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fit, and it was subsequently used to predict the number of 
CGG repeats in the entire study. The complete set of repeat 
numbers is plotted in Figure 3. There was a significant dif-
ference in the variation of CGG repeats, between the two 
study groups (Mann-Whitney test, p =0.027).

Out of the five women carrying an allele with an in-
creased number of CGG repeats (intermediate zone), four 
belong in the patient group (4/49; 8.2 %) and one in the 
control group (1/49; 2 %). Thus, the reported prevalence 
of the intermediate zone carriers was calculated to ap-
proximately 1/57 (1.7 %) as mentioned before. There-
fore, the two groups did not differ in terms of the number 
of women marked positive for a premutation (Chi-square 
test, p =0.168, Odds ratio: 4.267, Confidence Interval: 
0.459-39.629). Nevertheless, women in the patient group 

Figure 1: Representative gel electrophoresis analysis of the polymerase chain reaction (PCR) products. The number of base 
pairs (bp) noted on top. The last specimen on the right edge was positive, with bps close to 400 (measured as having 46 repeats 
after sequencing). L: 100bp DNA ladder.

Figure 2: Regression analysis of electrophoresis vs se-
quencing, as methods of measuring Cytosine/Guanine/Gua-
nine (CGG) repeats. It allowed us to measure the divergence 
between the two methods, and subsequently estimate the 
remaining values of the study.

Table 4: Measured number of CGG repeats using electro-
phoresis vs sequencing analysis, on cases marked as posi-
tive. It is evident that electrophoresis led to an overestima-
tion of CGG repeats. One of the positive cases was measured 
as normal after sequencing (underlined).

Number of CGG 
repeats Cases Controls
Electrophoresis 46 50 55 58 65 57
Sequencing 
analysis 38 42 44 44 47 46

CGG: Cytosine/Guanine/Guanine.

had significantly more CGG repeats than the control 
group (Mann-Whitney test, p =0.027); Table 2.

Discussion 
We examined, in the current study, the presence of 

expanded CGG alleles in women with a history of un-
explained recurrent miscarriages. Compared to women 
with documented normal fertility, these women had sig-
nificantly more CGG repeats at their FMR1 gene. Never-
theless, there were only six positive cases in total, which 
hinders the clinical significance of this finding.

Women with FMR1 gene premutations are likely to devel-
op premature ovarian failure (POF) in up to 20 % of cases15. 
Women with intermediate length alleles, on the contrary, do 
not seem to carry this risk16. Since none of the women in the 
current study had a premutation of the FMR1 gene, one could 
not attribute the number of miscarriages directly to POF. 

A study that examined patients with intermediate zone 
or low-end premutation expansions (40–85 CGG repeats) 
showed that motor dysfunction and cognitive decline were 
correlated with CGG repeat size, levels of antisense FMR1, 
and cytochrome C1 (CYC1) mRNA17. Furthermore, sev-
eral phenotypes like Parkinsonism and ataxia may be as-
sociated with the “gray zone”. Intermediate length CGG 
repeats might be associated with trisomy18.

Figure 3: Total number of subjects in the study plotted ac-
cording to allele representing their highest number of Cy-
tosine/Guanine/Guanine (CGG) repeats. There are clearly 
more CGG repeats in the case group, a difference which is 
statistically significant. 


