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Objective: Our purpose was to explore the relationship between triglyceride glucose (TyG) index and the risk of new-onset 
hypertension in Chinese individuals aged ≥45 years.
Methods: From 2011 to 2018, data from the China Health and Retirement Longitudinal Survey (CHARLS) were analyzed. The 
relationship between TyG index and hypertension was assessed utilizing Cox regression and restricted cubic spline (RCS) plot, and the 
importance of the TyG index in hypertension development was demonstrated by a random forest machine learning model. Finally, 
subgroup analysis was conducted to test for potential interactions on hypertension development between the TyG index and subgroups.
Results: 19.7% of the 4755 individuals who were involved in this survey developed hypertension over an average follow-up period of 
5.22 years. Compared with the first quartile of albumin, the multivariate HR (95% CI) for the risk of new-onset hypertension across the 
TyG index quartiles was 1.09 (0.89, 1.33), 1.09 (0.89, 1.33), and 1.29 (1.06, 1.58), respectively (P for trend <0.001). The RCS plot 
revealed a linear relationship (P for nonlinear = 0.322), and the random forest machine learning model illustrated that the TyG index 
was a significant hazard factor on hypertension development. There was no interaction between subgroups and the relationships of the 
TyG index with the prevalence of hypertension (all P-value >0.05).
Conclusion: TyG index was an independent hazard indicator for new-onset hypertension, and routine measurement and control of 
TyG index level might be great for preventing hypertension development.
Keywords: triglyceride glucose index, hypertension, risk, CHARLS

Introduction
Hypertension is strongly related to high mortality and morbidity of cardiovascular disease,1–3 which places a substantial 
burden on public health.4 Moreover, the aggravation tendency of population aging and unfavorable behavior of impairing 
health spread among people have significantly increased the morbidity of hypertension, which renders the development 
of hypertension an increasing health concern.3,5,6 To alleviate the medical burden and reduce the incidence of hyperten-
sion, we should focus on hypertension management. In addition, the prevention of hypertension is the top public-health 
priority for hypertension management.3 Therefore, the most effective method for preventing hypertension development 
may be to address the risk factors that contribute to it.

The triglyceride glucose (TyG) index value is computed utilizing fasting blood-glucose (FBG) and triglycerides (TG), 
and the equation is as follows: TyG index = Ln [fasting plasma glucose (mg/dL) × fasting triglyceride level (mg/dL)/2].7 

Journal of Multidisciplinary Healthcare 2023:16 63–73                                                         63
© 2023 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Multidisciplinary Healthcare                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 30 September 2022
Accepted: 7 January 2023
Published: 12 January 2023

http://orcid.org/0000-0001-9453-9346
http://orcid.org/0000-0003-1156-2431
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Furthermore, the TyG index has been confirmed to be a marker of insulin resistance (IR).8 However, recent studies 
confirmed that the TyG index could increase cardiovascular disease hazard and result in atherosclerosis and arterial 
stiffness,9–12 which might be linked to IR.13–15 Moreover, among the many risk factors of hypertension, atherosclerosis 
and arterial stiffness play a significant role in hypertension development,16–18 and their ability to contribute to develop-
ment of hypertension may increase with age-related physiological alterations. In addition, researches have also confirmed 
that the TyG index is strongly correlated with new-onset hypertension.19,20 Accordingly, the TyG index may play 
a significant part in hypertension development. However, few studies were reported on the relationship between the 
TyG index and hypertension development among Chinese individuals aged ≥45 years.

Therefore, by analyzing data from the China Health and Retirement Longitudinal Survey (CHARLS), the purpose of 
the present study is to determine the correlation between the TyG index and hypertension development among Chinese 
individuals aged ≥45 years.

Methods
Populations
CHARLS, collecting information on social demographics, economic, health status, and blood examination of community 
residents, is an ongoing large-scale longitudinal survey that enrolls Chinese adults aged ≥45 years or above.21 From 
June 2011 to March 2012, the baseline data for CHARLS was done. The first wave (W1, 2011–2012) included 10,257 
households and 17,708 people from 28 provinces in China, and participants were followed up on every two years. The 
present study investigated data from a baseline data in 2011 and three follow-up waves, including the second follow-up 
wave in 2013, the third follow-up wave in 2015, and the fourth follow-up wave in 2018.

As shown in the flowchart (Figure 1), 10,131 individuals in the W1 were enrolled in the present study, of which 4277 
participants have hypertension at baseline. In addition, ofthe remaining 5854 participants, 870 participants were excluded 
because of loss of follow-up (n = 652) and death (n = 218). After further excluding 229 participants at baseline with age 
<45 years old, TyG index outliers, and missing data on triglyceride and fasting blood glucose, 4755 people were finally 
enrolled when followed up to 2018, including 937 participants with hypertension and 3818 participants without 
hypertension, establishing a hypertension incidence of 19.7% in the present study. The Ethics Review Committee of 
Peking University approved the CHARLS study (IRB00001052-11015), and all participants have provided informed 
consent before involvement.

Collection of Relevant Covariates
Relevant sociodemographic variables include age, gender, health-related behaviors (the presence or absence of current 
smoking and drinking), marital status (the presence or absence of current marriage), and education level. Anthropometric 
indicators consisted of systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate, height, and weight. In 
addition, previous medical history was collected, including dyslipidemia, diabetes mellitus (DM), CVD, kidney disease, 
and chronic lung diseases. The medicine use history was collected, including glucose-lowering drugs and lipid-lowering 
drugs. In addition, trained qualified investigators collected related sociodemographic variables, anthropometric indica-
tors, previous medical history, and drug use history utilizing standardized questionnaires.

Blood samples were shipped to the Chinese Center for Disease Control and Prevention (China CDC) after collection 
and placed at −80°C. Determination of laboratory examination indicators, including fasting blood-glucose (FBG), 
triglycerides (TG), white blood cell (WBC), platelets, blood urea nitrogen (BUN), creatinine, low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum uric acid, total cholesterol, glycosylated 
hemoglobin (HbA1c), hematocrit, high-sensitivity C-reactive protein (hs-CRP), and hemoglobin, was examined by 
trained qualified researchers.

The Definition of TyG Index and Hypertension
The TyG index was the exposure variable of the present study, computed utilizing FBG and TG, and the formula is as 
follows: TyG index = Ln [fasting plasma glucose (mg/dL)×fasting triglyceride level (mg/dL)/2].7 Additionally, SBP and 
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DBP were measured by a qualified investigator utilizing an automated sphygmomanometer (Omron HEM-7200 Monitor) 
after approximately 30 minutes of rest in a chair, with the bottom edge of the cuff approximately 0.5 inches above the 
elbow. Each measurement was separated by 45–60 seconds, for a total of three measurements. Consequently, SBP and 
DBP were considered as the average of three measurements. Hypertension was identified by any one of the following 
three criteria:1 mean SBP ≥140 mmHg or DBP ≥90 mmHg;2 Doctor-diagnosed hypertension;3 Presently taking blood 
pressure medications.22,23

Statistical Analysis
Because CHARLS is a longitudinal study of sampling, sample weights were taken into account during statistical analysis. 
We used the “mice” package in R Version 4.1.3 to perform weighted multiple imputation for missing data, and the 
number of imputations was selected to be 5 times. In addition, in order to ensure the stability of the data after imputation, 
variables with missing values greater than 10% will be deleted. Baseline characteristics were group in accordance with 
the TyG index quartiles (quartile 1, quartile 2, quartiles 3, quartile 4) as well as new-onset hypertension presence or 
absence. Continuous variables were shown by mean with standard deviation. If the test of normality and the homogeneity 
test of variance are performed, the T-test is appropriate; otherwise, the Wilcoxon test is appropriate, and Kruskal–Wallis 
test is used for comparison of three or more groups. Categorical variables, shown by the percentage, were compared 
using the X2 test.

Figure 1 Flowchart. 
Abbreviation: TyG index, triglyceride glucose index.
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Restricted cubic spline (RCS) plots were made to figure out the dose–response relationship between both the TyG 
index level and hypertension development, and three knots were chosen at the 25th, 50th, and 75th quartiles. Machine 
learning could accurately analyze and fit data in the form of mathematical equations without making linear assumptions. 
Therefore, the importance of the TyG index in hypertension development was analyzed using a random forest machine 
learning model. Mean decrease accuracy represented the variable importance contributing to new-onset hypertension in 
the random forest machine learning model, with a greater value corresponding to a greater weight.

Meanwhile, unadjusted and adjusted Cox regression analyses with P for trend were applied to analyze the relationship 
between both the TyG index level and hypertension development, as well as to assess the association between various 
interquartile of the TyG index and hypertension development. Model 1 examined the association between both the TyG 
index and hypertension development without adjusting for confounding variables. Model 2 adjusted to take into account 
the most common confounding biases, which include age and gender. In model 3, we adjusted for smoke, drink, heart 
rate, marital status, gender, height, platelets, total cholesterol, LDL-C, HbA1c, and hemoglobin, which were screened out 
by unadjusted Cox regression analysis with a P-value <0.05 (Supplementary Material 1).

Finally, subgroup analysis of Cox regression was conducted to assess the relationship between TyG index and 
hypertension development by age, gender, education, the level of FBG and TG, the presence or absence of DM, 
dyslipidemia, and CVD. The software Stata 15 Version (https://www.stata.com/) and R Studio (Version 4.1.3, 
https://www.Rproject.org) were conducted to analyze the data, and all P-value <0.05 were statistically significant.

Results
Participants
Finally, 4755 individuals had been enrolled in the present study. The mean age of 4755 participants was 57.20 ± 8.30 
years old, and female made up 54.0% of the total population. The incidence of hypertension was 19.7%, and the average 
value of the TyG index in baseline characteristics was 8.56 ± 0.54. Table 1 shows the baseline characteristics of all 

Table 1 Baseline Characteristics by the Quartiles of Triglyceride Glucose Index

Variables Q1 Q2 Q3 Q4 P-value
N = 1189 N = 1189 N = 1189 N = 1188

TyG index 7.90 ± 0.21 8.34 ± 0.10 8.70 ± 0.12 9.29 ± 0.25 <0.001

Age, years 57.25 ± 8.61 57.55 ± 8.61 57.25 ± 8.07 56.74 ± 7.86 0.125
Female, (%) 564 (47.4) 621 (52.2) 693 (58.3) 688 (57.9) <0.001

Height, cm 158.51 ± 8.28 157.92 ± 8.37 157.58 ± 8.49 158.19 ± 8.25 0.044

Weight, kg 54.94 ± 9.09 56.30 ± 9.92 57.51 ± 10.26 60.76 ± 10.35 <0.001
Smoke (%) 507 (42.6) 456 (38.4) 432 (36.3) 426 (35.9) 0.002

Drink (%) 357 (30.0) 316 (26.6) 266 (22.4) 299 (25.2) <0.001

SBP, mmHg 116.36 ± 11.60 117.53 ± 11.40 118.60 ± 11.50 120.43 ± 11.16 <0.001
DBP, mmHg 69.03 ± 8.62 70.01 ± 8.93 70.93 ± 8.89 72.05 ± 8.47 <0.001

Heart rate, times/min 70.22 ± 9.73 71.46 ± 9.41 72.64 ± 9.77 73.06 ± 9.70 <0.001

Education, (%) 0.726
Primary school or lower 794 (66.8) 813 (68.4) 823 (69.2) 785 (66.1)

Secondary school 363 (30.5) 343 (28.8) 337 (28.3) 368 (31.0)

Higher 32 (2.7) 33 (2.8) 29 (2.4) 35 (2.9)
Marital status, (%) 1034 (87.0) 1026 (86.3) 1039 (87.4) 1053 (88.6) 0.371

WBC, ×109 5.84 ± 1.62 5.94 ± 1.67 6.15 ± 1.66 6.42 ± 1.72 <0.001

Platelets, ×109 208.28 ± 64.80 206.22 ± 67.37 210.10 ± 69.67 214.00 ± 67.21 0.035
BUN, mg/dl 16.11 ± 4.30 15.78 ± 4.13 15.11 ± 3.95 15.21 ± 3.96 <0.001

FBG, mg/dL 95.17 ± 12.03 100.62 ± 12.80 104.42 ± 14.37 113.59 ± 15.33 <0.001

Creatinine, mg/dl 0.76 ± 0.16 0.76 ± 0.16 0.76 ± 0.17 0.77 ± 0.17 0.369

(Continued)
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participants in accordance with the quartiles of TyG index (quartile 1, quartile 2, quartiles 3, quartile 4). Significant 
difference was found in the comparison of baseline characteristics based on the TyG index quartiles, except for age, 
education, marital status, creatinine, chronic lung diseases, cardiovascular disease, and kidney disease. In addition, the 
prevalence of hypertension in the quartile 1, quartile 2, quartile 3, and quartile 4 groups was 15.5%, 17.8%, 20.1%, and 
25.4%, respectively (Table 1).

In addition, compared with the group without new-onset hypertension, individuals of the new-onset hypertension group 
were older and higher weight and were more likely to have dyslipidemia, DM, CVD, and a higher use ratio of glucose- 
lowering drugs and lipid-lowering drugs. Besides, the new-onset hypertension group had increased levels of SBP, DBP, 
heart rate, platelets, FBG, TG, LDL-C, total cholesterol, HbA1c, serum uric acid, hematocrit, hemoglobin, hs-CRP, and TyG 
index, and decreased HDL-C level (all P-value <0.05). Except for the above variables, all variables were not significant (all 
P-value >0.05) (Table 2).

Table 1 (Continued). 

Variables Q1 Q2 Q3 Q4 P-value
N = 1189 N = 1189 N = 1189 N = 1188

Total cholesterol, mg/dl 178.22 ± 32.74 187.52 ± 32.83 193.15 ± 35.56 203.79 ± 38.17 <0.001
Triglycerides, mg/dl 58.34 ± 12.08 85.26 ± 13.10 118.23 ± 20.38 196.99 ± 43.50 <0.001

HDL-C, mg/dL 60.58 ± 14.07 55.28 ± 13.19 50.45 ± 12.72 42.03 ± 11.90 <0.001

LDL-C, mg/dL 107.68 ± 28.26 117.04 ± 29.45 120.67 ± 31.84 114.15 ± 37.99 <0.001
hs-CRP, mg/dl 1.22 ± 1.11 1.25 ± 1.09 1.35 ± 1.13 1.50 ± 1.13 <0.001

HbA1c, % 5.07 ± 0.38 5.10 ± 0.41 5.16 ± 0.43 5.27 ± 0.48 <0.001

Serum uric acid, mg/dl 4.13 ± 1.05 4.23 ± 1.12 4.26 ± 1.12 4.48 ± 1.17 <0.001
Hematocrit, % 40.93 ± 6.06 40.83 ± 5.94 41.11 ± 5.83 41.60 ± 5.81 0.007

Hemoglobin, g/dl 13.99 ± 1.93 14.07 ± 1.90 14.16 ± 1.92 14.42 ± 1.91 <0.001

Dyslipidemia, (%) 37 (3.1) 49 (4.1) 70 (5.9) 96 (8.1) <0.001
DM, (%) 25 (2.1) 31 (2.6) 45 (3.8) 71 (6.0) <0.001

Chronic lung diseases, (%) 120 (10.1) 109 (9.2) 128 (10.8) 102 (8.6) 0.281

Cardiovascular disease, (%) 82 (6.9) 90 (7.6) 92 (7.7) 110 (9.3) 0.180
Kidney disease, (%) 77 (6.5) 88 (7.4) 73 (6.1) 63 (5.3) 0.210

Lipid-lowering drugs, (%) 38 (3.2) 49 (4.1) 70 (5.9) 96 (8.1) <0.001

DM-lowering drugs, (%) 25 (2.1) 33 (2.8) 45 (3.8) 71 (6.0) <0.001
New-onset hypertension, (%) 184 (15.5) 212 (17.8) 239 (20.1) 302 (25.4) <0.001

Note: Data are present as MD ± SD or N (%). 
Abbreviations: Q, quartiles; TyG index, triglyceride glucose index; glucose index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; WBC, white blood cell; BUN, blood urea nitrogen; FBG, fasting blood-glucose; TG, triglycerides; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; HbA1c, glycosylated 
hemoglobin; DM, diabetes mellitus; MD, mean deviation; SD, standard deviation.

Table 2 Comparison of Baseline Characteristics by the Presence or Absence of New-Onset Hypertension

Variables Overall  
(N = 4755)

Not New-Onset Hypertension  
(N = 3818)

New-Onset Hypertension  
(N = 937)

P-value

Age, years 57.20 ± 8.30 56.90 ± 8.25 58.43 ± 8.37 <0.001

Female, (%) 2566 (54.0) 2063 (54.0) 503 (53.7) 0.875

Height, cm 158.05 ± 8.35 158.02 ± 8.28 158.16 ± 8.65 0.649
Weight, kg 57.38 ± 10.14 56.82 ± 9.99 59.65 ± 10.47 <0.001

Smoke, (%) 1821 (38.3) 1467 (38.4) 354 (37.8) 0.745

Drink, (%) 1238 (26.0) 979 (25.6) 259 (27.6) 0.227
SBP, mmHg 118.23 ± 11.51 116.78 ± 11.34 124.13 ± 10.25 <0.001

DBP, mmHg 70.51 ± 8.80 69.71 ± 8.69 73.76 ± 8.49 <0.001

Heart rate, times/min 71.85 ± 9.71 71.58 ± 9.62 72.94 ± 10.01 <0.001

(Continued)
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Association Between Risk of New-Onset Hypertension and TyG Index
937 participants (19.7%) developed hypertension in 2011–2018, with an average follow-up of 5.22 years. A linear 
relationship illustrated by the RCS plot was presented between the TyG index level and hypertension development (P for 
nonlinear = 0.322) (Figure 2A). In addition, the random forest model showed that the TyG index is an important factor 
for leading to the development of hypertension, and the importance was second only to SBP (Figure 2B).

In addition, when TyG index was analyzed as a continuous variable, TyG index could increase the risk of hyperten-
sion development in Model 1, Model 2, and Model 3 with HR of 1.19 (1.06–1.33), 1.17 (1.04, 1.31), and 1.21 (1.05, 
1.38), respectively (Table 3). Furthermore, when the TyG index was analyzed as categorical variable (TyG index 
quartiles), the incidence of hypertension increased with the elevated categories in all the three models (P for trend 
<0.05). In addition, the adjusted HR (95% CI) for risk of new-onset hypertension across the TyG index quartile was 1.09 
(0.89, 1.33), 1.09 (0.89, 1.33), and 1.29 (1.06, 1.58), compared with the first quartile of TyG index (Model 3).

Subgroup Analysis
Figure 3 shows that subgroup analyses were utilized to stratify the association between TyG index and new-onset 
hypertension by age (<65 or ≥65 years), gender, education, the level of FBG (<100 or ≥100 mg/dL) and TG (<200 
or ≥200 mg/dL), and the presence or absence of DM, dyslipidemia, and CVD. No interaction was significantly 

Table 2 (Continued). 

Variables Overall  
(N = 4755)

Not New-Onset Hypertension  
(N = 3818)

New-Onset Hypertension  
(N = 937)

P-value

Education, (%) 0.099
Primary school or lower 3215 (67.6) 2554 (66.9) 661 (70.5)

Secondary school 1411 (29.7) 1159 (30.4) 252 (26.9)

Higher 129 (2.7) 105 (2.8) 24 (2.6)
Marital status, (%) 4152 (87.3) 3350 (87.7) 802 (85.6) 0.086

WBC, ×10^9 6.09 ± 1.68 6.07 ± 1.66 6.14 ± 1.75 0.286

Platelets, ×10^9 209.65 ± 67.32 208.46 ± 66.69 214.50 ± 69.68 0.014
BUN, mg/dl 15.55 ± 4.10 15.54 ± 4.09 15.62 ± 4.16 0.573

FBG, mg/dL 103.45 ± 15.25 102.58 ± 14.85 106.99 ± 16.31 <0.001

Creatinine, mg/dl 0.76 ± 0.16 0.76 ± 0.16 0.77 ± 0.17 0.059
Total Cholesterol, mg/dl 190.67 ± 36.09 189.68 ± 35.53 194.67 ± 38.05 <0.001

Triglycerides, mg/dl 114.69 ± 57.98 112.25 ± 56.75 124.63 ± 61.80 <0.001

HDL-C, mg/dL 52.09 ± 14.67 52.46 ± 14.64 50.59 ± 14.72 <0.001
LDL-C, mg/dL 114.89 ± 32.44 114.21 ± 32.03 117.64 ± 33.95 0.004

hs-CRP, mg/dl 1.33 ± 1.12 1.30 ± 1.11 1.45 ± 1.15 <0.001

HbA1c, % 5.15 ± 0.43 5.14 ± 0.42 5.21 ± 0.47 <0.001
Serum uric acid, mg/dl 4.28 ± 1.12 4.25 ± 1.11 4.38 ± 1.16 0.002

Hematocrit, % 41.12 ± 5.92 41.00 ± 5.89 41.59 ± 6.00 0.007

Hemoglobin, g/dl 14.16 ± 1.92 14.13 ± 1.92 14.29 ± 1.92 0.025
Dyslipidemia, (%) 252 (5.3) 186 (4.9) 66 (7.0) 0.010

DM, (%) 172 (3.6) 121 (3.2) 51 (5.4) 0.001
Chronic lung diseases, (%) 459 (9.7) 354 (9.3) 105 (11.2) 0.083

Cardiovascular disease, (%) 374 (7.9) 281 (7.4) 93 (9.9) 0.011

Kidney disease, (%) 301 (6.3) 236 (6.2) 65 (6.9) 0.437
Lipid-lowering drugs, (%) 253 (5.3) 187 (4.9) 66 (7.0) 0.011

DM-lowering drugs, (%) 174 (3.7) 123 (3.2) 51 (5.4) 0.002

TyG index 8.56 (0.54) 8.53 (0.53) 8.67 (0.55) <0.001

Note: Data are present as MD ± SD or N (%). 
Abbreviations: TyG index, triglyceride glucose index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; BUN, blood urea nitrogen; 
FBG, fasting blood-glucose; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity 
C-reactive protein; HbA1c, glycosylated hemoglobin; DM, diabetes mellitus; MD, mean deviation; SD, standard deviation.
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observed between subgroup variables and relationships of TyG index with prevalence of hypertension (all P > 0.05), 
which indicated that subgroup variables, including age, gender, the level of FBG and TG, and DM, dyslipidemia, 
CVD or not at baseline, do not affect the relationship between TyG index and hypertension development.

Figure 2 The association between TyG index and the development of hypertension. (A) represent a cubic spline model of the relationship between TyG index and the risk 
of new-onset hypertension after adjustment for smoke, drink, heart rate, marital status, gender, height, platelets, total cholesterol, LDL-C, HbA1c, hemoglobin. (B) 
represent the importance of TyG index in the development of hypertension by random forest machine learning model. 
Abbreviations: TyG index, triglyceride glucose index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood-glucose; HbA1c, glycosylated hemoglobin; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; BUN, blood urea nitrogen; WBC, white blood cell; DM, diabetes mellitus.

Table 3 Association Between Triglyceride Glucose Index and the Risk of New-Onset Hypertension

Case/total Model 1 Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P

TyG index (per SD increase) 1.19 (1.06–1.33) 0.003 1.17 (1.04, 1.31) 0.008 1.21 (1.05, 1.38) 0.006

Categories

Q1 184/1189 Reference Reference Reference
Q2 212/1189 1.13 (0.93, 1.38) 0.212 1.09 (0.90, 1.33) 0.374 1.09 (0.89, 1.33) 0.389

Q3 239/1189 1.16 (0.96, 1.41) 0.122 1.12 (0.92, 1.36) 0.252 1.09 (0.89, 1.33) 0.394

Q4 302/1188 1.32 (1.10, 1.58) 0.003 1.27 (1.06, 1.53) 0.011 1.29 (1.06, 1.58) 0.011
P for trend <0.001 <0.001 <0.001

Notes: Model 1: none was adjusted. Model 2: age and gender were adjusted. Model 3: smoke, drink, heart rate, marital status, 
gender, height, platelets, total cholesterol, LDL-C, HbA1c, and hemoglobin were adjusted. 
Abbreviations: TyG index, triglyceride glucose index; SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; FBG, 
fasting blood-glucose; HbA1c, glycosylated hemoglobin; HR, hazard ratio; CI, confidence interval; SD, standard deviation; Q, quartiles.
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Discussion
Currently, hypertension is a major risk factor for CVD mortality and morbidity. Despite the widespread popularization of 
hypertension treatment,24 the incidence of hypertension continues to rise.6 Regarding the public health management of 
hypertension, hypertension prevention may be more meaningful than hypertension treatment. In addition, the improve-
ment of public health management regarding cardiovascular risk factors has resulted in a substantial decline in heart 
disease mortality and morbidity over the past decade.25 Therefore, the improvement of risk factors leading to hyperten-
sion development, which may be a crucial step in the public health management of hypertension, could result in a decline 
in the prevalence of hypertension and contribute to a decrease in medical costs. In addition, we discovered that the TyG 
index, a marker of IR, was an independent hazard factor for hypertension development after analyzing data from the 
CHARLS in 2011–2018. Therefore, it may be necessary to observe the prevalence of hypertension by measuring the TyG 
index routinely.

In addition, the TyG index is a trustworthy replacement to IR and computed using FBG and TG.7,8 Chen et al's study 
confirmed that TyG could predict independently the development of DM, and the risk of DM was elevated by 22% with 
an SD of the TyG index.26 The high TyG index level could heighten the risk of atherosclerotic cardiovascular disease.12 

In addition, the study discovered that high TyG index level could increase the risk of CVD in DM patients.9 The report 
indicated that the prevalence of CVD caused by the high level of the TyG index was 1.25-fold that of the low TyG index 
level.27 Similarly, our study discovered that the TyG index was an independent hazard factor for new-onset hypertension. 
With each SD increase in the TyG index, the risk of new-onset hypertension increased by 21%. In addition, the random 

Figure 3 Subgroups analyses of the relationship between TyG index and new-onset hypertension after adjustment for smoke, drink, heart rate, marital status, gender, height, 
platelets, total cholesterol, LDL-C, HbA1c, hemoglobin. 
Abbreviations: TyG index, triglyceride glucose index; SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; CVD, 
cardiovascular diseases.
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forest model showed the importance of the TyG index in contributing to hypertension development was second only to 
SBP and DBP. The above statement could explain that the TyG index might play a key part in the pathogenesis of CVD.

Moreover, a longitudinal study conducted by Zheng et al enrolled 4686 individuals aged 20–80 years old to assess the 
relationship between TyG index and hypertension development, and confirmed that a high TyG index was related to a rising risk 
of hypertension development.19 However, the findings obtained by the inclusion of their study from a single hospital population 
were not representative of the prevalence of hypertension in the whole population of China, and subgroup analysis about the 
relationship between TyG index and hypertension had not been performed, which might affect the stability of the conclusions. In 
contrast to their study, the data for the present study came from CHARLS, which covered Chinese individuals aged ≥45 years 
from 28 provinces and cities across the country.21 Moreover, subgroup studies of the correlation between TyG index and 
hypertension development were conducted to further determine the potential interaction factors. Finally, we determined that age, 
gender, FBG level, TG level, and the presence or absence of DM, dyslipidemia, and CVD did not influence the relationship either. 
However, our study might also have some bias. Since we could not obtain whether the lost and dead populations had new-onset 
hypertension during the follow-up period, this part of the population was excluded. However, the exclusion of lost and dead 
populations might have introduced a potential and important bias to our study. This might be one of the limitations of the present 
study.

When it comes to the mechanism, IR might be a major reason for the development of hypertension caused by the TyG 
index.12,28 Hyperinsulinemia related to IR might contribute to sympathetic excitation, stimulate the release of catecho-
lamine, and subsequently result in an increase in peripheral resistance and cardiac output.29 Also, thickening of vascular 
smooth muscle caused by high concentrations of catecholamines could contribute to lumen narrowing or hypertension.30 

In addition, an increase in the renin-angiotensin-aldosterone system (RAAS) activity caused by IR could lead to water- 
sodium retention indirectly, which might cause the development of hypertension eventually.31,32 In addition, a greater 
TyG index indicated faster arterial stiffness development and a rising hazard of vascular damage.10,33 Therefore, from the 
preceding statement, we could deduce that the TyG index could rise the incidence of hypertension.

In the end, the present study concluded that the TyG index might be an effective predictor of new-onset hypertension 
in Chinese individuals aged ≥45 years old and that its level should be monitored regularly to prevent hypertension from 
developing prematurely.

Limitations
The present study was a nationally representative sample. However, some limitations should be found. Firstly, the 
population of the present study was middle-aged and elderly individuals aged ≥45 years old, and the relationship might 
apply to adults aged <45 years old. Secondly, daily physical activity might influence blood pressure measurements and 
primary and secondary hypertension could not differentiate in the present study. Thirdly, 652 patients were lost to follow- 
up and 218 patients passed away in the present study, which might have introduced a potential and important bias to our 
study. Fourthly, the potential confounders may not have been adjusted. Therefore, further research is necessary.

Conclusion
The results of the present study demonstrated that the TyG index was an independent risk factor for new-onset 
hypertension in Chinese middle-aged and elderly individuals aged ≥45 years old. Therefore, the effective management 
of the TyG index level might be helpful for the prevention of hypertension.
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