



Investigating the Association Between Serum Uric Acid Levels, Diabetes and Other Key Biochemical Markers: A Comprehensive Analysis of Their Interrelationships and Implications for Health

Abstract
Background: Serum uric acid (UA) has emerged as a significant biomarker associated with metabolic disorders, including diabetes and dyslipidemia. While hyperuricemia is linked to insulin resistance and cardiovascular risk globally, its role in South Asian populations, particularly Bangladesh, remains understudied. Given the rising prevalence of diabetes and metabolic syndrome in Bangladesh, understanding UA's association with these conditions is crucial for tailored clinical interventions.
Aim: This study aimed to investigate the relationship between serum UA levels, diabetes, and other metabolic parameters in a Bangladeshi cohort, while assessing gender-specific differences and predictive utility.
Methods: A retrospective cross-sectional study was conducted using 220 laboratory reports from urban and semi-urban diagnostic centers in Bangladesh (2022–2023). Biochemical parameters, including UA, HbA1c, lipid profiles, and renal markers, were analyzed. Hyperuricemia was defined as UA >7.0 mg/dL (males) and >6.0 mg/dL (females). Statistical analyses included Spearman’s correlation, ROC analysis, and logistic regression.
Results: Females had higher hyperuricemia (38.2% vs. 14.1%, P=0.040) and diabetes prevalence (12.7% vs. 8.2%, P=0.042), while males exhibited lower HDL (43 vs. 48 mg/dL, P=0.009). UA correlated positively with HbA1c (ρ=0.25, P=0.006) and inversely with HDL (ρ=-0.18, P=0.024). Triglycerides (OR=2.85, P=0.004) and low HDL (OR=1.67, P=0.009) were stronger diabetes predictors than UA (OR=1.41, P=0.021).
Conclusion: UA is associated with metabolic dysfunction but is a weaker diabetes predictor than lipid abnormalities in Bangladeshi adults. Gender-specific differences highlight the need for tailored screening and management strategies.
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Introduction
Serum uric acid (UA), the end product of purine metabolism in humans, has emerged as a biomarker of significant clinical importance in contemporary medicine1. As the final enzymatic product of xanthine oxidase activity, UA serves dual roles in human physiology - acting as an antioxidant at normal physiological concentrations while demonstrating pro-oxidant properties when elevated2. This biochemical duality has positioned UA at the center of numerous pathophysiological investigations, particularly regarding its association with various chronic metabolic disorders3. The current medical literature increasingly recognizes hyperuricemia (commonly defined as serum UA levels exceeding 6.8 mg/dL) not merely as a causative factor in gout, but as an independent risk marker for a spectrum of systemic conditions including cardiovascular diseases, hypertension, chronic kidney disease, insulin resistance, metabolic syndrome, and type 2 diabetes mellitus (T2DM)4,5. Epidemiological evidence suggests that serum UA levels above 6.57 mg/dL may significantly elevate all-cause mortality risk, underscoring the critical importance of monitoring and managing UA levels in clinical practice6,7.
The global prevalence of hyperuricemia has shown a concerning upward trajectory in recent decades, with this trend being particularly pronounced in developing nations undergoing rapid socioeconomic transition8. This epidemiological shift can be largely attributed to profound changes in lifestyle patterns, including the widespread adoption of Western-style diets rich in purines and fructose, increasing rates of obesity and metabolic syndrome, and declining levels of physical activity9. South Asian countries, including Bangladesh, have been notably affected by this trend, experiencing a dramatic rise in hyperuricemia prevalence alongside other non-communicable diseases (NCDs)10,11. Bangladesh currently finds itself in an advanced stage of epidemiological transition, where NCDs now account for approximately 67% of all deaths nationally, representing a major public health challenge that demands urgent attention and targeted interventions12.
Within this context, diabetes mellitus has emerged as a particularly pressing health concern in Bangladesh. Recent national health surveys estimate that over 9% of Bangladeshi adults currently live with diabetes, with prevalence rates continuing to climb steadily13. More alarmingly, diabetes in this population frequently presents alongside other metabolic comorbidities such as dyslipidemia, obesity, and hypertension, creating complex clinical scenarios that challenge conventional management approaches14. Emerging research from diverse populations suggests that elevated serum UA may play an active role in the pathophysiology of metabolic dysfunction, potentially contributing to insulin resistance through multiple mechanisms including endothelial dysfunction, increased oxidative stress, and chronic low-grade inflammation15. These pathways not only accelerate the development of diabetes but may also exacerbate its vascular complications, creating a vicious cycle of metabolic deterioration16.
The relationship between UA and metabolic health appears particularly relevant in South Asian populations, who demonstrate unique susceptibility patterns to both hyperuricemia and diabetes17,18. Several distinctive factors may contribute to this phenomenon, including genetic predispositions, characteristic body composition patterns (with higher body fat percentages at lower BMIs), and rapidly changing dietary habits featuring increased consumption of processed foods and sugar-sweetened beverages18. Additionally, the high prevalence of chronic kidney disease in the region may further complicate UA metabolism, as impaired renal excretion represents a primary mechanism for hyperuricemia development. Despite these compelling associations, the precise interrelationships between serum UA and other metabolic parameters - including glucose homeostasis indicators, lipid profiles, and renal function markers - remain inadequately explored in the Bangladeshi context19.
This knowledge gap carries significant implications for clinical practice and public health policy in Bangladesh. Current diabetes screening and management protocols in the country predominantly focus on conventional risk factors, potentially overlooking the contributory role of UA in metabolic dysfunction20. Furthermore, the lack of population-specific data hampers the development of tailored prevention strategies that could address the unique metabolic characteristics of Bangladeshi individuals21. Given the substantial regional variations in diet, genetic background, and disease patterns, findings from Western populations may not be directly applicable to Bangladesh, necessitating localized research to inform context-appropriate clinical guidelines22.
This study explores the relationship between serum uric acid levels, diabetes status, and metabolic markers in a Bangladeshi population. It focuses on the prevalence of hyperuricemia in different diabetes groups, its association with lipid and renal markers, and its potential as a predictor of metabolic dysfunction. The findings may support improved risk assessment and targeted prevention strategies for metabolic disorders in Bangladesh.
Materials and Methods
Study Design
This investigation employed a retrospective cross-sectional study design to examine associations between serum uric acid levels and metabolic parameters in a Bangladeshi population. Data collection spanned 24 months (January 2022-December 2023) across multiple diagnostic laboratories in urban and semi-urban regions (Dhaka, Rajshahi, Natore, Tangail). The study initially screened 320 laboratory reports, applying rigorous three-stage quality control measures to exclude incomplete records, acute illnesses, and statistical outliers, resulting in a final sample of 220 eligible reports.
Laboratory Methods
All biochemical analyses were performed using standardized laboratory techniques to ensure accuracy and reproducibility. For glucose metabolism assessment, fasting blood sugar (FBS) was measured using the glucose oxidase method, while glycosylated hemoglobin (HbA1c) was quantified through high-performance liquid chromatography (HPLC). Renal function evaluation included serum uric acid (UA) measurement via the uricase-peroxidase method, along with enzymatic colorimetric tests for urea and creatinine determination. Lipid profile analysis employed enzymatic methods for total cholesterol (TC) and triglycerides (TG), homogeneous assay for high-density lipoprotein (HDL) measurement, and the Friedewald equation for low-density lipoprotein (LDL) calculation24. All laboratory procedures were conducted using automated clinical chemistry analyzers following stringent quality control protocols to maintain analytical precision.
Diagnostic Criteria
The study applied clinically validated diagnostic thresholds for parameter classification. Hyperuricemia was defined using gender-specific cutoffs, with levels exceeding 7.0 mg/dL for males and 6.0 mg/dL for females considered elevated. Diabetes status was categorized according to established HbA1c criteria: values below 5.7% indicated normal glucose tolerance, 5.7-6.4% indicated prediabetes, and 6.5% or higher confirmed diabetes diagnosis. Lipid profile interpretation followed the standard NCEP ATP III classification system25, which provides comprehensive stratification of lipid parameters based on large-scale epidemiological evidence and clinical outcomes data. These standardized criteria ensured consistent and clinically relevant classification of metabolic abnormalities across all study participants.

Statistical Analysis
Analyses used IBM SPSS v26. Continuous variables were expressed as mean±SD or median (IQR); categorical as frequencies. Group comparisons used appropriate parametric/non-parametric tests. Correlations employed Spearman's method. Predictive modeling included ROC analysis and logistic regression. All tests were two-tailed (α=0.05) with Bonferroni correction for multiple comparisons.
















Results
The study included 220 participants (61.4% female, 38.6% male), with a mean age of 42.1 years. The 31–40 age group was the largest (35.5%), and age distribution did not differ significantly between genders (P > 0.05). This suggests that age was not a confounding factor in gender-based comparisons. The female predominance aligns with trends in primary care-seeking behavior but contrasts with typical metabolic syndrome studies, which often have male-dominated cohorts (Table 1).

Table 1: Demographic Characteristics by Gender

	Age Group
	Females (n=135)
	Males (n=85)
	Total (n=220)
	P-value

	20–30 yrs
	28 (20.7%)
	15 (17.6%)
	43 (19.5%)
	0.452

	31–40 yrs
	48 (35.6%)
	30 (35.3%)
	78 (35.5%)
	0.937

	41–50 yrs
	26 (19.3%)
	18 (21.2%)
	44 (20.0%)
	0.721

	>50 yrs
	33 (24.4%)
	22 (25.9%)
	55 (25.0%)
	0.803



Males exhibited significantly higher creatinine (0.91 vs. 0.76 mg/dL, P = 0.045), reflecting greater muscle mass, and lower HDL (43 vs. 48 mg/dL, P = 0.009), indicating poorer cardiometabolic health. Despite higher uric acid trends in males (6.8 vs. 5.9 mg/dL), this did not reach significance (P = 0.078). Females had higher HbA1c (5.7% vs. 5.5%, P = 0.032), contradicting the expected male predominance in diabetes risk. This paradox may stem from hormonal influences on glucose metabolism or sampling bias in clinical settings (Table 2).
Table 2: Biochemical Parameters by Gender
	Parameter
	Total
	Females
	Males
	P-value

	Uric Acid (mg/dL)
	6.3 ± 1.4
	5.9 ± 1.2
	6.8 ± 1.5
	0.078

	Creatinine (mg/dL)
	0.82 ± 0.30
	0.76 ± 0.28
	0.91 ± 0.32
	0.045*

	HbA1c (%)
	5.6 ± 0.9
	5.5 ± 0.8
	5.7 ± 1.0
	0.032*

	HDL (mg/dL)
	46 ± 15
	48 ± 16
	43 ± 14
	0.009*




Hyperuricemia was more common in females (38.2% vs. 14.1%, P = 0.040), yet diabetes prevalence was also higher in females (12.7% vs. 8.2%, P = 0.042). This unexpected association suggests uric acid’s role may differ by gender, possibly mediated by estrogen’s effects on urate excretion. Low HDL was prevalent overall (31.8%), emphasizing a shared metabolic dysfunction, but males had worse lipid profiles (higher TG, lower HDL), aligning with known atherogenic patterns (Table 3)

Table 3: Prevalence of Abnormal Conditions
	Condition
	Total
	Females
	Males
	P-value

	Hyperuricemia (UA >6.0 mg/dL)
	52.3%
	38.2%
	14.1%
	0.040*

	Diabetes (HbA1c ≥6.5%)
	20.9%
	12.7%
	8.2%
	0.042*

	Low HDL (<40 mg/dL)
	31.8%
	19.5%
	12.3%
	0.047*




Uric acid correlated positively with urea (ρ = 0.32, P = 0.001), linking it to renal function, and HbA1c (ρ = 0.25, P = 0.006), supporting its role in glucose dysregulation. The inverse correlation with HDL (ρ = −0.18, P = 0.024) underscores uric acid’s association with atherogenic dyslipidemia. These findings position uric acid as a marker of both metabolic and renal dysfunction, though its predictive power for diabetes was modest (AUC = 0.68) (Table 4).

Table 4: Correlation of Uric Acid with Other Parameters
	Parameter
	Correlation (ρ)
	P-value

	Urea
	0.32
	0.001*

	HbA1c
	0.25
	0.006*

	TG
	0.24
	0.008*

	HDL
	-0.18
	0.024*






HbA1c was the strongest diabetes predictor (AUC = 0.75), followed by TG (AUC = 0.71). In multivariate analysis, high TG (OR = 2.85, P = 0.004) and low HDL (OR = 1.67, P = 0.009) were significant risk factors, while uric acid had a weaker independent effect (OR = 1.41, P = 0.021). This highlights lipid management as a priority in diabetes prevention, with uric acid serving as a secondary marker (Table 5,6)

Table 5: Predictive Power for Diabetes (ROC Analysis)
	Parameter
	AUC
	Cut-off
	Sensitivity
	Specificity
	P-value

	HbA1c
	0.75
	5.8%
	76.5%
	68.3%
	<0.001*

	Uric Acid
	0.68
	6.2 mg/dL
	70.2%
	62.1%
	0.002*

	TG
	0.71
	118 mg/dL
	72.8%
	65.4%
	0.001*



Table 6: Multivariate Risk Factors for Diabetes
	Risk Factor
	OR (95% CI)
	P-value

	High Uric Acid
	1.41 (1.08–1.84)
	0.021*

	High TG
	2.85 (1.32–3.52)
	0.004*

	Low HDL
	1.67 (1.22–2.29)
	0.009*













Discussion
The present study revealed significant gender disparities in metabolic markers among Bangladeshi adults. Males demonstrated higher creatinine levels (0.91 vs 0.76 mg/dL), consistent with their greater muscle mass, and lower HDL cholesterol (43 vs 48 mg/dL), indicating poorer cardiometabolic profiles. Interestingly, females showed higher HbA1c levels (5.7% vs 5.5%) and greater prevalence of hyperuricemia (38.2% vs 14.1%), contrasting with global patterns where males typically exhibit worse metabolic parameters. This finding aligns with recent South Asian studies suggesting unique gender-specific metabolic patterns in the region, possibly related to differences in body composition, hormonal influences, and lifestyle factors26,27.
The analysis demonstrated uric acid's multifaceted role as a metabolic marker, showing significant positive correlations with both urea (ρ=0.32) and HbA1c (ρ=0.25), while exhibiting an inverse relationship with HDL cholesterol (ρ=-0.18). These associations suggest that elevated uric acid levels may reflect both renal dysfunction and impaired glucose metabolism, while contributing to atherogenic dyslipidemia through endothelial dysfunction28. However, the relatively modest predictive value of uric acid for diabetes (AUC=0.68) compared to established markers like HbA1c (AUC=0.75) indicates its limited utility as a standalone screening tool. These observations are consistent with recent research highlighting the complex, context-dependent relationship between uric acid and metabolic disorders29,30.
The study identified dyslipidemia, particularly elevated triglycerides (OR=2.85) and reduced HDL cholesterol (OR=1.67), as stronger independent risk factors for diabetes than uric acid levels (OR=1.41). This finding reinforces the central role of lipid abnormalities in diabetes pathogenesis among South Asian populations31, where atherogenic dyslipidemia often precedes and accompanies glucose metabolism disorders. The high prevalence of low HDL cholesterol (31.8%) in our cohort mirrors regional epidemiological patterns and likely reflects the combined effects of genetic predisposition and lifestyle factors characteristic of nutritional transition in Bangladesh32. These results corroborate findings from large multinational studies in South Asia that have emphasized the primacy of lipid disturbances in diabetes33.
The unexpected finding of higher diabetes prevalence among females despite their more favorable lipid profiles warrants particular attention. This paradox may reflect gender differences in body fat distribution, with South Asian women34 tending to accumulate more metabolically active visceral fat at lower BMI thresholds than men. Additionally, cultural factors influencing physical activity levels and dietary patterns may contribute to this phenomenon. The female predominance in hyperuricemia prevalence contrasts with most Western studies but has been observed in other South Asian populations, possibly due to gender-specific differences in renal urate handling or dietary habits35. These observations highlight the importance of developing population-specific risk assessment tools and intervention strategies36.
While providing valuable insights, this study has several limitations that should be acknowledged. The cross-sectional design prevents establishment of causal relationships between the examined variables. The lack of detailed dietary and physical activity data limits our ability to fully contextualize the observed metabolic patterns. Furthermore, the modest sample size may have reduced statistical power for some subgroup analyses. Future longitudinal studies incorporating comprehensive lifestyle assessments and larger, population-representative samples would help clarify the temporal relationships between uric acid, lipid abnormalities, and diabetes development in this population.
Conclusion 
In conclusion, this study contributes to the growing body of evidence suggesting that the metabolic significance of uric acid may vary across populations and gender groups. While uric acid shows associations with both renal and metabolic dysfunction, lipid abnormalities appear to be more strongly linked to diabetes risk in Bangladeshi adults. These findings underscore the need for tailored approaches to diabetes prevention and management that account for population-specific risk factor patterns and gender differences in disease manifestation.
Ethical approval 
The study protocol received institutional review board approval and strictly followed Declaration of Helsinki guidelines23. All laboratory data were completely anonymized through removal of personal identifiers. As the research involved only secondary analysis of existing records without patient contact, it was classified as minimal-risk with waived consent requirements. Stringent data protection measures were implemented, including restricted access to encrypted files.
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