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Objective: Insulin resistance (IR) has a bearing on blood pressure (BP). Nevertheless, research on the relationships between 
surrogates for IR and BP is limited. In this study, we investigate the associations of these novel IR indices with BP in new-onset 
hypertension (HTN) and elevated BP individuals.
Methods: An overall sample of 55,381 adult subjects was included in Hebei General Hospital. BP and other clinical indicators were 
measured. Triglyceride glucose (TyG) index, TyG-waist circumference (TyG-WC), TyG-body mass index (TyG-BMI), TyG-waist to 
height ratio (TyG-WHtR), triglyceride-to-high-density lipoprotein-cholesterol ratio (TG/HDL-C) and metabolic score for IR (METS- 
IR) were collected as dependable surrogates for IR. Examinees were categorized into four groups based on BP levels. Those involved 
were classified as quartiles according to the levels of six surrogate IR indices. Logistic regression analysis was adopted to evaluate the 
impact of substitute IR indicators on BP. The receiver operating characteristic curve (ROC) analysis was performed to explore the 
predictive ability of the parameters on BP.
Results: The incidence of elevated BP, stage 1 HTN and stage 2 HTN was 7.86%, 24.05% and 23.76%, respectively. As the levels of 
six substitute IR indices rose, so did the BP. In the logistic regression analysis, after full adjustment, all alternative IR indicators were 
independently related to both stage 1 HTN and stage 2 HTN. Except for TG/HDL-C, other substitute IR indices were strongly 
associated with elevated BP. ROC curves analysis suggested TyG-WC and TyG-WHtR outperformed other indicators with higher odd 
ratios and area under the curve (AUC) in all the participants.
Conclusion: Increased substitute IR indices were significantly associated with elevated BP in new-onset HTN and elevated BP 
individuals. TyG-WC and TyG-WHtR could better predict elevated BP, stage 1 HTN and stage 2 HTN.
Keywords: insulin resistance, hypertension, elevated blood pressure, triglyceride glucose index, metabolic score for insulin resistance

Introduction
Hypertension (HTN) is usually associated with a variety of chronic diseases, involving cardiovascular diseases (CVD), 
organ dysfunction of brain and kidneys, etc.1,2 The incidence rate of HTN has risen during the last decades, with 
1.28 billion patients being influenced globally by HTN in 2019.3 China accounts for approximately one-fifth of the world 
population, where the increase of morbidity and mortality of HTN and HTN-related diseases has become the Chinese 
main health burden.4 The slight increase in blood pressure (BP) within normal limits has also caused widespread concern 
owing to its adverse clinical significance.5,6

A quantity of proof obtained in previous research suggested a causal relationship between insulin resistance (IR), 
associated hyperinsulinism and certain forms of HTN. This was related to the water-sodium retention caused by insulin.7–10 

Recently, convincing proof also revealed that IR was an independent predictor of CVD as well as chronic kidney disease 
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(CKD).11 However, hyperinsulinemic-euglycemic clamp (HIEC), as a quantitative IR check method, needs the use of 
complex devices and invasive operations, which are unable to be performed in the clinic.12 Consequently, as an IR 
surrogate, the triglyceride glucose (TyG) index was chosen to assess insulin sensitivity, which has been proven to have the 
same effect as HIEC.13–16 Recently, some researchers have demonstrated that the modified TyG indices, including TyG- 
waist circumference (TyG-WC), TyG-body mass index (TyG-BMI) and TyG-waist to height ratio (TyG-WHtR), exhibited 
higher predictability of IR than TyG index alone.17,18 It also found that TyG index related parameters outperformed 
anthropometric indicators in predicting diabetes and HTN.19,20 Besides, other IR surrogates, such as triglyceride-to-high- 
density lipoprotein-cholesterol ratio (TG/HDL-C) and metabolic score for IR (METS-IR) could also be conducted as 
alternatives for IR.21,22 Currently, there is limited research on comparing the associations between these IR surrogates and 
BP. The purpose of this study was to investigate the relationships between six surrogate IR indicators and BP, as well as the 
predictive ability of these parameters on BP in new-onset HTN and elevated BP individuals.

Materials and Methods
Study Design and Subjects
Our cross-sectional study was on the foundation of the data from adults who received regular check-ups at Hebei General 
Hospital in China from 2018 to 2019. Of the 83,287 screening subjects with original data, physical examinees who met 
one of the following conditions were excluded. (1) Those previously diagnosed with HTN. (2) Those taking antihy-
pertensive, antihyperlipidemic, or hypoglycemic agents considering the impact of medication treatment. (3) Participants 
with malignancy, serious liver and kidney dysfunction, or other diseases that affected BP, blood sugar, and blood lipids. 
(4) Participants with missing data. Eventually, 55,381 adults were eligible to participate in this study. This research 
protocol was performed in terms of the Helsinki Declaration and got the ethical committee’s approval of Hebei General 
Hospital (The number of ethics committee: NO. 2022003). All objects finished informed consent.

Clinical Measurement
Detailed case histories and utilization of drugs were gathered with questionnaires. The measurement of human body 
parameters (height [Ht], weight [Wt], WC) was carried out by trained technicians with examinees wearing lightweight, 
loose clothes and no shoes. BMI was worked out. The automatic BP monitor (OMRON, HEM-7125) was applied to 
obtain 3 times of systolic blood pressure (SBP) and diastolic blood pressure (DBP) following at least a 5-min break. 
These averages were used for data analyses. The participants fasted for 8 h at a minimum in the night before collecting 
blood samples. The fasting serum levels of total cholesterol (TC), TG, HDL-C, low-density lipoprotein cholesterol (LDL- 
C), fasting plasma glucose (FPG), serum uric acid (SUA), serum creatinine (Scr), aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) were assessed by automatic biochemistry analyzer.

Definitions
BP categories were based on the classification recommended by the 2017 American College of Cardiology (ACC)/ 
American Heart Association (AHA) criteria for defining hypertension. 55,381 research objects were divided into four 
groups: normal BP (SBP<120mmHg and DBP<80mmHg), elevated BP (SBP 120–129mmHg and DBP<80mmHg), stage 
1 HTN (SBP 130–139mmHg or DBP 80–89mmHg) and stage 2 HTN (SBP≥140mmHg or DBP≥90mmHg).23

Calculations of Surrogate IR Indices
TyG index = Ln [fasting TG (mg/dL) × FPG (mg/dL)/2].24

TyG-WC = TyG × WC (cm).25

TyG-BMI = TyG × BMI (kg/m2).26

TyG-WHtR = TyG × [WC (cm)/Ht (cm)].27

TG/HDL-C = TG (mg/dL)/HDL-C (mg/dL).28

METS-IR = Ln [(2 × FPG (mg/dL)) + TG (mg/dL)] × BMI (kg/m2)/(Ln[HDL-C (mg/dL)]).22
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Statistical Analysis
Statistical analysis was conducted using SPSS 26.0. Kolmogorov–Smirnov tests were employed to examine the normal 
distribution of data. Continuous data were presented as average±standard deviation (SD) for compliance with the 
normality test and as median [interquartile ranges (IQR)] for skew distribution. Categorical variables were represented 
as numbers (%) and analyzed by chi-square tests. In order to the comparison of multiple sets of data, we adopted the one- 
way analysis of variance for normal distribution data and the Kruskal-Wallis rank sum test for skew distribution data. 
Pearson correlation analysis was used to discuss the correlations between substitute parameters of IR and BP. Logistic 
regression analysis was adopted to evaluate the effect of these indicators on BP. The receiver operating characteristic 
curve (ROC) was performed to explore the predictive ability of the parameters on BP. P-values <0.05, which was 
significantly statistical significance in the analysis.

Results
Basic Demographic Characteristics in Different Blood Pressure Categories
Figure 1 showed that an overall sample of 55,381 adult subjects was contained within this study, including 32,369 
(58.45%) males and 23,012 (41.55%) females. Physical examinees were categorized into four groups based on BP levels, 
which included normal BP group 24,551 (44.33%), elevated BP group 4351 (7.86%), stage 1 HTN group 13,319 
(24.05%) and stage 2 HTN group 13,160 (23.76%). This population’s average age was 46.75 (±18.26) years old. Table 1 
demonstrated that as BP levels increased, the proportion of males, former smokers, current smokers, former drinking, 
current drinking, central obesity, diabetes and CVD significantly elevated. Additionally, the other three groups repre-
sented higher-level age, BMI, WC, TC, TG, LDL-C, FPG, serum creatinine, uric acid, AST, ALT, six surrogate IR 
indices, as well as lower HDL-C concentrations compared to the normal BP group (P<0.05).

The BP Levels and Proportion of BP Categories According to the Quartiles of 
Surrogate IR Indices
Research objects were categorized into four groups (Q1–Q4) according to the quartile range of six substitute IR 
parameters. The BP levels and proportion of BP categories in quartiles of the TyG index and other novel IR indicators 

Figure 1 Flowchart of the inclusion and exclusion.
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are displayed in Table 2 and Figure 2, respectively. Both SBP and DBP increased with the increase of six surrogate IR 
indices (P<0.001). The highest quartile of surrogate IR indices had the highest values of SBP and DBP (Table 2). 
Figure 2 indicated that the morbidity of stage 1 HTN elevated stepwise, from 17.03% to 28.95%, as the TyG index rose 
from quartile 1 to quartile 4. The analogous tendency was discovered for the subjects defined as stage 2 HTN (from 
9.55% to 38.05%) (Figure 2A). In addition, with the increase of TyG-BMI, TyG-WC, TyG-WHtR, TG/HDL-C and 
METS-IR from Q1 to Q4, the incidence rates of stage 1 HTN and stage 2 HTN gradually increased (Figure 2B–F). 
Compared to the other three quartiles, the proportion of subjects classified as stage 1 HTN was highest in the highest 
quartile of IR surrogates except for TyG-WHtR (P<0.05). The Q4 group of the six non-insulin-based IR indicators also 
exhibited an apparently higher incidence of stage 2 HTN than the other quartiles (P<0.05) (Figure 2A–F).

Table 1 Comparisons of Basic Demographic Characteristics of Physical Examinees in Different Blood Pressure Categories

Normal BP 
(n=24,551)

Elevated BP 
(n=4351)

Stage 1 HTN 
(n=13,319)

Stage 2 HTN 
(n=13,160)

F/χ² P

Gender χ²=4551.245 <0.001

Male n(%) 10,501(42.77) 2958(67.98) 9174(68.88) 9736(73.98)

Female n(%) 14,050(57.23) 1393(32.02) 4145(31.12) 3424(26.02)
Smoking status χ²=1024.545 <0.001

Non-smoker 19,992(81.43) 3130(71.94) 9460(71.02) 9202(69.92)

Former smoker 3799(15.47) 957(21.99) 3075(23.09) 2862(21.75)
Current smoker 760(3.10) 264(6.07) 784(5.89) 1096(8.33)

Alcohol drinking χ²=1261.906 <0.001
Non-drinking 19,482(79.35) 3118(71.66) 8927(67.02) 8426(64.02)

Former drinking 397(1.62) 121(2.78) 276(2.07) 360(2.74)

Current drinking 4672(19.03) 1112(25.56) 4116(30.91) 4374(33.24)
Age (years) 42.32±17.15 47.85±15.54 46.65±21.67 54.74±14.11 F=1428.615 <0.001

WC (cm) 80.27±9.75 85.87±9.56 87.50±10.00 91.52±9.97 F=4107.271 <0.001

BMI(kg/m2) 23.06±3.11 24.56±3.19 25.10±3.35 26.27±3.95 F=2803.346 <0.001
SBP (mmHg) 106.11±8.01 123.63±2.75 124.46±8.44 145.15±13.36 F=50076.809 <0.001

DBP (mmHg) 69.79±5.92 73.91±4.74 82.85±4.32 92.80±9.24 F=38798.501 <0.001

TC (mmol/L) 4.85±0.92 5.06±0.99 5.11±0.98 5.22±1.01 F=492.290 <0.001
TG (mmol/L) 1.27±0.84 1.53±1.04 1.68±1.21 1.86±1.36 F=961.330 <0.001

LDL-C (mmol/L) 2.86±0.65 3.06±0.69 3.08±0.67 3.15±0.69 F=643.063 <0.001

HDL-C (mmol/L) 1.36±0.30 1.29±0.29 1.28±0.28 1.26±0.28 F=461.376 <0.001
FPG (mmol/L) 5.29±0.82 5.58±1.09 5.64±1.24 6.05±1.54 F=1264.178 <0.001

SUA (μmol/L) 318.56±85.11 350.57±88.16 357.14±89.75 365.14±89.65 F=1038.706 <0.001

Scr(μmol/L) 73.79±12.37 78.24±12.20 78.30±12.22 80.60±14.88 F=893.563 <0.001
AST (U/L) 19.42±15.58 23.37±18.20 25.13±20.02 25.87±20.46 F=482.927 <0.001

ALT (U/L) 21.08±9.05 22.92±9.50 23.43±10.99 24.46±11.27 F=363.218 <0.001

TyG index 8.44±0.54 8.67±0.55 8.76±0.58 8.92±0.59 F=2328.898 <0.001
TyG-BMI 195.40±33.84 213.48±34.94 220.46±37.10 235.00±41.72 F=3631.601 <0.001

TyG-WC 680.06±111.03 746.46±110.49 768.35±117.15 818.43±116.87 F=4626.494 <0.001

TyG-WHtR 4.05±0.61 4.39±0.62 4.51±0.64 4.83±0.67 F=4649.964 <0.001
TG/HDL-C 2.38±2.14 3.01±3.03 3.34±3.16 3.76±3.90 F=702.501 <0.001

METS-IR 33.60±6.46 36.84±6.78 38.04±7.07 40.45±7.77 F=3058.359 <0.001

Central obesity [n(%)] 5496(22.39) 1750(40.22) 6298(47.29) 8387(63.73) χ²=6575.070 <0.001
Diabetes [n(%)] 754(3.07) 270(6.21) 988(7.42) 2044(15.53) χ²=1968.631 <0.001

CVD [n(%)] 134(0.55) 30(0.69) 95(0.71) 234(1.78) χ²=157.315 <0.001

Abbreviations: WC, waist circumference; BMI, body mass index; SBP, systolic blood pressures; DBP, diastolic blood pressures; TC, total cholesterol; TG, 
triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FPG, fasting plasma glucose; SUA, serum uric acid; Scr, 
serum creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TyG index, triglyceride glucose index, TyG-BMI, triglyceride glucose-body 
mass index; TyG-WC, triglyceride glucose-waist circumference; TyG-WHtR, triglyceride glucose-waist to height ratio; TG/HDL-C, triglyceride-to-high-density 
lipoprotein-cholesterol ratio; METS-IR, metabolic score for insulin resistance; CVD, cardiovascular diseases; normal BP, normal blood pressure; elevated BP, 
elevated blood pressure; stage 1 HTN, stage 1 hypertension; stage 2 HTN, stage 2 hypertension.
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Correlations Between Surrogate IR Indicators and Blood Pressure
Pearson correlation analysis demonstrated that SBP was significantly related to TyG index (r=0.342, P<0.001), TyG-BMI 
(r=0.412, P<0.001), TyG-WC (r=0.459, P<0.001), TyG-WHtR (r=0.465, P<0.001), TG/HDL-C (r=0.182, P<0.001) and 
METS-IR (r=0.381, P<0.001). DBP was also positively associated with TyG index (r=0.344, P<0.001), TyG-BMI 
(r=0.425, P<0.001), TyG-WC (r=0.461, P<0.001), TyG-WHtR (r=0.441, P<0.001), TG/HDL-C (r=0.216, P<0.001) 
and METS-IR (r=0.399, P<0.001) (Figure 3).

Logistic Regression Analyses of Surrogate IR Indexes with BP Categories
In the multivariate logistic regression analyses, the TyG index and other IR surrogates were related to the risk of elevated 
BP, stage 1 HTN as well as stage 2 HTN after adjustments for age and gender. Specifically, TyG-WHtR had the highest 
odds ratio in all study objects, including elevated BP (1.699, 95% CI 1.604–1.800), stage 1 HTN (2.469, 95% CI 2.372– 
2.569) and stage 2 HTN participants (4.956, 95% CI 4.725–5.199) (Table 3, Model I). This association persisted after 
adjusting for the covariates of Model I plus smoking status, alcohol drinking, central obesity, diabetes, CVD and BMI 
(P<0.05). However, METS-IR did not show a correlation with stage 1 HTN in Model II (OR 1.004, 95% CI 0.991– 
1.017). All non-insulin-based IR indicators were strongly related to elevated BP, stage 1 HTN and 2 HTN for the adjusted 
Model III (P<0.05). Nevertheless, no correlation was found between TG/HDL-C and elevated BP after adjustment for the 
above confounders (OR 1.019, 95% CI 1.000–1.038) (Table 3).

The easily measurable substitute indicators of IR were discussed as nominal variables (quartile 1–quartile 4) to make 
the findings robust and accurate. After potential confounding factors were adjusted, the study found that the incidence of 
elevated BP notably rose with TyG index, TyG-BMI, TyG-WC, TyG-WHtR as well as TG/HDL-C quartiles increasing 
(all P for trend <0.05). Yet no strongly graded association was discovered between METS-IR and elevated BP (P for 
trend >0.05) (Figure 4A). Figure 4B and Figure 4C demonstrated that both stage 1 HTN and stage 2 HTN prevalence 
remained positively and rankly associated with those substitute indexes of IR after adjusting for potential confounders 

Table 2 Blood Pressure Levels of Study Populations According to the Quartiles of Surrogate Insulin Resistance 
Indices

Variables Q1 Q2 Q3 Q4 F/χ² P

TyG index n=13,973 n=13,987 n=13,703 n=13,718

SBP (mmHg) 112.26±15.60 119.47±17.46a 124.45±17.70ab 128.75±17.43abc F=2387.903 <0.001

DBP (mmHg) 73.43±9.89 77.46±10.75a 80.37±11.05ab 83.76±11.36abc F=2297.360 <0.001
TyG-BMI n=13,846 n=13,851 n=13,841 n=13,843

SBP (mmHg) 110.55±15.29 118.85±16.71a 124.75±17.16ab 130.59±16.97abc F=3702.726 <0.001

DBP (mmHg) 72.36±9.22 76.68±10.20a 80.63±10.78ab 85.23±11.23abc F=3879.728 <0.001
TyG-WC n=13,847 n=13,845 n=13,849 n=13,840

SBP (mmHg) 109.12±14.08 119.14±16.68a 125.4±16.87ab 131.06±17.01abc F=4656.176 <0.001
DBP (mmHg) 71.79±8.87 76.75±10.16a 80.87±10.54ab 85.48±11.25abc F=4493.887 <0.001

TyG-WHtR n=13,943 n=13,824 n=14,036 n=13,578

SBP (mmHg) 109.67±13.87 118.34±16.14a 124.94±16.93ab 132.01±17.50abc F=4784.945 <0.001
DBP (mmHg) 72.07±8.90 76.73±10.13a 80.81±10.75ab 85.43±11.31abc F=4218.856 <0.001

TG/HDL-C n=13,875 n=13,825 n=13,874 n=13,807

SBP (mmHg) 113.53±16.94 120.05±18.03a 124.09±17.67ab 127.09±16.97abc F=1571.940 <0.001
DBP (mmHg) 73.83±10.16 77.62±10.91a 80.25±11.16ab 83.21±11.28abc F=1856.334 <0.001

METS-IR n=13,866 n=13,849 n=13,844 n=13,822

SBP (mmHg) 111.16±15.80 119.13±17.08a 124.70±17.18ab 129.76±16.98abc F=3131.902 <0.001
DBP (mmHg) 72.68±9.41 76.87±10.47a 80.62±10.79ab 84.75±11.28abc F=3336.308 <0.001

Notes: aP < 0.05 versus Q1 group, bP < 0.05 versus Q2 group, cP < 0.05 versus Q3 group. 
Abbreviations: SBP, systolic blood pressures; DBP, diastolic blood pressures; TyG index, triglyceride glucose index, TyG-BMI, triglyceride glucose- 
body mass index; TyG-WC, triglyceride glucose-waist circumference; TyG-WHtR, triglyceride glucose-waist to height ratio; TG/HDL-C, triglyceride-to 
-high-density lipoprotein-cholesterol ratio; METS-IR, metabolic score for insulin resistance.
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(age, sex, smoking status, alcohol drinking, central obesity, diabetes, CVD, BMI, TC, LDL-C, HDL-C, SUA, Scr, ALT 
and AST) (all P for trend <0.05).

The Predictive Ability of Surrogate IR Indices on Blood Pressure
The ROC analyses of surrogate IR parameters predicting the occurrence of elevated BP, stage 1 HTN and stage 2 HTN 
are revealed in Figure 5. For elevated BP, the maximum area under the curve (AUC) value was shown in TyG-WC (AUC 
0.669, 95% CI 0.660–0.677), followed by TyG-WHtR (AUC 0.655, 95% CI 0.646–0.663), TyG-BMI (AUC 0.651, 95% 
CI 0.642–0.659) (Figure 5A). For stage 1 HTN, the maximum AUC was also shown in TyG-WC (AUC 0.711, 95% CI 
0.706–0.717), followed by TyG-WHtR (AUC 0.702, 95% CI 0.696–0.707), TyG-BMI (AUC 0.696, 95% CI 0.691– 
0.702) (Figure 5B). For stage 2 HTN, the maximum AUC was shown in TyG-WHtR (AUC 0.813, 95% CI 0.809–0.817), 

Figure 2 The proportion of BP categories according to the quartiles of surrogate insulin resistance indices. (A) TyG index quartiles, (B) TyG-BMI quartiles, (C) TyG-WC 
quartiles, (D) TyG-WHtR quartiles, (E) TG/HDL-C quartiles, (F) METS-IR quartiles.
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followed by TyG-WC (AUC 0.806, 95% CI 0.802–0.811), TyG-BMI (AUC 0.784, 95% CI 0.779–0.789) (Figure 5C). 
Considering the OR value and the AUC, TyG-WC and TyG-WHtR might be regarded as better markers for predicting 
elevated BP, stage 1 HTN and stage 2 HTN in those participants compared to the TyG index.

Discussion
The determination of blood insulin was restricted in clinics because of its comparatively great cost and low accessibility. 
Therefore, this study combined more cost-effective biochemical indicators as surrogate markers of IR. The previous 
results on estimating the influence of surrogate IR indices on BP remained not completely consistent.21,29–34 In this large- 
scale cross-sectional research, we compared the relationships between six easily measurable substitute indices of IR and 
BP in new-onset HTN and elevated BP individuals. Our data revealed that the new incidence of elevated BP, stage 1 
HTN and stage 2 HTN was 7.86%, 24.05% and 23.76%, respectively. Studies discovered that not only hypertension but 
also elevated BP was a recognized hazard factor for apoplexy, coronary heart disease and heart failure.5,35 Moreover, the 
US cohort study reported that more than 60% of CVD events happened to subjects with SBP/DBP<140/90mmHg.36 

Consequently, attention should also be paid to the prevention of elevated BP and stage 1 HTN.
In this study, the levels of all the novel IR indices were strongly related to both stage 1 HTN and stage 2 HTN. And, 

obviously graded associations between these new IR indices and HTN were discovered. The cohort research conducted 

Figure 3 Correlation of the insulin resistance parameters with blood pressure levels.
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by Sánchez-Íñigo et al37 expressed that the positive associations between TyG index, TG/HDL-C and HTN appeared to 
be independent of adiposity. Other research also showed that TG/HDL-C, TyG index, TyG-BMI along with TyG-WC 
were independent correlates of HTN prevalence.33 Additionally, the evidence suggested that TyG-WHtR and METS-IR 
were hazard factors for HTN.20 Our study was in keeping with these earlier results. It indicated that substitute IR indices 
could serve as methods for identifying high-risk populations of hypertension. However, an observational study dis-
covered that TyG index was positively related to isolated systolic hypertension rather than isolated diastolic hypertension 
in subjects beyond the age of forty.34 The cause was probably the diversity in race and sample capacity.

As we all know, high TG and low HDL-C are markers of serum lipid metabolism, and it has been fully proved that 
they are related to IR.38 Nevertheless, relevance was not found between TG/HDL-C and elevated BP when TG/HDL-C 
was described as a continuous variable in our study. Similar to our findings, a previous study including 108,370 Chinese 
adults by Fan et al39 did not express a positive correlation between prehypertension (pre-HTN) and TG/HDL-C. It was 
considered that the TG/HDL-C ratio was racially dependent. Even in African Americans, TG/HDL-C were not depend-
able markers of IR.40 However, unlike the definition of elevated BP in our study, pre-HTN was defined as SBP of 120– 
139 mmHg and/or DBP of 80–89 mmHg. In addition, Zhang et al41 revealed that TG/HDL-C, TyG index, as well as 
METS-IR were apparently correlated with pre-HTN risk. But they also believed that there existed diversity in insulin 
secretion abilities between East Asians and other races. From further analysis, the presence of elevated BP was inclined 
to increase with TyG index, TyG-BMI, TyG-WC and TyG-WHtR quartiles ascending. Therefore, discriminating IR was 

Table 3 Multivariate Logistic Regression Analysis for the Associations Between Surrogate Insulin Resistance Indices 
Quartiles and Blood Pressure Categories

Outcomes Model I Model II Model III

OR(95% CI) P OR(95% CI) P OR(95% CI) P

Elevated BP (n=4351)
TyG index 1.488(1.399–1.582) <0.001 1.286(1.201–1.378) <0.001 1.313(1.195–1.443) <0.001

TyG-BMI 1.010(1.009–1.011) <0.001 1.009(1.007–1.012) <0.001 1.009(1.006–1.013) <0.001

TyG-WC 1.003(1.003–1.004) <0.001 1.002(1.001–1.003) <0.001 1.002(1.001–1.003) <0.001
TyG-WHtR 1.699(1.604–1.800) <0.001 1.336(1.207–1.478) <0.001 1.250(1.106–1.413) <0.001

TG/HDL-C 1.045(1.032–1.058) <0.001 1.016(1.003–1.030) 0.014 1.019(1.000–1.038) 0.054

METS-IR 1.047(1.042–1.053) <0.001 1.004(0.991–1.017) 0.543 1.039(1.015–1.065) 0.002
Stage 1 HTN (n=13,319)

TyG index 2.032(1.948–2.120) <0.001 1.551(1.480–1.626) <0.001 1.568(1.470–1.671) <0.001

TyG-BMI 1.016(1.015–1.017) <0.001 1.017(1.015–1.019) <0.001 1.017(1.014–1.020) <0.001
TyG-WC 1.005(1.005–1.006) <0.001 1.004(1.004–1.004) <0.001 1.004(1.003–1.004) <0.001

TyG-WHtR 2.469(2.372–2.569) <0.001 1.858(1.734–1.990) <0.001 1.712(1.573–1.864) <0.001

TG/HDL-C 1.111(1.100–1.123) <0.001 1.046(1.035–1.056) <0.001 1.032(1.017–1.047) <0.001
METS-IR 1.079(1.075–1.083) <0.001 1.027(1.019–1.036) <0.001 1.074(1.056–1.093) <0.001

Stage 2 HTN (n=13,160)

TyG index 3.169(3.022–3.323) <0.001 1.955(1.853–2.062) <0.001 2.217(2.060–2.387) <0.001
TyG-BMI 1.028(1.028–1.029) <0.001 1.026(1.024–1.029) <0.001 1.030(1.027–1.033) <0.001

TyG-WC 1.009(1.009–1.010) <0.001 1.006(1.006–1.007) <0.001 1.007(1.006–1.007) <0.001

TyG-WHtR 4.956(4.725–5.199) <0.001 2.868(2.650–3.104) <0.001 3.026(2.745–3.336) <0.001
TG/HDL-C 1.190(1.177–1.204) <0.001 1.071(1.060–1.083) <0.001 1.077(1.060–1.095) <0.001

METS-IR 1.143(1.138–1.148) <0.001 1.042(1.032–1.052) <0.001 1.151(1.129–1.174) <0.001

Notes: Normal BP group was the reference group; Model I was adjusted for age and gender; Model II was adjusted for the covariates of Model I plus smoking 
status, alcohol drinking, central obesity, diabetes, CVD and BMI; Model III was adjusted for the covariates of Model II plus TC, LDL-C, HDL-C, SUA, Scr, ALT 
and AST. 
Abbreviations: TyG index, triglyceride glucose index; TyG-BMI, triglyceride glucose-body mass index; TyG-WC, triglyceride glucose-waist circumference; 
TyG-WHtR, triglyceride glucose-waist to height ratio; TG/HDL-C, triglyceride-to-high-density lipoprotein-cholesterol ratio; METS-IR, metabolic score for 
insulin resistance; CVD, cardiovascular diseases; normal BP, normal blood pressure; elevated BP, elevated blood pressure; stage 1 HTN, stage 1 hypertension; 
stage 2 HTN, stage 2 hypertension.
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also very crucial for preventing early elevated BP. Yet no strong graded association was discovered between METS-IR 
and elevated BP.

ROC curves analysis suggested that six substitute IR indices could predict higher BP risks. TyG-WC and TyG-WHtR 
outperformed other indicators with higher odd ratios and AUC in all the participants. The result indicated that TyG-WC 
and TyG-WHtR might be feasible and valid evaluation indicators in the hierarchical management of elevated BP, stage 1 
HTN and 2 HTN individuals. Prior studies showed either WC or WHtR was the marker of visceral obesity.42 Visceral 
adipose tissue could release excessive free fatty acids (FFA) and inflammatory cytokines, which were related to HTN and 
its target-organ complications.43,44 This might be a possible explanation for our study result. Raimi et al17 demonstrated 
that TyG-WHtR and TyG-WC also predicted metabolic syndrome (MS) better than the TyG index alone. As an indicator 

Figure 4 Logistic regression analysis of relationship between insulin resistance parameters and blood pressure categories. Normal BP group was the reference group. Model 
adjusted for age, gender, smoking status, alcohol drinking, central obesity, diabetes, CVD, BMI, TC, LDL-C, HDL-C, SUA, Scr, ALT and AST. (A) Elevated BP, (B) Stage 1 
HTN, (C) Stage 2 HTN.
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of central obesity, WHtR normally might be superior to BMI and WC in predicting cardiometabolic outcomes, 
particularly among Asians.45,46 Therefore, it was further emphasized that the combination of TyG index and anthropo-
metric indicators should be used to predict elevated BP and HTN rather than only TyG index. However, Bala et al33 

discovered that there was no advantage in using TyG-BMI and TyG-WC as predictive indicators of HTN compared to the 
TyG index. It might have a bearing on the limited capability of WC and BMI to distinguish between abdominal 
subcutaneous adipose and visceral adipose.

Figure 5 The ROC curves analysis of insulin resistance indexes for predicting blood pressure. AUC and 95% CI of each indicator were listed below. (A) Elevated BP, (B) 
Stage 1 HTN, (C) Stage 2 HTN.
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Numerous epidemiological and experimental researches have expressed that IR is the core pathophysiological 
mechanism of HTN and pre-HTN.47,48 IR and resulting compensatory hyperinsulinemia contribute to activating the 
carotid body excessively, thereby causing increased sympathetic activity, which can elevate the total tension of peripheral 
blood vessels.49 Additionally, the renin-angiotensin II-aldosterone system is activated in response to IR, which leads to 
enhanced sodium reabsorption in renal tubules, plasma volume overload and increased BP.7,50 In the states of IR, 
oxidative stress and the disorder of mitochondria may be essential triggers of HTN.51,52 In this case, the synthesis of 
bioavailable nitric oxide is diminished and the generation of endothelin is increased, ultimately leading to increased 
vasoconstriction.53–55 Recently, studies have also shown that changes of gut microbiota might play a causal role in IR. It 
could affect adiposity, IR, as well as related HTN by regulating the microbiota.56 This may provide a new mechanism for 
investigating IR and HTN.

The advantages of our study include considerable sample capacity, sufficient comparison of each substitute IR index 
and their ability to predict elevated BP, stage 1 HTN and stage 2 HTN. Nevertheless, a few limitations of this study are as 
follows. Firstly, our research was a cross-sectional design and we could not infer causal relationships between surrogate 
IR indices and BP. Secondly, blood insulin levels could not be measured or compared with surrogate IR indicators due to 
a considerable number of subjects and high costs. Thirdly, due to the lack of physical examination data, such as education 
level, marital status and dietary habits, some limitations exist in providing effective guidance in these areas. Finally, it 
raised doubts about the general applicability of our research results due to the same race. Therefore, there is an urgent 
need for a prospective multiracial study in the future to better express the associations between substitute IR indicators 
and elevated BP.

Conclusion
In conclusion, the measurement of surrogate IR indices might supply useful information for stratification of the 
prevention and treatment of HTN and elevated BP. TyG-WC and TyG-WHtR could better predict elevated BP, stage 1 
HTN and stage 2 HTN, but still more studies were required to confirm this outcome.
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