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SAŽETAK

Увод: Код пацијената са типом 2 шећерне болести (Т2ДМ) појава микроалбуминурије се сматра раним клничким зна-
ком наступајућег обољења бубрега. Микроалбуминурија се најчешће одређује као однос албумина и креатинина у ури-
ну (АЦР). 

Циљ: Циљ ове студије је да уоптребом преломних вредности АЦР-а истражи детерминанте микроалбуминурије код па-
цијената са Т2ДМ код којих дијагноза дијабетичне нефропатије још увек није постављена.

Материјал и методе: Код 90 пацијената са Т2ДМ је три пута у току два месеца одређиван АЦР, као и рутинске биохе-
мијске анализе, укључујући ту концентрацију гликационог хемоглобина (HbA1c), мокраћне киселине (СУА), и атеро-
гени индекс плазме (АИП). Преломне вредности за АЦР су биле ≤ 2.5 mg/mmol за мушкарце, и ≤ 3.5 mg/mmol за жене. 
Као предикторске варијабле за микроалбуминурију узети су: дужина трајања Т2ДМ, податак о хипертензији, HbA1c, 
брзина гломеруларне филтрације (eGFR), АИП и СУА.

Резултати: На основу преломних вредности АЦР-а 57 пацијената није имало микроалбуминурију, док је 33 имало миро-
албуминурију. У поређењу са групом без микроалбуминурије, група са микроалбуминуријом је имала већу концентра-
цију креатинина у урину, албумина у урину, HbA1c, триглицерида и СУА, а нижу концентрацију ХДЛ-холестерола. Иако 
је генерално већи број испитаника имао ниже вредности eGFR, корелација између LogACR и eGFR није била 
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Introduction: The occurrence of microalbuminuria in type 2 diabetes mellitus (T2DM) patients is regarded as an early clinical 
sign of incipient kidney damage. Microalbuminuria is often evaluated as urinary albumin to urinary creatinine ratio (ACR). 

Aim: To assess determinants of microalbuminuria in T2DM patients without prior diagnosis of nephropathy using ACR cut-off 
values. 

Materials and Methods: ACR was measured in a total of 90 T2DM patients, during two months in three non-consecutive days, 
and routine biochemical analyses were performed, including glycated hemoglobin (HbA1c), serum uric acid (SUA), and 
atherogenic index of plasma (AIP). The cut-off values of ACR were ≤ 2.5 mg/mmol in males, and ≤ 3.5 mg/mmol in females. 
Duration of T2DM, history of hypertension, HbA1c, estimated glomerular filtration rate (eGFR), AIP, and SUA were investigated 
for association with microalbuminuria. 

Results: According to ACR patients were considered as non-albuminuric (n= 57) and microalbuminuric (n = 33). Compared to 
non-albuminuric group, microalbuminuric group had increased urinary creatinine, urinary albumin, HbA1c, triglycerides and 
SUA, whilst decreased HDL-cholesterol levels. Although eGFR was generally reduced, the correlation between LogACR and 
eGFR was not significant (p > 0.05). However, the correlation between LogACR and LogHbA1c was significant. The multiple 
logistic regression analysis revealed HbA1c (t = 3.42; p = 0.012) and SUA (t = 2.44; p = 0.040) as independent predictors of 
microalbuminuria in T2DM patients. 

Conclusion: At ACR cut-off values, concentrations of HbA1c and SUA were independent predictors of microalbuminuria in 
T2DM patients not yet diagnosed with nephropathy. 
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 Diabetic nephropathy (DN) is a relatively frequent 
microvascular complication of chronic hyperglycemia in type 
2 diabetes mellitus (T2DM) patients, characterized by pro-
gressive fall of glomerular filtration rate (GFR), hypertension 
and persistent proteinuria, mainly albuminuria [1, 2]. In 
clinical practice, even a minimally increased urinary albumin 
excretion is regarded as an early sign of incipient kidney 
damage, with potential to progress to overt renal disease. 
Given that DN is highly prevalent in both developed and 
developing countries and is still rising among end-stage renal 
disease patients [3, 4], assessment of urinary albumin excre-
tion rate and recognition of associated risk factors of diabe-
tic kidney damage are of great importance.

 Microalbuminuria is defined as urinary albumin excre-
tion rate within the range of 20- 300 mg per day, found in two 
non-consecutive urine samples during three months period 
[2]. As urinary albumin excretion rate may be influenced by 
diurnal variations and other collection issues, urinary albu-
min to urinary creatinine concentration ratio (ACR) has been 
introduced for better accuracy [5 – 11]. On the other hand, 
the most clinicians prefer to assess kidney function as esti-
mated GFR (eGFR), a mathematical approximation usually 
calulated by Modification of Diet in Renal Disease (MDRD) 
study group formula, which includes data regarding age, sex, 
ethnicity, and serum creatinine. However, serum creatinine 
levels can be unchanged untill even 50% of kidney function is 
lost, thus eGFR may not always reliably reflect the degree of 
kidney damage [7].

 Microalbuminuria is also considered as a risk factor for 
progressive renal impairment. Evidences suggest that poor 
glycemic control, high blood pressure, obesity, and 
atherogenic dyslipidemia, are the most important risk fac-
tors for the development of DN [1, 11, 12]. These risk factors 
are highly prevalent in adult Serbian population [13, 14], 
where 8.2% population is currently diagnosed with diabetes, 
predominantly with T2DM [15]. Even with regular use of anti-
diabetic, anti-hypertensive and lipid-lowering drugs, DN 
would eventually develop in a number of T2DM patients. Gi-
ven that determinants of microalbuminuria may help iden-
tifying risk factors for diabetic kidney disease, this study has 
investigated the relationship between ACR and several de-
mographical, biochemical and clinical parameters in patie-
nts withT2DM.

 Study Design and Participants

 Enrolled were total of 90 patients both sexes previously 
diagnosed with T2DM but with no diagnosis of DN, who 
attended University Health Center at Foca for diabetes 
control. Patients were on regular anti-diabetic medication 
for at least 2 years. Not included were diabetics with 
macroalbuminuria (urinary albumin excretion ≥ 300 mg/ 

day), as well as those previously diagnosed with DN, renal 
calculosis, recent stroke or myocardial infarction, and with 
known hepatic, autoimmune or malignant diseases. This stu-
dy was conducted in accordance with the Declaration of Hel-
sinki. Informed consent was provided from all participants 
included after careful explanation of the study goals. The 
institutional review board of Faculty of Medicine Foca has 
approved this study. 

 Data Collection

 Data regarding age, duration of diabetes, medication, 
history of hypertension, smoking habits, and clinically confir-
med complications were recorded from patients' files. Hy-
pertension was defined as having systolic blood pressure 
≥140 mmHg, or diastolic blood pressure ≥90 mmHg, or on 
antihypertensive medication. Body mass index (BMI) was cal-
culated at the middle of the study as the ratio of body weight 

2(kg) and square body height (m ), and considered normal if 
2≤24.9 kg/m .

 Biochemical Measurements  

 For determination of ACR, patients provided the first 
morning urine sample in sterile urine sample containers. 
Samples were provided during two months in three non-
consecutive days. Venous blood was collected on the occa-
sion of urine testing, after an overnight fasting, and taken 
into tubes with or without anticoagulant. The average values 
of all three measurements were taken for statistical ana-
lyses.

 Concentration of urinary albumin was determined on 
biochemical analyzer (Cobas Integra 400, Roche Diagnostics) 
by immunoturbidmetric end-point method using Tinaquant 
Albumin Gen.2 assay kit (Roche Diagnostics GmbH, 
Mannheim, Germany). The results were expressed as milli-
grams albumin per liter urine (mg/L). Concentration of crea-
tinine in samples was determined kinetically, according to 
the method of Jaffe. The ACR value was calculated for each 
patient as urinary albumin (mg/L) to urinary creatinine 
(mmol/L) ratio. The criterion for normal urinary albumin 
excretion was ACR ≤2.5 mg/mmol in males, and ACR ≤3.5 
mg/mmol in females [9]. Estimated glomerular filtration 
rate (eGFR) was calculated according to MDRD formula [10]. 

 The other biochemical parameters, including serum to-
tal proteins, albumin, triglycerides, total cholesterol, HDL-
cholesterol, and uric acid (SUA) were measured using stan-
dard protocols. Concentration of glycated hemoglobin A1c 
(HbA1c) was assessed from anticoagulated blood samples by 
turbidimetric inhibition immunoassay method. Atherogenic 
index of plasma (AIP) was calculated according to Dobiasova 
[16], as the logarithm of triglycerides to HDL-cholesterol 
ratio [Log (TG/HDL-cholesterol)]. 

 Statistical Analysis

 Statistical analysis was performed using STATISTICA 6.0 
software package (StatSoft, Tulsa, OK, USA). Frequency 

статистички значајна (p > 0.05), док је коралација између LogACR и LogHbA1c била значајна. Мултипла логистичка 
регресиона анализа је показала да су HbA1c (t = 3.42; p = 0.012) и SUA (t = 2.44; p = 0.040) независни предиктори 
микроалбуминурије код пацијената са Т2ДМ.

Закључак: Код пацијената са Т2ДМ код којих дијагноза нефропатије још увек није постављена су концентрације HbA1c 
и SUA независни предиктори микроалбуминурије.  

Кључне речи: Микроалбуминурија, Т2ДМ, АЦР, детерминанте
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distribution and homogeneity of variance was tested by Kol-
mogorv-Smirnov test. Data were presented either as ari-
thmetic mean ±SD, geometric mean and 95% confidence in-
terval of the mean, or frequencies (n). Differences between 
groups were tested by Student's independent samples t-test 
or chi-square test, where appropriate. For comparisons, geo-
metric means were back-transformed. The correlation ana-
lysis was accomplished by calculation of Spearman's rank 
coefficient. The relationship between possible determinants 
and ACR was investigated by performing binary logistic re-
gression analysis and by means of general regression models. 
Statistically significant finding was considered if p < 0.05.

 ACR values were measured in a total of 90 patients with 
T2DM without previous diagnosis of DN. All were Caucasians, 
42 males and 48 females, aged 63.8±10.6 years, with dia-
betes duration from 2 to 16 years. The majority of parti-

2cipants were overweight (BMI: 28.1 ± 4.1kg/m ), with slightly 
2reduced eGFR (77.9±13.9mL/min/1.73m ), and with average 

glycemic control of HbA1c=74.9mmol/mol (69.8–80.3 mmol 
/mol). Complications were previously recorded in 35 pati-
ents (chi-square=4.011; p=0.045), as having one or more of 
the following: neuropathy (n=27), retinopathy (n=9), angio-
pathy (n=8), and maculopathy (n=5). 

 According to accepted criterion for ACR reference va-
lues [9], patients were assigned to non-albuminuric (n=57) or 
microalbuminuric group (n=33). Basic demographical, clini-
cal and biochemical findings in these groups are presented in 
Table 1. As expected, concentrations of urinary albumin and 
ACR were significantly higher in microalbuminuric than in 
non-albuminuric group, irrespective of whether eGFR was 

2within the normal range (≥90ml/min/1.73m ) or decreased 
(Table 1). Urinary creatinine excretion was higher in micro-
albuminuric group, while serum creatinine levels and eGFR 
did not differ between groups (Table 1).

 Indices of nutritional status and glycemic control are 
presented in Table 2. Compared to non-albuminuric group, 
patients with microalbuminuria had lower concentrations of 
HDL-cholesterol, and higher concentrations of SUA, triglyce-

RESULTS 

rides and blood HbA1c. Also, AIP was higher in microalbumi-
nuric than in non-albuminuric group, but the difference did 
not reach statistical significance (p=0.094).

 The correlation analysis revealed no statistically signi-
ficant relationship between eGFR and either ACR 
(rho=–0.161; p>0.05), or urinary albumin concentration 
(rho=0.157; p>0.05), while LogACR was significantly corre-
lated to LogHbA1c (Figure 1).

Table 1. General characteristics of type 2 diabetes 
mellitus patients according to albuminuria status

Table 2. Nutritive status and glycemic control in patients 
with T2DM according to albuminuria status

Figure 1. Relationship between HbA1c and ACR levels in 
T2DM patients. Data were logarithmically transformed 

and presented as linear regression line with 95% prediction interval

Table 3. Multivariable logistic regression analysis for association 
between microalbuminuria and risk factors for incipient kidney 

damage in T2DM patients

Data are presented either as arithmetic mean ±SD, frequencies (n), 
or geometric mean and 95% confidence interval of the mean 
(in parenthesis). Differences between groups were tested by Student's 
independent samples t-test or chi-square test. 
* p<0.05 vs. normoalbuminuric group

Data are presented as arithmetic mean ± SD, or geometric mean and 95% 
confidence interval of the mean (in parenthesis). Differences between 
groups were tested by Student's independent samples t-test. 
* p < 0.05 vs. non-albuminuric group

 By performing logistic regression analysis we further 
investigated relationships between microalbuminuria (yes 
vs. no), defined according to accepted ACR cut-off values 
[9], and some possible risk factors for diabetic kidney injury. 
The duration of diabetes, eGFR, a history of hypertension 
(yes vs. no), AIP, SUA and blood HbA1c concentrations were 
considered as predictor variables.

 The multivariate logistic regression analysis revealed 
HbA1c (t=3.49; p=0.001) and SUA (t=2.38; p=0.020) as stati-
stically significant independent predictors of microalbumi-
nuria in T2DM patients (Table 3).
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DISCUSSION

 In the current study, the occurrence of microalbuminu-
ria was independently associated with both high blood HbA1c 
and SUA levels, confirming that diabetic kidney injury is prin-
cipally due to chronically poor glycemic control [1, 4, 5]. Gi-
ven that SUA is also considered as a biomarker of endothelial 
dysfunction [17], these results suggest involvement of 
hyperglycemia-associated endothelial dysfunction in the de-
velopment of diabetic renal complications. However, ACR va-
lues were poorly correlated to eGFR, which is the most pre-
ferable clinical tool for assessment of kidney function. 

 Glycemic control is usually assessed by measuring HbA1c 
level, although many other proteins, such as serum albumin, 
more readily undergo glycation process. It has been shown 
that, compared to hemoglobin molecule, glucose binds to 
serum albumin with 10 times greater affinity, resulting that in 
chronic hyperglycemia up to 30% albumin molecules are at 
glycated form [18]. Indeed, concentration of glycated serum 
albumin highly corresponds to HbA1c levels in the absence of 
anemia [19]. Serum proteins are usually present in tissues, 
where can play important roles by maintaining cell viability, 
but can also induce serious tissue damage. Serum albumin, 
for example, if present at low concentrations, supports the 
survival of proximal epithelial tubular cells and macrophages 
[20]. However, at higher concentrations albumin can induce 
pro-inflammatory and profibrotic response, either acting as 
an inhibitor of podocyte insulin-dependent antiinflammatory 
angiotensin-converting enzyme-2, or by sensitizing tubular 
cells to potentially toxic compounds transported by albumin 
[21, 22]. Glycated albumin was shown to be even more 
nephrotoxic since it induces interstitial fibrosis at very low 
concentration [23]. In established microalbuminuria both gly-
cated and unmodified albumin molecules are expected to be 
present in ultrafiltrate at supraphysiological levels. Since 
these molecules are nephrotoxic per se and are present at hi-
gh levels in ultrafiltrate, they can further exaggerate tissue 
injury leading to overt kidney damage. Still, microalbuminu-
ria may not always progress to macroalbuminuria but may re-
gress, instead, [24], pointing that multiple factors can be im-
plicated in the development and progression of diabetic 
kidney injury.

 In previous studies SUA levels above the normal range 
were linked to vascular complications of T2DM [25, 26]. In 
the current study, SUA was independently associated with 
microalbuminuria. However, in the current study SUA con-
centrations were within the normal range in the most parti-
cipants, although in microalbuminuric group tended to di-
stribute mostly within the upper reference limits of the me-
thod. Recently, these high-normal values of SUA were sugge-
sted to predict the annual decline of eGFR and the develo-
pment of chronic kidney disease among T2DM patients with 
relatively preserved kidney function [27]. Uric acid is a de-
gradation product of purine catabolism, extensively formed 
in cells under hypoxic conditions. It is now accepted that 
beside of being a marker of cellular energy crisis, SUA can be 
both a mediator and a biomarker of generalized endothelial 
dysfunction, inflammation and vascular disease [17].

 Although atherosclerosis and hypertension exacerbate 
cellular energy crisis, we observed only a weak association 
between microalbuminuria and the history of hypertension 
(Table 3, Figure 2). It has to be noted that data regarding 
hypertension were collected as qualitative, from medical 
records, and therefore must be cautiously interpreted. It 
was reported that microalbuminuria was associated with 

systolic rather than diastolic blood pressure or pulse pre-
ssure, representing an indicator of hemodynamic distur-
bances [11]. Hypertension is highly prevalent among Serbian 
population and in Republic of Srpska [14], which is the pro-
bable reason why the proportion of patients with history of 
hypertension was similar in both non-albuminuric and albu-
minuric groups in the study. Also, the most of hypertensive 
patients were treated with ACE inhibitors (data not presen-
ted), previously reported to postpone the onset of micro-
albuminuria in hypertensive T2DM patients [28]. ACE inhi-
bitors were also demonstrated to restore megalin expression 
in proximal tubular cells, and normalize albumin tubular rea-
bsorption, thereby reversing microalbuminuria in sterpto-
zotocin diabetic rats [29].

 Association between microalbuminuria and AIP, as a su-
rrogate marker of atherogenic dyslipidemia [16], was also 
weak in our study.  Atherogenic dyslipidemia, characterized 
by increased plasma triglycerides, decreased HDL-chole-
sterol and altered composition of LDL-cholesterol, is a well-
known risk factor for the development and progression of 
diabetic nephropathy [12, 30]. Recently, one meta-analysis 
study reported that AIP can predict the risk of T2DM in gene-
ral population [31], and there was a significant association 
between AIP and microalbuminuria in non-diabetic patients 
with essential hypertension [32]. Also, ACR and HDL-chole-
sterol were poorly correlated (rho = –0.139; p = 0.189), and in 
accordance to one previous report [33]. 

 The results of the current study indicate that major de-
terminants of microalbuminuria in T2DM patients were 
increased blood HbA1c and SUA levels. It has to be noted that 
we assessed microalbuminuria as ACR values. Still, recent 
studies suggest that reliability of ACR for assessment of 
kidney function can be sometimes questionable [7 – 9].  Na-
mely, ACR may underestimate cases with slightly increased 
urinary albumin excretion and concomitantly increased uri-
nary creatinine excretion, such as in male diabetics with gre-
ater muscle mass [31], and in diabetics with preserved renal 
compensatory mechanisms [7]. To corroborate, we observed 
that serum creatinine levels were within the normal range 
whilst urinary creatinine levels were higher in microal-
buminuria (Table 1), suggesting that renal adaptive mecha-
nisms were still operational in a number of patients with in-
creased ACR. Also, there was a relatively weak correlation 
between ACR and eGFR, despite the fact that the majority of 
participants with microalbuminuria (78.8%) were with mildly 
or moderately reduced eGFR. This is in accordance to some 
previous studies who found that approximately one third 
T2DM patients with mild and 14% with moderate renal impa-
irment may have normal ACR values [34, 35], and that ACR 
levels do parallel eGFR mostly in macroalbuminuria [36].

 To conclude, blood HbA1c and serum UA levels were 
significant determinants of microalbuminuria, suggesting 
that a long-lasting hyperglycemia and endothelial dysfun-
ction synergistically contribute to diabetic kidney compli-
cations in T2DM patients. Given that increased urinary albu-
min excretion rate can be considered not only as a marker 
but also as a mediator of kidney damage, and that the occu-
rrence and the degree of albuminuria may not always para-
llel the reduction of kidney function, we suggest that the 
surveillance of kidney damage in T2DM should be based on 
both ACR and eGFR determinations.
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