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Background: The association between the triglyceride–glucose (TyG) index and type

2 diabetes mellitus (T2DM) in older adults has not been fully understood. This research

aims to explore the association between the TyG index and the incidence of T2DM in an

older Chinese population aged over 75 years.

Methods: This longitudinal analysis study was performed based on a database from a

health check screening program in China. The participants were stratified based on the

quintile ranges of the TyG index (Q1 to Q5 groups). T2DM was defined as fasting plasma

glucose (FPG) ≥ 7.00 mmol/L and/or self-reported T2DM. The cumulative incidences

of T2DM in various quintile groups were estimated by the Kaplan–Meier method. The

Cox proportional hazard model was used to examine the independent impact of the TyG

index on the risk of T2DM during the follow-up period. Subgroup analysis was performed

by gender and BMI to further validate the credibility of the results.

Results: During the follow-up period, a total of 231 new-onset T2DM cases were

recorded among the 2,571 individuals aged over 75 years. After adjusting confounding

factors, elevated TyG index independently indicated a higher risk of T2DM (HR = 1.89;

95%CI, 1.47–2.44; p< 0.01). Higher TyG index quintile groups (Q3 to Q5) also presented

with a higher risk of T2DM (hazard ratio (HR) = 1.36, 1.44, and 2.12, respectively) as

compared with the lowest quintile group (Q1). Subgroup analysis showed that increased

TyG index led to a higher risk of T2DM with HR = 2.35 (95% CI, 1.73–3.19), 1.90

(95% CI, 1.27–2.83), 2.95 (95% CI, 1.94–4.50), and 1.72 (95% CI, 1.25–2.35) in

male subgroup, female subgroup, BMI < 24 kg/m2 subgroup, and BMI ≥ 24 kg/m2

subgroup, respectively.
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Conclusions: Triglyceride–glucose index independently correlated with the risk of

incident T2DM in Chinese adults aged over 75 years. The TyG index might be useful

in monitoring T2DM in the older populations.

Keywords: triglyceride–glucose index, type 2 diabetes mellitus, risk, older adults, body mass index

INTRODUCTION

Type 2 diabetes mellitus (T2DM) has been considered as a risk
equivalent for cardiovascular disease and all-cause mortality,
which imposes a remarkable economic burden on patients
and societies (1, 2). In recent decades, the prevalence of
patients with T2DM has significantly increased, especially in
developing countries (3). Chinese adults, especially older adults,
have experienced a distinct transition of diet patterns and a
tremendous rise in the incidence of obesity, which is also a
major trigger for the development of T2DM (4, 5). In line with
the statistics by the International Diabetes Federation (6), China
has the largest population of patients with T2DM, approaching
114.4 million in 2017. Currently, epidemiological investigation
reveals that there exist over 400 million patients with diabetes
in the world, and this figure is estimated to increase to 700
million by 2045. T2DM is a leading cause of morbidity and
mortality in the geriatric population. Other concomitant diseases
in older patients with T2DM, such as renal dysfunction, heart
failure, stroke, dementia, muscle loss, cognitive impairment,
and osteoporosis, also contribute to the difficulty in T2DM
management. However, the specific characteristics of geriatric
T2DM have not been given due attention in previous studies.
Hence, regular health checks, early identification of T2DM, and
early intervention are the major important factors to prevent the
development of T2DM and its related complications so as to
improve the quality of life of older adults. Besides, surveillance
of T2DM needs to be individualized in this age group, keeping in
mind the benefit to risk ratio. Thus, a simple and cost-effective
predictor is warranted for detecting individuals in the older
population with a high risk of T2DM.

The main risk factors of T2DM include an unhealthy diet,
obesity, sedentary behaviors, and reduced physical activity (7).
The insulin resistance (IR) and dysfunction of islet β-cell are
the pivotal pathophysiological pathways of T2DM (8, 9). IR
is presented as insulin-dependent organic cells that respond
inappropriately to insulin stimulation (10) andmay occur as early
as ∼20 years prior to the definite diagnosis (9, 11). Moreover,
the aging-related pathophysiological changes in older adults
can lead to enhanced susceptibility of T2DM and carbohydrate
intolerance, which are due to the decrease in insulin secretion
following glucose load and also the aggravation in IR in
tissues (12). A recent research suggested that IR was more
significantly related to the onset of diabetes mellitus in the
Chinese population than β-cell dysfunction (13). IR is associated
with multiple metabolic abnormalities that include dyslipidemia
and hyperglycemia (10).

In brief, the evaluation of IR status is necessary to
identify high-risk population of T2DM. The typical methods

to assess IR, such as hyperglycemic clamp and the homeostasis
model assessment of IR (HOMA-IR), are costly and time-
consuming for routine medical examination and large-scale
epidemiological investigations. However, regular health checkup
requires noninvasive and cost-effective tests to identify those
with a greater risk of T2DM. Recently, the triglyceride–
glucose (TyG) index, calculated by the formula ln(fasting
triglycerides(mg/dl)∗fasting blood glucose (mg/dL)/2) (14), has
been found to be associated with several commonly used
alternate predictors of IR that include hyperglycemic clamp and
HOMA-IR (14–16). It has also been considered as a candidate
indicator for defining the status of metabolic health (17).
Moreover, recent evidence suggests that the TyG index is highly
correlated with arterial stiffness in both healthy individuals and
patients with hypertension (18, 19) and could predict the risk of
adverse cardiovascular events in the T2DM population (20).

In the consideration of the feature of the TyG index as a
credible and surrogate indicator of IR, it might also be a potential
predictor of T2DM. Compared with insulin-based indices, the
TyG index could be easier to obtain and calculate for clinical
investigators, and several epidemiologic studies have indicated
that the TyG index is related to the risk of incident T2DM in
Asian and European countries (20–29). However, the outcomes
were inconclusive and controversial as a result of either the
cross-sectional design (30), limited population scale (29), or
confined study population such as normal-weight adults (21, 31).
Nonetheless, the association between the TyG index and incident
T2DMhas not been investigated in older adults. Therefore, in our
study, data were downloaded freely from a public database based
on a population cohort in China, and a longitudinal analysis was
performed. We aimed to explore the relationship of the TyG
index with the risk of developing incident T2DM in an older
Chinese population aged over 75 years.

METHODS

Research Design
We downloaded the original database sorted by Chen et al. (32)
from the DATADRYAD website (www.datadryad.org), where
original databases can be freely obtained by others. The original
database was designed based on a population cohort from 2010
to 2016 in China with a median follow-up of 3.1 years, and
the data were acquired for the public database established by
the Rich Healthcare Group (32). The inclusion criteria for
the participants in the database were as follows: (1) at least
20 years old; (2) followed up for at least 2 years; and (3)
with available data of body mass index (BMI) and fasting
plasma glucose (FPG) value. In the study by Chen et al.,
the population cohort investigation was approved by the Rich
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Healthcare Group Review Board (32), and thus, ethics approval
was not required in this longitudinal analysis. According to
the statement in the study by Chen et al. (32), the authors
permitted others to perform secondary analysis based on their
work non-commercially. Therefore, their database was used in
this longitudinal analysis without infringing the authors’ rights.
Since several previous studies reported that 75 years old is
considered a watershed for the significant deterioration of many
of the body systems and also the development of diseases such
as T2DM, hypertension, and cardiovascular or cerebrovascular
diseases, we only included participants over 75 years old to
investigate the incident T2DM in an older Chinese population.
The following patients were excluded: (1) participants with
missing TyG index measurements; (2) patients lost to follow-up;
(3) patients with visit intervals <2 years; and (4) patients with
extreme BMI values (<15 kg/m2 or >55 kg/m2) (32). Then, the
general information, biochemical test results, and the incidence
of T2DM of the participants were acquired. Based on these data,
the association between the TyG index and the risk of incident
T2DM was investigated.

Definitions
The endpoint of the study was the diagnosis of T2DM during
the follow-up period or during the last visit. The definition of
incident T2DM in the research by Chen et al. (32) was FPG ≥

7.00 mmol/L and/or self-reported T2DM by the patients.

Data Acquisition
In the database offered by Chen et al. (32), the baseline
examinations were performed by using the standardized
spreadsheet to acquire the participant’s general information and
by testing the laboratory indices under the fasting status. The
following data were recorded and analyzed: (1) basic information
and anthropometric indices that include age, gender, blood
pressure, weight (kg), height (m), and BMI [calculated as
weight (kg)/height (m2)]; (2) laboratory parameters that
include triglyceride, alanine aminotransferase, aspartate
aminotransferase, blood urea nitrogen, endogenous creatinine
clearance rate, total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, and FPG; (3)
sociodemographic parameters such as smoking history and
alcohol intake; and (4) the study endpoint (incident T2DM).

Statistical Analysis
The missing values of the variables were supplemented using
multiple imputations prior to statistical analysis, based on
a multiple of replications and a chained equation approach
modality in the R language. For quantitative variables, values
are shown as mean ± standard deviation, and the differences
between groups were compared via the one-way analysis of
variance (ANOVA) method. For qualitative variables, data are
presented as numbers (percentages), and the significance of
differences between groups was analyzed through the chi-
square test.

To explore the association of different TyG index values
with the risk of T2DM onset, patients aged over 75 years
were stratified into five groups according to the quintile values

of the TyG index of all participants, namely, Q1, Q2, Q3,
Q4, and Q5 groups. The independent impact of the TyG
index as a continuous variable or as a hierarchical variable
(Q1, Q2, Q3, Q4, and Q5 groups) on the risk of incident
T2DM was evaluated via the Cox proportional hazard model.
The crude (univariate) model only included the TyG index.
Model I was adjusted for gender, age, and BMI. Model II
(fully adjusted model) was adjusted for gender, age, BMI,
systolic blood pressure, alanine aminotransferase, and blood
urea nitrogen. The p-Values of the Cox regression analysis
and corresponding hazard ratios with 95% confidence intervals
(CIs) were recorded and presented. The log-rank test was
performed to compare the T2DM risks among TyG index
quintile groups, and the Kaplan–Meier curves for T2DM onset
were applied for generating cumulative event rates. Given the
potential confounding effects of gender and BMI, the gender-
stratified as well as BMI-stratified (cutoff value, 24 kg/m2)
multivariate Cox regression proportional hazards models were
analyzed, with adjustment for gender, age, BMI, systolic blood
pressure, alanine aminotransferase, and blood urea nitrogen. A
subgroup analysis was performed by gender and BMI to further
validate the results. As is known, a higher BMI is associated
with a greater risk of T2DM. According to the criteria of weight
for adults issued by the National Health and Family Planning
Commission of the People’s Republic of China, BMI ≥ 24 kg/m2

is considered overweight (33). Therefore, we divided BMI as <

24 kg/m2 and ≥ 24 kg/m2 in this study based on a Chinese
population (33).

Data analysis and plotting were performed using R language
(version 4.1.0; R Foundation for Statistical Computing) and
SAS version 9.2 (SAS Institute Inc, Cary, NC). The p-value
< 0.05 from the two-sided hypothesis test was considered
statistically significant.

RESULTS

Baseline Characteristics and the Incidence
of T2DM of the Included Participants
A total of 2,571 participants aged over 75 years were included
in this longitudinal analysis. Table 1 shows the baseline
characteristics of the included participants stratified by quintile
of the TyG index.

The average age of the study population was 79.68 ± 4.06
years, and 63.6% of them were men.

Participants in the higher quintile groups of TyG index (Q2,
Q3, Q4, and Q5) showed higher levels of BMI, systolic blood
pressure, diastolic blood pressure, fasting blood glucose, total
cholesterol, triglyceride, low-density lipoprotein, and alanine
aminotransferase and lower levels of high-density lipoprotein,
blood urea nitrogen, creatinine clearance rate, and smoking
frequency as compared to Q1 group.

During the follow-up period, 231 cases of T2DM were
identified with an incidence of 9%. As shown in Table 1 and
Figure 1, a total of 33 (6.4%), 27 (5.3%), 44 (8.6%), 49 (9.5%),
and 78 (15.1%) cases of T2DM were observed in Q1, Q2, Q3, Q4,
and Q5 groups, respectively.
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TABLE 1 | Baseline characteristics of the participants.

Variable All participants

(2,571)

TyG index P value

Q1 (514) Q2 (514) Q3 (513) Q4 (515) Q5 (515)

Age 79.68 (4.06) 80.15 (4.39) 79.73 (4.17) 79.77 (4.04) 79.39 (3.77) 79.38 (3.85) 0.013

Gender <0.001

Male 1,634 (63.6) 379 (73.7) 352 (68.5) 314 (61.2) 293 (56.9) 296 (57.5)

Female 937 (36.4) 135 (26.3) 162 (31.5) 199 (38.8) 222 (43.1) 219 (42.5)

Bmi 23.96 (3.18) 22.73 (3.06) 23.57 (3.28) 23.89 (3.16) 24.54 (2.97) 25.08 (2.89) <0.001

Tyg index 8.60 (0.51) 7.90 (0.22) 8.33 (0.08) 8.59 (0.08) 8.86 (0.08) 9.33 (0.26) <0.001

Systolic blood pressure 130.37 (12.18) 128.73 (13.09) 129.53 (12.34) 130.31 (12.18) 131.46 (11.70) 131.80 (11.31) <0.001

Diastolic blood pressure 76.29 (8.93) 75.42 (8.66) 75.59 (8.90) 76.15 (9.04) 77.34 (9.26) 76.94 (8.63) 0.001

Fasting blood glucose 5.14 (0.47) 4.98 (0.46) 5.08 (0.44) 5.14 (0.46) 5.22 (0.44) 5.30 (0.47) <0.001

Total cholesterol 5.01 (0.73) 4.72 (0.70) 4.91 (0.73) 5.08 (0.73) 5.11 (0.68) 5.23 (0.71) <0.001

Triglyceride 1.51 (0.83) 0.70 (0.15) 1.04 (0.13) 1.33 (0.15) 1.71 (0.21) 2.79 (0.87) <0.001

High-density lipoprotein 1.38 (0.24) 1.44 (0.24) 1.41 (0.24) 1.40 (0.24) 1.35 (0.23) 1.30 (0.23) <0.001

Low-density lipoprotein 2.90 (0.54) 2.72 (0.51) 2.87 (0.54) 2.98 (0.55) 2.99 (0.52) 2.94 (0.55) <0.001

Alanine aminotransferase 17.00

[13.30, 22.00]

15.50

[12.33, 19.50]

16.35

[13.20, 21.37]

16.20

[13.00, 21.50]

18.00

[14.00, 22.35]

18.00 [15.00, 24.30] <0.001

Aspartate aminotransferase 24.00

[21.00, 28.25]

24.00

[21.00, 28.00]

24.00

[21.00, 28.10]

23.50

[20.70, 28.00]

24.80

[21.00, 28.00]

24.80 [21.50, 29.20] 0.060

Blood urea nitrogen 5.08 (0.92) 5.20 (0.90) 5.06 (0.93) 5.06 (0.91) 5.01 (0.92) 5.08 (0.91) 0.016

Creatinine clearance rate 75.09 (11.89) 76.08 (11.34) 75.32 (11.63) 74.71 (12.15) 73.98 (12.20) 75.37 (12.07) 0.060

Type 2 diabetes mellitus 231 (9.0) 33 (6.4) 27 (5.3) 44 (8.6) 49 (9.5) 78 (15.1)

Smoking 0.001

Every day 716 (27.8) 176 (34.2) 145 (28.2) 146 (28.5) 123 (23.9) 126 (24.5)

Occasionally 119 (4.6) 21 (4.1) 34 (6.6) 16 (3.1) 23 (4.5) 25 (4.9)

None 1,736 (67.5) 317 (61.7) 335 (65.2) 351 (68.4) 369 (71.7) 364 (70.7)

Drinking 0.185

Every week 40 (1.6) 4 (0.8) 13 (2.5) 10 (1.9) 8 (1.6) 5 (1.0)

Occasionally 291 (11.3) 67 (13.0) 60 (11.7) 58 (11.3) 46 (8.9) 60 (11.7)

None 2,240 (87.1) 443 (86.2) 441 (85.8) 445 (86.7) 461 (89.5) 450 (87.4)

Unadjusted and Adjusted Cox Proportional
Hazard Models of Incident T2DM
The independent impact of the TyG index on the risk of incident
T2DM was evaluated using the unadjusted (univariate) and
adjusted (multivariate) Cox proportional hazard models. The
variables added to the different adjusted models were selected
based on the results of an univariate analysis. The effect sizes
of the TyG index, including hazard ratio (HR) and 95% CIs,
are depicted in Table 2. Higher TyG index increased the hazard
of T2DM development (HR = 1.89; 95% CI, 1.47–2.44) after
adjusting for gender, age, BMI, systolic blood pressure, alanine
aminotransferase, and blood urea nitrogen. As for sensitivity
analysis, the quintile of the TyG index was used as a categorical
variable, and the hazard ratio as well as the p-value for the trend
of T2DM risk were calculated. The hazard ratio of T2DM in the
whole adjusted model was 1.97 (95% CI, 1.45–2.66; p < 0.01).

Subgroup Analysis
Table 3 shows the subgroup analysis for the association
between the TyG index and T2DM development after
adjusting for gender, age, BMI, systolic blood pressure,

alanine aminotransferase, and blood urea nitrogen. Subgroups
were stratified based on gender (male and female) and BMI
(< 24 kg/m2 and ≥ 24 kg/m2). The results suggested that an
elevated risk of incident T2DM stably existed in the different
subgroups in Q3, Q4, and Q5 groups as compared to the Q1
group (HR > 1 for all), and there were statistical significances
for the Q5 group vs. Q1 group (p < 0.05 in all subgroups). When
analyzed as a continuous variable, the elevation of TyG index
resulted in an increased risk of incident T2DM by 2.35-folds
(95% CI, 1.73–3.19; p < 0.01), 1.90-folds (95% CI, 1.27–2.83;
p < 0.01), 2.95 (95% CI, 1.94–4.50; p <0.001), and 1.72-folds
(95% CI, 1.25–2.35; p < 0.01) in the male subgroup, the female
subgroup, BMI < 24 kg/m2 subgroup, and BMI ≥ 24 kg/m2

subgroup, respectively.

DISCUSSION

This longitudinal analysis study showed that increased TyG index
was independently associated with a higher risk of incident
T2DM in an apparently healthy older population aged over 75
years in China (HR = 1.89; 95% CI, 1.47–2.44; p < 0.01). As
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compared to the individuals with the lowest quintile of the
TyG index, participants with the top quintile of the TyG index
presented with a 2.1-fold higher risk of T2DM onset (Q5 vs. Q1:
adjusted HR = 2.12; 95% CI, 1.39–3.24; p < 0.01). Besides, the
results of subgroup analysis demonstrated that this association
existed in spite of difference in gender (male or female) or BMI
(< 24 kg/m2 or≥ 24 kg/m2), which indicates that the conclusions

FIGURE 1 | The Kaplan–Meier curves depicting the cumulative incident type 2

diabetes mellitus (T2DM) in different quintile groups (Q1 to Q5) of

triglyceride-glucose (TyG) index. Each color of lines indicates a quintile group.

The color range indicates the 95% confidence internval (CI) range of

cumulative incidence of T2DM at a different follow-up time.

TABLE 2 | Multivariate analysis for the relationship between TyG index and

incident T2DM.

Hazard ratio, 95% CI and P value

Crude Model I Model II

TyG index 2.21 (1.74, 2.82)

< 0.01

1.98 (1.54, 2.55)

< 0.01

1.89 (1.47, 2.44)

< 0.01

TyG index

quintiles

Q1 1 1 1

Q2 0.88 (0.53, 1.46)

0.62

0.84 (0.51, 1.41)

0.52

0.83 (0.50, 1.39)

0.48

Q3 1.52 (0.97, 2.39)

0.07

1.39 (0.88, 2.20)

0.15

1.36 (0.86, 2.14)

0.19

Q4 1.69 (1.08, 2.62)

0.02

1.49 (0.95, 2.34)

0.08

1.44 (0.92, 2.27)

0.11

Q5 2.67 (1.77, 4.01)

< 0.01

2.24 (1.47, 3.42)

< 0.01

2.12 (1.39, 3.24)

< 0.01

P for trend 2.35 (1.76, 3.14)

< 0.01

2.05 (1.52, 2.77)

< 0.01

1.97 (1.45, 2.66)

< 0.01

were robust and the TyG index was applicable for the older
subjects. Additionally, stronger correlations were discovered in
male individuals and in individuals with BMI < 24 kg/m2.

The TyG index is a product derived from triglyceride and
fasting blood glucose and has been found to be a potential
biomarker for IR in previous epidemiological investigations (14,
34–36). Guerrero-Romero et al. found not only a considerably
high sensitivity (96.5%) but alsoa satisfactory specificity (85.0%)
of the TyG index for detecting IR in a Mexican population (15).
The TyG index also had better performance than HOMA in
a Brazilian investigation by Vasques et al. (37). In accordance
with the results of this study, some previous investigations also
suggested that an increased TyG index might be associated with
a higher risk of future T2DM onset in multiple regions in Asia
and Europe (22, 28, 29, 38). A previous Chinese cohort study
also found the consistent results in individuals with normal BMI
(21). Thus, the relationship between the TyG index and T2DM
risk among older Chinese individuals has been rarely investigated
in previous studies. Since this study was carried out based on a
large cohort of 2,571 apparently healthy old adults aged over 75
years with all range of BMI values in China, it is applicable to a
considerably wide range of the older population and provides a
reliable basis for further clinical promotion and practice.

Type 2 diabetes mellitus is characterized by islet β-cell
dysfunction and IR (39). Notably, the TyG index might
also be a predictor for the susceptibility of β-cells to the
cytotoxic effect of glucose and lipid. Islet β-cell is known to
be vulnerable to oxidative stress due to limited antioxidant
enzyme ability, and oxidative stress has been found to be
involved in the pathogenesis and progression of T2DM (40, 41).
Moreover, emerging evidence has found that certain antioxidant
supplementation could modulate lipid metabolism and enhance
insulin sensitivity (42–44). Increased blood glucose contents
also induce reactive oxygen species production in islet β-cells,
which in turn leads to glucose toxicity and dysregulated function
of β-cells, thus promoting IR and T2DM (40, 41). Besides,
the dysfunction of pancreatic β-cells can also be induced by
long-term exposure to triglyceride, which might be caused by
continuously elevated free fatty acid levels (45, 46). Therefore,
to a certain extent, the TyG index reflects the transformation of
physiological modulation and metabolic regulation of the body
and is closely associated with the probability of the onset and
progression of T2DM.

To further explore the substantial correlations between
independent and dependent variables in the onset of T2DM, we
performed subgroup analysis and explored potential interactions.
In this study, gender and BMI were taken as grouped variables,
and more significant correlations were found in male individuals
and those with BMI ≥ 24 kg/m2. This hazard ratio was relatively
larger in male participants, which was inconsistent with the
cohort investigation by Zhang et al. (21). This discordance might
be partially due to the different age distributions in our study
population, which were all aged > 75 years. With the aging
process in older adults, the lipid deposition in hepatocytes in men
might have different patterns as compared to women (47, 48).
On the other hand, it is well known that obese individuals are
heterogenous from lean ones and are usually considered to be
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TABLE 3 | Subgroup analysis.

Confounding

factor

category

Serum TyG index quintiles HR for TG/HDL-C as

continuous variable

P for trend P for

interaction

Q1 Q2 Q3 Q4 Q5

Gender 0.39

Male 1 0.70 (0.37, 1.30)

0.26

1.10 (0.61, 1.96)

0.76

1.53 (0.90, 2.61)

0.12

2.69 (1.66, 4.36)

< 0.01

2.35 (1.73, 3.19)

< 0.01

2.57 (1.78, 3.72)

< 0.01

Female 1 1.47 (0.59, 3.66)

0.41

1.08 (1.09, 5.48)

0.03

1.40 (0.91, 4.73)

0.08

1.26 (1.24, 5.99)

0.01

1.90 (1.27, 2.83)

< 0.01

1.88 (1.18, 3.02)

< 0.01

BMI 0.045

<24 1 0.66 (0.31, 1.42)

0.289

1.30 (0.66, 2.57)

0.44

1.44 (0.72, 2.88)

0.30

3.83 (2.14, 6.87)

< 0.01

2.95 (1.94, 4.50)

<0.001

3.25 (2.01, 5.25)

< 0.01

≥24 1 1.03 (0.50, 2.08)

0.95

1.50 (0.79, 2.83)

0.22

1.55 (0.83, 2.88)

0.17

1.90 (1.05, 3.45)

0.03

1.72 (1.25, 2.35)

< 0.01

1.68 (1.15, 2.45)

< 0.01

more susceptible to T2DM. However, in the subgroups according
to the cutoff value of BMI, TyG index showed a significantly
positive correlation with the risk of future T2DM, and lean
individuals presented with a higher hazard of future T2DM risk
with increased TyG index (BMI < 24 kg/m2, HR = 2.95, p
< 0.001; BMI ≥ 24 kg/m2, HR = 1.72, p < 0.01). A possible
reason for this inconsistency from expectation was that the
mechanism of the TyG index promoting T2DM in various BMI
populations might be diverse. The increased risk of T2DM in
obese populations with high TyG index might be mainly caused
by aggravated IR, whereas in the lean population, the dysfunction
of β-cells induced by glycotoxicity and lipotoxicity should be
attributed to. Taken together, according to the results of the
subgroup analysis, the TyG index showed a higher sensitivity for
estimating the risk of T2DM in the male population and those
with normal BMI. Thus, it might be a useful index for monitoring
the risk of T2DM onset, especially in older male populations
without obesity. For instance, the TyG index could be calculated
and provided for individuals at regular health checks with the
corresponding explanations such as “low/moderate/high risk of
T2DM” and suggestions such as “re-check within 3/6/12 months
at endocrine clinic.”

The present research has several strengths. First, this
investigation is performed based on a large cohort study with age
>75 years, and thus, the results are specifically applicable and
dependable for the older population. The other similar clinical
observations either had a relatively small population or the age of
the sample tended to be diverse. Second, we have taken the TyG
index as both a ranked categorical variable and as a continuous
variable, and sensitivity calculation and trend examination were
both performed to enhance the credibility of the conclusion.
There are also a few limitations to this study. First, T2DM was
diagnosed based on fasting blood glucose without the data of
glycosylated hemoglobin (HbA1c) and oral glucose tolerance test,
which might result in the underestimated incidence of T2DM.
Second, due to the lack of data on insulin levels and HbA1c,
the comparison of the TyG index and HOMA-IR or HbA1c in
predicting T2DM risk is not available in this study. Finally, since

this cohort research was conducted in China, the findings of this
study need to be validated in other races and a worldwide range
of populations.

CONCLUSION

The present investigation suggests that increased TyG index is
independently associated with a higher risk of T2DM onset in
the older Chinese population aged over 75 years. Moreover, the
results in this study extend our knowledge that the TyG index
appears to be more sensitive for evaluating the risk of T2DM in
men as well as in lean individuals. The TyG index might thus be a
useful tool for detecting individuals at A high risk of developing
T2DM, especially in men without obesity.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

Ethical approval was not provided for this study on human
participants because the ethics approval was obtained in the
previous research by Chen et al. (32) and was no longer needed
for the current study. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

QL and SY contributed to the conception and design of
the research. YL, LD, LM, and YH acquired the data
from the database. LL, DK, NL, and ML performed the
statistical analysis. XF, HL, and JL drafted the manuscript.
All authors contributed to the article and approved the
submitted version.

Frontiers in Public Health | www.frontiersin.org 6 March 2022 | Volume 9 | Article 796663

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Fu et al. Triglyceride–Glucose Index and Incidence of Type 2 Diabetes

REFERENCES

1. Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden ZT, Fonseca

VA, Garber AJ, et al. American Association Of Clinical Endocrinologists

And American College Of Endocrinology Guidelines for Management Of

Dyslipidemia And Prevention Of Cardiovascular Disease. Endocr Pract.

(2017) 23:1–87. doi: 10.4158/EP171764.APPGL

2. Xu Y, Wang L, He J, Bi Y, Li M, Wang T, et al. Prevalence and

control of diabetes in Chinese adults. Jama. (2013) 310:948–59.

doi: 10.1001/jama.2013.168118

3. Collaboration NCDRF. Worldwide trends in diabetes since 1980: a pooled

analysis of 751 population-based studies with 4.4 million participants. Lancet.

(2016) 387:1513–30. doi: 10.1016/S0140-6736(16)00618-8

4. Collaboration NCDRF. Trends in adult body-mass index in 200 countries

from 1975 to 2014: a pooled analysis of 1698 population-based measurement

studies with 19.2 million participants. Lancet. (2016) 387:1377–96.

doi: 10.1016/S0140-6736(16)30054-X

5. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity

to insulin resistance and type 2 diabetes. Nature. (2006) 444:840–6.

doi: 10.1038/nature05482

6. Federation ID. Diabetes Atlas, Brussels, Belgium, 9th edition. (2019). Available

online at: https://www.diabetesatlas.org (accessed July 21, 2021).

7. Hills AP, Arena R, Khunti K, Yajnik CS, Jayawardena R, Henry CJ, et al.

Epidemiology and determinants of type 2 diabetes in south Asia. Lancet

Diabetes Endocrinol. (2018) 6:966–78. doi: 10.1016/S2213-8587(18)30204-3

8. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2

diabetes mellitus and its complications. Nat Rev Endocrinol. (2018) 14:88–98.

doi: 10.1038/nrendo.2017.151

9. Kahn SE. The relative contributions of insulin resistance and beta-cell

dysfunction to the pathophysiology of Type 2 diabetes. Diabetologia. (2003)

46:3–19. doi: 10.1007/s00125-002-1009-0

10. Samuel VT, Shulman GI. The pathogenesis of insulin resistance: integrating

signaling pathways and substrate flux. J Clin Invest. (2016) 126:12–22.

doi: 10.1172/JCI77812

11. Warram JH, Martin BC, Krolewski AS, Soeldner JS, Kahn CR. Slow glucose

removal rate and hyperinsulinemia precede the development of type II

diabetes in the offspring of diabetic parents. Ann Intern Med. (1990) 113:909–

15. doi: 10.7326/0003-4819-113-12-909

12. Rizvi AA. Management of diabetes in older adults. Am J Med Sci. (2007)

333:35–47. doi: 10.1097/00000441-200701000-00005

13. Wang T, Lu J, Shi L, ChenG, XuM, XuY, et al. Association of insulin resistance

and beta-cell dysfunction with incident diabetes among adults in China:

a nationwide, population-based, prospective cohort study. Lancet Diabetes

Endocrinol. (2020) 8:115–24. doi: 10.1016/S2213-8587(19)30425-5

14. Simental-Mendia LE, Rodriguez-MoranM, Guerrero-Romero F. The product

of fasting glucose and triglycerides as surrogate for identifying insulin

resistance in apparently healthy subjects. Metab Syndr Relat Disord. (2008)

6:299–304. doi: 10.1089/met.2008.0034

15. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-

Abundis E, Ramos-Zavala MG, Hernandez-Gonzalez SO, et al. The product of

triglycerides and glucose, a simple measure of insulin sensitivity. Comparison

with the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metabol.

(2010) 95:3347–51. doi: 10.1210/jc.2010-0288

16. Du T, Yuan G, Zhang M, Zhou X, Sun X, Yu X. Clinical usefulness of lipid

ratios, visceral adiposity indicators, and the triglycerides and glucose index

as risk markers of insulin resistance. Cardiovasc Diabetol. (2014) 13:146.

doi: 10.1186/s12933-014-0146-3

17. Lee SH, Han K, Yang HK, Kim MK, Yoon KH, Kwon HS, et al. Identifying

subgroups of obesity using the product of triglycerides and glucose: the

Korea National Health and Nutrition Examination Survey, 2008-2010. Clin

Endocrinol. (2015) 82:213–20. doi: 10.1111/cen.12502

18. Lee SB, Ahn CW, Lee BK, Kang S, Nam JS, You JH, et al. Association between

triglyceride glucose index and arterial stiffness in Korean adults. Cardiovasc

Diabetol. (2018) 17:41. doi: 10.1186/s12933-018-0692-1

19. Li M, Zhan A, Huang X, Hu L, Zhou W, Wang T, et al. Positive association

between triglyceride glucose index and arterial stiffness in hypertensive

patients: the China H-type Hypertension Registry Study. Cardiovasc Diabetol.

(2020) 19:139. doi: 10.1186/s12933-020-01124-2

20. Wang L, Cong HL, Zhang JX, Hu YC, Wei A, Zhang YY, et al. Triglyceride-

glucose index predicts adverse cardiovascular events in patients with

diabetes and acute coronary syndrome. Cardiovasc Diabetol. (2020) 19:80.

doi: 10.1186/s12933-020-01054-z

21. Zhang M, Wang B, Liu Y, Sun X, Luo X, Wang C, et al. Cumulative increased

risk of incident type 2 diabetes mellitus with increasing triglyceride glucose

index in normal-weight people: The Rural Chinese Cohort Study. Cardiovasc

Diabetol. (2017) 16:30. doi: 10.1186/s12933-017-0514-x

22. Lee SH, Kwon HS, Park YM, Ha HS, Jeong SH, Yang HK, et al. Predicting the

development of diabetes using the product of triglycerides and glucose: the

ChungjuMetabolic Disease Cohort (CMC) study. PLoSONE. (2014) 9:e90430.

doi: 10.1371/journal.pone.0090430

23. Wang B, Zhang M, Liu Y, Sun X, Zhang L, Wang C, et al. Utility of three novel

insulin resistance-related lipid indices for predicting type 2 diabetes mellitus

among people with normal fasting glucose in rural China. J Diabetes. (2018)

10:641–52. doi: 10.1111/1753-0407.12642

24. Lee DY, Lee ES, Kim JH, Park SE, Park CY, Oh KW, et al. Predictive

Value of Triglyceride Glucose Index for the Risk of Incident Diabetes: A

4-Year Retrospective Longitudinal Study. PLoS ONE. (2016) 11:e0163465.

doi: 10.1371/journal.pone.0163465

25. Chamroonkiadtikun P, Ananchaisarp T, Wanichanon W. The

triglyceride-glucose index, a predictor of type 2 diabetes development:

A retrospective cohort study. Prim Care Diabetes. (2020) 14:161–7.

doi: 10.1016/j.pcd.2019.08.004

26. Janghorbani M, Almasi SZ, Amini M. The product of triglycerides and

glucose in comparison with fasting plasma glucose did not improve diabetes

prediction. Acta Diabetol. (2015) 52:781–8. doi: 10.1007/s00592-014-0709-5

27. Tohidi M, Baghbani-Oskouei A, Ahanchi NS, Azizi F, Hadaegh F. Fasting

plasma glucose is a stronger predictor of diabetes than triglyceride-glucose

index, triglycerides/high-density lipoprotein cholesterol, and homeostasis

model assessment of insulin resistance: Tehran Lipid and Glucose Study. Acta

Diabetol. (2018) 55:1067–74. doi: 10.1007/s00592-018-1195-y

28. Low S, Khoo KCJ, Irwan B, Sum CF, Subramaniam T, Lim SC, et al. The role of

triglyceride glucose index in development of Type 2 diabetesmellitus.Diabetes

Res Clin Pract. (2018) 143:43–9. doi: 10.1016/j.diabres.2018.06.006

29. Navarro-Gonzalez D, Sanchez-Inigo L, Pastrana-Delgado J, Fernandez-

Montero A, Martinez JA. Triglyceride-glucose index (TyG index) in

comparison with fasting plasma glucose improved diabetes prediction in

patients with normal fasting glucose: The Vascular-Metabolic CUN cohort.

Prev Med. (2016) 86:99–105. doi: 10.1016/j.ypmed.2016.01.022

30. Mohd Nor NS, Lee S, Bacha F, Tfayli H, Arslanian S. Triglyceride glucose

index as a surrogate measure of insulin sensitivity in obese adolescents with

normoglycemia, prediabetes, and type 2 diabetes mellitus: comparison with

the hyperinsulinemic-euglycemic clamp. Pediatr Diabetes. (2016) 17:458–65.

doi: 10.1111/pedi.12303

31. Park B, Lee HS, Lee YJ. Triglyceride glucose (TyG) index as a predictor of

incident type 2 diabetes among nonobese adults: a 12-year longitudinal study

of the Korean Genome and Epidemiology Study cohort. Transl Res. (2021)

228:42–51. doi: 10.1016/j.trsl.2020.08.003

32. Chen Y, Zhang XP, Yuan J, Cai B, Wang XL, Wu XL, et al. Association

of body mass index and age with incident diabetes in Chinese

adults: a population-based cohort study. BMJ Open. (2018) 8:e021768.

doi: 10.1136/bmjopen-2018-021768

33. National Health and Family Planning Commission of the People’s Republic of

China. WST 428-2013 Criteria of Weight for Adults. Beijing: Standards Press

of China (2013). p. 2–3.

34. Guerrero-Romero F, Villalobos-Molina R, Jimenez-Flores JR, Simental-

Mendia LE, Mendez-Cruz R, Murguia-Romero M, et al. Fasting Triglycerides

and Glucose Index as a Diagnostic Test for Insulin Resistance in Young

Adults. Arch Med Res. (2016) 47:382–7. doi: 10.1016/j.arcmed.2016.08.012

35. Sanchez-Garcia A, Rodriguez-Gutierrez R, Mancillas-Adame L, Gonzalez-

Nava V, Diaz Gonzalez-Colmenero A, Solis RC, et al. Diagnostic accuracy of

the triglyceride and glucose index for insulin resistance: a systematic review.

Int J Endocrinol. (2020) 2020:4678526. doi: 10.1155/2020/4678526

36. Wang S, Shi J, Peng Y, Fang Q, Mu Q, Gu W, et al. Stronger association of

triglyceride glucose index than the HOMA-IR with arterial stiffness in patients

with type 2 diabetes: a real-world single-centre study. Cardiovasc Diabetol.

(2021) 20:82. doi: 10.1186/s12933-021-01274-x

Frontiers in Public Health | www.frontiersin.org 7 March 2022 | Volume 9 | Article 796663

https://doi.org/10.4158/EP171764.APPGL
https://doi.org/10.1001/jama.2013.168118
https://doi.org/10.1016/S0140-6736(16)00618-8
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1038/nature05482
https://www.diabetesatlas.org
https://doi.org/10.1016/S2213-8587(18)30204-3
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1007/s00125-002-1009-0
https://doi.org/10.1172/JCI77812
https://doi.org/10.7326/0003-4819-113-12-909
https://doi.org/10.1097/00000441-200701000-00005
https://doi.org/10.1016/S2213-8587(19)30425-5
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1186/s12933-014-0146-3
https://doi.org/10.1111/cen.12502
https://doi.org/10.1186/s12933-018-0692-1
https://doi.org/10.1186/s12933-020-01124-2
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.1186/s12933-017-0514-x
https://doi.org/10.1371/journal.pone.0090430
https://doi.org/10.1111/1753-0407.12642
https://doi.org/10.1371/journal.pone.0163465
https://doi.org/10.1016/j.pcd.2019.08.004
https://doi.org/10.1007/s00592-014-0709-5
https://doi.org/10.1007/s00592-018-1195-y
https://doi.org/10.1016/j.diabres.2018.06.006
https://doi.org/10.1016/j.ypmed.2016.01.022
https://doi.org/10.1111/pedi.12303
https://doi.org/10.1016/j.trsl.2020.08.003
https://doi.org/10.1136/bmjopen-2018-021768
https://doi.org/10.1016/j.arcmed.2016.08.012
https://doi.org/10.1155/2020/4678526
https://doi.org/10.1186/s12933-021-01274-x
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Fu et al. Triglyceride–Glucose Index and Incidence of Type 2 Diabetes

37. Vasques AC, Novaes FS, de Oliveira Mda S, Souza JR, Yamanaka A, Pareja

JC, et al. TyG index performs better than HOMA in a Brazilian population: a

hyperglycemic clamp validated study. Diabetes Res Clin Pract. (2011) 93:e98–

e100. doi: 10.1016/j.diabres.2011.05.030

38. Lee JW, Lim NK, Park HY. The product of fasting plasma glucose and

triglycerides improves risk prediction of type 2 diabetes in middle-aged

Koreans. BMC Endocr Disord. (2018) 18:33. doi: 10.1186/s12902-018-0259-x

39. Alejandro EU, Gregg B, Blandino-Rosano M, Cras-Meneur C, Bernal-

Mizrachi E. Natural history of beta-cell adaptation and failure in type 2

diabetes.Mol Aspects Med. (2015) 42:19–41. doi: 10.1016/j.mam.2014.12.002

40. Robertson R, Zhou H, Zhang T, Harmon JS. Chronic oxidative stress as a

mechanism for glucose toxicity of the beta cell in type 2 diabetes. Cell Biochem

Biophys. (2007) 48:139–46. doi: 10.1007/s12013-007-0026-5

41. Robertson RP, Harmon J, Tran PO, Tanaka Y, Takahashi H. Glucose

toxicity in beta-cells: type 2 diabetes, good radicals gone bad, and the

glutathione connection. Diabetes. (2003) 52:581–7. doi: 10.2337/diabetes.52.

3.581

42. Sepidarkish M, Akbari-Fakhrabadi M, Daneshzad E, Yavari M, Rezaeinejad

M, Morvaridzadeh M, et al. Effect of omega-3 fatty acid plus vitamin E

Co-Supplementation on oxidative stress parameters: A systematic review

and meta-analysis. Clin Nutr. (2020) 39:1019–25. doi: 10.1016/j.clnu.2019.

05.004

43. Heshmati J, Golab F, Morvaridzadeh M, Potter E, Akbari-Fakhrabadi M,

Farsi F, et al. The effects of curcumin supplementation on oxidative stress,

Sirtuin-1 and peroxisome proliferator activated receptor gamma coactivator

1alpha gene expression in polycystic ovarian syndrome (PCOS) patients: A

randomized placebo-controlled clinical trial. Diabetes Metab Syndr. (2020)

14:77–82. doi: 10.1016/j.dsx.2020.01.002

44. Darvish Damavandi R, Mousavi SN, Shidfar F, Mohammadi V, Rajab A,

Hosseini S, et al. Effects of Daily Consumption of Cashews on Oxidative

Stress and Atherogenic Indices in Patients with Type 2 Diabetes: A

Randomized, Controlled-Feeding Trial. Int J Endocrinol Metabol. (2019)

17:e70744. doi: 10.5812/ijem.70744

45. Maedler K, Spinas GA, Dyntar D, Moritz W, Kaiser N, Donath MY. Distinct

effects of saturated andmonounsaturated fatty acids on beta-cell turnover and

function. Diabetes. (2001) 50:69–76. doi: 10.2337/diabetes.50.1.69

46. Jacqueminet S, Briaud I, Rouault C, Reach G, Poitout V. Inhibition of

insulin gene expression by long-term exposure of pancreatic beta cells to

palmitate is dependent on the presence of a stimulatory glucose concentration.

Metabolism. (2000) 49:532–6. doi: 10.1016/S0026-0495(00)80021-9

47. Machann J, Thamer C, Schnoedt B, Stefan N, Stumvoll M, Haring HU, et al.

Age and gender related effects on adipose tissue compartments of subjects

with increased risk for type 2 diabetes: a whole bodyMRI/MRS study.Magma.

(2005) 18:128–37. doi: 10.1007/s10334-005-0104-x

48. Greenman Y, Golani N, Gilad S, YaronM, Limor R, Stern N. Ghrelin secretion

is modulated in a nutrient- and gender-specific manner. Clin Endocrinol.

(2004) 60:382–8. doi: 10.1111/j.1365-2265.2004.01993.x

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Fu, Liu, Liu, Li, Li, Ke, Liu, Lu, Duan, Ma, Huo, Lei and Yan.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Public Health | www.frontiersin.org 8 March 2022 | Volume 9 | Article 796663

https://doi.org/10.1016/j.diabres.2011.05.030
https://doi.org/10.1186/s12902-018-0259-x
https://doi.org/10.1016/j.mam.2014.12.002
https://doi.org/10.1007/s12013-007-0026-5
https://doi.org/10.2337/diabetes.52.3.581
https://doi.org/10.1016/j.clnu.2019.05.004
https://doi.org/10.1016/j.dsx.2020.01.002
https://doi.org/10.5812/ijem.70744
https://doi.org/10.2337/diabetes.50.1.69
https://doi.org/10.1016/S0026-0495(00)80021-9
https://doi.org/10.1007/s10334-005-0104-x
https://doi.org/10.1111/j.1365-2265.2004.01993.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Association Between Triglyceride–Glucose Index and the Risk of Type 2 Diabetes Mellitus in an Older Chinese Population Aged Over 75 Years
	Introduction
	Methods
	Research Design
	Definitions
	Data Acquisition
	Statistical Analysis

	Results
	Baseline Characteristics and the Incidence of T2DM of the Included Participants
	Unadjusted and Adjusted Cox Proportional Hazard Models of Incident T2DM
	Subgroup Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


