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Abstract
Epithelial cells of the endothelial surfaces incorporate a gene for angiotensin-converting enzyme (ACE) that encodes
metallopeptidase proteins. In this work, molecular characterization of the ACE gene by investigating the presence of two
specific variants of 287 bp fragment (Alu element), have been studied. Therefore, the insertion (I allele) and the deletion (D
allele) of this gene fragment were controlled. A group of Jordanian patients with Type-I and Type-II Diabetes Mellitus (DM)
was selected for this study. The investigated sample contains 26 subjects with Type-I DM, 45 subjects with Type-II DM in
addition to a control group of 44 healthy subjects. ACE genotypes of the patients and control groups were achieved using
PCR of the DNA amplification. Results reveal no significant statistical differences in ACE genotype distribution among the
focus group and the control one. Therefore, there is no significant association between DM and ACE genotype distribution
variants of the proposed insertion. The ACE gene polymorphism is not directly correlated to diabetes.
Keywords: Angiotensin; ACE gene; Diabetes mellitus, Differential expression, Alu element.

1. Introduction
The epithelial cells of endothelial surfaces combine
genes for angiotensin-converting enzymes (ACE) that
encrypt a metallopeptidase. In this research, the molecular
characterization of ACE has been studied by the means of
the hypothesis of presence and absence of two specific
variants of 287 bp fragment based on the previous
researches (Castellon and Hamdi, 2007; Hamdi and
Castellon, 2003; Hamdi, et al., 2002). It has been based on
the hypothesis of the insertion of (I allele) and the deletion
of (D allele) of this gene fragment.
In order to test this hypothesis, a focus group of
Jordanian patients with Type-I and Type-II Diabetes
Mellitus (DM) have been used. In addition, a control group
of 44 healthy subjects, and a focus group contain 26
subjects with type 1 diabetes mellitus (T1DM) and 45 with
type 2 diabetes mellitus (T2DM).
Diabetes mellitus (DM) is a metabolic chronic health
illness identified by a raised blood sugar levels (Zhong, et
al., 2015). DM has been categorized into two main groups;
group one is called type 1 diabetes mellitus and it has been
known and denoted by (T1DM) and the second group is
called type 2 diabetes mellitus and it has been known and
denoted by (T2DM) (Piero, et al., 2015; Saucă, et al.,
2012). Diabetes mellitus patients suffer from various
health difficulties such as diabetic nephropathy, diabetic
*

retinopathy
and
cardiovascular
disease
(CVD)
(Golmohamadi, et al., 2006)
The angiotensin-converting enzyme (ACE) (EC
3.4.15.1) plays a vital role in inducing the conversion of
angiotensin I to angiotensin II, which is the primary
effector molecule of the Renin-Angiotensin-Aldosterone
System (RAAS) (Golmohamadi, et al., 2006; Song and
Lee, 2015). Angiotensin II allows for the constriction of
blood vessels leading to an increment of blood pressure.
ACE gene polymorphism is classified based on either
the presence/insertion, denoted (I), or absence/deletion,
denoted (D) of 287 bp Alu elements at intron 16 of
chromosome 17 which results in three different genotypes;
DD and II homozygotes and ID heterozygote. Plasma
ACE levels are 30% and 60% higher in the ID
heterozygotes and DD homozygotes, respectively, when
compared to the II homozygotes. Therefore, individuals
who carry the DD and ID genotypes have a more active
Renin-Angiotensin-Aldosterone System (RAAS) (Al-Serri,
et al., 2015).
Various research groups have investigated the
correlation of the ACE gene I/D polymorphism and T1DM
and T2DM. However, the results are inconsistent. Some
studies did not find a relative correlation between ACE
gene polymorphism and developing DM or one or more of
its complications (Jayapalan, et al., 2010; Kumar, et al.,
2013; Pasha, et al., 2002; Schmidt, et al., 1995; Zhou, et
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al., 2012). On the other hand, other studies suggested that
the DD genotype marks for higher risk of certain diseases
like diabetic nephropathy and hypertension (Tseng, et al.,
2011). Huang and colleagues (2001) showed that an
increment in ACE gene levels is adequate to develop
nephropathy in diabetic mice (Huang, et al., 2001). In
addition, the DD genotype was abided to increase risk of
severe hypoglycemia in T1D patients (Freathy, et al.,
2007).
Various researches explored the diversity of the ACE
gene haplotypes. It has been shown that the frequency
distributions of the haplotypes vary among people in
different countries (Farheen, et al., 2011). The D allele
was found to be present more frequently in Africans and
Caucasians, while the I allele is present more frequently
among Asians (Farheen, et al., 2011). The frequency
distributions of ACE gene haplotypes were studied in few
Arab populations (Al-Hinai, et al., 2002; Frossard, et al.,
1997; Motawi, et al., 2016) but not in Jordanians. In
addition, the relation between the ACE gene
polymorphism insertion/deletion and T2DM have been
studied and discussed in some Arab populations but not
among Jordanian DM patients (Al-Harbi, et al., 2012; AlRubeaan, et al., 2013; Al-Serri, et al., 2015; Alsafar, et al.,
2015; Chmaisse, et al., 2009). Therefore, we aimed at
investigating the relationship between ACE I/D
polymorphism and T1DM and T2DM Jordanian patients.
Additionally, we aimed at investigating possible roles of
ACE expression in DM through a broad gene expression
analysis of a set of available large-scale National Center
for Biotechnology Information Gene Expression Omnibus
(NCBI GEO) datasets.
2. Materials and methods
2.1. Study subjects
Seventy-one type 1 (n=26) and 2 diabetes mellitus
(n=45) patients were recruited from three hospitals; Jordan
Hospital, Dr Jameel Tutanji Hospital, and the University of
Jordan Hospital, Amman, Jordan. The inclusion criteria for
the current study were: T1DM and T2DM patients (who
already diagnosed by consultant diabetologist), being
treated for DM without any other complication(s) beside
DM. All patients completed informed consent. Information
regarding age, treatment and complications was collected
from patients using a written questionnaire or interview.
44 subjects were recruited as Age-matched healthy control
subjects (n=44). This study was approved by the
Institutional Review Board (IRB), Faculty of Medicine at
the University of Jordan, that conforms to the World
Medical Association Declaration of Helsinki.

(GGATGTGGCCATCACATTCGTCAGAT) , 8 µL of
nuclease-free water, 15 µL of the master mix (New
England Biolabs, USA) and finally 5 µL of DNA sample.
The PCR reaction recipe was 35 cycles of denaturation
at 96 oC for 30 seconds, followed by annealing for another
30 seconds and finally elongation at 68 oC for 30 seconds
(Hamdi, et al., 2002). This reaction has been conducted
using a thermal cycler (MyCycler) (Bio-Rad, USA). The
phase of amplification of the DNA was stopped by adding
0.25 M EDTA on ice. Electrophoresis has been performed
on the amplified products on 2% (w/v) agarose gel.
2.3. Analysis of NCBI Gene Omnibus (GEO) datasets
In this work, we analyzed three preprocessed and
normalized DNA microarrays from the NCBI GEO
project. Two T1D datasets; GSE43488 (Lietzen, et al.,
2018) with 357 samples from 18 autoantibody-positive
children (Case) and their matched controls (Control) and
GSE30210 (Kallionpää, et al., 2014) with 247 samples
from 18 prediabetes children and their matched controls.
The last dataset GSE9006 (Kaizer, et al., 2007) is a super
series with 234 samples belonging to three classes; T1DM
(162 samples), T1DM (24 samples), and healthy samples
(48 samples).
2.4. Statistical analysis
Based on the verification of the Hardy-Weinberg
equilibrium, the obtained genotypes and alleles
frequencies were compared with predicted frequencies.
The Statistical software, StatSoft Inc, Tulsa, OK, USA
(version 7.0) has been used to perform both of Chi-square
test and Fisher's exact test to obtain the polymorphism
frequency. The analysis of NCBI GEO datasets was
performed using the R-cran statistical environment similar
to the method described in (Barghash, et al., 2016).
Differential gene expression analysis was checked using
the Kolmogorov–Smirnov (KS) test. Bear in mind, that all
tests were two-sided, with the assumption of any obtained
value of p<0.05 would be considered statistically
significant.
3. Results
DNA was successfully extracted from 44 control
subjects, 26 T1DM patients and 45 T2DM patients (Figure
1).

2.2. ACE genotyping
Each participant provided a sample of 3 mL of
peripheral blood which has been withdrawn on EDTA tube
using a venous puncture, followed by the DNA extraction
from 300 µL blood; this has been performed using a
commercially kit (AccuVis Bio, UAE).
Genomic DNA from each of the control and DM
patients groups analyzed by ampliﬁcation of polymerase
chain reaction (PCR) in 30 µL cuvette that includes
various components: 1 µL of forward primers
(GGACTCTGTAAGCCACTGCTGGAGACC), 1 µL of
reverse
primers

Figure 1. Genomic DNA of control, T1DM and T2DM samples.
Lane 1: 1 kb DNA molecular weight marker; Control: Lanes 2-4;
T1DM: Lanes 5-7; T2DM: Lanes 8-10.

The PCR amplification products of the 287-bp Alu
region of the ACE gene are shown in Figure 2.
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Figure 2. illustrates an amplified Alu segment of the ACE gene
that exploits insertion (II) and/or deletion (DD) segment. Lane
1:100 bp Ladder, Lane 2: negative control, Lanes 3 and 6: Alu
deletion (DD) at 287 bp, Lanes 4 and 7: Alu insertion (II) at 600
bp, Lanes 5 and 8: Alu insertion and deletion (ID) at 287 bp and
600 bp.

The PCR amplification revealed results that indicate all
three genotypes, II (600bp), ID (600/287bp), DD (287bp)
were observed in each of the control and DM patients. The
highest genotype frequency in control and T1DM patients
was the DD genotype (77.3% and 56.5%, respectively)
(Table 1). The opposite way, the ID genotype was the most
frequent genotype (62%) among T2DM patients (Table 1).
Alternatively, the obtained results showed no significant
difference in the I and D allelic frequency between the
non-diabetic and diabetic groups (Table 1).
Table1. Genotypic and allelic distributions of the ACE gene in
control and diabetic populations.
Genotype
Control
T1DM
T2DM
P value

II
11.4%
8.7%
2.0%
0.2501

Allele
ID
11.4%
34.8%
62.0%
0.0164

DD
77.2%
56.5%
36.0%
0.0435

I
0.17%
0.26%
0.20%
0.3628

D
0.83%
0.74%
0.80%
0.3628

Similarly, we observed that ACE did not show
differential expression between the case and control
samples in any of the analyzed GEO datasets where KS
test consistently resulted in very high p-values. Figure 3 A
and B presents a similar expression behavior in T1DM and
healthy samples.

Figure 3. Analysis of ACE gene expression in GEO datasets
GSE30210 (left) and GSE43488 (right). No differential
expression is detected in ACE expression in GEO datasets
GSE30210 or GSE43488.

Additionally, we analyzed GSE9006 which contains a
mixture of healthy, T1DM, and T1DM samples to get an
overall idea about the possible occurring change in ACE
expression. However, no differential expression was
detected between the analyzed sample types as presented
in figure 4.

Figure 4. Analysis of ACE gene expression in GEO dataset
GSE9006. No differential gene expression is found between the
Healthy, T1D, and T2D classes

4. Discussion
Angiotensin-converting enzyme (ACE) cleaves
angiotensin I protein converting it into the active
angiotensin II hormone. Angiotensin II allows for the
constriction of blood vessels; this leads an increment in
blood pressure. The ACE gene is considered to be part of
either the Renin-Angiotensin-Aldosterone System (RAAS)
or Renin-Angiotensin System (RAS). RAAS is normally
involved in regulating blood pressure and maintaining
balanced body fluids and salts. As a part of RAAS,
angiotensin II induces the delivery of hormone
aldosterone. Aldosterone, in turn, induces the kidneys to
absorb salt and water (Remuzzi, et al., 2005). An
increment in ACE levels has been noted and correlated to
induce nephropathy in diabetic mice (Huang, et al., 2001).
Genetic polymorphism is the presence of genetic
variations that give different forms of individuals in a
population of a certain species. Genetic polymorphism is
one cause of diversity. In addition, polymorphism plays a
leading role in diseases, such as cardiovascular and agerelated diseases. The risk of developing various diseases
can be increased many times by inheritance of risk alleles
of the various genes at susceptibility loci (Ma, et al.).
An insertion/deletion polymorphism is one type of
genetic polymorphism where a specific nucleotide
sequence in a gene is either insertion or is deletion, i.e.
presence or absence. The gene variant with the insertion of
the sequence is called the insertion (I) allele, while the
other variant that does not have the sequence is called the
deletion (D) allele. The first report mentioning ACE I/D
polymorphism has been released in 1990 by Rigat and
colleagues (Rigat, et al., 1990). ACE I/D polymorphism
involves either the insertion or deletion of 287 base pairs
(Alu element) at intron 16 of chromosome 17. ACE I/D
polymorphism is the most common type of genetic
variations encountered in the RAAS system (Ma, et al.).
Each person has two copies of the ACE gene, one from
each parent. Therefore, each individual could have two Dalleles (DD), or two I-alleles (II), or one I-allele and one
D-allele (ID).
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Individuals that carry the DD genotype produce more
ACE protein and therefore have a more active RAAS
system (van Zuydam, et al., 2018). Many studies show that
the II genotype provides a protective advantage to diabetes
type 1 and 2 patients against developing nephropathy (Ha,
2014). In addition, the D allele was found to be present
more frequently in Africans and Caucasians, while the I
allele is present more frequently among Asians (Ma, et
al.). It has been proposed that the DD genotype marks for
higher risk of certain diseases like diabetic nephropathy
and hypertension (Marre, et al., 1995; Tseng, et al., 2011),
as well as increased risk of severe hypoglycemia in T1D
patients (Freathy, et al., 2007; Pena, et al., 2012), but not
for T2D patients (Freathy, et al., 2007). However, another
study found that Taiwanese T2D patients who carry the
DD genotype and have other risk factors like hypertension
and smoking are at significate risk of peripheral arterial
Disease (Tseng et al., 2012). The D allele of the ACE gene
I/D polymorphism was found to be linked to Diabetes
Type 2 in Caucasian male patients (Stephens, et al., 2006)
However, other researchers reported a null association
between ACE I/D polymorphisms and the susceptibility of
T1DM patients to nephropathy (Elhawary, et al., 2011;
Hibberd, et al., 1997) or T2DM patients (Jayapalan, et al.,
2010). It should be stated that differences in results by the
different researchers regarding ACE I/D polymorphism
and development of DM owe to ethnic differences,
duration of sickness, and the interaction with the
environment (van Zuydam, et al., 2018).
The results achieved in our study were found to be
contradictory to most studies -up to our knowledge- that
revealed an association between ACE DD genotype and
DM (Table 1). Our result revealed a decrement in the
frequency of the ACE DD genotype in the diabetic groups
when correlated to the control group (p<0.05) (Table 1).
This was in accordance with many studies (Doshi, et al.,
2015; Jayapalan, et al., 2010; Schmidt, et al., 1995; Sikdar,
et al., 2013), but against the findings of others (Baroudi, et
al., 2009; Ergen, et al., 2004; Feng, et al., 2002) who
found that ACE DD genotype in the T2DM is greater than
the control group in Turkish, Tunisian and Chinese
population, respectively. Nevertheless, the results did not
provide any significant association between the I or D
alleles of the ACE gene and DM (Table 1).
In conclusion and due to the limited number of blood
samples collected, a firm understanding on the association
of ACE I/D polymorphism and diabetes mellitus could not
be reached. Nevertheless, there are around 450 genes
associated with diabetes mellitus type 1 based on the
susceptibility genes of this disease. These genes were
identified using a genome-wide based association analysis,
differential expression analysis, replication studies, and
functional annotation clustering analysis (Qiu, et al.,
2014). Those novel-risk genes associated with T1DM
imply how important the current analysis is in either
predicting or detecting disease susceptibility across the
human genome.
References
Al-Harbi EM, Farid EM, Gumaa KA and Singh J.
2012.Genotypes and allele frequencies of angiotensin-converting
enzyme (ACE) insertion/deletion polymorphism among Bahraini
population with type 2 diabetes mellitus and related diseases. Mol
Cell Biochem. 362:219–23.

Al-Hinai AT, Hassan MO, Simsek M, Al-Barwani H and
Bayoumi R. 2002. Genotypes and allele frequencies of
angiotensin converting enzyme (ACE) insertion/deletion
polymorphism among Omanis. SQUMJ. 4:25–27.
Al-Rubeaan K, Siddiqui K, Saeb AT, Nazir N, Al-Naqeb D and
Al-Qasim S. 2013. ACE I/D and MTHFR C677T polymorphisms
are significantly associated with type 2 diabetes in Arab ethnicity:
a meta-analysis. Gene. 520:166–177.
Al-Serri A, Ismael FG, Al-Bustan SA and Al-Rashdan I. 2015.
Association of the insertion allele of the common ACE gene
polymorphism with type 2 diabetes mellitus among Kuwaiti
cardiovascular disease patients. J Renin-Angio-Aldo S. 16:910–
916.
Alsafar H, Hassoun A, Almazrouei S, Kamal W, Almaini M,
Odama U and Rais N. 2015. Association of angiotensin
converting enzyme insertion-deletion polymorphism with
hypertension in emiratis with type 2 diabetes mellitus and its
interaction with obesity status. Dis Markers. 2015:1–7.
Barghash A, Golob-Schwarzl N, Helms V, Haybaeck J and
Kessler SM. 2016. Elevated expression of the IGF2 mRNA
binding protein 2 (IGF2BP2/IMP2) is linked to short survival and
metastasis in esophageal adenocarcinoma. ONCOTARGET.
7:49743–49750.
Baroudi T, Bouhaha R, Moran-Moguel C, Sanchez-Corona J, Ben
Maiz H, Kammoun Abid H and Benammar-Elgaaied A. 2009.
Association of the insertion/deletion polymorphism of the
angiotensin-converting enzyme gene with type 2 diabetes in two
ethnic groups of Jerba Island in Tunisia. J Renin-Angio-Aldo S.
10:35–40.
Castellon R and Hamdi H. 2007. Demystifying the ACE
Polymorphism: From Genetics to Biology. Curr Pharm Design
.13:1191–1198.
Chmaisse HN, Jammal M, Fakhoury H and Fakhoury R. 2009. A
study on the association between Angiotensin-I converting
enzyme I/D dimorphism and type-2 diabetes mellitus. SJKDT.
20:1038–1046.
Doshi DD, Shah DB, Singh KM and Patel RK. 2015. Comparative
Study of I/D Polymorphism of ACE Gene in Diabetes TYPE-2
Patients and Control Group in Unrelated Gujarati Population.
Genetika. 47:1013–1019.
Elhawary NA, Bogari N, Rashad M and Tayeb MT. 2011. Null
genetic risk of ACE gene polymorphisms with nephropathy in
type 1 diabetes among Egyptian population. EJMHG. 12:187–
192.
Ergen HA, Hatemi H, Agachan B, Camlica H and Isbir T. 2004.
Angiotensin-I converting enzyme gene polymorphism in Turkish
type 2 diabetic patients. EMM. 36:345–350.
Farheen S, Basu A and Majumder PP. 2011. Haplotype variation
in the ACE gene in global populations, with special reference to
India, and an alternative model of evolution of haplotypes. The
HUGO journal. 5:35–45.
Feng Y, Niu T, Xu X, Chen C, Li Q, Qian R, Wang G and Xu X.
2002. Insertion/deletion polymorphism of the ACE gene is
associated with type 2 diabetes. Diabetes. 51:1986–1988.
Freathy RM, Weedon MN, Bennett A, Hyppönen E, Relton CL,
Knight B, Shields B, Parnell KS, Groves CJ, Ring SM and
Pembrey ME. 2007. Type 2 Diabetes TCF7L2 Risk Genotypes
Alter Birth Weight: A Study of 24,053 Individuals. AJHG.
80:1150–1161.
Frossard PM, Obineche EN, Elshahat YI and Lestringant GG.
1997. Deletion polymorphism in the angiotensin‐converting
enzyme gene is not associated with hypertension in a Gulf Arab
population. Clin Genet. 51:211–213.
Golmohamadi T, Nikzamir A, Nakhjavani M, Zahrai M,
Amirzargar A and Saffari R. 2006. Association of angiotensin
converting enzyme (ACE) gene polymorphism and diabetic
nephropathy. Iran J Public Health. 35:14–21.

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 2

Ha SK. 2014. ACE insertion/deletion polymorphism and diabetic
nephropathy: clinical implications of genetic information. J
Diabetes Res. 2014:1–8.
Hamdi H and Castellon R. 2003. ACE inhibition actively
promotes cell survival by altering gene expression. Biochem
Bioph Res Co. 310:1227–1235.
Hamdi HK, Reznik J, Castellon R, Atilano SR, Ong JM, Udar N,
Tavis JH, Aoki AM, Nesburn AB, Boyer DS and Small KW.
2002. Alu DNA polymorphism in ACE gene is protective for agerelated macular degeneration. Biochem Bioph Res Co. 295:668–
672.
Hibberd M, Millward B and Demaine A. 1997. The angiotensin Iconverting enzyme (ACE) locus is strongly associated with age
and duration of diabetes in patients with type I diabetes. J
Diabetes Complicat. 11:2–8.
Huang W, Gallois Y, Bouby N, Bruneval P, Heudes D, Belair MF,
Krege JH, Meneton P, Marre M, Smithies O and Alhenc-Gelas F.
2001. Genetically increased angiotensin I-converting enzyme
level and renal complications in the diabetic mouse. P Natl A Sci
India B. 98:13330–13334.
Jayapalan JJ, Muniandy S, and Chan SP. 2010. Null association
between ACE gene I/D polymorphism and diabetic nephropathy
among multiethnic Malaysian subjects. J Hum Genet. 16:78–86.
Kaizer EC, Glaser CL, Chaussabel D, Banchereau J, Pascual V
and White PC. 2007. Gene expression in peripheral blood
mononuclear cells from children with diabetes. JCEM. 92:3705–
3711.
Kallionpää H, Elo LL, Laajala E, Mykkänen J, Ricaño-Ponce I,
Vaarma M, Laajala TD, Hyöty H, Ilonen J, Veijola R and Simell
T. 2014. Innate immune activity is detected prior to
seroconversion in children with HLA-conferred type 1 diabetes
susceptibility. Diabetes. 63:2402–2414.
Kumar R., Sharma RK and Agarwal S. 2013. Genetic
predisposition for development of nephropathy in type 2 diabetes
mellitus. Biochem Genet. 51:865–875.
Lietzen N, An LT, Jaakkola MK, Kallionpää H, Oikarinen S,
Mykkänen J, Knip M, Veijola R, Ilonen J, Toppari J and Hyöty H.
2018. Enterovirus-associated changes in blood transcriptomic
profiles of children with genetic susceptibility to type 1 diabetes.
Diabetologia. 61:381–388.
Carter M, Mendel R, Jun Cui MS and Li S. 2018. Genetic risk
determination of hypercholesterolemia and coronary artery
disease at the individual patient level. Risk. 130:500–503.
Marre M, Lievre M, Chatellier G, Plouin PF, Wills C and Keir S.
1995. ACE inhibitors and diabetics with albuminuria. The Lancet.
346:1638.
Motawi TK, Shaker OG, Shahin NN and Ahmed NM. 2016.
Angiotensin-converting enzyme insertion/deletion polymorphism
association with obesity and some related disorders in Egyptian
females: a case-control observational study. Nutr Metab. 13:1–11.
Pasha MQ, Khan AP, Kumar R, Ram RB, Grover SK, Srivastava
KK, Selvamurthy W and Brahmachari SK. 2002. Variations in
angiotensin-converting
enzyme
gene
insertion/deletion
polymorphism in Indian populations of different ethnic origins. J
Biosciences. 27:67–70.
Pena AS, Couper JJ, Harrington J, Gent R, Fairchild J, Tham E
and Baghurst P. 2012. Hypoglycemia, but not glucose variability,
relates to vascular function in children with type 1 diabetes.
Diabetes Technol The. 14:457–462.
Piero MN, Nzaro GM and Njagi JM. 2015. Diabetes mellitus-a
devastating metabolic disorder. AJBPS. 4:1–7.
Qiu YH, Deng FY, Li MJ and Lei SF. 2014. Identification of
novel risk genes associated with type 1 diabetes mellitus using a
genome‐wide gene‐based association analysis. J Diabetes Invest.
5:649–656.

211

Remuzzi G, Perico N, Macia M and Ruggenenti P. 2005. The role
of renin-angiotensin-aldosterone system in the progression of
chronic kidney disease. Kidney Int. 68:S57–S65.
Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P and
Soubrier F. 1990. An insertion/deletion polymorphism in the
angiotensin I-converting enzyme gene accounting for half the
variance of serum enzyme levels. JCI. 86:1343–1346.
Saucă OE, Carpini SD, Zagato L, Zerbini G, Manunta P and
Cojocaru D. 2012. Role of angiotensin-converting enzyme
insertion/deletion polymorphism in type i diabetes nephropathy.
Rom J Diabetes Nutr Metab Dis. 19:143–149.
Schmidt S, Schöne N and Ritz E. 1995. Association of ACE gene
polymorphism and diabetic nephropathy?. Kidney Int. 47:1176–
1181.
Sikdar M, Purkait P, Raychoudhury P, Bhattacharya SK, Naidu
JM and Sarkar BN. 2013. ACE gene insertion/deletion
polymorphism and type-2 diabetic nephropathy in Eastern Indian
population. Hum Biol. 2:66–76.
Song GG and Lee YH. 2015. The insertion/deletion
polymorphism in the angiotensin-converting enzyme and
susceptibility to schizophrenia or Parkinson’s disease: A metaanalysis. J Renin-Angio-Aldo S. 16:434–442.
Stephens JW, Dhamrait SS, Acharya J, Humphries SE and Hurel
SJ. 2006. A common variant in the ACE gene is associated with
peripheral neuropathy in women with type 2 diabetes mellitus. J
Diabetes Complicat. 20:317–321.
Tseng CH, Tseng FH, Chong CK, Tseng CP and Cheng JC. 2011.
Angiotensin-converting enzyme genotype and peripheral arterial
disease in diabetic patients. Exp Diabetes Res. 2012:1–7.
Van Zuydam NR, Ahlqvist E, Sandholm N, Deshmukh H, Rayner
NW, Abdalla M, Ladenvall C, Ziemek D, Fauman E, Robertson
NR and McKeigue PM. 2018. A genome-wide association study
of diabetic kidney disease in subjects with type 2 diabetes.
Diabetes. 67:1414–1427.
Zhong W, Jiang Z and Zhou TB. 2015. RETRACTED:
Association between the ACE I/D gene polymorphism and T2DN
susceptibility: The risk of T2DM developing into T2DN in the
Asian population. J Renin-Angio-Aldo S. 16:NP35–NP35.
Zhou D, Ruiter R, Zhang J, Zhou MA, Liu H, Liu W and Wang S.
2012. Angiotensin-converting enzyme I/D polymorphism is not
associated with type 2 diabetes in a Chinese population. J ReninAngio-Aldo S. 13:372–378.
Stephens JW, Dhamrait SS, Acharya J, Humphries SE and Hurel
SJ. 2006. A common variant in the ACE gene is associated with
peripheral neuropathy in women with type 2 diabetes mellitus. J
Diabetes Complicat. 20:317–321.
Tseng CH, Tseng FH, Chong CK, Tseng CP and Cheng JC. 2011.
Angiotensin-converting enzyme genotype and peripheral arterial
disease in diabetic patients. Exp Diabetes Res. 2012:1–7.
Van Zuydam NR, Ahlqvist E, Sandholm N, Deshmukh H, Rayner
NW, Abdalla M, Ladenvall C, Ziemek D, Fauman E, Robertson
NR and McKeigue PM. 2018. A genome-wide association study
of diabetic kidney disease in subjects with type 2 diabetes.
Diabetes. 67:1414–1427.
Zhong W, Jiang Z and Zhou TB. 2015. RETRACTED:
Association between the ACE I/D gene polymorphism and T2DN
susceptibility: The risk of T2DM developing into T2DN in the
Asian population. J Renin-Angio-Aldo S 16:NP35–NP35.
Zhou D, Ruiter R, Zhang J, Zhou MA, Liu H, Liu W and Wang S.
2012. Angiotensin-converting enzyme I/D polymorphism is not
associated with type 2 diabetes in a Chinese population. J ReninAngio-Aldo S. 13:372–378.

