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Familial Mediterranean fever (FMF) is the most com-
mon cause of monogenic inherited periodic fever 

syndrome in children. Patients are present with episodes 
of self-limiting fever and inflammation of serosal mem-
branes [1, 2]. The attacks that emerge with arthritis were 

defined as one of the major diagnostic criteria besides the 
involvement of serosal membranes in the Ankara pedi-
atric FMF criteria reported in 2009 and the Eurofever/
PRINTO FMF classification criteria reported in 2019 
[3, 4]. Arthritis findings last longer than usual attacks for 

ABSTRACT
OBJECTIVE: Familial Mediterranean fever (FMF) is a monogenic inherited periodic fever syndrome presenting with episodes 
of self-limiting fever and inflammation of serosal membranes. Besides the findings in the diagnostic criteria, musculoskeletal 
findings can also be seen in FMF patients attacks. In this study, we aim to reveal the frequency and genotype association of 
musculoskeletal manifestations in children with FMF.

METHODS: The patients diagnosed with FMF between January 1, 2017 and June 1, 2019, and followed for at least six 
months in our pediatric rheumatology clinic were included in this study. Musculoskeletal manifestations of patients were 
enrolled. The patients were grouped according to the “Mediterranean Fever” (MEFV) gene variants. Musculoskeletal manifes-
tations of the patients were compared between the groups.

RESULTS: The study group included 634 children with FMF (336 female and 298 male, F/M: 1.13/1). The clinical manifes-
tations of patients in the attack period were as follows: 99% of the patients had a fever, 87.3% had abdominal pain, 20.7% 
had chest pain, 11.3% had vomiting, 10.7% had erysipelas like erythema, and 9.3% had a headache. The musculoskeletal 
symptoms were accompanied by 58.6% (n=372) of the patients during the attack period. The most common musculoskeletal 
manifestation was found as arthralgia (32.6%, n=206). Also, the other musculoskeletal manifestations were as follows during 
attacks: arthritis in 23.7% (n=150), myalgia in 20.5% (n=130), exertional leg pain in 6.5% (n=41), and protracted febrile 
myalgia in 1% (n=7) of the patients. It was observed that the musculoskeletal manifestations were significantly higher in 
patients with homozygous M694V variants in exon-10 (p=0.017). The musculoskeletal manifestations were more common in 
the attack periods of patients carrying the M694V variant in at least one allele (p=0.019).

CONCLUSION: We found that the musculoskeletal manifestations were accompanied in more than half of patients with FMF. 
M694V variant was found as a risk factor for emerging musculoskeletal manifestations.
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up to 7–10 days, and there have no permanent sequelae in 
most cases. Besides the findings in the diagnostic criteria, 
non-specific musculoskeletal findings, such as myalgia, ar-
thralgia, transient synovitis, and more rare manifestations 
like protracted febrile myalgia, can also be seen in FMF 
patients’ attacks [5]. Also, HLA-B27 negative sacroiliitis 
is a permanent musculoskeletal comorbid condition that 
can be seen in a significant part of FMF patients [6].

The research related to the genotype linkage of mus-
culoskeletal involvement in patients with FMF is limited. 
Protracted febrile myalgia as attack manifestation is more 
common in patients with homozygous mutations in the 
10th exon of the Mediterranean Fever (MEFV) gene [7]. 
In the present study, we aim to reveal the frequency and 
genotype association of musculoskeletal manifestations 
in children diagnosed with FMF.

MATERIALS AND METHODS

This was a retrospective study conducted at the Universi-
ty of Health Sciences, Umraniye Training and Research 
Hospital, Department of Pediatric Rheumatology. The 
protocol of this study was approved by the local ethics 
committee (Approval No/Date: B.10.1.TKH.4.34.H.
GP.0.01/233/18.12.2019). The patients diagnosed with 
FMF in our pediatric rheumatology clinic between Janu-
ary 1, 2017 and June 1, 2019, were included in this study. 
All patients were evaluated during attacks by two pediat-
ric rheumatology specialists (BS or FD). The diagnosis of 
FMF was based on the pediatric FMF (Ankara) criteria [3]. 
The patients with the clinical suspicion of FMF underwent 
MEFV panel genetic screening in which four most com-
mon mutations in our country (M694V, M680I, V726A 
and E148Q) were included, at our Genomic Laboratory af-
ter clinical diagnosis [8]. Whole MEFV gene analysis was 
performed in patients with negative panel analysis. The pa-
tients included in this study with a diagnosis of FMF were 
consisted of genetically established children. The patients 
with a follow-up period of less than six months or had an-
other chronic illness were excluded from this study. 

Demographic, clinical, laboratory and genetic data of 
patients were collected. The musculoskeletal manifes-
tations (arthritis, arthralgia, myalgia, exercise-induced 
myalgia-arthralgia, exertional leg pain, protracted febrile 
myalgia, reflex sympathetic dystrophy and sacroiliitis) 
of the patients in attacks and healthy period were also 
enrolled. The patients were grouped according to the 
MEFV variants. Musculoskeletal manifestations of the 
patients were compared between the groups.

Statistical Analysis
Statistical package for the social sciences (SPSS) (version 
23.0, SPSS-Inc., Chicago, IL, USA) was used for statis-
tical analysis. Categorical data were presented as num-
bers and percentages. Numerical data with asymmetri-
cal distribution are presented as the median with data 
range (minimum to maximum). The normality of the 
distribution of numerical variables was assessed by the 
Shapiro-Wilk test. Mann-Whitney U test was used to 
compare the numerical variables that were not normally 
distributed between the patient groups. The χ²-test was 
used to compare categorical variables between groups. A 
p-value <0.05 was considered statistically significant.

RESULTS

The study group included 634 children with FMF (336 
female and 298 male, F/M: 1.13/1). The median diagno-
sis age and follow-up duration of patients were found 72 
(min–max: 8–211) and 17.5 (min–max: 6–36) months, 
respectively. While 32% of patients had consanguinity be-
tween their parents, 62% had at least one patient diagnosed 
with the autoinflammatory disease in their relatives. Also, 
145 (23%) patients had an autoimmune disease in their 
relatives. The clinical manifestations of patients in the at-
tack period were as follows: 99% of the patients had a fever, 
87.3% had abdominal pain, 20.7% had chest pain, 11.3% 
had vomiting, 10.7% had erysipelas like erythema, and 
9.3% had a headache. The musculoskeletal symptoms were 
accompanied by 58.6% (n=372) of the patients during the 
attack period. The most common musculoskeletal manifes-
tation was found as arthralgia (32.6%, n=206). Also, the 
other musculoskeletal manifestations were found as fol-
lows during attacks; arthritis in 23.7% (n=150), myalgia 
in 20.5% (n=130), exertional leg pain in 6.5% (n=41), and 
protracted febrile myalgia in 1% (n=7) of the patients. Be-
sides, the findings showed that 14% (n=89) of the patients 
developed myalgia or arthralgia triggered by prolonged 
walking or standing during healthy periods. The sacroilii-
tis as chronic comorbidity of FMF was found in 26 (4%) 
patients. The reflex sympathetic dystrophy also emerged in 
0.3% (n=2) of the patients. The demographic and clinical 
characteristics of the study group are presented in Table 1.

An exon-10 variant was found in at least one allele of 
92% of the patients. In 8% of patients, variants were found 
in other exons. 33.3% of the patients (n=211) had ho-
mozygous or compound heterozygous variants in the 10th 
exon. One hundred sixty-four patients (26%) had M694V 
homozygous variant. While 230 patients (36.3%) had 
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M694V heterozygous mutation, 141 patients (22.3%) 
had other variants as heterozygous in exon-10. There 
were 457 patients carrying the M694V variant in at least 
one allele. When we evaluated the patients with and with-
out musculoskeletal manifestations with the genotypic re-

sults, it was observed that the presence of a homozygous, 
a combined heterozygous or any heterozygous variant in 
the exon-10 which not included M694V, did not cause a 
statistically significant increase for musculoskeletal man-
ifestations. Also, the presence of the M694V variant in 
one allele was not significantly correlate with the presence 
of musculoskeletal symptoms in attacks (p=0.49), while 
it was found that the musculoskeletal symptoms are more 
common in the attack periods of patients carrying the 
M694V homozygous variant (p=0.017) or M694V vari-
ant in at least one allele (p=0.019) (Table 2). It was also 
shown that all patients with protracted febrile myalgia 
had an exon-10 variant in at least one allele.

DISCUSSION

FMF is the most common monogenic inherited autoin-
flammatory disease in our country [9, 10]. In addition 
to the serosal inflammation, the musculoskeletal system 
can also be affected during attacks. In this study, we pre-
sented the musculoskeletal manifestations and their gen-
otype relationship in Turkish pediatric FMF patients.

There are a limited number of studies in the literature 
evaluated musculoskeletal manifestations in pediatric 
FMF patients. Arthralgia and arthritis are the most com-
mon reported musculoskeletal manifestations of FMF 
[5, 11]. Especially, recurrent and self-limiting arthritis at-
tacks should suggest FMF. It may be triggered by minor 
trauma or prolonged efforts, such as walking or standing. 
The researchers have shown that arthritis usually lasts 
longer than usual attacks, often affects large joints and 
improves without permanent sequelae [12, 13]. It has 
also been shown that up to 5% of patients developed 
chronic arthritis, in whom the hip and knee joints were 
particularly affected [14]. Brik et al. [5] showed that 
musculoskeletal findings are common in FMF attacks 
in pediatric patients and their frequency varies racially. 
They found that the arthritis was seen in FMF attacks 
in 71% of Jewish children and 40% of Arab children. In 
a study, including pediatric patients from Turkey, 18% of 
the FMF patients present arthritis in the attack period, 
while 2.2% of all patients had persistent arthritis [15]. 
In our study, the FMF attack was observed in 23.7% of 
our patients as monoarthritis. We found similar results 
with other pediatric research from our country. Besides, 
arthritis is found less common in Turkish patients com-
pared with the Arab and Jewish cohorts. Different from 
the other studies, although some arthritis attacks lasting 
weeks, we did not have any patient developed persistent 
arthritis in our cohort. We also found the arthralgia as 

Characteristics Patients (%)

Gender 
 Female 53
 Male 47
Age of diagnosis (month)*  72 (8–211)
Follow-up duration (month)* 17.5 (6–36)
The consanguinity between parents 32
Autoimmune diseases in relatives 23
Autoinflammatory diseases in relatives 62
The clinical manifestations of patients 
in attack period 
 Fever 99
 Abdominal pain 87.3
 Chest pain 20.7
 Erysipelas-like erythema 10.7
 Vomiting 11.3
 Headache 9.3
The musculoskeletal symptoms 
of patients in attack periods 
 Arthralgia 32.6
 Arthritis 23.7
 Myalgia 20.5
 Exertional leg pain 6.5
 Protracted febrile myalgia 1
The musculoskeletal symptoms of 
patients between attack periods 
 Myalgia or arthralgia triggered 
 by prolonged walking or standing 14
 Sacroiliitis 4
 The reflex sympathetic dystrophy 0.3
Genetic screening (MEFV gene) results 
 The all homozygous or compound 
 heterozygous variants in the 10th exon 33.3
 M694V homozygous 26
 The all heterozygous variants in the 10th exon 58.6
 M694V heterozygous 36.3
 The M694V variant in at least one allele 72
 The variants in other exons 8.2

*: Median (minimum–maximum).

Table 1. The demographic and clinical characteristics of the 
study group
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the most common musculoskeletal manifestation during 
attacks (in 32.6% of patients).

Myalgia is a musculoskeletal system manifestation 
that can be seen in up to half of the patients with FMF 
during the attack periods [16, 17]. It may accompany fe-
ver and serositis attacks without other musculoskeletal 
complaints. Besides, it can be seen as an isolated attack 
by displaying different patterns. It can emerge as a form 
of spontaneous or exercise-induced myalgia. Also, pro-
tracted febrile myalgia is a longer, more severe and often 
steroid-responsive attack pattern. Majeed et al. [17] de-
termined that 25% of the pediatric 264 FMF patients had 
myalgia in the attack period. The most common pattern in 
their studies was found to exercise-induced myalgia. Kunt 
et al. [15] also found the frequency of myalgia in attacks 
of Turkish FMF pediatric patients as 7.6%. In another 
study included 59 Sephardic Jewish pediatric patients, 
the protracted febrile myalgia attack incidence was found 
as high as 10% [5]. It was determined that 20.5% of our 
patients had myalgia during the attack period. Also, 6.5% 
of our FMF patients had exertional leg pain, and 1% had 
protracted febrile myalgia as an attack manifestation. Al-
though the incidence of protracted febrile myalgia is rel-
atively low compared to literature, the frequency of myal-
gia was consistent with the other cohorts. We found reflex 
sympathetic dystrophy in two of our patients. These chil-
dren did not have elevated inflammatory markers during 
these periods and they were not considered as in attack 
period. Additionally, it was determined that 14% (n=89) 
of the patients developed myalgia or arthralgia triggered 
by prolonged walking or standing during healthy peri-
ods. When we evaluated these patients in myalgia period, 
these complaints were not considered as an FMF attack 
because they were improved by rest in a short time and 

were not accompanied by an acute phase reactant eleva-
tion. In this regard, two different myalgia patterns can be 
confused. It may evaluate as myalgia attack or as ordinary 
myalgia (not attack) triggered by exercise. A comprehen-
sive evaluation of the patient during this period can help 
differentiate it is an attack or not.

The frequency of sacroiliitis was found to be 2.6% in 
patients with FMF in a recently published study [18]. 
Sacroiliitis, as a comorbid condition that can be seen in 
together with FMF, was found in our 26 (4%) patient 
with FMF. We found similar results with the frequency 
of sacroiliitis in Turkish research [18, 19]. None of our 
patients were diagnosed with juvenile spondyloarthritis 
or juvenile idiopathic arthritis. In another recent study, 
it has been determined that the clinical characteristics 
of spondylitis-related sacroiliitis and FMF-related sac-
roiliac show differences [20]. It has been reported that 
patients with juvenile spondylitis exhibit higher acute 
phase response, and HLA-B27 positivity. Similarly, 
HLA-B27 positivity frequency was found low, and acute 
phase responses were within the normal range between 
attack periods in our FMF patients with sacroiliitis.

The manifestations of FMF may be associated with 
variant differences in the MEFV gene. In studies eval-
uated the relationship between musculoskeletal symp-
toms and genotype, it has been shown that arthritis and 
arthralgia are more common in patients with a homozy-
gous M694V variant [21–23]. In a pediatric FMF study 
conducted in our country, it was found that the frequency 
of arthralgia and exertional leg pain increased in M694V 
heterozygous patients [15]. Similarly, in studies, including 
adult patients, M694V mutation carriage has been re-
ported to be effective in the development of musculoskel-
etal complaints [24]. We observed in our study that the 

The patients MEFV variants The patients with The patients without p 
  MSCs manifestations (n) MSCs manifestations (n)

The homozygous or compound heterozygous variants
that not included M694V in the 10th exon  26 21 0.42
M694V homozygous 113 51 0.017
The heterozygous variants except for M694V in the 10th exon 75 66 0.57
M694V heterozygous 134 96 0.49
The M694V variant in at least one allele 281 176 0.019
The variants in other exons 29 23 0.52

MEFV: Mediterranean fever; MSCs: Musculoskeletal system.

Table 2. The comparison of the patient groups according to genotypic results
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presence of homozygous or combined heterozygous vari-
ants in the exon-10 that did not include M694V did not 
cause a risk for musculoskeletal manifestations, while we 
found that the musculoskeletal symptoms are more com-
mon in patients carrying the M694V homozygous variant 
or M694V variant in at least one allele. Different from the 
previous studies, the presence of only the M694V hetero-
zygous variant did not cause an increase in musculoskele-
tal symptoms. Our study results suggested that especially 
the homozygous and compound heterozygous mutations 
carrying the M694V variant in at least one allele may be 
associated with musculoskeletal manifestations.

Conclusion
The findings showed that the musculoskeletal manifes-
tations were seen as an attack symptom in more than 
half of FMF patients. Also, homozygous and compound 
heterozygous MEFV mutations, including the M694V 
variant, were found as a risk factor for emerging muscu-
loskeletal manifestations. In children with unexplained 
and recurrent musculoskeletal symptoms, especially in 
ethnicities with the high frequency of FMF, analysis of 
the MEFV gene can help reveal the underlying cause.
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