
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/1179551418825037

Clinical Medicine Insights:  
Endocrinology and Diabetes
Volume 12: 1–10
© The Author(s) 2019
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/1179551418825037

Angiotensin Converting Enzyme Gene Insertion/Deletion 
Polymorphism Is Not Responsible for Antihypertensive 
Therapy Induced New Onset of Type 2 Diabetes in 
Essential Hypertension

Vikas Jhawat1, Sumeet Gupta2, Bimal K Agarwal3, Partha Roy4  
and Vipin Saini5
1Department of Pharmaceutical Sciences, G. D. Goenka, Gurugram, Haryana, India. 2Department 
of Pharmacology, M. M. College of Pharmacy, M. M. (Deemed to be University), Mullana (Ambala), 
Haryana, India. 3Department of Medicine, M. M. Institute of Medical Sciences and Research, M. 
M. University, Mullana (Ambala), Haryana, India. 4Department of Biotechnology, Indian Institute of 
Technology Roorkee, Roorkee, India. 5Maharishi Markandeshwar University, Solan, India.

ABSTRACT

BACkGROuND: Antihypertensive drug therapies have been reported to be associated with new onset of type 2 diabetes mellitus in some 
hypertensive patients after prolonged use. Angiotensin converting enzyme (ACE) gene has been found to affect essential hypertension, 
response of antihypertensive therapies, and glycemic disturbances. Therefore, ACE gene I/D polymorphism may be associated with risk of 
new onset of type 2 diabetes via metabolic disturbances, glycemic dysregulation, and insulin resistance.

AIm: To assess the correlation between ACE gene I/D polymorphism and glycemic disturbance under influence of diuretic and other anti-
hypertensive drug therapies.

mATERIAlS AND mETHODS: We recruited 270 normotensive patients as control (150 men and 120 women), 270 hypertensive patients (95 
men and 175 women), and 240 hypertensive with new onset of diabetes patients (80 men and 160 women). All samples were genotyped for 
ACE gene polymorphic alleles and relationship between different genotypes and anthropometric and clinical parameters along with drug 
therapies was established and analyzed.

RESulTS: Baseline clinical (systolic blood pressure, diastolic blood pressure, and fasting blood glucose level) and anthropometric param-
eters (height, weight, waist circumference, hip circumference, waist-hip ratio, and body mass index) of study populations were found highly 
statistically significant (P < .05) when compared among study groups. Furthermore, genotype wise comparison of all these parameters in 
essential hypertensive (EH) and essential hypertensive with onset of diabetes (EHNOD) patients found most of them nonsignificant and no 
variation was found with respect to different genotypes of ACE gene. The genotype wise comparison of clinical parameters among different 
antihypertensive drug therapy was found statistically nonsignificant in both EH and EHNOD patients.

DISCuSSION: Anthropometric parameters can be taken as the risk indicator factors for hypertension and diabetes. However, ACE gene 
polymorphism may not be a risk factor for development of diabetes in hypertensive patients.

CONCluSION: The present study suggested that ACE gene polymorphism did not show any significant association with the risk of new 
onset of diabetes in EH patients and more detailed studies with large population size are needed.
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Introduction
Essential hypertension and diabetes are among such lifestyle 
diseases which are the leading causes of premature deaths 
around the globe, due to their cardiovascular and kidney dis-
ease complications, if remains untreated.1 These 2 interre-
lated diseases are spreading at a fast pace with the change in 
the lifestyle pattern. One disease increases the probability of 
the other disease in same patient. Hypertension is an inde-
pendent risk factor for cardiovascular complications includ-
ing coronary heart disease, angina pectoris, stroke, ischemia, 
and atherosclerosis and it is linked with cardiovascular mor-
bidity and mortality.2,3 Hypertension and diabetes are associ-
ated comorbid diseases which share common metabolic 
pathways such as obesity, insulin resistance, oxidative stress, 
inflammation, and genetics.4 An estimate of World Health 
Organization (WHO) revealed that around 9.4 million of 
deaths occur per year because of hypertension alone.5 The 
Joint National Committee VIII guidelines suggested the first 
line drug therapy for the treatment of hypertension as angio-
tensin converting enzyme inhibitors (ACE inhibitors), diu-
retics, beta blockers (BBs), calcium channel blockers (CCBs), 
and angiotensin receptor blockers (ARBs).6 But these first 
line antihypertensive drug therapies were reported, by differ-
ent studies, as the risk factor of new onset of type 2 diabetes 
mellitus in some hypertensive patients on prolonged use.7–11 
It was found that the use of antihypertensive medications for 
3 to 6 years or more either as a monotherapy or as combina-
tion therapy may induce new onset of diabetes in 18% to 25% 
of patients.12,13 Antihypertensive drugs mainly diuretics, BBs, 
and ACE inhibitors have been found to be associated with 
glycemic dysregulation via increasing insulin insensitivity or 
insulin resistance.14,15 However, many other studies also pre-
sented preventive effect of ACE inhibitors on type 2 diabetes 
reducing the chance of developing diabetes by 15% to 30%.16–18 
The metabolic disturbances (glucose turnover) associated 
with salt sensitivity and insulin resistance under the influence 
of genes polymorphism may be affected by different antihy-
pertensive drugs such as ACE inhibitors, diuretics, and BBs 
and induce new onset of diabetes in hypertensive patients.19

Many candidate genes have been identified which may be 
involved in insulin insensitivity and insulin resistance which 
may further be associated with type 2 diabetes mellitus.20,21 
Angiotensin converting enzyme is an enzyme of RAAS 
(renin-angiotensin-aldosterone) which is the key factor in 

regulating blood pressure and volume homeostasis. 
Angiotensin converting enzyme gene I/D polymorphism has 
been found to affect hypertension and the response of antihy-
pertensive therapies. The II allele of ACE gene was found to 
be linked with higher reduction in mean arterial pressure as 
compared with DD genotype when patient was treated with 
diuretics.22 The diabetic patients with DD genotype was 
found to be glucose intolerant as compared with other geno-
types.23 The metabolic disturbances have been found linked 
with elevated ACE level in the blood. The D genotype of 
ACE I/D polymorphism was found to be linked with higher 
ACE level which further leads to increased angiotensin II 
level and metabolic disturbance. These metabolic distur-
bances may be responsible for disturbed glucose homeostasis 
after antihypertensive treatment leading to insulin resistance 
and ultimately diabetes.24–26 Also D allele of ACE gene I/D 
polymorphism is associated with insulin resistance in hyper-
tensive families which may be associated with glucose dys-
regulation and NOD.27 Expression of different alleles of 
ACE gene affects antihypertensive drug’s physiological 
response by varying ACE activity. Higher ACE level is asso-
ciated with insulin resistance and metabolic disturbances. 
These genotypes-based physiological disturbances influence 
the outcome of antihypertensive therapy and may result in 
adverse events like glucose intolerance or glucose dysregula-
tion. Therefore, in the present study, we attempted to access 
the role of IRS-1 gene polymorphism in antihypertensive 
therapy induced new onset of diabetes.

Material and Methods
Methods

Ethics. The study was approved (IEC/670) by the Institutional 
Ethics Committee of M. M. University and written consent 
was obtained from all the participants.

Study design and sample size. The study was carried out on the 
basis of cross-sectional survey by M. M. Institute of Medical 
Science & Research, Mullana (Haryana); there are around 
38 500 inhabitants residing in 17 villages of this rural area. The 
survey recorded a total of 2672 individuals afflicted with essen-
tial hypertension. These patients will be referred to as hyper-
tensive with a disease prevalence of 6.94%. Out of 2672 
patients, we have selected 510 patients who visited regularly in 
hospital OPD. A sample size of 164 patients will be sufficient 
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to represent the hypertensive population residing in the rural 
area under investigation with a power of 80% and a P value of 
.05. Patients who agree to participate were explained the nature 
and the objectives of the study, and informed consent was 
obtained individually. The information about patient’s identity 
was not included with other data and only consulting physician 
had the access to this information.

Study population. In the present investigation, the subjects 
under study (n = 510) were divided into 2 groups with age and 
sex matched: (1) essential hypertensive (EH) and (2) essential 
hypertensive with onset of diabetes (EHNOD). The first group 
comprised 270 hypertensive patients (95 men and 175 women). 
The second group consisted of 240 hypertensive with diabetes 
patients, out of which 80 were men and 160 were women. To 
make a comparison with normal individuals, we have selected 
age and sex matched normal individuals from the same place 
and denoted as normotensive group. This third group had 270 
normotensive patients (150 men and 120 women). Various 
parameters like age, sex, body mass index (BMI), blood pres-
sure, education, and family history were recorded in a given 
questionnaire. The information about patient’s identity was not 
included with other data and only physician had the access to 
this information.

Inclusion criteria. Patients residing in rural area of Haryana for 
more than 2 generations were recruited. They were the age of 
18 to 75 years with an average blood pressure limits >140 mm Hg 
systolic blood pressure (SBP) and >90 mm Hg diastolic blood 
pressure (DBP) on 3 separate occasions.

1. For EH group: Only those patients who had essential 
hypertension and were treated with selective antihyper-
tensive medication (diuretics, BBs, CCBs) for about 
3 years or more than that in monotherapy or combina-
tion therapy.

2. For EHNOD group: Only those patients who had EH 
(as per above criteria) with onset of diabetes mellitus 
(diagnosed according to WHO criteria as either a fasting 
plasma glucose >7.0 mmol/L and/or random [nonfast-
ing] blood glucose > 11.1 mmol/L) and were treated with 
selective antihypertensive medication (diuretics, BBs, 
CCBs) for about 3 years or more in monotherapy and 
combination therapy.

3. Normotensives (NT): Those who were residing in rural 
area of Haryana without any history of hypertension or 
diabetes between the ages of 18 to 75 years.

Exclusion criteria. All individuals with the age less than 
18 years or above 75 years were excluded. Essential hyper-
tensive patients, who are taking drugs for other than diuret-
ics, BBs, and CCBs alone or in combination, were also 
excluded. Pregnant and lactating mothers were excluded 
from the study.

Genotyping for ACE gene. Blood samples were collected28–29 
from all the study group individuals and DNA was isolated 
by the standard modified inorganic method as described by 
Miller et al,30 and quantified following standard spectropho-
tometric analysis. The isolated DNA samples were stored at 
−20°C till further analysis. Angiotensin converting enzyme 
gene I/D polymorphism (Gene bank accession number 
GQ449380, GQ449383) was first identified by Rigat et al.31 
Polymorphism in intron 16 of ACE gene positioned on 
chromosome at 17th position causes I/D polymorphism due 
to 287 bp Alu sequence. Presence of the 287 bp Alu sequence 
is termed as insertion (I allele) while absence is deletion (D 
allele). It forms 3 genotypes, that is, DD homozygous, II 
homozygous, and ID heterozygous resulting in inter indi-
vidual variations in plasma ACE level which is further related 
to variations in other physiological parameters.25,31 The ACE 
gene I/D polymorphism is detected by polymerase chain 
reaction by primer flanking of 287 bp Alu sequence using 
ACE gene primer pairs as used in previous studies.29,31 After 
initial amplification, all samples were identified as DD geno-
type which was reconfirmed by amplifying again using inser-
tion specific forward primer.

The polymerase chain reaction was carried out in thermal 
cycler (Bio-Rad, Japan) in total volume of 25 µL in 0.2 mL PCR 
tubes containing 2 µL (40 ng) of template DNA, 5.5 µL master 
mix (containing Taq polymerase, loading dye, dNTPs, MgCl2, 
and buffer 10X), 1 μL (forward primer and reverse primer), and 
16.5 μL nuclease free water. Initial denaturation was carried out 
at 94°C for 3 minutes followed by 35 amplification cycles at 
94°C for 30 seconds, primer annealing at 58°C for 20 seconds, 
initial extension at 72°C for 20°seconds and final extension step 
at 72°C for 3 minutes. The amplified segment of the gene was 
resolved on 0.8% agarose gel using gel electrophoresis process 
and visualized under UV photo documentation. Appearance of 
490 bp band was identified as DD genotype, 190 bp bands as II 
genotype, and appearance of both bands (490 bp as well as 190 
bp) was identified as ID genotype.29

Statistical analysis. Data analysis was done with the help of an 
SPSS version 14.5. Continuous variables are expressed as 
means ± SD. Intergroup comparisons are made using students t 
test. Allele frequencies were calculated from genotype frequen-
cies and were compared using chi-square (χ2) statistics. P 
value ⩽ .05 was considered statistically significant.

Results
Study population and baseline characteristics

A total of 270 EH patients and 240 EHNOD patients treated 
with antihypertensive therapy were included in the study. 
Female patients were more in number than male patients in 
both the groups. Out of 270 EH patients, 175 were women and 
95 were men; in the case of EHNOD, there were 160 women 
and 80 men.
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As per baseline parameters (Table 1), the study groups were 
statistically significantly different with respect to various 
anthropometric and clinical parameters. Age was extremely 
significant between normotensive and EHNOD patients at p2 
and p4 values. The SBP and DBP were statistically higher sig-
nificant at all P values. The average fasting blood glucose 
(FBG) levels were 207.29 ± 81.02 mg/dL in EHNOD and 
107.20 ± 7.85 mg/dL in EH. It was statistically higher signifi-
cant in all P values. All other anthropometric parameters such 
as BMI, waist circumference (WC), waist-hip ratio (W/H), 
and hip circumference (HC) showed higher statistical signifi-
cance (P < .0001) between all the groups except height. The 
average duration of hypertension in both the groups (EH and 
EHNOD) was 4.70 ± 4.11 and 7.91 ± 4.52 years, respectively, 
and total duration of diabetes after treatment of antihyperten-
sive therapy was 5.72 ± 4.32 years in EHNOD patients.

The gel picture (Figure 1) represented the different geno-
types of ACE gene. Table 5 represented genotype and the 
allelic distribution of EH vs normotensive group.

The percentage frequency of ID heterozygote was higher 
followed by DD and then II genotypes in both the groups (EH 
and NT). All frequencies were in Hardy-Weinberg equilibrium 
but statistically nonsignificant for patients and control. 
Frequency of D allele was 0.520 and that of I allele was 0.480 
of EH group. Similarly for EHNOD patients, it was statisti-
cally nonsignificant. The frequency of D allele was 0.377 and I 
allele was 0.623 in EHNOD whereas in normotensive group, 
the D allele was 0.519 and I allele was 0.481 (Table 2).

Table 3 represented the distribution of different genotypes 
of ACE gene with respect to various clinical and anthropomet-
ric parameters of overall EH patients.

In overall EH patients, various anthropometric and clinical 
parameters were compared among different genotypes of ACE 
gene to evaluate the effects of different genotypes on these 
parameters. The mean values of given baseline parameters were 
almost similar in all genotypes and were statistically nonsignifi-
cant. The mean value of duration of EH was slightly higher in 
DD genotype as compared with ID and II genotypes but it was 
statistically nonsignificant for all P values. Therefore, these 
parameters were compared sex-wise in male and female 

Table 1. Comparison of baseline parameters of different groups in overall population.

PARAMETERS NORMOTENSIVE
(N = 270)

EH
(N = 270)

EHNOD
(N = 240)

P1 VAlUE P2 VAlUE P3 VAlUE P4 VAluE

Sex M/F 150/120 95/175 80/160  

Age (y) 51.82 ± 11.91 53.43 ± 10.86 54.92 ± 9.29 0.1013 0.0012 0.0987 0.0054

SBP (mm Hg) 123.33 ± 4.99 152.59 ± 10.24 155.4 ± 8.17 0.0001 0.0001 0.0007 0.0001

DBP (mm Hg) 81.51 ± 3.73 91.80 ± 2.62 92.31 ± 2.47 0.0001 0.0001 0.0246 0.0001

FBG (mg/dl) 97.18 ± 6.61 107.20 ± 7.85 207.29 ± 81.02 0.0001 0.0001 0.0001 0.0001

Weight (kg) 63.49 ± 8.87 71.96 ± 7.54 75.94 ± 8.64 0.0001 0.0001 0.0001 0.0001

Height (cm) 158.53 ± 9.33 156.89 ± 8.71 158.02 ± 8.36 0.0352 0.6943 0.1368 0.0884

BMI (kg/m2) 25.18 ± 1.86 28.57 ± 2.31 30.35 ± 1.77 0.0001 0.0001 0.0001 0.0001

WC (cm) 76.38 ± 7.52 94.13 ± 7.08 103.13 ± 11.35 0.0001 0.0001 0.0001 0.0001

HC (cm) 90.56 ± 7.14 105.57 ± 10.22 104.92 ± 12.67 0.0001 0.0001 0.5221 0.0001

W/H ratio 0.85 ± 0.08 0.90 ± 0.06 0.99 ± 0.05 0.0001 0.0001 0.0001 0.0001

Duration of HTN (y) — 4.70 ± 4.11 7.91 ± 4.52 — — 0.0001 —

Duration of diabetes (y) — — 5.72 ± 4.32 — — — —

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; EH: essential hypertension; EHNOD, essential hypertensive with onset of diabetes; FBG, fasting 
blood glucose; HC, hip circumference; HTN, hypertension; p1, normal vs EH; p2, normal vs EHNOD; p3, EH vs EHNOD; p4, normal vs EH vs EHNOD; SBP, systolic blood 
pressure; WC, waist circumference; W/H, waist-hip.

Figure 1. An agarose gel photo plate of PCR product representing the 

amplification of ACE I/D polymorphism. lane l represents the 100 bp 

DNA ladder for band comparison. lanes 1, 3, 6, and 9 represented 

homozygous DD genotype; lanes 2, 4, 5, 7, 8, and 10 represented 

heterozygous ID genotype; and lane 11 represented homozygous II 

genotype. ACE indicates angiotensin converting enzyme.
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Table 2. Distribution of allelic and genotypic frequencies of ACE I/D polymorphism among overall populations of EH and EHNOD patients 
compared with normotensive individuals.

POPUlATION
(N)

GENOTyPE FREqUENCy
N (%)

AllElE FREqUENCy 

DD ID II D AllElE I AllElE

EH
(270)

75 (27.78) 131 (48.52) 64 (23.70) 0.520 0.480

EHNOD
(240)

31 (12.92) 119 (49.58) 90 (37.50) 0.377 0.623

Normotensive (270) 70 (25.93) 140 (51.85) 60 (22.22) 0.519 0.481

Abbreviations: ACE, angiotensin converting enzyme; EH: essential hypertension; EHNOD, essential hypertensive with onset of diabetes. χ2 based on allele frequency 
(df = 2), EH vs normotensive = 0.600, P = .740, and EHNOD vs normotensive = 11.72; P = .002.

Table 3. Comparison of various baseline anthropometric and clinical parameters in overall population of EH patients among different genotypes of 
ACE gene I/D polymorphism.

PARAMETERS DD ID II P1 VAlUE P2 VAlUE P3 VAlUE P4 VAlUE

Sex M/F 26/49 52/79 17/47 — — — —

Age (y) 52.35 ± 10.47 53.5 ± 10.7 54.55 ± 11.65 0.4553 0.2431 0.5328 0.4913

SBP (mm Hg) 152.47 ± 10.53 152.66 ± 9.82 152.59 ± 10.90 0.8966 0.9476 0.9641 0.9919

DBP (mm Hg) 91.97 ± 2.58 91.61 ± 2.70 91.97 ± 2.49 0.3505 0.9999 0.3711 0.5295

FBG (mg/dl) 107.68 ± 8.07 107.11 ± 7.52 106.83 ± 8.35 0.6109 0.5434 0.8142 0.8039

Weight (kg) 71.93 ± 7.51 72.44 ± 7.55 71.02 ± 7.61 0.6407 0.4803 0.2202 0.4683

Height (cm) 156.91 ± 8.62 157.33 ± 8.81 155.98 ± 8.66 0.7404 0.5280 0.3136 0.5980

BMI (kg/m2) 28.59 ± 2.29 28.43 ± 2.16 28.83 ± 2.64 0.6173 0.5669 0.2612 0.5256

WC (cm) 94.61 ± 6.35 94.04 ± 7.27 93.75 ± 7.56 0.5718 0.4673 0.7966 0.7608

HC (cm) 105.92 ± 10.34 105.05 ± 10.32 106.23 ± 9.99 0.5613 0.8583 0.4496 0.7085

W/H ratio 0.9 ± 0.07 0.9 ± 0.06 0.89 ± 0.05 0.9999 0.3419 0.2508 0.5178

Duration of EH (y) 5.51 ± 4.72 4.52 ± 3.97 4.14 ± 3.51 0.1098 0.0578 0.5157 0.1135

Abbreviations: ACE, angiotensin converting enzyme; BMI, body mass index; DBP, diastolic blood pressure; EH: essential hypertension; FBG, fasting blood glucose;  
HC, hip circumference; p1, DD vs ID; p2, DD vs II; p3, ID vs II; p4, DD vs ID vs II; SBP, systolic blood pressure; WC, waist circumference; W/H, waist-hip.

populations of EH patients separately and similar results were 
obtained.

In overall population of EHNOD patients, the genotype-
wise comparison revealed that the mean values of all parame-
ters were almost similar among the different genotypes and 
were statistically nonsignificant. Although a higher mean value 
of FBG level in ID genotype was observed as compared with 
DD and II genotypes, it was statistically nonsignificant. 
However, the mean value of height was significantly higher in 
DD and ID genotypes as compared with II genotype 
(p3 = 0.0231 and p4 = 0.0442). Similarly, the mean value of W/H 
ratio parameter was significantly higher in II genotype as com-
pared with DD and ID genotypes when compared in ID vs II 
genotypes (p3 = 0.0093) and in DD vs ID vs II genotypes 
(p4 = 0.0224). The mean values of duration of EH and duration 

of diabetes were almost similar and it was statistical nonsignifi-
cant for all P values (Table 4).

Similarly, data were studied for male and female populations 
separately (data not shown) and no significant difference was 
observed in clinical and anthropometric parameters among 
different genotypes.

Table 5 represented the genotype distribution with respect 
to drug therapy in male and female population of EH patients. 
In male population, the difference in mean value of DBP was 
statistically significant (P = .0216) but the mean values of SBP 
and FBG level were nonsignificant at baseline readings among 
3 genotypes. After 1 year of the antihypertensive treatment, 
the mean values of SBP, DBP, and FBG among different gen-
otypes of ACE gene were statistically nonsignificant with all 
drug therapies (either as monotherapy or combination 
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therapy). In case of blood pressure, more reduction in mean 
values of SBP and DBP from the baseline values was observed 
with combination therapy as compared with monotherapy. In 
monotherapy, diuretics and CCBs were more effective than 
BBs. The FBG level was found somewhat elevated and within 
prediabetic range in ID genotype as compared with DD and 
II genotypes with BBs and diuretics therapy but it was nonsig-
nificant. In the female population of EH patients, same trend 
was followed as that of men.

Similarly, in male and female populations of EHNOD 
patients (data not shown), the mean values of SBP, DBP, and 
FBG level were statistically nonsignificant among different 
genotypes of ACE gene. After 1 year of drug therapy, the effect 
of BBs monotherapy could not be evaluated due to lack of suf-
ficient number of patients in different genotypes. Among other 
drugs, CCBs were more effective in controlling SBP and DBP 
than diuretics. FBG level was slightly higher in II genotypes 
with diuretic therapy but was statistically nonsignificant.

The average change in the FBG level in EH patients (Figure 
2A) after treatment with different antihypertensive drugs as 
compared with initial readings revealed that a combination of 
diuretics with CCBs showed maximum fall FBG level in II 
genotype as compared with DD and ID genotypes whereas 
with the combination of BB with diuretics and monotherapy of 
CCBs, the average fall in FBG level was observed in DD geno-
type but in II and ID genotypes almost equal effect was shown. 
All drug therapies were also showing preventive action on 
FBG level; however, monotherapies of BBs and diuretics were 
less preventive in case of FBG level. No rise in the FBG level 

was observed with any drug therapy in any genotype. Similarly, 
the average change in FBG level in EHNOD patients (Figure 
2B) shows almost equal reduction in FBG level in all geno-
types with all drug therapies. But BBs and CCBs as mono-
therapy were less effective in DD genotype than II and ID 
genotypes.

Discussion
The present study aimed to evaluate the genotypic association of 
polymorphic alleles of ACE gene with antihypertensive therapy 
induced new onset of diabetes in EH patients in rural population 
of Haryana. Previous studies reported around 40% prevalence of 
EH in the given population32,33 which indicated that suitable 
number of patients were available in this area to conduct the 
present study. The baseline parameters (clinical and anthropo-
metric) mutually compared among normotensive, EH, and 
EHNOD patients (Table 1) showed a higher statistical signifi-
cance (P < .0001) in all p values (p1, p2, p3, and p4) for different 
anthropometric parameters showing these parameters as the 
indicative of risk factors for EH in both EH and EHNOD 
groups when compared with normal population. However, age 
and height were not significant for all comparisons and could 
not be taken as the indicator of risk factor for EH. A higher D 
allele frequency than I allele among EH patients and normoten-
sive individuals were observed similar to the previous studies in 
Sikhs34 and South Indian population35,36; however, some studies 
reported opposite results showing higher I allele frequency in 
Haryana, Himachal Pradesh, Uttaranchal, and Assam.34 The ID 
genotype was found most frequent than DD and II genotypes 

Table 4. Comparison of various baseline anthropometric and clinical parameters in overall population of EHNOD patients among different 
genotypes of ACE gene I/D polymorphism.

PARAMETERS DD ID II P1 VAlUE P2 VAlUE P3 VAlUE P4 VAlUE

M/F 12/19 43/76 25/65 — — — —

Age (y) 54.42 ± 7.49 54.46 ± 9.39 55.69 ± 9.76 0.9825 0.5106 0.3577 0.6089

SBP (mm Hg) 156.84 ± 9.59 154.77 ± 7.50 155.72 ± 8.50 0.1996 0.5417 0.3930 0.4064

DBP (mm Hg) 92.42 ± 2.69 92.06 ± 2.22 92.61 ± 2.69 0.4434 0.7351 0.1072 0.2726

FBG (mg/dl) 199.16 ± 80.42 216.02 ± 89.40 198.56 ± 68.18 0.3417 0.9679 0.1242 0.2552

Weight (kg) 78.32 ± 9.57 76.24 ± 8.43 74.72 ± 8.47 0.2362 0.0508 0.1991 0.1169

Height (cm) 159.61 ± 9.44 158.9 ± 7.87 156.31 ± 8.40 0.6687 0.702 0.0231 0.0442

BMI (kg/m2) 30.67 ± 1.70 30.13 ± 1.69 30.54 ± 1.87 0.1156 0.7334 0.0987 0.1486

WC (cm) 102.68 ± 12.26 103.06 ± 11.27 103.37 ± 11.26 0.8698 0.7741 0.8440 0.9547

HC (cm) 104.77 ± 12.98 105.61 ± 12.87 104.06 ± 12.39 0.7471 0.7862 0.3820 0.6817

W/H ratio 0.98 ± 0.05 0.98 ± 0.05 1 ± 0.06 0.9999 0.0983 0.0093 0.0224

Duration of EH (y) 7.31 ± 4.71 8.42 ± 4.83 7.44 ± 3.98 0.2539 0.8814 0.1192 0.2205

Duration of diabetes (y) 5.32 ± 3.91 6.16 ± 4.80 5.27 ± 3.69 0.3701 0.9490 0.1452 0.2890

Abbreviations: ACE, angiotensin converting enzyme; BMI, body mass index; DBP, diastolic blood pressure; EH: essential hypertension; EHNOD, essential hypertensive 
with onset of diabetes; FBG, fasting blood glucose; HC, hip circumference; HTN, hypertension; p1 = DD vs ID; p2 = DD vs II; p3 = ID vs II; p4 = DD vs ID vs II; SBP, systolic 
blood pressure; WC, waist circumference; W/H, waist-hip.
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which is similar to previous studies that included North 
Indian,29,34 South Indian,37 and East Indian38 populations. 
However among EHNOD patients, our study reported statisti-
cally significant (P = .002) higher frequency of I allele than D 
allele in comparison with normotensive individuals. Similar 
results were reported in the previous study by Vamsi et al39 sug-
gesting higher frequency of I allele and identified it as the risk 
factor for EH and diabetes. A statistically nonsignificant varia-
tion in the different baseline anthropometric and clinical param-
eters was observed in both EH and EHNOD patients (Table 3) 
when compared among different genotypes of ACE gene. 
Furthermore, the effect of different antihypertensive drugs on 
SBP, DBP, and FBG level among different genotypes of ACE 
gene in both male and female EH patients and EHNOD 
patients separately was evaluated which was statistically nonsig-
nificant (Table 5) along with the average change in the FBG 
level after 1 year of the antihypertensive therapies (Figure 2).

From our findings, we may conclude that among EHNOD 
patients, I allele may be positively associated with rise in FBG 
level. However, no significant difference was observed in differ-
ent parameters with respect to different genotypes of ACE 
gene. Similarly, the effect of different antihypertensive drugs 
on FBG level with respect to different genotypes of ACE gene 
gave nonsignificant results for all drug therapies.

Conclusions
In our study, we did not find any association of ACE gene pol-
ymorphism with the risk of new onset of diabetes in EH 
patients of Haryanvi population. Results are confusing and 
more studies with large sample and longer duration of time are 
needed to evaluate the exact role of ACE gene polymorphism 
in antihypertensive therapy induced type 2 diabetes mellitus.
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