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Background

Familial Mediterranean Fever (FMF) is common in Arme-
nia. Significant increase in number of cases has been regis-
tered in recent years, especially in children, including ones
with atypical course. According to National Pediatric Cen-
ter for Familial Mediterranean Fever (NPC FMF) during
the last 13 years (from 2003 to 20016) annually diagnosed
300-350 new cases and has been recorded 6 fold increases
of registered cases from 500 to more than 3000. According
to Center of Medical Genetics and Primary Health Care
(CMG) weekly visits for FMF diagnostics is exceeding 60,
since 1997 to September 2016 there are registered more
than 27000 FMF patients. Molecular-genetic testing is es-
sential for diagnosis of FMF especially for cases with atyp-

ical course and coexistence with immune diseases as well.

It has been shown in many studies that genetic factors in-
teracting in special way with some modifying environmen-
tal factors are able to change the character and frequency of
clinical manifestation of disease (Rigante D. et al. 2006;

Touitou I. et al, 2007; S. Ozen, E. Demirkaya et al, 2014).

From these aspects currently there are very intensive re-
search on influence of modifying genes, some environmen-
tal, population factors on pathogenesis of FMF in ethnically
match groups (genetic and demographic structure, climate,
geography, etc.) (Livneh A., et al, 1997; Samuels J., Ozen
S., 2006; S. Ozen, E. Demirkaya et al, 2014. Nevertheless,
in overwhelming number of cases specific triggering factor

for manifestation or the attacks of disease is not revealed.

Anyway, the dependence of phenotypic manifestations of

FMF in children from certain demographic, biological, so-

cial and environmental factors (stress, diet, insolation level,
etc.) was revealed in a number of studies. (Sargsyan
S.1996; Amaryan G. 2010; Amaryan G. et al. 2012; Yeno-
kyan G, Armenian HK, 2012; Karadag O, et al, 2013)

Some environmental factors, gender, serum amyloid A and
number of genes, responsible for development of arthritis,
Crohn's disease as well, interacting in specific way, can
play a role of modifying factor in pathogenesis of FMF. In
particular, the role of the environmental factor in FMF dis-
ease is also confirmed by the well-known fact of a tempo-
rary decrease in the frequency and intensity of attacks of
the disease during climate change; characteristic attacks of
aseptic inflammation can be triggered by stress or extreme
physical exertion. Relatively often triggers of manifestation
of FMF or its aggravation may become nonspecific effects
like cold or prolonged exposure to cold (hypothermia),
emotional stress, dietary factors, more rare — acute respira-

tory or intestinal infections, etc. (Karadag O, et al, 2013).

Based on above mentioned, we assessed some nonspecific
enviromental factors such as cold/hypothermia, emotional
stress (along with physical exhaustion), diet (“fat” food) as
possible triggers of FMF manifestation in children and their
interrelations with disease genotypes.

Material and methods

Medical records of 2774 children with FMF (1611 boys
and 1163 girls) aged from 1 month to 18 years ( mean age
7.80+0.09) have been analyzed. All patients were under
follow up at National Pediatric Center for Familial Medi-
terranean Fever of the “Arabkir” MC-ICAH from 1997 to

2015. Diagnoses were confirmed by international criteria
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Tel-Hashomer (Livneh A. et al., 1997; Livneh A., Lange-
vitz P., 2000) and molecular genetic analyses of 12 most
common for Armenian population mutations of MEFV

(Ajrapetyan H.., 2002).

Only 413 (14.9% of sample) records contained information
about possible triggering factors of FMF manifestation. In
the rest of medical records data were either missing or pa-
tients could not mention any. Patient were questioned about
cold/hypothermia, emotional stress/ physical exhaustion),

diet (“fat” food) as possible triggers.

Genetic analyses were done in Center of Medical Genetics—
Primary Health of Republic of Armenia on genome DNA
extracted from peripheral blood of patients with FMF with
special kit of regents “Puregene kit” (Gentra System,
USA).

Statistical analyses were done with software SPSS 16.
Categorical variables in contingency tables 2x2 were ana-
lyzed with Pearson’s coefficient using Yates correction for
continuity. In all cases statistical significance was consid-

ered at level p<0.05 (Dawson B., Trapp R., 2001).

Results and discussion

Anamnesis about some possible external factors provoking
manifestation of FMF was retrieved from 413 medical rec-
ords. Possible influence of most frequent mentioned fac-
tors, particularly, cold/hyperthermia, stress (emotional or
prolonged physical exertion), food factor (“fat” food) on
the disease onset have been analyzed (Chart 1).

Chart 1
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Analysis of anamnesis of children with FMF showed that
the most common trigger of the manifestation of the dis-
ease was the cold factor in 319 patients out of 413 patients
(77.2%). Cold factor as a separate triggering factor was
mentioned in 278 (67%) children. Moreover, 41 patients
along with the cold factor noticed the influence of stress
and food factor as well. In the same time, as the result of
MEFYV testing 236 patients (74%), e.g. three quarter of dis-
eased children were found as career of the most pathogen
M694V mutation, and 56 of them (11%) had the most se-
vere M694V homozygous genotype (M694V/M694V).
Cold or hypothermia as the provoking factor of FMF onset
followed by meal - “fat” food (60 patients), and less fre-
quent - stress (36 children). One third of questioned pa-
tients were unable to point on a possible trigger of disease.

Table 1
Cold factor and genotypes of patients with FMF depending on
main three MEFV mutations - M694V, M680I, V726 A

Cold factor as the possible trigger
Genotypes of of FMF manifestation (n=319)
MEFV Abs. Number %

M694V: total 182 44.1
M694V /M694V

NN..?/?M694V >6 13.6
M694V/ N 23 5.6
V726A/ other 8 1.9
V726A/ N 8 1.9
M6801/ other 2 0.5
M6801I/ N 5 1.2

Thus, according to the presented data (Table 1) the most
frequent triggering factor of the FMF manifestation in chil-
dren was the cold / hypothermia. However, there was no
significant difference in the frequency of the cold factor,
depending on the type of MEF) mutations. It means, that,
the frequency of the indications of the cold as a triggering
factor for FMF onset did not depend on the type of MEFV
gene mutations and this factor was equally often indicated

by patients with different genotypes and mutations.
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The exception was the most pathogenic M694V homozy-
gous genotype (M694V / M694V) compared to the homo-
zygotes for M680I mutation (M680I / M680I) (p = 0.055).
In other words, the patients with M694V homozygous gen-
otype significantly more often indicated cold as the possi-
ble trigger for FMF onset in comparison with the M680I

homozygous patients.

Stress as a trigger for FMF manifestation compared with
the common cold, was reported significantly less (36 pa-
tients - 8.6%). Among them 21 patients have been carriers
of the M694V mutation, four patients - M680I. However,
there was a statistically significant relationship between the
frequency of stress indications and some MEFV genotypes
(Tables 2, 3). i.e. that, the stress factor could provoke the
FMF onset more often than cold. Thus, the stress as a trig-
ger for FMF was significantly more often indicated by pa-
tients with certain MEFV mutations and genotypes, in par-
ticular, in patients with homozygous genotypes for three
main MEFV gene pathogenic mutations: M694V (M694V /
M694V), M680I (M680I / M680I), V726A (VT726A /
V726A). The carriers of M694V mutation, especially,
M694V homozygotes (M694V / M694V) consisted the
majority of enrolled FMF patients - 2.66 % and 0.48% re-
spectively (Table 2). It means that stress factor significant-
ly more frequent triggered the FMF onset than cold.

Table 2

Stress factor as the supposed trigger of FMF manifestation in
children with the main three mutations M694V, M6801, V726A

Stress factor (n = 36) as the sup-
Genotype MEFV | posed trigger of FMF manifestation

Abs. Number %
M694V total 11 2.66
M694V / M694V 2 0.48
M694V/ N 4 0.97
V726A/ other 8 1.94
V726A/ N 2 0.48
M6801/ other 6 1.45
M6801/ N 1 0.24
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Table 3
Stress factor and genotypes in children with FMF depending on
M694V, M680I, V726 A MEFV mutations

Stress factor (n=
Genotypes of MEFV 36)

X2 P
M694V / M694V - M6801/other 0.172 0.288
M694V / M694V - M680I/N 3.16 0.07
M694V / M694V - M694V/other 0.093 0.129

M694V / M694V - M680I/ M680I | 0.666 1
M694V /N - M680I/N 0.592 0.482
M694V /N - V726A/N 0.683 0.653
M694V /N - M694V/other 0.619 0.544
M694V / M694V - V7264A/N 0.118 0.136

V726A4/ V7264 - V7264/N 0.751 1
V7264/ V7264 - V726A/ other 0.243 0.234

According to the statistical analysis the food factor, partic-
ularly, "fat" food, did not increase the probability of the

FMF manifestation.

Conclusion

Despite the fact that the cascade of inflammatory changes
in FMF is partially known, triggers that provoked the onset
of the disease and its attacks have not been fully studied. A
number of publications indicate that factors associated with
emotional or physical stress often precede attacks of the
FMF and can provoke their development. It is known, that,
a prolonged exposure to cold (cold / hypothermia) is also
attributed to physical stress. From these positions it is sup-
posed that stress (both emotional and physical) can be con-

sidered as the main trigger of the attacks of FMF.

The results of our study on the factors provoking the mani-
festation of FMF are consistent with the above data. The
most frequent triggers of the onset of FMF in the sample of
patients with FMF were the cold / hypothermia (67%), as
well as meal (14.5%) and emotional stress (8.7%). Despite
the relatively high frequency of cold indication as a trigger
for the FMF manifestation, the frequency of its occurrence
was widely independent of the type of MEFV mutations
and genotypes, with the exception of homozygotes for the

main pathogenic and the most penetrate M694V and
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M680I mutations. At the same time, a statistically signifi-
cant relationship was established between the emotional
stress factor, which was accepted as the less frequent trig-
ger of FMF and the three main pathogenic MEFV muta-
tions M694V, M680I, V726A and their homozygous geno-
types (M694V / M694V; M6801/ M680I; V726A / VT726A.

It is interesting to mention, that the common cold (as a type
of physical stress) and emotional stress, as the most fre-
quent triggers of FMF manifestation, were statistically sig-
nificant more often indicated by patients with M694Vho-
mozygous genotype. We supposed, that on the whole, these
data confirmed the role of stress - physical and emotional,
as the main possible trigger for the manifestation of the

FMF.

Acknowledgments
This work was supported by State Committee of Science at MES
RA, in frames of the research project No. 13T-3D191.

References

1. Hayrapetyan H.. Genetic aspects of Familial Mediterranean
fever in Armenians //Autoreferat of Dissertation of Dr.Sci. in
med, Yerevan, Armenia, 2002, [in Russian].

2. Amaryan G. Familial Mediterranean fever in children: clini-
cal and genetic aspects and modern approaches to the treat-
ment. // Autoreferat of Dissertation of Dr.Sci. in med, Ye-
revan, Armenia, 2010, [in Russian].

3. Amaryan G., Mkrtchyan N., Sarkisian T, Tadevosyan E. The
frequency of tonsillectomy in children with FMF, influence
of some environmental factors on the FMF manifestation
and attacks: clinical and genetic aspects. Sci. Conference of
Yerevan State medical University, Yerevan, 2012, p. 283-
290, [in Russian].

4. Jeru I, Hayrapetyan H., Duquesnoy P., Sarkisian T., Am-
selem S. Pypafl Nonsense mutation in patient with an unusu-
al autoinflammatory syndrome // Arthritis & Rheumatizm,
2006, vol.54, N2, p. 508-514.

5. Jeru I, Hayrapetyan H., Duquesnoy P., Corcher E., Serre
J. L. et al. Involvement of the Modifier Gene of a Human
Mendelian Disorder in a Negative Selection Process // The
6th International Congress on FMF and SAID, 2010, Am-
sterdam, The Netherlands, abstr.L3.03, p.199-200

6. Karadag Ol, Tufan A, Yazisiz V, et al Ffactors considered
as trigger for the attacks in patients with familial Mediterra-
nean fever. Rheumatol Int. 2013 Apr;33(4):893-7. doi:
10.1007/500296-012-2453-x. Epub 2012 Jul 20.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

4

Karen L.W., Golbach-Marsky R., Hoffman H., Leslie K.,
Rubin B. Cryopyrin-Associated periodic syndromes // The
NOMID Alliance. 2008, 11p.

Livneh A., Langevitz P., Zewer D., Zaks N., Keess., Lidar
T., Migdal A., Padeh S., Pras M. Criteria for the diagnosis
of FMF // Arthritis Rheum. 1997, 40, p. 1879 -1885.

McDermott M. A common pathway in periodic fever syn-
dromes // Trends in Immunology. 2004, vol.25, N3, p.457-
458

McGonagle D, McDermott M. A proposed Classification of
the immunological Diseases // PLos Medicine; August 2006;
V.3, [ssue 8, pp.1242-1248.

Samuels J., Ozen S. FMF and other autoinflammatory syn-
dromes: evaluation of the patient with recurrent fever / Curr.
Opin. Rheum. 2006, 18, p.108-117.

Sarkisian T., Hayrapetyan H., Shahsuvaryan G.,
Egiazaryan A., Beglaryan A. Genetics of FMF in Armenian
patients // 2nd International Medical Conference of Armenia,
Yerevan, 2007, Abstract book, abstr. p. 66.

Stojanov S., Kastner D. Familial autoinflammatory diseas-
es: genetics, pathogenesis and treatment. Current Opinion in
Rheumatology.2005; 17: 586-599.

Vitale A., La Tore F., Fede C., Decembrino N., Calcagno G.
Tonsillar exudates in patients with Familial Mediterranean
fever // The 5™ International Congress on FMF and System-
ic Autoinflammatory Diseases, 2008, vol.26 (2), N 60,
p-202.

Rigante D, La Torraca I, Ansuni V et al. The multi-face
expression of familial Mediterranean fever in the child. Eur
Rev for Med and Pharmacol Sci, 2006; 10:163-171
Touitou I, Sarkisian T., Medlej-Hashim M., Tunca M., Livneh
A.et al. Country as the primary risk factor for renal amyloi-
dosis in familial Mediterranean fever. Arthritis
Rheum.2007:56 (5):1706-12
S. Ozen, E. Demirkaya, G. Amaryan, I. Koné-Paut, et al.
Results from a multicentre international registry of familial
Mediterranean fever: impact of environment on the expres-
sion of monogenic disease in children Annals of the Rheu-
matic Diseases” (The EULAR Journal), 2014;73;662-667
Sargsyan S G. Epidemiological aspects of Familial Mediter-
ranean fever in children // Autoreferat of Dissertation of
Dr.Sci. in med, Yerevan, Armenia 1996, [in Russian]..
Yenokyan G, Armenian HK. Triggers for attacks in familial
Mediterranean fever: application of the case-crossover de-
sign. Am J Epidemiol. 2012 May 15;175(10):1054-61. doi:
10.1093/aje/kwr460. Epub 2012 Jan 10.

Dawson B., Trapp R., Basic and Clinical Biostatistics, third
edition, Lange Medical Books/McGraw-Hill, 400p., 2001

ISSN 24499-2647, E ISSN 2449-2450, Caucasus Journal of Health Sciences and Public Health, Volume 2, Issue 2, June 2018


https://www.ncbi.nlm.nih.gov/pubmed/?term=Karadag%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22814791
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tufan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22814791
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yazisiz%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22814791
https://www.ncbi.nlm.nih.gov/pubmed/22814791
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yenokyan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22234484
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armenian%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=22234484
https://www.ncbi.nlm.nih.gov/pubmed/22234484

