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marker of diminishing ovarian reserve12. The purpose of this 
study was to examine whether being a carrier of increased 
CGG repeats in the FMR1 gene (intermediate zone, or pre-
mutation), entails an increased risk of miscarriage.
 
Materials and Methods
Patients

We recruited the study population between January 
2013 and December 2015 from the recurrent miscarriage 
outpatient clinic of Papageorgiou University Hospital 
of Thessaloniki, which is a referral center of Northern 
Greece. Most of the women suffering from recurrent mis-
carriages had already completed an extensive set of tests, 
before approaching the miscarriage clinic. Data were re-
trieved from their medical records, and additional labo-
ratory examinations were ordered, as needed, including 
hormonal profiling and thrombophilia tests. 

We enrolled in the control group women visiting the 
outpatient gynecological clinic for a routine diagnostic 
check-up, and female members of the hospital staff, age-
matched within two years, on a 1:1 ratio. Ethical approval 
was obtained for this study from the relevant Bioethics 
Committee of Aristotle University of Thessaloniki (pro-
tocol 330/4.11.2016) and was conducted in accordance 
with the Declaration of Helsinki. All patients included in 
the study signed informed consent. As recurrent miscar-
riage in this study was considered the presence of at least 
two, consecutive pregnancy losses.

In order to minimize the risk of bias, a problem inher-
ent in retrospective studies, the inclusion and exclusion 
criteria were stringent. Cases were excluded if established 

secondary causes of recurrent miscarriages were identi-
fied during the initial visit, or later in the patient work 
up. Women who were subjected to assisted reproduction 
were excluded as well. A summary of the eligibility crite-
ria is presented in Table 1. Maximum age at recruitment 
was set at 40 years, to avoid, as much as possible, ovarian 
aging contributing to the number of miscarriages.

PCR analysis
We isolated the genomic deoxyribonucleic acid (DNA) 

from the peripheral blood leukocytes using an affinity puri-
fication method (Macherey-Nagel GmbH, Germany). We 
tested the isolated DNAs for the presence of an expansion 
in the CGG trinucleotide repeat region using a two-step 
PCR protocol13. This protocol is a rapid, well established, 
and cost-effective screening method for identification of 
any expanded allele of the Fragile X gene. In the first step, 
we amplified genomic DNA using polymerase chain reac-
tion (PCR), with the c and f primers (5’-GCTCAGCTC-
CGTTTCGGTTTCACTTCCGGT-3’ and 5’-AGCCCC-
GCACTTCCACCACCAGCTCCTCCA-3’ respectively), 
which is a primer pair that flanks the CGG repeat region, 
utilizing betaine as the osmolite14 and using the Expand 
Long Template PCR System (Roche Diagnostics Hellas 
A.E., Marousi, Athens, Greece). The reaction mixtures 
used, were 500 μmol/L dNTPs, 0.20 μM of each primer, 
2.2M betaine and 50 ng of genomic DNA. 

We electrophoresed the final PCR products in 2.5 % 
agarose gel in the presence of ethidium bromide for one 
hour at 40 Volts. With this method, the expected PCR 
product was 221 base pairs (bp), excluding the CGG re-

Table 1:  Inclusion and exclusion criteria for the 49 women with unexplained recurrent miscarriages and 49 age-matched 
controls enrolled in the case-control study.

Inclusion criteria
Cases

•	 Two or more consecutive pregnancy losses up to completed 20 weeks of pregnancy
•	 Age at recruitment below 40 years
•	 Controls
•	 History of documented normal pregnancies

Exclusion criteria 
Cases 

•	 Currently in pregnancy or puerperium (6 weeks postpartum)
•	 History of miscarriage due to infection (TORCH, syphilis, HBV, HCV, HIV)
•	 Diagnosis of thrombophilic disorder (hereditary or acquired):

o Hyperhomocysteinemia 
o Deficiency of protein C, S, antithrombin III 
o Mutated factors V Leiden, prothrombin G20210A, Homologous state of MTHFR C677T 
o Anti-phospholipid syndrome or lupus syndrome
o Activated Protein C Resistance (APC Resistance) 

•	 History of deep vein thrombosis or pulmonary 
•	 Diagnosed anatomical abnormalities of the uterus or fallopian tubes 

(including submucosal fibroids, uterine septum, Asherman syndrome)
•	 History of cervical insufficiency
•	 History of surgical procedures in the pelvis (excluding Caesarean section)
•	 History of alcohol / drug abuse 
•	 History of cancer 
•	 Abnormal chromosomal karyotype (in the couple)
•	 Abnormal sperm 

Controls
•	 History of pregnancy loss
•	 Use of assisted reproduction technology

TORCH: toxoplasmosis, rubella, cytomegalovirus, herpes simplex, HBV: hepatitis B virus, HCV: hepatitis C virus, HIV: human immunode-
ficiency virus.


