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Abstract 

Purpose:  Women of reproductive age who carry fragile X premutation (PM) alleles have 56 to 200 CGG repeats in the 
5′-untranslated region of FMR1 gene are at increased risk for producing children with intellectual disabilities (ID) or 
autism spectrum disorders (ASD) due to expansion of PM alleles to full mutation alleles (> 200 repeats) during mater-
nal transmission.

Methods:  In present study fragile X PM carrier screening was performed in total 808 women who were consulting 
primary health care centers for preconception care in Khyber Pakhtunkhwa region of Pakistan between April, 2018 
and December, 2020. Polymerase chain reaction (PCR) was performed for detection of PM carrier women and the 
CGG repeats number was confirmed by Southern blotting and capillary  electrophoresis.

Results:  The prevalence rate for PM carriers among preconception women was found to be 0.7% that was contrib-
uted by 0.5% women in risk group (RG1) with family history of ID and 0.2% in risk group 2 (RG2) with family history 
of ASD. PM carrier women had at least one affected child or sibling. In addition, the preconception women with 
FMR1 PM alleles were found to be at increased risk for primary ovary insufficiency (RG1: P = 0.0265, RG2: P = 0.0389), 
postpartum depression (RG1: P = 0.0240, RG2: P = 0.0501) and neuropsychiatric disorders (RG1: P = 0.0389, RG2: 
P = 0.0432).

Conclusions:  Current study provides first evidence of fragile X PM carrier screening in Pakistani preconception 
women in primary care consultation. Findings of current study may help to improve preconception care and to 
reduce burden of fragile X associated disorders in our population.

Keywords:  FMR1, PM carrier screening, Fragile X associated disorders, Risk groups, Pakistani preconception women

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Fragile X syndrome (FXS) is a rare neurodevelopmen-
tal disorder (MIM # 300,624) that affects approximately 
1 in 4000 males and 1 in 6000–8000 females [1]. FXS is 

characterized by a wide range of inherited intellectual 
disabilities and autism spectrum disorders in children [2]. 
FXS is caused by the cysteine-guanine-guanine (CGG) 
repeat expansion mutations in 5′-untranslated region 
(UTR) of the FMR1 gene on chromosome X. The CGG 
repeat expansion mutations cause gene methylation and 
in turn inactivation of the FMR1 gene [3]. Importantly, 
the number of CGG repeats size is not constant among 
individuals. There are four allelic forms of the FMR1 gene 
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based on CGG repeat length. They are known as normal 
alleles with less than 45 repeats, intermediate alleles with 
45–54 repeats, permutation (PM) alleles with 55–200 
repeats and full mutation (FM) alleles greater than 200 
repeats [4]. Individuals with PM alleles are considered 
carriers and those with FM alleles are referred affected 
and exhibit FXS clinical phenotypes [5].

Notably, about 1 in 150–300 women carry PM alleles, 
however, PM carrier frequency may vary among women 
from different ethnic groups [6]. PM carrier women usu-
ally are at increased risk to develop fragile X associated 
primary ovarian insufficiency (FXPOI) [7] and fragile X 
associated diminished ovarian reserve (FXDOR) [8] in 
reproductive age as well as fragile X associated tremor/
ataxia syndrome (FXTAS) in late age [9]. Women of 
reproductive age diagnosed with FXPOI may have 
symptoms of low minerals bone density, osteoporosis, 
bone fractures [10, 11] and fibromyalgia [12] PM car-
rier women may experience obstetric and perinatal dif-
ficulties like late pregnancy bleeding [13] and vestibular 
issues such as dizziness, spinning and not able to balance 
body [14]. PM carrier women may suffer from hyperten-
sion, central pain sensitivity syndrome, sleep problems, 
restless legs syndrome, migraine and gait issues [15]. 
Depression, anxiety and attention problems were more 
commonly observed psychiatric features in PM carriers 
[16]. These reported clinical features are also observed 
to be prevalent among non-PM carrier women, but the 
case of PM carrier women is more critical as they are at 
increased risk of producing affected children with FXS 
due to maternal PM alleles expansion to FM alleles dur-
ing transmission [17].

Population based studies conducted in different coun-
tries have detected a significant number of PM carrier 
women, who transmitted PM alleles to fetus and deliv-
ered children with FXS [18, 19]. These studies strongly 
suggest counseling and screening of preconception 
women in primary care consultation for detection of 
PM carrier status that may be of paramount importance 
[8, 20]. In addition, the American College of Medical 
Genetics recommends FMR1 PM carrier screening for 
preconception women with a family history of fragile 
X associated disorders (FXD) under a clinical research 
protocol. According to guidelines of ACOG, Polymerase 
chain reaction (PCR) and Southern blotting are the most 
preferred molecular diagnostic methods for detection of 
FMR1 PM carrier status of preconception women [21, 
22].

Here, we report first study for fragile X PM carrier 
screening among Pakistani preconception women of 
reproductive age in primary care consultation and also 
determined health risks associated with the FMR1 PM 
carrier status of women.

Materials and methods
Study subjects
The approval of present study was obtained from the 
Ethical Committee and Advanced Studies Research 
Board (ASRB) of Kohat University of Science and Tech-
nology (KUST), Kohat, Khyber Pakhtunkhwa, Pakistan. 
The women of reproductive age who were consulting pri-
mary health care centers in Khyber Pakhtunkhwa region 
of Pakistan between April-2018 and December-2020 for 
preconception care. Before recruitment informed written 
consent was obtained from each participating woman. 
Women who fulfilled the criteria as described by ACOG 
for fragile X carrier screening of preconception women 
were recruited at primary  health care centers for this 
study as shown in Fig.  1. Preconception women with 
a family history of either intellectual disability (ID) or 
autism spectrum disorder (ASD) were recruited in risk 
group 1 (RG1) and risk group 2 (RG2) respectively. To 
determine prevalence rate of FMR1 PM alleles, women 
in preconception care with obstetric/gynecologic prob-
lems but had no family history of FXD and provided con-
sent for participation in study were included in control 
group. A significant number of women with or without 
family history of FXD did not provide written informed 
consent or did not want to be counseled or couldn’t be 
counseled for participation in this study were excluded. 
Information on demographics, family medical history, 
health status, clinical investigations were collected from 
recruited women with help of obstetricians and gynecol-
ogists at primary health care centers.

Fragile X carrier screening
The standard phenol–chloroform method was used to 
extract genomic DNA from peripheral blood of women 
participating in study. Polymerase Chain Reaction (PCR) 
was used as initial screening method for detection of 
fragile X carrier women. For amplification of FMR1 
alleles in the first step PCR, primers forward 5′-TCA​GCT​
CCG​TTT​CGG​TTT​C-3′ and reverse 5′-CCT​TGT​AGA​
AAG​CGC​CAT​TG-3′ were designed. PCR amplifica-
tions were performed in a 25  μl reaction containing 2X 
DreamTaq Green PCR master mix (Thermo Scientific), 
0.5 μM of each primer, 100 ng/μL of template DNA and 
3% DMSO and 2.5 M Betaine. The cycling conditions for 
PCR were initial denaturation for 5 min at 95 °C, followed 
by 30 cycles of denaturation for 30 s at 95 °C, annealing 
for 30 s at 59 °C, extension for 30 s at 72 °C, and a final 
extension for 8 min at 72 °C. In second step PCR, DNA 
of women amplified as single bands in first step PCR 
were subsequently analyzed by using primers (c primer: 
5′-GCT​CAG​CTC​CGT​TTC​GGT​TTC​ACT​TCC​GGT​-3′ 
and CGG-chimeric primer:5′-AGC​GTC​TAC​TGT​CTC​
GGC​ACT​TGC​CCG​CCG​CCG​CCG​-3′ for the random 
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amplification of CGG repeats by optimizing PCR ampli-
fication conditions as described previously [23]. Further-
more, the CGG repeats number in FMR1 PM alleles in 
carrier women and in their family members were deter-
mined by Southern blotting and capillary  electrophoresis 
and for this purpose services of commercial diagnostic 
laboratories in Islamabad were utilized.

Statistical analysis
The characteristics of the participating preconception 
women were described or summarized using the SPSS 
21.0., software. To compare qualitative variables, the chi-
square statistic was used and a P value < 0.05 was consid-
ered significant to find potential risk factors for FMR1 
PM carrier women.

Results
In total 808 women screened for FMR1 PM, majority 
of participating preconception women were in control 
group with no family history of FXD (77.35%). However, 
a substantial number of preconception women were in 
RG1 and RG2 with family history of either ID (14.35%) 
or ASD (8.3%) respectively (Fig. 1). Table 1 presents the 

frequencies of affected family members of recruited risk 
groups preconception women, however, the preconcep-
tion women in RG1 and RG2 had at least one child or 
sibling affected with either ID or ASD respectively. The 
prevalence rate for PM carriers among preconception 
women was found to be 0.7% that was contributed by 
0.5% women in RG1 and 0.2% in RG2 who were detected 
carries for PM alleles. However, PM alleles were not 
detected in any woman from control group. In addition, 

Fig. 1  Flow diagram showing recruitment process and FMR1 PM screening results

Table 1  Frequencies of affected family members of recruited risk 
groups preconception women

Affected family 
members

No. of affected 
individuals

Risk group 
1 (%)

Risk 
group 2 
(%)

Offspring 1 32 29

2 41 46

3 20 13

Sibling 1 1 3

 2 3 4

3 3 5
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21 (2.3%) women in RG1 and about 1.1% in RG2 were 
found to carry intermediate alleles. In addition, PM and 
FM alleles were also detected in family members of PM 
carrier women. Almost all PM carriers had low anti-
müllerian hormone (AMH) levels (< 1  ng/mL) and high 
follicle stimulating hormone (FSH) levels (25.8 ≥ IU/L) 
as shown in Table 2 and Table 3. Additional characteris-
tics of PM carrier women are summarized in Table 3 and 
health risks associated with PM carriers are shown in 
Table 4. Majority of PM carrier women (66.7%) were less 
than 33  years of age, suffered from irregular menstrua-
tion (83.3%) and hot splashes/ night sweats (66%). PM 
carriers’ women had a significant increased risk of devel-
oping FXPOI (RG1: P = 0.0265 and RG2: P = 0.0389). PM 
carrier women less frequently experienced obstetric and 
perinatal difficulties such as antepartum hemorrhage 
(33%), whereas more obviously experienced early onset 
osteoporosis (83.3%), however, no significant differences 
were found in PM carrier and non-PM carrier women 
with respect to these factors as shown in Table  4. Post-
partum depression was more prevalent (83.3%) among 
PM carrier women and they were found at significantly 
increased risk for this health problem (RG1: P = 0.0240 
and RG2 P = 0.0501). Although, a substantial number 
of PM carrier women suffered from hypertension (66%) 
and migraine (50%), however, PM carrier women were 
not found at increased risk for these health conditions 
(RG1: P = 0.1436 and RG2 P = 0.5384). Interestingly, all 
PM carrier women had normal intelligence quotient (IQ) 
levels. In addition, the most common neuropsychiatric 
features present in majority of PM carrier women were 
anxiety (83.3%), sleep disturbance (83.3%), aggression 
(83.3%), difficulty in concentrating (66%), hyperreactiv-
ity (66%), and language issues (50%). Importantly, PM 
carrier women were found at significantly increased risk 
for neuropsychiatric disorders (RG1: P = 0.0389 and RG2: 
P = 0.0432).

Discussion
Expansion of CGG repeats > 200 in the 5′-UTR of the 
FMR1 gene on the X chromosome and subsequent epi-
genetic modifications are the most common cause of 
inherited ID and monogenic cause of ASD usually in 
males [2, 6, 24]. Importantly, fragile X PM carrier women 
with < 200 repeats are at increased risk for producing 

affected children due to expansion of repeats to FM 
that occurs almost only in transmission from mother 
to children [25]. In addition, the family history of FXD 
of women increases significantly risk of having children 
with FXS [26, 27]. Fragile X PM carrier status is essen-
tially silent in women of reproductive age unless they 
develop POI, thus family history of FXD may lead clini-
cians to diagnose PM carrier women in reproductive age 
in populations [28]. Therefore, ACOG has recommended 
FMR1 carrier screening of preconception women with a 
family history of FXD to determine PM carrier status of 
women [21, 22]. Primary health care is recognized as a 
setting where direct approach to preconception women 
for screening genetic disorders like FXS may be possible. 
Diagnosis of fragile X PM carrier status of preconception 
women may help in making reproductive decisions and 
family planning [26].

According to our knowledge, this is a first study in 
which fragile X PM carrier screening was performed in 
women who were consulting obstetricians and gynecol-
ogists for preconception care at primary health care 
centers in Khyber Pakhtunkhwa region of Pakistan. An 
important aspect of this study is participation of obste-
tricians and gynecologists’ other clinicians that make 
feasible this study in clinical setting as recommended 
by guidelines of the ACOG [21, 22]. In consistent with 
our study, fragile X carrier screening was preferentially 
offered to women before pregnancy in previously con-
ducted population-based prevalence studies [29, 30]. In 
contrast to our study population-based prevalence stud-
ies conducted in China preferred pregnant women for 
fragile X carrier screening. However, some studies also 
considered both preconception and pregnant women 
for fragile X carrier screening in different populations 
of world [31, 32]. Interestingly, in Israel and some parts 
of USA, pregnant women are not considered for fragile 
X carrier screening [33, 34]. In addition, fragile X carrier 
screening is not offered to women at all in many coun-
tries as screening may usually pose significant counseling 
and educational difficulties [35].

Population-based studies have well investigated the 
prevalence of the fragile X PM carriers among precon-
ception/pregnant women in different populations. The 
prevalence rates observed were 0.13% in Korean women 
[18] 0.08 to 0.13% in Chinese women [19, 36], 0.04 to 

Table 2  AMH and FSH levels in preconception women with FMR1 PM

Hormonal levels FMR1 PM carriers

PM1 PM2 PM3 PM4 PM5 PM6

AMH level (ng/mL) 0.42 0.71 0.53 0.91 0.42 0.52

FSH level (IU/L) 37.21 28.1 38.3 25.8 33.3 42.3
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0.27% % in Australian women [31], 0.88% to 1.3% in 
Israeli women [29, 37], 0.9% in Spanish women [38]. 
The overall prevalence rate of fragile X PM carriers was 
observed 0.7% in this study. Interestingly, no PM car-
rier was detected in control group women and about 
0.5% in RG1 and 0.2% in RG2 women were detected 
PM carriers thus the observed prevalence in this study 
was contributed solely by risk groups’ women who had 
family history of either ID or ASD. Importantly, all risk 
groups’ women who consulted for preconception care 

had at least one child or sibling affected with either ID 
or ASD. Thus, this study and previously reported stud-
ies provides evidence of association of positive family 
history of fragile X-associated disorders with greater 
risk of preconception carrier women of transmitting 
the FM to their children. This association has also been 
found in previous studies [36, 39]. The findings of this 
study also suggest that FXS could be a reason for the 
high prevalence of ID and ASD that have been reported 
in Pakistani population [7, 40, 41].

Table 3  Characteristics of preconception women with FMR1 PM Alleles

Characteristics FMR1 PM CARRIERS Total (%)

PM1 PM2 PM3 PM4 PM5 PM6

Ages in years 25 29 30 32 35 37

CGG repeats’ number 61 72 59 71 64 58

Primary ovarian insufficiency symptoms

 Irregular menstruation + + _ + + + 83.3

 Skipped menstruation _ + + _ _ _ 33

 Subfertility _ _ _ _ _ + 16.6

 Hot splashes and night sweats _ _ + + + + 66

 Low AMH level + + + + + + 100

 High FSH level + + + + + + 100

 Difficulty getting pregnant _ _ _ + _ _ 16.6

Obstetric and perinatal difficulties

 Antepartum hemorrhage _ + _ _ + _ 33

 Obstructed labor _ _ _ _ + _ 16.6

 Pre-eclampsia _ _ + _ _ _ 16.6

 Hypoestrogenism conditions

 Lower bone mineral density + _ _ _ + _ 33

 Early onset osteoporosis + + + + + _ 83.3

 Bone fractures _ + _ + _ _ 33

Postpartum depression + _ + + + + 83.3

Medical conditions

 Hypertension + _ + + + _ 66

 Migraine + _ _ + + _ 50

 Diabetes _ _ + _ _ _ 16.6

 Obesity + _ _ + _ _ 33

Neuropsychiatric features

 Language issues _ + + _ _ + 50

 Memory loss _ + _ _ _ + 33

 Trouble performing daily activities + + _ _ _ _ 33

 Normal IQ level + + + + + + 100

 Difficulty in concentrating + + + _ _ + 66

 Anxiety + + + _ + + 83.3

 Attention deficit disorder + _ _ _ + _ 33

 Sleep disturbance + + + _ + + 83.3

 Aggression + + + _ + + 83.3

 Reasoning (irritability) _ + _ _ + _ 33

 Hyperreactivity + + + _ + _ 66
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In this study, we also determined the most significant 
clinical characteristics among PM carrier women. The 
risk of FXPOI is increased in PM carrier women and 
findings of this study supported this fact as PM carriers 
demonstrated significantly low AMH (< 1  ng/mL) and 
increased FSH (> 25  IU/L) levels, irregular menstrua-
tion, hot splashes and night sweats before age of 40 years 
compared to non-PM carriers. The observed prevail-
ing FXPOI symptoms act as predictors for early ovarian 
dysfunction or menopause among PM carriers and the 
average age for early menopause in FXPOI has already 
been reported 5 years earlier in PM carrier women than 
women in general population [42, 43]. Many studies have 
also noted significantly low AMH and increased FSH 
levels among PM carriers [42, 44–46]. Similarly, other 
studies observed irregular, skipped or shorter menstrual 
cycles and subfertility as prominent features of PM car-
riers [43, 46]. Hypoestrogenism in PM carrier women 
may cause variety of clinical conditions [47]. Hypoes-
trogenism causing osteoporosis has been reported at a 
high frequency among PM carriers previously [43] as 
well as in this study, however, it was also found that PM 
carrier women have no significantly increased risk of 
osteoporosis.

Previous studies revealed that PM carriers experience 
significantly antepartum hemorrhage and preeclamp-
sia at least in one pregnancy [13, 47], however, PM car-
riers were not found at risk for any of these obstetric or 

perinatal difficulties in the present study. Similarly, in 
contrast to the study conducted by Wheeler et al. [43], we 
in this study and Obadia et  al. [47] in a previous study 
examined an increased risk for postpartum depression in 
PM carrier women who had either one or two children 
with FXS. Therefore, having more than one child with 
FXS could be a reason of increased risk of women for 
postpartum depression, rather than their PM carrier sta-
tus [47].

Interestingly, in present study all PM carriers showed 
normal IQ scores compared to their children and sib-
lings with either ID or ASD. The normal IQ scores were 
also reported in adult PM carriers in  previous studies 
[48, 49]. In contrast, few studies have reported lower 
IQ scores among PM carriers [50, 51]. Moreover, PM 
carrier women were at significantly increased risks for 
various neuropsychiatric features such as anxiety, sleep 
disturbances, aggression, difficulty in concentrating, 
hyperreactivity and language issues than non-PM car-
rier women as these features were present at high fre-
quencies in PM carriers in this study. Previous studies 
have also reported significantly higher rates of sleep 
disturbances [52, 53], depression, stress and anxiety 
[31, 54], language issues [16, 55], attention deficits [16, 
48], and memory impairment [56, 57] in PM carriers 
with or without diagnosis of Fragile X associated dis-
orders compared with controls. Hartley et  al. [58] in 
a study noted predominantly aggression, inattentive, 

Table 4  Health risks associated with PM carrier preconception women

*Significant

Risk factors Risk group 1 (N = 116) p-value Risk group 2 (N = 67) p-value

Positive (n = 4) Negative (n = 112) Positive (n = 2) Negative (n = 65)

Ovarian insufficiency symptoms

 Yes 4 25 *0.0265 2 10 *0.0389

 No 0 87 0 55

Obstetric and perinatal difficulties

 Yes 2 27 0.2607 1 20 0.5725

 No 2 85 1 45

Hypoestrogenism conditions

 Yes 4 47 0.0996 1 18 0.5043

 No 0 65 1 47

Postpartum depression

 Yes 3 19 *0.0240 2 11 *0.0501

 No 1 93 0 54

Medical conditions 

 Yes 3 39 0.1436 1 19 0.5384

 No 1 73 1 46

Neuropsychiatric features

 Yes 3 23 *0.0389 2 10 *0.0432

 No 1 89 0 55
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behavior problems and irritability, whereas Chonchaiya 
et al. [59] observed high prevalence of balance problem, 
memory loss, dizziness among PM carriers with history 
of FXD. Prevalence rates of hypertension and migraine 
were high; however, PM carriers were not found at sig-
nificantly increased risk for these conditions in this 
study. In contrast, observed significantly high preva-
lence of hypertension [60] and migraine [61] in PM car-
riers with history of FXTAS. Moreover, PM carriers had 
not an increased risk for diabetes as found in this and 
previous studies [1, 60].

It is the first study that determined prevalence of 
fragile X PM alleles in Pakistani women who con-
sulted primary health care centers for preconception 
care. The PM carrier women had at least one child or 
sibling affected with either ID or ASD, therefore, this 
study also provides evidence that FXS could be a reason 
for the high prevalence of ID and ASD that have been 
reported in Pakistani population. In addition, the pre-
conception women with FMR1 PM alleles were found 
to be at increased risk for FXPOI, postpartum depres-
sion and neuropsychiatric disorders. The findings of 
current study may be used to improve preconcep-
tion care, direct future screening strategies and edu-
cate women about implications of fragile X associated 
health, reproductive and neuropsychiatric conditions 
that may greatly help in reducing burden of FXD in our 
population.
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