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ABSTRACT

Introduction: Previous studies have demonstrated a correlation between the serum
uric acid-to-high-density lipoprotein cholesterol ratio (UHR) and insulin resistance (IR) in
individuals with type 2 diabetes mellitus. However, no existing studies have investigated
the relationship between IR and UHR in the general population. Therefore, the primary
objective of this study was to investigate the correlation between UHR and IR in the
general American population.

Methods: A sample of 8817 participants was selected from the 2013 to 2020 National
Health and Nutrition Examination Survey (NHANES). Homeostatic model assessment of
insulin resistance (HOMA-IR) was used to assess insulin resistance. Multiple logistic
regression, generalized smooth curve fitting, and subgroup analysis were used to assess
the association between IR and UHR.

Results: Multiple logistic regression analysis indicated a significant correlation between
insulin resistance and UHR, with odds ratios (OR) of 1.07 (95% Cl = 1.03-1.11) in males
and 1.18 (95% Cl = 1.13-1.25) in females. A non-linear relationship and saturation effect
between IR risk and UHR were observed, characterized by an inverted L-shaped curve
and a critical inflection point at 882. It was found that the area under the ROC curve
(AUQ) of UHR was significantly larger (AUC = 0.703 for males and 0.747 for females, all
P < 001) compared with the use of UA or HDL-C alone. Subgroup analysis showed that
this independent association remain consistent regardless of race, age, BMI, diabetes,
moderate activities, education level, alcohol drinking, and gender.

Conclusion: Elevated UHR demonstrates a significant correlation with insulin resistance,
so it can be used as a potential indicator of insulin resistance within the American
population.
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INTRODUCTION insulin resistance. However, its routine clinical application is

Insulin resistance is widely recognized as a significant contribut-
ing factor in various pathological conditions, including diabetes,
atherosclerosis, hypertension and metabolic syndrome (MetS).
Therefore, an accurate measurement of insulin resistance is of
the utmost importance. The hyperinsulinemic—euglycemic
clamp is considered as the gold standard for determining
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hindered by issues related to replicability, cost, accessibility and
reproducibility' °. As an alternative, HOMA-IR is considered as
an index that is used widely in adults®. Although HOMA-IR is
commonly adopted in adults, its reliance on fasting plasma
insulin measurements poses challenges within clinical settings.
Consequently, there is a demand for a diagnostic test with
accuracy, cost-effectiveness and simplicity in predicting insulin
resistance.
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It has been found that uric acid contributes to the develop-
ment of insulin resistance and atherosclerosis through mecha-
nisms such as reduced nitric oxide production, endothelial
dysfunction, and the promotion of vascular smooth muscle
proliferation’. Furthermore, low levels of HDL-C have been
implicated in the pathogenesis of insulin resistance and meta-
bolic syndrome® "%, Recently, the UHR has emerged as a poten-
tial marker for increased inflammation'’. Xu et al."* advocated
the utilization of UHR as a valuable diagnostic instrument for
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detecting insulin resistance in individuals diagnosed with type 2
diabetes. Moreover, it has been observed that UHR exhibits a
significant correlation with fasting plasma glucose and HbAlc
levels, thus serving as a valuable indicator for evaluating the
control of type 2 diabetes mellitus in males'.

However, despite the aforementioned findings, the relation-
ship between UHR and insulin resistance in non-diabetic indi-
viduals and in the general population remains unclear.
Furthermore, considering the racial disparities in the levels of

Participants aged<12 years
old (n=12728)

Missing data of FINS and
FPG (n=23372)

N=8860

v

Missing data of UA and
HDL-C (n=15)

N=8845

In the final analysis
=8817

Individuals with severe diseases such
as stroke, liver disease, kidney disease
and heart disease(n=28)

Figure 1 | Flowchart of the sample selection from the 2013 to 2020 NHANES.
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uric acid and HDL-C, the association between UHA and IR
may vary from race to race'®. In this study, data from the
NHANES was utilized to explore the potential association
between the UHR and IR within the American population.

METHODS

Study population

The data analyzed in this study were obtained from NHANES
(2013-2020), with a stratified, multi-stage probability and com-
plex sample of an uninstitutionalized population in America.

http://wileyonlinelibrary.com/journal/jdi

The cross-sectional surveys were conducted by NCHS. Further
information regarding NHANES methods can be accessed at
www.cde.gov/nchs/NHANES/.

The study focused exclusively on participants who were
12 years old or more (n = 32,232). 23,415 participants were
eliminated: (1) missing data on fasting insulin (FINS), serum
UA, HDL-C, or fasting plasma glucose (FPG); (2) severe dis-
eases such as stroke, liver disease, heart disease, kidney disease,
and inflammatory disease. Consequently, our final analysis
involved 8,817 participants aged 12-80 years old (Figure 1).

Table 1 | Baseline characteristics of the study population stratified by insulin resistance, and gender

Male P-value Female P-value
IR positive IR negative IR positive IR negative

N 1,219 3,058 1304 3236
Age, years 483 £ 202 430+ 211 <0.001 472 £ 197 431+ 208 <0.001
Race, %

Mexican American 187 140 <0001 220 14.2 <0.001

Other Hispanic 93 99 133 104

Non-Hispanic White 387 368 293 371

Non-Hispanic Black 201 215 233 208

Other race 133 179 12.1 175
Moderate activities, %

Yes 373 425 0.008 35.1 446 <0001

No 62.7 575 64.9 554
Diabetes

Yes 263 8.1 <0001 245 58 <0.001

No 737 919 755 94.2
Education level

Less than high school 225 238 0410 26.1 190 <0001

High school or above 775 762 739 810
Alcohol drinking, %

Current or ever 939 938 1.000 873 86.2 0650

Never 6.1 62 127 138
Body mass index, kg/m? 33172 259+ 50 <0.001 349+ 82 268+ 66 <0001
Waist circumference, cm 1120 £ 168 925+ 146 <0001 1095 + 170 906 + 153 <0001
Systolic blood pressure, mmHg 1277 £ 164 1224 £ 180 <0.001 1257 £ 188 1183 £ 194 <0.001
Diastolic blood pressure, mmHg 715+ 146 682 £ 140 <0001 690 £ 128 666 £ 123 <0001
Hemoglobin Alc, mmol/L 63+ 15 55108 <0001 63+ 16 55106 <0001
FPG, mmol/L 63 (5.7, 7.5) 56 (52, 59) <0.001 6.1 (56, 73) 53(50,57) <0.001
FINS, ng/mL 218 (170, 31.8) 73 (50, 102) <0.001 216 (170, 294) 79 (55, 108) <0001
HOMA-IR 6.38 (4.84, 9.89) 1.86 (1.25, 267) <0001 598 (468, 857) 191 (1.29, 2.66) <0.001
Albumin, g/dL 422+ 34 434+ 35 <0.001 40.1 £ 34 416+ 35 <0.001
Creatinine, pmol/L 822 (707, 964) 822 (716, 93.7) 0464 619 (530, 72.5) 62.8 (54.8, 72.5) 0964
eGFR, mL/min per 1.73 m? 88 (70, 109) 90 (76, 111) <0.001 92 (74, 113) 93 (75, 113) 0.182
Uric acid, pmol/L 381.1 £ 822 3491 £ 763 <0.001 3162 £ 8138 2758 £ 699 <0.001
Total cholesterol, mmol/L 472 £ 111 465+ 108 0.067 484+ 111 488 + 1.10 0226
Triglycerides, mmol/L 158 (1.08, 2.33) 1.03 (0.71, 148) <0.001 147 (104, 201) 093 (068, 1.34) 1
HDL-cholesterol, mmol/L 112 £ 029 135+ 037 <0.001 129+ 032 160 + 043 <0.001
LDL-cholesterol, mmol/L 277 £ 091 274+ 092 0315 281 £ 090 277 £ 093 0.157
UHR 158 + 54 122+ 46 <0001 113+ 44 81+32 <0.001

Values are mean + SD or number (%). P < 0.05 was deemed significant (comparison between IR positive and IR negative). BMI, body mass index;
FPG, fasting plasma glucose; HbATc, glycosylated hemoglobin; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol;
TG, total cholesterol; TG, triglyceride; UHR, serum uric acid-to-high-density lipoprotein cholesterol ratio.
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The implementation of NHANES was granted approval by
NCHS Ethics Review Board, and all subjects provided written
informed consent"”.

Anthropometric measurements

The following data were collected at admission, such as history
of diabetes, alcohol intake, race, physical activity, education,
and physical measurements including weight, waist circumfer-
ence, height, and blood pressure. Normal weight was defined as
BMI <25 kg/m®, obesity or overweight were defined as BMI
>25 kg/m’.

TC, HbAlc, LDL-C, FINS, UA, FPG, TG, creatinine, albu-
min, and HDL-C in blood samples were collected. Less than
3% of values were missing in total. Multiple imputation was
performed for the missing values. eGFR was estimated with the
Modification of Diet in Renal Diseases'®. The detailed measur-
ing method and acquisition process of each variable are avail-
able at www.cdc.gov/nchs/nhanes.

Table 2 | Spearman’s correlation of UHR levels with clinical and
biochemical parameters

Variable Male Female
r P r P

BMI 0476 <0001 0463 <0.001
WC 0457 <0.001 0460 <0.001
SBP 0.081 <0.001 0.162 <0.001
DBP 0.102 <0.001 0075 <0.001
HbA1c 0.130 <0.001 0.255 <0.001
TC —0.002 0910 —0.068 <0.001
TG 0513 <0001 0451 <0.001
LDL-C 0.113 <0.001 0117 <0.001
FPG 0.179 <0.001 0272 <0.001
FINS 0408 <0.001 0444 <0.001
HOMA-IR 0405 <0.001 0462 <0.001
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Assessment of insulin resistance

The HOMA-IR formula was used to assess IR, and the
HOMA-IR was calculated by multiplying the FPG (mmol/L) by
FINS (IU/L) divided by 22.5%. Insulin resistance was defined as
a HOMA-IR value equal to or >3.80 for adults (age > 18 years
old) and 4.47 for adolescents (12 < age < 17 years old)**?°.

Statistical analysis

The UHR (%) was determined by dividing UA (mg/dL) by
HDL-C (mg/dL) and multiplying the result by 100. It is worth
noting that there were gender disparities in UA, HDL, and
UHR, and separate analyses were necessary for males and
females. The assessment of normality for continuous variables
involved expressing them as either median and interquartile
range or mean * standard deviation. In order to evaluate the
differences between the two groups, the f-test or the Mann—
Whitney U test was adopted for continuous variables, while
chi-square tests were used for categorical variables. Further-
more, the association between UHR and metabolic risk factors
was explored using Spearman’s correlation. The subjects were
divided into groups based on their UHR levels (<9.59, 9.59—
12.28, 12.28-16.08, >16.08 in the male group, <6.34, 6.34-8.22,
822-10.79, 21079 in the female group). Variables

Table 4 | Threshold effect analysis of UHR on insulin resistance using
the two-piecewise linear regression model

UHR Adjusted OR (95% Cl) P value

Fitting by the standard linear model 1.105 (1.073, 1.138), <0.001

Fitting by the two-piecewise linear model

Inflection point 882

AC <882 1444 (1.246, 1.672), <0.001
AC >882 1.071 (1.036, 1.107), <0.001
Log likelihood ratio <0.001

Table 3 | Association of the insulin resistance with UHR quartiles

Crude model Model 1 Model 2
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Male
UHR 115 (1.13, 1.17) <0.001 1.07 (1.05, 1.09) <0001 107 (1.03-1.11) <0.001
Q1 Ref Ref Ref
Q2 337 (153-742) 0.002 138 (1.06-1.78) 0016 097 (055-1.72) 0926
Q3 489 (2.28-1048) <0.001 146 (1.13-1.88) 0.004 1.37 (1.09-2.18) 0034
Q4 21.35 (10.24-4453) <0.001 252 (196-3.24) <0.001 217 (1.26-3.71) 0.005
Female
UHR 127 (1.25, 1.30) <0.001 1.18 (1.15, 1.20) <0001 1.18 (1.13-1.25) <0.001
Q1 Ref Ref Ref
Q2 2.10 (1.64-269) <0.001 159 (1.22-207) 0001 1.96 (1.00-3.82) 0048
Q3 413 (3.27-522) <0.001 242 (1.88-3.11) <0001 388 (204-7.36) <0.001
Q4 11.77 (936-14.80) <0.001 523 (4.08-6.70) <0.001 844 (440-16.20) <0.001

Crude model: adjusted for none. Model 1: adjusted for age and BMI. Model 2: adjusted for age, BMI, race, moderate activities, diabetes, education

level, drinking, WC, SBP, DBP, HbA1c, eGFR, serum albumin.
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Figure 2 | The smooth curve fit for the association between UHR and prevalence of IR.

demonstrating clinical significance and statistical significance in
the univariate analysis (P < 0.05) were incorporated into the
multivariate analyses. The association between UHR quartiles
and the presence of IR was assessed with binary logistic regres-
sion models. Model 1, no covariate was adjusted; In Model 2,
adjustment was made for BMI and age; based on Model 2, the
race, moderate activities, diabetes, SBP, education level, WC,
alcohol drinking, HbAlc, DBP, serum albumin, eGFR as cov-
ariates were added to Model 3. Subgroup analysis stratified by
BMI (<25 and >25 kg/m’), gender (male and female), diabetes
(yes and no), age (<50 and >50 years), moderate activities (yes
and no), education level (high school or above and less than
high school), and alcohol drinking (yes and no) were
conducted® **, To examine the potential effect modification
within subgroups, interaction terms were employed between
subgroup indicators, followed by likelihood ratio tests. To ascer-
tain potential non-linear patterns in the likelihood of IR based
on UHR levels, generalized smooth curve fitting techniques
were employed. ROC curve analysis was conducted to evaluate
the diagnostic efficacy of UHR in detecting IR. The statistical
analysis was performed using EmpowerStats software and R,
with significance determined at a threshold of P < 0.05.

RESULTS

Characteristics of participants

As shown in Table 1, the prevalence of insulin resistance
reached 28.7% in females and 28.5% in males, respectively. The
age, HOMA-IR, proportion of individuals with diabetes, WC,
BMI, SBP, DBP, HbAlc, FPG, FINS, TC, TG, UA, and UHR
levels were all higher in IR subjects than those in non-IR sub-
jects for both genders (P < 0.001). Furthermore, the proportion

of moderate activities and HDL-C levels were lower in patients
with insulin resistance than those in non-IR patients for both
genders.

Correlation between clinical parameters and UHR

The correlation between metabolic parameters and UHR was
analyzed using Spearman’s correlation and the results are
shown in Table 2. The analysis revealed positive correlation
between UHR and LDL-C, BMI, HbAlc, WC, TG, SBP, FPG,
DBP, FINS, and HOMA-IR in all subjects.

Correlation between UHR and IR

Table 3 shows the binary logistic analysis for the correlation
between UHR quartiles with insulin resistance in subjects. In
the unadjusted model, UHR was positively correlated with IR
(OR = 1.15 in male and 1.27 in female). The relationship still
existed in model 2 (OR = 1.07 in male and 1.18 in female)
and Model 3 (OR = 1.07 in male and 1.18 in female). In order
to further investigate the relationship between IR status and
UHR, smooth curve fittings and a generalized additive model
were adopted (Table 4 and Figure 2). Among all participants,
the correlation between UHR and IR risk exhibited an inverted
L-shaped curve, with inflection points at 8.82.

Subgroup analysis on the correlation between IR and UHR

In order to assess the impact of subgroups on the relationship
between IR and UHR, subgroup analyses were conducted
(Table 5). The results indicated that the p values in subgroups
were below 0.005. UHR exhibited an independent correlation
with IR, and this correlation remained consistent regardless of
race, age, BMI, diabetes, moderate activities, education level,
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Table 5 | Association between UHR and insulin resistance stratified by
gender, age, race, and BMI

OR (95% Cl), P value

P for interaction

Stratified by gender
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alcohol drinking, and gender. Furthermore, upon employing
smooth curve fittings to characterize the non-linear association,
it was observed that the positive correlation between IR and
UHR levels persisted in the majority of groups (Figure 3).

Male 107 (103-1.11), <0001 0.160 Predictive value of UHR for IR
Female 1.18 (1.13-1.25), <0001 The ROC curve in Figure 4 presents the diagnostic performance
Stratiﬁed by face of UA, UHR, and HDL-C in identifying insulin resistance.
g/\;xgag is@?nﬁgcan 16 8 gi Eg 88(2); 0376 Table 6 demonstrates that the AUC for UHR in the ROC analy-
Non-Hispanic White 07 (1 02: 1:13): 0:007 sis was 0.703 (95% CI: 0.686-0.720) for males and 0.747 (95%
Non-Hispanic Black 12 (1,05, 1.20), 0001 CI: 0.731-0.762) for females, which exceeds that for HDL-C and
Other race 14 (1,06, 1.23), <0001 UA (P < 0.001), suggesting that UHR may serve as a superior
Stratified by age indicator of IR compared with HDL-C or UA alone, although
Age <50 years old 115 (1.10, 121), <0001 0526 its diagnostic accuracy remains somewhat limited.
Age >50 years old 1.09 (1,05, 1.13), <0001 The authors used diabetes, BMI, and race as the stratification
Stratified by BMI variables to further evaluate the diagnostic performance of the
BMI <25 kg/m’ 111.(101,122),0032 0247 UHR among the different subgroups. The AUC of UHR for IR
BMI >25 kg/m’ 111 (1.08, 1.14), <0001 in the different diabetes, BMI, age and race subgroups were all
Stratiﬁegl by diabetes higher than 0.6, which had a certain accuracy and certain pre-
Non-diabetes 112 (108, 1.15), <0001 08T dictive or screening value for insulin resistance in American
Diabetes 1.07 (1.01, 1.15), 0030 .
Stratified by moderate activities populations.
No 1.09 (1.05, 1.13), <0.001 0.109
Yes 115 (1,09, 121), <0001 DISCUSSION
Stratified by education level Our study provides strong evidence that UHR is positively cor-
Less than high school 106 (101, 1.13), 0043 0.194 related with the risk of insulin resistance and an increase in
High school or above 1.13 (1.09, 1.16), <0001 HOMA-IR among an American population. This relationship
Stratified by alcohol drinking remains consistent regardless of diabetes, gender, race, BMI,
Current or ever drinking ~ 1.12 (1.08, 1.15), <0001 0279 physical activities, age, education level, and alcohol drinking. In

Never 1.04 (1.01, 1.10), 0.021

addition, a non-linear association between IR risk and UHR
was discovered. Significantly, our ROC analysis demonstrates
that the use of UHR is more effective in detecting insulin resis-
tance compared with the use of HDL-C or uric acid alone, and

Gender, age, BMI, race, moderate activities, diabetes, education level
(not adjusted for in the subgroup analyses), drinking, WC, SBP, DBP,
HbATc, eGFR, and serum albumin were adjusted.

nnnnnn

EVALENCE OF R
. o
EVALENCE OF R

mm
w
]
|
P
\
\
\

nnnnnnnn

EVALENCE OF
o
~
EVALENCE O
A
Ev
VAL
i
H

2 2 » M o B " 15 » B » s o 5 " 15 » B » B o 5 w0 s B » » s
ur o o wr

Figure 3 | Subgroup analysis for the association between UHR and prevalence of insulin resistance by gender, age, race, BMI, diabetes, moderate
activities, education level, and alcohol drinking.
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Figure 4 | ROC analysis of UHR, UC, and HDL-C to IR among an American population.

the AUC of UHR for IR in the different diabetes, BMI and
race subgroups were all higher than 0.6, indicating that UHR is
a sensitive and specific marker for insulin resistance.

Recent prospective studies conducted in the adult population
have provided evidence that hyperuricemia is a predictive factor
for diabetes and insulin resistance’® . After follow up for
15 years, Krishnan et al*® discovered that hyperuricemia
increases the risk of developing type 2 diabetes mellitus by 1.87
times and insulin resistance by 1.36 times. In another cross-
sectional study, Niu et al.*® revealed that serum uric acid plays a
mediating role in the development of insulin resistance induced
by obesity in obese adolescents and children. Moreover, an eleva-
tion in HDL-C is widely recognized as a protective factor against
IR*. However, recent studies have proposed that the combina-
tion of uric acid and HDL-C may serve as a more sensitive and
novel biomarker for assessing inflaimmatory and metabolic
disorders™. Currently, there is limited literature available on the
relationship between UHR and insulin resistance. In a cross-
sectional study conducted by Xu et al.'* involving a small sample
size of 2,545 patients with type 2 diabetes mellitus in China, it
was found that an increased UHR could potentially indicate the
occurrence of insulin resistance. However, diabetes and race dif-
ferences in this study were not fully considered, which led to this
association only being applied to patients with type 2 diabetes
mellitus in China. Due to race variations in both UA and HDL-C
levels, the relationship between UHA and IR may differ by
ethnicity'®. Similarly, in our large population-based study con-
ducted in the general American population, we have confirmed a
positive correlation between IR and UHR. Additionally, this asso-
ciation remains consistent in non-diabetes individuals. Further-
more, we performed an ROC analysis and observed that UHR

exhibited greater effectiveness in detecting IR when compared
with HDL-C or UA alone, suggesting its superior performance in
this regard.

Previous studies have indicated the efficacy of UHR in the pre-
diction of metabolic syndrome. In a study conducted by Kocak
et al.,” it was observed that serum UHR exhibited significant pre-
dictive capabilities for MetS in individuals with diabetes mellitus
in Turkey. Similarly, Yazdi et al’ identified UHR as a potential
screening and diagnostic tool for assessing the risks of metabolic
syndrome in Iranians without diabetes mellitus. In addition,
Kocak et al.'> demonstrated that UHR surpassed the established
criteria, such as uric acid, in its effectiveness as a marker for MetS.
Moreover, Kosekli et al.*> conducted a study within a singular
institution, elucidating a correlation between nonalcoholic liver
disease and UHR. However, this study is the first to examine the
relationship between UHR and the risk of IR or elevated
HOMA-IR in a general American population.

Moreover, this study also assessed the diagnostic value of the
UHR for insulin resistance in different subgroups, and the
results showed that the UHR was useful even in subjects with
differing gender, diabetes, BMI, and race subgroups. In addi-
tion, the UHR exhibits simplicity and feasibility for determina-
tion. Therefore, the UHR is feasible for screening and
identifying insulin resistance in a general American population.
Furthermore, we have made an intriguing discovery of a previ-
ously unreported non-linear correlation between IR and UHR.
It is likely that there is a saturating effect of IR risk when UHR
reaches 8.82. Our findings have the potential to provide new
insights into the treatment and prevention of insulin resistance.

Possible mechanistic explanations exist for the correlation
between UHR and IR, as demonstrated by studies showing that
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Table 6 | The results of ROC analysis of UHR for the diagnosis of insulin resistance stratified by gender, diabetes, race, and BMI

Nutritional indices Cut-off Sensitivity (%) Specificity (%) Youden's index AUC 95% Cl
Male 144 56.0 745 0305 0703 0686-0.720
Female 9.0 678 688 0.366 0.747 0.731-0.762
Diabetes

Male 108 828 377 0205 0604 05570652

Female 85 746 529 0.275 0667 0618-0.716
Non diabetes

Male 146 56.2 76.7 0329 0713 0693-0.733

Female 86 716 654 0370 0.751 0.733-0.769
Age < 50 years old

Male 140 64.3 730 0373 0.742 0.720-0.765

Female 9.1 655 720 0375 0.752 0.730-0.774
Age > 50 years old

Male 148 483 764 0247 0667 0641-0692

Female 86 736 618 0354 0.734 0.711-0.758
BMI < 25 kg/m?

Male 110 528 616 0.144 0600 0.535-0646

Female 74 65.2 620 0272 0652 0.600-0.704
BMI > 25 kg/m?

Male 150 552 684 0236 0649 06290670

Female 104 564 740 0304 0.705 0686-0.725
Male

Mexican American 128 674 654 0328 0.708 0.668-0.749

Other Hispanic 14.7 566 713 0279 0663 0605-0.722

Non-Hispanic White 144 604 737 0341 0.716 0.689-0.744

Non-Hispanic Black 106 824 534 0358 0.727 0691-0.763

Other race 17 429 84.1 0270 0671 0623-0.719
Female

Mexican American 9.1 675 69.6 0371 0.739 0.702-0.776

Other Hispanic 78 792 537 0329 0.728 0683-0.773

Non-Hispanic White 87 759 659 0418 0.765 0.737-0.793

Non-Hispanic Black 79 772 596 0368 0732 0.699-0.766

Other race 104 599 837 0436 0.774 0.733-0815

elevated levels of uric acid induce oxidative stress in adipocytes
through the downregulation of adiponectin and the upregulation
of monocyte chemotactic protein-1>°. This pro-oxidative effect
may contribute to the accumulation of adipose tissue**°, thus
leading to the development of IR*®. Moreover, the decrease in
nitric oxide levels caused by uric acid can hinder the uptake of
glucose by skeletal muscle, thereby worsening insulin resistance™.
Furthermore, research has indicated that the reduction of uric
acid levels through the administration of xanthine oxidase inhibi-
tors and uricosuric agents can effectively reverse IR in conditions
such as fructose-induced leptin receptor-mediated obesity and
MetS*?¢ %, HDL-C possesses various beneficial effects including
reverse cholesterol transport, which can mitigate atherosclerosis,
as well as anti-thrombotic, vasodilatory, anti-inflammatory, and
antiapoptotic properties™. This study suggests that UHR, a com-
bination of the inflammatory response and lipid metabolism,
may serve as a potential indicator for insulin resistance.

The strengths of our study lie in the extensive sample size
and the nationwide representativeness of the United States. In

addition, we have taken into account various confounding fac-
tors, including diabetes, age, drinking status, gender, physical
activity, and BMI. Nevertheless, there are certain constraints in
this study. First of all, cross-sectional studies do not allow us to
establish a cause-and-effect relationship between UHR and IR.
Secondly, we suggest utilizing HOMA-IR as a means to assess
IR. However, it should be noted that HOMA-IR has been
found to be correlated with fasting plasma glucose, primarily
reflecting liver IR rather than muscle IR*’. Consequently, addi-
tional investigations are warranted to explore the association
between UHR and IR, utilizing the gold standard
hyperinsulinemic—euglycemic clamp technique. Thirdly, it is
crucial to verify the connection between UHR and IR in diverse
populations and ethnicities, as this study solely focused on the
American population.

CONCLUSION
The UHR demonstrates a positive correlation with insulin resis-
tance in the American population. It may be an -effective
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indicator to identify insulin resistance in American population
and to prevent disease progression.
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