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B Abstract

AIM: The study was carried out to determine the five-year
incidence of microalbuminuria and to assess its associated
risk factors for type 2 diabetic patients in Isfahan, Iran.
METHODS: 505 type 2 diabetic patients (22% male, 78%
female) with normal urinary albumin levels, being treated at
Isfahan Endocrine and Metabolism Research Center, were
consecutively selected. After the initial selection in 1999, the
patients were followed for five years. Mean and standard
deviation (SD) of age and duration of diabetes was 57.4 (9.5)
and 10.2 (4.7) years, respectively. BMI, blood pressure, fast-
ing plasma glucose, HbAlc, serum lipids and serum
creatinine were measured and re-examined every three
months. 24-h urinary albumin excretion was measured and
reviewed annually. Microalbuminuria was diagnosed when at
least two measurements indicated the excretion of more
than 30 mg albumin in 24-h urinary samples. RESULTS:
During 5-year follow up, 176 patients developed microal-

buminutia, giving an incidence rate of 82.3/1000 pet-
son/year (95% CI: 78.3-86.2). Males had a higher incidence
than females (104.4 vs. 66.2/1000 person/year, p < 0.001).
Duration of diabetes, abnormal levels of HbAlc, hyperten-
sion and high serum creatinine were significantly associated
with microalbuminuria. There was no difference in mean of
age, BMI, and lipid levels between patients with and without
microalbuminuria. Multivariate analysis was used to show
that duration of diabetes, HbAlc, hypertension and reti-
nopathy were the independent variables related to microal-
buminuria. CONCLUSIONS: The incidence of microalbu-
minuria in the study population was higher than in other
populations. The higher incidence and the considerable gen-
der difference in this population may be attributed to infe-
rior glycemic control and lack in screening for risk factors,
but this needs to be explored in further studies.

Keywords: type 2 diabetes + microalbuminutia - diabetic
nephropathy - incidence - risk factor

Introduction

A iabetic nephropathy is a common cause of renal
1£5%0 failure. In some western countries, the inci-
dence of diabetic nephropathy has increased by
as much as 150% in the past decade [1-3]. The current
global epidemic of diabetes means that the number of
patients with renal failure due to diabetes will also rise
dramatically. Forty petcent of patients undergoing di-
alysis in 1998 had diabetic nephropathy, and of these

patients 22% had a higher mortality rate in the first
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year following the start of dialysis compared with dia-
betic patients without renal involvement [4, 5]. The
well known consequences are related medical prob-
lems and decreased quality of life for many patients,
and a heavy financial burden on health care systems.
Therefore, early detection of renal impairment and
consequent treatment with preventive strategies is very
important.

Microalbuminuria is often the first sign of renal in-
volvement in diabetic patients which is, at this stage,
classified as incipient nephropathy. On average, 20-
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40% of diabetic patients develop microalbuminuria 10
years after the onset of diabetes [6]. Microalbuminutia
is a risk factor for overt nephropathy. Monitoring for
this condition is important because the treatment of
microalbuminuria can prevent or postpone overt
nephropathy [7, 8]. The present study was carried out
to investigate the incidence of microalbuminuria and
to assess its determinants and association with other
potential risk factors in type 2 diabetic patients in Isfa-
han, a major city located in Iran.

Patients and methods

558 patients with type 2 diabetes being treated at
Isfahan Endocrine and Metabolism Research Center
(IEMRC) took part in this prospective cohort study
which started in 1999. The criterion for selection was
that had a normal 24-h urinary albumin excretion at
baseline, determined according to WHO-criteria (<30
mg albumin in 24 hours). The study was approved by
the Research Ethics Committee of IEMRC and Isfa-
han University of Medical Sciences.

After written informed consent by all study partici-
pants, baseline data regarding demography, medical
history and smoking behavior were collected. Physical
examination consisted of the measurement of weight,
height and blood pressure. Laboratory investigations
included the measurement of fasting plasma glucose,
HbA1lc, serum lipoproteins and creatinine. As men-
tioned, baseline 24-h urine collection
was performed with micro- or
macroalbuminuria being exclusion
criteria.

mercury sphygmomanometer. The mean of two read-
ings, five minutes apart, was taken as the overall result.
Hypertension was defined according to the Seventh
Report of the Joint National Committee (7% JNC) with
systolic blood pressure 2140 mmHg and/or diastolic
pressure 290 mmHg regarding as hypertension [10].
Patients already on treatment with antihypertensive
medications were also considered to be hypertensive.

Blood samples were taken after 10 h of fasting to
measure plasma glucose levels. Plasma glucose was
measured using the glucose oxidase method. HbAlc
was measured with a DSS machine using the ion ex-
change chromatography method. Total cholesterol,
triglyceride and high-density lipoprotein (HDL) choles-
terol were measured using Pars Azmoon and Chem
Enzyme kits. Low-density lipoprotein (LDL) choles-
terol was calculated with Friedenwald’s formula (pro-
vided that triglyceride level was less than 400 mg/dl)
[11]. LDL values were left out of the analysis in cases
where there was an elevated triglyceride level. Adult
Treatment Panel 111 (ATPILI) criteria [12] were used to
classify plasma lipid levels. Total cholesterol, triglyc-
eride and LDL levels exceeding 200, 150, and
100 mg/dl respectively, and HDL levels below
45 mg/dl were considered as abnormal.

In order to measure urinary albumin levels accu-
rately, patients were trained how to collect urine sam-
ples. 24-h urinary creatinine was measured to ensure
that correct volumes of urine had been collected.

Table 1. Quantitative characteristics in type 2 diabetic patients with and without
microalbuminuria during follow-up

Subsequently, patients were re- Characteristic Without microalb. ~ With microalb. p

examined at 3-month intervals to re- (n = 329) (n =176)

peat clinical examinations and meas- Women, n (%) 284 (72.1) 110 (27.9)

urement of fasting plasma glucose, Men, n (%) 45 (40.5) 66 (59.5) < 0.0001
HbAlc, lipids and creatinine. 24- Age (y1) 568 + 92 580 + 98 s,
hour urinary albumin was measured BMI (kg/m?) 289 + 40 207 + 48 s,
once each year during the 5-year fol- Duration of diabetes (y) 85 + 44 107 £ 52 0.001
ovap peed, Waht nd b 0TS
clothing and BMI was calculated as PG A@g/db 1420 i 339 1585 i 368 001
body weight (kg) divided by the Creatinine (mg/dl) 0.8 £ 0.2 09 £ 02 0.03
square of height (m). A BMI less Total cholesterol (mg/dl) 209.2 + 322 2163 * 324 n.s.
than 25 kg/m2 was considered as Triglycetide (mg/dl) 187.8 + 71.3 195.3 + 922 n.s.
normal, BMI between 25 kg/m2 and LDL-cholesterol (mg/dl) 1223 + 27.0 1264 + 29.7 n.s.
30.0 kg/m2 as overweight and HDL-cholesterol (mg/dl) 447 £ 79 434 + 82 n.s.
greater than 30 kg/mZ as obesity [9] SBP (mmHg) 128.6 £ 12.2 1339 * 13.2 0.002
Blood pressure was measured twice DBP (mmHg) 80.8 + 49 826 + 52 0.01

on the right arm in sitting position
after 15 min of rest using a standard
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Legend: Data are mean * SD. FPG: fasting plasma glucose. SBP: systolic blood pressure.
DBP: diastolic blood pressure.
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When no evidence of infection and/or hematuria was
found in urinalysis, urine samples with specific gravity
>1015 were examined for microalbuminuria. Urinary
albumin was measured with an Autoanalyzer (Analyzer
Medical Systems, Italy) using Randox kits (urinary al-
bumin measurement with the immunoturbidimetry
method, UK). A second 24-h urinary sample was ob-
tained and examined for microalbuminuria if the first
measurement exceeded 30 mg of albumin. The diagno-
sis of microalbuminuria was confirmed when more
than 30 mg/dl albumin was found in the second sam-

ple.

24-h urinary albumin concen-
trations of <30 mg were consid-
ered as normal (normoalbuminu-

diabetes 10.2 (SD 4.5) years. Mean age was higher in
men than women (59.4 = 10.3 vs. 56.5 £ 8.9 years, p <
0.05). However, the duration of disease was compara-
ble in men and women.

Table 1 shows the comparison between follow-up
variables in patients with and without microalbuminu-
ria. Mean duration of disease, fasting plasma glucose,
HbAlc, blood pressure and plasma creatinine were all
significantly higher in patients with microalbuminuria
compared with patients with normal urinary albumin
excretion. The prevalence of hypercholesterolemia and

Table 2. Incidence and relative risk of microalbuminuria according to risk factor

ria), 30-300 mg as microalbumin- Parameter Total Micro- Person/ Incid./ RR (95% CI)
uria and >300 mg as macroalbu- () alb. () yE 1000
minuria (overt proteinuria) [13]. Gender
Smoking was defined according Women 394 110 1667  66.1 1.00
to the WHO criteria. In this Men 111 66 470 1414 28 (14 - 32
study, smokers were defined as Age
individuals who _regularly smoked <40 19 5 88 56.8 1.00
at least one cigarette per day 40-49 115 31 487 638 102 (0.32 - 2.90)
(daily smokers) [14]. 50-59 172 61 828 837 134 (0.30 -47.80)
L. . > 60 199 79 834 94.7 1.50 (0.52 - 4.30)
Statistical analysis Diabetes duration
Data are presented as mean <5 132 25 559 44.72 1.00
and standard deviation (SD) with 6-10 266 101 1126 89.69 200 (1.20 - 3.20)°
a normal distribution, and as me- 11-15 107 50 452 110.62 250 (1.40 - 4.40)"
dian and 95t percentile with a Body mass index
skewed distribution. Continuous SéS 76 28 322 86.95 1.00
variables were compared using 26-30 252 83 1066  77.86 0.89 (0.50 - 1.70)
approptiate non-parametric tests. > 30 177 65 749 8678 099 (0.60 - 1.60)
Quantitative variables were com- HbA1c
pared using Student’s #test. Uni- <7 156 34 660 5150  1.00
variate and multivaraiate logistic
. . 7-9 268 105 1134 92.59 1.80 (1.20 - 2.90)
regression analysis was used to )
determine the risk factors of mi- 29 ‘ 81 37 339 109.14 210 (1.20 - 3.70)
croalbuminuria. Data were ana- Hypertension
lyzed with SPSS and p-values less Yes 310 51 1312 38.87 1.00
than 0.05 were considered as sta- No 195 125 825 151.50 3.90 (2.60 - 5.80)™
tistically significant. Retinopathy
Yes 307 52 1299 40.03 1.00
Results No 198 124 838 147.97 3.70 (2.40 - 5.50)™
o Treatment
39 4Awf£i§€71§0}0)rr$?n(§lze t/ilﬁi Diet, pill 234 66 990 6660 100
Study. Fifty-three patients (9.5%) Insulin 271 110 1147 9590 140 (0.96 - 1.96)
were excluded because they did Smoking
not return for regular visits dut- Yes 401 139 1697 81.50 1.00
ing follow-up. Mean age was 57.5 No 104 37 440 8409 130 (0.83 - 2.08)

(SD 9.5) and mean duration of
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Legend: " p < 0.05,

“p <0.01," p < 0.001.
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hypertriglyceridemia was 68.7% and 65.2%, respec-
tively. LDL cholesterol was higher than 100 mg/dl in
79.8% of patients. However, none of the lipid parame-
ters were associated with an increased risk of microal-
buminuria.

The 5-year incidence of microalbuminuria was
82.3/1000 person/year (95% CI: 69-105). The inci-
dence of microalbuminuria in men was significantly
higher than in women (141.4/1000 in men vs.
66.1/1000 in women, p < 0.001, Table 2).

Table 2 shows the incidence of microalbuminuria
according to the risk factors identified by univariate
regression analysis. Cut-off levels were selected on the
basis of usual limits and not necessarily based on the
results of the univatiate analysis. Beside the obvious
gender difference, the analysis showed the expected
trend towards higher incidence of microalbuminuria
with longer clinical duration of diabetes. An HbAlc of
>7.0% was associated with an 1.8 times higher relative
risk of developing microalbuminuria during the first
five years. Similary, presence of hypertension means a
3.9-times higher risk. Furthermore, retinopathy (de-
fined as existence of retinal lesions examined by retinal
photography) and treatment with insulin were also sig-
nificantly associated with an increased risk of progres-
sion to microalbuminuria.

Since a number of the factors are interrelated, mul-
tivariate analysis is necessary to find out independent
associations. Data from multivariate analysis with ad-
justment for other vatiables ate presented in Table 3.
The analysis showed that longer duration of diabetes,
hypertension (systolic blood pressure of >140 mmHg
and diastolic blood pressure of >90 mmHg), higher
HbAlc and the presence of retinopathy were inde-
pendently associated with a higher risk for developing
microalbuminuria.

Table 3. Independent variables determining microalbuminuria in
type 2 diabetic patients

Parameter Odds ratio 95% CI p

Duration of diabetes 1.3 1.1 - 24 0.03
HbAlc 1.8 1.1 - 32 0.01
SBP 33 1.6 - 69 0.001
Retinopathy 3.1 1.5 - 62 0.002

Legend: SBP: systolic blood pressure.
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Discussion

The findings of different studies are not readily
comparable due to differences in diagnostic methods,
age distribution, duration of diabetes and patient selec-
tion methods. In order to describe an adequate global
picture of the development of microalbuminuria and
diabetic nephropathy, data from different continents
and patient groups need to be examined. The present
study describes the incidence of new-onset microal-
buminuria in type 2 diabetic patients in Isfahan, Iran, a
sparsely examined region so far. In contrast to case-
control-studies, which define differences in character-
istics between patients with and without established
microalbuminuria, this study examines factors associ-
ated with the development of this complication during
the first five years after normoalbuminuria in the Ira-
nian population. The present study showed that the
incidence of albuminuria in the Iranian study popula-
tion is higher than in other populations and that there
is a significant gender difference.

A few other studies form different countries have
also reported the incidence of new-onset microalbu-
minuria in type 2 diabetes. A prospective cohort study
in Korea involving 188 type 2 diabetic patients without
albuminuria reported an incidence rate of 52 per 1000
population after 5.5 years of follow-up [15]. An Indian
study reported the 5-year incidence of microalbuminu-
ria at 46.9 per 1000 population [16]. Nelson and col-
leagues reported the accumulative incidence of micro-
albuminuria in the Pima race at 37% after 4.7 years of
follow-up [17] In the present study, we observed a rate
of 34.8% of the patients with follow-up developed mi-
croalbuminuria. This rate equals 82.3/1000 patient
years exceeding the incidence from other studies. The
reason for this considerable difference in the incidence
rates is not fully understood. It may be partly related to
suboptimal risk factor detection and treatment. Due to
the association of diabetes with the development of
microalbuminuria we suppose that inferior glycemic
control may play a role, too. However, we found no
study in the literature focusing on the incidence of mi-
croalbuminuria and glycemic control in diabetic pa-
tients in Iran. This would be an interesting aspect for
future research.

The present study confirmed known predictive fac-
tors which were previously found in other studies.
These factors are hypertension, duration of disease,
higher HbAlc, retinopathy and being male. However,
if found to be consistent, both the higher incidence of
microalbuminuria and especially the gender difference
raise questions about the medical and/or non-medical
pathophysiology of this specific complication in this
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population. Non-medical factors pertain to the acces-
sibility and use of health care facilities, compliance
with therapy and lifestyle factors. Medical factors in-
clude the detection and treatment of the described risk
factors. However, association with the development of
microalbuminuria does not always indicate causality.
The association with retinopathy, for example, may be
another reflection of microvascular disease. Causal fac-
tors are predestined for intervention if a positive effect
on a relevant end point has been shown in randomized
trials. However, some potential causal factors can not
be redressed like duration of disease.

Some studies investigated the effect of age on the
incidence of albuminuria [18, 19]. Bruno ¢t a/. reported
that increasing age was independently associated with
microalbumiuria in an Italian population, even with
adjustment for duration of disease [18]. In contrast, an
association between age and albuminuria could not be
confirmed with our study design in the Iranian popula-
tion, even in univariate analysis. An association be-
tween age and albumin excretion rate was also not
found in an Afro-American population [19].

The incidence of albuminuria in our study in-
creased with duration of diabetes, which was found to
be one of the determinants of albuminuria after ad-
justment for other variables. This result corresponds
with other studies [20-22]. As duration of diabetes in-
creases with age, actually both variables should be re-
lated to nephropathy. However, duration of disease is
difficult to record in type 2 diabetes since it is well-
known that hyperglycemia usually starts 4-7 years be-
fore the clinical diagnosis of diabetes [23]. We found
mean fasting plasma glucose in patients with abnormal
urinary albumin to be higher than in those with normal
urinary albumin. HbAlc is a more accurate indicator of
glycemic control and has been shown to be an inde-
pendent risk factor.

The incidence of microalbuminuria in men was
found to be significantly higher than in women, which

is in agreement with a Danish study [24]. The reason
for this difference is not clear. In line with the current
study, several research groups have highlighted hyper-
glycemia and hypertension as major risk factors for
microalbuminuria and nephropathy in diabetic patients
[25-33]. Hypertension was also one of the major de-
terminants of microalbuminuria in the present study.
Univariate analysis revealed significantly higher levels
of systolic and diastolic blood pressure in patients with
microalbuminuria compared with patients without mi-
croalbuminuria. Adequate blood pressure control de-
creases the incidence of microalbuminuria, and retards
the progression of disease towards overt nephropathy
[34]. This suggests that emphasis should be placed on
the use of inhibitors of the renin-angiotensin-
aldosteron system [35-37].

In the present study, the incidence of albuminuria
in patients with retinopathy was greater than in those
without. Recent studies have demonstrated diabetic
nephropathy to increase the ocular complications of
the disease, including retinopathy [38-40].

Conclusions

In conclusion, the 5-year incidence of microalbu-
minuria in our study population was significantly
higher than in other countries. It would be useful to
confirm this result and compare its causes with results
from other countries. Also, the analysis of contributing
medical and non-medical risk factors should be ex-
tended. Nevertheless, it is clear that the incidence of
microalbuminuria, and late-stage macroalbumiuria re-
quiring renal replacement therapy, can be modified by
appropriate and timely actions, with great savings in
human and economic costs. The control of modifiable
risk factors, especially hyperglycemia and hypertension,
as well as timely detection and treatment of incipient
nephropathy can decrease the incidence of albuminuria
in diabetic patients.
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