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Introduction

Ankylosing spondylitis (AS) is an

uncommon chronic inflammatory

disease that most often affects the

sacroiliac joints and spine, and

sometimes the peripheral joints.

The worldwide prevalence of AS

may be as high as 0.9 per cent.1

Hallmarks of AS are progressive

new bone formation throughout

the spine, and the human leuko-

cyte antigen allele HLA-B27.2,3

Not infrequently, the pathologic

process can also involve other

organs, particularly eyes, the gut,

and, less commonly, the heart and

lungs.4-5

Ear involvement has been only

marginally considered in AS,

although some observations have

indicated that this organ may

also be affected, often leading

to hearing  loss. Although initial

reports stated that hearing loss

was of the conductive type,6 sub-

sequent clinical studies concluded

that hearing loss in these patients

was mainly sensorineural (SNHL).7

Although little information is

available about the pathogenesis

of SNHL associated with AS,

some studies have been published

about the disease severity and  its

treatment. Raza et al.8 hypothe-

sized that cochlear damage and

SNHL might be secondary to

inflammatory disease, because, in

their series of AS patients,

cochlear symptoms were associ -

ated more with AS aggravation

than with sulphasalazine (SSZ)

treatment. In contrast, we recently

described the case of a patient

with AS in whom tinnitus and

bilateral SNHL improved only

when SSZ was discontinued.9

An increasing amount of recent

evidence indicates that tumour

necrosis factor (TNF)α blockers

(anti-TNFα) are the most effective

therapy for AS.10 In the present

study, we investigated the rela-

tionship between clinical charac-

teristics, therapy, and audiological

evidence in a group of 28 con -

secutive patients who had AS and

were treated with anti-TNFα

agents (etanercept or infliximab)

alone or together with metho -

trexate (MTX). Etanercept is a

genetically engineered fusion pro-

tein composed of a dimer of the

extracellular portion of human

tumour necrosis factor receptor 2

fused to the Fc portion of human

IgG1. Infliximab is a chimeric

protein that contains approximate-

ly 25% mouse-derived amino

acids comprising the VH and VL

domains and approximately 75%

human-derived amino acids com-

prising the CH1 and Fc constant

regions. These two anti-TNFα

agents appear to increase the inci-
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dence of vasculitis or exacerbate

previous vasculitis due to

immunocom plexes that settle in

small capil laries or induce autoan-

tibody formation. MTX is an

antimetabolite and antifolate drug

that inhibits the metabolism of

folic acid and, therefore, the syn-

thesis of DNA, RNA, thymidy-

lates, and proteins; it has several

cellular toxic effects.

Methods

Patients

The study was carried out in the

Department of Medical and

Surgical Specialties, Section of

Otolaryngology, University of

Padova, Italy. We studied 28 con-

secutive patients with AS who

fulfilled  the Modified New York

Diagnostic Criteria,11 and were

referred to the Rheumatology Unit

of the University of Padova.

Twenty-five patients were male,

and the mean age was 49.2 ±

11.1 years. The mean disease

duration was 17.2 ± 13.6 years.

Fourteen patients (50%) had AS

with peripheral involvement; in

seven of them, the symptoms were

so severe that they required pre-

treatment with MTX (10 mg/wk)

before beginning anti-TNFα and

MTX combination therapy. All

patients underwent treatment with

anti-TNFα agents; 15 were treated

with etanercept (25 mg twice

a week), and 13 with infliximab

(3 mg/kg every 6 wk) (Table 1).

None of the patients who were

treated with anti-TNFα agents

alone were taking steroids while

in the anti-TNF plus MTX group

only two patients were also taking

steroids; 4 mg of prednisone/d

was the mean dose during the

year prior to the study. Laboratory

markers of inflammation, such as

erythrocyte sedimentation rate

(ESR) and C-reactive protein

(CRP), were determined for all of

the patients in the study. 

Otological and audiological

determinations

Factors other than AS that could

lead to hearing loss (known oto-

toxic drugs, noise exposure,

Meniere’s disease, skull trauma,

and metabolic diseases) were

ruled out for the study partici-

pants, and none of the otological

evaluations showed any abnor -

malities. Using an electronic

clinical  audiometer (Interacous -

tics AC40), the patients underwent

pure tone threshold determination

between 125 and 8,000 Hz for air

con duction and between 500 and

4,000 Hz for bone conduction. 

Hearing data were recorded in a

database following the Guidelines

of the Committee on Hearing and

Equilibrium.12 Hearing at 3,000 Hz

was not tested in all cases; when

thresholds at 3,000 Hz were not

available, they were estimated as

the mean of thresholds at 2,000

and 4,000 Hz, as suggested by

Monsell.13 Pure-tone average (PTA)

was calculated as the mean

threshold  at 500, 1,000, 2,000, and

3,000 Hz. For all calculations,

pure tone thresholds at single fre-

quencies were considered by the

worse ear, either right or left.

Hearing loss was diagnosed when

one or more pure tone thresholds

at 500, 1,000, 2,000, 3,000, or

4,000 Hz were >20 dB.

Data Analysis

When required, the following

statistical  tests were applied: one-

way analysis of variance (Anova),

Mann-Whitney U test, Fisher

exact test, Pearson r correlations,

Spearman’s rank correlation test.

We considered p <0.05 to be sig-

nificant. The STATA 8 (StataCorp,

College Station, TX, USA) statis-

tical package was used for all

evaluations. 

Results

The main clinical and laboratory

features of the AS patients are pre-

sented in Table 1. The mean treat-

ment period was 13.4 ± 10 months.

When the AS patients were strati-

fied according to treatment modal-

ity, the mean treatment period was

10.7 ± 6.5 months for the anti-

TNFα alone group and 21.3 ±

13.9 months for the anti-TNFα

plus MTX group (two-sided t-test,

p = 0.01). SNHL was diagnosed in

Features Anti-TNFα Anti-TNFα + MTX p

Patients 21 7 –

Age, years, mean (range) 47 (27–65) 50 (34–67) >0.05

Disease duration in years, mean ± SD 16.4 ± 11.3 18.2 ± 12.7 >0.05

Patients with peripheral involvement (%) 7 (33.3) 7 (100) <0.001

Patients with dactylitis (%) 2 (9.5) 0 >0.05

Patients with uveitis (%) 2 (9.5) 0 >0.05

Patients with psoriasis (%) 1 (4.8) 2 (28.5) <0.01

Patients with HLA B27 (%) 19 (90.4) 6 (85.7) >0.05

ESR mm/h, mean ± SD 28.7 ± 19.3 23.3 ± 25.5 >0.05

CRP mg/dl, mean ± SD 2.5 ± 2.1 4.2 ± 2.5 <0.05

Treatment duration, months 10.7 ± 6.5 21.3 ± 13.9 <0.01

Patients taking etanercept 11 4 —

Patients taking infliximab 10 3 —

Table 1

Main clinical and laboratory features of AS patients stratifed by treatment
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16/28 (57.1%) patients. The mean

pure tone thresholds in the worse

ears (left or right) of the patients

with SNHL were 14.8 ± 6.9 dB at

500 Hz, 14.3 ± 5.4 dB at 1,000

Hz, 14.8 ± 6.7 dB at 2,000 Hz,

20.8 ± 10.4 dB at 3,000 Hz, and

26.8 ± 15.9 dB at 4,000 Hz. The

patient’s age was significantly

associated with the presence of

hearing loss (one-way ANOVA,

p = 0.020). In particular, the

patient’s age was significantly

associated with pure tone

thresholds  at 1,000, 2,000, 3,000,

and 4.000 Hz (Spearman’s rank

test, p = 0.029, p = 0.004,

p = 0.032, and p = 0.002, respec -

tively), and with PTA values

(Pearson correlation, p = 0.023).

The clinical and laboratory

features  of the AS patients were

stratified according to the presence

or absence of hearing loss

(Table 2). Statistical analysis

revealed a significant association

between hearing loss (presence or

absence) and the number of peri -

pheral joints affected by AS

(Mann-Whitney U test, p =

0.040). However, we did not find

a sig nificant association between

the presence or absence of hearing

loss and the presence or absence

of extra-articular AS features

(Fisher exact test, p = 0.137) or

between hearing loss and ESR

(Mann-Whitney U test, p = 0.541)

or CRP (in mg/dl; Mann-Whitney

U test, p = 0.475)

Mean pure tone thresholds at

500, 1,000, 2,000, 3,000, and

4,000 Hz in the worse ear (left or

right) according to AS treatments

(anti-TNFα vs. anti-TNFα plus

MTX) are summarised in Table 3.

One-way ANOVA ruled out any

association between 500, 1,000,

2,000, and 3,000 Hz mean audio-

metric thresholds and AS treat-

ment. A 4,000 Hz mean audio -

metric threshold was significantly

associated with AS treatment

(one-way ANOVA, p = 0.036).

Hearing loss in the worse ear

(left or right) was diagnosed in

7/7 (100%) patients treated with

anti-TNFα plus MTX and in

9/21 (42.8%) of those treated with

anti-TNFα only (Table 4). Fisher

exact test showed a significant

association between the presence

of hearing loss and the chosen

treatment modality (p = 0.011).

Tables 5 and 6 compare the median

pure tone thresholds in men (25

out of 28 (89.3%) participants)

and women (three participants)

AS with stratified for treatment

modality with age matched nor-

mal median hearing thresholds

according to ISO 7029 (1984).14

Statistical analysis did not dis-

close any association between

the presence of tinnitus (Table 4)

and AS treatment (Fisher exact

test, p = 0.371). The mean anti-

Frequency (Hz) Anti-TNFα* Anti-TNF ± MTXα** p

500 14.5 ± 5.6 15.7 ± 6.1 >0.05

1,000 14.0 ± 4.9 15.0 ± 5.8 >0.05

2,000 14.8 ± 6.4 15.0 ± 5.8 >0.05

3,000 18.9 ± 10.7 26.4 ± 6.6 >0.05

4,000 23.1 ± 16.2 37.9 ± 9.5 0.036

Table 3

Pure tone threshold in dB of AS patients stratified by treatment modality (mean ± SD)

*Twenty-one patients.
**Seven patients.

Features Normal hearing SNHL p

Patients 12 16 –

Age, years, mean (range) 43 (31-65) 53 (39-67) <0.05

Peripheral involvement, N patients (%) 3 (25) 10 (62,5) <0.05

No. of peripheral affected joints, mean ± SD 0.8 ± 1.6 3.3 ± 3.6 <0.01

Patients with dactylitis (%) 0 3 >0.05

Patients with uveitis (%) 2 0 >0.05

Patients with psoriasis (%) 2 2 >0.05

Patients HLA B27 (%) 10 14 >0.05

ESR mm/h, mean ± SD 27.5 ± 28.8 24.0 ± 17.2 >0.05

CRP mg/dl, mean ± SD 2.4 ± 2.4 2.6 ± 3.7 >0.05

Patients taking etanercept 8 9 >0.05

Patients taking infliximab 4 7 >0.05

Patients taking methotrexate + anti-TNFα 0 7 –

Table 2

Differences in main clinical and laboratory features between AS patients with 
or without SNHL

No. of cases Anti-TNFα* Anti-TNFα + MTX** Total (%)

Hearing loss 9 7 16 (57.1%)

Tinnitus 5 3 6 (21.4%)

Normal hearing 12 — 12 (41.8%)

Tinnitus 1 1 2 (7.1%)

Table 4

Audiological signs and symptoms in AS patients stratified by treatment modality

*Twenty-one patients.
**Seven patients.
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TNFα treatment time was 16.7 ±

10.7 months in patients with

hearing  loss and 8.8 ± 6.3 months

in patients without hearing loss.

The anti-TNFα treatment time

was significantly associated with

the presence of hearing loss

(Mann-Whitney U test, p =

0.020). Spearman’s rank tests also

found a significant association

between treatment time and pure

tone thresholds at 3,000 and

4,000 Hz. One-way ANOVA found

no association between treatment

modality and the patients’ ages

(p = 0.104). Although no correla-

tion was found between hearing

loss and ESR or CRP, the latter

marker was significantly higher in

patients treated with anti-TNFα

plus MTX compared to those

treated with anti-TNFα alone (p <

0.01) (Table 1). Statistical analysis

ruled out any association between

the interval (in months) after AS

diagnosis and the presence of

hearing loss; the presence of tinni-

tus; or pure tone thresholds at 500,

1,000, 2,000, 3,000, and 4,000 Hz.

Discussion

The results of our study demon-

strate that hearing loss was a com-

mon feature in AS; in our series,

it occurred in 16/28 patients with

AS (57.1%). The prevalence of

hearing loss in these patients was

higher than that observed in the

Alatas et al.1 and Erylmaz et al.15

studies, in which SNHL was

found in 28.6% and 35.5% of AS

patients, respectively. In contrast,

Adam et al.16 found that at the

25 dB hearing thresholds, 71.1%

of AS patients had SNHL at an

extended high frequency (range

10–16 kHz). In accordance with

Erylmaz et al.,15 in our series, AS

patients with SNHL also had

decreased hearing levels mostly at

high frequencies (3,000 Hz and

4,000 Hz).

Although the pathogenesis of

these disorders is not entirely

understood, several findings have

indicated that AS is associated

with cochlear and vestibular dys-

functions. After performing audi-

tory brainstem response tests

(ABR) in a series of AS patients

and in an age-matched control

group of patients without rheu-

Frequency (Hz) Anti-TNFα* Median normal hearing
thresholds**

Anti-TNFα + MTX† Median normal hearing
thresholds‡

500 10 2.6 12.5 4.3

1,000 10 2.9 12.5 4.9

2,000 10 5.1 12.5 8.6

3,000 15 8.4 25 14.1

4,000 15 11.7 35 19.6

Table 5

Median pure tone threshold in dB of AS male patients stratified by treatment modality and compared to age-
matched normal hearing thresholds according to ISO 7029

*Nineteen male patients, median age 45 y.
**In 45-y-old males.
†Six male patients, median age 53 y.
‡In 53-y-old males.

Frequency (Hz) Anti-TNFα* Median normal hearing
thresholds** 

Anti-TNFα + MTX† Median normal hearing
thresholds‡

500 12.5 5.1 25 8.4

1,000 12.5 5.8 25 9.6

2,000 10 8.7 20 14.4

3,000 18.75 10.8 32.5 18.0

4,000 27.5 13.0 45 21.6

Table 6

Median pure tone threshold in dB of AS female patients stratified by treatment modality and compared to age-
matched normal hearing thresholds according to ISO 7029.14

*Two female patients, median age 56 y.
**In 56-y-old females.
†One female patient, 67 y old.
‡In 67-y-old females.
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matic or otologic disease, Alatas

at al.1 found no significant dif -

ferences between the two groups,

thus ruling out retrocochlear

abnormalities in AS patients.

Erbek et al.4 concluded that SNHL

was due to chronic cochlear

damage  rather than to neuropathy.

Their findings were supported by

the investigation of Dagli et al.17

of distortion product otoacoustic

emissions. It has been suggested

that AS may cause early deteriora-

tion of the cochlea by an auto -

immune reaction. The most

widely  documented effects of

autoimmune diseases resulting in

SNHL are mediated by a vascular

mechanism.15

The inner ear is an organ capa-

ble of rapidly generating an active

immune response.18 Hearing loss

in some individuals is thought to

be mediated by inner ear immune

responses, as observed in

immuno complex-mediated vas-

culitis and neuritis. However,

because these complications are

relatively uncommon in AS, the

role of medications as possible

causes of SNHL must be con -

sidered.16 It is well known that

several drugs used in rheumatic

diseases may cause ototoxicity.19

In our series, all of the AS

patients were treated with either

anti-TNFα (infliximab or etaner-

cept) alone or with a combination

of anti-TNFα and MTX. SNHL

was diagnosed in 100% of the

patients treated with anti-TNFα

plus MTX and in 43% of the

patients treated with anti-TNFα

alone, and statistical analysis

showed a significant association

between the rate of hearing loss

and the treatment modality.

Furthermore, one-way ANOVA

revealed a significant association

between treatment time in months

and the presence of hearing loss,

and the mean treatment time was

significantly longer in patients

taking anti-TNFα plus MTX. No

correlation was found between

hearing loss and ESR or CPR.

At least three hypotheses may

be drawn from this evidence:

(1) Anti-TNFα may influence

SNHL, appears to be supported by

the relationship between treatment

time and the presence of hearing

loss. Recently, the use of anti-

TNFα agents has been associated

with an increasing number of

reports of autoimmune features,

including vasculitis; exacerbation

of previous vasculitis has also

been reported.20 The mechanism

of vasculitis is not entirely under-

stood, but several theories exist.

One theory is that anti-TNFα

agents and TNFα form immuno-

complexes that are deposited in

small capillaries, thereby trigger-

ing a type III hypersensitivity

reaction. Another theory is that

anti-TNFα agents induce auto -

antibody formation and a reaction

that results in vasculitis.21 In our

series, SNHL may have resulted

from anti-TNFα agent-induced

vasculitis of the labyrinthine

artery or its cochlear branch.

(2) SNHL may be due to treatment

with anti-TNFα plus MTX,

because all of the patients who

received this treatment had

SNHL. However, the second

hypothesis could be counterbal-

anced by the third hypothesis: (3)

AS patients who were treated with

anti-TNFα plus MTX had more

severe disease compared to those

treated with anti-TNFα alone, as

demonstrated by a higher inci-

dence of peripheral arthritis and

higher CRP levels. Statistical

analysis ruled out any association

between treatment modality and

the patients’ age. No association

was found between the presence

of hearing loss and the elapsed

time after AS diagnosis.

The present data, collected in a

retrospective setting, were only a

starting point for a prospective

study to investigate audiological

features before and after treatment

with different TNFα blockers that

will be instituted by our depart-

ments at the University of Padova.

In our future study, we also plan to

conduct post-mortem histopatho-

logic examinations of the tempo-

ral bones of patients with AS

complicated  by SNHL, to evaluate

potentially specific abnormalities

affecting the cochlea.
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