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Cochlear involvement in Familial Mediterranean Fever:
A new feature of an old disease
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A B S T R A C T

Objectives: In this study we first aimed to assess the cochlear functions in children with Familial

Mediterranean Fever. The second aim was to investigate the correlation between the hearing levels and

some clinical features of Familial Mediterranean Fever including the duration of the disease, age at onset,

genetic analysis and colchicine use.

Methods: Thirty-four children with Familial Mediterranean Fever and 27 age matched children were

included in the study. Following otologic examination, all children underwent audiometric evaluation,

including Pure Tone Average measurements and Distortion Product Otoaoustic Emission testing.

Audiological results of the two groups were compared and correlation between the audiologic status and

clinical parameters of the disease like the duration of disease, age at onset, mutations and colchicine

treatment were studied.

Results: Pure tone audiometry hearing levels were within normal levels in both groups. Hearing

thresholds of Familial Mediterranean Fever patients were found to be increased at frequencies 8000,

10,000, 12,500 and 16,000 (p < 0.05). In otoacoustic emission evaluation, distortion products and signal–

noise ratio of FMF children were lower in the tested frequencies, from 1400 Hz to 4000 Hz (p < 0.05).

Interaction of the disease duration and age of disease onset was found to predict hearing levels, distortion

products and signal–noise ratios of children with Familial Mediterranean Fever (F value = 2.034;

p = 0.033).

Conclusions: To our knowledge this is the first study demonstrating cochlear involvement in children

with Familial Mediterranean Fever which showed increased hearing thresholds at higher frequencies in

audiometry together with decreased distortion products and signal–noise ratios demonstrated by

distortion product otoacoustic emission testing. Similar studies must be carried out on adult patients to

see if a clinical hearing impairment develops. The possible mechanisms that cause cochlear involvement

and the effect of colchicine treatment on cochlear functions must be enlightened.

� 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Familial Mediterranean Fever (FMF) is an auto-inflamatory
disease of serous membranes characterized by recurrent attacks of
fever, abdominal, articular and thoracic pain. The disease is an
autosomal recessively inherited genetic disease that affects Turks,
Arabs, Sephardic Jews and Armenians [1,2]. The symptoms are seen
by the age of ten in 60% of the cases and by 20 in 90% [3].
Amyloidosis is one of the most frequent comlications and the
disease involves many organs as kidneys, central nervous system,
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E-mail address: serapkoybasi@yahoo.com (S. Koybasi).

0165-5876/$ – see front matter � 2011 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.ijporl.2011.11.013
heart, respiratory and gastrointestinal tracts [4]. In recent years it
was seen that FMF patients have increased risk of acquiring
vasculitic diseases such as polyarteritisnodosa, Behcet’s disease,
diverse glomerulopathies and HenochSchonlein Purpura [5]. A rate
of 8% of such vasculitic diseases was reported in a series of 207 FMF
patients [6].

The diagnosis of the disease remains to be clinical since there
are not specific laboratory tests for definitive diagnosis yet. One of
the commonly used criterias for diagnosis is Tel Hashomer criteria.
Livneh [7] proposed a new diagnostic criteria in 1997 including
vasculitis, and then Yalcinkaya et al. [8] also proposed another one
including elevated CRP and ESR levels. Because of the absence of
exceedingly specific diagnostic tests for FMF and low index of
suspicion, the diagnosis usually comes quite later than the first
symptom. Therefore, it is mandatory to enlighten all of the
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Table 1
Patient characteristics in FMF group.

FMF symptoms (%)

Number of patients 34

Age (mean) 12.1

Male/female 17/17

Fever 73.5%

Headache 58.8%

Chest pain 35.3%

Abdominal pain 88.2%

Articular pain 64.7%

Erysipelas like rash 29.4%

Family history 85.3%
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characteristics of the disease that may add to the present
diagnostic criteria and to provide an opportunity for better
understanding of its nature.

Since vasculitic diseases and amyloidosis are seen frequently
during the course of FMF and the disease involves many organs as
kidneys, central nervous system, heart, respiratory and gastroin-
testinal tracts by amyloidosis or vasculitis, cochleovestibular
involvement related to the course of the disease is probable [4,5].
To our knowledge, otological involvement in FMF has not been
studied until now. In this study we aimed to investigate the
cochlear functions in children with FMF using audiometry and
otoaoustic emissions (OAE). Additionally, the correlation between
the hearing levels and some clinical features of FMF including
duration of the disease, age at onset, genetic analysis and
colchicine use were planned to be studied.

2. Materials and methods

2.1. Patients

This study was conducted after getting IRB approval. The
patients with definitive diagnosis of FMF (n = 34) according to Tel
Hashomer criteria and healthy controls that admitted to the clinic
for nonspecific symptoms (n = 27). Informed consents were
obtained from parents and the children if feasible. All patients
had genetic analysis performed for the most common mutations
(M694V, M680I, M694I, V726A, E148Q, R202Q, F479L, A744S) in
our country.

2.2. Clinical and laboratory evaluation

Both the patients and the controls were evaluated in the
Otolaryngology department. All of the children had undergone an
otologic examination together with audiologic evaluation includ-
ing high frequency audiometry and otoacoustic emission testing.
The children with any type of middle ear problem including tubal
dysfunction or a history of otitis in the previous 2 months were
excluded from the study.

2.3. Audiologic evaluation

After otoscopic examination, pure-tone air and bone conduc-
tion audiometry including high frequencies (250, 500, 1000, 2000,
4000, 8000, 10000, 12500, and 16000 Hz) were performed to all
subjects (AC-40 diagnostic audiometer, Interacoustic Company,
Denmark). Pure-tone average (PTA) was used to determine the
hearing loss. The hearing level of <25 dB was accepted as normal in
the tested frequencies.

DPOAEs were measured using an Otodynamics ILO 288
Echoport equipment (Otodynamics Ltd., Hateld, UK). The data
were processed and evaluated with otoacoustic emission (OAE)
software (EZ Screen 2 Otodynamics OAE Screening and Data
Management Software, Hateld, UK). The participants were seated
in a sound-proof room during the test. Once the probe was placed
with a good seal in the ear canal the measurements were done.
Equilevel primary tones f1(65 dB) and f2(55 dB) was fixed at f1/
f = 1.22 and DPOAEs were measured at five different frequencies
ranged from 1000 to 4000 Hz (1000, 1400, 2000, 2800 and
4000 Hz). By calculating the difference between distortion
products and noise �2 standard deviation, signal to noise ratios
(SNR) for each frequency were achieved.

2.4. Statistical analysis

The statistical analyses were performed by PASW (SPSS)
Statistics version 17. Shapiro-Wilk and Levene’s tests were used
for testing normality of distribution and equality of variances,
respectively. For comparison of quantitative and qualitative data
between the groups, Mann–Whitney U and x2 tests for indepen-
dent samples were used. Investigation of the association between
parameters about FMF and hearing levels was performed by
regression analysis of multivariate ANOVA. Pillai’s Trace values
were used for statistical significance in regression analysis of
MANOVA. For all comparisons and relationships a p value <0.05
was deemed significant. To compare the audiological data (DPOAE
and hearing levels in dB) the average of right and left ears of each
frequency was calculated and these values were used for analysis.

3. Results

3.1. Demographic data

The study group comprised of 34 children (17 males and 17
females) with a mean age of 12.1 years (range 5.2–18.5). The
control group composed of 27 children (8 males and 19 females)
with a mean age of 11.4 years (range 4.2–17.4). The age (p = 0.552)
and sex distribution (p = 0.125) was not significantly different
between the two groups. Table 1 summarizes clinical presenta-
tions of the children with FMF. The detected mutations were read
from the charts and shown in Table 2.

3.2. Audiologic data

Two children from the control group and 6 children from the
FMF group had decreased hearing levels (>25 dB) according to
PTA. The mean PTA values were 18.3 � 7.0 dB and 17.2 � 6.0 dB in
FMF and control children respectively which was found to be
insignificant. On the other hand, the average hearing thresholds at
frequencies 8000, 10,000, 12,500 and 16,000 Hz were found to be
higher in children with FMF than in controls (p < 0.05). Though they
were not in the range of a clinical hearing impairment except at
8000 Hz; 10 out of 27(37.3%) children from control group had hearing
levels higher than 25 dB, whereas 23 of 34 children (67.6%) with FMF
had hearing levels higher than 25 dB at 8000 Hz. Hearing thresholds
of both groups were shown in Table 3.

Regarding the DPOAE test results, significant differences in both
DP and SNR values from 1400 Hz to 4000 Hz (p < 0.05) were
obtained. Both the DP and the SNR values were lower in the FMF
group compared to control group (p < 0.05) pointing to outer hair
cell dysfunction. This finding indicates a clear and objective
cochlear involvement in FMF. Table 4 shows the results of DPOAE
and SNR measurements in both groups.

3.3. Clinical and laboratory data

The chart review of the patients with respect to mutations
revealed that FMF children had varying type and number of
mutations as shown in Table 2. At the time of the audiologic testing



Table 2
The type and number of mutations in the FMF patients.

Types of mutations n-Patients

E148Q 4

E148Q/E148Q 2

E148Q/M694V 0

E148Q/R314R 1

K695R 0

M680I 0

M680I/M680I 1

M680I/V726A 0

M694V 6

M694V/E148Q/R202Q 0

M694V/M694V 1

M694V/V726A 1

R202Q/M694V/A744S 1

R202Q/R202Q/E148Q/E148Q/M694V 1

V726A 2

Total 34

Table 3
Audiometric testing revealed a significant difference in hearing levels between

groups. FMF patients were shown to have lower levels in high frequencies

comparing with controls.

Hearing levels in dB

FMF Control ‘‘p’’ values

250 Hz Mean 25.15 23.2 0.2585

St dev 9.25 8.4

500 Hz Mean 20.88 20 0.3895

St dev 9.25 7.07

1000 Hz Mean 18.82 15.4 0.079

St dev 8.35 6.76

2000 Hz Mean 16.32 16.2 0.398

St dev 8.38 7.68

4000 Hz Mean 19.26 18 0.317

St dev 10.67 9.24

8000 Hz Mean 33.82 27 0.0085

St dev 10.81 12.58

10,000 Hz Mean 1.76 �4.8 0.0265

St dev 13.08 10.94

12,500 Hz Mean 9.85 �1.4 0.0055

St dev 17.56 12.12

16,000 Hz Mean 15.59 0.2 0.0275

St dev 31.83 18

PTA Mean 18.2 17.2 0.636

St dev 7.04 6.04
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16 children were using colchicine, and the others were newly
diagnosed children who do not have started colchicine thus far.
There was no statistically significant difference in audiometric test
results between children using colchicine and children not using
colchicine in FMF group. The use of colchicine was not found to be
related to hearing levels after disease duration and age of disease
onset were controlled (F = 1.638; p = 0.193). However, DP values at
Table 4
Comparison of average DPOAE results of the patients with FMF and the controls.

FMF 

DP SNR 

1000 Hz Mean 7.52 3.67 

Standard deviation 13.76 16.48 

1400 Hz Mean 14.33 21.31 

Standard deviation 12.53 13.18 

2000 Hz Mean 12.94 27.08 

Standard deviation 13.41 12.7 

2800 Hz Mean 8.53 8.53 

Standard deviation 12.62 12.62 

4000 Hz Mean 9.16 35.19 

Standard deviation 10.74 10.43 
frequencies of 2.8 and 4.0 kHz and SNR values at frequency of 2.8 in
FMF children using colchicine were statistically higher than
children not using colchicine (p = 0.044, p = 0.025 and p = 0.044
respectively).

By regression analysis, it was found that the age of disease onset
predicts average hearing levels by a (p) value of 0.025 (F = 2.986).
There was also statistical significance of interaction of disease
duration and age of disease onset to predict both audiometric and
DPOAE values (F = 2.034; p = 0.033).

Finally, the regression analysis did not reveal a significant
relation between the presence of M694V positivity – one of the
most common mutations in our country – or other mutations and
hearing levels or DPOAE values (p > 0.05).

4. Discussion

Our results clearly show a cochlear involvement in FMF
demonstrated by both audiometry and DPOAE. Audiological
findings revealed lower DP and SNR values on DPOAE testing
together with higher hearing levels at high frequencies in children
with FMF. PTA levels were not in the level of hearing loss and were
not different in both groups. Additionally, we showed that the age
of disease onset has a significant impact on the cochlear
involvement.

FMF is a childhood disease and cochlear functions are extremely
important for children’s learning. There are not any studies
investigating cochlear functions in children with FMF and the
disease could possibly affect the cochlea due to known vasculitic,
amyloidotic or thrombophilic complications. Therefore, it should
be enlightened if they are at risk of any cochlear damage.

Vasculitis is a newly defined entity in FMF [4,9,10]. Cochlear
involvement has been shown to be a component of the diseases in
which vasculitis is predominant in the physiopathological
mechanism. Behçet’s disease is one of the most studied and
outstanding examples in which cochlear involvement is demon-
strated by DPOAE and high frequency audiometry [11,12].
Nevertheless, the cochlear involvement in FMF patients cannot
be explained solely by the possibility of accompanying vasculitis
itself as the rate of vasculitic complications is not so frequently
encountered in the course of the disease.

Secondary amyloidosis is the most dreadful complication of
FMF [8]. Most affected patients will proceed to develop end-stage
renal disease due to amyloidosis, requiring renal transplantation.
Neither the severity nor the frequency of the attacks but the
subclinical inflammation determined by elevated amyloid-SAA
levels is considered to play a crucial role for amyloid fibril
deposition in any organ of FMF patients [5,13,14]. Cochlea may be
one of the organs that might possibly be affected by systemic
amyloidosis. Hornigold et al. [15] reported a case of 70 year old
female patient with familial systemic amyloidosis and bilateral
sensorineural hearing loss. Although still controversial, many
Control ‘‘p’’ values

DP SNR DP SNR

11.9 7.2 0.0505 0.107

13.67 15.17

21.7 28.04 0.015 0.016

10.31 9.89

21.24 36.67 0.0025 0.005

10.44 14.31

17.37 17.37 0.0005 0.0005

9.07 9.07

14.73 39.44 0.0095 0.0275

8.19 7.89
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studies have indicated that mutations in Exon 10, in the regions of
680 and 694, and especially M694V homozygosity, are associated
with amyloidosis [16]. On the other hand, it is quite interesting to see
in rheumatoid arthritis (RA), another autoinflammatory disease,
that, FMF gene mutations were reported to be aggravating factors for
hearing loss, a well known feature of RA [17,18]. However, we did
not find any significance in both audiometric and DPOAE measure-
ments with respect to M694V mutations in children studied. The
reasons for this may be the relatively small size of the group with
M694V mutations or the relatively shorter duration of the disease in
children than adults. Since such a relation could possibly exist in
FMF, it should be searched in larger patient series.

Ahmadi et al. [19] reported hearing impairment in high
frequencies in Cryopyrin-associated periodic syndromes (CAPS)
by using audiometric testing and fluid attenuation inversion
recovery MRI (FLAIR-MRI) of the brain and inner ear. They
concluded that CIAS1 pathway-mediated CAPS is associated with
unregulated autoinflammation mediated by interleukin-1 in the
cochlea resulting in hearing loss. Like these findings in CAPS, which
is also a periodic syndrome like FMF, cytokine-mediated inflam-
mation might take place in cochleas of children with FMF causing
hearing impairments. On the other hand, Singh-Grewal et al.
reported two cases of FMF with progressive SNHL who have
coexistent MEFV and CIAS1 mutations [20]. These studies and
sporadic case reports were compatible with the results of our study
which shows high frequency involvement of hearing in FMF, and
they together with our findings warranted the need for further
audiologic studies in the disease.

Other than vasculitis and amyloidosis the hypercoagulability
state in FMF may be another possible explanation for the cochlear
involvement [21]. Fibrinogen, the levels of which is used as a
supportive diagnostic tool for diagnosis, is known as factor I of
coagulation cascade. Fibrinogen levels are increased in FMF attacks
more than other infectious and autoinflamatory diseases [22]. It
could easily be hypothesized that increased fibrinogen levels
during FMF attacks could adversely affect the blood flow in the
cochlea that might result in functional impairment [23].

We found a relationship with age of disease onset and cochlear
involvement that means younger the patient at the time when
symptoms of the disease start the more cochlear involvement he/
she has. This finding is compatible with findings of Yalcinkaya et al.
[24] who reported that FMF patients with early onset disease have
more severe disease course than patients with late onset disease.
The disease duration also has similar effect on cochlea which was
not surprising, since complications of the disease are seen more
frequently as the disease progresses.

Another issue to discuss is the colchicine use; colchicine
prevents the development of amyloidosis or may reverse
amyloidosis and, as well, reduces hypercoagulability in FMF
[25,26]. In our series 16 of 34 FMF children were on colchicine
treatment already, and the others were newly diagnosed patients
not using colchicine. The reason or reasons, why the analysis of
patients using colchicine and the ones not using colchicine did not
reveal a significant difference in audiological findings, could not be
explained. It may be cleared out by studies trying to explain the
disease etiology and physiopathology in recent future.

5. Conclusion

To our knowledge, our study demonstrating cochlear involve-
ment in FMF patients in pediatric age group is the first in medical
literature. Similar studies must be carried out in adult patients to
see if a clinical hearing loss develops or not. The possible
mechanisms that cause cochlear involvement and the effect of
colchicine treatment on the cochlea must be enlightened.
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