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Abstract: Background: Hearing loss is a highly prevalent condition in the world population that de-
termines emotional, social, and economic costs. In recent years, it has been definitely recognized that
the lack of physiological binaural hearing causes alterations in the localization of sounds and reduced
speech recognition in noise and reverberation. This study aims to explore the psycho-social profile
of adult workers affected by single-sided deafness (SSD), without other major medical conditions
and otological symptoms, through comparison to subjects with normal hearing. Methods: This is a
cross-sectional, case-control study. Subjects aged between 24 and 65 years, all currently employed and
affected by SSD, were enrolled. They were administered both disease-specific and psychometric tests,
such as the Hearing Handicap Inventory for Adults (HHIA), the Profile Questionnaire for Rating
Communicative Performance, the Psychological General Well-Being Index (PGWBI), and the Social
Functioning Questionnaire (SFQ). Results: A total of 149 subjects (mean age = 49.9; SD ± 8.5) were
enrolled in the period 2021–2023; 68 were males (45.6%), and 81 were females (54.4%). The normal
hearing group was composed of 95 subjects, and the SSD sample was composed of 54 subjects. The
results of our study show that the levels of psychological well-being and social functioning in subjects
with SSD are statistically worse than in the group of subjects with normal hearing in most subscales.
Conclusions: This study definitely outlined evidence for a significantly worse psychological health
status and a poorer social attitude of working adults affected by SSD with respect to their normal-
hearing counterparts. Understanding the impact of SSD on patients’ work environment suggests a
multidisciplinary approach to such patients in order to increase their quality of life through adequate
counseling, acceptance, and role modeling.

Keywords: unilateral hearing loss; single side deafness; social functioning questionnaire; hearing
handicap inventory for adult; working

1. Introduction

Hearing loss is a highly prevalent condition in the world population, determining
emotional, social, and economic costs [1]. It is a common notion that bilateral hearing
impairment can worsen patients’ quality of life, while, for years, it was assumed that a
“single ear” could provide adequate hearing function, neglecting unilateral deficit. The
size of the affected population is being determined. The prevalence of unilateral hearing
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loss (UHL) in the US has been estimated at around 8% [2], and in other experiences, the
percentages vary from 3.2 to 19.4% [3]. Etiology can be tied to genetic diseases, inner ear
malformations, temporal bone fractures, Meniere’s disease, tumors, autoimmune disease,
and ototoxic drugs; sudden hearing loss is one of the most frequent [4]. The entity can
vary from mild to profound. The more severe cases refer to single-sided deafness (SSD), a
condition with normal or near normal hearing (pure-tone average [PTA] of ≤25 dB) in one
ear and hearing with PTA > 70 dB. The SSD is estimated at about 0.14% [5,6].

It has been definitely recognized that the lack of physiological binaural hearing (the
so-called “binaural advantage”) causes alterations in the localization of sounds, worse fre-
quency selectivity, reduced speech recognition in noise and reverberation, and a subjective
sensation of reduced sound intensity [7–9]. Furthermore, an increased effort to compensate
for SSD in complex listening acoustic scenarios has been documented [10]. Over time, such
additional stressors might result in auditory fatigue and reduced performance at work from
the extra effort that listening with one ear requires [11–13]. The consequences of unilateral
hearing impairment in children were first investigated by Bess and Tarpe in 1984 [14].
Since then, several studies have been carried out to explore childhood’s psychosocial and
psychoeducational consequences. On the contrary, few attempts are made in the medical
literature to investigate psychosocial attitudes in adults suffering from this condition. Any-
way, the results of these studies seem not to be fully definitive because of the very small
sample size [15], the use of a single hearing disability questionnaire [16,17], the enrollment
of subjects also affected by tinnitus and vertigo that could account for psychological distress
per se [18], and above all, the lack of a control group composed of normal-hearing subjects.

Rehabilitation of unilateral hearing loss conditions is still a challenge, depending also
on psychological factors. It happens frequently that many people delay seeking help until
their hearing impairment severely impacts their life, mainly due to social stigma and a
general reluctance to accept hearing loss. Recently, SSD has received an indication of the
benefit of cochlear implants [7], as it has been shown to improve the quality of life for these
patients. In this context, an analysis of the psychological profile of the subjects, as well as
their expectations, is important.

This study aims to explore the psycho-social profile of adult workers affected by SSD
without other major medical conditions and otological symptoms in comparison to subjects
with normal hearing. Due to the objective of this study, patients were evaluated before any
hearing rehabilitation.

Both disease-specific and psychometric tests were administered to both groups.

2. Materials and Methods

This is a cross-sectional, case-control study. The subjects were outpatients of the
Audiology service of the University Hospitals of Modena in the years 2021–2023. This
study is a preliminary report from a larger investigation on hearing disability and handicap
in adult workers conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of Modena-AVEN (protocol code AOU 0015022/21, 11 May 2021)
for studies involving humans. All the subjects involved in this study signed an informed
consent.

Inclusion criteria were age between 24 and 65 years (working age) and attendance
at work activities. SSD cases were enrolled if 4fPTA ≥ 70 dB HL [6] and ≤25 dB in the
better ear.

Exclusion criteria were the presence of fluctuating hearing loss, tinnitus, and/or
vertigo; syndromes, ear malformations, neurological and psychiatric diseases; and therapy
with psychotropic drugs such as antidepressants, anxiolytics, and antipsychotics. Also,
major medical conditions, such as tumors and cardiovascular and metabolic diseases that
could account per se for a self-perceived disability, were the causes of exclusion of both
patients and controls from the casuistry. Enrollment criteria were strict to reduce bias,
and all subjects selected did not wear auditory devices, such as hearing aids, or were not
cochlear implant users when the present audiological evaluation was ongoing.
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Patients underwent audiological evaluation, including medical history collection,
otoscopy, tympanometry, and pure tone audiometry using air and bone conduction in
accordance with the British Society of Audiology recommended procedures (British Society
of Audiology 2012). After determining the threshold for all frequencies, the average
threshold for each ear, 500, 1000, 2000, and 4000 Hz (4fPTA = 4 frequency Pure Tone
Average threshold), was used for statistics.

According to the audiometric assessment, subjects were divided into two groups: the
normal hearing group (NH) if 4PTA ≤ 25 dB and the SSD group.

Questionnaires
Subjects enrolled were then invited to complete the following PROMs (patient-reported

outcome measures):
Hearing Handicap Inventory for Adults (HHIA) [19], Italian validated version [20]

This questionnaire evaluates the perceived handicap by adults with hearing loss. It com-
prises 25 items: 13 focused on emotional consequences (emotional subscale) and 12 on
social-situational consequences (socio-situational subscale). Each question has three possi-
ble answers that are associated with different scores: “no” corresponds to 0, “sometimes”
corresponds to 2 points, and “yes” corresponds to 4 points. The emotional scale can vary
from 0 to 52 points, and the social-situational can be from 0 to 48 points. The total score is
included in the range of 0–100. The higher the score, the higher the perceived handicap.

Profile Questionnaire for Rating Communicative Performance [21], Italian version [22]
This instrument, first presented by Sanders in 1950 and since then also termed Sanders’
Test, detects problems experienced by subjects in specific situations and different listening
environment conditions. This 21-item survey evaluates the perceived difficulties of hearing
and communicating of the subject in various situations at home (8 items), work (6 items),
and social life (7 items). A possible answer is no difficulty (+2), little difficulty (+1),
moderate difficulty (−1), and great difficulty (−2). The patients are also asked to rate the
frequency with which the given situation is found: rarely (1), often (2), and very often (3).
The score of any item is given by the multiplication between the level of difficulty and
frequency. Negative scores indicate greater disability.

Psychological General Well-Being Index (PGWBI) [23] Italian version [24]. This ques-
tionnaire evaluates subjective perceptions of psychological well-being. It can be used to
calculate psychological distress in different populations and for different diseases. The
final validated version includes 22 items: 16 are questions, and 6 are affirmations. The in-
strument explores six domains: anxiety, depression, positivity and well-being, self-control,
general state health, and vitality. Each domain is investigated using three to five items: in
particular, five items concerning anxiety (25 points maximum), four items for positivity,
well-being, and vitality (each 20 points maximum), and three items for depression, self-
control, and general health (each 15 points maximum). Six possible answers are of close
type and differentiated according to the item. Answers are posed in decreasing order of
score, from the most positive to the most negative or vice versa; the intensity and frequency
of the phenomenon are investigated. Based on the answer, a score from 0 to 5 points can be
assigned. The total score is included in the range of 0–110; the higher the score, the higher
the psychological well-being. All items are referred to the four weeks before administration
of the questionnaire.

Social Functioning Questionnaire (SFQ) [25]. Italian version [26]. This instrument
evaluates perceived social functioning. It consists of eight items concerning essential
aspects of social life, work, domestic tasks, financial worries, relationships in the family,
sexual activity, social contacts, and free-time activities. Each answer can correspond to a
score from 0 to 3 points: the higher the score, the worse the social functioning perceived.
The sum of each score can vary between 0 and 24.

Statistical analysis
To provide a socio-demographic description of NH and UHL groups, we used a

preliminary Pearson’s chi-square test to compare the distribution of categorical variables,
such as gender (males and females), occupational (professional and non-professional),
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and social status (single and married or cohabiting). Continuous variables, such as age,
duration of education (years), 4fPTA (dB HL), and questionnaire scores, were compared by
the independent t-test procedure to test the null hypothesis that the means from the two
samples are equal. Data analysis was performed using the Statistical Package for the Social
Sciences version 25.0 (SPSS) (Chicago, IL, USA), and the statistically significant level was
set at p-value < 0.05 in all procedures.

3. Results

A total of 149 subjects aged between 24 and 65 years (mean age = 49.9; SD ± 8.5) were
enrolled in the period 2021–2023; 68 were males (45.6%), and 81 were females (54.4%). NH
group is composed of 95 subjects, and SSD is composed of 54 subjects. Their clinical-social
features are reported in Table 1. Concerning etiology, 27 (50%) cases had sudden onset,
12 (22%) were of viral origin (mumps, etc.), and 15 (27%) remained unidentified as the
clinical history was not explanatory. Sudden hearing loss cases were enrolled when the
diagnostic-therapeutic process was concluded, and the hearing threshold was stabilized;
moreover, many subjects presented long-lost hearing loss and were stable over time, having
not accepted a rehabilitation program at the time of examination.

Table 1. Personal data of the subjects of the study. Abbreviations: NH: Normal Hearing, SSD:
Single Sided Deafness; SD: Standard Deviations; a Independent t-test, b Pearson’s chi-square test;
* p-value < 0.05, ** p-value < 0.005.

Number of Cases NH (95) SSD (54) Significance a,b

Age 49.96 49.72
0.482 a

(24–65; SD: ±8.3) (25–63; SD: ±8.2)

Gender
54 females (56.8%) 27 females (50%)

0.420 b
41 males (43.2%) 27 males (50%)

Familiar Status
34 married (35.8%) 13 married (24.1%)

0.139 b
61 in family (64.2%) 41 in family (75.9%)

Educational
qualification

2 primary schools (2.1%) 1 primary school (1.8%)

0.268 b

18 secondary schools (18.9%) 11 secondary schools (20.4%)
40 high schools (42.1%) 32 high schools (59.3%)
35 graduated (36.9%) 10 graduated (18.5%)

Occupation 29 manual (30.5%) 24 manual (44.4%)
0.121 b

66 professional (69.5%) 30 professional (55.6%)

Most of the subjects in both groups were living in a family, and a slight prevalence
of graduates and those employed in a professional job was found in the NH group. No
difference reached a statistically significant level.

Hearing thresholds of the subjects are reported in Figure 1. As shown, in NH and
SSD groups, the 4fPTA, on the better side, was 17.15 dB HL (10–20 dB HL; SD: ±4.79 dB
HL) and 18.52 dB HL (8–25 dB HL; SD: ±4.60 dB HL), respectively (p = 0.090). The 4fPTA,
on the other side, was 17.69 dB (10–31 dB; SD: ±5.82 dB) in the NH group and 77.54 dB
(70–100 dB; SD: ±6.76 dB) in the SSD group (p < 0.0001). 4fPTA is the better and worse ear
in the two groups.

Significant differences between the two groups were observed in both total scores
and in all subscales of the Sanders’ test (ST) and HHIA in the two groups. (Table 2). In
particular, higher values for the HHIA and lower values for the ST were detected in the
SSD group.
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Table 2. HHIA and ST results. Abbreviations: NH: Normal Hearing, SSD: Single-Sided Deafness;
SD: Standard Deviations; HHIA: Hearing Handicap Inventory for Adults; ST: Sanders’s Test; a

Independent t-test; * p-value < 0.05, ** p-value < 0.005.

Number of cases NH (95) SSD (54) Significance a

HHIA
Total 13.71 (0–86; SD: ±19.78) 39.56 (0–74; SD: ±19.98) 0.000 **

Socio-Situational 5.35 (0–40; SD: ±8.83) 16.41 (0–34; SD: ±8.71) 0.000 **
Emotional 8.48 (0–48; SD: ±11.31) 23.26 (0–42; SD: ±11.57) 0.000 **

ST
Total 79.23 (−13–132; SD: ±37.01) 13.04 (−50–120; SD: ±45.53) 0.000 **

Home Environment 33.04 (−8–54; SD: ±15.57) 5.65 (−27–49; SD: ±18.00) 0.000 **
Occupational Environment 21.25 (−5–36; SD: ±10.73) 3.13 (−36–34; SD: ±16.08) 0.000 **

Social Environment 24.94 (0–36; SD: ±12.33) 4.35 (−28–39; SD: ±14.89) 0.000 **

Significantly, higher PGWBI scores were observed in the overall instrument and in the
subdomains Depressed Mood, Positive Well-being, General Health, and Vitality (Table 3),
while in Anxiety and Self-Control, the differences were not significant. Table 4 shows the
scores of the SFQ, which clearly indicate a porter social adjustment in patients with respect
to controls.
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Table 3. PGWBI results. Abbreviations: PGWBI: Psychological General Well-Being Index; SD:
Standard Deviations; a Independent t-test; * p-value < 0.05, ** p-value < 0.005.

Number of Cases NH (95) SSD (54) Significance a

PGWBI
Total 81.42 (24–110; SD: ±14.20) 74.22 (58–98; SD: ±11.41) 0.002 **

Anxiety 18.03 (3–25; SD: ±4.03) 17.17 (9–24; SD: ±3.37) 0.184
Depressed Mood 13.38 (7–15; SD: ±1.56) 12.35 (8–15; SD: ±1.68) 0.000 **

Positive Well-being 12.57 (2–20; SD: ±3.42) 10.54 (7–16; SD: ±2.48) 0.000 **
Self-Control 12.29 (4–15; SD: ±2.20) 11.87 (8–15; SD: ±1.77) 0.228

General Health 11.28 (0–15; SD: ±2.87) 10.20 (4–15; SD: ±2.78) 0.027 *
Vitality 13.89 (5–20; SD: ±3.10) 12.09 (7–17; SD: ±2.87) 0.001 **

Table 4. Abbreviations: SFQ Social Functioning Questionnaire; SD: Standard Deviations; a Indepen-
dent t-test; * p-value < 0.05, ** p-value < 0.005.

Number of Cases NH (95) SSD (54) p Value a

SFQ 4.4
(2–12; SD: ±2.05)

5.7
(4–9; SD: ±1.3) <0.0001 **

4. Discussion

The results of our study confirm that the levels of psychological well-being and social
functioning of subjects with SSD are statistically worse than those of subjects with no
hearing loss.

Both the HHIA emotional and socio-situational subscales scores were statistically dif-
ferent in the SSD group and underpinned more personal difficulties in daily activities, such
as participating in social events and going to the theater, cinema, etc. An emotional state of
irritability and frustration, deflection of mood, and perception of loneliness were detected.

An increase in relationship problems with family and friends is also reported in
small sample studies [27]. Interestingly, Chang et al. [28] identified the increasing level
of dependence from family members and a poor sense of self-efficacy as determining
moodiness in SSD patients.

The difficulties in social participation and interpersonal relationships are confirmed
by the SFQ, which has been revealed to be a robust instrument to assess social functioning
in essential aspects, such as work tasks, relationships with family, and social contacts [25].

Concern about difficulties in the working environment emerged. Employers with
hearing loss express higher levels of stress, low levels of psychological well-being, and
worse health states [29]. These subjects reveal high levels of tiredness in working and are
often absent due to illness [30,31]. These findings are consistently replicated by our results
in SSD patients.

The PGWBI scores of the Depression, Vitality, Health, Positivity, and Well-being
subscales results are all statistically worse in SSD subjects; findings concerning the Vitality
subscale suggest hearing fatigue, as demonstrated in children with SSD [11]. Subjects
with unilateral deafness experience a significant disability in auditory function that affects
their communication and social interaction [32]. On the contrary, in subscales that measure
anxiety and self-control, the two groups answered with similar scores. This can be attributed
to the self-perception of SSD condition as a disturbing but not completely invalidating
disease that may be due to many different psychological traits, such as copying strategy
and locus of control, that were not assessed in this study [33].

In the Blue Mountain Hearing Study, scores concerning disability perceived by these
subjects through the 36-item Short-Form Health Survey are similar to those of the normal
hearing population [34]. A wide range of methodological variations, such as inclusion age,
around 67 years, disability/handicap, and social adjustment scales, may underpin this
discrepancy with the results of our study.
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In a previous study, we found that working adults with mild to moderate sensorineural
hearing loss experience more negative emotional reactions and socio-situational limitations
than subjects with no hearing problems and that deterioration of health-related quality of
life in these specific domains would occur [35].

In a recent study [15], interviews were conducted using the critical incident technique,
and a range of functional hearing difficulties associated with SSD were reported to affect
social and psychological well-being. Subjects interviewed reported also worrying about
losing the hearing in their other ear and embarrassment related to the social stigma attached
to hearing loss. In this scenario, traditional questionnaires, both disease-specific and
psychometric, could be flanked by more structured psychological evaluations in order
to implement a tailored treatment based not only on the hearing threshold but also on
each subject’s mental health status. In particular, this study suggested that most controls
(NH group) were females with high-grade instruction and professionals, but no further
investigation was performed because of a sample size that was too limited for multifactorial
statistical analyses.

A further limitation of this study is the lack of a preliminary psychiatric evaluation
that could confirm our results or identify abnormal personality traits.

On the contrary, the strengths of this study are exclusion criteria, such as tinnitus, ver-
tigo, and major medical conditions that could be confounding cues per se when examining
psychological distress and social adjustment.

5. Conclusions

Single-sided deafness is a condition that can chronically worsen the quality of life of
affected subjects. Psychometric tests are important to reveal and quantify the consequence
of this impairment on personal well-being. Understanding the impact of SSD on patients’
work environments suggests a multidisciplinary approach to such patients in order to
increase their quality of life through adequate counseling, acceptance and confirmation,
and role modeling. Moreover, these aspects should be specifically taken into account in
working environments in terms of sick leave and the need for audiological rehabilitation.
Therefore, this study provides evidence for a better understanding of single-sided deaf
patients’ disability at work and for health professionals to provide a holistic approach to
current and future SDD patients.
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