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Objective: To compare the associations of three surrogate markers of insulin resistance (IR) [glucose and triglycerides (TyG index),
TyG index with BMI (TyG-BMI), and the ratio of triglycerides divided by HDL-C (TG/HDL-C)] with hypertensive patients (HTN)
plus hyperuricemia (HUA) (HTN-HUA) in young, non-obese individuals.

Methods: Data from a cross-sectional epidemiological study of an annual health check-up population aged younger than 66 years
were used to calculate the three IR surrogate indexes. The association with HTN-HUA and insulin resistance surrogates was examined
with multinomial logistic regression and a receiver operating characteristic (ROC) curve.

Results: A total of 6952 participants were included, including 671 (9.65%) participants with HTN alone, 272 (3.91%) participants
with HUA alone, and 62 (0.90%) participants with HTN and HUA. Binary multiple-logistic regression results showed that TG/HDL-C
was significantly correlated with HTN, HUA, and HTN-HUA. Compared with the lowest quartile, the odds ratios (95% CI) of the
highest quartile of TG/HDL-C for HTN-HUA were 3.462 (1.138~10.530). TG/HDL-C and TyG-BMI had moderate discriminative
abilities for HTN-HUA, and the area under the curve was 0.748 (0.682~0.815), 0.746 (0.694~0.798).

Conclusion: Our study suggests that TG/HDL-C had a significant correlation with HTN-HUA and that TG/HDL-C had moderate
discriminative abilities for HTN-HUA.
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Introduction
Hypertension (HTN) is a major cause of morbidity and mortality, with 8.5 million deaths worldwide from stroke,
ischemic heart disease, other vascular diseases, and renal disease.'** The number of HTN patients worldwide has doubled
since 1990.7 In China, the crude or age-standardized HTN prevalence increased from 14.0% to 15.3% to 34.1% to 25.6%
from 1991 to 2015.° Uric acid, the end-product of purine metabolism in humans, may play a role in developing
cardiovascular diseases such as HTN, atrial fibrillation, chronic kidney disease, heart failure, coronary artery disease,
and cardiovascular death.* Although the relationship of hyperuricemia (HUA) to HTN is still controversial, there has
been a growing interest in uric acid due to the increased prevalence of HUA worldwide.* ¢

Insulin resistance (IR) is a systemic disorder that affects many organs and plays a vital role in the pathogenesis of
HTN and HUA.”® The key mechanisms links IR and HTN, HUA may be as following: Inappropriate activation of the
renin-angiotensin-aldosterone system (RAAS), impaired Nitric Oxide (NO) production, oxidative stress and systemic
inflammation.'® Homeostasis model assessment insulin resistance is usually used to measure IR in work, but it is not
suitable for large-scale screening. Therefore, some scholars proposed alternative indicators to measure IR, including the
ratio of triglycerides divided by HDL-C (TG/HDL-C),"" the production of glucose and triglycerides (TyG index),'* and
TyG index with BMI (TyG-BMI)."? All these indices serve as valuable tools in clinical practice for early detection and
management of insulin resistance and its related complications, such as hypertension, hyperuricemia, and type 2 diabetes.
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Although some studies have investigated the association of IR surrogates with HTN, HUA, or HTN-HUA, the results
still need confirmation in a large-scale population. HTN and HUA are known to be correlated with obesity and age,'* "¢
so whether the association is still applicable to a population young non-obese individuals is uncertain. And many non-
obese people believe that they do not have insulin resistance or hypertension, hyperuricemia. So we choose the non-obese
young individuals as the participants. This study was conducted using data from annual health check-up populations to
investigate the association of the three IR surrogates and HTN-HUA and to find the best predictor of HTN-HUA in

young, non-obese individuals.

Materials and Methods
Study Population

This retrospective study included 6952 asymptomatic young individuals who underwent annual health check-ups at the
Second Hospital of Hebei Medical University from January to December 2021. The participants are non-obese
individuals (18.5<BMI<24 kg/m?) and completed clinical data. Exclusion criteria were secondary hypertension, renal
artery stenosis, primary glomerular diseases, liver or renal insufficiency, thyroid disease, malignant tumors, and use of
lipid-lowering or uric acid-lowering drugs in the past month. Antihypertensive drugs, including diuretics, ACEI, ARB,
and CCB, and hypoglycemic drugs, including a-glucosidase inhibitors, insulin sensitizers, dipeptidyl peptidase 4 (DPP-4)
inhibitors, may affect serum uric acid levels; Therefore, in this study, all included participants were recorded on the use
of antihypertensive and hypoglycemic drugs as pointed out above were excluded. The study was approved by the
Research Ethics Committee of the second hospital of Hebei Medical University (Approval No.2022-R341), and the
requirement for patient informed consent was waived due to the retrospective nature of review. This study adhered to the
principles outlined in the Declaration of Helsinki, and all patient-identifying information was removed from the database.

Data Collection

Data collected from the participants included age, sex, weight, height, pulse, systolic and diastolic blood pressure,
triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, serum uric acid,
serum creatinine, urea, fasting blood glucose, smoking and drinking status, menopause status, and medical and medica-
tion history. The young age ranged from 18-65 years as WHO declared that 65 years is still consider young.

Measurement Methods and Diagnosis Criteria

After a S5-minute rest, blood pressure was measured in the right arm of seated participants using an electronic
sphygmomanometer. Two measurements were taken 2 minutes apart, and the mean was calculated. Hypertension was
defined as an average systolic blood pressure >140mmHg or diastolic blood pressure >90mmHg, a self-reported history
of hypertension, or current use of antihypertensive agents.'”"'8 Hyperuricemia was defined as two non-fasting serum uric
acid levels >420umol/L."” Diabetes was defined as fasting blood glucose >7.0 mmol/L, self-reported history of diabetes,
or current use of anti-diabetic agents.”” Insulin resistance surrogates were calculated using the following formulas:
TyG=In[TG(mg/dL)xFPG(mg/dL)/2], TyG-BMI=TyG*xBMI, and TG/HDL-C=TG(mg/dL)/HDL-C(mg/dL). Sample size
calculation in this study was based on the ability to detect the HTN, HUA, HTN-HUA at least of 0.75 (probability of type
I error =0.01, power=0.99).

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics 25.0 software (IBM Corp., Armonk, NY, USA) and
MedCalc 16.8 software (MedCalc Software Ltd., Ostend, Belgium). Categorical variables were presented as numbers
(percentages), and the Chi-Square (¥2) test was used to compare categorical variables. The normality of continuous
variables was assessed using the Kolmogorov—Smirnov test. Data that did not conform to a normal distribution were
presented as medians with interquartile range (M, IQR), and were compared using the Kruskal-Willi’s test. Receiver
operating characteristic (ROC) analyses and the area under the curves (AUC) were used to evaluate the ability of the
insulin resistance surrogates to discriminate hyperuricemia, hypertension, and hyperuricemia plus hypertension. The
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AUC was compared using the DeLong test via MedCalc software. Graphs were created using Graphpad Prism software
(Graphpad, Inc., La Jolla, CA, USA). All p-values were two-sided, and p<0.05 was considered statistically significant.

Results

Basic Characteristics

Table 1 summarizes the baseline characteristics of all study participants. A total of 6,952 participants were included, including
733 (10.54%) with HTN and 334 (4.80%) with HUA. The incidence of HUA in the HTN patients was 8.46% (62/733). The
Kruskal-Willi’s test results showed that the proportion of participants taking antidiabetic agents among the four groups was not
statistically significant (p>0.05). Compared to the normal group, the male composition ratio, age, BMI, uric acid, serum
creatinine, FPG, SBP, DBP, TG, HDL-C, LDL-C, TC, proportion of smoking, and proportion of drinking were higher in the
HTN and HUA plus HTN groups than in the control group, and there were statistically significant differences (all p<0.05). The
difference in TG/HDL-C among the HUA plus HTN group was higher than the other three groups and was statistically
significant (all p<0.05). However, there was no significant difference in TyG and TyG-BMI between the HTN and HUA plus
HTN groups (both p>0.05). Figure 1 shows the TyG, TG/HDL-C, and TyG-BMI values in the separate groups, with the TG/
HDL-C value in the HUA plus HTN group being higher than the other three groups.

Association Between TyG, TG/HDL-C, and TyG-BMI and Risks of HTN, HUA, and

HUA+HTN
Table 2 shows the multivariable analysis of the association between TyG, TG/HDL-C, TyG-BMI, and the risks of HTN,
HUA, and HUA+HTN. The highest quartiles versus the lowest quartile were used to determine the ORs and 95% CI. In

Table | General Information and Clinical Data of Participants

Index Normal (5947) | HTN (671) | HUA (272) | HUA+HTN (62) | p

Female: n (%) 4766(80.14) 348(51.86)a# | 37(13.60)ab#t 5(8.06)abtt <0.001
Age (Years) 39.00,16.00 52.00,13.002* | 38.00,16.00b* 52.50,15.75ac* | <0.00|
BMI (Kg/m?) 21.77,2.34 22.76,1902*% | 22.76,1.57a* 22.57,1.18a* <0.001
SUA (mmol/L) 270.00,85.00 | 309.00,94.002% | 448.00,43.75ab* | 449.00,45.50ab* | <0.001
SCr (umol/L) 62.00,13.40 68.50,18.002* | 81.95,14.65ab* | 79.70,15.00ab* | <0.001
Urea (mmol/L) 412,133 4.46,1 402* 4.64,1 47ab* 461,1.37a* <0.001
FPG (mmol/L) 5.00,0.60 5.14,0.682* 5.04,0.682* 5.22,0.85ac* <0.001
Pulse (times/minute) |  80.00,16.00 82.00,1800a | 79.00,15.75ab* 81.50,14.25¢* 0011
SBP (mmHg) 115.00,1600 | 144.00,11.002* | 119.00,13.00ab* | 142.50,14.50ac* | <0.00I
DBP (mmHg) 70.00,11.00 91.00,10.002* | 74.00,11.00ab* | 92.50,8.00abc* | <0.001
TG (mmoliL) 091,053 1.17,0.69a* 1.24,0.95ab* 1.70,1.74abc* | <0.001
LDL-C (mmol/L) 261,097 2.99,1.072* 2.84,1.08ab* 2.92,0.882* <0.001
HDL-C (mmol/L) 1.46,0.38 44,043 1.28,0.35ab* 1.25,0.332* <0.001
TC (mmol/L) 467,1.15 5.11,1.222% 4.88,1.27ab* 5.04,1.15ab* <0.001
TG 3.66,0.39 3.95,0.252* 3.64,0.39b* 3.96,0.32ac* <0.001
TG/HDL-C 036,020 0.39,0.252* 0.45,0.32ab* 0.63,0.71abc* | <0.001
TyG-BMI 79.66,12.29 88.26,10.562* | 82.70,11.10ab* 88.46,8.88ac* | <0.00I
Depressor: n (%) 4(0.07) 14(2.01)a#t 0(0.00)b# 1(1.61)ack <0.001
T2DM: n (%) 213(3.58) 46(6.86)att 10(3.68) 7(11.29)ac# <0.001
Hypoglycemic: n (%) 3(0.05) 1(0.15) 0(0.00) 0(0.00) 0.748
Menopause: n (%) 57(0.96) 15(2.24)a#t 1(0.37)b# 0(0.00) 0010
Smoking: n (%) 89(1.50) 32(4.77)at 29(10.66)abit 16(25.81)abctt | <0.001
Drinking: n (%) 32(0.54) 27(4.02)att 9(3.31)att 11(17.74)abct | <0.001

Notes: Measurement data represented as median, interquartile range or number (percentage). For the multiple comparisons and
different groups comparisons, Kruskal-Wallis test were used (¥). Categorical variables are presented as numbers (percentages),
analysis of Chi-Square (xz) test was used (#). a: compared with the normal group, the difference was statistically significant. b:
compared with the HTN group, the difference was statistically significant. c: compared with the HUA group, the difference was

statistically significant.
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Figure | TyG, TG/HDL-C and TyG-BMI values in different groups The bold dash lines indicate median and thin dash lines indicate quantiles.

order to explore the true association between the TyG, TG/HDL-C, TyG-BMI and HTN, HUA HUA+HTN, we
constructed three models, model 1(crude), model 2 (adjusted by Sex, Age, Drinking, Smoking, Menopause status) and
model 3 (adjusted by Sex, Age, Drinking, Smoking, Menopause status, LDL-C and TC). The results of the multiple
variable analysis showed that in model 1 (crude), both TG/HDL-C and TyG-BMI were correlated with HTN, HUA, and
HUA+HTN, but TyG was not correlated with HUA. In model 2, TG/HDL-C and TyG-BMI were adjusted for sex, age,
smoking status, and drinking status. The results showed that TG/HDL-C was still significantly correlated with HTN and
HUA-+HTN, but TyG-BMI was no longer correlated with HUA+HTN. In model 3, TG/HDL-C was adjusted for sex, age,
smoking status, drinking status, TC, and LDL-C. The results showed that TG/HDL-C still significantly correlated with
HUA, HTN, and HUA+HTN. The ORs (95% CI) of the highest quartile for HUA, HTN, and HUA+HTN were 2.499
(1.681~3.716), 1.537 (1.189~1.988), and 3.462 (1.138~10.530), respectively (all p<0.05). But, compared with TG/HDL-
C ratio, the TyG-BMI had a larger odds ratio (2.082 vs 1.537) and more significant discriminative ability (0.750 vs.0.580)
for HTN (all p<0.05).
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Table 2 Binary Multivariate Logistic Regression Analysis for the Highest Quartiles Vs the Lowest
Quartiles of TyG, TG/HDL-C, TyG-BMI for HTN, HUA and HTN-HUA

HUA HTN HUA+HTN
OR (95% CI) P OR (95% CI) P OR (95% CI) P
By TyG index quartile
Model | | 1.219 (0.906~1.640) | 0.191 10.387 (7.783~13.862) | <0.001 7.142(2.792~18.269) | <0.001
Model 2 | 0.656 (0.240~1.793) | 0.411 1.419 (0.742~2.713) 0.290 1.196 (0.148~9.689) 0.867
Model 3 | 0.610 (0.223~1.671) | 0.336 1.288 (0.671~2.470) 0.447 1.153 (0.141~9.414) 0.894

By TG/HDL-C index quartile

Model | | 4.164 (2.946~5.885) | <0.001 1.950 (1.563~2.434) <0.001 | 9.146 (3.248~25.749) | <0.001
Model 2 | 1.978 (1.354~2.889) | <0.001 1.284 (1.004~1.642) 0.047 3.081 (1.041~9.119) 0.042
Model 3 | 2.499 (1.681~3.716) | <0.001 1.537 (1.189~1.988) 0.001 3.462 (1.138~10.530) 0.029

By TyG-BMI index quartile

Model | | 2.915 (2.035~4.174) | <0.001 | 11.654 (8.496~15.986) | <0.001 | 17.319 (4.154~72.203) | <0.001
Model 2 | 1.938 (1.138~3.302) | 0.015 2.152 (1.448~3.198) <0.001 | 2.161 (0.422~11.064) 0.355
Model 3 | 1.841 (1.079~3.140) | 0.025 2.082 (1.399~3.100) <0.001 | 2.122 (0.414~10.877) 0.367

Notes: Model I: Crude. Model 2: Adjusted by Sex, Age, Drinking, Smoking, Menopause status. Model 3: Adjusted by Sex, Age,
Drinking, Smoking, Menopause status, LDL-C and TC.

AUC:s and Cutoff Values of TyG, TG/HDL-C, and TyG-BMI for the Prediction of HTN

+HUA

Table 3 shows the AUCs of TyG, TG/HDL-C, and TyG-BMI for the discrimination of HUA, HTN, and HUA+HTN. TG/
HDL-C had a significant discriminative ability for HTN, HUA, and HUA+HTN, with AUCs of 0.580 (0.558~0.602),
0.660 (0.628~0.691), and 0.748 (0.682~0.815), respectively. The cutoff values were 0.545, 0.475, and 0.605. TyG-BMI
had a significant discriminative ability for HTN and HUA, with AUCs of 0.750 (0.732~0.769) and 0.610 (0.581~0.639),
respectively. The cutoff values were 80.045 and 79.245. The DeLong test was used to adjust the difference between TG/
HDL-C and TyG-BMI for the prediction of HUA and HTN. There was statistical significance in AUC between them
(TG/HDL-C vs TyG-BMI for predicting HUA: Z = 2.475, p = 0.0133; TyG-BMI vs TG/HDL-C for predicting HTN: Z =
12.754, p<0.001) (both p<0.05). While, TG/HDL-C vs TyG-BMI for predicting HTN+HUA: Z = 0.065, p = 0.949
(»>0.05) (Figure 2).

Discussion

Our study aimed to investigate the prevalence of hypertension (HTN) and hyperuricemia (HUA) in a large-scale health
check-up population and to explore the association of insulin resistance (IR) surrogates with HTN, HUA, and HTN-
HUA. The study included 6,952 participants, among whom the prevalence of HTN was 10.54% (733/6952), and the
patients with HTN-HUA accounted for 8.64% (62/733) in the HTN population. The results showed that the TG/HDL-C

Table 3 ROC Curve Analysis of IR Surrogates for Prediction of HTN, HUA, and HTN-HUA

Variable HTN HUA HTN+HUA

AUC (95% CI) Cutoff Value AUC (95% CI) Cutoff Value AUC (95% CI) Cutoff Value

TyG 0.754 (0.735~0.773) 3.820 0.518 (0.485~0.551) 4.000 0.709 (0.644~0.774) 3.820
TG/HDL-C | 0.580 (0.558~0.602) 0.545 0.660 (0.628~0.691) 0.475 0.748 (0.682~0.815) 0.605
TyG-BMI 0.750 (0.732~0.769) 80.045 0.610 (0.581~0.639) 79.245 0.746 (0.694~0.798) 85.750

Notes: TyG predict HUA, p=0.264, others p value all < 0.001.
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Figure 2 (A) ROC performance for predicting the HTN. (B) Roc performance for predicting the HUA. (C) ROC performance for predicting HTN+HUA.

ratio was associated with HTN, HUA, and HTN-HUA, and it had better predictive value for HUA and HTN-HUA. On
the other hand, the TyG-BMI was associated with HTN and HUA alone, and it had better predictive value for HTN.

Insulin resistance is defined clinically as the inability of a known quantity of exogenous or endogenous insulin to
increase glucose uptake and utilization in an individual as much as it does in a normal population.?! IR is the central
component of metabolic syndrome, and is associated with various cardiovascular disease, and hyperuricemia and gout.*
The IR plays a pivotal role in the development of both HTN and HUA, the molecular mechanisms including the
following: (1) Inappropriate activation of the RAAS, particularly the production of angiotensin II and aldosterone, these
hormones increase blood pressure by promoting sodium retention and vasoconstriction, and the angiotensin II reduces
renal urate clearance, leading to the accumulation of uric acid in the blood; (2) IR reduced signaling in the P13K-Akt-
pathway, which leads to decreased activation of endothelial nitric oxide synthase (eNOS). As a result, lack of NO
promotes vascular stiffness and high blood pressure and reduces blood flow to the kidneys, impairing renal clearance of
uric acid, contributing to hyperuricemia; (3) IR is associated with heightened oxidative stress, which can impair insulin
signaling and damage vascular endothelium. This contributes to endothelial dysfunction, vascular inflammation, and
stiffening, which are key drivers of hypertension; while, Uric acid is both a product and a contributor to oxidative stress,
creating a feedback loop that exacerbates its own production and accumulation in the bloodstream; (4) IR promotes
a state of chronic low-grade inflammation, with increased levels of pro-inflammatory cytokines such as TNF-a and IL-6.
These cytokines promote insulin resistance and contribute to vascular inflammation and endothelial dysfunction, which
are linked to both hypertension and hyperuricemia.'”

Several studies have shown that HUA is independently associated with cardiovascular events in HTN patients.”* >
Since HTN and HUA are related to metabolic disorders, and IR is the core element of metabolic disorder, many scholars
have explored the association of IR surrogates with HTN and HUA in different populations and reached different
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conclusions. For instance, Li et al*® found that TyG, TyG-BMI, and TG/HDL-C were all associated with HTN-HUA, and
the TyG-BMI had discriminative abilities for HTN-HUA in older than 65-year-old populations. Xiong et al'* found that
the body fat percentage was positively associated with HTN-HUA for both men and women.

To eliminate the unnecessary effects of estrogen or drugs that may affect SUA, we excluded participants who used drugs
that may affect SUA or hormone levels and recorded the participants’ menopausal status. Our conclusion is different from
those of earlier studies, as we found that only the TG/HDL-C ratio was associated with HTN, HUA, and the HTN-HUA
index, while the TyG-BMI was only associated with HTN and HUA alone. The TyG was not associated with HTN, HUA, or
HTN-HUA. These inconsistent conclusions may be due to several factors, such as participants’ age, gender ratio, BMI, and
lifestyle, which can affect the conclusion. Dyslipidemia, including elevated TG, elevated LDL-C, and low HDL-C, is known
to be independently associated with HTN and HUA, and HDL-C is strongly associated with HUA.?”*® Additionally, both
TyG and TyG-BMI include fasting plasma glucose (FPG) levels, and FPG level and SUA level are in an inverted U-shaped
relationship. When FPG level increases to a threshold, it will lead to competitive inhibition of reabsorption of SUA and
increase the excretion of SUA.?*~° In this study, we found that compared with TG/HDL-C, TyG-BMI had a larger odds ratio
(2.082 vs.1.537) and more significant discriminative ability (0.750 vs 0.580) for HTN, this result is consistent with previous
study results.*’*? Lim et al** found that for IR prediction, TyG-BMI was superior to TyG, TyG-WC, and TyG-WHtR. And
theoretically, the integration of TyG and obesity parameters (including WC, BMI, and WHtR) is more advantageous in
reflecting IR, as obesity has been widely certified as one of the important factors contributing to IR. And an increase in BMI
increases the risk of HTN, so TyG-BMI integrated the TyG and BMI has significant ability to discriminate HTN.

Previous studies’**> have supported the hypothesis of a biological interrelationship between blood pressure and
lipids, but lipid levels are susceptible to multiple factors including genetics, lifestyle, certain disorders and medications,
and the HDL-C levels are not truly reflective of HDL-C function as demonstrated in previous studies.’**” So the TG/
HDL-C ratio may have lower predictive value for HTN.

There were several limitations to this study. Firstly, the study design was cross-sectional, which means that we cannot
establish a causal relationship between the IR surrogates and HTN-HUA. Secondly, all participants were under the age of
66, had a normal BMI, and were civil servants with high education levels, low smoking rates, and low drinking rates.
Therefore, the results may not be representative of the general population. Thirdly, the IR surrogates used in the study,
including TyG, TyG-BMI, and TG/HDL-C, are not direct measures of IR, and further research is needed to explore the
association between IR and HTN-HUA.

In conclusion, this study found that TG/HDL-C was associated with HTN, HUA, and HTN-HUA. Additionally, TG/
HDL-C and TyG-BMI had high predictive value for HTN-HUA. The findings suggest that TG/HDL-C and TyG-BMI,
a readily available and cost-effective IR surrogate, can predict the occurrence of HTN-HUA and can be used as
a management monitor for HTN-HUA in young, non-obese individuals.

Summary

TyG-BMI and TG/HDL-C ratio were related with HTN, HUA and HTN+HUA;

TG/HDL-C ratio had a better predictive value for HUA than TyG-BMI in young, non-obese individuals;
TyG-BMI had a better predictive value for HTN in young, non-obese individuals;

TG/HDL-C ratio and TyG-BMI had high predictive value for HTN-HUA in young, non-obese individuals.
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