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ABSTRACT

Objectives: This study aimed to investigate the genetic association between MTHFR (A1298C) SNP

and preeclampsia (PE) in Punjab, Pakistan.

Methods: A sample of 80 pregnant women (40 healthy pregnant women and 40 with PE) was
pooled for genotyping MTHFR A1298C polymorphism by using the tetra-primer amplification
refractory mutation system (ARMS) PCR. The Genotypic and allelic assessments were performed

using various statistical techniques.
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Results: The AC genotype and C allele of MTHFR A1298C were found to be associated with
decreased risk of PE (odds ratio [OR]: 0.31, risk ratio [RR]: 0.58, p =0.01), and (odds ratio [OR]: 0.49,

risk ratio [RR]: 0.61, p = 0.04), respectively.

Conclusion: In conclusion, genetic polymorphism A1298C in MTHFR may pose a protective effect

in the studied population.

Introduction

Preeclampsia (PE) represents a major cause of
materno-fetal morbidity and mortality and is estimated
to complicate almost 2-8% of all pregnancies (1). The
WHO reported seven times higher figures in develop-
ing countries than developed countries; especially in
Asian regions where 9.1% of maternal deaths are due
to gestational hypertensive disorders (2,3). Perinatal
mortality in developed countries remains five times
higher for women experiencing preeclampsia than non-
preeclamptic women, where 15% of preterm births are
due to preeclampsia; however, maternal mortality has
been greatly reduced by antenatal care and risk man-
agement (4). Pakistan reports that it has the third high-
est burden of maternal, fetal and child mortality, with
one-third of maternal deaths specifically attributed to
PE. Another study reports the incidence of PE in
Pakistan to be 19% (4). Similar trends can also be
cited in its neighboring South Asian countries, the
prevalence of PE in India, for instance, is 2-15%,
14.4% in Bangladesh, 2.07% in China, 1.19% in Japan,
2.22% in Thailand, and 0.59% in Nepal (5).

PE is characterized by elevated levels of blood
pressure (>140 mmHg/90 mmHg) and increased
urine protein (300 mg/dl 24 h) in formerly normoten-
sive women post-second trimester (6). The malady is
multifactorial and thus the exact mechanism remains

to be fully elucidated; however, a strong implication
is linked with physiological and biochemical changes
in placental metabolism. In the diseased state, the
trophoblasts cease to invade effectively in the uterine
wall, thus leading to defective remodeling of spiral
arteries and obstructing the blood flow and oxygen
supply to the placenta. This results in the release of
cascades of factors posing ischemic symptoms and
placental dysfunction (7,8).

There are many non-modifiable and modifiable risk
factors for preeclampsia. Non-modifiable risk factors
include advanced age, nulliparity, multi-pregnancy,
family history, ethnic background, and preexisting con-
ditions, such as diabetes, chronic hypertension, and
other ailments (9-13). Obesity, the interval between
pregnancies and nutrient status are among modifiable
risk factors (14,15). Additionally, the prominent focus
has been on genetic studies as the outcome of the
disease has been strongly linked with the familial pre-
disposition of genetic variants (16). The study has taken
the Methylenetetrahydrofolate reductase (MTHFR)
gene into account, which plays a central role in folate-
mediated pathway.

The MTHFR enzyme is crucial in the removal of the
excess buildup of homocysteine levels generated inter-
mediately in the folate-mediated one-carbon metabo-
lism (FOCM) pathway (17). However, its genetic
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alteration impairs the enzymatic function and perturbs
the homocysteine metabolism leading to PE. Several
studies have shown elevated levels of plasma homocys-
teine in women experiencing preeclampsia and
a striking severity of the disease (18,19).

The base transition of adenine to cytosine at residue
1298 results in an amino acid substitution of glutamic
acid to alanine at the C terminus of the MTHFR
enzyme and thus is reported to be the cause of repres-
sive enzymatic activity (20,21).

The MTHFR (A1298C) variant shows a difference in
the prevalence of its allelic distribution among different
populations and ethnicities. Its association with pree-
clampsia has been studied in Asians, Caucasians,
Africans, and Americans where it correlated well with
the Asian and Caucasian populations (5,21,22).
Furthermore, MTHFR A1298C polymorphism has
been earlier associated with PE among the Pakistani
population, where the majority of cohorts were made
up of participants from the Sindhi population (22). As
there is a significant role of ethnicity and geography in
the outcome of the disease, therefore, the study aims to
explore the genotypic and allelic distributions of the
MTHFR (A1298C) gene and its association with sus-
ceptibility to preeclampsia in Punjab, Pakistan. The role
of the MTHEFR has globally been well established for the
disease, but meager reports from the Punjabi genetic
pool of Pakistan make it a novel finding of its kind.

Materials and methods
Ethical statement

The study was approved by the Institutional Review
Board of the Services Institute of Medical Sciences
(SIMS), Ref No. (IRB/2021/812/SIMS). All the women
who participated in the study were consented before
the initiation of the study.

Selection of SNP and study design

The study design was a case control, involving 80
pregnant females, equally grouped as preeclamptic
and normotensive. The patient samples were recruited
from the tertiary care unit of the gynecology depart-
ment of SIMS hospital, while the control subjects were
those seeking routine antenatal care.

The inclusion criteria for the cases included
a gestational period of >20 weeks and the presentation
of blood pressure >140/90 mmHg, along with protei-
nuria of 0.3 g or more in a 24-hour urine collection.
Patients suffering from conditions like HELLP syn-
drome, diabetes, fetal abnormalities, and kidney and

autoimmune diseases were excluded from the study.
Similarly, normotensive pregnant women were selected
on similar anthropometric and gestational status, but
did not show any symptoms of preeclampsia or its
associated conditions.

Data collection

Information from each participant was obtained by
conducting interviews and thoroughly checking medi-
cal records. A questionnaire was designed for this pur-
pose, which included socio-demographic
characteristics, personal and family history of pree-
clampsia, as well as BMI, blood pressure, and protei-
nuria levels.

DNA extraction

Peripheral blood samples (2-3 ml) were collected from
each participant, transferred to EDTA vacationers, and
stored at —20°C until further use. The stored EDTA-
treated blood samples were then used to extract geno-
mic DNA by the conventional phenol-chloroform
method (23) and resuspended in TE buffer. All DNA
samples were subsequently stored at—20°C. The DNA
concentration was further quantified for PCR analysis
using a nanodrop spectrophotometer (Bio-Rad) at a
concentration of 50ng/dl.

Genotyping

The primers used for ARMS PCR were taken from
previously reported literature and were optimized for
this study (22). The desired fragments were amplified
by PCR (Bio-Rad, Model no. T100 thermal cycler)
using A-Forward (5- TGTGGGGGGAGGAGCTG-
ACCAGTGAGGA-3") and Reverse outer (5'-
TACCCTTCTCCCTTTGCCATGTCCACAG-3')  pri-
mer pairs, which specifically amplified the A allele
with a product size of 230 bp. The C-Reverse (5'-
GGTAAAGAACGAAGACTTCAAAGACACCTG-3")

and Forward outer primers were used to specifically
amplify the C allele with a product size of 316 bp.
A 488 bp internal control was amplified using forward
outer and reverse outer primers. The PCR amplification
system was performed in a 20 pl volume, including
3.75ul ultrapure water, 1pl primers (10 pM), 10ul
PCR master mix (2x) (Thermo Scientific), 0.25 pl Taq
polymerase (5U/pl) (Thermo Scientific) and 2 ul tem-
plate DNA. The PCR conditions for detection of
A1298C polymorphism were as follows: an initial dena-
turation at 95°C for 5 min, 35 cycles of denaturation at
94°C for 30 s, annealing at 60°C for 45 s, extension at



65°C for 2 min, and final extension at 72°C for 10 min.
The amplicons were electrophoresed with a 50 bp lad-
der (Fermentas) on a 2% agarose gel stained with
ethidium bromide at 120 V for 1 hr, followed by visua-
lization under UV light through a Gel documentation
system (Bio-Rad).

Statistical analysis

Student’s t-test and Chi-square test (x2) were used to
evaluate continuous and categorical variables, respec-
tively. The MTHFR polymorphisms were assessed for
deviation from Hardy-Weinberg equilibrium (HWE)
using the x2 test. The genotype and allele distributions
of MTHFR were compared among different groups
using Pearson’s x2 test. Moreover, the Chi-square test
(x2) was used to determine the risk of the disease
associated with each genotype. The binary logistic
regression method was used to estimate odds ratios
(OR) with corresponding 95% confidence intervals
(CI) to find the strength of association between each
genotype and PE. All ORs were adjusted by considering
age, body mass index, gestational age, parity, gravidity,
and family history as confounding factors. To analyze
the distribution of genotypes according to the clinical
and demographic characteristics of both groups,
ANOVA was used for continuous variables, whereas
the x2 test was applied for categorical data with regres-
sion analysis. We have also analyzed the association
between different clinical and demographic variables
using the Pearson correlation coefficient. A p-value of
less than 0.05 was considered to be statistically signifi-
cant. All of the statistical analyses were performed in
the Statistical Package for Social Sciences (SPSS, ver-
sion 17.0).

Results
Characteristics of subjects

A total of 40 healthy pregnant women (controls) and 40
women experiencing preeclampsia (cases) were recruited
for this study. All of the controls and cases were from
the Punjab population. The demographic and clinical
characteristics of the overall population of cases and
controls, including age, body mass index, systolic blood
pressure (SBP), diastolic blood pressure (DBP), protei-
nuria (PU), parity, gravidity, family history, edema,
headache, seizures, epigastric pain, and abortion were
shown in Table 1. The studied population showed
a significant increase in BMI (p<0.001), SBP (p<
0.001), DBP (p<0.001), and PU (p<0.001) in pree-
clamptic women as compared to controls. Patients with
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PE showed a higher prevalence of edema (p <0.001),
headache (p <0.001), epigastric pain (p=0.012), and
abortion (p=0.05) than the asymptomatic controls.
Age (p=0.809), gestational age (p=0.175), prevalence
of parity (p=0.38), gravidity (p=0.46), family history
(p=0.48), and seizures (p =0.116) showed an equal dis-
tribution between cases and controls suggesting that
these variables were matched.

Correlation between demographic and clinical
parameters

Correlation coefficients between different demographic
and clinical parameters among controls and preeclamp-
tic women were analyzed (supplementary table S1). SBP
and DBP had a significant positive correlation with
proteinuria among the preeclampsia group, with corre-
lation coefficients of 0.358(p =0.02*) and 0.532(p =
0.000**), respectively. . However, no such correlation
was observed among the control group (p > 0.05) (sup-
plementary table SI).

Supplementary table S2 presents the correlation
coefficient between different studied parameters
according to the individual’s genotype. In both the
AA and CC genotypes of the preeclampsia group,
a significantly positive correlation was found between
and SBP and proteinuria, as well as DBP and protei-
nuria. However, for the AC genotype, the correlation
between blood pressure and proteinuria was not
obtained.

Genotype and allele frequencies of the studied
population

The distribution of genotypes and allele frequencies of
MTHFR A1298C polymorphism in case and control
groups are presented in Table 2. In the control group,
the frequency of AA, AC and CC genotypes was 12
(30%), 25 (62.5%) and 3 (7.5%), respectively, whereas,
in the patient group, it was 23 (57.5%), 15 (37.5%), and
2 (5%), respectively. The A allele frequency was 49
(61.3%) and 61 (76.3%) for the control and preeclamp-
sia patients, respectively. The C allele frequency was 31
(38.8%) in controls and 19 (23.8%) in preeclampsia
patients. A significant difference in genotypic and alle-
lic frequencies was observed between both groups.
According to the dominant model, the genotypic dis-
tribution was significant in both study groups. The
distribution of MTHFR genotypes in the overall popu-
lation was in accordance with HWE. The data indicate
a lower prevalence of MTHFR 1298AC heterozygote
genotype in PE patients as compared to controls
(37.5% vs. 62.5%, x2=5.000, p=0.02). Similarly, in



4 (&) S.MAHMOOD ET AL.

Table 1. Comparison of demographic, anthropometric, and clinical parameters among

controls and patients.

Control group

Preeclampsia group

Parameter (n =40) (n=40) P- value
Age (years) 29.73 £2.76 29.95+5.16 0.809
BMI (kg/mz) 25321224 35.00£9.75 <0.001**
GA (weeks) 3413 £3.267 33+3.74 0.175
SBP (mm Hg) 1185 £ 3.61 154 £21.82 <0.001**
DBP (mm Hg) 79.75£6.19 98.73+£9.38 <0.001**
PU (mg/dI) 9.78 £ 2.587 212.88 + 284.476 <0.001**
Parity

nulliparous 13 (32.5) 16 (40) 0.38
primparous 20 (50) 14 (35)

multiparous 7 (17.5) 10 (25)

Gravidity

primigravida 10 (25) 13 (32.5) 0.46
multigravida 30 (75) 27 (67.5)

Family History

No 27 (67.5) 24 (60) 0.48
Yes 13 (32.5) 16 (40)

Edema

No 4 (10%) 2 (5%) <0.001**
Moderate 32 (80%) 6 15%)

Extreme 4 (10%) 32 (80%)

Headache

No 35 (87.5%) 3(7.5) <0.001**
Yes 5 (12.5%) 37 (92.5)

Seizures

No 40 (100%) 36 (90%) 0.116
Yes 0 (0%) 4 (10%)

Epigastric pain

No 40 (100%) 33 (82.5) 0.012%
Yes 0 (0%) 7(17.5)

Abortion

No 35 (87.5) 28 (70) 0.05*
Yes 5(12.5) 12 (30)

Data is represented as Meanz SD for continuous variables and no. (%) for categorical variables. P- values
for continuous variables were calculated using independent t-test or Mann-Whitney U test, and for
categorical variables using Chi- square test or Fisher's exact test depending on the data distribution.

BMI; body mass index, GA; gestational age, SBP; systolic blood pressure, DBP; diastolic blood pressure,

PU; proteinuria.
*Significant at the level of 0.05.
**Highly significant at the level of 0.01.

the dominant model, the frequency of the combined
genotype (AC+CC) in the patient group was also
reported to be lower than in the control (42.5% vs.
70%, x2=6.146, p=0.01). The C allele had
a markedly lower prevalence in the PE group as com-
pared to controls (23.8% vs. 38.8%, x2=4.189, p
=0.04).

Relationship between A1298C MTHFR
polymorphism and preeclampsia risk

Tables 2 and 3 further outline the effects of MTHFR
A1298C on the risk of developing preeclampsia.
Genotypic analysis revealed a significant association
between the polymorphism and the reduced susceptibility
toward PE in the co-dominant, AC vs. AA genetic model
(OR =0.31, 95% CI: 0.12-0.80, p=0.01) (RR=0.58, 95%
CI =0.12-0.80, p=0.01), and the dominant genetic model
(OR=0.31, 95% CI: 0.12-0.79, p = 0.01) (RR =0.60, 95%
CI=0.40-0.91 p=0.01). Furthermore, the C allele

conferred a decreased risk for developing the disease as
compared to the A allele (OR = 0.49, 95% CI: 0.24-0.97, p
=0.04) (RR = 0.61, 95% CI: 0.37-0.99, p = 0.04).

The protective effect of A1298C polymorphism
remained constant for the disease while keeping the
confounding factors such as age, BMI, gestational age,
parity, gravidity, and family history adjusted. The asso-
ciation was significant for the codominant model, AC
vs. AA genetic model (AOR=0.19, 95% CI: 0.04-0.87;
adjusted p=0.03), and the dominant genetic model
(AOR=0.18, 95% CI: 0.04-0.79; adjusted p=0.02).
However, the association was not significant for C vs.
A allele (AOR=0.42, 95% CI: 0.16-1.14, adjusted p
=0.09).

Analysis of genotype-phenotype association

The genotypic and phenotypic characteristics of the
patient group are presented in Table 4. Patients with AA
genotype had a higher SBP (164.7 +23.04 vs.152.6 + 20.86
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Table 2. Distribution of genotypic and allelic frequencies for MTHFR A1298C polymorphism in the studied population and

association for preeclampsia.

Control group Preeclampsia group Adjusted
Genotypes N (%) N (%) X p® -value OR (95% Cl) p° -value OR (95% CI)° pc - value
A1298C genotype
Codominant model
AA 12 (30) 23 (57.5) — 1.007f 1.007¢f
AC 25 (62.5) 15 (37.5) 5.000 0.02* 0.31 (0.12-0.80) 0.01* 0.19 (0.04-0.87) 0.03*
cC 3 (7.5 2 (5) 0.213 0.644 0.34 (0.05-2.37) 0.28 0.14 (0.006-3.44) 0.23
Dominant model
AA 12 (30) 23 (57.5) — 1.007f 1.007¢f
AC+CC 28 (70) 17 (42.5) 6.146 0.01* 0.31 (0.12-0.79) 0.01* 0.18 (0.04-0.79) 0.02*
Recessive model
AA+AC 37 (92.5) 38 (95) — 1.00"f 1.00"f
cC 3 (7.5 2 (5) 0.213 0.644 0.64 (0.10-4.11) 0.64 0.40 (0.02-6.26) 0.52
Overdominant model
AA+CC 16 (40) 24 (60) — 1.00"f 1.00"f
AC 24 (60) 16 (40) 3.200 0.074 0.44 (0.18-1.08) 0.07 0.39 (0.10-1.51) 0.17
Alleles
A allele 49 (61.3) 61(76.3) — 1.00"f 1.00"f
C allele 31 (38.8) 19 (23.8) 4.189 0.04* 0.49 (0.24-0.97) 0.04* 0.42 (0.16-1.142) 0.09
HWE P 0.34

N= number of individuals. % Frequency is shown in parentheses. Differences in the genotype and allele frequencies of MTHFR polymorphism between control
and preeclampsia patients were compared using the x2 test. Odds ratios (OR) with a 95% confidence interval (95% Cl) were calculated using logistic
regression. Odds ratios are adjusted as OR (95% CI)? with other co-variates (Age, BMI, gestational age, parity, gravidity, and family history). p? —value (Chi-
square p -value); p® —value (odds ratio p-value) and p¢ -value(Odd ratio p-value after adjustment with other co-variates), HWE; Hardy-Weinberg Equilibrium.

*Significant at the level of 0.05.

Table 3. MTHFR A1298C polymorphism and risk assessment for preeclampsia.

Control group

Preeclampsia group

Genotypes N (%) N (%) RR (95% CI) P- value
A1298C genotype

Codominant model

AA 12 (30) 23 (57.5) 1.00"f

AC 25 (62.5) 15 (37.5) 0.58 (0.12-0.80) 0.01*
cC 3 (7.5) 2 (5) 0.40 (0.07-2.12) 0.28
Dominant model

AA 12 (30) 23 (57.5) 1.00"f

AC+CC 28 (70) 17 (42.5) 0.60 (0.40-0.91) 0.01*
Recessive model

AA+AC 37 (92.5) 38 (95) 1.00"f

CcC 3(7.5) 2 (5) 0.66 (0.11-3.77) 0.64
Over dominant model

AA+CC 16 (40) 4 (60) 1.00"f

AC 24 (60) 16 (40) 0.66 (0.42-1.05) 0.07
Alleles

A allele 49 (61.3) 61 (76.3) 1.007f

C allele 31 (38.8) 19 (23.8) 0.61 (0.37-0.99) 0.04*

N= number of individuals. % Frequency is shown in parentheses. Differences in the genotype and allele frequencies of MTHFR
polymorphism between control and preeclampsia patients were compared using the x2 test. Similarly, Risk ratios (RR) with 95%
confidence interval (95% Cl) and P- values were calculated using the x2 test.

*Significant at the level of 0.05.

or vs. 135 + 7.07; p=0.03) and proteinuria than AC or CC
genotypes. However, age, BMI, gestational age, and DBP
showed no significant differences among these genotypes
(p>0.05). Binary Logistic regression was performed for
categorical variables, and the AA genotype depicted
a stronger familial association with the occurrence of the
disease, while the remaining variables showed no signifi-
cant distribution among all three genotypes. Among the
control group, there was an insignificant distribution of all
the studied variables among all three genotypes, except for
SBP (supplementary table S3).

Discussion

The study assessed the genetic variation in the gene of
MTHEFR and further evaluated the modulatory effect of
other socio-demographic factors in the etiology of the
disease. The main finding of the current study reflects
the protective role of the MTHFR (A1298C) SNP in the
population.

Although many studies have elucidated the mechan-
isms of PE, the cause of the disease still remains a
dilemma. Identification of the candidate genes for PE
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could substantially evaluate the mechanistic ways by
which the disease progressed and may indicate the
risk for the development of the disease in the future.
Hence, treatment and prevention of the disorder can be
personalized and tailored according to an individual’s
genetic profile. The MTHFR gene has received much
attention in various physiological studies because of its
contribution to a major metabolic pathway called
folate-mediated one carbon metabolism (FOCM). The
MTHER enzyme is central to this pathway and plays a
critical role in converting homocysteine to methionine,
which otherwise gets accumulated and affects the other
physiological functions. The reason for the accumula-
tion of this toxic metabolite can potentially be a less
functional MTHFR enzyme due to the presence of
polymorphism in the gene (24). Many studies have
reported an association between this polymorphism
and hypertensive disorders (25-27).

Based on the observed genotypic and allelic frequen-
cies in our population, it can be explicitly said that the
AC genotype is prevalent among the control popula-
tion, while the AA genotype has higher a frequency
among cases. Overall, the A allele is more strongly
associated with the PE group , while, the C allele is
more frequently observed in the healthy group.
A Chinese study has explained that the healthy indivi-
duals from southernChina have a higher incidence of
the 1298CC genotype and 1298 C allele, with a decreas-
ing trend observed from the southern to the northern
population of China (28). Another study on a healthy
population in east and south India reported a preva-
lence of the 1298 C allele among the Dravidian-speak-
ing tribe (29). A different study indicated that the
healthy Lebanese population harbors the highest fre-
quency of the MTHFR AC genotype (30). These studies
highlight the unique genetic feature of various ethni-
cities that may have been shaped by various factors, for
example, mating patterns, migratory histories, ethnic
background, and environment.

Calculated odds and risk ratios for the present study
suggested the association of the AC genotype with
a decreased risk factor for PE. In fact, the AC genotype
had 31% fewer odds (OR =0.31, 95% CI: 0.12-0.80, p =
0.01), and 58% less risk (RR =0.58, 95% CI =0.12-0.80,
p=0.01) toward developing the diseased state. After
adjusting for confounding factors, it was predicted
that the AC genotype was 19% less likely to cause PE
(OR=0.19, 95% CI: 0.04-0.87; adjusted P =0.03). The
results were also significant in the dominant model
with 31% fewer odds (OR=0.31, 95% CI: 0.12-0.79,
p=0.01) and 60% less risk (RR=10.60, 95% CI: 0.40-
0.91, p=0.01) for the occurrence of PE. Similarly, for
the C allele, it was predicted that it has 49% fewer odds
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and 61% less risk for PE. These results suggest that the
AC genotype or the mutant C allele may act as an
independent protective factor against the disease
among the population of Punjab, Pakistan. Although
an independent study is warranted to evaluate the bio-
logical mechanism of this association, it is known that
the polymorphism is present in the SAM binding reg-
ulatory domain of an enzyme, and SAM inhibits
MTHEFR, preferably for methyl group biogenesis and
prevention of 5, 10-methylene-THF depletion (31). It is
then speculated that the SAM-insensitive MTHFR
directs the conversion of a single carbon unit to 5-
methyl-THF and hence methionine and SAM synthesis.
In the context of this mechanism, the A1298C poly-
morphism may prevent the accumulation of homocys-
teine and its related harmful effects that may lead to the
disease phenotype (32,33). Much attention has also
been attributed to the nutritional or folate status of
the women, which may counteract the reduction in
enzymatic activity (34).

Earlier studies from Egypt, Netherlands, Iran, and
Tunisia have reported no association of this poly-
morphism with PE (25,30-33,35,36). Comparatively,
other association studies have found that polymorph-
ism may increase the risk factor for PE (37-39). In line
with the present study, a previous study from Pakistan
found that the A1298C polymorphism decreases the
risk for PE (22). There are also studies that have sup-
ported the notion of MTHFR A1298 C polymorphism
acting as a protective factor against other diseases, such
as coronary artery disease and leukemia (40,41).
Conflicting results between different studies are con-
cluded because of differences in ethnicity and geogra-
phy. In addition, the discrepancy can also exist because
of methodological heterogeneity in terms of study
design, sample size, and demographic features.

Correlation analysis observed a linear trend between
blood pressure and proteinuria, which is due to the fact
that blood pressure disturbs the glomerular filtration
rate of kidneys, leading to an enhanced secretion of
proteins in urine (42).

Demographic characteristics, such as age and gesta-
tional age, showed no significant difference between the
cases and control. Stratified analyses of these phenotypes,
according to different genotypic groups, showed an insig-
nificant distribution (p>0.05), similar to a Pakistani
study (22). The mean BMI recorded at the time of pre-
sentation was found to be higher among cases than con-
trols, but the stratification according to genotype
precluded its significance. Nevertheless, the implication
of higher BMI as a causative role in the pathogenesis of PE
in our population cannot be ruled out. A study by
Beloglovkin et al. (43) suggests that low or normal BMI
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protects women from developing hypertension during
pregnancy. The mechanisms of the influence of obesity
on the higher risk of PE or gestational hypertension (GH)
are not fully understood; however, obesity in the mother
has been linked to insulin resistance, inflammation
(including in the placenta), and restriction of placental
blood flow. The increased inflammation and oxidative
stress associated with obesity may exacerbate the under-
lying disorder (44). Mean SBP, DBP, and proteinuria
levels were significantly higher among variants of the
case group as compared to control, which again is rea-
soned by the fact that MTHFR inactivation leads to higher
homocysteine levels and hence the mentioned clinical
characteristics are probable consequences of homocystei-
nemia (45). There exists a contrast between the results of
studies that explored the link between the MTHFR
A1298C genotype and homocysteine. Few studies have
found increased homocysteine levels with the mutant
genotype, and others reported no association. A study in
this regard described no association of this polymorphism
with homocysteine; however, it indicated that among
controls the genotype has a high methionine-to-homo-
cysteine ratio (46). Furthermore, case stratification
according to different phenotypic characteristics showed
that the AA genotype had a higher mean SBP and protei-
nuria as compared to other genotypes. A binary Logistic
regression has been performed for variables with cate-
gories (Table 4). Although the overall results depicted an
insignificant distribution, stratification according to indi-
vidual genotypes showed that preeclamptic women in our
sample population were less likely to constitute the pri-
miparous group as compared to the group of women with
nulliparity. Moreover, preeclamptic women in our popu-
lation were less likely to fall into the multigravida group in
both dominant and over-dominant models. On this sub-
ject, a study has shown that nulliparity becomes a risk
factor for preeclampsia, as nulliparous women have
a more anti- angiogenic state in the placenta (47). Lastly,
as positive family history is associated with PE (48) there-
fore history of the disease was also taken into account; it
was revealed that a positive family history may increase
the risk for the development of PE.

The study on a specific ethnic group allowed for
avoiding biases because of the ethnic differences. The
major limitation of the present study is a relatively
small sample size, which should be expanded in both
the case and control group with more genetic factors
from the same and different loci to develop an opti-
mized predictive model for the disease. Considering the
individual’s genetic background and demographic fea-
tures, the regulation of environmental, dietary, and
lifestyle risk factors may provide a better clue for per-
sonalized diagnosis and treatment measures. Further, in

silico and functional analyses also need to be conducted
to better understand the mechanism behind the linkage
between MTHFR A1298C polymorphism and
decreased susceptibility to PE.

Conclusion

Conclusively, our study indicates that the prevalence of
variation in the MTHFR gene (A1298C) is less common
in preeclamptic women as compared to the control
cases from Punjab, Pakistan. Investigations into the
genetic grounds of the disease revealed that the poly-
morphism in the MTHFR gene plays a preventive role
against the development of preeclampsia. Our study
establishes the need for investigating into the other
genetic variants of the gene toward developing an in-
depth understanding of the pathophysiological
mechanisms underpinning the development of pree-
clampsia and identifying the efficacious drug targets.
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