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ABSTRACT

Objective: The objective of this research study was to investigate if there exists a relationship between angiotensin converting enzyme (ACE) genes 
insertion/deletion (I/D) genotypes and the antihypertensive treatment being received by preeclampsia (PE) and gestational hypertension (GH) 
patients.

Methods: A total of 50 PE and 35 GH cases were included. ACE gene I/D genotyping was carried out on the blood samples of cases and correlated 
with the antihypertensive treatment being received by these patients. Details of antihypertensives being received by them were nifedipine (a calcium 
channel blocker 10 mg) and methyldopa (an alpha 2 receptor agonist 250 mg) which is considered as the first-line of treatment. 30 normotensive 
pregnant women of comparable gestational period served as controls.

Results: It was observed that a combination of calcium channel blocker (nifedipine 10 mg), as well as alpha 2 agonist (methyldopa 250 mg), was 
required in patients with D’ allele containing genotypes. However, PE and GH patients with II genotype as well as those of GH patients responded well 
to either nifedipine or methyldopa. If confirmed these results appear to be of clinical significance as prior knowledge of ACE I/D genotypes will be 
useful in the management of PE cases in general and severe PE cases in particular.

Conclusion: Prior knowledge of ACE I/D genotypes appears to be helpful in the management of PE and GH cases.
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INTRODUCTION

Preeclampsia (PE), a pregnancy-specific disorder is considered as a 
major cause of maternal and perinatal morbidity and mortality [1,2]. 
It is characterized by the presence of placental hypoxia/ischemia, 
excessive oxidative stress, hypertension and proteinuria in association 
with endothelial dysfunction after the 20th  week of gestation. PE 
complicates about 3% of pregnancies and increase in its incidence 
is attributed to changes in maternal characteristics such as maternal 
age and pre-pregnancy body weight as well as certain genetic factors. 
Poor placental perfusion is regarded as the cause for the increase in 
blood pressure in PE. Closely monitored antihypertensive therapy not 
only allows maintenance of gestation but is also likely to facilitate an 
increase in the gestational age of delivery thereby decreasing adverse 
fetal and maternal outcomes [3-5]. Thus, various maternal predisposing 
factors include advanced age obesity, primipara, and previous history 
of PE [6]. PE is essentially a multi-factorial condition, resulting due 
to the interaction of genetic and environmental factors. While precise 
pathophysiology underlying the condition is not known, but it is 
believed that it results due to excessive oxidative stress, and endothelial 
dysfunction. Renin–Angiotensin–Aldosterone System has also been 
implicated in the pathophysiology of PE as angiotensin-converting 
enzyme (ACE) enzyme converts inactive Angiotensin I into Angiotensin 
II a vasoconstrictor, an important factor contributing to hypertension 
and oxidative stress [7].

The objective of the present study was to determine ACE I/D genotypes 
in PE and gestational hypertension (GH) patients. The second aspect 
of the study was to record the details of antihypertensive treatment 

these patients were receiving with the ultimate objective of analyzing 
weather a pattern emerges showing a relationship of ACE I/D genotypes 
and response to antihypertensive treatment. Such studies are likely 
to help us to investigate the prospects of genotype based response 
evaluation, a step toward personalized treatment. We are unaware of 
such studies correlating ACE gene I/D polymorphism with response to 
antihypertensive in PE as well as GH patients. The choice of ACE gene 
was based on the reports claiming an association of D allele with a 
predisposition to PE and the protective role of “II” homozygote [8-10]. 
In a similar study, a single nucleotide polymorphism in endothelial nitric 
oxide synthase coding gene affecting the nitric oxide (NO) production 
was correlated with antihypertensive treatment in PE and GH [11].

The I/D polymorphism of ACE gene has been particularly evaluated 
as the three ID genotypes differ significantly with regard to serum 
concentration of Angiotensin II which is not only a vasoconstrictor but 
also a potent inducer of nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase an enzyme involved in the generation of oxygen free 
radicals [12]. To our knowledge, there are no earlier reports in literature 
evaluating response to antihypertensive treatment in PE patients with 
different ACE I/D genotypes.

METHODS

Selection of cases
Clinically confirmed cases of PE and GH were selected. A  total of 50 
PE cases and 35 GH cases were included from inpatient Gynaecology 
ward of Princess Esra Hospital, (Hyderabad). The study protocol was 
approved by Institutional Review Board of Deccan College of Medical 
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Sciences, Hyderabad. Before blood collection, an informed consent 
form was taken from all the patients who participated in this study. 
Demographic details of the patients, as well as their baseline clinical 
characteristics, were recorded in a pro forma. The important details 
recorded were systolic blood pressure (SBP), diastolic blood pressure 
(DBP) of the patients along with the laboratory findings including 
proteinuria. Details of parity and the antihypertensive treatment being 
received by the patients were also recorded. 30 normotensive pregnant 
women as controls were also included in the study.

For ACE I/D genotyping, 2  ml of intravenous blood was drawn 
aseptically in EDTA vacutainers and stored at −20°C until further 
use. Genomic DNA was extracted from the blood samples according 
to rapid salting out method as described by Lahiri et al. (1991) [13]. 
Polymerase chain reaction (PCR) amplification was performed in a 
25 µl reaction mixture that contained 1 µg of genomic DNA, 20 pmol 
of each primer and 12.5 µl of Taq DNA master mix (2X Takara. Japan). 
The forward (F) 5′-CTGGAGACCACTCCATCCTTTCT-3’ and reverse (R) 
5′-GATGTGGCCATCACATTGTCAGAT-3′ primers specific to ACE I/D 
genotypes were used to carry out the PCR.

PCR was performed in a thermal cycler (Bio-Rad, USA) according to the 
method described by Seckin et al. [14]. The thermal programming was 
as follows; an initial denaturation step of 5 minutes at 94°C, followed by 
30 cycles of denaturation at 94°C for 1 minutes, annealing at 58°C for 
1 minutes and extension at 72°C for 2 minutes and a final extension for 
15 minutes at 72°C. PCR products were separated by electrophoresis on 
3% agarose gel. Amplified DNA fragments were then visualized under 
ultraviolet light in a Gel Documentation System (Bio-Rad, USA). The 
PCR fragments corresponding to three genotypes were 490  bp band 
(II), 190 bp (DD), and both 490 and 190 bp (ID).

Statistical analysis
All statistical analysis was performed using SPSS software (version15). 
Genotypic and allelic frequencies for the three ACE I/D genotypes were 
calculated, and deviation from Hardy–Weinberg law was determined by 
both test and controls. Odds ratio was calculated by Pearson Chi-square 
or Fisher’s exact test for determining risk or protection as appropriate. 
Mean and standard deviation were calculated for continuous traits such 
as age, pulse rate, SBP, and DBP.

RESULTS

Details of basic and clinical characteristics and mean age of the patients 
are provided in Table  1. Figures in parenthesis indicate a number of 
cases at the stage of hypertension (according to JNC-7). The mean ages 
in these study groups did not differ significantly. The mean SBP and 

DBP in PE and GH groups before and after treatment are also provided 
along with that observed in normotensive. The percentage of primipara 
cases was 48%, and that of multigravida was 52%.

Table 2 summarizes the details of genotypic and allelic frequencies of 
ACE gene I/D polymorphism in the three study groups. In PE patients, 
II and ID genotypes were 12 (24%) and 33(66%) respectively, (p<0.05) 
only 5  patients (10%) with DD genotype were recorded. The “I” and 
“D” allele frequencies in PE patients were 57% and 43% (p<0.05), 
respectively. In contrast to this, in normotensive pregnant women, the 
percentage of II genotype was 53%, while 40% had ID genotype. Only 
6.6% were with DD genotype. The frequencies of II and DD genotypes 
were 42.80% and 51.00%, respectively, and only 5.50% were DD cases 
in GH. Deviation from Hardy–Weinberg equilibrium was observed 
between PE and control allelic and genotypic frequencies (p<0.05) 
while no such deviation was recorded in GH. The genotypic and allelic 
frequencies in cases of GH did not differ significantly from those 
observed in normotensive controls (Table 3).

Odds ratio analysis comparing the clinical and control groups revealed 
that women with ID genotype have more than three-fold increased 
risk (3.66) of developing PE compared with II genotype, i.e., (OR=3.66, 
CI=1.35-9.95) (p<0.009). In contrast to this women with II genotype 
when compared with ID genotype have a reduced risk (OR=0.27, 
CI=0.10-0.74) (p<0.009). Odds ratio analysis in “II” women with those 
having “D” allele containing genotypes (ID, DD) showed a protective 
effect of “I” allele (OR=0.46, CI=0.25-0.84) (p<0.008). A similar analysis 
for GH did not reveal any significant results presumably because of 
more or less similar genotypic frequencies in GH and control groups. 
The allele specific analysis of odds ratio revealed that “D” allele carrying 
women may have two-fold increased the risk of developing PE.

Details of the drug response of PE and GH patients in relation to 
genotype are given in Table 4. It was observed that PE patients with “II” 
homozygous genotype responded well as assessed by BP control to 
nifedipine alone. In most of these patients, gestation period extended 
up to 36  weeks and the pregnancy outcomes were good for both 
mothers and the newborn.

In case of patients with “D” allele containing genotypes, nifedipine in 
combination with methyldopa was required for controlling their SBP 
and DBP. The reason for this could be high BP levels as a consequence of 
significantly higher serum and tissue concentrations of angiotensin II. 
Out of 33 “ID” genotype cases with PE, 30 (91) required combination 
therapy, i.e.,  nifedipine 10  mg + methyldopa 250  mg. All the DD 
homozygote belonging to PE group required combination therapy. It 
may be noted that the presence of “D” allele in single and double dose 

Table 1: Correlation between ACE gene I/D genotypes and antihypertensive treatment

Clinical category Stage of 
hypertension (jnc‑7)*

Mean age (years) Mean±SD bp (before 
treatment)

Mean bp (after 
treatment)

Parity

Primi Multiple
PE 1 (37) 24±3.81 151±7.0/95±4.83 133±5.0/90±0 20 30

2 (13) 172±11.06/109±6.43 137±1.66/90±0
Gestational hypertension 1 (27) 24±3.18 163±3.3/99±1.57 130±3.3/90±0

2 (8)
Normotensive ‑ 25±3.62 113±0/76.6±0 ‑ 12 18
*JNC‑7 indicates the Seventh Report of the Joint National Committee on Prevention, Detection Evaluation and Treatment of High Blood Pressure [15]

Table 2: Distribution of genotypic and allelic frequencies in the three study groups

Clinical category Total cases ACE I/D genotypes Allelic frequencies

II ID DD “I” allele “D” allele
PE 50 12 (24) 33* (66) 5 (10) 57.00 43.00*
GH 35 15 (42.85) 18 (51.42) 2 (5.71) 38.50 31.50
Normotensive pregnant women 30 16 (53.3) 12 (40) 2 (6.6) 73.50 26.50
*p<0.05
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(DD homozygote) appears to contribute to the severity of disease and 
hence combination therapy (Fig. 1).

DISCUSSION

Recent developments in the field of pharmacogenomics offer 
prospects of individualized patient treatment there by facilitating early 
introduction of optimal treatment at the same time minimizing the use 
of inappropriate drugs. Such a strategy is likely to reduce the risk of 
harmful side effects to both mother and baby in clinical conditions such 
as PE and GH [16].

ACE gene I/D polymorphism is carried out in view of considerable 
reports claiming susceptibility of DD genotype and protective effects of 
II genotype to PE and GH. In previous reports, ACE genotype has been 
correlated with response to ACE-inhibitors and ACE receptors Blockers 
(ARBs) in diabetic nephropathy cases [17].

However, ACE-inhibitors and ARBs are contraindicated in PE 
and GH groups. Moreover, it is well documented that the serum 
concentrations of Angiotensin II are significantly higher in women’s 
with DD as well as in ID genotypes compared to those with II genotype. 

It is well-known that Angiotensin II is not only a vasoconstrictor 
but also a potent inducer of NADPH oxidase an enzyme involved 
in the generation of free radicals of oxygen [18]. It is known that 
reactive oxygen species (ROS) interact with NO and converts it into 
peroxynitrite thereby reducing the bioavailability of NO, a vasodilator. 
Moreover, intracellular row signaling results in an intracellular rise 
in calcium ions (Ca+2) contributing to vasoconstriction and resulting 
in a rise in blood pressure. ROS increase intracellular free calcium ion 
concentration, a major determinant of vascular reactivity [19-22]. It 
is presumed that the basal rates of ROS. Production is high in DD 
and ID genotypes; therefore, PE patients with DD and ID genotypes 
may require not only nifedipine but also methyldopa, while in II 
homozygote’s, nifedipine alone appeared to be adequate to control 
the blood pressure and extend the gestational period for a better 
pregnancy outcome.

CONCLUSION

It is inferred that Angiotensin II in view of its pleiotropic effects plays 
a key role in the pathophysiology of PE and GH. This may explain the 
differential response of PE patients with different ACE genotypes to 
nifedipine and combination therapy. In patients with II genotype, serum 
Angiotensin II is significantly less in concentration and accordingly 
the release of ROS by induction through NADPH oxidase may also be 
relatively low than that in patients with II and ID genotypes. Lack of 
association of ACE I/D genotypes with GH may be explained on the 
basis that GH is a relatively milder condition than PE both in terms of 
hypertension and absence of proteinuria. Oxidative stress is relatively 
less in GH than in PE because of less production of ROS [23]. In a similar 
study T2DM, +HTN cases on antihypertensives in also authors suggested 
combination therapy to be effective in selected patients. However, they 
did not carry out ACE I/D genotyping in their patients [24]. Moreover, 
combination therapy is required only in 7(6 ID and 1 DD) out of 35 GH 
cases. Rest of the cases could be managed with either nifedipine or 
methyldopa.

Fig. 1: Three mechanisms by which Angiotensin II induce oxidative stress and hypertension

Table 3: Odds ratio analysis for the risk/protection likely to be 
conferred by genotypes/alleles

Genotypes compared odds 
ratio

Confidence 
interval (95%)

p value

PE‑ID versus II 3.66 1.35‑9.99 < 0.009
PE‑II versus ID 0.27 0.10‑0.74 < 0.009
PE‑“I” allele versus “D” allele 0.465 0.25‑0.84 < 0.008
PE‑“D” allele versus “I” allele 2.112 1.65‑3.85 < 0.01
GH‑ID versus II 1.6 0.58‑4.41 < 0.25
GH‑II versus ID 0.625 0.22‑1.72 < 0.257
GH‑“I” allele versus “D” allele 0.782 0.44‑1.44 < 0.265
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Table 4: Demographic and baseline clinical characteristics of PE and GH patients and controls

Clinical 
category

Genotype Number of 
patients

Response to antihypertensive drugs

Nifedipine (10 mg b i d) Nifedipine (10 mg b i d) + methyldopa  
(250 mg b i d)

Methyldopa (250 mg b i d)

PE DD
ID
II

05
33
12

‑
03 (09)
12 (100)

5 (100)
30 (91)
‑

‑
‑
‑

Gestational 
hypertensio

DD
ID

2
18

1 (50)
9 (50)

1 (50)
6 (33.33)

‑
3 (16.66)

N II 15 10 (66.66) ‑ 5 (33.33)


