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Abstract
Background The uric acid to high-density lipoprotein cholesterol ratio (UHR) has emerged as a novel metabolic 
marker and is proven to be associated with diabetes risk. However, there is still a lack of systematic research regarding 
its role in gender differences and underlying mechanisms. This study aims to assess the association of UHR with 
diabetes risk in the context of gender differences and to investigate its mediation effects through metabolic and 
inflammatory pathways.

Methods This study utilized data from NHANES 2005–2010 and included 6,843 adult participants. Multivariate logistic 
regression was employed to assess the association between UHR and diabetes risk, and restricted cubic spline (RCS) 
along with correlation analysis was applied to explore its relationship with metabolic risk factors. Multiple mediation 
analysis was conducted to evaluate the mediating effects of homeostasis model assessment of insulin resistance 
(HOMA-IR), triglycerides (TG), and C-reactive protein (CRP) on the association between UHR and diabetes risk.

Results In the overall population, UHR was significantly positively associated with diabetes risk, but gender-stratified 
analysis revealed a stronger predictive effect in women. In the unadjusted model, every unit increase in UHR was 
linked to an 18.6% increase in diabetes risk in women (p < 0.001). In the quartile analysis, women in the highest 
quartile showed an 8.49-fold increased risk of diabetes (OR = 8.494, 95% CI: 5.542–13.019, p < 0.001), whereas no 
significant association was observed in men (p > 0.05). Mediation analysis revealed that HOMA-IR was the main 
mediator of the relationship between UHR and diabetes risk, with mediation effects of 64.55%, 118.38%, and 39.09% 
in the overall population, men, and women, respectively. Additionally, the mediation effect of TG was stronger in 
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Introduction
Diabetes ranks among the most prevalent chronic dis-
eases globally, posing a significant challenge to public 
health efforts worldwide [1]. In recent years, apart from 
conventional risk factors like obesity and unhealthy life-
styles, the uric acid to high-density lipoprotein choles-
terol ratio (UHR) has gained widespread attention as a 
novel metabolic biomarker. As the components of UHR, 
both elevated uric acid (UA) and reduced high-density 
lipoprotein cholesterol (HDL-C) levels have been associ-
ated with increased diabetes risk through their respective 
metabolic impacts.

Specifically, uric acid (UA), the terminal product of 
purine metabolism, is often closely linked to insulin resis-
tance (IR), chronic inflammation, and endothelial dys-
function when elevated [2]. Elevated uric acid levels may 
raise the risk of diabetes and cardiovascular diseases by 
suppressing nitric oxide (NO) production, stimulating 
vascular smooth muscle cell proliferation, and hasten-
ing atherosclerosis development [3]. Conversely, HDL-
C, recognized as a protective factor against diabetes for 
its antioxidative, anti-inflammatory, and reverse choles-
terol transport capabilities, is significantly linked to an 
elevated risk of diabetes when levels are reduced [4, 5]. 
As the ratio of these two metabolic markers, UHR more 
accurately reflects an individual’s metabolic state and can 
predict the risk of diabetes and other metabolic diseases 
by capturing the combined effects of increased uric acid 
and decreased HDL-C levels [6, 7].

To further investigate the association between UHR 
and metabolic diseases, it is necessary to explore the 
underlying factors. These potential factors may act as 
mediating mechanisms, playing a significant role in the 
development of diabetes risk. IR is regarded as the cen-
tral pathological mechanism underlying type 2 diabetes, 
and numerous studies have established the strong link 
between IR and diabetes [8]. High uric acid levels worsen 
insulin resistance by suppressing nitric oxide (NO) syn-
thesis in endothelial cells, which in turn influences the 
onset of diabetes [9, 10]. Moreover, chronic inflammation 
is also a critical determinant of diabetes risk. C-reactive 
protein (CRP), a classical inflammatory marker, has been 
widely proven to be strongly associated with the inci-
dence of diabetes [11]. High uric acid can induce systemic 
inflammatory responses through the activation of the 

nuclear factor-kappa B (NF-κB) pathway, thereby exac-
erbating diabetes risk [12]. Meanwhile, a reduction in 
HDL-C levels diminishes its anti-inflammatory function, 
perpetuating chronic inflammation [13]. Triglycerides 
(TG), another crucial metabolic marker, are frequently 
linked to dyslipidemia and insulin resistance and repre-
sent one of the significant risk factors for diabetes [14]. 
Numerous studies have demonstrated that elevated TG 
levels exacerbate diabetes risk by impairing insulin sensi-
tivity and disturbing the balance of lipid metabolism [15, 
16]. Consequently, TG, CRP, and IR, as vital metabolic 
and inflammatory markers, have been widely validated 
for their strong association with diabetes risk, holding 
substantial significance in predicting and assessing diabe-
tes risk.

Despite existing studies confirming a positive corre-
lation between UHR and diabetes risk, the mediating 
mechanisms by which UHR affects diabetes risk have 
not yet been reported. Specifically, within different gen-
der groups, the mechanisms through which UHR affects 
diabetes risk may exhibit significant differences. While 
current literature has examined the association of gender 
differences with diabetes incidence and metabolic char-
acteristics, in-depth research on the mediating mecha-
nisms of UHR under gender differences, especially the 
roles of insulin resistance, chronic inflammation, and 
lipid metabolism across genders, remains insufficient.

Therefore, this study intends to systematically assess 
the relationship between UHR and diabetes risk consid-
ering gender differences, and through multiple media-
tion analysis, unveil the potential mechanisms from the 
perspectives of insulin resistance, lipid metabolism, and 
inflammatory responses in both the overall population 
and gender stratifications. It further explores the path-
ways through which UHR is associated with diabetes risk 
across different groups, offering a theoretical foundation 
for personalized prevention strategies for diabetes.

Materials and methods
Data and sample sources
This study used data from the National Center for Health 
Statistics (NCHS) NHANES. NHANES is a comprehen-
sive survey aimed at collecting representative data on 
the health and nutritional status of the civilian popula-
tion in the United States, encompassing demographics, 

men (36.78%) and weaker in women (17.31%). The mediation effect of CRP was relatively minimal across all groups, 
accounting for 7.62% in men and 2.67% in women.

Conclusion This study demonstrates that the association between UHR and diabetes risk exhibits gender differences, 
with higher diabetes risk observed in women, while men show stronger mediation effects in insulin resistance, lipid 
metabolism, and inflammatory response.
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socioeconomic status, dietary habits, and health-related 
issues. To ensure sample diversity, NHANES uses a 
stratified, multistage probability sampling approach to 
select representative participants nationwide. The study 
protocol received approval from the NCHS Institutional 
Review Board at the Centers for Disease Control and 
Prevention (CDC), and all participants provided written 
informed consent. Data are publicly available at  h t t  p s : /  / w 
w  w .  c d c . g o v / n c h s / n h a n e s /     .  

This research primarily analyzed the health data of 
adults from the NHANES 2005–2010 period. The origi-
nal sample size consisted of 31,034 participants. We 
initially excluded individuals younger than 20, then 
excluded those lacking diabetes diagnostic indicators 
and UHR data, ultimately including 6,843 participants, 
of whom 1,336 were diagnosed with diabetes. The sample 
screening process is outlined in Fig. 1.

Exposure factors and outcome variables
The exposure variable in this study is the uric acid to 
high-density lipoprotein cholesterol ratio (UHR), mea-
sured through blood samples collected in the morn-
ing after overnight fasting to assess uric acid (UA) and 

high-density lipoprotein cholesterol (HDL-C). HDL-C 
levels were measured using direct immunoassay or pre-
cipitation methods, while serum uric acid concentration 
was assessed using the timed endpoint method. The cal-
culation formula for UHR is: UHR (%) = [UA (mg/dL) / 
HDL-C (mg/dL)] × 100.

The outcome variable of this study is diabetes, assessed 
based on blood glucose parameters and questionnaires, 
which include hemoglobin A1c (HbA1c), fasting plasma 
glucose (FPG, mmol/L), random plasma glucose (RPG, 
mmol/L), two-hour oral glucose tolerance test (OGTT, 
mmol/L), as well as physician diagnoses and the use of 
antidiabetic medications or insulin. Participants had to 
fast for 8 to 24 h prior to laboratory testing, with fasting 
status confirmed during morning visits before labora-
tory analysis. Because the NHANES data do not provide 
random plasma glucose (RPG) directly, it is necessary to 
assess based on plasma glucose levels and fasting dura-
tion: if the fasting duration is 8  h or more, the mea-
surement is fasting plasma glucose (FPG); if the fasting 
duration is less than 8  h, the measurement is random 
plasma glucose (RPG).

Fig. 1 Flow chart of the participants selection process

 

https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/


Page 4 of 15Yin et al. Lipids in Health and Disease          (2024) 23:409 

The diagnosis of diabetes is based on one of the follow-
ing criteria: (1) HbA1c ≥ 6.5%; (2) FPG ≥ 7.0 mmol/L; (3) 
RPG ≥ 11.1 mmol/L or OGTT ≥ 11.1 mmol/L; (4) a previ-
ous diagnosis by a physician; (5) currently using antidia-
betic medications or insulin. Diabetes and non-diabetes 
are encoded as 1 and 0, respectively.

Mediating variables
This study identified the following three mediating 
variables: homeostasis model assessment of insulin 
resistance (HOMA-IR), C-reactive protein (CRP), and 
triglycerides (TG). HOMA-IR evaluates the level of insu-
lin resistance in individuals by calculating the ratio of 
fasting plasma insulin to fasting plasma glucose, and is a 
widely used method for assessing IR [17]. The formula is: 
HOMA-IR = FPG (mmol/L) × FINS (IU/L) / 22.52, where 
FPG represents fasting plasma glucose and FINS refers 
to fasting insulin. According to prior research, we define 
an HOMA-IR value greater than 2.5 as indicative of insu-
lin resistance [18]. All mediating variables are continu-
ous variables and were incorporated into the regression 
model to analyze their mediating effects on the relation-
ship between UHR and diabetes risk.

Covariates
Based on current literature and clinical considerations, 
this study incorporated multiple confounding factors, 
including age, gender, race/ethnicity, education level, 
household income to poverty ratio (PIR), BMI, blood 
pressure, alcohol consumption status, smoking status, 
total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), and non-high-density lipoprotein choles-
terol (Non-HDL-C). Race/ethnicity was categorized as: 
Mexican American, non-Hispanic Asian, non-Hispanic 
Black, non-Hispanic White, other Hispanic, and other/
multiracial. Education level was classified into three 
levels: high school or below, some college, and college 
graduate or above. PIR was divided into three groups: 
<1.30, 1.30–3.49, and ≥ 3.50. BMI is calculated by divid-
ing weight (in kilograms) by the square of height (in 
meters). The diagnosis of hypertension is determined 
by a physician’s diagnosis or the use of antihypertensive 
drugs. Smoking status is based on whether the individual 
has ever smoked 100 cigarettes; those answering “yes” 
are classified as smokers. Alcohol consumption status is 
determined by whether the individual has consumed ≥ 12 
alcoholic beverages in the past year; those answer-
ing “yes” are classified as drinkers. All covariates were 
extracted from the NHANES database and standardized 
prior to inclusion in the analytical model to control for 
the effects of confounding factors on the outcomes.

Statistical methods
All data analyses in this study took into account the com-
plex sampling design of NHANES and utilized weighted 
statistical methods to ensure the representativeness 
and robustness of the findings. The NHANES employs 
a complex, multistage, probability sampling design to 
assure national representation. As recommended by the 
National Center for Health Statistics (NCHS), we applied 
the provided sampling weights (WTMEC2YR), pseudo-
stratum (SDMVSTRA), and pseudo-cluster (SDMVPSU) 
in all analyses to account for the study’s complex design. 
For the combined survey cycles, following the NHANES 
analysis guidelines, the two-year weights for each cycle 
were divided by 3 to create new sampling weights. Ini-
tially, participants were categorized based on their dia-
betes status and then stratified into quartiles according 
to the uric acid to high-density lipoprotein cholesterol 
ratio (UHR). For continuous variables following a normal 
distribution, weighted Student’s t-tests (for two-group 
comparisons) or weighted one-way ANOVA (for multi-
ple group comparisons) were conducted; for continuous 
variables not following a normal distribution, weighted 
Mann-Whitney tests (for two-group comparisons) or 
weighted Kruskal-Wallis tests (for multiple group com-
parisons) were applied. Categorical variables were com-
pared across groups using weighted chi-square tests. 
In all statistical descriptions, continuous variables are 
reported as weighted means ± standard deviations, while 
categorical variables are presented as unweighted fre-
quencies and weighted percentages.

To evaluate the relationship between UHR and diabe-
tes risk, this study developed three multivariable logistic 
regression models. Before modeling, we evaluated mul-
ticollinearity among all covariates using variance infla-
tion factor (VIF) analysis. Model 1 was unadjusted for 
covariates, Model 2 was adjusted for gender (Total popu-
lation), age, and race, while Model 3 further adjusted for 
BMI, PIR, hypertension, smoking, alcohol consumption, 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), CRP, TG, Non-HDL-C, LDL-C, and HOMA-IR 
on top of Model 2. In the regression analysis, UHR was 
assessed as both a continuous variable and categorized 
into quartiles. The results of each model are reported 
using odds ratios (OR) and their 95% confidence intervals 
(CI).

To further investigate the relationship between UHR 
and other metabolic markers, correlation analysis was 
conducted to assess the linear relationships between 
UHR and BMI, CRP, HOMA-IR, INS, LDL, Non-HDL-
C, TG, and TC, with correlation coefficients reported via 
Pearson or Spearman tests. Subsequently, multiple linear 
regression models were employed to evaluate the regres-
sion relationships of these variables with UHR, reporting 
regression coefficients and their 95% confidence intervals. 
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To explore the nonlinear relationship between UHR and 
diabetes risk, restricted cubic spline (RCS) analysis was 
conducted, with RCS curve analysis performed for the 
overall population, as well as male and female popula-
tions, to verify the nonlinear trends between UHR and 
diabetes risk. Sensitivity analysis was employed to iden-
tify the key variable combinations that association the 
significance of the nonlinear relationships.

This study also performed multiple mediation analyses 
to assess the indirect effects of HOMA-IR, CRP, and TG 
as mediators in the relationship between UHR and dia-
betes risk. The mediation effects were quantified by cal-
culating direct effects (DE), indirect effects (IE), and total 
effects (TE), with significance testing conducted using a 
non-parametric bootstrap method (2000 resamples). All 
estimated mediation effects were reported along with 
their corresponding 95% confidence intervals.

Finally, to confirm the robustness of the model, sensi-
tivity analyses were performed, including adjusting for 
various combinations of covariates, removing outliers, 
and conducting stepwise regression analyses to evalu-
ate changes in the nonlinear relationships of the model. 
The sensitivity analysis also particularly investigated the 
association of key variables such as BMI, HOMA-IR, and 
SBP on the model results to assess whether they affect 
the significance of the model’s nonlinearity. All statisti-
cal analyses with a two-tailed P-value < 0.05 were deemed 
statistically significant. This study employed Decision-
Linnc 1.0 software for data analysis [19], and all results 
were verified multiple times to ensure the accuracy and 
robustness of the analyses.

Results
Baseline characteristics
This study included a total of 6,843 participants, with an 
average age of 47.13 years, consisting of 5,507 non-dia-
betic subjects and 1,136 diabetic subjects. In the overall 
sample, males comprised 47.97% (3,292 individuals) and 
females made up 52.03% (3,551 individuals). Compared 
to the non-diabetic population, the levels of UHR, BMI, 
CRP, INS, HOMA-IR, TG, and UA were significantly ele-
vated in the diabetic group (p < 0.001), while TC, LDL-C, 
and HDL-C levels showed significant declines (p < 0.001), 
with detailed data available in Table S1. These findings 
indicate noticeable differences in metabolic indicators 
among diabetic patients, suggesting that UHR and its 
related metabolic parameters may be closely linked to 
diabetes risk.

To further investigate the relationship between UHR 
and diabetes risk along with associated metabolic vari-
ables, participants were stratified into four quartiles (Q1-
Q4) according to UHR levels. In the high UHR group, 
levels of BMI, SBP, DBP, CRP, HbA1c, OGTT, FPG, INS, 
HOMA-IR, Non-HDL-C, LDL-C, and TG increased 

significantly with rising UHR (p < 0.001), while TC levels 
showed significant declines (p < 0.001). Furthermore, the 
proportions of gender, age group, education level, smok-
ing status, and hypertension exhibited significant dif-
ferences among the different UHR quartiles (p < 0.001). 
Specifically, higher levels of UHR were significantly 
linked to the incidence rates of diabetes and insulin resis-
tance (p < 0.001), with detailed data presented in Table 1. 
These results further substantiate the strong connection 
between UHR and metabolic disturbances, as well as dia-
betes risk.

In the subgroup analysis of UHR’s association with dia-
betes risk (see Fig.  2), we observed consistent trends in 
the relationship between UHR and diabetes risk across 
various subgroups based on race, education level, PIR, 
hypertension, smoking, and drinking lifestyle factors, 
with no significant interaction effects detected. How-
ever, the results of the gender stratification analysis indi-
cated that the predictive effect of UHR on diabetes risk 
in women was significantly greater than that in men 
(interaction effect p < 0.001). The odds ratio (OR) of UHR 
for diabetes risk was 1.17 for women and 1.04 for men, 
indicating that UHR has a more pronounced effect on the 
metabolic status of females.

In the comparison of UHR levels between genders, 
it was found that, regardless of whether in the overall 
population or in the diabetic and non-diabetic groups, 
the UHR levels in males were significantly higher than 
those in females (p < 0.001) (see Table S2, Table S3). How-
ever, in the subsequent gender stratification analysis, the 
results revealed that in men, the prevalence of diabetes 
did not significantly change with increasing UHR; how-
ever, in women, higher UHR was significantly associated 
with an increased prevalence of diabetes, with the high-
est quartile (Q4) having a diabetes prevalence 5.7 times 
that of the lowest quartile (Q1) (Q4 vs. Q1: 37.21% vs. 
6.52%, p < 0.001), with detailed data available in Table S4. 
This suggests that women may be more sensitive to the 
metabolic effects of UHR, and UHR plays a more signifi-
cant role in predicting diabetes risk in women.

Multivariate logistic regression analysis of UHR and 
diabetes risk
We performed multivariate logistic regression analysis 
on the relationship between UHR and diabetes risk in 
the overall population, as well as in males and females 
separately. Fig.  3 shows the associations between UHR 
quartiles and diabetes risk under different models, and 
how the risk assessment results changed with the gradual 
inclusion of covariates in the models. In the overall pop-
ulation, the unadjusted model (M1) showed that UHR 
was significantly positively associated with diabetes risk, 
with each unit increase in UHR leading to a 7.4% increase 
in diabetes risk (p < 0.001); in the quartile analysis, the 
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highest quartile group had a 3.16-fold increased risk of 
diabetes (OR = 3.156, 95% CI: 2.379–4.187, p < 0.001). 
After adjusting for covariates such as gender, age, and 
race (M2), the risk further increased to 4-fold (OR = 4.062, 
95% CI: 2.797–5.899, p < 0.001). Even after adjusting for 
all covariates (M3), the association between UHR and 
diabetes risk remained significant, with the highest quar-
tile group showing a 1.69-fold increase in diabetes risk 
(OR = 1.692, 95% CI: 1.07–2.677, p = 0.026), indicating 

that UHR is an effective predictor of diabetes risk both as 
a continuous variable and a categorical variable.

In the male group, although each unit increase in UHR 
resulted in a 3.7% increase in diabetes risk (p < 0.001), 
the quartile analysis did not show a significant associa-
tion between UHR and diabetes risk (M1: OR = 1.151, 
95% CI: 0.742–1.786, p = 0.529). Further adjustment for 
age, race (M2), and all other covariates (M3) still did not 
reveal a significant association between quartiles (M3: 
OR = 1.099, 95% CI: 0.694–1.739, p = 0.693), indicating 

Table 1 Baseline characteristics by UHR quartiles
Characteristic Q1( N = 1713) Q2(N = 1712) Q3(N = 1709) Q4 (N = 1709) p-value
Age(years) 46.10 ± 16.40 47.65 ± 17.07 47.71 ± 16.68 47.08 ± 16.55 0.006
BMI(kg/m²) 25.31 ± 5.34 27.96 ± 5.91 29.95 ± 6.68 31.79 ± 6.94 < 0.001
SBP(mmHg) 116.99 ± 16.53 119.73 ± 15.78 122.26 ± 15.22 123.54 ± 15.08 < 0.001
DBP(mmHg) 67.39 ± 10.56 67.75 ± 10.68 70.02 ± 11.33 71.10 ± 12.14 < 0.001
CRP(mg/L) 0.31 ± 0.62 0.37 ± 0.75 0.44 ± 0.65 0.53 ± 1.07 < 0.001
HbA1c(%) 5.41 ± 0.83 5.53 ± 0.86 5.63 ± 0.92 5.67 ± 0.92 < 0.001
OGTT(mmol/L) 5.89 ± 2.09 6.26 ± 2.74 6.81 ± 3.09 7.03 ± 2.76 < 0.001
FPG(mmol/L) 5.45 ± 1.39 5.71 ± 1.56 5.97 ± 1.71 6.11 ± 1.68 < 0.001
INS(µU/mL) 7.73 ± 6.15 10.08 ± 7.78 13.25 ± 9.73 17.83 ± 14.76 < 0.001
HOMA-IR 1.89 ± 1.62 2.72 ± 3.19 3.65 ± 3.54 5.06 ± 5.48 < 0.001
TC(mmol/L) 5.22 ± 1.02 5.12 ± 1.05 5.03 ± 1.09 4.99 ± 1.10 < 0.001
Non-HDL-C(mmol/L) 3.36 ± 0.97 3.63 ± 1.03 3.77 ± 1.08 3.97 ± 1.10 < 0.001
LDL-C(mmol/L) 2.89 ± 0.87 3.05 ± 0.91 3.05 ± 0.92 3.01 ± 0.87 < 0.001
TG(mmol/L) 1.02 ± 0.56 1.29 ± 0.86 1.59 ± 1.08 2.20 ± 1.80 < 0.001
Sex, n(%) < 0.001
Male 265 (13.83%) 688 (38.84%) 1,014 (59.50%) 1,325 (79.94%)
Female 1,448 (86.17%) 1,024 (61.16%) 695 (40.50%) 384 (20.06%)
Age, n(%) 0.033
20–39 675 (37.90%) 555 (35.00%) 528 (34.06%) 550 (36.54%)
40–59 571 (41.37%) 545 (38.88%) 558 (40.05%) 568 (40.03%)
≥60 464 (20.73%) 610 (26.13%) 624 (25.89%) 595 (23.43%)
Race, n(%) 0.088
Mexican American 336 (8.16%) 316 (8.32%) 336 (8.73%) 307 (9.11%)
Other Hispanic 166 (4.96%) 169 (4.87%) 136 (4.17%) 157 (5.04%)
Non-Hispanic White 799 (69.09%) 806 (70.16%) 821 (69.67%) 893 (71.10%)
Non-Hispanic Black 322 (11.14%) 358 (12.16%) 325 (10.63%) 282 (8.73%)
Other Race 90 (6.65%) 63 (4.49%) 91 (6.80%) 70 (6.02%)
Education, n(%) < 0.001
Less than high school 427 (15.49%) 511 (18.61%) 505 (19.27%) 519 (20.68%)
High schoolor GED 359 (21.52%) 413 (24.56%) 395 (23.31%) 459 (27.90%)
College or above 927 (62.99%) 788 (56.83%) 809 (57.42%) 731 (51.42%)
PIR, n(%) 0.257
< 1.30 436 (15.98%) 471 (18.19%) 478 (18.71%) 511 (19.54%)
1.30–3.49 759 (40.77%) 758 (40.83%) 733 (39.60%) 749 (42.19%)
≥ 3.50 518 (43.25%) 483 (40.98%) 498 (41.69%) 449 (38.27%)
Drinking, n(%) 267 (12.81%) 244 (13.08%) 243 (12.29%) 231 (12.21%) 0.920
Smoking, n(%) 642 (40.52%) 764 (46.04%) 854 (50.23%) 892 (49.51%) < 0.001
Hypertension, n(%) 382 (18.67%) 562 (29.69%) 689 (36.46%) 787 (41.86%) < 0.001
Diabetes, n(%) 176 (7.66%) 318 (13.29%) 371 (17.10%) 471 (20.75%) < 0.001
IR, n(%) 450(20.60%) 727 (35.72%) 1,010 (56.58%) 1,257 (70.99%) < 0.001
Note: Categorical variables are presented as unweighted frequencies and weighted percentages, and group comparisons are performed using weighted chi-square 
tests. Continuous variables are presented as weighted means ± standard deviations, and group comparisons are performed using weighted analysis of variance 
(ANOVA) or weighted Kruskal-Wallis tests
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that the change in UHR levels had little effect on diabetes 
risk in males.

In the female population, however, the association 
between UHR and diabetes risk was significantly stron-
ger. In the unadjusted model (M1), each unit increase 
in UHR was associated with an 18.6% increase in diabe-
tes risk (p < 0.001); in the quartile analysis, the highest 
quartile group had an 8.49-fold increased risk of diabe-
tes (OR = 8.494, 95% CI: 5.542–13.019, p < 0.001). After 
progressively adjusting for age, and race (M2), the risk 
weakened slightly but remained significant (OR = 7.13, 
p < 0.001). Even after full adjustment for covariates (M3), 
the highest quartile group still had a 2.7-fold increased 
risk of diabetes (OR = 2.701, 95% CI: 1.348–5.412, 
p = 0.007), suggesting that the metabolic association 
of UHR with diabetes risk in females was significantly 
greater than in males.

Overall, the results suggest that UHR is a significant 
predictor of diabetes risk in females, while no obvious 
association was found in males, indicating that UHR 
may have a stronger predictive effect on diabetes risk in 
women.

Correlation analysis and linear regression of UHR with 
metabolic indicators
We further investigated the relationships between UHR 
and diabetes-related risk factors—including BMI, CRP, 
HOMA-IR, INS, LDL, Non-HDL-C, TG, and TC—and 
unveiled the nonlinear relationships between UHR and 
these metabolic indicators in different genders through 
correlation analysis and smooth curve fitting. Initially, 
our correlation analysis revealed that in both male and 
female groups, BMI, CRP, HOMA-IR, INS, Non-HDL-
C, and TG were significantly positively correlated with 
UHR (p < 0.001), whereas LDL and TC did not exhibit 

Fig. 2 Subgroup analysis forest plot
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significant positive or negative correlations. Compared 
to the total population, the correlation coefficients of 
various variables in the female group were generally 
higher than those in the male group, particularly for 
BMI, HOMA-IR, INS, and TG, with coefficients of 0.398, 
0.369, 0.405, and 0.384 (all p < 0.001), indicating that UHR 

has a stronger association with these metabolic indica-
tors in females (Table 2; Fig. 4, Fig. S1 and S2).

Through smooth curve fitting and linear regression 
analyses, we further elucidated the specific relationships 
between UHR and various metabolic risk factors. In 
males, UHR showed significant positive correlations with 

Fig. 3 Logistic regression forest plot. M1: Unadjusted model; M2: Adjusted for gender (Total population), age, and race; M3: Adjusted for gender (Total 
population), age, race, education, PIR, hypertension, smoking, drinking, SBP, DBP, BMI, CRP, TC, Non-HDL-C, LDL, INS, IR, and TG
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HOMA-IR, INS, and TG, with regression coefficients 
of 0.25 (95% CI: 0.21–0.28), 0.81 (95% CI: 0.73–0.89), 
and 0.11 (95% CI: 0.10–0.12), respectively; however, the 
regression relationship between LDL and UHR was not 
significant (p > 0.05). In females, UHR had higher regres-
sion coefficients with BMI and INS, being 0.74 (95% CI: 
0.68–0.80) and 1.06 (95% CI: 0.98–1.13), respectively; 
additionally, CRP and TG were also significantly posi-
tively correlated with UHR, indicating that UHR may 
play a stronger role in metabolic and inflammatory path-
ways in females (Table 2; Fig. 5, Fig. S3 and S4).

Overall, the results suggest that associations between 
UHR and metabolic risk factors differ between genders. 
Particularly in females, the significant positive correla-
tions with BMI, HOMA-IR, and TG imply that UHR may 
exacerbate diabetes risk by affecting metabolic indicators. 
These findings lay the groundwork for unveiling UHR’s 
potential mechanisms of action in subsequent mediation 
effect analyses.

Dose-response relationship (restricted cubic spline 
analysis)
In the overall population, restricted cubic spline (RCS) 
analysis indicated significant nonlinear relationships in 
the unadjusted (M1) and partially adjusted models (M2), 
but this relationship disappeared in the fully adjusted 
model (M3) (p > 0.05). Threshold analysis indicated that 
the inflection point for Model 1 was 8.30, and for Model 
2, it was 9.52, suggesting that diabetes risk significantly 
increases beyond these UHR inflection points. In con-
trast, the nonlinear relationship disappeared in Model 3, 
indicating that certain covariates may have obscured the 
nonlinear effects of UHR (see Fig. 6).

In males, none of the models (M1, M2, and M3) showed 
significant nonlinear relationships (p > 0.05), indicat-
ing that the relationship between UHR and diabetes risk 
was relatively linear, without distinct inflection points. In 
females, both the unadjusted (M1) and partially adjusted 
models (M2) exhibited significant nonlinear relationships 

Table 2 Correlation and regression analysis of UHR with various variables
Variable Total Male Female

r β(95%CI) r β(95%CI) r β(95%CI)
BMI 0.301** 0.39(0.36,0.42) ** 0.346** 0.39(0.35,0.42) ** 0.398 ** 0.74(0.68,0.8) **

CRP 0.11** 0.02(0.01,0.02) ** 0.146** 0.02(0.02,0.03) ** 0.173 ** 0.03(0.03,0.04) **

HOMA-IR 0.284** 0.25(0.23,0.27) ** 0.252** 0.25(0.21,0.28) ** 0.369 ** 0.36(0.33,0.39) **

INS 0.328** 0.76(0.71,0.81) ** 0.319** 0.81(0.73,0.89) ** 0.405 ** 1.06(0.98,1.13) **

LDL-C 0.0054 0(0,0.01) -0.026 0(-0.01,0) 0.033 * 0.01(0,0.02)
Non-HDL-C 0.184** 0.04(0.03,0.04) ** 0.181** 0.04(0.03,0.04) ** 0.19 ** 0.05(0.04,0.06) **

TG 0.398** 0.1(0.09,0.1) ** 0.415** 0.11(0.1,0.12) ** 0.384 ** 0.11(0.1,0.12) **

TC -0.0981** -0.02(-0.03,-0.02) ** -0.0708 -0.01(-0.02,-0.01) ** -0.08 ** -0.02(-0.03,-0.01) **

Note: *p < 0.05, **p < 0.001

Fig. 4 Correlation analysis between UHR and various metabolic variables in total participants
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(p < 0.05), with inflection points at 8.27 and 8.29, respec-
tively. UHR levels were significantly associated with dia-
betes risk even at lower ranges, but this nonlinear trend 
disappeared after full adjustment (M3) (p > 0.05), indi-
cating that some covariates may have moderated UHR’s 
effect.

Overall, UHR exhibited more pronounced nonlinear 
effects in females, whereas no comparable effects were 
observed in males, indicating that gender differences may 
play a critical role in the relationship between UHR and 
diabetes risk.

Sensitivity and robustness analyses
We performed sensitivity tests for the RCS analysis and 
logistic regression models. In the RCS analysis, stepwise 
regression showed that incorporating any of the vari-
ables BMI, blood pressure, INS, or HOMA-IR into the 
model caused the previously significant nonlinear rela-
tionships in the overall and female populations to disap-
pear (p > 0.05), suggesting that these metabolic indicators 
may play key regulatory roles in the relationship between 
UHR and diabetes risk. In the sensitivity analysis of the 
logistic regression models, after stepwise removal of key 
covariates such as hypertension, BMI, CRP, and HOMA-
IR, the association between UHR and diabetes risk 
remained significant (p < 0.05), indicating that the model 
was highly robust. These results support the stability of 
UHR as a predictor of diabetes risk and imply that vari-
ables such as BMI and HOMA-IR may modulate UHR’s 
effect through specific metabolic pathways.

Mediation analysis
In the mediation analysis, UHR showed significant dif-
ferences in its association with diabetes risk through 
three mediating variables: HOMA-IR, TG, and CRP (see 
Fig. 7). In the overall population, HOMA-IR was the pri-
mary mediating variable, accounting for 64.55% of the 
mediation effect, which was significantly higher than the 
effects of TG and CRP. In males, the mediation effect of 
HOMA-IR was more prominent, reaching 118.38%, sug-
gesting that UHR was primarily associated with diabetes 
risk indirectly through HOMA-IR. The mediation effect 
of TG was also elevated in males, reaching 36.78%, while 
the mediation effect of CRP was relatively weak. In con-
trast, the mediation effect of HOMA-IR in the female 
group was reduced to 39.08%, but it still served as the 
primary mediating pathway, while the mediation effects 
of TG and CRP were 17.31% and 2.67%, respectively.

Overall, HOMA-IR was the primary mediating vari-
able in both the overall population and in gender-specific 
groups, while the mediation effects of TG and CRP were 
relatively low, with CRP exhibiting particularly weak indi-
rect effects in all analyses. It is noteworthy that the medi-
ation effects of HOMA-IR, TG, and CRP in males were 
all higher than in the overall population and the female 
group, indicating that UHR had a more pronounced asso-
ciation with diabetes risk through mediation pathways in 
males. This may imply that the mechanisms of UHR in 
different genders exhibit complexity and heterogeneity.

Discussion
This study included 6,843 participants, and the findings 
demonstrated a significant positive association between 
UHR and diabetes risk, particularly in females. Although 

Fig. 5 Smooth curve fitting shows the relationship between UHR and various metabolic variables in total participants
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UHR levels were significantly higher in males than in 
females, UHR had a more pronounced predictive effect 
on diabetes risk in females. Each unit increase in UHR 
was associated with an 18.6% increase in diabetes risk 
among women, and the prevalence of diabetes in the 
highest quartile was 8.49 times that of the lowest quartile, 
while no significant association was observed in men. 
Subgroup analysis revealed that the metabolic effect of 
UHR in females was significantly greater than in males, 
suggesting the crucial role of gender differences in diabe-
tes risk. Moreover, UHR was significantly associated with 
various metabolic risk factors such as HOMA-IR, CRP, 
and TG, and the mediation analysis elucidated the roles 
of these variables in the relationship between UHR and 
diabetes risk.

In this study, we observed that UHR was more strongly 
associated with diabetes risk in females, while no simi-
lar association was found in males. However, in the 
mediation analysis, HOMA-IR demonstrated a strong 
mediating effect in both the overall and gender-specific 
populations, suggesting that the relationship between 
UHR and diabetes risk is primarily mediated by HOMA-
IR. Particularly in the male group, the mediation effect 
of HOMA-IR reached 118.38%, while the direct effect 
was only − 0.001, indicating that UHR is primarily asso-
ciated with diabetes risk through the indirect pathway 
of HOMA-IR, with the direct effect partially weakened 
or even offset due to the suppression effect. This result 
reveals the predominant role of HOMA-IR in the rela-
tionship between UHR and diabetes risk, indicating 
that UHR exerts its effects in males mainly through 

Fig. 6 Restricted Cubic Spline (RCS) Analysis of UHR and Diabetes Risk across Different Models. Panels A-C illustrate the relationship between UHR and 
diabetes risk in the overall population, Panels D-F show the relationship between UHR and diabetes risk in the male population, and Panels G-I display 
the relationship between UHR and diabetes risk in the female population. In each panel, the models are organized as follows: unadjusted model (A, D, G), 
partially adjusted model (B, E, H), and fully adjusted model (C, F, I)
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modulating insulin resistance pathways. HOMA-IR is 
a classical indicator for assessing the degree of insulin 
resistance (IR), reflecting insulin sensitivity by calcu-
lating fasting glucose and insulin levels. Studies have 
indicated that HOMA-IR is closely associated with dia-
betes risk [17, 20, 21], and higher values typically indi-
cate worsening insulin resistance, thereby substantially 
increasing the risk of diabetes onset. Numerous studies 
have confirmed that IR is a critical mediating mechanism 
in the development of metabolic syndrome and diabe-
tes [22, 23]. As a marker of metabolic abnormalities, the 

relationship between UHR and IR may represent a key 
pathway through which it influences diabetes risk [24, 
25]. Research has found that elevated UHR is significantly 
associated with IR and may serve as a potential indica-
tor of IR severity in patients with type 2 diabetes [26]. 
Additionally, a study based on the US population further 
confirmed the significant correlation between UHR and 
IR, supporting the potential clinical application value 
of UHR as a metabolic abnormality marker [27].These 
findings suggest that UHR is not only closely associated 
with diabetes risk but may also exert its effect indirectly 

Fig. 7 Mediation effects between UHR and diabetes risk. The mediation effects of IR (HOMA-IR), TG, and CRP as mediating variables were evaluated in 
the overall population (A-C), male group (D-F), and female group (G-I). The models were adjusted for covariates such as gender (Total population), age, 
race, education, PIR, hypertension, smoking, drinking, SBP, DBP, BMI, TC, Non-HDL-C, and LDL-C. TE denotes the total effect, DE the direct effect, and IE the 
indirect effect
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by reflecting the degree of insulin resistance. Particularly 
in males, UHR primarily associates with diabetes risk 
through HOMA-IR, thereby diminishing its direct asso-
ciation, whereas in females, UHR presents a more com-
plex multi-pathway pattern.

The positive correlation between elevated triglyceride 
(TG) levels and diabetes risk has been widely established 
in numerous studies. Naqvi et al. [28] suggested that 
TG is not only an indirect marker of diabetes but also 
has significant predictive value in the risk assessment 
of coronary heart disease. Even after adjusting for other 
metabolic risk factors, elevated TG levels still signifi-
cantly increase the risk of type 2 diabetes [14]. Moreover, 
elevated TG levels are closely related to the occurrence 
of diabetic complications, such as diabetic neuropa-
thy [29] and the progression of cardiovascular disease 
[30]. Although studies on the relationship between UHR 
and TG remain limited, existing evidence suggests that 
UHR is positively correlated with TG levels and may be 
involved in the pathogenesis of type 2 diabetes through 
its effects on the onset and progression of metabolic syn-
drome [24, 31]. Our findings further support this, show-
ing a significant positive correlation between UHR and 
TG. Specifically, each 1-unit increase in UHR was asso-
ciated with a 0.1 increase in TG levels (p < 0.05). Addi-
tionally, the mediation analysis showed that TG played a 
key mediating role in the pathway linking UHR to diabe-
tes risk, suggesting that it may be associated with UHR’s 
relationship to diabetes risk through modulation of lipid 
metabolism pathways.

CRP, as a classical inflammatory marker, has been 
widely confirmed to be significantly associated with dia-
betes risk and may accelerate the onset and progression 
of diabetes through the promotion of insulin resistance 
mechanisms [32]. Studies have shown that elevated CRP 
levels are positively correlated with HbA1c, reflecting the 
metabolic abnormalities in diabetic patients [33], and 
are closely related to the development of diabetic reti-
nopathy, indicating that inflammation may play a pivotal 
role in diabetic complications [34]. Additionally, CRP 
has significant value in predicting the risk of gestational 
diabetes, suggesting its broad applicability across differ-
ent types of diabetes [35]. CRP levels are also related to 
the efficacy of antidiabetic drugs (e.g., metformin), indi-
cating its potential utility in diabetes management [36]. 
Moreover, the relationship between CRP and diabetes-
related vascular lesions has also been confirmed [37], fur-
ther underscoring the central role of inflammation in the 
progression of diabetes. Although the mediating role of 
CRP in the association between UHR and diabetes risk 
was relatively low in this study, its relationship remained 
statistically significant (p < 0.05). This finding suggests 
that CRP may play a supportive role in the onset and 
progression of diabetes through local inflammation and 

metabolic modulation. Therefore, although the mediating 
effect of CRP is relatively weak, its potential mechanisms 
and clinical implications in diabetes and related meta-
bolic diseases should not be ignored.

Notably, although UHR levels were significantly higher 
in males than in females, UHR demonstrated a stronger 
association with diabetes risk in females. This gender 
difference may reflect distinct metabolic and inflamma-
tory response mechanisms between men and women: 
in males, UHR primarily affects diabetes risk indirectly 
through the HOMA-IR pathway, while females may be 
more sensitive to insulin resistance, lipid metabolism 
disorders, and chronic inflammation, thus experiencing 
a significant metabolic burden as UHR increases. Addi-
tionally, sex hormones, such as estrogen, play a regula-
tory role in female metabolism, potentially enhancing the 
association between UHR and metabolic risk factors (e.g., 
HOMA-IR, TG, and CRP), thereby increasing diabetes 
risk—a relationship that warrants further investigation.

Overall, this study, based on a large sample from the 
NHANES database with strong national representation, 
enhances the external validity and robustness of the find-
ings. This study is the first to systematically explore the 
mediating effect of UHR on diabetes risk from a gender 
perspective, specifically analyzing the distinct roles of 
HOMA-IR, TG, and CRP in the relationship between 
UHR and diabetes risk. These findings suggest that UHR 
may serve as an important gender-specific biomarker for 
diabetes risk assessment and offer new insights into per-
sonalized diabetes prevention and intervention strategies, 
highlighting the need for future research to further inves-
tigate the mechanisms underlying gender differences.

Nevertheless, this study has several limitations. First, 
the cross-sectional design limits causal inference, making 
it difficult to clarify the temporal relationship between 
UHR and diabetes risk. Additionally, due to issues with 
data availability, this study only included three cycles of 
NHANES data, which may impact the generalizability of 
the findings. Future research should consider employing 
a longitudinal design with a larger sample size to better 
elucidate the temporal effects of UHR on diabetes onset 
and progression. Second, although this study analyzed 
the mediating effects of HOMA-IR, TG, and CRP, other 
metabolic or hormonal factors that may influence gen-
der differences (e.g., sex hormone levels, patterns of fat 
distribution) were not included. These factors could play 
a significant regulatory role in the female population, 
potentially amplifying gender differences. Future studies 
should further validate the mediating effects of HOMA-
IR, TG, and CRP and consider incorporating factors 
such as sex hormone levels to provide a more compre-
hensive understanding of the impact of UHR on diabe-
tes risk. Additionally, due to limitations in the NHANES 
database, this study was unable to differentiate between 
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diabetes types, such as type 1 diabetes. Future research 
could utilize real-world data to separately investigate the 
relationship between UHR and the risk of different types 
of diabetes, thereby enhancing the generalizability and 
clinical applicability of these findings.

Conclusions
This study reveals the complex gender differences in the 
association between UHR and diabetes risk. Although 
UHR levels are significantly higher in males than in 
females, UHR shows a stronger association with diabetes 
risk in females, suggesting a unique metabolic relevance 
in women. Additionally, mediation analysis indicates 
that in males, UHR is more substantially associated with 
diabetes risk through intermediary pathways involving 
insulin resistance, lipid metabolism, and inflammation, 
compared to females. This finding suggests that meta-
bolic and inflammatory pathways may operate differently 
across genders, providing new insights for personalized 
diabetes screening and intervention strategies.
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