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Background This study aimed to investigate the association between the uric acid (UA) to high-density
lipoprotein cholesterol (HDL-C) ratio (UHR) and diabetic kidney disease (DKD) among American adults
with diabetes. Methods Data from NHANES 2007-2016 were analyzed. Logistic regression and restricted
cubic spline (RCS) models were used to evaluate the association between UHR and DKD risk. Additionally,
the diagnostic performance of UHR for DKD was assessed using receiver operating characteristic (ROC)
curves. Subgroup analyses and interaction tests were performed to examine the reliability and robustness of
the findings. Results A total of 4,312 participants were included in the analysis. As a continuous variable,
UHR was positively associated with an increased risk of DKD (OR 1.07, 95%CI 1.05-1.09, (P<0.05)).
When stratified by quartiles, the fully adjusted model showed that the third and fourth UHR quartiles were
associated with significantly higher odds of DKD compared with the lowest quartile (Q3: OR 1.70, 95%CI
1.31-2.22, (P<0.001); Q4: OR 2.44, 95%CI 1.86-3.18, (P<0.001)). RCS analysis indicated a linear
relationship between UHR and DKD risk (P for nonlinearity = 0.502). The area under the ROC curve (AUC)
of UHR for discriminating DKD was 0.708. Subgroup analyses revealed consistent associations across all
subgroups, and interaction tests identified significant effect modifications by age, sex, and smoking status
(all P for interaction <0.05). Conclusion UHR is significantly associated with DKD in US adults with
diabetes. An elevated UHR may serve as a valuable biomarker for assessing DKD risk in adult patients with
diabetes.

© Journal of Public Health and Preventive Medicine. Published by Public Health Young Scholars Alliance. All rights reserved.

proteinuria 2. Therefore, identifying potential biomarkers for DKD has

1. Introduction

become increasingly important.
Metabolic alterations due to diabetes result in glomerular hypertrophy,

Diabetes is a metabolic disorder characterized by hyperglycemia and
multiple organ complications. In 2021, 529 million people of all ages were
living with diabetes worldwide, and this number is projected to reach 1.31
billion by 2050 ['l. Microvascular complications represent a major category
of chronic diabetic complications. Diabetic kidney disease (DKD) is a
common microvascular complication affecting nearly 40% of patients with
diabetes. DKD is the leading cause of chronic kidney disease (CKD)
globally. DKD increases the risk of kidney failure, heart failure,
atherosclerotic cardiovascular disease, and premature death. Therefore,
several studies have emphasized that trajectories of function in diabetic
adults can differ from the classical DKD phenotype, which is manifested
by a decrease in glomerular filtration rate (¢GFR) and the appearance of

* Corresponding author: Huan Shao.

glomerulosclerosis, and inflammation and fibrosis of the tubulointerstitial
areal®!. DKD is closely linked to both systemic and renal local inflammation
¥, Renal and systemic inflammation contribute to proteinuria, matrix
deposition, and a progressive decline in the glomerular filtration rate (GFR)
B), The uric acid (UA) to high-density lipoprotein cholesterol (HDL-C) ratio
(UHR) serves as a significant biomarker, offering valuable insights into
metabolic health and chronic inflammation . Previous studies have
demonstrated that high UHR is associated with an increased risk of type 2
diabetes, thyroiditis and metabolic syndrome ["®1°!, A recent study further
confirmed that UHR has favorable predictive value for CKD %,

Emerging evidence suggests that UHR is associated with DKD. A Turkish
study of 287 patients reported a significant relationship between UHR and
DKD risk "l Another two studies conducted in China reached similar
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conclusions "3, However, the incidence and clinical presentation of
DKD vary across countries ', Moreover, racial disparities in UHR levels
may modify the association between UHR and DKD U'*!. This study fills
critical research gaps with three key innovations: first, it uses a large,
nationally representative US sample (NHANES 2007-2016) to validate the
UHR-DKD association across diverse ethnic groups; second, it includes
4,312 participants, markedly larger than prior small-sample studies (e.g.,
287 cases in the Turkish study); third, it employs RCS analysis for the first
time to confirm a linear dose—response relationship between UHR and
DKD risk. Accordingly, this study aimed to examine the relationship
between UHR and DKD in US adults with diabetes.

2. Material and methods

2.1. Study population

NHANES is an ongoing nationwide program designed to evaluate the
nutritional and health status of the US population. The survey was approved
by the Research Ethics Review Board of the National Center for Health
Statistics, and all adult participants provided written informed consent. This
study included data from five NHANES cycles (2007-2016), covering
50,588 participants. Data on demographics, physical examinations,
laboratory tests, and questionnaires were collected. Participants were
excluded if they were aged <20 years, did not have diabetes, had missing
UHR data, or lacked complete covariate information. Finally, 4,312
participants were included in the analysis (Fig. 1).

Participants of NHANES from 2007-2016
{n=50388)

Excluded participants with ages <20 years old.
[n=21387)

A 4

Enrolled (n=29201)

Excluded participants without diabetes melliyus.
(n=24452)

Enrolled (n=4749)

Excluded participants with missing data on UHR
(n=437)

Participants finally enrolled (n=4312)

Fig.1 - Study Participant Selection Chart: A flow chart of
participants selected from the NHANES study conducted from
2007 to 2016.

2.2. Definition of DKD

Diabetes was defined as: (1) self-reported physician diagnosis and use of
oral antidiabetic agents or insulin; or (2) hemoglobin Alc (HbAlc) >6.5%
or fasting blood glucose (FBG) >7.0 mmol/L " DKD was defined as
urinary albumin-to-creatinine ratio (UACR) >30 mg/g or eGFR <60
ml/min/1.73 m? l'7), The eGFR was calculated using the CKD-EPI equation
(18]

®  Female: eGFR =144x(sCr/0.7)%32°x0.9934¢ if sCr<0.7 mg/dL;
eGFR =144x(sCr/0.7)'29x0.9934¢ if sCr>0.7 mg/dL

eGFR =144x(sCr/0.9)"411x0.9934¢ if sCr<0.9 mg/dL;
eGFR =144x%(sCr/0.9)'29x0.9934¢ if sCr>0.9 mg/dL

Male:

2.3. UHR assessment

In this study, UHR was treated as the main exposure variable. UHR is
calculated by dividing UA (mg/dL) by HDL-C (mg/dL), then multiplying
by 100.

UHR (%) = UA / HDL-C x 100

2.4. Covariates assessment

Covariates included age, gender, race/ethnicity, education level, poverty
income ratio (PIR), and body mass index (BMI). According to the Physical
Activity Guidelines, we categorized participants into three groups: active
(meeting or exceeding the suggested level), less active (below the suggested
level) and inactive (absence of physical activity) ', Participants were
classified as drinkers if they drank at least 12 different kinds of alcoholic
beverages per year. Smoking status was defined as having ever smoked

21 Hypertension was defined as self-reported

more than 100 cigarettes !
hypertension or average systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg [?'. Total cholesterol (TC), aspartate
aminotransferase (AST), and alanine aminotransferase (ALT) were also

measured.
2.5. Statistical analysis

Sampling weights, strata, and primary sampling units (PSUs) from
NHANES were applied to account for the complex multistage stratified
sampling design. Continuous variables were expressed as mean + standard
deviation (SD) or median (interquartile range, IQR). Categorical variables
were presented as percentages with 95% confidence interval (CI). UHR was
divided into quartiles with the first quartile (Q1) as the reference group.
Univariate and multivariable logistic models (Model 1, 2, and 3) were
constructed. Model 1 was unadjusted; Model 2 adjusted for age, gender,
and race/ethnicity; Model 3 adjusted for age, gender, race/ethnicity,
education, physical activity, BMI, PIR, smoking, drinking, hypertension,
ALT, AST, and TC. ROC curve analysis was used to assess the diagnostic
performance of UHR. RCS regression was used to explore the linear
relationship. Stratified analyses and interaction tests were performed using
Model 3. EmpowerStats 4.2 and Stata 17.0 were used for analyses. A two-
sided P<0.05 was considered statistically significant.
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3. Results >60 years. Males accounted for 51.7% of the study population. UHR
quartiles were Q1:7.1%, Q2:10.8%, Q3:14.1%, Q4:20.8%. Significant
differences were observed in gender, race, BMI, PIR, smoking, drinking,
hypertension, DKD, ALT, AST, and TC across UHR quartiles (all

A total of 4,312 eligible participants were included, among whom 36.7% (P<0.001). Higher UHR was associated with lower eGFR (P<0.001) (Table
had DKD (Table 1). The mean age was 59.2 years, and 51.9% were aged b.

3.1. Baseline characteristic

Tablel - Baseline characteristics of all study participants (n=4312) in the NHANES 2007-2016.

Variable Total (n=4312) Q1 (n=1077) Q2 (n=1076) Q3 (n=1080) Q4 (n=1079) P-value
Age, years 59.2+13.6 58.7+14.1 58.7+13.7 59.9+12.7 59.2+13.8 0.168
Age, % 0.422
<60 48.1 (46.0-50.2) 49.7 (45.6-53.9) 49.1 (45.0-53.3) 46.7 (42.5-50.9) 47.2 (43.1-51.4)

>60 51.9 (49.8-54.0) 50.3 (46.1-54.4) 50.9 (46.7-55.0) 53.3 (49.1-57.5) 52.8 (48.6-56.9)

Gender, % <<0.001
Male 51.7 (49.6-53.7) 31.7(27.9-35.7) 45.9 (41.8-50.1) 60.5 (56.5-64.4) 65.9 (61.8-69.8)

Female 48.3 (46.3-50.4) 68.3 (64.3-72.1) 54.1 (49.9-58.2) 39.5 (35.6-43.5) 34.1 (30.2-38.2)

Race/ethnicity, % <<0.001
Mexican American 10.3 (9.5-11.1) 13.0 (11.2-15.1) 11.7 (10.0-13.6) 8.9 (7.5-10.6) 7.8 (6.5-9.4)

Other Hispanic 5.9 (5.3-6.6) 7.5(6.2-9.1) 6.5(5.3-7.9) 5.0 (4.0-6.2) 4.9 (3.9-6.1)

Non-Hispanic White 59.6 (57.7-61.4) 53.0 (49.0-57.0) 55.3 (51.4-59.2) 63.6 (60.0-67.0) 65.3 (61.7-68.7)

Non-Hispanic Black 15.4 (14.4-16.5) 18.4 (16.2-20.9) 16.2 (14.1-18.4) 14.4 (12.5-16.5) 13.0 (11.3-15.0)

Other Racea 8.9 (7.8-10.0) 8.0 (6.4-10.0) 10.3 (8.3-12.8) 8.1 (6.2-10.5) 9.0 (6.8-11.7)

Education Level, % 0.618
Less than high school 25.5(24.0-27.1) 25.1 (22.2-28.2) 27.0 (23.9-30.3) 25.1 (22.1-28.4) 24.9 (21.9-28.1)

High school or equivalent 23.6 (21.9-25.4) 25.0 (21.4-28.9) 21.3 (18.1-24.9) 23.0 (19.8-26.7) 25.0 (21.6-28.8)

More than high school 50.9 (48.8-52.9) 49.9 (45.7-54.0) 51.7 (47.5-55.8) 51.9 (47.7-56.0) 50.0 (45.9-54.2)

Not recorded 0.1 (0.0-0.1) 0.1 (0.0-0.3) 0.1 (0.0-0.2) 0.0 0.1 (0.0-0.3)

BMI, kg/m?, % <<0.001
<25 10.9 (9.7-12.1) 20.1 (17.0-23.6) 13.0 (10.4-16.0) 7.5 (5.8-9.6) 41(3.1-5.4)

>25-<<30 24.6 (22.9-26.3) 31.6 (27.9-35.6) 25.2(22.0-28.7) 23.7(20.4-27.3) 18.7 (15.9-21.8)

>30 62.7 (60.7-64.6) 47.1 (43.0-51.3) 60.9 (56.8-64.7) 67.3 (63.4-70.9) 73.5 (70.0-76.7)

Not recorded 1.9 (1.5-2.5) 1.2 (0.6-2.2) 1.0 (0.5-1.8) 1.6 (0.9-2.6) 3.8 (2.6-5.4)

PIR, % <0.001
<1 16.7 (15.4-18.0) 17.5 (15.1-20.1) 16.5 (14.3-19.1) 16.6 (14.1-19.4) 16.2 (13.8-18.9)

1.1-3.0 38.8 (36.8-40.8) 38.5 (34.6-42.6) 37.3 (33.5-41.3) 36.0 (32.3-39.9) 43.1 (39.1-47.2)

>3 36.9 (34.8-39.1) 35.0 (30.9-39.4) 36.9 (32.7-41.3) 40.5 (36.3-45.0) 35.2 (31.0-39.6)

Not recorded 7.6 (6.7-8.7) 9.0 (6.8-11.8) 9.3(7.2-11.9) 6.9 (5.2-9.0) 5.6 (4.4-7.1)

Smoking status, % <<0.001
Yes 51.6 (49.5-53.7) 447 (40.6-48.9) 46.2 (42.1-50.3) 54.9 (50.7-59.0) 59.5 (55.4-63.5)

No 48.3 (46.3-50.4) 55.2(51.1-59.3) 53.8 (49.6-57.9) 45.1 (41.0-49.3) 40.4 (36.4-44.5)

Not recorded 0.0 (0.0-0.1) 0.1 (0.0-0.5) 0.0 (0.0-0.2) 0.0 0.0 (0.0-0.4)

Physical activity, % 0.113
Inactive 45.4 (43.3-47.5) 43.2 (39.2-47.3) 44.9 (40.8-49.0) 43.5(39.4-47.6) 49.7 (45.5-53.9)

Less active 40.9 (38.9-43.0) 43.4 (39.2-47.6) 412 (37.2-45.4) 42.6 (38.4-46.8) 37.0 (33.0-41.1)

Active 13.5 (12.1-14.9) 13.3(10.8-16.3) 13.8 (11.1-16.9) 13.6 (11.2-16.5) 13.2 (10.5-16.5)

Not recorded 0.2 (0.1-0.5) 0.2 (0.0-0.7) 0.1 (0.0-0.4) 0.3 (0.0-2.0) 0.2 (0.0-0.8)

Drinking status, % <<0.001
Yes 62.6 (60.6-64.5) 56.7 (52.6-60.7) 59.6 (55.6-63.6) 65.7 (61.8-69.3) 67.6 (63.8-71.1)

No 30.8 (29.0-32.7) 34.7 (31.0-38.6) 35.1 (31.3-39.1) 28.5(25.0-32.2) 25.7 (22.5-29.3)

Not recorded 6.6 (5.7-7.5) 8.6 (6.6-11.0) 5.3 (3.9-7.1) 5.9 (4.4-7.7) 6.7 (5.1-8.8)

Hypertension, % <<0.001
Yes 70.6 (68.7-72.5) 64.6 (60.4-68.6) 65.8 (61.6-69.8) 72.7 (68.9-76.2) 78.3 (74.9-81.4)

No 27.2 (25.4-29.1) 33.5(29.5-37.6) 31.7 (27.8-36.0) 25.2(21.8-28.9) 19.4 (16.5-22.7)

Not recorded 2.2(1.7-2.8) 1.9 (1.2-3.2) 2.4 (1.5-4.0) 2.1(1.2-3.6) 2.2(1.3-3.9)

ALT, U/L 28.0+30.9 24.1+14.3 27.4+21.0 28.9+29.2 31.1+46.6 <<0.001
AST, U/L 27.3+20.6 25.2+13.1 26.7+15.3 27.4+16.8 29.5+30.9 <0.001
TC, mg/dL 183.2+46.9 188.6+44.4 183.2+44 .4 182.3+47.9 179.2+49.8 <0.001

UA, mg/dL 5.7+1.6 4.3+1.0 5.3£1.0 6.1£1.0 7.1£1.5 <<0.001
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HDL-C, mg/dL

UHR, %

eGFR, mL/min/1.73m?
CKD, %

Yes

No

46.8+14.0
13.4£5.7
82.4+25.1

36.7 (34.8-38.7)
63.3 (61.3-65.2)

61.9+15.1
7.1£1.5
88.0+23.3

28.4 (25.1-32.0)
71.6 (68.0-74.9)

49.0+9.4 43.0+£7.3 35.1£7.2 <<0.001
10.8+0.9 14.1£1.1 20.8+4.6 <<0.001
85.6+24.1 81.3+24.7 75.8426.3 <<0.001

<<0.001

32.4 (28.9-36.1)
67.6 (63.9-71.1)

38.0 (34.1-42.0)
62.0 (58.0-65.9)

46.8 (42.7-50.9)
53.2 (49.1-57.3)

3.2. Association between UHR and DKD

As a continuous variable, UHR was positively associated with DKD risk
after full adjustment (OR=1.07, 95%CI 1.05-1.09, P<0.001). As a

Table 2 Weighted correlation of UHR levels with DKD

categorical variable, Q2 (OR=1.30, 95%CI 1.01-1.66, P=0.042), Q3
(OR=1.70, 95%CI 1.31-2.22, P<0.001) and Q4 (OR=2.44, 95%CI 1.86-
3.18, P<0.001) had significantly higher DKD risk than Ql, with a
significant dose-response trend (P<0.001) (Table 2). RCS analysis
confirmed a linear relationship (P for nonlinearity=0.502) (Figure 2).

Exposure Model 1 Model 2 Model 3
OR (95%CTI); P-value OR (95%CI); P-value OR (95%CTI); P-value
UHR 1.06 (1.05-1.08); <0.001 1.07 (1.06-1.09); <0.001 1.07 (1.05-1.09); <0.001
UHR index quartile
Q1 Reference Reference Reference
Q2 1.21 (0.95-1.53); 0.117 1.27 (1.00-1.63); 0.052 1.30 (1.01-1.66); 0.042
Q3 1.54 (1.21-1.96); <0.001 1.68 (1.30-2.17); <0.001 1.70 (1.31-2.22); <0.001
Q4 2.22 (1.75-2.81); <0.001 2.56 (1.99-3.30); <0.001 2.44 (1.86-3.18); <0.001
P for trend <0.001 <0.001 <0.001
P for overall <0.001 i - ROC Curve )
P for non-linearity: 0.502 ,,/' R
~
//
0.8 /
o
Q 2 06
8 i
g Z
8" g
L] 0.4 /
/
iy UHR: 0.708
g. 02| /
/
o I
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2 RCS plots to assess the relationship between UHR levels and DKD

rates in adults with diabetes in Model 3.

3.3. ROC curve analyses of UHR for DKD

The ROC curve of UHR for predicting DKD is shown in Figure 3. The
AUC of UHR for discriminating DKD was 0.708 (95% CI: 0.692-0.724),
indicating that UHR is a moderate predictor of DKD.

3.4. Subgroup analysis and interaction tests

With UHR treated as a continuous variable, multiple subgroup analyses
were conducted using different covariates to assess the consistency of the
UHR-DKD relationship and to explore possible differences across
populations (Fig. 4). A consistent positive association was observed across
all subgroups (all P<0.05), regardless of age, sex, race, education level,
physical activity, BMI, PIR, smoking status, drinking status, hypertension,

1 - Specificity

Fig. 3 ROC curve for UHR and DKD using logistic regression models.

ALT, AST, or TC. Furthermore, age, sex, and smoking status significantly
modified the association (all P for interaction <0.05), whereas race,
education, PIR, BMI, physical activity, drinking status, and hypertension
did not.
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Interaction

Subgroups. OR 95%C1 i
Age (%) 0.049
<60 —_—— 105 (102,107)
260 —_— 109 (1.06,1.12)
Gender (%) 0.020
Male —_—— 105 (1.03,1.08)
Female —_— 1o (107,113
Race (%) 0524
Maxsian Amercian —— 107 (L3100
Other Hispantic —_— 106 (LOLLIDY
Nen-Hispanic White — 107 (1.05,1.10)
Non Hispanic Black —_—— 108 (LOS,LIT)
Other Race _— 105 @991
Education Level (%) 0305
Less than high school —— LI0 (108,113
Vigh scbool — 106 (102,109
More than high school —— 106 (103,109
PIR(%) 0.956
=1 _— 108 (1L04,1.11)
11-30 — 107 (1edLi0)
»3 —_— 107 (a3
BMI(kg/m (%) 0076
<25 —_——— 2 (s,
225-30 —_— 109 (195,1.13)
230 — 107 (104,109
Activity(%) 0395
Inactive — 108 (1.05,1.10)
Less active —— 107 (L04,1.10)
Namgly oetive —_— 106 (LOLLIDY
Smoking status(%) 0.024
Yes —— 105 (1.03,1.08)
No —_— 109 (106,1.12)
Alcohol status{%) 0234
Yes —— 107 (1.04.1.09)
No —_— 100 (105,112)
Hypertension(%) 158
Yes —— 107 (105,109)
No —_— 106 (1oL
T T 1
08 10 11 12

Fig.4 - Stratified analysis of the correlation between UHR and
DKD. Stratification of covariates adjusted according to model III.
OR, odds ratio; 95%CI, confidence intervals; BMI, body mass
index; PIR, poverty income ratio.

quartiles had highest UA, highest DKD rate, and lowest HDL-C, supporting
UHR as a DKD predictor.

The AUC of 0.708 indicates moderate predictive power for UHR alone.
While UHR cannot serve as a standalone diagnostic tool for DKD, it can be
integrated into a multivariable predictive model alongside traditional
markers (eGFR, UACR, HbA Ic) to improve risk stratification accuracy in
clinical practice. Subgroup analysis showed consistent associations, with
age, gender and smoking status as significant effect modifiers, consistent

with prior reports on diabetic renal progression 2?13%,

4. Discussion

This study demonstrates that elevated UHR is positively associated with a
higher risk of DKD in US adults with diabetes. Each 1-unit increase in UHR
was associated with a 7% increase in DKD prevalence. These results are

consistent with previous small-sample studies ['U112]

and our study
provides three key advancements: validation in a large, nationally
representative US sample with diverse ethnicities, a much larger sample
size (4,312 vs. 287), and the first confirmation of a linear UHR-DKD
relationship via RCS analysis.

Hyperuricemia promotes renal tubular injury, oxidative stress, and
interstitial fibrosis by activating the NLRP3 inflammasome and increasing
pro-inflammatory cytokines such as IL-1B and TNF-o ?2?3], Meanwhile,
reduced HDL-C loses its anti-inflammatory and antioxidant properties,
exacerbating endothelial dysfunction and renal lipid accumulation 24125],
The combined effect of high UA and low HDL-C amplifies metabolic
disturbance and renal inflammation, forming a vicious cycle that
accelerates DKD progression /27, UHR integrates these two metabolic
abnormalities, making it a sensitive indicator of renal inflammatory and
fibrotic processes in diabetes 2%,

Purine metabolism results in uric acid as its final product. Hyperuricemia
is connected to increased pro-inflammatory cytokines, boosting UA

22

production and creating an inflammation-UA cycle *?. Hyperuricemia

increases oxidative stress, a key driver of metabolic disturbances 3!,
Diabetes is linked to serum uric acid, an independent CKD risk facto >412%],
Diabetic dyslipidemia features hypertriglyceridemia and low HDL-C %],
HDL-C has antioxidant and anti-inflammatory functions that may be lost in
CKD "), UHR is a novel inflammatory and metabolic marker reflecting

metabolic changes and predicting CKD %1 Our study found highest UHR

5. Strengths and limitations

This research has a lot of benefits. Firstly, the NHANES database was
utilized to ensure sample diversity and representativeness, with strict
compliance with its guidelines. Secondly, this study examined the
relationship between UHR and DKD using logistic regression models.
Thirdly, covariates were meticulously adjusted according to relevant
previous research. Fourthly, the RCS and ROC curve demonstrated that
UHR is a moderate predictor of DKD. Fifthly, the use of subgroup analysis
and interaction tests significantly strengthened the study's findings in terms
of validity and reliability.

However, there are a number of restrictions on this research. Firstly, the
evidence connecting UHR and DKD may be weaker due to the cross-
sectional design. Further prospective studies should be taken to confirm
these findings. Secondly, even though some confounding variables were
considered, not every potential confounder was accounted for. Thirdly,
using features from the NHANES database to diagnose DKD might lead to

some bias.

6. Conclusions

UHR is significantly associated with increased DKD risk in US adults with
diabetes. Elevated UHR may be a reliable biomarker for DKD risk
assessment. Future prospective studies are needed to confirm causality, and
intervention studies are required to explore whether UHR reduction can
lower DKD risk, providing new strategies for DKD prevention and

treatment.
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