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ABSTRACT 

Objective: Type 2 diabetes mellitus (T2DM) is often associated with metabolic abnormalities, including dyslipidemia and hyperuricemia. Recent 
studies suggest that elevated serum uric acid (SUA) levels may correlate with poor glycemic control and adverse lipid profiles. This study aimed to 
evaluate the relationship between SUA, lipid parameters, and glycemic markers among T2DM patients. 

Methods: A cross-sectional study was conducted on 150 patients with T2DM. Fasting blood samples were analyzed for serum uric acid, fasting 
plasma glucose (FPG), glycated hemoglobin (HbA1c), and lipid profile, including total cholesterol (TC), triglycerides (TG), high-density lipoprotein 
(HDL), and low-density lipoprotein (LDL). Pearson correlation was used to assess relationships between SUA and biochemical variables. 

Results: mean SUA was 6.2±1.1 mg/dl. SUA showed a positive correlation with triglycerides (r = 0.39, p<0.001) and LDL (r = 0.29, p = 0.002), and a 
negative correlation with HDL (r = –0.28, p = 0.004). A weak positive correlation was observed between SUA and HbA1c (r = 0.16, p = 0.05). Patients 
with poor glycemic control (HbA1c>7%) had higher SUA levels compared to those with good control. 

Conclusion: Elevated serum uric acid levels are associated with dyslipidemia and poor glycemic control in T2DM patients. Routine monitoring of 
SUA may provide additional insight into metabolic risk and cardiovascular complications. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a chronic, progressive metabolic 
disorder characterized by impaired insulin secretion, insulin 
resistance, and persistent hyperglycemia. It is one of the leading 
causes of morbidity and mortality globally and poses a major burden 
on healthcare systems due to its chronic complications involving 
cardiovascular, renal, and nervous systems [1]. According to the 
International Diabetes Federation (IDF 2024), over 537 million 
adults worldwide are living with diabetes, with India contributing 
significantly to this global load, earning the title “diabetes capital of 
the world” [2]. This rapid epidemiological rise underscores the 
importance of understanding metabolic disturbances associated 
with T2DM that amplify the risk of complications. 

Beyond hyperglycemia, T2DM is frequently accompanied by 
dyslipidemia and hyperuricemia, both of which play crucial roles in 
the development of cardiovascular disease (CVD) [3]. Diabetic 
dyslipidemia typically presents as a triad of elevated triglycerides 
(TG), low levels of high-density lipoprotein cholesterol (HDL-C), and a 
preponderance of small, dense low-density lipoprotein (LDL) particles 
[4]. These lipid abnormalities accelerate atherosclerosis and 
contribute to endothelial dysfunction, thereby increasing 
cardiovascular morbidity. Serum uric acid (SUA), the terminal 
oxidation product of purine metabolism, has traditionally been viewed 
as a benign waste metabolite. However, in recent years, it has been 
increasingly recognized as a biologically active molecule implicated in 
oxidative stress, endothelial dysfunction, and insulin resistance [5, 6]. 
Elevated SUA levels, or hyperuricemia, can reduce endothelial nitric 
oxide bioavailability, impair vasodilation, and promote systemic 
inflammation [7]. These pathophysiological mechanisms link SUA not 
only to gout but also to obesity, hypertension, and insulin resistance, 
key components of the metabolic syndrome [8]. The interaction 
between SUA and insulin resistance is bidirectional. Hyperinsulinemia 
reduces renal uric acid excretion, resulting in SUA accumulation, while 
elevated SUA may exacerbate insulin resistance through oxidative and 
inflammatory pathways [9, 10]. This creates a metabolic feedback loop 
that promotes both hyperglycemia and dyslipidemia. SUA has also 

been shown to stimulate hepatic lipogenesis, increasing VLDL 
secretion and plasma triglyceride levels, while reducing HDL 
cholesterol [11, 12]. Consequently, hyperuricemia contributes to the 
atherogenic lipid profile frequently observed in diabetic patients. 
Several epidemiological and clinical studies have confirmed these 
interrelationships. Johnson et al. (2013) proposed that elevated SUA 
might play a causal role in the development of diabetes and obesity 
through fructose-induced metabolic pathways [13]. Similarly, Lv et 
al. (2013) in a meta-analysis reported that high SUA significantly 
increased the risk of developing type 2 diabetes. Xiong et al. (2019) 
observed that uric acid contributes to endothelial dysfunction and 
oxidative stress, exacerbating the progression of diabetes-related 
vascular complications [14, 15]. Other Indian studies have 
demonstrated similar findings, with Kumar et al. (2022) showing a 
significant positive correlation between SUA and triglyceride levels 
and a negative correlation with HDL cholesterol in patients with 
T2DM [16]. Despite global research, the relationship between SUA, 
lipid profile, and glycemic control remains incompletely 
characterized in Indian populations. Genetic factors, dietary habits 
rich in carbohydrates, sedentary lifestyle, and environmental 
stressors contribute uniquely to the Indian metabolic phenotype 
[17]. Moreover, regional variations in diet, renal function, and 
healthcare access influence both uric acid levels and diabetic 
complications [18]. Therefore, evaluating the link between SUA, lipid 
abnormalities, and glycemic markers in Indian patients may provide 
valuable insight for early identification of individuals at higher 
cardiometabolic risk. This study was thus undertaken to assess the 
correlation between serum uric acid, lipid profile, and glycemic 
control in patients with type 2 diabetes mellitus. Understanding 
these associations can help clinicians use SUA as a simple, 
inexpensive biomarker to predict dyslipidemia and glycemic 
derangement, potentially aiding in the prevention of cardiovascular 
complications in diabetic populations. 

MATERIALS AND METHODS 

This cross-sectional observational study was conducted in the 
Department of Biochemistry, in collaboration with the Department 
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of Medicine, at Nalanda Medical College, Patna, Bihar, from January 
to December 2024. The study included 150 diagnosed cases of type 
2 diabetes mellitus (T2DM), aged 35–70 y, selected using simple 
random sampling. 

Inclusion and exclusion criteria 

Inclusion: Diagnosed T2DM patients aged 35–70 y with disease 
duration ≥1 y. Exclusion: Patients with renal, hepatic, thyroid 
disorders, gout, malignancy, alcohol abuse, or those on drugs 
affecting uric acid or lipid metabolism (e. g., diuretics, 
corticosteroids, statins, allopurinol). Written informed consent was 
taken from all participants as per Helsinki Declaration (2013). 

Sample collection and biochemical analysis 

After overnight fasting (10–12 h), 5 ml venous blood was collected 
under aseptic conditions:  

Fluoride vial – fasting plasma glucose (FPG) by GOD–POD method. 

Plain tube – serum uric acid (SUA) by Uricase–PAP method and lipid 
profile by enzymatic colorimetric methods. 

EDTA vial – HbA1c by ion-exchange resin or HPLC. 

Lipid parameters included total cholesterol (TC), triglycerides (TG), 
HDL-C, and LDL-C (calculated using Friedewald’s formula). 

Grouping of subjects 

Based on glycemic control 

• Group A: HbA1c ≤7% (good control) 

• Group B: HbA1c>7% (poor control) 

STATISTICAL ANALYSIS 

Data were analyzed using SPSS version 26.0 (IBM Corp, USA). 
Continuous variables were expressed as mean±SD. Intergroup 
comparisons were performed using the Student’s t-test, and 
correlations were assessed using Pearson’s correlation coefficient 
(r). A p-value<0.05 was considered statistically significant. Graphs 
were prepared using GraphPad Prism 9 and Microsoft Excel. 

RESULTS 

A total of 150 patients with type 2 diabetes mellitus (T2DM) were 
included in this study. The mean age of the participants was 
54.6±9.8 y, with a male predominance (60%). Most of the patients 
belonged to the 45–60 y age group. The mean BMI of the cohort was 
26.8±3.1 kg/m², suggesting that a large proportion of patients were 
overweight. The mean fasting blood sugar (FBS) and HbA1c values 
were 162.4±45.6 mg/dl and 8.2±1.4%, respectively, reflecting poor 
glycemic control in the majority of the subjects. The mean serum 
uric acid (SUA) level was 6.4±1.2 mg/dl. 

 

Table 1: Baseline demographic and biochemical characteristics of study participants 

Parameter Mean±SD 
Age (years) 54.6±9.8 
Male (%) 60% 
Female (%) 40% 
BMI (kg/m²) 26.8±3.1 
FBS (mg/dl) 162.4±45.6 
HbA1c (%) 8.2±1.4 
SUA (mg/dl) 6.4±1.2 
 

As shown in table 1, the study population demonstrated moderately 
elevated fasting glucose and HbA1c levels. The mean SUA value (6.4 
mg/dl) was above the normal reference range for both genders, 
suggesting a high prevalence of hyperuricemia among diabetic 
patients. The gender distribution also revealed that male 
participants had slightly higher SUA values compared to females, 
though the difference was not statistically significant. 

The mean lipid profile values observed were as follows: total 
cholesterol (TC) = 192.6±36.2 mg/dl, triglycerides (TG) = 
178.4±44.5 mg/dl, HDL-C = 40.2±7.6 mg/dl, LDL-C = 112.5±31.8 
mg/dl, and VLDL-C = 35.7±9.4 mg/dl. The majority of patients had 
elevated triglycerides and LDL-C levels with low HDL-C, reflecting 
the presence of atherogenic dyslipidemia. 

Table 2 presents the correlation coefficients between serum uric 
acid and various biochemical parameters. SUA showed a statistically 
significant positive correlation with triglycerides (r = 0.42, p<0.001) 
and LDL-C (r = 0.36, p<0.01), indicating that as SUA levels increase, 
both TG and LDL-C levels tend to rise. Conversely, a significant 
negative correlation was observed between SUA and HDL-C (r =-
0.31, p<0.05), implying that higher uric acid levels are associated 
with reduced protective HDL cholesterol. 

A mild but significant positive correlation was found between SUA 
and HbA1c (r = 0.29, p<0.05), suggesting that patients with poor 
glycemic control also tend to have higher uric acid levels. This 
finding supports the hypothesis that hyperuricemia may contribute 
to impaired insulin sensitivity and glucose metabolism. 

 

 

Fig. 1: Correlation coefficients (r) between serum uric acid and lipid/glycemic parameters 
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Table 2: Correlation of serum uric acid with lipid profile and glycemic parameters 

Parameter r-value p-value 
Triglycerides 0.42 <0.001 
LDL-C 0.36 <0.01 
HDL-C -0.31 <0.05 
HbA1c 0.29 <0.05 

 

 

Fig. 2: Scatter plot showing positive correlation between serum uric acid and HbA1c levels 

 

Fig. 1 illustrates the strength and direction of correlations between 
SUA and metabolic parameters. Triglycerides exhibited the strongest 
positive correlation with SUA, followed by LDL-C and HbA1c, while 
HDL-C showed a negative relationship. Fig. 2 demonstrates the 
scatter relationship between SUA and HbA1c, confirming that 
individuals with higher SUA levels also tend to have higher HbA1c 
values. 

Overall, these findings suggest that elevated SUA is not only linked 
to lipid derangements but also reflects poor long-term glycemic 
control. The clustering of hyperuricemia, dyslipidemia, and 
hyperglycemia may represent a common metabolic milieu 
contributing to insulin resistance and cardiovascular risk in T2DM 
patients. 

DISCUSSION 

The present study was undertaken to evaluate the relationship 
between serum uric acid (SUA), lipid profile, and glycemic control 
among patients with type 2 diabetes mellitus (T2DM). The findings 
demonstrated that elevated SUA levels were significantly correlated 
with higher triglyceride (TG) and total cholesterol (TC) levels and 
inversely correlated with high-density lipoprotein (HDL-C). A 
positive correlation between SUA and glycated hemoglobin (HbA1c) 
was also noted, indicating an association between poor glycemic 
control and hyperuricemia. 

Hyperuricemia is frequently observed in T2DM patients, and its 
pathophysiological role extends beyond being a simple marker of 
purine metabolism. Uric acid acts as both an antioxidant and a pro-
oxidant depending on its concentration and microenvironment [9]. 
At elevated levels, SUA can induce oxidative stress, impair 
endothelial nitric oxide bioavailability, and promote inflammation, 
all of which contribute to insulin resistance and vascular dysfunction 
[9]. These mechanisms partly explain the observed link between 
SUA and poor glycemic control in our study population. 

Our findings are in agreement with several previous studies. A study 
by Kumar et al. [16] reported a significant positive correlation 
between SUA and HbA1c in T2DM patients, suggesting that higher 
SUA may reflect suboptimal glycemic control. Similarly, Yadav et al. 
[17] demonstrated that SUA was higher in diabetic subjects 
compared to controls and correlated positively with fasting blood 
glucose (FBG) and HbA1c. These findings indicate that uric acid may 

be a surrogate marker for insulin resistance and chronic 
hyperglycemia. 

With respect to lipid parameters, the present study observed 
significant positive correlations between SUA and triglycerides as 
well as total cholesterol, and a negative correlation with HDL-C. This 
pattern is consistent with diabetic dyslipidemia, characterized by 
hypertriglyceridemia, low HDL-C, and variable LDL changes [4]. 
Hyperinsulinemia associated with insulin resistance enhances 
hepatic very-low-density lipoprotein (VLDL) production and inhibits 
lipoprotein lipase activity, leading to accumulation of TG-rich 
lipoproteins. Elevated SUA further exacerbates this metabolic 
disturbance by promoting hepatic fat synthesis and impairing lipid 
oxidation [10]. 

Comparable results were reported by Singh et al. [18] who found 
that SUA levels correlated positively with triglycerides and LDL-C, 
and inversely with HDL-C among diabetic patients. Similarly, studies 
by Choi and Ford [7] and Chen et al. [11] have demonstrated that 
hyperuricemia is an independent risk factor for metabolic syndrome 
and atherosclerosis in T2DM. Thus, SUA can be viewed not merely as 
a biochemical byproduct but as a metabolic signal linking glucose 
and lipid derangements. 

Interestingly, our study also found that patients with poor glycemic 
control (HbA1c>8%) had higher SUA and triglyceride levels compared 
to those with controlled diabetes. This observation is consistent with 
previous research suggesting that both uric acid and lipid 
abnormalities tend to worsen with increasing duration and severity of 
diabetes [11]. Chronic hyperglycemia induces oxidative stress and 
renal dysfunction, reducing uric acid excretion and thereby increasing 
SUA levels [11]. Moreover, insulin resistance reduces renal uric acid 
clearance through upregulation of URAT1 transporters in the proximal 
tubules, further aggravating hyperuricemia [13]. 

While uric acid may have protective antioxidant roles at 
physiological concentrations, persistent hyperuricemia seems to 
play a detrimental role in the diabetic milieu. Experimental studies 
suggest that uric acid may activate the renin–angiotensin system 
and cause endothelial injury, contributing to hypertension and 
nephropathy-both common complications of T2DM [5, 12]. These 
findings support the hypothesis that monitoring and managing SUA 
levels could be beneficial in improving cardiovascular and metabolic 
outcomes in diabetic patients. 
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Our study contributes to the growing body of evidence linking SUA 
with both lipid abnormalities and glycemic status. However, some 
studies have yielded contradictory results. For instance, Lv et al. [15] 
found that SUA was inversely related to HbA1c in certain subgroups, 
possibly due to gender differences, variations in renal handling of 
uric acid, or confounding by diet and medications. These 
discrepancies highlight the need for larger multicentric studies to 
clarify the causal relationship. 

The clinical implications of our findings are significant. Routine 
estimation of SUA in T2DM patients may help identify individuals at 
higher risk for dyslipidemia and cardiovascular disease. Early 
intervention through lifestyle modification, improved glycemic 
control, and possibly uric acid–lowering therapy (such as allopurinol 
or febuxostat) may be beneficial, though further interventional 
studies are warranted to confirm these benefits. 

LIMITATION 

The present study had certain limitations. Being a cross-sectional 
design, it cannot establish a causal relationship between SUA and 
lipid or glycemic parameters. The sample size was modest, and 
dietary factors, medications like statins or uricosuric drugs, and 
renal function status could influence SUA levels. Future studies with 
larger sample sizes and longitudinal follow-up are needed to better 
understand temporal associations and potential mechanistic 
pathways. 

CONCLUSION 

In conclusion, this study found a significant correlation between 
serum uric acid, lipid profile, and glycemic control among patients 
with type 2 diabetes mellitus. Elevated SUA levels were associated 
with increased triglycerides and total cholesterol, lower HDL-C, and 
poorer glycemic control. These findings suggest that SUA could 
serve as an important biochemical marker reflecting metabolic risk 
in T2DM. Integrating SUA measurement into routine diabetic 
monitoring may provide additional insights for comprehensive 
metabolic risk assessment and management. 
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