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Abstract 
Objective: To explore the clinical efficacy of Zoledronic Acid Injection in the 
treatment of postmenopausal osteoporosis with different bone turnover rates. 
Methods: A total of 63 patients diagnosed with postmenopausal osteoporosis 
were included in this study. Each patient was administrated 5 mg/100mL Zo-
ledronic Acid (Aclasta) intravenously once and then given a one-year pre-
scription of 600 mg/d oral Caltrate. The bone turnover parameters (PINP, 
β-cross, N-MID) were measured prior to the injection of Zoledronic Acid 
while the bone mineral density (BMD) and the pain scores of each patient 
were tested before treatment and after the one-year medication. On this basis, 
the patients were divided into several groups according to their bone turnover 
rates for intergroup comparison of treatment outcomes. Results: BMD re-
sults and pain scores of all participants were significantly improved at differ-
ent levels after treatment. However, these improvements had no significant 
differences between the patients with high and low bone turnover rates. Con-
clusion: Zoledronic Acid Injection can relieve bone pain, enhance the quality 
of life and increase the BMD in patients with postmenopausal osteoporosis, 
regardless of the bone turnover status. 
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1. Introduction 

Osteoporosis (OP) is commonly seen in the middle-aged and elderly population 
in China. It is caused by a variety of factors featuring a decrease in bone mass 
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and a deterioration in bone microarchitecture, which elevates the risk of fracture 
and fracture-prone metabolic bone diseases (MBDs). The clinical manifestations 
of OP mainly include pain, fracture, humpback and height loss. Considering the 
high mortality and disability rates, OP treatment and management has become a 
major issue in the public health sector [1]. Anti-osteoporosis drugs are gaining 
wider acceptance among clinicians treating OP. As an anti-osteoporosis drug, 
Zoledronic Acid (Aclasta) is Novartis’ once-yearly injection that provides frac-
ture protection in postmenopausal osteoporosis by inhibiting bone reabsorption 
and increasing bone mineral density (BMD) [2]. In addition, the bone turnover 
biomarkers released from bone remodeling, combined with the widely used 
BMD measurements, can improve the diagnostic accuracy of osteoporosis [3] 
[4]. The measurements above and bone turnover parameters are clinically ap-
plied to the analysis of the curative effect of Zoledronic Acid in the treatment of 
postmenopausal osteoporosis with different bone turnover rates. 

2. Materials and Methods 
2.1. General Information 

The clinical data of 63 postmenopausal patients with osteoporosis who presented 
at our osteoporosis outpatient clinic from January 2016 to December 2017 were 
collected and analyzed in this study. All participants were postmenopausal women 
aged between 50 and 80 (mean age = 66.0 ± 8.0). Prior to the initial diagnosis, 
dual-energy X-ray absorptiometry (DXA) was used to test the bone mineral den-
sity of lumbar spine and femur, with the measured values being adopted as diag-
nosis and inclusion criteria. Patients were eligible for inclusion if the total lumbar 
spine (L1 - L4) bone mineral density value was no greater than −2.5, or T-score 
was below −1.0 with preexisting fragility fractures, definite systemic symptoms 
such as back pain or height loss, and normal 25(OH)D. Exclusion criteria: 1) Pre-
vious use (within six months before treatment) of estrogen, glucocorticoid (GC), 
calcitonin and other bisphosphonates (BPs) that might influence bone metabol-
ism; 2) diabetes and endocrine disorders of thyroid, parathyroid, adrenal gland 
or gonad; 3) secondary osteoporosis; 4) an allergy to Zoledronic Acid. 

2.2. Treatment Methods 

Zoledronic Acid (5 mg in 100 mL ready-to-infuse solution) is administrated 
intravenously, followed by the oral medication of 600 mg/d calcium carbonate 
D3 (Caltrate) for one year. The patients were required to get regular sun expo-
sure, namely basking in the sun for half an hour between 11:00 and 15:00, twice 
a week. The Zoledronic Acid (Aclasta) prescribed for the patients is produced by 
Novartis. It is a once-yearly injection that provides fracture protection in post-
menopausal osteoporosis. 

2.3. Outcome Measures 

The following parameters were documented: pre-treatment bone turnover pa-
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rameters (PINP, β-cross, N-MID), bone mineral density of lumbar spine and 
femur and bone pains before and after treatment. All bone turnover parameters 
were tested after an overnight fast by the clinical laboratory of our hospital; 
BMD was measured by dual-photon absorptiometry (DPA) and dual-energy 
X-ray absorptiometry (DXA); during treatment, the patients were recommended 
to pay follow-up visits to the hospital to diagnose whether they had fresh fragili-
ty fractures. 

In terms of bone pains, the Visual Analogue Scale (VAS) was used for pain 
assessment. VAS (4-point scale): 1) No pain; 2) Mild pain (without affecting 
sleep); 3) Moderate pain (affecting sleep at a tolerable degree); 4) Severe pain 
(intolerable, unable to fall asleep). 

2.4. Clinical Efficacy Assessment 

1) Bone pains and fresh fractures were tested after the one-year treatment. 
2) The BMD (g/cm2) and VAS scores before and after treatment were docu-

mented and analyzed. 
3) The patients were divided into different groups by each bone turnover pa-

rameter according to the corresponding normal range specified by our hospital 
(PINP: 0.00 - 36.4 ng/ml; β-cross: 0.30 - 2.00 ng/ml; N-MID: 14.00 - 46.00 
ng/ml). Specifically, the patients were respectively divided into a normal PINP 
group and an abnormal group with higher PINP levels, a normal β-cross group 
and an abnormal one with lower β-cross levels, and a normal N-MID group and 
an abnormal one with lower N-MID levels to analyze the improvement in BMD 
and VAS score. 

2.5. Statistical Methods 

The statistical analysis software SPSS22.0 was used for data analysis. Measure-
ment data were expressed in the form of “mean ± standard deviation (x ± s)” 
and the t-test was applied to the intragroup comparison. Besides, the chi-squared 
test was designed for the comparison of enumeration data. P < 0.05 indicated a 
difference of statistical significance. 

3. Results 

After being treated for one year, no fresh fractures were detected in the 63 pa-
tients during follow-up visits. As shown in Table 1, all intergroup P values are 
greater than 0.05, that is, the intergroup differences show no statistical signific-
ance but comparability. 

As shown in Table 2, the average post-treatment VAS score was significantly 
lower than the pre-treatment level, which indicates that the bone pains were al-
leviated in the course of treatment. Also, the BMD (g/cm2) of all patients was 
significantly improved after treatment. All this has proved the clinical efficacy of 
Zoledronic Acid to reduce bone pains and loss of bone mineral density. But Ta-
ble 3 presents a statistical analysis based on the intergroup comparison of OP 
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patients with different bone turnover rates, which indicates no statistically sig-
nificant difference (P > 0.05). In other words, Zoledronic Acid is efficacious in 
treating postmenopausal osteoporosis regardless of the bone turnover status. 

Neither fresh fragility fractures nor obvious adverse reactions were detected in 
the participants throughout the course of treatment. 

4. Discussion 

Metabolic activity brings about dynamic changes and constant remodeling of 
bone tissue while OP is caused by an increase in osteoclasts and loss of BMD,  
 
Table 1. Patients’ general information by group. 

 
Number of 

Cases 
Age 

Pre-Treatment 
L2-4BMD 

Pre-Treatment 
VAS 

P1 P2 P3 

PINP→ 37 66.7 ± 8.3 0.827 ± 0.153 2.18 ± 0.896    

PINP↑ 26 65.0 ± 7.6 0.858 ± 0.110 1.88 ± 0.833 0.401 0.376 0.18 

β-CROSS↓ 36 67.0 ± 8.6 0.842 ± 0.150 2.19 ± 0.92    

β-CROSS→ 27 64.6 ± 7.0 0.836 ± 0.119 1.89 ± 0.801 0.248 0.868 0.173 

N-MID→ 32 67.5 ± 8.5 0844 ± 0.142 2.19 ± 0.931    

N-MID↑ 31 64.4 ± 7.3 0.836 ± 0.134 1.94 ± 0.814 0.135 0.792 0.258 

Note: ↓, →, and ↑ respectively denote subnormal, normal and above-normal levels of bone turnover para-
meters. P1, P2 and P3 respectively express the P-values based on the comparison of the age, pre-treatment 
L2-4BMD, pre-treatment VAS between groups which divided by different levels of bone turnover parame-
ters. 

 
Table 2. Pre and post-treatment BMD and VAS scores. 

 Number of Cases 
Before  

Treatment 
After One-Year  

Treatment 
P-Value 

BMD (g/cm2) 63 0.840 ± 0.137 0.883 ± 0.151 0.001 

VAS score 63 2.06 ± 0.878 1.7 ± 0.647 0.026 

 
Table 3. Intergroup comparison of BMD increase , VAS (post-pre) based on different 
bone turnover rates. 

 
Number of 

Cases 
BMD Increase 

(g/cm2) 
VAS (Post-Pre) P1-Value P2-Value 

PINP→ 37 0.047 ± 0.080 −0.243 ± 0.76   

PINP↑ 26 0.045 ± 0.058 −0.192 ± 0.800 0.096 0.799 

β-CROSS↓ 36 0.044 ± 0.084 −0.222 ± 0.800   

β-CROSS→ 27 0.050 ± 0.052 −0.222 ± 0.751 0.744 0.999 

N-MID→ 32 0.051 ± 0.087 −0.219 ± 0.792   

N-MID↑ 31 0.036 ± 0.050 −0.226 ± 0.762 0.419 0.971 

Note: P1-value, P2-value respectively express the P-values based on the comparison of the BMD increase, 
VAS (post-pre) between groups which were divided by different levels of bone turnover parameters.  
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which impedes bone matrix formation and calcium salts deposition and ulti-
mately leads to increased bone resorption and imbalanced bone turnover—that 
is, bone resorption exceeds formation. In terms of the underlying pathogenesis, 
OP can be classified as primary and secondary. For the patients aged 60 and 
above, 56% have osteoporosis. Particularly, hip fractures contribute the greatest 
to morbidity and mortality among all osteoporotic fractures, with 20% of the pa-
tients died within a year after the hip fracture. With the population aging, os-
teoporosis becomes increasingly prevalent and imposes a national threat to pub-
lic health. As such, anti-osteoporosis drugs are gaining wider clinical applica-
tion. In addition, a great variety of anti-osteoporosis drugs targeting at different 
symptoms have been developed. For instance, Teriparatide works by stimulating 
new bone formation; BPs have an effect of inhibiting bone reabsorption [5]. 

It is well established clinically that BPs can prevent and treat OP by inhibiting 
osteoclast formation and bone reabsorption. The BP therapy is most often used 
to treat metabolic bone diseases (MBDs) featuring a significant increase in bone 
reabsorption, especially those with a high turnover rate [6]. Zoledronic Acid, as 
a new-generation bisphosphonate, spreads efficiently in bone tissue when given 
by injection into a vein. The high-affinity medication, first of all, is carried to the 
bone tissue with increased bone formation and reabsorption and selectively ab-
sorbed by active osteoclasts. It inhibits bone reabsorption by selective inhibition 
of osteoclast activity and induction of osteoclast apoptosis. Zoledronic Acid ter-
minates the mevalonate pathway to block cell cycle, thereby inducing the apop-
tosis of osteoclasts and precursors of monocytes and inhibiting bone reabsorp-
tion. With an imidazole ring side chain with two nitrogen atoms, it shows a 
strong binding affinity to bone mineral and a longer action period [7] [8]. Zole-
dronic Acid Injection is presently known as the most effective medicine among 
all bone resorption inhibitors [9]. By comparing the bone reabsorption before 
and after treatment, Zoledronic Acid Injection is significantly effective in reduc-
ing the loss of BMD and bone pains. Further, Zoledronic Acid is administrated 
once a year and works for one year, which therefore notably increases patient 
compliance [10]. In a retrospective analysis of the efficacy of and the patient 
compliance with Zoledronic Acid for the treatment of osteoporosis, there were 5 
men and 148 postmenopausal women with osteoporosis participating in the 
study and 66.5% of these participants had a history of fractures and showed poor 
compliance with treatment. All patients were given 5 mg/100mL Zoledronic Ac-
id intravenously and 85% received a second dose in the following year. The 
BMD was increased by 11% and 20.7% respectively after one and four years of 
treatment. Between the second and the third year of treatment, the β-cross value 
dropped significantly and fresh fractures were observed in only 10.4% of the 
participants, a marked decline in the occurrence of fractures. The therapy was so 
convenient that the patients showed higher compliance, which enhanced the 
management and clinical efficacy of OP treatment [11]. 

Metabolic products, namely bone metabolic markers, are released during bone 
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remodeling. Bone metabolic markers are clinical indicators of bone turnover 
status. In clinical practices, these bone metabolic markers indicate the bone for-
mation rate greater than the bone reabsorption rate, or vice versa. Type I pro-
collagen-N-propeptide (PINP) is a bone formation marker reflecting the changes 
of newly synthesized type I collagen, namely an indicator of bone formation. The 
bone turnover marker N-terminal midfragment osteocalcin (N-MID OC) is a 
bone-specific, calcium binding protein released by bone formation and resorp-
tion. β-Cross, as a bone resorption marker, is the degradation product of type I 
collagen C-telopeptides. β-Cross, PINP and N-MID are three bone markers 
recommended by the International Osteoporosis Foundation (IOF). Zoledronic 
Acid is a representative bone resorption inhibitor. In a study investigating the 
effect of Zoledronic Acid Injection on osteoporosis, it was found that Zoledronic 
Acid Injection, combined with regular calcium and Vitamin D supplements, could 
effectively reduce the N-MID, b-CTX and PINP levels and improve the bone 
turnover rate; apart from this, the bone reabsorption parameter N-CTX decreased 
more drastically than the bone formation parameter PINP, indicating a signifi-
cant improvement in quality of life [12]. For patients with different bone turno-
ver rates, appropriate anti-osteoporosis drugs should be prescribed to inhibit 
bone reabsorption and accelerate bone formation [13]. Chao, M. et al. suggested 
that Zoledronic Acid could reduce bone turnover parameters in the treatment of 
osteoporosis, which means Zoledronic Acid is effective in inhibiting bone turn-
over [14]. 

As an increasing number of bone turnover parameters extend their clinical 
application, it becomes a cause for concern whether the clinical efficacy of Zole-
dronic Acid varies in the treatment of osteoporosis with different bone turnover 
rates. In this study, the patients were divided into several groups by different 
bone turnover parameters for intergroup comparison and the differences showed 
no statistical significance. The study results suggested no statistically significant 
differences in the curative effect of Zoledronic Acid on osteoporosis with differ-
ent bone turnover rates. This indicates that bone turnover parameters are nei-
ther appropriate criteria for the clinical application of Zoledronic Acid, nor reli-
able indicators in the assessment of its curative effect. In terms of osteoporosis, 
an increase in the bone turnover rate means a high bone turnover and rapid 
bone loss, regardless of the relationship between bone formation and bone reab-
sorption. This, combined with the BMD test, serves as the basis for an initial or 
follow-up anti-osteoporosis therapy. If relevant bone turnover parameters rise 
abnormally, the patient probably has secondary osteoporosis. 

5. Limitations 

There were only 63 patients included in this study, and all patients were under 
observation for one year only. The results of the VAS are inevitably affected by 
the inherently subjective patients. Besides, the statistical analysis might be un-
derrepresented because a relatively small number of patients were included in 
each group. 
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6. Conclusion 

Neither severe side effects nor fresh fractures occurred during the course of 
treatment. It was demonstrated that Zoledronic Acid is efficacious in the treat-
ment of postmenopausal osteoporosis with different bone turnover rates by re-
ducing the loss of BMD and bone pains in the patients without triggering serious 
side effects. 

Conflicts of Interest 
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Abstract 
Objective: Diabetic kidney disease DKD (Diabetic nephropathy DN) is con-
sidered one of the chronic micro vascular complications of diabetes mellitus 
and considered the commonest cause leading to chronic renal failure and 
chronic renal dialysis. Genetic susceptibility has been implicated in DKD. The 
angiotensin converting enzyme (ACE) is one of the key roles in the renin an-
giotensin system cascade by converting angiotensin I to angiotensin II which 
plays a key role in regulation of blood pressure as well as electrolytes and flu-
id balance. This study addressed the association of (ACE) gene polymor-
phisms with DN in Egyptian (T2DM) patients. Methods: Our research com-
prised of 75 cases of T2DM with diabetic kidney disease, 100 cases of T2DM 
without DKD and 94 healthy volunteers. Different genotypes of ACE gene 
were determined by SSP-PCR analysis. Results: Gene polymorphism of ACE 
(DD, ID, II) in diabetic patient with DKD is 44%, 52%, 4% respectively and 
for T2DM individuals without DKD is 23%, 72%, 5% respectively. (DD) had 
significant higher frequencies in T2DM patients with DKD compared to 
those without DKD (p < 0.005) and (ID) had significant higher frequencies in 
T2DM without DKD (p < 0.0001). These results indicated that there is an as-
sociation between ACE gene polymorphisms and susceptibility of diabetic 
patients to be affected by diabetic kidney disease. Conclusion: From our 
results, we can conclude that genotype of ACE in Egypt DD is the genotype 
of cases diabetic kidney disease. So the presence of D allele has a significant 
relation with diabetic kidney disease. Our data confirm the role of ACE in 
its relationship with diabetic kidney disease in Egyptian type 2 diabetic pa-
tients. 
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1. Introduction 

Diabetic kidney disease DKD (Diabetic nephropathy DN) is a clinical syndrome 
characterized by persistent albuminuria (>300 mg/d or >200 μg/min) that is 
confirmed on at least 2 occasions 3 - 6 months apart, progressive decline in the 
glomerular filtration rate (GFR) and elevated arterial blood pressure [1]. 

Diabetic kidney disease is considered one of the most common causes for 
chronic renal failure and chronic hemodialysis [2]. Moreover, DKD also was 
considered one of the micro vascular complications in diabetic individuals and 
one of the leading causes of high mortality among patients with diabetes [3]. 
There are different etiologies that carry major and a key role that affects onset 
and progression of DKD, of these factors genetic predisposition and environ-
mental circumstances. A genetic susceptibility, depends on familial clustering of 
DKD, has been implicated in different pathogenic background of DKD in T2DM 
individuals [4]. One possible genetic factor is the Angiotensin converting en-
zyme gene (ACE). 

Gene insertion (I), deletion (D) polymorphism within the human ACE gene 
[5], shown to be associated with predisposition to emerging different T2DM 
complications, including diabetic eye disease [6] and DKD [7]. ACE possesses a 
crucial role in the regulation of conversion process of renin angiotensin system 
by controlling conversion angiotensin I to II [8]. 

Angiotensin II (Ang II) considered a very strong vasoconstriction factor of the 
systemic and the local blood pressure [9]. Ang II increases systemic and glome-
rular blood pressure, stimulates mesangial cell proliferation and tissue growth 
[10]. 

Several polymorphisms depend on the presence or absence of a 287 base pair 
sequence in intron 16, three main different genotypes homozygotes (DD, II) and 
heterozygote ID are found [11]. 

2. Methodology 
2.1. Aim of the Work 

The aim of our research was to check for the association of ACE gene polymor-
phisms with the susceptibility to Diabetic kidney disease in Egyptian individuals 
with T2DM.  

2.2. Subjects 

This research has included 175 subjects with type 2 Diabetes Mellitus. They were 
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recruited from the Internal Medicine Hospital (Diabetes clinic), Mansoura Uni-
versity, Egypt in the period between May and December 2017. The ethics com-
mittee approved the study protocol and the study was carried out in accordance 
with the Declaration of Helsinki. Written informed consent was obtained from 
all the patients included in the study.  

An inclusion criterion includes type 2 Diabetic patients fulfilling criteria of 
diabetic nephropathy. An exclusion criterion includes, Type 1 diabetes melli-
tus, gestational diabetes, secondary diabetes, associated autoimmune diseases, 
non diabetic kidney diseases, patients suffering from hematuria, acute infections 
particularly urinary tract infections, and pregnant females were excluded from 
the study.  

Selected Diabetic patients divided into 2 groups according to the presence of 
nephropathy consists of 75 subjects affected with diabetes type 2 associated with 
DKD compared to 94 healthy volunteers. In the Type 2 diabetic patients affected 
with Diabetic kidney disease, the mean ± SD age was 58.03 ± 6.34 ranges from 
45 to 74 years. They were in the form of 38 (50.7%) males and 37 (49.3%) fe-
males. The other group was affected with diabetes type 2 without DKD (n = 
100), their mean ± SD age was 52.1900 ± 8.31901 range from 34 to 75 years; the 
gender divided between 30 (30.0%) males and 70 (70.0%) (Table 1). 

3. Method 

All subjects were questioned about history of diabetes mellitus, hypertension, 
hypercholesterolemia, history of DKD in the first degree relatives. Regarding 
clinical examination, blood pressure, weight, heights were measured. Laboratory 
investigation was done and included detection of urinary albumin with the fol-
lowing cutoff values (microalbuminuria, (Albumin/creatinine ration (ACR) be-
tween 30 - 300 mg/g) and macroalbuminuria, (ACR more than 300) (according 
to national kidney foundation), detection of Glycated hemoglobin (HbA1c), li-
pid profile (Table 2). 
 
Table 1. Descriptive data of all studied cases of (T2DM with nephropathy, T2DM with-
out nephropathy and healthy people) regarding their characteristics. 

Groups N Mean 

Age 

T2DM with neuropathy 75 58.03 ± 6.34 

T2DM without neuropathy 100 52.1900 ± 8.31901 

Health control 94 51.179 ± 9.217 

Sex 

 Male Female 

T2DM with neuropathy 50.7% 49.3% 

T2DM without neuropathy 30% 70% 

Health Control 46.8% 53.2% 

Body mass index 
(kg/rn2) 

T2DM with neuropathy 75 28.3 ± 4.1 

T2DM without neuropathy 100 28.6 ± 5.2 

Health control 94 26.7 ± 3.6 

Data are means and SD. 
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Table 2. Descriptive data of the two groups (T2DM with nephropathy and T2DM with-
out nephropathy) regarding clinical findings. 

Parameters Groups Mean ± SD 

duration of diabetes 
(Years) 

T2DM with neuropathy 14.85 ± 5.032 

T2DM without neuropathy 14.74 ± 4.15 

HbAlc (%) 
T2DM with neuropathy 8.4 ± 1.2 

T2DM without neuropathy 8.1 ± 1.6 

Retinopathy 

T2DM with 
neuropathy 

Background 52/75 (69.33%) 

Proliferative 21/75 (28%) 

T2DM without 
neuropathy 

Background 18/100 (18%) 

Proliferative 4/100 (4%) 

Creatinine (mg/dl) 
T2DM with neuropathy 1.2 ± 0.9 

T2DM without neuropathy 0.8 ± 0.2 

Cholesterol (mg/dl) 
T2DM with neuropathy 210.22 ± 69.16 

T2DM without neuropathy 155 ± 44.32 

Triglyceride (TG, mg/dl) 
T2DM with neuropathy 140.97 ± 88.60 

T2DM without neuropathy 133 ± 45.23 

Blood Pressure 

T2DM with 
neuropathy 

Mild hypertension 35 (45.9%) 

Moderate hypertension 28 (37.9%) 

Severe hypertension 8 (10.8%) 

Normal 4 (5.4%) 

T2DM  
without  

neuropathy 

Mild hypertension 31 (31%) 

Moderate hypertension 23 (23%) 

Severe hypertension 9 (9%) 

Normal 37 (37%) 

High density lipoprotein 
(HDL, mg/dl) 

T2DM with neuropathy 39.14±12.67 

T2DM without neuropathy 42.11 ± 6.32 

Low density lipoprotein 
(LDL, mg/dl) 

T2DM with neuropathy 144.35 ± 63.21 

T2DM without neuropathy 111.24 ± 24.105 

Microalbuminuria/ 
Macroalbuminuria 

T2DM with neuropathy 20/42 

T2DM without neuropathy - 

Data are means and SD. 

3.1. DNA Extraction and Purification 

At first taking informed consent from all diabetic individuals included in our 
research and healthy volunteers, venous blood samples (3 ml) were withdrawn 
and added on EDTA (ethylenediamine tetra acetate) containing tubes, DNA was 
extracted promptly using DNA extraction and purification kit (Gentra Systems, 
USA) according to manufacturer’s instructions and then stored at −20˚C till use. 
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3.2. PCR Amplification 

ACE genotype analysis was performed by PCR-RFLP analysis. 
Genomic DNA was isolated from peripheral blood leukocytes according to a 

standard salting out method [12]. Amplification was carried out in a DNA 
thermocycler (Eppendorf Master Cycler). First, PCR was performed using 20 
pmoles of each primer (flanking primer pair): Sense oligo 5'-CTG GAG ACC 
ACT CCC ATC CTT TCT 3' and anti-sense oligo: 5'-GAT GTG GCC ATC ACA 
TTC GTC AGA T-3' in a final volume of 25 μl, containing (0.5 μ g genomic 
DNA, 2 mM Mgcl2, 50 mM kcl, 10 mM Tris-Hcl (pH = 8.3), 0.2 mM of each 
dNTP, and 0.5 unit of Taq polymerase. PCR was done with an initial denaturing 
time at 94˚C for l min. Then the DNA was amplified for 30 cycles with denatu-
ration at 94˚C for 30 s, annealing at 58˚C for 30 s, and extension at 72˚C for l 
min. This was followed by final extension at 72˚C for 8 min. PCR products were 
directly visualized using ethidium bromide staining after electrophoresis in a 2% 
agarose gel [13]. The amplification product is a 190 bp fragment in the presence 
of the deletion (D) allele and a 490 bp fragment in the presence of the insertion 
(I) allele. Therefore, there were three genotypes after electrophoresis: A 490 bp 
band (genotype II), 190 bp band (genotype DD), or both 490 and 190 bp band 
(genotype ID). Mistyping of ID heterozygote as D homozygotes may occur. 
Thus, each sample that had the DD genotype was applied to PCR amplification 
using the forward: 5-TCG GAC CAC AGC GCC CGC CAC TAC-3'; and the re-
verse: 5'-TCG CCA GCC CTC CCA TGC CCA TAA-3' primers with identical 
PCR conditions except for an annealing temperature of 67˚C. The reaction 
yields a 335-bp amplicon only in the presence of an I allele, and no product for 
homozygous DD samples. 

4. Statistical Analysis 

Data were prepared and undergoing analysis through Statistical Package of So-
cial Science (SPSS, version 10.0). The frequencies of different allelic polymor-
phisms of all studied individuals were compared between groups by using Fish-
er’s exact test (modified Chi square test) and Odds ratio. A value of p < 0.05 was 
considered to be significant. 

5. Results 

Comparing studied cases of T2DM with nephropathy to that of T2DM without 
nephropathy regarding the gene polymorphism of ACE and alleles (Table 3, 
Figure 1 and Figure 2) showed that cases of T2DM with DKD had a statistically 
significant lower frequencies of the ID genotype and I allele compared to cases of 
T2DM without DKD (52.0% vs. 72.0%, p < 0.0001 and 30.0% vs. 41.0%, p < 
0.045 respectively) while they had a significantly very high frequency of the DD 
genotype and D allele (44.0% vs. 23.0%, p < 0.005 and 70.0% vs. 59.0%, p < 0.045 
respectively). On the other hand, II genotype had no significant frequency in 
cases of T2DM with nephropathy or cases of diabetes type II without nephropa-

https://doi.org/10.4236/ijcm.2018.98053


R. A. El-baz et al. 
 

 

DOI: 10.4236/ijcm.2018.98053 634 International Journal of Clinical Medicine 
 

thy. 
By comparing cases of T2DM without nephropathy versus healthy people 

(Table 4), had a significant lower frequency of genotype DD and allele D com-
pared to healthy people (23.0% vs. 48.9%, p < 0.0001 and 59.0% vs. 71.8%, p < 
0.011 respectively), while they had a statistically significant very high frequency 
of ID & I allele (72.0% vs. 45.7%, p < 0.0001, 41.0% vs. 28.2%, p < 0.011, respec-
tively). But by Comparing cases of diabetes T2DM with nephropathy and 
healthy people had no significant frequency (Table 5). 

Comparing cases albuminuria >300 with those <300 as regards the studied 
ACE gene polymorphisms, it is observed that cases >300 have high frequency of 
DD genotype (45.2% vs. 30%, OR = 1.93, p = 0.75). Also cases >300 had low 
frequency of ID genotype (50% vs. 65%, OR = 0.54, p = 0.403). Regarding the al-
lele frequencies, the D allele showed higher level among cases with macroalbu-
minuria (70.24% vs. 62.5%, OR = 1.42, p = 0.51), while the I allele showed lower 
level (29.76% vs. 37.5%, OR = 0.71, p = 0.51) (Table 6). 

Comparing cases with blood pressure groups regards that the studied ACE 
gene polymorphisms, it is observed that in DD genotype normal have high level 
then sever then mild and moderate is the lower one (75%, 50%, 44.1%, 39.3, p = 
0.232). In addition, in ID genotype found that moderate have higher level then 
mild then sever and normal is lower one (57.1%, 52.9%, 50%, 0%, p = 0.232) 
(Table 7). 

Comparing cases with hyperlipidemia with those without hyperlipidemia as 
regards the studied ACE gene polymorphisms, it is observed that cases with 
hyperlipidemia have high frequency of DD genotype (46.2% vs. 44.7%, OR = 
1.06, p = 0.903). In addition, cases with hyperlipidemia had high frequency of ID 
genotype (53.8% vs. 48.9%, OR = 1.22, p = 0.874). Regarding the allele frequen-
cies, the D allele showed higher level among cases with hyperlipidemia (46.2% 
vs. 44.7%, OR = 1.06, p = 0.903), while the I allele showed lower level (26.9% vs. 
30.9%, OR = 0.83, p = 0.76) (Table 8). 
 

 
Figure 1. Detection of genetic polymorphism of ACE using PCR amplification: This 
figure showed 3 main different picture (DD, ID and II): DD homozygous (a single 
190 base pair), ID heterozygous (190 and 490) Base pair, II homozygous (490 bp). 
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Figure 2. Second PCR amplification of ACE gene polymorphism: 
This figure shows, homozygous DD (a single 190 bp product) and 
heterozygous ID (190 and 335 bp product). 

 
Table 3. Comparison between T2DM subjects with nephropathy and T2DM subjects 
without nephropathy regarding the frequency of their allele and gene polymorphism of 
ACE. 

OR (95% CI) χ2 (P) 

Diabetic subjects  
without  

nephropathy 
n (%) 

Diabetic subjects with 
nephropathy 

n (%) 
 

  N = 100 N = 75  

2.6 (1.37 - 5.05) 7.75 (0.005)* 23 (23.0) 33 (44.0) DD 

0.27 (0.14 - 0.54) 13.32 (<0.0001)** 72 (72.0) 39 (52.0) ID 

0.792 (0.18 - 3.42) 0.003 (0.956) 5 (5.0) 3 (4.0) II 

  N = 200 N = 150 Alleles 

1.62 (1.035 - 2.54) 4.023 (0.045)* 118 (59) 105 (70) D 

0.62 (0.39 - 0.97) 4.023 (0.045)* 82 (41) 45 (30) I 

 
Table 4. Comparison between cases T2DM without nephropathy and healthy volunteers 
regarding the frequency of their allele and gene polymorphism of ACE. 

 
Diabetic subjects without 

nephropathy 
n (%) 

Healthy 
subjects 
n (%) 

χ2 (P) OR (95% CI) 

 N = 100 N = 94   

DD 23 (23.0) 46 (48.9) 13.11 (<0.0001)** 0.31 (0.17 - 0.58) 

ID 72 (72.0) 43 (45.7) 12.77 (<0.0001)** 3.05 (1.7 - 5.54) 

II 5 (5.0) 5 (5.3) 0.05 (0.823) 0.94 (0.26 - 3.35) 

Alleles N = 200 N = 188   

D 118 (59) 135 (71.8) 6.45 (0.011)* 0.57 (0.37 - 0.86) 

I 82 (41) 53 (28.2) 6.45 (0.011)* 1.77 (1.16 - 2.71) 

n = number of cases, (%) = percentage of cases, Odds ratio & 95% confidence interval = OR (95% CI). * p < 
0.05 (significant) ** p < 0.001 (extremely significant): Significance using Fisher’s exact test. 
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Table 5. Comparing between type 2 diabetes mellitus with nephropathy group and 
healthy control regarding their allele frequency and genotype distribution of ACE poly-
morphism. 

 
T2DM with 

Nephropathy 
n = 75 (%) 

Healthy 
Control 

n = 94 (%) 
X² (p) OR 95% CI 

DD 33 (44.0) 46 (48.9) 0.234 (0.629) 0.82 (0.45 - 1.51) 

I D 39 (52.0) 43 (45.7) 0.43 (0.51) 1.29 (0.7 - 2.4) 

I I 3 (4.0) 5 (5.3) 0.001 (0.98) 0.74 (0.17 - 3.21) 

Allele N = 150 N = 188   

D 105 (70) 135 (71.8) 0.059 (0.808) 0.92 (0.57 - 1.47) 

I 45 (30) 53 (28.2) 0.059 (0.808) 1.092 (0.68 - 1.75) 

Comparing cases with diabetic nephropathy with those healthy controls as regards the studied ACE gene 
polymorphisms, it is observed that cases with nephropathy lower frequency of DD genotype, which was not 
significant from that of healthy controls (44% vs. 48.9%, OR = 0.82, p = 0.629). Also cases of nephropathy 
had higher frequency of ID genotype (52% vs. 45.7%, OR = 1.29, p = 0.51). Regarding the allele frequencies 
the D allele showed lower level among cases diabetic nephropathy (70% vs. 71.8%, OR = 0.92, p = 0.808), 
while the I allele showed higher level (30% vs. 28.2%, OR = 1.09, p = 0.059). 

 
Table 6. Comparison between macroalbuminuric T2DM with nephropathy group and 
microalbuminuric T2DM with nephropathy group regarding their allele frequency and 
gene polymorphism of ACE. 

 
Macroalbuminuria 

N = 42 (%) 
Microalbuminuria 

N = 20 (%) 
X2 (p) OR 95% CI 

DD 19 (45.2) 6 (30.0) 0.75 (0.39) 1.93 (0.62 - 5.99) 

I D 21 (50.0) 13 (65.0) 0.7 (0.403) 0.54 (0.18 - 1.62) 

I I 2 (4.8) 1 (5.0) 0.35 (0.55) 0.95 (0.081 - 11.14) 

Alleles N = 84 N = 40   

D 59 (70.24) 25 (62.5) 0.43 (0.51) 1.42 (0.64 - 3.13) 

I 25 (29.76) 15 (37.5) 0.43 (0.51) 0.71 (0.32 - 1.56) 

Comparing cases albuminuria >300 with those <300 as regards the studied ACE gene polymorphisms, it is 
observed that cases >300 have high frequency of DD genotype (45.2% vs. 30%, OR = 1.93, p = 0.75). Also 
cases >300 had low frequency of ID genotype (50% vs. 65%, OR = 0.54, p = 0.403). Regarding the allele fre-
quencies, the D allele showed higher level among cases with macroalbuminuria (70.24% vs. 62.5%, OR = 
1.42, p = 0.51), while the I allele showed lower level (29.76% vs. 37.5%, OR = 0.71, p = 0.51). 

 
Table 7. Comparing between blood pressure groups as regard ACE polymorphism in 
cases of diabetic nephropathy. 

Blood. p X2 (p) 

 
Mild 

N = 34 (%) 
Moderate 

N = 28 (%) 
Severe 

N = 8 (%) 
Normal 

n = 4 (%) 
 

DD 15 (44.1) 11 (39.3) 4 (50.0) 3 (75.0) 

8.090 (0.232) I D 18 (52.9) 16 (57.1) 4 (50.0) 0 (0) 

I I 1 (2.9) 1 (3.6) 0 (0) 1 (25.0) 

Comparing cases with blood pressure groups regards that the studied ACE gene polymorphisms, it is ob-
served that in DD genotype normal have high level then sever then mild and moderate is the lower one 
(75%, 50%, 44.1%, 39.3, p = 0.232). In addition, in ID genotype found that moderate have higher level then 
mild then sever and normal is lower one (57.1%, 52.9%, 50%, 0%, p = 0.232). 
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Table 8. Comparing between cases with hyperlipidemia and without hyperlipidemia as 
regard ACE polymorphism. 

 
With 

Hyperlipidemia 
N = 26 (%) 

Without 
Hyperlipidemia 

N = 47 (%) 
X2 (p) OR 95% CI 

DD 12 (46.2) 21 (44.7) 0.015 (0.903) 1.06 (0.41 - 2.78) 

I D 14 (53.8) 23 (48.9) 0.025 (0.874) 1.22 (0.47 - 3.18) 

I I 0 (0) 3 (6.4) 0.22 (0.64) 0.24 (0.012 - 4.83) 

Allele N = 52 N = 94   

D 38 (73.1) 65 (69.1) 0.096 (0.76) 1.21 (0.57 - 2.57) 

I 14 (26.9) 29 (30.9) 0.096 (0.76) 0.83 (0.39 - 1.75) 

Comparing cases with hyperlipidemia with those without hyperlipidemia as regards the studied ACE gene 
polymorphisms, it is observed that cases with hyperlipidemia have high frequency of DD genotype (46.2% 
vs. 44.7%, OR = 1.06, p = 0.903). In addition, cases with hyperlipidemia had high frequency of ID genotype 
(53.8% vs. 48.9%, OR = 1.22, p = 0.874). Regarding the allele frequencies, the D allele showed higher level 
among cases with hyperlipidemia (46.2% vs. 44.7%, OR = 1.06, p = 0.903), while the I allele showed lower 
level (26.9% vs. 30.9%, OR = 0.83, p = 0.76). 

6. Discussion 

There are several researches indicated that development and progression of di-
abetic kidney disease are multifactorial including different pathophysiologic 
mechanisms especially environmental or genetic susceptibility. Epidemiological 
studies found familial clustering of diabetic kidney disease in diabetic siblings, 
supporting an important role of genetic defects in the pathogenesis of diabetic 
kidney disease [14]. ACE is an enzyme (zinc metallopeptidase enzyme) that found 
to be highly expressed on the epithelial and endothelial surfaces. The function of 
ACE is to convert angiotensin I to angiotensin II that is the highly active bio-
chemical end product of the rennin-angiotensin system (RAS) [15] and this as-
sociated with an increased risk of vascular disease [16]. Clinical studies investi-
gated association between diabetic kidney disease and ACE gene polymorphism 
showed contradictory results. 

This study included (269) 75 patients with diabetic kidney disease (DKD), 100 
patients T2DM patients without DKD and 94 healthy people. In selection of cas-
es, we were keeping to have cases affected with T2DM associated with diabetic 
kidney diseases. Their mean age was 58.02 years, with a SD of ±6.34 years. Out 
of them, 94.6% having hypertension, and 35.6% with hyperlipidemia and 22.5% 
have consanguinity and 72% have family history to diabetes. For comparison 
100 cases diabetic (T2DM) without nephropathy (mean age was 51.7 years, with 
a SD of ±9.4 years) (Table 1 and Table 2).  

This study showed that Egyptian cases of diabetic kidney disease had signifi-
cantly higher frequency of genotype (DD) than cases diabetic with no DKD 
(44% versus 23%, p = 0.005). In addition, it’s noticed that cases of diabetic 
nephropathy had significantly lower frequency of ID genotype than cases of di-
abetes without nephropathy (52% versus 72%, p < 0.0001) (Table 3).  
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Diabetic nephropathy cases showed low frequency of II genotype than diabet-
ic without nephropathy 5.3% (4% vs. 5%). Meanwhile, total cases found to have 
statistically significant more frequent expression of D allele (70% vs. 59%, p = 
0.045) with a significant lower level of I allele than cases of diabetic without 
nephropathy (30% vs. 41%, p = 0.045). Finally, in both group of cases and con-
trols we observed that frequency D allele is higher than frequency of I allele.  

In a previous study among Egyptian cases, reported that the II, ID and DD 
ACE genotypes was 4%, 52% and 44% in cases of diabetic nephropathy and 5%, 
72% and 23% in cases without nephropathy. The ACE DD genotype shows sig-
nificant association with diabetic nephropathy. We can speculate that the dif-
ference may be related to the ethnic background variations between our loca-
tions in Egypt and other countries. 

Analyzing the results among Egyptian controls, this study showed that Egypt 
control cases (diabetic without nephropathy) had a higher frequency of ID than 
that of DD genotype (72% vs. 52%) with a higher frequency of II genotype (5% 
vs. 4%).  

Also, our results showed that by comparing cases albuminuria >300 with 
those <300 as regards the studied ACE gene polymorphisms, it is observed that 
cases >300 have high frequency of DD genotype (45.2% vs. 30%, OR = 1.93, p = 
0.75). Also cases >300 had low frequency of ID genotype (50% vs. 65%, OR = 
0.54, p = 0.403). 

Regarding the allele frequencies, the D allele showed higher level among cases 
with macroalbuminuria (70.24% vs. 62.5%, OR = 1.42, p = 0.51), while the I al-
lele showed lower level (29.76% vs. 37.5%, OR = 0.71, p = 0.51) (Table 6). These 
results were in agreement with [17] who showed that females patients with ab-
normal excretion in urine (either micro or macro) found to have higher fre-
quency of a genotype DD versus females with no albumin excreted in urine (DD 
= 27.9%, ID = 21.2% and II = 10.5%, respectively; p ≤ 0.044) in Mexico popula-
tion. 

These findings are supported by study carried out in India population by [18] 
who demonstrated that the analysis of different genotype of ACE showed the 
following findings: genotype DD found in (22.75%) cases with DKA, 15.42% in 
T2DM individuals, and 21.62% in healthy volunteers. Chi-square test between 
DKA group and healthy volunteers found to be non-significantly different in al-
lele D. but, there is statistically significant difference (p < 0.05) between patients 
with DKD and diabetic patients.  

Regarding other micro vascular complications related to diabetic kidney dis-
ease [19] demonstrated that there was highly significant correlation between di-
abetic retinopathy and genotype DD. Their prevalence was found to be higher in 
individuals affected by genotype DD (DD, ID, and II, 90.4%, 71.2%, and 70.6%; 
p < 0.05 respectively). individuals carry genotype DD reached the end point [s. 
creatinine levels more than 2.0 mg/dL (176.8 micromole/L)] more rapidly than 
individuals carry other different genotypes (DD, 11.38 ± 4.08 years; ID, 13.85 ± 
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4.04 years; II, 14.04 ± 4.06 years, respectively; p < 0.05) and those individuals 
(with DD) was progressively reach to chronic hemodialysis earlier than others 
(DD, 13.10 ± 4.45 years; ID, 16.21 ± 4.74 years; II, 15.13 ± 4.09 years, respective-
ly; p < 0.05). Also, regarding hypertensive diabetic patients, there was a highly 
significant correlation between genotype DD and systolic blood pressure with 
progressive nature of Diabetic kidney diseases, in multiple logistic regression 
analysis. 

Comparing cases with blood pressure groups regards that the studied ACE 
gene polymorphisms, it is observed that in DD genotype normal have high level 
then sever then mild and moderate is the lower one (75%, 50%, 44.1%, 39.3%, p 
= 0.232). In addition, in ID genotype found that moderate have higher level then 
mild then sever and normal is lower one (57.1%, 52.9%, 50%, 0%, p = 0.232) 
(Table 7 and Figure 3). 

In South Korea, subjects with genotype DD compared to others with genotype 
II, the OR was 3.881 (95% confidence interval, 1.564 9.628; p = 0.003 approx-
imately), these results indicated that the DD genotyping of ACE gene may be 
considered a significant risk factor for the progressive nature of diabetic kidney 
disease. 

Also, [20] found that diabetic individuals with a high levels of insulin resistant 
states, diabetic kidney disease was represented in 2/11 diabetic individuals with 
ACE gene (II genotype) versus 19/25 diabetic individuals represented by DD or 
ID genotype (p = 0.002). The prevalence of diabetic kidney disease was higher in 
the majority of individuals with both D allele plus significant insulin resistant 
states (19/25) compared to other patients (14. 37; OR, 5.20). These findings in-
dicated that the ACE gene effectively can influence both onset and/or progres-
sive nature of diabetic kidney disease in Japanese individuals with T2DM with 
high levels of insulin resistant state.  

Also, in Tokyo, [21] concluded the following data, diabetic individuals with 
diabetic kidney disease have an excessive expression of genotype ID versus those 
individuals DKD (p < 0.02) and less of the genotype II versus with healthy vo-
lunteers (p < 0.01) and diabetic individuals without DKD (p < 0.01). T2DM in-
dividuals presented with genotype II have a low risk for the development of di-
abetic kidney disease.  
 

 
Figure 3. Comparing between blood pressure groups as regard 
ACE polymorphism in diabetic nephropathy cases. 
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Also these findings were in contrast with [22] who found that the presentation 
of different genotypes (II, DD and DI) did not differ significantly between 
T2DM individuals with or without DKD (46%; II: DD: 44%; ID: 10% vs., II: 12%, 
DD: 41%; ID: 47%; respectively). Also, no statistically any significantly different 
results between three main genotypes and allelic frequencies of the (I/D) poly-
morphism in all T2DM individuals versus healthy individuals with normal gly-
cemic state (II: 11%, ID: 46%; DD: 43%; vs. II: 15%, DD: 37%; ID: 48%; respec-
tively). So in Tunisian T2DM individuals, the (I/D) polymorphism within the 
ACE gene was found to be not associated with T2DM or DKD. 

In addition, [23] showed that cases with DN incidence in T2DM individuals 
among three groups (II 45.8%, ID 52.3%, and DD 46.1%, respectively, p > 0.05). 
The increased degree of urinary excretion of albumin among the 3 groups was 
similar at the end-point of the study (p > 0.05). So, this study concluded that in 
china, genotype DD of ACE gene may not considered as genetic marker of clini-
cal significance for prediction of the onset and progression of DKD in Type 2 
diabetic patients in.  

In addition, [24] found that there are no statistically differences in the mean 
eGFR according to different genotypes of ACE gene (ID: 99.5 ± 25.1 ml/min, II: 
96.6 ± 19.6 ml/min, DD: 89.9 ± 28.1 ml/min). Also, they found no statistically 
significant changes in distribution of different genotypes diabetic individuals 
with different grades of albuminuria (DD:ID:II [%], normoalbuminuric pa-
tients-35:46:19, macro albuminuric patients-31:55:14, microalbuminuric pa-
tients-28:55:17). So, they concluded that, in Turkey population, ACE gene po-
lymorphism (D/I) found to be not to be associated with eGFR in T2DM indi-
viduals. 

In addition, In Poland, [25] studied (No.941) cases with renal complication of 
T2DM diabetic individuals. Of them 127 diabetic individuals with macroalbu-
minuria or end stage renal disease, 335 diabetic individuals with microalbumi-
nuria, and a control group of 254 diabetic individuals without albuminuria with 
duration of diabetic state of 10 years and more. They concluded that, there were 
no any statistically significant differences in the different genotype D/I distribu-
tion of ACE gene or allelic frequency was found in-between different tested 
groups. The conclusion of this research strongly found that there was no asso-
ciated link between the ACE gene D/I polymorphisms and DKD in T2DM indi-
viduals. 

In addition, In Germany, [26] concluded that genetic polymorphism D/I re-
lated to ACE gene does not significantly have a major role in the onset and pro-
gression of DKD. 

Comparing cases with hyperlipidemia with those without hyperlipidemia as 
regards the studied ACE gene polymorphisms, it is observed that cases with 
hyperlipidemia have high frequency of DD genotype (46.2% vs. 44.7%, OR = 
1.06, p = 0.903). In addition, cases with hyperlipidemia had high frequency of ID 
genotype (53.8% vs. 48.9%, OR = 1.22, p = 0.874). 
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Regarding the allele frequencies, the D allele showed higher level among cases 
with hyperlipidemia (46.2% vs. 44.7%, OR= 1.06, p = 0.903), while the I allele 
showed lower level (26.9% vs. 30.9%, OR= 0.83, p = 0.76) (Table 8). 

Possible explanation of this controversy in the results of different researches 
related to genetic polymorphisms may be due to multifactorial aspects, mainly 
the major differences in ethnic aspects of studied diabetic individuals and 
healthy volunteers. Other factors include the definition of nephropathy or Di-
abetic kidney disease and inclusion criteria of the diabetic control group without 
renal complication and small sample sizes in some studies. 

7. Conclusion  

Our findings indicated that there is a strong relation between diabetic kidney 
disease and genetic polymorphism of ACE gene and from our results we also 
found that genotype of ACE in Egypt is DD genotype of diabetic cases with di-
abetic kidney disease so the presence of D allele has a significant relation with 
diabetic kidney disease. Our data confirm the significant role of angiotensin 
converting enzyme gene in its relationship with diabetic kidney disease risk in 
Egyptian population. 

Acknowledgements  

This research received no specific grant from any funding agency in the public, 
commercial, or not-for-profit sectors. All authors sharing in this manuscript 
have no conflicts of interest. All authors have contributed significantly, and that 
all authors are in agreement with the content of the manuscript. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Tang, S.C., Chan, G.C. and Lai, K.N. (2016) Recent Advances in Managing and 

Understanding Diabetic Nephropathy. F1000 Research, 5, 1000-1044.  
https://doi.org/10.12688/f1000research.7693.1 

[2] Stephens, J.W. (2005) The D Allele of the ACE/ID Common Gene Variant Is Asso-
ciated with T2D Mellitus in Caucasian Subjects. Molecular Genetics and Metabol-
ism, 84, 83-88. https://doi.org/10.1016/j.ymgme.2004.09.002 

[3] Chiarelli, F., Gaspari, S. and Marcovecchio, M.L. (2009) Role of Growth Factors in 
Diabetic Kidney Disease. Hormone and Metabolic Research, 41, 585-593.  
https://doi.org/10.1055/s-0029-1220752 

[4] Sun, J., Xu, Y., Zhu, Y. and Lu, H. (2004) Genetic Polymorphism of Methylenete-
trahydrofolate Reductase as a Risk Factor for Diabetic Nephropathy in Chinese 
Type 2 Diabetic Patients. Diabetes Research and Clinical Practice, 64, 185-190.  
https://doi.org/10.1016/j.diabres.2003.10.022 

[5] Freedman, B.I., Bowden, D.W., Rich, S.S., Valis, C.J., Sale, M.M., Hicks, P.J., et al. 
(2005) A Genome Scan for All-Cause End-Stage Renal Disease in African Ameri-

https://doi.org/10.4236/ijcm.2018.98053
https://doi.org/10.12688/f1000research.7693.1
https://doi.org/10.1016/j.ymgme.2004.09.002
https://doi.org/10.1055/s-0029-1220752
https://doi.org/10.1016/j.diabres.2003.10.022


R. A. El-baz et al. 
 

 

DOI: 10.4236/ijcm.2018.98053 642 International Journal of Clinical Medicine 
 

cans. Nephrology Dialysis Transplantation, 20, 712-718.  
https://doi.org/10.1093/ndt/gfh704 

[6] Parvanova, A., Iliev, I., Dimitrov, B.D., Arnoldi, F., Zaletel, J., Remuzzi, G. and 
Ruggenenti, P. (2002) Hyperhomocysteinemia and Increased Risk of Retinopathy: A 
Cross-Sectional, Case-Control Study in Patients with Type 2 Diabetes. Diabetes 
Care, 25, 2361. https://doi.org/10.2337/diacare.25.12.2361 

[7] Mtiraoui, N., Ezzidi, I., Chaieb, M., Marmouche, H., Aouni, Z., Chaieb, A., Mah-
joub, T., Vaxillaire, M. and Almawi, W.Y. (2007) MTHFR C677T and A1298C Gene 
Polymorphisms and Hyperhomocysteinemia as Risk Factors of Diabetic Nephro-
pathy in Type 2 Diabetes Patients. Diabetes Research and Clinical Practice, 75, 
99-106. https://doi.org/10.1016/j.diabres.2006.05.018 

[8] Wang, F., Maggie, Y., Wing, N.S., et al. (2005) Prognostic Effect of Inser-
tion/Deletion Polymorphism of the ACE Gene on Renal and Cardiovascular Clini-
cal Outcomes in Chinese Patients with Type-2 Diabetes. Diabetes Care, 54, 301-306.  

[9] Chang, H.R., Cheng, C.H., Shu, K.H., Chen, C.H., Lien, J.D. and Wu, M.Y. (2003) 
Study of the Polymorphism of Angiotensinogen, Angiotensin Converting Enzyme 
and Angiotensin Receptor in Type II Diabetes with End-Stage Renal Disease in 
Taiwan. Journal of the Chinese Medical Association, 66, 51-56. 

[10] Klemm, T., Mittrach-Schorins, S., Neumann, S., Gerike, T., krankenberg, H., Schu-
ler, G., et al. (2003) No Association between the Angiotensin-Converting-Enzyme 
Gene Insertion/Deletion Polymorphism and the Occurrence of Macroangiopaty in 
Patients with Diabetes Mellitus Type 2. Hormone and Metabolic Research, 35, 
43-47. https://doi.org/10.1055/s-2003-38390 

[11] Zhu, X., Chang, Y., Yan, D., Weder, A., Cooper, R., Luke, A., et al. (2003) Associa-
tions between Hypertension and Genes in the Rennin Angiotensin System. Hyper-
tension, 41, 1027-1037. https://doi.org/10.1161/01.HYP.0000068681.69874.CB 

[12] Miller, S.A., Dykes, D.D. and Polesky, H.F. (1988) A Simple Salting out Procedure 
for Extracting DNA from Human Nucleated Cells. Nucleic Acids Research, 16, 
12-15. https://doi.org/10.1093/nar/16.3.1215 

[13] Tanaka, C., Kamide, K., Takiachi, S., Miwa, Y., Yoshiim, M., Kawano, Y., et al. 
(2003) An Alternative Fast and Convenient Genotyping Method for the Screening 
of Angiotensin Converting Enzyme Gene Polymorphism. Hypertension Research, 
26, 301-306. https://doi.org/10.1291/hypres.26.301 

[14] Tanaka, N. and Babazono, T. (2005) Assessing Genetic Susceptibility to Diabetic 
Nephropathy. Nephrology, 10, S17-S21.  
https://doi.org/10.1111/j.1440-1797.2005.00451.x 

[15] Erdös, E.G. and Skidgel, R.A. (1987) The Angiotensin I Converting Enzyme. Labor-
atory Investigation, 56, 345-348.  

[16] Födinger, M., Hörl, W.H. and Sunder-Plassmann, G. (2000) Molecular Biology of 
5,10-Methylenetetrahydrofolate Reductase. Journal of Nephrology, 13, 20-33. 

[17] Palomo-Piñón, S., Gutiérrez-Rodríguez, M.E., Díaz-Flores, M., Sánchez-Barrera, R., 
Valladares-Salgado, A., Utrera-Barillas, D., Durán-Reyes, G., Galván-Duarte, R.E., 
Trinidad-Ramos, P. and Cruz, M. (2009) DD Genotype of Angiotensin-Converting 
Enzyme in Type 2 Diabetes Mellitus with Renal Disease in Mexican Mestizos. 
Nephrology (Carlton), 14, 235-239.  
https://doi.org/10.1111/j.1440-1797.2008.01034.x 

[18] Movva, S., Alluri, R.V., Komandur, S., Vattam, K., Eppa, K., Mukkavali, K.K., Mu-
bigonda, S., Saharia, S., Shastry, J.C. and Hasan, Q. (2007) Relationship of Angi-
otensin-Converting Enzyme Gene Polymorphism with Nephropathy Associated 

https://doi.org/10.4236/ijcm.2018.98053
https://doi.org/10.1093/ndt/gfh704
https://doi.org/10.2337/diacare.25.12.2361
https://doi.org/10.1016/j.diabres.2006.05.018
https://doi.org/10.1055/s-2003-38390
https://doi.org/10.1161/01.HYP.0000068681.69874.CB
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1291/hypres.26.301
https://doi.org/10.1111/j.1440-1797.2005.00451.x
https://doi.org/10.1111/j.1440-1797.2008.01034.x


R. A. El-baz et al. 
 

 

DOI: 10.4236/ijcm.2018.98053 643 International Journal of Clinical Medicine 
 

with Type 2 Diabetes Mellitus in Asian Indians. Journal of Diabetes and Its Com-
plications, 21, 237-241. https://doi.org/10.1016/j.jdiacomp.2006.07.001 

[19] Ha, S.K., Park, H.C., Park, H.S., Kang, B.S., Lee, T.H., Hwang, H.J., Kim, S.J., Kim, 
D.H., Kang, S.W., Choi, K.H., Lee, H.Y. and Han, D.S. (2003) ACE Gene Polymor-
phism and Progression of Diabetic Nephropathy in Korean Type 2 Diabetic Pa-
tients: Effect of ACE Gene DD on the Progression of Diabetic Nephropathy. Amer-
ican Journal of Kidney Diseases, 41, 943-949.  
https://doi.org/10.1016/S0272-6386(03)00191-4 

[20] Kuramoto, N., Iizuka, T., Ito, H., Yagui, K., Omura, M., Nozaki, O., Nishikawa, T., 
Tsuchida, H., Makino, H., Saito, Y. and Kanatsuka, A. (1999) Effect of ACE Gene 
on Diabetic Nephropathy in NIDDM Patients with Insulin Resistance. American 
Journal of Kidney Diseases, 33, 276-281.  
https://doi.org/10.1016/S0272-6386(99)70300-8 

[21] Mizuiri, S., Hemmi, H., Inoue, A., Yoshikawa, H., Tanegashima, M., Fushimi, T., 
Ishigami, M., Amagasaki, Y., Ohara, T., Shimatake, H., et al. (1995) Angioten-
sin-Converting Enzyme Polymorphism and Development of Diabetic Nephropathy 
in Non-Insulin-Dependent Diabetes Mellitus. Nephron, 70, 455-459.  
https://doi.org/10.1159/000188645 

[22] Arfa, I., Abid, A., Nouira, S., Elloumi-Zghal, H., Malouche, D., Mannai, I., Zorgati, 
M.M., Ben, Alaya, N., Rebai, A., Zouari, B., Ben, Ammar, S., Ben, Rayana, M.C., 
Hmida, S., Blousa-Chabchoub, S. and Abdelhak, S. (2008) Lack of Association be-
tween the Angiotensin-Converting Enzyme Gene (I/D) Polymorphism and Diabetic 
Nephropathy in Tunisian Type 2 Diabetic Patients. Journal of the Re-
nin-Angiotensin-Aldosterone System, 9, 32-36.  
https://doi.org/10.3317/jraas.2008.002 

[23] Liao, L., Lei, M.X. and Chen, H.L. (2003) Angiotensin Converting Enzyme Gene 
Polymorphism and Type 2 Diabetic Nephropathy. Bulletin of Hunan Medical Uni-
versity, 28, 553-556. 

[24] Araz, M., Aynacioglu, S., Okan, V., Akdemir, I., et al. (2002) Angioten-
sin-Converting Enzyme Gene Polymorphism and Coronary Heart Disease in Tur-
kish Type 2 Diabetic Patients. Acta Cardiologica, 57, 265-269.  
https://doi.org/10.2143/AC.57.4.2005424 

[25] Grzeszczak, W., Zychma, M.J., Lacka, B. and Zukowska-Szczechowska, E. (1998) 
Angiotensin I-Converting Enzyme Gene Polymorphisms: Relationship to Nephro-
pathy in Patients with Non-Insulin Dependent Diabetes Mellitus. Journal of the 
American Society of Nephrology, 9, 1664-1669. 

[26] Schmidt, S. and Ritz, E. (1997) Angiotensin I Converting Enzyme Gene Polymor-
phism and Diabetic Nephropathy in Type II Diabetes. Nephrology Dialysis Trans-
plantation, 12, 37-41.  

 
 
 

Abbreviations 

T2DM: type 2 diabetes mellitus 
DN: diabetic nephropathy 
ACE: Angiotensin-converting enzyme  
SSP-PCR: sequence specific primer-polymerase chain reaction 

https://doi.org/10.4236/ijcm.2018.98053
https://doi.org/10.1016/j.jdiacomp.2006.07.001
https://doi.org/10.1016/S0272-6386(03)00191-4
https://doi.org/10.1016/S0272-6386(99)70300-8
https://doi.org/10.1159/000188645
https://doi.org/10.3317/jraas.2008.002
https://doi.org/10.2143/AC.57.4.2005424


9 772158 284007 80




	Front Cover
	Inside Front Cover-Editorial Board
	Table of Contents
	Journal Information
	621-Curative Effect Analysis of Zoledronic Acid in the Treatment of Postmenopausal Osteoporosis with Different Bone Turnover Rates
	629-Study of Angiotensin Converting Enzyme Gene Polymorphism in Egyptian Type 2 Diabetes Mellitus with Diabetic Kidney Disease
	Inside Back Cover-Call for Papers
	Back Cover

