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INTRODUCTION

Hearing impairment degrades the quality of life, resulting in 
poor communication, limited social activities, reduced ability to 

protect oneself, and even psychological depression, especially 
among the elderly [1,2]. A hearing aid is a crucial tool for mak-
ing communication free and convenient for patients with hear-
ing loss [3,4]. The prevalence of hearing aid use was 14.2% in 
the United States during 1999–2006 [5] and 12.6% in South 
Korea during 2010–2012 [6]. Despite the usefulness of hearing 
aids, the usage rate is quite low considering that hearing loss 
prevalence that ranges from 20% to 40% [5-7]. There are more 
people who acquire hearing aids, but only 60%–70% use them 
regularly [5,8,9]. Some studies have shown that the most com-
monly reported reasons for poor regular usage are factors relat-
ed to hearing aid value, that is, insufficient benefit from using 
the hearing aid and comfort-related issues in wearing it [10-13]. 
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Objectives. To investigate the correlation of objective audiometry with user satisfaction as measured with the questionnaire 
scores.

Methods. Twenty patients with hearing loss, who agreed to wear a hearing aid and were referred for hearing aid fitting, 
were included in this prospective clinical study. All patients used the in-the-canal type of Wide7 hearing aid provided 
by BSL Co., Ltd. We performed the Korean version of the Hearing Handicap Inventory for the Elderly (K-HHIE) and 
the International Outcome Inventory for Hearing Aids (K-IOI-HA) before and 1, 3, and 6 months after wearing the 
hearing aid. We also performed pure tone audiometry (PTA), speech audiometry (SA), functional gain (FG), hearing 
in noise test (HINT), and central auditory processing disorder tests, such as frequency pattern test (CA-f), duration 
pattern test (CA-d), and dichotic test (CA-Di). Patients were divided into two groups (group A-HHIE, improved; 
group B-HHIE, same or worse) by comparing the score of K-HHIE before and 6 months after wearing the hearing 
aid. In the 6-month K-IOI-HA questionnaire, 21 points were considered as the average score. Based on this, we fur-
ther divided patients into two groups (group A-IOI, >21 points; group B-IOI, ≤21 points).

Results. Group A-HHIE included six patients and group B-HHIE included 14 patients. In PTA, SA, HINT, CA-d, and CA-
Di, group A-HHIE showed higher improvements than group B-HHIE, which were not statistically significant. Group 
A-IOI included 12 patients and group B-IOI included eight patients. No statistically significant difference was noted 
in the improvement of audiometric results over a period of 6 months after wearing the hearing aid between groups 
A-IOI and B-IOI. 

Conclusion. There were no significant and consistent audiometric results to reflect patient’s satisfaction with the hearing 
aid. Therefore, when analyzing the hearing aid-fitting outcome, both the objective audiometric tests and subjective 
questionnaire should be performed together for validating hearing aid performance.
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These reasons include factors such as the hearing aid not being 
effective with poor benefit or poor sound quality in noisy envi-
ronments and being unsuitable for the type of hearing loss that 
can be supplemented by a delicate and precise fitting process. 
The fitting procedure consists of audiometric testing and evalua-
tion of users’ psychosocial performance after a specified period 
of hearing aid adoption [14]. In addition to pure tone audiome-
try (PTA), functional gain (FG), and speech audiometry (SA), 
several objective hearing tests are used to adjust the hearing aid 
for optimized benefit—auditory steady-state response; real ear 
measurement (REM); hearing in noise test (HINT); and central 
auditory processing disorder (CAPD) tests [14-17]. The Hearing 
Handicap Inventory for the Elderly (HHIE) and the Internation-
al Outcome Inventory for Hearing Aids (IOI-HA) are globally 
used to assess subjective satisfaction with high reliability and va-
lidity [18,19]. To achieve successful hearing aid efficacy, it is im-
portant to confirm whether the hearing aid satisfies the patient’s 
needs. However, it remains unclear whether the fine results of 
objective audiometry can predict the patient’s satisfaction and 
regular hearing aid use. Brannstrom et al. [20] reported the un-
aided speech discrimination score (SDS) explains some of the 
variance in the IOI-HA global score, and Lee and Noh [21] also 
stated that the discrimination score is a significant predictor of 
successful hearing aid usage. This study aimed to determine 
whether objective audiometry is correlated with the user’s satis-
faction, as measured with the questionnaire scores, and, if so, 
which objective audiometry can be used to maximize subjective 
satisfaction in patients with hearing aids.

MATERIALS AND METHODS

Patients and data
This clinical prospective cohort study was performed at the De-
partment of Otorhinolaryngology-Head and Neck Surgery at 
the tertiary referral hospital between November 2016 and April 
2017. Hearing-impaired adult patients with PTA of 40–85 dB 
HL willing to wear a hearing aid were asked to participate in 
this prospective clinical cohort study, and 20 of the patients who 
agreed were referred for hearing aid fitting. Information regard-

ing patients’ hearing loss, ages, genders, lifestyles, and audio-
grams were acquired. None of the patients showed neurological 
disorders, such as cerebrovascular disease or cognitive disorders. 
All the patients completed 6-month follow-up examinations. The 
study has been reviewed and approved by Asan Medical Center 
Institutional Review Board (IRB No. 2016-1140).

Hearing aid fitting procedure
On the first visit, unaided hearing was evaluated using PTA and 
SDS. PTA was calculated as the mean of thresholds at the three 
frequencies (1,000, 2,000, and 4,000 Hz). Participants were pro-
vided with the ITC (in the canal)-type of hearing aid with four 
channels from 200 to 6,800 Hz by BSL (BSL Co., Ltd., Chun-
cheon, Korea). The benefit derived from the hearing aids was 
evaluated using PTA, SDS, FG, HINT, REM, and CAPD; the fre-
quency pattern test (CA-f), duration pattern test (CA-d), and 
dichotic test (CA-Di). Fine tuning procedures were repeated 1, 3, 
and 6 months after wearing the hearing aid based on the pa-
tients’ feedback and audiological measurements.

Questionnaire
Patients performed the Korean version of the HHIE (K-HHIE) 
and the IOI-HA before wearing the hearing aid and at 6 months 
after wearing the hearing aid. The K-HHIE consists of 25 ques-
tions. Patients can select from among three responses; no (1 
point), sometimes (2 points) or yes (4 points). K-HHIE is com-
posed of 25 items (12 social/situational, 13 emotional). Scores 
for the K-HHIE range from 0 to 100. Lower scores mean an im-
proved hearing performance over unaided condition. The IOI-
HA consists of seven questions. Each question includes the fol-
lowing: daily use, benefit, residual activity, satisfaction, residual 
participation restriction, impact on others, and quality of life. 
Patients selects the one among the five responses. Therefore, each 
question can be scored from 1 to 5 points and the total score 
can be obtained from at least 7 to 35 points. High score indicates 
a positive hearing aids effect.  

The patients were divided into two groups. Group A-HHIE in-
cluded those with improved K-HHIE scores from the last visit, 
and group B-HHIE included those with the same or worse K-
HHIE scores based on comparing the K-HHIE scores before and 
after 6 months of wearing the hearing aid. According to the study 
of validity and reliability in Korean IOI-HA at a multicenter in 
Korea, the average score of the HA wearers was observed about 
21 point [22]. Based on this, we divided the patients into two 
groups; group A-IOI included those with an A-IOI score >21 on 
the last visit, and group B-IOI included those with an A-IOI 
score of ≤21. 

Statistical analysis
Age and initial audiometric results were evaluated with inde-
pendent samples t-test. Repeated measures analysis of variance 
was used to analyze the differences in the aided objective tests 

	� Audiometric outcomes and subjective questionnaire scores 
showed a statistically significant improvement after hearing 
aid fitting. 

	� Subjective satisfaction in hearing aid users is affected not only 
by acoustic gain improvement but also by other individual fac-
tors.

	� Objective audiometric tests and subjective questionnaire should 
be performed together for validating hearing aid performance.

H LI IG GH H T S



Kwak MY et al.  Assessment of Hearing Aids    143

scores over a period of time between the groups. In addition, the 
correlation between each aided audiometric result and the ques-
tionnaire score was assessed using Pearson’s correlation analysis 
and linear regression analysis. Data were analyzed using IBM 
SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA). A P<0.05 was 
considered to be statistically significant.

RESULTS

Twenty patients (five men; mean age, 62.5 years; age range, 37–
79 years) were included in this study. Of these, 12 patients had 
moderate hearing loss and eight had moderate–severe hearing 
loss.

Audiometric results and K-HHIE score
The results of all hearing tests, including the K-HHIE score, sug-
gested a significant improvement over compared to the prefitting 
test results, except for CA-f (Table 1). The mean K-HHIE score 
was 31.2 before wearing the hearing aid and 39.4 after 6 months 
of wearing the hearing aid, which showed a significant increase 
over the 1, 3, and 6 month results (P<0.05). The hearing thresh-
olds were 60.2 dB on an average for unaided PTA, 37.8 dB for 
aided PTA on the first fitting, and 38.9 dB for aided PTA on the 

third fitting, indicating a gradual improvement (P<0.001). For 
the SA, the mean score of SDS was 46.4% on the first visit with 
an unaided setting, 78.8% of the aided SDS on the first fitting, 
81.3% of the aided SDS on the second fitting, and 82.4% on 
the last visit, which indicates statistically significant improvement 
(P<0.001).

Group A-HHIE included six patients, and group B-HHIE in-
cluded 14 patients. The average HHIE scores of prefitting and at 
6 months after fitting, were 37.7±19.0 and 31.0±14.4 in group 
A-HHIE. Group B-HHIE showed the average post-fitting HHIE 
score of 43.0±35.5 from the prefitting score of 28.4±26.4. No 
statistically significant difference was noted in age and audio-
metric test results between the unaided groups. Group A-IOI in-
cluded 12 patients, and group B-IOI included eight patients. The 
average IOI-HA scores of group A-IOI and group B-IOI were 
27.3±4.3 and 16.1±5.3, respectively. No significant difference 
was noted in the prefitting measures between the two groups 
(Table 2).

Group A-HHIE revealed statistically significant improvement 
in CA-f (P=0.011). In PTA, SDS, HINT, CA-d, and CA-Di, group 
A-HHIE showed higher improvements than group B-HHIE, which 
was not statistically significant (Fig. 1). No statistically significant 
difference was noted in the improvement of audiometric results 
over a period of time between groups A-IOI and B-IOI (Fig. 2).

Table 1. Changes in hearing test results over 1-, 3-, and 6-month periods

Variable Unaided (1st visit) Aided 1 month Aided 3 months Aided 6 months P-value 

K-HHIE  31.2±24.3  29.7±25.2 32.3±25.4  39.4±30.8  0.046*
PTA (dB)  60.2±11.7  37.8±10.7 36.8±9.3 38.9±8.6 <0.001*
SDS (%)  46.4±31.0  78.8±15.3  81.3±12.7  82.4±12.0 <0.001*
HINT  0.4±3.7 –1.0±2.3 –1.3±2.1 –1.2±2.2  0.003*
CA-f 16.8±8.8 18.6±9.4 19.9±8.5 19.6±8.6 0.069
CA-d 21.4±6.7 21.9±6.8 23.9±6.7 23.9±6.3  0.024*
CA-Di  8.5±8.1  14.7±10.7  15.2±10.6  10.9±12.2  0.028*

Values are presented as mean±standard deviation.
K-HHIE, Korean version of the Hearing Handicap Inventory for the Elderly; PTA, pure tone audiometry; SDS, speech discrimination score; HINT, hearing in 
noise test; CA-f, central auditory frequency pattern test; CA-d, central auditory duration pattern test; CA-Di, central auditory dichotic test.
Repeated measures analysis of variance (*P<0.05).

Table 2. Patients’ ages and audiometry results before hearing aid fitting 

Variable A-HHIE (n=6) B-HHIE (n=14) t P-value A-IOI (n=12) B-IOI (n=8) t P-value

Age (yr)  60.0±13.4 62.9±8.4 –0.597 0.558 63.7±9.1  59.6±11.1 0.892 0.384
PTA (dB)  65.8±12.6  57.7±10.6 1.470 0.159 60.4±8.9  59.9±15.4 0.100 0.921
SDS (%)  34.7±30.6  51.4±30.9 –1.115 0.279 48.7±28.6  43.0±36.0 0.392 0.700
HINT –0.38±4.89  0.69±3.17 –0.591 0.562 1.02±4.07 –0.60±2.95 0.963 0.348
CA-f 17.8±9.1 16.2±9.0  0.351 0.730 17.9±9.4 15.0±8.2 0.714 0.484
CA-d  18.5±10.7 22.6±4.0 –1.291 0.213 22.6±6.7 19.6±6.6 0.967 0.346
CA-Di  6.0±6.0  9.6±8.8 –0.902 0.379 8.0±7.8  9.3±9.0 –0.331 0.744

Values are presented as mean±standard deviation.
HHIE, Hearing Handicap Inventory for the Elderly; IOI, International Outcome Inventory; PTA, pure tone audiometry; SDS, speech discrimination score; 
HINT, hearing in noise test; CA-f, central auditory frequency pattern test; CA-d, central auditory duration pattern test; CA-Di, central auditory dichotic test. 
Independent Student t-test (*P<0.05).
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Fig. 1. Objective audiometric test results before and 1, 3, and 6 months after wearing the hearing aid (A-HHIE, six patients; B-HHIE, 14 pa-
tients). HHIE, Hearing Handicap Inventory for the Elderly; PTA, pure tone audiometry; SDS, speech discrimination score; HINT, hearing in 
noise test; SNR, signal-to-noise ratio; CA-f, central auditory frequency pattern test; CA-d, central auditory duration pattern test; CA-Di, central 
auditory dichotic test. *Repeated measures analysis of variance. 
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Fig. 2. Objective audiometric test results before and 1, 3, and 6 months after wearing the hearing aid (A-IOI, 12 patients; B-IOI, eight patients). 
IOI, International Outcome Inventory; PTA, pure tone audiometry; SDS, speech discrimination score; HINT, hearing in noise test; SNR, signal-
to-noise ratio; CA-f, central auditory frequency pattern test; CA-d, central auditory duration pattern test; CA-Di, central auditory dichotic test. 
*Repeated measures analysis of variance.
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Correlation analysis between questionnaire score and each 
audiometry index
In the first fitting, correlation and regression analyses were per-
formed between questionnaire score and the 11 parameters: 
PTA, SDS, FG (aided PTA-unaided PTA), gain of SDS (aided 
SDS-unaided SDS), HINT, CA-f, CA-d, CA-Di, and the number 
of frequencies, which real ear insertion gain (REIG) did not 
reach the target gain at the soft, comfortable, and loud speech 
levels. Only HINT demonstrated a statistically significant posi-
tive correlation with the K-HHIE score (P=0.027), while the 
other tests showed no statistically significant results (Supple-
mentary Table 1). In the second fitting, eight parameters except 
REM were used for analysis, and only HINT showed a signifi-
cant correlation with the K-HHIE score (P=0.002) (Supplemen-
tary Table 2). In the third fitting, no statistically significant results 
were obtained (Supplementary Table 3). 

DISCUSSION

Hearing aid benefit could be assessed by comparing the aided 
and unaided performances measured either objectively or sub-
jectively. The outcomes of the hearing aid-fitting process were 
focused on the manners to attain gains met prescribed targets 
for each individual. Objectively measured hearing aid outcomes 
have been conducted in a laboratory or clinical setting previous-
ly, which limited reflection of their listening achievement and 
satisfaction in real-world environments [23]. In recent years, 
several auditory perception tests, including HINT, sound local-
ization test, and the CAPD test have been developed in numer-
ous ways to provide more explicit listener auditory performanc-
es. Nevertheless, a study on the self-report outcome measures in 
hearing aid contended that objective measurements will never 
provide an adequate description of the deficits suffered by pa-
tients with hearing loss, irrespective of the procedures, materi-
als, and numbers of auditory performance measurements [24]. 
This study suggested that the only practicable way to access this 
information was via structured questioning of the hearing-im-
paired person. The use of self-report measures can thus be con-
sidered useful for evaluating the subjective satisfaction of hear-
ing aids and for obtaining hearing loss management options. 
Current research studies have focused on hearing aid validation, 
and various self-report assessments have been developed to 
quantify patients’ subjective benefits of wearing a hearing aid. 
Validation of hearing aid benefits includes assessing speech un-
derstanding, sound quality, ear balance, device comfort, overall 
quality of life, and the user’s perceived benefit.

Therefore, identifying the correlation between objective out-
come measures and subjective satisfaction, assessed with the 
questionnaires, can help otologists to anticipate real-world ben-
efits, based on laboratory findings, to modify the hearing aid fit-
ting as required. Our study examined the correlation between 

objective and subjective outcome measures as a step toward val-
idating hearing aids’ benefits. Comparison between the groups, 
as well as multiple linear regression analysis, could not, however, 
find any statistically significant association in the objective out-
come measures assessed using the HHIE and IOI-HA question-
naires. Although significant correlations between HHIE and HINT 
scores in the first and second fittings were noted, the meaningful 
correlation in the third fitting was deemed invalid. Overall, ob-
jectively measured hearing aid outcomes such as PTA and SDS 
were improved sufficiently; however, the scores of questionnaires 
did not significantly improve. We think that the objective test 
with acoustic gain cannot measure the effect of hearing aid in 
everyday life, which resulted in this discrepancy between objec-
tive audiometric outcomes and subjective questionnaires. Be-
cause each individual has different pattern of life and activities, 
audiometric data of amplification is limited in assessing the ef-
fect of hearing aids on everyday life. For instance, even if patients 
with the same degree of hearing loss wear hearing aids with same 
gain, those who spend a lot of time in a loud and noisy place, will 
not be satisfied, while patients who spend a lot of time in a quiet 
place may have a relatively high satisfaction. In addition, other 
factors such as the suitability of the physical fitting of hearing 
aids use, feedback, or occlusion effect when worn, the presence 
of tinnitus and hyperacusis, should be considered in the evalua-
tion of overall hearing aid satisfaction.

Our lack of finding a correlation between objective and sub-
jective measures in this study coincides with previous studies. A 
study by Mendel [25] revealed no significant relationship be-
tween aided performance on the sentence tests and the Hearing 
Aid Performance Inventory (HAPI). The correlations among the 
various measures of objective (nonsense syllable test [NST] and 
HINT) and subjective (HAPI and HHIE) benefits found that the 
objective benefit (NST and HINT) measures were significantly 
correlated with one another, but not with any other outcome 
measures [26]. A study undertook a correlational analysis be-
tween Korean version of IOI-HA (K-IOI-HA) and each parame-
ter (the aided PTA and aided SDS, FG) and found no significant 
correlations with subjective satisfaction, although they did find a 
difference between the target gain and REIG in speech mapping, 
suggesting significant negative correlations with the satisfaction 
scores at various speech levels [27]. 

Brannstrom et al. [20] evaluated each score on the separate 
IOI-HA items and other audiometric outcomes. There were sig-
nificant positive associations with best ear SDS and the score of 
separate IOI-HA items in item 3 (residual activity limitation) and 
item 5 (residual participation restriction). The scores for each sub-
scale on the questionnaires were not separately weighted on out-
comes in our study. Moreover, their subjects had an average 2.4 
years of hearing aid experience, when their IOI-HA scores were 
obtained. Our study, however, reported IOI-HA and K-HHIE 
scores obtained 1, 3, and 6 months after the last fitting. This may 
have affected the different outcomes. Further research is needed 
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to investigate correlation between the scores for each question-
naire item and the audiometric variables. 

The subjective satisfaction with hearing aids is affected not 
only by acoustic gain improvement but also by the lifestyle of 
an individual, including his or her personality, lifetime hearing 
aid experience, and the degree of activity limitation caused by 
hearing loss. For instance, hearing aid users who work in a noisy 
environment may be more troubled by the use of hearing aid. 
Therefore, in order to demonstrate the clinical correlation among 
the measures of hearing aids, further studies that involve statisti-
cal analysis of stratification of samples, including a large number 
of subjects, is necessary.

Audiometric results, K-HHIE, and K-IOI-HA scores after 
hearing aid fitting showed a statistically significant improvement 
over a period of time compared to those before hearing aid fit-
ting. We compared these objective audiometric results according 
to the subjective questionnaire scores, but found no statistically 
significant differences. Better audiometric outcomes after hear-
ing aid fitting did not always result in higher subjective satisfac-
tion in the questionnaire. Therefore, when analyzing the hearing 
aid fitting outcome, both the objective audiometric tests and 
subjective questionnaire should be performed together as a way 
to validate hearing aid performance.
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