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Abstract: Familial Mediterranean Fever (FMF) is a rare, hereditary, auto-inflammatory disease. The
aims of this study were to explore the time trend and geographical distribution of hospitalizations
in Spain from 2008 to 2015. We identified hospitalizations of FMF from the Spanish Minimum
Basic Data Set at hospital discharge, using ICD-9-CM code 277.31. Age-specific and age-adjusted
hospitalization rates were calculated. The time trend and the average percentage change were
analyzed using Joinpoint regression. Standardized morbidity ratios were calculated and mapped by
province. A total of 960 FMF-related hospitalizations (52% men) were identified across the period
2008-2015, with an increase in hospitalizations of 4.9% per year being detected (p < 0.05). The risk of
hospitalization was higher than expected for the national total (SMR > 1) in 13 provinces (5 in the
Mediterranean area), and lower (SMR < 1) in 14 provinces (3 in the Mediterranean area). There was
an increase in hospitalizations of patients with FMF in Spain throughout the study period, with a risk
of hospitalization that was higher, though not exclusively so, in provinces along the Mediterranean
coast. These findings contribute to the visibility of FMF and provide useful information for health
planning. Further research should take into account new population-based information, in order to

continue monitoring this disease.

Keywords: Familial Mediterranean Fever; rare disease; health information system; population-based
study; hospitalizations

1. Introduction

Familial Mediterranean Fever (FMF) is an auto-inflammatory, monogenic disease,
generally of autosomal recessive inheritance. It is due to mutations in the MEFV (MEditer-
ranean FeVer) gene, present on the short arm of chromosome 16. This gene encodes a
protein named pyrin, which has a regulatory function of inflammation. It is characterized
by recurrent and self-limited periodic episodes of fever, pain, polyserositis, synovitis, and
dermatological manifestations [1-6]. The inheritance of FMF and the pathology associated
with elevated IL-1 are shown in Figure 1. The severity and frequency of the symptoms
is variable, since the presentation of the disease depends on environmental and genetic
factors. The main cause of hospitalization and mortality is secondary amyloidosis, the risk
of development of which depends on ethnicity, genotype, and treatment [4].

FMF is characterized by great ethnic and geographic variability [1]. Indeed, its epi-
demiology is changing rapidly, due to migrations and enhanced diagnostic sensitivity.
Currently, it has a global distribution, with an estimate of over 200,000 people affected
worldwide [4,5,7,8]. Its origins can be traced to populations from the eastern Mediterranean,
where the frequency of carriers of the MEFV gene in the general population is 1 in 3-7 inhab-
itants and the prevalence of the disease ranges from 1 case per 150-1000 inhabitants [4-6,9].
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Differences between the frequency of mutation carriers and the prevalence of the disease
show that penetrance is incomplete and differs between populations [5]. Turkey is probably
the country with the highest number of people affected, with an absolute frequency of
70,000-100,000 [5]. Due to its prevalence of less than 5 cases per 10,000 inhabitants, FMF
is considered a rare disease in the European Union [10]. It is more frequent in countries
located in the south-east of Europe, such as Greece, Cyprus, and Italy [6,11,12]. In France,
5000 to 10,000 patients are estimated to be diagnosed with FMF [13]. Lainka et al. estimated
the incidence of FMF in Germany as 3 per million person-years for the entire population of
children and 55 per million person-years for children of Turkish descent [14].
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Figure 1. Inheritance of FMF and pathology associated with elevated IL-1. Elaborated by the authors.

In Spain, four cases belonging to two different families were reported for the first time
in 1962 [15]. In 1988, a group of patients with FMF was identified among the so-called
‘Chuetas’, a community made up of descendants of converted Jews from the island of
Majorca (carrier frequency of 1:1000). MEFV gene mutations were confirmed to match
those described in the Sephardic Jewish population [16-18]. Aldea et al., who studied FMF
in a cohort of 55 patients with the objective of ascertaining their clinical and genetic charac-
teristics, described a carrier frequency of 2.5% and a prevalence of 1: 60,000-120,000 [19].
In addition, isolated cases of patients with FMF have been reported in different regions of
Spain [15,20-22].

Due to the increase in prevalence reported in Europe [6,23], it is essential to have
population-based information to monitor this disease, increase knowledge about it, and
improve its visibility, especially in Mediterranean countries, such as Spain. To date, how-
ever, this disease has not been included in Spain’s population-based Rare Disease Registry
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(Registro Estatal de Enfermedades Raras/ReeR) [24]. Currently, the most complete source
assessing the FMF morbidity profile is the Minimum Basic Data Set (MBDS) [25], which is
an administrative record of all hospital admissions nationwide.

The aim of the study was to explore the time trend and geographical distribution of
FMF hospitalizations in Spain from 2008 to 2015, by analyzing the MBDS case reports.

2. Materials and Methods

Data were sourced from hospital discharges recorded in the Spanish National Health
System (MBDS). In addition to discharges or the number of hospital admissions, the MBDS
provides other variables of interest, including year, sex, age, main and secondary diagnoses,
average hospital stay, department of admission, type of discharge, and province.

FMF has been registered in the MBDS since 2008 under code 277.31 “Familial Mediter-
ranean Fever” of the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM). In 2016, the coding was changed to the ICD-10-CM Spanish
version (ICD-10-ES), with this disease appearing under the headings “Non-neuropathic
heredofamilial amyloidosis” (E85.0 in 2016 and 2017) and “Periodic fever syndromes”
(MO04.1 since 2018). In order to explore a more uniform time series and avoid the possi-
ble influence of coding changes, we studied the period of 2008-2015, retrieving all cases
compatible with code 277.31 in any diagnostic position.

The characteristics of FMF-related hospitalizations were analyzed by sex. Age-specific
hospitalization rates and their distribution by sex were calculated. The age-adjusted
hospitalization rates for each year were also analyzed, taking the standard European
population as a reference. All rates were expressed per million inhabitants, with Spanish
population data being drawn from the National Statistics Institute (Instituto Nacional de
Estadistica) [26].

The time trend and average percentage change (APC) were analyzed using Joinpoint
regression. For geographical analysis purposes, the standardized morbidity ratios (SMRs)
were calculated by province, taking the Spanish population as reference (SMR = 1.00).
Provinces that displayed values significantly lower or higher than expected were identified
by their 95% confidence intervals (95% Cls). For better visualization of the results, any
variability found was represented cartographically.

All analyses were performed with the STATA v.17, R version 4.2.0, Epidat v.4.2, and
Joinpoint v.4.7 statistical software packages, and cartographical representations with the
QGIS v.3.12 program.

3. Results

In the period from 2008 to 2015, 960 hospital admissions with a diagnosis of FMF
were recorded, with this disease being the main diagnosis in 42.8% of discharges. Men
represented 52.3% (502) and women 47.7% (458) of cases, with a male—female ratio of 1.1.
The age range was 0 to 93 years, and the median age was 33 years in men (IQR: 11-59)
and 27 in women (IQR: 13—47), with this difference being significant (p < 0.05); 31.1% of
patients were under 15 years old and only two cases were under one year old. The median
hospital stay was 5 days (IQR: 2-9), similar in both sexes (p = 0.676). A total of 18.9% of
the registered hospitalizations were readmissions, with no differences by sex (chi2: 0.22;
p =0.641).

Table 1 shows the distribution of hospital admissions, with a breakdown by depart-
ment, type of discharge, and sex. The departments with the highest number of admissions
were internal medicine, pediatrics, nephrology, digestive, surgery (general and digestive),
and rheumatology.
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Table 1. Characteristics of FMF-related hospitalizations: 2008-2015.

N (%)
Men Women Overall p-Values

TOTAL HOSPITAL DISCHARGES 502 (52.3) 458 (47.7) 960 (100)

FMF DIAGNOSES 0.609
Main diagnosis 211 (51.3) 200 (48.7) 411 (42.8)

Secondary diagnoses 291 (53) 258 (47) 549 (52.3)

HOSPITAL DEPARTMENT 0.16
Internal Medicine 195 (38.8) 147 (32.1) 342 (35.6)

Pediatrics 127 (25.3) 132 (28.8) 259 (26.9)

Nephrology 27 (5.4) 33(7.2) 60 (6.3)

Digestive 27 (5.4) 25 (5.7) 52 (5.4)

Surgery (general and digestive) 21 (4.2) 14 (3.1) 35 (3.6)

Rheumatology 18 (3.6) 16 (3.5) 34 (3.5)

Cardiology 13 (2.6) 5(1.1) 18 (1.9)

Emergencies 9 (1.8) 5(1.1) 14 (1.5)

Hematology 8 (1.6) 6 (1.3) 14 (1.5)

Remaining specializations 57 (11.4) 75 (16.4) 132 (13.8)

HOSPITAL DISCHARGE 0.178
Home 485 (96.6) 444 (97) 929 (96.8)

Death 9 (1.8) 4(0.9) 13 (1.4)

Transfer to another hospital 6(1.2) 6 (1.3) 12 (1.2)

Voluntary registration 2(0.4) 0(0.0) 2(0.2)

Transfer to another social health center 0(0.0) 2 (0.4) 2(0.2)

Other 0(0.0) 2(0.4) 2(0.2)

HOSPITAL READMISSIONS 98 (19.5) 84 (18.3) 182 (18.9) 0.641

Table 2 shows the main diagnoses recorded, classified into large groups of diseases
according to the ICD-9-CM. FMF was the main cause of hospitalization in 411 discharges.

Table 2. Hospitalizations of patients with FMF, 2008-2015: main diagnoses according to ICD-9-

MC groups.
N (%)

MAIN DIAGNOSES Men Women Overall
Endocrine, nutritional and metabolic diseases, and immunity disorders * 216 (43) 205 (44.8) 421 (43.9)
Diseases of the digestive system 52 (10.3) 33(7.2) 85 (8.9)
Diseases of the respiratory system 43 (8.5) 33(7.2) 76 (7.9)
Symptoms, signs, and ill-defined conditions 31(6.2) 44 (9.6) 75 (7.8)
Diseases of the circulatory system 36 (7.2) 14 (3.1) 50 (5.2)
Diseases of the musculoskeletal system and connective tissue 24 (4.8) 23 (5) 47 (4.9)
Infectious and parasitic diseases 23 (4.6) 23 (5) 46 (4.8)
Diseases of the genitourinary system 20 (4) 23 (5) 43 (4.5)
Injury and poisoning 22 (44) 11 (2.4) 33(3.4)
Complications of pregnancy, childbirth, and the puerperium 0(0) 21 (4.6) 21(22)
Neoplasms 11 (2.2) 8 (1.7) 19 (2)
Diseases of the nervous system and sense organs 6(1.2) 8 (1.7) 14 (1.5)
Diseases of the blood and blood-forming organs 7 (1.4) 2(0.5) 9 (0.9)
Diseases of the skin and subcutaneous tissue 3(0.6) 6 (1.3) 9 (0.9)
Supplementary classification of factors that influence the state of health
and contact with health services 3(0.6) 307 6(0.6)
Mental, behavioral, and neurodevelopmental disorders 4(0.8) 0 (0) 4(04)
Congenital anomalies 0 (0) 1(0.2) 1(0.1)
External causes of injury and supplemental classification 1(0.2) 0 (0) 1(0.1)
Certain conditions originating in the perinatal period 0 (0) 0 (0) 0 (0)

p-value < 0.05

* FMF is included in this group.
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Age-specific rate (x million inhabitants)

0-

With regard to impaired kidney function, 8.7% of discharges had chronic renal failure,
4.9% tubulointerstitial nephritis, 3.5% acute renal failure, and 2.7% nephrotic syndrome;
2.9% were on renal dialysis and 1.6% had undergone a kidney transplant. In all, 3.8% of
hospitalizations presented unspecified amyloidosis.

According to the characteristic symptoms or signs of the FMF episodes, the most
frequent diagnoses were abdominal pain (9.0% of hospitalizations), fever (5.0%), arthritis
(4.8%), non-infectious pericarditis (2.4%), pleurisy (2.0%), arthralgias (2.0%), myalgias
(1.2%), chest or pleural pain (0.7%), sacroiliitis (0.2%), and peritonitis (0.1%). Among
the auto-inflammatory diseases that are part of the differential diagnosis of FMF, the
following comorbidities were noteworthy: juvenile rheumatoid arthritis (34 discharges;
3.5%), rheumatoid arthritis (24; 2.5%), Behcet’s disease (10; 1.0%), panarteritis nodosa
(8; 0.8%), seronegative arthropathies, such as psoriatic arthritis and ankylosing spondylitis
(6; 0.6%), and systemic lupus erythematosus (6 discharges; 0.6%).

The age-specific hospitalization rate was higher from ages 0 to 9 years in both sexes,
with 4.84 per million inhabitants (5.67 in men; 3.95 in women). Figure 2 shows that
the highest rate in women was found in adolescents between 10 and 19 years old. In
men, in addition to the 0- to 9-year age group, the 60-69 age group stands out (4.97 per
million inhabitants).

.'----q
\
\
\
\
\
\ A
\ PR
» \
‘\ ’. \
\«.—" \
‘.~~
=9
9 10-19 20-29 30-39 40 - 49 50-59 60 - 69 70-79 >80
Age group
Women Men = §= Both sexes

Figure 2. Age-specific hospitalization rates of patients with FMF in Spain by sex, 2008-2015.

Throughout the period studied, the age-adjusted hospitalization rates for both sexes
ranged from 2.47 (95% CI: 0.70-4.73) per million inhabitants in 2008 to 3.35 (95% CI: 1.29-
5.41) per million in 2015 (Figure 3). For both sexes, the average annual increase is 4.9%
per year (95% CI: 2.20-7.63; p < 0.05). The rate among women was 2.28 per million (95%
CI: 1.56-2.99) in 2008 and 4.05 (95% CI: 3.11-4.49) in 2015, showing a rising trend in cases
(APC = 8.67%, 95% CI: 5.2-12.3; p < 0.05). In the case of men, the rate varied from 2.68 per
million inhabitants (95% CI: 1.97-3.39) to 2.70 per million (95% CI: 1.96-3.43), though this
variation was not significant (p = 0.890).
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Figure 3. Age-adjusted hospitalization rates of patients with FMF in Spain, 2008-2015.
Table 3 shows provinces that recorded values that were significantly lower or higher
than expected. Of the 52 Spanish provinces and autonomous cities, 13 (25.0%) registered a
higher-than-expected risk and 14 (26.9%) a lower-than-expected risk of hospitalization. Of
the 14 regions in the Mediterranean area, 5 (35.5%) displayed a higher risk and 3 (21.4%)
a lower risk. Higher-than-expected hospitalization rates were found for both sexes in
10 provinces: Alicante, Barcelona, Castellén, Huelva, La Rioja, Murcia, Segovia, Toledo,
Valencia, and Valladolid (SMR > 1). Conversely, rates were lower than expected in Caceres,
Cadiz, Cordoba, Granada, Madrid, Malaga, Las Palmas, and Vizcaya (SMR < 1). This
geographical variability, along with the breakdown for men and women separately, are
depicted in Figure 4.
Table 3. Standardized morbidity ratios (SMR) and 95% confidence intervals by province, both overall
and by sex. Only those with statistically significant lower- or higher-than-expected SMRs after
indirect standardization are shown.
SMR 2008-2015 (95% CI)
PROVINCE
Both Sexes Men Women
Very low risk (<0.50)
Guipuzcoa 0 (0.00-0.49)
Cordoba 0.12 (0.01-0.44) 0.24 (0.03-0.85) 0 (0.00-0.47)
Caceres 0.12 (0.00-0.69) 0 (0.00-0.97)
Las Palmas 0.27 (0.10-0.59) 0.26 (0.05-0.76) 0.28 (0.06-0.81)
Vizcaya 0.31 (0.12-0.64) 0.42 (0.14-0.98) 0.19 (0.02-0.69)
Malaga 0.33 (0.17-0.59) 0.29 (0.09-0.67) 0.38 (0.14-0.82)
Cadiz 0.46 (0.24-0.80) 0.24 (0.05-0.7)
Low risk (<1.00)
Granada 0.53 (0.25-0.97) 0.22 (0.03-0.79)




Int. |. Environ. Res. Public Health 2023, 20, 4374 7 of 13

Table 3. Cont.

SMR 20082015 (95% CI)
PROVINCE
Both Sexes Men Women
Zaragoza 0.11 (0.00-0.61)
La Coruna 0.29 (0.06-0.85)
Jaén 0.15 (0.00-0.86)
Madrid 0.69 (0.55-0.84) 0.60 (0.43-0.83)
Asturias 0.19 (0.02-0.68)
Ciudad Real 0 (0.00-0.66)
High risk (>1.00)
Barcelona 1.37 (1.16-1.6) 1.42 (1.14-1.76) 1.30 (1.06-1.65)
Valencia 1.39 (1.08-1.74) 1.72 (1.26-2.28)
Islas Baleares 1.97 (1.22-3.01)
Alicante 1.62 (1.24-2.07) 2.50 (1.82-3.35)
Murcia 1.72 (1.29-2.24) 1.91 (1.30-2.71)
Huelva 1.94 (1.20-2.97) 2.52 (1.34-4.30)
Castellon 2.00 (1.28-2.97) 2.34 (1.31-3.87)
Very high risk (>2.00)
Huesca 2.97 (1.09-6.47)
Guipuzcoa 2.12 (1.16-3.56)
Valladolid 2.20 (1.39-3.29) 3.67 (2.18-5.80)
Segovia 3.15 (1.51-5.80) 3.41 (1.10-7.95)
Toledo 3.61 (2.69-4.73) 5.59 (4.05-7.53)
La Rioja 4.06 (2.65-5.95) 8.35 (5.40-12.33)

95% CI: 95% confidence interval.
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Figure 4. Geographical variability of FMF hospitalizations in Spain (2008-2015): Standardized
morbidity ratios (SMRs) and 95% confidence intervals are highlighted in those cases where they were
higher (striped) or lower (dotted) than expected. (a) Both sexes; (b) males; (c) females.

4. Discussion

This is the first study to make an approximation of the characteristics of the population
with FMF in Spain, along with its temporal and geographical variability, pinpointing the
provinces with the highest rates of hospitalization. A lower proportion of admissions is
shown among women than among men; while this finding is in line with what has been
reported in some countries, mainly those situated in Eastern Mediterranean regions, such
as Anatolia (Turkey) or Lebanon, where a higher prevalence of FMF male patients have
been reported [27-29], most describe a similar disease distribution across the sexes [1]. The
mean age of hospitalized patients likewise agrees with what has been reported by similar
studies [30,31]. FMF usually manifests before the age of 20 years in 90% of cases, and during
the first decade of life in 60% of cases [4], a finding consistent with the high percentage of
hospitalizations of patients under the age of 20 [28]. At an early age in life, crises usually
present as episodes of fever without signs of serositis, which makes it difficult to identify
this disease correctly [32-34], causing delays in diagnosis, estimated to be around 5 years
in the pediatric population and 13 years in the case of adults [30,35].

The greater number of admissions to internal medicine as compared to other hos-
pital departments is accounted for, firstly, by the systemic characteristics of the disease,
and secondly, by the most common symptoms, such as episodes lasting 3—4 days, con-
sisting mainly of high fever (more than 38 °C), abdominal pain, arthritic joint pain, and
chest pain [1,4]. The high number of hospitalizations in the pediatric department would
presumably be related to the fact that episode severity and frequency is usually greater
in the infant stage [1]. Nephrology, too, was one of the departments to show the high-
est number of admissions, since morbidity is mainly related to what has been recorded
(hematuria, proteinuria, pyelonephritis, glomerulonephritis) and/or the development of
secondary renal amyloidosis, which presents with nephrotic syndrome and chronic renal
insufficiency [36,37].

Diagnosis remains primarily based on clinical findings (episodes of intermittent fever
with concomitant serositis, in the absence of an alternative cause), response to colchicine,
ethnicity, and family history [38,39]. The most widely used criteria for the diagnosis are
based on Tel HaShomer, Livneh et al., pediatric criteria, and the new Eurofever/PRINTO
classification for FMF. The Tel HaShomer and Livneh et al. criteria originated from countries
where the prevalence of FMF is very high. The diagnosis of FMF should be considered
when a patient of Mediterranean origin meets two major criteria, or one major and two
minor criteria [4,40]. Most recently, adult and pediatric rheumatology experts have created
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a new set of classification criteria (Eurofever/PRINTO classification criteria) combining
clinical manifestations with genotype for the first time [34,38]. FMF can easily be confused
with other auto-inflammatory syndromes that present with periodic fever, such as factor
receptor-associated periodic syndrome, cryopyrin-associated auto-inflammatory syndrome,
and hyperimmunoglobulin D syndrome [23]. Alternatively, they can share symptoms
or appear associated with vasculitis, such as Schonlein-Henoch syndrome, panarteritis
nodosa, or Bechet’s disease, so it is essential to make an optimal differential diagnosis
with such entities [40,41]. Other causes of morbidity associated with FMF are intestinal
obstructions, abdominal pain, peritoneal adhesions, arthritis, sacroiliitis, or colchicine
toxicity [1,39].

The development of secondary amyloidosis (AA amyloidosis) has been described as
the sole factor that significantly contributes to increased morbidity and mortality in patients
not controlled with treatment [36]. AA amyloidosis due to amyloid A deposit occurs mainly
in the kidney, although amyloid deposits in the intestine, thyroid, spleen, liver, or adrenal
glands have also been described. FMF amyloidosis is a secondary reactive amyloidosis
characteristic of chronic inflammatory diseases in which amyloid deposition is associated
with elevated serum amyloid A protein values [1,4]. In cases in which the only manifestation
is amyloidosis, the use of genetic tests for correct diagnosis becomes important.

4.1. Temporal Variability

In recent years, new anti-IL1{31 biological drugs have been developed. These are used
in patients who do not respond well to colchicine, and reduce the risk of amyloidosis,
comorbidities, and mortality associated with the disease [2].

There is no consensus on a specific definition of ‘colchicine resistance’. However, the
presence of recurrent clinical attacks and persistent elevated inflammation markers in a
patient receiving the maximum tolerated dose of colchicine led to that diagnosis [3]. Even
s0, an increase in hospitalization rates was found across the study period. Although one
cannot rule out that this increase in hospital morbidity might be related to an increase
in prevalence, it could also be accounted for by greater knowledge of the disease on the
part of physicians and by the inclusion of FMF among the differential diagnoses of auto-
inflammatory diseases that present with fever. Furthermore, it may be due to the better
registration and coding of discharges, the development of more sensitive and specific
genetic tests, and the creation of specialized hospital units. Increased immigration from
countries where FMF is a common disease could also influence this result.

4.2. Geographic Variability

Increased hospitalization rates were detected in several provinces along the Mediter-
ranean coast. The M694V mutation, which is associated with severe disease, has been
described as the most prevalent in the Balearic Island ‘Chueta’” community [4,15,16,19].
Hence, higher overall hospitalization rates were expected in this province. Yet, it was only
in the case of women that the risk of hospitalization was seen to be higher.

The interprovincial variability could be due to the distribution of certain factors, such
as the different mutations of the MEFV gene, environmental factors, or the country of
origin of the affected people. FMF is not evenly distributed, whether in countries where
it is common, such as Turkey [31], Armenia [42], Lebanon [28,43], or Iran [44], or in those
where it is classified as a rare disease [18]. In 2008, Papadopoulos et al. showed that
the distribution pattern of MEFV mutations were not uniform and that their presence is
more FMF-related in Eastern than in Western European countries [45]. In 2014, Ozen et al.,
using the Eurofever Registry of auto-inflammatory diseases [46], studied the influence
exerted by migrations, the environment, and genetics on the clinical expression of this
disease. They concluded that patients from countries located in Eastern Mediterranean
countries who emigrate to Europe present with a milder disease than do those who remain
in those countries. Based on this, they reflected on the effect of migration, lifestyle, and
environment on the phenotypic expression of the disease. In addition, they described
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that the factors that significantly heightened the severity and risk of amyloidosis were:
country of residence (living in an Eastern Mediterranean country); the presence of the
M694V mutation (more common in patients from Eastern Mediterranean countries); and
family history of FMF [46,47]. Although estimating the worldwide prevalence of MEFV
mutations is difficult, a meta-analysis of the genetic population of FMF in 14 different
affected Mediterranean populations described the mean overall carrier rate as 0.186 [45].
Different mutations, such as M694V, E148Q), K695R, and M680I, have been described in the
Spanish population with FMF [16,19,22]. Hence, a greater number of admissions could be
expected in the provinces where the M694V mutation was more prevalent. Apart from this,
differences between hospitals in the registration and coding of discharges, as well as those
between the different Spanish provinces in the budgeting, health expenditure on, and care
of people with rare diseases, could also account for the geographical variability found. In
order to avoid delays in the FMF diagnosis, there are some tools to guide physicians to the
correct diagnosis, such as EULAR recommendations, the Eurofever /PRINTO classification
criteria, and the Eurofever and Infevers websites [34,48,49].

When it comes to the limitations of this study, it should be noted that diagnostic
complexity plus ICD coding changes together render the process of registration and un-
equivocal identification of this disease in health information systems difficult [50]. Even
under the specific heading “Familial Mediterranean Fever” of ICD-9-CM code 277.31,
three synonymous terms for FMF appear (benign paroxysmal peritonitis, familial parox-
ysmal polyserositis, and benign recurrent polyserositis) [51], along with a different, very
low-prevalence entity of which case series” have been described, i.e., hereditary amyloid
nephropathy or hereditary renal amyloidosis [52,53]. In addition to the importance of
making an appropriate differential diagnosis, a form of coding is needed that distinguishes
between both entities, since they have different treatments and prognoses.

Heterogeneity in the processes of clinical diagnosis and registration of the disease
could also affect the results reported, and, although the data provided by the MBDS are
representative of the cases treated in Spain, it is possible that the number of FMF-related
hospitalizations might nevertheless be underestimated. In this respect, FMF is a rare disease
which would benefit from its possible inclusion in the Spanish Rare Disease Registry [24],
something that would both contribute to its visibility and minimize the limitations brought
by recent coding changes to its specific identification.

5. Conclusions

In conclusion, this is the first study to explore the temporal and geographical vari-
ability of FMF in Spain. An increase in the hospitalizations of patients with FMF and
interprovincial variability in the risk of such hospitalization was in evidence across the
study period. While these findings enhance the visibility of this disease in the health system,
facilitating health management and planning, to monitor it more accurately, data from a
population-based registry would ideally be required.

The health system should implement the necessary training and tools for guiding the
physicians to the correct diagnosis.

Author Contributions: Conceptualization, V.A.-F. and M.P.d.1.P,; methodology, E.G., VA.-F,, G.A-M.
and M.P.d.L.P,; software, E.G., G.A.-M. and G.S.-D.; validation, E.G., A.V.-H., V.A.-F. and G.A.-
M.; formal analysis, E.G., G.A.-M. and G.S.-D.; investigation, E.G., G.A.-M., VA.-F. and M.P.d.LP;
resources, E.G., A V.-H., VA.-F. and M.P.d.LP,; data curation, E.G. and G.A.-M.; writing—original
draft preparation, E.G. and V.A.-F,; writing—review and editing, E.G., G.A.-M., G.S.-D., A.V-H,,
M.P.d.LP. and V.A.-F; visualization, E.G., G.A.-M. and G.S.-D.; supervision, V.A.-F. and M.P.d.1.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and no ethical approval was required for this study due to it being based on
secondary analysis of the data obtained from the CMBD (Minimum Basic Data Set) of the Ministry of



Int. |. Environ. Res. Public Health 2023, 20, 4374 11 of 13

Health of Spain. The Subdireccion General de Informacion Samitaria of the Ministry of Health gave us
administrative permission to access and use these anonymous Spanish data on which this study is
based.

Informed Consent Statement: Patient consent was waived due to this study using secondary data
from administrative sources with no identifiable information on the survey participants and the data
were completely anonymous.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank Michael Benedict for the English editing of the
manuscript; and Rodrigo Sarmiento, Laura Diez, and Elvira Gallego for their insights on the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ben-Chetrit, E.; Levy, M. Familial Mediterranean Fever. Lancet 1998, 351, 659-664. [CrossRef]

2. Ozen, S.; Batu, E.D.; Demir, S. Familial Mediterranean Fever: Recent Developments in Pathogenesis and New Recommendations
for Management. Front. Immunol. 2017, 8, 253. [CrossRef] [PubMed]

3. Ogzen, S. Update in Familial Mediterranean Fever. Curr. Opin. Rheumatol. 2021, 33, 398-402. [CrossRef] [PubMed]

4. Tufan, A.; Lachmann, H.]. Familial Mediterranean Fever, from pathogenesis to treatment: A contemporary review. Turk. ]. Med.
Sci. 2020, 50, 1591-1610. [CrossRef] [PubMed]

5.  Ben-Chetrit, E.; Touitou, I. Familial Mediterranean Fever in the World. Arthritis Rheum. 2009, 61, 1447-1453. [CrossRef] [PubMed]

6.  Cerrito, L,; Sicignano, L.L.; Verrecchia, E.; Manna, R. Epidemiology of FMF worldwide. In Familial Mediterranean Fever; Gattorno,
M., Ed.; Springer International Publishing: Chem, Switzerland, 2015; pp. 81-90. ISBN 978-3-319-14615-7.

7. Kishida, D.; Nakamura, A.; Yazaki, M.; Tsuchiya-Suzuki, A.; Matsuda, M.; Ikeda, S. Genotype-phenotype correlation in Japanese
patients with Familial Mediterranean Fever: Differences in genotype and clinical features between Japanese and Mediterranean
populations. Arthritis Res. Ther. 2014, 16, 439. [CrossRef] [PubMed]

8. Rowczenio, D.M.; Iancu, D.S.; Trojer, H.; Gilbertson, J.A.; Gillmore, ].D.; Wechalekar, A.D.; Tekman, M.; Stanescu, H.C.; Kleta, R,;
Lane, T.; et al. Autosomal dominant Familial Mediterranean Fever in Northern European Caucasians associated with deletion of
p-M694 residue—A case series and genetic exploration. Rheumatology 2017, 56, 209-213. [CrossRef] [PubMed]

9. El-Shanti, H.; Majeed, H.A.; El-Khateeb, M. Familial Mediterranean Fever in Arabs. Lancet 2006, 367, 1016-1024. [CrossRef]

10. Decision No 1295/1999/EC of the European Parliament and of the Council of 29 April 1999 Adopting a Programme of Community
Action on Rare Diseases within the Framework for Action in the Field of Public Health (1999 to 2003). 1999. Available online: https:
/ /eur-lex.europa.eu/resource.html?uri=cellar:208111e4-414e-4da5-94c1-852f1c74f351.0008.02 /DOC_1&format=PDF (accessed
on 12 January 2023).

11. Konstantopoulos, K.; Kanta, A.; Deltas, C.; Atamian, V.; Mavrogianni, D.; Tzioufas, A.G.; Kollainis, I.; Ritis, K.; Moutsopoulos,
H.M. Familial Mediterranean Fever associated pyrin mutations in Greece. Ann. Rheum. Dis. 2003, 62, 479-481. [CrossRef]

12.  La Regina, M.; Nucera, G.; Diaco, M.; Procopio, A.; Gasbarrini, G.; Notarnicola, C.; Kone-Paut, I.; Touitou, I.; Manna, R. Familial
Mediterranean Fever is no longer a rare disease in Italy. Eur. . Hum. Genet. 2003, 11, 50-56. [CrossRef]

13. Georgin-Lavialle, S.; Hentgen, V.; Stojanovic, K.S.; Bachmeyer, C.; Rodrigues, F.; Savey, L.; Abbara, S.; Conan, P-L.; Fraisse, T.;
Delplanque, M.; et al. La fievre méditerranéenne familiale. Rev. Médecine Interne 2018, 39, 240-255. [CrossRef]

14. Lainka, E.; Bielak, M.; Lohse, P.; Timmann, C.; Stojanov, S.; von Kries, R.; Niehues, T.; Neudorf, U. Familial Mediterranean Fever
in Germany: Epidemiological, clinical, and genetic characteristics of a pediatric population. Eur. |. Pediatr. 2012, 171, 1775-1785.
[CrossRef] [PubMed]

15. Baudes, J. Fiebre mediterrdnea familiar. Presentacion de un caso. Revision literatura espafiola. Med. Balear. 1986, 1, 25-27.

16. Domingo, C.; Touitou, I.; Bayou, A.; Notarnicola, C.; Dewalle, M.; Demaille, J.; Buades, ].; Sayadat, C.; Levy, M.; Ben-Chetrit, E.
Familial Mediterranean Fever in the ‘Chuetas’ of Mallorca: A question of Jewish origin or genetic heterogeneity. Eur. J. Hum.
Genet. 2000, 8, 242-246. [CrossRef]

17.  Baudes, J. Fiebre Mediterranea Familiar en Mallorca. Doctoral Thesis, Universitat de Barcelona, Barcelona, Spain, 1989.

18. Buades, J.; Ben-Chetrit, E.; Levy, M. Familial Mediterranean Fever in the «Chuetas» of Mallorca—origin in inquisition? Isr. J. Med.
Sci. 1995, 31, 497-499. [PubMed]

19. Aldea, A. Bases Genetiques de la Febre Mediterrania Familiar a la Poblacié Espanyola, Dinamica Genomica I Historia Natural de
les Mutacions en el locus MEFV. Doctoral Thesis, Universitat de Barcelona, Barcelona, Spain, 2004.

20. Ogztas, B,; Eren, H,; Ayla, A.Y.; Koc, A.; Erol, K,; Irfan, A.; Caglar, E.; Ugurluy, S. Portal hypertension in Familial Mediterranean
Fever patients. Med. Clin. 2022, 159, 405-410. [CrossRef] [PubMed]

21. Espildora-Hernandez, ].; Abarca-Costalago, M. Familial Mediterranean Fever treated with anakinra: A case report. Reum. Clinica
2017, 13, 120-121. [CrossRef]

22. Llobet-Agulld, P.; Sanroma-Nogués, L.; Salguero-Pérez, LM.; Aréstegui, J.I.; Corral-Arboledas, S.; Coll-Sibina, M.T.; Masiques-Mas,

L. Familial Mediterranean Fever in the pediatric population. Allergol. Immunopathol. 2022, 50, 25-30. [CrossRef]


http://doi.org/10.1016/S0140-6736(97)09408-7
http://doi.org/10.3389/fimmu.2017.00253
http://www.ncbi.nlm.nih.gov/pubmed/28386255
http://doi.org/10.1097/BOR.0000000000000821
http://www.ncbi.nlm.nih.gov/pubmed/34397603
http://doi.org/10.3906/sag-2008-11
http://www.ncbi.nlm.nih.gov/pubmed/32806879
http://doi.org/10.1002/art.24458
http://www.ncbi.nlm.nih.gov/pubmed/19790133
http://doi.org/10.1186/s13075-014-0439-7
http://www.ncbi.nlm.nih.gov/pubmed/25261100
http://doi.org/10.1093/rheumatology/kew058
http://www.ncbi.nlm.nih.gov/pubmed/27150194
http://doi.org/10.1016/S0140-6736(06)68430-4
https://eur-lex.europa.eu/resource.html?uri=cellar:208111e4-414e-4da5-94c1-852f1c74f351.0008.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:208111e4-414e-4da5-94c1-852f1c74f351.0008.02/DOC_1&format=PDF
http://doi.org/10.1136/ard.62.5.479
http://doi.org/10.1038/sj.ejhg.5200916
http://doi.org/10.1016/j.revmed.2018.02.005
http://doi.org/10.1007/s00431-012-1803-8
http://www.ncbi.nlm.nih.gov/pubmed/22903357
http://doi.org/10.1038/sj.ejhg.5200462
http://www.ncbi.nlm.nih.gov/pubmed/7635700
http://doi.org/10.1016/j.medcli.2021.12.019
http://www.ncbi.nlm.nih.gov/pubmed/35305808
http://doi.org/10.1016/j.reuma.2016.06.001
http://doi.org/10.15586/aei.v50i1.446

Int. |. Environ. Res. Public Health 2023, 20, 4374 12 of 13

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.

42.

43.

44.

45.

Ozen, S. Update on the epidemiology and disease outcome of Familial Mediterranean Fever. Best Pract. Res. Clin. Rheumatol.
2018, 32, 254-260. [CrossRef]

Ministerio de Sanidad. Registro Estatal de Enfermedades Raras (ReeR). Situacién de Las Enfermedades Raras en Esparia. 2022.
Available online: https:/ /www.sanidad.gob.es/organizacion/sns/planCalidadSNS/pdf/excelencia/Informe_Epidemiologico_
Anual_2022_ReeR_ACCESIBLE.pdf (accessed on 12 January 2023).

Real Decreto 69/2015, de 6 de Febrero, Por el Que Se Regula el Registro de Actividad de Atencién Sanitaria Especializada. Boletin
Oficial del Estado, n. 35, de 10 de Febrero de 2015. Available online: https:/ /www.boe.es/buscar/pdf/2015/BOE-A-2015-1235-
consolidado.pdf (accessed on 12 January 2023).

Instituto Nacional de Estadistica. INEbase. Demografia Y Poblacion. Cifras De Poblacién Y Censos Demograficos. Cifras de
Poblacién. Resultados 2022. Available online: https://www.ine.es/ (accessed on 12 January 2023).

Turkish FMF Group. Familial Mediterranean Fever (FMF) in Turkey: Results of a Nationwide Multicenter Study. Medicine 2005,
84, 1-11. [CrossRef]

El Roz, A.; Ghssein, G.; Khalaf, B.; Fardoun, T.; Ibrahim, J.N. Spectrum of MEFV Variants and Genotypes among Clinically
Diagnosed FMF Patients from Southern Lebanon. Med. Sci. 2020, 8, 35. [CrossRef] [PubMed]

Ureten, K.; Goniilalan, G.; Akbal, E.; Giines, F; Akytirek, O.; Ozbek, M.; Oztiirk, M.A. Demographic, clinical and mutational
characteristics of Turkish Familial Mediterranean Fever patients: Results of a single center in Central Anatolia. Rheumatol. Int.
2010, 30, 911-915. [CrossRef] [PubMed]

Erdogan, M.; Ugurlu, S.; Ozdogan, H.; Seyahi, E. Familial Mediterranean Fever: Misdiagnosis and diagnostic delay in Turkey.
Clin. Exp. Rheumatol. 2019, 37, 119-124. [PubMed]

Yasar Bilge, N.S.; Sari, I; Solmaz, D.; Senel, S.; Emmungil, H.; Kilig, L.; Yilmaz Oner, S.; Yildiz, E; Yilmaz, S.; Ersozlii Bozkirly, D.;
et al. The distribution of MEFV mutations in Turkish FMF patients: Multicenter study representing results of Anatolia. Turk. J.
Med. Sci. 2019, 49, 472-477. [CrossRef] [PubMed]

Sénmez, H.E.; Batu, E.D.; Ozen, S. Familial Mediterranean Fever: Current perspectives. J. Inflamm. Res. 2016, 9, 13-20. [CrossRef]
[PubMed]

Yasar Bilge, N.S.; Sari, I.; Solmaz, D.; Senel, S.; Emmungil, H.; Kilic, L.; Yilmaz Oner, S.; Yildiz, F,; Yilmaz, S.; Ersozlu Bozkirli,
D.; et al. Comparison of early versus late onset Familial Mediterranean Fever. Int. |. Rheum. Dis. 2018, 21, 880-884. [CrossRef]
[PubMed]

Gattorno, M.; Hofer, M.; Federici, S.; Vanoni, E; Bovis, F.; Aksentijevich, I.; Anton, J.; Arostegui, ].I.; Barron, K.; Ben-Cherit, E.;
et al. Eurofever Registry and the Paediatric Rheumatology International Trials Organisation (PRINTO). Classification criteria for
autoinflammatory recurrent fevers. Ann. Rheum. Dis. 2019, 78, 1025-1032. [CrossRef]

Akar, S.; Yuksel, E; Tunca, M.; Soysal, O.; Solmaz, D.; Gerdan, V.; Celik, A.; Sen, G.; Onen, F.; Akkoc, N. Familial Mediterranean
Fever: Risk Factors, Causes of Death, and Prognosis in the Colchicine Era. Medicine 2012, 91, 131-136. [CrossRef]

Twig, G.; Livneh, A ; Vivante, A.; Afek, A.; Shamiss, A.; Derazne, E.; Tzur, D.; Ben-Zvi, I; Tirosh, A.; Barchana, M.; et al. Mortality
risk factors associated with Familial Mediterranean Fever among a cohort of 1.25 million adolescents. Ann. Rheum. Dis. 2014, 73,
704-709. [CrossRef]

Aldea, A.; Campistol, ].M.; Arostegui, J.I; Rius, J.; Maso, M.; Vives, J.; Yagiie, J. A severe autosomal-dominant periodic
inflammatory disorder with renal AA amyloidosis and colchicine resistance associated to the MEFV H478Y variant in a Spanish
kindred: An unusual Familial Mediterranean Fever phenotype or another MEFV-associated periodic inflammatory disorder? Am.
J. Med. Genet. A 2004, 124, 67-73. [CrossRef]

Tanatar, A.; Sonmez, H.E.; Karadag, S.G.; Cakmak, F; Cakan, M.; Demir, E; Sozeri, B.; Ayaz, N.A. Performance of Tel-Hashomer,
Livneh, pediatric and new Eurofever/PRINTO classification criteria for Familial Mediterranean Fever in a referral center.
Rheumatol. Int. 2020, 40, 21-27. [CrossRef] [PubMed]

Ozdogan, H.; Ugurluy, S. Familial Mediterranean Fever. Presse Med. 2019, 48, 61-76. [CrossRef] [PubMed]

Tezcan, M.E.; Avci, M.; Mercan, R.; Aliustaoglu, M.; Sargin, M. MEFV gene testing may guide physicians for early diagnosis of
Familial Mediterranean Fever. Int. . Rheum. Dis. 2018, 21, 1452-1457. [CrossRef]

Abbara, S.; Grateau, G.; Ducharme-Bénard, S.; Saadoun, D.; Georgin-Lavialle, S. Association of Vasculitis and Familial Mediter-
ranean Fever. Front. Immunol. 2019, 10, 763. [CrossRef]

Kriegshduser, G.; Hayrapetyan, H.; Atoyan, S.; Oberkanins, C.; Sarkisian, T. Association between serum amyloid Al genotype
and age of onset restricts to M694 homozygote Familial Mediterranean Fever patients in Armenia. Clin. Exp. Rheumatol. 2021, 3,
18-21. [CrossRef] [PubMed]

Medlej-Hashim, M.; Serre, J.; Corbani, S.; Saab, O.; Jalkh, N.; Delague, V.; Chouery, E.; Salem, N.; Loiselet, J.; Lefranc, G.; et al.
Familial Mediterranean Fever (FMF) in Lebanon and Jordan: A population genetics study and report of three novel mutations.
Eur. |. Med. Genet. 2005, 48, 412—420. [CrossRef] [PubMed]

Salehzadeh, F. Familial Mediterranean Fever in Iran: A Report from FMF Registration Center. Int. . Rheumatol. 2015, 2015, 912137.
[CrossRef]

Papadopoulos, V.P.; Giaglis, S.; Mitroulis, I; Ritis, K. The population genetics of Familial Mediterranean Fever: A meta-analysis
study. Ann. Hum. Genet. 2008, 72, 752-761. [CrossRef]


http://doi.org/10.1016/j.berh.2018.09.003
https://www.sanidad.gob.es/organizacion/sns/planCalidadSNS/pdf/excelencia/Informe_Epidemiologico_Anual_2022_ReeR_ACCESIBLE.pdf
https://www.sanidad.gob.es/organizacion/sns/planCalidadSNS/pdf/excelencia/Informe_Epidemiologico_Anual_2022_ReeR_ACCESIBLE.pdf
https://www.boe.es/buscar/pdf/2015/BOE-A-2015-1235-consolidado.pdf
https://www.boe.es/buscar/pdf/2015/BOE-A-2015-1235-consolidado.pdf
https://www.ine.es/
http://doi.org/10.1097/01.md.0000152370.84628.0c
http://doi.org/10.3390/medsci8030035
http://www.ncbi.nlm.nih.gov/pubmed/32824452
http://doi.org/10.1007/s00296-009-1073-6
http://www.ncbi.nlm.nih.gov/pubmed/19641922
http://www.ncbi.nlm.nih.gov/pubmed/31694753
http://doi.org/10.3906/sag-1809-100
http://www.ncbi.nlm.nih.gov/pubmed/30887796
http://doi.org/10.2147/JIR.S91352
http://www.ncbi.nlm.nih.gov/pubmed/27051312
http://doi.org/10.1111/1756-185X.13259
http://www.ncbi.nlm.nih.gov/pubmed/29314707
http://doi.org/10.1136/annrheumdis-2019-215048
http://doi.org/10.1097/MD.0b013e3182561a45
http://doi.org/10.1136/annrheumdis-2012-202932
http://doi.org/10.1002/ajmg.a.20296
http://doi.org/10.1007/s00296-019-04463-w
http://www.ncbi.nlm.nih.gov/pubmed/31646357
http://doi.org/10.1016/j.lpm.2018.08.014
http://www.ncbi.nlm.nih.gov/pubmed/30686512
http://doi.org/10.1111/1756-185X.13258
http://doi.org/10.3389/fimmu.2019.00763
http://doi.org/10.55563/clinexprheumatol/hvktbk
http://www.ncbi.nlm.nih.gov/pubmed/34251301
http://doi.org/10.1016/j.ejmg.2005.05.010
http://www.ncbi.nlm.nih.gov/pubmed/16378925
http://doi.org/10.1155/2015/912137
http://doi.org/10.1111/j.1469-1809.2008.00471.x

Int. |. Environ. Res. Public Health 2023, 20, 4374 13 of 13

46.

47.

48.

49.

50.

51.

52.

53.

Ozen, S.; Demirkaya, E.; Amaryan, G.; Koné-Paut, I.; Polat, A.; Woo, P.; Uziel, Y.; Modesto, C.; Finetti, M.; Quartier, P.; et al.
Results from a multicentre international registry of Familial Mediterranean Fever: Impact of environment on the expression of a
monogenic disease in children. Ann. Rheum. Dis. 2014, 73, 662-667. [CrossRef]

Touitou, I.; Sarkisian, T.; Medlej-Hashim, M.; Tunca, M.; Livneh, A.; Cattan, D.; Yalcinkaya, F.; Ozen, S.; Majeed, H.; Ozdogan,
H.; et al. Country as the primary risk factor for renal amyloidosis in Familial Mediterranean Fever. Arthritis Rheum. 2007, 56,
1706-1712. [CrossRef]

Ozen, S.; Demirkaya, E.; Erer, B.; Livneh, A.; Ben-Chetrit, E.; Giancane, G.; Ozdogan, H.; Abu, I.; Gattorno, M.; Hawkins, PN.;
et al. EULAR recommendations for the management of Familial Mediterranean Fever. Ann. Rheum. Dis. 2016, 75, 644-651.
[CrossRef] [PubMed]

Papa, R.; Doglio, M.; Lachmann, H.].; Ozen, S.; Frenkel, J.; Simon, A.; Neven, B.; Kuemmerle-Deschner, J.; Ozgodan, H.; Caorsi, R.
A web-based collection of genotype-phenotype associations in hereditary recurrent fevers from the Eurofever registry. Orphanet J.
Rare Dis. 2017, 18, 167. [CrossRef] [PubMed]

Posada, M.; Martin-Arribas, C.; Ramirez, A.; Villaverde, A.; Abaitua, I. Enfermedades raras: Concepto, epidemiologia y situacion
actual en Espafa. An. Sist. Sanit. Navar. 2008, 31, 9-20. [CrossRef]

An Online Catalog of Human Genes and Genetic Disorders (OMIM). Available online: https://www.omim.org/entry /249100
?search=fmfé&highlight=fmf (accessed on 12 January 2023).

Prokaeva, T.; Akar, H.; Spencer, B.; Havasi, A.; Cui, H.; O'Hara, C.J.; Gursky, O.; Leszyk, ].; Steffen, M.; Browning, S.; et al.
Hereditary Renal Amyloidosis Associated With a Novel Apolipoprotein A-II Variant. Kidney Int. Rep. 2017, 2, 1223-1232.
[CrossRef] [PubMed]

Feitosa, V.A.; Neves, PD.M.M,; Jorge, L.B.; Noronha, I.L.; Onuchic, L.E. Renal amyloidosis: A new time for a complete diagnosis.
Braz. ]. Med. Biol. Res. 2022, 55, 2284. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1136/annrheumdis-2012-202708
http://doi.org/10.1002/art.22507
http://doi.org/10.1136/annrheumdis-2015-208690
http://www.ncbi.nlm.nih.gov/pubmed/26802180
http://doi.org/10.1186/s13023-017-0720-3
http://www.ncbi.nlm.nih.gov/pubmed/29047407
http://doi.org/10.4321/S1137-66272008000400002
https://www.omim.org/entry/249100?search=fmf&highlight=fmf
https://www.omim.org/entry/249100?search=fmf&highlight=fmf
http://doi.org/10.1016/j.ekir.2017.07.009
http://www.ncbi.nlm.nih.gov/pubmed/29270531
http://doi.org/10.1590/1414-431x2022e12284

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Temporal Variability 
	Geographic Variability 

	Conclusions 
	References

