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Abstract

Background: We showed previously that Japanese individuals with familial Mediterranean fever (FMF) have a more
atypical phenotype compared to endemic areas. The clinical differences between young-onset FMF (YOFMF), adult-
onset FMF (AOFMF), and late-onset FMF (LOFMF) in Japan are unclear.

Methods: We enrolled 395 consecutive patients. We defined YOFMF, AOFMF, and LOFMF as the onset of FMF at <
20, 20–39, and ≥ 40 years of age, respectively. We compared clinical manifestations and MEFV mutations patterns
among these groups.

Results: Median ages at onset were YOFMF 12.5 years (n= 182), AOFMF 28 years (n= 115), and LOFMF 51 years (n = 90).
A family history, MEFV mutations in exon 10, and more than two MEFV mutations were significantly more frequent in the
earlier-onset groups (p < 0.01, p < 0.0001, and p < 0.001, respectively). In the accompanying manifestations, thoracic and
abdominal pain were significantly more frequent in the earlier-onset groups (p < 0.01 and p < 0.0001, respectively),
whereas arthritis and myalgia were significantly more frequent in the later-onset groups (p< 0.0001 and p < 0.01,
respectively). The multiple logistic regression analysis revealed that the presence of MEFV exon 10 mutations and earlier
onset were significantly associated with serositis, whereas the absence of MEFV exon 10 mutations, later onset, and the
presence of erysipelas-like erythema were significantly associated with musculoskeletal manifestations. There was no
significant between-group difference in the responsiveness to colchicine.

Conclusions: Our results indicate that the later-onset FMF patients had a lower percentage of MEFV mutations in exon 10
and predominantly presented arthritis and myalgia. It is important to distinguish their FMF from other inflammatory
diseases.

Keywords: Familial Mediterranean fever, MEFV gene, Young onset, Late onset, Musculoskeletal manifestations

* Correspondence: tkoga@nagasaki-u.ac.jp
1Department of Immunology and Rheumatology, Unit of Advanced
Preventive Medical Sciences, Nagasaki University Graduate School of
Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki 852-8501, Japan
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Endo et al. Arthritis Research & Therapy          (2018) 20:257 
https://doi.org/10.1186/s13075-018-1738-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s13075-018-1738-1&domain=pdf
http://orcid.org/0000-0003-2077-4428
mailto:tkoga@nagasaki-u.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Familial Mediterranean fever (FMF) is an autoinflamma-
tory disease caused by Mediterranean fever (MEFV)
gene mutations located on the short arm of chromo-
some 16 (16 pm 13.3) [1, 2]. FMF is characterized by re-
current and self-limiting fever attacks in a short period
accompanied by serositis manifestations including peri-
tonitis and pleuritis, musculoskeletal manifestations in-
cluding synovitis and myalgia, and skin manifestations
including erysipelas-like skin lesions [3–6]. A patient’s
FMF can be classified as a typical or an atypical case based
on clinical findings and genetic testing [7–9]. According
to the Tel Hashomer criteria, a typical case is character-
ized by fever attacks of ≥ 38.0 °C and lasting 12–72 h ac-
companied by pleuritis, nonlocalized peritonitis, and
monoarthritis of the hip, knee, or ankle [7], whereas an
atypical case is characterized by fever attacks of < 38.0 °C,
lasting only a short period (i.e., 6–12 h) or lasting a long
period (72 h–7 days), abdominal pain without definitive
peritonitis, localized peritonitis, or arthritis outside the
typical sites (i.e., hip, knee, and ankle) [7].
FMF is most prevalent in individuals in the Mediterra-

nean and Middle Eastern regions, especially in Turks,
Arabs, Armenians, and non-Ashkenazi Jews [10, 11].
However, FMF cases have increasingly been reported in
some countries outside these regions, such as Japan and
the USA [12]. In particular, Japanese FMF cases with
MEFV mutations were described for the first time in
2002 [13], and there is accumulating evidence showing
the characteristics of FMF in Japan [9, 14–19]. The fre-
quency of FMF cases with high-penetrance MEFV muta-
tions such as exon 10 is lower in Japan than in Western
countries, and FMF cases in Japan have been reported to
more often be adult onset and to more often show atyp-
ical clinical symptoms [9]. Because of the misunder-
standing that FMF is rare in Japan, or that there is a
higher percentage of earlier onset in Japan, it is possible
that the condition’s diagnosis has been delayed [16].
The onset of FMF in an individual over 40 years of age

has been considered rare. A survey of 470 cases showed
that approximately 60% of the patients experienced the
first attack before 10 years of age, 90% of those experi-
enced the first attack before 20 years of age, and most of
the rest of the patients experienced the first attack be-
fore 40 years of age [5]. Although there is no definition
to classify later-onset FMF including adult-onset FMF
(AOFMF) and late-onset FMF (LOFMF), previous stud-
ies defined AOFMF and LOFMF as the onset of FMF
over 20 and 40 years of age, respectively [20, 21], and re-
vealed that a subgroup of patients with AOFMF or
LOFMF is characterized by different demographic, clin-
ical, and probably genetic features [20–23]. However,
characteristics of later-onset FMF have not yet been fully
elucidated in Japan.

In the present study, using data from a nationwide,
multicenter, prospective study in Japan, we compared
the clinical characteristics and the distribution of MEFV
mutations among AOFMF, LOFMF, and YOFMF pa-
tients and determined the factors that can distinguish
these three groups.

Methods
Patients
This was a prospective cohort study registered with the
University Hospital Medical Information Network Clin-
ical Trials Registry (#UMIN000015881; http://www.umi-
n.ac.jp/ctr/). The study population consisted of 395
Japanese patients with FMF who were recruited con-
secutively and prospectively between January 2009 and
March 2017 from 106 related centers of Nagasaki Uni-
versity, Shinshu University, Kanazawa University, and
Nagasaki Medical Center in Japan. Each of the FMF pa-
tients fulfilled the Tel Hashomer criteria [7]. All patients
underwent a clinical assessment and provided a blood
sample for MEFV mutation analyses.
On the basis of the Tel Hashomer criteria, we divided

the study patients into two groups: those with typical
FMF and those with atypical FMF. The typical FMF pa-
tients had suffered typical episodes of peritonitis, pleuri-
tis, monoarthritis, or fever alone as specified in the Tel
Hashomer criteria. The atypical FMF patients had suf-
fered an “incomplete” attack. An attack was considered
incomplete if it differed from the definition of a typical
attack in only one or two of the four following features:
temperature < 38 °C; attack duration longer or shorter
than specified periods (12 h–3 days), but not shorter
than 6 h or longer than 1 week; no signs of peritonitis
during an abdominal attack, or signs were localized; and
atypical distribution of arthritis.
We defined YOFMF, AOFMF, and LOFMF as the on-

set of FMF at < 20, 20–39, and ≥ 40 years of age, respect-
ively. We compared clinical manifestations including the
characteristics of febrile episodes (duration and fre-
quency), presence of serositis (chest or abdominal pain),
arthritis, myalgia, erysipelas-like rash, and response to
colchicine. We also compared the three groups’ laboratory
findings obtained during an attack including white blood
cell count (WBC), C-reactive protein (CRP) level, serum
amyloid A (SAA) level, erythrocyte sedimentation (ESR),
and IgD level. All patients gave their signed informed con-
sent to be subjected to the protocol, which was approved
by the Institutional Review Board of Nagasaki University
and related centers (Approval No. 14092946).

Mutational analysis
We extracted genomic DNA using the Promega Wizard®
Genomic DNA Purification Kit (Promega, Madison, WI,
USA). We subsequently performed polymerase chain
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reaction (PCR) using the forward and reverse primers for
each exon of the MEFV gene as described [9]. We purified
PCR products with the reagent ExoSAP-IT™ (GE Health-
care Japan, Tokyo) and sequenced directly, using specific
primers and BigDye Terminator v1.1 (Applied Biosystems,
Tokyo, Japan).

Statistical analysis
The demographic, clinical, and genomic characteristics
among the YOFMF, AOFMF and LOFMF patients were
compared with Fisher’s exact test for discrete variables,
and with Wilcoxon’s test for continuous variables. The
Kruskal–Wallis test followed by Dunn’s multiple com-
parisons test were used to compare the groups.
We performed a sensitivity analysis by removing pa-

tients with mutations in exon 10 or overlapping rheum-
atic disease, because mutations of exon 10 in the MEFV
gene are associated with typical FMF [9] and overlapping
rheumatic disease influences clinical symptoms. To de-
termine the independent factors of the patients’ serositis
or musculoskeletal manifestations, we performed a mul-
tiple logistic regression analysis. We selected variables
with p < 0.05 by univariate analyses as model 1 (continu-
ous variables for age at onset) or model 2 (binary vari-
ables for age at onset). Statistical analyses were
performed in JMP pro 13.0 software (SAS Institute,
Cary, NC, USA). All reported p values are two-sided. p
< 0.05 was considered significant.

Results
Patient characteristics, classification, and complications
A total of 395 patients were enrolled in the study. We
excluded eight patients from the analyses due to a lack
of age data. The demographic characteristics of the pa-
tients with YOFMF (n = 182), AOFMF (n = 115), and
LOFMF (n = 90) are presented in Table 1. The median
age at diagnosis in the YOFMF, AOFMF, and LOFMF
groups was 19, 34, and 58 years, respectively. The
groups’ median period between the onset of symptoms
and the disease diagnosis was 7, 4, and 2 years, respect-
ively (YOFMF vs others, p < 0.0001; others vs LOFMF, p
< 0.0001). There was no significant difference in gender
among the groups. The family history suggestive of FMF
was observed in 28%, 17%, and 12% of the YOFMF,
AOFMF, and LOFMF groups, respectively, and a signifi-
cantly higher frequency of family history was observed
among the earlier-onset groups (YOFMF vs others, p <
0.01; others vs LOFMF, p < 0.05).
The numbers of patients with the typical FMF pheno-

type according to the Tel Hashomer criteria [7] in the
YOFMF, AOFMF, and LOFMF groups were 111 (61%),
57 (50%), and 46 (51%), respectively. We found that the
YOFMF group had a significantly higher percentage of
patients with typical FMF (YOFMF vs others, p < 0.05;

others vs LOFMF, p = 0.40). In the YOFMF, AOFMF, and
LOFMF groups, the rates of amyloidosis as a complica-
tion were 1%, 4%, and 3% and the rates of the complica-
tion of autoimmune or autoinflammatory diseases were
5%, 10%, and 24%, respectively. Autoimmune or autoin-
flammatory diseases mainly included diseases such as
rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), Sjögren’s syndrome (SS), Behçet’s disease (BD),
and adult-onset Still’s disease (AOSD). There was a sig-
nificantly higher percentage of overlapping autoimmune
or autoinflammatory diseases among the later-onset
group compared to the other groups (YOFMF vs others,
p < 0.001; others vs LOFMF, p < 0.0001).

Clinical and laboratory characteristics
The demographic clinical characteristics of the patients
with YOFMF, AOFMF, and LOFMF are presented in
Table 2. No significant differences were found in the at-
tack frequency or the attack duration among the three
groups. Although we found no significant differences in
the presence of fever, pericarditis, headache, or erysipelas
erythema during the attack, the serositis symptoms such
as chest pain and abdominal pain were significantly
fewer in the later-onset group: YOFMF vs others, p <
0.01; others vs LOFMF, p < 0.01; YOFMF vs others, p =
0.0001; and others vs LOFMF, p < 0.0001. In contrast,
musculoskeletal symptoms such as joint pain and myal-
gia were significantly more frequent in the later-onset
group: YOFMF vs others, p < 0.0001; others vs LOFMF,
p < 0.0001; YOFMF vs others, p < 0.01; and others vs
LOFMF, p < 0.01. We examined the efficacy of colchicine
therapy in each group and found no significant differ-
ence in this parameter among the three groups.
We next evaluated laboratory characteristics and

found that there were no significant between-group dif-
ferences in WBC count, CRP level, SAA level, or IgD
level during the attack. The median ESR values during
the attack in the YOFMF, AOFMF, and LOFMF groups
were 40, 41.5, and 56 mm/h, respectively (YOFMF vs
others, p = 0.07; others vs LOFMF, p < 0.05). It is likely
that this difference in ESR can be explained by the influ-
ence of age.

Mutational analysis
The results of our demographic mutational analysis of
the YOFMF, AOFMF, and LOFMF groups are presented
in Table 3. Mutations accompanied by amino acid sub-
stitutions of the MEFV gene in the YOFMF, AOFMF,
and LOFMF patients were observed in 94%, 92%, and
87%, respectively (data not significant). When we com-
pared mutations in the groups by the site of mutations,
we found no significant difference in exon 2 or exon 3
in each group. In contrast, mutations in exon 1 in the
YOFMF, AOFMF, and LOFMF patients were observed at
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6%, 5%, and 0%, respectively (YOFMF vs others, p = 0.15;
others vs LOFMF, p < 0.0001), and mutations in exon 10
were observed in 49%, 30%, and 18%, respectively (YOFMF
vs others, p < 0.0001; others vs LOFMF, p < 0.0001).
We analyzed the percentage of patients with two or more

MEFV mutations among the three groups and found that
the rate of having two or more mutations in the MEFV
gene was higher in the earlier-onset groups: YOFMF vs
others, p < 0.001; and others vs LOFMF, p < 0.01.

Sensitivity analysis
To conduct a sensitivity analysis, we excluded patients
with exon 10 mutation in the MEFV gene and patients
with rheumatic disease, and reanalyzed the clinical and
genetic characteristics among the YOFMF, AOFMF and
LOFMF patients. A flow chart of this sensitivity analysis
is shown in Additional file 1: Figure S1. As presented in
Table 4, we found no significant between-group differ-
ences in the proportion of typical FMF, a positive family
history, two or more mutations, or chest pain.
Interestingly, the presence of mutation in exon 1 and

abdominal pain during the attack were significantly
more frequently observed in the earlier-onset group:
YOFMF vs others, p < 0.05; others vs LOFMF, p < 0.01;
YOFMF vs others, p < 0.001; and others vs LOFMF, p <
0.0001. In contrast, the later-onset group presented
musculoskeletal manifestations more frequently than the
earlier-onset group: YOFMF vs others, p < 0.05; others
vs LOFMF, p < 0.05; YOFMF vs others, p < 0.001; and
others vs LOFMF, p < 0.05.

Identification of independent factors associated with
serositis manifestations
To determine which variables are associated with sero-
sitis manifestations among the three groups, we evalu-
ated the 20 variables presented in Tables 1, 2, 3. We
found that the following nine variables were significantly
associated with serositis in the univariate analyses: age at
onset, family history, typical FMF, duration of fever at-
tack, arthritis, erysipelas-like erythema, autoimmune or
autoinflammatory diseases, exon 3 mutation, and exon
10 mutation.
We selected these variables for a logistic regression ana-

lysis and identified three independent factors associated
with serositis manifestations: age at onset (odds ratio (OR)
0.43, 95% confidence interval (CI) 0.24–0.78, p = 0.0051),
autoimmune or autoinflammatory diseases (OR 0.21, 95%
CI 0.09–0.55, p = 0.0006), and positive exon 10 mutations
(OR 10.7, 95% CI 4.15–27.7, p < 0.0001) (model 2 in
Table 5). Taking these results together, we determined that
age at FMF onset, complication of autoimmune or autoin-
flammatory diseases, and exon 10 mutation in the MEFV
gene are independent factors that are associated with sero-
sitis manifestation.

Identification of independent factors associated with
musculoskeletal manifestations
We next sought to determine variables that are associ-
ated with musculoskeletal manifestations among the
three groups. We found that the following six variables
were significantly associated with musculoskeletal mani-
festations in the univariate analyses: age at onset, typical
FMF, abdominal pain, erysipelas-like erythema, auto-
immune or autoinflammatory diseases, and exon 10 mu-
tation. By performing a logistic regression analysis, we
identified three independent factors associated with
musculoskeletal manifestations: age at onset (OR 1.84,
95% CI 1.12–2.99, p = 0.0077), erysipelas-like erythema
(OR 4.30, 95% CI 2.04–9.05, p < 0.0001), and positive
exon 10 mutations (OR 0.54, 95% CI 0.31–0.93, p <
0.0027) (model 2 in Table 6). Collectively, these results
led us to conclude that age at FMF onset, erysipelas-like
erythema, and exon 10 mutation in the MEFV gene are
independent factors associated with musculoskeletal
manifestation.

Discussion
Our findings clarified the differences in later-onset FMF in-
cluding AOFMF and LOFMF. Our data showed that
later-onset FMF patients have a shorter diagnostic delay, a
lower frequency of family history, a lower frequency of
typical cases, a higher frequency of complications of auto-
immune or autoinflammatory diseases, and a lower
frequency of MEFV mutations in exons 1 and 10. Import-
antly, our analyses revealed that later-onset FMF patients
predominantly present musculoskeletal manifestations,
which is independent of overlapping rheumatic diseases
and the MEFV mutation in exon 10.
The manifestations of FMF are attributed mainly to

the difference in the mutational pattern in the MEFV
gene [3, 9, 18, 19]. FMF patients with low-penetrance
mutations tend to present with milder disease pheno-
types and to be diagnosed with atypical FMF [24–26]. In
addition, the M694 V mutations in exon 10 mutations,
which is high penetrance, are associated with earlier on-
set and severe phenotypes [27, 28], suggesting an associ-
ation between high penetrance and earlier onset.
Consistent with these observations, our present analyses
demonstrated that the earlier-onset FMF patients had a
higher frequency of MEFV exon 10 mutations with high
penetrance. Interestingly, our analyses also showed that
E84K in exon 1 mutations was significantly more fre-
quent in patients with earlier onset. We confirmed these
results by performing the sensitivity analysis excluding
the FMF cases with MEFV exon 10 mutations.
The age at disease onset is variable in FMF. As noted

in the Introduction, the survey of 470 FMF cases in the
1960s showed that approximately 90% of patients experi-
enced their first attack before 20 years of age, and the
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Table 6 Comparison of selected variables for arthritis or myalgia in multiple logistic regression analysis (continuous and
binary variables)

Variable p value OR (95% CI)

Model 1

Age at onset 0.0006 0.978 (0.965–0.991)

Typical FMF 0.8131 0.940 (0.565–1.564)

Abdominal pain 0.4751 0.842 (0.526–1.348)

Erysipelas-like erythema < 0.0001 4.153 (1.960–8.802)

Autoimmune or autoinflammatory diseases 0.1988 1.609 (0.773–3.349)

Exon 10 mutations (+) 0.0315 0.550 (0.318–0.950)

Model 2

Age at onset ≥ 20 years 0.0077 1.840 (1.175–2.882)

Typical FMF 0.7933 0.935 (0.564–1.549)

Abdominal pain 0.2795 0.7745 (0.488–1.229)

Erysipelas-like erythema < 0.0001 4.295 (2.039–9.050)

Autoimmune or autoinflammatory diseases 0.1224 1.752 (0.851–3.605)

Exon 10 mutations (+) 0.0272 0.541 (0.313–0.935)

Odds ratio (OR), 95% confidence interval (CI), and p value in model 1 or model 2 presented
FMF familial Mediterranean fever

Table 5 Comparison of selected variables for thoracic or abdominal pain in multiple logistic regression analysis (continuous
and binary variables)

Variable p value OR (95% CI)

Model 1

Age at onset 0.0081 0.979 (0.963–0.995)

Family history 0.4012 1.415 (0.624–3.209)

Typical FMF 0.0437 2.023 (1.018–4.021)

Duration of fever attack 0.7985 1.012 (0.924–1.108)

Arthritis 0.8003 0.926 (0.510–1.681)

Erysipelas-like erythema 0.2824 0.655 (0.302–1.418)

Autoimmune or autoinflammatory diseases 0.0007 0.218 (0.0858–0.557)

Exon 3 mutations (+) 0.7587 0.890 (4.018–26.716)

Exon 10 mutations (+) < 0.0001 10.361 (4.018–26.716)

Model 2

Age at onset ≥20 years 0.0051 0.431 (0.238–0.782)

Family history 0.3733 1.445 (0.636–3.284)

Typical FMF 0.0527 1.970 (0.991–3.920)

Duration of fever attack 0.8415 1.009 (0.920–1.107)

Arthritis 0.7936 0.924 (0.509–1.675)

Erysipelas-like erythema 0.1723 0.589 (0.275–1.262)

Autoimmune or autoinflammatory diseases 0.0006 0.216 (0.085–0.545)

Exon 3 mutations (+) 0.7174 0.872 (0.414–1.835)

Exon 10 mutations (+) < 0.0001 10.718 (4.148–27.694)

Odds ratio (OR), 95% confidence interval (CI), and p value in model 1 or model 2 presented
FMF familial Mediterranean fever
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onset of FMF at > 40 years of age was rare [5]. A survey
in the 2000s, when FMF had gradually come to be rec-
ognized, showed that the proportions of FMF patients
whose age at onset was over 20 years and over 40 years
were 14% and 1.25%, respectively [20]. Thus, later-onset
FMF has been considered rare worldwide.
In contrast, later-onset FMF is more common in Japan

compared to Western countries. Two studies from Japan
revealed that the mean ± SD age at onset is 24.2 ± 18.1
years [9] and 23.7 ± 13.6 years [17], respectively. The
present study showed that age at onset > 20 years and >
40 years occurred in 52% (205/395) and 23% (90/395) of
all FMF patients, and our results support the idea that
adult-onset FMF is not rare in Japan. We speculate that
the genetic characteristics of Japanese FMF patients (i.e.,
with a lower percentage of MEFV exon 10 mutations
and a higher percentage of MEFV exon 2 mutations [9])
may explain the reason for the higher percentage of
later-onset Japanese FMF.
A delay in the diagnosis of FMF often occurs, even in

endemic areas [20, 22]. Because of self-limiting attacks
that occur in a short period, FMF patients may not see a
doctor or may not be referred to a specialized depart-
ment, making it difficult to diagnose FMF correctly in
the early course of the disease. Two studies from en-
demic areas revealed that the mean delay before diagno-
sis was 6.0 ± 6.6 years (adult onset) versus 12.1 ±
9.0 years (others) [20] and was 4.9 ± 5.8 years (late onset)
versus 20 ± 13 years (others) [21], respectively. In line
with these observations, our present findings indicate
that the age at earlier disease onset caused a delay in
diagnosis. This may be attributed to more attention be-
ing paid by adults to new manifestations and more effort
being made to receive a final diagnosis [21, 22].
Most studies of childhood FMF demonstrated that

FMF affects both sexes equally [5, 29–32]. It was also
shown that the proportion of males was not significantly
different between the young-onset and adult-onset
groups [20]. However, other studies showed that
later-onset FMF is characterized by male predominance
[21, 22]. This is because women with later-onset FMF
present a milder disease phenotype, resulting in a lesser
likelihood of being diagnosed with FMF [21]. In the
present study, although the proportion of males tended
to be higher in the AOFMF group than in the YOFMF
group, there was no significant difference between the
two groups.
Our previous investigation demonstrated that the

presence of MEFV exon 10 mutations was associated
with typical FMF presentation and that typical FMF had
a higher frequency of a family history of FMF [9]. Our
present findings showed that earlier-onset FMF patients
have significantly higher frequency of a family history as
well as MEFV mutations in exon 10. We considered that

high-penetrance mutations such as exon 10 increase the
frequency of a family history. We also observed that the
YOFMF group had a significantly higher frequency of
typical FMF cases, probably because YOFMF patients
more frequently have MEFV mutations in exon 10.
Our study showed that earlier-onset FMF patients pre-

dominantly present serositis manifestations including
peritonitis and pleuritis, while later-onset FMF patients
predominantly present musculoskeletal manifestations in-
cluding synovitis and myalgia. Conversely, earlier studies
showed that arthritis and erysipelas-like erythema are less
frequent in adult-onset FMF compared to young-onset
FMF [20, 22], which differs from our observations. How-
ever, these earlier studies did not perform sufficient ana-
lyses of the genetic differences with age at onset. Similar
to our observations, a recent study from a Western coun-
try showed that LOFMF patients presented a high fre-
quency of arthritis without significant difference and
significantly less frequent chest pain compared to patients
with a disease onset before 40 years of age [33]. It may
thus be important to distinguish later-onset FMF from
other inflammatory diseases such as crystalline-induced
arthropathies and infectious arthritis.
Our multiple logistic regression analysis revealed that

the presence of MEFV exon 10 mutations and earlier
onset were significantly associated with serositis during
attacks. Although this differs from some previous re-
ports [20, 22], our analyses also revealed that the ab-
sence of MEFV exon 10 mutations, later onset, and the
presence of erysipelas-like erythema were significantly
associated with musculoskeletal manifestations. Collect-
ively, our data indicate that the MEFV mutations in
exon 10 with high penetrance are associated with both a
high frequency of serositis and a low frequency of mus-
culoskeletal manifestations. Japanese FMF patients not
only have a lower percentage of MEFV exon 10 muta-
tions but also a lower percentage of MEFV homozygous
mutations associated with high penetrance [9, 17]. In
addition, no Japanese FMF patients have the M694 V
mutations in exon 10 mutations, which is especially high
penetrance [9, 17]. The discrepancy between our find-
ings and those of previous studies may be explained by
the genetic characteristics of Japanese FMF patients,
who have a lower percentage of MEFV mutations with
high penetrance, especially in later-onset FMF. In
addition, the discrepancy may be associated with racial
differences including genetic characteristics other than
the MEFV gene. This study is the first to describe the
characteristics of FMF patients with adult onset and late
onset in a country (Japan) other than endemic areas,
suggesting different characteristics of FMF patients with
later onset between endemic areas and other areas. We
await the further accumulation of reports from locations
other than endemic areas. Interestingly, the presence of
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erysipelas-like erythema was the strongest factor deter-
mining the presence of musculoskeletal manifestations.
It was reported that the proportions of arthritis and
erysipelas-like erythema are correlated [20, 22, 34], thus
suggesting that these manifestations may develop with
similar pathological conditions.
Since colchicine is primarily effective as a prophylactic

treatment for FMF attacks, colchicine is recommended in
all FMF patients regardless of the frequency and intensity
of attacks. Later-onset FMF patients were described as
having a milder form of disease and more favorable re-
sponses even to low-dose colchicine [21–23]. Most of the
FMF patients in the present study had a good response to
colchicine and there was no significant difference in sec-
ondary amyloidosis suggesting a severe phenotype among
the three groups. There is a report showing that FMF pa-
tients with high-penetrance M694 V mutation in exon 10
needed higher-dose colchicine to achieve a good response
[28], and there is also a report showing these patients have
a significantly lower frequency of complete response to
colchicine compared to patients with other MEFV muta-
tions [35], suggesting that there may be an association be-
tween high-penetrance mutations and good response to
colchicine. We suspect that Japanese FMF patients have
good response to colchicine irrespective of age at onset
and that there is no significant difference among the
present three patient groups because of the higher fre-
quency of low-penetrance mutations.
There are some study limitations to acknowledge. First,

it remains questionable whether the diagnosis of FMF was
correct in all of our cases. The diagnosis of FMF should
be made based on clinical findings, not on the presence of
MEFV gene mutations [36]. We also diagnosed FMF
based on clinical findings in the present study. However,
other hereditary autoinflammatory diseases cannot be
completely ruled out. In addition, a good response to col-
chicine itself is one of the diagnostic criteria [7], and thus
it is possible that patients with a poor response to colchi-
cine were diagnosed as non-FMF.
Second, although we concluded an association with

musculoskeletal symptoms and older-onset FMF by a
sensitivity analysis after excluding patients with rheum-
atic disease, a few cases in later-onset FMF may have
presented musculoskeletal symptoms due to the pres-
ence of subclinical rheumatic diseases. It has been re-
ported that the MEFV gene mutations can be a risk for
rheumatic diseases such as AOSD [37] and BD [38], and
can modify clinical phenotypes of rheumatic diseases
such as RA [39] and SLE [40]. In addition, it is generally
known that the incidence of autoimmune diseases in-
creases in proportion to age, and it is possible that rheum-
atic diseases before onset may be included in the
adult-onset group or the late-onset group. Although each
rheumatologist examined other overlapping rheumatic

diseases at the diagnosis of FMF, there was no detailed in-
formation available on the profiles of autoantibodies.
Finally, there are no established standard criteria to

evaluate the disease activity of FMF and the effectiveness
of colchicine, and we were thus unable to evaluate these
parameters accurately in the present study. The Inter-
national Severity Score for FMF (ISSF) was recently rec-
ommended as a new criterion for evaluating the disease
activity of FMF [41], and the FMF 50 score [42] is also
recommended as a new criterion for evaluating the ef-
fectiveness of treatments such as colchicine and the ne-
cessity of intensive treatment. In the future, it is
necessary to prospectively compare the disease activity
and good response rate to colchicine of patients with
young-onset, adult-onset, and late-onset FMF.

Conclusions
This is the first study to describe the characteristics of Jap-
anese FMF patients with adult onset and late onset. Our
results indicate that the later-onset FMF patients had a
lower percentage of mutations in exon 1 and exon 10 of
the MEFV gene, and they presented a higher frequency of
musculoskeletal manifestations and a lower frequency of
serositis during their attacks. It is thus important to distin-
guish their FMF from other inflammatory diseases such as
crystalline-induced arthropathies and infectious arthritis.

Additional file

Additional file 1: Figure S1. Patient enrollment flow chart for the
sensitivity analysis (TIFF 1521 kb)
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