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Abstract
AIM

Type 2 diabetes is a serious public health concern in India, even the indigenous tribal populations are not felt unaffected.  The present study
aims to understand the association of major risk factors i.e obesity, hypertension, dyslipidemia, ACE I/D polymorphism with impaired (IFG)
and type 2 diabetes (T2D) among two different Mendelian populations of North East India.

METHOD

Demographic, somatometric and physiological variables along with fasting blood samples were collected from 609 individuals. ACE I/D
polymorphism was screened.

RESULT

ACE I/D polymorphism was found to follow HWE among Liangmai tribe but not among Mizo tribe. Distribution of DD genotype/D allele was
found to be signi�cantly higher for T2D among Mizo (OR 2.10; 95% CI 1.10-4.39, OR 2.10;1.16-4.09 respectively ).Signi�cant association
between DD genotype/D allele of ACE I/D polymorphism and TC in both IFG (OR 2.22; 95% CI 1.14-4.32) and T2D (OR 2.53;95%CI 1.51-4.23)
were observed . LDL was also found to posed signi�cant risk for IFG (OR 2.10;95% CI 1.10-3.91) and T2D (OR 1.04; 95%CI 1.02-1.06).

CONCLUSION

The present study is an example of gene-environment interaction where DD genotype or D allele and dyslipidemia (high TC and high LDL)
are posing risk for IFG and T2D both independently and in combination only among Mizo tribe with relatively less physical activity attributed
to their residence in less hilly terrain, but Liangmai tribe which resides in high hilly terrain shows no such association.

1. Introduction
Type 2 diabetes is a serious public health problem, affecting both developed and developing countries [1-3]. Type 2 diabetes was commonly
regarded as a disease of a�uent societies previously but now it encroached among the rural and urban [4], irrespective of their ethnicity,
class and socio-economic condition. Even the indigenous tribal populations of India which are undergoing epidemiological transition are
affected by diabetes with prevalence ranging up to 10% and further increasing, with a �nal estimate of 5.9 % [5,6].

Diabetes increases the risks for cardiovascular and metabolic diseases thereby reducing the quality of life and increasing the risks for
premature mortality [7].  The increasing prevalence of Type 2 diabetes is contributed by increasing trend of obesity, hypertension, physical
inactivity and studies have also shown the association of Type 2 diabetes with dyslipidaemia [8].  Diabetes is multifactorial in origin with
both environmental and genetic factors contributing to its pathogenesis [9]. The gene encoding angiotensin converting enzyme has listed as
one of the widely evaluated candidate gene in association with Type 2 diabetes. The angiotensin converting enzyme (ACE) is a key
component of renin-angiotensin system (RAS) by generating vasoconstrictor angiotensin II and degrading kinins [10]. High levels of
angiotensin II have been suggested to play an important role in glucose and insulin regulation which may increase the risk of insulin
resistance and diabetes [11]. Angiotension converting enzyme located on chromosome 17q23, has many polymorphisms, of which 287–
base pair Alu insertion/deletion (I/D) polymorphism in intron [12]. The DD genotype is associated with higher levels of circulating ACE than
ID and II genotype, in previous reports D allele of ACE I/D polymorphism are associate with many cardiovascular diseases [13,14], such as
Type 2 diabetes [15,16] metabolic syndrome [17], hypertension [18,19], central obesity [20] and hypertriglyceridemia [21]. The present study
attempts to understand the association of major risk factors i.e obesity, hypertension, dyslipidemia, ACE I/D polymorphism with impaired
fasting glucose (IFG) and Type 2 diabetes (T2D) among two different Mendelian populations, with different gene pools.  The two selected
tribal populations have been reported to have different ancestral origins [22,23], different lifestyle and inhabit different ecological niche. The
Liangmai Naga tribe inhabit the villages of high hilly terrain of Tamenglong and Senapati districts while Mizo tribe inhabit the low-lying hilly
terrain villages of Churachandpur districts of Manipur. The two selected study populations are reported to be different with respect to the
distribution of obesity where obesity among Mizo tribe was higher as compared to that of the Liangmai population [24]. The prevalence of
IFG and T2D were also reported to be signi�cantly higher among Mizo tribe as compared to Liangmai tribe [25].

2. Methodology
2.1 Study design and data collection
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The details of the study design, recruitments of the study participants, collection and categorization of data pertaining to demographic,
somatometric measurements, fasting blood glucose levels [26] and blood pressure and lipids variables [27] have been mention in our
previous studies. Categorization of blood pressure has been done by JNC 7 guidelines [28] and lipids by NCEP ATP III guidelines [8]. In the
present study, ACE I/D polymorphism was successfully genotyped for 611 individuals (339 Liangmai, 269 Mizo). 

2.2 PCR and genotyping of ACE I/D polymorphism 

Extraction of DNA was done by using salting-out method [29]. Genotyping of ACE I/D gene polymorphism was carried out using Forward
primer sequence: 5’CTG GAG ACC ACT CCC ATC CTT TCT 3’and reverse primer sequence: 5’ GAT GTG GCC ATC ACA TCC GTC AGAT 3’ [30]
.The PCR was carried out using the Thermocycler (C-1000 TouchTM, Bio-Rad, USA). Genotyping of PCR products [in base pair(bp), DD
(190bp), ID (490bp,190bp) and II (490bp)]. 

2.3 Statistical analysis

Variation in the distribution of allele and genotype within the population was done by using Hardy-Weinberg Equilibrium. Chi square test was
used to see the differences in the distribution of the genotype and the categorical variables. Logistic regression analysis was used to
determine risk after adjustment with confounders. All analyses were performed using the Statistical Package for the Social Sciences (SPSS,
for Windows version 20.0). Statistical signi�cance was taken at p value ≤0.05 for all the statistical tests.

3. Results
As per the previous report by [24] on the same cohort, percentage of individuals with higher age was signi�cantly higher among the Type 2
diabetes group as compared to their respective controls among both Liangmei and Mizo groups. No such difference was observed between
the IFG cases and their respective controls in both the studied population groups. 

The two populations were found to be signi�cantly differing with respect to the distribution of ACE I/D rs4646994 polymorphism where
individuals with DD genotype were found to be signi�cantly higher among the Mizo tribe. ACE I/D rs4646994 polymorphism was found to
follow hardy-weimberg equlibrium (HWE) among the Liangmai tribe, but not in Mizo tribe. However, D allele frequency is higher among the
Liangmai tribe i.e. D-0.52 as compared to that of the Mizo tribe i.e. D-0.4. The distribution of ACE I/D rs4646994 polymorphism as per
fasting blood glucose levels i.e normoglycemia, impaired fasting glucose (IFG) and type 2 diabetes (T2D) among Liangmai and Mizo
populations of Manipur indicate no signi�cant differences between the case and control groups in Liangmai tribe. Whereas in Mizo tribe DD
carrying individuals are found to be higher in percentage among the Type 2 diabetes group as compared to their respective controls with a
suggestive p-value (Table 1).

Odds ratio analysis after controlling the age reveals more than 2-fold signi�cant increased risk of DD genotype / D allele (OR 2.10, 95% CI
1.10-4.39, OR 2.10,1.16-4.09 respectively) for T2D only among Mizo tribe and not among Liangmai tribe (Table 2).

Distribution of individuals with abnormal lipids which includes total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), high-
density lipoprotein (HDL), very low-density lipoprotein (VLDL) among cases (i.e. IFG and T2D) and their respective controls (normoglycemia)
shows that individuals with high total cholesterol (TC) and high low-density lipoprotein (LDL) are found to be signi�cantly higher among
both the cases i.e. IFG and T2D as compared to that of their respective controls only in Mizo tribe. Whereas no such differences were
observed between cases and control with respect to the distribution of dyslipidemia among Liangmai tribe. [Figure 1(a),1(b)]. No differences
were observed in the distribution of obesity among the case and their respective controls in both the population [24]. Odds ratio analysis of
obesity, hypertension, and lipids variable also reveals more than 2-fold signi�cant increased risk for TC in both IFG (OR 2.22, 95% CI 1.14-
4.32) and T2D (OR 2.53,95%CI 1.51-4.23) in Mizo tribe. LDL also posed 2-fold signi�cant increased risk for IFG (OR 2.10,95% CI 1.10-3.91)
and 1-fold increased risk for T2D (OR 1.04, 95%CI 1.02-1.06) in Mizo tribe [Figure 2(b), 2(d)]. Odds ratio analysis between lipids and ACE I/D
polymorphism show no association between the two in both Liangmai and Mizo tribe (Supplementary Table 1).

Gene×Environment interactions analysis (Table 3) shows more than 2-fold signi�cant increased risk for both IFG and Type 2 Diabetes when
there is a combination of D allele with high TC and high LDL only among the Mizo tribe and not among the Liangmai tribe.

4. Discussion
Studies associating ACE ID polymorphism with either IFG and type 2 Diabetes show variable results, where some show positive
association [10-12,14-16,31,32] ,14,15,16,31] and some no association [33-35,40] and some negative association [36,37,41]. These
discrepancies in the association are usually attributed to the limitation of differing ethnicities and study designs [42].  To overcome the
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limitation, in the present study, both case and controls are derived from the two Mendelian populations and the association analysis was
done in both the population groups separately. The 2 studied Mendelian populations not only have different gene pools because of relatively
restricted mating rules within the population and they also inhabit different ecological niche i.e Liangmai tribe inhabit relatively higher hilly
terrain and Mizo tribe inhabit a lower altitude hilly terrain. These differences in the genetic and environmental background must have led to
the differential distribution of complex phenotype like obesity, hypertension, IFG, T2D and dyslipidemia in the two selected population
groups [26]. Further, in the present study, signi�cant differences were observed between the two tribal populations w.r.t the distribution of
ACE I/D polymorphism where individuals with DD genotype were found to be signi�cantly higher among Mizo population. Further, when the
association was observed between IFG, T2D, dyslipidemia and ACE I/D polymorphism, there seems to be variability in the association. In the
present study, DD genotype is found to be signi�cantly associated with T2D among Mizo tribe.  The present result, among Mizo tribe is in
concordance with studies conducted by Vishwanathan et al.,2001, Bhavani et al.,2006 in South India and Raza et al,2013 in North India
[15,43] studies conducted on Japanese, Saudi Arabian, Egyptian population, [14,38,39] where the association of DD genotype and T2D were
reported. A large meta-analysis of 24 reports by Zhou et al., 2010 validated the association of D allele with Type 2 diabetes in Caucasian and
East Asian populations [39]. No association between DD genotype and Type 2 diabetes among Liangmai tribe is in concordance with studies
conducted by Chmaisse et al., 2009 in Lebanese population and Pirozzi et al., 2018 among Brazillain Type 2 patients [40,44]. Reporting the
association between IFG/T2D and dyslipidemia condition, only high TC and high LDL are found to pose a signi�cant risk for IFG and T2D
only among Mizo tribe and not among Laingmai tribe. However, ACE I/D polymorphism is not found to be associated with any of the
considered lipids variables in both the Liangmai and Mizo tribes. As per previous reports individuals with obesity, hypertension, and
abnormal lipid variables, are signi�cantly higher among Mizo tribe making this tribe prone to Cardiovascular diseases [26].  Further DD
genotype which is also found to be associated with T2D is found to be more frequent in Mizo tribe, which indicates that major contributors
of T2D in Mizo tribe could be possibly through ACE I/D polymorphism in light of other risk factors. However, obesity is not associate with IFG
and T2D and hypertension is not found to be associated with IFG and T2D whereas dyslipidemia only in terms of high TC and high LDL are
found to be associated with IFG and T2D.

D allele in combination with high TC and high LDL was found to pose more than 2-fold signi�cant increased risk for IFG and T2D only in
Mizo tribe. As the frequency of abnormal TC and abnormal LDL is very high in this population [26] with a very high frequency of DD
genotype as 43.8 %, one can consider Mizo tribe to be at risk for IFG and T2D. 

Further Liangmai Tribe inhabiting hilly terrain is expected to have high physical activity and so the effect of DD genotype in the causation of
IFG and Type 2 diabetes is nulli�ed which is not the case in case of Mizo tribe. The present study is an example of gene-environment
interaction where DD genotype or D allele and dyslipidemia (high TC and high LDL) are posing risk for IFG and T2D both independently and
in combination only among Mizo tribe with relatively less physical activity attributed to their residence in less hilly terrain. But no such
association is found among the Laingmai tribe which resides in high hilly terrain 

5. Conclusion
The present study shows a differential association of the major risk factors – obesity, hypertension, dyslipidemia, ACE I/D polymorphism
with IFG and T2D among the two studied populations. The study indicates that individuals with DD genotype and dyslipidemia in Mizo
population are prone to IFG and Type 2 diabetes, which makes this population an at-risk for future cardiovascular adversities.
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Mizo population of Manipur.
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Geno-
type 

Liangmai Mizo  

 

Total

N (%)

Normal

N (%)

IFG

N (%)

(a)χ2
    p-
value

T2D

N (%)

(b)χ2
 

p-
value

 

Total

N (%)

Normal

N (%)

IFG

N (%)

(a)χ2
 p-
value

T2D

N (%)

(b)χ2 

 p-
value

 

(c)χ2 

 p-
value

 

II 72

 (21.20)

66 

(21.7)

2

(11.1)

0.6# 4

(23.50)

0.9# 114 

(42.1)

71

(44.90)

12

(42.9)

0.9 31

(36.9)

0.05  

 

<0.001

 

ID 179

(52.8)

157 

(51.6)

12

(66.7)

10

(58.80)

95

(35.2)

58

(36.70)

11

(39.3)

26

(31)

 

DD 88 

(26)

81

(26.6)

4

(22.2)

3

(17.60)

61 

(22.6)

29

(18.40)

5

(17.9)

27

(32.1)

 

(a)χ2 (p-value) between Normoglycemia and IFG; (b) χ2 (p-value) between Normoglycemia and T2D; (c)χ2 (p-value) between the distribution
of ACE I/D polymorphism between Liangmai and Mizo tribe. # Yates’s corrected; *p-Value <0.05 significant.

 

Table 2. Odds ratio (OR) analysis of ACE I/D rs4646994 polymorphism with IFG and Type 2 diabetes.

Model Liangmai Mizo

Dominant (II/ID+DD) OR (95% CI) p value OR (95% CI) p value

N vs IFG 2.21 (0.49-9.89) 0.29 1.08 (0.48-2.45) 0.83

N vs T2D# 0.94 (0.29-3.02) 0.91 1.43 (0.82-2.49) 0.20

Co-dominant (II/DD)    

N vs IFG 1.63 (0.28-9.17) 0.58 1.02 (0.33-3.15) 0.97

N vs T2D# 0.65 (0.14-3.04) 0.58 2.10 (1.10-4.39) 0.02*

Co-dominant (II/ID)    

N vs IFG 2.52 (0.54-11.58) 0.23 1.2 (0.46-2.75) 0.79

N vs T2D# 1.07 (0.32-3.58) 0.90 1.04 (0.55-1.97) 0.89

Recessive (II+ID/DD)    

N vs IFG 0.78 (0.25-2.45) 0.68 0.96 (0.33-2.75) 0.95

N vs T2D# 0.64 (0.17-2.32) 0.48 2.18 (1.16-4.09) 0.01*

# Age adjusted ; *p-Value <0.05 significant.

 

Table 3. Gene (ACE I/D)-environment (Dyslipidemia and Hypertension) interactions in IFG AND T2D.
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Variables Liangmai Mizo

N vs IFG N vs T2D# N vs IFG N vs T2D#

ACE I/D

(II vs ID+DD)

OR (95% CI) p value

ACE I/D 

(II vs ID+DD)

OR (95% CI) p value

ACE I/D

(II vs ID+DD)

OR (95% CI) p value

ACE I/D 

(II vs ID+DD)

OR (95% CI) p value

TC 1.72 (0.64-4.5) 0.2 1.35 (0.46-3.82) 0.52 2.51 (1.10-5.68) <0.005* 2.56 (1.45-4.53) <0.005*

TG 0.99 (0.34-2.86) 0.9 2.29 (0.85-6.13) 0.09 1.22 (0.49-2.99)0.66 1.01 (0.99-1.02) 0.06

HDL 1.19 (0.45-3.10) 0.71 0.81 (0.29-2.25) 0.69 0.55 (0.15-1.97) 0.36 0.77 (0.31-1.61) 0.49

LDL 1.38 (0.47-4.03) 0.5 0.77 (0.21-2.76) 0.69 2.36 (1.03-5.44) 0.04* 2.48 (1.41-4.37) <0.005*

VLDL 0.91 (0.34-2.86) 0.98 2.29 (0.85-6.13) 0.09 1.22 (0.49-2.99) 0.66 1.36 (0.76-2.46) 0.29

HTN 1.06 (0.43-2.76) 0.89 1.22 (0.43-3.16) 0.81 1.07 (0.46-2.47) 0.86 1.3 (0.73-2.28) 0.36

#Age adjusted : Age ; *p-value <0.05 significant.

Data represented as TC: Total Cholesterol; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; VLDL: Very low-
density lipoprotein; HTN: Hypertension.

Figures

Figure 1

Distribution of dyslipidemia and hypertension among individuals with normoglycemia, IFG and T2D among Liangmai tribe [1(a)] and Mizo
tribe [1(b)] of Manipur.
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Figure 2

Logistic regression analysis of IFG with lipid variables, obesity variants, and blood pressure among Liangmia tribe [2(a)] and Mizo tribe [2
(b)], logistic regression analysis of T2D with lipid variables, obesity variants, and blood pressure among Liangmia tribe [2(c)] and Mizo tribe
[2 (d)].
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