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ABSTRACT
Aims/Introduction: To compare the association of hypertension plus hyperuricemia
with four insulin resistance surrogates, including glucose and triglycerides (TyG index), TyG
index with body mass index (TyG-BMI), the ratio of triglycerides divided by high-density
lipoprotein cholesterol (TG/HDL-C) and metabolic score for insulin resistance (METS-IR).
Materials and Methods: Data from a cross-sectional epidemiological study enrolling a
representative population sample aged ≥65 years were used to calculate the four indexes.
The association with hypertension plus hyperuricemia and insulin resistance surrogates
was examined with multivariate logistic regression and receiver operating characteristic.
Results: A total of 4,352 participants were included, including 93 (2.1%) patients with
hyperuricemia alone, 2,875 (66.1%) with hypertension alone and 587 (13.5%) with hyper-
tension plus hyperuricemia. Mutivariate logistic regression showed that TyG index, TyG-
BMI, TG/HDL-C and METS-IR were all significantly correlated with hyperuricemia, hyperten-
sion and hypertension plus hyperuricemia. Compared with the lowest quartile, the odds
ratios (OR) of the highest quartile of the four indicators for hypertension plus hyper-
uricemia were TyG index: OR 6.39 (95% confidence interval [CI] 4.17–9.78); TyG-BMI: OR
8.54 (95% CI 5.58–13.09); TG/HDL-C: OR 7.21 (95% CI 4.72–11.01); METS-IR: OR 9.30 (95% CI
6.00–14.43), respectively. TyG-BMI and METS-IR had moderate discriminative abilities for
hypertension plus hyperuricemia and the AUC values were 0.72 (95% CI 0.70–0.74) and
0.73 (95% CI 0.70–0.75).
Conclusions: The present study suggested that TyG index, TyG-BMI, TG/HDL-C and
METS-IR had a significant correlation with hypertension plus hyperuricemia, and TyG-BMI
and METS-IR had discriminative abilities for hypertension plus hyperuricemia.

INTRODUCTION
As a global public health problem, hypertension (HTN) is one
of the critical risk factors affecting the morbidity and mortality
from cardiovascular diseases (CVD)1,2. The prevalence of HTN
has increased over the past four decades, even with the wide-
spread use of antihypertensive drugs, especially in low- and
middle-income countries 3. In China, the prevalence of HTN
was approximately 27.9% in the general population and
approximately 55.7% in the elderly population in 2012–2015 4.
Uric acid (UA) is produced in the liver from purine com-
pounds ingested and broken down by the body. Elevated serum

UA was found in 13.7% of the general population and 16.9%
of the elderly population in China 5, whereas hyperuricemia
(HUA) affects approximately 25–40% of individuals with
HTN6. HTN and HUA are major features of the metabolic
syndrome, and they are important risk factors for CVD. Previ-
ous studies consistently showed that hypertensive patients with
hyperuricemia (HTN-HUA) had a higher CVD risk than
hypertensive patients with normal serum UA levels 7-9.
Insulin resistance (IR) is a systemic disorder that affects

many organs and insulin-regulated pathways, and has a critical
and central role in the development of many CVD risk fac-
tors10-12. It has been well recognized that IR plays a vital role
in the pathogenesis of HTN and HUA13-15. Evaluations of IR,
including the homeostatic model assessment for IR and the

†These authors contributed equally to this work.
Received 5 January 2021; revised 24 March 2021; accepted 27 April 2021

2046 J Diabetes Investig Vol. 12 No. 11 November 2021 ª 2021 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

ORIGINAL ARTICLE

https://orcid.org/0000-0002-5871-9806
https://orcid.org/0000-0002-5871-9806
mailto:
http://creativecommons.org/licenses/by-nc/4.0/


quantitative insulin sensitivity check index, require insulin mea-
surements or invasive methods, which are not suitable for large
epidemiological studies. Therefore, as in previous epidemiologi-
cal studies, non-insulin-based fasting IR indicators, namely IR
surrogates, were selected to evaluate individual IR levels, includ-
ing the production of glucose and triglycerides (TyG index)16,
TyG index with body mass index (TyG-BMI)17, the ratio of
triglycerides divided by HDL-C (TG/HDL-C)18 and metabolic
score for insulin resistance (METS-IR)19.
To our knowledge, although some studies have investigated

the association of IR surrogates with HTN or HUA20,21, this
still needs to be confirmed in large population samples, espe-
cially in the context of a high prevalence of HTN and HUA in
the elderly population. Furthermore, few studies have compre-
hensively compared the predictive ability of different IR surro-
gates for patients with HTN-HUA. The Shanghai Elderly
Cardiovascular Health Study (SHECHS)22,23 was carried out to
recruit elderly residents aged ≥65 years in Shanghai to provide
current and reliable data for investigating the association with
the four IR surrogates and HTN-HUA, and finding an optimal
predictor of HTN-HUA.

MATERIALS AND METHODS
Study population
The present study was carried out within the framework of
The Shanghai Elderly Cardiovascular Health Study (SHECHS),
which is a longitudinal, population-based community study of
non-institutionalized elderly people. The study population
included 4,753 elderly residents of the Shanghai community,
China, who participated in a comprehensive health checkup in
Shanghai Gaohang District in 2017. The participants included
in the study were permanent residents of the Gaohang commu-
nity with Shanghai Social security cards aged ≥65 years. Fur-
thermore, the exclusion criteria of the present study included
patients with advanced cancer, people unable to participate in
community physical examinations and pregnant women.
Finally, 4,352 (401 participants aged <65 were excluded) partici-
pants were enrolled in our final analysis.
The institutional review board of Shanghai East Hospital

affiliated Tongji Medical School approved the study protocol
(approval number: 2017-010). The date on which the approval
was granted was 13 April 2017. All studies were carried out fol-
lowing relevant guidelines and regulations and written informed
consent was obtained from each participant before data collec-
tion.

Data collection
Participants’ information includes, but is not limited to, age,
sex, height, weight, smoking status, drinking status, physical
activity, medical history (HTN, diabetes, dyslipidemia, HUA),
use of medications known to influence insulin (antihypertensive
agents: angiotensin-converting enzyme inhibitors, angiotensin-
receptor blockers, thiazide and thiazide-like diuretics, beta-
blockers; lipid-lowering drugs: statins, ezetimibe; hypoglycemic

agents: sulfonylureas, meglitinides, biguanides, insulin analogs
and others), laboratory indicators (total cholesterol, high-
density lipoprotein cholesterol [HDL-C], low-density lipoprotein
cholesterol [LDL-C], triglycerides [TG], fasting plasma glucose
[FPG], UA). Two seated blood pressure measurements using a
mercury sphygmomanometer after at least 5 min of quiet rest
were obtained by trained and certified staff who followed a
standard protocol, with the averages of two measurements used
for the analysis. Fasting plasma glucose was measured using the
glucose oxidase method. Blood lipids were measured using
ultracentrifugation. Serum creatinine was measured using the
alkaline picric acid method.

Study definitions
BMI was calculated as bodyweight in kilograms divided by the
square of the body height in meters (kg/m2). Current smoker was
defined as smoking at least one cigarette per day at the time of
the survey. Alcohol consumption was defined as anyone who
consumed alcohol once a day or more. The amount of physical
activity was determined by a questionnaire. Physical activity was
considered active if at least 4 days of exercise or recreational
activities were carried out per week and >30 min per day 23.
Estimated glomerular filtration rate (eGFR) was calculated
by using the Modified Diet in Renal Disease equation where
eGFR (mL/min/1.73 m2) = 186 9 Scr (mg/dL) – 1.154 9 age
(years) – 0.203 9 0.742 (if female) 9 1.233 (if Chinese)24.
HTN was defined as an average of two measurements of sys-

tolic blood pressure ≥140 mmHg or diastolic blood pressure
≥90 mmHg, or current use of antihypertensive agents, or the
participants reported a history of HTN22,25,26. Well-controlled
blood pressure was defined as an average of two measurements
of <140/90 mmHg (<150/90 mmHg for patients aged
≥80 years). Poor-controlled blood pressure was defined as an
average of two measurements of ≥140/90 mmHg (≥150/
90 mmHg for patients aged ≥80 years)27. HUA diagnosis was
made with serum UA ≥420 lmol/L for men and UA
≥360 lmol/L for premenopausal women21,28,29. Diabetes was
defined as FPG ≥7.0 mmol/L, or current use of insulin or oral
antidiabetic agents, or the participants reported history of
diabetes30. IR surrogates included TyG index, TyG-BMI,
TG/HDL-C and METS-IR. These were calculated using the fol-
lowing formulas: TyG = ln [TG (mg/dL) 9 FPG (mg/dL) / 2];
TyG-BMI: = TyG index 9 BMI. TG/HDL-C = TG
(mg/dL) / HDL-C (mg/dL); METS-IR = {ln [2 9 FPG
(mg/dL) + TG (mg/dL)] 9 BMI (kg/m2) / ln [HDL-C
(mg/dL)]}.

Statistical analysis
Statistical analyses were carried out using IBM SPSS statistics
22 software (SPSS Inc., Chicago, IL, USA) and MedCalc 16.8
(Ostend, Belgium). All continuous variables are presented as
the mean (standard deviation), and categorical variables are
presented as numbers (percentages). Analysis of variance
(ANOVA) was used to compare the means of baseline
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characteristics of the study participants, and the least signifi-
cance difference was used for pairwise comparisons. Categorical
variables were analyzed by the v2-test, and Bonferroni adjust-
ment was applied for pairwise comparisons in which a
Bonferroni-adjusted P-value <0.05/3 or 0.017 was considered to
be statistically significant. Multivariate logistic regression analy-
ses were used to explore the association between the four IR
surrogates and HUA, HTN and HTN-HUA. Receiver operating
characteristic curve analyses and the area under the curve
(AUC) were then used to assess the ability of TG/HDL-C,
TyG, TyG-BMI and METS-IR to discriminate HUA, HTN and
HTN-HUA. The change in AUC was tested by the DeLong
test. To avoid the interference caused by drugs, we carried out
a sensitivity analysis by excluding those who used antihyperten-
sive drugs, hypoglycemic drugs and lipid-lowering drugs. All P-
values were two-sided, and P < 0.05 was considered statistically
significant.

RESULTS
Basic characteristics
The baseline characteristics of the study participants are sum-
marized in Table 1. In the present study, a total of 4,352 partic-
ipants were included, including 3,462 (79.55%) participants
with HTN and 680 (15.63%) participants with HUA. The
prevalence of HTN-HUA in the hypertensive population was
17.04%. One-way ANOVA showed that the differences in total
cholesterol and LDL-C levels among the four groups were not
statistically significant (all P > 0.05). Compared with the con-
trol group, the age, BMI, TG, UA, systolic blood pressure and
diastolic blood pressure levels of the HTN-HUA or HTN group
were higher than those in the control group. The difference
was statistically significant (P < 0.05). However, there were no
significant differences in BMI, eGFR, systolic blood pressure
and diastolic blood pressure levels between the HUA and con-
trol groups. Notably, the difference in FPG levels was only
found in comparing the HTN group and the control group.
The TyG, TG/HDL-C and METS-IR of the HUA group, the
HTN group and the HTN-HUA group were higher than those
in the control group, and the difference was statistically signifi-
cant (P < 0.05). Figure 1 showed the TyG index, TyG-BMI,
TG/HDL-C and METS-IR values in different groups. TyG, TG/
HDL-C and METS-IR in the HTN-HUA group were signifi-
cantly higher than in the other three groups.

Association between four IR surrogates and risks of HUA, HTN
and HTN-HUA
The multivariable analysis for the association between four IR
surrogates and risks of HUA, HTN and HTN-HUA were
shown in Table 2, in which we showed odds ratios (ORs) and
95% confidence intervals (95% CI) for the highest versus the
lowest quartile. In model 1, TyG index, TyG-BMI, TG/HDL-C
and METS-IR were all significantly correlated with HUA, HTN
and HTN-HUA. The results remained highly consistent after
adjusting for sex, age, educational status, smoking, alcohol

consumption and physical activity (model 2). All variables in
model 2 plus total cholesterol, LDL-C and eGFR (model 3), all
indexes remained significantly associated with HTN and HTN-
HUA (P < 0.05), but only TG/HDL was associated with HUA
(P < 0.05). In the three groups, all the IR surrogates had the
highest ORs for HTN-HUA, the ORs of the highest quartile of
the four indicators for hypertension plus hyperuricemia were
TyG index: OR 6.39 (95% CI 4.17–9.78); TyG-BMI: OR 8.54
(95% CI 5.58–13.09); TG/HDL-C: OR 7.21 (95% CI 4.72–
11.01); METS-IR: OR 9.30 (95% CI 6.00–14.43), respectively.
Given the interference caused by the use of drugs, we excluded
those participants who used antihypertensive drugs, hypo-
glycemic drugs and lipid-lowering drugs to carry out sensitivity
analysis (Table S1). A similar pattern of associations was seen
with all the indicators correlating with HTN and HTN-HUA,
and TG/HDL-C correlating with HUA (P < 0.05). METS-IR
had the highest OR value (8.05) for HTN-HUA.
In addition, we divided the hypertensive population

(n = 3462) into hyperuricemia group (HTN with HUA) and
non-hyperuricemia group (HTN without HUA), and explored
the relationship between four IR surrogates and poor-controlled
blood pressure in the two groups (Table S2). Unfortunately,
there were no positive results (P > 0.05).

AUCs and cut-off values of TyG index, TyG-BMI, TG/HDL-C and
METS-IR for prediction of HTN-HUA
The AUC values of the TyG index, TyG-BMI, TG/HDL-C and
METS-IR to discriminate HUA, HTN and HTN-HUA are
shown in Table 3. TyG-BMI and METS-IR had a significant
discriminative ability for HTN-HUA, and the AUC values were
0.72 (95% CI 0.70–0.74) and 0.73 (95% CI 0.70–0.75), respec-
tively. The cut-off value of TyG-BMI to discriminate the
patients with HTN-HUA was 212.12, and the cut-off value of
METS-IR was 37.27. The DeLong test was used to judge the
difference between the four indexes in the prediction ability of
HTN-HUA, which showed that the difference of AUC between
TyG-BMI and METS-IR was not statistically significant
(P > 0.05). Also, we listed AUCs and cut-off values of four
indicators in predicting HTN-HUA stratified by sex (Table S3)
and having diabetes or not (Table S4).

DISCUSSION
In the present study, the prevalence of HTN was 79.55%, and
the patients with HTN-HUA accounted for 16.96% in the
hypertensive population. Numerous epidemiological studies
have consistently confirmed that high serum uric acid increased
the risk of cardiovascular events in hypertensive patients. For
example, Alderman et al. 7 reported that HUA was indepen-
dently and specifically associated with cardiovascular events in
hypertensive patients based on a prospective study with 7,978
moderate-to-severe hypertensive patients. In a prospective
cohort study, Cho et al.31 reported that HUA’s presence
increased the risk of uncontrolled HTN in people without
metabolic syndrome. Viazzi et al. 32 studied 425 patients with
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essential HTN, and found that the incidence and degree of tar-
get organ damage in the hyperuricemia group were significantly
higher than those with standard UA. The potential mechanisms
might be multifactorial. High UA levels led to endothelial dys-
function, smooth muscle proliferation, inflammation and oxida-
tive stress, resulting in stiff arteries and blood pressure
elevation33. In particular, hyperuricemia was associated with left
ventricular mass index and elevated serum UA could predict
larger cardiac size in people with hypertension34.
When we explored the relationship between IR and HTN-

HUA, we used IR surrogates, which can be calculated accord-
ing to the biochemical indexes of human body, and had the
advantages of simplicity, convenience and economy. The pre-
sent study found that the four easily measurable surrogate

indexes of IR were significantly associated with the presence
of HAU, HTN and HTN-HAU. Among the four selected IR
indicators, TG/HDL-C contained pivotal components of
hyperlipidemia, TyG combined FPG and lipid profile,
whereas TyG-BMI and METS-IR included not only a lipid
index and FPG, but also an obesity index: BMI. It is well
established that dyslipidemia, including elevated TG, elevated
LDL-C and low HDL-C, were independently associated with
HTN and HUA 35-38. In the present study, we found that
only HDL was correlated with HUA, which might be
explained by the combination of FPG with the other three
indicators. FPG and UA are in an inverted U-shaped rela-
tionship39,40. When FPG rises to a certain threshold, elevated
urinary glucose levels lead to competitive inhibition of UA

Table 1 | General information and clinical characteristics of subjects

C HUA HTN HTN-HUA
n = 797 n = 93 n = 2875 n = 587

Age (years) 71.4 – 6.67a 73.23 – 6.77b,c 72.64 – 6.31c 74.11 – 7.94b

Sex (M/F) 358/439a 66/27b,c 1,171/1,704c 362/225b

BMI (kg/m2) 23.41 – 3.31a 23.98 – 2.95a 24.81 – 3.12b 25.75 – 3.86c

Smoking (%) 167 (21.0%)a 32 (34.4%)b 525 (18.3%)a 154 (26.2%)b

Drinking (%) 97 (12.2%)a 22 (23.7%)b 427 (14.9%)a 132 (22.55%)b

Physical activity (%) 628 (91.7%) 78 (94.0%) 2,207 (90.2%) 467 (91.7%)
TC (mol/L) 5.05 – 0.91a 4.91 – 0.94a 4.97 – 1.38a 4.90 – 1.01b

TG (mol/L) 1.49 – 0.80a 1.78 – 1.08b 1.62 – 0.94b 1.7 – 1.21b

LDL-C (mol/L) 3.32 – 0.81a 3.28 – 0.83a 3.27 – 0.91a 3.28 – 1.24a

HDL-C (mol/L) 1.53 – 0.43a 1.38 – 0.37b 1.44 – 0.38b 1.28 – 0.35c

FPG (mol/L) 5.61 – 1.54a 5.60 – 1.45a 6.08 – 1.85b 5.78 – 1.28a

eGFR (mL/min/1.73 m2) 0.60 – 0.11a 0.50 – 011b 0.59 – 0.13c 0.49 – 0.13b

UA (µmol/L) 297.35 – 59.92a 464.25 – 39.41b 307.69 – 60.41c 475.95 – 57.51b

SBP (mmHg) 122.21 – 11.06a 124.37 – 10.27a 147.75 – 18.55b 147.58 – 19.36b

DBP (mmHg) 75.13 – 8.05a 74.99 – 9.95a 81.92 – 10.53b 80.96 – 11.57b

TyG 8.66 – 0.54a 8.82 – 0.57b 8.82 – 0.56b 8.96 – 0.57c

TyG-BMI 203.28 – 34.08a 212.11 – 33.27b 219.16 – 35.18b 230.73 – 37.87c

TG/HDL-C 2.66 – 2.66a 3.60 – 3.96b 2.97 – 2.54c 4.07 – 3.65b

METS-IR 33.85 – 6.82a 35.97 – 6.86b 36.83 – 6.83b 39.60 – 7.29c

Medical history
Diabetes (%) 150 (11.0%)a 21 (1.5%)a,b 1,008 (73.7%)b 189 (13.8%)b

Dyslipidemia (%) 255 (14.9%)a 36 (2.1%)a,b,c 1,140 (66.4%)c 285 (13.3%)b

Medication history
Antihypertensive (%) 0a 0a 415 (80.4%)b 101 (19.6%)b

Lipid-lowering drugs (%) 39 (10.6%)a 3 (0.8%)a,b 272 (74.1%)b 53 (14.4%)b

Antidiabetic (%) 76 (12.0%)a 13 (2.0%)a,b 478 (75.3%)b 68 (10.7%)a

Summary of the clinical characteristics and laboratory results of the control group ( C group, the participants who had neither hypertension [HTN]
nor hyperuricemia [HUA]), HUA group (HUA patients without HTN), HTN group (HTN patients without HUA) and HTN-HUA group (patients with
HUA and HTN). Data presented as the mean – standard deviation, or percentages number (%). For the multiple comparisons, Bonferroni adjust-
ment and least significance difference test were used following the v2-test and one-way ANOVA. The same superscript letters indicate no significant
difference between any two groups. Body mass index (BMI) was calculated as bodyweight in kilograms divided by the square of the body height
in meters. Estimated glomerular filtration rate (eGFR) was calculated by using the Modified Diet in Renal Disease equation, where eGFR (mL/min/
1.73 m2) = 186 9 Scr (mg/dL) – 1.154 9 age (years) - 0.203 9 0.742 (if female) 9 1.233 (if Chinese). DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol level; METS-IR, metabolic score for insulin
resistance; SBP, systolic blood pressure; TC, total cholesterol levels; TG, triglyceride levels; TG/HDL-C, the ratio of triglycerides divided by high-density
lipoprotein cholesterol; TyG, triglyceride and glucose index; TyG-BMI, triglyceride and glucose index with body mass index.
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reabsorption and increased UA excretion 21. We also found
that TyG-BMI and METS-IR had a larger odds ratio for
HTN than TyG and TG/HDL-C, which was similar to the
result of Bala et al. 20, explained by the fact that the calcula-
tion of these two indicators depends on BMI. BMI as a pre-
dictor of hypertension was well proven, and it influenced
blood pressure through a variety of mechanisms including
insulin resistance. Overweight/obesity can cause significant
insulin resistance, accompanied by a corresponding increase
in the prevalence of hypertension, and weight control can sig-
nificantly lower BP 41,42.
Notably, the present study found that all four indexes had a

more significant correlation with HTN-HUA risk than that
with HUA or HTN alone, which suggested more significant IR
in patients with HTN-HUA. We might suggest that the pri-
mary mechanism associated with HTN-HUA and IR was that
HTN could lead to the decrease of renal blood flow, which
could also lead to the increase of urate reabsorption. Insulin

promotes sodium reabsorption, while promoting the reabsorp-
tion of UA in renal tubules, resulting in water and sodium
retention, and increased blood pressure, making HUA coexist
with HTN43. Furthermore, TyG-BMI and METS-IR, which
were more strongly associated with HTN, were also more
strongly associated with HTN-HUA. Similarly, TyG-BMI and
METS-IR had a significant discriminative ability for HTN-
HUA.
The present study was the first large cross-sectional study in

an elderly population to examine the relationship between these
four non-insulin-based indicators of IR with HTN-HUA, HTN
and HUA. To eliminate the effect of drug use on the results,
we carried out a sensitivity analysis by excluding those people
with drug use from the total population. However, there were
several limitations in this study. First, this was a cross-sectional
study, which limited the inference of causality of our results.
Second, the participants were all elderly, which prevented our
results from being extrapolated in the general population.
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Figure 1 | Glucose and triglycerides index (TyG index), TyG index with body mass index (TyG-BMI), the ratio of triglycerides divided by high-density
lipoprotein cholesterol (TG/HDL-C) and metabolic score for insulin resistance (METS-IR) values in different groups. (a) The mean values of TyG in in
the control group (C group), hyperuricemia (HUA) group, hypertension (HTN) group and hypertensive patients with hyperuricemia (HTN-HUA)
group were 8.66, 8.82, 8.82 and 8.96, respectively. (b) The mean values of TyG-BMI in the C group, HUA group, HTN group and HTN-HUA group
were 203.28, 212.11, 219.16 and 230.73, respectively. (c) The mean values of TG/HDL-C in the C group, HUA group, HTN group and HTN-HUA
group were 2.66, 3.60, 2.97 and 4.07, respectively. (d) The mean values of METS-IR in the C group, HUA group, HTN group and HTN-HUA group
were 33.85, 35.97, 36.83 and 39.60, respectively. All the values in the HTN-HUA group were significantly higher than in the other three groups
(P < 0.05).
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Third, we did not directly measure insulin indicators in the
study population, so we could not calculate indicators of IR,
such as homeostatic model assessment for IR, nor could we
further compare those IR surrogates with direct markers of IR.
In conclusion, the present study suggested that TyG index,

TyG-BMI, TG/HDL-C and METS-IR had a more significant
correlation with HTN-HUA risk than that with HUA or HTN
alone, and TyG-BMI and METS-IR had significant discrimina-
tive abilities for HTN-HUA. The practical clinical significance
of these findings was that the four obtainable and cost-effective

IR surrogates, especially TyG-BMI and METS-IR, could be
potential monitors in hypertension with hyperuricemia manage-
ment, and help develop prevention and intervention strategies
against IR-driven comorbidities of HTN-HUA.
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Table 2 | Odds ratios and 95% confidence intervals for highest versus the lowest quartiles in multivariatelogistic regressions predicting presence of
hyperuricemia, hypertension and hypertension plus hyperuricemia

HUA HTN HTN-HUA

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

By TyG index quartile
Model 1 1.67 (0.87–3.21) 0.12 1.97 (1.57–2.48) <0.01 3.94 (2.86–5.44) <0.01
Model 2 2.01 (0.97–4.19) 0.06 2.08 (1.62–2.69) <0.01 4.88 (3.33–7.07) <0.01
Model 3 1.50 (0.57–3.91) 0.41 2.26 (1.74–2.93) <0.01 6.39 (4.17–9.78) <0.01

By TyG-BMI index quartile
Model 1 1.69 (0.87–3.31) 0.12 3.50 (2.74–4.48) <0.01 8.79 (6.24–12.38) <0.01
Model 2 1.77 (0.85–3.71) 0.13 3.47 (2.65–4.56) <0.01 8.32 (5.63–12.30) <0.01
Model 3 1.41 (0.57–3.48) 0.46 3.56 (2.70–4.70) <0.01 8.54 (5.58–13.09) <0.01

By TG/HDL-C quartile
Model 1 2.88 (1.56–5.32) <0.01 1.77 (1.41–2.23) <0.01 6.14 (4.40–8.58) <0.01
Model 2 3.27 (1.62–6.62) <0.01 1.98 (1.54–2.56) <0.01 7.02 (4.76–10.33) <0.01
Model 3 3.68 (1.11–12.21) 0.03 2.07 (1.60–2.69) <0.01 7.21 (4.72–11.01) <0.01

By METS-IR quartile
Model 1 2.08 (1.09–3.98) 0.03 3.07 (2.41–3.91) <0.01 9.13 (6.45–12.94) <0.01
Model 2 1.91 (0.91–3.98) 0.09 3.28 (2.50–4.30) <0.01 8.73 (5.88–12.95) <0.01
Model 3 1.07 (0.37–3.14) 0.90 3.22 (2.45–4.24) <0.01 9.30 (6.00–14.43) <0.01

Model 1: unadjusted; model 2: adjusted for sex, age, education status, smoking, drinking and physical activity; model 3: adjusted for all variables in
model 2 and total cholesterol, low-density lipoprotein cholesterol and estimated glomerular filtration rate. CI, confidence interval; HTN, hypertension;
HTN-HUA, hypertension plus hyperuricemia; HUA, hyperuricemia; METS-IR, metabolic score for insulin resistance; OR, odds ratio; TG/HDL-C, the ratio
of triglycerides divided by high-density lipoprotein cholesterol; TyG, triglyceride and glucose index; TyG-BMI, triglyceride and glucose index with
body mass index.

Table 3 | Areas under the curve and cut-off values of triglyceride and glucose index, triglyceride and glucose index with body mass index, the
ratio of triglycerides divided by high-density lipoprotein cholesterol, metabolic score for prediction of hypertension plus hyperuricemia

Variable HUA HTN HUA-HTN

AUC (95% CI) Cut-off value AUC (95% CI) Cut-off value AUC (95% CI) Cut-off value

TyGa 0.58 (0.52–0.64) 8.717 0.58 (0.56–0.60) 8.38 0.65 (0.62–0.68) 8.74
TyG-BMIb 0.57 (0.51–0.63) 186.22 0.63 (0.61–0.65) 215.44 0.72 (0.70–0.74) 212.12
TG/HDLc 0.60 (0.54–0.66) 3.018 0.56 (0.54–0.59) 1.81 0.68 (0.66–0.71) 2.28
METS-IRb 0.59 (0.53–0.65) 35.08 0.63 (0.60–0.65) 30.19 0.73 (0.70–0.75) 37.27

DeLong test for the multiple comparisons, and the same superscript letters indicate no significant difference between any two indexes. AUC, area
under the curve; CI, confidence interval; HTN, hypertension; HTN-HUA, hypertension plus hyperuricemia; HUA, hyperuricemia; METS-IR, metabolic
score for insulin resistance; TG/HDL-C, the ratio of triglycerides divided by high-density lipoprotein cholesterol; TyG, triglyceride and glucose index;
TyG-BMI, triglyceride and glucose index with body mass index.
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Table S1 | Odds ratios and 95% confidence intervals for highest versus the lowest quartiles predicting the presence of hyper-
uricemia, hypertension and hypertensive patients with hyperuricemia in the participants without drugs.

Table S2 | Odds ratios and 95% confidence intervals for the highest versus the lowest quartiles in binary logistic regressions pre-
dicting the presence of insufficient control of blood pressure.

Table S3 | Areas under the curve and cut-off values of four indicators in predicting hypertensive patients with hyperuricemia strat-
ified by sex.

Table S4 | Areas under the curve and cut-off values of four indicators in predicting hypertensive patients with hyperuricemia strat-
ified by having diabetes or not.
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