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Factors Associated with New Onset of 
Microalbuminuria in Patients with  

Type 2 Diabetes
Li-Fen Lu1, Chao-Ping Wang2, Teng-Hung Yu2, Wei-Chin Hung2, 

Yau-Jiunn Lee4, Yung-Chuan Lu3

Objectives: Microalbuminuria is often the first sign of renal dysfunction in patients with 
diabetes. Furthermore, the presence of microalbuminuria is associated with overt nephropathy 
and cardiovascular disease. The aim of this study was to investigate the incidence and baseline 
predictors for the development of microalbuminuria in patients with type 2 diabetes mellitus 
(T2DM).
Methods: In this longitudinal cohort study, we enrolled 739 normoalbuminuric patients with 
T2DM who were receiving routine clinical care at baseline. All of the patients were regularly 
examined for diabetes-associated complications.
Results: Of the enrolled patients, 262 (35.5%) progressed to microalbuminuria during follow-up 
(median, 3 years), with an incidence density of 9.17/100 people per year. Cox regression analysis 
showed that the baseline clinical and biochemical variables associated with the development of 
microalbuminuria were age, duration of diabetes, being illiterate, being a widow or widower, 
family history of T2DM, living alone, dependent economic situation, taking antihypertensive 
medication, anemia, stroke, elevated waist circumference, waist-to-hip ratio, systolic blood 
pressure plasma, triglyceride and creatinine concentration, Creatinine clearance estimated by 
modificated Cockcroft-Gault Equation (CCr-CGCR), urinary albumin to creatinine ratio (UACR), 
red blood cell count as well as hemoglobin, hematocrit, and mean corpuscular hemoglobin 
concentration. After multivariate Cox regression analysis, the independent factors associated with 
the development of microalbuminuria were duration of diabetes, stroke, waist circumference, 
creatinine, and UACR. 
Conclusions: A longer duration of diabetes, higher stroke rate, elevated waist circumference, as 
well as plasma creatinine level and UACR increased the risk of developing microalbuminuria in 
patients with T2DM after long-term follow-up. Except for the duration of diabetes, these factors 
are modifiable and should be identified early and followed closely.

Key words: microalbuminuria, incidence, risk factors, type 2 diabetes mellitus

E-Da Medical Journal 2016;3(3):1-10

1



Subjects and Methods

Study participants
In this longitudinal observational study, 

we included outpatients with type 2 diabetes 
who regularly attended the diabetes clinic at 
Lee’s Endocrinology Clinic in Pingtung and 
diabetes clinic of E-Da Hospital in Kaohsiung. 
The diagnosis of type 2 diabetes was based 
on World Health Organization criteria.21 The 
inclusion criteria were a diagnosis of type 2 
diabetes, regular follow-up at our clinic, and 
agreeing to participate by providing informed 
consent. Patients who had cancer, liver disease, 
fewer than two follow-up visits, either incipi-
ent or clinical nephropathy at baseline, and 
end-stage renal disease were excluded from 
this study. The initial cohort was followed from 
January 2002. During the follow-up period, 
each patient underwent standardized physi-
cal examinations, biochemical measurements 
after fasting, and measurements of urine albu-
min and urine creatinine within a period of 3 
months. All participants received treatment 
based on the standard strategies for diabe-
tes, hypertension, and hyperlipidemia during 
follow-up.

Study parameters and definitions
The urinary albumin concentration was 

measured by immunoturbidimetry (Beckman 
Instruments, Galway, Ireland). The detec-

Introduction

The incidence of end-stage renal disease 
caused by diabetic nephropathy is 

currently worldwide. Diabetes represents 
the second leading cause of dialysis in most 
centers.1,2 The earliest clinical sign of diabetic 
nephropathy is elevated urinary albumin excre-
tion, referred to as microalbuminuria, which 
affects 20-40% of patients with type 2 diabe-
tes.3 Once microalbuminuria occurs, glomeru-
lar filtration rate begins to decline at an aver-
age rate of 10-12 mL/min/year.3

Microalbuminuria is defined as an albu-
min excretion rate of 20-199 g/min in a timed 
or 24 hours urine collection (equivalent to 
30-299 mg/g creatinine in a random spot 
sample).4 Microalbuminuria in diabetic patients 
is not only a predictor of the progression of 
diabetic nephropathy, but also a powerful inde-
pendent risk factor for cardiovascular disease 
and all-cause mortality.5-11 Thus, the preven-
tion of elevated urinary albumin excretion is 
an important therapeutic target for the preven-
tion of renal and cardiovascular events, and the 
identification of modifiable factors that affect 
microalbuminuria remains a key goal.

Although many studies have reported 
on the course of microalbuminuria in patients 
with type 1 diabetes and in certain racial 
groups with type 2 diabetes, only a few stud-
ies have explored this issue in Chinese patients 
with type 2 diabetes.12,13 Furthermore, it 
appears that disease development at each stage 
of diabetic nephropathy is determined by 
somewhat different sets of risk factors. While 
the level of glycemic control is the most likely 
contributor to the occurrence of microalbu-
minuria,14 its progression through the more 
advanced stages is determined by such risk 
factors as hypertension, hypercholesterol-
emia and certain unidentified genetic factors.15 
Moreover, the course of microalbuminuria is 
very complex and heterogeneous in patients 

with type 2 diabetes, mainly depending on 
individual, ethnic, genetic, environmental, and 
disease-specific conditions.16-20 The aim of this 
longitudinal study was to determine the inci-
dence of and predictors for the development 
of microalbuminuria in a Chinese population 
with type 2 diabetes without previous known 
proteinuria or kidney disease based on medi-
cal records. The results could be important in 
increasing physicians’ awareness of the impor-
tance of regular urinary albumin screening 
when caring for patients with diabetes.
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tion limit was 2 mg/L, and the interassay and 
intraassay coefficients of variance were less 
than 8%. In the initial evaluation period, the 
patients were defined as being normoalbumin-
uric if they had a urinary albumin-to-creati-
nine ratio (UACR) of less than 30 mg/g regard-
less of duration of diabetes. In the follow-up 
period, to confirm the diagnosis of microalbu-
minuria, patients first observed to have micro-
albuminuria were asked to re-check the urine 
albuminuria within 3 to 6 months. The status 
of microalbuminuria was defined as a UACR 
of 30-300 mg/g in at least two consecutive 
overnight urine collections. Each urine speci-
men was tested for the presence of urinary 
infections for which the urine was discarded 
and a new sample was collected after treat-
ment. Normal serum creatinine levels (0.8-1.4 
mg/dL) and normal urinary sediment (absence 
of protein, red blood cells, hemoglobin, white 
blood cells, nitrites and casts) were used to 
exclude primary renal disease.

Plasma biochemical parameters and 
urinary microalbumin were measured after 
an overnight fast. Plasma triglycerides, total 
cholesterol, low-density lipoprotein (LDL)- 
cholesterol, high-density lipoprotein (HDL)-
cholesterol, uric acid, creatinine, and glucose 
were determined by standard commercial 
methods on a parallel-multichannel analyzer 
(Hitachi 7170A, Tokyo, Japan). Anthropomet-
ric parameters including body mass index and 
waist-to-hip ratio were measured. Waist and 
hip circumferences were measured to the near-
est 0.1 cm at the narrowest point between the 
lowest rib and the uppermost lateral border of 
the right iliac crest. The hips were measured 
at their widest point. Blood pressure was 
measured with the subject in sitting position 
by a trained nurse with a digital automatic 
blood pressure monitor (model HEM-907; 
Omron, Omron, Japan) after the subjects 
had rested for 5 minutes. The study protocol 
and procedure were approved by the Ethics 
Committee of E-Da Hospital (EDAH IRB 

No. EMRP03103N). Informed consents were 
obtained from all subjects.

Statistical analysis
Descriptive data were examined for all 

variables. For continuous variables, the results 
were presented as mean ± SD and as a percent-
age of the total for categorical variables. All 
statistical analyses were performed using SAS 
software, v10.0 (SAS Institute, Cary, NC). 
Baseline characteristics of the case and control 
subjects were compared by the Student’s t test 
or χ2 test. Cox regression univariate analy-
sis was performed on each baseline variable. 
The patients were followed till they devel-
oped microalbuminuria, and the outcome was 
defined as the time elapsed before the devel-
opment of microalbuminuria. A Cox propor-
tional hazards model was used to estimate 
hazard ratios (HRs) and 95% confidence inter-
vals. The variables with a p value < 0.25 in the 
univariate Cox regression were entered into the 
multivariate model. The proportional hazards 
assumption was verified by analysis of Schoen-
feld residuals and assessment of a graph of 
the survival function versus the survival time. 
The incidence rate of microalbuminuria was 
expressed as cases/100 patients/year. Model 
discrimination was assessed by area under 
the receiver operating characteristic curves 
(AUC), which is a measure of overall predictive 
discrimination. All of the statistical analyses 
were two-sided, and a p < 0.05 was considered 
to be significant.

Results

During the follow-up period (median 3.0 
years, range 1.0-10.0 years), 262 (35.5%) of 
the 739 normoalbuminuric patients at baseline 
fulfilled the criteria for microalbuminuria. The 
incidence density was 9.17/100 people per year.

The follow-up period and the duration 
of diabetes before the development of micro-
albuminuria were 3 (1-6) and 9 (6-13) years, 
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respectively. The final UACRs were 48.8 mg/g 
(22.6-174.8 mg/g) and 10.7 mg/g (7.6-16.8 mg/g) 
for patients who had microalbuminuria and  
persistent normoalbuminuria, respectively.

The baseline characteristics and clini-
cal data for all of the patients are presented in 
Table 1. The patients who developed microal-
buminuria had higher rates of illiteracy, being 
a widow or widower, no family history of 
type 2 diabetes mellitus (T2DM), living alone, 
being economically dependent, taking anti-
hypertensive medication, and having anemia 
than those with persistent normoalbuminuria. 
In addition, the patients who developed micro-
albuminuria were older and had a longer dura-
tion of diabetes, larger waist circumference, 
higher systolic blood pressure and diastolic 
blood pressure, creatinine level, and UACR as 
well as lower Creatinine clearance estimated 
by modificated Cockcroft-Gault Equation 
(CCr-CGCR), red blood cell count, hemoglo-
bin, hematocrit, and mean corpuscular hemo-
globin concentration than those in patients with 
persistent normoalbuminuria (Table 2).

After individual Cox regression analy-
sis, the baseline clinical and biochemical 
variables associated with the development 
of microalbuminuria were age, duration of 
diabetes, being illiterate, a widow or widower, 
having a family history of T2DM, living 
alone, being economically dependent, taking 
antihypertensive medication, having anemia, 
history of stroke, increased waist circumfer-
ence, waist-to hip-ratio, systolic blood pres-
sure, triglyceride and creatinine levels, CCr-
CGCR, UACR, red blood cell count, hemo-
globin, hematocrit, and mean corpuscular 
hemoglobin concentration. After multivari-
ate Cox regression analysis, the independent 
factors associated with the development of 
microalbuminuria were duration of diabetes 
[HR 1.04 (1.01-1.07)], stroke [HR 2.49 (1.17-
4.83)], waist circumference [HR 1.04 (1.01-
1.07)], creatinine [HR 3.88 (1.52-9.79)], and 
UACR [HR 1.09 (1.07-1.11)] (Table 3 and 4). 

Table 1.  Basic characteristics and clinical measures of the 
s tudy par t ic ipants with and without micro-
albuminuria

Variable Total 
(%)

New onset  
of micro- 

albuminuria 
(%)

Non-
micro- 

albuminuria 
(%)

p-value

No 739 262 477
Gender
  Women 56.2 58.8 54.7 0.287
  Men 43.8 41.2 45.3
Education
  Illiterate 19.4 23.9 17.0 0.024
  Elementary    
    school

26.1 24.2 27.2 0.395

  Junior high  
    school

16.9 16.9 17.0 0.993

  High school 16.9 15.0 18.0 0.299
  College 15.7 12.7 17.4 0.096
Marital status
  Single 4.7 3.9 5.2 0.433
  Married 84.4 81.7 86.0 0.132
  Divorced 0.4 0.0 0.7 0.556
  Widow or  
  widower

10.4 14.4 8.2 0.009

Family history of  
  T2DM
  None 30.7 36.6 27.5 0.010
  Unknown 19.0 18.3 19.3 0.748
  Yes 50.3 45.0 53.3 0.033
Living Alone 3.4 6.1 1.5 0.008
Economic  
  situation,  
  ependent

42.6 49.5 37.7 0.013

Smoking 18.2 16.4 19.1 0.362
Drinking 15.9 14.5 16.6 0.449
Regular exercise 65.0 67.1 63.9 0.388
Antihypertensive  
  medication

37.0 41.9 34.3 0.044

Statin 16.4 13.6 17.9 0.130
Oral  
  hypoglycemic  
  medication

96.4 96.9 96.2 0.605

Insulin therapy 8.3 9.7 7.5 0.296
Anemia 27.1 32.2 23.6 0.023
Hypertension 84.2 85.3 83.6 0.550
Hyperlipidemia 43.4 40.9 44.7 0.465
Coronary artery    
  disease

23.0 25.1 21.8 0.320

Stroke 3.9 5.5 3.0 0.238

T2DM: Type 2 diabetes mellitus

The ability of duration of diabetes, stroke, 
creatinine, waist circumference, and UACR to 
predict the risk of microalbuminuria was then 
evaluated. The AUC for duration of diabe-
tes was 0.583 (p = 0.006). For stroke, plasma 
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DEMAND (Developing Education on Microal-
buminuria for Awareness of Renal and Cardio-
vascular Risk in Diabetes) study reported that 
the overall prevalence of microalbuminuria 
among 24,151 patients with type 2 diabetes 
was 39%,22 and the MAP (MicroAlbuminuria 
Prevalence) study reported the prevalence to 
be 40% among 5,549 Asian patients.23 Hiroki 
et al. reported that the prevalence of micro-
albuminuria in a Japanese cohort of patients 
with T2DM was 32%.24 In a study conducted 
in Saudi Arabia, the overall prevalence of 
microalbuminuria in both patients with type 
I and type II diabetes mellitus was 49.3%.25 It 
has also been reported that the prevalence of 
microalbuminuria is 52% among all diabetic 
patients.26 Taken together, these findings indi-
cate that microalbuminuria is common.

In this prospective study of normoalbu-
minuric patients with T2DM, 35.5% devel-
oped microalbuminuria after 9-year duration 
of diabetes and 3 (1-6) years of follow-up. The 

Discussion

Table 2.  Basic characteristics and biochemical measures of the study participants with and without microalbuminuria

Variable Total New onset of 
microalbuminuria

Non- 
microalbuminuria

p-value

No 739 262 477
Age (years) 66.0 ± 12.4 68.2 ± 12.6 64.8 ± 12.1   0.0004
DMDU (years)        15.5 ± 5.8               16.3 ± 5.9             15.1 ± 5.7 0.005
Body mass index (kg/m2)        25.3 ± 3.6               25.6 ± 3.5             25.2 ± 3.6 0.143
Waist circumference (cm)        89.6 ± 9.7               91.0 ± 9.7             88.8 ± 9.5 0.003
Waist to hip ratio        0.95 ± 0.1               0.95 ± 0.1             0.94 ± 0.1 0.410
Systolic BP (mmHg)         136 ± 21                140 ± 22              134 ± 19   0.0004
Diastolic BP (mmHg)           81 ± 12                  82 ± 13                80 ± 11 0.016
HbA1C (%)          8.0 ± 2.1                 8.0 ± 2.0               8.0 ± 2.1 0.662
Fasting sugar (mg/dL)      160.1 ± 55.8             158.8 ± 55.2           160.8 ± 56.1 0.631
Total cholesterol (mg/dL)      194.4 ± 38.7             193.6 ± 37.2           194.8 ± 39.5 0.670
Triglyceride (mg/dL)      145.5 ± 137.9             156.6 ± 199.4           139.4 ± 87.2 0.106
HDL-cholesterol (mg/dL)        46.3 ± 13.2               46.7 ±13.3             46.1 ± 13.2 0.536
LDL-cholesterol (mg/dL)      116.3 ± 31.5             114.8 ± 31.4           117.2 ± 31.6 0.321
Creatinine (mg/dL)        0.85 ± 0.2               0.87 ± 0.2             0.84 ± 0.2 0.042
CCr-CGCR (mL/min)        85.3 ± 27.7               81.6 ± 27.3             87.6 ± 27.4 0.005
UACR(mg/g)        10.4 ± 7.0               13.1 ± 7.5               9.0 ± 6.2      < 0.0001
White blood cell (109/l)      6.513 ± 1.6             6.542 ± 1.6           6.493 ± 1.6 0.716
Red blood cell ( × 106/μL)        4.62 ± 0.6               4.56 ± 0.6             4.66 ± 0.6 0.049
Hemoglobin (g/dL)        13.5 ± 1.7               13.3 ± 1.7             13.7 ± 1.6 0.003
Hematocrit (%)        40.3 ± 4.3               39.8 ± 4.3             40.7 ± 4.3 0.009
Mean corpuscular volume (fL)        87.9 ± 7.6               87.8 ± 7.8             88.0 ± 7.4 0.767
MCH (pg/cell)        29.4 ± 3.2               29.3 ± 3.2             29.5 ± 3.2 0.441
MCHC (g/dL)        33.5 ± 1.2               33.3 ± 1.3             33.6 ± 1.2 0.012

Data presented as means ± SD; DMDU: Known duration of diabetes; HDL-C: High-density lipoprotein cholesterol; 
LDL-C: Low-density lipoprotein cholesterol; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin 
concentration; CCr-CGCr: Creatinine clearance estimated by modificated Cockcroft-Gault Equation13 (adjusted by age, sex, 
weight, creatinine); UACR: Urinary albumin to creatinine ratio

concentration creatinine, waist circumference, 
and UACR were added to this multivariate 
model: The AUC were increased to 0.597 for 
duration of diabetes and stroke, 0.598 for dura-
tion of diabetes, stroke, and creatinine, 0.616 
(p = 0.005) for duration of diabetes, stroke, 
creatinine, and waist circumference, 0.702 (p 
< 0.0001) for duration of diabetes, creatinine, 
waist circumference, and UACR, and 0.705 (p 
< 0.0001) for duration of diabetes, stroke, creat-
inine, waist circumference, and UACR (Fig. 1).
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Table 3.  Cox proportional hazard model of baseline clinical risk factors for the development of microalbuminuria 
in 739 patients with type 2 diabetes who were followed for ten years

Baseline data Univariate analysis hazard 
ratio (95% CI)

p-value Multivariate model hazard 
ratio  (95% CI)

p-value

Age 1.03 (1.02-1.04)          < 0.0001
DMDU 1.04 (1.02-1.06)   0.0002 1.04 (1.01-1.07) 0.013
Gender 0.93 (0.73-1.19) 0.554
Education (Illiterate) 1.52 (1.13-2.00) 0.006
Marital status (Wifeless or widow) 1.77 (1.23-2.47) 0.003
Family history of T2DM 0.77 (0.60-0.98) 0.033
Living Alone 2.36 (1.24-4.06) 0.011
Economic situation (dependent) 1.38 (1.04-1.84) 0.027
Smoking 0.77 (0.55-1.06) 0.109
Drinking 0.93 (0.65-1.30) 0.693
Regular exercise 1.05 (0.81-1.37) 0.701
Antihypertensive medication 1.33 (1.03-1.69) 0.027
Statin 0.75 (0.51-1.05) 0.095
Oral hypoglycemic medication 1.31 (0.69-2.89) 0.437
Insulin therapy 1.19 (0.77-1.77) 0.411
Anemia 1.46 (1.10-1.91) 0.009
Hypertension 1.21 (0.87-1.74) 0.263
Hyperlipidemia 0.99 (0.77-1.27) 0.914
Coronary artery disease 1.23 (0.92-1.63) 0.157
Stroke 3.16 (1.75-5.26)   0.0004 2.49 (1.17-4.83) 0.021

DMDU: Known duration of diabetes

Table 4. Cox proportional hazard model of baseline biochemical risk factors for the development of microalbuminuria  
in 739 patients with type 2 diabetes who were followed for ten years

Baseline data Univariate analysis hazard  
ratio (95% CI)

p-value Multivariate model hazard 
ratio  (95% CI)

p-value

Body mass index 1.02 (0.98-1.05) 0.364
Waist circumference 1.02 (1.00-1.03) 0.008 1.04 (1.01-1.07) 0.015
Waist to hip ratio   5.24 (1.22-21.80) 0.026
Systolic BP 1.01 (1.01-1.02)          < 0.0001
Diastolic BP 1.01 (0.99-1.02) 0.081
HbA1C 1.05 (0.99-1.12) 0.129
Fasting sugar 1.00 (0.99-1.00) 0.393
Total cholesterol 1.00 (0.99-1.01) 0.345
Triglyceride 1.00 (1.00-1.00) 0.029
HDL-cholesterol 0.99 (0.99-1.01) 0.771
LDL-cholesterol 1.00 (0.99-1.00) 0.904
Creatinine 1.97 (1.10-3.47) 0.022 3.88 (1.52-9.79) 0.005
CCr-CGCR 0.99 (0.99-1.00)          < 0.0001
UACR 1.08 (1.06-1.10)          < 0.0001 1.09 (1.07-1.11) < 0.0001
White blood cell 1.02 (0.94-1.11) 0.602
Red blood cell 0.75 (0.59-0.95) 0.017
Hemoglobin 0.88 (0.81-0.95) 0.001
Hematocrit 0.95 (0.93-0.98) 0.002
Mean corpuscular volume 0.99 (0.98-1.01) 0.648
MCH 0.98 (0.94-1.02) 0.270
MCHC 0.88 (0.80-0.98) 0.024

HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; MCH: Mean corpuscular 
hemoglobin; MCHC: Mean corpuscular-hemoglobin concentration; CCr-CGCr: Creatinine clearance estimated by modificated 
Cockcroft-Gault Equation13 (adjusted by age, sex, weight, creatinine); UACR: Urinary albumin to creatinine ratio
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stroke, waist circumference, plasma creatinine 
level, and UACR. Furthermore, we found that 
duration of diabetes, stroke, creatinine, waist 
circumference, and UACR predicted the devel-
opment of microalbuminuria in multivariate 
analysis, with an AUC of 0.705. In addition, 
consistent with some previous reports28,30,31 
but in contrast to others,22,24,27 HbA1c did not 
predict the development of microalbuminuria 
in our population.

In the current study, we found that micro-
albumin levels were linearly correlated to the 
duration of diabetes. In addition, we observed 
that elevated levels of microalbuminuria were 
significantly associated with an increased 
duration of disease (p = 0.005). Bahman et 
al. reported that the risk of developing micro-
albuminuria in patients who had had diabetes 
for 10-14 years was 4.1 times higher compared 
with those who had had diabetes for 0-4 
years.32 In addition, in the current study the 
levels of creatinine and UACR at baseline were 
associated with the development of microalbu-
minuria, which is consistent with other studies 
in which elevated initial levels of eGFR and 
UACR predicted the progression to new-onset 
albuminuria,  major kidney-related events, and 
micro-and macroalbuminuria.30,33

Parving et al. demonstrated that increased 
body mass index was not related to the pres-
ence of micro- or macroalbuminuria, which 
may be because of the high prevalence of 
micro- and macroalbuminuria in Asian patients 
who have a relatively low body mass index.22 
However, in the present study, we found that 
waist circumference at baseline predicted the 
development of new-onset microalbumin-
uria. Pasko et al. reported that the increased 
duration of diabetes, systolic blood pres-
sure, glycated hemoglobin (HbA1c), and waist 
circumference were risk factors for micro-
albuminuria in males, whereas poor glyce-
mic control, prolonged diabetes and increased 
waist circumference were associated with 
microalbuminuria in females.34 Consider-

In addition to the most common predic-
tors of the progression to diabetic nephropathy 
and albumin excretion in patients with T2DM 
such as duration of diabetes, smoking,22,27 
blood pressure,22,28 Estimated glomerular filtra-
tion rate (eGFR), HbA1c,22,29 HDL cholesterol, 
apolipoprotein B, and fibrinogen,29 the devel-
opment of microalbuminuria in our population 
was determined by the duration of diabetes, 

Parameter AUC Odds ratio
(95% CI)

p-value

DMDU 0.583   6.64 (1.75-25.87) 0.006
DMDU + stroke 0.597 1.79 (0.82-3.96) 0.143
DMDU + stroke +  
    creatinine

0.598 2.13 (0.95-4.78) 0.065

DMDU + stroke +  
    creatinine +  
    waist circumference

0.616 5.22 (1.66-16.76) 0.005

DMDU + creatinine +  
    waist circumference +  
    UACR

0.702 13.14 (6.64-26.47) < 0.0001

DMDU + stroke +  
    creatinine +  
    waist circumference + 
    UACR

0.705 13.89 (6.91-28.52) < 0.0001

Fig. 1 C o m p a r i s o n  o f  t h e  r e c e i v e r  o p e r a t i n g 
characteristic curves with area under the curves 
(AUC) for the risk of microalbuminuria with five 
factors (duration of diabetes, stroke, creatinine, 
waist circumference, and urinary albumin to 
creatinine ratio (UACR)). The AUC using the 
duration of diabetes was calculated first, then 
stroke was added to this model, followed by 
creatinine, waist circumference, and UACR.
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ing the higher frequency of weight gain and 
obesity in patients with T2DM over the last 
decade, these clinical conditions that result 
in insulin resistance may be involved in the 
pathology of microalbuminuria.35,36 Moreover, 
intensive insulin treatment, albeit beneficial in 
decreasing the risk of diabetic complications, 
can result in weight gain,37 and the effects 
of weight gain may be intensified when not 
accompanied by good glycemic control.

In addition to the classical risk factors, 
others may influence the development of 
microalbuminuria.38 In the present study, we 
also found that a history of stroke at baseline 
was associated with the development of new-
onset microalbuminuria. Microalbuminuria 
is a common finding in patients with cere-
brovascular diseases and is associated with 
an increased risk of stroke.39 Das et al. found 
that microalbuminuria was present in 66% of 
ischemic stroke cases compared to only 8% of 
the control group, and that out of 50 ischemic 
stroke patients, 33 (66%) had microalbumin-
uria.40 Patients with microalbuminuria tend to 
have higher levels of cholesterol and triglyc-
erides, although no independent significant 
associations were observed in the multivariate 
model in the present study. A possible explana-
tion for this result may be the use of statins in 
this group. In most studies, the prevalence of 
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