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ABSTRACT

Introduction: Few studies have investigated the hearing in familial Mediterranean fever (FMF), with con-
flicting results reported. The aim of this study was to compare the cochlear functions of FMF children with 
healthy controls and to evaluate any differences in the audiological outcomes of FMF patients during attack 
and attack-free periods.
Material and methods: In this study were recruited 50 FMF children and 31 healthy children as controls. FMF 
patients that were in an attack period and a control group underwent audiometric evaluation including pure 
tone audiometry and Distortion Product Otoacoustic Emission (DPOAE) test. The evaluation was repeated in 
FMF patients in an attack-free period. Additionally, auditory brainstem response (ABR) test was performed 
during attack and attack-free periods.
Results: Hearing thresholds of FMF patients, compared to the control group, were found to be increased at 
all frequencies on the left and at 1000, 4000, and 8000 Hz on the right (p < 0.05). This was supported by the 
DPOAE test, with lower values at all frequencies in FMF children (p < 0.05). In the attack period, compared 
to the attack-free period, hearing thresholds were found to be increased only at certain frequencies, but this 
was not supported by the DPOAE test (p > 0.05). No statistically significant difference between attack and 
attack-free period for ABR test were found (all p > 0.05).
Conclusions: Our results demonstrated cochlear involvement in FMF patients, but no objective acute im-
pairment in hearing in the attack period, which suggests that hearing impairment in FMF is due to chronic 
autoinflammation process. 
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INTRODUCTION

Familial Mediterranean fever (FMF) is a hereditary au-
tosomal recessive autoinflammatory disorder that is com-
mon among people of the Mediterranean basin, including 
Jewish, Arabian, Turkish, and Armenian populations [1].

In Italy it was long considered a very rare disease, in 
spite of its Mediterranean location, but now several pa-
pers reported Italian cases of FMF [2, 3], especially in cen-
tral-southern areas [4]. Symptoms of FMF comprise re-
current fever with abdominal pain, pleurisy, arthritis, and 
skin lesions [5]. The symptomatic period is termed as “at-
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tack”. The patients have no symptoms during the intervals 
between attacks, which is an important feature for diagno-
sis [6]. The gene associated with the disease (MEFV gene 
Chr 16p13.3) was first identified in 1997 by two groups [7, 
8] and encodes a 781-aminoacid protein (pyrin/marenos-
trin) involved in the regulation of inflammation and apop-
tosis [9]. FMF usually starts in childhood; in a multicentre 
study in which both adults and children were involved, the 
average initial age of diagnosis of the disease was 9.6 ±8.6 
and 16.4 ±11.6 years, respectively [10].

Among associated diseases or manifestations, FMF is 
seen particularly together with Henoch-Schönlein pur-
pura and polyarteritis nodosa [11]. The frequent associa-
tion of amyloidosis and vasculitis with FMF suggests that 
these clinical conditions influencing many organs can 
also affect hearing [12].

There are a limited number of studies about the effects 
of familial Mediterranean fever on auditory functions. 
The majority of these studies were conducted in adults 
[13], often with controversial findings. In some of these 
studies, FMF patients, when compared to the healthy 
group, showed elevated hearing thresholds and decreased 
otoacoustic emission, supporting cochlear involvement 
[12, 14], whereas other studies report no significant dif-
ference between these two groups [6, 15].

In this study, we aimed to compare the cochlear func-
tions of FMF children with healthy controls and to eval-
uate any differences in the audiological outcomes of FMF 
patients during the attack and attack-free periods, by 
using distortion product otoacoustic emission (DPOAE) 
test, pure tone audiometry (250-8000 Hz), and auditory 
brainstem response (ABR) test.

MATERIAL AND METHODS

This case-control, three-group interventional study 
was performed at the Otorhinolaryngology Unit, Santa 
Marta e Santa Venera Hospital, Acireale, Catania, Italy, 
from 2014 to 2017. A total of 50 children diagnosed with 
FMF according to Tell-Hashomer criteria [16] were re-
ferred to our clinic for further evaluation from the Paedi-
atric Clinics of the same hospital, and 31 healthy children 
were included in the study as a control group. The study 
protocol was approved by the Ethics Committee of Unità 
Operativa Complessa di Otorinolaringoiatria-ASP 3 CT, 
P.O. Acireale, Italy and conducted in accordance with the 
ethical principles described in the Declaration of Hel-
sinki. Written, informed consent was obtained from all 
parents and children.

The children with active ear infections, acute otitis 
media, otitis media with effusion, chronic otitis media, 
and otitis externa, those with a positive history of ototoxic 
agent use, and those not eligible for hearing tests were ex-
cluded. The patients and the control group were evaluated 
with a detailed ear, nose, and throat (ENT) examination 
with audiological evaluation including tympanometry, 

audiometry, and DPOAE tests for both ears. In addition, 
11 patients were also tested for ABR. All these evaluations 
were done in both attack and attack-free periods. Primar-
ily, the tympanometry was performed using a GSI 37 tym-
panometer (Grason-Stadler Inc., Eden Prairie, Minnesota, 
USA) to prove that middle ear function was normal. 

Tonal audiometry was performed in a totally iso-
lated cabin with the AC-40 audiometer (Interacous-
tics, Middelfart, Denmark) and TDH-39P headphones 
(Interacoustics A/S, Denmark). Air-conduction and 
bone-conduction thresholds were measured at frequen-
cies of 250-8000 Hz intervals. Pure-tone average (PTA) 
was used to determine the hearing loss. A hearing level of 
< 25 dB was considered normal in the tested frequencies.

Measurements of distortion product otoacoustic 
emissions (DPOAEs) were carried out for all subjects 
while the subjects were seated in a soundproof test room 
with portable equipment used in hearing screening pro-
grams (AccuScreen, Madsen – Otometrics, Denmark). 
Once the probe was placed with a good seal in the ear ca-
nal, the measurements were done. Two pure-tone stimuli 
at 65/50 dB SPL (f2 : f1 = 1.22) were presented to the ear 
simultaneously and DPOAEs were measured at five dif-
ferent frequencies ranging from 1000 to 4000 Hz (1000, 
1400, 2000, 2800, and 4000 Hz).

ABR test was performed on each FMF patient during 
an attack period, and it was repeated in an attack-free 
period with an automated ABR (GSI AUDIOscreen-
er+; Grason-Stadler, Minneapolis, MN) after sedation 
with oral or intramuscular sedatives. Analysis time was  
10 seconds. One electrode was placed on each earlobe and 
a third on the forehead for grounding. Electrode imped-
ance was less than 5000 Ohms and inter-electrode imped-
ance was within 2000 Ohms. Click stimuli were set to an 
80 decibel hearing level (dB HL). The click was averaged 
across 1000 sweeps and was replicated. Waves I, III, and 
V were identified and their latencies were recorded. Wave 
I and wave V amplitudes were determined for 80 dB HL 
click-evoked waveforms. ABR was detected by placing 
electrodes on the scalp and separating the response from 
background electroencephalography measures using av-
eraging and amplification techniques [17]. 

Although the absolute latencies can be influenced by 
peripheral hearing loss, the inter-peak latencies are gen-
erally accepted as measures of central neural conduction 
time and are influenced by myelination of nerve fibres 
[18]. All audiometric evaluations were performed at the 
same centre by the same audiologist.

STATISTICAL ANALYSIS

All statistical analyses were performed using SPSS 
software version 20.0 (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics were expressed as mean ±SD (standard 
deviation) and number. Kolmogorov-Smirnov test was 
used to evaluate the distribution of variables.
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Independent sample t-test was used for continuous 
variables with normal distribution, and Mann-Whitney 
U-test was used for continuous variables without normal 
distribution. Significance was accepted at p < 0.05 for all 
statistical analyses.

RESULTS

The mean age was 12.1 ±3.9 years in the FMF group 
and 11.3 ±3.5 years in the control group. There were  
24 boys and 26 girls in FMF group, and 15 boys and 16 girls 
in the control group. There were no significant differences 
between the patient and the control group with respect to 
age and gender distribution (p > 0.05). 

The hearing thresholds were analysed separately for 
the right and the left ear in all study groups and are shown 
in Table 1. There were statistically significant higher hear-
ing levels in FMF patients, when compared to the control 
group, at all frequencies (250 to 8000 Hz) and pure tone 
average (PTA) on the left and at 1000, 4000, 8000 Hz and 
PTA on the right (p < 0.05).

Also, a significant difference was found in terms of 
DPOAEs between both groups (p < 0.05) with lower values 
in FMF children compared to the control group at all fre-
quencies (1000 to 4000 Hz) (p < 0.05) except for 1000 Hz 
on the right ear (p > 0.05) (Table 2).

When we compared the results of the audiological 
survey performed in the attack period with those in the 
attack-free period, we found significant differences for 
the hearing levels in the audiogram only at frequencies 
of 250, 1000, and 8000 Hz and pure tone average on 
the left and 1000 Hz and pure tone average on the right  
(p < 0.05). Moreover, this difference was not supported by 
the DPOAE test (all p > 0.05). 

Additionally, there was no statistically significant differ-
ence between attack and attack-free period for ABR wave 
latencies and inter-peak intervals (all p > 0.05) (Table 3).

DISCUSSION

There are few published studies conducted on patients 
at paediatric age attempting to elucidate the direct rela-

TABLE 1. Comparison of the audiometry values between the three groups for both ears

Audiometric 
frequency (Hz)

Groups Left
hearing 

levels mean 
±SD

p values Right
hearing 

levels mean 
±SD

p values

FMF A
vs. control

FMF A-F
vs. 

control

FMF A
vs. FMF 

A-F

FMF A vs. 
control

FMF A-F
vs. 

control

FMF A
vs.

FMF A-F

250 FMF A 12.53 ±3.29 0.002 0.043 0.039 9.66 ±2.17 0.287 0.288 0.768

FMF A-F 9.66 ±2.34 9.52 ±2.01

Control 7.13 ±1.96 8.29 ±1.98

500 FMF A 9.52 ±2.51 0.026 0.029 0.774 9.88 ±3.95 0.316 0.353 0.341

FMF A-F 9.83 ±2.48 8.42 ±2.34

Control 6.37 ±1.78 7.53 ±1.53

1000 FMF A 11.48 ±3.06 0.003 0.045 0.048 10.92 ±2.05 0.013 0.044 0.047

FMF A-F 8.92 ±2.63 8.97 ±1.85

Control 6.62 ±1.46 6.15 ±1.93

2000 FMF A 9.46 ±3.26 0.006 0.002 0.654 7.84 ±2.07 0.307 0.256 0.556

FMF A-F 10.19 ±3.54 8.28 ±2.65

Control 5.28 ±1.44 6.68 ±1.21

4000 FMF A 9.54 ±2.67 0.005 0.006 0.664 9.77 ±2.58 0.006 0.007 0.788

FMF A-F 9.88 ±2.23 9.24 ±2.43

Control 4.47 ±1.55 3.92 ±1.76

8000 FMF A 11.25 ±2.29 0.004 0.042 0.046 9.14 ±2.31 0.043 0.047 0.872

FMF A-F 8.67 ±2.33 9.09 ±1.97

Control 6.61 ±1.79 6.35 ±1.39

PTA FMF A 12.12 ±2.15 0.007 0.041 0.039 13.23 ±2.37 0.006 0.042 0.037

FMF A-F 10.68 ±2.38 10.26 ±2.21

Control 7.21 ±2.15 7.88 ±2.10
FMF A – familial Mediterranean fever attack period, FMF A-F – familial Mediterranean fever attack-free period, SD – standard deviation, PTA – pure tone average
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tionship between hearing and FMF disease [13], and most 
of them report contradicting results. 

One of the first studies performed at paediatric age 
was by Koybasi et al. [12], which showed that FMF dis-
ease affects cochlear function. In particular, the authors 
found increased hearing thresholds, including high 

frequencies in audiometric evaluation, and showed 
decreased distortion products in the otoacoustic emis-
sion evaluation for FMF children when compared to 
a healthy control cohort. Our findings agree with those 
results. In this study, we found that the hearing levels of 
FMF group were significantly higher than the control 
group at all frequencies tested on the left and at 1000, 
4000, and 8000 Hz on the right. These findings were 
supported by the decreased distortion products demon-
strated by DPOAE testing in children with FMF when 
compared to controls.

In contrast with our findings, Uysal et al. [19] found 
no difference between FMF patients and controls by us-
ing Transient Evoked Otoacoustic Emissions (TEOAEs). 
Moreover, Polat et al. [20] and Cevik et al. [6] were unable 
to show any significant difference according to the dis-
tinct hearing thresholds. 

Recently, Keskindemirci et al. [15] compared cochlear 
functions according to a severity score system. As a result, 
no significant differences were shown between the FMF 
group and healthy controls.

Although several studies have investigated cochlear 
functions in FMF patients, none have taken the periodic-
ity of the attacks into account when the auditory findings 
have been evaluated. Our study is the first to employ this 
context. For this reason, we have submitted FMF patients, 
who were in an attack period, to audiometric evaluation, 
repeating the tests when they were in an attack-free pe-
riod. As a result, we found that the hearing thresholds 
in the attack period compared to the attack-free period 

TABLE 2. Comparison of the DPOAE values between the three groups for both ears

DPOAEs (Hz) Groups Left
DPOAE 

mean ±SD

p values Right
DPOAE 

mean ±SD

p values

FMF A 
vs. control

FMF A-F
 vs. control

FMF A
vs. FMF A-F

FMF A 
vs. control

FMF A-F
vs. control

FMF A
vs. FMF A-F

1000 FMF A 5.53 ±5.19 0.027 0.033 0.412 6.58 ±4.01 0.089 0.083 0.682

FMF A-F 6.06 ±4.46 6.32 ±3.97

Control 9.46 ±6.08 8.65 ±5.42

1400 FMF A 6.43 ±4.87 0.021 0.020 0.912 6.29 ±4.97 0.026 0.029 0.441

FMF A-F 6.42 ±4.54 6.56 ±4.14

Control 10.87 ±6.53 12.63 ±6.44

2000 FMF A 5.29 ±4.23 0.006 0.005 0.634 6.17 ±3.75 0.039 0.042 0.507

FMF A-F 5.06 ±4.11 6.78 ±3.94

Control 15.74 ±6.73 14.16 ±6.36

2800 FMF A 9.58 ±5.12 0.003 0.004 0.673 10.34 ±5.01 0.008 0.007 0.652

FMF A-F 9.78 ±5.23 10.12 ±4.78

Control 23.18 ±6.23 22.38 ±5.45

4000 FMF A 12.17 ±6.27 0.005 0.003 0.622 11.88 ±5.48 0.003 0.002 0.776

FMF A-F 11.94 ±6.23 11.65 ±5.41

Control 21.37 ±7.35 23.37 ±7.72
DPOAE – distortion product otoacoustic emissions, FMF A – familial Mediterranean fever attack period, FMF A-F – familial Mediterranean fever attack-free period, SD – standard deviation

TABLE 3. The AABR values of patients in attack period and attack-free 
period

ABR variables
(wave 
or inter-wave)

Groups Latencies 
mean ±SD

p values

I (ms) FMF A  1.59 ±0.11 0.524

FMF A-F 1.57 ±0.12

III (ms) FMF A  3.75 ±0.17 0.545

FMF A-F 3.77 ±0.11

V (ms) FMF A 5.56 ±0.15 0.251

FMF A-F 5.39 ±0.18

I-III (ms) FMF A 2.16 ±0.14 0.397

FMF A-F 2.21 ±0.11

III-V (ms) FMF A 1.81 ±0.16 0.159

FMF A-F 1.62 ±0.15

I-V (ms) FMF A 3.97 ±0.13 0.554

FMF A-F 4.03 ±0.16
ABR – auditory brainstem response, FMF a – familial Mediterranean fever attack period, FMF A-F – 
familial Mediterranean fever attack-free period, SD – standard deviation
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were increased only at certain frequencies (250, 1000, and 
8000 Hz and pure tone average on the left and 1000 Hz 
and pure tone average on the right), but this was not sup-
ported by the DPOAE and ABR tests. This may suggest 
that hearing impairment in FMF is due to a chronic au-
toinflammation process, which may, in turn, be due to 
a substantial amount of subclinical inflammation that 
persists between attacks [15].

Many pro-inflammatory cytokine secretions are in-
creased even in the period without attacks [21]. Several 
experimental studies showed that several cytokines such 
as TNF-a, IL-1b, and IL-6, besides playing an important 
role in allergic disease [22], also have a critical role in 
damaged cochlea. The mechanism and function of these 
cytokines are still obscure. However, it is believed that the 
presence of these inflammatory cytokines in cochlear flu-
id together with monocytes and macrophages can cause 
cochlear damage [23, 24]. FMF patients are exposed to in-
tensive cytokine secretion and inflammation both during 
an attack and in the attack-free period, inducing in this 
way hearing loss [21], but further studies are required on 
this subject.

One limitation of the present study is that the rela-
tionship between hearing loss and the treatment was not 
evaluated because all FMF patients were using colchicine. 
There are studies showing a possible anti-inflammatory 
effect on the inner ear, while it also has an ototoxic effect 
[21]. However, the effect of colchicine treatment on the 
cochlea has not been clearly shown, and there is no study 
in the literature regarding the effect of oral colchicine 
preparations on the inner ear or the relationship between 
the dose and usage duration of oral colchicine and the 
audiometric evaluations. Our study did not evaluate the 
age at the onset of disease, constituting a possible limita-
tion that could affect our audiometric results as reported 
in literature [25]. A correlation analysis between hearing 
results, age at the onset of disease, and colchicine usage 
time with different variables and longer study period 
would be more appropriate to address this issue.

CONCLUSIONS

In conclusion, our results demonstrated that FMF 
disease may cause hearing loss in children with FMF. 
Regarding these results, objective acute impairment in 
hearing in the attack period was not demonstrated, which 
may suggest that hearing impairment in FMF is due to 
a chronic autoinflammation process.

These findings also suggest that regular follow-up of 
auditory function in FMF children who are unable to ex-
press hearing loss may be helpful in determining possible 
hearing loss in the early stages.
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