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from hearing aids or cochlear implants not only in terms of 
improved hearing function, but also in terms of positive ef-
fects on anxiety, depression, health status and quality of life.
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  Introduction 

 Hearing loss is one of the most common complaints of 
sensory dysfunction in older adults. It has been estimated 
that 25% of the population between 65 and 75 years old 
have hearing loss, and this percentage increases up to 70–
80% in the age group 75 years of age and older [Sprinzl 
and Riechelmann, 2010]. Demographic trends, including 
greater longevity and growing numbers of older adults, 
point to the relevance of understanding and managing 
hearing loss. Recent studies suggest that managing hear-
ing loss is paramount, not only to restore hearing ability, 
but also to improve social skills, cognitive ability and 
quality of life. 

  This study aims to analyze auditory outcomes follow-
ing treatment with a cochlear implant (CI) or hearing aid 
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 Abstract 

 The study aim was to determine the benefit of cochlear im-
plantation and hearing aids in older adults diagnosed with 
hearing loss and to evaluate the index of depression, anxiety 
and quality of life after such treatments. A retrospective co-
hort comprised 117 patients older than 65 years and diag-
nosed with moderate to profound hearing loss who were 
included and classified into 2 groups (treated vs. non-treat-
ed). A battery of tests including auditory (pure-tone average, 
disyllabic words in quiet at 65 dB SPL) and findings from a 
series of questions relevant to quality of life were compared 
between both groups. Auditory outcomes for disyllabic 
words were 58.21% for the cochlear implant-treated group 
and 82.8% for the hearing aid-treated group. There was a 
positive effect on anxiety, depression, health status and 
quality of life in the cochlear implant group versus the pro-
found hearing loss control group. We conclude that older 
adults with moderate to profound hearing loss gain benefit 
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(HA) in patients older than 65 years diagnosed with hear-
ing loss, and to evaluate the index of depression, anxiety 
and quality of life compared to control groups with simi-
lar characteristics who received no treatment for their 
hearing loss.

  Materials and Methods 

 A retrospectively examined hearing-impaired cohort of elder-
ly patients routinely seen in our clinic underwent a battery of pro-
spective assessments to measure the impact of hearing loss on 
their overall well-being. All study subjects signed a written in-
formed consent form to confirm their voluntary participation in 
the study. 

  Subjects 
 A subgroup of 117 subjects from our routinely treated clinical 

population of patients  ≥ 65 years that attended our office from May 
2013 to July 2014 with treated or untreated moderate-severe or pro-
found sensorineural hearing loss (SNHL) were enrolled in the study 
and underwent further assessment. To eliminate severe cases of 
cognitive dysfunction, all subjects met the criteria of fewer than 3 
fails on the Pfeiffer test [Pfeiffer, 1975]. Individual data sets were 
available for preimplantation and posttreatment intervals at a min-
imum of 2 years after device treatment (CI or HA) for audiometric 
threshold testing (pure tone before treatment and free-field using 
warble tones after treatment) and speech recognition tests (Spanish 
disyllabic words at 65 dB SPL in quiet). The case file reviews yield-
ed 4 subgroups of subjects: a CI group and a corresponding control 
group as well as an HA group and their corresponding control 
group. Both control groups presented with similar age, hearing loss 
thresholds and hearing functionality on disyllabic word speech 
scores. The division of the clinical cohort into each of the 4 sub-
groups with summary characteristics is shown in  figure 1 .

  Evaluation Battery 
 A battery of tests was administered prospectively to evaluate 

the overall well-being of the patients specifically related to anxiety, 
depression, health status and quality of life and their perceived 
handicap using standardly available clinical evaluation tools. All 
subjects included in the study completed the tests listed in  table 1 . 
They consisted of the Geriatric Depression Scale [Yesavage et al., 
1983] where a score higher than 5 indicates a suspicion of depres-
sion, the Generalized Anxiety Disorder 7 [Spitzer et al., 2006] 
where a score higher than 5 indicates a suspicion of an anxiety 
disorder, and the Hearing Handicap Inventory for the Elderly 
(HHIE) [Ventry and Weinstein, 1984] indicating effects of hear-
ing loss upon daily activities. For the HHIE, a score lower than 16 
points in each subscale indicates no handicap, a score from 17 to 
42 means a mild to moderate handicap and a score higher than 43 
means a severe handicap. The Health Utility Index mark III (HUI-
III) [Francis et al., 2002] measures the multi-attribute health util-
ity from 0 to 1.0 with 1.0 representing normal health. Contrary to 
the other questionnaires, the closer to 1 the score is, the better the 
result.

  Statistical Analysis 
 Statistical analyses to compare score differences on each test 

measure between the subgroups were performed using the Mann-
Whitney U test. Two-sided p values <0.05 were considered statisti-
cally significant. All statistical analyses were carried out with IBM 
SPSS Statistics version 22.

  Results 

 A descriptive view to the performance of the treated 
groups is shown in  figure 2 . Mean percent correct disyl-
labic word scores, both before and after hearing device 
treatment (HA/CI) are shown in  figure 2 b. Significant au-

Subjects >65
years old

with hearing
loss

(n = 117)

HA group
(n = 46)

Mean PTA 58.8 dB

CI group
(n = 45)

Mean PTA 99.6 dB

79 years (SD = 6.8)
26 F/20 M

Control MS-SNHL
(n = 16)

Mean PTA 49.2 dB
76 years (SD = 7.0)

7 F/9 M

MS-SNHL
(n = 62)

P-SNHL
(n = 55)

77 years (SD = 6.2)
24 F/21 M

Control P-SNHL
(n = 10)

Mean PTA 99.2 dB

74 years (SD = 5.0)
8 F/2 M

  Fig. 1.  Study cohort: 4 subgroup classifica-
tions, showing summary characteristics for 
hearing loss, mean pure-tone average 
(PTA; 0.5–4 kHz), mean age, and gender. 
Subgroups included: untreated moderate-
severe SNHL (MS-SNHL), untreated pro-
found SNHL (P-SNHL), and treated 
groups, i.e. CI and HA users. F = Female; 
M = male. 
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ditory function improvement is observed after treatment 
in both device-treated subgroups compared to their pre-
treatment performance level on disyllabic word tests in 
quiet (p < 0.001), which remains stable over time up to 2 
years and more. In  figure 2 a, the significant functional 
gain obtained after treatment in each device subgroup is 
illustrated, comparing aided and unaided warble tone 
thresholds in the free field; the threshold also remains sta-
ble over time (p < 0.001). 

  The median scores and interquartile ranges are shown 
for each subjective questionnaire used for treated and un-
treated groups in  table 1 . However, a more detailed view 

to the distribution of scores for each of the 4 subgroups 
for all measures is shown in  figures 3–5 .  Figure 3  shows 
the results for Generalized Anxiety Disorder 7 and Geri-
atric Depression Scale scores suggesting no significant 
differences between the device treatment subgroups and 
their untreated controls. Furthermore, no significant dif-
ferences are noted either between the 2 device subgroups 
or between the 2 non-treatment control groups on these 
measures. 

  The distribution of multi-attribute health utility index 
scores obtained via the HUI-III ( fig. 4 a) indicates signifi-
cantly better health utility scores for CI users compared 

 Table 1.  The median scores and interquartile ranges are shown for each subjective questionnaire in the untreat-
ed and device-treated subgroups

Untreated groups  Treated groups

MS-SNHL P-SNHL H A CI

GAD-7 3.5 (3) 5 (8) 3 (6) 2.5 (4)
GDS 1.5 (3) 3.5 (3) 2 (6) 2 (2)
HUI-III 0.67 (0.422) 0.45 (0.11) 0.61 (0.39) 0.57 (0.33)
Total HHIE 20 (20.5) 65.2 (19.37) 34 (34) 53.32 (21.41)
Emotional HHIE 6 (14) 33 (20) 14 (13) 22 (20)
Situational HHIE 13.13 (7.41) 32.8 (10.88) 20.87 (10.52) 31.18 (10.27)

 MS-SNHL = Moderate-severe SNHL; P-SNHL = profound SNHL; GAD-7 = Generalized Anxiety Disorder 7; 
GDS = Geriatric Depression Scale; HUI-III = Health Utility Index mark III; HHIE = Hearing Handicap Inven-
tory for the Elderly.
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  Fig. 2.  Unaided and aided auditory thresholds.  a  Pure-tone average (PTA) thresholds (0.5, 1, 2, and 4 kHz) in 
both CI and HA groups, before treatment and during follow-up until the last visit.  b  Speech perception for disyl-
labic words at 65 dB SPL in quiet for CI and HA groups before and during follow-up until the last visit. 
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to their untreated control group (p = 0.014), while no sig-
nificant differences between the HA user subgroup and 
their control subgroup were found. The HHIE scores 
shown in  figure 4 b suggest the greatest handicap due to 
hearing loss is observed for the untreated profound SNHL 
subgroup and least for the moderate-severe SNHL group. 
While no significant differences were noted between 
treated and untreated control groups, CI users had a sig-
nificantly higher handicap than the HA user group (p < 
0.001). 

  Closer examination of the HHIE scores, dividing the 
responses to questions describing emotional and situa-
tional handicap, was performed for each subgroup, and 

the results are illustrated in  figure 5 . Results suggest a 
trend towards decreased situational and emotional hand-
icap for both device user groups compared to the untreat-
ed control groups; however, the difference is only statisti-
cally significant for situational handicap for the HA user 
group (p = 0.003). Furthermore, the differences for both 
situational and emotional handicaps are statistically sig-
nificant between untreated groups and between device 
user groups. Not surprisingly, untreated profound SNHL 
and CI users experience a significantly greater handicap 
than the untreated moderate-severe SNHL group and the 
HA users, respectively (p < 0.001).
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  Fig. 4.   a  Median scores for the HUI-III test for every subgroup.
 b  Median scores for total HHIE test scores for every subgroup. The 
p value corresponds to the comparison between the groups. Aster-
isk and cirlces represent outliers of each group. 

  Fig. 3.   a  Median scores for the Generalized Anxiety Disorder 7 
(GAD-7) test for every subgroup.  b  Median scores for the Geriatric 
Depression Scale (GDS) test for every subgroup. The p value cor-
responds to the comparison between groups. Asterisk and circles 
represent outliers of each group. P-SNHL = Profound SNHL; MS-
SNHL = moderate to severe SNHL.  
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  Discussion 

 This study confirms that the application of HA or CI 
is useful in reducing hearing disability in patients older 
than 65 years experiencing hearing loss, depending on the 
degree of hearing loss. This benefit is demonstrated by 
improvements in hearing thresholds, disyllabic word rec-
ognition scores, multi-attribute HUI values and hearing 
handicap emotional and situational scores. 

  The use of conventional amplification for moderate to 
severe SNHL can improve speech recognition significant-
ly as illustrated for our study cohort of HA users with 
scores increasing from 55% unaided to 88% aided after 6 

months of follow-up. However, the proportion of hear-
ing-impaired people who actually wear an HA, even in 
developed countries, is still relatively low where more 
than half do not use any amplification [Popelka et al., 
1998]. Some reasons that may explain the poor usage of 
HAs have been described by Gopinath et al. [2011] and 
include expensive costs of HA, social stigma with patients 
embarrassed to wear them, or the absence or lack of prop-
er information or guidance on HA use. The end result is 
that the majority of patients older than 65 years with 
moderate to severe SNHL are not being properly treated. 

  As shown by our study results, the degree of hearing 
loss alone (despite the age and potential for other comor-
bidities) carries an impact on daily life and communica-
tion. The more profound the degree of hearing loss, the 
more limited the patient becomes. Surprisingly, after fit-
ting an HA, patients may have a poorer perception of 
their hearing ability and its subsequent limitations than 
prior to the HA fitting. Possibly after the fitting of an HA, 
the individuals may become more aware of their hearing 
impairment and the social and communication limita-
tions and consequences. In contrast, Vuorialho et al. 
[2006] described that using HAs correctly has been re-
ported to lead to decreased hearing handicap scores when 
questioned with the HHIE. Such changes in their study 
are shown even when non-users (10%) are included. They 
conclude that HA fitting, as a process, has a strong posi-
tive impact on emotional states.

  The moderate-severe SNHL groups (treated and non-
treated) show no differences in anxiety and depression 
scores. Such findings contrast with previous reports that 
stated that high HHIE scores are a risk factor in the de-
velopment of depression amongst elderly individuals 
[Saito et al., 2010]. Our analysis of HHIE scores was de-
rived from cohorts of treated and untreated individuals 
within a hearing-impaired population, whereas Saito et 
al. [2010] compared normal-hearing subjects to hearing-
impaired ones. Thus, such differences in the incidence of 
depression between both groups may be related to the 
population studied. Our recommendation is to include 
an assessment of the perceived handicap via the HHIE as 
a useful screening tool for community-dwelling elderly 
people to identify those at risk.

  Our study clearly demonstrates greater benefit from 
cochlear implantation for older adults with more signifi-
cant hearing loss than from conventional amplification 
for the HA user group. Postimplantation, audiometric 
tests suggest significant improvements in auditory thresh-
olds over the pre-operative unaided condition and for 
mean word recognition scores on disyllabic words, which 
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reached 52% compared to 0% before implantation. As 
shown in  figure 2 , the largest and most rapid improve-
ment in hearing performance was observed within the 
first 6 months of treatment, remaining stable thereafter. 
Previous studies have shown that the learning curve for 
elderly implantees is similar to that observed for the 
younger implanted population, while absolute scores for 
the elderly measured in noisy environments tend to be 
lower [Lenarz et al., 2012]. Our cohort demonstrated that 
once the rapid auditory improvement is seen, auditory 
outcomes increase slowly, reaching a plateau indepen-
dent of age and is maintained during the follow-up. This 
may be due to the fact that neural degeneration might be 
prevented with auditory stimulation [Leake et al., 2008]. 
Several factors may influence benefits from CI treatment 
in older adults that include pre-operative speech discrim-
ination [Lin et al., 2012], overall status of health [Clark et 
al., 2012], consistency of HA use within a lifetime, educa-
tional level, residential status and level of depression 
[Francis et al., 2015]. 

  Given it is common audiological practice to demon-
strate that CI and HA treatment can provide adequate 
functional gain for the respective groups of hearing-im-
paired elderly patients, through improved speech recog-
nition, we can assume a logical consequence is that com-
munication is also improved; however, the question aris-
es: what is the ultimate impact on their daily life? 

  According to data for our study cohort, anxiety and 
depression levels show no correlation with treated or un-
treated conditions or the degree of hearing loss, whereas 
a trend for lower levels of anxiety and depression are not-
ed in the CI group compared to their control group. In a 
study by Olze et al. [2012], it was demonstrated that hear-
ing loss significantly influences isolation, which explains 
the influence in the social domain. 

  Based on our findings from the HUI-III test, the de-
gree of hearing loss can positively influence the percep-
tion of one’s overall health status. This is supported by 
our observation that the CI group reported a significant-
ly greater improvement in the perception of their health 
status (multi-attribute HUI) and, thus, quality of life than 
the control group for quality of life. However, in contrast, 
there was no significant difference between the reported 
health utility for HA users compared to the untreated 
control group. 

  This study demonstrates that the influence of hearing 
disability upon daily life increases with increased hearing 
loss. As expected, patients with profound hearing loss en-
dure more limitations in their daily lives due to the hear-
ing loss than patients with a moderate-severe hearing loss. 

  The negative consequences of hearing loss on quality 
of life and perceived handicap demonstrated in our co-
hort suggest that timely and appropriately administered 
sound amplification can potentially mitigate the re-
sounding effects of hearing loss for the individual. These 
findings agree with data published by Lin et al. [2012] 
stating that hearing loss may potentially increase the risk 
of depression and social isolation due to communication 
impairment. They propose that significant hearing loss 
may provoke further cognitive decline through the in-
herent cognitive load that, in turn, can negatively influ-
ence physical and daily functioning. As social isolation 
and cognitive load increase and physical conditions de-
crease, the risk of dementia and incidence of morbidity-
mortality can increase. These findings are confirmed by 
research demonstrating that significantly reduced audi-
tory input is associated with cognitive dysfunction and 
decline and, in extreme cases, with age-related dementia 
[Kricos, 2006]. Furthermore, it has been demonstrated 
that good cognitive function is extremely important in 
processing auditory information when made available 
via hearing treatment [Mosnier et al., 2015]. Therefore, 
not only does hearing loss have a negative impact on cog-
nitive function, cognitive impairment has a negative im-
pact on hearing function. While not causative, hearing 
loss is also an unrelated risk factor for dementia linked to 
a characteristic auditory pattern [Gimeno-Vilar and Cer-
vera-Paz, 2012].

  Conclusion 

 Our study has shown that hearing treatment with a CI 
or HA can provide significant advantages to hearing 
function that remains stable over time in elderly patients. 
Significant improvements for CI patients with profound 
SNHL are observed for quality of life and show a trend 
towards reduced perceived hearing handicap. Patients 
with an untreated profound hearing loss demonstrate a 
significantly poorer quality of life and show a trend for 
higher levels of anxiety, depression and the perceived 
handicap than comparable patients treated with a CI. In 
contrast, the significant effects beyond hearing function 
were not demonstrated between HA users and their re-
spective control group with untreated moderate-severe 
hearing loss. In view of the inherent progressive nature of 
presbycusis and the observed relation between signifi-
cantly reduced auditory input upon socio-emotional and 
overall health domains, hearing loss should always be 
treated in adults older than 65 years. 
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