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Abstract 

Background: This study assessed the performance of visceral adiposity index and body shape index in predicting 
diabetes mellitus (DM) risk and compared their predictive ability to that of body mass index and waist circumference.

Methods: Among 8249 consecutive subjects who attended the Nationwide Health Check Up System for Senior 
Citizens (≥ 65 years) between 2008 and 2018, we examined the associations of several adiposity indices with DM risk 
and explored gender differences.

Results: Among all adiposity indicators, Chinese visceral adiposity index (CVAI) demonstrated the highest discrimina‑
tory ability for diabetes mellitus with area under receiver operating characteristic curves (AUC) of 0.65, 0.68, and 0.66 
for men, women, and all participants, respectively, and optimal cut‑offs set as 126.09 in men and 117.77 in women. 
Compared with body shape index (ABSI), both CVAI and VAI were strongly associated with baseline DM (adjusted OR: 
4.85, 95% CI: 4.05–5.82 and 4.22, 95% CI: 3.53–5.05 for 4th vs 1st quartile groups by CVAI and VAI, P < 0.001), which was 
more pronounced in older adult women (Pinteraction < 0.05). Over a median of 5.25 years (IQR: 3.07–6.44 years) follow‑
up, Cox regression models showed higher predictive ability of CVAI and VAI compared to ABSI. Further, both CVAI and 
VAI independently predicted new‑onset DM (adjusted HR: 1.29, 95% CI: 1.22–1.37 and 1.16, 95% CI: 1.11–1.21 by CVAI 
and VAI) and composite endpoint of new DM and death among those without baseline DM.

Conclusions: Our population‑based data demonstrated that Chinese visceral adiposity index may serve as a superior 
clinical indicator of diabetes when compared with conventional anthropometric indices among older adult Chinese, 
especially in women.

Keywords: Body mass index, Body shape index, Diabetes mellitus, Obesity, Visceral adiposity index, Waist 
circumference
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Introduction
A higher prevalence of diabetes mellitus in the older 
adult population is a critical public health issue world-
wide [1]. With a prevalence that is particularly high in 
older adult populations, diabetes mellitus can cause sys-
temic organ damage and lead to cardiovascular diseases. 
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Diabetes in older adult populations can result due to 
genetic background and/or longer life expectancy that 
leads to decreased insulin secretion or higher insulin 
resistance, which can result from multiple factors such 
as central obesity or metabolic syndrome mediated by 
excessive visceral adipose tissue (VAT) accumulation 
[2, 3]. Aging may also trigger adverse pro-inflammatory 
cytokine secretions through visceral fat redistribution, 
leading to metabolic disorders, such as diabetes mellitus 
[4]. Previous studies have shown that age, gender, and 
ethnicity are the main determinants of body fat distribu-
tion [5]. Due to a shift of adiposity from the peripheral 
to a more central truncal area, visceral fat increases over 
200% in men and 400% in women between the 3rd and 
7th decades, respectively [5].

Studies have demonstrated that Asian populations are 
at a higher risk for metabolic cardiovascular diseases 
(such as diabetes), even when compared to whites with 
a higher BMI and similar baseline characteristics [6, 7], 
leading to researchers revisiting the BMI threshold in 
defining obesity for Asians [8]. Central obesity, espe-
cially abdominal VAT, has been proposed to contribute 
to metabolic and diabetes risk beyond [9]. Recent stud-
ies have shown that individuals of Japanese descent liv-
ing in Western societies differ in body fat mass and body 
fat distribution when compared to whites independent of 
BMI [10]. The association of VAT with diabetes mellitus 
also appears to be stronger in South Asian men than in 
European men and even more so in women [11], suggest-
ing a higher clinical impact of VAT on diabetes mellitus 
in South Asian women [9]. Furthermore, when compared 
with white women at similar BMI levels, Asian women 
can have greater abdominal and visceral adiposity and 
be prone to a higher risk of metabolic- or obesity-related 
diseases [4].

By utilizing echocardiography, magnetic resonance 
imaging (MRI) and computed tomography (CT) have 
confirmed that visceral adiposity is a valuable indicator 
of insulin resistance, irrespective of body mass [12, 13]. 
Despite these advances, using imaged-based assessment 
of visceral adiposity was largely limited due to its higher 
costs and associated technical challenges. The Chinese 
visceral adiposity index (CVAI), which is estimated based 
on age, BMI, waist circumference (WC), total triglyc-
erides (TG), and high-density lipoprotein cholesterol 
(HDL-C), was developed to assess the presence of DM 
in the Chinese population [14]. However, validation of 
this measure using imaging-based VAT measures and the 
potential association of CVAI with diabetic risk in older 
Asian populations remains largely unexplored. Alterna-
tively, a Body Shape Index (ABSI) uses WC and BMI to 
predict fat distribution [15, 16] and has been shown to 
be a reliable index of body fat accumulation, yet there is 

little data on its application in the older adult population 
[17].

Our study hypothesizes that noninvasive surrogate 
markers that can be helpful in assessing body fat distribu-
tion and in the prediction of diabetes mellitus risk. We 
examined the associations between CVAI, ABSI, and dia-
betes mellitus risk and investigated their ability to iden-
tify diabetes mellitus when compared with BMI and WC 
alone in the an older adult population in Taiwan.

Materials and methods
Study design and population
This population-based study comprised 8,500 consecu-
tive subjects who attended the Nationwide Health Check 
Up  System for  Senior Citizens between 2008 and 2018 
at the Health Evaluation Center in Mackay Memorial 
Hospital, a tertiary teaching center. Detailed informa-
tion including medical histories for chronic illnesses, 
structured questionnaires for personal habits, physical 
examination including systolic and diastolic blood pres-
sures, anthropometric measurements, and biochemical 
marker levels were obtained in all subjects participating 
in this program. Those who had end-stage renal disease, 
Stage 5 (estimated glomerular filtration rate (eGFR) < 15, 
ml/min/1.73  m2), or those undergoing renal replacement 
therapy were excluded (n = 146). We also excluded par-
ticipant with a history of cancer (n = 128). History of 
cardiovascular disease (CVD) was defined as previous 
myocardial infarction, coronary artery disease (includ-
ing elective intervention), cerebrovascular events, prior 
hospitalization for congestive heart failure, and periph-
eral arterial disease. The presence of hypertension (HTN) 
was defined as a previous diagnosis of disease or cur-
rent medication use for HTN. Venous samples were 
collected by blood tests from all patients, followed by a 
detailed physical examination taken by the family physi-
cian. After applying exclusion criteria, data from 8249 
subjects were analyzed. Diabetes mellitus was defined as 
a fasting plasma glucose (FPG) ≥ 7.0 mmol/L, a previous 
diagnosis of diabetes mellitus (data was obtained from 
structured questionnaire responses or from the informa-
tion stored in the electronic medical record), or current 
use of anti-diabetic medications. Among 8249 study sub-
jects, 1539 (18.7%) had type 2 DM (stage 3 and 4, defi-
nition by dysglycemia-based chronic disease [DBCD]) 
[14]. Subjects with suspected hyperglycemia (based on 
their fasting glucose level), though without a confirmed 
diagnosis of diabetes mellitus, were referred for further 
checkups according to the current guideline recommen-
dations [18]. This study was approved by the ethical insti-
tutional committee of Mackay Memorial Hospital (IRB 
No: 18MMHIS137) for retrospective data analysis and 
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did not require informed consent of study participants. 
All data were fully anonymized.

Anthropometric measurements
Body weight (kg) and height (m) were measured accord-
ing to standard methods. WC was measured at the mid-
dle point between the bottom of the ribcage and the 
uppermost border of the iliac crest at the end of exha-
lation with the patient in a standing position. Trained 
nurses used standard mercury sphygmomanometers 
to measure blood pressure two consecutive times at 
3–5 min intervals during one visit.

Laboratory biochemical information
Sample collection and analysis were performed in a 
standard laboratory with international accreditation 
(ISO-15189). All subjects were requested to fast for more 
than 8 h before venous blood sampling; samples were col-
lected in a BD Vacutainer SSTTM (Becton Dickinson, 
Franklin Lakes, NJ, USA) sample collection tube. Sam-
ple collection and analysis principles were based on the 
standard requirements given in the Clinical Laboratory 
Standards Institute guidelines (Specimen Choice, Collec-
tion, and Handling; Approved Guideline H18-A3). FPG 
(via a hexokinase method); lipids including total choles-
terol (TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein cho-
lesterol (HDL-C); as well as uric acid (UA) were meas-
ured using a biochemical auto-analyzer (A Hitachi 7170 
automatic analyzer; Hitachi Corp., Hitachinaka, Ibaraki, 
Japan). Quality control and instrument operation were 
done in accordance with standard procedures dictated by 
the guidelines of the Clinical Laboratory Standards Insti-
tute. Samples were assessed in triplicate, and the final 
values (after quality control) were confirmed to be in the 
linear range using an internal standard.

Assessment of adiposity
The VAI score was calculated using the specific formula 
developed for the Chinese population [19]:

• Men: CVAI =  − 267.93 + 0.68 × Age + 0.03 × BMI + 
4.00 × WC + 22.00 × log10 (TG) − 16.32 × HDL;

• Women: CVAI =  − 187.32 + 1.71 × Age + 4.23 × BM
I + 1.12 × WC + 39.76 × log10 (TG) − 11.66 × HDL.

• ABSI was calculated as WC/(BMI2/3 ×  height1/2) and 
expressed in  m11/6  kg−2/3 [16].

• BMI was calculated as weight/height squared (kg/
m2).

• VAI was derived using the following formula [20]

New-onset diabetes was defined as newly diagnosed 
diabetes, after the baseline study indexed date, in non-
diabetes mellitus study participants (n = 6710) using the 
same clinical guidelines as used for assessing baseline 
diabetes mellitus. Considering that new-onset diabetes 
mellitus can be confounded by the high mortality rate 
before the development of diabetes mellitus in the older 
adult population, the prognostic implications of CVAI/
ABSI on a composite endpoint of incident diabetes mel-
litus/mortality were examined.

Statistical analysis
Descriptive analyses were presented according to gender-
specific quartiles of CVAI and ABSI scores to control 
for the well-known sexual dimorphism in body com-
position. The results are presented as mean with stand-
ard deviation (SD) and median with interquartile range 
(IQR: 25%–75%; given in parentheses) for normalized 
and skewed continuous variables, respectively. Categori-
cal variables are expressed as numbers and percentages. 
Baseline continuous demographic information across 
CVAI/ABSI quartiles were compared using linear regres-
sion for trend test (as p for trend). Chi-squared test was 
performed to assess differences in proportions across 
groups.

Sex-stratified correlations between CVAI/ABSI and 
three anthropometric indices and metabolic parameters 
were evaluated. Multivariable logistic regression mod-
els were performed to estimate the risk of diabetes mel-
litus (presented as ORs and 95% CI) in relation to these 
indices in the three models for men and women, respec-
tively. Confounders were chosen from prior literature 
report [21]. Receiver operating characteristic (ROC) 
curve analyses was used to compare the discriminative 
performance of CVAI, VAI and ABSI compared with 
BMI and WC for assessing underlying diabetes mellitus 
risk. A user-written command was used to calculate the 
Youden index for optimal clinical cut-offs of CVAI, VAI 
and ABSI in identifying the presence of baseline type 2 
diabetes mellitus [19]. By defining the standardized unit 
shift of baseline age, anthropometric measures, and adi-
posity measures (CVAI, VAI and ABSI), we explored the 
relationships among these indices with baseline diabetes 
mellitus risk. Cox proportional hazard regression mod-
els were constructed to explore the predictive values of 
CVAI/VAI/ABSI in predicting new-onset diabetes melli-
tus among the remaining baseline non-diabetes mellitus 
study participants (n = 6710), with differences in gender 
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tested by interaction analysis (CVAI/VAI or ABSI tertiles 
treated as ordinal, continuous variable).

All statistical analyses were conducted using SAS soft-
ware (version 9.4, SAS, Cary, NC, USA). A two-tailed 
statistical measure was used, with a P < 0.05 considered 
significant.

Results
Baseline characteristics of the study population
The mean age among the 8249 study participants was 
74.1 ± 7.1, and 56.4% (n = 4649) of the subjects were 
women (Table  1). In both genders significant dose–
response relationships were observed between higher 
CVAI and advanced age, larger anthropometric indices 
(i.e., BMI, WC), increased blood pressure, increased fast-
ing glucose, elevated UA level, more unfavorable HDL-C/
TG profiles, and worsened renal function (P < 0.001). 
Men with higher levels of CVAI were less likely to have 
regular exercise (both P < 0.05). Those with higher CVAI 
were more likely to have prevalent diabetes and receiv-
ing pharmacological treatment for hyperlipidemia, 
which probably leads to lower TC and LDL-C levels (all 
P < 0.05). Similarly, in both men and women, those with 
higher ABSI scores presented with higher BMI and WC, 
higher fasting glucose, more unfavorable HDL/TG ratio, 
higher UA levels, and higher CVAI scores (all P < 0.001). 
Additionally, in both men and women, the proportion 
of participants who had regular exercise and diabetes 
decreased with increasing ABSI scores (both P < 0.001) 
(Table 1). Overall, women had significantly higher CVAI 
scores (118.4 ± 33.8 vs 111.0 ± 41.8) yet slightly lower 
ABSI score (0.12 ± 0.01 vs 0.13 ± 0.01, both P < 0.001) 
compared with men.

Validation of CVAI with MDCT‑defined visceral adiposity
Data on MDCT-defined peri-cardiac and peri-aortic 
adiposity burden were available in 374 study subjects. 
A significantly positive linear correlation was observed 
between CVAI score and peri-cardiac fat (PCF) and peri-
aortic fat (TAT) (r = 0.825 and 0.786 for PCF and TAT, 
respectively. Additional file  1: Fig.  1). However, modest 
correlations were observed among ABSI with PCF and 
TAT (r = 0.386 and 0.455 for PCF and TAT, respectively. 
Additional file 1: Fig. 1).

Correlation of adiposity measures with diabetes 
and biochemical metabolic profiles
Baseline diabetes mellitus was present in 19% (n = 1539) 
of all study participants. Those with baseline diabetes 
mellitus had significantly higher CVAI (132.4 ± 36.9 
vs 111.2 ± 36.7) and ABSI (0.128 ± 0.017 vs 0.125 ± 
0.011, both P < 0.001) scores compared with those with-
out diabetes mellitus. Sex-stratified correlations among 

CVAI/ABSI and anthropometric or metabolic profiles 
are shown in Additional file 1: Table 1. CVAI was highly 
correlated with BMI (r=0.81, P<0.001) and WC (r=0.97, 
P<0.001) in men, and highly correlated with BMI (r=0.81, 
P<0.001) and WC (r=0.83, P<0.001) in women. VAI was 
highly correlated with TG both in men (r=0.94, P<0.001) 
and women (r=0.92, P<0.001). Finally, ABSI was mod-
estly correlated with WC in men (r=0.55, P<0.001) and 
women (r=0.46, P<0.001), respectively.

Association of CVAI or ABSI with diabetes risk
Unfavorable anthropometric measurements, lipid pro-
file, and VAI (CVAI and ABSI) were all associated with 
higher baseline diabetes mellitus risk (Fig. 1). Additional 
file  1: Table  2 shows the sensitivity, specificity and cor-
responding optimal cut-off values of each index for iden-
tifying diabetes by gender. CVAI had the highest Youden 
index values for identifying diabetes in men (0.23) and in 
women (0.28); the optimal CVAI cut-off was 126.09 in 
men and 117.77 in women.

VAI had the Youden index values for identifying dia-
betes in both gender (0.12); the optimal VAI cut-off was 
52.5 in men and 71.0 in women. Multivariable logistic 
regression models demonstrated that among both sexes, 
persons in higher quartiles of CVAI, VAI or ABSI were 
more likely to have diabetes mellitus compared to per-
sons in the lowest quartile. (Additional file  1: Table  3), 
with the association between CVAI or VAI and baseline 
diabetes being more evident in women than in men (all 
Pinteraction < 0.05). Overall, higher ABSI was also associ-
ated with higher diabetes mellitus risk, even after adjust-
ment in both genders. These associations were, however, 
less prominent than those for CVAI or VAI (adjusted 
OR < 2 in models). Among the four anthropometric indi-
ces, CVAI had the highest area under ROC (AUC) for 
baseline diabetes in men (AUC = 0.65, 95% CI: 0.62–
0.67), in women (AUC = 0.68, 95% CI: 0.66–0.70), and 
in all participants (AUC = 0.66, 95% CI: 0.65–0.68), fol-
lowed by WC (AUC: 0.63, 0.66 and 0.65 for male, female, 
and all subjects, respectively) and BMI (Additional file 1: 
Fig. 2 A-C). VAI showed slightly attenuated discrimina-
tory ability compared to CVAI in men (AUC = 0.63), 
with comparable ability in women (AUC = 0.68) (Addi-
tional file 1: Fig. 2). However, ABSI had the lowest AUC 
for diabetes in men (AUC = 0.56, 95% CI: 0.54–0.58), in 
women (AUC = 0.57, 95% CI: 0.55–0.59), and in all sub-
jects (AUC = 0.57, 95% CI: 0.55–0.58). CVAI alone led to 
a significantly increased AUC over WC and other indices 
regardless of gender (all ∆ AUC P < 0.05, Additional file 1: 
Fig. 2 A-C). Additional file 1: Table 2 shows the sensitiv-
ity, specificity, and corresponding optimal cut-off values 
of each index for identifying diabetes by gender. The 
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optimal CVAI cut-off for identifying baseline diabetes 
mellitus was 126.09 in men and 117.77 in women.

Adiposity measures as a predictor of new‑onset diabetes
Out of 6710 baseline non-diabetes mellitus subjects, 1360 
developed new-onset type 2 diabetes mellitus during a 
median of 5.25  years (IQR: 3.07–6.44  years) follow-up. 
The number of mortality events recorded was 491, result-
ing in a combined 1699 subjects with new-onset diabetes 
mellitus or death. Higher prevalence rates of new-onset 
diabetes mellitus were observed across CVAI tertile 
groups (15.7%, 18.7%, and 26.4% for CVAI Q1, Q2, and 
Q3, respectively, P < 0.001) and new-onset diabetes mel-
litus/mortality group (19.0%, 21.5%, and 29.2% for CVAI 
Q1, Q2, and Q3, respectively, P < 0.001), with signifi-
cantly higher CVAI observed in both cases (both P < 0.05) 
(Fig. 2). New onset of diabetes mellitus was not statisti-
cally different across ABSI tertiles (20%, 21.1%, and 18.9% 
for ABSI Q1, Q2, and Q3, respectively, P = 0.144), nor 
was composite new-onset diabetes mellitus and death 
(22.4%, 24.2%, and 23.0% for ABSI Q1, Q2, and Q3, 
respectively, P = 0.34) (Fig. 2). Both higher CVAI and VAI 
were independently predictive for new-onset diabetes 
mellitus (adjusted hazard ratio [aHR]: adjusted HR: 1.29, 
95% CI: 1.22–1.37 and 1.16, 95% CI: 1.11–1.21 by CVAI 
and VAI) (Table  2) or composite new-onset diabetes 

mellitus/death (aHR: 1.23, 95% CI: 1.16–1.29 and 1.19, 
95% CI: 1.13–1.25, both P < 0.001) (Additional file  1: 
Table 4) in adjusted models, although these associations 
were non-significant when ABSI was used.

Discussion
This study assessed the associations of body adiposity 
indices, including CVAI and ABSI, with diabetes risk on 
a large scale in an older adult Chinese population. Our 
data showed that CVAI score strongly correlated with 
CT-defined visceral fat burden and was associated with 
several cardiometabolic risk profiles; however, the asso-
ciations between these cardiometabolic risk profiles and 
ABSI were less prominent. While computed tomography 
(CT) remains the most commonly used imaging modal-
ity to measure abdominal fat [12, 13], magnetic reso-
nance imaging (MRI) has a similar accuracy [22], to date, 
there is no clear definition and quantification of TAT 
using MRI measure. Overall, unlike ABSI, CVAI showed 
superior discriminatory abilities and could outperform 
conventional anthropometrics (such as BMI and WC) as 
a marker in identifying underlying diabetes mellitus in 
our older adult population, especially in women. Higher 
CVAI further showed independent predictive values for 
new onset diabetes mellitus and all-cause death during 
mid-term follow-up.

Fig. 1 Univariate models identifying baseline diabetes risk adjusting for age, various anthropometric or VAI indices (A) and sex differences (B). 
Pinteraction by sex < 0.05, in age, HDL, TG, and CVAI. CVAI Chinese visceral adiposity index; HDL high‑density lipoprotein; TG triglyceride; VAI visceral 
adiposity index; BMI body mass index; WC waist circumference
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In line with previous reports, the CVAI or ABSI in our 
study showed positive correlations with visceral fat bur-
den. All anthropometric indices were able to identify 
baseline diabetes mellitus (all AUC > 0.5). CVAI alone 
yielded the highest AUC (0.66) for diabetes among all 
anthropometric indices, followed by WC and BMI, and 
ABSI exhibited the weakest association with diabetes in 
both genders. Although several meta-analyses compris-
ing multiethnic populations worldwide have shown that 
several anthropometric measures (including VAI, BMI, 
and WC) were strongly associated with diabetes risk 
[19, 23], CVAI as a marker of central adiposity has out-
performed conventional anthropometric measures as a 
reliable diabetes mellitus marker in the Chinese popula-
tion [14, 24] and was shown to successfully predict inci-
dent DM in ethnic Chinese [18, 19, 25] and other races 
[26, 27]. We further extended their findings to the older 
adult Chinese population. CVAI can therefore be a use-
ful clinical adiposity surrogate for as a first-line screening 
tool (cut-offs of 126.09 and 117.77 for men and women, 
respectively) for diabetes mellitus in the older adult 

Chinese population when solid or more advanced biolog-
ical specimens are not available. Given these associations, 
we postulated, by synergistically integrating information 
about BMI, central obesity along with lipid profiles (HDL 
and triglyceride), CVAI may better reflect adverse sys-
temic effects from excessive visceral adiposity as a hall-
mark feature for insulin resistance and diabetes in Asians 
[28, 29].

ABSI was developed based on the United States 
National Health and Nutrition Examination Survey 
(NHANES) data (from 1999 to 2004), which provided 
useful health indicators from multiple ethnicities [14]. 
Previous reports demonstrating strong correlations 
between ABSI and metabolic disorders were mainly done 
in Caucasians [30, 31]. Given the metrics of height and 
weight, ABSI likely provides a reflection of VAT accumu-
lation [32], although many subsequent studies showed 
that ABSI was neither clinically feasible nor valid in 
cardiometabolic comorbidity and mortality [32–34]. 
In agreement with our study results, the use of ABSI 
failed to provide additional values beyond conventional 

Table 2 Uni‑ and multivariate Cox models in predicting new‑onset diabetes by CVAI and ABSI tertiles among study population 
without baseline diabetes (n = 6710)

HRs and 95% CI of the CVAI and ABSI. Model 1: Adjusted for hypertension (+ Age for VAI and ABSI); Model 2: Adjusted for hypertension, smoking, alcohol drinking, and 
exercise (+ Age for VAI and ABSI)

ABSI a body shape index; CVAI Chinese visceral adiposity index; VAI Visceral adiposity index

*Denotes P < 0.05, ** denotes P < 0.01, ***denotes P < 0.001

Unadjusted Multivariate (Model 1) Multivariate (Model 2)
Visceral adiposity index (CVAI) HRs (95% CI)

All (per 1‑standard unit increment) 1.30 (1.23–1.38)*** 1.30 (1.23–1.37)*** 1.29 (1.22–1.37)***

CVAI Tertiles

Q1 1 (Reference) 1 (Reference) 1 (Reference)

Q2 1.20 (1.04–1.37)* 1.19 (1.03–1.37)* 1.17 (1.02–1.35)*

Q3 1.77 (1.56–2.03)*** 1.75 (1.53–2.00)*** 1.73 (1.51–1.98)***

Pinteraction for sex 0.091 0.10 0.18

Adiposity index (VAI) HRs (95% CI)

All (per 1‑standard unit increment) 1.16 (1.11–1.21)*** 1.17 (1.12–1.22)*** 1.16 (1.11–1.21)***

VAI Tertiles

Q1 1 (Reference) 1 (Reference) 1 (Reference)

Q2 1.31 (1.14–1.51)*** 1.30 (1.14–1.0)*** 1.30 (1.13–1.49)***

Q3 1.63 (1.43–1.86)*** 1.63 (1.43–1.86)*** 1.62 (1.41–1.85)***

Pinteraction for sex 0.34 0.45 0.44

Un‑Adjusted Multivariate Model 1 Multivariate Model 2
Body shape index (ABSI) HR (95% CI)

All (per 1‑standard unit increment) 0.97 (0.91–1.03) 0.96 (0.91–1.02) 0.97 (0.91–1.03)

ABSI Tertiles

Q1 1 (Reference) 1 (Reference) 1 (Reference)

Q2 1.03 (0.91–1.17) 1.03 (0.90–1.17) 1.03 (0.91–1.17)

Q3 0.94 (0.82–1.07) 0.93 (0.82–1.06) 0.94 (0.82–1.07)

Pinteraction for sex 0.40 0.53 0.61
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Fig. 2 Kaplan–Meier survival curves of new‑onset DM or a composite of new‑onset DM/death across CVAI (A, B)/ABSI (C) tertile groups and 
difference of CVAI/ABSI between those who with or without events. CVIA Chinese visceral adiposity index; ABSI a Body Shape Index; DM diabetes 
mellitus
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anthropometrics among older adult Indonesians in an 
earlier study [35] and also failed to differentiate between 
excess central adiposity, incidence of metabolic abnor-
malities or diabetes mellitus in multiple Asian regions 
[14, 32, 36–38]. As it has been proven, ethnic Asians are 
prone to metabolic abnormalities even at smaller WC 
and BMI measures when compared with Caucasians [39, 
40]. This finding, along with the fact that there is a higher 
genetic predisposition of TG to act as an effective predic-
tor of diabetes mellitus in Asians [41, 42], probably can 
explain the observed disparity between CVAI and ABSI, 
with the former serving as a useful marker for identifying 
diabetes.

Our study found that the new onset of DM nor com-
bined new-onset diabetes mellitus and death was not 
statistically different across ABSI score levels. According 
to previous studies, Gujral et al. found a high prevalence 
of DM in normal-weight groups in nonwhite popula-
tions (racial/ethnic populations) [43]. In one prospec-
tive study, sponsored by the Indian Council of Medical 
Research (ICMR), they observed that about one-fourth of 
type 2 DM patients had a body mass index (BMI) below 
19 kg/m2 (low body weight/lean body) [44]. From previ-
ous studies’ conclusions, new or prevalent DM may not 
start with a very high BMI or body weight, and therefore 
an indicator that only relies on body size (such as ABSI) 
may fail to predict new DM in individuals of Chinese 
ethnicity.

Our study showed that the discriminative capability of 
CVAI in identifying diabetes mellitus was more promi-
nent in older adult women than in men, which was not 
seen with ABSI. Our results also support the conclu-
sion of Hameed et  al. whose study focused on 300 type 
2 DM women aged 25–60 years and found that VAI had 
a good predictive ability to identify the state of glycemic 
control as compared to other anthropometric measures 
(WC, BMI) or combined metabolic and anthropomet-
ric measures [45]. Visceral adiposity has been shown 
to be more sensitive and is a better indicator of insulin 
resistance and diabetes than BMI and WC, particularly 
in women [14, 46], and may serve as a prominent fea-
ture of metabolic abnormalities and diabetes. This may 
be related to the physiological differences between both 
genders in terms of visceral fat deposition and distribu-
tion and reproductive hormones [14, 46]. In addition, 
many studies found that VAI is not associated with DM 
among young participants (< 40 years) [46]. The impact of 
age can be explained by the Cartier et al. study that pro-
posed that changes in the concentration of inflammation 
markers due to age is significantly related to the increase 
visceral adiposity distribution in the older adult. [47]

Though the precise reason behind some of these results 
remain to be clarified, this in part is hypothesized to be 
due to gender differences in visceral fat distribution [48] 
or due to the fact that women in Asia generally have 
greater abdominal adiposity and obesity, thus increasing 
related cardio-metabolic risks (i.e. HDL or TG) [9]. In 
this regard, CVAI can be particularly useful as an indica-
tor of diabetes mellitus in the female population in Asia 
[24, 38]. To the best of our knowledge, this work repre-
sents the first large-scale study demonstrating the clini-
cal usefulness of CVAI as a potential screening tool of 
diabetes in a large-scale older adult Chinese population. 
The collected data provides a wealth of relevant metrics 
that allow us to assess the predictive power of various 
associations; it also gives us a set of indicators for further 
assessments.

Our study has several limitations. Since the study 
was conducted in a single center, our observations were 
cross-sectional. Thus, these data cannot be used to make 
causal inferences regarding the relationships between 
CVAI, ABSI, and diabetes mellitus risks. Furthermore, 
we did not directly measure IR, and we were unable to 
assess the association of CVAI/ABSI with insulin resist-
ance directly. Finally, data on postprandial glucose levels 
were not available, which can lead to the underdiagnoses 
of some subjects with diabetes mellitus.

Conclusions
In conclusion, our study demonstrated stated that both 
CVAI and ABSI scores are strong and independent risk 
factors for diabetes mellitus among the older adult Tai-
wanese population. CVAI was found to be superior to 
WC, BMI, and ABSI and thus possesses the best pre-
dictive power for diabetes identification, based on the 
Youden index scores obtained in both genders (bet-
ter scores in women compared with men). Our current 
analysis thus demonstrated that CVAI score, rather than 
ABSI, is better at identifying diabetes mellitus, when 
compared with BMI and WC measurements, in the older 
adult ethnic Chinese population, and it can also indepen-
dently predict new-onset diabetes mellitus.

Abbreviations
ABSI: A body shape index; CT: Computed tomography; CVAI: Chinese visceral 
adiposity index; DBP: Diastolic blood pressure; eGFR: Estimated glomerular 
filtration rate; FPG: Fasting plasma glucose; HDL‑C: High‑density lipoprotein‑
cholesterol; HTN: Hypertension; LDL‑C: Low‑density lipoprotein cholesterol; 
MDCT: Multidetector of computed tomography; PCF: Peri‑cardiac fat; ROC: 
Receiver operating characteristic; SBP: Systolic blood pressure; TAT : Peri‑aortic 
fat; TC: Total cholesterol; TG: Triglycerides; UA: Uric acid; VAI: Visceral adiposity 
index; VAT: Visceral adipose tissue; WC: Waist circumference; BMI: Body mass 
index.



Page 11 of 12Tsou et al. Nutr Metab (Lond)           (2021) 18:87  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12986‑ 021‑ 00608‑6.

Additional file 1. Supplemental Figure 1. Linear correlation between 
of MDCT‑defined PCF/ TAT burden and CVAI and ABSI ABSI, a body 
shape index; CVAI, Chinese visceral adiposity index; PCF‑peri‑cardiac fat; 
TAT‑peri‑aortic fat. Supplemental Figure 2. The AUC for CVAI, ABSI, BMI, 
and WC for identifying baseline diabetes among elderly. Supplemental 
Table 1. Correlation of CVAI and ABSI with metabolic variables among 
elderly. Supplemental Table 2. Sensitivity, specificity, Youden index, and 
sex‑specific cut‑off points for various obesity indices in predicting DM risk 
among elderly. Supplemental Table 3. Uni‑ and multivariate models in 
identifying baseline diabetes risk by CVAI and ABSI in the current study 
population (n = 8249). Supplemental Table 4. Uni‑ and multivariate Cox 
models in predicting composite outcomes of new onset diabetes and 
death by CVAI and ABSI tertiles among study population without baseline 
diabetes (n = 6710).

Acknowledgements
The authors would like to acknowledge all staff members involved in the 
annual health screenings.

Authors’ contributions
All authors were involved in the conceptualization of the project. MTT and 
CLH were involved in the analyses and drafted the paper. All authors edited 
the paper. All authors have approved the final article.

Funding
The authors received no funding from an external source.

Availability of data and materials
All data were fully anonymized.

Declarations

Ethics approval and consent to participate
This study was approved by the ethical institutional committee of Mackay 
Memorial Hospital (IRB No: 18MMHIS137) for retrospective data analysis and 
did not require informed consent of study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Family Medicine, MacKay Memorial Hospital, Taipei 
City 10449, Taiwan, ROC. 2 Department of Occupation Medicine, MacKay 
Memorial Hospital, Taipei City 10449, Taiwan, ROC. 3 Department of Health 
Evaluation Center, MacKay Memorial Hospital, New Taipei City 25245, Taiwan, 
ROC. 4 Department of Health Evaluation Center, MacKay Memorial Hospital, 
Taipei City 10449, Taiwan, ROC. 5 Department of Radiology, MacKay Memo‑
rial Hospital, Taipei, Taiwan, ROC. 6 Department of Medicine, MacKay Medical 
College, New Taipei City 25245, Taiwan, ROC. 7 MacMacKay Junior College 
of Medicine, Nursing, and Management, Taipei City 11260, Taiwan, ROC. 8 Divi‑
sion of Gastroenterology, Department of Internal Medicine, MacKay Memorial 
Hospital, Taipei City 10449, Taiwan, ROC. 9 Department of Telehealth, MacKay 
Memorial Hospital, New Taipei City, Taiwan, ROC. 10 Cardiovascular Division, 
Department of Internal Medicine, MacKay Memorial Hospital, No. 92, Sec. 2, 
Zhongshan N. Rd., Taipei City 10449, Taiwan, ROC. 11 Department of Pathology, 
MacKay Memorial Hospital, 92, Sec 2, Chung Shan North Road, Taipei 10449, 
Taiwan, ROC. 

Received: 31 March 2021   Accepted: 22 August 2021

References
 1. Forbes JM, Cooper ME. Mechanisms of diabetic complications. Physiol 

Rev. 2013;93:137–88. https:// doi. org/ 10. 1152/ physr ev. 00045. 2011.
 2. Yrovolas S, Koyanagi A, Garin N, et al. Diabetes mellitus and its associa‑

tion with central obesity and disability among older adults: a global 
perspective. Exp Gerontol. 2015;64:70–7. https:// doi. org/ 10. 1016/j. 
exger. 2015. 02. 010.

 3. Chentli F, Azzoug S, Mahgoun S. Diabetes mellitus in elderly. Indian J 
Endocrinol Metab. 2015;19(6):744–52. https:// doi. org/ 10. 4103/ 2230‑ 
8210. 167553.

 4. Lim U, Ernst T, Buchthal SD, et al. Asian women have greater abdominal 
and visceral adiposity than Caucasian women with similar body mass 
index. Nutr Diabetes. 2011;1(5):e6. https:// doi. org/ 10. 1038/ nutd. 2011.2.

 5. Mancuso P, Bouchard B. The impact of aging on adipose function and 
adipokine synthesis. Front Endocrinol (Lausanne). 2019;10:137. https:// 
doi. org/ 10. 3389/ fendo. 2019. 00137.

 6. Stommel M, Schoenborn CA. Variations in BMI and prevalence of health 
risks in diverse racial and ethnic populations. Obesity (Silver Spring). 
2010;18:1821–6. https:// doi. org/ 10. 1038/ oby. 2009. 472.

 7. Maskarinec G, Erber E, Grandinetti A, et al. Diabetes incidence based 
on linkages with health plans: the multiethnic cohort. Diabetes. 
2009;58:1732–8. https:// doi. org/ 10. 2337/ db08‑ 1685.

 8. WHO Expert Consultation. Appropriate body‑mass index for Asian popu‑
lations and its implications for policy and intervention strategies. Lancet. 
2004;363:157–63. https:// doi. org/ 10. 1016/ S0140‑ 6736(03) 15268‑3.

 9. Eastwood SV, Tillin T, Dehbi HM, et al. Ethnic differences in associations 
between fat deposition and incident diabetes and underlying mecha‑
nisms: The SABRE study. Obesity (Silver Spring). 2015;23(3):699–706. 
https:// doi. org/ 10. 1002/ oby. 20997.

 10. Hayashi T, Boyko EJ, McNeely MJ, Leonetti DL, Kahn SE, Fujimoto WY. Vis‑
ceral adiposity, not abdominal subcutaneous fat area, is associated with 
an increase in future insulin resistance in Japanese Americans. Diabetes. 
2008;57:1269–75. https:// doi. org/ 10. 2337/ db07‑ 1378.

 11. Anjana M, Sandeep S, Deepa R, Vimaleswaran KS, Farooq S, Mohan V. 
Visceral and central abdominal fat and anthropometry in relation to 
diabetes in Asian Indians. Diabetes Care. 2004;27(12):2948–53. https:// doi. 
org/ 10. 2337/ diaca re. 27. 12. 2948.

 12. Iacobellis G. Local and systemic effects of the multifaceted epicardial 
adipose tissue depot. Nat Rev Endocrinol. 2015;11:363–71. https:// doi. 
org/ 10. 1038/ nrendo. 2015. 58.

 13. Shah RV, Murthy VL, Abbasi SA, Blankstein R, Kwong RY, Goldfine AB, et al. 
Visceral adiposity and the risk of metabolic syndrome across body mass 
index: the MESA Study. JACC Cardiovasc Imaging. 2014;7(12):1221–35. 
https:// doi. org/ 10. 1016/j. jcmg. 2014. 07. 017.

 14. Wei J, Liu X, Xue H, Wang Y, Shi Z. Comparisons of visceral adiposity index, 
body shape index, body mass index and waist circumference and their 
associations with diabetes mellitus in adults. Nutrients. 2019;11:1580–93. 
https:// doi. org/ 10. 3390/ nu110 71580.

 15. Zhao Q, Zhang K, Li Y, Zhen Q, Shi J, Yu Y, et al. Capacity of a body shape 
index and body roundness index to identify diabetes mellitus in Han 
Chinese people in Northeast China: a cross‑sectional study. Diabetes 
Med. 2018;35:1580–7. https:// doi. org/ 10. 1111/ dme. 13787.

 16. Krakauer NY, Krakauer JC. A new body shape index predicts mortality 
hazard independently of body mass index. PLoS ONE. 2017;7: e39504. 
https:// doi. org/ 10. 1371/ journ al. pone. 00395 04.

 17. Ji M, Zhang S, An R. Effectiveness of A Body Shape Index (ABSI) in predict‑
ing chronic diseases and mortality: a systematic review and meta‑analy‑
sis. Obes Rev. 2018;19:737–59. https:// doi. org/ 10. 1111/ obr. 12666.

 18. American Diabetes Association. 2. Classification and diagnosis of 
diabetes: standards of medical care in diabetes‑2020. Diabetes Care. 
2020;43(Suppl 1):S14–S31. https:// doi. org/ 10. 2337/ dc20‑ S002.

 19. Wu J, Gong L, Li Q, Hu J, Zhang S, Wang Y, et al. A novel visceral adiposity 
index for prediction of type 2 diabetes and pre‑diabetes in Chinese 
adults: a 5‑year prospective study. Sci Rep. 2017;7:13784. https:// doi. org/ 
10. 1038/ s41598‑ 017‑ 14251‑w.

 20. Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al. 
Visceral Adiposity Index: a reliable indicator of visceral fat function associ‑
ated with cardiometabolic risk. Diabetes Care. 2010;33:920–2. https:// doi. 
org/ 10. 2337/ dc09‑ 1825.

https://doi.org/10.1186/s12986-021-00608-6
https://doi.org/10.1186/s12986-021-00608-6
https://doi.org/10.1152/physrev.00045.2011
https://doi.org/10.1016/j.exger.2015.02.010
https://doi.org/10.1016/j.exger.2015.02.010
https://doi.org/10.4103/2230-8210.167553
https://doi.org/10.4103/2230-8210.167553
https://doi.org/10.1038/nutd.2011.2
https://doi.org/10.3389/fendo.2019.00137
https://doi.org/10.3389/fendo.2019.00137
https://doi.org/10.1038/oby.2009.472
https://doi.org/10.2337/db08-1685
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1002/oby.20997
https://doi.org/10.2337/db07-1378
https://doi.org/10.2337/diacare.27.12.2948
https://doi.org/10.2337/diacare.27.12.2948
https://doi.org/10.1038/nrendo.2015.58
https://doi.org/10.1038/nrendo.2015.58
https://doi.org/10.1016/j.jcmg.2014.07.017
https://doi.org/10.3390/nu11071580
https://doi.org/10.1111/dme.13787
https://doi.org/10.1371/journal.pone.0039504
https://doi.org/10.1111/obr.12666
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1038/s41598-017-14251-w
https://doi.org/10.1038/s41598-017-14251-w
https://doi.org/10.2337/dc09-1825
https://doi.org/10.2337/dc09-1825


Page 12 of 12Tsou et al. Nutr Metab (Lond)           (2021) 18:87 

 21. Ma RC, Lin X, Jia W. Causes of type 2 diabetes in China. Lancet Diabetes 
Endocrinol. 2014;2:980–91. https:// doi. org/ 10. 1016/ S2213‑ 8587(14) 
70145‑7.

 22. Eloi JC, Epifanio M, de Gonçalves MM, Pellicioli A, Vieira PF, Dias HB, et al. 
Quantification of abdominal fat in obese and healthy adolescents using 
3 tesla magnetic resonance imaging and free software for image analysis. 
PLoS ONE. 2017;12(1): e0167625. https:// doi. org/ 10. 1371/ journ al. pone. 
01676 25.

 23. Vazquez G, Duval S, Jacobs DR Jr, Silventoinen K. Comparison of body 
mass index, waist circumference, and waist/hip ratio in predicting inci‑
dent diabetes: a meta‑analysis. Epidemiol Rev. 2007;29:115–28. https:// 
doi. org/ 10. 1093/ epirev/ mxm008.

 24. Xia MF, Chen Y, Lin HD, Ma H, Li XM, Aleteng Q, et al. An indicator of vis‑
ceral adipose dysfunction to evaluate metabolic health in adult Chinese. 
Sci Rep. 2016;6:38214. https:// doi. org/ 10. 1038/ srep3 8214.

 25. Xia MF, Lin HD, Chen LY, Wu L, Ma H, Li Q, et al. Association of visceral 
adiposity and its longitudinal increase with the risk of diabetes in Chinese 
adults: a prospective cohort study. Diabetes Metab Res Rev. 2018;34: 
e3048. https:// doi. org/ 10. 1002/ dmrr. 3048.

 26. Nusrianto R, Ayundini G, Kristanti M, Astrella C, Amalina N, Riyadina W, 
et al. Visceral adiposity index and lipid accumulation product as a predic‑
tor of type 2 diabetes mellitus: the Bogor cohort study of non‑commu‑
nicable diseases risk factors. Diabetes Res Clin Pract. 2019;155: 107798. 
https:// doi. org/ 10. 1016/j. diabr es. 2019. 107798.

 27. Koloverou E, Panagiotakos DB, Kyrou I, Stefanadis C, Chrysohoou C, 
Georgousopoulou EN, et al, ATTICA Study group. Visceral adiposity index 
outperforms common anthropometric indices in predicting 10‑year 
diabetes risk: results from the ATTICA study. Diabetes Metab Res Rev. 
2019;35(6):e3161. https:// doi. org/ 10. 1002/ dmrr. 3161.

 28. Park YW, Allison DB, Heymsfield SB, Gallagher D. Larger amounts of vis‑
ceral adipose tissue in Asian Americans. Obes Res. 2001;9:381–7. https:// 
doi. org/ 10. 1038/ oby. 2001. 49.

 29. Araneta MR, Barrett‑Connor E. Ethnic differences in visceral adipose tissue 
and type 2 diabetes: Filipino, African‑American, and white women. Obes 
Res. 2005;13:1458–65. https:// doi. org/ 10. 1038/ oby. 2005. 176.

 30. Bouchi R, Asakawa M, Ohara N, Nakano Y, Takeuchi T, Murakami M, et al. 
Indirect measure of visceral adiposity “a body shape index” (absi) is 
associated with arterial stiffness in patients with type 2 diabetes. BMJ 
Open Diabetes Res Care. 2016;4(1): e000188. https:// doi. org/ 10. 1136/ 
bmjdrc‑ 2015‑ 000188.

 31. Bertoli S, Leone A, Krakauer NY, Bedogni G, Vanzulli A, Redaelli VI, et al. 
Association of Body Shape Index (ABSI) with cardio‑metabolic risk factors: 
a cross‑sectional study of 6081 Caucasian adults. PLoS ONE. 2017;12(9): 
e0185013. https:// doi. org/ 10. 1371/ journ al. pone. 01850 13.

 32. He S, Chen X. Could the new body shape index predict the new onset of 
diabetes mellitus in the Chinese population? PLoS ONE. 2013;8: e50573. 
https:// doi. org/ 10. 1371/ journ al. pone. 00505 73.

 33. He S, Zheng Y, Wang H, Chen X. Assessing the relationship between a 
body shape index and mortality in a group of middle‑aged men. Clin 
Nutr. 2017;36:1355–9. https:// doi. org/ 10. 1016/j. clnu. 2016. 09. 003.

 34. Ji M, Zhang S, An R. Effectiveness of A Body Shape Index (ABSI) in predict‑
ing chronic diseases and mortality: a systematic review and meta‑analy‑
sis. Obes Rev. 2018;19(5):737–59. https:// doi. org/ 10. 1111/ obr. 12666.

 35. Cheung YB. A Body Shape Index in middle‑age and older Indonesian 
population: scaling exponents and association with incident hyperten‑
sion. PLoS ONE. 2014;9(1): e85421. https:// doi. org/ 10. 1371/ journ al. pone. 
00854 21.

 36. Fujita M, Sato Y, Nagashima K, Takahashi S, Hata A. Predictive power of 
a body shape index for development of diabetes, hypertension, and 
dyslipidemia in Japanese adults: a retrospective cohort study. PLoS ONE. 
2015;1: e0128972. https:// doi. org/ 10. 1371/ journ al. pone. 01289 72.

 37. Chang Y, Guo X, Chen Y, Guo L, Li Z, Yu S, et al. A body shape index and 
body roundness index: two new body indices to identify diabetes mel‑
litus among rural populations in northeast China. BMC Public Health. 
2015;15:794. https:// doi. org/ 10. 1186/ s12889‑ 015‑ 2150‑2.

 38. Wang H, Liu A, Zhao T, Gong X, Pang T, Zhou Y, et al. Comparison of 
anthropometric indices for predicting the risk of metabolic syndrome 
and its components in Chinese adults: a prospective, longitudinal 
study. BMJ Open. 2017;7: e016062. https:// doi. org/ 10. 1136/ bmjop 
en‑ 2017‑ 016062.

 39. Tan CE, Ma S, Wai D, Chew SK, Tai ES. Can we apply the National 
Cholesterol Education Program Adult Treatment Panel definition of the 
metabolic syndrome to Asians? Diabetes Care. 2004;27:1182–6. https:// 
doi. org/ 10. 2337/ diaca re. 27.5. 1182.

 40. Qiu J, Moore JH, Darabos C. Studying the genetics of complex disease 
with ancestry‑specific human phenotype networks: the case of type 2 
diabetes in East Asian populations. Genet Epidemiol. 2016;40:293–303. 
https:// doi. org/ 10. 1002/ gepi. 21964.

 41. Pullinger CR, Aouizerat BE, Movsesyan I, Durlach V, Sijbrands EJ, Nakajima 
K, et al. An apolipoprotein A‑V gene SNP is associated with marked 
hypertriglyceridemia among Asian‑American patients. J Lipid Res. 
2008;49(8):1846–54. https:// doi. org/ 10. 1194/ jlr. P8000 11‑ JLR200.

 42. Fujihara K, Sugawara A, Heianza Y, Sairenchi T, Irie F, Iso H, et al. Utility of 
the triglyceride level for predicting incident diabetes mellitus according 
to the fasting status and body mass index category: The Ibaraki prefec‑
tural health study. J Atheroscler Thromb. 2014;21(11):1152–69. https:// doi. 
org/ 10. 5551/ jat. 22913.

 43. Gujral UP, Narayan KMV. Diabetes in normal‑weight individuals: high sus‑
ceptibility in nonwhite populations. Diabetes Care. 2019;42(12):2164–6. 
https:// doi. org/ 10. 2337/ dci19‑ 0046. PMID: 31748 211; PMCID: PMC68 68465.

 44. Das S. Low bodyweight type 2 diabetes mellitus. J Nutr Environ Med. 
2009;9:229–39. https:// doi. org/ 10. 1080/ 13590 84996 1645.

 45. Hameed EK, AbdulQahar ZH. Visceral adiposity index in female with type 
2 diabetic mellitus and its association with the glycemic control. Diabetes 
Metab Syndr. 2019;13(2):1241–4. https:// doi. org/ 10. 1016/j. dsx. 2019. 01. 
039.

 46. Alkhalaqi A, Al‑Naimi F, Qassmi R, Shi Z, Ganji V, Salih R, et al. Visceral 
adiposity index is a better predictor of type 2 diabetes than body mass 
index in Qatari population. Medicine (Baltimore). 2020;99(35): e21327. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 021327.

 47. Cartier A, Côté M, Lemieux I, Pérusse L, Tremblay A, Bouchard C, et al. 
Age‑related differences in inflammatory markers in men: contribution of 
visceral adiposity. Metabolism. 2009;58(10):1452–8. https:// doi. org/ 10. 
1016/j. metab ol. 2009. 04. 025.

 48. Kahn HS, Cheng YJ. Longitudinal changes in BMI and in an index estimat‑
ing excess lipids among white and black adults in the United States. Int J 
Obes (Lond). 2008;32:136–43. https:// doi. org/ 10. 1038/ sj. ijo. 08036 97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/S2213-8587(14)70145-7
https://doi.org/10.1016/S2213-8587(14)70145-7
https://doi.org/10.1371/journal.pone.0167625
https://doi.org/10.1371/journal.pone.0167625
https://doi.org/10.1093/epirev/mxm008
https://doi.org/10.1093/epirev/mxm008
https://doi.org/10.1038/srep38214
https://doi.org/10.1002/dmrr.3048
https://doi.org/10.1016/j.diabres.2019.107798
https://doi.org/10.1002/dmrr.3161
https://doi.org/10.1038/oby.2001.49
https://doi.org/10.1038/oby.2001.49
https://doi.org/10.1038/oby.2005.176
https://doi.org/10.1136/bmjdrc-2015-000188
https://doi.org/10.1136/bmjdrc-2015-000188
https://doi.org/10.1371/journal.pone.0185013
https://doi.org/10.1371/journal.pone.0050573
https://doi.org/10.1016/j.clnu.2016.09.003
https://doi.org/10.1111/obr.12666
https://doi.org/10.1371/journal.pone.0085421
https://doi.org/10.1371/journal.pone.0085421
https://doi.org/10.1371/journal.pone.0128972
https://doi.org/10.1186/s12889-015-2150-2
https://doi.org/10.1136/bmjopen-2017-016062
https://doi.org/10.1136/bmjopen-2017-016062
https://doi.org/10.2337/diacare.27.5.1182
https://doi.org/10.2337/diacare.27.5.1182
https://doi.org/10.1002/gepi.21964
https://doi.org/10.1194/jlr.P800011-JLR200
https://doi.org/10.5551/jat.22913
https://doi.org/10.5551/jat.22913
https://doi.org/10.2337/dci19-0046.PMID:31748211;PMCID:PMC6868465
https://doi.org/10.1080/13590849961645
https://doi.org/10.1016/j.dsx.2019.01.039
https://doi.org/10.1016/j.dsx.2019.01.039
https://doi.org/10.1097/MD.0000000000021327
https://doi.org/10.1016/j.metabol.2009.04.025
https://doi.org/10.1016/j.metabol.2009.04.025
https://doi.org/10.1038/sj.ijo.0803697

	Visceral adiposity index outperforms conventional anthropometric assessments as predictor of diabetes mellitus in elderly Chinese: a population-based study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study design and population
	Anthropometric measurements
	Laboratory biochemical information
	Assessment of adiposity
	Statistical analysis

	Results
	Baseline characteristics of the study population
	Validation of CVAI with MDCT-defined visceral adiposity
	Correlation of adiposity measures with diabetes and biochemical metabolic profiles
	Association of CVAI or ABSI with diabetes risk
	Adiposity measures as a predictor of new-onset diabetes

	Discussion
	Conclusions
	Acknowledgements
	References


