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ABSTRACT ARTICLE HISTORY
Background: Preeclampsia (PE) is one of the leading disorders in pregnant women with maternal Received 2 January 2023
and fetal complications. Obesity is considered an important risk factor for the development of PE. Accepted 12 April 2023

Genetic variations in fat mass and obesity associated (FTO) gene may play a role in the develop- KEYWORDS

ment of PE. This study aimed to investigate the possible association between FTO gene rs9939609 Preeclampsia; rs9939609;
and PE risk in a sample of Iranian pregnant women. genetic polymorphism; SNP;
Material and methods: In this case-control study, 312 pregnant women were included, including FTO

128 with PE and 184 without PE. Demographic data and blood samples were obtained from all

individuals. The genotyping of rs9939609 polymorphisms was performed by the tetra-primer

amplification refractory mutation system-polymerase chain reaction (TP-ARMS-PCR) method, and

the results of TP-ARMS-PCR were confirmed using DNA sequencing.

Results: The genotype frequency was 50%, 47.7%, and 2.3% in pregnant patients and 37%, 47.8%,

and 15.2% in healthy controls for TT, AT, and AA, respectively. The risk of PE was significantly

reduced in the pregnant women having the AA genotype.

Conclusion: Based on the results of the present study, rs9939609 polymorphism in the FTO gene

may play a protective role against PE. However, further studies are warranted.
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Introduction

Preeclampsia (PE) is a pregnancy-specific disorder
that is clinically defined by hypertension (>140/90
mmHg) and proteinuria (=300 mg/day) after 20
weeks of gestation. The disease remains one of the
leading causes of mortality and morbidity for both
the mother and the fetus worldwide (1-3). The inci-
dence of PE is approximately between 3% and 8% of
all pregnant women and up to 10% in developing
countries (4,5). The pathogenic cause underlying PE
is not fully understood; however, many risk factors
may be involved in the development of PE, including
maternal obesity, diabetes, chronic hypertension, and
genetic factors (6,7).

Overweight and genetic factors account for 40-70%
of the obesity-related causes, and obesity is the most
common risk factor for PE (8,9). Therefore, finding the
genetic markers for obesity and PE is clearly beneficial.
One of the most common types of genetic markers in
the human genome is single nucleotide polymorphisms
(SNPs), which can be used to identify genes associated
with complex diseases.

Several large-scale genome-wide association studies
(GWAS) have shown that variations in the FTO gene,
especially in the first intronic region of this gene, are
associated with obesity (10-12). Among all FTO gene
variants, rs9939609 is of particular interest because it
has a significant effect on obesity across different eth-
nicities (13,14). A meta-analysis from 12 case-control
studies enrolling approximately 14,800 participants dis-
covered that FTO rs9939609 polymorphism was signif-
icantly associated with the increased risk of obesity in
children and adolescents (15).

As obesity is an important risk factor for PE disorder
and the FTO rs9939609 polymorphism has been asso-
ciated with obesity in different populations, it is
believed that another FTO polymorphism, rs9939689,
increases blood pressure in Finnish and French
Canadian women (16,17). However, few studies have
been done on the effect of polymorphism of rs9939609
on PE. Our study examined the genetic relationship
between the rs9939609 polymorphism and PE risk in
Iranian women.

Table 1. Primer sequences for genotyping FTO rs9939609.

Material and methods
Study population

This study was a hospital-based case-control study that
recruited 312 Iranian women (128 preeclamptic pregnant
women as cases and 184 healthy pregnant women as
controls). Written informed consent was obtained from
all participants. The average age was 31.4, and 27.5+5.2
years in the patients and controls, respectively. Study
participants with chronic hypertension, diabetes mellitus,
gestational diabetes, or kidney disease were excluded.

Genotyping of rs9939609 polymorphism

Peripheral blood samples were collected in EDTA tubes
from all participants, and the total genomic DNA was
extracted using salting-out procedure (18). The rs9939609
was genotyped by tetra-primer amplification refractory
mutation system polymerase chain reaction method (TP-
ARMS-PCR) (19), which applies two pairs of primers to
distinguish both alleles of rs9939609 in a single PCR reac-
tion. Primer sequences are presented in (Table 1) were
designed using Primerl online software (http://primerl.
soton.ac.uk/primer1.html). The TP-ARMS-PCR was per-
formed in a total volume of 20 pL, including 0.5 pL (10
pmol) for each outer primer, 1L (10 pmol) for inner
primers, 10 uL Taq DNA Polymerase 2x Master Mix Red
(Amplicon, Denmark), 2 pL. of DNA template, and 5 uL
distilled water. The thermal cycling was performed on
a GeneTouch (BIOER, China) with the following program:
the initial denaturation step at 95°C for 2 min, 35 cycles of
95°C for 30 s (denaturation), 59.5°C by 50 s (annealing),
and 72°C by 45 s (extension), and followed by a final
extension step at 72°C for 5 min. The amplification pro-
ducts were visualized by 2% agarose gel electrophoresis at
100 v for 30 min. Sanger sequencing was performed to
verify the genotyping of rs9939609 by TP-ARMS-PCR
method.

Statistical analysis

The data analyses were carried out using SPSS software
version 24 (SPSS Inc., Chicago, USA) and SNPStats

SNP Primer Primer sequence Amplicon size (bp) Annealing temp. °C
Rs9939609 Forward outer AGTTCCAGTCATTTTTGACAGC 429 59.5
Reverse outer AGCCTCTCTACCATCTTATGTC
Forward inner CCTTGCGACTGCTGTGAATATA 194
(A allele)
Reverse inner GAGACTATCCAAGTGCATCTCA 278

(T allele)
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Table 2. Clinical characteristics and demographic variables in the study participants.

Study subjects (n=312)

Characteristics Case (n=128) Control (n=184) p-value
Age (years) 314+6.8 27.5+5.2 <0.0001
Body mass index (kg/m2) 31.42 2834 <0.0001
Systolic blood pressure (mmHg) 1458 +21.8 1113+79 <0.0001
Diastolic blood pressure (mmHg) 89+153 73+73 <0.0001
Gestational age at birth (weeks) 358+34 38.7+1.2 <0.0001
History of pregnancy loss N (%) 14(11%) 9(5%) 0.04

online software available from http://bioinfo.iconcolo
gia.net/SNPstats. The chi-squared test was used to
calculate allele and genotype frequencies, as well as
the Hardy-Weinberg equilibrium. Binary logistic
regression analysis was performed to calculate the
odds ratio (OR) and its 95% confidence interval (CI)
to analyze the multiple risk factors such as age, BMI,
and gestational age caused by genotypes of rs9939609,
and in all analyses, p-value less than 0.05 is typically
considered to be statistically significant. Multiple
inheritance models (co-dominant, dominant, recessive,
over-dominant, and log-additive) were carried out for
statistical analysis. AIC (Akaike Information Criterion)
and BIC (Bayesian Information Criterion) values were
utilized to determine the best inheritance model and
the suitable model being the one with the lowest these
values.

Results

The demographic and clinical features of study partici-
pants are presented in Table 2. There were statistically
significant differences in the maternal age, loss of preg-
nancy, the pre-pregnancy body mass index (BMI), and
gestational age between PE patients and controls.

The genotypes of the FTO rs9939609 SNP were
analyzed using TP-ARMS-PCR and subsequent gel
electrophoresis. An electropherogram of different gen-
otypes is shown in Figure 1. Three genotypes were
detected based on their band sizes. The heterozygous
(AT) genotype showed three bands: 194 bp, 278 bp, and
429 bp. Homozygous (TT) genotype revealed two
bands: 278 bp and 429 bp, as well as homozygous
(AA) genotype indicated by two bands: 194 bp and
429 bp. The results obtained from genotyping using
TP-ARMS-PCR were in concordance with the sequen-
cing results Figure 2. In contrast to PE patients, healthy
controls had a genotype distribution that was consistent
with the Hardy-Weinberg principle. In women with PE,
homozygous genotype AA of rs9939609 is statistically
significantly less common than in controls: 2.3 versus
15.2%. The distribution of genotypes of the studied
SNP is graphically illustrated in Figure 3. The results

Figure 1. Electrophoresis pattern for identification of the FTO
rs9939609 genotypes. Lanes 1 and 5: AT genotype; lanes 2 and
7: AA genotype; lanes 3 and 6: TT genotype; lane 4: 100 bp
DNA ladder; lane 8: NTC (non-template control).

showed that FTO rs9939609 was associated with PE in
codominant, dominant, and recessive genetic models.
The recessive model with the lowest AIC and BIC
values was considered the best-fit model (Table 3).
Binary logistic regression analysis showed that the AA
genotype of 19939609 exhibited a protective role
against PE (adjusted OR =0.046, 95% CI: 0.004-0.469,
p=0.009) after adjusting for age, BMI, and gestational
age (Table 4).

Discussion

In developed countries, obesity is a serious epidemic
that is increasingly spreading to developing nations
(20). Obesity prevalence rates among Iranian adults
were 22.7% nationwide in 2016.

Furthermore, obesity prevalence rates in Iran were
differently significant between male and female (15.3%
and 29.8%, respectively) (21). There are millions of preg-
nant women suffering from PE in the world (22); it has
brought an unbearable psychological impact for many
families. Obesity is regarded as a significant risk factor
for PE, since FTO has been identified as the first obesity-
related gene and several studies have shown that FTO
plays an important role in obesity. The FTO gene is
found on chromosome 16q12.2 in humans. The protein
encoded by FTO is an enzyme known as the fat mass and
obesity-associated protein (FTO). The connection
between FTO gene and PE can provide an important
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Figure 2. Sequencing result for FTO rs9939609 polymorphism. (a) TT genotype; (b) AT genotype; (c) AA genotype.

rs9939609 Group
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Figure 3. Genotypic distribution of rs9939609 in case and healthy subjects, where the red and green bar represents the cases and
controls group respectively. AA and TT are the homozygotic genotypes at some location while AT is heterozygotic.
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Table 3. Association analysis between FTO SNP (rs9939609) and risk of PE under different genetic models.

Model Genotype Cases Controls OR (95%Cl) P value AIC BIC

Codominant /T 64 (50%) 68 (37%) 1.00 0.0001 410.2 4214
AT 61 (47.7%) 88 (47.8%) 0.74 (0.46-1.18)
A/A 3 (2.3%) 28 (15.2%) 0.11 (0.03-0.39)

Dominant /T 64 (50%) 68 (37%) 1.00 0.022 421.2 428.7
A/T+A/A 64 (50%) 116 (63%) 0.59 (0.37-0.93)

Recessive T/T+A/T 125 (97.7%) 156 (84.8%) 1.00 <0.0001 409.8 4173
A/A 3 (2.3%) 28 (15.2%) 0.13 (0.04-0.45)

Overdominant T/T+A/A 67 (52.3%) 96 (52.2%) 1.00 0.98 426.4 4339
AT 61 (47.7%) 88 (47.8%) 0.99 (0.63-1.56)

Logadditive - - - 0.52 (0.36-0.76) 0.0004 414 4214

OR: odds ratio; 95%Cl: 95% confidence interval; AIC Akaike’s Information criterion; BIC Bayesian Information criterion.

Table 4. Binary logistic regression analysis to determine the effect of age, BMI, gestational age, and rs9939609 on the

risk of PE.
Risk factor Crude OR (95% Cl); P value Adjusted OR (95% Cl); P value
Age (1) (1.046-1.175); 1.018 (0.952-1089);
P: 0.001 P: 0.6
BMI 1.125 (1059-1195); 1.109 (1.025-1.201);
P: 0.001 P: 0.01
Gestational age at birth 0.374 (0.272-0.515); 0.359 (0.248-0.518);
P: 0.001 P: 0.001
FTO (rs9939609) AA 0.054 (0.007-0.419); 0.046 (0.004-0.469);
P: 0.005 P: 0.009
AT 0.488 (0.271-0.879); 0.596 (0.273-1.302);
P: 0.017 P: 0.194
T 1 1

clue about the genetic basis of PE. FTO proteins have been
shown to play a role in adipogenesis through the target of
the mammalian target protein rapamycin (mTOR) or
post-transcriptional control of downstream molecular
expression (23). The availability of nutrients and growth
hormones triggers the mTOR pathway, which controls
protein expression and cell growth. Several obstetric pro-
blems can emerge as a result of disrupted mTOR signaling
(24). SNP association studies may provide valuable
insights into the genetic basis of PE. In the present
study, we investigated the possible association between
the risk of PE and rs9939609 polymorphism, localized in
the intron 1 of the FTO gene in an Iranian pregnant
woman. Our results have shown that the FTO rs9939609
polymorphism is associated with PE under the codomi-
nant (p = 0.0001), dominant (p = 0.022), and recessive (p
<0.0001) inheritance models. In the most likely model,
the FTO rs9939609 AA genotype decreases the risk of PE
(p <0.0001; odds ratio [OR] = 0.13; 95% confidence inter-
val [CI] =(0.04-0.45)) under the recessive inheritance
model.

Few studies have investigated the association
between rs9939609 and PE, which did not show any
significant results (25,26). Samaan et al. performed
a meta-analysis including four studies and reported
a significant inverse association between rs9939609

and depression (27). On the other hand, depression
may increase the risk of PE in women (28,29).
Therefore, it is reasonable to hypothesize the genetic
factors that show protective effects on depression can
be related to a low risk of PE.

Despite the importance of the present findings, this
case—control study has several limitations. First, the
sample size of Iranian women (128 cases and 184 con-
trols) was relatively small. Second, the means of age and
BMI were significantly different between patients and
healthy control groups, although the effect of these
parameters on the results was adjusted by regression
analysis. Third, there is a lack of information about
lifestyle factors including physical activity and diet,
which could cause a bias between rs9939609 association
and BMI or preeclampsia.

Conclusion

Our findings provide for the first time that the FTO
rs9939609 polymorphism may be associated with
a lower risk of PE under the recessive inheritance
pattern in an Iranian population. The possible associa-
tion between fat-mass-associated SNP rs9939609 and
PE should be further investigated with larger sample
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sizes and with possibilities of stratifying the sample
according to the degree of severity and the gestation
weeks at the onset of the disease.
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