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Summary Background. Diabetic nephropathy (DN) is one of the chronic microvascular complications of type 2 diabetes mellitus
(T2DM). Microalbuminuria is a marker that can be used in detecting these complications so that preventive measures can be taken.
Objectives. This study aimed to detect DN as T2DM complications by measurement of the urine albumin-to-creatinine ratio (ACR) as
a marker and to analyze the factors that may influence the ratio in T2DM patients.
Material and methods. The study design was a correlative study with a cross-sectional approach. The study population was all T2DM
patients who regularly visit the diabetic clinic and primary health care in Medan. The sample size consisted of 89 subjects, while the
subjects were recruited by consecutive sampling. Data was processed using SPSS and was analyzed using descriptive statistics and
one-way ANOVA.
Results. The study results showed that most T2DM patients had normal to mildly increased ACR levels in 49 subjects (55.1%). There
was a relationship between increased ACR levels with blood glucose level (BGL) (p = 0.01), HbA1c (p = 0.03), HDL-C (p = 0.01) and triglyceride (p = 0.04). In contrast, increased ACR levels had no relationship with age (p = 0.27), duration of illness (p = 0.13), systolic blood
pressure (p = 0.31), total cholesterol (p = 0.90) and LDL-C (p = 0.89), respectively.
Conclusions. The study showed that BGL, HbA1c, HDL-C and triglyceride had a strong relationship with the increased ACR level, which is
believed to be a DN marker. ACR can be a screening tool for DN in T2DM patients and other T2DM complications, such as cardiovascular
complications and retinopathy.
Key words: lipids, hypolipidemic agents, creatinine, diabetes mellitus type 2, Indonesia.
Amelia R, Sari DK, Muzasti RA, Fujiati II, Wijaya H. Early detection of diabetic nephropathy based on albumin creatinine ratio (ACR) in
type 2 diabetes mellitus patients in Medan, Indonesia. Fam Med Prim Care Rev 2021; 23(2): 135–138, doi: https://doi.org/10.5114/
fmpcr.2021.105903.

Background
Diabetic nephropathy (ND) is the most common cause of
end-stage renal failure. About 20–40% of diabetes patient will
develop diabetic nephropathy [1]. The classification of diabetic
nephropathy no longer uses the microalbuminuria and macroalbuminuria terminology instead of albuminuria. Diabetic nephropathy is classified into two stages: persistent albuminuria
at a level 30–299 mg/24 hours and persistent albuminuria at
a level ≥ 300 mg/24 hours [2].
Microalbuminuria examination is essential in DM patients
who are suspected of having diabetic nephropathy. The pathologic processes involved in DN are renal hypertrophy, hyperfunction
and thickening of the glomerular membrane and tubules. At this
stage, there are no clinical symptoms that lead to impaired renal
function. Meanwhile, glomerulosclerosis continues for the next
7–10 years and ends with increased permeability of the glomerulus. This increased permeability allows albumin to escape glo-

merular filtration and is found in urine [3]. Microalbuminuria is
currently used as the gold standard for early detection of diabetic
nephropathy. Albuminuria is a marker of glomerular damage.
However, a Japanese study suggested that similar histopathologic
changes in diabetic nephropathy could occur in patients without
albuminuria. Hence, urine albumin may not be sufficient to identify a patient with early diabetic nephropathy. Urinary biomarkers
can provide accurate results of the degree of histopathological
changes in diabetic patients with early nephropathy [4].
When screening the albuminuria, the choice is to use the
urine albumin-to-creatinine ratio (urine ACR) from random
urine sample. 24-hour urine collection for protein/albumin
measurement is still the gold standard; however, it is cumbersome to implement on a large scale, impractical for people and
is often done incorrectly [5]. Random urine albumin is not sufficient, as urine albumin concentration can vary depending on
urine concentration [6]. The albumin-to-creatinine ratio is the
first recommended test to detect increased protein. The recom-
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mended method for evaluating albuminuria is by calculating the
urine ACR with a spot urine sample. ACR is calculated by dividing the albumin concentration in milligrams by the creatinine
concentration in grams. Although 24-hour retrieval is the gold
standard, an alternative method for detecting protein excretion is via ACR. A spot urine sample correlates well with 24-hour
urine collection in adults [7].
The classic description of DN is a slow and progressive increase in albuminuria, followed by a decrease in estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2, which in
turn leads to end-stage renal failure [8]. Several previous studies stated that risk factors of DN are the duration of diabetes,
suboptimal glycemic control, blood pressure, plasma lipids and
obesity [9], as well as smoking [10]. Some of these mentioned
risk factors can be manipulated.

Objectives
This study aimed to detect DN by examining the urine albumin-to-creatinine ratio (ACR) as a marker and analyze the factors that influence patients with T2DM in Medan.
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Material and methods
The study design was a correlative study with a cross-sectional approach. The study population was all T2DM patients
who regularly visit the diabetic clinic and primary health care in
Medan for treatment and follow up of their medical condition.
The sample size consisted of 89 subjects, calculated by proportion sampling formula and recruited by consecutive sampling.
The inclusion criteria in this study were: (1) T2DM patients aged
35–65 years, (2) willing to participate in this study by signing the
informed consent; and the exclusion criteria were (1) history of
previous kidney disorders such as urinary tract stones, trauma
to the urinary tract and other disorders that reduce renal function, (2) hemodialysis associated with diabetes-related kidney
disorders, (3) pregnancy. The enrollment started following ethical approval from the Universitas Sumatera Utara Ethics Commission.
The data sources were primary data, namely body weight,
height, blood pressure, BGL, HbA1c levels and albumin-to-creatinine ratio (ACR). Blood pressure was measured by using a digital
blood pressure monitor (TM Omron). BGL and HbA1c levels were
measured from a venous blood sample. HbA1c level was measured by the HPLC method. In contrast, ACR was determined
by analysis of a random urine sample using the immunometric
assay method.
Data was analyzed using SPSS and displayed in tables. The
normality test was conducted through the Shapiro–Wilk test
(p > 0.05) in order to determine the average of the normal distribution of the data, which is then presented as mean ± SD. The
result of the normality test was used for the next analysis; parametric analysis was used for normal distribution; otherwise,
non-parametric analysis was used. ANOVA statistical analysis
was performed to indicate the correlation between each group
of ACR with the risk parameter of DN development.
The results in Table 1 showed that the majority of DM patients are female (as many as 69 subjects (77.5%)), mostly in
the 46–55 years group (as many as 37 subjects (41.6%)) and
had normal nutritional status (44 subjects (49.4%)). Based on
the duration of illness, more than half of the subjects had DM
for 1–5 years (as many as 47 people (52.8%)). A majority of
the subjects did not have a family history of DM (as many as
53 (59.6%)). Based on the history of treatment, 50 subjects had
been treated with conventional treatment to control their BGL

by using glibenclamide, metformin and a combination of glibenclamide and metformin (29.2%, 22.5% and 4.5% respectively).

Results
Table 1. Characteristics of type 2 DM patients (n = 89)
Characteristics

Frequency (n) Percentage (%)

Gender
male
female

20
69

Age, years (mean, SD)
Age group
< 36 years
36–45 years
46–55 years
56–65 years
> 65 years

22.5
77.5

55.2 (8.9)
1
12
37
29
10

1.1
13.5
41.6
32.6
11.2

Nutritional status
mild thinness
normal
grade 1 overweight
grade 2 overweight
grade 3 overweight

3
44
25
14
3

3.4
49.4
28.1
15.7
3.4

Duration of illness
(mean, SD) years
< 1 year
1–5 years
6–10 years
> 10 years

4.4 (4.3)
18
47
16
8

20.2
52.8
18.0
9.0

History of diabetes
father
mother
father and mother
none

17
17
2
53

19.1
19.1
2.2
59.6

Medical history
oral medicine
Metformin
Glibenclamide
Metformin + glibenclamide
not taking medicine
herbal/traditional medicine
insulin injection

20
26
4
6
32
1

22.5
29.2
4.5
6.7
36.0
1.1

Table 2. Glycemic and metabolic control in type 2 DM patients
Parameter

Mean

SD

Min

Max

Age

55.20

8.92

35

79

Duration of illness

4.43

4.3

1

18

TD systole (mm Hg)

150.9

22.1

98

216

BGL (mg/dl)

285.6

137.4

73

610

HbA1c (mg/dl)

9.04

2.7

7.8

14.7

Total cholesterol (mg/dl)

220.1

42.1

136

335

HDL-C (mg/dl)

46.7

11.7

24

77

LDL-C (mg/dl)

126.4

34.7

51

249

Triglyceride (TG)

244.4

124.0

77

708

ACR (mg albumin/gram
creatinine)

164.5

371.6

3

2133

Table 3 showed that there was a relationship between increased ACR levels with BGL, HbA1c, HDL-C and triglyceride (TG)
(p < 0.05). In contrast, age, duration of illness, systole BP, total
cholesterol and LDL-C levels did not correlate with increased
ACR levels (p > 0.05).
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Table 3. Factors associated with an increase in ACR
Mean albumin-to-creatinine ratio (ACR) (mg/g)
Normal to mildly increased
(n = 49)

Moderately increased
(n = 26)

p
Severely increased
(n = 14)

Age

53.9

56.4

57.7

0.27

Duration of illness

3.6

5.7

4.6

0.13

Systole BP (mm Hg)

147.9

153.2

157.4

0.31

BGL (mg/dl)

245.2

340.2

312.6

0.01*

HbA1c (mg/dl)

8.2

10.4

9.3

0.03*

Total cholesterol (mg/dl)

221.7

217.4

222.4

0.90

HDL-C (mg/dl)

49.4

41.0

47.9

0.01*

LDL-C (mg/dl)

127.9

123.3

127.2

0.86

Triglyceride (TG)

227.1

289.9

219.9

0.04*

Discussion
The results of this study indicate that age and duration of
illness have a weak correlation with an increase in ACR. The results of this study are in line with another research [11], while
the results of this study contradict several previous studies,
which stated that age and duration of illness had an effect on
ACR and were a recoil for the occurrence of DR [12–15]. Previous studies stated that the longer a patient suffers from DM, the
more likely he is to experience complications of DN. It is stated
that after 15 years of suffering from illness, the risk will be even
greater [12]. The results of this study showed that this was not
related, because the patients who took part in this study had
an average duration of illness of around 1–5 years; so it could
be that there were not many kidney disorders, even though 14
patients had a severe increase in ACR, but it was not statistically
significant. It is recommended that a repeat examination be carried out to ensure a patient’s kidney abnormalities; if necessary,
a 24-hour urine examination for a definite diagnosis of DN (gold
standard) is recommended.
The results showed that blood pressure was not associated
with increased ACR. This study’s results were not in line with
several other studies, which stated that hypertension is a risk
of increased ACR [11–14]. ND is a microvascular disorder and
is microscopically characterized by a thickening of basement
membrane capillaries [15]. The pathophysiology of ND begins
with the increasing of vascular permeability. The increase in selective permeability to albumin in early ND is due to a loss of polarity along the glomerular basement membrane. The initiation
of proteinuria is associated with poor glucose control, diabetes
duration and hypertension [16].
The results of this study found that the majority of patients’
blood pressure was still within normal limits, though some
tended to increase. In general, this occurred with mild hypertension, so statistically, it did not affect their ACR. The results
of this study indicate that an increase in ACR is associated with
an increase in BGL and HbA1c; several other studies also stated
the same findings [11–13]. Poor metabolic control is an essential etiology of diabetic nephropathy. The risk of microvascular
complications, including nephropathy in DM patients, will be

decreased if HbA1c is < 7% [17]. Glucose is considered a useful
and clinically relevant marker of metabolic disorders leading
to nephropathy, as demonstrated by the Diabetes Control and
Complications Trial Research Group (DCCT). Furthermore, another study showed that lowering the serum glucose level will
decrease the development of nephropathy [18].
The results showed that there is a relationship between
HDL-C and TG levels with increased ACR; several previous studies also showed that microalbuminuria was positively related to
age, body mass index (BMI), the presence of hypertension, duration of diabetes, glycated hemoglobin, fasting plasma glucose
level, LDL-C, blood urea, serum creatinine and creatinine clearance [11–14, 19]. However, other studies suggest no relationship between age, creatinine levels, high-density lipoproteins
and triglycerides [12]. This condition is associated with the abnormality of kidney blood vessels due to dyslipidemia. Another
study showed a positive correlation between blood pressure
and lipid profile, suggesting that screening for microalbuminuria is essential for intervention and prevention of further complications, such as end-stage renal disease and cardiovascular
diseases [20]. Microalbuminuria is a marker of cardiovascular
disease risk and should be monitored per guidelines once or
twice a year for progression to macroalbuminuria and kidney
disease development, especially if plasma glucose, lipids and
blood pressure are at guideline goals.
Microalbuminuria can be used as an independent marker
for early prediction of cardiovascular complications and can be
used as a screening procedure in all patients diagnosed with
T2DM [18, 21]. Determining a patient’s ACR will provide an
overview of other complications besides DN that can developed
in T2DM patients.

Conclusions
This study showed that BGL, HbA1c, HDL-C and triglyceride
had a strong relationship with the occurrence of DN. In contrast,
age, duration of diabetes, systolic blood pressure, total cholesterol and LDL-C levels had no relationship. Microalbuminuria
can be a screening tools for complications of T2DM and can also
be used to determine the occurrence of other complications of
T2DM, such as cardiovascular complications and retinopathy.
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