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Fragile X syndrome (FXS) is the most prevalent inherited cause of intellectual disability (ID) and 
autism spectrum disorder (ASD). Many studies have been conducted over the years, however, in 
Indonesia there is relatively less knowledge on the prevalence of FXS. We reviewed all studies 
involving FXS screening and cascade testing of the high-risk population in Indonesia for two decades, 
to elucidate the prevalence, as well as explore the presence of genetic clusters of FXS in Indonesia. 
The prevalence of FXS in the ID population of Indonesia ranged between 0.9-1.9%, while in the ASD 
population, the percentage was higher (6.15%). A screening and cascade testing conducted in a small 
village on Java Island showed a high prevalence of 45% in the ID population, suggesting a genetic 
cluster. The common ancestry of all affected individuals was suggestive of a founder effect in the 
region. Routine screening and subsequent cascade testing are essential, especially in cases of ID and 
ASD of unknown etiology in Indonesia.

1. Introduction

Fragile X syndrome (FXS) is an X-linked inherited 
condition that causes developmental problems, 
including intellectual disability (ID). FXS is caused 
by the expansion of the cytosine-guanine-guanine 
(CGG) trinucleotide repeat in the 5' untranslated region 
(UTR) of the fragile X mental retardation (FMR1) 
gene (OMIM 309550). It has a prevalence of 0.5 to 
3 percent in different populations with intellectual 
disability (ID) and autism spectrum disorder (ASD) 
(1). FXS is characterized by ID and emotional and 
behavioral disorders, including a short attention span, 
hyperactivity, tactile defensiveness, and poor eye contact 
(2). Dysmorphic clinical features of FXS include large 
and prominent ears, macroorchidism during and after 
puberty, single palmar crease, and hyperextensible joints 
(3). About 50 to 60% of male patients with FXS also 
have features of autism spectrum disorder (ASD), and 
FXS is considered to be the most common single gene 
cause of ASD (4). The expansion of CGG trinucleotide 
repeats is unstable within a specific threshold, with 
variable length in the normal population. The range 
of repeats in a normal individual is 5 to 44 repeats. 

Individuals with 45-54 repeats have variable expansion 
characteristics and this allele is called an intermediate or 
'gray zone' allele, while individuals with 55-200 repeats 
are classified as premutation carriers. The phenotypes in 
FXS are associated with more than 200 CGG repeats and 
methylation, and this range is called the full mutation. 
Expansion instability usually results from maternal 
transmission, however, 1 or 2 AGG anchors after every 
10 CGG repeats can lead to less frequent expansion to 
the full mutation when passed on by a mother to the next 
generation (5).
 The first cytogenetic analysis of FXS identified the 
fragile site on the long arm of chromosome X located at 
Xq27.3, whereby the syndrome was named (6). Further 
molecular analysis for diagnosis of FXS, including a 
polymerase chain reaction (PCR) based method was 
introduced after the FMR1 gene molecular structure 
was identified in 1991 (7). There have been many PCR 
protocols developed to measure the size of CGG repeats, 
and PCR is one of the most inexpensive and convenient 
methods for diagnosis. However, the DNA fragment 
of expanded repeats in the mid-high premutation range 
does not amplify well in PCR, so full mutation alleles 
cannot be detected. Consequently, other methods are 
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added to differentiate the methylated or unmethylated 
full mutation alleles (7,8). Southern blot analysis using 
a methylation-sensitive enzyme (e.g., BstZI, EagI, NruI, 
BssHII) and a non-methylation-sensitive enzyme (e.g. 
EcoRI or HindIII) have been used to detect mid to high 
premutation and full mutation alleles. Fully expanded 
alleles are seen as a band significantly larger than 5.2 kb, 
due to the inability of the enzymes to cut the allele (9).
 With regard to the accuracy of FXS diagnosis, 
Southern blotting was established as a gold standard 
procedure. This method is still considered laborious, 
time-consuming, and requiring larger amounts of DNA. 
Novel PCR approaches were studied, and a triplet repeat 
primed PCR (TP-PCR) was introduced to amplify the 
CGG-repeat more efficiently. As a result, various kits to 
identify repeat expansion, as well as to quantify the CGG 
repeat in the FMR1 gene are currently employed (10,11).
 In Indonesia, studies on FXS have been conducted 
since the early 1990s. The first case of FXS was reported 
in 1995, when intellectually disabled males attending 
a special school were screened, identifying the first 
Javanese family with two affected brothers. Both brothers 
with FXS had ID with the typical phenotype (e.g., long 
face, long and prominent ears, and macroorchidism) 
(12). Following a clinical and genetic screening of 
individuals with ID, other individuals with FXS were 
found in other institutions or special schools, mostly on 
Java Island. Cytogenetic analysis and conventional PCR-
based screening combined with the fragile X syndrome 
checklist are still being done for routine FXS diagnosis 
because of fewer molecular analysis facilities in 
Indonesia. Southern blot analysis is done only to confirm 
inconclusive results. We aim to describe the prevalence 
of FXS in Indonesia, as well as the results of periodic 
screening and cascade testing in the high-risk population 
for FXS in Indonesia.

2. Data collection

The data was collected from the previous screening 
programs from special schools/ institutions, including our 
recent screening. The previous data of three screenings in 
1999, 2012, and 2013 were collected and included from 
Winarni et al. (13). The recent screening from institutions 
and referred patients from the clinic during 2014-2019 
were collected for routine cytogenetic analysis, including 
fragile site detection at chromosome Xq27.3 using G 
banding technique. The FMR1 gene was analyzed using 
PCR-based methods to determine CGG repeat length as 
previously described (14,15). To confirm the diagnosis 
of FXS, Southern blot analysis was performed (7,16). 
For the most recent screening from an institution, 
individuals were subjected to FMR1 molecular analysis 
using three FastFrax FMR1 Identification, Sizing, 
and Methylation Status Kits (The Biofactory Pte Ltd, 
Singapore) as reported previously (17). Other screenings 
in a remote area of East Indonesia were performed 

using the chimeric-CGG-primer-based PCR screening 
method from blood spots samples (18). Finally, cascade 
testing was performed on the family of individuals who 
were molecularly confirmed as FXS. Informed consent 
was obtained from all cases, and all studies have been 
approved by the ethical committee.

3. Prevalence of FXS in Indonesia

In total, six studies have been performed involving 
screening of high-risk populations, including ID and 
ASD in Indonesia (Figure 1). The first study conducted 
by Faradz and colleagues in 1999, yielded 5 out of 262 
individuals from an ID population in a special school 
(1.9%) (19,20). The study done by Mundhofir and 
colleagues in 2012 found nine individuals (1.7%) with 
FXS from 527 males and females with ID in special 
schools and institutions in the Central Java province 
(16). The study in an autism population resulted in 4 out 
of 65 (6.15%) children with FXS, in accordance with a 
larger prevalence of FXS among individuals with autism 
(21). Blood spot screening in a population of individuals 
with ID in a remote area of Flores island, East Indonesia 
found 2 full mutation males and 1 premutation male out 
of 130 males and 81 females (0.9%), using dried blood 
spot testing (18).
 Our latest FXS screening conducted using triplet 
repeat primed polymerase chain reaction (TP-PCR) in 
individuals with ID from Central Java province, yielded 
a prevalence of 1.83% (2 out of 109 individuals) (17). A 
full mutation was found in a male with an IQ of 50 and 
mild characteristic features of FXS such as, long face, 
prominent ears, macroorchidism, high arched palate and 
hyperextensible joints (Figure 2), and a female with mild 
ID, IQ of 64 without any FXS physical and behavioral 
characteristics (17). Both individuals were not suspected 
of FXS on physical examination and yielded a lower 
than threshold score on the Hagerman checklist (2). 
Both affected individuals had siblings with ID, however, 
follow-up by molecular testing could not be performed, 
because the parents did not agree on subsequent cascade 
testing. Thus, other family members were diagnosed 
based on physical examination and pedigree analysis. 
Altogether, the prevalence of each screening study is 
shown in Figure 1.
 Upon finding positive results in these studies, a 
cascade testing was conducted on some individuals. A list 
of cascade testing results is described in Table 1. Aside 
from the screening program, some patients were referred 
to the Diponegoro National Hospital with clinical 
suspicion of FXS, combined with a family history of ID. 
Up until 2019, four families were diagnosed molecularly, 
as shown in Table 2.
 Diagnosis of FXS in Indonesia is mostly conducted 
under university-based studies, done by physicians who 
lead a research-project and have research-interests in 
ID through clinical, cytogenetic, and molecular testing. 
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are mainly due to the population studied with or without 
cascade testing, molecular techniques being used, 
consanguinity, inclusion criteria, and the number of 
samples.

4. Genetic cluster of FXS in Indonesia

A high rate of FXS cases were found from the first 
screening in a special school and nearby community of 
Semin district, of Gunung Kidul regency, province of 
Yogyakarta in 2000 (20). Screening from a special school 
revealed 21 out of 47 students (45%) were identified and 
affected with FXS. After cascade testing was performed, 
there were 16 nuclear families with 25 affected males, 

These studies showed a similar FXS prevalence of 1.7-
1.9% of populations with ID of unknown etiology. In 
addition to our studies, during 2014-2019 there were only 
four families referred to our research center (Center for 
Biomedical Research/CEBIOR) by physicians for FMR1 
mutation analysis (Table 2), this might be due to a lack of 
awareness of the need for genetic testing in those with ID 
or ASD. The prevalence of FXS is in agreement with the 
known general prevalence of FXS in diverse populations 
(22), although it is lower than some Asian countries. For 
example, the prevalence of FXS among boys with ID 
in Thailand was about 7% (16 of 237 individuals) (23), 
while in Iran, full mutation of FMR1 was found in 32 of 
508 (6.3%) families studied (24). These discrepancies 

Table 1. Cascade testing results on 15 cases from 5 studies

Case no.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Total

No. of nuclear 
families

1
5
2
2
1
1
2
3
1
2
1
1
1
1
8
32

Total affected 
males

2
2
4
2
1
2
2
3
1
1
2
2
0
1
5
30

Total affected 
individuals

2
5
4
3
1
3
3
3
1
2
3
3
0
2
12
47

Total affected 
females

0
3
0
1
0
1
1
0
0
1
1
1
0
1
7
17

Cascade testing taken 
from study population

Faradz et al., 1999
Faradz et al., 1999
Faradz et al., 1999
Faradz et al., 1999
Winarni et al., 2013
Winarni et al., 2013
Mundhofir et al., 2012
Mundhofir et al., 2012
Mundhofir et al., 2012
Winarni et al., 2013
Sihombing et al., 2020
Sihombing et al., 2020
Utari et al., 2020
Utari et al., 2020
Utari et al., 2020

Total carrier 
females

7
6
9
0
1
2
1
0
0
1
1
1
0
1
8
38

Total carrier 
males

3
2
3
0
0
1
0
0
0
2
0
0
1
0
1
13

Table 2. Patients referred from the clinic from year 2004 to 2019

Case no.

A
B
C
D
Total

No. of nuclear 
families

2
1
1
2
6

Total affected 
males

1
2
2
5
10

Total affected 
individuals

1
3
3
5
12

Total affected 
females

0
1
1
0
2

Total carrier 
females

3
1
1
2
7

Total carrier 
males

0
0
0
2
2

Figure 1. Prevalence of FXS from each screening on high-risk 
populations in Indonesia. Note the prevalence from the screening 
of 2000 was higher due to the founder effect, and in 2013 was higher 
due to the autism population studied.

Figure 2. The front facial image of full mutation male (A) and 
female (B) on the latest FXS screening. FXS clinical stigmata found 
on the male patient such as long face and prominent ears, while no 
dysmorphism was observed in the female patient.
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17 affected females, 27 premutation female carriers, 
and 6 premutation male carriers, from one large, multi-
generational pedigree of the same ancestor, suggesting 
this founder family was the cause of this high prevalence 
(14,20). The next follow-up in 2005 revealed six 
additional nuclear families with five affected males, 
five affected females, five premutation females, and 
five premutation males (16). Our latest follow-up in this 
region in 2019 revealed no new cases were found using 
the Hagerman fragile X checklist (2).
 From approximately 55,000 inhabitants, the estimated 
number of people with ID in this region was around 
400 cases. Out of 42 individuals identified to have a full 
mutation of FMR1, roughly more than 10 percent of 
cases with ID were FXS, significantly higher than the 
global prevalence (20). A genetic cluster of FXS has been 
reported in Ricaurte, a district in Colombia, where 1:19 
men and 1:46 women carry a full mutation of FMR1, 
while 1:85 men and 1:25 women carry a premutation (25). 
The high prevalence of FXS, the limited geographical 
area, and the large ancestral pedigree, strongly indicate 
that Semin district also represents a genetic cluster of 
FXS.

5. Management of FXS in Indonesia

Management of individuals with FXS-associated 
disorders comprises long-term health supervision, 
starting from a young age through adulthood. In addition, 
to identifying those with FMR1 premutation-associated 
disorders such as Fragile-X associated tremor/ataxia 
syndrome (FXTAS) at a later age, Fragile-X associated 
primary ovarian insufficiency (FXPOI) among female 
carriers and the risk of having fragile X-associated 
neuropsychiatric disorders (FXAND) at all ages (26,27). 
To date, in Indonesia, there are no specific clinical 
guidelines or recommendations regarding individuals 
with FXS, premutation disorders or ID in general. 
Diagnostic workup for FXS is limited, because our 
center is the only center that performs FXS testing in 
Indonesia (16). Moreover, the cost of diagnostic testing, 
a multidisciplinary approach for treatment, and long 
term follow up in order to reach optimum developmental 
outcomes, besides the need for health care facilities 
related to comorbidities, are not fully covered by the 
National Health Insurance (Jaminan Kesehatan Nasional/
JKN) plan. These conditions become a challenge for 
individuals and families who are dealing with FXS.
 Genetic counseling is recommended for all 
family members who: i) have a positive result from 
genetic testing and who may be affected with the full 
mutation or premutation disorders, ii) are at risk of 
having a FXS child, and iii) are at risk of developing 
premutation-associated disorders. It is important to 
provide information about the inheritance pattern, risk 
of having more affected children with FXS or carriers 
with the premutation. Some women may have the full 

mutation and these women may not have an ID, but 
perhaps emotional or learning problems and they need 
an improved understanding of their health condition 
(26). Cascade testing has revealed that many family 
members have a full mutation or premutation alleles 
from each FXS case. Consequently, clinicians or genetic 
counselors have to improve their understanding of 
FXS and premutation-associated disorders, the clinical 
consequences, and the risk of transmitting the disease. If 
a mother of a child with FXS has a premutation or full 
mutation allele, she will be able to pass a full mutation 
to the next offspring, while a carrier father will pass 
only the premutation allele to all of his daughters (28). 
Moreover, careful consideration should be taken in order 
to keep the balance of family dynamics, for example 
on deciding the right time to test and give results to 
the parents or other family members. There are some 
cultural aspects to recognize, such as the concern for 
potential mistreatment of the marital relationship due to 
carrier status (28), or even forced marriage of individuals 
with FXS due to the social obligation to reproduce 
offspring (29). In Indonesia, aside from cultural belief, 
a religious aspect also contributes significantly to the 
attitudes towards illness and decision-making regarding 
healthcare. Some people would avoid genetic testing and 
screening due to the belief that the condition is a destiny 
from God or other superstition related to the carrier who 
"brings a bad gene" (30). The latest follow-up in the 
area with a high rate of FXS is in the Semin district with 
no new cases of FXS is suggestive of the acceptance/
understanding of genetic counseling, and our long-term 
evaluation and follow-up may have an impact on better 
family planning in this population.
 The ongoing research on targeted treatment for FXS 
has shown some medications that are currently available 
for clinical use, such as metformin, minocycline, and 
sertraline. Some promising targeted treatments are still 
in clinical trials, including cannabidiol, ganaxolone, 
gaboxadol, arbaclofen, and mavoglurant, among 
others (31,32). Research conducted on children with 
FXS treated with metformin showed improvements 
in language development and behavior, such as mood 
instability and aggressive behavior in most patients 
(33). The availability of testing and screening for FXS 
in Indonesia, such as in our center will eventually 
provide access to medication for the patient and family, 
and will be beneficial for alleviating symptoms, such 
as anxiety, irritability, and mood disorders, as well as 
improving language, social communication, and motor 
skills. Clinical trials remain a challenge in our center 
due to limited human capacity, the weak regulatory and 
administrative system, and lack of laboratory facilities 
for diagnosis, baseline and follow up measurements. 
However, physicians can take advantage of targeted 
treatments and prescribe a medication based on the 
available evidence and a careful consideration of 
potential risks and benefits for patients.
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6. Conclusion

This is the first comprehensive review of FXS in 
Indonesia. FMR1 screening is necessary to identify new 
cases and perform genetic counseling to help families 
avoid having a recurrence of children with FXS. 
The diagnosis of individuals with FXS in Indonesia 
could be significantly improved by more frequent 
FXS DNA testing of those with ID or ASD by having 
physicians simply order fragile X DNA testing, since 
there is improved availability of advanced molecular 
laboratories and genetic health care professionals 
such as genetic counselors, clinical geneticists and 
increasing awareness and collaboration among 
healthcare providers, government and stakeholders, as 
well as the community. Regular screening and cascade 
testing may improve the diagnosis of FXS in previously 
unknown cases with ID, and further evaluation of other 
regions of Indonesia, especially outside of Java Island 
is warranted.
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