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Abstract

Background: Traditional anthropometric measures, including body mass

index (BMI), are insufficient for evaluating the risk of diabetes. This study

aimed to evaluate the performance of new anthropometric measures and a

combination of anthropometric measures for identifying diabetes.

Methods: A total of 46 979 participants in the National Health and Nutrition

Examination Survey program were included in this study. Anthropometric

measures, including weight, BMI, waist circumference (WC), waist-to-height

ratio (WtHR), conicity index (CI), and A Body Shape Index (ABSI), were calcu-

lated. Logistic regression analysis and restricted cubic splines were used to

evaluate the association between the anthropometric indices and diabetes. The

receiver operating characteristic (ROC) curve analysis was performed to

compare the discrimination of different anthropometric measures.

Results: All anthropometric measures were positively and independently

associated with the risk of diabetes. After adjusting for covariates, the per

SD increment in WC, WtHR, and CI increased the risk of diabetes by 81%,

83%, and 81%, respectively. In the ROC analysis, CI showed superior dis-

criminative ability for diabetes (area under the curve 0.714), and its opti-

mum cutoff value was 1.31. Results of the combined use of BMI and other

anthropometric measures showed that among participants with

BMI <30 kg/m2, an elevated level of another metric increased the risk of

having diabetes (P < .001). Similarly, at low levels of weight, CI, and ABSI,

an elevated BMI increased diabetes risk (P < .001).

Conclusions: WtHR and CI had the best ability to identify diabetes when

applied to the US noninstitutionalized population. Anthropometric measures

containing WC information could improve the discrimination ability.

a Xiao-cong Liu and Ying-shan Liu should be considered joint first author.

b Jian Kuang and Ying-qing Feng should be considered joint senior author.

Received: 7 January 2022 Revised: 7 June 2022 Accepted: 20 June 2022

DOI: 10.1111/1753-0407.13295

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Journal of Diabetes published by Ruijin Hospital, Shanghai JiaoTong University School of Medicine and John Wiley & Sons Australia, Ltd.

Journal of Diabetes. 2022;14:465–475. wileyonlinelibrary.com/journal/jdb 465

https://orcid.org/0000-0002-3638-6297
https://orcid.org/0000-0002-2733-7442
mailto:kuangjian@gdph.org.cn
mailto:fyq1819@163.com
mailto:fyq1819@163.com
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jdb


KEYWORD S

anthropometry, conicity index, diabetes mellitus, obesity, waist-to-height ratio

Highlights

• Our study retrospectively analyzed 46 979 members of the noninstitutiona-

lized US population and found that anthropometric parameters, including

weight, body mass index, waist circumference (WC), waist-to-height ratio

(WtHR), A Body Shape Index, and conicity index (CI), had a significant

positive correlation with diabetes.

• CI, a novel central-obesity index based on WC, weight, and height, showed

the strongest discriminatory power among these six indices.

• WtHR is the second-best anthropometric index after CI; with the advantages

of being robust and straightforward, WtHR may be a good alternative for

identifying diabetes.

1 | INTRODUCTION

Diabetes mellitus and its complications pose a rapidly grow-
ing global health care burden.1 Diabetes is associated with
various metabolic and cardiovascular risk factors that con-
tribute to high cardiovascular disease (CVD) morbidity and
mortality.2 Excessive adiposity accumulation, particularly
visceral fat deposition, is an established risk factor.3

The pathogenesis of obesity-induced diabetes is com-
plex and multifactorial. Anthropometric measures can
provide a convenient and effective prescreening tool for
identifying individuals with obesity because they are non-
invasive, cost-effective, valid, and easy to implement. The
body mass index (BMI) is the most common measure of
general obesity. However, increasing evidence has proven
that BMI cannot sufficiently represent the actual obesity
status since it cannot accurately reflect body composition
and fat location.4 Although abdominal fat has been con-
sidered when measuring waist circumference (WC),
which is the most commonly applied measure of central
obesity, it still ignores the effect of height. Consequently,
some studies have proposed the waist-to-height ratio
(WtHR) as a better index for identifying cardiometabolic
risk.5,6 Nevertheless, various studies conducted in differ-
ent populations have pointed out that the WtHR is not
always an optimal parameter.7,8 However, comparisons
among these anthropometric indices have not provided
sufficient information for any of them to have an abso-
lute advantage in predicting diabetes.9

Over the past few decades, several novel anthropo-
metric indices have been proposed to estimate obesity,
particularly central obesity. In 2012, a new composite
anthropometric index, the A Body Shape Index (ABSI),
calculated by normalizing WC to weight and height, was

developed by Krakauer et al and appeared to be a satis-
factory predictor of mortality independent of BMI.10

Conicity index (CI) is another composite index based on
WC, weight, and height.11 One study showed that CI
could better discriminate 10-year cardiovascular events
than WC and WtHR.12 However, less is known about the
performance of these two indices in identifying the risk
of diabetes. Determining the optimal anthropometric
index for diabetes screening remains a challenge.

This study aimed to determine and compare the dis-
criminatory performance of six anthropometric indices
(weight, BMI, WC, WtHR, ABSI, and CI) as instruments
for screening diabetes risk in a large multiracial cohort.
The optimal cutoff values of these indices were also
defined to help health care professionals and health policy
makers assess diabetes risk; subsequently, risk-reducing
interventions could be targeted at participants at high risk,
thus reducing the risk of developing diabetes.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This study included data from the 1999/2000 to 2017/2018
cycles of the National Health and Nutrition Examination
Survey (NHANES). The NHANES is a multistage, cross-
sectional, and probability sample survey research program
designed to obtain a representative sample of the noninsti-
tutionalized US population. The methods used in this study
are described in detail in http://www.cdc.gov/nchs/nhanes.
htm. The study procedures were approved by the Institu-
tional Review Board of the Centers for Disease Control and
Prevention, and all participants provided written informed
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consent. We included all participants aged ≥18 years. The
exclusion criteria included pregnancy and missing anthro-
pometric data. In addition, as the effects of glucose-
lowering therapy may affect the participants' body weight,
individuals taking oral hypoglycemic agents or insulin
were also excluded from the main analysis. Therefore, the
final sample size of the main analysis was 46 979 individ-
uals (Figure S1).

2.2 | Anthropometric measures

Anthropometric data were collected by trained health tech-
nicians at the Mobile Examination Center (MEC).13 All par-
ticipants were weighed in kilograms using a digital weight
scale and wore a standard MEC examination gown during
the examination. WC was measured immediately above the
uppermost lateral border of the right ilium of the pelvis.
BMI was calculated as weight (kg) divided by the square of
height (m). The WtHR was calculated as WC (cm) divided
by height (cm). CI and ABSI were calculated according to
published formulae10,11 as followed:

CI¼ WC mð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Weight kgð Þ
Height mð Þ

r

ABSI ¼ WC mð Þ � BMI
2
3�Height

1
2 mð Þ

� �

Given the statistical independence of ABSI and BMI
(as indicated in subsequent results), the Anthropometric
risk index (ARI) was computed as followed:

Log ARIð Þ¼ log ORBMIð Þþ log ORABSIð Þ

2.3 | Outcomes

Diabetes was the dependent variable in this study. The
criteria for diagnosis were based on the American Diabe-
tes Association Standards of Medical Care in Diabetes
2018.15 Participants meeting one or more of the following
criteria were considered to have diabetes: plasma fasting
glucose ≥7.0 mmol/L, glycosylated hemoglobin ≥6.5%,
self-reported diabetes diagnosis, or currently taking hypo-
glycemic agents or insulin.

2.4 | Covariates

Demographic characteristics and medical history were
obtained using a structured questionnaire. Age (years) was

used as a continuous variable. Sex was classified as male or
female. Race was classified as Mexican American, non-
Hispanic White, non-Hispanic Black, other Hispanic, and
others. Smoking status was categorized as yes or
no. Education was divided into two levels: less than high
school and high school or above. Marital status was catego-
rized into married and other groups. Blood pressure mea-
sures were repeated three times after resting quietly for
5 minutes, and the average value was recorded. The esti-
mated glomerular filtration rate (eGFR) was calculated
according to the Chronic Kidney Disease Epidemiology Col-
laboration creatinine equation.16 Plasma fasting glucose and
glycosylated hemoglobin levels were determined by the
assigned laboratory.

2.5 | Statistical methods

For descriptive statistics, continuous variables are pre-
sented as mean with SD, and categorical variables are
described as counts with percentages. Pearson's chi-
square test, independent t tests, and Mann-Whitney
U test were performed to compare the differences
between participants with and without diabetes. The
association between the different anthropometric mea-
sures and diabetes was estimated using univariate and
multivariate logistic regression analyses. All anthropo-
metric variables were z-standardized when treated as
continuous variables. In multivariate logistic regression
analysis, two sets of models were established, among
which covariates were selected according to clinical
importance: model I, adjusted for age, sex, and race, and
model II, further adjusted for study cycle, smoking, edu-
cational level, marital status, physical activity, systolic
blood pressure, diastolic blood pressure, eGFR, and
hypertension. We used restricted cubic splines with three
knots (10th, 50th, and 90th of exposure) to evaluate the
nonlinear association between different anthropometric
measures and diabetes, and the median value of each
anthropometric measure was used as a reference. Odds
ratios (ORs) were logarithm-transformed to represent the
rate of increase. The distribution of the variables is also
presented using histograms. Subgroup analyses were per-
formed to explore the effect of heterogeneity. Receiver
operating characteristic (ROC) curves and area under the
curve (AUC) were used to compare the discriminative
power of different anthropometric indices to identify par-
ticipants with diabetes. Delong's test was used to assess
statistical differences between the AUCs. We further
examined whether integrating BMI with other anthropo-
metric measures could better assess the risk of diabetes.
BMI and WC were dichotomized according to the World
Health Organization (WHO) guidelines17; obesity was
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defined as BMI ≥ 30 kg/m2, whereas abdominal obesity
was defined as WC ≥ 102 cm in men or WC ≥ 88 cm in
women. Other anthropometric indices were dichoto-
mized according to the cutoff point in the ROC analysis.
Correlation analysis between the two anthropometric
indices was performed using Person's correlation analy-
sis. Sensitivity analyses were conducted including diabe-
tes patients with glucose-lowering therapy. The sample
size in sensitivity analyses was 51 438. All data in this
study were analyzed using R software (R Core Team,
2020; version 4.0.3). Two-sided P values <.05 were con-
sidered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics

The study sample consisted of 46 979 individuals, of
whom 3517 (7.49%) had diabetes. The participants were
49.8% male and 43.6% non-Hispanic White, with a mean
age of 46.15 years. Demographic and clinical data at base-
line are shown in Table 1. Overall, participants with dia-
betes were older (58.1 vs 45.2 years), more likely to be
male (52.4% vs 49.6%), had a higher proportion of
smokers (50.5% vs 43.1%) and married (54.1% vs 47.5%),

TABLE 1 Baseline characteristics

Variables Total Non-diabetes Diabetes P value

Number 46 979 43 462 3517

Age, y 46.15 ± 18.91 45.18 ± 18.83 58.06 ± 15.62 <.001***

Sex-male, n (%) 23 391 (49.8) 21 548 (49.6) 1843 (52.4) .001**

Race, n (%) <.001***

Mexican American 8532 (18.2) 7788 (17.9) 744 (21.2)

Other Hispanic 3825 (8.1) 3499 (8.1) 326 (9.3)

Non-Hispanic White 20 473 (43.6) 19 191 (44.2) 1282 (36.5)

Non-Hispanic Black 9876 (21.0) 8988 (20.7) 888 (25.2)

Other 4273 (9.1) 3996 (9.2) 277 (7.9)

Smoking, n (%) 19 840 (43.6) 18 078 (43.1) 1762 (50.5) <.001***

Education level-high school or above, n (%) 34 295 (73.0) 32 080 (73.8) 2215 (63.0) <.001***

Married, n (%) 22 546 (48.0) 20 642 (47.5) 1904 (54.1) <.001***

Physical activity, n (%) <.001***

Less than moderate 21 621 (46.0) 19 476 (44.8) 2145 (61.0)

Moderate activity 12 033 (25.6) 11 138 (25.6) 895 (25.4)

Vigorous activity 13 325 (28.4) 12 848 (29.6) 477 (13.6)

Hypertension, n (%) 17 042 (36.3) 14 798 (34.0) 2244 (63.8) <.001***

Systolic blood pressure, mm Hg 123.44 ± 18.85 122.73 ± 18.50 132.22 ± 20.80 <.001***

Diastolic blood pressure, mm Hg 70.28 ± 12.97 70.25 ± 12.81 70.60 ± 14.83 .133

eGFR, mg/min/1.73m2 97.82 ± 24.15 98.66 ± 23.87 87.68 ± 25.23 <.001***

Plasma fasting glucose, mmol/L 5.68 ± 1.46 5.41 ± 0.56 8.39 ± 3.47 <.001***

Glycosylated hemoglobin, % 5.51 ± 0.74 5.38 ± 0.38 6.97 ± 1.75 <.001***

Anthropometric measures

Weight, kg 79.61 ± 20.50 78.94 ± 20.14 87.99 ± 22.88 <.001***

BMI, kg/m2 28.30 ± 6.54 28.02 ± 6.39 31.66 ± 7.32 <.001***

WC, cm 96.68 ± 15.96 95.86 ± 15.67 106.88 ± 16.01 <.001***

WtHR 0.58 ± 0.10 0.57 ± 0.09 0.64 ± 0.10 <.001***

CI 1.29 ± 0.09 1.29 ± 0.09 1.36 ± 0.08 <.001***

ABSI 0.081 ± 0.005 0.081 ± 0.005 0.084 ± 0.005 <.001***

Note: Values are mean with SD or number with percent.
Abbreviations: ABSI, A Body Shape Index; BMI, body mass index; CI, conicity index; eGFR, estimated glomerular filtration rate; WC, waist circumference;
WtHR, waist-to-height ratio.

***P value < .001; ** P value <.01.
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and had lower educational levels (63.0% vs 73.8%) (all
P < .01). Compared with participants without diabetes,
eGFR (87.7 vs 98.7 mg/min/1.73m2) were significantly

lower, and systolic blood pressure (132.2 vs
122.7 mm Hg) was significantly higher in participants
with diabetes (all P < .001). In addition, all six

FIGURE 1 Spline analyses of diabetes and participants' anthropometric measures, with the probability distribution histogram is

represented in the background (Spline analyses were adjusted for age, sex, race, study cycle, smoking, education, marriage status, physical

activity, systolic blood pressure, diastolic blood pressure, eGFR, and hypertension).
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anthropometric parameters (weight, BMI, WC, WtHR,
CI, and ABSI) involved in this study were significantly
elevated in participants with diabetes (all P < .001). The
baseline characteristics grouped by sex are shown in
Table S1. Men presented a significantly higher weight
(85.1 vs 74.2 kg), WC (98.6 vs 94.8 cm), CI (1.30 vs 1.29),
and ABSI (0.081 vs 0.080) compared to women
(P < .001). In contrast, BMI (27.9 vs 28.7 kg/m2) and
WtHR (0.57 vs 0.59) were significantly higher in women
than in men (P < .001).

3.2 | Associations between different
anthropometric measures and diabetes

The distribution of the six anthropometric measures is
shown in Figure 1. All anthropometric measures had a
positive association with diabetes, irrespective of
whether adjustment was made for confounding factors
(Table 2). In univariate logistic regression analysis, CI
had the highest OR per SD change among the six
anthropometric measures (OR 2.19; 95% confidence
interval, 2.11-2.28; P < .001). After adjustment in mul-
tivariate logistic analysis, WC (OR 1.81; 95% confi-
dence interval, 1.74-1.88; P < .001), WtHR (OR 1.83;
95% confidence interval, 1.76-1.90; P < .001), and CI
(OR 1.81; 95% confidence interval, 1.72-1.89; P < .001)
were associated with the highest OR per SD increment.
Moreover, restricted cubic spline analysis was per-
formed to evaluate whether nonlinear associations
existed between anthropometric measures and diabe-
tes. As presented in Figure 1, weight, BMI, WC, WtHR,
CI, and ABSI were positively associated with diabetes

in a nonlinear pattern. The risks of diabetes displayed
a relatively rapid increase in the upper quantile of
these parameters.

In the subgroup analysis (Table S2), participants were
separated by age (≥60 and <60 years), sex (male and
female), BMI (≥30 and <30 kg/m2), and race (White,
Black, and others). The results showed that most anthro-
pometric measures were more strongly associated with
diabetes in younger individuals (Pinteraction < .01, except
for BMI, WC, and WtHR) and those with a BMI less than
30 kg/m2 (all Pinteraction < .001). Compared with men, the
increases in WC were more highly correlated with diabe-
tes in women. (Pinteraction < .05). The non-Hispanic White
population was more sensitive to traditional anthropo-
metric measures (weight, BMI, and WtHR) than the non-
Hispanic Black and other populations (all
Pinteraction < .05, Pinteraction for WC also close to signifi-
cance). However, there was no interaction effect between
race and CI (Pinteraction >.05).

3.3 | Discrimination ability of different
anthropometric measures

The ROC curves for identifying participants with diabetes
are shown in Figure 2. CI showed the best discrimination
ability (AUC 0.714; 95% confidence interval, 0.706-0.722)
among all six anthropometric parameters (Delong's test
all P < .05). The optimal cutoff value of CI with the high-
est Youden index was 1.31, which had a sensitivity of
0.72 and a specificity of 0.60. Moreover, the AUCs for
weight, BMI, WC, WtHR, and ABSI were 0.620 (95% con-
fidence interval, 0.611-0.630), 0.656 (95% confidence

TABLE 2 Logistic regression analysis of anthropometric measures and diabetes

Nonadjusted Model I Model II

OR (95% confidence
interval) P value

OR (95% confidence
interval) P value

OR (95% confidence
interval) P value

Weight 1.46 (1.42, 1.50) <.001*** 1.69 (1.64, 1.75) <.001*** 1.65 (1.59, 1.71) <.001***

BMI 1.57 (1.53, 1.62) <.001*** 1.70 (1.64, 1.75) <.001*** 1.65 (1.59, 1.71) <.001***

WC 1.86 (1.80, 1.92) <.001*** 1.86 (1.80, 1.93) <.001*** 1.81 (1.74, 1.88) <.001***

WtHR 1.93 (1.87, 1.99) <.001*** 1.89 (1.82, 1.96) <.001*** 1.83 (1.76, 1.90) <.001***

CI 2.19 (2.11, 2.28) <.001*** 1.88 (1.80, 1.96) <.001*** 1.81 (1.72, 1.89) <.001***

ABSI 1.72 (1.66, 1.78) <.001*** 1.33 (1.27, 1.39) <.001*** 1.29 (1.23, 1.35) <.001***

ARI (ABSI,
BMI)

2.02 (1.94, 2.12) <.001*** 1.83 (1.73, 1.93) <.001*** 1.75 (1.65, 1.86) <.001***

Note: Data are ORs, 95% confidence intervals, and P values for per SD increment. Model I adjusted for age, sex, and race. Model II adjusted for age, sex, race,
study cycle, smoking, education, marital status, physical activity, systolic blood pressure, diastolic blood pressure, eGFR, and hypertension.
Abbreviations: ABSI, A Body Shape Index; ARI, anthropometric risk index; BMI, body mass index; CI, conicity index; eGFR, estimated glomerular filtration
rate; OR, odds ratio; WC, waist circumference; WtHR, waist-to-height ratio.

***P value < .001.
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interval, 0.647-0.665), 0.695 (95% confidence interval,
0.686-0.703), 0.707 (95% confidence interval, 0.699-0.716),
and 0.658 (95% confidence interval, 0.649-0.667),

respectively. Separate ROC curve analyses were also per-
formed on the subgroups of participants with and with-
out a BMI ≥ 30 kg/m2 (Table S3). Similarly, CI exhibited
the best discrimination power for both subgroups. In
addition, all anthropometric measures showed higher
AUC values in participants without obesity.

3.4 | Combination of BMI and other
anthropometric indices

The correlation analysis of the different anthropometric
measures is shown in Table S4. The correlation with BMI
was the strongest for WtHR (r = 0.91) and moderate for
CI (r = 0.50). ABSI was negligibly correlated with BMI
(r = 0.01). As shown in Figure 3, in participants with a
BMI < 30 kg/m2, elevated weight (OR 1.49; 95% confi-
dence interval, 1.30-1.70; P < .001), WC (OR 1.73; 95%
confidence interval, 1.54-1.93; P < .001), WtHR (OR 1.94;
95% confidence interval, 1.73-2.17; P < .001), CI (OR 1.94,
95% confidence interval, 1.73-2.18; P < .001), and ABSI
(OR 1.69; 95% confidence interval, 1.49-1.91; P < .001)
were all positively correlated with diabetes. Similarly, in
participants with normal weight, CI, and ASBI, an ele-
vated BMI increased diabetes risk (P < .001). However,
participants with a BMI ≥ 30 kg/m2 but normal WC or
WtHR did not have an increased risk of diabetes (both
P > .05). Additionally, participants with a BMI ≥ 30 kg/FIGURE 2 ROC curves of different anthropometric measures

for discriminating diabetes.

FIGURE 3 Association between diabetes and combined anthropometric indices. (Adjusted for age, sex, race, study cycle, smoking,

education, marriage status, physical activity, systolic blood pressure, diastolic blood pressure, eGFR, and hypertension).
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m2 along with other abnormal anthropometric measures
were associated with the highest risk of diabetes.

3.5 | Sensitivity analysis

As shown in Table S5, anthropometric measures were
significantly lower in participants without diabetes than
in those with diabetes, regardless of medication use. The
sensitivity analyses were consistent with the main ana-
lyses. After including participants receiving glucose-
lowering therapy, WC, WtHR, and CI still had higher
ORs among the six anthropometric measures (Table S6).
CI still had the best discrimination ability among the six
anthropometric parameters (Figure S2; AUC 0.743;
Delong's test all P < .05), and the optimal cutoff points
with the highest Youden index were also close to the
main results.

4 | DISCUSSION

The present large cross-sectional study revealed that all
six anthropometric indices examined (weight, BMI, WC,
WtHR, ABSI, and CI) were positively correlated with dia-
betes risk, supporting that weight and WC reduction will
reduce the population incidence of diabetes. Among
these six indices, CI showed the strongest discriminatory
power. WtHR has a similarly discriminative ability next
to CI with a simpler calculation.

Obesity is an established risk factor for diabetes.18 In
this study, four central-obesity indices (WC, WtHR,
ABSI, and CI) had superior discrimination ability for
screening diabetes risk compared to the indices of gen-
eral obesity (weight and BMI), reconfirming that central
obesity is more strongly associated with diabetes risk
than general obesity.19 Our findings also indicated that
individuals with a normal BMI but central obesity had
an elevated risk of diabetes. BMI is an index measuring
both fat and fat-free mass and may not adequately rep-
resent abdominal fat distribution. Individuals with nor-
mal weight but central obesity have excessive
abdominal fat. Their normal BMI suggests that these
individuals are at risk for decreased muscle mass and
bone density compared to those with the same BMI
and no central obesity.20 Previous studies have con-
firmed that excessive visceral fat deposition in patients
with central obesity exacerbates insulin resistance and
β-cell damage due to the higher inflammatory activity in
abdominal visceral fat,21,22 resulting in impaired glucose
tolerance and eventually prompting the diabetes devel-
opment.23,24 Conversely, muscle mass and bone density
manifest a strong connection with a more favorable

metabolic status, and decreased muscle mass and bone
density can potentially result in reduced protective roles
with adverse health outcomes.25–27 Therefore, measur-
ing the indices of central obesity in addition to BMI can
provide incremental benefits in the prescreening of
diabetes.

Although central-obesity indices are generally con-
sidered better than BMI in screening for diabetes, con-
troversy still exists regarding which central-obesity
measures perform the best.19 In the present study, the
AUC value of WtHR for diabetes screening was close to
that of WC as expected from the correlation between
WC and WtHR given in Table S4 as 0.93. The advantage
of the WtHR lies in the comprehensive consideration of
height and WC, which is less affected by race, age, and
sex, and thus is relatively stable. However, correlation
analysis among different anthropometric measures
showed a strong correlation between WtHR and BMI,
indicating that WtHR may not be an effective comple-
mentary indicator of BMI. In addition, it is worth noting
that at least eight WC measurement locations were
reported in previous studies. Among them, two WC
measurement locations, WC-mid (measuring WC in the
horizontal plane midway between the lowest ribs and
iliac crest) and WC-IC (measured in the horizontal
plane of the superior border of the iliac crest), are the
most representative because they were recommended by
the WHO, International Diabetes Federation, and
National Cholesterol Education Programme-Adult
Treatment Panel III.28–30 Ma et al compared WC-mid
and WC-IC, revealing that the performance of WC-IC
and WC-mid in identifying hypertension, diabetes, and
metabolic syndrome was similar. However, WC-mid
proved to be a better measurement to define central obe-
sity than WC-IC and had better results for predicting
metabolic diseases in Asians.31 The WC-IC data were
used in the NHANES data, which might limit the com-
parability of the present study's results with WC mea-
sured in various anatomical locations. Because other
central-obesity indices involved in this study were all
calculated using a simple linear formula based on WC-
IC, we hypothesize that these central-obesity indices
might have better screening effectiveness if better loca-
tion measurements, such as WC-mid, are used in spe-
cific ethnic groups. However, this did not affect the
ranking among the different indices because the
human waist is consistent; thus, the values of different
WC measurement locations are correlated. We are
therefore confident in the conclusion of the present
study. Meanwhile, we suggest that the location of WC
measurement should be considered before comparing
the effectiveness and optimal cutoff values of the differ-
ent indices.
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We further analyzed CI and ABSI, which incorporate
height and weight with WC. The basic formula is given by
WC � Heightx/Weighty. For CI, x = 0.5 and y = 0.5, while
for ABSI, x= 5/6 and y= 2/3, whereas the correlations with
BMI are 0.50 and 0.01, respectively. We found that CI per-
formed significantly better in screening diabetes than other
indices, regardless of whether the individuals had obesity or
not. Previous studies have found that CI was superior to
BMI for identifying visceral adiposity,32 metabolic disor-
ders, and cardiovascular risk factors.33 Thus, CI was pro-
posed as an effective instrument to determine the risk of
CVD. At present, the use of CI in screening for diabetes has
been less studied. Neufeld conducted a small cross-sectional
study of youngMexican women and found that the best cut-
off point of CI for prediabetes was 1.28 for CI.34 This is con-
sistent with our findings from NHANES with a CI cutoff
of 1.31.

ABSI shows a lower OR in screening for diabetes com-
pared to other central-obesity indices. However, ABSI was
negligibly correlated with BMI, establishing statistical inde-
pendence and therefore applicability of ABSI to the present
cohort. This finding implies that after correction for BMI,
the association of WC with DM incidence is attenuated,
findings that were compatible with a Chinese study of insu-
lin resistance.35 Similar findings have been reported in a
review comparing body roundness index with ABSI for pre-
dicting hypertension.36 Certainly, ABSI and CI are cousin
power laws that differ only in terms of their exponents and
constants. ABSI by design was originally derived from
NHANES to capture the variation in WC that is not depen-
dent on BMI, whereas CI is confounded by BMI. We found
better discrimination when ABSI was combined with BMI.
This might be interpreted as the fact that changes in ABSI
do not entirely reflect the real metabolism on their own
since MS, diabetes, and hypertension are all multifactorial
disorders. Therefore, future studies are warranted to deter-
mine whether ABSI can be used in combination with BMI
to screen for diabetes. Krakauer et al suggested that the
ARI, a novel risk indicator that utilizes complementary
information from height, hip index, BMI, and ABSI, is a
substantially better predictor of mortality risk than any of
the individual anthropometric indices tested.14,37 The pre-
sent study also demonstrates the ARI to be a potential
favorable predictive index, which performed better than
BMI and ABSI alone.

This study has several merits and implications. First,
our study was based on a large-sample multicenter study;
the sample size was adequate to provide sufficient statistical
power. Second, we used restricted cubic splines to reveal
the nonlinear associations between different measures and
diabetes and intuitively showed the OR for different levels
of obesity. Third, the central-obesity indices based on WC
have better discriminatory power for screening diabetes

than BMI. It is strongly recommended that WC should be
part of a participant's medical history in addition to BMI.
Fourth, from the point of view of public health, using CI as
a noninvasive, simple screening tool could offer a practical
approach for screening the risk of diabetes. However, our
study has some limitations. First, this was a cross-sectional
study; thus, causal associations could not be determined.
Second, the fat content and distribution data were unavail-
able in this study. Therefore, we cannot directly assess the
association of anthropometric measures with body fat and
visceral fat. Third, the NHANES data were not able to dis-
tinguish between type 1 and 2 diabetes. Fourth, some vari-
ables in this study were self-reported and may have
experienced subjective bias. Fifth, the NHANES study was
based on the US noninstitutionalized population. Conse-
quently, the results of this study may not be applicable to
other populations.

5 | CONCLUSION

In this study, we retrospectively analyzed 46 979 members
of the US noninstitutionalized population and found that
anthropometric parameters, including weight, BMI, WC,
WtHR, ABSI, and CI, had a significant positive correlation
with diabetes. Measuring BMI alone is insufficient for
assessing the risk of diabetes. The CI and WtHR are the
strongest discriminators of diabetes and may be used as
good indicators for screening diabetes.
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