Research in Molecular Medicine

Research Paper

Uric Acid-to-HDL Ratio Is Not Associated With
Coronary Artery Disease in Type 2 Diabetesy

Abbas Abdulhussein Dahash AL-Shiblawi' (©, Fatemeh Sadat Hoseini' (), Farimah Sadat Mousavi Kiasari® (©), Sahar Eskandari Ghadi® (),

Abbas Khonakdar-Tarsi"*

, Hadis Musavi®>*

1. Department of Clinical Biochemistry and Genetics, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran.

2. Department of Cardiology, Cardiovascular Research Center, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran.
3. Immunogenetics Research Center, Mazandaran University of Medical Sciences, Sari, Iran.

4. Thalassemia Research Center, Hemoglobinophaty Institute, Mazandaran University of Medical Sciences, Sari, Iran.

Use your device to scan

ndead e rideonine [@IELTE AL-Shiblawi AAD, Hoseini FS, Mousavi Kiasari FS, Eskandari Ghadi S, Khonakdar-Tarsi A, Musavi H. Uric Acid-
1 to-HDL Ratio Is Not Associated With Coronary Artery Disease in Type 2 Diabetesy. Research in Molecular Medicine. 2026;
14(3):127-138. http://dx.doi.org/10.22034/rmm.14.3.256.2

http://dx.doi.org/10.22034/rmm.14.3.256.2

Article Type:

Research Paper

Article info:
Received: 23 Feb 2026
Revised: 10 Jun 2026
Accepted: 05 Jul 2026

Keywords:

Type 2 diabetes mellitus,
Uric acid-to-HDL ratio,
Coronary artery disease
(CAD), Glycemic
control, Lipid profile,
Cardiometabolic risk

ABSTRACT

Background: The uric acid-to-high-density lipoprotein cholesterol ratio (UHR) has recently emerged
as a potential cardiometabolic biomarker. This study evaluated the association between UHR and
coronary artery disease (CAD), glycemic control, and lipid-related parameters in patients with type 2
diabetes mellitus (T2DM).

Materials and Methods: In this cross-sectional comparative study, 120 patients with T2DM were
enrolled and categorized into those with angiographically documented CAD (DM_CD, n=60) and
those without CAD (DM, n=60). Fasting blood glucose levels, HbAlc levels, lipid profile, serum
uric acid levels, creatinine levels, complete blood count parameters, inflammatory indices, and the
triglyceride-glucose (TyG) index were measured. UHR was calculated as serum uric acid divided
by high-density lipoprotein cholesterol (HDL-C). Group comparisons, correlation analyses, and
multivariable logistic regression were performed.

Results: UHR did not differ significantly between patients with and without CAD (0.139+0.06
vs 0.126+0.045, P=0.123) and was not associated with fasting blood glucose levels, HbAlc
levels, or the TyG index. Patients with CAD had significantly higher neutrophil-to-lymphocyte
ratio (NLR), neutrophil count, and hematocrit, and lower lymphocyte and platelet counts (all
P<0.05). In multivariable logistic regression, only NLR remained independently associated with
CAD (adjusted OR=3.99; 95% CI, 1.52%, 10.52%; P=0.005), whereas UHR, the TyG index, and
HbAIc levels were not.

Conclusion: UHR was not associated with CAD or glycemic control and was not an independent
predictor of CAD in patients with T2DM. These findings do not support the use of UHR for
discriminating established CAD in this study population. Larger prospective studies with adjustment
for potential confounding factors are warranted.
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Introduction

ype 2 diabetes mellitus (T2DM) is one of

the most prevalent chronic metabolic dis-

orders worldwide and represents a major

public health concern. The global burden

of T2DM continues to increase, affect-
ing millions of individuals and imposing substantial
healthcare costs. The disease is characterized by insulin
resistance, progressive f-cell dysfunction, and chronic
hyperglycemia, all of which contribute to the develop-
ment of microvascular and macrovascular complica-
tions. Among these complications, coronary artery dis-
ease (CAD) remains the leading cause of morbidity and
mortality in patients with T2DM and is responsible for a
significant proportion of diabetes-related deaths world-
wide [1]. The increased cardiovascular risk observed
in patients with T2DM is multifactorial and involves a
complex interplay of metabolic abnormalities, endothe-
lial dysfunction, oxidative stress, chronic inflammation,
and dyslipidemia. Persistent hyperglycemia promotes
vascular injury through the formation of advanced glyca-
tion end-products, activation of inflammatory pathways,
and increased oxidative stress, thereby accelerating ath-
erosclerotic processes [1]. Consequently, identifying
simple, inexpensive, and readily available biomarkers
that reflect both metabolic status and cardiovascular risk
has become an important clinical and research objective.
Uric acid, the final product of purine metabolism in hu-
mans, has attracted considerable attention as a potential
marker of metabolic and cardiovascular dysfunction.
Although uric acid exhibits antioxidant properties under
physiological conditions, elevated serum uric acid con-
centrations have been associated with oxidative stress,
endothelial dysfunction, inflammation, insulin resis-
tance, and atherosclerosis [2, 3]. Previous studies have
demonstrated significant associations between hyperuri-
cemia and several cardiometabolic disorders, including
obesity, hypertension, metabolic syndrome, T2DM, and
cardiovascular disease [3, 4].

Furthermore, elevated serum uric acid levels have
been linked to adverse cardiovascular outcomes and in-
creased cardiometabolic risk in both diabetic and non-
diabetic populations [2-4]. HDL-C, on the other hand, is
widely recognized as a protective lipid fraction because
of its anti-inflammatory, antioxidant, anti-thrombotic,
and anti-atherogenic properties. HDL-C plays an impor-
tant role in reverse cholesterol transport and contributes
to the maintenance of endothelial function. Reduced
HDL-C levels are frequently observed in patients with
T2DM and are associated with poor metabolic health
and increased cardiovascular risk [5]. Since serum uric
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acid and HDL-C represent two biologically distinct but
closely related aspects of cardiometabolic health, com-
bining these parameters into a single index may provide
a more comprehensive assessment of metabolic risk. In
recent years, the UHR has emerged as a novel biomarker
that integrates information from both serum uric acid and
HDL-C levels. Several studies have suggested that UHR
may be associated with insulin resistance, metabolic
syndrome, prediabetes, and T2DM [6-8]. Kocak et al. re-
ported that UHR was a strong predictor of metabolic syn-
drome among patients with T2DM [6]. Similarly, other
investigators have demonstrated associations between
UHR and glycemic control parameters, suggesting that
this ratio may reflect underlying metabolic dysfunction
[7, 8]. These findings have generated growing interest in
the potential clinical utility of UHR as an easily obtain-
able cardiometabolic marker. More recently, population-
based studies have expanded the potential significance
of UHR beyond metabolic disorders. Elevated UHR has
been associated with incident diabetes, cardiovascular
disease, and increased cardiovascular mortality in in-
dividuals with diabetes [9, 10]. Despite these observa-
tions, the available evidence remains inconsistent. Some
studies have reported strong associations between UHR
and markers of glycemic control, whereas others have
found weaker or non-significant relationships. More-
over, relatively few studies have specifically evaluated
the association between UHR and CAD among patients
with established T2DM. In addition to metabolic abnor-
malities, inflammation is increasingly recognized as a
key contributor to the development and progression of
both diabetes and cardiovascular disease. Hematologi-
cal inflammatory markers, including the NLR , have
been associated with adverse cardiovascular outcomes
and may provide additional insight into cardiometabolic
risk stratification. Therefore, simultaneous assessment of
metabolic, biochemical, and inflammatory parameters
may improve our understanding of the factors associ-
ated with cardiovascular complications in patients with
T2DM.

We hypothesized that patients with T2DM and angio-
graphically confirmed CAD would have higher UHR
values than diabetic patients without CAD, and that
UHR would be associated with metabolic and inflam-
matory parameters. Therefore, this exploratory cross-
sectional comparative study aimed to compare UHR
between T2DM patients with and without CAD and to
investigate the association between UHR and glycemic,
lipid, inflammatory, and hematological markers. Given
the limited and inconsistent evidence, the study also
sought to evaluate whether UHR provides additional
value as a potential marker of CAD in this population.
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Materials and Methods
Study design and participants

This exploratory cross-sectional comparative study
was conducted at the Diabetes Center of Imam Hospi-
tal, Mazandaran University of Medical Sciences, Sari,
Iran. A total of 120 adult patients with established T2DM
were consecutively recruited during the study period ac-
cording to predefined eligibility criteria. Participants
were categorized into two groups based on the presence
of CAD: Patients with angiographically documented or
clinically confirmed CAD (DM_CD group, n=60) and
patients without evidence of CAD (DM group, n=60).
The diagnosis of T2DM was established according to
the American Diabetes Association diagnostic criteria.
CAD was confirmed from documented medical records,
including coronary angiography demonstrating signifi-
cant coronary stenosis, previous myocardial infarction,
prior coronary revascularization (percutaneous coronary
intervention or coronary artery bypass grafting), or a
documented diagnosis by a cardiologist.

Eligible participants were between 40 and 75 years of
age and had a confirmed diagnosis of T2DM for at least
two years before enrollment. All participants provided
written informed consent before inclusion in the study.
Patients were excluded if they had chronic kidney dis-
ease, advanced liver disease, acute or chronic inflam-
matory disorders, active infection, autoimmune disease,
malignancy, or hematologic disorders, were pregnant, or
were under current treatment with medications known
to substantially influence serum uric acid concentrations,
including urate-lowering agents (e.g. allopurinol or fe-
buxostat) or uricosuric drugs. Demographic information,
including age, sex, and smoking status was collected for
all participants. However, detailed information regarding
body mass index (BMI), duration of diabetes beyond the
eligibility criterion, and medication use—including an-
tidiabetic agents, statins, antihypertensive medications,
diuretics, sodium-glucose cotransporter-2 (SGLT2)
inhibitors, antiplatelet agents, and other uric acid-mod-
ifying therapies—was not consistently available in the
study database and therefore could not be incorporated
into the statistical analyses. These variables were consid-
ered potential sources of residual confounding.

Sample size

An a priori sample size calculation was not performed
before participant recruitment. Instead, all consecutive
eligible patients who fulfilled the predefined inclusion
and exclusion criteria during the study period were en-
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rolled. Consequently, the present investigation should be
considered an exploratory study, and its findings should
be interpreted cautiously until confirmed by larger pro-
spective studies with adequate statistical power.

Blood collection and laboratory measurements

Following an overnight fast of 10—12 hours, approxi-
mately 10 mL of venous blood was collected from each
participant. Five milliliters were transferred into EDTA-
containing tubes for complete blood count (CBC) and
glycated hemoglobin (HbAlc) analyses, while the re-
maining blood was collected into plain tubes for serum
preparation. Samples were centrifuged at 3000 rpm for
15 minutes, and serum aliquots were stored at —80°C
until biochemical analyses were performed. Serum lev-
els of fasting blood glucose (FBS), triglycerides (TG),
total cholesterol (TC), HDL-C, low-density lipopro-
tein cholesterol (LDL-C), uric acid, creatinine, aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), calcium, and phosphorus were measured using
enzymatic colorimetric methods (Pars Azmoon Co.,
Tehran, Iran) on an automated chemistry analyzer (BT-
3000 Plus, Biotecnica Instruments, Italy). HbAlc levels
were directly measured using high-performance liquid
chromatography (HPLC) with a Bio-Rad D-10 HbAlc
Analyzer (Bio-Rad Laboratories, Hercules, CA, USA).
Complete blood count parameters, including white
blood cell count (WBC), red blood cell count (RBC), he-
moglobin (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC),
red cell distribution width (RDW), platelet count (PLT),
and mean platelet volume (MPV), were determined us-
ing a Sysmex XN-1000 automated hematology analyzer
(Sysmex Corporation, Kobe, Japan).

Calculated indices

The following indices were calculated using standard
formulas:

e UHR = Serum Uric acid (mg/dL) / HDL-C (mg/dL)

e Uric acid-to-creatinine ratio (UCR) = Serum uric
acid (mg/dL) / Serum creatinine (mg/dL)

o TyG index = In [Fasting triglycerides (mg/dL) x Fast-
ing blood glucose (mg/dL) / 2]

e NLR = Absolute neutrophil count / Absolute lym-
phocyte count
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e Platelet-to-lymphocyte ratio (PLR) = Platelet count /
absolute lymphocyte count

e Hemoglobin-to-platelet ratio (HPR) = Hemoglobin /
platelet count

e Total cholesterol-to-HDL cholesterol ratio (TC/
HDL)

e DL cholesterol-to-HDL cholesterol ratio (LDL/
HDL)

e Triglyceride-to-HDL cholesterol ratio (TG/HDL)

e Non-HDL cholesterol = Total cholesterol — HDL
cholesterol

o Cholesterol atherogenic ratio (ChAR) = Total choles-
terol / HDL cholesterol

Statistical analysis

Statistical analyses were performed using SPSS 26 soft-
ware, version (IBM Corp., Armonk, NY, USA). Continu-
ous variables were assessed for normality using the Kol-
mogorov—Smirnov test and are presented as Mean+SD or
median (interquartile range), as appropriate. Categorical vari-
ables are expressed as frequencies and percentages. Compar-
isons between the DM_CD and DM groups were performed
using the independent-samples t-test for normally distributed
variables or the Mann—Whitney U test for non-normally
distributed variables. Categorical variables were compared
using the chi-square test or Fisher’s exact test, when appro-
priate. Associations between UHR and clinical or laboratory
variables were evaluated using Pearson’s or Spearman’s cor-
relation coefficients according to data distribution. Because
HDL-C is mathematically incorporated into the UHR formu-
la, correlations between UHR and HDL-C were interpreted
with caution and were not considered evidence of an inde-
pendent biological association. To identify factors associ-
ated with CAD, univariate logistic regression analyses were
initially performed for selected variables, including UHR,
HbAlc, TyG index, and NLR. Variables demonstrating clini-
cal relevance or statistical significance in univariate analyses
were subsequently entered into a multivariable logistic re-
gression model. Odds ratios (ORs) with corresponding 95%
confidence intervals (95% Cls) were reported. Adjustment
for BMI, detailed medication use, and duration of diabetes
was not possible because these data were unavailable. Ac-
cordingly, the possibility of residual confounding cannot be
excluded, and the findings should be interpreted as explor-
atory. All statistical tests were two-sided, and P<0.05 was
considered statistically significant.
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Results

Comparison of glycemic, metabolic, inflammatory,
and biochemical parameters between the study

groups

A total of 120 patients were included in the study,
comprising 60 patients in the DM-CD group and 60
patients in the DM group. The mean age was 66.4+7.1
years in the DM group and 68.4+7.4 years in the DM-
CD group, with no statistically significant difference be-
tween the groups (P=0.2). Male participants accounted
for 54.2% of the DM group and 58.3% of the DM_CD
group (P=0.42). All participants had been diagnosed
with T2DM within the previous five years. BMI was not
available in the study database and therefore could not
be included in the baseline comparisons.

Comparison of glycemic parameters and UHR
between the DM_CD and DM groups

As shown in Table 1, there were no statistically signifi-
cant differences between the DM_CD and DM groups
regarding the primary outcome, UHR (0.139+0.06 vs
0.126+0.045, P=0.123). Similarly, glycemic parameters,
including fasting blood sugar levels (166.38+82.45
vs 161.91£59.98 mg/dL, P=0.657), HbAlc levels
(7.42£2.87 vs 7.27+2.09%, P=0.652), and the TyG index
(9.48+0.87 vs 9.44+0.63, P=0.671), were comparable
between the two groups. These findings indicate that nei-
ther glycemic control nor insulin resistance, as assessed
by the TyG index, differed significantly between patients
with diabetes and celiac disease and those with diabetes
alone.

Comparison of metabolic syndrome components
and atherogenic indices between the DM_CD and
DM groups

Table 2 presents the comparison of metabolic syn-
drome components and atherogenic indices between
the two study groups. No statistically significant dif-
ferences were observed in serum levels of triglycer-
ides (211.1£179.68 vs 181.42+99.56 mg/dL, P=0.141),
HDL cholesterol (42.1+13.56 vs 40.21+£8.49 mg/dL,
P=0.234), LDL cholesterol (80.31+29.83 vs 84.82+35.75
mg/dL, P=0.521), or total cholesterol (150.71+43.9 vs
151.3+43.30 mg/dL, P=0.951) between the DM_CD and
DM groups. Likewise, all evaluated atherogenic indices,
including the TG/HDL ratio (P=0.104), total cholesterol/
HDL ratio (P=0.483), LDL/HDL ratio (P=0.727), and
non-HDL cholesterol (P=0.951), were comparable be-
tween the groups.

Res Mol Med, 2026; 14(3):127-138
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Table 1. Comparison of glycemic parameters and UHR between the DM_CD and DM groups

MeaniSD
Variables P
DM_CD Group (n=60) DM Group (n=60)
Primary outcome UHR 0.139:0.06 0.1260.045 0.123
FBS (mg/dL) 166.38+82.45 161.91£59.98 0.657
S A HbALc (%) 7.4242.87 7.2742.09 0.652
resistance
TyG index 9.48+0.87 9.4410.63 0.671

Abbreviations: DM_CD: Diabetes mellitus with celiac disease; DM: Diabetes mellitus; UHR: Uric acid-to-high-density lipopro-
tein cholesterol ratio; FBS: Fasting blood sugar; HbAlc: Glycated hemoglobin; TyG: Triglyceride-glucose index.

Comparison of inflammatory, hematological, uric
acid-related, renal, and hepatic markers between
the DM_CD and DM groups

As shown in Table 3, patients in the DM_CD group
exhibited significantly higher inflammatory activity
than those in the DM group, as reflected by an increased
NLR (2.57+1.19 vs 1.52+0.62, P<0.001). This finding
was accompanied by significantly higher neutrophil
counts (4967.64+2285.01 vs 3794.47+1162.63 cells/
pL, P<0.001) and lower lymphocyte counts (2.09+0.57
vs 2.75+£0.79 x10%/uL, P<0.001). Hematocrit levels
were also significantly higher in the DM CD group
(40.86+5.19% vs 38.04+3.58%, P=0.003), whereas
platelet counts were significantly lower (227.34+56.12
vs 256.42+83.03 x10°%/uL, P=0.045). Although the plate-
let-to-lymphocyte ratio (PLR), hemoglobin-to-platelet

ratio (HPR), red blood cell count, and hemoglobin con-
centration tended to differ between groups, these dif-
ferences did not reach statistical significance (P>0.05).
Likewise, no significant differences were observed in
WBC count, MCV, MCH, MCHC, RDW, or MPV.

Regarding uric acid-related parameters, serum uric
acid concentrations and the uric acid-to-creatinine ratio
(UCR) were comparable between the groups (P=0.112
and P=0.250, respectively). Renal function, assessed by
serum creatinine levels, also did not differ significantly
(P=0.433). In contrast, liver enzymes were modestly but
significantly higher in the DM_CD group, with both
AST and ALT levels showing statistically significant el-
evations (P<0.05 for both).

Table 2. Comparison of metabolic syndrome components and atherogenic indices between the DM_CD and DM groups

Mean1SD
Variables P
DM_CD Group (n=60) DM Group (n=60)

TG (mg/dL) 211.1£179.68 181.42+99.56 0.141

) HDL (mg/dL) 42.1%13.56 40.21+8.49 0.234
Metabolic syndrome

components

LDL (mg/dL) 80.31+29.83 84.82+35.75 0.521

Chol (mg/dL) 150.71+43.9 151.3+43.3 0.951

TG/HDL ratio 6.56+10.78 4.85+3.27 0.104

Chol/HDL ratio 4.031£2.65 3.8411.38 0.483
Atherogenic indices

LDL/HDL ratio 2.11+1.16 2.19+1.07 0.727

Non-HDL (Chol - HDL) 108.93+47.46 109.15+43.57 0.951

Abbreviations: DM_CD: Diabetes mellitus with celiac disease; DM: Diabetes mellitus; TG: Triglycerides; HDL: High-density
lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol; Chol (TC): Total cholesterol; TG/HDL: Triglyceride-to-HDL
cholesterol ratio; Chol/HDL (TC/HDL): Total cholesterol-to-HDL cholesterol ratio; LDL/HDL: Low-density lipoprotein cho-
lesterol-to-HDL cholesterol ratio; Non-HDL: Non-high-density lipoprotein cholesterol.

—
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Table 3. Comparison of inflammatory, hematological, uric acid, renal, and hepatic markers between the DM_CD and DM groups

MeanxSD
Variables P
DM_CD Group (n=60) DM Group (n=60)

NLR 2.57+1.19 1.52+0.62 <0.001

PLR 116.39+40.61 99.14+39.35 0.07

HPR 0.062+0.018 0.054+0.018 0.057

WBC (x10%pL) 7.89+2.50 7.25¢1.51 0.156

RBC (x10%uL) 4.95+0.77 4.63+0.68 0.072

HGB (g/dL) 13.25+2.52 12.41+1.32 0.059

HCT (%) 40.8615.19 38.0443.58 0.003

Inflammatory & hematological MCV (fL) 82.9549.07 83.2549.56 0.9

markers

MCH (pg) 26.9+4.01 27.18+3.64 0.684

MCHC (g/dL) 32.31+2.15 32.58+1.39 0.372

RDW (%) 13.6+2.8 13.71+1.78 0.921

MPV (fL) 9.98+1.98 9.38+1.68 0.420

PLT (x10%uL) 227.34456.12 256.42+83.03 0.045
Neutrophil count (cells/uL) 4967.64+2285.01 3794.47+1162.63 <0.001
Lymphocyte count (x10%uL) 2.09+0.57 2.75+0.79 <0.001

Uric acid (mg/dL) 5.38+1.97 4.81+1.23 0.112

Uric acid related parameters

UCR (uric acid/creatinine) 5.1+1.78 4.71+1.32 0.250

Renal function Cr (mg/dL) 1.15+0.67 1.074£0.19 0.433
AST (U/L) 27.28+16.14 24.55+4.51 <0.05

Liver function

ALT (U/L) 27.64+19.88 24.39+8.47 <0.05

Abbreviations: DM_CD: Diabetes mellitus with celiac disease; DM: Diabetes mellitus; NLR: Neutrophil-to-lymphocyte ratio;
PLR: Platelet-to-lymphocyte ratio; HPR: Hemoglobin-to-platelet ratio; WBC: White blood cell count; RBC: Red blood cell
count; HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC:
Mean corpuscular hemoglobin concentration; RDW: Red cell distribution width; MPV: Mean platelet volume; PLT: Platelet
count; UCR: Uric acid-to-creatinine ratio; Cr: Creatinine; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

Correlation analyses

As shown in Table 4, UHR demonstrated a significant
inverse correlation with HDL cholesterol (r=—0.540,
P<0.001), indicating that higher UHR values were as-
sociated with lower HDL concentrations. UHR also
showed weak but statistically significant positive cor-
relations with the LDL/HDL ratio (r=0.238, P=0.047)
and the total cholesterol-to-HDL ratio (r=0.267,
P=0.025). Although a positive correlation was ob-
served between UHR and the TG/HDL ratio (r=0.212),

this association did not reach statistical significance
(P=0.076). No significant correlations were identi-
fied between UHR and the TyG index and fasting
blood sugar (FBS), HbAlc, triglyceride, LDL choles-
terol, total cholesterol, or non-HDL cholesterol levels.
Among patients without CAD (Table 5), UHR ex-
hibited a moderate positive correlation with triglyc-
eride levels (r=0.386, P=0.020), as well as a stronger
positive correlation with the TG/HDL ratio (r=0.545,
P=0.001). UHR was also positively associated with
the total cholesterol-to-HDL ratio (r=0.342, P=0.041).

Res Mol Med, 2026; 14(3):127-138
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Table 4. Correlations between UHR and metabolic parameters in the overall study population

Variables r P (2-tailed)
UHR 1 —

TyG index 0.153 0.207
FBS 0.003 0.981
TG 0.151 0.209
Chol -0.075 0.536
LDL -0.034 0.780
HDL -0.54 0.000
HbAlc 0.003 0.981
TG/HDL ratio 0.212 0.076
LDL/HDL ratio 0.238 0.047
Non-HDL-C 0.038 0.752
TC/HDL ratio 0.267 0.025

Abbreviations: UHR: Uric acid-to-high-density lipoprotein cholesterol ratio; TyG: Triglyceride-glucose index; FBS: Fasting
blood sugar; TG: Triglycerides; Chol (TC): Total cholesterol; LDL: Low-density lipoprotein cholesterol; HDL: High-density
lipoprotein cholesterol; HbAlc: Glycated hemoglobin; Non-HDL-C: Non-high-density lipoprotein cholesterol.

Table 5. Correlations between UHR and metabolic parameters in DM patients

Variables r P (2-tailed)
UHR 1 —

TyG index 0.17 0.320
FBS -0.127 0.459
TG 0.386 0.020
Chol -0.059 0.732
LDL -0.087 0.617
HDL -0.657 0.000
HbAlc -0.127 0.459
TG/HDL ratio 0.545 0.001
LDL/HDL ratio 0.219 0.207
Non-HDL-C 0.071 0.683
TC/HDL ratio 0.342 0.041

Abbreviations: UHR: Uric acid-to-high-density lipoprotein cholesterol ratio; CAD: Coronary artery disease; TyG: Triglyceride-
glucose index; FBS: Fasting blood sugar; TG: Triglycerides; Chol (TC): Total cholesterol; LDL: Low-density lipoprotein
cholesterol; HDL: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin; Non-HDL-C: Non-high-density
lipoprotein cholesterol.
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Table 6. Correlations between UHR and metabolic parameters in patients with DM_CD

Variables r P (2-tailed)
UHR 1 —

TyG index 0.139 0.434
FBS 0.07 0.696
TG 0.032 0.854
Chol -0.08 0.648
LDL 0.042 0.810
HDL -0.47 0.004
HbAlc 0.07 0.696
TG/HDL ratio 0.076 0.664
LDL/HDL ratio 0.303 0.077
Non-HDL-C 0.024 0.892
TC/HDL ratio 0.224 0.196

Abbreviations: UHR: Uric acid-to-high-density lipoprotein cholesterol ratio; CAD: Coronary artery disease; TyG: Triglyceride-
glucose index; FBS: Fasting blood sugar; TG: Triglycerides; Chol (TC): Total cholesterol; LDL: Low-density lipoprotein
cholesterol; HDL: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin; Non-HDL-C: Non-high-density
lipoprotein cholesterol.
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In contrast, a strong inverse correlation was observed
between UHR and HDL cholesterol levels (=—0.657,
P<0.001). No statistically significant associations were
found between UHR and the TyG index, FBS levels,
HbAlc levels, total cholesterol levels, LDL cholesterol
levels, LDL/HDL ratio, or non-HDL cholesterol levels.
As presented in Table 6, the only statistically significant
association observed in patients with CAD was a mod-
erate inverse correlation between UHR and HDL cho-
lesterol levels (=—0.470, P=0.004). Although the LDL/
HDL ratio demonstrated a weak positive correlation with

UHR (r=0.303), this relationship did not reach statistical
significance (P=0.077). Likewise, no significant correla-
tions were found between UHR and the TyG index, FBS
levels, HbAlc levels, triglyceride levels, total cholesterol
levels, LDL cholesterol levels, TG/HDL ratio, non-HDL
cholesterol levels, or the total cholesterol-to-HDL ratio.

Logistic regression analysis

Table 7 summarizes the results of the univariate and
multivariable logistic regression analyses for factors
associated with the presence of CAD. In the univariate

Table 7. Univariate and multivariable logistic regression analyses

Variables Unadjusted OR (95% Cl) Adjusted OR (95% Cl) P
UHR 1.02 (0.93-1.12) 0.658 1.07 (0.95-1.21) 0.276
NLR 4.63 (1.95-10.98) <0.001 3.99 (1.52-10.52) 0.005

TyG index 1.07 (0.64-1.79) 0.787 0.37 (0.08-1.77) 0.212

HbAlc 1.02 (0.88-1.2) 0.760 1.18 (0.8-1.74) 0.414

Abbreviations: OR: Odds ratio; CI: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; TyG: Triglyceride-glucose in-

dex; UHR: Uric acid-to-HDL cholesterol ratio.

Note: Odds ratios are presented with their corresponding 95% confidence intervals.
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analysis, NLR was the only variable significantly asso-
ciated with CAD, with each unit increase in NLR corre-
sponding to a 4.63-fold higher odds of CAD (OR=4.63;
95% CI, 1.95%, 10.98%; P<0.001). In contrast, UHR,
the TyG index, and HbA ¢ levels were not significantly
associated with CAD in the unadjusted model.

After adjustment for the other clinical variables, NLR
remained an independent predictor of CAD (adjusted
OR=3.99; 95% CI, 1.52%, 10.52%; P=0.005). Although
the adjusted odds ratio for UHR increased substantially,
its association with CAD did not reach statistical sig-
nificance (adjusted OR=1.07; 95% CIL, 0.95%, 1.21%;
P=0.276), reflecting considerable uncertainty as indi-
cated by the extremely wide confidence interval. Nei-
ther the TyG index (adjusted OR=0.37; 95% CI, 0.08%,
1.77%; P=0.212) nor HbA 1c levels (adjusted OR=1.18;
95% ClI, 0.85, 1.74%; P=0.414) showed an independent
association with CAD. Overall, these findings identify
NLR as the only independent clinical predictor of CAD
among the variables evaluated in the regression model.

Discussion

The present cross-sectional comparative study inves-
tigated the association between UHR and glycemic
control parameters and CAD in patients with T2DM.
The principal finding was that UHR did not differ sig-
nificantly between patients with and without CAD.
Moreover, UHR was not significantly associated with
FBS and HbAlc levels or the TyG index and was not an
independent predictor of CAD in multivariable logistic
regression analysis. These findings suggest that UHR
has limited utility for discriminating established CAD in
patients with T2DM.

UHR has recently attracted considerable attention as a
novel cardiometabolic marker because it combines se-
rum uric acid, which has been associated with oxidative
stress, inflammation, endothelial dysfunction, and insu-
lin resistance, with HDL-C, which has well-established
anti-inflammatory and anti-atherogenic properties. Pre-
vious studies have reported associations between el-
evated UHR and poor glycemic control, metabolic syn-
drome, insulin resistance, and adverse cardiovascular
outcomes [7, 10, 11]. Previous studies have reported that
UHR is significantly higher in patients with poor glyce-
mic control, and an association between UHR and dia-
betic control has also been observed in newly diagnosed
diabetes [7].
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In contrast, we did not observe significant associa-
tions between UHR and conventional glycemic indices,
including FBS and HbAlc levels and the TyG index.
These discrepant findings may be explained by differ-
ences in study populations. Previous investigations fre-
quently included newly diagnosed diabetic patients or
heterogeneous metabolic populations, whereas our study
included patients with established T2DM. In addition,
glycemic control was broadly comparable between the
two study groups, reducing the likelihood of detecting
differences in UHR. Collectively, these findings suggest
that the relationship between UHR and glycemic control
may depend on disease stage, patient characteristics, and
metabolic heterogeneity.

Another important finding was the absence of a sig-
nificant difference in UHR between diabetic patients
with and without CAD. Previous epidemiological stud-
ies have suggested that elevated UHR is associated with
cardiovascular disease, cardiovascular mortality, and all-
cause mortality [10-12]. However, these studies primar-
ily evaluated long-term cardiovascular risk rather than
the presence of established CAD. Consistent with our
logistic regression analysis, UHR was not independently
associated with CAD after adjustment for the available
covariates. Therefore, although UHR may be associated
with future cardiovascular risk in some populations, our
findings do not support its use as a discriminator of es-
tablished CAD in patients with T2DM.

Recent studies have provided additional insight into
the potential role of UHR across different cardiovascu-
lar settings. A large population-based study by Yi et al.
demonstrated that elevated UHR was associated with a
higher prevalence of cardiovascular disease and adverse
lipid profiles, supporting its role as a marker of cardio-
metabolic dysfunction rather than a disease-specific bio-
marker [13]. Likewise, Sun et al., using NHANES data
from diabetic individuals, reported that higher UHR was
independently associated with myocardial infarction,
suggesting that UHR may be more useful for identify-
ing individuals at increased cardiovascular risk than for
distinguishing the presence of established coronary ar-
tery disease in cross-sectional analyses [14]. Conversely,
studies conducted in acute coronary syndrome popula-
tions have shown that UHR correlates with angiographic
CAD severity, particularly among patients with non-
ST-elevation myocardial infarction. These differences
highlight that the clinical significance of UHR may vary
according to the study population, disease stage, and car-
diovascular endpoint evaluated. Therefore, the absence
of a significant association between UHR and estab-
lished CAD in our cohort does not necessarily contradict
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its potential prognostic value in other clinical settings but
rather suggests that its diagnostic performance may be
context-dependent [13-15].

Correlation analyses should also be interpreted cau-
tiously. The strong inverse correlation observed be-
tween UHR and HDL-C was expected because HDL-C
is mathematically incorporated into the denominator of
the UHR formula. Therefore, this finding should not be
interpreted as evidence of an independent biological as-
sociation but rather as an inherent mathematical property
of the index.

Among patients without CAD, UHR demonstrated
significant positive correlations with triglycerides, TG/
HDL, and TC/HDL, whereas these associations were
not observed in patients with CAD. One possible expla-
nation is that established CAD represents a more com-
plex metabolic state in which multiple factors, including
chronic vascular disease, systemic inflammation, and
unmeasured clinical variables, may modify the relation-
ship between UHR and lipid parameters. Alternatively,
the absence of these correlations in the CAD group may
reflect reduced statistical power due to the relatively
modest sample size or residual confounding. Conse-
quently, these subgroup findings should be regarded as
exploratory and require confirmation in larger prospec-
tive studies.

The inflammatory findings of the present study were
more consistent. Patients with CAD exhibited sig-
nificantly higher NLR, higher neutrophil counts, lower
lymphocyte counts, and higher hematocrit values than
patients without CAD. Furthermore, NLR remained the
only independent predictor of CAD in multivariable
logistic regression analysis. These observations agree
with previous studies identifying NLR as a marker of
systemic inflammation and an independent predictor of
cardiovascular disease in patients with diabetes [16, 17].
Together, these findings further support the important
role of inflammation in the development and progres-
sion of CAD in T2DM.

Conclusion

In this cross-sectional comparative study, UHR was not
significantly associated with glycemic control parame-
ters, was not independently associated with CAD, and
did not discriminate between patients with and without
established CAD. Although several correlations with lip-
id-related indices were observed, these findings should
be interpreted cautiously because the inverse associa-
tion with HDL-C is mathematically inherent to the UHR
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calculation. In contrast, inflammatory markers, particu-
larly NLR, demonstrated a consistent association with
CAD. Overall, the present findings do not support the
use of UHR as a clinically useful marker for discriminat-
ing established CAD in patients with T2DM, and larger
prospective studies are required to further evaluate its
clinical utility.

The present study has several limitations that should be
acknowledged. First, because of its cross-sectional de-
sign, causal relationships between UHR and CAD can-
not be established. Second, an a priori sample size calcu-
lation was not performed before participant recruitment.
Although all eligible patients meeting the predefined
inclusion and exclusion criteria during the study period
were enrolled, the study may have been underpowered
to detect small differences in UHR between patients
with and without CAD. Therefore, the absence of statis-
tically significant differences should be interpreted with
caution, and the present findings should be considered
exploratory.

Another important limitation is the lack of detailed
information regarding medication use. Data on antidia-
betic agents, lipid-lowering therapy, antihypertensive
medications, urate-lowering drugs, SGLT2 inhibitors,
diuretics, and antiplatelet therapy were not available
in the study database. Because these medications may
influence serum uric acid, HDL-C, and consequently
UHR, adjustment for these potential confounders was
not possible. Therefore, residual confounding cannot be
excluded, and the observed associations should be inter-
preted cautiously.

Furthermore, detailed information on BMI and dura-
tion of diabetes was unavailable and could not be in-
cluded in the analyses. Although age, sex, and smok-
ing status were comparable between the study groups,
unmeasured confounding may still have influenced the
findings. Future prospective studies with larger sample
sizes, comprehensive clinical data, and detailed medi-
cation information are required to validate the present
results.
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