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Objective: Increasing evidence suggests that oxidants from uric acid synthesis may cause 
renal dysfunction and cardiovascular diseases by inducing inflammation and endothelial dys-
function. Variations in the correlations between inflammation and albuminuria due to race 
and ethnicity have been noted in diabetic patients. However, studies on this topic among 
Turkish patients with type 2 diabetes remain limited. This study aimed to investigate the re-
lationship between serum uric acid levels and microalbuminuria in patients with type 2 DM.

Methods: This prospective cross-sectional study included 80 patients with T2DM, divided 
into two groups: 40 with microalbuminuria (30–300 mg in 24-hour urine proteinuria) and 
40 without (<30 mg in 24-hour urine proteinuria). Biochemical parameters were assessed 
through the analysis of venous blood samples, which were collected following a 12-hour 
fasting period during outpatient evaluations.

Results: The study population had a mean age of 57.8±11.6 years. The mean uric acid levels 
(4.7±1.5 vs. 4.0±1.1, P=0.036) and the mean creatinine clearance (114.6±5.8 vs. 98.1±3.4, 
P=0.050) were higher in the group with microalbuminuria compared to the group with-
out. The 24-hour urinary protein levels were positively correlated with HbA1C (r=0.305, 
P=0.036), uric acid (r=0.308, P=0.032), and creatinine clearance (r=0.294, P=0.050).

Conclusion: Individuals with T2DM and microalbuminuria tend to display elevated levels of 
uric acid. Considering the potential effects of increased uric acid levels on diabetic nephrop-
athy, end-stage renal disease, and the development of cardiovascular disease, routine moni-
toring of uric acid levels in T2DM patients may be important from a prognostic perspective.
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INTRODUCTION

Diabetes mellitus (DM), a major health concern, is pro-
jected to impact 578 million individuals worldwide by 2030 
and escalate to 700 million by 2045.[1] Diabetes is a signif-
icant metabolic disease known for causing macrovascular 
complications such as cardiovascular disease (CVD) and 
atherosclerosis, as well as microvascular complications 
such as nephropathy.[2] These complications are well-
established factors for the increased risk of mortality in 
patients with type-2 DM (T2DM).[3,4] Therefore, studies 
concerning the pathogenesis of diabetes and its complica-
tions are gaining increased importance.

Uric acid, a product of purine metabolism, is generated 
through the enzymatic actions of xanthine oxidase. This 
process also results in the production of oxidants, which 
have been implicated in cardiovascular diseases and renal 
dysfunction.[5] This can also induce an inflammatory re-

sponse, leading to organ dysfunction. Therefore, in clini-
cal practice, uric acid can serve as a significant marker for 
predicting elevated levels of oxidative stress.[6] Oxidative 
stress can increase reactive oxygen species (ROS), leading 
to renal vascular endothelial damage and the production 
of proteinuria.[7,8] Albuminuria, defined as the presence 
of an excessive amount of serum protein in the urine, 
is a significant indicator of kidney damage, including im-
paired reabsorption and filtration by the kidneys.[9] On the 
other hand, it has been suggested that race and ethnicity 
could cause significant variations in the relationship be-
tween inflammation and albuminuria in patients with dia-
betic diseases.[10] Globally, recent studies in patients with 
cardiovascular or diabetic diseases have demonstrated a 
significant association between uric acid levels and albu-
minuria levels.[11-14] However, studies on this topic among 
Turkish patients with T2DM remain limited.

The objective of this research was to explore the associ-
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ation between microalbuminuria and serum uric acid con-
centrations in patients with T2DM.

MATERIALS AND METHODS

This prospective cross-sectional investigation, carried out 
at the DM Clinic of HaydarpaşaNumune Training and Re-
search Hospital between January 2006 and May 2007, was 
in alignment with the Helsinki Declaration and Good Clin-
ical Practice Guidelines.This study is a specialization thesis, 
it was conducted with institutional approval before 2020, 
the ethics committee decision was not taken at that time

The study was conducted 80 patients with T2DM, aged 
between 28 and 77 years, all of whom presented to the 
DM outpatient clinic. Each patient was undergoing treat-
ment with oral antidiabetic medication. Patients with 
secondary and type-1 DM, suspected pregnancy, and an 
estimated glomerular filtration rate (eGFR) less than 60 
mg/dL/1.173 m² were excluded from the study. Those sus-
pected of pregnancy were tested for beta human chori-
onic gonadotropin. Patients with hypertension who were 
using antihypertensive drugs known to affect uric acid 
levels (such as losartan, various diuretics including hy-
drochlorothiazide, furosemide, and ethacrynic acid) were 
also excluded from the study.

Operational definitions
Patients with a significant increase in urine albumin-creati-
nine ratio (ACR) in the range of 30-299 mg/g of creatinine 
or with a urine albumin excretion rate (UAE) in the range 
of 30-299 mg/24 hours were considered to have microal-
buminuria.

Study protocol
The demographic and clinical data of all patients were re-
corded during the outpatient examination. Biochemical 
parameters were assessed through the analysis of venous 
blood samples, which were collected following a 12-hour 
fasting period during outpatient evaluations. The analysis 
of all samples was conducted in a single laboratory, uti-
lizing a uniform methodology detailed later in the text. 
Patients with T2DM were categorized into two distinct 
groups: those with microalbuminuria (n=40) and those 
without (n=40). Measurements of fat mass and body fat 
percentage were conducted using the Tanita Body Com-
position Analyzer TBF-300, following a 30-minute rest pe-
riod for the subjects.

Biochemical analysis
The Hitachi Modular autoanalyzer (Roche Diagnostics 
Corp., Indianapolis, IN, USA) was used for the analysis of 
patients’ venous blood and 24-hour urine samples. Lev-
els of 24-hour urine protein (microalbumin turbidimetric 
method), hemoglobin A1C (HbA1C) (turbidimetric inhi-
bition immunoassay, TINIA), fasting blood glucose (FBG), 
and lipid parameters (enzymatic colorimetric method) 
were measured. The determination of low-density lipo-
protein cholesterol (LDL-C) was carried out employing 

the Friedewald formula.[15] Creatinine clearance was de-
termined using the Cockcroft-Gault equation. For female 
patients, the obtained value was adjusted by multiplying 
by a factor of 0.85. The formula for creatinine clearance 
(mL/min) is: (140 - age) × weight / (72 × serum creatinine 
level).[16] 

Statistical Analysis
All data were analyzed with MINITAB RELEASE 14 
(Minitab Inc., Pennsylvania, USA). The assessment of 
normal distribution was conducted through the Ander-
son-Darling test. Numerical data were represented in 
terms of mean ± standard deviation. Depending on the 
distribution’s normality, the comparison of numerical data 
between the two groups was conducted using either the 
Student’s T-test or the Mann-Whitney U test. The corre-
lations among numerical data sets were assessed through 
Pearson or Spearman correlation analysis, depending on 
the normality of distribution. Categorical variables were 
displayed in the form of numbers and percentages, with 
group comparisons conducted through the Chi-square 
test. A p-value of less than 0.05 (*) was considered statis-
tically significant for all analyses.

RESULTS

The study population consisted of 80 cases including 49 
women (61.3%) and 31 men (38.7%), with a mean age of 
57.8±11.6 years. The mean weight was higher in the group 
with microalbuminuria compared to the group without 
(89.5±12.0 vs. 75.0±12.6, P=0.002), while the mean BMI 
was lower (35.1±9.6 vs. 40.0±9.6, P=0.024). The mean 
high-density lipoprotein cholesterol (HDL-C) was lower 
in the group with microalbuminuria compared to the 
group without (40.6±8.6 vs. 47.3±9.3, P=0.001), while the 
mean uric acid (4.7±1.5 vs. 4.0±1.1, P=0.036) (Figure 1) 
and the mean creatinine clearance (114.6±5.8 vs. 98.1±3.4, 
P=0.050) were higher. There were no significant variances 
in other demographic and clinical findings between the 
groups with and without microalbuminuria (Table 1).

Figure 1. Distribution of uric acid levels in patients with type 2 
diabetes mellitus based on the presence of microalbuminuria.



The 24-hour urinary protein levels were positively corre-
lated with HbA1C (r=0.305, P=0.036), uric acid (r=0.308, 
P=0.032), and creatinine clearance (r=0.294, P=0.050), 
whereas they showed a negative correlation with HDL-C 
levels (r=-0.318, P=0.011) (Table 2).

DISCUSSION
Even with the latest advancements in the treatment of di-
abetes, nephropathy continues to be a leading cause of 
end-stage renal disease. Increasing evidence indicates that 
oxidants generated in the process of uric acid synthesis 
contribute to the pathogenesis of renal dysfunction and 
the development of cardiovascular diseases by triggering 
inflammation and leading to endothelial dysfunction.[17] 
Moreover, studies propose that endothelial dysfunction 
resulting from hyperuricemia promotes the proliferation 
of afferent vascular smooth muscle cells and diminishes 
renal perfusion. This suggests that increased levels of uric 
acid may play a crucial role in the progression of renal 
damage.[18]

Observations indicated that patients with microalbumin-
uria had increased uric acid levels. A study by Behrad-
manesh et al.[19] suggested that higher levels of serum uric 
acid might significantly contribute to the development of 
diabetic nephropathy. In another study conducted in pa-
tients with T2DM, a positive correlation was reported be-
tween serum uric acid concentration and urinary albumin 
excretion.[20] A study involving healthy Korean men demon-
strated that elevated serum uric acid levels independently 
increased the risk of microalbuminuria development over 
a period of five years.[21] Studies have shown that even mild 
hyperuricemia has an independent relationship with mi-
croalbumin.[22] Furthermore, in patients with T2DM who 

Table 1.	 Demographic and laboratory findings of patients with type 2 diabetes mellitus

Variables	 Type 2 DM		  P-value

		  With MA	 Without MA
		  n = 40	 n = 40	

Age, years	 57.0±11.8	 58.0±12.6	 0.833
Gender, n (%)			 
	 Male	 16 (40.0)	 15 (37.5)	 0.820
	 Female	 24 (60.0)	 25 (62.5)	
Weight, kg	 89.5±12.0	 75.0±12.6	 0.002*
Height, m	 1.7±3.5	 1.6±2.8	 0.131
Waist circumference, cm	 104.1±9.6	 99.4±14.0	 0.079
BMI, kg/m2	 35.1±9.6	 40.0±9.6	 0.024*
Smoker, n (%)	 6 (15.0)	 8 (20.0)	 0.559
Duration of DM, years	 7.8 ±1.0	 9.5±1.3	 0.279
Hypertension, n (%)	 21 (52.5)	 18 (45.0)	 0.505
Cholesterol, mg/dL	 207.0±57.7	 196.0±51.0	 0.353
LDL-C, mg/dL	 122.0±39.8	 118.0±37.0	 0.634
HDL-C, mg/dL	 40.6±8.6	 47.3±9.3	 0.001*
Triglyceride, mg/dL	 229.0±60.3	 161.0±40.4	 0.197
HbA1C, %	 8.5±2.4	 10.6±3.0	 0.409
Uric acid, mg/dL	 4.7±1.5	 4.0±1.1	 0.036*
Creatinine clearance, mL/min	 114.6±5.8	 98.1±3.4	 0.050*

Data are mean ± standard deviation or median (IQR), or number (%). *p<0.05 indicates statistical significance. Abbreviations: BMI: Body mass index; 
DM: Diabetes mellitus; HbA1C: Hemoglobin A1C; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; MA: 
Microalbuminuria.

Table 2.	 Parameters associated with 24-hour urinary 
protein levels in patients with type 2 diabetes 
mellitus

Variables	 r	 P-value

Age	 0.102	 0.862
Weight	 0.258	 0.301
Waist circumference	 0.271	 0.109
BMI	 0.282	 0.126
Duration of DM	 0.125	 0.354
Cholesterol	 0.233	 0.422
LDL-C	 0.105	 0.711
HDL-C	 -0.318	 0.011*
Triglyceride	 0.251	 0.258
HbA1C	 -0.305	 0.036*
Uric acid	 0.308	 0.032*
Creatinine clearance	 0.294	 0.050*

*p<0.05 indicates statistical significance. Abbreviations: BMI: Body 
mass index; DM: Diabetes mellitus; HbA1C: Hemoglobin A1C; 
HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density li-
poprotein cholesterol.
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the generalizability of the study.

Conclusion
In patients with T2DM, a positive correlation exists be-
tween levels of uric acid and 24-hour urinary protein. In-
dividuals with T2DM and microalbuminuria tend to display 
elevated levels of uric acid. Considering the potential ef-
fects of increased uric acid levels on diabetic nephropa-
thy, end-stage renal failure, and the development of car-
diovascular disease, routine monitoring of uric acid levels 
in T2DM patients may be important from a prognostic 
perspective.
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Amaç: Giderek artan kanıtlar, ürik asit sentezindeki oksidanların, inflamasyonu ve endotel disfonksiyonunu indükleyerek böbrek fonksiyon 
bozukluğuna ve kardiyovasküler hastalıklara neden olabileceğini düşündürmektedir. Diyabetik hastalarda ırk ve etnik kökene bağlı olarak 
inflamasyon ve albüminüri korelasyonlarında farklılıklar kaydedilmiştir. Ancak tip 2 diyabetli Türk hastalarda bu konuda yapılan çalışmalar 
sınırlı kalmaktadır. Bu çalışmada tip 2 DM hastalarında serum ürik asit düzeyleri ile mikroalbüminüri arasındaki ilişkinin araştırılması amaçlandı

Gereç ve Yöntem: Bu prospektif kesitsel çalışmaya T2DM’li 80 hasta dahil edildi ve iki gruba ayrıldı: mikroalbüminürisi olan 40 hasta (24 
saatlik idrar proteinürisinde 30-300 mg) ve olmayan 40 hasta (24 saatlik idrar proteinürisinde <30 mg). 12 saatlik açlık sonrası hastalardan 
alınan venöz kan örneklerinin analizi ile biyokimyasal parametreler değerlendirildi.

Bulgular: Çalışma popülasyonunun yaş ortalaması 57.8±11.6 yıldı. Ortalama ürik asit (4.7±1.5 vs. 4.0±1.1, P=0.036) ve ortalama kreatinin 
klirensi (114.6±5.8 vs. 98.1±3.4, P=0,050) mikroalbüminürisi olmayan gruba göre mikroalbuminürisi olan grupta daha yüksekti. 24 saatlik 
idrar protein düzeyleri HbA1C (r=0.305, P=0.036), ürik asit (r=0.308, P=0.032) ve kreatinin klirensi (r= 0,294, P=0.050) ile pozitif korelasyon 
gösterdi.

Sonuç: Mikroalbuminürisi olan Tip2 DM hastaların ürik asit seviyesi daha yüksek değerdeydi. Artan ürik asit düzeylerinin diyabetik nefropati, 
son dönem böbrek yetmezliği ve kardiyovasküler hastalık gelişimi üzerindeki potansiyel etkileri göz önüne alındığında, T2DM hastalarında 
ürik asit düzeylerinin rutin olarak izlenmesi prognostik açıdan önemli olabilir.

Anahtar Sözcükler: Albuminüri; diyabetik nefropati; proteinüri; ürik asit; tip 2 diyabetes mellitus.

Tip 2 Diyabetli Hastalarda Mikroalbuminüri ile Serum Ürik Asit Seviyeleri Arasındaki İlişki
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