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BACKGROUND: Bilateral hearing aids are desirable to restore hearing in the most effective and natural way. The aim of the present study was to 
identify which type of hearing rehabilitation was preferred by our patients and which factors drove their choice.

METHODS: One hundred eight patients with moderate-to-severe asymmetrical hearing loss before and after a 1-month trial with bilateral hear-
ing aids were considered.

RESULTS: As high as 58.3% of patients decided to continue with bilateral hearing aids (group BI), while 41.7% chose unilateral hearing aid (UNI 
group) in the best ear. Patients in the UNI group were significantly older than those in the BI group (P = .04); age > 77 years was an independent 
prognostic factor of unilateral hearing aid choice (odds ratio = 6.26; P = .04). Matrix test scored significantly worse with a single hearing aid than 
with 2 hearing aids in both groups (UNI P = .03; BI P = .01).

CONCLUSION: Patients with asymmetric hearing loss often prefer unilateral hearing aid, almost half in our experience. Nonetheless, bilateral 
hearing aids are desirable as unilateral hearing aid was associated with significantly poorer performance at a speech in noise hearing tests. Age 
at fitting could play a relevant role and is thus important in early diagnosis. Further studies are needed to confirm our results and investigate 
strategies to promote bilateral rehabilitation.
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INTRODUCTION
Hearing is part of people's lives and an adequate connection with the surrounding world depends, among other things, on the 
detection and discrimination within the auditory space.1 Binaural hearing is of critical importance for a wide variety of species. In 
fact, the binaural cues represented by the interaural difference in time and loudness with which the auditory waves reach the 2 ears 
are crucial to assign a position in space to sounds.2,3 This plays an important role in speech understanding in noise, with a conse-
quent implication for incidental hearing and incidental learning for both adults and children.4

Hearing aids (HAs) are effective at improving listening ability, communication skills, and general health-related quality of life in 
subjects with hearing impairment.5 With regard to asymmetrical hearing loss, bilateral HAs are desirable in order to restore hearing 
in the most effective and natural way. However, audiologists’ clinical practice has often shown patients preferring unilateral HA 
despite the bilateral fitting recommendation.6 This has been attributed to different causes: economic, aesthetical, and subjective 
discomfort related to the phenomenon of binaural interference.7

In this retrospective study, we evaluated a series of patients with asymmetrical hearing loss who underwent a 1-month trial with 
bilateral HAs. The main objectives of this study were to identify which type of hearing rehab ilita tion— binau ral or monaural—was 
preferred by the patients and which factors drove this choice. 
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METHODS

Patients Selection and Management
The study was conducted in accordance with the principles of the 
Helsinki Declaration and was approved by the internal Ethical 
Committee (n. 02-2020AU). Data were examined in agreement with 
the Italian privacy and sensible data laws. All patients included in the 
study signed a detailed informed consent form. Patients with asym-
metric hearing loss candidates for bilateral HAs were evaluated. 

The inclusion criteria were the following: (i) age ≥ 18 at first evalu-
ation; (ii) moderate-to-severe hearing loss, defined as a pure-tone 
average (PTA) at 500-1000-2000-4000 Hz superior to 41 dB and infe-
rior to 95 dB for both ears;8 (iii) asymmetric hearing loss, considered 
as an interaural difference in PTA of at least 10 dB;9 (iv) HAs trial for 
1 month. Patients diagnosed with psychiatric and/or neurological 
pathologies were excluded.

At the first visit (T0) a complete audiological evaluation was con-
ducted. During the 1-month HA trial, patients were followed up 
with weekly HA fitting sessions. At the end of the trial month (T1), 
the patients underwent a second complete audiological evaluation 
including a Matrix test for both bilateral and unilateral HA conditions. 
After that, the patients independently chose to continue with bilat-
eral HAs (BI group) or unilateral HA (UNI group), and the reasons for 
the choice were investigated through a closed answer questionnaire 
(Appendix 1).

Audiological Evaluation at T0 and T1
Medical history, including hearing loss etiology and duration, was 
acquired for all patients. Otoscopy was done to confirm the anatomi-
cal integrity of the external ear canal and tympanic membrane. 

Pure-tone audiometry was performed in a silent cabin for both air 
and bone conduction. All frequencies from 250 Hz to 8000 Hz were 
tested as previously reported.8 To eliminate the interaction of the 
contralateral ear caused by interaural attenuation, a narrow band 
noise was administered to the better ear while testing the worst 
ear.10 Hearing loss was classified into mild hearing loss (PTA 21-40 
dB); moderate hearing loss (PTA 41-70 dB HL); severe hearing loss 
(PTA 71-95 dB HL); and profound hearing loss (PTA greater than 95 
dB) as previously reported.11 Interaural difference in PTA (worst ear 
PTA – best ear PTA) was calculated for every patient. For the unaided 
word recognition score, a list of 25 disyllabic common Italian words 
was presented at 70 dB, as previously reported.12 While testing the 
worst ear, narrow band noise was administered to the contralateral. 

As a speech-in-noise test, the Italian version of the Matrix Test was 
performed in both unaided and aided conditions, in a soundproof 
cabin, with the speaker at azimuth position.13 This test is designed 
to evaluate the patient's verbal understanding in difficult conditions, 
similar to those of daily listening in the presence of background 
noise. It is based on a matrix of simplified sentences, generated by 
creating seemingly random phrases from a table of 50 words. The 
Matrix test is defined as an adaptive test because it becomes “easier” 
or “more difficult” after each patient’s response by modifying the 
presentation decibel of the voice message, while the competition 
noise remains constant at 65 dB. In this test, signal-to-noise ratio 
(SNR) varies at every presented sentence, and consequently, Matrix 

test cannot have a fixed SNR to be reported. The test tends to con-
verge to the decibel value at which the patient will understand about 
50% of the words presented, named as speech reception threshold, 
for which the reference normal values in the adult Italian population 
are −7.3 ± 0.8 dB.13

As a subjective evaluation method, the Speech, Spatial, and Qualities 
of Hearing Scale (SSQ) questionnaire Italian version 5.6 was used. 
The participant is asked to answer a total of 49 questions based 
on a 10-point Likert scale. The questionnaire is divided into 3 sec-
tions—speech perception, spatial perception, and sound quality 
perception—the total result ranges from 0 to 10 and is the average 
result of the 49 questions. It is a validated and diffuse instrument for 
evaluating hearing interventions of various kinds, particularly those 
that implicate binaural function.14 In our study, the questionnaire was 
administered before and after application of the HAs. 

Hearing Aids Fitting
The patients in the study were fitted with bilateral digital, behind-
the-ear HAs from GN Resound (Denmark). The following models 
were used: Enya, Linx 3D, Linx 4, Resound One, and Resound Key. 
The speaker in the ear version was preferred in most cases over the 
speaker beyond the ear version. For the prosthetic fitting, the real 
ear measurement obtained by the Natus Aurical system (California, 
USA) was performed on all patients to assess the response of the ear 
to amplification.15

During HA fitting, to understand how the hearing amplification 
improved the hearing threshold, the pure-tone audiometry (250- 
500-1 000-2 000-4 000-8 000 Hz) and speech audiometry in the free 
field were performed, as previously reported.12

These batteries of tests were carried out at every fitting appointment: 
on the first day of application (T0), then after 7, 14, and 21 days and 
finally at the end of the trial test, after 1 month (T1).

Statistical Analysis
We used Fisher’s exact test, the Mann–Whitney U test, the chi-square 
test, and Wilcoxon signed-rank test as appropriate.

For every significant association disclosed by the Fisher exact test, we 
calculated an odds ratio (OR). When necessary, continuous variables 
were dichotomized according to the median value as previously 
reported.8 A multivariate logistic model was constructed, adding only 
the clinical parameters with a P value ≤ 0.1, as disclosed by Fisher’s 
exact test at univariate analysis. The results were expressed as ORs, P 
values, and 95% confidence intervals (CIs). During the analysis, the 
model was checked for multicollinearity with a variance inflation fac-
tor test. A P-value < .05 was considered significant. The quality of the 
model was assessed with Pearson chi-squared test, a non-significant 
result (P ≥ .05) meaning a good fit of the model to the data. 

The Social Sciences version 17 statistical package (SPSS Inc., Chicago, 
Ill, USA) was used for all analyses.

RESULTS
After applying the inclusion and exclusion criteria, we included 108 
patients with asymmetric hearing loss, 48 males and 60 females, with 
a mean age of 74.1 years, and a standard deviation (SD) of 15.1. The 
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causes of hearing loss were presbycusis in 21 patients, occupational 
noise exposure in 21, otosclerosis in 12, chronic otitis media in 12, 
sudden hearing loss in 12, head injury in 6, Ménière disease in 6, and 
idiopathic in 18 patients.

After the 1-month trial test with bilateral HAs, 63 patients (58.3%) 
decided to continue with bilateral HAs (group BI), while 45 (41.7%) 
chose to keep an HA only in the best ear (UNI group). Patients in 
the UNI group reported the following reasons for their choice: “I did 
not feel any hearing improvement with two Has” in 27 cases, “Two 
HAs make me more confused” in 12 cases; and “Economic reasons”  
in 6 cases.

Table 1 shows the clinical and audiological characteristics of the 
patients in the 2 groups without HAs at the first evaluation (T0). We 
found no differences in the audiological characteristics and results of 
the SSQ questionnaire. Patients in the UNI group were significantly 
older than those in the BI group (P = .04 Mann–Whitney U-test). 

Using Fisher’s exact test, we performed a univariate analysis with 
dichotomized variables (Table 2), in order to discover an associa-
tion with unilateral device choice. We found a significant association 
for age > 77 years (P = .03; OR = 8.25). Etiology was not associated 
with unilateral choice (presbycusis vs. other causes, P = .89; occupa-
tional noise exposure vs. other causes, P = .49; otosclerosis vs. other 
causes, P = 1.00; chronic otitis media vs. other causes, P = .49; sudden 
hearing loss vs. other causes, P = .78; head injury vs. other causes, 
P = 1.00; Ménière disease vs. other causes, P = .98; Fisher’s exact test). 
Univariate analysis disclosed 3 characteristics with a P-value ≤ .1 at 
Fisher’s exact test: age > 77 years and worse-ear PTA > 78.75 dB, 
and interaural difference in PTA > 26 dB. Using these 3 variables in 
the model, no multicollinearity was detected by the variance infla-
tion factor test. Whereas worse-ear PTA (OR = 1.68; P = .22, 95% CI 
0.64-3.18) and interaural difference in PTA (OR = 1.96; P = .12, 95% CI 
0.98-4.43) were not associated with the final device choice, age > 77 
years was an independent prognostic factor of unilateral HA choice 
in asymmetrical hearing loss patients (OR = 6.26; P = .04, 95% CI 1.31-
15.90). The result of Pearson’s chi-squared test (P = .49) showed a 
good fitting of the empirical model to real data.

At the end of the 1-month trial, the Matrix test with bilateral HAs 
showed no differences between the 2 groups (P = 1.0, Mann–Whitney 
U test). As shown in Table 3, Matrix test with a single HA showed 
poorer results in both groups (UNI group, P = .03; BI group P = .01; 
Mann–Whitney U test).

The results of the SSQ questionnaire were significantly lower in the 
UNI group at the end of the 1-month trial, with a mean total SSQ of 
8.4 in the BI group and 7.1 in the UNI group (P = .04, Mann–Whitney 
U test). 

DISCUSSION
For people, effective spatial orientation including the ability to dis-
criminate the direction, distance, and movement of sounds is criti-
cal to understanding speech and other structured sound streams.3 
Binaural hearing offers significant advantages in challenging and 
dynamic situations; these contexts are considered significant in main-
taining social competence and emotional well-being. In 2004, Noble 
and Gatehouse6 evaluated patients with symmetrical (103 subjects) 
and asymmetric (50 subjects) bilateral hearing loss and compared 
the disabilities reported by these 2 groups with the SSQ question-
naire. As expected, the spatial hearing was severely impaired in the 
asymmetric group. In addition, patients with asymmetric hearing 

Table 1. Clinical and Audiological Characteristics of the Patients Before the 
1-Month Trial with Bilateral Hearing Aids 

 BI Group UNI Group P *

Gender (male/female) 39/24 21/24 .17

Mean age (years) 70.4 79.2 .04

Mean hearing loss duration (years) 7.9 8.1 .91

Mean PTA (dB) best ear 53.2 51.6 .53

Mean PTA (dB) worst ear 77.8 82.8 .18

Mean interaural difference in PTA (dB) 25.9 31.3 .1

Mean unaided WRS best ear (%) 78.1 73.2 .43

Mean unaided WRS worst ear (%) 23.1 19.1 .22

Mean unaided SRT at Matrix test (dB) 11.5 11.1 .90

Mean SSQ (0-10 scale) 3.7 3.2 .22

BI, bilateral group; PTA, pure-tone average at 500-1000-2000-4000 Hz; SRT, speech recep-
tion threshold; SSQ, speech spatial questionnaire; UNI, unilateral group; WRS, word rec-
ognition score.
Significant values have been highlited in bold.
*Mann–Whitney U test, significant at P < .05.

Table 2. Univariate and Multivariate Analysis of Association Between 
Clinical and Audiological Characteristics (Dichotomized According to 
Median Value When Needed) and the Choice of Unilateral Hearing Aid in 
Asymmetrical Hearing Loss Patients 

 Univariatea Multivariateb

Gender 0.20  NA

Age > 77 years 0.03 0.04

Etiology (idiopathic vs. other causes) 0.43 NA

Hearing loss duration > 7 years 1.0  NA

PTA best ear > 52.5 dB 0.45  NA

PTA worst ear > 78.75 dB 0.1 0.22

Interaural difference in PTA > 26 dB 0.07 0.12

Unaided WRS best ear > 75% 0.55 NA

Unaided WRS worst ear > 30% 0.22 NA

Average SRT at Matrix test (dB) > 11.4 dB 1.0 NA

SSQ average > 3.2 0.34 NA

PTA, pure-tone average at 500-1000-2000-4000 Hz; SRT, speech reception threshold; SSQ, 
speech spatial questionnaire; WRS, word recognition score.
Significant values have been highlited in bold.
aFisher’s exact test, significant at P < .05.
bOnly clinical parameters with P < .1 at univariate analysis were included in the multi-
variate logistic model.

Table 3. Comparison of Speech Recognition Threshold Resulted at Matrix 
Test at the End of the 1-Month Trial with Hearing Aids 

BI Group UNI Group P*

Bilateral HA 1.0 dB (SD 0.4 dB) 1.3 dB (SD 0.9 dB) 1.0

Unilateral HA 3.9 dB (SD 0.9 dB) 3.2 (SD 1.7 dB) .45

P* .01 .03

BI, bilateral group; HA, hearing aids; SD, standard deviation; UNI, unilateral group.
Significant values have been highlited in bold.
*Mann–Whitney U test, significant at P < .05.
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loss reported greater disability in other SSQ scales when compared 
to patients with symmetrical hearing loss. This confirmed that asym-
metric hearing loss is associated with a significant and generalized 
hearing impairment, not limited only to the localization of sounds; 
therefore, optimal bilateral HAs fitting in these patients should be 
mandatory. In 2006, the same authors evaluated 118 patients with 
6 months of experience with unilateral amplification and 42 patients 
with 6 months of experience with bilateral amplification: the ben-
efit of 2 hearing devices was evident when listening to speech in 
demanding contexts.6

Clinical practice often confronts us with results that can be considered 
contradictory with respect to scientific evidence: in this sense, it is not 
uncommon to evaluate patients with hearing loss who refuse bilateral 
HAs and choose to keep only one HA. The objective of this retrospec-
tive study was to investigate whether there were any clinical or audio-
logical differences associated with this type of choice. We considered 
108 patients with moderate-to-severe asymmetric hearing loss who 
used 2 HAs for 1 month. At the end of the trial, 63 patients chose to 
continue using 2 HAs (BI group) while 45 subjects chose to use only 
1 HA in the best ear (UNI group). Analyzing the reasons for refusal of 
bilateral HAs in the UNI group, most of the patients (39 cases) com-
plained about a lack of benefit, or even a worse hearing experience 
using 2 devices, while the motivation was economic in only 6 sub-
jects. Comparing clinical and audiological characteristics between the 
2 groups, we found no differences in gender distribution, hearing loss 
duration, tone audiometry, or Matrix test performed without HAs. Our 
main finding was that UNI group patients were significantly older than 
BI group subjects (79.2 vs. 70.4 years); at both univariate and multivari-
ate analysis, age greater than 77 years was an independent prognostic 
factor in the choice of unilateral HA in patients with asymmetric hear-
ing loss (OR = 6.26; P = .04). Nevertheless, in the UNI group, the Matrix 
test showed a significant improvement with bilateral HAs compared 
to the unilateral HA fitting (1.3 dB vs. 3.2 dB, P = .03). Therefore, accord-
ing to our results, the aged patients that chose unilateral HA seemed 
to have difficulty perceiving the improvement given from bilateral 
HAs; the reasons why and the possible interventions should be inves-
tigated in future studies (Table 3).

An elderly patient may experience difficulties in using HAs. Some 
commonly reported reasons concern the manual difficulty in using 
the device, aesthetic problems, or economic difficulties. A social–
economic role was recently found in a study including 191 elderly 
people: patients who continued to work also used HAs.16 In our 
patients, financial issues were only reported by 6 patients, while 
the majority reported greater hearing difficulty with 2 devices. 
Other authors have reported that elderly patients with bilateral 
hearing loss sometimes choose unilateral HAs because the use of 
2 HAs causes greater disturbance.7 Elderly patients can have cen-
tral auditory processing disorders due to the aging process of the 
peripheral and central auditory pathways. This process could result 
in decreased auditory information processing, leading to difficulties 
in verbal and non-verbal information processing.3 A recent study 
evaluated 30 elderly patients with symmetrical bilateral hearing 
loss having bilateral HAs for over 6 months, but with effective use 
of only 1 device. These patients were evaluated with a dichotic hear-
ing test and all the participants had abnormal results. The authors 
concluded that, in elderly patients who chose unilateral HAs, the ear 
chosen was the one that was dominant.7 In our study, patients chose 

unilateral HAs in the best ear, which we could reasonably assume 
was the dominant one in asymmetrical hearing loss. These patients 
had significantly higher average age, and an associated deficit in the 
processing of auditory information at a central level can be hypoth-
esized and should be further investigated.

Several studies identified hearing loss as an independent risk fac-
tor for dementia, estimated to account for 9% of cases.17 Preliminary 
reports are showing the effectiveness of HA fitting in the prevention 
of cognitive decline in the aging population.18 As reported, in our 
group of aging patients, a unilateral HA was associated with signifi-
cantly poorer performance at the Matrix test (Table 3). It is therefore 
essential in our opinion to stimulate the adaptation of these patients 
with asymmetrical hearing loss to bilateral HAs. One way could be 
to perform tests longer than a month: in this way, the patient would 
have more time to perceive the improvement offered by 2 prosthe-
ses. In this sense, a trial of at least 2 months could increase the per-
ception of hearing and health-related benefits in these patients. 

The strengths of the present study are as follows: (i) adequate consec-
utive sample of patients with asymmetrical hearing loss referred to our 
center selected following well-defined reported inclusion/exclusion 
criteria; (ii) the gold-standard intervention of HA fitting in a referral 
audiology center; and (iii) the outcome evaluation with the application 
of a complete battery of audiological test, including audiometric test 
and validated questionnaire. The limitations of the present research 
are mainly due to the retrospective design: this type of study is not 
allowed to control for confounding factors that were not included in 
the routine evaluation and did not permit a preliminary power and 
sample size estimation. Future studies will aim to overcome these limi-
tations possibly with RCT studies with longer follow-up.

CONCLUSION
The results of our retrospective study showed that almost half of the 
patients with moderate-to-severe asymmetrical hearing loss chose 
unilateral HA after a trial period with bilateral HAs. The higher age at 
fitting was an independent prognostic factor of this choice. Further 
studies are needed to confirm our results and investigate strategies 
to promote bilateral rehabilitation in these patients.
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Appendix 1. Questionnaire Given to the Patients After the 1-Month Trial Period

Please, write an x in correspondence to the statement that best describes the reason why you choose unilateral hearing 
aid over bilateral hearing aid (HA).

1. I did not feel any hearing improvement with 2 HAs

2. Two HAs make me more confused

3. Aesthetic reasons

4. Economic reasons

5. Other reasons (specify) …………… …………… …………… …………… …………… …………… …………… ……………… 
…………… …………… …………… …………… …………… …………… …………… …………… …………… …………… ……
…………………………………………………………………………………………………………………………………………


