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Abstract 

Introduction: About 20-40% of Type 2 Diabetic patients are affected by Diabetic nephropathy, a microvascular 

complication of Diabetes Mellitus.To prevent the disease, it is requisite to identify the individuals at higher risk of 

development of Diabetic nephropathy. Glomerular hypertension instigated by increased activity of Renin angiotensin System 

assumed to contributes majorly for the development of Diabetic nephropathy.287 bpAlu repeats either inserted or deleted in 

the 16th intron of ACE gene, which causes 3 genotypes of ACE insertion/deletion gene polymorphism; II, ID andDD. 

Aim:The present study was designed to detect the association of ACE gene polymorphism and Diabetic nephropathy 

Materials and methods: A total of 100 Type 2 DM patients, who have diabetes for at least 10 years were recruited in this 

study and divided in two groups; without nephropathy (n=42) and with nephropathy (n=58). ACE genotyping was performed 

from the DNA extracted from WBCs, which is amplified by PCR and distinguished by gel electrophoresis. Genotypes 

described as I/I-490 bp, I/D-490+190 bp, and D/D-190 bp on electrophoresis. 

Result: 50% (n=29) of DN patients compared to 23.80% (n=10) ofnon-nephropathic patients had DD genotype. Univariate 

analysis showed significant association of ACE DD homozygote with diabetic nephropathy. Odd ratio in the development of 

diabetic nephropathy with DD genotype was 3.20. 

Conclusion: Study showed association of I/D polymorphism of ACE gene with Diabetic nephropathy in Type 2 Diabetes 

Mellitus patients. The risk of development of nephropathy increases with DD genotype in comparison with ID and II 

genotype. 
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Introduction: 

Diabetes mellitus (DM) define as metabolic 

disordercomprising the phenotype of hyperglycemia 

with chronic complications affecting many organ 

systems which causes majority of morbidity and 

mortality relatedto the disease. The development of 

diabetes specific complication in the retina, renal 

glomerulus andperipheral nerves leads to retinopathy, 

nephropathy and neuropathy. Diabetes mellitus is 

classified on the bases of etiology of the disease, 

where insulin deficiency is categorized as Type 1 DM 

and insulin resistance is categorized as Type 2 DM. In 

India diabetes is growing as a substantial epidemic as 

not less than 62 million diabetic patients are currently 

diagnosed with the disease and the cases will increase 

up to 79.4 million by the year 2030. [1] 

Diabetic nephropathy (DN) is a chronic microvascular 

complication of Diabetes mellitus affecting 20-40% of 

Type 2 DM patients. In India, the age-adjusted 

incidence rate of end-stage renal disease (ESRD) is 

229 per million population. Approximately 152,000 

new ESRD patients require renal replacement therapy 

(RRT) annually. Diabetic nephropathy accounts for 

41% of ESRD cases.[2]. The required healthcare 

personnel and infrastructure to take care of this large 

case load is currently not available in the country, 

therefore, identification of risk factors and the patients 

having higher risk for the development of DN 

required to prevent the disease. 

The pathogenesis of this severe complication 

iscomplexandcompriseshemodynamic alterations, 

metabolic abnormalities,genetic factors andvarious 
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growth factors. In experimental studies, it was found 

that Glomerular hypertension instigated by altered 

activity of Renin angiotensin System contributes 

majorly for the development of Diabetic nephropathy. 
[3]Angiotensin II shows hyperactivity in high glucose 

conditions which causes hypertrophy of various renal 

cells and increases vascular pressure bycausing 

contraction of arteriolar smooth muscles.[4]Another 

major contributing factor for DN is poor glycemic 

control, butsome DM patients having good glycemic 

control also suffers from DN, while many patients 

with poor glycemic control do not suffer from DN. 

Studies found a strong genetic predisposition to the 

onset and progression of Diabetic nephropathy and, 

ACE gene was shown to be highly associated amid all 

genes. 

The human ACE geneis 21 kb long and made located 

on the long arm of chromosome 17q23 and made up 

of 26 exons and 25.[5].287 bpAlu repeats either 

inserted or deleted in the 16th intron of ACE gene, 

which causes 3 genotypes of ACE insertion/deletion 

gene polymorphism; II, ID andDD.[6]Association of 

ACE gene polymorphism with DN was demonstrated 

byJeffers BW et al [7], Ohno T et al[8],Movva S et al[9], 

and refuted by Schmidt S et al[10], Jayapalan JJ et 

al[11]. Keeping in view the different outcomes of 

earlier researchers, the aim of the present study was to 

examine the associations between the ACE gene I/D 

polymorphisms and susceptibility to Diabetic 

nephropathyin patients of Type 2 diabetes mellitus 

(T2DM). 

 

Materials and Methods 

A case control study was conducted from period of 

August 2017 to July 2018 and was reviewed and 

approved by Human Ethics Committee of 

Government Medical College, Bhavnagar, Gujarat, 

India. 100 unrelated adultpatients with more than 10 

years duration of Type 2 Diabetes Mellitus, being 

treated and followed up in the Medicine OPD at Sir 

Takhtsinhji General Hospital, Bhavnagar were 

included.Patients suffering from diseases causing 

proteinuria other than diabetic nephropathy were 

excluded.  

We documented the medical history (both present and 

past) for all cases, paying special attention to smoking 

history, medication use, and any systemic illnesses, 

particularly hypertension. Additionally, we measured 

anthropometric parameters such as weight (in 

kilograms) and height (in meters) for all patients. 

Using these measurements, we calculated the Body 

Mass Index (BMI) by dividing weight by height 

squared (Kg/m²). 

After an overnight fast of 12 hours, venous blood 

sampling was donefor biochemical determinations and 

isolation of DNA in Plain and EDTA vacutainer and 

urine sample was collected for analysis of albumin 

excretion rate (AER). After centrifugation of blood 

samples, separated serum was analyzed for following 

biochemical parameters. Glucose (Glucose oxidase 

method[12], CV%: 4.8), Creatinine (Modified Jaffe’s 

method[13], CV%: 6.8), Cholesterol (Cholesterol 

oxidase method[14], CV%: 4.7) , Triglycerides 

(Enzymatic method[15], CV%: 3.6), HDL-C 

(Immunoinhibition method[16], CV%: 8.5), LDL-C 

(Enzyme selective protection method[17], CV%: 4.5), 

HbA1c (Immunoturbidimetric method[18], CV%: 

4.9)The urine samples are tested for AER by 

immunoturbidimetric assay[19]. Patients with AER ≥30 

mg/daywere considered as cases and all others were 

considered as controls.[20] All biochemical 

investigations carried out were in the scope of 

accreditation for ISO 15189:2012 and analysis was 

performed on fully auto chemistry analyzer I-Lab 

650at Clinical Biochemistry Section, Laboratory 

Services Sir Takhtsinhji General Hospital,Bhavnagar. 

Peripheral blood leukocytes were used for genomic 

DNA extractionby commercially available HiPurA™ 

Blood Genomic DNA Miniprep Purification Kit from 

HiMedia based on the selective binding of DNA to 

silica-based membrane in the presence of chaotropic 

salts [21] amplified by PCR.  

Oligonucleotide primers used for DNA amplification, 

forward: 5’-CTG GAG AGC CAC TCC CAT CCT 

TTC T-3’ and reverse: 5’-GGG ACG TGG CCA TCA 

CAT TCG TCA G-3’ were designed according to the 

flanking sequences of the I/D region on the intron 16 

of ACE gene.[22]. DNA amplification was carried out 

in a Thermal Cycler Bio-Rad T100 using HiMedia 

2XPCR TaqMixturein a final reaction volume of 50 µl 

containing 3 µl of eluted DNA (50ng/µl), 1 µl each of 

forward and reverse primers (100ng/µl), 25 µl of 

2XPCR Taq Mixture and 20 µl of Nuclease free 

water. The thermocycling profile used for DNA 

amplificationcomprised the initial denaturation at 

94°C for 1 minute which was followed by 30 cycles 

of amplification by denaturation at 95°C for 30 

seconds, annealing at 58°C for 1 minute and extension 

at 72°C for 2 minutes. The final extension was done at 

72°C for 5 minutes. 

Amplified products were separated and identified 

using agarose gel (2%) electrophoresis withethidium 

bromide as fluorescent tag, under UV (ultra-violet) 

light in Bio-Rad Gel Document system as a 190 bp 

fragment in the absence of an Alu repeat insertion and 

a 490 bp fragment in the presence of the insertion 

(genotypes described as I/I-490 bp, I/D-490+190 bp, 

and D/D-190 bp). 

 

Result:  

Results of the present study were analysed by using 

GraphPadinStat version 3.0. Data were expressed 

asmean ± SD (continuous variables), or as 

percentages oftotal (categorical variables). Two-group 

comparisons were made using Chi-square (χ2) for 

categorical variables and unpaired t-tests for 

continuous variables. 

All the patients were divided in two groups. Group I: 

Diabetic patients without nephropathy 

(Normoalbuminuric-Controls). Group II: Diabetic 
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patients with nephropathy (Microalbuminuric or 

Macroalbuminuric-Cases). 

The mean age for Group I was 57.95 ± 5.13 years and 

Group II was 58.32 ± 5.90years. Female (n=53) 

participants were more than male (n=47).27 patients 

were hypertensive in Group I while 40 patients were 

hypertensive in Group II. 13 patients were smoker in 

Group I while 18 patients were smoker in Group II. 

Means for duration of diabetes and BMI were12.83 ± 

1.48 and 26.36 ± 2.09 respectively for Group I and 

12.91 ± 1.51 and 27.14 ± 2.07 for Group II. Mean of 

HbA1c levels for Group I was7.69 ± 0.90 and Group 

II was 7.72 ± 1.10. Mean of S. Creatinine for Group II 

was 1.07 ± 0.29 vs.0.9 ± 0.10 for Group I (Table 1). 

As shown in table 2 Group I distribution of ACE 

genotypes II was 08 (19.04%), ID was 24 (57.14%) 

and DD was 10 (23.80%) and in Group II distribution 

of ACE genotypes II was 09 (15.51%), ID was20 

(34.48%) and DD were 29 (50.00%). 

 

Table 1: Comparison of Control Group I & Study Group II 

Parameters Group I- Diabetic 

patients without 

nephropathy 

(Control) (n=42) 

Group II- Diabetic patients 

with Nephropathy (Case) 

(n=58) 

Significance 

Mean ± SD Mean ± SD 

Age (years) 57.95 ± 5.1 58.32 ± 5.9 p= 0.74# 

Sex 

Males, n (%) 

Females, n (%) 

 

21 (50%) 

21 (50%) 

 

27 (47%) 

31 (53%) 

p= 0.84 # 

Hypertensive, n (%) 27 (64.3%) 40 (68.9%) p= 0.67 # 

Smoker, n (%) 13 (30.9%) 18 (31.0%) p= 1.00 # 

Duration of Diabetes (years) 12.83 ± 1.5 12.91 ± 1.5 p= 0.79# 

BMI 

(Kg/m2) 

26.36 ± 2.1 27.14 ± 2.1 p= 0.06# 

HbA1C 

(%) 

7.69 ± 0.9 7.72 ± 1.1 p= 0.87# 

S. Creatinine 

(mg/dl) 

0.9 ± 0.1 1.07 ± 0.3 p= 0.0004* 

S. Total Cholesterol 

(mg/dl) 

187 ± 35 181 ± 43 p= 0.40# 

S. Triglycerides 

(mg/dl) 

173 ± 52 162 ± 58 p= 0.30# 

S. HDL – C (mg/dl) 48.97 ± 8.9 48.03 ± 6.4 p= 0.54# 

S. LDL – C (mg/dl) 111.2 ± 25.5 110.0 ± 32.6 p= 0.83# 

*p < 0.05 – significant, **p < 0.001 – highly significant, #p ≥0.05 – not significant 

 

Table 2: Genotype distribution of ACE I/D polymorphism in Diabetic patients without nephropathy 

(Group I) and Diabetic patients with nephropathy (Group II) 

Genotype 
Group I 

(n = 42) 

Group II 

(n = 58) 

Χ2 

d.f. - 2 

P value 

d.f. - 2 

P value 

d.f. - 1 
OR 

OR (95% of CI) 

Lower 

Bound 

Upper 

Bound 

II 08 09 7.306 0.026 0.84# 0.78 0.27 2.23 

ID 24 20 0.08# 0.39 0.17 0.89 

DD 10 29 0.01* 3.20 1.33 7.69 

Total D 

alleles (ID 

+DD) 

34 49 0.78# 1.28 0.44 3.65 

d.f. – Degree of freedom, OR – Odd Ratio, CI – Confidence Interval 

II- Insertion/ Insertion, ID- Insertion/Deletion, DD- Deletion/Deletion 

*p < 0.05 – significant, **p < 0.001 – highly significant, #p ≥0.05 – not significant 

 

Discussion 

We analyzed the genotypic and the allelic 

distributions of the ACE I/D polymorphism 

amongnormoalbuminuric controls and DN 

patients.Genotype data showed frequency of DD 

genotype was found to be significantly higher in 
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Diabetic nephropathy than in normoalbuminuric 

participants. (p< 0.05). Odd ratio related to the 

association of prevalence of DD genotype in diabetic 

nephropathy was 3.20 (95% CI 1.33 – 7.69).Results of 

the present study were in accordance with some of the 

previous studies like Jeffers BW et al (1997)[7]Hsieh 

et al (2000)[23], Vishwanathan et al(2002)[24]Ha SN et 

al (2003)[25] but differed with studies like Gutierrez et 

al (1997)[26], Hadjadj S et al (2003)[27], Arfa I et al 

(2008)[28].Meta-analysis studies (Ng DP et al 

(2005){29} and Wang et al (2012)[30]) concluded that 

ethnicity of the study population is the major 

determining factor in association of ACE gene 

polymorphism and susceptibility of Diabetic 

nephropathy.Patients of Both groups wereclosely 

matched for potentially confoundingvariables like 

age, sex, hypertension, Glycemic control, 

Dyslipidemia and BMIwhich made it easier to 

compare association of ACE genotypes with 

DN.Although prevalence of hypertension is more in 

the Group II [n- 40(69%)] versus Group I [n- 

27(64%)] patients, the difference was not statistically 

significant (p= 0.67). No statistically significant 

difference was observed in duration of diabetes (p - 

0.7917) between the two groups.There is no 

significant difference in HbA1c levels (p = 0.8787) 

between two groups. This finding is consistent with 

Viswanathan V et al[22]as their finding showed no 

significant association between HbA1c levels and DN 

(p = 0.69). Our results differ from Stoler M et al[31]as 

they reported that the mean HbA1c in patients with 

microalbuminuria was higher than in those with 

normal urinary albumin excretion. S. Creatinine is 

significantly high in DN patients than without DN 

patients(p = 0.0004), it suggests that high levels of S. 

Creatinine associated with renal injury in DN patients. 

This finding is in accordance with Prasad P. et al[32]No 

statistically significant difference was observed 

between Group I & Group II in the lipid profile,it 

differs from Cardoso CR et al[33]. The difference is 

due to comparable number of patients who were 

receiving lipidlowering drugs.As indicated in table 2, 

the frequency of the D allele was higher in the Group 

II (n=49) than Group I (n=34), but the difference is 

not statistically significant (p - 0.7883). Further it was 

observed that the DDgenotype (vs. other genotype) 

increased therisk of nephropathy in Type 2 diabetes 

patients up to 3.20 fold [OR 3.20 (95% CI: 1.33 – 

7.69)] and these resultsare similar to the outcomes 

ofOhno et al[8] (OR=2.6) and Yoshida et 

al[34](OR=4.6), whereas the ID genotype did notalter 

the risk significantly [0.395 (95% CI: 0.174 – 0.893)],  

This data suggests that Dallele increases risk of DN 

only in recessive mode of inheritance.  

 

Conclusion 

The present study showed the association of 

Insertion/Deletion polymorphism of ACE gene with 

Diabetic nephropathy. The risk of development of 

Diabetic nephropathy in type 2 Diabetic patients 

increased by D alleleonly in recessive mode of 

inheritance (DD) not in co-dominant mode (ID).On 

the basis of findings from the present study it is 

recommended that genotyping of ACE gene can be 

performed in Type 2 Diabetic patients in order to 

decrease the burden of Diabetic nephropathy in India 

and long term follow up on Type 2 DM cases with 

DD genotype using ACE inhibitor therapy and proper 

glycemic control, may provide us with appropriate 

management options. 

 

Reference 
1. Wild S, Roglic G, Green A, Sicree R, King H. Global 

prevalence of diabetes estimates forthe year 2000 and 

projections for 2030. Diabetes 

Care.2004;27(3):1047-53. 

2. Agarwal SK, Dash SC, Irshad M, Raju S, Singh R, 

&PandeyRM.Prevalence of chronicrenal failure in 

adults in Delhi, India. Nephrology Dialysis 

Transplantation 2005;20(8):1638–1642. 

3. Tarnow L. Genetic pattern in diabetic nephropathy. 

Nephrol Dial Transplant 1996;11: Editorial 

Comments. 

4. Wolf G, Mueller E, Stahl RA, Ziyadeh FN. 

Angiotensin II-induced hypertrophy 

ofculturedmurine proximal tubular cells is mediated 

by endogenous transforming growth factor-beta.JClin 

Invest. 1993; 92:1366-1372. 

5. Mattei MG, Hubert C, Alhenc-Gelas F, Roeckel N, 

Corvol P, Soubrier F.Angiotensinconverting enzyme 

gene is on chromosome 17. Cytogenet Cell 

Genet.1989;51:1041. 

6. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, 

Corvol P, Soubrier F. Aninsertion/deletion 

polymorphism in the angiotensin I-converting 

enzyme geneaccountingfor half the variance of serum 

enzyme levels. J Clin Invest.1990;86:1343–6. 

7. Jeffers BW, Estacio RO, Raynolds MV, Schrier RW. 

Angiotensin-convertingenzymegenepolymorphism in 

non-insulin dependent diabetes mellitus and its 

relationship with diabeticnephropathy. Kidney Int. 

1997; 52:473- 

8. Ohno T, Kawazu S, Tomono S. Association analyses 

of the polymorphisms ofangiotensinconverting 

enzyme and angiotensinogen genes with diabetic 

nephropathy in Japanese noninsulin-dependent 

diabetics. Metabolism.1996;45:218-22. 

9. Movva S, Alluri RV, KomandurS,Vattam K, Eppa K, 

Mukkavali KK et al.Relationshipof angiotensin-

converting enzyme gene polymorphism with 

nephropathy associated withtype 2 diabetes mellitus 

in Asian Indians. J DiabetesComplicat.2007;21:237–

41. 

10. Schmidt S, Schone N, Ritz E. Association of ACE 

gene polymorphism anddiabeticnephropathy? The 

Diabetic Nephropathy Study Group. Kidney Int. 

1995;47(4):1176-81 

11. Jayapalan JJ, Muniandy S, Chan SP. Null association 

between ACE gene I/Dpolymorphism and diabetic 

nephropathy among multiethnic Malaysian 

subjects.IndianJHum Genet. 2010; 16:78–86 

12. Trinder P. Determination of blood glucose using an 

oxidase– peroxidase systemwithanon-

carcinogenicchromogen. J ClinPathol. 1969; 22:158–

61. 



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 13, No. 8, August 2024                 Online ISSN: 2250-3137 
                                                                                                                                                                                        Print ISSN: 2977-0122 

DOI: 10.69605/ijlbpr_13.8.2024.114 

665 
©2024Int. J. LifeSci.Biotechnol.Pharma.Res. 

13. Chasson AL, Grady HJ, Stanley MA. Determination 

of creatinine by means ofautomaticchemical analysis. 

Tech Bull Regist Med Technol. 1960; 30:207–12. 

14. Allain CC, Poon LS, Chan CSG, Richmond W, Fu 

PC. Enzymatic determination of 

totalserumcholesterol.Clin Chem. 1974; 20:470–5 

15. Fossati P, Prencipe L. Serum triglycerides 

determined colorimetrically with anenzymethat 

produces hydrogen peroxide. Clin Chem. 1982; 

28:2077–80 

16. Burstein M, Morfin R. Precipitation of alpha 

lipoproteins in serum by sodiumphosphotungstate in 

the presence of magnesium chloride. Life Sci. 1969; 

8:345–8. 

17. Assmann G, Jabs HU, Kohnert U, Nolte W, 

Schriewer H. LDLcholesteroldeterminationin blood 

serum following precipitation of LDL with 

polyvinylsulfate. ClinChimActa.1984;140:77–83. 

18. Metus P, Ruzzante N, Bonvicini P, Meneghetti M, 

Zaninotto M, Plebani M. Immunoturbidimetric assay 

of glycatedhaemoglobin. J Clin Lab Anal. 1999; 

13:5-8 

19. Medcalf E, Newman DJ, Gorman EG, Price CP. 

Rapid robust method for measuring 

lowconcentrations of albumin in urine. Clin Chem. 

1990; 36:446–9. 

20. Viberti GC, Hill RD, Jarrett RJ, Argyropoulos A, 

Mahmud U, Keen H. Microalbuminuriaas a predictor 

of clinical nephropathy in insulin-dependentdiabetes 

mellitus. Lancet.1982;1:1430-143 

21. Karp A, Isaac PG, Ingram DS, editors. Molecular 

Tools for Screening Biodiversity.Dordrecht: 

Springer; 1998:59-60 

22. Rigat B, Hubert C, Corvol P, Soubrier F. PCR 

detection of the insertion/deletionpolymorphism of 

the human angiotensin converting enzyme gene 

(DCP1) (dipeptidylcarboxypeptidase 1). Nucleic 

Acids Res. 1992; 20:1433–6. 

23. Hsieh MC, Lin SR, Hsieh TJ, Hsu CH, Chen HC, 

Shin SJ, et al. Increased frequency ofangiotensin-

converting enzyme DD genotype in patients with 

type 2 diabetes in Taiwan.Nephrol Dial 

Transpl.2000;15:1008–13. 

24. Viswanathan V, Zhu Y, Bala K, Dunn S, Snehalatha 

C, RamachandranA,Jayaraman M,Sharma K. 

Association between ACE gene polymorphism and 

diabetic nephropathy inSouth Indian patients.JOP. 

2001 Mar;2(2):83-87 

25. Ha SK, Park HC, Park HS, et al. ACE gene 

polymorphism and progression 

ofdiabeticnephropathy in Korean type 2 diabetic 

patients: effect of ACE gene DD on the 

progressionof diabetic nephropathy. TheAmerican 

Journal ofKidney Diseases, 2003;41(5):943–949. 

26. Gutierrez C, Vendrell J, Pastor R, Llor C, Aguilar C, 

BrochM, &RichartC. AngiotensinI-converting 

enzyme and angiotensinogen gene polymorphisms in 

non-insulin-dependentdiabetes mellitus. Lack of 

relationship with diabeticnephropathy and 

retinopathy in aCaucasian Mediterranean 

population.Metabolism. 1997; 46:976– 980 

27. Hadjadj S, Gallois Y, Alhenc-Gelas F, Chatellier G, 

Marre M, Genes N, et al.Angiotensin-I-converting 

enzyme insertion/deletion polymorphism and high 

urinaryalbumin concentration in French type 2 

diabetes patients. Diabet Med.2003; 20:677–82 

28. Arfa I, Abid A, Nouira S, Elloumi-Zghal H, 

Malouche D, Mannai I, et al. Lack ofassociation 

between the angiotensin-converting enzyme gene 

(I/D) polymorphism anddiabetic nephropathy in 

Tunisian type 2 diabetic patients. J Renin 

AngiotensinAldosterone Syst. 2008; 9:32–6. 

29. Ng DP, Tai BC, Koh D, Tan KW, Chia KS. 

Angiotensin-I converting enzyme insertion/deletion 

polymorphism and its association with diabetic 

nephropathy: a meta- analysis of studies reported 

between 1994 and 2004 and comprising 14,727 

subjects. Diabetologia.2005;48:1008–16. 

30. Wang F, Fang Q, Yu N, Zhao D, Zhang Y, Wang J, 

et al. Association between genetic polymorphism of 

the angiotensinconverting enzyme and diabetic 

nephropathy: a meta-analysis comprising 26,580 

subjects. J Renin Angiotensin Aldosterone Syst. 

2012; 13:161–74. 

31. Stolar M. Glycemic control and complications in 

type 2 diabetes mellitus. Am J Med.2010;123(Suppl 

3):3–11 

32. Prasad P, Tiwari AK, Kumar KM, Ammini AC, 

Gupta A, Gupta R, et al. Chronic renalinsufficiency 

among Asian Indians with type 2 diabetes: I. role of 

RAAS genepolymorphisms. BMC Med 

Genet.2006;7:42–50. 

33. Cardoso CR, Salles GF. Predictors of development 

and progression ofmicrovascularcomplications in a 

cohort of Brazilian type 2 diabetic patients. J 

Diabetes Complicat.2008;22:164–70. 

34. Yoshida H, Kuriyama S, Atsumi Y, Tomonari H, 

Mitarai T, Hamaguchi A, et al.Angiotensin I 

converting enzyme gene polymorphism in non-

insulin dependent diabetes mellitus. Kidney Int. 

1996; 50:657-64 

 

 


