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Abstract

Background Triglyceride glucose index (TyG index) was related with both type 2 diabetes (T2DM) and hypertension
(HTN). Prospective studies linking the TyG index to the incidence of T2DM and HTN comorbidity remain unclear. This
study aimed to to explore the longitudinal association between TyG and new-onset T2DM with HTN.

Methods 4,434 subjects (1249 males and 3185 females) without initial T2DM and HTN were followed up for 7 years.
This study was conducted from November 2011 to August 2018 in the Gucheng, Laoshan and Jinding communities
of Beijing. The incidence of T2DM with HTN during the 7-year follow-up was identified as the endpoint. The TyG index
was divided into four quartiles: the < 25% level, the 25-50% level, the 50-75% level and the > 75% level. The relation-
ships between the TyG index and T2DM with HTN were evaluated by Cox proportional hazards regression models.

Results During 7 years, the augmented trend of T2DM with HTN was observed in the participants. After adjusting

for all confounding factors, compared with those in the lowest quartile of TyG index, the population in the highest
quartile of TyG index had a higher risk of T2DM with HTN (hazard ratio (HR), 2.878; 95% confidence intervals (95% Cl),
1.230-6.731, P=0.015), however, the association remained significant only in the female population (HR 2.753, 95% Cl,
1.061-7.139, p=0.037). The TyG had superior predictive ability of increased risk of T2DM with HTN for the populations
of older age (=65 years) (HR 2.694, 95% C| 1.212-5.989, p=0.015), higher eGFR (=90 mL/(min-1.73 m?)) (HR 2.603, 95%
C11.164-5.818, p=0.020) or obesity (BMI>28 kg/mz) (HR 2.547,95% Cl 1.001-6.478, p=0.020).

Conclusion A population with a higher TyG index level was more likely to have an enhanced incidence of T2DM
and HTN comorbidity. TyG index could have the significance of clinical in early protection against T2DM with HTN.
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Introduction

Diabetes mellitus (DM) has emerged as a major part of
public health concern worldwide can be attributed to its
high morbidity, related mortality and the rate of disability
[1]. The number of diabetic patients in China currently
ranks first in the world according to the diabetes atlas of
the International Diabetes Federation [2]. DM is a well-
known risk factor for any form of cardiovascular disease
(CVD) [3] and the risk for CVD of subjects with type 2
diabetes (T2DM) is 2 ~ fourfold higher than those with-
out [4]. Hypertension (HTN) is prevailing in the compli-
cations of diabetes [5] and constitutes a critical challenge
to the health burden as it elevates the prevalence of CVD,
and this is even further aggravated if patients with con-
comitant T2DM [6]. These studies have indicated that
the coexistence of DM and HTN intensifies the progres-
sion of CVD.

The presence of dyslipidemia and glucose abnormality
are related to increased risk for both DM and HTN [7,8].
It has since long been established that dyslipidemia which
characterized by low levels of high-density lipoprotein
cholesterol (HDL-C), and high levels of total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), the
overproduction of triglycerides (TG), is the cornerstone
of arteriolosclerosis and is able to increase prevalence
of CVD in high-risk subjects such as those with HTN or
DM [9-11]. It is well-known that statin medicines medi-
ate the biggest benefit with CVD risk decrease, particu-
larly among subjects with T2DM [12—14]. The findings
suggest that glucose abnormality per se has an influence
on HTN risk [15]. In addition, not only can the aggressive
glycemic control lower blood pressure (BP) of ambula-
tory, but also these medications can be able to postpone
the onset and to decrease the mortality of CVD that has
important significance in improvement of certain clinical
endpoints [16,17]. Similarly, it is reported that the insulin
secretion abilities of patients with diabetes ameliorated
owing to the appropriate treatment for high levels of fast-
ing plasma glucose (FBG) and TG [8].

The reasonable pathophysiological mechanisms link-
ing HTN, hyperglycemia, dyslipidemia and T2DM are
regarded as insulin resistance (IR) and increased oxida-
tive stress and visceral fat accumulation as well as ele-
vated vascular inflammation [18—20]. Resent studies have
shown that IR is regarded as a crucial mediator of HTN
and CVD, and found that IR could be considered as the
available risk identifier tool for the prevalence of DM and
HTN [21]. In the researches, the glucose clamp technique
is employed as the gold standard to assess IR and the
insulin resistance (HOMA-IR) is used as the most com-
monly strategy to measure IR [22]. Nevertheless, in large
epidemiological studies, all these techniques may have
limitations owing to the prohibitive expense and low
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feasibility [23]. Thus, we need screening tools that are
widely practical and affordable to indicate T2DM with
HTN for the general population.

Some studies have suggested triglyceride glucose (TyG)
index, the product of FBG and TG, as an ideal surrogate
tool for IR [24]. The TyG index has shown higher specific-
ity, sensitivity, time-efficient and cost-effective for identi-
fication of IR compared to other assessment indexes such
as the hyper-insulinemic euglycemic clamp and HOMA-
IR [24,25]. In addition, the TyG index has been imple-
mented by clinicians of different countries to determine
IR of diabetes and non-diabetes populations [26,27].
Moreover, this substitutional index has been validated as
a reliable method to estimate CVD events and severity
of coronary artery calcification [28]. Also, of importance
was the TyG index which showed significant associations
with coronary artery disease and HTN [29,30].

However, data are limited on the ability of the TyG
index to predict HTN incidence with T2DM. The TyG
index should be validated in the Chinese population. To
address knowledge gap, the present study conducted a
Chinese population-based prospective observational
study of subjects without T2DM and HTN at baseline
to explore whether the TyG index has the predictable
capacity for a high risk of incident T2DM and HTN in
adults in China.

Methods

Study subjects

This prospective observational study was conducted
within the framework of a multicenter longitudinal
REACTION study (Risk Evaluation of cAncers in Chi-
nese diabetic Individuals), details of the baseline results
and methods of the study have been described in a pre-
vious study [31]. The baseline study was conducted dur-
ing November 2011 to August 2012 in Gucheng, Laoshan
and Jinding communities of Beijing, and the subjects are
3-year intervals follow-up. Signed informed consents
were obtained from all subjects before data collection.
193,14 individuals aged 40 years and over were registered
by a cluster sampling method and underwent the baseline
(first phase) examination. Because 12,219 subjects were
excluded due to the following situations: previous his-
tory of diabetes and hypertension at baseline (n=4484);
subjects with T2DM at baseline [FBG>7.0 mmol/L,
or 2 h post-load blood glucose (PBG)>11.1 mmol/L]
(n=1762); subjects with hypertension at baseline [sys-
tolic blood pressure (SBP) > 140 mmHg or diastolic blood
pressure (DBP)>90 mmHg] (n=1877); using lipid-low-
ering drugs or with hyperlipidemia at baseline (n=1,982);
using antidiabetic-medication therapy at baseline
(n=925); using antihypertensive-medication therapy at
baseline (n=1022); missed data and/or included outliers
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(n=167). Finally, a total of 7095 subjects were invited to
undergo the examination of follow-up, and after exclud-
ing 346 subjects who had died during follow-up, 2315
subjects who didn't attend any follow-up examination
and 312 subjects who had used lipid-lowering drugs
within the 7 years. We had 4122 subjects (1193 males and
2929 females) eligible for the present study (response rate
58.10%) and they were successfully enrolled in September
2018 to re-investigate the related information.

The protocol of this study was approved by the Com-
mittee on Human Research at Rui-Jin Hospital affili-
ated with the School of Medicine, Shanghai Jiao Tong
University. This study was carried out by the Helsinki
Declaration.

Clinical data and biochemical indicators

Participants were required to have blood samples taken,
take a 100 g steamed-bread meal test or 75 g oral glu-
cose tolerance test (OGTT), undergo anthropometric
measurements, and complete a standard questionnaire.
The trained nurses collected the data from a standard
questionnaire including lifestyle, family history, medi-
cal histories, sociodemographic characteristics and cur-
rent medication use. The same trained nurses measured
the waist circumference (WC), body weight, height, and
before the measurements, the subjects were asked to take
in light clothing without shoes. WC was surveyed at the
horizontal level of the ligature’s midpoint between the
inferior margin of the twelfth rib and the anterior supe-
rior spine. Body mass index (BMI) was calculated as
weight divided by height squared (kg/m?). BP was meas-
ured three times consecutively at 1-min intervals after
at least 5 min of rest in a sitting position, and the aver-
age of the three values of SBP and DBP was recorded. All
participants were told to fast for at least 12 h before the
blood samples were collected. Subjects with or without a
history of diabetes took standard meals containing 100 g
carbohydrates or a standard 75 g glucose solution. Sera
were aliquoted into 0.5-mL Eppendorf tubes within 2 h
after blood collection and shipped in dry ice at — 80 ° C to
the central laboratory located at the Shanghai Institute of
Endocrine and Metabolic Diseases. FBG, PBG, TG, LDL-
C, HDL-C, TC, gamma-glutamyl transferase (GGT),
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT) and serum creatinine (Scr) were measured
using standard enzymatic automated methods on an
autoanalyzer (c16000 system, ARCHITECT c¢i16200 ana-
lyzer; Abbott Laboratories, Lake Bluff, IL) in the central
laboratory. Haemoglobin Alc (HbAlc) was determined
with a high-performance liquid chromatography method
(HPLC, Variant II and D-10 Systems; Bio-Rad, Hercu-
les, CA). The estimated glomerular filtration rate (eGFR)
was calculated using the modified MDRD equation for
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the Chinese population: eGFR=186X (serum creati-
ninex0.011) 5% x (age) 2% x (0.742 if female)x 1.233
[32].

Current smoking status were defined as whether sub-
jects smoked at least 7 per week or 1 cigarette per day
regularly during the past half year, as well as current
drinking intake were defined as whether subjects con-
sumed alcohol once per week regularly during the past
half year. Determination of CVD events were according
to the self-report of participants, including history of
stroke, myocardial infarction (MI) or coronary heart dis-
ease (CHD).

Definition of variables

HTN was diagnosed as any self-reported history of
HTN and/or regularly taking antihypertensive drugs,
or SBP>140 mmHg, or DBP>90 mmHg. T2DM was
diagnosed as any self-reported history of T2DM, and/
or regular oral hypoglycemic agents or insulin use, or
FBG>7.0 mmol/L, or PBG>11.1 mmol/L according to
the WHO guidelines [33]. Data collections at follow-up
were the same as for the baseline examination. TyG index
was calculated as Ln [FBG (mg/dl) * TG (mg/dl)/?] [24].
And it was divided into four groups (quartile 1 to quartile
4): quartile 1(Q1), the<25% group (For all subjects, For
men, For women); quartile 2(Q2), the 25—-49% group (For
all subjects, For men, For women); quartile 3(Q3), the
50-74% group (For all subjects, For men, For women);
quartile 4(Q4), the 75-100% group (For all subjects, For
men, For women).

Statistical analysis

SPSS version 24.0 (IBM, Chicago, IL, USA) was used
to perform all statistical analyses. A two-sided P value
of less than 0.05 was set as the significance level. Data
were presented as means + standard deviations (SD)
for continuous variables with normal distribution
and medians (Inter-Quartile Range, IQR), or n (%) for
continuous variables without normal distribution, or
categorical variables. The variance homogeneity test
was analyzed by Brown Forsythe test. The significant
differences in categorical and continuous variables,
respectively, were compared using the chi-square test
and the Mann—Whitney U test. Cox proportional haz-
ard regression models were built to identify the risk of
T2DM with HTN for four baseline TyG index groups.
Non-adjusted model, controls for nothing, while
adjusted I was adjusted for gender and age. Model II,
further controlling for smoking habits, drinking hab-
its; history of CVDs; age; gender; ALT; AST; heart
rate; SBP; DBP; BMI; eGFR and HbAlc. The associa-
tions between the TyG index and T2DM with HTN
were conducted in subgroups of age (<55, 55-64,
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and>65 years), eGFR (<60, 60-90, and>90 mL/
min/1.73 m?) and BMI (< 18.5 kg/m? 18.5-24 kg/m?
24-28 kg/m?, BMI of>28 kg/m?). The present study
explored the relationships between TyG index and the
stratified variables among participants with enhanced
risk of T2DM with HTN. The possible interactions of
TyG index and stratified variables were explored after
adjustment for sex, history of CVDs; SBP; DBP; ALT;
AST; heart rate; HbAlc; smoking habits, drinking hab-
its and age or BMI or eGFR. P<0.05 (two-taile) was
regarded as statistically significant.

Table 1 Characteristics of study population by T2DM with HTN
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Results

Basic characteristics of T2DM and HTN

The present longitudinal study was conducted for 7 years
to explore the prophetic ability of the TyG index for the
prevalence of T2DM with HTN. The basic clinical and
demographic characteristics of the participants were
shown in Table 1. This current research finally enrolled
4122 subjects, and T2DM with HTN developed in 67
subjects (31 men and 36 women). The categorical varia-
bles were compared using the chi-square test (sex, smok-
ing status, drinking intake and CVD events), and the
continuous variables were compared using the Mann-—
Whitney U test (TyG, age, BMI, SBP, DBP, heart rate,
FBG, PBG, HbAlc%, ALT, AST, GGT, TG, TC, LDL-C,

No T2DM with HTN T2DM with HTN P value
N 4055 67 <
TyG(2011) 7.70(7.16-8.03) 8.83(8.37-9.36) <0.001
Age,years 54.00(49.00-58.00) 55.50(50-61.25) <0.001
BMI,kg/m?2 24.61(22.62-26.78) 25.29(23.87-27.65) <0.001
SBPmmHg 121.93(114.33-129.33) 128.48(118.17-134.83) <0.001
DBPmmHg 72.83(66.67-78.39) 73.67(69.25-79.67) <0.001
Heart rate 73.00(67.00-80.00) 71.00(65.00-76.50) <0.001
FBG,mmol/L 5.34(4.97-5.60) 5.67(5.26-6.36) <0.001
PBG,mmol/L 6.49(5.52-7.49) 8.45(6.54-9.37) <0.001
HbA1c,% 5.70(5.50-6.00) 5.90(5.60-6.20) <0.001
ALT,U/L 15.98(13.00-22.20) 18.40(15.00-23.15) <0.001
AST,U/L 19.13(16.50-22.30) 18.50(16.65-21.45) <0.001
GGT,U/L 18.32(13.60-25.30) 19.70(15.25-29.05) <0.001
TG,mmol/L 1.21(0.84-1.63) 1.39(0.94-2.27) <0.001
TC,mmol/L 4.87(4.50-5.35) 5.13(4.55-5.75) <0.001
LDL-Cmmol/L 3.19(2.66-3.68) 3.08(2.60-3.63) <0.001
HDL-C,mmol/L 1.43(1.23-1.71) 1.27(1.07-1.46) <0.001
eGFRmL/(min-1.73 m2) 123.87(110.33-137.12) 1 19.85(107.16—1 35.84) <0.001
Sex, (%)
Male 1162(28.66%) 31(46.27%)
Female 2893(71.34%) 36(53.73%) <0.001
Current smoker, no. (%) 578(14.25%) 8(11.94%) <0.001
Past smoker, no. (%) 226(5.57%) 1(1.49%) <0.001
Current alcohol drinker, no. (%) 1189(29.32%) 16(23.89%) <0.001
Past alcohol drinker, no. (%) 879(21.68%) 14(20.90%) <0.001
CVDs, (%) <0.001
Yes 136(3.35%) 3(4.48%)
No 3919(96.65%) 64(95.52%) <0.001

Data were mean = SD or median (IQR) for skewed variables or numbers (proportions) for categorical variables

HTN: hypertension; T2DM: type 2 diabetes. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; heart rate; FBG: fasting plasma glucose;
PBG: 2 h post-load blood glucose; HbA1c: glycosylated hemoglobin; ALT: alanine transferase; AST: aspartate transferase; GGT: gamma-glutamyl transferase; TG:
triglyceride; TC: high cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; eGFR: lower estimated glomerular filtration

rate; CVD: cardiovascular disease
*Significant data (P <0.05)
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HDL-C and eGFR). Notably, comparing with participants
with T2DM and HTN, the TyG level of non-T2DM with
HTN subjects were significantly lower, as well as younger,
had lower SBP and DBP, lower level of FBG and PBG, a
less favorable metabolic profile (TG, TC, LDL-C, GGT,
AST, ALT, HbAlc), and a lower frequency of CVD. In
addition, the levels of heart rate, HDL-C and eGFR, fre-
quent drinkers and smokers all tended to increase in the
non-T2DM with HTN group (P <0.001).

Association between the TyG index and incident T2DM
with HTN

To evaluate separately the ability of the TyG index and its
components to predict the incident T2DM with HTN, we
constructed multiple logistic regression models. Table 2
showed that the risk of T2DM with HTN according to
the baseline TyG index in all subjects were significant
only in the fourth quintiles of the TyG index after further
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adjustments (HR 2.821, 95% CI 1.210-6.897, p=0.015).
As shown in Table 3 which subjects separated into men
and women, we found that the fourth quartile of the TyG
index (in men: HR 2.126, 95% CI 1.033—4.419, p=0.032;
in women: HR 2.259, 95%CI 1.181-4.904, p=0.006) was
associated with the incident T2DM with HTN in the
unadjusted model. However, after further adjustment,
the association between the fourth quartile TyG index
and T2DM with HTN was only significant in women (HR
2.736, 95% CI 1.098-7.235, p=0.036).

Association between the TyG index and incident

T2DM with HTN in all subjects with LDL-C < 2.6 mmol/L

or HDL-C > 1.0 mmol/L

All subjects were categorized into two groups,
HDL-C>1.0 mmol/L and LDL-C<2.6 mmol/L, accord-
ing to the Chinese guideline for the management of dys-
lipidemia (revised in 2016) [34]. As shown in Table 4,

Table 2 Risk of T2DM with HTN according to baseline TyG in unadjusted and adjusted models in all subjects

Variable Non-adjusted
HR(95%Cl) P-value

Adjusted model |
HR(95%Cl) P-value

Adjusted model Il
HR(95%CI)P-value

TyG in transform Q4

Q1 1

Q2 2.102(0.978-4.702) 0.061
Q3 1.279(0.498-3.112) 0.509
Q4 3.120(1.864-7.247) 0.002*

1 1

1.987(0.879-4.364) 0.081 1.788(0.753-4.120) 0.169
1.266(0.434-3.112) 0.585 0.718(0.377-1.521) 0414
3.112(1.439-6.371) 0.003* 2.821(1.210-6.897) 0.015*

Non-adjusted: Adjusted for no confounding factors;
adjusted model I: Adjusted for age and gender;

adjusted model II: age; gender; diabetic family history; history of CVDs; SBP; DBP; BMI; ALT; AST; heart rate; eGFR; HbA1c; smoking habits, drinking habits

*Significant data (P <0.05)

Table 3 Risk of T2DM with HTN according to baseline TyG in unadjusted and adjusted models in all subjects by gender

Variable

Non-adjusted
HR(95%(ClI) P-value

Adjusted model |
HR(95%Cl) P-value

Adjusted model Il
HR(95%CIl)P-value

TyG in transform Q4
Men (n=1193)

Q1

Q2

Q3

Q4

Women (n=2929)
Q1

Q2

Q3

Q4

1

2.776(0.724-10.023) 0.108
1.182(0.398-3.209) 0.867
2.126(1.033-4.419) 0.032*

1

1.711(0.710-4.524) 0.219
0.658(0.912-2.001) 0.543
2.259(1.181-4.904) 0.006*

1

2.651(0.793-10.129) 0.121
1.142(0.617-3.276) 0.790
2.208(1.004-4.367) 0.025*

1

1.689(0.988-4.234) 0.383
0.732(0.210-1.369) 0.439
2.568(1.426-4.376) 0.011*

1

2.229(0.524-8.592) 0.229
0.873(0.221-2.467) 0.918
1.544(0.608-3.354) 0.202

1

1.594(0.245-5.987) 0.843
0.830(0.126-1.890) 0.315
2.736(1.098-7.235) 0.036*

Non-adjusted: Adjusted for no confounding factors;

adjusted model I: Adjusted for age;

adjusted model II: age; diabetic family history; history of CVDs; SBP; DBP; BMI; ALT; AST; heart rate; eGFR; HbA1c; smoking habits, drinking habits

*Significant data (P<0.05)
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Table 4 Risk of T2DM with HTN according to baseline TyG in unadjusted and adjusted models in all subjects with LCL-C < 2.6 mmol/L

or HDL-C> 1.0 mmol/L

Variable

Non-adjusted
HR(95%Cl) P-value

adjusted model |
HR(95%ClI) P-value

adjusted model Il
HR(95%Cl)P-value

All subjects
HDL-C>1.0 mmol/L
TyG in transform Q4
Q1

Q2

Q3

Q4

LDL-C<2.6 mmol/L
TyG in transform Q4
Q1

Q2

Q3

Q4

1

2.193(0.894-4.379) 0.075
1.562(0.590-3.223) 0.736
3.751(1.442-6.374) 0.003*

1

2.223(0.893-4.221) 0.059
1.529(0.346-3.469) 0.307
3.414(1.582-7.733) 0.001*

1

1.762(0.801-4.241) 0.078
1.344(0.520-2.872) 0.676
2.371(1.845-6.326) 0.005*

1

2.053(0.953-4.469) 0.085
1.512(0.580-3.273) 0.542
3.818(1.538-7.029) 0.002*

1

2.223(0.894-5.009) 0.069
1.290(0.369-2.901) 0.729
2.809(1.354-6.111) 0.021*

1

2.129(0.879-4.156) 0.069
1.109(0.389-2.815) 0.815
2.907(1.223-6.309) 0.019*

Non-adjusted: Adjusted for no confounding factors;

adjusted model I: Adjusted for age and gender;

adjusted model II: Adjusted for diabetic family history; history of CVDs; SBP; DBP; BMI; ALT; AST; heart rate; eGFR; HbA1c; smoking habits, drinking habits
*Significant data (P<0.05)

the higher level of TyG index (the fourth quartile) were  Association between the TyG index and incident T2DM
obvious significantly associated with the incident T2DM  with HTN for stratified subgroups of age, BMI and eGFR
with HTN though HDL-C or LDL-C was well controlled ~ As shown in Table 5, to further validate the associations
(well-controlled level of HDL-C: HR 2.809, 95% CI  of the different subgroups between the TyG index and
1.354-6.111, p=0.021. well-controlled level of LDL-C: incident T2DM with HTN, the stratified analyses were
HR 2.907, 95% CI 1.223-6.309, p=0.019). performed after further adjusting with sex, history of

Table 5 Risk of T2DM with HTN according to baseline TyG in unadjusted and adjusted models for different levels of age, BMI, eGFR

Variable TyG Q1 TyG Q2 TyGQ3 TyG Q4 P for interaction
Reference HR(95%ClI) Pvalue HR(95%ClI) P value HR(95%Cl) P value

Age, year 2 0.528

<55 1 N N N

55-64 1 N N N

>65 1 2.109(0.788-4.624) 0.151 1.279(0.412-2.910) 0.677 2.539(1.227-5.863) 0.017*

eGFR, ml/min per 1.73m2¢ 0.907

eGFR=90 1 2.040(0.698-4.700) 0.089 1.231(0.902-2.468) 0932  2.876(1.603-5.886) 0.020*

60<eGFR<90 1 1.490(0.160-3.724)  0.191 1476(0.229-2.473) 0.259 1490(0.162-1.882) 0.819

eGFR<60 1 1.443(0.769-1.994) 0.732 1.102(0.367-1.909) 0.324 1.909(0.947-3.314) 0.635

BMI, kg/m2 € 0.812

BMI<185 (n=1117) N N N

18.5<BMI<24 (n=18097)
24 <BMI< 28 (n=15669)
BMI>28 (n=5791)
*Significant data (P <0.05)

a Age subgroup: adjusted for sex, diabetic family history; history of CVDs; SBP; DBP; BMI; ALT; AST; heart rate; eGFR; HbA1c; smoking habits, drinking habits
b eGFR subgroup: adjusted for age, sex, diabetic family history; history of CVDs; SBP; DBP; BMI; ALT; AST; heart rate; HbA1c; smoking habits, drinking habits
¢ BMI subgroup: adjusted for age, sex, diabetic family history; history of CVDs; SBP; DBP; eGFR; ALT; AST; heart rate; HbA1c; smoking habits, drinking habits

0.919(0.828-1.234) 0.527 1.321(0.365-1.098) 0321 1.102(0.954-1.276) 0.057
0.533(0.468-2.179) 0.790 0.499(0.281-1.436) 0.129 1.763(0.528-3.110) 0.455
0.523(0.119-2.176) 0431 0.153(0.008-2.332) 0448 2.767(1.023-6.778) 0.023*
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CVDs; SBP; DBP; ALT; AST; heart rate; HbAlc; smok-
ing habits, drinking habits and age or BMI or eGEFR.
Our study found that compared with those with lower
TyG index levels, participants with higher TyG index
levels (the Q4) were more significantly associated with
T2DM with HTN in the older age, higher level of BMI
and both eGFR subgroups. It’s worthy that the associa-
tions were more markedly significant in the participants
of the higher TyG index (the Q4) with the oldest age
(>65 years) (HR 2.539, 95% CI 1.227-5.863, p=0.017),
higher eGFR (>90 mL/(min-1.73 m?)) (HR 2.876, 95%
CI 1.603-5.886, p=0.020) or obesity (BMI>28 kg/m?)
(HR 2.767, 95% CI 1.023-6.778, p=0.023). Interactions
between the TyG index and stratified variables were not
found.

Discussion

For all we know, our present study is the first prospec-
tive study to explore the associations between the TyG
index and T2DM with HTN in a Chinese general popula-
tion. After the adjustment of potential compounders, the
present study showed that the highest TyG index level
(Q4) was associated with a higher incidence of T2DM
and HTN comorbidity during a follow-up of 7 years, and
it indicated that the TyG index was an independent pre-
dictor of new-onset T2DM with HTN, especially, it was
more significant in females after adjusting the confound-
ing factors. In the further stratified analyses, we found
that subjects who were old (>65), obesity (BMI>28 kg/
m?) or those with normal eGFR (>90 mL/ (min-1.73 m?)
with higher TyG index level were more likely to have
increased risk of T2DM with HTN than those with lower
TyG index level. Therefore, we could pay more attention
to the TyG index which is vital for the early detection and
prevention of new-onset T2DM with HTN of the specific
population in clinical practice, and people with higher
TyG index levels would be aware of the increased risk, to
change lifestyle at early stages.

Recently, the TyG index has been of enhanced interest.
A study demonstrated that compared with the homeo-
static model assessment and the hyper-insulinemic eug-
lycemic clamp, the TyG index has high specificity and
sensitivity for the diagnosis of insulin resistance. [35]
Our previous study reported that the TyG index was
associated with HTN in a general population based on
a cross-sectional design [36]. Previous studies have con-
cluded that elevated TyG index indicated several CVD
and vascular damage [37,38]. This index have a large pos-
sibility to easily apply for the early detection of IR, arte-
rial stiffness which is a severe adverse event in the HTN
subjects and other diseases in clinical practice [39]. All
the above studies demonstrated that the TyG index is an
effective biomarker for identifying metabolic diseases in
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the future. We speculate the potential point of mecha-
nisms about the effect of the TyG index to indicate the
risk of T2DM with HTN may be IR. Generally, for meta-
bolic disease, IR plays an important role and is a crucial
element of increased risk of HTN [40]. IR could lead to
various levels of oxidative responses and the impair func-
tion of endothelial [41], resulting in a low-level state of
inflammation [42]. Additionally, one crucial factor of
progressing to arterial stiffness was inflammation, and
became a key role involved in the pathogenesis of HTN
development [43]. Meanwhile, the fact that the associa-
tion between the TyG index and IR was significant has
been universally recognized [44].

Moreover, the finding about a sex difference of the
present study implied that the association between the
TyG index and T2DM with HTN was more significant
in female compared with male, which means that sex-
specific hormones of elderly people could partly lead to
T2DM with HTN progression. Although poorly clarified,
there are possible crucial pathways that may link the TyG
index and T2DM with HTN. Since hormonal alterations
could influence fat redistribution in perimenopausal or
postmenopausal females, the enhanced accumulation of
visceral fat and adiposity owing to decreased oestrogen
levels could lead an increased risk of inflammation pro-
gression [45,46], and inflammation likely increases the
risk of metabolic abnormalities such as T2DM or HTN.
Interestingly, the present study showed that the associa-
tion was more remarkable in older subjects rather than
younger subjects. In a previous study, increased age was
reported to accompany reduced body height/weight,
increased fat mass and redistributed visceral adipose
[47]. Furthermore, longer exposure to the environment
might account for the discrepancies between age levels,
and elderly females were observed to have higher BP than
males [48].

One of the strengths of this study was that it was a
prospective cohort study to confirm the relationship of
the TyG index and T2D with HTN in the general China
population after the adjustment of confounding factors.
Besides, the present study used the 2-h OGTT to diag-
nose diabetes cases, so the reliability of the findings is
enough. However, there also were some limitations: (1)
the present study was only based on middle-aged and
elderly people in China and the findings couldnt be
generalized to other populations. (2) the unavoidable
bias of the long-term cohort study which was caused
by the loss of follow-up existed. (3) although we con-
sidered the use of antihypertensive, lipid-lowering
and anti-hypoglycaemic drugs, there was still a pos-
sibility that other medications may influence the asso-
ciation between the TyG index and T2DM with HTN.
Herein, in routine clinical practice, the fact should be
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emphasized that the TyG index was a more convenient,
efficient tool to identify the potential population at high
risk of T2DM with HTN.

Conclusion

In conclusion, this study confirms that the TyG index
is closely related to the occurrence of T2DM combined
with HTN in obese and older (>65) Chinese individ-
uals with normal eGFR value, and the TyG index as a
novel and simple and practical biological indicator have
clinical significance in the new-onset identification of
population with increased risk of T2DM with HTN.
Based on the TyG index, a strategy can be developed to
actively intervene to prevent the occurrence of T2DM
combined with HTN.
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