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A B S T R A C T

Objectives: SNP rs2200733 located near PITX2 gene is associated with the risk of atrial fibrillation. Preeclamptic
women are at increased risk of developing cardiovascular disease like atrial fibrillation. Whether this translates
into an association between SNP rs2200733 and preeclampsia is not known. Therefore, we determined the
association of SNP rs2200733 (C/T) with the risk of preeclampsia.
Study design: A hospital based prospective case-control study involving 585 pregnant women of whom 285 were
preeclamptic and 300 were normotensive. SNP rs2200733 was genotyped by PCR-RFLP method.
Main outcome measures: Statistical significance of the difference in the minor allele frequency between case and
control groups was determined by Fisher’s exact test.
Results: Minor allele frequency was 21.4% among preeclamptic pregnant women and 13.7% among normo-
tensive pregnant women (P=0.00064; odds ratio= 1.72 (0.95 CI: 1.23–2.41). The measures of association
were heterogeneous when compared after categorisation of the preeclamptic group into clinical sub-groups. The
association was not significant with the eclampsia sub-group (P=0.39) but relatively higher with the sub-group
not superimposed by eclampsia (P=0.0000048; odds ratio= 2.10 [0.95CI: 1.50–2.92]). Furthermore, the as-
sociation was relatively higher with the sub-group involving intrauterine growth retardation and intrauterine
death (P=0.00017; odds ratio= 2.89 (0.95CI: 1.65–4.94)].
Conclusions: Minor allele of SNP rs2200733 is associated with the risk of preeclampsia. SNP rs220073 may
represent a common risk factor that predispose women to develop both preeclampsia during pregnancy and
cardiovascular disease later on.

1. Introduction

Preeclampsia (PE) is a multifactorial condition with a genetic
component. Contribution of genetic factors to the development of PE is
supported by twin and familial aggregation studies. Heritability of PE is
estimated to be about 0.54 [1]. An expanding body of evidence shows
that women who develop PE are at increased risk of cardiovascular
disease (CVD) and cerebrovascular events 10–15 years later in their life
[2,3]. A meta-analysis of 43 studies found that women with a history of
pre-eclampsia are at significantly increased odds of fatal or diagnosed
CVD (odds ratio= 2.28) and cerebrovascular disease (odds
ratio= 1.76) [4]. In addition, the children borne by women who de-
velop PE are at two-fold higher risk of stroke in the adulthood [5]. At
present, the mechanistic basis for the link between PE and CVD is not

clear. PE either induces physiological events that later manifest as CVD
or the two disorders share common risk factors. Epidemiological evi-
dence point towards shared risk factors as the putative link between the
conditions. For instance, risk factors such as obesity, hyperlipidaemia,
hypertension, and insulin resistance, are shared by PE as well as CVD
[6,7]. Furthermore, PE and CVD share a common mode of pathogenesis
in the involvement of endothelial dysfunction and inflammation [8].
The presence of common risk factors have led to the hypothesis that
maternal constitution, in the form of predisposition to vascular and
metabolic disease, forms the basis for both PE and the subsequent risk
of CVD rather than PE as the direct cause for subsequent onset of CVD
[9]. The shared risk factor hypothesis has encouraged the search for
genetic determinants common to both CVD and PE. Previous studies
have noticed that CVD associated genetic variants occur at
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comparatively higher frequency in pre-eclamptic women [10,11]. Some
of genetic variants shared by CVD and PE are rs2322659 in lactase gene
(LCT), rs35821928 in low density lipoprotein receptor-related protein
1B gene (LRP1B), rs115015150 in rho family GTPase 3 gene (RND3)
and rs17783344 in grancalcin gene (GCA) [10,11].

Large population based studies have reported up to 61% relative
increase in the risk of CVD in women with a history of placental syn-
drome [12]. The common CVDs observed in these women are, in the
order of incidence, heart failure, atrial dysrhythmia and ventricular
dysrhythmia. The epidemiological connection between PE and atrial
dysrhythmia encouraged us to search for genetic variants that may be
shared by the two conditions. We found that the single nucleotide
polymorphism (SNP), rs2200733, is well established with the risk of
developing atrial fibrillation and ischemic stroke [13–15]. SNP
rs2200733 is located 150 kb upstream of PITX2 (paired-like home-
odomain 2) gene that codes for a transcription factor. Atrial fibrillation
is one of the common forms of dysrhythmias seen in clinical practice
[16]. Therefore, we formulated the hypothesis that SNP rs2200733 may
be associated with the risk of developing PE and undertook this study to
test it.

2. Material and methods

2.1. Study design

A prospective case-control design was adopted for the study. A total
of 285 preeclamptic and 300 normotensive pregnant women were en-
rolled in the study. Participants were enrolled from the Department of
Obstetrics and Gynaecology, R. L. Jalappa Hospital and Research
Centre, Kolar, Karnataka, India. The study was approved by the
Institutional Ethics Committee of Sri Devaraj Urs Medical College,
Kolar, India. Informed consent was obtained from each participant
before enrolment. PE was diagnosed in pregnant women following the
criteria of The American College of Obstetricians and Gynaecologists
[17]. Normotensive pregnant women who had no complication till
delivery and no history of hypertension were included as control. SNP
rs2200733 was genotyped in both the groups and subjected to statis-
tical analysis to measure its association with PE.

2.2. Patient selection

Women were diagnosed with preeclampsia on the basis of the fol-
lowing criteria: (i) new onset hypertension (two readings of systolic
blood pressure ≥140mm Hg or diastolic blood pressure ≥90mm Hg
measured 4 h apart while the patient is on bed rest (ii) ≥20 weeks of
gestation (iii) new onset proteinuria (> 300mg protein for 24 h of
urine or +1 on dipstick) (iv) in the absence of proteinuria, other
symptoms like Hemolysis Elevated Liver Low Platelet syndrome,
edema, thrombocytopenia, impaired liver function, new-onset cerebral
or visual disturbances and renal insufficiency (in the absence of other
renal disease) nausea, severe headache and convulsions [17]. Inclusion
criteria were: (i) pregnant women with preeclampsia, (ii) superimposed
eclampsia, (iii) singleton and multiple gestation and, (iv) primigravida
and multigravida condition. Exclusion criteria were: (i) pregnant
women with chronic hypertension and (ii) co-morbidities such as dia-
betes mellitus, epilepsy, respiratory diseases, and heart diseases.

2.3. Genotyping SNP rs2200733

Blood sample leftover from routine haematology analysis was used
to isolate genomic DNA by salting out method [18]. DNA purity was
determined by UV spectrophotometry (Perkin Elmer model Lambda 35,
Waltham, USA). PCR was set-up with the primers: 5′ AGT AAT TCT GCC
TTG GTG GTA CTT G 3′ and 5′CGG TTA GAA TCT CAC ACT GTG AAT G
3′. 20 µl reaction mixture included 1X assay buffer, 100 ng genomic
DNA, 0.2 mM dNTP, 10 pmol of each primer, 1.5mM MgCl2 and 1 unit

Taq DNA polymerase (Bangalore Genei, Bengaluru, India). The program
comprised of an initial denaturation at 95 °C for 3 mins followed by 40
cycles at 95 °C for 30 sec, 65 °C for 30 sec and 72 °C for 1min; final
extension involved 10 mins at 72 °C. The PCR product was analysed on
2% agarose gel. The 187 bp amplicon was subjected to restriction di-
gestion with 5 units of BclI (New England BioLabs, Ipswich, USA) at
50 °C for 16 h and analysed on 3% agarose gel with ethidium bromide
staining (Supplemental Fig. 1). T allele was visible as an uncut 187 bp
fragment while the C allele is cleaved to produce a 150 and 37 bp
fragments. The 37 bp fragment was not visible on the gel due to its
small size; however, this does not affect genotype calling.

2.4. Statistical analysis

Statistical analysis was done using the Openepi web-tool [19]. Dif-
ferences in allele frequencies and genotype distribution between groups
were compared by calculating P-value from Fisher’s exact test. Additive
genetic model was tested by means of extended Mantel Haenszel Chi
Square for linear trend with a P-value for one degree of freedom. P-
value less than 0.05 was considered as significant. The study population
was tested for conformity to Hardy-Weinberg Equilibrium using the
web-tool ‘Simple Hardy-Weinberg Calculator’ [20].

3. Results

Clinical parameters of the study groups are given in Table 1.
Eclampsia was the most common co-morbidity seen among the patients,
followed by fetal complications in the form of intrauterine growth re-
tardation (IUGR) or intrauterine death (IUD).

The distribution of genotypes and alleles of SNP rs2200733 among
preeclamptic and normotensive pregnancies is shown in Table 2. Gen-
otype distribution in the control group was in agreement with Hardy-
Weinberg equilibrium (χ2= 3.1). TT genotype was relatively more
common among preeclamptic pregnant women (4.2%) than among
normotensive pregnant women (0.7%). The difference in the distribu-
tion of genotypes between the two groups was statistically significant
(P=0.00084). Difference between the groups was also observed at the

Table 1
Clinical profile of the study groups.

Parameter Preeclamptic
pregnant women
(n= 285)

Normotensive
pregnant women
(n= 300)

Age (years) 25.0 ± 3.6 24.5 ± 3.3

Gravida
Primigravida 154 (54.03%) 121 (40.33%)
Multigravida 131 (45.96%) 179 (59.66%)

Gestation (weeks) 34.5 ± 4.0 38.0 ± 2.0

Severity
Mild 118 (41.40%) NA
Severe 167 (58.59%)

Blood Pressure (mmHg) Mild PE Severe PE

Systolic Blood Pressure 137.9 ± 12.0 164.2 ± 21.0 120.5 ± 10.0
Diastolic Blood Pressure 89.0 ± 9.0 111.2 ± 12.0 78.8 ± 82.0

Dipstick proteinuria
1 + 164 (57.5%) NA
2+ 72 (25.3%)
3+ 49 (17.2%)

Comorbidity
Eclampsia 59 (20.7%) NA
IUGR/IUD 38 (13.3%)
HELLP Syndrome 8 (2.8%)

NA: Not Applicable.
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level of allele. Frequency of the T allele was higher among preeclamptic
pregnant women (21.4%) than among normotensive pregnant women
(13.7%). The difference in the allele distribution between the groups
was statistically significant [P=0.00064; odds ratio 1.72 (0.95 CI:
1.25–2.37)]. Table 3 shows the statistical evaluation of the genotypes in
dominant, recessive, additive and over-dominant genetic models.
Lowest P-value was observed in the case of additive genetic model; odds
ratio for the T allele in heterozygous and homozygous genotypes were
1.58 and 7.54 respectively.

We undertook statistical analysis after categorisation of the genetic
data into clinical sub-groups. The results of the analyses are sum-
marised in Table 4. The overall PE group was categorised with respect
to the involvement of eclampsia and analysed for association. There
was no significant association between SNP rs2200733 and PE super-
imposed by eclampsia (P > 0.05). The association did not change even
upon considering the genotypes in the additive genetic model. In con-
trast, PE sub-group without superimposed eclampsia showed significant
association at both genotype and allele levels; in addition, the P-value
of this subgroup reduced by an order of 2 in comparison to that of the
overall PE group. The data was also categorised with respect to severity;
significant association was found with both mild and severe forms. We
also categorised the overall PE group with respect to the fetal outcomes
namely IUGR and IUD; significant association was observed at both
genotype and allele levels and the odds ratio increased by a factor of 1.7
in comparison to the overall PE group.

4. Comment

The results of this study show that SNP rs2200733 is associated with
the risk of PE. Furthermore, our results show that the association is not
uniform across clinical subgroups but dependant on the involvement of
eclampsia and foetal complications. Bioinformatics analysis has shown
that PE represents a collection of several distinct phenotypes, with both
unique and overlapping genetic contributions [21]. Also, the genes that
are significantly associated with PE appear to segregate with respect to
severity and co-morbidities like eclampsia and IUGR. Our observation
of heterogeneity in the odds ratio across PE subgroups is in agreement
with the bioinformatics analysis. The odds ratio for the risk of IUGR and
IUD was 1.7 times higher compared to that for the overall PE group.
Increase in the odds ratio agrees with the previous observation that the
future risk of CVD is comparatively higher in the case of PE complicated
by IUGR and IUD [12].

We chose SNP rs2200733 since it is well associated with the risk of
atrial fibrillation and stroke [22–25]. Atrial fibrillation is the most
common form of atrial dysrhythmia, a CVD that is frequently seen
women with a history of PE [12,16]. Positive association between SNP
rs2200733 and atrial fibrillation has been observed in Caucasian and
Mongoloid populations and replicated in cohorts like Framingham
Heart Study, Rotterdam Study, Vanderbilt Atrial Fibrillation Registry
and German Atrial Fibrillation Network [24–28]. SNP rs2200733 is
associated with stroke in the Indian population (where the current
study is based) [29]. Meta-analysis comprising of 10,546 cases of atrial
fibrillation and 72,789 reference individuals without atrial fibrillation
has confirmed the association [P < 0.001; OR 1.89 (95% CI:
1.62–2.16] [22].

SNP rs2200733 is located 150 kb upstream of PITX2 gene at chro-
mosomal locus 4q25. PITX2 gene plays an important role in embryonic
development particularly in the development of left–right symmetry of
the heart [30]. Expression of PITX2 gene has been observed in human
and mouse left atria [31]. Deletion of PITX2 gene in mice results in the
development of atrial arrhythmia upon programmed stimulation and
also reduced expression of cardiac sodium and potassium channels
[32,33]. The potential involvement of PITX2 gene variants in the risk of
atrial fibrillation is supported by the observation of strong association
in a meta-analysis of several GWAS studies [34]. Reduced expression of
PITX2 gene in patients with sustained atrial fibrillation is considered as
an evidence for a potential molecular link between PITX2 gene loss-of-
function and atrial fibrillation [35].

In addition to the myocardium, expression of PITX2 protein has also
been observed in the human placenta [36,37]. However, the role of
PITX2 protein in the placenta is not clear. PITX2 gene is involved in the
cross-regulation of another CVD associated gene viz., ZFHX3 [38]. Both
PITX2 and ZFHX3 proteins are involved in the regulation of NPPA gene,
which codes for atrial natriuretic peptide, a cardiac hormone with vaso-
regulatory function [38]. Interestingly, NPPA gene is expressed in the
placenta in addition to atrial myocytes [39]. Furthermore, reduction in
the levels of placenta-derived atrial natriuretic peptide has been shown
to play a role in the impairment of spiral artery remodelling, a cardinal
pathophysiological event seen in PE.

Replication studies in other ethnic populations and their meta-

Table 2
Distribution profile of rs2200733 SNP genotypes and alleles in the study groups.

Genotype/Allele Preeclamptic pregnant women
(n= 285)

Normotensive pregnant women
(n= 300)

P-value*

CC 175 220 0.00084
CT 98 78
TT 12 2
C 448 518 0.00064 [OR: 1.72 (0.95 CI: 1.25 – 2.37)]
T 122 82

* Chi-squared test (Fisher’s exact).

Table 3
Evaluation of the association between rs2200733 SNP and the risk of PE under
different genetic models.

Model Genotype P-value*

Dominant CT+TT vs. CC 0.0013
Recessive TT vs. CT+CC 0.012
Additive TT > CT > CC 0.0005
Over-dominant CT vs. CC+TT 0.017

* Chi-squared test (Fisher’s exact) for dominant, recessive and over-domi-
nant models; Cochran-Armitage trend test for additive model.

Table 4
Evaluation of the association between T allele of rs2200733 SNP and clinical
sub-groups of PE.

PE sub-group Odds Ratio (0.95 CI)* P-value§

PEOverall# 1.72 (1.23–2.41) 0.00064
PE Eclampsia (+) 1.28 (0.73–2.16) 0.39
PE Eclampsia (−) 2.10 (1.50–2.92) 0.0000048
PE IUGR/IUD 2.89 (1.65–4.94) 0.00017
PE Mild 1.62 (1.12–2.34) 0.0091
PE Severe 1.73 (1.14–2.60) 0.0094

* Odds ratio represents comparison of the frequencies of rs2200733 SNP T
allele in PE sub-groups with the frequency in normotensive pregnant women.
Confidence interval is abbreviated as CI.

# Preeclamptic Pregnant Women.
§ Chi-squared test (Fisher’s exact).
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analysisis necessary to evaluate whether the association observed in
this study is a population specific or global phenomenon. Furthermore,
evaluation of PITX2 protein expression in the placental tissue from
preeclamptic and normotensive pregnant women is warranted in order
to understand the impact of SNP rs2200733 at the level of gene reg-
ulation.
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