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ABSTRACT
Objective. We occasionally encounter 
patients with familial Mediterranean 
fever (FMF) whose attacks are trig-
gered by specific factors; however, in-
formation regarding these factors is 
limited. Our purpose was to identify the 
factors that trigger febrile attacks in 
Japanese patients with FMF.
Methods. Our retrospective study in-
cluded 372 patients (229 women, 143 
men) with FMF, who were diagnosed 
between April 2007 and June 2018. 
We retrospectively investigated clinical 
features, genetic variants, and the fac-
tors that the patients perceived to have 
triggered their attacks. Patients com-
pleted a questionnaire that included the 
following triggering factors, anxiety, 
psychological stress, tiredness, excite-
ment, environmental change, and men-
struation.
Results. Of 372 patients, 180 (49.4%) 
reported some triggering factors. Psy-
chological stress and tiredness were 
commonly reported factors regardless 
of sex; however, menstruation (39.7%, 
n=91) was the most commonly reported 
triggering factor in female patients with 
FMF. Menstrual-related patients had a 
younger age of onset and diagnosis, a 
higher frequency of peritonitis, and a 
higher rate of patients with endometri-
osis compared with the non-menstrual-
related patients. 
Conclusion. Gaining an understanding 
of these triggering factors could help to 
reduce attacks and educate the patients. 
Clinicians may need to consider FMF 
for patients who have fever and serosi-
tis that occurs with every menstrual  
period.

Introduction
Familial Mediterranean fever (FMF) 
is a typical auto-inflammatory disease 
characterised by recurrent episodes of 
fever and polyserositis. Patients are 

widespread not only in the Mediterra-
nean region but also in Europe and Ja-
pan. Clinical manifestations are thought 
to differ slightly between populations 
due to differences in genetic and envi-
ronmental factors (1). However, febrile 
attacks of FMF occur unexpectedly 
regardless of ethnicity, and frequent at-
tacks can impair a patient’s daily life.
The pathomechanism of the febrile at-
tacks is not fully understood. FMF is 
associated with mutations in the MEFV 
gene, which encodes the pyrin protein. 
Recent studies have demonstrated that 
pyrin dephosphorylation causes the ac-
tivation of pyrin inflammasome and the 
subsequent release of proinflammatory 
cytokines such as interleukin (IL)-1β 
and IL-18 (2, 3). Furthermore, patients 
with homozygous mutations have been 
reported to be associated with severe 
disease phenotype (4). On the other 
hand, patients often report that attacks 
can be triggered by a variety of factors. 
Physical and emotional stress, expo-
sure to cold, menstruation, and other 
factors are known as triggers; how-
ever, the details remain unknown (5). 
There are few reports on the associa-
tion of triggering factors with clinical 
symptoms or MEFV variants (6, 7), and 
to date, there has been no consensus. 
Thus, understanding these factors can 
be useful to prevent attacks and edu-
cate the patients.
In this study, we aimed to identify the 
triggering factors for the attack in Japa-
nese patients with FMF, and to exam-
ine the association between each trig-
gering factor and clinical and genetic 
characteristics. 

Materials and methods
Between April 2007 and June 2018, 372 
patients who were clinically diagnosed 
with FMF, and referred to Shinshu Uni-
versity (Department of Medicine [Neu-
rology and Rheumatology]) for MEFV 
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genetic analysis from medical institu-
tions throughout Japan were included 
in this retrospective study. All patients 
fulfilled the diagnostic criteria for FMF 
[Livneh criteria (8)]. Patients whose 
clinical course after genetic analysis 
was unknown or who were eventually 
diagnosed with other diseases were 
excluded regardless of the existence 
of the genetic mutation. We retrospec-
tively investigated clinical features in-
cluding comorbidities and genetic vari-
ants of these patients. In addition, we 
examined the patients’ perception of 
the factors that trigger recurrent febrile 
attacks. Patients were shown a list that 
included the following factors: anxiety, 
psychological stress, tiredness, excite-
ment, environmental change, menstrua-
tion, and other factors (patients were 
free to list other factors), and asked 
whether these factors trigger febrile at-
tacks. From March 2016 onwards, the 
presence of endometriosis was also 
investigated by questioning from the 
attending physician to examine its as-
sociation with menstruation. To unify 
the survey method, patients were evalu-
ated by each attending physician using 
the same survey sheet regarding clinical 
information. Each triggering factor was 
analysed by sex, and the relationship 
with clinical and genetic features was 
examined. The analysis of the MEFV 
gene variants was performed by direct 
sequencing of the polymerase chain 
reaction amplification products for hot-
spot regions (exons 1, 2, 3, 5, and 10), 
as described previously (9). 
Informed consent for the MEFV ge-
netic screening and for the publication 
of their clinical characteristics anony-
mously was obtained from all patients 
prior to their participation in the genet-
ic study. The MEFV genetic study was 
approved by the Institutional Review 
Board (no. 314 and 572) of the Shinshu 
University School of Medicine.

Statistical analysis
Differences among categorical vari-
ables were analysed using the chi-
square test. Continuous variables were 
evaluated using Welch’s t test. In all 
analyses, p<0.05 was considered statis-
tically significant. Values are expressed 
as the mean ± standard deviation. 

Results
A total of 372 patients (229 women, 
143 men) were included in this study. 
The demographic and clinical charac-
teristics of the patients are shown in 
Table I. The mean age of disease onset 
was 26.5±16.1 years, and it took ap-
proximately 10 years for the patients 
to be diagnosed with FMF. The fre-
quency of attacks was 12.5±11.9 times 
per year. The ratio of good response to 
colchicine treatment (asymptomatic or 
occasional attacks) was 92.4%.
One hundred and eighty patients 
(49.4%) reported some triggering fac-
tors. Each triggering factor by sex is 
shown in Table II. Although psycho-
logical stress and tiredness were com-
mon triggering factors regardless of 
sex, menstruation was the most com-
mon factor that triggered febrile attack 
in female patients. There was no sig-
nificant difference between men and 

women without menstruation. Other 
factors included exposure to sunshine 
(n=2), excitement (n=2), and consum-
ing alcohol, heat, and constipation 
(n=1, each).
The clinical and genetic characteristics 
of the female patients whose attacks 
were triggered by menstruation (men-
strual-related (MR) patients) are shown 
in Table III. The age at onset and the 
age at diagnosis in these patients was 
21.7±9.6 years and 32.1±9.4 years, re-
spectively. The MR patients were sig-
nificantly younger compared with the 
non-MR patients. Moreover, 74.7% of 
the patients in the MR group had peri-
tonitis at the time of the attacks, which 
was significantly higher than that in 
the non-MR group. The frequency of 
attacks, the percentage of symptoms 
other than peritonitis, and the response 
to colchicine treatment were not sig-
nificantly different between the two 
groups. Meanwhile, the proportion of 
patients with endometriosis was signif-
icantly higher in the MR group (36.6% 
vs. 7.7%). Genetically, the frequency 
of the p.M694I mutation was higher in 
MR patients, but this was not statisti-
cally significant.

Discussion
This study investigated the factors that 
the patients had perceived to have trig-
gered their FMF attacks. This is the 
first study to examine the triggering 
factors for an FMF attack in Japanese 
patients. Our results revealed that ap-
proximately half of the patients with 
FMF reported some triggering factors, 
and that menstruation was the most 
common triggering factor in female 
patients. Furthermore, MR patients had 
a younger age of onset, a higher fre-
quency of peritonitis, and a higher rate 

Table I. Characteristics of the patients with 
familial Mediterranean fever included in 
the study.
 
 n=372

Demographic features 
Men / Women 143 / 229
Age at onset, years (mean ± SD) 26.5 ± 16.1
Age at diagnosis, years (mean ± SD) 36.8 ± 16.3
Positive family history 61 (16.4%)
Positive triggering factor 180 (49.4%)

Clinical symptoms 
Frequency of attacks, per year 12.5 ± 11.9 
   (mean ± SD) 
Fever 353 (94.9%)
Peritonitis 232 (62.4%)
Pleuritis 154 (41.4%)
Arthritis 160 (43.0%)
Headache 133 (34.9%)
Myalgia  82 (22.0%)
Erysipelas-like erythema  16 (4.3%)

Treatment 
Administration of colchicine 302 (81.2%)
Good response to colchicine 279 (92.4%)

Table II. Triggering factors prior to the attacks.

Factor Men (n=143) Women (n=229)

Menstruation -  91  (39.7%)
Psychological stress 47  (32.9%) 76  (33.2%)
Tiredness 47  (32.9%) 73  (31.9%)
Environmental change  7  (4.9%)  8  (3.5%)
Anxiety  4  (2.8%) 13  (5.7%)
Overeating  3  (2.1%)  2  (0.9%)
Cold exposure  1  (0.7%)  3  (1.3%)
Vigorous exercise  1  (0.7%)  2  (0.9%)
Other factors  3  (2.1%)  4  (1.7%)
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of endometriosis compared with non-
MR patients.
There have been few studies that have 
compared multiple triggering factors. 
Karadag et al. have reported that cold 
exposure, emotional stress, tiredness, 
and menstruation are associated with 
serositis, and long-lasting standing, 
long-duration travel, and tiredness are 
associated with musculoskeletal symp-
toms (6). Yenokyan et al. have found 
that multiple stressful events can pre-
dict FMF attacks (7). Our study also 
found that psychological stress was 
one of the major triggering factors; 
however, when limited to female pa-
tients, menstruation was a more com-
mon triggering factor.
Several studies have reported a re-
lationship between FMF attacks and 
menstruation. However, the frequency 
of patients whose attacks were associ-
ated with menstruation varies widely 
from 7% to 79% (10-12). These differ-
ences may be ascribed to differences in 
survey methods. Ben-Chetrit et al. (10) 
have described that attacks are associ-
ated with menstruation in 7% of the pa-
tients, but they included patients whose 
attacks are preceded only by menstrua-

tion. On the other hand, Guzelant et al. 
(12) have reported that 79% of the pa-
tients have FMF attacks with menstru-
ation, but they have evaluated whether 
patients experience flares around the 
menstrual period. It may be better to 
consider these differences when we 
discuss the association between FMF 
attacks and menstruation. In our study, 
we requested that the patients list the 
factors that they perceived to be trig-
gers, and 39.7% of the female patients 
cited menstruation. 
Although the precise mechanisms by 
which menstruation affects FMF at-
tacks are unknown, there are several 
possible theories. One theory is that 
there is a decrease in sex hormones 
during the menstrual phase. Oestrogen 
inhibits tubulin assembly and adhesion 
molecule expression, and thus may 
have similar effects to colchicine, and 
inhibit the activation of pyrin inflam-
masome (10). On the other hand, the 
relationship between progesterone and 
FMF is unclear, but etiological studies 
have reported that progesterone con-
trols the production of prostaglandins 
(13). Recently, a case series of patients 
with FMF who were diagnosed with 

menstrual fever and successfully treat-
ed using colchicine and dienogest (a 
progesterone receptor agonist) was re-
ported (14). Dienogest has been report-
ed to inhibit Toll-like receptor (TLR) 4, 
signalling by direct suppression of nu-
clear factor-κB in human endometrial 
epithelial cells (15). Based on these 
findings, both oestrogen and progester-
one may contribute to the pathomecha-
nism of the disease. Another theory is 
the direct influence of menstruation 
itself. It has been found that a variety 
of stimuli, including pathogen-associ-
ated molecular patterns (PAMPs) and 
damage-associated molecular patterns 
(DAMPs) activate inflammasome (16). 
During menstruation, breakdown of the 
endometrial tissue may elicit a stressful 
reaction in the tissues (17). These stim-
uli may act as DAMPs, making them 
more likely to trigger attacks in female 
patients with FMF. The expression lev-
els of proinflammatory cytokine genes, 
including IL-1β, are significantly in-
creased in the menstrual phase in pri-
mary dysmenorrhea (18). 
In this study, we demonstrated that the 
proportion of MR patients with endo-
metriosis was significantly higher com-
pared with non-MR patients (36.6% vs. 
7.7%). This finding is clearly higher 
than the prevalence of endometriosis in 
the general population (approximate-
ly 10%). Initially, it was thought that 
these patients might have dysmenor-
rhea rather than FMF. Actually, a high 
frequency of misdiagnosis has been 
reported even in a cohort of patients 
registered after year 2000 (19). How-
ever, we could distinguish FMF from 
dysmenorrhea based on: whether pa-
tients had a high fever and an elevated 
acute inflammatory response at each 
episode, the presence of pleuritis and 
arthritis in many patients, and a good 
response to colchicine treatment. The 
reason for the high prevalence of endo-
metriosis in the MR group is unclear; 
however, the involvement of the innate 
immune system in the pathogenesis of 
endometriosis has been reported. The 
infiltration of macrophages into the en-
dometrium is increased in women with 
endometriosis (20), and the expression 
levels of TRL4 from the endometriosis 
lesions are higher than those from the 

Table III. The characteristics of the female patients whose attacks of familial Mediterra-
nean fever are triggered by menstruation.

 Menstrual-related Non-menstrual-related p 
 group group 
 (n=91) (n=138) 

Clinical features  
  Age at onset 21.7 ± 9.6 27.2 ± 17.2 0.002
  Age at diagnosis 32.1 ± 9.4 37.1 ± 17.8 0.006
  Frequency of attacks 11.2 ± 7.3 12.1 ± 11.6 0.44
  Fever 87  (95.6%) 131  (95.0%)  0.67
  Peritonitis 68  (74.7%) 75  (54.3%)  0.001
  Pleuritis 36  (39.6%) 57  (41.3%)  0.79
  Arthritis 45  (49.5%) 67  (48.6%)  0.89
  Headache 37  (40.7%) 57  (41.3%) 0.92
  Administration of colchicine 73  (80.2%) 111  (80.4%)  0.79
  Good response to colchicine 66  (90.4%) 105  (94.6%) 0.26
  Having endometriosis* 15  (36.6%) 4  (7.7%)  <0.001

Genetic features   
  p.M694I 25  (27.5%) 24  (17.4%) 0.068
  p.E148Q 46  (50.5%) 82  (59.4%) 0.18
  p.L110P 13  (14.3%) 26  (18.8%) 0.36
  p.R202Q 7  (7.7%) 10  (7.2%) 0.89
  p.G304R 4  (4.4%) 6  (4.3%) 0.98
  p.P369S 11  (12.1%) 12  (8.7%) 0.40 
  p.R408Q 9  (9.9%) 9  (6.5%) 0.35
  p.S503C 3  (3.3%) 3  (2.2%) 0.60 
  p.E84K 1  (1.1%) 8  (5.8%) 0.073

*n=93 (41 in the menstrual-related group and 52 in the non-menstrual group).
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eutopic endometrium (21). The attacks 
can be triggered by menstruation in fe-
male FMF patients; however, attacks 
may be more likely to be induced for 
patients with endometriosis. 
The quality of life for patients with 
FMF is impaired compared with that of 
healthy subjects (22, 23). Indeed, un-
expected febrile attacks force patients 
to alter or abandon their plans. This 
study showed that approximately half 
of the patients with FMF reported some 
triggering factors. Understanding these 
factors may be useful for attack reduc-
tion and patient education. We think 
that it is important to examine whether 
patients with FMF had some triggering 
factors for recurrent febrile attacks.
This study has several limitations. Re-
sponses to triggering factors were self-
reported and depended on the patient’s 
ability to recall past events. Also, the 
list of triggering factors that we used 
for the survey did not include “cold ex-
posure”. The factor “cold exposure” is 
reported to be the most common fac-
tor for serositis in a retrospective study 
from Turkey conducted in 2013 (6). 
However, our survey began in 2007, 
and only about 1% of the patients 
listed cold exposure, although we al-
lowed them to freely include factors 
that were not on the list. Clinical mani-
festations are reported to be different 
slightly between populations (1), thus 
these findings may be due to ethnic dif-
ferences. Another limitation is that not 
all of the patients in the non-MR group 
were able to confirm that they were not 
pre-menarche or post-menopausal. Ad-
ditionally, the presence of endometrio-
sis was not examined in all patients. A 
larger investigation may reveal further 
information about the relationship be-
tween endometriosis and FMF.
In conclusion, approximately half of 
the Japanese patients with FMF were 
aware that specific factors could trig-
ger their attacks. It is important to 
gain an understanding of these factors 
to provide guidance for the patients. 
Menstruation was the most commonly 

reported triggering factor in female pa-
tients, and MR patients had endometri-
osis more frequently than the non-MR 
patients. We may need to suspect FMF 
when we encounter patients with fe-
ver and serositis that occur with every 
menstrual period.
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