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Abstract: Introduction and aim of the study: Approximately 10 - 40% of diabetic patients develop
diabetic nephropathy. The pathogenesis of this drastic complication is not clearly understood; but
available data suggest that multiple factors contribute to this complication. Several publications
suggested that genetic predisposition played a role in development of diabetic nephropathy which
clusters within families in both type I and type II diabetes mellitus. The present study was performed
to evaluate the association between angiotensin converting-enzyme gene (ACE) insertion (I)/ deletion
(D) polymorphism and diabetic nephropathy, this could lead to better understanding of different
phenotypes observed in diabetes and would determine whether a patient is genetically predisposed to
such complication or not. Methods: The study was conducted on 40 patients with diabetic nephropathy
(group 1) and 30 diabetic patients without nephropathy (group II).Both groups were subjected to full
history including age, sex& complete clinical examination, blood pressure measurement and fundus
examination. Laboratory investigations including, fasting blood sugar, 2 hour post prandial blood
sugar, kidney function tests, liver function tests, lipid profile including total cholesterol & trigycerides,
plasma renin activity were done for all patients. Also urine analysis for proteniurea or RBCs, 24 hour
urinary albumin and DNA isolation, determination of ACE I/D genotype were done. Patients with
cardiac failure, hepatic disease and patients receiving drugs likely to affect the plasma renin level were
excluded from the study. All Patients were receiving the same hospital diet and none of them was on
sodium restriction 3 days before venous sampling. Results: The frequency of DD genotype was 13/40
(32.5%) in patients group I that was significantly higher than that of patient group II 4/30(13.3%)
p<0.05.while there was no significant decrease in frequency of ID genotype between patients in group I
19/40(47.5%) and patient in group II 17/30(56.67%), p>0.05. The frequency of D allele was
45/80(56.25%) in patients with group I, that was significantly higher than that of patients with group II
25/60(41.67%) p<0.05.While the frequency of I allele was 35/80(43.75%) in patients of group I that
was significantly lower than that patients in group II 35/60(58.3%), p<0.05. The mean +SD of plasma
renin activity in patient group I was 4.574+3.77 ng/ml/hr that was highly significantly increased than
that of group II 1.45+1.13 ng/ml/hr, P<0.001. Conclusion: This study suggested that DD genotype of
ACE gene may be associated with development of diabetic nephropathy among Egyptian patients and
this could lead to novel avenues for the prevention and treatment of this debilitating complication.
Diabetic nephropathy in Egyptian diabetic patients is also associated with high plasma renin level.
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INTRODUCTION

Diabetetic nephropathy is one of the most frequent causes of chronic kidney disease (CKD) and the most
common reason for initiation of renal replacement therapy (Foley and Collins, 2007). Kidneys in diabetic
individuals are under stress induced by hemodynamic and metabolic perturbations. No single mechanism is
responsible for the development of diabetic nephropathy. The relative importance of capillary hypertension,
hyperglycemia, hyperlipidemia, advanced glycation end product formation, sorbitol synthesis, nitric oxide
formation, and genetic predetermination to the pathogenesis of intracapillary glomerulosclerosis are the subject
of ongoing research in multiple laboratories (Kronenberg et al., 2008).

In patients with type I or type II diabetes, the likelihood of developing diabetic nephropathy is markedly
increased in those who have a sibling or parent with diabetic nephropathy (Tervisan and Viberti, 1995). The
greatest risks seem to be associated with genes encoding angiotensin converting enzyme, angiotensin II
receptor, cytokines, protein involved in glucose or lipid metabolism, and extracellular matrix proteins (Iyengar
et al., 2007). The ACE gene polymorphism has been explored in several studies; it is located on chromosome
1723 and includes 26 exons (Nakayama et al., 2009). Rigat et al., (1990) found a polymorphism involving the
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presence insertion (I) or absence deletion (D) of a 287-bp sequence of DNA in intron 16 of the gene. The
insertion -deletion polymorphism is responsible for the difference between individuals in plasma levels of ACE
(Movva et al., 2007).

The aim of this study is to evaluate the association between ACE gene insertion (I) or deletion (D)
polymorphism among Egyptian patients with diabetic nephropathy. This would lead to the better understanding
of different phenotypes observed in diabetes and would help to determine whether a patient is genetically
predisposed to such complications or not, also to assess the plasma renin activity in diabetic nephropathy.

Subjects and Methods:

This study was conducted on 70 diabetic patients, with matched age, sex and duration of diabetes. They
were selected from Nephrology Unit in Internal Medicine Department, Endocrinology and Vascular
Departments in Al-Zahraa University hospital-Al Azhar University, Cairo.

Patients were classified into 2 groups:

Group | which includes 40 patients with diabetic nephropathy, 23 of them were males and 17 were
females, their age ranged from 51-60 years with a mean + SD of 56.00 + 2.6 year and disease duration > 10
years with mean = SD 13.8 + 3.1.

Patients were selected on basis of serum creatinine > 1.4 mg/dl, serum urea > 50 mg/dl, presence of
proteinuria > 300 mg/24hr urine volume, presence of diabetic retinopathy, urine microscopy (RBCs < 3 HPF,
WBCs < 5 HPF and no RBCs casts). Abdominal ultrasounds were done to exclude any local disease of kidney
causing renal failure (such as asymmetrical kidney, hydronephrosis, polycystic kidney, stones, and renal mass
etc).

Patients group Il included 30 diabetic patients without nephropathy, 16 of them were males and 14 were
females, their age ranged from 50-60 year with a mean + SD of 56.33 + 2.8 years, and duration of diabetes from
10 - 20 years with a mean + SD of 14.20 + 3.2 years. They had normal renal function, creatinine < 1.4 mg/dl,
normoalbuminuria (< 30 mg/24hr urine volume).

Patients with cardiac failure, hepatic disease and patients with primary disease were excluded from study.
Also patients receiving drugs likely to affect the plasma renin as those which increase renin such as diuretics,
alpha blockers, ACE inhibitors, theophylline, vasodilators, estrogen or those which decrease renin such as
methyl dopa, beta blockers, cardiac glycosides, NSAIDs and clonidine were excluded from the study.

All patients were receiving the same hospital diet and none of them was on sodium restriction 3 days before
venous sampling.

All patients were fasting for 12 hours before collecting samples, after 30 minutes of quite sitting; 10 ml of
venous blood were taken aseptically from each patient at the morning as plasma renin activity is the highest in
morning. All routine laboratory investigations as fasting& 2 hour post prandial blood sugar, liver& kidney
function tests and lipid profile done using Hitachi 911 auto analyzer. Determination of ACE gene was
performed by polymerase chain reaction (PCR), 24 hour urine collection for urinary albumin excretion was
determined by enzyme linked immunosorbent assay (ELISA) and finally plasma renin activity done by using
radioimmunoassay(RIA).

Statistical Analysis:

Results are expressed as mean + SD. Statistical analysis was performed using statistical package for social
science (SPSS) software version 16. Genotype and allele frequencies of ACE gene polymorphism were
compared between patients group I&II using y2 test analysis. Two tailed student’s t test was used to compare
quantitative data. P values < 0.05 were considered significant.

RESULTS AND DISCUSSION

There were no significant differences as regard sex ratio, age and duration of diabetes between patients
group I and patient group II, P > 0.05 (table 1).

All patients of group I had diabetic retinopathy, 40/40 (100%) that is highly significantly increased than
prevalence of diabetic retinopathy in patient group II, 7/30(23.33%), p <0.001(table 2).Thirty three patients of
group I had hypertension, 33/40(83%), that is highly significantly increased than prevalence of hypertension in
patients group II, 10/30(33.3%), P <0.001 (table 3).

The frequency of DD genotype was 13/40(32.5%) in patient group I that was significantly higher than that
of patient group II 4/30(13.3%), p <0.05. while there was no significant decrease in frequency of ID genotype
between patient group I 19/40(47.5%) and patient group II 17/30(56.6%) p>0.05. Also there was no significant
decrease in frequency of II genotype between patient group I 8/40 (20%), and group II 9/30(30%) p >0.05 (table
4). The frequency of D allele was 45/80(56.2%) in patients group I that was significantly higher than that of
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patient group II 25/60(41.6%) p <0.05. While the frequency of I allele was 35/80(43.7%) in patient group I that
was significantly lower than that of group II 35/60(58.3%) p <0.05 (table 5).

To test the sex specific association of ACE genotype in diabetic nephropathy patients, the frequency of DD
genotype was 9/23(39.1%) in male patient group I that was highly significantly increased than that of male
patient group II 2/16(12.5%) p <0.001.The frequency of II genotype was 4/23(17.3%) in male patient group I
that was significantly lower than that of male patient group II 5/16(31.2%) p <0.05 .While there was no
significant decrease in frequency of ID genotype between male patient group I 10/23(43.4%) and male patient
group 11 9/16(56.2%) p > 0.05 (table 6). The frequency of D allele was 28/46(60.8%) in male patient group I
that was significantly higher than that of male patient group II 13/32(40.6%) p<0.05.While the frequency of 1
allele was 18/46(39.1%) in male patient group I, that was significantly lower than that of group II 19/32(59.3%)
p < 0.05(table 7).

ACE genotype frequency and allele of female either patient group I and patient group II were not
statistically significantly changed p > 0.05 (table 8&9).

The mean £+ SD of plasma renin activity in patient group I was (4.5 = 3.7ng/ml/hr) that was highly
significantly increased than that of group II (1.4 + 1.1 ng/ml/hr) p < 0.001 (table 10).On the other hand, the
mean + SD of plasma renin activity in patient with DD genotype, ID genotype and II genotype within diabetic
patients with & without nephropathy show no statistically significant changes p > 0.05 (fig.1&2).

There were significant positive correlation between plasma renin activity& serum urea and serum creatinine
in patients with diabetic nephropathy (group I) r = 0.36, r = 0.43, p < 0.05 respectively (table 11) & (fig.3&4).
Also, there were positive significant correlation between plasma renin activity and both systolic & diastolic
blood pressure in diabetic patients with nephropathy (group I) r=0.49, p<0.001 & r=0.33, p<0.05 respectively
(table 12) (Fig.5&6).

Table 1: Gender, mean age and mean disease duration of diabetes in 40 diabetic patients with nephropathy (group I) and 30 diabetic

patients without nephropathy (group II).
Diabetic patient with Diabetic patient without nephropathy
Groups nephropathy (group I) 40 (group II) 30 P value
Sex

23 (57.5%) 16 (53.3%)
Male. N (%) o o >0.05

Female. N (%) 17 (42.5%) 14 (46.7%)
Age (mean+SD) year 56.0 +2.6 56.3+2.8 > (.05
Disease duration (mean+SD) years 13.8+3.1 142+3.2 > (.05

Table 2:Prevalence of diabetic retinopathy in diabetic patients with nephropathy (group I) and diabetic patients without nephropathy (group

1I).
Diabetic patient with nephropathy Diabetic patient without
(group 1)(40) nephropathy P value
£ (group I1)(30)
NO&% of diabetic retinopathy 40/40(100%) 7/30(23.33%) 20,001

Table 3: prevalence of hypertension in diabetic patients with nephropathy (group I) and diabetic patients without nephropathy (group II).

Diabetic patient with Diabetic patient without nephropathy P value
nephropathy (group 1)(40) (group 11)(30)
NO&% of patients with hypertension 33/40(33%) 10/30 (33.3%) <0.001

Table 4: ACE genotype frequency in diabetic patients with nephropathy (group I) and diabetic patients without nephropathy (group II).
Diabetic patient with nephropathy Diabetic patient without nephropathy P value
(group 1) (Number =40) (group I1) (Number = 30)
DD (%) 13/40  (32.5%) 4/30  (13.3%) <0.05
1D (%) 19/40  (47.5%) 17/30  (56.6%) >(.05
11 (%) 8/40  (20%) 9/30  (30%) >0.05
Table 5: Allele frequency in diabetic patients with nephropathy (group I) and diabetic patients without nephropathy (group II).
Diabetic patient with nephropathy Diabetic patient without nephropathy P value
(group 1) (80) (group I1) (60)
D allele o o
%) 45/80 (56.2 %) 25/60 (41.6%) <0.05
! ?(!/'S'e 35/80 (43.7%) 35/60 (58.3%) <0.05
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(group II).
Male Diabetic patient with nephropathy Male Diabetic patient without
P value
(group 1) nephropathy (group I1)
DD (%) 923 (39.1%) 2/16 (12.5%) <0.001
ID (%) 10/23  (43.4%) 9/16 (56.2%) >0.05
11 (%) 4/23 (17.3%) 5/16 (31.2%) <0.05

Table 7: Allele frequency of male diabetic patients with nephropathy (group I) and diabetic male patients without nephropathy (group II).

Male Diabetic patient with nephropathy Male Diabetic patient without
P value
(group 1) nephropathy (groupll)
D allele (%) 28/46 (60.8%) 13/32 (40.6%) <0.05
I allele (%) 18/46 (39.1%) 19/32(59.3%) <0.05

Table 8: ACE genotype frequency of female diabetic patients with nephropathy (group I) and diabetic female patients without nephropathy

(group II).
Female Diabetic patient with Female Diabetic patient without
P value
nephropathy (group 1) nephropathy (group I1)
DD(%) 417 (23.5%) 2/14  (14.2%) >0.05
ID (%) 9/17  (52.9%) 8/14 (57.1%) >0.05
11 (%) 417 (23.5%) 4/14 (28.5%) >0.05
Table 9: Allele frequency of female of diabetic patients with nephropathy (group I) and diabetic female patients without nephropathy
(group II).
Female Diabetic patient with nephropathy Female Diabetic patient without
P value
(group 1) nephropathy (group I1)
D allele(%) 17/34 (50 %) 12/28 (42.8%) >0.05
1 allele(%) 17/34 (50%) 16/28 (57.1%) >0.05

Table 10: Mean plasma renin activi

of diabetic patients with nephropathy (group I) and diabetic patients without nephropathy (group II).

Parameter Diabetic patient with nephropathy Diabetic patient without nephropathy P value
(group 1) (group I1)
Plasma renin activity ng/ml/hr 45437 14211 <0.001
mean+SD

Table 11: Correlation between plasma renin activity and serum urea and creatinin among diabetic nephropathy patients (group I).

Parameter R-value P-value
Serum urea (mg/dl) 0.36 <0.05
Serum creatining(mg/dl) 0.43 <0.05

Table 12: Correlation between plasma renin activity and systolic & diastolic blood pressure among diabetic nephropathy patients (groupl).

Parameter R-value P-value
Systolic Bp 0.49 <0.001
Diastolic Bp 0.33 <0.05
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Mean + SD of plasma renin activity of patient group with DD genotype, ID genotype and II genotype
within diabetic patients with nephropathy (group I).
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Fig. 2: Mean plasma renin activity of patient groups with DD genotype, ID genotype and II genotype within
diabetic patients without nephropathy (group II).
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Fig. 3: Correlation between plasma renin activity and serum urea among diabetic nephropathy patients (group
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Fig. 4: Correlation between plasma renin activity and serum creatinin among diabetic nephropathy patients

(group I).
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Fig. 5: Correlation between plasma renin activity and systolic blood pressure among patients with diabetic
nephropathy(group I).
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Fig. 6: Correlation between plasma renin activity and diastolic blood pressure among patients with diabetic
nephropathy (group1).

Discussion:

Diabetic nephropathy is by far the most common cause of end stage renal disease (Collins et al., 2005).
Although poor metabolic control plays a role in the development of diabetic nephropathy, it appears that 60-
70% of the diabetic population is protected from nephropathy despite inadequate metabolic control (Jaffa et al.,
2008). Therefore It has been suggested that susceptibility to diabetic nephropathy is innate and determined by
genetic factors .This hypothesis is supported by reports on familial clustering of diabetic nephropathy and
familial predisposition to hypertension (Granier et al., 2008).

ACE is a zinc metallopeptidase widely distributed on the surface of endothelial and epithelial cells and
angiotensin II is the main active product of the renin angiotensin aldosterone system (Dronavalli et al., 2008).

It was found a polymorphism involving the presence (insertion) or absence (deletion) of a 287-base pair
sequence of DNA in interon 16 of the gene coding for ACE, may play a role in diabetic nephropathy.

Interestingly the main ACE activity in DD genotype individuals was about twice that found in II genotype
individuals. Subjects with ID genotype had intermediate levels indicating co-dominancy that is the effects of
both alleles are detectable in heterozygotes (Egido and Ortiz, 2008).

The present study, demonstrated over expression of DD genotype in patients with diabetic nephropathy and
positive association of D allele and negative association of I allele with diabetic nephropathy as compared with
diabetic patients without nephropathy despite no significant difference was detected between two groups
regarding age, sex distribution and duration of diabetes.

These results were reported previously by Yoshida et al., (1996), that included 168 Japanese type 2 diabetic
patients followed up for 10 years showed that the ACE DD genotype has a high prognostic value for
deterioration of renal function. This study noted a higher frequency of DD homozygots in diabetic patients who
showed evidence of progression.

Study of Lovati et al., (2001), has shown a rapid progression toward ESRD in individuals with DD
genotype.

Azar et al., (2001) concluded that the DD genotype of ACE gene polymorphism is associated with diabetic
nephropathy in patients with type I diabetes mellitus.

Solini et al., (2002), also showed that the ACE DD genotype is associated with glomerulopathy lesion in
type 2 diabetes.

Wang et al., (2005) reported the DD genotype of the ACE I/D polymorphism was a risk factor for renal but
not cardiovascular end points in Chinese patients with type 2 diabetes.

The meta-analysis performed using data from 47 studies which included 14,727 diabetic patients showed
that DD genotype was significantly associated with diabetic nephropathy (Ng et al., 2005).

Park et al., (2005), reported the DD genotype and D allele is over expressed in type 2 diabetic patients on
hemodialysis.

Contrary with our results, a study done by Moleda and his colleagues, (2007), reported that ACE genotype
was not associated with presence of microvascular complications in type 2 diabetic patients.

Also Arfa et al., (2008), reported the (I/D) polymorphism within the ACE gene is likely not associated with
diabetic nephropathy in type I nor type 2 diabetes in the Tunisian population.

However Matsumoto et al., (2000), reported relationship between the presence of the D allele
polymorphism in ACE gene and advanced retinopathy in Japanese diabetic subjects with type 2 diabetes but not
with overt nephropathy

Association studies of ACE I/D polymorphism and diabetic nephropathy in various populations had yielded
conflicting results .This discrepancy may be due to several factors, mainly ethnicity (Golmohamadi et al., 2006).
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The mata-analysis by Neugartaen and sibiger., (2008), indicated that men with chronic renal disease of
various etiologies show a more rapid decline in renal function with time than women. This study, found gender-
dependant interactions between the ACE gene and diabetic nephropathy. ACE DD genotype was significantly
increased in male diabetic nephropathy patients than in male diabetic patients without nephropathy and D allele
was also higher in diabetic patients with nephropathy than in diabetic patients without nephropathy. However, in
female patients, the ACE genotype frequency between two groups was not statistically significant. These results
suggest that female gender may ameliorate the risk of diabetic nephropathy in diabetic patients with DD
genotype.

However, Maric and Sullivian, (2008) found that women with either type 1 or type 2 diabetes mellitus
exhibit a much higher incidence of renal disease.

The present study found that plasma renin was higher in nephropathic patients than in normoalbumenuric
diabetic patients and positively correlate with serum urea, serum creatinine and blood pressure.

In agree with our study, Deinum and Catarvedi, (2008), who reported increased total renin and prorenin in
diabetic nephropathy patients when compared with diabetic patients without nephropathy.

Also, Abdel-Hamid et al., (2004) reported significant increases of plasma rennin activity in micro-
albuminuric patients but decrease in macro-albuminuric patients.

Nicola et al., (2002) reported plasma renin activity is decreased in diabetic nephropathy and negatively
correlates with serum creatinin and these disagree with our results.

Conclusion:

This study concluded that DD genotype of ACE gene may be associated with development of diabetic
nephropathy among Egyptian patients and this could lead to novel avenues for the prevention and treatment of
this debilitating complication. Diabetic nephropathy in Egyptian diabetic patients is also associated with high
plasma renin level.
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