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Aims: We compared upper trunk anthropometric indices with overall and central obesity

indicators to predict the presence of type 2 diabetes in middle-aged and elderly Korean

individuals.

Methods: This cross-sectional investigation included 4079 rural and urban participants aged

40–80 years. Neck, thoracic, waist (WC), and hip circumferences were measured by a reliable

and standardized method. The neck-to-hip ratio, the thoracic-to-hip ratio (THR), and the

waist-to-hip ratio (WHR) were calculated. A 75-g oral glucose tolerance test was performed.

Type 2 diabetes was defined based on the guidelines of the World Health Organization

(1999).

Results: The receiver operator characteristic curve analysis indicated that THR and WHR

were better than body mass index (BMI) and other anthropometric indices at predicting the

presence of type 2 diabetes. The adjusted odds ratios (OR) across quartiles of THR were

slightly higher than the ORs for WHR, particularly in the highest quartile (odds ratios and

95% CI: 2.11 (1.47–3.04) versus 1.95 (1.37–2.77) in men; 3.40 (2.18–5.31) versus 2.31 (1.48–3.60)

in women). The associations of THR and WHR with type 2 diabetes remained significant,

despite a slight attenuation after a multivariate adjustment for BMI. The joint effect of BMI

and THR on the risk of type 2 diabetes was larger than that of BMI and WHR.

Conclusions: THR may be a novel marker of type 2 diabetes, particularly in women, and its

association with diabetes was independent of BMI and WHR.
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1. Introduction

Type 2 diabetes has become a global epidemic health problem

worldwide, and it is closely related to numerous cardiometabolic

complications of obesity [1]. Body mass index (BMI) has been the

most commonly used measure of overall obesity to reflect total

body fat, although the index cannot distinguish between muscle

and fat mass [2]. Many studies have demonstrated that excessive

accumulation of adipose tissue in particular body regions

contributes to metabolic complications [3,4].

Vague [5] first proposed that those who have fat

predominantly accumulated in the upper body rather than

the lower body are more susceptible to metabolic dis-

turbances. For several decades, numerous studies examined

this hazardous body shape phenotype; however, most

emphasized the impact of body fat centralization, measured

by waist circumference (WC) or waist-to-hip ratio (WHR), on

the risk of metabolic complications [6,7]. Freedman and

Rimm demonstrated that fat accumulation in various

regions of the upper trunk had different diabetes correlates

independent of abdominal fat [8]. In recent years, interest

has increased in the cardiometabolic correlates of upper

body subcutaneous (sc) [9,10], intra-thoracic [11,12], and

pericardial fat [13]. Kang et al. found that android fat, a fat

depot located just above the central fat depot, is more

accurate than abdominal visceral adipose tissue (VAT) at

predicting metabolic syndrome [14].

Body girth measurements at multiple regions of the trunk

can provide information on particular local fat accumulation,

whereas girth ratios may reflect the fat distribution pattern

and body shape. Numerous epidemiological studies have

used WHR as a determinant of the fat distribution pattern;

however, WHR, which contains information on abdominal fat

and hip fat, does not reflect the concrete image of fat

distribution. In addition, whether body fat distribution

provides more accurate information on the risk of type 2

diabetes than total body fat remains controversial [15].

Because of the increasing evidence of metabolic correlates

of upper trunk fat, we assess the association of upper trunk

circumferences and their ratios to hip circumference (HC)

with type 2 diabetes and examine whether these anthropo-

metric indices can predict type 2 diabetes more accurately

than overall obesity (assessed by BMI) and central obesity

(assessed by WC and WHR) indicators.

2. Materials and methods

2.1. Participants

The current study was designed as a cross-sectional inves-

tigation as part of the Korean Health and Genome Epidemiol-

ogy Study (KHGES), an ongoing perspective cohort study [16].

A total of 7629 participants aged 10 years or more were

recruited using a two-stage cluster sampling method by

telephone or mail from June 2009 to December 2011 at the

Korea University Ansan Hospital and the Center for Clinical

Epidemiology of Ajou University Hospital. The Ansan cohort

data represent an urban community, and the Ansung cohort
data represent a rural community. In this analysis, we

included only participants aged 40–80 years and excluded

participants who had been diagnosed with diabetes and/or

were receiving medication for hypertension, diabetes, dysli-

pidemia, and who had missing data on body composition

indices, body measurements, blood pressure, fasting plasma

glucose (FPG), 2-h post-load plasma glucose, or smoking and

drinking information. The analysis was performed on 4079

participants (1967 men and 2112 women). This study was

approved by the National Institute of Health Ethics and the

Institutional Review Board of the Korean Health and Genomic

Study, Ajou University. All of the participants gave their

written informed consent.

2.2. Anthropometric indices and body composition
measurements

Body measurements were measured horizontally with a

tapeline to the nearest 1 mm by trained operators following

the standardized operating procedure developed by Jang et al.

[17]. It has been revealed that these measurements have a

high reliability with relative total technical error of measure-

ment were 0.68%–2.18% [17]. Neck circumference (NC) was

measured at the lower margin of the thyroid cartilage while

participants sat on a chair with their heads positioned

horizontally. Thoracic circumference (ThC), WC, and HC

were measured while participants stood erect and breathed

naturally. The tapeline was positioned at the left and right

prominences of the 7th–8th costochondral junctions, and the

ThC value was recorded between inspiration and expiration.

WC and HC were measured at the umbilicus scar and upper

margin of the pubis, respectively. The neck-to-hip circum-

ference (NHR), thoracic-to-hip circumference (THR), and

waist-to-hip circumference (WHR) ratios were defined as

NC, ThC, and WC divided by HC, respectively. Thus, the

upper-trunk-related anthropometric indices were NC, ThC,

NHR, and THR.

Body height and weight were measured using a digital scale

(GL-150; G Tech International Co., Ltd., Uijeongbu). Participants

wore casual clothing. The mandibular plane was parallel to the

floor. BMI was calculated as weight (kg) divided by height

squared (m2). Body fat mass (BFM) was assessed using a

bioelectrical impedance analyzer (BIA) (INBODY 720, Biospace

Korea). In addition, body fat percent (BFP) was calculated by

dividing BFM by body weight.

2.2.1. Definition of type 2 diabetes
The measurements of blood pressure, fasting and 2-h post-

load glucose concentration, and lipid profiles have been

described in detail in a previous study [18]. Type 2 diabetes

was defined as a FPG � 126 mg/dl [7.0 mmol/l] and/or a 2-h

post-load plasma glucose �200 mg/dl [11.1 mmol/l], according

to the 1999 World Health Organization diagnostic criteria [19].

2.3. Confounding factors

Participants were classified as current smokers if they smoked

currently, ex-smokers if they had smoked previously but had

quit, and nonsmokers if they had never smoked. The same

classification was applied for alcohol consumption.



Table 1 – Characteristic of study participants.

Men
(n = 1967)

Women
(n = 2112)

p

Study center

Ansan n (%) 885 (45.0) 1067 (50.5)

Ansung n (%) 1082 (55.0) 1045 (49.5)

Age (yrs) 57.9 (8.3) 57.6 (8.3) 0.27

Body height (cm) 166.9 (5.8) 154.4 (5.7) <0.0001

Body weight (kg) 66.4 (9.5) 57.5 (8.1) <0.0001

BMI (kg/m2) 23.8 (2.9) 24.1 (3.1) 0.001

NC (cm) 37.0 (2.2) 32.8 (1.9) <0.0001

ThC (cm) 86.7 (6.1) 79.1 (7.2) <0.0001

WC (cm) 85.6 (7.5) 83.7 (8.3) <0.0001

HC (cm) 91.9 (5.2) 92.3 (5.3) 0.006

NHR 0.40 (0.02) 0.36 (0.02) <0.0001

THR 0.94 (0.04) 0.86 (0.06) <0.0001

WHR 0.93 (0.05) 0.91 (0.07) <0.0001

SBP (mm Hg) 118.6 (15.1) 114.8 (16.5) <0.0001

DBP (mm Hg) 79.2 (9.8) 75.1 (10.1) <0.0001

FPG (mg/dl) 98.2 (16.4) 92.8 (11.4) <0.0001

2 h post-load glucose (mg/dl) 127.0 (51.2) 128.7 (40.8) <0.0001

Total cholesterol (mg/dl) 191.8 (32.9) 202.2 (33.4) <0.0001

Triglycerides (mg/dl) 138.4 (70.2) 120.1 (57.5) <0.0001

HDL cholesterol (mg/dl) 45.3 (12.0) 49.0 (12.6) <0.0001

LDL cholesterol (mg/dl) 118.8 (30.1) 129.2 (29.9) <0.0001

Smoking, n (%)

Non smoker 506 (25.7) 2064 (97.7) <0.0001

Ex-smoker 810 (41.2) 16 (0.8)

Current smoker 651 (33.1) 32 (1.5)

Drinking, n (%)

Non drinker 482 (24.5) 1526 (72.2) <0.0001

Ex-drinker 122 (6.2) 33 (1.6)

Current drinker 1363 (69.3) 553 (26.2)

Diabetes, n (%) 331 (16.8) 225 (10.7) <0.0001

Values are means (SD) or n (%). p values are calculated from t-tests

or chi-square tests for analysis of variance. BMI, body mass index;

NC, neck circumference; WC, waist circumference; HC, hip

circumference; ThC, thoracic circumference; NHR, neck-to-hip

circumference ratio; THR, thoracic-to-hip circumference ratio;

WHR, waist-to-hip circumference ratio; SBP, systolic blood pres-

sure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;

HDL cholesterol, high-density lipoprotein cholesterol; LDL choles-

terol, low-density lipoprotein cholesterol.
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2.4. Data analysis

The data were analyzed using R software, version 2.14.1, on a

Windows 7 platform. The significance level was set to 0.05. A

receiver operating characteristic (ROC) curve was used to

estimate the predictive performance of BMI and anthropo-

metric indices and to calculate the optimal cutoff points in

predicting type 2 diabetes. More area under the ROC curve

(AUC) implies more predictive performance. The optimal

cutoff for each determinant of type 2 diabetes was determined

by the Youden index [20]. A univariate logistic regression was

used to assess the association between a one standard

deviation (SD) increase in BMI and all anthropometric indices

and type 2 diabetes. A multiple logistic regression analysis

adjusted for age, habitual smoking, alcohol consumption, and

study center was used to evaluate the risk increase by

quartiles of BMI and all anthropometric indices. We used

the AUC value and the odds ratio (OR) to determine the upper

trunk anthropometric index that was most closely associated

with type 2 diabetes. Further adjustments for overall obesity

(assessed by BMI) and central obesity (assessed by WC and

WHR) indicators were included to assess the independent and

joint effects of the upper trunk anthropometric index in

predicting type 2 diabetes.

3. Results

The characteristics of participants by gender are presented in

Table 1. Compared to the women, the men were heavier and

taller and had a lower BMI, body fat mass, and fat percent.

Additionally, men had larger anthropometric indices and

higher risk of type 2 diabetes than women.

3.1. Association of anthropometric indices with type 2
diabetes and their cutoffs

BMI and all anthropometric indices were associated with type

2 diabetes. The ROC analysis indicated that THC had a stronger

relationship with type 2 diabetes than BMI, NC, or WC (men:

AUC = 0.551 versus 0.533, 0.535, and 0.541; women:

AUC = 0.578 versus 0.559, 0.545, and 0.559). THR and WHR

(men: AUC = 0.577 and 0.564; women: AUC = 0.606 and 0.582)

were stronger markers of type 2 diabetes than BMI and other

anthropometric indices. The optimal cutoff points estimated

by the Youden index for predicting diabetes for THR and WHR

were 0.93 and 0.93 in men and 0.88 and 0.90 in women (Table

2). Each increase in the SD of the THR was associated with a

1.29-fold (1.15–1.45) and a 1.48-fold (1.29–1.70) increase in the

odds ratios of type 2 diabetes in men and women, respectively

( p < 0.0001), whereas those of the WHR were 1.23-fold (1.09–

1.39) and 1.38 (1.20–1.58) in men ( p = 0.001) and women

( p < 0.0001), respectively (Table 2). After adjustments for

potential confounders, including age, habitual smoking,

alcohol consumption, and study center, THR and WHR still

had a stronger association with type 2 diabetes than BMI and

other anthropometric indices. The adjusted ORs for the

second, third, and fourth quartiles of THR were 1.48 (1.02–

2.14), 1.91 (1.33–2.75), and 2.11 (1.47–3.04) in men and were 1.65

(1.05–2.59), 1.61 (1.02–2.56), and 3.40 (2.18–5.31) in women,
respectively, whereas those values for WHR were 1.53 (1.07–

2.20), 1.47 (1.02–2.12), and 1.95 (1.37–2.77) in men and 1.60

(1.03–2.49), 1.67 (1.07–2.61), and 2.31 (1.48–3.60) in women,

respectively (Table 3).

3.2. Independent and joint effects of the THR and WHR in
predicting type 2 diabetes

The second objective of this study was to determine whether

THR, the upper-trunk-related anthropometric index that was

most related to type 2 diabetes, was an independent

determinant of type 2 diabetes to overall and central obesity

indicators. Because the data showed that WHR was more

closely associated with type 2 diabetes than WC, a comparison

of the magnitude of the association with type 2 diabetes was

conducted between BMI, WHR, and THR.

The multiple logistic regression analysis showed that the

adjustment for potential confounders and BMI slightly

attenuated the association between THR and WHR with type



Table 2 – Association of BMI and anthropometric indices with type 2 diabetes.

OR (95% CI) AUC (95% CI) Cutoff Se Sp

Men

BMI (kg/m2) 1.12 (1.00–1.26) 0.533 (0.497–0.569) 25.7 0.33 0.76

NC (cm) 1.15 (1.02–1.29) 0.535 (0.499–0.570) 38.6 0.30 0.78

ThC (cm) 1.20 (1.06–1.35) 0.551 (0.516–0.586) 89.1 0.42 0.69

WC (cm) 1.16 (1.03–1.30) 0.541 (0.506–0.576) 88.0 0.45 0.63

NHR 1.18 (1.04–1.33) 0.539 (0.505–0.574) 0.42 0.25 0.83

THR 1.29 (1.15–1.45) 0.577 (0.544–0.610) 0.93 0.74 0.38

WHR 1.23 (1.09–1.39) 0.564 (0.530–0.598) 0.93 0.65 0.47

Women

BMI (kg/m2) 1.23 (1.08–1.40) 0.559 (0.518–0.600) 25.0 0.47 0.66

NC (cm) 1.19 (1.04–1.36) 0.545 (0.540–0.587) 33.3 0.48 0.63

ThC (cm) 1.30 (1.14–1.49) 0.578 (0.539–0.618) 80.5 0.52 0.62

WC (cm) 1.24 (1.08–1.42) 0.559 (0.520–0.599) 83.9 0.57 0.54

NHR 1.22 (1.07–1.40) 0.548 (0.507–0.588) 0.37 0.34 0.75

THR 1.48 (1.29–1.70) 0.606 (0.565–0.646) 0.88 0.50 0.69

WHR 1.38 (1.20–1.58) 0.582 (0.543–0.622) 0.90 0.65 0.49

OR (95% CI), odds ratio (95% confidence interval) for type 2 diabetes with each standard deviation increase in the independent variables,

calculated by univariate analysis; AUC (95% CI), area under the curve values (95% confidence interval) calculated by receiver operating

characteristic curve; cut-off, cut-off point for independent variables in predicting type 2 diabetes determined by Youden index; Se, sensitivity;

Sp, specificity. The two highest OR and AUC values are in bold. For other abbreviations, see Table 1.

d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 0 4 ( 2 0 1 4 ) 2 7 3 – 2 8 0276
2 diabetes (Supplementary, Table S1). The correlation coeffi-

cients between BMI and THR were 0.28 in men and 0.45 in

women, whereas the correlation coefficients between BMI and

WHR were 0.49 in men and 0.44 in women (Supplementary,

Table S2). The adjusted ORs for the THR were higher than

those for the WHR in all models, particularly for women

(Supplementary, Table S1). Furthermore, there was an

increase in the prevalence of type 2 diabetes by tertiles of

THR within each tertile of WHR, particularly in the highest

WHR tertile (Fig. 1). Within each tertile of WHR, the higher

tertiles of THR had a stronger risk of type 2 diabetes, including

plasma fasting and 2-h post-load glucose and triglycerides
Table 3 – Adjusted odds ratios of type 2 diabetes by quartiles 

Quartile 1 Quartile 2 

Men

BMI 1 0.79 (0.56–1.13) 

NC 1 0.85 (0.61–1.21) 

ThC 1 1.03 (0.72–1.47) 

WC 1 1.00 (0.71–1.42) 

NHR 1 1.19 (0.84–1.69) 

THR 1 1.48 (1.02–2.14)*

WHR 1 1.53 (1.07–2.20)*

Women

BMI 1 1.14 (0.75–1.75) 

NC 1 0.90 (0.59–1.37) 

ThC 1 1.11 (0.72–1.71) 

WC 1 1.00 (0.65–1.53) 

NHR 1 1.28 (0.85–1.93) 

THR 1 1.65 (1.05–2.59)*

WHR 1 1.60 (1.03–2.49)*

Data are presented as odds ratio (95% confident interval) adjusted for age

1, 2, 3, and 4 represent the lowest, low medium, high medium, and hig

lowest quartile was the reference category. For other abbreviations, see 

* Significant level: p < 0.05.
** Significant level: p < 0.01.
*** Significant level: p < 0.001.
concentrations, than the lower tertiles (Supplementary, Fig.

S1). These results indicate the independent effect of THR on

diabetes.

Supplementary material related to this article can be

found, in the online version, at http://dx.doi.org/10.1016/

j.diabres.2013.12.022.

To examine the joint effects of BMI, THR, and WHR in

predicting type 2 diabetes, we stratified participants using

internally calculated cutoffs. The cutoff for BMI (25.7 kg/m2 for

men and 25.0 kg/m2 for women), THR (0.93 for men and 0.88 for

women), and WHR (0.93 for men and 0.90 for women) were

calculated from the distribution of the study sample (Table 2).
of BMI and anthropometric indices for men and women.

Quartile 3 Quartile 4

0.86 (0.60–1.22) 1.43 (1.02–2.00)*

1.05 (0.74–1.49) 1.67 (1.19–2.34)**

1.25 (0.88–1.78) 1.71 (1.22–2.40)**

1.21 (0.85–1.72) 1.54 (1.10–2.16)*

1.17 (0.82–1.66) 1.53 (1.09–2.15)*

1.91 (1.33–2.75)*** 2.11 (1.47–3.04)***

1.47 (1.02–2.12)* 1.95 (1.37–2.77)***

1.32 (0.87–2.00) 1.68 (1.13–2.51)*

1.07 (0.72–1.58) 1.70 (1.16–2.49)**

1.53 (1.01–2.32)* 2.15 (1.43–3.25)***

1.48 (0.99–2.20) 1.51 (1.00–2.29)*

0.99 (0.65–1.53) 1.86 (1.25–2.77)**

1.61 (1.02–2.56)* 3.40 (2.18–5.31)***

1.67 (1.07–2.61)* 2.31 (1.48–3.60)***

, habitual smoking, alcohol consumption, and study center. Quartiles

hest quartiles, respectively, of BMI and anthropometric indices. The

Table 1.

http://dx.doi.org/10.1016/j.diabres.2013.12.022
http://dx.doi.org/10.1016/j.diabres.2013.12.022


Fig. 1 – Prevalence of type 2 diabetes of tertiles of THR across tertiles of WHR. THR, thoracic-to-hip ratio (THR1, THR2, and

THR3 refers to tertiles of THR within each tertile of WHR); WHR, waist-to-hip ratio (WHR 1, WHR 2, and WHR 3 refer to

tertiles of WHR).

Fig. 2 – Joint and independent effects of BMI, WHR, and THR in predicting type 2 diabetes for men and women. The cutoff

point for BMI was 25.7 kg/m2 for men and 25.0 kg/m2 for women (see Table 2); cutoff points for WHR (see Table 2) were 0.93

for men and 0.90 for women; cutoff points for THR (Table 2) were 0.93 for men and 0.88 for women. (H) means high category

of independent variables (e.g., BMI (H) means BMI I 25.7 kg/m2 for men and I25.0 kg/m2 for women); (L) means low

category of independent variable (e.g., BMI (L) means BMI < 25.7 kg/m2 for men and <25.0 kg/m2 for women). The sample

was stratified into 8 categorizes with 7 dummies. The group of subjects with low BMI, low WHR, and low THR was setup as

the reference group. *p < 0.05; **p < 0.01; ***p < 0.001, assessed by multivariable logistic regression analysis adjusted for age,

smoking, drinking, and study center. Bars represent the adjusted odds ratio of type 2 diabetes; numbers are odds ratio (95%

confident interval).
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Thus, participants were categorized into 8 groups coded as 7

dummy variables (Fig. 2). The group that did not have high

BMI, high WHR, or high THR was used as the reference

category in the multiple logistic regression analysis adjusted

for potential confounders. As shown in Fig. 2, those who had

only a high BMI or high WHR or high THR did not have a

significantly higher risk of type 2 diabetes than the reference

group for both men and women. The adjusted ORs for

individuals who had high BMI and high THR were 2.35

(1.25–4.43) for men ( p < 0.01) and 3.05 (1.09–8.51) for women

( p < 0.05). The adjusted ORs for individuals with high BMI and

high WHR were 1.30 (0.60–2.83) for men ( p = 0.50) and 1.11

(0.59–2.06) for women ( p = 0.75). Additionally, the risk increase

for individuals with high BMI, high THR, and high WHR (ORs

were 2.27 in men and 3.34 in women) was not remarkably

higher than that of individuals who had only high BMI and

high THR.

4. Discussion

Many previous studies stressed the link between overall

(assessed by BMI) and central (assessed by WC and WHR)

obesity and increased risk of metabolic complications,

including type 2 diabetes [21–24]. Debate continues about

the best anthropometric indices for diabetes. Recent studies

have focused on the cardiometabolic correlates of upper trunk

fat and upper trunk-related anthropometric indices, such as

NC [9,10], and the ‘‘protective’’ effect of hip size [24,25].

However, no studies have compared upper trunk-related

anthropometric indices and indicators of overall and central

obesity for predicting type 2 diabetes. The present study is the

first attempt to compare the effects of upper trunk-related

anthropometric indices and indicators of overall and central

obesity in predicting type 2 diabetes in Korean adults. We

found that (i) THR is the upper-trunk-related anthropometric

index that is most closely related to type 2 diabetes among the

upper-trunk-related anthropometric indices; (ii) THR appears

to be an independent determinant of type 2 diabetes to BMI

and WHR and its effect may be better than that of WHR in

women; and (iii) BMI and THR can predict type 2 diabetes

better than BMI and WHR.

Our findings suggested that the strength of the association

between diabetes and ThC is slightly stronger than that of NC

and WC. Moreover, THR is the strongest marker of type 2

diabetes among all investigated indices, particularly in

women. ThC reflects the size of thoracic cavity and the body

segment where android fat is measured by dual-energy X-ray

absorptiometry [14]. Evidence suggests that android fat

components, such as pericardial, hepatic, and intra-thoracic

fats, are associated with metabolic disturbances independent

of total and abdominal fatness [11–13], and the metabolic

correlates of android fat are stronger than those of VAT [14]. It

has been indicated that hepatic fatness plays a unique

important role in determination of type 2 diabetes [26,27].

Although WC is a widely recommended index for determining

central obesity and can be a strong determinant of diabetes,

there is no consensus on the standard measurement site for

this index. WC measured at the upper abdomen (just below

the lowest rib) has a stronger relation with VAT than WC
measured at the lower abdomen (umbilicus or iliac crest) [28].

The VAT measured at the upper abdomen is additionally

associated more closely with obesity-related health risks than

VAT measured at the lower abdomen [29]. Furthermore, WC is

more related to abdominal sc fat than abdominal VAT [30], and

VAT more strongly correlates with insulin resistance than

abdominal sc fat [31]. In this study, ThC measured at the

prominence of the 7th–8th costochondral junctions (approxi-

mately 5 cm above the lowest rib) may be more related with

android fat/VAT than abdominal sc fat. Although ThC and WC

are highly correlated, they may reflect different aspects of

body fat (android/VAT versus abdominal sc fat). Further

studies should focus on the different relationships between

ThC and WC with abdominal sc fat and VAT.

We additionally found that THR and WHR, which are the

ratios that include information on upper/central trunk

measurements and hip size, had a stronger relationship with

diabetes than BMI and other anthropometric indices; the

effect of THR was slightly stronger than WHR (Table 3). WC and

HC have independent and opposite associations with diabetes

risk. A larger HC is inversely associated with cardiovascular

risk, including diabetes. The protective effect is most likely a

result of the increase in gluteofemoral fat and muscle mass

[25]. The combination of WC and HC in a ratio reflects not only

the size of body segments and local body fats but also the

pattern of fat distribution. Several studies have reported a

stronger correlation between diabetes and WHR than WC,

which may be a result of the integrative effects of both waist

and hip size [24,32,33]. THR can be considered as the ratio of

android fat, a harmful factor, to gluteofemoral (gynoid) fat, a

protective factor. Evidence showed that the ratio of android to

gynoid fat was associated with insulin resistance [34], and the

trunk-to-hip ratio was more related to baseline insulin and

QUICKI levels than abdominal-to-hip ratios [35]. Although THR

and WHR were relatively correlated (the Pearson’s correlation

coefficients were 0.62 in men and 0.73 in women) in the

current study, the correlation between diabetes and THR was

slightly stronger than that of WHR in all models, even after

adjusting for BMI. Interestingly, the correlation between

diabetes and THR remained within each tertile of WHR

(Fig. 1 and S1). Furthermore, the combination of a high BMI

and a high THR resulted in a higher risk of type 2 diabetes than

a combination of a high BMI and a high WHR, possibly because

of the stronger correlation between diabetes and android fat

versus abdominal sc fat. Taken together, body measurements

at the upper trunk, such as ThC and THR, provide more

accurate information on the risk of diabetes than BMI and

other anthropometric measurements, and they should be

considered in clinical and epidemiological studies.

This study has certain limitations. Although there may be

advantages of THR over BMI and WHR, THR is more difficult to

measure because it is not easy to identify the prominences of

the 7th–8th costochondral junctions in some circumstances,

such as serious obesity. The operators must be trained

thoroughly. We were unable to measure body fat composition

to examine the relationship between ThC and THR with

abdominal fat and VAT. In this study, WC was measured at the

umbilicus level that may cause measurement bias, particu-

larly in obese individuals. These findings originated from a

cross-sectional study and are unable to confirm any causal
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relationship. Because those who are forty or older are at a

higher risk of type 2 diabetes with a higher demand of diabetes

screening than those are at younger age, the present study

therefore focused on middle-aged and elderly Korean indivi-

duals. Thus, the results may not be generalizable to popula-

tions of other ages and races.

In conclusion, these data indicate that THR is associated

with type 2 diabetes beyond the effects of overall (assessed by

BMI) and central obesity (assessed by WHR) indicators in a

middle-aged and elderly Korean population. These findings

underline the importance of upper trunk measurements,

particularly ThC and THR, in epidemiological and clinical

studies.
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Stefan N. The impact of liver fat vs visceral fat in
determining categories of prediabetes. Diabetologia
2010;53(5):882–9.

[28] Bosy-Westphal A, Booke CA, Blöcker T, Kossel E, Goele K,
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