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The fragile X mental retardation 1 (FMR1) gene contains a highly polymorphic trinucleotide (CGG) repeat 
and consists of various allelic forms.  Traditionally, 55-200 repeats and over 200 CGG repeats have been 
highlighted to be associated with ovarian dysfunction and neuro-psychiatric risks.  However, previous 
studies had paid little attention to the allelic forms of 5-55 CGG repeats.  Herein, we sought to evaluate the 
pathological features of FMR1 allelic category with a range of 5-55 CGG repeats.  We further classified the 
spectrum of CGG sizes (5-55 repeats) into three sub-groups as low numbers of CGG repeat (< 26 repeats), 
normal CGG count (26-34 repeats), and small CGG expansion (35-54 repeats).  Our systematic review 
documented that low numbers of CGG repeat (< 26 repeats) revealed a close relationship with premature 
ovarian failure.  Correspondingly, the meta-analysis showed that small CGG expansion, involving allelic 
sizes with 35-54 (n = 8, OR = 1.22, 95% CI: 0.75-2.00, P > 0.05) and 41-54 (n = 7, OR = 1.62, 95% CI: 
1.14-2.30, P < 0.05), was both linked to the risk of ovarian dysfunction.  Additionally, small CGG expansion 
exerts significant influence on male Parkinsonism cohorts (OR = 2.17, 95% CI: 1.50-3.14, P < 0.05), mental 
retardation, and repeat instability.  Our data provide evidence that the CGG-repeat numbers below 26 or 
above 34 of FMR1 gene are also associated with disease risks and thus should be regarded as 
pathological genotypes for a routine test.
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Introduction
The fragile X mental retardation 1 (FMR1) gene car-

ries unstable CGG expansion in its 5’untranslated region 
that is associated with a large number of disorders (Groh et 
al. 2014).  Based on the CGG repeat numbers, traditional 
expansion of the FMR1 gene is classified as a normal range 
(CGG: 5-55), premutation (CGG: 55-200) and full mutation 
(CGG > 200).  One of the most common diseases is fragile 
X syndrome (FXS) caused by CGG full mutation, and the 
absence of fragile X mental retardation protein (FMRP) 
contributes to the clinical phenotypes of FXS, such as cog-
nitive deficits, behavioral problems and connective tissue 
disorders (Garber et al. 2008).  Besides, our knowledge of 
clinical involvement in premutation carriers is also preva-
lent.  Premutation patients showed a broad range of neuro-
logical, neurocognitive, endocrine and psychiatric problems 

related to RNA toxicity (Hagerman and Hagerman 2013; 
Kraan et al. 2013), and they could present two other obvi-
ous disorders: fragile X-related primary ovarian insuffi-
ciency (FXPOI) and fragile X-associated tremor/ataxia syn-
drome (FXTAS) (Tassone et al. 2012; Hagerman and 
Hagerman 2013).

However, apart from full mutation and premutation, 
other CGG expansion ranges are also involved in disease 
phenotypes and cause severe clinical symptoms.  Since Fu 
et al. (1991) had demonstrated that the distribution pattern 
for triple CGG repeat in a general population between 29 
and 30 was ubiquitous, many researchers further analyzed 
the CGG expansion numbers by detecting the scale outside 
the range of 26-34, and found that CGG repeat under 26 
could be associated with reproductive diseases.  Gleicher 
and his colleagues indicated females with the low numbers 
of CGG repeat were predisposed to early ovarian aging 
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(Gleicher et al. 2009, 2010b, 2011).  This allelic form was 
also correlated with BRCA1/2 mutations, which may reflect 
potential increased cancer risks and embryo-lethality 
(Weghofer et al. 2012).  In addition, the significance of 
CGG numbers below 26 had been implicated in neuropsy-
chiatric biology.  Nagamani et al. (2012) reported that the 
loss of FMR1 copy counts could cause pathological neuro-
development phenotypes.  Mailick et al. (2014) compared 
adults with the low numbers of CGG repeat to normal age-
peers, discovering that both men and women with CGG 
counts < 26 had higher risks of cognition disability and 
mental health.

Other studies also offered clues about potential nega-
tive effects of small CGG expansion in reproduction.  Small 
CGG expansion was known as intermediate alleles and gray 
zone as well.  The earliest papers had presented that a high 
risk factor for premature ovarian failure can be observed 
from small CGG expansion (CGG: 35-54) to premutation 
status (CGG: 55-200) (Fu et al. 1991; Conway et al. 1998; 
Bretherick et al. 2005; Allen et al. 2007; Wittenberger et al. 
2007).  Recent studies also indicated that intermediate 
alleles should be responsible for ovarian dysfunction 
(Pastore et al. 2012; Barasoain et al. 2013; De Geyter et al. 
2014; Guo et al. 2014).  Furthermore, the increased tran-
scriptional activity was found in population with small 
CGG expansion relative to individuals with normal CGG 
repeat (Loesch et al. 2007), in combination with the trans-
mission instability of CGG repeat close to 55 (Fernandez-
Carvajal et al. 2009).  Thus, there may be undesirable phe-
notypes correlated with the destructive ‘‘gain-of-function’’ 
effect of small CGG expansion. 

These arguments suggest that some allelic forms of 
CGG repeat length, deviating from 26 to 34, may have 
pathological significance.  Therefore, more attention should 
be focused on the other end of the spectrum, namely low 
numbers of CGG repeat (CGG < 26) and small CGG expan-
sion (35-54).  Normal CGG range was here defined as 
26-34 (median 30).  The research primarily continued to 
refine our understanding the significance of the low num-
bers of CGG repeat with a systematic review and of small 
CGG expansion with a meta-analysis in phenotypic associa-
tions.  We revealed a broad range of overlapping pathologi-
cal phenotypes observed in affected individuals, which will 
illuminate the mechanisms of underlying disorders with 
abnormal CGG expansion and provide therapeutic 
approaches.

Materials and Methods
A systematic review and meta-analysis were carried out accord-

ing to the flowchart of PRISMA statement (Preferred Reporting Items 
for Systematic reviews and Meta-Analysis) guidelines (Hutton et al. 
2015).  Official institutional review board approval was not necessary 
due to this analysis that consisted of mass of published studies.

Eligibility criteria
Studies were selected based on the following criteria: 1, the 

articles were incorporated if they analyzed the association between 
low numbers of CGG repeat (< 26) and disorder phenotypes, or 
between small CGG expansion (35-54) and ovarian dysfunction.  
Primary ovarian insufficiency (POI) is a comprehensive clinical spec-
trum related to early aging of the ovaries.  Diminished ovarian reserve 
and premature ovarian failure both belong to the definition of POI 
(Pastore et al. 2012).  They are all defined as ovarian dysfunction.  2.  
Diminished ovarian reserve is defined as the concentration of FSH  
> 10 m IU/ml for 2-5 days; or taking 100 mg clomiphene citrate med-
icine, with FSH > 12 m IU/ml after 5 days.  Whereas premature ovar-
ian failure is diagnosed as the cessation of the menstrual cycle for 4 
months before the age of 40 years, with a high concentration of FSH 
> 40 IU/L, and detects on average twice 1-month interval.  The diag-
nosis of POI is accorded with diminished ovarian reserve and prema-
ture ovarian failure.

Search and selection strategy and study quality assessment
The literatures were retrieved to determine studies on the value 

of the low numbers of CGG repeat and small CGG expansion in dis-
orders phenotypic associations.  We performed searches in PubMed, 
Medline, Google Scholar, and Web of Science, using combination of 
the following keywords: CGG repeat, CGG expansion, CGG counts, 
low repeat, small expansion, intermediate alleles, gray zone, prema-
ture ovarian senescence, primary ovarian failure, POI, ovarian dys-
function, diminished ovarian reserve, infertility, or premature meno-
pause.  The included studies were limited to July 2015.  We assessed 
methodological quality by Strengthening the Reporting of 
Observational studies in Epidemiology (STROBE), which provided 
items on observational studies such as cohort studies, case controls 
and cross sectional studies (Vandenbroucke et al. 2014).  Any studies 
that could probably exhibit the association between the low numbers 
of CGG repeat or small CGG expansion and phenotypic associations 
were preselected.  The references of the selected articles were neces-
sary to identify additional possible relevant studies.

The studies of low numbers of CGG repeat describing the dis-
ease phenotypic associations were retrieved by the search read, and 
from which the relevant first author, publication year, ethnicity, and 
pathological phenotypes were extracted (Table 1).  While first author, 
publication year, location, sample size, disorders form, and alleles 
size were extracted from each study with small CGG expansion 
(Table 2).  If data were vacant in published articles, complementary 
information was necessary to contact with the corresponding authors.  
The meta-analysis was conducted when three or more studies were 
related with disorder phenotypes.

Statistical analysis
As the low numbers of CGG repeat with the disorder pheno-

types were considerable heterogeneity in statistical methodology 
used, we considered that it was inappropriate to collect the data into a 
meta-analysis, and presented it in summary form instead (Table 1).  
Statistics were analyzed using Review Manager 5.0.  The association 
between small CGG expansion and the risk of ovarian dysfunction 
was expressed using odds ratios (OR) and 95% confidence intervals 
(CI).  The statistical implication of combined OR was assessed using 
Z-test.  The meta-analysis was stratified by allelic sizes.  A test of het-
erogeneity among the articles was conducted using a Q-test that was 
based on X2 (Zamora et al. 2006).  Statistical heterogeneity was eval-
uated using I2, and I2 > 50% was regarded as considerable heteroge-
neity (Cochrane Collaboration. 2011).  Considering existent heteroge-
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neity was detected, the random effects model was applied rather than 
a fixed effects model.  The significance analysis was performed by 
t-test, and P < 0.05 was considered significant.

Results
The systematic literature retrieval through PubMed, 

Medline, and Google Scholar yielded 1,088 articles.  
Among them, 1,010 articles were removed by scanning the 
titles or abstracts, and 78 articles were evaluated fully for 
eligibility (Fig. 1).  Of these, 29 studies were related with 
the low numbers of CGG repeat, while 58 studies were 

associated with small CGG expansion.  There were 9 dupli-
cates among them.  After screening full-text articles, 9 of 
the 29 studies described the association between low num-
bers of CGG repeat and disorder phenotypes.  Out of the 58 
studies with small CGG expansion, 10 eligible studies 
related to ovarian dysfunction were selected and subjected 
to a meta-analysis.  The characteristics of the incorporated 
studies are shown in Table 2.  As shown, diminished ovar-
ian reserve and premature ovarian failure, defined as POI, 
are all associated with ovarian dysfunction (Pastore et al. 
2012).  Therefore, we primarily analyzed the association 

Authors year Ethnicity Study design Pathological phenotypes

Gleicher
et al.

2009 US cross-sectional  
study

CGG repeat < 28 counts have increased odds 
of having premature ovarian senescence

Shamilova
et al.

2013 Russia cross-sectional 
study

CGG repeat < 28 counts are significantly 
associated with the anti-ovarian antibodies, 
implying the autoimmune factor of POF

Mailick
et al.

2014 US longitudinal 
Study

developmental disability, breast cancer and 
uterine cancer, more likely to have a 
disabled child

Weghofer
et al.

2012 Austria
U.S

prospective 
comparative  

study

Women who have low FMR1 sub-genotypes 
will increase cancer risks associated 
BRCA1/2 mutaion

Gleicher
et al.

2010 U.S Consecutive
study

CGG repeat < 26 counts can also cause low 
ovarian reserve

Table 1.  The association between low numbers of CGG repeat and phenotypic disorders.

Name Year Country Cases Controls Disease Allele size

2013 Spanish 8/82 2/64 POF 35-54

2012 US 10/62 57/532 DOR POI 35-54

2005 Canada 15/106 21/322 POF 35-54

2013 Swiss 3/48 28/199 POI 35-54

2011 Japan 16/256 6/196 POI 35-54

2009 Swiss 8/54 2/64 POI 35-54

2014 China 4/117 5/82 POF 35-54

Barasoain et al.

Pastore et al.

Bretherick et al.

De Geyter et al.

Ishizuka et al.

Streuli et al.

Yuqin Ye et al. 

Benett et al. 2010 UK 51/714 223/2,776 POF 35-54

Guo et al. 2014 China 11/379 7/402 POF 41-54

Bodega et al. 2006 Italia 9/190 2/200 POF 41-54

Pastore et al. 2012 US 4/62 21/532 POI 41-54

Ishizuka et al. 2011 Japan 6/256 0/196 POI 41-54

Streuli et al. 2009 Swiss 4/54 0/64 POI 41-54

Benett et al. 2010 UK 27/715 81/2,778 POF 41-54

Breherick et al. 2005 Canada 7/106 9/322 POF 41-54

Table 2.  Characteristics of small CGG expansion with ovarian dysfunction.

POI, primary ovarian insufficiency; DOR, diminished ovarian reserve; POF, premature 
ovarian failure.
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between different allelic sizes of small CGG expansion and 
ovarian dysfunction.  Consequently, studies were classified 
into allelic size with 35-54 (n = 8) and 41-54 (n = 7), and 
there were 5 articles are duplicates among them because of 
the extraction of various allelic sizes in one literature as 
possible (Fig. 1).  In addition, we performed a subgroup 
analysis and categorized the allelic size with 35-54 into 2 
groups: one group comprised 4 studies of premature ovar-
ian failure, the other group comprised 4 studies of POI (Fig. 
1).

Low numbers of CGG repeat with a systematic review
The 5 of 9 retrieved papers emphasized on relationship 

between FMR1 low genotypes and BRCA1/2 mutations.  
Weghofer et al. (2012) investigated 99 BRCA1/2 mutation-
positive women and 410 female controls to explore the dis-
tribution of FMR1 genotypes.  The results showed that 
women with heterozygous genotypes, in which one allele is 
normal and the other is below the normal range, also known 
as low FMR1 sub-genotypes, were correlated with 
BRCA1/2 mutations.  FMR1 low genotypes could reflect 
potential increased cancer risks and embryo-lethality 
(Weghofer et al. 2012).  However, the other 4 studies were 
discordant with the observation.

Other literatures discussed diverse pathological pheno-

types of the low numbers of CGG repeat.  The 3 studies 
identified that CGG counts closed to the distribution of nor-
mal range (26-34) can imply lifelong normal ovarian func-
tion, while deviation from the range indicated elevated risks 
towards ovarian diseases.  Among them, Gleicher and his 
colleagues, with 316 consecutive infertility patients, speci-
fied that CGG repeat counts < 28 would increase the likeli-
hood of diminished ovarian reserve (Gleicher et al. 2009).  
Then they further assessed the ovarian reserve by anti-mul-
lerian hormone, and the results presented abnormal hetero-
zygous and homozygous CGG numbers, especially FMR1 
low genotypes, would reduce ovarian reserve at younger 
ages (Gleicher et al. 2010a).  Moreover, a cross-sectional 
study explored the association between CGG expansion and 
premature ovarian senescence, showing that CGG counts  
< 28 may be both the molecular-genetic and autoimmune 
factors of premature ovarian failure (Shamilova et al. 2013).

A new study also investigated individuals with the 
normal and the low numbers of CGG repeat, respectively, 
and compared the outcome variables in cognition, mental 
health, and cancer domains (Mailick et al. 2014).  In the 
end, the authors concluded that people with the low num-
bers of CGG repeat apparently had more difficulty in solv-
ing day to day problems with their memory and ability.  
And the women, in particular those with the low numbers 

Fig. 1.  Study flow chart.  There are 5 articles that are duplicates among allelic size with 35-54 and 41-54 because of the  
extraction of various allelic sizes in one literature as possible.  POF, premature ovarian failure; POI, primary ovarian  
insufficiency. 
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of CGG repeat of both alleles, had significantly increased 
odds of feeling that they were necessary to drink more to 
obtain the same capacity as previously.  Still, more risks in 
having breast cancer and uterine cancer were also increased, 
the odds of which were even extended to two and one-half 
times or four times.  More severely, both men and women 
with CGG counts < 26 will be more likely to have a dis-
abled child with a mental retardation or developmental dis-
ability (Mailick et al. 2014).

Ultimately, we presented 5 articles to clarify the asso-
ciation between the low numbers of CGG repeat and disor-
der phenotypes (Table 1).  In these studies, “low numbers” 
were defined as CGG numbers below 26, and over 34 as 
‘high alleles’.  Genotypes were classified as following: nor-
mal (both alleles were in 26-34), heterozygous (one allele 
was not in normal range) and homozygous (both alleles 
were not in normal range).

Small CGG expansion with a meta-analysis
Allelic size with 35-54: The 8 studies investigated the 

prevalence of small CGG expansion (35-54) in ovarian dys-
function cohorts and general cohorts, including 1,190 cases 
and 4,144 controls.  The integral diagnostic OR for the inci-
dence of FMR1 small CGG expansion between ovarian 
dysfunction cases and control subjects was 1.22 (95% CI: 
0.75-2.00, P > 0.05).  And, the meta-analysis was catego-
rized the allelic size into POF and POI groups due to a sig-
nificant heterogeneity among the studies.  In both popula-
tions, a little difference was found between the patients and 
controls (premature ovarian failure: 1.32, 95% CI: 0.57-
3.07, P > 0.05 and POI: 1.21, 95% CI: 0.55-2.66, P > 0.05) 

(Fig. 2).
Allelic size with 41-54: The 7 papers mentioned the 

relationship between the prevalence of FMR1 small CGG 
expansion (41-54) in ovarian dysfunction cohorts and gen-
eral cohorts, which contained 1,572 cases and 4,203 con-
trols.  A certain difference was found between the patients 
with ovarian dysfunction and controls (1.62, 95% CI: 1.14-
2.30, P < 0.05).  We found no heterogeneity among the 
studies because of the estimated I-squared was 0% (Fig. 3).

Discussion
This systematic review and meta-analysis concentrated 

on the correlation between different expanded CGG num-
bers and the risk of phenotypic associations.  We primarily 
classified into 2 groups to analyze: the low numbers of 
CGG repeat with disease phenotypes and small CGG 
expansion with ovarian dysfunction.

Low numbers of CGG repeat
The FMR1 gene plays a significant role in mental 

development and function.  Many studies of FMR1 CGG 
repeat had illustrated a wide normal range, with the 
expanded numbers being 5-55, but little attention was 
focused on the low numbers of CGG repeat.  In this study, 
we have presumed that participants with the low numbers 
of CGG repeat may be associated with terrible disorder out-
comes.

Fu et al. (1991) initially showed the distribution pat-
terns of triple CGG counts in general population, and then 
some researchers proposed that CGG counts should be 
defined as the normal range close to 30.  Chen et al. (2003) 

Fig. 2.  Association between the prevalence of small CGG expansion (35-54) and risk of ovarian dysfunction.  Forest plot  
illustrated the overall and subgroup meta-analysis in ovarian dysfunction cohorts and general cohorts.  The area of the 
squares reflects the study-specific weight.  The diamond represents the summary OR and 95% CI.  POF, premature 
ovarian failure; POI, primary ovarian insufficiency.
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also reported CGG numbers of 30 switched the translation 
effect of FMR1 gene product.  It is common knowledge that 
this gene product FMRP, indeed, plays a key role in fragile 
X spectrum disorders, especially happening to synaptic 
plasticity which is one of the common reasons lead to men-
tal retardation and developmental disability (Rousseau et al. 
2011).  The low numbers of CGG repeat may result in inef-
ficient translation due to few transcripts; thus, individuals 
with the low numbers of CGG repeat are more likely to suf-
fer from poor cognitive functions.

The symptoms of females with the low numbers of 
CGG repeat have also been implicated in research on repro-
ductive biology.  Premature ovarian failure, one of the 
prevalent disorders in the reproductive system, is associated 
with fertility issues and causes an earlier onset of meno-
pause.  In fact, low numbers of CGG repeat also play a role 
in premature ovarian failure and diminished ovarian 
reserve.  Recently, it has been reported that the pathogene-
sis of premature ovarian failure may not only be correlative 
with genetic influence, but also depend on autoimmune fac-
tors (La Marca et al. 2009).  In this context, Shamilova et 
al. (2013) found CGG counts < 28 were significantly asso-
ciated with the anti-ovarian antibodies.  The autoimmune-
driven factor is more moderate in preservation of follicular 
original pool compared to the genetic factor of premature 
ovarian failure, and thus ovarian dysfunction patients with 
the low numbers of CGG repeat may be more promising in 
therapeutic approaches.  The genetic mechanism of prema-
ture ovarian failure, which always depends upon the count 
of triple CGG repeats, has been confirmed by many investi-
gators.  However, the distinction between autoimmune fac-
tor and genetic influence may be a matter of treatment.

Weghofer et al. (2012) demonstrated that women with 
low FMR1 sub-genotypes would increase cancer risks asso-
ciated with BRCA1/2 mutations.  However, there were 4 
studies inconsistent with the observation.  Gleicher and 
coworkers presented ovarian cancer patients with BRCA1/2 
mutations had no relative increased low FMR1 alleles com-
pared to the patients without BRCA1/2 mutations (Gleicher 
et al. 2014).  Ricci et al. (2014) also illustrated FMR1 
genetic testing was inappropriate to prescreen the related 

BRCA mutations.  Dagan et al. (2014) strengthened the evi-
dence by the parallel epidemiological studies.  Laitman et 
al. (2014) also explored the distribution of FMR1 CGG 
repeat sizes.  Although they believed that the lower FMR1 
alleles indeed had a discrepancy between BRCA mutation 
carriers and general population, it was still unlikely to serve 
as a regulator of breast cancer in associated BRCA muta-
tions, nor as a prediction of diminished ovarian reserve 
(Laitman et al. 2014).  The above-mentioned papers can not 
be determined the association between the low numbers of 
FMR1 CGG repeat and BRCA1/2-associated cancers.  The 
distinct differences among these studies may be attributed 
to diverse research methods and groups.  Therefore, the 
information needs to be further validated through amounts 
of samples available in the same occasion.  Maybe the low 
numbers of CGG repeat would be one of opportunities for 
screening BRCA1/2-associated cancers in a specific cir-
cumstance.

In the aggregate, the small sample of studies with the 
low numbers of CGG repeat, at least in part, may have 
pathological implications.  Many investigators classified the 
CGG expansion among 5 to 55 as a normal range all the 
time.  In fact, more attention should be focused on the low 
numbers of CGG repeat (< 26).  If people can track the dis-
tribution of expanded CGG numbers below 26, it will be 
valuable for finding the pathogenesis of ovarian diseases 
and providing therapeutic approaches.  If necessary, further 
epidemiological researches as well as based biological 
investigations are required in next step.

Small CGG expansion
Many population studies had investigated the associa-

tion between FMR1 permutation (55-200) alleles and pre-
mature ovarian failure.  A meta-analysis had proved that 
female premutation carriers had an increased risk of prema-
ture ovarian failure, in particular to European descent (Tosh 
et al. 2014).  Actually in general population, small CGG 
expansion (35-55) was more prevalent than premutation 
alleles (Bennett et al. 2010).  Moreover, publications pre-
sented a statistically significant correlation between ovarian 
dysfunction and CGG expansion numbers among 35 to 55.  

Fig. 3.  Association between the prevalence of small CGG expansion (41-54) and risk of ovarian dysfunction.  The area of 
the squares reflects the study-specific weight.  The diamond represents the summary OR and 95% CI.  POF, premature 
ovarian failure; POI, primary ovarian insufficiency.
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On the contrary, some investigators, based on the back-
ground of demographic characteristics, demonstrated no 
significant difference in populations.  In our meta-analysis, 
the main reason for summarizing previous studies was to 
validate if there were certain mechanisms of small CGG 
expansion involvement in ovarian dysfunction.  The pre-
sented paper for the first time illustrated CGG repeat num-
bers close to 55 had an elevated risk in ovarian dysfunction.

In this meta-analysis, 10 independent case-control 
studies were included to make a more accurate estimation 
of the association between FMR1 small CGG expansion 
with ovarian dysfunction.  We extracted all allelic sizes 
available and divided them into 2 groups, and no heteroge-
neity was found in our analysis.  The general results showed 
CGG expansion in 41-54 range had a significant difference 
in ovarian dysfunction cases and control subjects.

A paper described the carriers, confirmed no family 
history of FXS, with CGG repeat numbers among 35 to 55 
may be liable to repeat instability.  This allelic size was sus-
ceptible to become the full mutation alleles in two genera-
tions, and 59 CGG numbers were the smallest alleles 
expanded to a full mutation range in a single generation 
(Nolin et al. 2003; Fernandez-Carvajal et al. 2009).  These 
observations underscored affected males with even smaller 
CGG alleles might lead to the FXS phenotype.  AGG inter-
ruptions also affected the CGG expansion stability of 
FMR1 gene during parental transmission (Yrigollen et al. 
2012).  The AGG sequence varied largely between popula-
tions, but upon most occasions, inherited generations will 
not be changed (Yrigollen et al. 2012; Nolin et al. 2013).  
Despite the negative influence of small CGG expansion 
instability, we could use total CGG and AGG length to pre-

dict the risk of the expansion to a full mutation.
Small CGG expansion was also connected with 

Parkinson.  We extracted the data from Zhang’s study 
(Zhang et al. 2012) and studies in PubMed, which described 
FMR1 expanded alleles in different populations with 
Parkinsonism, and performed a meta-analysis.  The purpose 
with a statistical methodology is to estimate whether small 
CGG expansion should be considered in Parkinson (Table 3, 
Fig. 4).  Finally, the 6 papers investigated the relationship 
between the prevalence of CGG repeat numbers among 41 
to 54 in male Parkinsonism cohorts and general cohorts, 
including 1,780 cases and 2,407 controls, were found a cer-
tain significant difference (OR = 2.17, 95% CI: 1.50-3.14, P 
< 0.05) (Hedrich et al. 2005; Kurz et al. 2007; Loesch et al. 
2009; Hall et al. 2011; Zhang et al. 2012; Tassone et al. 
2012).  Besides, FMR1 small CGG expansion was even 
broadened to the definition of FXTAS, and some intermedi-
ated alleles (35-54) carriers with neurological signs may be 
account for the increased levels of FMR1 mRNA, similar to 
the changes presented in premutation carriers with FXTAS 
(Hall et al. 2012).  Other parallel studies indicated the CGG 
numbers of this range could contribute to mental disability.  
A set of data was analyzed about the distribution of CGG 
repeat numbers in individuals with developmental disabili-
ties, and a milder learning disability was found in carriers 
with intermediated alleles (35-54).  FMR1 small CGG 
expansion also could cause to learning difficulties in a pop-
ulation, and potential negative effects of this range were 
discovered in intellectual functioning (Murray et al. 1996; 
Patsalis et al. 1999).  Maybe, there were still some unknown 
diseases associated with small CGG expansion, and more 
information needs to be further researched.  The underlying 

Name Year Ethnicity Cases Controls Allele size

Zhang et al. 2012 China 1/213 1/173 41-54

Hedrich et al. 2005 European 5/265 2/114 41-54

Hall et al. 2011 Caucasian 1/120 6/138 41-54

Kurz et al. 2007 European 7/137 5/310 41-54

Loesch et al. 2009 Australian 17/228 19/578 41-54

Loesch et al. 2013 Victorian 39/817 19/1,094 41-54

Table 3.  Characteristics of small CGG expansion with male parkinson.

Fig. 4.  Association between the prevalence of small CGG expansion (41-54) and risk of Male Parkinson.  The area of the 
squares reflects the study-specific weight.  The diamond represents the summary OR and 95% CI.
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biological mechanisms of small CGG expansion in the 
pathogenesis of ovarian dysfunction and mental disorders 
have become clearer.

The presented study has also several limitations.  
Firstly, we retrieved a small number of studies with the low 
numbers of CGG repeat because of little information in 
database, as well as the small sample sizes with small CGG 
expansion for meta-analysis.  Secondly, some studies were 
not eligible for meta-analysis due to the various study types, 
which caused the loss of certain worth papers.  Thirdly, 
there were different models of the statistical data in collect-
ing the numbers of small CGG expansion, either the direct 
acquirement of single allelic count, or acquirement of bial-
lelic mean count.  Despite these limitations, the results of 
this meta-analysis confirm a significant association between 
small CGG expansion and ovarian dysfunction.

Conclusion
In summary, our study has revealed that the low num-

bers of CGG repeat have pathological implications, espe-
cially leading to premature ovarian failure.  The pathogene-
sis may be attributed to the few transcripts or autoimmune 
factors.  Correspondingly, the meta-analysis has suggested 
that small CGG expansion of FMR1 gene is closely corre-
lated with ovarian dysfunction, and a significant influence 
on male Parkinsonism and mental retardation are also 
observed in this allelic form.  Besides, the instability of 
small CGG expansion could cause the phenotype of FXS.  
Therefore, we propose that the AGG and CGG allelic sizes 
through a PCR-based assay should be a routine test for car-
riers, which would be extremely valuable for finding etiol-
ogy and pathogenesis of disorders with CGG repeat num-
bers below 26 or above 34.  However, elucidation of 
mechanisms of these diseases still has challenges to the sci-
entific community. 

Acknowledgments
The authors thank Zhihong Wang (Department of Clinical 

Genetics and Experimental Medicine, Fuzong General Hospital, 
Fuzhou, Fujian, China) for help in performing the searches, 
screening and data extraction, Duo Zhang for analytical input 
and editorial support, and editorial support in collating authors’ 
comments and preparing the final manuscript for submission.

Conflict of Interest
The authors declare no conflict of interest.

References
Allen, E.G., Sullivan, A.K., Marcus, M., Small, C., Dominguez, C., 

Epstein, M.P., Charen, K., He, W., Taylor, K.C. & Sherman, 
S.L. (2007)  Examination of reproductive aging milestones 
among women who carry the FMR1 premutation.  Hum. 
Reprod., 22, 2142-2152.

Barasoain, M., Barrenetxea, G., Huerta, I., Télez, M., Carrillo, A., 
Pérez, C., Criado, B. & Arrieta, I. (2013)  Study of FMR1 
gene association with ovarian dysfunction in a sample from 
the Basque Country.  Gene, 521, 145-149.

Bennett, C.E., Conway, G.S., Macpherson, J.N., Jacobs, P.A. & 

Murray, A. (2010) Intermediate sized CGG repeats are not a 
common cause of idiopathic premature ovarian failure.  Hum. 
Reprod., 25, 1335-1338.

Bodega, B., Bione, S., Dalprà, L., Toniolo, D., Ornaghi, F., Vegetti, 
W., Ginelli, E. & Marozzi, A. (2006)  Influence of interme-
diate and uninterrupted FMR1 CGG expansions in premature 
ovarian failure manifestation.  Hum. Reprod., 21, 952-957.

Bretherick, K.L., Fluker, M.R. & Robinson, W.P. (2005)  FMR1 
repeat sizes in the gray zone and high end of the normal range 
are associated with premature ovarian failure.  Hum. Genet., 
117, 376-382.

Chen, L.S., Tassone, F., Sahota, P. & Hagerman, P.J. (2003)  The 
(CGG)n repeat element within the 5’ untranslated region of 
the FMR1 message provides both positive and negative cis 
effects on in vivo translation of a downstream reporter.  Hum. 
Mol. Genet., 12, 3067-3074.

Conway, G.S., Payne, N.N., Webb, J., Murray, A. & Jacobs, P.A. 
(1998)  Fragile X permutation screening in women with 
premature ovarian failure.  Hum. Reprod., 13, 1184-1187.

Dagan, E., Cohen, Y., Mory, A., Adir, V., Borochowitz, Z., Raanani, 
H., Kurolap, A., Melikhan-Revzin, S., Meirow, D. & 
Gershoni-Baruch, R. (2014)  BRCA1/2 mutations and FMR1 
alleles are randomly distributed: a case control study.  Eur. J. 
Hum. Genet., 22, 277-279.

De Geyter, C., M’Rabet, N., De Geyter. J., Zürcher, S., Moffat, R., 
Bösch, N., Zhang, H. & Heinimann, K. (2014)  Similar preva-
lence of expanded CGG repeat lengths in the fragile X mental 
retardation I gene among infertile women and among women 
with proven fertility: a prospective study.  Genet. Med., 16, 
374-378.

Fernandez-Carvajal, I., Lopez Posadas, B., Pan, R., Raske, C., 
Hagerman, P.J. & Tassone, F. (2009)  Expansion of an FMR1 
grey-zone allele to a full mutation in two generations.  J. Mol. 
Diagn., 11, 306-310.

Fu, Y.H., Kuhl, D.P., Pizzuti, A., Pieretti, M., Sutcliffe, J.S., Rich-
ards, S., Verkerk, A.J., Holden, J.J., Fenwick, R.G Jr. & 
Warren, S.T. (1991)  Variation of the CGG repeat at the fragile 
X site results in genetic instability: resolution of the Sherman 
paradox.  Cell, 67, 1047-1058.

Garber, K.B., Visootsak, J. & Warren, S.T. (2008)  Fragile X 
syndrome.  Eur. J. Hum. Genet., 16, 666-672.

Gleicher, N., McAlpine, J.N., Gilks, C.B., Kushnir, N.A., Lee, H.J., 
Wu, Y.G. Lazzaroni-Tealdi, E. & Barad, D.H. (2014)  Absence 
of BRCA/FMR1 correlations in women with ovarian cancers.  
PLoS One, 9, e102370.

Gleicher, N., Weghofer, A. & Barad, D.H. (2010a)  Ovarian reserve 
determinations suggest new function of FMR1 (fragile X 
gene) in regulating ovarian ageing.  Reprod. Biomed. Online, 
20, 768-775.

Gleicher, N., Weghofer, A. & Barad, D.H. (2010b)  Effects of race/
ethnicity on triple CGG counts in the FMR1 gene in infertile 
women and egg donors.  Reprod. Biomed. Online, 20, 
485-491.

Gleicher, N., Weghofer, A., Lee, I.H. & Barad, D.H. (2011)  Asso-
ciation of FMR1 genotypes with in vitro fertilization (IVF) 
outcomes based on ethnicity/race.  PLoS One, 6, e18781.

Gleicher, N., Weghofer, A., Oktay, K. & Barad, D. (2009)  Rele-
vance of triple CGG repeats in the FMR1 gene to ovarian 
reserve.  Reprod. Biomed. Online, 19, 385-390.

Groh, M., Lufino, M.M., Wade-Martins, R. & Gromak, N. (2014)  
R-loops associated with triplet repeat expansions promote 
gene silencing in Friedreich ataxia and fragile X syndrome.  
PLoS. Genet., 10, e1004318.

Guo, T., Qin, Y., Jiao, X., Li, G., Simpson, J.L. & Chen, Z.J. (2014)  
FMR1 premutation is an uncommon explanation for prema-
ture ovarian failure in Han Chinese.  PLoS One, 9, e103316.

Hagerman, R. & Hagerman, P. (2013)  Advances in clinical and 
molecular understanding of the FMR1 premutation and fragile 
X-associated tremor/ataxia syndrome.  Lancet Neurol., 12, 



The Deviation of CGG Repeat from 26 to 34 with Disease Risks 65

786-798.
Hall, D.A., Berry-Kravis, E., Zhang, W., Tassone, F., Spector, E., 

Zerbe, G., Hagerman, P.J., Ouyang, B. & Leehey, M.A. (2011)  
FMR1 gray-zone alleles: association with Parkinson’s disease 
in women?  Mov. Disord., 26, 1900-1906.

Hall, D., Tassone, F., Klepitskaya, O. & Leehey, M. (2012)  Fragile 
X-associated tremor ataxia syndrome in FMR1 gray zone 
allele carriers.  Mov. Disord., 27, 296-300.

Hedrich, K., Pramstaller, P.P., Stübke, K., Hiller, A., Kabakci, K., 
Purmann, S., Kasten, M., Scaglione, C., Schwinger, E.,  
Volkmann, J., Kostic, V., Vieregge, P., Martinelli, P., Abbru-
zzese, G., Klein, C. & Zuhlke, C. (2005)  Premutations in the 
FMR1 gene as a modifying factor in Parkin-associated Parkin-
son’s disease?  Mov. Disord., 20, 1060-1062.

Hutton, B., Salanti, G., Caldwell, D.M., Chaimani, A., Schmid, 
C.H., Cameron, C., Ioannidis, J.P., Straus, S., Thorlund, K., 
Jansen, J.P., Mulrow, C., Catalá-López, F., Gøtzsche, P.C., 
Dickersin, K., Boutron, I., et al. (2015)  The PRISMA exten-
sion statement for reporting of systematic reviews incorpo-
rating network meta-analyses of health care interventions: 
checklist and explanations.  Ann. Intern. Med., 162, 777-784.

Ishizuka, B., Okamoto, N., Hamada, N., Sugishita, Y., Saito, J., 
Takahashi, N., Ogata, T. & Itoh, M.T. (2011)  Number of CGG 
repeats in the FMR1 gene of Japanese patients with primary 
ovarian insufficiency.  Fertil. Steril., 96, 1170-1174.

Kraan, C.M., Hocking, D.R., Bradshaw, J.L., Fielding, J., Cohen, 
J., Georgiou-Karistianis, N. & Cornish, K.M. (2013)  
Neurobehavioural evidence for the involvement of the FMR1 
gene in female carriers of fragile X syndrome.  Neurosci. 
Biobehav. Rev., 37, 522-547.

Kurz, M.W., Schlitter, A.M., Klenk, Y., Mueller, T., Larsen, J.P., 
Aarsland, D. & Dekomien, G. (2007)  FMR1 alleles in Parkin-
son’s disease: relation to cognitive decline and hallucinations, 
a longitudinal study.  J. Geriatr. Psychiatry Neurol., 20, 89-92.

Laitman, Y., Ries-Levavi, L., Berkensdadt, M., Korach, J., Perri, T., 
Pras, E. & Friedman, E. (2014)  FMR1 CGG allele length in 
Israeli BRCA1/BRCA2 mutation carriers and the general 
population display distinct distribution patterns.  Genet. Res. 
(Camb), 96, e11.

La Marca, A., Marzotti, S., Brozzetti, A., Stabile, G., Artenisio, 
A.C., Bini, V., Giordano, R., De, Bellis, A., Volpe, A., Falorni, 
A.; Italian Addison Network (2009)  Primary ovarian insuffi-
ciency due to steroidogenic cell autoimmunity is associated 
with a preserved pool of functioning follicles.  J. Clin. Endo-
crinol. Metab., 94, 3816-3823.

Loesch, D.Z., Bui, Q.M., Huggins, R.M., Mitchell, R.J., 
Hagerman, R.J. & Tassone, F. (2007)  Transcript levels of the 
intermediate size or grey zone fragile X mental retardation 1 
alleles are raised, and correlate with the number of CGG 
repeats.  J. Med. Genet., 44, 200-204.

Loesch, D.Z., Khaniani, M.S., Slater, H.R., Rubio, J.P., Bui, Q.M., 
Kotschet, K., D’Souza, W., Venn, A., Kalitsis, P., Choo, A.K., 
Burgess, T., Johnson, L., Evans, A. & Horne, M. (2009)  Small 
CGG repeat expansion alleles of FMR1 gene are associated 
with parkinsonism.  Clin. Genet., 76, 471-476.

Loesch, D.Z., Tassone, F., Lo, J., Slater, H.R., Hills, L.V., Bui, 
M.Q., Silburn, P.A. & Mellick, G.D. (2013)  New evidence 
for, and challenges in, linking small CGG repeat expansion 
FMR1 alleles with Parkinson’s disease.  Clin. Genet., 84, 
382-385.

Mailick, M.R., Hong, J., Rathouz, P., Baker, M.W., Greenberg, J.S., 
Smith, L. & Maenner, M. (2014)  Low-normal FMR1 CGG 
repeat length: phenotypic associations.  Front. Genet., 5, 309.

Murray, A., Youings, S., Dennis, N., Latsky, L., Linehan, P., 
McKechnie, N., Macpherson, J., Pound, M. & Jacobs, P. 
(1996)  Population screening at the FRAXA and FRAXE loci: 
molecular analyses of boys with learning difficulties and their 
mothers.  Hum. Mol. Genet., 5, 727-735.

Nagamani, S.C., Erez, A., Probst, F.J., Bader, P., Evans, P., Baker, 

L.A., Fang, P., Bertin, T., Hixson, P., Stankiewicz, P., Nelson, 
D., Patel, A. & Cheung, S.W.(2012)  Small genomic rear-
rangements involving FMR1 support the importance of its 
gene dosage for normal neurocognitive function.  Neuroge-
netics, 13, 333-339.

Nolin, S.L., Brown, W.T., Glicksman, A., Houck, G.E. Jr., 
Gargano, A.D., Sullivan, A., Biancalana, V., Bröndum-Nielsen, K., 
Hjalgrim, H., Holinski-Feder, E., Kooy, F., Longshore, J., 
Macpherson, J., Mandel, J.L., Matthijs, G., et al. (2003)  
Expansion of the fragile X CGG repeat in females with 
premutation or intermediate alleles.  Am. J. Hum. Genet., 72, 
454-464.

Nolin, S.L., Sah, S., Glicksman, A., Sherman, S.L., Allen, E., 
Berry-Kravis, E., Tassone, F., Yrigollen, C., Cronister, A., 
Jodah, M., Ersalesi, N., Dobkin, C., Brown, W.T., Shroff, R., 
Latham, G.J. & Hadd, A.G. (2013)  Fragile X AGG analysis 
provides new risk predictions for 45-69 repeat alleles.  Am. J. 
Med. Genet. A, 161A, 771-778.

Pastore, L.M., Young, S.L., Baker, V.L., Karns, L.B., Williams, 
C.D., & Silverman, L.M. (2012)  Elevated prevalence of 35-44 
FMR1 trinucleotide repeats in women with diminished ovarian 
reserve.  Reprod. Sci., 19, 1226-1231.

Patsalis, P.C., Sismani, C., Hettinger, J.A., Holden, J.J., Lawson, 
J.S., Chalifoux, M., Wing, M., Walker, M. & Leggo, J. (1999)  
Frequencies of “grey-zone” and premutation-size FMR1 
CGG-repeat alleles in patients with developmental disability 
in Cyprus and Canada.  Am. J. Med. Genet., 84, 195-197.

Ricci, M.T., Pennese, L., Gismondi, V., Perfumo, C., Grasso, M., 
Gennaro, E., Bruzzi, P. & Varesco, L. (2014)  The FMR1 CGG 
repeat test is not a candidate prescreening tool for identifying 
women with a high probability of being carriers of BRCA 
mutations.  Eur. J. Hum. Genet., 22, 280-282.

Rousseau, F., Labelle, Y., Bussières, J. & Lindsay, C. (2011)  The 
fragile x mental retardation syndrome 20 years after the FMR1 
gene discovery: an expanding universe of knowledge.  Clin. 
Biochem. Rev., 32, 135-162.

Shamilova, N.N., Marchenko, L.A., Dolgushina, N.V., Zaletaev, 
D.V. & Sukhikh, G.T. (2013)  The role of genetic and autoim-
mune factors in premature ovarian failure.  J. Assist. Reprod. 
Genet., 30, 617-622.

Streuli, I., Fraisse, T., Ibecheole, V., Moix, I., Morris, M.A. & de 
Ziegler, D. (2009) Intermediate and premutation FMR1 alleles 
in women with occult primary ovarian insufficiency.  Fertil. 
Steril., 92, 464-470.

Tassone, F., Iong, K.P., Tong, T.H., Lo, J., Gane, L.W., Berry-
Kravis, E., Nguyen, D., Mu, L.Y., Laffin, J., Bailey, D.B., 
Hagerman. RJ. (2012)  FMR1 CGG allele size and prevalence 
ascertained through newborn screening in the United States.  
Genome Med., 4, 100.

Tosh, D., Rao, K.L., Rani, H.S., Deenadayal, D.A., Murty, U.S. & 
Grover. P. (2014) Association between fragile X premutation 
and premature ovarian failure: a case-control study and meta-
analysis.  Arch. Gynecol. Obstet., 289, 1255-1262.

Vandenbroucke, J.P., von Elm. E., Altman, D.G., Gøtzsche, P.C., 
Mulrow, C.D., Pocock, S.J., Poole, C., Schlesselman, J.J., 
Egger, M.; the STROBE Initiative (2014)  Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE): explanation and elaboration.  Int. J. Surg., 12, 
1500-1524.

Weghofer, A., Tea, M.K., Barad, D.H., Kim, A., Singer, C.F., 
Wagner, K. & Gleicher, N. (2012)  BRCA1/2 mutations appear 
embryo-lethal unless rescued by low (CGG n<26) FMR1 sub-
genotypes: explanation for the “BRCA paradox”?  PloS One, 
7, e44753.

Wittenberger, M.D., Hagerman, R.J., Sherman, S.L., McConkie-
Rosell, A., Welt, C.K., Rebar, R.W., Corrigan, E.C., Simpson, 
J.L. & Nelson, L.M. (2007)  The FMR1 premutation and 
reproduction.  Fertil. Steril., 87, 456-465.

Ye, Y., Lan, X., Cong, J., Li, N., Wu, Y., Zhang, M., Liu, J., Cui, Y., 



W. Yang et al.66

Wu, B.L., An, Y. & Wu, J. (2014)  Analysis of CGG repeats in 
FMR1 in Chinese women with idiopathic premature ovarian 
failure.  Reprod. Biomed. Online, 29, 382-387.

Yrigollen, C.M., Durbin-Johnson, B., Gane, L., Nelson, D.L., 
Hagerman, R., Hagerman, P.J. & Tassone, F. (2012)  AGG 
interruptions within the maternal FMR1 gene reduce the risk 
of offspring with fragile X syndrome.  Genet. Med., 14, 
729-736.

Zamora, J., Abraira, V., Muriel, A., Khan, K. & Coomarasamy, A. 
(2006)  Meta-DiSc: a software for meta-analysis of test accu-
racy data. BMC Med. Res.  Methodol., 6, 31.

Zhang, X., Zhuang, X., Gan, S., Wu, Z., Chen, W., Hu, Y., Wang, 
N. (2012) Screening for FMR1 expanded alleles in patients 
with parkinsonism in mainland China.  Neurosci. Lett., 514, 
16-21.


