Correlation Between Prediabetes Conditions and Microalbuminuria
1

1

1

1, *

Adele Bahar , Atieh Makhlough , Atefe Yousefi , Zahra Kashi , Saeid Abediankenari

1

1 Diabetes Research Center, Mazandaran University of Medical Sciences, Sari, IR Iran

* Corresponding author: Zahra Kashi, Diabetes Research Center, Imam Khomeini Hospital, Razi Street, Sari, IR Iran. Tel/Fax: +98-15122787894, E-mail: kashi_
zahra@yahoo.com.

A B S T R A C T

Background: Impaired fasting glucose (IFG), and impaired glucose tolerance (IGT) are two prediabetes conditions which have some
correlation with macrovascular disorders. The risk of microvascular complications in these groups is not clear.
Objectives: The prevalence of albuminuria in subjects with IFG and IGT was evaluated in the present study.
Patients and Methods: In this study three groups of subjects were entered (45 subjects in each group): IFG, IGT, and normal glucose tolerance
as control. The urine albumin-creatinine ratio was studied in morning spot urine samples to detect microalbuminuria. The subjects were
followed up for two years, and blood sugar and urine albumin and glycosylated hemoglobin (HbA1C) were measured every 6 months.
Results: The prevalence rate of microalbuminuria was 15.5% in the prediabetic groups, while no one had microalbuminuria in the control
group (P = 0.005). The prevalence of microalbuminuria in patients with IFG or IGT was not significantly different (17.8% vs. 13.3%) (P = 0.4).
Fourteen subjects (4 in IFG group and 10 in IGT group) developed diabetes mellitus within a 2-year follow-up period (P = 0.1). Thirty six percent
of subjects with albuminuria, and twelve percent of subjects without albuminuria progressed to diabetes mellitus during a 2-year follow-up
(P = 0.02, odd ratio = 4.1; CI95%, 1.13-15.1).
Conclusions: The risk of microalbuminuria in prediabetic subjects is high, and probably prediabetic subjects are at higher risk of progression
to diabetes mellitus. We suggest periodically evaluation of albuminuria in prediabetic patients after the diagnosis.
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1. Background
Impaired fasting glucose (IFG), and impaired glucose
tolerance (IGT) are two forms of abnormal glucose metabolism which are located between the normal glucose
tolerance (NGT), and type 2 diabetes. These two disorders
have significant pathophysiological effects on insulin
sensitivity, and secretion as well as cardiovascular dis-

eases (1, 2). Epidemiological studies have considered microalbuminuria (MAU) as a risk factor for atherosclerosis,
coronary artery disease, and other vascular disorders in
patients with type 2 diabetes, and IGT (3-5). Microalbuminuria refers to a slight increase in secretion of albumin
in urine, and is a sign of progression towards nephropathy in patients with diabetes (6). It is a clue which helps
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Implication for health policy/practice/research/medical education:

Considering that early diagnosis and control of microalbuminuria can slow its progression towards macroalbuminuria and renal
failure, and also prevent cardiovascular complications, the present study was designed to investigate the probable correlation
between microalbuminuria and IFG and IGT.
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us predict the occurrence of cardiovascular disorders
in both patients with or without diabetes (7, 8). The risk
of microalbuminuria is correlated with plasma glucose
level, and the duration of hyperglycemia in patients with
diabetes (9, 10). Glycemic control in these patients can
prevent the development, and progression of microalbuminuria, but this issue has not been well-documented
about IGT and IFG-related disorders yet (11). Some studies
conducted in this regard have shown that IGT is a more
important risk factor than IFG for developing microalbuminuria (5). At present, no special treatment and diagnostic measures is advised in patients with IGT and IFG.

2. Objectives

Considering that early diagnosis and control of microalbuminuria can slow its progression towards macroalbuminuria and renal failure, and also prevent cardiovascular complications, the present study was designed to
investigate the probable correlation between microalbuminuria and IFG and IGT.

3. Patients and Methods

This cohort study was performed from 2009 to 2011 in
university hospital of Mazandaran university of medical sciences, Sari, Iran. Exclusion criteria were as follows:
overt diabetes mellitus (12), hypertension, heart failure,
renal failure, previous history of proteinuria, recent urinary tract infection (UTI), and treatment with corticosteroids or spironolactone, ARBs (angiotensin receptor
blockers), and ACEIs (angiotensin converting enzyme inhibitors). The study population was sequentially selected
based on the results of glucose tolerance test (GTT, 75 g),
and the level of FBS. FBS≥ 100mg/dL and less than 126
was considered as IFG. IGT was defined between 140-199
mg/dL of serum glucose after two-hour oral 75 g glucose
consumption. The study was approved by the local ethics
committee, and informed consent was obtained from all
participants.
The quantitative urine albumin-creatinine (Cr) ratio
in morning spot urine samples were used for standard
microalbuminuria determination. For these measurements, the automated clinical chemistry analyzer by immunotorbidometry assay with prstige24i device (auto
analyzer, Japan), Pars Azmon Kit (Iran) were used. microalbuminuria was defined as 30-300 mg/g Cr (13) in two
random measurements with a month interval.
The subjects with different results in these two random
tests (one positive and one negative) were asked for testing the third sample. All of our cases were followed up for
two years, we did not have any drop out in our patients
follow, and their blood sugar and urine albumin levels
were measured every 6 months. For each participant,
HbA1C was requested at least two times in a two-year follow up. We used chromatography method with Bio-system Kit (Italy, CV = 5%) for this test.
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The obtained data was analyzed by SPSS software. ANOVA, X2 and fisher exact tests were used for comparison of
data between the groups. Correlation between blood glucose and urine albumin was evaluated by the Pearson correlation coefficient. P value less than 0.05 was considered
as statistically significant.

4. Results

The mean (SD) age of the subjects was 52.5 (± 11.2), 51.4
(± 12.2) and 40.2 (± 12.0) years in the IFG, IGT and control
groups respectively (P < 0.001). Of forty five subjects with
normal glucose tolerance, 12 (26.7%) were male, and 33
(73.3%) were female. Thirty four (76.6%) of subjects with
IFG, and 38 (84.4%) with IGT were female (P = 0.4). Basic
fasting blood sugar and blood glucose 2 hours after 75 gr
oral glucose in three groups (IFG, IGT and control groups)
were shown in Table 1.
Table 1. The Basic Data in Study Population
IFGa

FBS (mg/dL)b 95.5 ± 108.11

BS2h G (mg/
dL)b,c

19.19 ± 105.42

BMI (kg/m2)c 29.37 ± 4.72

IGTa

NGTa

8.36 ± 110.36

75.31 ± 5.82

17.4 ± 160.36

68.73 ± 5.70

30.15 ± 4.41

26.15 ± 3.72

a Abbreviations: IFG, Impaired fasting glucose; IGT, impaired glucose
tolerance; NGT, normal glucose tolerance
b P < 0.001 between three groups
c P < 0.001 between IFG and IGT group

Microalbuminuria was not seen in the control group.
The prevalence rate of microalbuminuria was 15.5% in
prediabetic subjects (P = 0.005). The prevalence of microalbuminuria in patients with IFG or IGT was not significantly different (P = 0.4) (Figure 1).
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Figure 1. Microalbuminuria Prevalence in Prediabetes Conditions, and
Normal Population

Urine albumin secretion in both samples measurement
was significantly correlated with FBS (r = 0.32, P < 0.0001;
r = 0.3, P < 0.001; r = 0.32, P < 0.0001), and BS2hpp (r =
0.3, P = 0.002; r = 0.3, P = 0.001). Fourteen subjects (4 in
IFG group and 10 in IGT group) developed diabetes melNephro Urol Mon. 2013:5(2)
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litus within a 2-year follow-up period (P = 0.1). [according to the ADA 2011 definition of diabetes mellitus (14)].
Prediabetic subjects with albuminuria were four times
at risk of progression to diabetes mellitus than subjects
without proteinuria during a 2-year follow-up (P = 0.02,
Odd ratio = 4.1; CI95%, 1.13-15.1) (Figure 2). The distribution
of diabetes mellitus in albuminuric subjects with IFG and
IGT were 7.1% and 28.6 % respectively (P = 0.03).
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Figure 2. Progression Toward Diabetes Mellitus in Subjects With Prediabetes Conditions

membrane, glomerular hyperperfusion, and its hyperinfiltration (17). Also, it has been revealed that the relation
between hyperglycemia and microalbuminuria is independent from the blood pressure (5). In our study, the
cases with hypertension were excluded from the study.
Fourteen subjects (10.4%) in our study developed diabetes within a 2-year follow-up were 4 in the IFG, and 10 in
the IGT groups respectively. This suggests that the risk of
diabetes was greater for the IGT group, whereas our study
revealed more correlation between IFG and risk of microalbuminuria. The limitation of our study was that we
did not repeat the glucose tolerance test during the two
year follow up for diabetes mellitus diagnosis, although
we measured HbA1C for this mention (14). In our study
the body mass index has not been matched between the
three groups; despite the fact, according to a large sample study with 20,828 cases by Thoenes, BMI had not any
association with albuminuria (18).
Our study showed that the prevalence of microalbuminuria is high in prediabetes conditions such as IFG
and IGT, and it correlates with the progression towards
diabetes mellitus in this population. We recommend periodic evaluation of urine albumin in addition to HbA1C
in patients with prediabetes conditions.

5. Discussion
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This study investigated the presence of microalbuminuria in patients with IFG and IGT, and compared them to
the control group (NGT). The prevalence of microalbuminuria in prediabetic subjects was significantly higher
than normal glucose tolerance cases, but the prevalence
of microalbuminuria was not significantly different between the two groups with IFG and IGT. In Monica study
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diabetes mellitus.
The current study revealed that the urine albumin secretion is significantly higher in the IFG and IGT groups
than in the NGT group. Although the prevalence and
risk of microalbuminuria was higher in IFG group than
in IGT group, this difference was not statistically significant in our study. Meigs in Framingham Offspring Study
reported a strong correlation between IFG and microalbuminuria (11). In Wang study the prevalence of microalbuminuria in IGT group was higher than IFG group, and
IGT was introduced as the most important risk factor
for microalbuminuria (5). The mechanism of albuminuria in relation with glycemia involves the glycation of
basal membrane proteins, losing the selective power of
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