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ABSTRACT

Atypical clinical forms of familial Mediterranean fe-
ver (FMF) can be misdiagnosed as therapy-resistant epi-
gastric pain syndrome (EPS) for they share many of the 
same clinical features, such as abdominal pain. Thus, we 
aimed to determined the frequency of FMF in patients who 
were followed with a diagnosis of therapy-resistant EPS. 
Seventy-five patients with therapy-resistant EPS and 20 
controls were involved in the study. To detect the FMF in 
patients with therapy-resistant EPS, Tel-Hashomer criteria, 
family history of FMF were researched and recorded. We 
performed performed MEFV gene analysis on all patients. 
Forty-three patients with EPS (57.3%) had MEFV gene mu-
tations and the carrier rate was 30.0%. The most common 
MEFV gene alteration was R202Q (55.8%), followed by 
E148Q (16.2%), R761H (16.2%), V726A (9.3%), M680I 
(9.3%) and M694V (4.6%). Rarely seen mutations in the 
Turkish population were also identified: K695R (2.3%), 
L110P (2.3%) and G304R (2.3%). Eight patients with EPS 
were diagnosed with FMF and started on colchicine thera-
py. Three patients with compound heterozygosities for three 
mutations, two patients with compound het-erozygosities 
for two mutations (K695R/ V726A and R202Q/ R761H), 
one patient with homozygous R202Q, one patient with 
heterozygous R202Q mutation and one patient with non-
R202Q heterozygous mutation (G304R/–) had clinical FMF 
symptoms and were started on colchicine therapy. Patients 

who have therapy-resistant EPS should also be questioned 
about FMF, especially in high risk populations.

Keywords: Epigastric pain syndrome (EPS); Familial 
Mediterranean fever (FMF); Functional dyspepsia FD); 
MEFV gene mutations.

INTRODUCTION

Functional dyspepsia (FD) is a common functional 
gastrointestinal disorder in clinical pratice [1,2]. The Rome 
III consensus proposed the subdivision of FD into postpran-
dial distress syndrome (PDS) and epigastric pain syndrome 
(EPS). Diagnostic criteria for EPS include intermittent 
epigastric pain or burning of minimal to moderate severity 
at least once a week. This condition must have persisted for 
the last 3 months with the onset of symptoms occuring at 
least 6 months prior to diagnosis [3]. Functional dyspepsia 
is treated by two major categories of drug, acid inhibitors 
(H2-receptor antagonists and proton pump inhibitors) and 
prokinetic drugs, diet and life-style modification or helico-
bacter pylori (HP) eradication therapy [4,5]. However, all 
prescribed medications provide only limited or temporary 
improvement of dyspeptic symptoms. Thus, the healthy 
quality of life for patients with FD may deteriorate [1,6].

Familial Mediterranean fever (FMF) is an autosomal 
recessive inherited disorder, characterized by recurrent 
attacks of fever and polyserositis. The most frequent symp-
tom is abdominal pain. Familial Mediterranean fever is 
especially common in Mediterranean populations such as 
Jews, Arabs, Turks, Greek and Armenians [7]. It is caused 
by mutations in the Mediterranean fever (MEFV) gene. 
The carrier rate is 37.0-39.0% in Armenians, and 20.0% 
in Turks, North African, Ashkenazi Jews, and Arabs [8].

The clinical profile of FMF is wide related to MEFV 
allelic heterogeneity (typical, atypic and silence type). An 
atypical clinical form (incomplete attack) was character-
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ized according to several parameters: milder disease sever-
ity, the normal or <38 °C fever, attack duration longer or 
shorter than specific time (12 hours to 3 days), localized 
abdominal attacks without serositis signs. Non specific 
symptoms make it difficult to diagnose atypical FMF [9]. 
We thought that the atypical clinical forms of FMF could 
be confused with therapy-resistant EPS as these two condi-
tions share the same clinical features (such as abdominal 
pain). This raises the possibility that FMF is currently 
being underdiagnosed in patients with therapy-resistant 
EPS in countries endemic for FMF. Thus, we aimed to 
determined the frequency of MEFV gene mutations and 
FMF clinical finding in patients who were followed with 
a diagnosis of therapy-resistant EPS.

MATERIALS AND METHODS

This study was performed at the Department of Gas-
troenterology, Kayseri Training and Research Hospital, 
Kayseri, Turkey, between January 2014 and December 
2015. The study protocol was permitted by the local eth-
ics committee of Cumhuriyet University, Sivas, Turkey. 
Written informed consent was obtained from all of the 
participants.

Patients. A total of 75 patients aged between 18 and 
65 years, who were diagnosed with therapy-resistant EPS, 
were included in this study. Patients were diagnosed ac-
cording to the Rome III criteria (Table 1) [3]. Therapy-
resistant EPS was defined as persistent epigastric pain 
despite a minimum 4 weeks of acid suppression, procinet-
ics and HP eradication therapy [5]. All examinations of pa-
tients, including upper gastrointestinal endoscopy, abdomi-
nal ultrasonography, whole blood count and biochemical 
analyses (renal and liver function), were normal within 3 
months of the study. Exclusion criteria were as follows: 
presence of ulcer or erosion in the upper gastrointestinal 
system endoscopy, patients who had gastroesophageal 
reflux symptoms or irritable bowel syndrome, inflamma-
tory bowel disease, pancreaticobiliary tract disease, use of 
non steroidal anti-inflammatory drugs or alcohol, presence 
of malignancy (stomach/pancreatic cancer), previous ab-

dominal surgery, other severe systemic disease (e.g., heart, 
liver, lung and kidney), presence of psychoactive disorders 
(e.g., anxiety and depression), pregnancy.

The control group consisted of 20 healthy age- and 
sex-matched subjects without any systemic illness such 
as diabetes mellitus, renal failure, pulmonary/heart dis-
ease and chronic inflammatory diseases. All patients and 
healthy controls were Turkish residents of Central Ana-
tolia. Table 2 shows demographic and clinical findings in 
the EPS patients and control group.

Methods. To investigate the diagnosis of FMF in 
patients with therapy-resistant EPS, Tel-Hashomer crite-
ria (recurrent fever attacks, abdominal pain, chest pain, 
arth-ralgia and erysipelas-like erythema), familial history 
of FMF and the presence of other autoimmune diseases, 
were recorded [10]. All patients and healthy controls were 
referred for genetic testing. Other laboratory findings 
(complete blood count, biochemical and urinary analy-
ses), sedimentation and C-reactive protein were obtained 
from hospital records.

For FMF gene mutation analysis, genomic DNA 
was extracted from peripheral blood leukocytes using the 
QIAamp blood kit (Qiagen GmbH, Hilden, Germany). 
A dideoxy sequencing method was used in this study. To 
perform mutational analysis, amplified polymerase chain 
reaction (PCR) products were purified by USB ExoSAP-IT 
(Affymetrix, Cleveland, OH, USA) and subjected to bidi-
rectional sequencing (BigDye Terminator, version 3.1, Ap-
plied Biosystems Inc., Foster City, CA, USA) and further 
processed on Performa DTR Gel Filtration columns (Edge 
Biosystems, San Jose, CA, USA). The sequencing products 
were analyzed on an ABI PRISM™ 3500 genetic analyzer 
(Applied Biosystems Inc.). We performed sequencing in 
the forward and reverse directions.

Statistical Analyses. Data were analyzed using the 
Statistical Package for the Social Sciences (SPSS) version 
16.0) (SPSS Inc., Chicago, IL, USA). Descriptive statistics 
[e.g., mean and standard deviation (SD)] for normally 
distributed data were calculated for quantitative param-
eters. Qualitative data were summarized as frequency and 
percentage. The χ2 and unpaired t-student tests were used 

Table 1. Diagnostic criteria of epigastric pain syndrome (Rome III criteria). 

1 Pain or burning localized to the epigastrium of at least moderate severity, at least once per week
2 The pain is intermittent
3 Not generalized or localized to other abdnominal or chest regions
4 Not relieved by defecation or passage of flatus
5 Not fulfilling criteria for gallbladder or sphincter of Oddi disorders

Criteria fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis. 
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to compare EPS patients with and without MEFV gene 
mutations. A p value of <0.05 was considered statistically 
significant in all analyses.

RESULTS

The EPS patients and controls had mean ages of 38.9 
± 13.9 and 34.6 ± 7.6, respectively. Seventy-two percent of 
EPS patients were female. Eighteen patients (24.0%) had 
a family history of FMF. The mean duration of abdominal 
pain was 10 ± 2.5 years (range from 5 to 22 years). Ten 
(13.3%) patients were the result of consanguineous par-
ents. Episodic epigastric pain was the principal complaint 
reported by all patients. Other observed complaints con-
sisted of several types: fever (28; 37.3%), arthralgia (27; 
36.0%), chest pain (11; 14.6%), history of kidney stones 
(9; 12.0%) and oral ulcers (10; 13.3%). In the patients, the 
mean erythrocyte sedimentation rate was 21.4 ± 11.4 mm/h 
(normal value <15 mm/h), C-reactive protein was 8.0 ± 
3.3 mg/dL (normal range: 0.0-6.0 mg/dL) and fibrinogen 
311.8 ± 85.0 mg/dL (normal range: 180.0-400.0 mg/dL).

Of the 75 patients, 43 (57.3%) had MEFV gene muta-
tions. Thirty out of 43 patients (69.7%) were heterozygous, 
three patients (6.9%) were homozygotes (R202Q/R202Q), 
six patients (13.9%) were compound heterozygotes for 
two mutation and four patients (9.3%) were compound 
heterozygotes for three mutations. The most common 
MEFV gene mutation was R202Q (55.8%), followed by 
E148Q (16.2%), R761H (16.2%), V726A (9.3%), M680I 
(9.3%) and M694V (4.6%). In addition, the rare mutations 
were identified as: K695R (2.3%, n = 1), L110P (2.3%, n 
= 1) and G304R (2.3%, n = 1). R202Q was detected in 24 

patients, of which 15 (34.8%) were heterozygous, three 
(6.9%) were homozygous and one (6.9%) were a com-
pound hetrozygote for three mutations. The demographic, 
clinical and laboratory characteristics of the patients with 
EPS and the control group are shown in Table 2.

In the control group, eight subjects (40.0%) had 
MEFV gene mutations. The frequency of MEFV mutation 
in EPS patients was significantly higher than in the control 
group (p <0.05). All participants in the control group were 
heterozygous (R202Q in one patients, E148Q in two pa-
tients, V726A in two patients, M680I in two patients and 
M694I in one patient). The frequency of MEFV mutations 
in EPS patients and the control group are shown in Table 3.

No significant differences were observed in the fre-
quencies of consanguinity, fever, arthralgia, chest pain 
and FMF family history in EPS patients with or with-
out the MEFV mutation. In the EPS group, three patients 
with compound heterozygosities for three mutations, two 
patients with compound heterozygosities for two muta-
tions (K695R/V726A and R202Q/R761H), one patient 
with homozygous R202Q, one patient with heterozygous 
R202Q, and one patient with a heterozygous G304R/– 
mutation had clinical FMF symptoms and were started on 
colchicine therapy. Proteinuria was not detected in patients 
who were diagnosed with FMF. The genotype, clinical 
and demographic findings in FMF patients are shown in 
Table 4. The remaining EPS patients with MEFV gene 
mutations have no FMF clinical symptoms or family his-
tory of FMF. The other clinically asymptomatic patients 
who have MEFV gene mutations (homozygotes or com-
pound heterozygotes) were followed with urine analysis 
to development of amyloidosis, without colchicine. The 

Table 2. The demographic, clinical and laboratory characteristics of patients with epigastric pain syndrome and the control group. 

Parameters Patient Group (n = 75) Control Group (n = 20)
Gender F: 54; M: 21 F: 12; M: 8
Age (years) 38.9 ± 13.9 34.6 ± 7.6
Family history of FMF 18 (24.0%)  0 (0.0%)
Consanguinity 10 (13.3%)  0 (0.0%)
Homozygotes  3 (4.0%)  0 (0.0%)
Heterozygotes 30 (40.0%)  8 (40.0%)
Compound heterozygotes 10 (13.3%)  0 (0.0%)
Fever 28 (37.3%) –
Arthralgia 27 (36.0%) –
Chest pain 11 (14.6%) –
Oral ulcers 10 (13.3%) –
Kidney stones  9 (12.0%) –

FMF: familial Mediterranean fever.
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Table 5. Comparison of clinical findings between epigastric pain syndrome patients with/without MEFV gene mutations.

MEFV Gene Mutations
Negative (n = 32) Positive (n = 12) p Value

Family history  5 (5.8%) 12 (14.1%) 0.54
Positive consanguinity  3 (9.4%)  7 (16.3%) 0.38
Fever 10 (31.3%) 18 (41.9%) 0.35
Arthalgia 12 (37.5%) 19 (44.2%) 0.56
Chest pain  3 (9.4%)  8 (18.6%) 0.26
Oral ulcers  1 (3.1%)  9 (20.9%) 0.02
Kidney stones  0 (0.0%)  9 (20.9%) 0.01

Table 4. The genotype, clinical and demographic findings in familial Mediterranean fever patients.

Patient MEFV Gene Mutations Sex-
Age

Family
History

Abdominal
Pain Fever Arthalgia Chest Pain Microscopic

Hematuria
#1 G304R/– F-38 [+] [+] [+] [+] [–] [–]
#2 R202Q/– F-27 [+] [+] [+] [+] [–] [–]
#3 V726A/K695R F-28 [+] [+] [+] [+] [–] [–]
#4 R202Q/R761H F-19 [+] [+] [+] [+] [–] [–]
#5 R202Q/R202Q M-31 [–] [+] [+] [+] [+] [–]
#6 V726A/M694V/R202Q M-29 [+] [+] [+] [+] [–] [–]
#7 V726A/M694V/R202Q M-41 [–] [+] [+] [+] [+] [–]
#8 R202Q/E148Q/R408Q F-37 [+] [+] [–] [+] [–] [–]

Table 3. The frequency of MEFV gene mutations in patients with epigastric pain syndrome and the control group. 

Genotype Patient Group (n = 75) Control Group (n = 20)
Mutation/– 32 12
Heterozygotes for one mutation:

R202Q/–
R761H/–
E148Q/–
V726A/–
M680I/–
G304R/–
M694I/–

15
5
5
1
2
1
1

2
0
2
2
1
0
1

Homozygotes for one muation:
R202Q/R202Q 3 0

Compound heterozygotes for two mutations:
R202Q/R761H
K695R/V726A
P396S/R408Q
L110P/E148Q
M680I/V726A

2
1
1
1
1

0
0
0
0
0

Compound heterozygotes for three mutations:
R202Q/M694V/V726A
R202Q/R408Q/E148Q
R202Q/R202Q/P369S

2
1
1

0
0
0

Total 75 20
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comparison of clinical findings between EPS patients with/
without MEFV gene mutations, are shown in Table 5.

DISCUSSION

Our study aimed to determined the frequency of 
MEFV gene mutations and FMF clinical findings in pa-
tients who were followed with a diagnosis of EPS. Familial 
Mediterranean fever is an autoinflammatuar disease char-
acterized by recurrent and self-limited episodes of fever, 
abdominal pain and serositis with a duration of 1-3 days. 
The prevelance of FMF is 1/1000 and the carrier rate is 
15.0-34.0% in Turkey [3,4]. It is caused by mutations in 
the MEFV gene. More than 300 mutations of the MEFV 
gene have been reported [11]. A diagnosis of FMF was 
established according to clinical criteria (Tel Hashomer 
criteria), rather than genetic analysis [12,13]. However, 
genetic analyses are helpful in detecting atypical FMF 
presentations, presymptomatic patient’s relatives and con-
firmation of the FMF diagnosis [14]. There are also many 
studies indicating that there are FMF patients who do not 
carry MEFV gene mutations (10.0-20.0%) [15,16]. In the 
present study, EPS patients were evaluated according to 
both the Tel Hashomer criteria and genetic analysis for 
the diagnosis of FMF. The FMF diagnosis has not been 
established in EPS patients who do not carry MEFV gene 
mutations.

The most commonly seen mutations in FMF patients 
are M694V, M680I (G/C), E148Q, V726A, and frequency 
of the mutations change according to ethnicity [17,18]. 
Erden et al. [19] reported that 68.6% of FMF patients had 
at least one of the several mentioned mutations: M694V; 
46.2%, E148Q; 16.4%, V726A; 13.4% and M680I; 5.9%. 
In our study population, 43 EPS patients (57.3%) had 
MEFV gene mutations and the carrier rate was 30.0%. 
The most common mutation was R202Q (55.0%), fol-
lowed by E148Q (16.2%), R761H (16.2%), V726A (9.3%), 
M680I (9.3%) and M694V (4.6%). While the frequency 
of M694V, which is the most commonly observed MEFV 
gene in Turks, was quite low, the frequencies of other 
genes were approximately consistent with previous studies 
[20,21]. The different frequency distribution of mutations 
may be related to the small sample size, the geographical 
region, genetic heterogeneities, patients’ inclusion criteria, 
and the use of different genetic analytical techniques.

The R202Q was another common mutation in the 
Turkish population. Some studies have also recently re-
ported that frequency of R202Q was higher than the fre-
quency of the M694V mutation in FMF patients [22,23]. In 
a study by Yigit et al. [24] conducted on 191 FMF patients 

and 150 control patients; the frequency of the R2O2Q 
mutation was higher than that found for the M694V muta-
tion. The frequency of heterozygous R202Q was similar 
between FMF patients and controls (59.7 vs. 44.7%; p 
>0.05), while the frequency of homozygous R202Q muta-
tions was higher than that in the controls (14.7 vs. 0.0%; p 
<0.05) [24]. Giaglis et al. [25] reported that homozygous 
R202Q was detected in 14/152 (9.2%) FMF patients and 
in 1/140 (0.7%) in a Greek study population. They also 
reported that the heterozygous state of R202Q produced 
no symptoms and only the homozygous and compound 
heterozygous states were associated with the development 
of symptoms [25]. In present study, the most common 
MEFV gene mutation in EPS patients was R202Q. In our 
geographic region, MEFV genetic analysis showed that 
R202Q gene mutations in FMF patients and healthy con-
trols were not found.

However, contrary to the above data, Comak et al. 
[26] found that some patients with a heterozygous R202Q 
mutation had typical episodes of FMF. In addition, Can-
kaya et al. [27] compared the clinical symptoms between 
R202Q/– and non-R202Q/– in FMF patients. It was shown 
that there were no differences in the frequencies of symp-
toms and definitive diagnosis of FMF in either group. In 
our study of 24 EPS patients with the R202Q gene muta-
tion, 15 were heterozygotes, three were homozygotes, 
two were compound heterozygotes, and four carried the 
compound heterozygotes for three mutations [27]. We 
did not find a homozygous R202Q in the control group, 
which was in agreement with results from previous stud-
ies. In our study, one patient with the heterozygous R202Q 
mutation had arthralgia, fever, and a familial history of 
FMF. While only one of the patients with the homozygous 
R202Q mutation had FMF clinical findings, the remainder 
were silent carriers. We also observed that there were no 
clinical symptoms in either R202Q/– or non-R202Q/– in 
EPS patients.

E148Q and V726A are other commonly observed 
mutations in Turkish FMF patients. The carrier frequen-
cies of E148Q and V726A have been reported as 12.0 
and 3.0-14.0%, respectively. The frequency of E148Q in 
Turks is similar with other ethnicities [25,28,29], while 
V726A is especially common in Arabs [30]. Ben-Chetrit 
et al. [31] found a similar frequency of E148Q mutations 
between patients and controls and suggested that E148Q 
is a benign polymorphism. However, some authors ac-
cepted that E148Q was a pathogenic mutation because of 
substitution of the glutamine for glutamic acid at codon 
148 in exon 2 [32]. Familial Mediterranean fever patients 
with homozygous and compound heterozygous mutations 
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have moderate/severe disease. In addition, several studies 
reported that E148Q was also associated with vasculitis 
(Henosch-Schonlein purpura, polyarteritis nodosa) and 
rheumatic diseases [33]. In the present study, E148Q was 
the second most common mutation with a frequency of 
16.2%. While one patient who was a compound hetero-
zygote for three mutations (R202Q/E148Q/R408Q) had 
FMF symptoms, five patients heterozygous for E148Q/–, 
and one patient with a compound heterozygosity for two 
mutations (L110P/E148Q) had no FMF symptoms.

V726A is associated with a mild form of the disease. 
However, V726A homozygotes and compound heterozy-
gotes for the V726A/E148Q variants are associated with 
severe disease, and patients can develop renal amyloidosis. 
Hence, the authors proposed that patients carrying this 
complex allele should have been given colchicine pro-
phylaxis [9,34]. In the present study, V726A is the third 
most common mutation with a frequency of 9.3%. While 
two patients who had compound heterozygosities for two 
or three mutations (V726A/K695R and V726A/M694V/ 
R202Q), presented with FMF symptoms, one patient with 
heterozygous V726A/– and one patient with a compound 
heterozygosity for V726A/M680I, did not.

In this study, the rare MEFV gene mutations were also 
identified as K695R (2.3%), L110P (2.3%) and G304R 
(2.3%). Dogan et al. [35] reported that the frequency of 
rare mutations were identified as L110P (0.2%) and K695R 
(0.1%) in 731 participants. In another study, Gunesacar et 
al. [36] found that the frequency of rare mutations were 
as follows: K695R (0.20%), L110P (0.10%) and G304R 
(0.05%). Moreover, they also detected the G304R mutation 
for the first time in Turkey. To date, it has been detected 
in a total of 33 patients carrying K695R in Turkey. It has 
been reported in the literature that some patients carry-
ing K695R (compound heterozygotes) have severe FMF 
sypmtoms [37]. L110P is a more common MEFV gene 
mutation in Japan and is associated with a milder form 
of the disease [38]. In the present study, two patients car-
rying rare MEFV gene mutations were diagnosed with 
FMF (K695R/V726A and G304R/–), and another patient 
(L110P) was asymptomatic. We also detected a second 
case carrying the G304R mutation in Turkey.

Familial Mediterranean fever can be divided into 
three clinical phenotypes: type 1 or typical FMF phenotype 
(attacks of abdominal pain, arthritis, fever); type 2 char-
acterized by the presence of amyloidosis in asymptomatic 
subjects and (incidence of 7.0-25.0%); type 3 ‘silent type’ 
homozygous or compound heterozygous state and is es-
timated to occur in 1:300 Ashkenazi and 1:25 Iraqi Jews. 
In recent years, it has been observed that heterozygous 

mutation carriers can suffer also from a mild or incomplete 
form of FMF, named ‘FMF-like’ disease (a new phenotype) 
[9]. In recent years, a new phenotype termed ‛FMF-like 
disease,’ which is characterized as a mild or incomplete 
form of FMF in patients with heterozygous mutations 
has been defined. The reason why some carriers experi-
ence FMF clinical symptoms, while others present with 
only mild or no symptoms, is largely unknown, but it is 
assumed that the MEFV gene mutations combined with 
other potential modifier genes and environmental factors 
determine the FMF phenotype [9,14].

Thus, we also speculated that the heterozygous state 
of the MEFV gene may be associated with the atypical 
inflammatory forms of FMF. Epigastric pain might be an 
incomplete FMF attack, and physicians should keep this 
in mind in high-risk populations.

Treatment for asymptomatic individuals with het-
erozygous mutations is unknown. Guidelines recommend 
that they should be followed with urine analyses [39]. 
Familial Mediterranean fever-like disease may initiate 
periodic follow-up, and administering colchicine should 
be considered. The patients with the ‘silent’ carrier status 
of two mutations (homozygous or compound heterozy-
gous) could predispose to developing renal amyloidosis, 
and particularly patients with a family history of FMF 
should be administered colchicine prophylaxis [40]. In our 
study, we started colchicine therapy for FMF patients and 
patients who have an asymptomatic homozygous R202Q 
mutation and family history of FMF for increased risk of 
developing amyloidosis.

Conclusions. Our results demonstrated a high car-
rier rate of MEFV gene mutations in the EPS patients. 
The EPS patients showed only homozygous or compound 
heterozygous MEFV gene mutations. Eight patients with 
EPS were diagnosed with FMF and colchicine therapy was 
started. Thus, therapy-resistant EPS patients should also be 
examined for FMF, especially in high risk populations such 
as the Turks. However, additional and larger studies are 
needed to identify the association between EPS and FMF.
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flicts of interest. The authors alone are responsible for the 
content and writing of this article.

REFERENCES

1.	 Shaib Y, El-Serag HB. The prevelance of risk factors 
of functional dyspepsia in a multiethnic population in 
the United States. Am J Gastroenterol. 2004; 99(11): 
2210-2216.



57

BALKAN JOURNAL OF MEDICAL GENETICS
Coskun BDO, Kiraz A, Sevinc E, Baspinar O, Cakmak E

2.	 Tack J, Talley NJ, Camilleri M, Holtmann G, Hu P, 
Malagelada JR, et al. Functional gastroduodenal dis-
orders. Gastroenterology. 2006; 130(5): 1466-1479.

3.	 Tack J, Talley NJ. Functional dyspepsia – symptoms, 
definitions and validity of the Rome III criteria. Nat 
Rev Gastroenterol Hepatol. 2013; 10(3): 134-141.

4.	 Moayyedi P, Soo S, Deeks J, Delaney B, Innes M, 
Forman D. Pharmacological interventions for non-
ulcer dyspepsia. Cochrane Database Syst Rev. 2006; 
(4): CD001960. Review. Update in: Cochrane Data-
base Syst Rev. 2011; (2): CD001960.

5.	 Miwa H, Kusano M, Arisawa T, Oshima T, Kato M, 
Joh T, et al. Evidence-based clinical practice guide-
lines for functional dyspepsia. J Gastroenterol. 2015; 
50(2): 125-139.

6.	 Junk HK, Keum BR, Jo YJ, Jee SR, Rhee PL, Kang 
YW. Diagnosis of functional dyspepsia: A systematic 
review. Korean J Gastroenterol. 2010; 55(5): 296-307.

7.	 Padeh S, Berkun Y. Auto-inflammatory fever syn-
dromes. Rheum Dis Clin North Am. 2007; 33(3): 
585-623.

8.	 The French FMF Consortium. A candidate gene for 
familial Mediterranean fever. Nat Genet. 1997; 17(1): 
25-31.

9.	 Soriano A, Manna R. Familial Mediterranean fever: 
New phenotypes. Autoimmun Rev. 2012; 12(1): 31-37.

10.	 Grateau G, Pêcheux C, Cazeneuve C, Cattan D, 
Dervichian M, Goossens M, et al. Clinical versus 
genetic diagnosis of familial Mediterranean fever. 
QJM. 2000; 93(4): 223-229.

11.	 INFEVERS. The registry of Familial Mediterranean 
Fever (FMF) and heriditary autoinflammatory dis-
orders mutations (http://fmf.igh.cnrs.fr.ISSAID/in-
fevers).

12.	 Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, 
Lidar T, et al. Criteria for the diagnosis of familial 
Mediterranean fever. Arthritis Rheum. 1997; 40(10): 
1879-1885.

13.	 Marek-Yagel D, Berkun Y, Padeh S, Abu A, Reznik-
Wolf H, Livneh A, et al. Clinical disease among pa-
tients heterozygous for familial Mediterranean fever. 
Arthritis Rheum. 2009; 60(6): 1862-1866.

14.	 Padeh S, Shinar Y, Pras E, Zemer D, Langevitz P, 
Pras M, et al. Clinical and diagnostic value of genetic 
testing in 216 Israeli children with Familial Mediter-
ranean fever. J Rheumatol. 2003; 30(1): 185-190.

15.	 Touitou I. Inheritance of autoinflammatory diseases: 

Shifting paradigms and nomenclature. J Med Genet. 
2013; 50(6): 349-359.

16.	 Etem EO, Deveci SD, Erol D, Yuce H, Elyas H. Fa-
milial Mediterranean Fever: A retrospective clinical 
and molecular study in the east of Anatolia region of 
Turkey. Open Rheumatol J. 2010; 4: 1-6.

17.	 Sarkisian T, Ajrapetian H, Beglarian A, Shahsuvar-
ian G, Egiazarian A. Familial Mediterranean fever 
in Armenian population. Georgian Med News. 2008; 
156: 105-111.

18.	 Sharkia R, Mahajnah M, Zalan, Sourlis C, Bauer P, 
Schöls L. Comparative screening of FMF mutations 
in various communities of the Israeli society. Eur J 
Med Genet. 2013; 56(7): 351-355.

19.	 Erden G, Bal C, Gungor Torun O, Uguz, Yıldırımkaya 
M. Evaluating the frequency of MEFV gene in a group 
of patients with pre-diagnosis of Familial Mediterra-
nean Fever. Turk Hij Tecr Biyol Derg. 2008; 65(1): 1-5.

20.	 Ozcakar ZB, Yalcınkaya F, Cakar N, Acar B, Bilgiç 
AE, Uncu N, et al. Application of the new pediatric 
criteria and Tel Hashomer criteria in heterozygous 
patients with clinical features of FMF. Eur J Pediatr. 
2011; 170(8): 1055-1057.

21.	 Akin H, Onay H, Turker E, Cogulu O, Ozkınay F. 
MEFV mutations in patients with Familial Mediter-
ranean Fever from the Aegean region of Turkey. Mol 
Biol Rep. 2010; 37(1): 93-98.

22.	 Gülec D, Sirin Y, Kocaöz S, Uzuncan N, Pirim I. The 
clinical significance of R202Q mutation in the pyrin 
gene. Turkiye Klinikleri J Med Sci. 2015; 35(2): 106-
111.

23.	 Ozturk A, Ozcakar B, Ekim M, Akar N. Is MEFV 
gene Arg202Gln (605 G>A) a disease-causing muta-
tion? Turk J Med Sci. 2008; 38(3): 205-208.

24.	 Yigit S, Karakus N, Tasliyurt T, Kaya SU, Bozkurt 
N, Kisacik B. Significance of MEFV gene R202Q 
polymorphism in Turkish familial Mediterranean 
fever patients. Gene. 2012; 506(1): 43-45.

25.	 Giaglis S, Papadopoulos V, Kambas K, Doumas 
M, Tsironidou V, Rafail S, et al. MEFV alterations 
and population genetics analysis in a large cohort of 
Greek patients with familial Mediterranean fever. 
Clin Genet. 2007; 71(5): 458-467.

26.	 Comak E, Akman S, Koyun M, Dogan CS, Gokceoglu 
AU, Arikan Y, et al. Clinical evaluation of R202Q 
alteration of MEFV genes in Turkish children. Clin 
Rheumatol. 2014; 33(12): 1765-1771.

27.	 Cankaya T, Bora E, Bayram Torun M, Ulgenalp A, 



58

FREQUENCY OF FMF IN EPS PATIENTS

Kavukçu S, Türkmen A, et al. Clinical significance 
of R202Q alteration of MEFV gene in children with 
Familial Mediterranean fever. Arch Rheumatol. 2015; 
30(1): 51-56.

28.	 Yilmaz E, Ozen S, Balci B, Duzova A, Topaloglu 
R, Besbas N, et al. Mutation frequency of Familial 
Mediterranean fever and evidence for a high carrier 
rate in the Turkish population. Eur J Hum Genet. 
2001; 9(7): 553-555.

29.	 Oztuzcu S, Ulasli M, Ergun S, Igci YZ, Igci M, 
Bayraktar R, et al. Screening of common and novel 
familial Mediterranean fever mutations in south-east 
part of Turkey. Mol Biol Rep. 2014; 41(4): 2601-2607.

30.	 Salehzadeh F, Jafari M, Asl SH, Jahangiri S, Habibza-
deh S. MEFV gene profile in Northwest of Iran, 
twelve common MEFV gene mutations analysis in 
216 patients with Familial Mediterranean Fever. Iran 
J Med Sci. 2015; 40(1): 68-72.

31.	 Ben-Chetrit E, Lerer I, Malamud E, Domingo C, 
Abeliovich D. The E148Q mutation in the MEFV 
gene: Is it a disease-causing mutation or a sequence 
variant? Hum Mutat. 2000; 15(4):385-386.

32.	 Marek-Yagel D, Bar-Joseph I, Pras E, Berkun Y. Is 
E148Q a benign polymophism or a disease-causing 
mutation? J Rheumatol. 2009; 36(10): 2372.

33.	 Altug U, Ensari C, Sayin DB, Ensari A. MEFV gene 
mutations in Henosch Schönlein purpura. Int J Rheu 
Dis. 2013; 16(3): 347-351.

34.	 Beheshtian M, Izadi N, Kriegshauser G, Kahrizi K, 
Mehr EP, Rostami M, et al. Prevalence of common 

MEFV mutations and carrier frequencies in a large 
cohort of Iranian populations. J Genet. 2016; 93(3): 
667-674.

35.	 Dogan H, Faruk Bayrak O, Emet M, Keles M, Gulluo-
glu S, Gul Z, et al. Familial Mediterranean fever gene 
mutations in north-eastern part of Anatolia with spe-
cial respect to rare mutations. Gene. 2015; 568(2): 
170-175.

36.	 Gunesacar R, Celik MM, Arica V, Elmacioglu S, 
Ozturk OH. Frequency of MEFV gene mutations in 
Hatay province, Mediterranean region of Turkey and 
report of a novel missense mutation (I247V). Gene. 
2014; 546(2): 195-199.

37.	 Albayrak F, Selcuk NY, Odabas AR, Cetinkaya R, 
Pirim I. Genotype-phenotype correlation in patients 
with familial Mediterranean fever in East Anatolia. 
Genet Test Mol Biomarkers. 2010; 14(3): 325-328.

38.	 Tomiyama N, Higashiuesato Y, Oda T, Baba E, Ha-
rada M, Azuma M, et al. MEFV mutation analysis 
of familial Mediterranean fever in Japan. Clin Exp 
Rheumatol. 2008; 26(1): 13-17.

39.	 Ozturk MA, Kanbay M, Kasapoglu B, Onat AM, Guz 
G, Furst DE, et al. Therapeutic approach to famil-
ial Mediterrenean fever: A review update. Clin Exp 
Rheumatol. 2011; 29(4 Suppl 67): 77-86.

40.	 Camus D, Shinar Y, Aamar S, Langevitz P, Ben-Zvi 
I, Livneh A, et al. ‘Silent’ carriage of two familial 
Mediterranean fever gene mutations in large families 
with only a single identified patient. Clin Genet. 2012; 
82(3): 288-291.


