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INTRODUCTION: The CGG repeats in the 5′ untranslated region of the fragile X mental retardation 1 gene (FMR1) gene shows
increased instability upon maternal transmission. Maternal FMR1 intermediate (45–54 repeats) and premutation (PM: 55–<200
repeats) alleles usually expand to full mutation (>200 repeats) alleles in offspring and consequently, cause fragile X syndrome (FXS)
in them.
METHODS: In a prospective cohort study, Pakistani pregnant women in prenatal care were first screened for FMR1 expanded
alleles. In the follow-up, pregnancy outcomes in women carrying FMR1 expanded alleles were recorded and their newborn
offspring were also screened for FXS.
RESULTS: In a total of 1950 pregnant women, 89 (4.6%) were detected carriers for FMR1 expanded alleles; however, rates of
detection of expanded alleles were found significantly high in women with a history of FXS. In addition, miscarriages and birth of
affected newborns with FXS were significantly more common in women carrying large size PM alleles and had a history of FXS (P=
0.0494 and P= 0.0494, respectively).
CONCLUSIONS: The current study provides the first evidence of screening Pakistani pregnant women for FMR1 expanded alleles in
prenatal care. Moreover, the miscarriage was also detected as a clinical predictor for FXS.
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IMPACT:

● Offspring would have a higher risk of developing FXS due to maternal FMR1 alleles expansions during transmission.
● This is the first prospective cohort study in Pakistan for finding FMR1 allelic status of pregnant women and their newborn

offspring in follow-up.
● The robust offspring risk for FXS estimated in this study may be valuable information for genetic counseling of women carriers

for FMR1 expanded alleles.
● The family history and miscarriage were detected as effective indicators for FXS carrier screening in Pakistani women.

INTRODUCTION
Fragile X syndrome (FXS) is a neurodevelopmental inherited
disorder (MIM 300624), with an estimated prevalence of 1:4000 in
males and 1:8000 in females1. Individuals with FXS may have
clinical features such as intellectual disability, autism spectrum
disorder, social anxiety and withdrawal, language deficits,
hyperactivity, aggression, and self-injurious behaviors, in addition
to the physical features such as hyperextensible finger joints,
prominent ears, and macroorchidism in puberty2,3. These features
are less common and often less severe in females1. FXS is caused
by the cysteine-guanine-guanine (CGG) repeat expansion muta-
tions in the untranslated region of the FMR1 gene, which spans 38
kb region on chromosome Xq27.3. The FMR1 contains 17 exons
that encode 632 amino acids repressor protein (FMRP) of 71,174
Da (UniProtKB – Q06787), which has a central role in the induction

of synaptic plasticity in the brain and central nervous system. The
CGG repeat expansion mutations cause gene methylation and in
turn inactivation of the FMR1 gene. This results in a shortage or
lack of FMRP and subsequently causes FXS in individuals4. Most
individuals in the general population have stable FMR1 alleles with
6–44 CGG repeats. However, in the affected individuals the CGG
repeat expansion exceeds beyond 200 known as full mutation
(FM) due to inheritance of the unstable premutation (PM) alleles
with repeats in a 55–200 range upon maternal transmission5.
Importantly, about 1 in 150–300 women carry PM alleles in
general population and area increased risk of producing offspring
with FXS6. It is noteworthy that the 45–54 CGG repeats
intermediate alleles are commonly found in populations
(0.8–3.6%), although geographical variability has also been
detected7.
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The larger CGG repeats size, the greater the risk of expansion
of maternal intermediate and PM alleles in subsequent
generations8,9 and usually women carriers of FMR1 expanded
alleles have a higher risk of producing offspring with FXS. This
risk of expansion of PM to FM may be >95% for maternal alleles
containing greater than 100 CGG triplets8,10. Importantly, the
intermediate and PM alleles with AGG interruptions in CGG
repeats do not expand at all in the offspring11. The smallest PM
alleles containing either 56 or 59 CGG repeats have been
reported to expand to an FM allele in the next generation8,12.
Typically, the FMR1 intermediate alleles containing repeats
between 45 and 55 may or may not be inherited in an unstable
manner upon maternal transmission. The instability increases
with larger intermediate alleles containing greater CGG repeats8.
Studies have examined that the 50–54 CGG repeats intermedi-
ate alleles expansion in PM alleles9 and about 2% expansion in
FM alleles in subsequent generations7. Population-based studies
have reported transmission and expansion of maternal alleles in
fetuses as well as subsequent delivery of affected offspring with
FXS7,13,14. Importantly, offspring risk for FXS can be determined
if the pregnant women and their fetuses are screened for FMR1
expanded alleles in prenatal care settings15.
Several studies have reported significantly higher rates of

FMR1 expanded alleles in pregnant women with a family history
of FXS compared to those without a family history of FXS.16–19

The American College of Obstetricians and Gynecologists
(ACOG) recommends screening for FMR1 expanded alleles in
pregnant women with a family history of FXS20. However,
pregnant women without a family history of FXS have also been
detected as carriers for FMR1 expanded alleles previously14,21 so
recommendations of ACOG do not identify all pregnant women
at risk for delivering offspring with FXS. For this reason,
clinicians recommend screening for FMR1 expanded alleles of
a substantial number of pregnant women who do not meet
ACOG screening criteria22.
Here, we report the first study of screening Pakistani pregnant

women with or without a history of FXS for FMR1 expanded alleles
during their prenatal care visits and finding the risk of maternal
alleles CGG repeat expansion in offspring during transmission
through newborn screening.

MATERIALS AND METHODS
Subjects
The present study was approved by the Ethical Committee and Advanced
Studies Research Board of Kohat University of Science and Technology, Kohat,
Khyber Pakhtunkhwa, Pakistan. The study subjects were pregnant women,
who were visiting primary health care centers for prenatal care in Khyber
Pakhtunkhwa region of Pakistan between April 2019 and October 2021. Before
recruitment, informed written consent was obtained from each participating
pregnant woman. The recruitment process adopted for this study is illustrated
in Fig. 1. Recruitment of subjects was random, those pregnant women with a
family history of FXS were recruited in the risk group whereas those pregnant
women who had no family history of FXS were included in the control group.
A considerable number of women with or without a family history of FXS
declined to participate in this study. Information on demographics, family
medical history, health status, and clinical investigations were collected from
recruited pregnant women with help of obstetricians and gynecologists who
are providing prenatal care at primary health care centers.

Pregnant women screening for FMR1 expanded alleles
Gnomic DNA was extracted from the peripheral blood of all participating
pregnant women using the standard phenol-chloroform method. Poly-
merase chain reactions (PCR) were initially optimized for screening of FMR1
expanded alleles in recruited pregnant women in both the risk group and
control group. In the first step, specifically designed CGG repeat
amplification primers forward 5’-TCAGCTCCGTTTCGGTTTC-3’ and reverse
5’-CCTTGTAGAAAGCGCCATTG-3’ were utilized in amplification reactions by
optimizing PCR standard conditions as described previously23. In the
second step, primers particularly designed for the random amplification of
CGG repeats (c primer: 5′-GCTCAGCTCCGTTTCGGTTTCACTTCCGGT-3′ and
CGG-chimeric primer:5′-AGCGTCTACTGTCTCGGCACTTGCCCGCCGCCGCCG-
3′ were used in PCR reactions by optimizing amplification conditions as
described previously24. Furthermore, the CGG repeats number in FMR1
expanded alleles of carrier women were determined by molecular assays
using services of commercial diagnostic laboratories in Islamabad.

Collection of pregnancy outcome records
To find the association of pregnancy outcomes with FMR1 CGG repeat
number, in follow-up, pregnancy outcome records were obtained from
primary health centers that were opted for delivery services by
participating women who were detected carriers for FMR1 expanded
alleles. Those participating carrier women who opted for other health care
centers for delivery services were visited at their residence sites for
recording outcomes of pregnancies.

Pregnant women observed and approached at primary healthcare centers between 2019 and 2021 (N = 2030)

Risk group women with a family
history of FXS

(n = 600)

Risk group women
tested (n = 562)

Control group women with no
family history of FXS

(n = 1430)

Control group women
tested (n = 1388)

Declined
participation

(n = 42)

Declined
participation

(n = 38)

Women detected
with intermediate

alleles (5.7%)

Women detected with
PM alleles

(7.7%)

Women detected
with PM alletes

(0.7%)

Women detected
with intermediate
alleles (0.94%)

Fig. 1 Flow diagram showing recruitment process and FMR1 screening results. The “N” is the total number of pregnant women with or
without a family history of Fragile X Syndrome (FXS) and were approached at primary health care centers in Khyber Pakhtunkhwa region of
Pakistan for participation in the study. The risk group women had a family history of FXS and control group women had no such history. The
“n” represents number of women who were recruited, declined participation in the study and screened for FMR1 expanded alleles in risk
group and control group. The “%” refers to frequency of FMR1 premutation (PM) and intermediate alleles detected in women of both groups.
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Newborns screening for FMR1 expanded alleles
Although pregnant women detected carriers for FMR1 expanded alleles
were offered a prenatal diagnosis of fetuses, women who declined
prenatal diagnosis of fetuses for FXS, their newborns were screened for
FMR1 expanded alleles to determine the risk of maternal alleles’
expansions in offspring upon transmission. For this purpose, the heel
prick method was used to collect blood from newborns up to about three
or four weeks of age during their postnatal care visit to primary health care
centers, then DNA was extracted from blood samples of newborns using
the standard phenol-chloroform method and utilized in molecular
diagnostic assays. In addition, the services of diagnostic laboratories in
Islamabad were used to confirm FMR1 expanded alleles in offspring that
were born from PM carrier mothers.

Statistical analysis
The characteristics of the participating pregnant women were summarized
and analyzed using the SPSS 21.0 software. The FMR1 alleles’ frequencies
were calculated and χ2 test as recommended previously 25,26 was used to
compare the frequencies of expanded alleles in the women from the risk
group and control group. A P value < 0.05 was considered significant to
find the association between family history with FXS and pregnancy
outcomes with FMR1 CGG repeat expansions.

RESULTS
A total of 1950 pregnant women from Khyber Pakhtunkhwa
region were screened for FMR1 CGG repeat expansion mutations.
Overall, 89 (4.6%) pregnant women were detected carrying FMR1
expanded alleles. Forty-three (7.7%) women from the risk group
and one (0.07%) woman from the control group were found to
carry PM alleles. In addition, 32 (5.7%) women from the risk group
and 13 (0.94%) women from the control group were found to
carry intermediate alleles. The association between FMR1 alleles
and the history of FXS is shown in Table 1. The rate of detection of
intermediate alleles was found higher in the women with a family
history of FXS than the women with no family history of FXS, and
this difference was highly significant (P ≤ 0.0001). Similarly, the
rate of detection of PM alleles was also found significantly high
(P ≤ 0.0001) in the women with a family history of FXS.
Prenatal screening of pregnant women and later on screening

of newborns for FMR1 expanded alleles revealed that in eleven
cases maternal intermediate alleles in the range of 50–54 repeats
expanded to 60–93 repeats PM alleles in newborn offspring.
Similarly, in 18 cases maternal PM alleles in the range of 90–106
CGG repeats expanded to >200 repeats FM alleles in newborn
offspring during transmission (Table 2).
In study follow-up, pregnancy outcomes were recorded in

women that were detected carriers for FMR1 intermediate and PM
alleles and are presented in Table 2. Out of 89 pregnant women
carrying FMR1 allelic expansions, 24 women carrying intermediate
alleles in the range of 45 and 49 repeats, fortunately, delivered
normal offspring. Importantly, the birth of carrier offspring,
miscarriage, and perinatal mortality were recorded as unexpected
pregnancy outcomes of women who were detected carriers for
intermediate alleles with CGG repeats in the range of 50 and 54
repeats. However, the rates of these pregnancy outcomes were
not found significantly different in women of the risk group and
control group. Evidently, in total 26 (29.2%) women carrying PM
alleles in the range of 61–85 CGG repeats experienced pregnancy

losses due to miscarriage. However, the miscarriage rate was
found significantly high in PM carrier women from the risk group
than in the control group (P= 0.0494). Similarly, a significantly
high proportion of PM carrier women with a history of FXS
delivered affected offspring than the PM carrier women with no
specific history (P= 0.0487) as shown in Table 2.

DISCUSSION
The CGG repeats in the FMR1 gene exhibit remarkable instability
upon transmission from mothers with FMR1 expanded alleles,
thus, the women carrier for expanded alleles are at an increased
risk for producing offspring with FXS27. To reduce the burden of
FXS-affected individuals, the accurate diagnosis of mother and
fetus for FXS in the prenatal setting is available to determine
whether a pregnant woman has an affected pregnancy by fragile
X that is important in decision making in relation to continue or
terminate pregnancy28. However, the ACOG recommends fragile X
carrier screening for pregnant women with a family history of FXS
in the prenatal settings20,29 that may only identify about 50% of
women carrying FMR1 expanded alleles30. Therefore, population-
based studies suggested and health care professionals also
recommended fragile X carrier screening for pregnant women
even when they do not meet ACOG screening criteria in order to
identify all those women who may be at risk of an affected
pregnancy22,31–34.
According to our knowledge, this is the first study from Pakistan

that recruited a large number of pregnant women with or without
a history of FXS in prenatal care at primary health care centers in
Khyber Pakhtunkhwa region and were offered fragile X carrier
screening. About 4.6% of pregnant women were detected
carrying FMR1 expanded alleles and among them, 2.3% of
pregnant women were found carriers for PM alleles in the present
study. Population-based studies detected 0.12% Korean35,
0.3–0.2% French-Canadian36, 0.6–0.2% American37, 0.08–0.13%
Chinese14,18, 0.04–0.27% Australian38,39, 0.6% Israeli31,40, 0.9% in
Spanish41, and 0.4% Finnish42 pregnant women carriers for FMR1
PM alleles. A family history of FXS was found the most common
contributor to the high rate of PM alleles in Pakistani pregnant
women in the present study in comparison to previous studies. As
the current study data analysis revealed that about 7.7% of risk
group women in comparison to 0.07% of control group women
were detected as PM carriers. In addition, 5.7% of risk group
women in comparison to 0.94% of control group women were
found carriers for FMR1 intermediate alleles. The significantly
higher prevalence rates of FMR1 PM and intermediate alleles in
pregnant women with a family history of FXS compared to those
without any family history of FXS are in agreement with the
studies conducted previously16–19. However, detection of a
substantial number of pregnant women carrying FMR1 expanded
alleles had no family history of FXS in the present and previous
studies14,21 also suggest that fragile X carrier screening should be
available to all pregnant women with or without a history of FXS in
primary health care centers22.
Maternal intermediate and PM alleles contain greater CGG

repeats that usually expand to PM and FM alleles upon
transmission from mothers to offspring respectively8,43. The
FMR1 CGG repeats' status of pregnant women and then in this
study, follow-up in newborns was determined to find the effect of
maternal transmissions of intermediate and PM alleles in offspring.
In the previously conducted studies7,8,44 and in the present study,
it has been observed that the majority of pregnant women carried
intermediate alleles with repeats between 45 and 49 that were
stably transmitted into offspring. However, maternal intermediate
alleles in the range of 50–54 repeats in a substantial number of
cases (12.4%) were found to expand to PM alleles in offspring.
Consistent with our findings, a previous study has also examined
the expansion of intermediate alleles in the range of 50–54 CGG

Table 1. Frequencies of FMR1 alleles in pregnant women with or
without a history of FXD (N= 1950).

Women carriers for
FMR1 alleles

History of FXS P value

Positive,
n (%)

Negative,
n (%)

Intermediate 32 (5.7) 13 (0.94) <0.0001

Premutation 43 (7.7) 1 (0.07) <0.0001
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repeats into PM alleles9. On the contrary, Madrigal et al.7 observed
expansion of about 2% intermediate alleles in a range of 50–54
CGG repeats into FM alleles in subsequent generations. However,
the risk of expansion was estimated at about 6.4% for small PM
alleles with CGG repeats between 55 and 59 into FM alleles (>200
repeats) in offspring9. One possible explanation for the unstable
transmissions and expansions of FMR1 alleles in future generations
may be the absence of AGG interruptions within CGG repeats11,43

that could not be determined in the current study due to the
utilization of commercial services for molecular diagnosis and this
is the limitation of our study. In the present study, unstable
transmissions and expansions of maternal PM alleles with repeats
90 and 106 into FM alleles in fetuses could not be determined as
the pregnant women declined cost-effective invasive prenatal
diagnosis and that is another limitation of our study. However,
diagnostic laboratory reports revealed that newborns were found
affected with FXS as they carried FM alleles. Importantly, prenatal
diagnosis is essential if pregnant women are detected PM carriers,
as it identifies 98% of fragile X affected fetuses15. In this context,
studies conducted in developed countries have reported a
substantial number of pregnant women carrying PM alleles, and
their fetuses were detected carriers for FM alleles during prenatal
FXS diagnosis9,13,14,35,45. However, in the current study fetuses’ risk
for FXS could not be determined due to the high cost and non-
willingness of parents to test their fetuses for fragile X expanded
alleles in prenatal care. In this study follow-up, newborn screening
detected a significantly high rate of FM alleles in offspring of PM
carrier women with a family history of FXS, thus, the present study
highlights the fact that the PM alleles have a clear risk for
expansion to FM alleles in offspring during maternal transmission.
To determine the risk of expansion of maternal FMR1 alleles in

offspring during transmission, pregnancy outcomes of women
carrying FMR1 expanded alleles were recorded in the study follow-
up. Among them, the miscarriage was observed as a common
outcome of pregnancies among women carrying FMR1 expanded
alleles in the present and previous studies46,47. However, large size
expanded alleles were found unstable and lead to miscarriages
more commonly in women with a history of FXS in the present
study than in the sizes of alleles that were previously detected in
women experiencing miscarriages. In addition, we found that a
significant proportion of women carrying PM alleles with CGG
repeats between 61 and 85 experienced miscarriages. In contrast,
a study conducted in the UK recorded a non-significant proportion
of women who had fragile X expansions experienced miscarriage,
stillbirths, or therapeutic abortions48. Recording significantly high
miscarriage rate among PM carrier women in the current study
thus confirmed the association of miscarriage with FXS and may
be considered a clinical predictor for FXS.

This is the first report from Pakistan presenting the findings of
screening for FMR1 CGG repeat expansions in pregnant women in
prenatal care. We observed that the high cost of the fetal diagnosis
for FXS in Pakistan has raised prenatal counseling challenges.
Screening of newborn offspring of women carrying expanded alleles
revealed that the maternal PM alleles expanded to FM alleles in a
significant number of offspring and thus, were diagnosed affected
with FXS. The family history was found as an effective indicator for
FXS carrier screening in Pakistani pregnant women. In addition,
miscarriage was determined as a significant clinical predictor for FXS
in Pakistani women. We recommend cost-effective prenatal screen-
ing of both mother and fetus for FMR1 expanded alleles in health
care settings in Pakistan to reduce the risk of affected pregnancies,
particularly of those with a family history of FXS.

DATA AVAILABILITY
All the data used to support the findings of this study are included within the article
and are available on request from the corresponding author.
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