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Abstract

To compare the ability of a body shape index (ABSI) and body adiposity estimator (BAE) to BMI, waist circumference (WC) and waist:height
ratio (WHtR) for predicting development of type 2 diabetes mellitus (T2DM) in rural adult Chinese. The prospective cohort study included
11 687 eligible participants who were free of T2DM at baseline. The risk of new-onset T2DM for ABSI, BAE, BMI, WC and WHtR quintiles was
estimated by Cox proportional-hazards regression at follow-up. We also compared the power of ABSI and BAE to BMI, WC and WHIR for
predicting the development of T2DM. With increasing ABSI, BAE, BMI, WC and WHtR, T2DM incidence was substantially increased
(Pyenda <0-0001). After adjustment for multi-covariates, risk of T2DM was increased from the second to fifth quintile as compared with first
quintile for ABSI (1-27; 95% CI 0-95, 1-69; 1-35; 95 % CI 1-00, 1-82; 1:75; 95% CI 1-33, 2:32 and 1-87; 95 % CI 1-40, 2-49; Pyena < 0-0001); BAE
(1-82; 95 % CI 1-38, 2:41; 1:93; 95% CI 1-38, 2:68; 2:73; 95 % CI 194, 3-84 and 4-18; 95 % CI 2:98, 5-87; Prena < 0-0001); BMI (1-42; 95 % CI 1-03,
1:97; 1-62; 95% CI 1-18, 2-23; 2-59; 95% CI 1-92, 3-50 and 3-90; 95% CI 2:90, 5:26; Pyeng < 0-0001); WC (1-53; 95 % CI 1-08, 2:17; 1-66; 95 % CI
1-18, 2:33; 2-72; 197, 3-76 and 4-09; 95% CI 2-97, 5:62; Pyena < 0-0001); and WHIR (1-40; 95 % CI 0-98, 1-99; 2:06; 95 % CI 1-47, 2-88; 2:90; 95 %
CI 2-10, 4-01 and 4-22; 95% CI 3-05, 5:85; Pyena < 0-0001). ABSI, BAE, BMI, WC and WHR were effective and comparable in discriminating
cases from non-cases of T2DM. Risk of T2DM was increased with elevated ABSI and BAE, but the predictive ability for T2DM did not differ
than that of BMI, WC and WHIR in a rural Chinese population.
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In 2015, the International Diabetes Federation demonstrated that
China has the highest number of adults with diabetes (109-6
million), and type 2 diabetes mellitus (T2DM) is the most com-
mon'”. However, many people with T2DM remain unaware of
their condition for a long time because the symptoms are usually
less marked than with type 1 diabetes mellitus and may take years
to be recognised(ZA). As a result, many people already have
complications when they receive a diagnosis of T2DM”. About
80% of T2DM could be prevented by behaviour and lifestyle
intervention. Therefore, identifying people at high risk of T2DM
is indispensable for effective prevention strategies, which could
help halt the inexorable increase in T2DM incidence.

Obesity is a confirmed risk factor of premature mottality(G'”
and T2DM®. To predict premature mortality better, Krakauer &
Krakauer®, proposed a body shape index (ABSD based

on waist circumference (WC) adjusted for height and weight.
ABSI could predict premature mortality better than traditional
anthropometric measurements (BMI or WC)"?. Recently, a pro-
spective cohort study based on 687 urban Chinese found that
ABSI was a weaker predictor of diabetes mellitus than traditional
anthropometric measurements (BMI or WC), but the study parti-
cipants were from a smaller urban population™”. In addition,
some studies concluded that excess adiposity but not excess body
weight was the real culprit of T2DM"*'®. To respond to the
condition of unavailable body fat information in some studies, an
estimation equation based on a large white population that
accounted for BMI, sex and age to body fat has been devel-
oped™. However, the predictive power of estimated body
adiposity estimator (BAE) based on the equation for T2DM was
not assessed in the Chinese population.
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Abbreviations: ABSI, a body shape index; BAE, body adiposity estimator; T2DM, type 2 diabetes mellitus; WC, waist circumference; WHtR, waist:height ratio.
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The current study aimed to compare the power of ABSI and
BAE with traditional anthropometric measurements (BMI, WC
and waist:height ratio (WHtR)) for predicting new-onset T2DM
in an adult Chinese population.

Methods
Study design and participants

A total of 19443 participants 18 to 74 years old were recruited
from a rural Chinese population between July and August 2007
and July and August 2008; 16627 (85-5%) participants com-
pleted the follow-up between July and August 2013 and July
and October 2014. A questionnaire interview was used to
collect data on demographic characteristics (sex and age),
behavioural variables (smoking and drinking), physical activity
and medical and family history by interviewing all participants
face to face at baseline and follow-up. Among the 16627 par-
ticipants who completed the follow-up, we excluded people
who died (1 881), had T2DM (1 1260) and type 1 diabetes
mellitus (7 11), lacked fasting plasma glucose (FPG) values
(n 10) and anthropometric measurements (7 4), had BMI
<18-5kg/m* (n 446) at baseline; and lacked FPG values
(n 2328) at follow-up. Ultimately, 11687 participants were
included in the analysis.

Covariate measurement and definition

A smoker was defined as having smoked 100 or more cigarettes
during the lifetime"">. An alcohol drinker was defined as having
consumed alcohol twelve or more times in the past year(m) .
Physical activity level was classified as high, moderate and low
according to the International Physical Activity Questionnaire
score”. Body weight and height were measured twice by use
of a metric scale and a vertical height scale to the nearest 0-1kg
and 0-1cm, respectively, in participants wearing light indoor
clothing without shoes. BMI was calculated as weight (kg)
divided by height (m) squared. WC was analysed as the mean
of two measurements to the nearest 0-1cm by using a metric
measurement tape at the 1-cm surface level above the navel.
WHtR was calculated as WC (m) divided by height (m). ABSI
was defined as \X/C/((BMI)z/ 3% (height)]/ 2)(9). BAE was defined
as follows: BAE=-44-988+(0-503 X age) + (10-689 X sex) +
(3-172 X BMD = (0-026 X (BMD?) + (0-181 X BMI X sex) —(0-02 X
BMI X age) — (0-005 X (BMD? x sex) + (0-00021 x (BMI)* X age)
where male=0 and female=1, and age is in years''*. An
electronic sphygmomanometer (HEM-770A; Fuzzy) was used to
measure systolic blood pressure (SBP) and diastolic blood
pressure (DBP) three times on the right arm of participants who
were in a seated position after a 5-min rest and at 30-s intervals.

An overnight fasting venous blood sample was collected from
each participant. Levels of lipids (total cholesterol (TC), TAG
and HDL-cholesterol) and FPG were measured by using a
HITACHI 7060 automatic biochemical analyzer. All interviews
and examinations were performed by trained and dedicated
study staff. This study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by the Medical

Ethics Committee of Shenzhen University Health Sciences
Center. Written informed consent was obtained from all
participants.

Definition of type 2 diabetes mellitus

A diagnosis of T2DM was considered with a history of diabetes
mellitus, currently using antidiabetic agents, or FPG level
>7-0mmol/I™®. We excluded participants with type 1 diabetes
mellitus, gestational diabetes and other diabetes types. The time
of onset of T2DM was collected by dedicated survey staff who
used a specially designed questionnaire with face-to-face
interviews for participants. Person-years of follow-up were
computed as the date of onset of T2DM or follow-up minus the
date of baseline examination.

Statistical analysis

The Shapiro-Wilk test was used to evaluate normality of con-
tinuous variables. Data are presented as medians and inter-
quartile ranges for continuous variables according to result of
normality test and numbers and percentages for categorical
variables. Wilcoxon’s rank sum and y* tests were used to
evaluate differences in continuous and categorical variables,
respectively. The trend of T2DM incidence with increased ABSI,
BAE, WC, BMI and WHIR was assessed by Cochran—Mantel-
Haenzel test. Cox proportional-hazards regression analysis was
used to estimate the risk of T2DM by anthropometric mea-
surements (ABSI, WC, BMI and WHtR) and BAE adjusted for
sex, age, smoking, alcohol consumption, physical activity, SBP
and DBP, and TC, TAG and HDL-cholesterol levels. Simulta-
neously, the receiver operating characteristic (ROC) curve was
used to identify cut-off values that balanced both sensitivity and
specificity well for the anthropometric measurement in terms of
the specific T2DM risk factor, with respective sensitivity and
specificity values reported. All statistical analyses involved use
of SAS 9.1 (SAS Institute), and a two-tailed P<0-05 was con-
sidered statistically significant. Software of Sample Size Calcu-
lations (Mark Woodward, The George Institute International
Health; Lesley Francis, MIS Consultants Pty Ltd) was used esti-
mated sample size. Statistical power was considered typically
80 %, two-sided significance level typically 0-05, T2DM inci-
dence of unexposed group 0-5 %, relative risk 2-0 and exposed/
unexposed 0-3. These parameters were set to criteria from
previous studies (incidence of unexposed group: >0-5%; rela-
tive risk: >2)(19’20) and overweight: 30-1 % (‘Report on nutrition
and non-communicated diseases in Chinese population
(2015)®Y. Calculated result demonstrated the study need
12136 participants. Therefore, sample size was adequate in
the study.

Results

The baseline characteristics of study participants with and
without T2DM during follow-up are in Table 1. During a median
of 6:01 years (interquartile range: 5-89-6-06) of follow-up, we
recorded 749 new-onset T2DM. Data for age, BMI, WC, WHtR,
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Table 1. Baseline characteristics of study participants with and without type 2 diabetes mellitus (T2DM) during follow-up

(Medians and interquartile ranges (IQR); numbers and percentages)

With T2DM (n 749)

Without T2DM (n 10938)

Variables Median IQR Median IQR P
Male 0-8807
n 280 4119
% 37-38 37-66
Age (years) 53 44-60 50 41-59 <0-0001
Tobacco consumption 0-3420
n 187 2904
% 24.97 26-55
Alcohol consumption 0-7308
n 88 1240
% 11.75 11.34
Physical activity 0-1850
Low
n 367 5559
% 49-00 50-82
Moderate
n 154 2386
% 20-56 2181
High
n 228 2993
% 3044 27-36
BMI (kg/m?) 26-39 23.88-28-71 24.08 21.87-26-49 <0-0001
WC (cm) 89:50 82:10-96:10 8175 75-25-89-00 <0-0001
WHtR 0-562 0-520-0-607 0-517 0-474-0-562 <0-0001
ABSI (m'"ekg=2?) 0-080 0-077-0-083 0078 0-075-0-081 <0-0001
BAE 3581 28-09-40-41 3215 24.79-37-53 <0-0001
SBP (mmol/l) 129-67 118-33-142.67 121.67 111.00-135-33 <0-0001
DBP (mmol/l) 81.67 74.67-89-67 77-33 70-67-85-33 <0-0001
TC (mmol/l) 4.64 4.09-5-23 4.36 3:81-4-99 <0-0001
TAG (mmol/l) 1-85 1.24-2.69 1.34 0-96-1-93 <0-0001
HDL-cholesterol (mmol/l) 1-09 0-94-1.25 114 0-99-1-32 <0-0001
FPG (mmol/l) 5.95 5.44-6-40 5.29 4.96-5-63 <0-0001

WC, waist circumference; WHtR, waist:height ratio; ABSI, a body shape index; BAE, body adiposity estimator; SBP, systolic blood pressure; DBP, diastolic

blood pressure; TC, total cholesterol; FPG, fasting plasma glucose.

ABSI, BAE, SBP, DBP and TC, TAG and FPG levels were higher
and HDL-cholesterol level was lower with T2DM than non-T2DM
(P <0-000D); the groups did not differ by sex, smoking, alcohol
consumption or physical activity (> 0-05).

Fig. 1 summarises the incidence and hazard ratios and 95%
CI for T2DM by ABSI, BAE, BMI, WC and WHtR quintiles
and continued value. T2DM incidence was increased with
increasing level of ABSI, BAE, BMI, WC and WHtR (Pyena <
0-0001). As compared with the first quintile, with the second to
fifth quintiles, the risk of T2DM increased for ABSI (1-53; 95 %
CI 1-16, 2:03; 1-85; 95% CI 1:38, 2:47; 2:67; 95% CI 2:05, 3-48
and 3-55; 95% CI 2:72, 4-64; Pyyena < 0-0001); BAE (1-97; 95% CI
1-50, 2-59; 1-53; 95% CI 1-15, 2-05; 2:36; 95% CI 1-81, 3-09 and
4-44;95% CI 3-46, 5-71; Pyena < 0-0001); BMI (1-59; 95 % CI 1-15,
2:21; 2:08; 95% CI 1-52, 2:84; 3-51; 95 % CI 2:62, 4-69 and 5-95;
95% CI 4-51, 7-86; Pyyend < 0-0001); WC (1-78; 95 % CI 1-26, 2-53;
2:19; 95% CI 1-57, 3-07; 4:03; 95% CI 2:95, 5-51 and 7-00; 95 %
CI 519, 9-43; Pyena <0-0001); and WHtR (1-63; 95% CI 1-14,
2:31; 2:67; 95% CI 1-93, 3-71; 4-27; 95% CI 3-14, 5-82 and 7-24;
95 % CI 5-38, 9-75; Pyena < 0-0001). After adjustment for sex, age,
smoking, alcohol consumption, physical activity, SBP, DBP and
TC, TAG and HDL-cholesterol levels, the association was con-
sistent across the second to fifth quintiles for ABSI (1-27; 95 % CI
0-95, 1-69; 1-35; 95% CI 1-00, 1-82; 1-75; 95% CI 1-33, 2:32 and
1-87; 95% CI 1-40, 2-49; Pyena <0-0001); BAE (1-82; 95% CI

1-38, 2-41; 1:93; 95% CI 138, 2:68; 2-73; 95% CI 194, 3-84 and
4-18; 95 % CI 2:98, 5-87; Pyena < 0-0001); BMI (1-42; 95 % CI 1-03,
1-97; 1-62; 95% CI 1-18, 2:23; 2:59; 95 % CI 1-92, 3-50 and 3-90;
95% CI 2:90, 5-26; Pyyena < 0-0001); WC (1-53; 95% CI 1-08, 2-17;
1-66; 95 % CI 1-18, 2:33; 2:72; 95% CI 1-97, 3-76 and 4-09; 95 %
CI 297, 5:62; Pyena <0-0001); and WHIR (1-40; 95% CI 0-98,
1-99; 2:00; 95 % CI 1-47, 2-88; 2-9095 % CI 95 % CI 2-10, 4-01 and
4-22:95% CI 3-05, 5-85; Pyrenda < 0-0001). As continuous variables
for ABSI, BAE, BMI, WC and WHItR, the risk of T2DM also
increased in unadjusted and adjusted models (P < 0-0001).

Baseline ABSI, BAE, BMI, WC and WHtR had moderate
predictive ability for T2DM ( AUC (ROQ)), sensitivity and spe-
cificity but high negative predictive value and low positive
predictive value (Fig. 2 and Table 2). Specificity for ABSI and
BAE for predicting T2DM was higher than traditional anthro-
pometric measurements (BMI, WC and WHtR), but sensitivity,
positive and negative predictive values, and AUC were lower
(Fig. 2 and Table 2).

Discussion

We found risk of T2DM increased with elevated ABSI and BAE.
However, for predicting development of T2DM, the ability of
ABSI and BAE did not differ from traditional anthropometric
measurements (BMI, WC and WHtR).
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’ No. of Person-years of Incidence (/1000 o *

Variables T2DM follow-up person-years) HR 95% Cl HR 95% Cl
ABSI (mn/e kg—za)
Q1 (0-044-0-074) 74 14112:79 524 1-00 3 1-00
Q2 (0-075-0-077) 143 1751625 816 - 1:531:16, 2:03 Ho— 1-27 095, 1-69
Q3 (0-078-0-079) 121 12277-44 986 == 1-851:38, 2.47 ho— 1-35 1-00, 1:82
Q4 (0-080-0-082) 211 1454195 14.51 = 218421051539 —— 1.75 133, 2.32
Q5 (0-083-0-146) 200 10771:23 18:57 - S0t —— 1-87 1-40, 2-49
Continuous value 749 69219-66 10-82 g [LOCHL05 3107 3 1.05 105, 1:06
BAE
Q1 (8:73-23-48) 81 1420311 570 1.00 3 1.00
Q2 (23-49-29-75) 142 13946-38 1018 —— 1-97 1:50, 2:59 —— 1-821-38, 2:41
Q3 (29-76-34-66) 105 13811-42 7-60 - 1-53 1-15, 2:05 —— 193 1-38, 2:68
Q4 (34-67-38:76) 157 13770-90 11-40 —— 2:36 1-81, 3:09 —— 2.731-94, 3.84
Q5 (38:77-55:28) 264 1348785 19:57 —— 4-44 346, 571 — 4-18.2:98, 5:87
Continuous value 749 6921966 10-82 4 1-07 1-06, 1-08 3 1-07 1-05, 1-08
BMI (kg/m?)
Q1 (18:51-21-49) 60 1410845 425 1.00 b 100
Q2 (21-50-23:33) 92 13921-33 661 —o— 1-59 1-15, 2-21 o— 1-421-03,1-97
Q3 (23-34-25:10) 114 1387745 821 —— 208 152, 2:84 —— 162 1-18, 2:23
Q4 (25:11-27-28) 189 13790-80 1370 —— 3.512:62, 469 —_—— 2:59 1-92, 350
Q5 (27-29-44-56) 294 13521-63 21.74 —_—— 5:95 4-51, 7-86 —_— 3.90 290, 526
Continuous value 749 6921966 10-82 g 1:18 1:16, 1-20 3 114112,1-17
WC (cm)
Q1 (55:70-74-00) 50 14049-68 356 1-00 a 1-00
Q2 (74-01-79:70) 86 13830-57 6-22 —o— 1-78 126, 2:53 [~o— 1:53 1-08, 217
Q3 (79-71-84-80) 110 13922:57 7-90 —— 219157, 3.07 —— 166 1:18, 2:33
Q4 (84-8-91-45) 186 1379527 13-48 —— 403295, 5:51 —— 2.72 197,376
Q5 (91-46-155:00) 317 13621-84 23.27 ——t——  7.00519, 943 —_— 4:09 2:97, 562
Continuous value 749 69219-66 10-82 4 1-07 1-06, 1-07 4 1-05 1-04, 1-06
WHIR
Q1 (0-356-0-466) 51 14234-65 3.58 1.00 3 1:00
Q2 (0-467-0-503) 79 1405547 562 —— 1-63 1-14, 2-31 o— 140 0-98, 1-99
Q3 (0-504-0-536) 121 13576:03 8:91 —— 267 193,371 —— 2.06 1-47, 288
Q4 (0-537-0-577) 194 1395574 139 —_— 427314, 5:82 —— 2:90 210, 4-01
Q5 (0-578-1-052) 304 13397:77 2269 ————— 7:245.38,975 —_— 4.223.05, 5:85
Continuous value 749 69219-66 10-82 4 1-08 1-07, 1-09 2 1-07 1-06, 1-08

| I I I | | S O SO A [ |
01234567 01 2 3 45 6 7

Fig. 1. Cox proportional-hazards analysis of predictors of type 2 diabetes mellitus (T2DM) incidence. ABSI, a body shape index; BAE, body adiposity estimator; HR,
hazard ratio; WC, waist circumference; WHtR, waist:height ratio. * Adjusted for baseline sex, age, smoking, alcohol consumption, physical activity, systolic and diastolic

blood pressure and total cholesterol, TAG and HDL-cholesterol levels.

Sensitivity

0-0

f I I I I J
0-0 0-2 04 0-6 0-8 1-0
1-Specificity

Fig. 2. Adjusted receiver operating characteristic (ROC) curves for baseline
factors for identifying type 2 diabetes mellitus (T2DM). , Adjusted waist

circumference (AUC 0-632); — —, adjusted BMI (AUC 0-618); ———-, adjusted
waist:height ratio (AUC 0-633); - —-, adjusted body adiposity estimator (AUC
0-618); , adjusted a body shape index (AUC 0-584). Adjusted for baseline

sex, age, smoking, alcohol consumption, physical activity, systolic and diastolic
blood pressure and total cholesterol, TAG and HDL-cholesterol levels.

Like traditional anthropometric measures (BMI, WC and
WHR) 3 elevated ABSI was associated with increased T2DM
incidence. To our knowledge, only three cohort studies have
evaluated the association of ABSI and diabetes mellitus™ "%, One
15-year prospective cohort study of urban Chinese (12 687) found
ABSI independently associated with development of diabetes

mellitus™. The 4-year retrospective cohort study of a Japanese

population (72 37 581) demonstrated elevated ABSI as an indepen-
dent risk factor of diabetes mellitus but not a better predictor than
BMI and WC®, Recently, the Atherosclerosis Risk in Communities
(ARIC) study, with data for more than 11 years of follow-up,
demonstrated that ABSI had a lower association and was an inferior
discriminator of incident T2DM among all race-sex groups in a US
population®?. A cross-sectional study based on 9555 Iranian adults
suggested increased ABSI as an independent risk factor of abnormal
glucose homoeostasis but not a better predictor than BMI, WHtR
and BAE®?. Previous studies indicated higher WC and BMI as an
independent risk factor of T2DM®**¥_ ABSI is based on WGC
adjusted for height and weight. Therefore, high ABSI would be
associated with increased T2DM incidence. A multicultural
community-health assessment trial in Canada based on computed
tomography demonstrated different amounts of abdominal adipose
tissue among ethnic groups®”. Development of ABSI, combining
WC (mainly measurement of abdominal adipose tissue), height and
weight, was based on the adult American™®. Hence, ethnic differ-
ences might explain the weak predictive ability of ABSI for T2DM
incidence.

We found general obesity (elevated BMI level) and central
obesity (elevated WC) derived from excess adipose tissue as
independent risk factors of T2DM incidence®, which is the
best explanation for the relationship of increased BAE and
T2DM incidence. Although the risk of T2DM did not differ with
high BAE, WC or WHtR, BAE was not a better predictor of
T2DM than WC and WHIR in our study. The predictive power
of BAE for T2DM might be affected by some confounding
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Table 2. Power of baseline factors for predicting type 2 diabetes mellitus incidence

(AUC (receiver operating characteristic) and 95 % confidence intervals)

775

Variables Cut-off value AUC 95% ClI Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)
ABSI (m'"®kg~2/3) 0-079 0-639 0-611, 0-666 57.87 64-66 8-88 95.65
BAE 36-05 0-614 0-605, 0-622 4940 68:09 9-57 95-15
BMI (kg/ma) 2498 0-689 0-661, 0-715 65-95 60-53 10-24 96-28
WC (cm) 8335 0-704 0-677, 0-730 65-60 63-90 9-94 96-58
WHtR 0-534 0-696 0-669, 0-722 68-80 60-30 10-54 96-57

ABSI, a body shape index; BAE, body adiposity estimator; WC, waist circumstance; WHtR, waist:height ratio.

factors, whereas high BAE is an independent risk factor of
T2DM. Because BAE is derived from a study of 6510 white
participants(m, different ethnicity might be another explana-
tion. Because of no additional study exploring BAE, WC and
WHIR for predicting T2DM, further studies are still needed to
confirm the possible relationship.

This analysis has several strengths, including its novel evaluation,
relatively large sample size, community-based participants and
face-to-face interviews. However, all participants were from rural
areas, which might decrease the representativeness. We used only
FPG to detect undiagnosed T2DM in this study, which may
underestimate the incidence of T2DM®®. Many factors affect
T2DM incidence. Because of lack of information on some factors,
their potential effect on T2DM may not be fully eliminated,
although we adjusted for multi-covariates by Cox regression ana-
lysis. Considering a 14-5 % lost to follow-up, statistical analysis was
performed on baseline demographic characteristics by response
status. The results showed significant differences between
responding and non-responding participants for age but not
sex, which might suggest follow-up bias. Therefore, caution is
warranted when interpreting and comparing the findings.

In conclusion, the risk of T2DM may be increased with elevated
ABSI and BAE, but these factors are not better predictors of T2DM
than BMI, WC or WHIR in rural Chinese population. Our findings
may facilitate the development and promotion of preventive
strategies aimed at obesity to reduce T2DM incidence.
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