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    Abstract
Background Rheumatoid arthritis (RA) is one of the most common systemic autoimmune diseases, characterized by chronic persistent and progressive erosive polyarthritis, leading to irreversible joint disability and increased mortality. It is a disease that affects 1% of the population. The auditory system may be involved during the course of disease; however, the association of RA and hearing impairment (HI) has not been clearly defined. Aim The aim of this work was to evaluate the pattern of HI in patients with RA and to examine the possible associations between RA and hearing loss. Patients and methods A total of 55 patients with RA (mean age of 42.10±11.80 years; female sex: 100%) and 55 healthy controls (mean age of 40.92±8.70 years; female sex: 100%) were included in this study. The two groups were matched for age and sex (P>0.05). The mean RA duration is 88.10±27.39 months. Otoscopic examination was normal in all participants. HI was evaluated by pure tone audiometry and tympanometry including the static compliance and acoustic reflex threshold test. Complete medical history and thorough physical examination were taken along with full investigation (including rheumatoid factor, erythrocyte sedimentation rate, C-reactive protein, and the presence of anticyclic citrullinated peptide antibodies). Results Both groups were comparable regarding age and sex. However, there was a significant increase of HI in the studied group when compared with control group (36.7 vs 3.3%, respectively). Audiometric tests revealed significant increase in the hearing threshold and increased air bone gap. The immitancemetry revealed decrease of static compliance and significant increase of average acoustic reflex in the study group when compared with the control group. Conclusion Hearing loss is statistically increased in RA, and disease activity is usually associated with HI.
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    Introduction


    Rheumatoid arthritis (RA) is an autoimmune multisystemic disease characterized by the inflammation of synovial membrane of the diarthrodial joints which include two arthrodeses located in the middle ear, namely the incudomalleolar and incudostapedial joints, causing conductive hearing impairment (HI) in up to 1.9% of the cases [bookmark: ft1][1]. It has been suggested that when these joints are affected, there is stiffening of the ossicular system and patients present with conductive HI [bookmark: ft2][2].


    In addition, extra-articular involvement is a potential feature of patients with RA and may also affect the auditory system, although a different putative mechanism of damage has been proposed, targeting the inner ear and causing sensorineural HI in 22–43% of the patients [bookmark: ft2][2],[bookmark: ft3][3]. Despite the high incidence of impaired hearing among patients with RA, this aspect of the disease has received scant attention in the literature. Hearing loss (HL) may be sensorineural, conductive, or of the mixed type [bookmark: ft4][4].


    HI in RA is generally under diagnosed; symptoms are progressive and patients are not aware of the damage until it interferes with their usual activity [bookmark: ft5][5]. Despite the increasing number of research studies about this topic, there is no clear evidence indicating that RA per se might be a direct cause of HL as the physiopathology remains unclear [bookmark: ft3][3],[bookmark: ft6][6]. There is no consensus about when to screen for HI in patients with RA with audiometric and clinical methods, or usefulness of these methods. The nature and prevalence of HL in RA remain debated [bookmark: ft2][2]. Thus, each of the anatomical structures of the ear (internal, external, and middle) has been cited to be possibly affected by this chronic rheumatic disease [bookmark: ft7][7],[bookmark: ft8][8].


    In addition, RA, by way of vasculitis or neuropathy, could also cause sensorineural HL or labyrinthine dysfunction [bookmark: ft9][9],[bookmark: ft10][10]. Ototoxicity of RA medications used for the treatment of the disease has been also reported by previous data [bookmark: ft7][7],[bookmark: ft10][10]. Conductive hearing loss (CHL), occurring in association with an acute exacerbation of the disease and remitting on the institution of the corticosteroid therapy, has been reported [bookmark: ft11][11]. Other groups have reported a permanent, nonreversible conductive deficit with a minor or major sensorineural deficit [bookmark: ft12][12],[bookmark: ft13][13].


    Subsequent work supported the latter view [bookmark: ft14][14], and in addition, a relationship was found between disease activity and auditory impairment. As always in a chronic disease like RA, the question must be asked whether the problem is owing to the disease or iatrogenesis [bookmark: ft15][15].


    The objective of this work was to evaluate the pattern of HL in patients with RA and also to examine the possible associations between HL and related RA features especially disease activity.


    Patients and methods


    This study was conducted on 55 patients with RA diagnosed according to revised American College of Rheumatism criteria (1987) and 55 apparently healthy participants as a control group. The patients were selected randomly from the Rheumatology Clinics of Al-Azhar University Hospitals. An informed consent was obtained from each participant participating in the study. The study was approved by the Local Ethics and Research Committee, Faculty of Medicine (Al-Azhar University). There were 55 (100%) females, and their ages ranged from 22 to 65 years, with mean age of 42.10±11.80 years. The control group was 55 (100%) females, with their ages ranged from 28 to 63 years, with mean age of 40.92±8.70 years. Moreover, the disease duration ranged from 64 to 216 months, and the mean disease duration was 88.10±27.39 months.


    Otoscopic examination was normal in all participants. HI was evaluated by pure tone audiometry and tympanometry including the static compliance and acoustic reflex threshold test. A complete medical history and thorough physical examination were made, and the following patients were excluded from the study: those with a history of HL under 24 h; those who presented with barotrauma, head trauma, or acoustic trauma; and those diagnosed with Meniere’s disease, otosclerosis, chronic otitis media, presbycusis, exposure to ototoxic medication, chronic exposure to intense noise, cardiovascular disease, or chronic neurological disease.


    Clinical and demographic characteristics and disease activity were taken, including how long they had been diagnosed with RA, treatment, and current dosage; number of inflamed, painful joints; visual analogue scale: speed of globular sedimentation; and rheumatoid factors: C-reactive protein and presence of anticyclic citrullinated peptide antibodies (anti-CCP antibodies).


    The control group consisted of 55 volunteers with a similar age and sex distribution, who presented without pathology in the hearing examination, as normal during tympanometry and who were without occupational noise exposure, with no remarkable history of familial hearing disorder or exposure to ototoxic mediations.


    Audiological evaluation


    
      	Pure-tone audiometry was done using two-channel audiometer Piano plus (Inventis, Pandova, Italy). This included air conduction (air conduction hearing thresholds were determined by frequency range between 0.250 and 8 kHz) and bone conduction (bone conduction hearing thresholds were determined by frequency range between 0.500 and 4 kHz). Hearing thresholds greater than 25 dB were considered as HL.


      	Speech audiometry (speech reception threshold using Arabic spondee words and the word discrimination scores using Arabic phonetically balanced words).


      	Immittancemetry using MAICO model M144 (MICO, Berlin, Germany). This included tympanometry and acoustic reflex threshold measurement.

    


    Vestibular evaluation


    Cervical vestibular evoked myogenic potentials


    Testing of cervical vestibular evoked myogenic potentials (cVEMPs) was performed using an auditory evoked response apparatus (Eclipse/EP25; Interacoustics, Denimark). The skin was prepared, surface cup disc electrodes were symmetrically placed, over midpoint of the sternocleidomastoid muscle bilaterally, with active electrode on the ipsilateral muscle, reference electrode on the sternal notch and ground electrode on the contralateral sternomastoid muscle. The muscle must be contracted to elicit the response, so the participants were instructed to rotate their heads to the opposite side of the stimulated ear as much as possible. The response of the ipsilateral SCM muscle to monaural stimuli, 500 Hz tone-bursts, with 1 ms rise–fall time and 5 ms plateau time at 95 dBnHL was recorded. All stimuli were presented via insert phones at a repetition rate of 5.1 per second. The responses of 120 stimuli were recorded and averaged per trial. EMG signals were amplified and band-pass filtered from 10 to 1000 Hz. The first positive deflection was marked as p13 and the first negative deflection after p13 was marked as n23. The latencies and amplitudes of these waves were calculated and recorded. The cVEMPs asymmetry ratio was calculated according to the following formula:[INLINE 1]


    Statistical analysis


    Values are presented as mean±SD for numerical data and frequency and percentages for categorical data. Between-groups differences were estimated by independent-sample Student’s t-test (numerical variables), χ2-test, or Fisher’s exact test (categorical variables). All data analysis was done using Statistical Package for the Social Sciences program version 18.0 software (SPSS Inc., Chicago, Illinois, USA), considering a two-tailed level of P less than 0.05 statistically significant.


    Results


    A total of 55 patients with RA, with mean age of 42.10±11.80 years, representing all females (100%), and 55 healthy controls, with mean age of 40.92±8.70 years, representing all females (100%) were included in our study. The two groups were matched for age and sex (P>0.05), which shows that there was no statistical significant difference between both groups. Moreover the mean disease duration was 88.10±27.39 months. The disease activity score 28 (DAS28) score ranged from 1.10 to 4.90; the mean value was 2.68±1.17, and median score was 2.25 ([Table - 1]).
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        	Table 1 Comparison between the studied group and control group as regard patient age and gender
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    In both right and left ears, the static compliance was significantly low, whereas average acoustic reflex threshold was significantly high in the study group when compared with the control group. In addition, air-bone gap was significantly increased in both right and left ears in study when compared with the control group ([Table - 2]).
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        	Table 2 Comparison between the study and control groups regarding immitancemetry
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    HI regardless of its type was reported in 36.7% in study group and 5.45% in control group, with significant difference ([Table - 3]). There was a highly significant difference in sensory neural hearing loss (SNHL) among both groups ([Table - 4])
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        	Table 3 Hearing impairment (regardless of its type) in the studied populations
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        	Table 4 Type of hearing loss in the control and the study group
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    Latencies of p13 and n23 were significantly higher in patients with RA than controls ([Table - 5]).
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        	Table 5 Comparison of the cervical vestibular evoked myogenic potentials parameters between the study and the control group
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    Disease activity index was significantly and proportionately correlated with average acoustic reflex of left ear and significantly and inversely correlated with air-bone gap on both right and left ears ([Table - 6]).
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        	Table 6 Correlation between DAS28 and other variables
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    Discussion


    The present study found a high prevalence of HL in patients with RA when compared with their controls and showed that its nature could be conductive but also sensorineural and mixed. Where is this in this study, the HI in RA patients were subclinical comorbid state. As most of the patients are not aware of their hearing disorder and have no clinical complaints, it is important that physicians consider hearing damage in these patients [bookmark: ft16][16].


    In the present work, 36.7% of patients with RA developed HI. Pascual-Ramos et al. [bookmark: ft5][5] in a previous report demonstrated that 24% of 113 patients with RA had HI. These values are lower than the present work, and this could be attributed to the fact that 13% of our patients with RA in their duration had short disease duration and low disease activity.


    In this study, 29.09% of patients had SNHL and 1.8% of the patients complained of CHL, whereas mixed HL were detected in 5.45%. This agreed with Murdin and colleagues who reported that CHL is also present in patients with RA, but at a lower prevalence, between 0 and 13%. Moreover, El-Fatta and colleagues reported only five (11.11%) cases with CHL. In addition, Takatsu et al. [bookmark: ft3][3] reported the frequency of sensorineural HI in patients with RA to be higher than normal controls (36.1 vs 13.9%). These results are comparable to that of the present work. On the contrary, this disagreed with the results found by Heyworth and Liyanage [bookmark: ft18][18] who suggested that there was no evidence that suggests HI owing to rheumatoid involvement of the ossicular joints. Dikici reported that the conductive component may start later after the occurrence of sensorineural component that will result in mixed HL.


    The pathogenesis of HL in RA has been a matter of debate for decades, and it is still poorly understood. Causes of HL have been described as multifactorial. Hearing damage is most frequently found in patients with RA, and it has been attributed to disease activity and extra-articular involvement such as vasculitis [bookmark: ft17][17]. Subclinical atherosclerosis and intima-media thickening of carotid arteries are other possible pathogenetic mechanisms for HI in RA, as it reduces the blood flow for the brain circulation and compromise the inner ear cells [bookmark: ft18][18].


    In addition, most drugs used in the treatment of RA such as nonsteroidal anti-inflammatory drugs and disease-modifying antirheumatic drugs, given to patients with more active disease, have also been recognized as potential contributors to HL [bookmark: ft19][19]. Thus, an association between disease activity and HI has not been not consistent [bookmark: ft20][20],[bookmark: ft21][21].


    Our present study does not consider medications used in RA as relevant factor as we narrowed our patient spectrum by restricting our inclusion criteria to include only first line drug treatment group, which could be less ototoxic with less severe RA disease.


    In this study, latencies of p13 and n23 were significantly higher in patients with RA than controls tale [bookmark: ft5][5]. This agreed with the results reported by Macias-Reyes et al. [bookmark: ft18][18] Moreover, this could be attributed to slow conduction along the vestibulospinal pathway that may occur in patients with RA and lead to elimination of VEMP response or increased latency.


    On the contrary, there was an insignificant difference between patients with RA and controls regarding amplitude. The absolute amplitude is not considered as an important factor in the differential diagnosis owing to the large variation range that varies from 25 to 250 µv. In addition, the VEMP amplitude depends on sound intensity and contraction of sternocleidomastoid muscle.


    In contradiction to the results of the present work, Murdin et al. [bookmark: ft1][1] studied 54 patients with RA and reported HL in 29.6%, and they found no correlation between DAS28 score and HI. This could be attributed to different sample size and inclusion criteria. In addition, Yildirim et al. [bookmark: ft22][22] failed to find a relationship between HL and disease activity.


    On the contrary, Lasso de la Vega et al. [bookmark: ft23][23] studied a series of 53 patients with RA and detected a prevalence of HL in 69.8% in very high frequencies that reduced to 43% in conventional audiometry. The impairment was bilateral and symmetric. This incidence is high than the present work. However, the impairment is bilateral and symmetric as in the present study.


    Conclusion


    HI showed statistically significant increase in number in patients with RA than controls, and disease activity is usually positively correlated with increased HI. However, no significant correlation had been found between duration of drug use and the HL type and severity.
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Variables Study group Control group P value
Patient age (years) 42.10+11.80; 22-65 40.92+8.70; 28-63 0.571
Sex [n (%)]

Female 55 (100) 55 (100) -

Disease duration (months)
DAS28

88.10+27.39; 64216 (median=87 months)
2.68+1.17; 1.10-4.90 (median=2.25)

DAS28, disease activity score 28.
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Variables Study group Control group P value
Static compliance 0.53+0.29 0.80+0.08 0.001*

Ipsilateral acoustic reflex 1000 Hz 91.30+7.81 (80-105) 88.40+6.01 (80-95) 0.040*

2000 Hz 92.80+8.22 (80-105) 90.30+2.93 (85-95) 0.047*

Right ear 500 Hz 94.87+5.56 (85-100) 91.30+3.32 (85-95) 0.001*
Contralateral acoustic reflex 1000 Hz 95.31+5.67 (90-105) 92.20+3.06 (85-95) 0.007*

2000 Hz 95.16+5.89 (85-105) 92.80+2.51 (90-95) 0.039*

4000 Hz 97.50+6.99 (90-110) 94.70+3.70 (90-100) 0.038*

Left ear Static compliance 0.51+0.25 0.78+0.07 0.001*
Ipsilateral acoustic reflex 1000 Hz 92.30+6.24 (85-105) 89.90+4.22 (85-100) 0.027*

2000 Hz 91.30+5.96 (80-105) 88.50+6.94 (80-105) 0.033*

Contralateral acoustic reflex 500 Hz 93.66+4.88 (85-100) 91.60+4.22 (80-100) 0.036*

1000 Hz 93.81+4.66 (85-100) 91.80+4.49 (80-100) 0.039*

2000 Hz 94.71+5.14 (85-105) 91.80+6.76 (80-100) 0.027*

4000 Hz 97.00+7.40 (90-110) 92.70+5.91 (85-105) 0.006*

*(S) Significant if P value < 0.05.
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Groups [n (%)] Total (n=110) [n (%)]

Study (n=55)

Control (n=55)

Hearing impairment
Positive
Negative
Statistics

20 (36.7)
35 (63.3)

3 (5.45) 23 (20.94)
52 (96.7) 87 (79.06)
7#=10.41, P=0.001"
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Patients [n (%)] Control [n (%)]

SNHL 16 (29.09) 3 (5.45)
CHL 1(1.81) 0(0)
Mixed HL 3 (5.45) 0 (0)

CHL, conductive hearing loss; HL, hearing loss; SNHL, sensory
neural hearing loss.
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Patients Control P value
Mean SD Minimum Maximum Mean SD Minimum Maximum

P13

Right 15.32 1.60 13.94 17.80 14.12 0.78 12.02 15.59 0.000

Left 15.32 1.79 13.91 17.97 14.34 0.75 13.08 15.96 0.001
N23

Right 25.27 1.40 23.98 26.97 24.21 0.71 23.12 25.90 0.000

Left 24.86 1.26 23.63 27.01 24.19 0.64 23.01 25.61 0.001
P13N23 amplitude

Right 24.09 6.00 8.81 32.84 25.72 7.40 17.60 40.54 0.231

Left 24.47 6.20 8.81 34.01 24.62 7.86 15.01 40.40 0.916
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Variables DAS28

Pearson Significance
correlation (two-tailed)
Age 0.012 0.951
Disease duration 0.184 0.331
Right ear
Static compliance -0.298 0.110
Average acoustic 0.185 0.327
reflex
Left ear
Static compliance —0.246 0.191
Average acoustic 0.552" 0.002
reflex

DAS28, disease activity score 28. **(HS) highly significant if P
value < 0.01.





