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Abstract

Hearing loss may be found in patients with systemic autoimmune disorders such as connective tis-
sue diseases (CTD). This work aimed to review the literature on ear involvement in CTD. A systematic
search of articles published in PubMed/MEDLINE, EMBASE, and SCOPUS from 1966 to June 2023 fol-
lowing PRISM guidelines was done. Seventy-nine papers were selected: 39 on rheumatoid arthritis;
16 on systemic lupus erythematosus; 14 on scleroderma; 6 on Sjogren’s syndrome; 1 on mixed con-
nective tissue disease; and 3 that approached more than one CTD. Most of them showed that hearing
loss (HL) in connective tissue disease patients was higher than in controls, mainly of the sensorineural
type and at high frequencies. Associations with clinical features and autoantibodies profile of underly-
ing conditions varied widely among the results. In conclusion, sensorineural hearing loss is common
in individuals with CTD, and it is essential to be aware of this complication in order to establish an
effective treatment.

Keywords: Connective tissue disease, rheumatoid arthritis, systemic lupus erythematosus, sclero-
derma sjoégren’s syndrome, ear abnormalities

Introduction

Connective tissue diseases are chronic autoimmune entities that have a wide range of clinical manifesta-
tions. Articular and extra-articular manifestations involving multiple organs and systems such as the lungs,
eyes, heart, and peripheral vascular system are common. Among the affected extra-articular structures are
the ears, causing hearing difficulties or deafness, tinnitus, and dizziness, among other problems."” These
symptoms impair the patient’s quality of life.

The ear may be damaged by the immune system even in cases not linked to rheumatic diseases, as an
organ-specific autoimmune disease; in those with already established autoimmunity, the risk is increased.
A study by Rossini et al* has shown that individuals with autoimmune diseases have a 4.27 times higher risk
of sensorineural hearing loss (SNHL) than controls, mainly at high frequencies.

The pathogenesis of hearing loss (HL) associated with autoimmune diseases is not entirely under-
stood. One hypothesis is that the ear’s vascular supply may be injured. The inner ear’s vascular system
is considered vulnerable to blood circulation issues due to its end-arterial nature and the cochlea’s
high metabolic demands.® It can be damaged by immune complex deposition that favors endo-
thelial lesions and thrombus formation.® Immune complexes and autoantibodies against inner ear
proteins have been detected in RA patients with hearing loss.” Moreover, infarctions due to microcir-
culation thrombosis, histologically proven and associated with antiphospholipid antibodies, have
been found in systemic lupus erythematosus (SLE) patients with SNHL® Microangiovasculopathy
is also a cardinal feature found in scleroderma (55¢).” Furthermore, uncontrolled chronic inflamma-
tion in rheumatic diseases may be another factor linked to vascular damage, as it is associated with
accelerated atherosclerosis.'

The cellular autoimmune lesion is another hypothesis that may explain the hearing loss (HL) association
with autoimmune diseases. T cell lymphocytes specifically responsive to human inner ear antigens and
increased levels of interferon y have been detected in individuals with HL."

An additional explanation proposed is the damage to the ossicles in the middle ear that transmit sounds
from the air to the cochlea. The incudostapedial and incudomalleolar joints are authentic diarthrodial joints
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subjected to rheumatoid damage. Damage to
these structures may lead to middle ear stiff-
ness and even ossicular discontinuity, causing
conductive deafness.®’? Copeman described
this possibility in 1963, calling it rheumatoid
oto-arthritis.”

Finally, neurological deficits may contribute
to HL. They may occur due to vasculitis or by
compression of cranial nerves by fibrous tissue,
as seen in SSc?

Herein, a review of hearing loss in connective
tissue diseases aims to summarize the present
knowledge on this issue.

Methodology

A systematic search of articles published in
PubMed/MEDLINE, EMBASE, and SCOPUS from
1966 to June 2023 was conducted using the
following MeSH entry terms: “ear” OR "hearing”
and “rheumatic” OR “rheumatoid arthritis” OR
"systemic lupus erythematosus” OR “Sjogren’s
syndrome” OR “myositis” OR “systemic sclero-
sis” OR "mixed connective tissue disease! The
search had no language restriction. The refer-
ence lists of the selected articles were analyzed
to identify other publications.

Initially, two authors (xx and yy) performed the
literature search and independently selected
the study abstracts. In the second stage, the
same reviewers independently read the full-
text articles selected by abstracts. The authors
followed PRISMA guidelines." A standardized
form to extract the information from relevant
articles was designed, including authors, year of
publication, number of patients studied, dem-
ographic data, disease duration, instruments
used to evaluate ear involvement, and results.

Results
The flow chart with articles selection is
in Figure 1.

* Hearing loss may be found in patients
with systemic autoimmune disorders.

79 articles were selected in rheuma-
toid arthritis, in systemic lupus erythe-
matosus, in scleroderma, in Sjogren's
syndrome, in mixed connective tissue
disease.

* Most of them showed that hearing loss
(HL) in connective tissue disease patients
was higher than in controls, mainly
of the sensorineural type and at high
frequencies.
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* Not in adult;
* Case descriptions;
* Review.

RA=rheumatoid arthritis; SLE=systemic lupus erythematosus; SSc= scleroderma; SS= Sjogrens’ syndrome; MCTD=
mixed connective tissue disease; CTD=connective tissue disease.

Figure 1. Flow chart of articles selected for review.

The results were summarized according to the
baseline disease.

Results in Rheumatoid Arthritis (RA)
Table 1 displays the results found in RA. Among
the 39 identified articles were 7 cross-sectional
studies;'*"*? one retrospective;’! 1 prospec-
tive,”> and 30 case-control 812230

The prevalence of HL in these patients ranged
from none in two studies'?* to over 90%.%
Most of the studies showed a prevalence of
HL in RA that is greater than in controls, and
that was, most of the time, neurosensorial
and predominantly in high-frequency sounds
Simulating presbycusis_u,ﬁ,ﬂ,22,24,25,28,35,37,38,47 The
subjective HL was less frequent than audio-
metric findings, ranging from 16% to 29.6%'
Conductive HL was found to a lesser degree.
Lasso de la Vega et al could not find conduc-
tive defects in their 53 patients, nor could
Rosenberg et al,”® Trevino-Gonzales et al,'” nor
Oztiir et al® Others detected values around
25%'%%” while Rkain et al** detected conductive
HL in 63.6% of their sample. Still, this last author
studied only 22 patients.

Analysis of the influence of RA characteris-
tics on HL is contradictory. Association with

autoantibodies such as anti-cyclic citrullinated
protein (CCP) and rheumatoid factor (RF) were
positive in four studies**4°4 and negative
in another four.>™4%4 |t must be taken into
account that the prevalence of these auto-
antibodies varied widely among the studied
samples. Lasso de la Vega et al** found a posi-
tive association with the presence of anticar-
diolipin antibodies, and Garcia-Callejo et al?®
detected anti-cochlear antibodies in 12% of
their RA sample with HL. Regarding the pos-
sible influence of disease activity, the results
are also diverse: among the authors who stud-
ied this variable, six found a positive associa-
tiOﬂ,24'27'33'37'42'46'47 V\/h||e fOUr d|d not'15,17,31,50

Two authors studied the association of HL with
carotid media-intima thickness (cIMT), and
both found it positive.'**¢ Consistently, Huang
et al’! and Almasi et al*® found HL association
with dyslipidemia; the first author, who studied
a vast number of patients, also found an asso-
ciation with cardiovascular diseases such as
stroke and coronary artery disease.”’

Goodwill et al® examining three sets of ear
ossicles could not detect any abnormal-
ity; however, when this study was done with
more sophisticated resources such as electron
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Table 6. Study on Mixed Connective Tissue Disease

Author/Year Study Design n Female Sex/Age Disease Duration Tests Results
Hajas Aetal, 2009  Case control MCTD=71 97.1% females Mean=14.5yo Clinical and serological 46.4% have SNHL;
Controls=51 Mean=57.1 profile 30.3% subjective HL;
yo PTA; No influence of age, disease

Speech audiometry;
Autoantibodies profile;
Determination of serum

cytokines;

Flow cytometry.

duration, and treatments;

SNHL associated with Raynaud
and secondary APS;

SNHL associated with anti-UTRNP,
AECA, and aCl IgG;

Serum IFN-y, TNF-oc and IL-10 —
higher in MCTD with HL than
without;

Serum IL-4 does not associate
with HL;

Treg cells (CD4+CD25 "dh FoxP3+)
were lower in MCTD with HL than
in MCTD without HL.

ACl, anticardiolipin; AECA, anti endothelial antibodies; APS, antiphospholipid antibodies syndrome; HL, hearing loss; IFN, interferon; IL, interleukin; MCTD, mixed connective tissue

disease; PTA, pure tone audiometry; SNHL, sensorineural hearing loss; TNF, tumor necrosis factor; T reg, regulatory T cell.

microscope scanning, Milisavljevic et al'? found
erosions and cartilage destruction. Moreover,
plasma levels of matrix metalloproteinase-3
(MMP-3) in RA patients with HL were more ele-
vated than in those without HL,* showing that
this enzyme may be implicated in the patho-
physiology of these findings.

Milisavljevic et al'® studied the role of predni-
sone treatment in patients with HL. They found
that both oral and intratympanic administra-
tions had a positive effect, with results slightly
better in the intratympanic administration. The
addition of methotrexate in refractory patients
offered little help. Huang et al*' observed that
patients using adalimumab had the lowest rate
of HL, but, contradicting this fact, Ahmadzadeh
et al*® found that HL was significantly more
prevalent in patients who used azathioprine,
cyclosporine, and etanercept.

Results in Systemic Lupus
Erythematosus (SLE)

Table 2 shows the main findings in SLE. Sixteen
case-control*®14379and 4 cross-sectional®'»>6062
studies are summarized in this table.

Hearing loss in SLE patients was higher than in
the general population; the prevalence ranged
from 16% to 70%,% with most studies finding
results around 20 to 30%. Sensorineural type
predominated. There was no association of HL
with disease activity in three studies,***¢ but it
was positive in two.*5%® Moreover, no link could
be established with clinical or autoantibody
profile®=86267 except by the study of Lasso de

la Vega et al, which found an association of HL
with cryoglobulins.®

Karyia et al**®* found that type I hair cells from
the saccular macula, in the utricular macula,
and semicircular canals, as well as in the
cochlea, were lower in SLE than in controls.
Sone et al could not detect the deposition of
immunoglobulins in the inner ear tissues but
verified vasculitis in one patient.*

An interesting finding was the association of
HL with HDL cholesterol in the work by Ferrari
et al® suggesting that atherosclerosis may
be one of the causal elements of this process.
Nevertheless, an extensive survey by Lin et al*
could not associate sudden hearing loss (SSHL)
with coronary artery disease or stroke.

Regarding antimalarial use, two studies found
a positive association of HL with the use of this
drug,%*% but others did not.*>*"¢

Results in Scleroderma (SSc)

About 14 papers on hearing loss in systemic
sclerosis have been identified: 11 case-con-
trols,/#898284 1 prospective,®’ and 2 cross-sec-
tionals.”'”” The main results are in Table 3. The
prevalence of objective HL found ranged from
20%"? to 88.8%,” and it was mainly sensorineu-
ral; but, again, like in the other connective tis-
sue diseases, the prevalence of subjective HL
was much lower. Age predisposed to HL in
three studies”*”*’ but not in another two.”"”?
Also, no differences could be found according
to disease subset (limited or generalized).”*”

Regarding the association of HL with known
SScorgan manifestations, some authors did not
find an association of HL with the SSc clinical
profile.*76% Still, Amor-Dorado et al,”* Mazeda
et al,® El Wakd et al’® and Turan et al®? associ-
ated HL with the occurrence of digital ulcers,
digital pitting, or amputations, suggesting a
possible association with peripheral arterial
insufficiency. Three authors studied the pos-
sible association of periungual capillaroscopy
(a reflection of microcirculation in SSc) with HL,
and none of them found a relationship.8883

An interesting work by Amor Dorado et al com-
pared SSc patients with Raynaud phenom-
enon with those with primary Raynaud and
found that patients with the primary form of
Raynaud had hearing tests similar to those of
controls, but not those with Raynaud phenom-
enon secondary to SSc.# Maciaszczyk et al,”
studying the association of HL with SSc clini-
cal findings, could not link it with the Raynaud
phenomenon.

Results on Sjogren’s Syndrome

The results of Sjégren’s syndrome search are
displayed in Table 4. Ten studies were identi-
fied: six case controls®®909% and 4 cross-
sectionals.f8#%91% The prevalence of objective
HL went from 14.3%* to 95.2%,° mostly SNHL.

Clinical manifestations could not be linked
to HLE#2" or disease activity.”® Moreover, the
autoantibodies profile was not associated with
HL, although Tumiati et al® described that 64%
of their patients with HL had anticardiolipin



Eur J Rheumatol 2025;12(1):1-24

antibodies; Thanooja et al’' could not prove
this association. Age did not influence the
prevalence of HL in SS patients.f'

Results on Studies of More

Than One Connective Tissue

Disease Simultaneously and in Mixed
Connective Tissue Disease

Finally, three case-control studies (in which
more than one connective tissue disease was
considered simultaneously) and one in MCTD
were found. Their results are in Table 5. Doig
et al”® studied the prevalence of deafness in
primary SS, RA, and RA with secondary SS and
found it worst in RA patients. Galarza-Delgado
et al* found that patients with primary SS per-
formed worse than those with RA. Tsirves et al”’
did not compare the different types of CTD but
studied the presence of anti-cochin antibodies
in blood samples and found a very low preva-
lence (2/133 or 1.5%).

The only study in MCTD (Table 6) showed an
association of HL with Raynaud’s phenom-
enon, secondary antiphospholipid syndrome,
presence of anti-endothelial antibodies, anti-
UTRNP, and anticardiolipin IgG antibodies.
Additionally, this study showed a decrease in
T reg cells and overexpression of interferon y
and tumor necrosis factor (TNF)-a in those
with SNHL, suggesting their participation in
the pathogenesis of the process.®

Discussion

This revision shows that HL is a feature of con-
nective tissue diseases, mainly sensorineural
type, appearing in all disorders included in
this group. Associate sudden hearing loss may
even be the presenting symptom in SLE*® and
scleroderma.’®

However, in the reviewed studies, the preva-
lence of HL and its association with the clini-
cal features of underlying disease differs widely
among authors. The heterogeneity of studied
samples likely causes this. Connective tissue
diseases have complex etiopathogenesis with
the influence of genetic background and envi-
ronmental factors that may modulate the clini-
cal profile.’”"1? Moreover, access to a prompt
diagnosis and treatment is decisive in the
progress and severity of these diseases and
may also differ according to the studied geo-
graphical region. One example of such hetero-
geneity noticed in this review is the prevalence
of seropositivity in the RA samples. The pres-
ence of anti-CCP went from 39% in the study
by Macias-Reye et al® to 93.3% in the study
by Pascual-Ramos et al* Similarly, RF positivity
ranged from 46% in the study by Elnagdy et al*

Skare and de Carvalho. Hearing Loss in Connective Tissue Diseases

to 86.6% in the study by Pascual-Ramos et al*?
Seropositive and seronegative RA may diverge
in the expression of extra-articular manifesta-
tions.!” Systemic lupus erythematosus is also
a very heterogeneous disease with clusters of
autoantibodies and clinical manifestations that
direct the clinical manifestations differently.'**
Scleroderma, in turn, has a subset classifica-
tion with groups showing a different pattern
of clinical findings; this classification was not
always considered in the presented studies. So,
it is comprehensible that HLs prevalence and
clinical associations may vary.

Despite these difficulties, the awareness of HL
as part of these diseases’ burden isticle impor-
tant as the treatment may revert or stop the
progression. Steroids are the primary drugs
used in this context and may be used orally,
systemically, or locally (intratympanic).'®'
The role of immunosuppressors or biologics
needs to be better defined and deserves fur-
ther studies. The work by Hajas et al®® on mixed
connective tissue diseases, showing higher
levels of TNF- a and interferon y in patients
with HL compared to those without it, raises
the possibility that biological drugs may help.
In RA, Ahmadzadeh et al*° found that the use
of etanercept was associated with poor perfor-
mance, while Huang et al’' found the lowest
prevalence of HL in those using adalimumab.
Nevertheless, the use of these drugs cannot
be dissociated from their indications, and bio-
logical drugs are usually used in more severe
diseases, and this may affect the prevalence
of HL.

Some limitations are that a relatively low
number of rheumatic diseases were studied.
In addition, the effects of rheumatic disease
treatments, except glucocorticoids in a few
disorders, were not observed regarding ear
abnormality improvement.

Concluding, this review points to a high preva-
lence of HL in individuals with connective tis-
sue diseases, and this must be recognized by
those managing these diseases to minimize
the risk of ear function loss.
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