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Abstract

Purpose Although a significant proportion of type 2 diabetes mellitus (T2DM) cases arose from normal-weight individu-
als, studies on indicators of T2DM in normal-weight people are limited. Accordingly, this study aims to investigate the
predictive value of obesity indices and triglyceride glucose-related parameters (TyG-related parameters) in T2DM among
normal-weight Chinese elderly.

Methods A total of 24,215 normal-weight Chinese elderly (age > 60 years) [body mass index—BMI (18.5-23.9 kg/m?)] were
included. Obesity indices and triglyceride glucose-related parameters (TyG-related parameters) included waist circumference
(WC), waist-to-height ratio (WHtR), visceral adiposity index (VAI), lipid accumulation product (LAP), and TyG-related
parameters (TyG, TyG-BMI, TyG-WC, and TyG-WHtR). Multivariate logistic regression analysis was performed to examine
the associations between obesity- and TyG-related indices and T2DM. The areas under the curve (AUC) of the receiver-
operating characteristic (ROC) curve analyses were used to evaluate and compare the predictive value of the different indices.
Results The prevalence of T2DM was 14.2% in normal-weight individuals. Among the indices, TyG was significantly associ-
ated with T2DM among men and women, respectively, (adjusted odds ratio—aOR per SD 3.46; 95% CI 3.23-3.71) and (aOR
per SD 3.64; 95% CI 3.43-3.86). Compared with other indices, TyG had the highest AUC value for T2DM in men (AUC:
0.818, 95% CI 0.810-0.825) and women (AUC: 0.824, 95% CI 0.814-0.833).

Conclusions TyG is an effective marker and outperforms other indices when predicting T2DM in the normal-weight Chinese
elderly population.

Level of evidence Level V: Opinions of authorities, based on descriptive studies, narrative reviews, clinical experience, or
reports of expert committees.
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Introduction

Obesity is a well-established risk factor for type 2 diabetes
mellitus (T2DM) [1, 2]. Despite obesity typically being
defined in terms of Body Mass Index (BMI) is frequently,
obese BMI may not reliably predict patients with excess
adiposity when used in a clinical setting [3, 4]. As such,
it is not uncommon to find T2DM among normal-weight
individuals [5-7]. To date, the majority of research into
potential predictive indicators of T2DM has been lim-
ited to only overweight and obese people [11]. Previous
research has estimated that the prevalence of T2DM among
normal-weight persons (BMI: 18.5-25 kg/m?) ranges from
15 to 30% [8—10], but T2DM may go undetected in these
individuals due to their apparently healthy BMI [12]. It is
therefore important that the research community is able to
identify clinical markers to aid the diagnosis of T2DM in
normal-weight individuals.

Several parameters have recently had their potential
as indicators of insulin resistance (IR), T2DM and car-
diovascular metabolic diseases identified [13-17]. For
example, waist circumference (WC) and waist-to-height
ratio (WHtR) are widely used for approximating the risk of
T2DM [13, 14]. Visceral adiposity index (VAI) and lipid
accumulation product (LAP) are used as novel markers
of visceral fat in the prediction of metabolic syndrome
(MetS), T2DM and arterial stiffness [15, 16]; and the tri-
glyceride glucose-related parameters (TyG, TyG-BMI,
TyG-WC, TyG-WHtR) have been identified as excellent
surrogate markers for T2DM [17].

Previous studies have reported that differences in the abil-
ity of obesity indices and TyG-related parameters to predict
T2DM were mainly due to ethnic and geographical variation
[18, 19]. In spite of this, no study has assessed the effective-
ness of these indices for the prediction of T2DM in the nor-
mal-weight Chinese population to date. Advanced age is an
important risk factor for T2DM; individuals aged 60 years
or older are considered to be at higher risk of having T2DM
[20]. Hence, choosing appropriate indicators to predict the
T2DM in normal-weight Chinese elderly is of great public
health importance. In this study, we aimed to investigate the
clinical utility of several surrogate markers for the prediction
of T2DM in normal-weight Chinese older adults.

Materials and methods
Participants

A total of 37,628 adults were recruited from a health
screening program undertaken across six hospitals at the
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Center of Medical Examination from August to December
2019 in Shenzhen (i.e., Baoan Central Hospital, Baoan
District Traditional Chinese Medicine Hospital, Fuyong
People’s Hospital, Shajing Hospital, Shiyan Hospital and
Songgang Hospital). Individuals who were aged > 60 years
and had provided informed consent were included. Exclu-
sion criteria were: (1) did not fast for at least 8 h before
the test; (2) corticosteroid use in the past 6 months; (3)
refusal to participate in the study. A total of 13,413 indi-
viduals were excluded from the present analysis, includ-
ing subjects with BMI < 18.5 kg/m? (5588 individuals)
and > 24 kg/m2 (7825 individuals). The total number of
participants included in the present analysis was 24,215.

Definitions

Normal weight was defined as a BMI of 18.5-23.9 kg/m?,
according to the recommendations of the Working Group
on Obesity of China (WGOC) [21].

Participants were placed into one of two groups, “with
T2DM” and “without T2DM”. “With T2DM” was defined
as: (1) FPG > 7.0 mmol/L [22]; (2) previous diagnosis of
T2DM; (3) using antidiabetic medications. Socio-demo-
graphic information, risk factors, and relevant medical
records of participants were collected in the study. The
participants were asked the following lifestyle questions:
(1) smoking: “Have you smoked a cigarette, cigar or pipe
of tobacco in the last 30 days?” (Yes/No); (2) drinking:
“Have you had an alcoholic drink of any kind in the last
12 months?” (Yes/No); (3) intensity of physical activ-
ity: “‘Do you exercise regularly a week, low (e.g., walk-
ing, Tai Chi) or moderate (e.g., biking, jogging) or high
(e.g. playing badminton, swimming)?” The obesity- and
TyG-related indices were calculated using the following
formula:

1) WHtR = WC/Height [23].

With WC in cm, Height in cm.

2) VAI (Men) =[WC/39.68 4+ (1.88 x BMI)] X (TG/1.03)
X (1.31/HDL-C) [24].

VAI (Women) =[WC/36.58 + (1.89 x BMI)] x (TG/0.81)
X (1.52/HDL-C) [24].

With WC in cm, BMI in kg/m?, TG and HDL-C both
in mmol/L.

3) LAP (Men) _ [WC-65] X TG [25].

LAP (Women) _ [WC-58] x TG [25].

With WC in cm and TG in mmol/L.

4) TyG=Ln [(TG X FPG)/2] [26]. With TG and FPG
both in mg/dL.

5) TyG-BMI=TyG x BMI. TyG-WC=TyG X WC. TyG-
WHItR =TyG x WHtR [17].
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Anthropometric and Laboratory Measurement

Bodyweight (kg) and height (cm) were measured without
hats and shoes. BMI (kg/mz) was calculated as weight (kg)
divided by the square of height (m) [12]. WC (cm) was
measured using non-elastic tape at the umbilical level at
the end of normal expiration. Blood pressure (mmHg) was
measured with a standardized mercury sphygmomanometer
on the same arm three times after a resting period of at least
5 min. The average of the three measurements was recorded.
Venous blood samples were collected after the participants
had fasted for at least 8 h. Participants were asked to refrain
from caffeine, alcohol, smoking, and strenuous activities for
8 h prior to blood collection. Plasma levels of fasting plasma
glucose (FPG), triglyceride (TG), total cholesterol (TC),
low-density lipid cholesterol (LDL-C) and high-density lipid
cholesterol (HDL-C) were analyzed with an automated bio-
chemical analyzer.

Statistical Analysis

Data analyses were performed with IBM SPSS Statis-
tics, version 25 (IBM Corporation, Armonk, NY, USA)
and MedCalc Statistical Software version 19.2 (MedCalc
Software BVBA, Ostend, Belgium). Categorical variables
were expressed in terms of frequency and percentage. Chi-
squared tests were used to compare categorical variables
between groups. Continuous variables were expressed
as mean + standard deviation (SD). Independent samples
t-test was used to compare the difference between groups
in continuous variables. Given the sexual dimorphism of
body composition, multivariate logistic regression analysis
and receiver-operating characteristic (ROC) curve analyses
were presented stratified by sex. For binary logistic regres-
sion analysis, WC, WHtR,VALLAP, TyG, TyG-BMI, TyG-
WC and TyG-WHIR were regarded as continuous variables,
and odds ratios (OR) and 95% confident interval (95% CI)
were calculated for a 1-SD increase of these parameters. The
diagnostic value for T2DM was defined by area under the
curve (AUC) in ROC curve analyses. The cut-off point was
selected according to Youden index (sensitivity + specificity
-1). All significance tests were two-tailed and p values less
than 0.05 were considered statistically significant.

Results

Demographic and Clinical Characteristics
of Participants

Subject characteristics are shown in Table 1. Of the 24,215
participants, 10,661 (44.02%) were men and 13,554
(55.98%) were women. The mean age was 71 years, and

the prevalence of T2DM was 14.2%. Subjects with T2DM
showed higher obesity indices and TyG-related parameters
than those without T2DM (p < 0.05).

Associations of Indicators with T2DM risk

Two separate multivariate logistic regression models were
fitted for each of the indicator variables, stratified by sex,
to calculate the OR per SD with 95% CI for T2DM. After
adjusting the factors of age, smoking, drinking and inten-
sity of physical activity, the results showed an increased
adjusted OR (aOR) for T2DM for WC, WHtR, VAI, LAP,
TyG,TyG-BMI, TyG-WC and TyG-WHItR (See Table 2). In
men, TyG had the highest aOR per SD for T2DM at 3.46
(95% CI 3.23-3.71), followed by TyG-WHtR (aOR per
SD 3.11, 95% CI1 2.89-3.33), TyG-WC (aOR per SD 2.86,
95% C12.68-3.05), TyG-BMI (aOR per SD 2.78, 95% CI
2.61-2.97), VAI (aOR per SD 1.39, 95% CI 1.31-1.49),
LAP (aOR per SD 1.37,95% CI 1.31-1.44), WHtR(aOR
per SD 1.35,95% CI 1.26-1.44) and WC (aOR per SD1.31,
95% CI 1.25-1.38). In women, the aOR per SD for T2DM
was highest for TyG at 3.64 (95% CI 3.43-3.86), followed
by TyG-BMI (aOR per SD 2.89, 95% CI 2.73-3.05), TyG-
WC (aOR per SD 2.75, 95% CI 2.60-2.90), TyG-WHtR
(aOR per SD 2.67, 95% CI 2.53-2.81), VAI (aOR per SD
1.42,95% CI 1.33-1.52), LAP (aOR per SD 1.39, 95% CI
1.33-1.44), WHtR (aOR per SD 1.24, 95% CI 1.18-1.30)
and WC (aOR per SD 1.19, 95% CI 1.15-1.24).

The Predictive value of Each Index for T”2DM

The results of the ROC curve analyses for each index are
shown in Table 3 and Fig. 1. The largest AUC observed
in men corresponded to TyG (AUC: 0.818, 95% CI
0.810-0.825), followed by TyG-WC (AUC: 0.771, 95%
CI 0.763-0.779) and TyG-WHtR (AUC: 0.768, 95% CI
0.760-0.776). The predictive values between the WC
(AUC: 0.586, 95% CI 0.570-0.602) and WHtR (AUC:
0.571, 95% CI 0.555-0.587) were similar. In women,
the AUC was largest for TyG (AUC: 0.824, 95% CI
0.814-0.833), followed by TyG-WC (AUC: 0.766, 95% CI
0.755-0.777). TyG-BMI and TyG-WHtR showed similar
predictive ability (AUC: 0.760) when predicting the preva-
lence of T2DM in normal-weight Chinese older adults.
In Table 3, when predicting T2DM, TyG had the highest
sensitivity (men 76.09%, women 73.87%), specificity (men
72.38%, women 75.90%) and Youden index (men 0.48,
women 0.50) in both sexes. We also compare the differ-
ences in the AUC of these indicators, the Table 4 showed
that the AUC for TyG was significantly different from the
AUC of other markers for both sexes.
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Table 1 Demographic and clinical characteristics of the participants

Variables Without T2DM(n=20,795)
Median + SD or n (%)

T2DM(n=3420)
Median + SD or n (%)

Total(n=24,215) p value
Median + SD or n (%)

Sex
Men 9281(38.33)
‘Women 11,514(47.55)
Mean age (years) 70.95+5.71
Age category
60-69 yrs 10,775(44.50)
70-79 yrs 8021(33.12)
80 yrs+ 1999(8.25)
BMI (kg/m?) 21.75+1.44
SBP (mm Hg) 132.87+18.57
DBP (mm Hg) 76.67+10.73
TC (mmol/L) 5.13+1.11
TG (mmol/L) 1.45+0.97
HDL-C (mmol/L) 1.45+0.44
LDL-C (mmol/L) 3.01+0.95
FPG (mmol/L) 5.41+0.67
Obesity indices
WC (cm) 81.26+6.27
WHtR 0.51+0.04
VAI 1.91+3.01
LAP 30.27+25.21
TyG-related parameters
TyG 7.00+0.53
TyG-BMI 152.43+16.53
TyG-WC 569.38 +65.76
TyG-WHtR 3.59+0.43
Lifestyle
Current smoking 3063(12.65)
Current drinking 2962(12.23)
Intensity of physical activity
Low 13,094(54.07)
Moderate 2993(12.36)
High 4708(19.44)

<0.001
1380(5.70) 10,661(44.03)
2040(8.42) 13,554(55.97)
71.47+5.70 71.03+5.71 <0.001
<0.001
1596(6.59) 12,371(51.09)
1459(6.03) 9480(39.15)
365(1.51) 2364(9.76)
21.96+1.40 21.78+1.44 <0.001
136.49 +19.05 133.38+18.68 <0.001
77.11+10.57 76.73+10.70 <0.001
520+1.22 5.14+1.13 <0.001
1.87+1.36 1.51+1.04 <0.001
1.37+0.40 1434043 <0.001
3.05+1.01 3.02+0.96 <0.001
9.28+2.69 5.96+1.80 <0.001
82.73+6.16 81.47+6.27 <0.001
0.52+0.04 0.51+0.041 <0.001
2.65+2.64 2.02+297 <0.001
41.92+34.74 31.91+27.08 <0.001
7.74+0.63 7.10+0.60 <0.001
169.94 +18.38 154.90 +17.87 <0.001
640.19+73.04 579.38+71.24 <0.001
4.04+048 3.66+0.46 <0.001
357(1.47) 3420(14.12) 0.078
458(1.89) 3420(14.12) <0.001
0.222
2140(8.84) 15,234(62.91)
529(2.18) 3522(14.54)
751(3.10) 5459(22.55)

Data are presented as means + standard deviation or frequencies. p values are from ¢ tests or Chi-square tests for analysis of variance for continu-
ous variables and categorical variables
T2DM Type 2 Diabetes Mellitus, BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, 7C Total Cholesterol, TG
Triglyceride, HDL-C high-density lipid cholesterol, LDL-C low-density lipid cholesterol, FPG fasting plasma glucose, WC Waist Circumfer-
ence, WHtR Waist Height-Ratio, VAI Visceral Adiposity Index, LAP Lipid Accumulation Product, 7yG Triglyceride Glucose, TyG-BMI TyG
related to BMI, TyG-WC TyG related to WC, TyG-WH!R TyG related to WHtR;

Discussion

In this study, we compared the ability of obesity indices
and TyG-related parameters to predict T2DM in Chinese
elderly with normal weight. Our results showed that TyG
performed most favorably with the highest OR and largest
AUC, suggesting that TyG could be an effective marker to
predict T2DM in older adults with normal weight. In addi-
tion, our results suggested that the optimal cut-off points
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for predicting T2DM using WC and WHtR in Chinese
older adults with normal weight were WC >84.3 cm and
WHItR >0.49 for men, and WC >79.8 cm and WHtR >0.52
for women.

According to the World Health Organization (WHO), a
BMI of 18.5-23 kg/m? is considered to correspond to a nor-
mal weight for Asian populations. Nevertheless, compared
with European populations, Asian populations have a higher
risk of T2DM even when BMI is less than 23.0 kg/m2 [27].
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Table 2 aOR and 95%CI for
T2DM in each index by per
1-SD

Table 3 ROC curve analyses for
each index in predicting T2DM

This suggests that even modest weight gain may lead to IR
and significantly increase the risk of diabetes for East Asian
people. Correspondingly, and due to differences in culture
and lifestyle, the risk of T2DM among the normal weight
(BMI: 18.5-23.9 kg/m?) population of China is higher than

1185
Sex wC WHtR VAI LAP
Men 1.31(1.25-1.38) 1.35(1.26-1.44) 1.39(1.31-1.49) 1.37(1.31-1.44)
Women 1.19(1.15-1.24) 1.24(1.18-1.30) 1.42(1.33-1.52) 1.39(1.33-1.44)
Sex TyG TyG-BMI TyG-WC TyG-WHtR
Men 3.46(3.23-3.71) 2.78(2.61-2.97) 2.86(2.68-3.05) 3.11(2.89-3.33)
Women 3.64(3.43-3.86) 2.89(2.73-3.05) 2.75(2.60-2.90) 2.67(2.53-2.81)

Adjusting the factors of age, smoking, drinking and intensity of physical activity
aOR adjusted Odds Ratio, WC Waist Circumference, WHtR Waist Height-Ratio, VAI Visceral Adiposity
Index, LAP Lipid Accumulation Product, 7yG Triglyceride Glucose, TyG-BMI TyG related to BMI, TyG-
WC TyG related to WC, TyG-WHIR TyG related to WHtR

Parameters wC WHItR VAI LAP
Man
AUC (95% CI)  0.586(0.570,0.602)  0.571(0.555,0.587)  0.620(0.604,0.636)  0.622(0.606,0.638)
p value <0.001 <0.001 <0.001 <0.001
Cut-off >84.3 >0.49 >1.50 >25.08
Sens. (%) 50.22 70.80 48.55 51.52
Spec. (%) 62.57 39.19 69.67 66.53
Youden index 0.13 0.10 0.18 0.18
Women
AUC (95% CI)  0.565(0.552,0.578)  0.556(0.543,0.570)  0.625(0.612,0.638)  0.630(0.617,0.643)
p value <0.001 <0.001 <0.001 <0.001
Cut-off >79.8 >0.52 >2.04 >33.61
Sens. (%) 67.16 65.03 60.29 58.38
Spec. (%) 42.70 42.97 59.26 60.80
Youden index 0.10 0.09 0.19 0.19
Man TyG TyG-BMI TyG-WC TyG-WHtR
AUC (95% CI)  0.818(0.810,0.825)  0.760(0.752,0.768)  0.771(0.763,0.779)  0.768(0.760,0.776)
p-value <0.001 <0.001 <0.001 <0.001
Cut-off >7.17 >163.04 >608.91 >3.64
Sens. (%) 76.09 62.54 66.67 70.58
Spec. (%) 72.38 77.35 73.84 69.20
Youden index 0.48 0.40 0.41 0.40
Women
AUC (95% CI)  0.824(0.814,0.833)  0.760(0.748,0.771)  0.766(0.755,0.777)  0.760(0.749,0.771)
p value <0.001 <0.001 <0.001 <0.001
Cut-off >7.40 >162.68 >592.40 >3.88
Sens. (%) 73.87 68.24 73.13 70.98
Spec. (%) 75.90 70.84 66.16 68.36
Youden index 0.50 0.39 0.40 0.39

ROC Receiver Operating Characteristic Curve, AUC Area Under Curve, 95% CI 95% Confidence Interval,
Sens Sensitivity, Spec Specificity, WC Waist Circumference, WHtR Waist Height-Ratio, VAI Visceral Adi-
posity Index, LAP Lipid Accumulation Product, 7yG Triglyceride Glucose, TyG-BMI TyG related to BMI,

TyG-WC TyG related to WC, TyG-WH!R TyG related to WHtR

the risk found in many other countries [9]. Since the symp-
toms of T2DM may be overlooked or mistaken as symptoms
of other conditions in older adults, efficacious indicators
that can predict T2DM in normal-weight Chinese elderly
are urgently required.
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«Fig.1 ROC curves for each indices as predictors of T2DM in men
and women. a Man and b Women. WC Waist Circumference, WHtR
Waist Height-Ratio, VAI Visceral Adiposity Index, LAP Lipid Accu-
mulation Product, 7yG Triglyceride Glucose, TyG-BMI TyG related
to BMI, TYG-WC TyG related to WC, TyG-WHtR TyG related to
WHtR

Previous studies have found that shorter individuals may
have a higher risk for metabolic disorders than taller individ-
uals, even for people with the same WC [28]. A meta-anal-
ysis reported that, compared to BMI and WC, WHItR was
a superior tool for predicting diabetes [29], dyslipidemia,
hypertension, and cardiovascular disease (CVD). Our study
revealed that WHtR was more strongly positively associ-
ated with T2DM than WC among the normal-weight older
Chinese population. The AUC values as determined by ROC
curves showed that WC and WHtR had poorer diagnostic
utility than LAP, VAI, and TyG-related indices. This finding
suggested that the inclusion of these biochemical predictors
increased the power to diagnose T2DM, as opposed to the
use of the anthropometric parameters alone. The questions of
where the appropriate WC and WHI(R thresholds lie for the
prediction of T2DM among Chinese adults are still points
of contention. Currently, the recommended thresholds for
overweight and abdominal obesity in China are WC > 85 cm
and 90 cm for males, and WC >80 cm and 85 cm for females
[21]. Our observed cut-off values of WC for normal-weight
people were lower than these recommendations. This result
suggested that an initial measurement of WC at the routinely
health check was helpful to prevent T2DM in the elderly
with normal weight. Intriguingly, we found that WHtR was
more sensitive (70.80%) than WC (50.22%) in men, despite
WHIR having the lowest AUC (0.571 for men). This find-
ing implies that WHtR may have a better predictive ability
than WC and may therefore be used to screen for T2DM.
According to previous reports, a WHtR > 0.5 may be the best
cut-point value for diagnosing T2DM [30]. Accordingly, a
study of 996 older adults in China by Yang et al.[31] found
that optimal WHIR cut-offs for the detection of T2DM were
0.512 for men and 0.514 for women. In contrast, we calcu-
lated optimal cutoffs of 0.49 for males and 0.52 for females.
Our results suggest that a lower cut-off point of WHtR may
be more appropriate for elderly Chinese men with normal
weight than that which is appropriate for other populations,
though care should be exercised when interpreting these
findings since our sample was exclusively collected from
Shenzhen—a single large city in southern China.

As a clinical marker of abdominal fat function, VAI was
used to predict the risk of cardiometabolic disease in healthy
individuals [32]. Our study showed that the OR of VAI was
1.39 per SD (95% CI 1.31-1.49) in men, and 1.42 per SD
(95% CI 1.33-1.52) in women. One past study reported that
Chinese VAI (CVAI) had a significant advantage over BMI

and WC measurements in T2DM detection [33]. In contrast,
Mohammadreza B et al. [34] found that, compared to BMI
and WC, VAI was not a suitable index to predict T2DM. In
our study, VAI was not an appropriate surrogate marker for
identifying T2DM (AUC: 0.620, 0.625, sensitivity: 48.55%
and 60.29% for men and women, respectively) in normal-
weight older adults and the indicator had a lower relative
discriminatory ability compared to TyG-related parameters.
LAP is considered a better predictor of T2DM when com-
pared to anthropometric indicators. Previous work in set-
tings as varied as Germany [15], Japan [35] and Iran [36]
has found that LAP is a good predictor of T2DM. Yet, one
cohort study indicated that a high LAP index did not predict
the development of T2DM in Indonesian women, despite
being associated with a higher diagnostic risk of T2DM [37].
We found that LAP and VAI had similar low AUC values,
which means that these indicators may not be effective sur-
rogate markers for identifying T2DM in the normal-weight
older adults in China.

A national Chinese prospective cohort study found
that IR was more strongly associated with diabetic events
than B-cell dysfunction in adults [38], suggesting that IR
may be a vital indicator for predicting the development of
T2DM in Chinese people. Recently, TyG-related param-
eters including TyG, TyG-BMI, TyG-WC and TyG-WHtR
have become promising alternative biomarkers for IR due
to their convenience and low cost of measurement [17].
Prior evidence regarding the relationship between TyG and
T2DM in normal-weight individuals is limited, but S—-H
Lee et al. [39], Zhang et al. [40] and our research share
similar findings. S—H Lee et al. found that TyG was a use-
ful indicator of high risk of metabolic diseases among nor-
mal-weight individuals [39], while the findings of Zhang
et al. imply that a high baseline TyG is associated with
the development of T2DM, regardless of obesity status
[40]. Indeed, our study found that TyG was more effective
than other markers. Previous research has demonstrated
that TyG has a strong predictive ability for IR [41, 42]. In
fact, TyG appears to have a better predictive performance
of IR than homeostatic model assessment (HOMA) in the
Brazilian population [43]. The mechanism that accounts
for the association between TyG and T2DM is yet to be
revealed but several studies have provided clues. One clue
exists in the observation that hepatic gluconeogenesis is
promoted by glycerol and fatty acids, both products of TG
lipolysis [44, 45]. Increased TG in islets can interfere with
glucose metabolism, resulting in p-cell dysfunction and
IR [46]. It is also hypothesized that, in being a composite
measure of TG and FBG, TyG could reflect dual dimen-
sions of IR. FBG primarily reflects liver IR, while fasting
TG mainly reflects fat cell IR [47, 48]. Since the main
pathophysiological basis of T2DM is IR[38], this may
explain the high predictive power of TyG in people with
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Table 4 Pairwise comparison of AUC of TyG

Index Differences 95% CI p value
between AUC

Men
WwC 0.232 (0.213,0.250) <0.001
WHR 0.246 (0.268,0.265) <0.001
VAI 0.198 (0.188,0.207) <0.001
LAP 0.195 (0.185,0.260) <0.001
TyG-BMI 0.056 (0.048,0.066) <0.001
TyG-WC 0.046 (0.036,0.055) <0.001
TyG-WHtR 0.050 (0.040,0.059) <0.001

Women
WwC 0.259 (0.243,0.274) <0.001
WHtR 0.268 (0.252,0.284) <0.001
VAI 0.199 (0.191,0.206) <0.001
LAP 0.194 (0.186,0.202) <0.001
TyG-BMI 0.064 (0.056,0.072) <0.001
TyG-WC 0.058 (0.050,0.066) <0.001
TyG-WHtR 0.064 (0.055,0.073) <0.001

AUC Area Under Curve, 95% CI 95% Confidence Interval, WC Waist
Circumference, WHtR Waist Height-Ratio, VAI Visceral Adiposity
Index, LAP Lipid Accumulation Product, TyG Triglyceride Glucose,
TyG-BMI TyG related to BMI, TyG-WC TyG related to WC, TyG-
WHIR TyG related to WHtR

T2DM. Given the limited data at the HOMA-IR level, this
remains a hypothesised mechanism; consequently further
studies are needed.

When compared to other indices, we found that the TyG
most accurately predicted T2DM in both males (aOR per
SD 3.46, 95% CI 3.23-3.71) and females (aOR per SD
3.64, 95% CI 3.43-3.86). Our study shows that all TyG-
related parameters are predictive of individuals with T2DM
(AUC > 0.5) in our sample. TyG had the highest AUC value
(0.818, 0.824 males and females, respectively) and Youden
index (0.48, 0.50, males and females, respectively), suggest-
ing that TyG was most strongly associated with T2DM risk
in normal-weight Chinese elderly when compared with other
markers. Moreover, Table 4 showed the AUC of TyG differs
significantly from the AUC of other markers, meaning that
TyG may have clinical significance in identifying T2DM.

Past research has not arrived on a single optimal cut-off
TyG value for the diagnosis of T2DM. In a cohort study
within a European population, subjects with a TyG level
of 8.31 or higher had an increased risk of T2DM [49]; Lee
JW et al. [50] observed an optimal cut-off value of 8.52 in a
Korean study. In our Chinese population, we found optimal
TyG cut-off values of 7.17 and 7.40 for males and females,
respectively. With the knowledge that mean TG concentra-
tions vary by ethnic group, future research to assess the pre-
diction of T2DM using TyG measurement is warranted in
other populations.

@ Springer

That is not to say that TyG is consistently found to be
predictive of T2DM, however. In an Iranian study, the inclu-
sion of TyG in a T2DM predictive model did not improve
the predictive power [19]. TyG-BMI and TyG-WC were sig-
nificantly better than TyG in predicting T2DM risk in the
Korean population [51], in broad agreement with research
from Shanghai, China finding that TyG-WC was the best
marker for identifying the risk of prediabetes and T2DM
in a study of overweight adults [52]. The diverse nature of
results to date suggests that additional studies concerning
TyG-related parameters and T2DM should be conducted
across a variety of different age groups and ethnicities.

Strengths and limits

Interpretation of our results requires one to consider the
strengths and limitations of our study. We begin by listing
the strengths. First, the study sample was drawn from par-
ticipants of a general health screening program, a strength
when compared to the bulk of previous research into indices
predictive of T2DM, which has largely focused on over-
weight and obese populations. Accordingly, to date, no pub-
lished research has compared the ability of obesity indices
and TyG-related parameters to predict T2DM in the normal-
weight Chinese elderly population. Second, FPG and TG
play a key role in the development of T2DM in elderly peo-
ple with normal weight. Third, we found that TyG was the
preferred indicator of T2DM of the indices we investigated.
TyG could prove crucial for the identification of T2DM in
individuals who may otherwise be considered a low risk due
to being of normal weight. Fourth, we found the optimal
cut-off points of WC and WHIR for predicting T2DM, which
could serve to improve clinical practices for determining the
risk of T2DM in elderly people with normal weight. Taken
as a whole, these findings have important implications for
the primary prevention of T2DM in the elderly population.
This study was not without limitations. Firstly, the sample
consisted exclusively of individuals attending hospitals in
Shenzhen and therefore it may not be representative of the
wider Chinese elderly population. Secondly, the true rate of
T2DM among the study subjects may have been higher than
was estimated. This is due to no data being available regard-
ing some biomarkers commonly used to diagnose T2DM,
such as 2 h post-challenge plasma glucose and HbAlc.
Finally, the findings of the present study may not be gener-
alizable to all populations due to the ethnic and geographic
characteristics of the study population.

What is already known on this subject?
Overweight and obesity are well-known risk factors for

T2DM. However, even at lower body mass index (BMI),
the Chinese population is at higher risk of T2DM when
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compared to other populations. Several obesity and TyG-
related parameters such as BMI, WC, WHtR, LAP, VAI,
TyG and TyG-BMI are used to predict IR, MetS and CVD,
yet no previous study has assessed the effectiveness of these
indices as predictors of T2DM in the Chinese elderly nor-
mal-weight population.

What this study adds?

TyG was most strongly associated with T2DM in normal-
weight elderly adults in China. The optimum cut-off points
of WC and WHtR were WC > 84.3 cm and WHIR > 0.49 for
men and WC >79.8 cm and WHtR > 0.52 for women when
screening for T2DM in the Chinese normal-weight elderly
population.

Conclusion

When compared to several other biomarkers, TyG was the
best predictor of T2DM in Chinese normal-weight elderly
people. We propose that TyG be used in clinical practice as
a supplementary indicator for the prediction of T2DM in
the elderly population, for example as part of routine health
check-ups. In light of the heterogeneity of the predictive
value of obesity indices and TyG-related parameters across
different populations, further studies are warranted on the
associations of these measures with the risk of T2DM.
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