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Abstract

Introduction: We sought to report the 5-year incidence
of proteinuria and risk factors for the progression of
diabetic nephropathy in Egyptians with type 2 diabetes
mellitus (DM).

Methods: Five-hundred and twelve Egyptians with type
2 diabetes were evaluated at baseline and after five years
of follow-up by a timed urine sample to measure urinary
albumin excretion. Baseline evaluation included potential
risk factors of progression of diabetic nephropathy.

Results: Patients mean age was 47.548.8 years and 47.6%
of them were males. Their mean duration of diabetes
was 8.9+6.6 years and 44.1% of them were on insulin.
At baseline, 62.5% of patients had no proteinuria, 23%
had microalbuminuria and 14.5% had overt proteinuria.
Among patients that had no albuminuria at baseline,
173/320 still had no albuminuria after 5-year follow up
(54.1%), 79/320 developed microalbuminuria (24.7%)
and 68/320 developed macroalbuminuria (21.3%).
Microalbuminuria progressed to macroalbuminuria in
44/118 patients (37.3%), and 45/512 patients developed
end stage renal disease (8.8%). Regression from
microalbuminuria to no albuminuria occurred in 49/118
patients (41.5%), regression from overt proteinuria to
microalbuminuria occurred in 16/74 patients (21.6%)
and regression from overt proteinuria to no albuminuria
occurred in 2/74 patients (2.7%). In multivariate analysis,
only higher baseline albumin excretion rate (OR 1.4, P <
0.002), higher blood cholesterol levels (OR 2.5, P<0.02),
and depression (2.3, P <0.04) remained independently
associated with new-onset proteinuria.

Conclusions: In this group of Egyptians with type 2 diabetes,
the 5-year incidence of proteinuria is high. Baseline AER is
the strongest predictor for incidence of any proteinuria.
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Introduction

Renal disease represents a major complication for
patients with both type 1 and type 2 diabetes mellitus
(DM). Diabetic nephropathy affects 20-40% of those who
develop diabetes [1-3] and is associated with enormous
morbidity [4, 5], mortality [5] and health care costs [6].
Globally, it is the leading cause of end-stage renal disease
(ESRD), accounting for up to 44% of all cases of ESRD
[1]. Racial and ethnic differences in the prevalence and
incidence of diabetic nephropathy and diabetic renal
failure or ESRD have been well described [5-7].

Proteinuria, of any cause, was identified as a significant
predictor of ESRD and reported as a risk factor for
cardiovascular or total mortality. Microalbuminuria
or "incipient diabetic nephropathy" is one of the initial
clinical manifestations of early diabetic nephropathy [8].
The incidence of micro- or macroalbuminuria in type 1 and
type 2 diabetic individuals varies greatly among different
populations [8—10]. It is unclear whether racial/ethnic
differences exist in the prevalence of microalbuminuria
when controlling for socioeconomic status in a setting
where access to health care is comparable [11-12]. The
purpose of the present study is to investigate the 5-year
incidence of, and risk factors for, proteinuria in Egyptian
subjects with type 2 DM.

Methods

Patients aged 30 years or older with a diagnosis of type
2 DM were identified from a random review of medical
records. Patients on regular dialysis and those who had
received a kidney transplant were excluded from the
study. Informed written consent was obtained from
patients before inclusion in the study. Patient's baseline
evaluation included a structured clinical interview to
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obtain detailed medical and ophthalmologic histories, to
collect data on socio-demographic factors and smoking
status, and to administer the Beck Depression Inventory
(BDI). Patients were considered depressed if, at two
visits, the BDI score was 14. Socioeconomic status was
classified according to the Goldthorpe and Hope social
grading of occupations [13]. Patients were also examined
in the eye clinic for evidence of diabetic retinopathy and
measurements of their weight, height and blood pressure
were obtained. Venous blood was drawn at baseline for
measurement of total glycosylated hemoglobin (using
high-pressure liquid chromatography; Bio-Rad, Labcorp
Laboratory, Hercules, CA); serum creatinine (using
the alkaline picrate method); and lipid profile (using
an enzymatic assay and separation spectrophotometry;
Genzyme Diagnostics, Cambridge, MA). A timed 4-hour
urine collection was obtained with the patient at rest at
baseline and after five years of follow-up. Urine was
assayed for albumin (using a radioimmunology-assay)
and creatinine (using the alkaline picrate method, Smith
Kline & Beecham Clinical Laboratory).

Urine collection was considered adequate if the creatinine
concentration in the 4-hour urine collection was at least
15-30 mg/dl for men and 10-15 mg/dl for women. Urine
dipstick testing for nitrites (Chemstrip regent; Boehringer
Mannheim) was used to exclude patients with urinary
tract infections.

Microalbuminuria was defined as albumin excretion rate
(AER) 20-200 mcg/min, while macroalbuminuria was
defined as AER >200 mcg/min. The S-year incidence
of "any proteinuria", either microalbuminuria or overt
proteinuria, was calculated for patients who, at baseline,
had an AER <20 mcg/min. Patients who developed "any
proteinuria" were those of this group who, at follow-up,
had microalbuminuria (AER 20-200 mcg/min), overt
proteinuria (AER >200 mcg/min), were started on
dialysis, or received a kidney transplant. Patients who
developed microalbuminuria were those of this group
who, at follow-up, had an AER 20-200 mcg/min.
Patients who developed overt proteinuria were those of
this group who, at follow-up, either had an AER >200
mcg/min, were started on dialysis, or received a kidney
transplant. The S5-year progression to overt proteinuria
was calculated for all patients who, at baseline, either
had no albuminuria or had microalbuminuria but were
found, at follow-up, to have overt proteinuria, to be on
dialysis, or to have received kidney transplantation. The
5-year incidence of ESRD was calculated for all the study
group; patients who developed ESRD were those of this
group who, at follow-up, were either on dialysis or had
received kidney transplantation. The 5-year incidence of
regression of proteinuria was calculated for all patients
who, at baseline, had ‘any proteinuria’. Patients who
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regressed were those of this group who, at follow-up, had
regressed from microalbuminuria to no proteinuria or
from overt proteinuria to either micro- or no proteinuria.

Statistical analyses were performed using the statistical
software package SAS, version 9.1. Incidence rates were
calculated for the following end points: any proteinuria,
microalbuminuria, overt proteinuria, regression of
proteinuria, and ESRD. Associations between the
incidence of any degree of proteinuria and various baseline
characteristics were tested using logistic regression. For
dichotomous variables, odds ratios (ORs) were used to
quantify the association between any proteinuria and each
risk factor. The statistical significance of the associations
was based on Wald test. For categorical variables with
more than two categories, the ORs are presented for each
level of the risk factor, compared with a reference level
thought to represent the lowest risk. Multiple logistic
regression was used to isolate the impact of specific
risk factors in relation to incidence of any proteinuria,
controlling for the effect of potential confounders.
Models were run including baseline characteristics that
were either significant on univariate analysis or likely to
contribute to the incidence risk. All tests were two sided
and the criterion for statistical significance was P < 0.05.

Results

The study included 512 patients with type 2 diabetes; 226
of whom (44.1%) were on insulin. The mean duration of
follow-up was 5.1 =+ 0.4 years and the median follow-up
duration was 4.92 years. Table 1 shows the baseline
characteristics of the study population.

Table 2 shows the 5-year incidence of proteinuria
after five years of follow up among patients with no
albuminuria at baseline. Overall, the development of
new onset proteinuria and progression of preexisting
proteinuria occurred in 191/438 patients at risk (43.6%),
including 147 of 320 patients that had no albuminuria
at baseline (45.9%), and 44 of 118 patients (37.3%) that
had microalbuminuria at baseline. In addition, 45/512
patients (8.8%) developed ESRD during the 5-year
follow up. Regression of proteinuria occurred overall
in 67/192 patients (34.9%), including 49 of 118 patients
who regressed from microalbuminuria to no albuminuria
(41.5%), 16 of 74 patients who regressed from overt
proteinuria to microalbuminuria (21.6%) and 2 of 74
patients who regressed from overt proteinuria to no
albuminuria (2.7%).

The 5-year incidence of any proteinuria was 28.2% in
patients with 5-10 years duration of diabetes at baseline,
compared to 45.5% in patients whose diabetes duration
was 10-15 years at baseline. Among patients above 50
years of age, the 5-year incidence of any proteinuria was



Table 1: Baseline characteristics of the study population
(N =512)

Albuminuria in DM type II

Table 2: Five-year incidence of proteinuria in patients with
normal urinary albumin excretion at baseline (N = 320)

Baseline characteristic Value Status after S5-year follow-up Number Percentage
Age (years), mean + SD 47.5+8.8 No albuminuria 173 54.1
Male gender, number (%) 244 (47.6%) Microalbuminuria 79 24.7
Duration of diabetes (years), mean = SD 89+6.6 Macroalbuminuria 68 21.3
Body mass index (kg/m?), mean + SD 32.6+9.5 Any albuminuria 147 459

Glycosylated Hemoglobin (%), mean+ SD  9.5+3.3

AER (ug/min), mean + SD 198.4 + 422
Serum creatinine (mg/dl), mean + SD 1.29+1.7
GFR (ml/min/1.73m?), mean = SD 98.1 £55.2

Family history of hypertension, number (%) 378 (73.8%)
405 (79.9%)
376 (73.5%)
253 (49.4%)
57 (11.1%)

Systemic hypertension, number (%)
Neuropathy, number (%)
Depression, number (%)

ACE inhibitor use, number (%)

Socioeconomic status, number (%)
Middle-high 187 (36.5%)
Low 325 (63.5%)

Education, number (%)
< high school 259 (50.1%)

> college 253 (49.9%)

Smoking, number (%)

Never 244 (47.6%)
Past 70 (13.6%)
Current 198 (38.8%)

Diuretic use, number (%)

Never 297 (58%)
Past 70 (13.7%)
Current 145 (28.3%)

Total cholesterol (mg/dl), number (%)
<169.49
169.50-198.79
198.80-236.69
>236.70

41 (8%)
105 (20.5%)
201 (39.2%)
165 (32.3%)

Proteinuria, number (%)

Normoalbuminuria 320 (62.5%)
Microalbuminuria 118 (23%)
Overt proteinuria 74 (14.5%)

‘Any protienuria’ 192 (37.5%)

55% for men and 43% for women. In univariate analysis,
new-onset proteinuria was significantly associated with
the following baseline characteristics: higher AER,
higher HbA1C, higher serum cholesterol, higher BMI,
hypertension, family history of hypertension, smoking,
low socio-economic status and depression (Table 3).

There was no significant association between incidence
of any proteinuria and education, insulin dose, peripheral
neuropathy, use of diuretics or ACE inhibitors, or diabetic
retinopathy.

When baseline characteristics, which were significantly
associated with development of any proteinuria in
univariate analysis, were included in a multivariate
analysis model, the 5-year incidence of any proteinuria
was significantly and independently associated with
higher baseline AER (OR 1.4, P < 0.002); higher blood
cholesterol levels (2.5, P < 0.02); and depression (2.3, P
<0.04).

Discussion

The results of the present study indicate that the 5-year
incidence of new-onset proteinuria (45.9%), progression
of pre-existing proteinuria (43.6%%), and ESRD (8.8%)
are high for the studied Egyptians with type 2 diabetes.
Higher AER, systemic hypertension, blood cholesterol,
smoking, high BMI and depression at baseline were
significant risk factors for new-onset proteinuria in this
population in univariate analysis. However, only high
AER, hypercholesterolemia and depression proved to be
independently associated with new-onset proteinuria in
multivariate analysis.

While both higher AER and systemic hypertension have
been found to be risk factors for incidence of proteinuria,
it is unclear whether they are markers for, or are involved
in, the pathogenesis of the disease [14]. Hypertensive
nephrosclerosis is one of the leading causes of ESRD
[15]. Previously published studies [16, 17] suggest that
the relationship between blood pressure (BP) elevations
and renal damage is present even in the earlier stages of
renal disease, as defined by the presence of proteinuria.
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Table 3: Risk factors for new-onset proteinuria in the study population in univariate analysis

Baseline characteristics Odds Ratio P value
Hypertension 2.2 0.01
Depression 1.99 0.045
Low socioeconomic status 1.85 0.01
High BMI 1.44 0.02
Higher AER 1.3 0.00
Family history of hypertension 1.23 0.04
Smoking status 1.2 0.03
High HbAIC 1.1 0.03

AER: albumin excretion ratio; BMI: body mass index

The fact that even mild BP elevations were associated
with proteinuria for this Egyptian population might
suggest that normal BP values for Egyptians are not
equivalent to those established for Westerns. This might
indicate the need to establish BP nomograms specific to
the Egyptian population.

In our Egyptian patients, high blood cholesterol was an
independent risk factor for any proteinuria, as it was
found in other studies [18-21]. In support of this are the
similarities between the pathology of glomerulosclerosis
and that of atherosclerosis in animal study data, which
indicate that increased blood lipids may damage glomeruli
[21].

Smoking was reported as an associated factor with
microalbuminuria, independent of blood pressure, in a
cross-sectional study that included hypertensive and non-
hypertensive patients, and in type 1 and type 2 diabetes
mellitus [22-24].

An increase in the glomerular filtration rate (GFR)
induced by smoking could generate hyperfiltration, a
risk factor for progression to chronic renal disease [23].
Furthermore, secretion of vasopressin is increased during
smoking, and vasopressin increases GFR inappropriately
via changing the activity of tubulo-glomerular feedback
[25].

In this study, elevated BMI values were also significantly
associated with proteinuria in univariate analysis. In
hypertensive and non-hypertensive patients diagnosed
with type 2 diabetes mellitus, obesity was associated
with microalbuminuria and UAE was significantly higher
in the obese patients compared to controls. In addition,
UAE has been positively and significantly correlated with
body weight. Furthermore, a significant correlation has
been observed between body weight loss and a decrease
in proteinuria. [26-29].
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The mechanisms by which obesity induce renal injury
are poorly understood. Obesity is associated with renal
hyperfiltration and hyperperfusion. Kidneys from obese
subjects exhibit focal glomerulosclerosis and other
histological changes similar to those observed in diabetic
nephropathy [30-32].

In this study, the incidence of developing proteinuria was
greater in men than in women. This is probably due to the
prevalence of cigarette smoking, obesity, hypertension
and diabetes mellitus in the male population as a whole.
This gender difference is further highlighted as men are
more likely to progress to renal disease [33]. This study
failed to show any association between the incidence of
proteinuria and the use of ACE inhibitors. This might be
explained by the low utilization rate of these medications
(11.1%).

In the present study, depression was an independent risk
factor for new-onset proteinuria. This was previously
reported for Caucasian diabetic patients [34]. Similar
pathophysiological changes have been described both for
patients with depression and for patients with diabetic
renal disease. These include abnormalities in coagulation
factors and vascular endothelial function, alteration
of immune and inflammatory responses, and insulin
resistance [35].

Thus, our data suggest that, in addition to blood pressure
and glycemic control, weight loss, abstinence of smoking,
institution of lipid-lowering agents, and screening for
depression might be considered in the management of
this population.

Our study has several potential limitations that must be
considered in the interpretation of its findings. The first
limitation is the basic assumption in these patients that
albuminuria and CKD progression are due to diabetic
nephropathy and not other glomerular or interstitial



diseases. This assumption can only be confirmed by renal
biopsies, which are not usually done in such cases. A
cause-effect relationship cannot be established because
the sequence of events between exposure and outcome is
not defined. There is also the possibility of selection bias,
in the sense that individuals who participated in the study
might be more or less likely to manifest the relationships
between BP, age, and proteinuria as all are referred to a
diabetic nephropathy clinic. The fact that findings were
strong and consistent with published reports suggests that
bias is less likely.

Conclusion

The identification of factors associated with proteinuria
might lead to the modification of putative risk factors for
renal disease. This is of significance, because proteinuria
and even microalbuminuria are associated with adverse
cardiovascular and renal outcomes, even in non-diabetic
populations. Additionally, the determination of factors
associated with proteinuria in this population could
guide the design of a more focused screening strategy, by
identifying individuals at higher risk for abnormalities.
Such a targeted prevention strategy could potentially
result in the reduction of ESRD in the population at
highest risk for its development.
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