard ratio

AUC Area under the curve

BMI Body mass index

ECG Electrocardiogram

CHD Coronary heart disease
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TC Total cholesterol

TG Triglyceride

FPG Fasting plasma glucose

HDL-C  High-density lipoprotein cholesterol

LDL-C  Low-density lipoprotein cholesterol

SD Standard deviations

cl Confidence interval

NRI Net reclassification index

DI Integrated discrimination improvement

IGF Insulin-like growth factor
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SASP Senescence-associated secretory phenotype
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DXA Dual-energy x-ray absorptiometry
MRI Magnetic resonance imaging
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