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ABSTRACT. The aim of the current study was to investigate the association 
between the InDel polymorphism in the angiotensin I-converting enzyme 
gene (ACE) and the rs699 polymorphism in the angiotensinogen gene 
(AGT) and diabetes mellitus type 2 (DM2) in a sample population from 
Southern Brazil. A case-control study was conducted with 228 patients 
with DM2 and 183 controls without DM2. The ACE InDel polymorphism 
was genotyped by polymerase chain reaction (PCR) with specific primers, 
followed by electrophoresis on 1.5% agarose gel. The AGT rs699 
polymorphism was genotyped using a real-time PCR assay. No significant 
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association between the ACE InDel polymorphism and DM2 was detected 
(P = 0.97). However, regarding the AGT rs699 polymorphism, DM2 
patients had a significantly higher frequency of the AG genotype and lower 
frequency of the GG genotype when compared to the controls (P = 0.03). 
Our results suggest that there is an association between the AGT rs699 
polymorphism and DM2 in a Brazilian sample.
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INTRODUCTION

The renin-angiotensin system (RAS) acts as an endocrine system, regulating enzyme 
production and release and controlling signaling pathways through renins, angiotensins, 
angiotensin-converting enzymes, and angiotensinogen, which function to control blood pressure. 
Furthermore, the RAS is also related to homeostatic balance as well as circulatory and kidney 
functions (Abadir et al., 2012; Zhou et al., 2013a). Importantly, imbalances in RAS functions are 
related to insulin resistance and to susceptibility to diabetes mellitus type 2 (DM2).

DM2 represents a complex pathophysiology characterized by stages of altered fasting 
glucose, decreased glucose tolerance, insulin resistance, and pancreatic beta cell dysfunction. 
Chronic hyperglycemia is associated with the appearance of complications in several tissues 
including the eyes, kidneys, heart, and blood vessels. Individuals diagnosed with DM2 tend to be at 
higher risk of developing atherosclerosis or other cardiovascular diseases that significantly impair 
their lives (American Diabetes Association, 2014). Currently, there are approximately 340 million 
people with DM2 worldwide (4.1% of the total population) (World Health Organization, 2013). The 
high prevalence and severe complications associated with this disease make DM2 a major public 
health problem. In Brazil, the regions with the highest number of affected individuals are Southern 
and Southeastern Brazil (Sartorelli and Franco, 2003).

The complex physiopathology of DM2 reflects an equally complex etiology. DM2 is 
considered a multifactorial disease, influenced by environmental and genetic factors. Familial 
studies have demonstrated that siblings of individuals with DM2 are 4 to 6 times more likely to 
develop the disease (Florez et al., 2003). Additionally, studies have estimated that the heritability of 
DM2 is around of 25% (Poulsen et al., 1999). However, when individuals between the ages of 30 
and 60 are considered, this measure may reach up to 70% (Almgren et al., 2011), which reinforces 
the role of genetic factors in this disease. Several genes have already been investigated in relation 
to DM2, which have been studied from the perspective of candidate gene approaches as well as 
by genome wide association studies (GWAS), and this has led to the identification of more than 70 
loci associated with the disease (Sun et al., 2014).

Genes coding for proteins involved in the RAS system have also previously been 
investigated in regards to DM2 susceptibility. The InDel polymorphism of the ACE gene and the 
rs699 polymorphism of the AGT gene are among the most well-studied polymorphisms in DM2; 
however, there are contradictory results concerning certain populations and these risk alleles (Niu 
et al., 2010; Zhou et al., 2012; Ding et al., 2012; Al-Rubeaan et al., 2013). Given that there are 
inconsistencies in the literature, the role of these genetic variants in the susceptibility to DM2 is not 
yet clear, and therefore the aim of the current study was to assess the association between the 
ACE InDel and AGT rs699 gene polymorphisms and DM2 in a sample of Brazilian patients.
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MATERIAL AND METHODS

This is a case-control study comprised of 228 adults with DM2 and 183 without the disease 
from Southern Brazil. DM2 patients were recruited from Basic Health Units (BHU) in the regions of 
Vale do Taquari and Vale do Rio dos Sinos in the Rio Grande do Sul State. The control group was 
composed of individuals from the same BHU and from the hemodynamic service of the hospital 
Bruno Born in Lajeado, the main city in Vale do Taquari. Individuals of both genders were included 
in the study, and signed informed consent was obtained from all study participants in accordance 
with the Declaration of Helsinki.

DM2 was diagnosis as fasting glucose above 126 mg/dL. Individuals with normal glucose 
levels (lower than 99 mg/dL) and glycated hemoglobin levels (HbA1c) lower than 6.5% were 
enrolled into the control group. Individuals with kidney diseases, or those with mental deficiencies 
who did not understand the consent form, were excluded.

For all individuals, the body mass index (BMI) was calculated using the following formula: 
current weight (kg)/height (m)2 (World Health Organization, 1998). Weight and height were 
measured with the portable PLENNA digital scale (São Paulo, SP, Brazil) and SANNY stadiometer 
(São Paulo, SP, Brazil), respectively. Hypertension diagnosis was considered as the presence of 
systolic blood pressure higher than or equal to 120 mmHg or diastolic blood pressure higher than 
or equal to 90 mmHg according to the VI Brazilian Hypertension Guideline (Sociedade Brasileira 
de Cardiologia / Sociedade Brasileira de Hipertensão / Sociedade Brasileira de Nefrologia, 2010).

In order to obtain DNA samples, 5 mL peripheral blood were collected in tubes containing 
ethylenediaminetetraacetic acid (EDTA). DNA extraction was performed with a salting out procedure 
as described by Lahiri and Nurnberger (1991). The genotyping of the ACE InDel polymorphism 
was performed via polymerase chain reaction (PCR) with the following primer sequences: 
5'-CTGGAGACCACTCCCATCCTTTCT-3' and 5'-ATGTGGCCATCACATTCGTCGTCAGAT-3'. 
The amplification was performed for 35 cycles (94°C for 1 min; 55°C for 1 min; and 72°C for 
1 min), and the PCR products were separated on 1.5% agarose gel at 90 V for 1 h. Two DNA 
fragments were observed after electrophoresis: one 190-bp fragment indicating the Del allele, and 
one 490-bp fragment indicating the In allele. The genotyping of the AGT rs699 polymorphism was 
performed by real-time PCR with the TaqMan SNP genotyping assay according to manufacturer 
instructions (Applied Biosystems, Carlsbad, CA, USA).

Allelic frequencies were estimated by direct counting. The analyses of Hardy-Weinberg 
equilibrium (HWE) and of differences in allele and genotype frequencies between patients and 
controls were analyzed by chi-square tests. Potential confounders (i.e., clinical characteristics of 
the individuals) were considered using a statistical criterion (association with both the study factor 
and the outcome for P ≤ 0.20).

RESULTS

The DM2 group consisted of 228 patients and the control group consisted of 183 individuals 
without DM2 diagnosis. There were significant differences between patients and controls in the 
levels of fasting glucose and in the average BMI. The clinical characteristics of patients and controls 
are presented in Table 1.

Data regarding blood pressure were available for 157 individuals (56 patients and 101 
controls), and hypertension diagnosis was present in 60% of the DM2 group and in 63% of the 
control group. Patients and controls did not differ in hypertension prevalence (P = 0.830).
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Allele and genotype frequencies are presented in Table 2. The genotype frequencies of 
both polymorphisms did not deviate from the values expected according to the HWE. We found 
no significant differences in the allele and genotype frequencies for the ACE InDel polymorphism 
between patients and controls. In regards to the AGT rs699 polymorphism, a significant association 
with DM2 was observed (P = 0.030). Individuals with DM2 had a higher frequency of the AG 
genotype and a lower frequency of the GG genotype compared to those in the control group. BMI 
and glucose levels were not considered as covariates, since they were not associated with the 
AGT genotypes for P ≤ 0.20.

 DM2 patients (N = 228) Controls (N = 183) P value

Gender (males)        82 (36.0)        77 (42.1)   0.245
Age (years)   60.54 (10.8)   56.93 (10.9)   0.135
Glucose (mg/dL) 152.48 (58.8)   83.49 (12.4) <0.001
BMI (kg/m2) 30.44 (4.9) 27.12 (4.5) <0.001

Data are reported as N and (%) or mean and (standard deviation). DM2 = diabetes mellitus type 2; BMI = body mass 
index.

Table 1. Clinical characteristics of patients and controls.

DISCUSSION

There is strong evidence that genetic factors play important roles in DM2 etiology, and 
understanding these may help in diagnosis, prevention, and treatment, as well as to create 
more efficient public health strategies. However, it is necessary to emphasize that DM2 has 
a multifactorial etiology, and therefore it is expected that multiple genes influence the disease 
phenotype, each with a small effect. Although GWAS have identified some of the DM2 involved 
genes, those identified only account for 5 to 10% of the heritability of the disease (Sun et al., 2014). 
These results corroborate the idea that the candidate-gene approach may still be promising in 
elucidating the genetic factors involved in DM2, especially in different populations.

Our results did not show an effect of the ACE InDel polymorphism on DM2 predisposition 

 DM2 patients (N = 228) Controls (N = 183) P value

 N (%) N (%)

InDel (ACE gene)
Genotypes
   In/In   49 (21.5)   38 (20.8) 0.970
   In/Del 114 (50.0)   91 (49.7) 
   Del/Del   65 (28.5)   54 (29.5) 
Alleles
   In 212 (46.5) 167 (45.6) 0.779
   Del 244 (53.5) 199 (54.4) 
rs699 (AGT gene)   
Genotypes
   GG   43 (18.9)   50 (27.3) 
   AG 119 (52.1)   73 (39.9) 0.030a

   AA   66 (29.0)   60 (32.8) 
Alleles
   G 205 (44.9) 173 (47.2) 0.482
   A 251 (55.1) 193 (52.8)

aGG differs from AG: P (Bonferroni) = 0.024. DM2 = diabetes mellitus type 2; ACE = angiotensin-converting enzyme; AGT 
= angiotensinogen.

Table 2. Genotype and allele frequencies of the ACE InDel and AGT rs699 polymorphisms in patients and controls.
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in our sample. This polymorphism is strongly associated with circulating levels of ACE, and 
individuals homozygous for the Del allele present with plasma levels of ACE twice as high as 
those in individuals who are homozygous for the In allele (Rigat et al., 1990; Norton et al., 2010). 
However, this variant is not located in a translated region of the gene, and hence it is possible that 
this polymorphism is in linkage disequilibrium with another functional variant that has not yet been 
identified (Norton et al., 2010).

Several meta-analyses have been performed in order to assess the role of the ACE 
InDel polymorphism in DM2 for different populations. For example, a study published in 2010 
detected an association of the Del allele with DM2 in African and Caucasian populations (Niu et 
al., 2010). However, in another meta-analysis involving Chinese populations, this association was 
not observed (Zhou et al., 2012). In another recent meta-analysis, an association of the Del allele 
with DM2 was detected in an Arab population, although the same association was not observed 
in a Caucasian population (Al-Rubeaan et al., 2013). Considering these inconsistencies in the 
literature and our results reported herein, it is possible that this variant is important for susceptibility 
to DM2 in certain populations, and not important in others. For this reason, we hypothesize that 
genetic and allelic heterogeneity are important factors to be considered in the genetics of complex 
diseases. In this context, there may be other variants in this gene that influence the disease in 
our population, characterizing allelic heterogeneity. The other possibility is that this gene may not 
be important in certain subgroups within a population, in which other genes may influence the 
phenotype, characterizing genetic heterogeneity.

Regarding the AGT variant, our results indicate an association between the rs699 
polymorphism and DM2. This polymorphism (G→A) represents a change in the amino acids from 
threonine to methionine at position 235 of the protein (M235T). This change in the protein seems 
to be reflected in AGT plasma concentrations where AA homozygous individuals present with an 
11% higher concentration than that of GG homozygous individuals (Sethi et al., 2003). Our findings 
are in agreement with prior studies that have found an association between this polymorphism 
and DM2 (Young et al., 1998; Mehri et al., 2010). Additionally, meta-analyses have also reported 
associations between the A allele of the polymorphism and the risk of cardiovascular diseases 
(Wang and Pan, 2012, 2013; Liang et al., 2013a,b; Li et al., 2013; Chen et al., 2014), renal failure 
(Zhou et al., 2013b), pre-eclampsia (Lin et al., 2012), and breast cancer (Xi et al., 2011). However, 
a meta-analysis involving Caucasian and Asian individuals failed to detect an association between 
the rs699 polymorphism and diabetic nephropathy (Ding et al., 2012).

It is possible that the AGT rs699 polymorphism directly influences the predisposition to 
DM2. However, considering detected associations with other diseases, we can also suggest that 
this variant may be a marker for the severity of the disease, or even for a DM2 endophenotype. 
Unfortunately, we did not evaluate DM2 disease severity in this study. Another consideration is 
that the detected association with the AG genotype may suggest a different pattern of linkage 
disequilibrium of the rs699 polymorphism than that of other variants. For example, it has already 
been suggested that there are at least two functional variations of AGT, -532C-T and -6G-A, which 
also influence protein levels (Inoue et al., 1997; Brand et al., 2002).

The results herein should be considered in the context of the following limitations. The 
limited number of individuals in the study samples can create false negative results. Additionally, it 
should be taken into account that DM2 is a complex phenotype, and it is expected that environmental 
factors also influence the disease. Therefore, the inclusion of environmental and other clinical 
variables not considered in this study could contribute to a better understanding of the role of the 
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investigated genetic variants in DM2. Finally, it is important to highlight that despite all efforts to 
understand the influence of genetic variations in the development of a complex disease, they are 
not yet enough to determine the individual clinical risk of disease development, and thus more 
extensive analyses are necessary. Moreover, the genetic characteristics of each population need 
to be considered. Molecular studies may further help to clarify the physiopathology of DM2, and in 
the future, may help to identify at-risk individuals to prevent this disease before it appears as an 
important tool in public health.

In conclusion, our results demonstrated an association between the AGT rs699 
polymorphism and DM2 in a Brazilian population. Nevertheless, more studies are required in order 
to confirm the role of this variant in the etiology of DM2.
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