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Purpose: Previous studies examining the relationship between health-related quality of 
life (HRQoL) and speech perception ability in cochlear implant (CI) users have yielded 
variable results, due to a range of factors, such as a variety of different HRQoL questionnaires 
and CI speech testing materials in addition to CI configuration. In order to decrease 
inherent variability and better understand the relationship between these measures in CI 
users, we administered a commonly used clinical CI speech testing battery as well as 
two popular HRQoL questionnaires in bimodal and bilateral CI users.

Methods: The Glasgow Benefit Inventory (GBI), a modified five-factor version of the GBI 
(GBI-5F), and the Nijmegen Cochlear Implant Questionnaire (NCIQ) were administered to 
25 CI users (17 bimodal and 8 bilateral). Speech perception abilities were measured with 
the AzBio sentence test in several conditions (e.g., quiet and noise, binaural, and first-ear 
CI only).

Results: Higher performance scores on the GBI general subscore were related to greater 
binaural speech perception ability in noise. There were no other relationships between 
the GBI or NCIQ and speech perception ability under any condition. Scores on many of 
the GBI-5F factors were substantially skewed and asymmetrical; therefore, correlational 
analyses could not be applied. Across all participants, binaural speech perception scores 
were greater than first-ear CI only scores.

Conclusion: The GBI general subscore was related to binaural speech perception, which 
is considered the everyday listening condition of bimodal and bilateral CI users, in noise; 
while the more CI-specific NCIQ did not relate to speech perception ability in any listening 
condition. Future research exploring the relationships between the GBI, GBI-5F, and NCIQ 
considering bimodal and bilateral CI configurations separately is warranted.

Keywords: cochlear implant, health related quality of life, speech perception, hearing loss, bimodal, bilateral, 
Glasgow Benefit Inventory, Nijmegen Cochlear Implant Questionnaire
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INTRODUCTION

Cochlear implants (CIs) significantly improve quality of life 
(QoL) and speech perception abilities for individuals with 
severe to profound hearing loss (Gaylor et  al., 2013; Mosnier 
et al., 2015). Currently, speech perception scores are the primary 
outcome measures utilized for quantifying CI benefit in adult 
users; however, there is a growing movement to further quantify 
CI benefit with QoL measures. This is because while objective 
measures of CI benefit, such as speech perception tests, are 
important for evaluating CI performance, CIs also influence 
other aspects of a patient’s life, such as self-esteem and socializing, 
that are not always captured by traditional objective measures. 
In general, QoL measures capture important information 
regarding the subjective wellbeing of a patient at a given point 
in time. On the other hand, health-related quality of life 
(HRQoL) measures are specific to certain aspects of QoL 
affected by health conditions, such as hearing loss, or medical 
procedures, such as cochlear implantation. As such, HRQoL 
measures may be  more sensitive to differences in CI benefit 
compared to general QoL measures (Krabbe et  al., 2000; 
Hirschfelder et  al., 2008; Sladen et  al., 2017). As HRQoL 
measures are increasingly used with CI recipients in clinical 
settings, it is important to understand any relationships between 
these HRQoL metrics and the traditional metric of CI-aided 
speech perception scores.

The use of HRQoL measures in addition to speech perception 
scores to monitor CI benefit is growing in popularity (Services, 
U.D.O.H.A.H., 2011). HRQoL questionnaires that are commonly 
used with CI patients are the Glasgow Benefit Inventory (GBI; 
Robinson et  al., 1996) adapted for CI users (Ho et  al., 2009) 
and the Nijmegen Cochlear Implant Questionnaire (NCIQ; 
Hinderink et  al., 2000). The GBI was initially developed to 
be a post-intervention outcome measure for medical treatments 
including surgical procedures, and is scored on a scale from 
−100 to +100, meaning that clinicians can identify if there 
has been an overall improvement (closer to +100) or worsening 
(closer to −100) of QoL post-intervention. The GBI consists 
of 18 questions, and scoring includes a total score as well 
as three subscores: general, social support, and physical health. 
One strength of the GBI is that it addresses the direct success 
of CI implantation with questions regarding whether or not 
an individual would undergo the procedure again or recommend 
it to others, providing additional information for capturing 
subjective benefit of a CI. However, recent work highlights 
the need to explore the construct validity of the GBI subscores; 
specifically, which questions are designated to each subscore 
(Browning et  al., 2021). A confirmatory factor analysis 
performed by Browning et  al. (2021) found that the original 
three subscore model of the GBI was a poor fit for data 
from 4,799 otolaryngologic patient responses and that the 
total score and general subscore contained a large number 
of heterogeneous questions that do not converge on any one 
construct. Browning et  al. (2021) further identified three 
questions that were either redundant or not pertinent to 
otolaryngologic intervention in this group (e.g., question nine 
centered around job opportunities and was the most frequently 

unanswered of the 18 total questions in the GBI in this 
population). As such, Browning recommended that, for an 
otolaryngologic patient population, the general subscore of 
the original GBI be split into three additional subscores (QoL, 
self-confidence, and social involvement) and that three less 
relevant questions be removed from the original 18 questions. 
This modified GBI questionnaire was renamed the five-factor 
Glasgow Benefit Inventory (GBI-5F), which has 15 rather 
than 18 questions and contains a total of five subscores.

A second popular clinical questionnaire is the NCIQ 
(Hinderink et al., 2000). Unlike the GBI and GBI-5F, the NCIQ 
was specifically created for CI users and is scored on a Likert 
scale from 1–5 with transformed scores ranging from 0 (very 
poor) to 100 (optimal). In addition to the 5-point Likert system, 
the NCIQ includes a sixth “not applicable” option to all questions, 
which may be helpful for distinguishing between what domains 
are not affected by cochlear implantation and which are simply 
less relevant to a certain population of CI users. Unlike the 
brief 18 question GBI, the NCIQ consists of 60 questions 
centered around several physical, psychological, and social 
domains related to CI use. While the NCIQ is considerably 
longer than the GBI, this allows for a theoretically more 
comprehensive assessment of CI outcomes which may increase 
sensitivity to various clinical changes (Hinderink et  al., 2000). 
Indeed, the NCIQ has been shown to be  sensitive to pre- to 
post-implantation performance change which distinguishes itself 
from retrospective HRQoL questionnaires, such as the GBI 
(Straatman et  al., 2014; McRackan et  al., 2018).

Relating subjective HRQoL questionnaire responses to clinical 
objective speech perception ability for CI recipients has yielded 
mixed results. The GBI total and general subscores have been 
shown to relate to CI-aided speech perception ability in specific 
instances, such as listening for sentences in quiet (Palmer et al., 
1999; Hillyer et  al., 2019); however, similar relationships are 
not apparent when different CI age groups or speech perception 
materials are included (i.e., sentences versus words). For example, 
correlations between GBI scores and speech perception of 
monosyllabic words in quiet existed for younger (<55 years) 
but not older (≥55 years) CI users (Vermeire et  al., 2005). 
Conversely, Sorrentino et  al. (2020) found the opposite effect, 
with relationships observed between GBI scores and speech 
perception ability in quiet for three different test stimuli (i.e., 
disyllabic words, sentences, and question comprehension) in 
an older (≥65 years) but not in a younger (≤50 years) group 
of CI users. Meanwhile, Forli et al. (2019) observed no correlations 
between GBI score and speech perception ability of Italian 
disyllabic words in quiet or noise, regardless of age group 
(42–80 years).

Inconsistent relationships between speech perception ability 
and NCIQ scores have also been observed. CI benefit measured 
with pre-operative NCIQ scores and 12  months post-operative 
NCIQ scores related to gains in speech perception of disyllabic 
words (Mosnier et  al., 2015) and monosyllabic words (Sladen 
et  al., 2017). This finding has been further supported by 
associations between NCIQ subdomains and speech perception 
abilities of words in quiet (Capretta and Moberly, 2016) and 
sentences in noise (Olze et al., 2012; Capretta and Moberly, 2016).  
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Conversely, Hirschfelder et  al. (2008) found no relationship 
between CI-aided speech perception ability of monosyllabic 
words in noise and NCIQ scores. Similarly, our previous 
research found no association between NCIQ scores and speech 
perception ability of sentences in quiet (Hillyer et  al., 2019), 
possibly because participants were considered high-performing 
CI users, thus limiting variability in CI-aided speech perception 
performance. Consistent with these variable results, a meta-
analysis of 13 studies examining HRQoL questionnaires, 
including the NCIQ, found negligible to weak but significant 
correlations between HRQoL measures and speech perception 
ability of sentences in quiet and noise (McRackan et al., 2018).

In addition to the large variation of participant’s age groups 
and speech stimuli used, another potential explanation for 
mixed relationships observed between HRQoL and speech 
perception ability is that previous studies have included 
participants using a variety of CI configurations. Previous 
research has often included a variety of combinations of CI 
users, including unilateral [i.e., one CI with no contralateral 
amplification], bimodal [i.e., one CI (electric signal) with a 
contralateral hearing aid (acoustic signal) and/or bilateral [i.e., 
two CIs (two electric signals)] users, with users experiencing 
conditions in both quiet and noise. Indeed, Olze et  al. (2012) 
evaluated unilateral CI users only, while other works evaluated 
primarily unilateral CI and bimodal users (Mosnier et al., 2015; 
Forli et  al., 2019) or a combination of unilateral CI, bimodal 
and bilateral users (Sanchez-Cuadrado et  al., 2015; Capretta 
and Moberly, 2016; McRackan et  al., 2018; Hillyer et  al., 2019; 
Sorrentino et  al., 2020). Additionally, some studies do not 
delineate between bimodal or bilateral CI users (Vermeire et al., 
2005; Hirschfelder et  al., 2008; Sladen et  al., 2017). Therefore, 
it is challenging to generalize how HRQoL measures may relate 
to speech perception abilities in CI users when CI configurations 
included in studies are variable.

The first goal of the present study was to examine how 
HRQoL score relates to speech perception ability in bimodal 
and bilateral CI users. By focusing on bimodal and bilateral 
CI users, we decrease some of the inherent variability in group 
performance that is observed when unilateral CI users are 
included. Our second goal was to examine speech perception 
ability with a first-ear CI only and binaural configuration across 
all participants. We  administered the GBI, the GBI-5F, and 
the NCIQ, and had participants complete CI-aided speech 
perception tasks in four conditions: (1) first-ear CI only 
configuration in quiet, (2) first-ear CI only configuration in 
noise, (3) binaural (i.e., two bilateral CI’s or HA and CI) 
configuration in quiet, and (4) binaural configuration in noise. 
Clinical speech scores were used in this study as the overarching 
goal of this research was to improve understanding of the 
relationship between clinical CI speech understanding and 
HRQoL measures. Given that similar data is collected by 
audiologists across the United  States as standard of care, this 
work has the potential for meaningful clinical translation and 
interpretation by audiologists providing care to this patient 
population. We  predicted that higher speech perception scores 
would relate to higher HRQoL scores for the GBI, GBI-5F, 
and NCIQ. However, we  also predicted that HRQoL domains 

less impacted by speech perception abilities (e.g., physical 
health) would be  less related to speech performance. We  also 
predicted that participants would have higher speech perception 
scores in the binaural condition relative to the first-ear CI 
only condition.

MATERIALS AND METHODS

Participants
Twenty-five (14 females, 11 males) experienced CI users (>6 months 
CI listening experience, M = 63.4 months, SD = 31.86 months, range 
of 14–145 months) with bimodal (n = 17) and bilateral (n = 8) 
configurations, between the ages of 52 and 82 years (M = 67.28, 
SD = 10.09) were recruited from the patient pool at the Center 
for Hearing and Skull Base Surgery at The Swedish Neuroscience 
Institute in Seattle, Washington. Experienced CI users were 
recruited because maximum comfortable levels and threshold 
levels are optimally achieved after 6 months of use and programming 
(Gajadeera et  al., 2017). Inclusion criteria required participants 
to have no recorded symptoms or diagnosis of dementia, no 
report of cognitive decline, and no history of congenital or 
pre-lingual hearing loss. All participants were native speakers of 
English, had at least a high school education, and demonstrated 
normal IQ scores (M = 107.24.11, SD = 7.85), as measured by the 
Test of Non-verbal Intelligence—4th Edition (TONI-4; Brown 
et al., 2010). All testing procedures were approved by the Swedish 
Medical Center Institutional Review Board (#SWD56152-14) and 
participants provided informed written consent. All speech testing 
was conducted in a booth, and all questionnaires were completed 
in a clinic room at the Swedish Neuroscience Institute in Seattle, 
WA, United  States. All subjects completed all measures except 
for five who did not complete the NCIQ (n = 20; 15 bimodal, 
5 bilateral for this measure).

CI-Aided Speech Perception Testing 
(AzBio)
All participants completed speech perception testing in both 
quiet and noise conditions, with both first-ear CI only (i.e., 
no HA or second CI) and binaural configurations (i.e., either 
CI + HA or CI + CI) in a randomized manner. The speech 
perception test material chosen was the AzBio Sentence Test 
(Spahr et  al., 2012), comprised of recordings of 20 sentences 
spoken by two male and two female talkers. Sentences range 
from 4 to 10 words, spoken by one talker at a time in a 
conversational style with minimal contextual cues (e.g., “She 
missed a week of work and nobody noticed”). All words 
presented are keywords for scoring purposes. Speech testing 
was administered in a sound-proof booth, with internal 
dimensions of 2.74 m x 2.82 m. Speech stimuli were presented 
at 60 dB SPL from a loudspeaker (GN Otometrics Astera Sound 
Field Speakers) at 0 degrees azimuth, 2 m from the participant, 
who was instructed to repeat back what they heard. The noise 
condition, presented at a signal-to-noise ratio (SNR) of +8 dB, 
included additional 10-talker babble from the same loudspeaker. 
All speech testing and scoring was performed by a CI audiologist 
as part of each participant’s routine audiologic care and represents 
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the data that was used for clinical decision making for 
programming and treatment. AzBio speech scores were reported 
as a percentage (%) of total words correctly repeated, with 
higher scores indicating better performance.

Health-Related Quality of Life Measures
The Glasgow Benefit Inventory (GBI) is based on a five-point 
Likert scale that ranges from one, signifying a large change for 
the worse, to five, signifying a large change for the better, with 
a score of three signifying no change. Total scores (i.e., the sum 
responses to 18 questions which is then scaled and averaged) 
range from −100 (i.e., maximum worsening of overall health 
status post-intervention) to +100 (maximum improvement of 
overall health status post-intervention). The total composite score 
and general subscore were also calculated with question 9 excluded 
given the evidence of question 9 (i.e., “job opportunities”) being 
potentially less relevant to an otolaryngological population (Browning 
et  al., 2021) or older population as in our study.

The GBI-5F (Browning et  al., 2021) is a revised version of 
the original GBI, with five subscores or factors instead of three. 
These five subscores are: QoL, self-confidence, support, social 
involvement, and general health, as well as a sixth total score. 
The general health and support subscores are identical to the 
original GBI physical and social support subscores, respectively. 
The GBI-5F removed questions 9, 10, and 14 from the original 
GBI based on relative importance to otolaryngologic intervention, 
redundancy, and the fact that questions 10 and 14 did not fit 
into any of the new constructs or factors created in the new GBI-5F.

The Nijmegen Cochlear Implant Questionnaire (NCIQ) 
is a HRQoL questionnaire specific to CI users (Hinderink 
et  al., 2000). The 60-item scale consists of three domains: 
physical, psychological, and social. Within each domain are 
various subdomains consisting of 10 questions each. The physical 
domain consists of three subdomains: basic sound perception, 
advanced sound perception, and speech production; the 
psychological domain has one subdomain: self-esteem, and the 
social domain consists of two subdomains: activity limitations 
and social interactions. The NCIQ is scored on a Likert scale 
from 1 to 5 and transformed so that 1 = 0, 2 = 25, 3 = 50, 4 = 75, 
and 5 = 100 These scores were then summed together and then 
divided by the number of completed questions, with scores 
ranging from 0 (poor) to 100 (optimal). Higher scores indicate 
better overall health-related quality of life.

Statistical Analyses
Statistical analyses were completed using SPSS Version 28 (IBM 
Corp, 2021). Prior to analysis, normality of data was evaluated 
using Shapiro–Wilk tests. HRQoL and speech perception scores 
were analyzed using Pearson correlations, as well as paired sample 
t-test comparisons to assess the effects of CI configuration (i.e., 
first-ear CI only vs. binaural). For Pearson correlations between 
HRQoL scores and speech perception performance, a power 
analysis conducted utilizing G * Power indicated that there was 
an 80% chance of detecting a medium to large effect for a sample 
size that ranged between 9 and 29 (α = 0.05). For paired sample 
t-tests, G * Power indicated an 80% chance of detecting a medium 

to large effect with a sample size that ranged from 15 to 34 
(α = 0.05). Spearman Rho correlations were used when needed 
for measures that were not normally distributed. Semi-partial 
correlations were employed to examine the relationship between 
speech perception ability and HRQoL measures given that age 
was related to speech perception ability in all conditions, except 
for first-ear CI only in quiet, but not any HRQoL scores. Semi-
partial correlations are similar to partial correlations but are used 
to examine the relationship between two variables while taking 
into account a covariate that is related to only one of these 
variables, such as age. Several GBI-5F scores were significantly 
asymmetrical and skewed (i.e., the distribution of the data was 
skewed toward the maximum possible score). Skewness was 
defined as any point beyond the established Fisher’s skewedness 
coefficient (SKF) range of −1.96 and + 1.96 (Pett, 2015), meaning 
the GBI-5F could not be  subjected to correlational analyses and 
thus only descriptive statistics are reported. Ceiling and floor 
effects for the GBI-5F were defined as significant if ≥15% of 
participants scored the highest or lowest possible score for a 
given subscore (Gulledge et  al., 2019). Bonferroni corrections 
were applied where appropriate. All reported statistics reflect 
two-tailed significance values.

RESULTS

HRQoL Descriptive Statistics
The GBI total score and general subscore (calculated with and 
without question 9) were interrelated (all r ≤ 0.991, p ≤ 0.001), 
but the GBI social support and physical health subscores were 
not related to the GBI total score or other subscores (all 
ρ ≤ 0.211, r ≤ 0.965; Bonferroni adjusted α = 0.008; see Table 1). 
For the GBI-5F, three out of five of the subscores were 
substantially asymmetrical, with QoL (kurtosis = 2.90, 
skewness = −1.69, SKF = −3.64), social involvement (kurtosis = 1.87, 
skewness = −1.25, SKF = −2.70), and the total score (kurtosis = 2.29, 
skewness = −1.358, SKF = −2.93) being significantly skewed. 
Additionally, 56% and 28% of scores on the QoL and self-
confidence subscores, respectively, were significantly at ceiling. 
In comparison, 4% of support scores, 0% of general health 
scores, 8% of social involvement scores, and 0% of total scores 
were at ceiling. No floor effects were observed for any subscores. 
On the general health subscore, 80% of participants indicated 
no change or had a “0” score since the CI surgery (see Figure 1). 
NCIQ total score was related to all NCIQ subscores (advanced 
sound perception, speech production, self-esteem, activity 
limitation, and social interaction; all ρ ≤ 0.757, p ≤ 0.002) except 
for basic sound perception (ρ = 0.560, p = 0.010; Bonferroni 
adjusted α = 0.007). Only NCIQ activity limitation and social 
interaction subscores of the NCIQ were interrelated (r = 0.737, 
p < 0.001); no other relationships between NCIQ subdomains 
were observed (all r ≤ 0.493, p ≤ 0.951; see Table  2).

Speech Perception and HRQoL 
Questionnaires
No relationships between speech perception ability with a 
first-ear CI only configuration in quiet and any GBI scores 
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were observed (all ρ ≤ 0.482, p ≤ 0.846). There were significant 
semi-partial correlations between binaural speech perception 
performance in noise and the GBI general subscore with 
question 9 included (r = 0.463, p = 0.016) and question 9 
excluded (r = 0.442, p = 0.024; see Table  3). No semi-partial 
relationships between speech perception scores and any 
other GBI scores were observed (all r ≤ 0.428, p ≤ 0.591; 
see Table 3). GBI-5F scores were not subjected to correlational 
analyses due to asymmetry and skewedness. There were 
no relationships between speech perception performance 
scores and any NCIQ scores (all r ≤ 0.190, p ≤ 0.972; see 
Table  4).

First-Ear CI Only Versus Binaural Speech 
Perception Analyses
Across all participants, a paired sample t-test comparing 
speech perception ability in quiet with the first-ear CI only 

(M = 84.36, SD = 13.59) versus the binaural configuration in 
quiet (M = 92.44, SD = 7.43) demonstrated better performance 
scores with a binaural configuration [t(24) = −3.58, p = 0.002; 
see Figure  2]. Speech perception ability in noise with a 
binaural configuration (M = 59.36, SD = 19.84) was better than 
with a first-ear CI only configuration [M = 45.84, SD = 20.19; 
t(24) = −4.28, p < 0.001]. The average increase in speech 
perception score going from a first-ear CI only to a binaural 
configuration was 8.1% points in quiet (SD = 11.28) and 
13.52% points in noise (SD = 15.81).

DISCUSSION

The primary goal of this study was to explore how subjective 
ratings of CI benefit measured with the GBI, GBI-5F, and 
NCIQ related with objective CI outcomes measures of speech 

A

B

C

FIGURE 1 | Boxplots of the (A) GBI, (B) GBI-5F, and (C) NCIQ. Central mark indicates median, bottom and top edges of box indicate 25th and 75th percentiles, 
whiskers extend to minimum and maximum points, and plus signs indicate outliers. Q9, question 9.
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perception ability in bimodal and bilateral CI users. With 
respect to our first goal, the general subscore of the GBI 
related with speech perception ability in noise with CI 

users in a binaural configuration. However, no other 
relationships with the GBI, GBI-5F, or NCIQ were observed. 
Regarding our second goal, across all participants (bimodal 

TABLE 2 | Intercorrelations between the NCIQ.

Basic sound 
perception

Advanced sound 
perception

Speech 
production

Self-esteem Activity limitation Social interaction Overall

Basic sound 
perception

– r = 0.387, p = 0.083 r = 0.208, p = 0.379 r = 0.447, p = 0.048 r = 0.195, p = 0.410 r = 0.348, p = 0.133 ρ = 0.560, p = 0.010

Advanced sound 
perception

– – r = 0.099, p = 0.679 r = 0.335, p = 0.149 r = 0.493, p = 0.027 r = 258, p = 0.271 𝝆 = 0.700, p < 0.001

Speech 
production

– – – r = 0.147, p = 0.536 r = 0.048, p = 0.840 r = −0.015, p = 0.951 𝝆 = 0.309, p = 0.185

Self-esteem – – – – r = 0.557, p = 0.011 r = 0.391, p = 0.088 𝝆 = 0.722, p < 0.001

Activity limitation – – – – – r = 0.737, p < 0.001 𝝆 = 0.757, p = 0.001

Social interaction – – – – – – 𝝆 = 0.659, p = 0.002

Overall – – – – – – –

Bold = significant with Bonferroni correction.

TABLE 3 | Relationships between AzBio and GBI scores.

GBI measures AzBio first-ear CI only in quiet AzBio first-ear CI only in noise AzBio binaural quiet AzBio binaural noise

Total ρ = 0.407, p = 0.044 r = 0.380, p = 0.055 r = 0.203, p = 0.321 r = 0.371, p = 0.062
Total Q9 removed ρ = 0.385, p = 0.057 r = 0.370, p = 0.063 r = 0.132, p = 0.522 r = 0.293, p = 0.148
General ρ = 0.337, p = 0.099 r = 0.406, p = 0.037 r = 0.268, p = 0.181 r = 0.463, p = 0.016
General Q9 removed ρ = 0.354, p = 0.082 r = 0.428, p = 0.029 r = 0.249, p = 0.221 r = 0.442, p = 0.024
Social support ρ = 0.041, p = 0.846 r = −0.110, p = 0.601 r = −0.291, p = 0.146 r = −0.405, p = 0.038
Physical Health ρ = 0.132, p = 0.530 r = −0.201, p = 0.336 r = −0.085, p = 0.671 r = −0.166, p = 0.405

Q9, question 9; Bold = significant with Bonferroni correction.

TABLE 4 | Relationships between AzBio and NCIQ scores.

NCIQ measures AzBio first-ear CI only in quiet AzBio first-ear CI only in noise AzBio binaural in quiet AzBio binaural in noise

Basic sound perception ρ = 0.380, p = 0.187 r = −0.038, p = 0.758 r = −0.156 p = 0.530 r = −0.087, p = 0.768
Advanced speech perception ρ = 0.130, p = 0.585 r = 0.201, p = 0.482 r = 0.011, p = 0.940 r = 0.176, p = 0.411
Speech production ρ = −0.070, p = 0.768 r = 0.035 p = 0.822 r = −0.068, p = 0.769 r = −0.1488, p = 0.515
Self-esteem ρ = −0.356, p = 0.123 r = −0.464, p = 0.056 r = −0.237, p = 0.277 r = −0.257, p = 0.213
Activity limitation ρ = 0.037, p = 0.878 r = −0.030, p = 0.877 r = −0.033, p = 0.897 r = −0.113, p = 0.656
Social interaction ρ = 0.180, p = −0.045 r = −0.082, p = 0.703 r = 0.108, p = 0.653 r = −0.063, p = 0.812
Overall ρ = −0.045, p = 0.850 r = −0.096, p = 0.677 r = −0.104, p = 0.674 r = −0.116, p = 0.642

TABLE 1 | Intercorrelations between the GBI.

Total Total Q9 removed General subscore General subscore 
Q9 removed

Social support Physical health

Total – r = 0.970, p < 0.001 r = 0.969, p < 0.001 r = 0.962, p < 0.001 ρ = −0.145, p = 0.490 ρ = 0.145, p = 0.489

Total Q9 removed – – r = 0.936, p < 0.001 r = 0.940, p < 0.001 ρ = −0.104, p = 0.621 ρ = 0.211, p = 0.311

General subscore – – – r = 0.991, p < 0.001 ρ = −0.326, p = 0.112 ρ = 0.033, p = 0.875

General subscore Q9 removed – – – – ρ = −0.308, p = 0.134 ρ = 0.014, p = 0.948

Social support – – – – – ρ = −0.009, p = 0.965

Physical health – – – – – –

Q9, question 9; Bold = significant with Bonferroni correction.
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and bilateral combined) higher speech perception ability 
was observed with the respective binaural configuration 
over a first-ear CI only configuration.

In the current study, we found that the GBI general subscore 
related with CI-aided speech perception ability in noise, only 
when a binaural configuration was used. Indeed, speech 
perception in noise is generally considered more reflective of 
everyday living conditions given that there is a certain level 
of noise present in our daily listening environment (Schafer 
et al., 2007; Wu et al., 2018). While we saw a positive correlation 
between CI speech in noise perception and the GBI general 
subscore, the GBI also contains a variety of questions aimed 
at various domains of health, such as physical health. In line 
with our second prediction regarding domains less relevant 
to speech perception ability, we  found that GBI subscores 
calculated from questions not related to speech perception 
ability demonstrated no relationship with CI-aided speech 
perception performance. For example, the physical health 
subscore, which contains questions centered around changes 
in medications or frequency of illnesses that have occurred 
since cochlear implantation, was not correlated with any speech 
measures, indicating physical health may not be  a strong 
indicator of CI benefit in this population. Indeed, in our study, 
93% of participants reported no change on the three questions 
contributing to the physical health subscore, with 100% of 
participants reporting no change for question 12: Since you had 
cochlear implant surgery, do you  catch colds or infection more 
or less often? Similarly, on average, 68% of participants reported 
no change on the three questions in the social support subscore, 
with 96% of participants reporting no change for question 11: 
Since your cochlear implant surgery are there more or fewer 
people who really care about you? The physical health subscore, 
followed by the social support subscore, were the subscores 

closest to an overall average of zero, further indicating that 
participants experienced the least amount of change in these 
domains after receiving a CI. These results suggest that these 
subscores and the questions included in them were less relevant 
to our group of CI users in terms of overall benefit in HRQoL 
from their CI. These results are consistent with previous studies 
where the least amount of benefit post-implantation was measured 
via the physical health subscore followed by the social support 
subscore (Lassaletta et al., 2006; Straatman et al., 2014; Sanchez-
Cuadrado et  al., 2015; Amin et  al., 2021).

While the GBI general subscore did relate to speech perception 
abilities in this study, the total composite score did not, perhaps 
due to questions included that may have been less relevant 
to the patient population in this study. The GBI general subscore 
does not include questions from either the physical or social 
subscore, whereas the total composite score includes questions 
from both. In our study, it could be  argued that speech 
perception ability may not have related to the total subscore 
for precisely this reason, in that it contained a larger number 
of questions less pertinent to CI outcomes. Similar to Browning 
et al. (2021), four subjects in our study indicated that question 
9 was not relevant to them and therefore chose “no change” 
but would have preferred a “not applicable” option. This is 
understandable due to the nature of question 9 which discusses 
employment opportunities which may be less of a consideration 
for older individuals who were retired, did not work or 
participants who had not experienced recent job transitions. 
To assess the impact of this question we  created an alternate 
score for any subscore that included this question (i.e., the 
total and general subscore). As expected, when removing this 
question from the total and general subscore, we  did find 
significant differences between the average scores with and 
without this question removed. However, removal of question 
9 did not alter the correlational relationships with CI speech 
perception, indicating that this question alone did not have a 
significant impact on the GBI’s general subscores sensitivity 
to CI speech ability. Browning et al. (2021) found that removal 
of question 9 from 3,436 participants that had completed the 
question made no material difference in terms of the average 
total score, although the N of the study was much greater 
and the differences between the general subscore with and 
without question 9 removed were not reported.

Another method to reorganize the GBI into potentially 
more meaningful constructs by grouping more homogenous 
questions and removing those less pertinent was developed 
by Browning et  al. (2021). By employing this scoring method 
named the GBI-5F, we  were able to explore whether these 
new constructs which are embedded within the original GBI 
may be  more reflective of HRQoL for CI users. However, 
our results demonstrated that in this CI population, GBI-5F 
subscores were substantially skewed compared to the original 
GBI (see Figure 1). For example, 78% of participants reported 
a 5 (i.e., much better) in response to questions regarding 
change in QoL, suggesting that QoL greatly increased following 
cochlear implantation, but also that this subset of questions 
may not be specific enough for differentiating between degrees 
of benefit for this patient population if a majority of participants 

FIGURE 2 | Means and SD’s of first-ear CI only and binaural speech 
perception scores in quiet and noise. Significant differences were noted 
between a first-ear CI only and binaural configuration in both quiet and noise. 
**≤0.01, ***≤0.001.
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chose the maximum value. Given that the original GBI and 
GBI-5F general health and support subscores are identical 
with both scoring methods, no change to the restricted range 
was noted in the GBI-5F. The ceiling effects and restricted 
range observed within the new GBI-5F domains may be because 
the GBI-5F removed several questions from the original GBI 
(9, 10, and 14), thus reducing its sensitivity in this population. 
However, it may also be  because the GBI-5F was developed 
for a broader range of otolaryngologic patients rather than 
a specific subset of that population, (i.e., CI users). Given 
the unique nature of CI users within the sphere of 
otolaryngologic intervention, additional work is needed before 
any clinical recommendations for GBI-5F use in this population 
can be  determined.

While we saw a positive correlation between the GBI general 
subscores and CI speech measures in noise, this was not 
apparent for CI speech measures and the NCIQ. These results, 
however, are consistent with previous studies (Capretta and 
Moberly, 2016; Hillyer et  al., 2019) and a meta-analysis which 
indicated low to negligible correlations between the NCIQ and 
speech perception abilities in both quiet and noise (McRackan 
et  al., 2018). This may be  because the NCIQ was developed 
to identify CI benefit by comparing pre-operative and post-
operative scores (Hinderink et  al., 2000), whereas our study 
examined post-implantation scores only. Indeed, studies that 
have demonstrated a relationship with NCIQ speech domains 
(i.e., basic sound perception, advanced sound perception, and 
speech production) and speech perception, have analyzed the 
change in speech perception in fixed pre- and post-implantation 
time ranges (Hirschfelder et al., 2008; Olze et al., 2012; Häußler 
et  al., 2019). As such, the NCIQ appears to be  more clinically 
applicable to CI-aided speech perception abilities when evaluating 
benefit through pre-post implantation scores rather than relating 
them to post-implantation scores alone.

The second goal of our study explored the differences within 
bimodal and bilateral CI user groups in terms of CI-aided 
speech perception ability. As expected in our third prediction, 
we  found that across all participants (bimodal and bilateral 
combined) CI-aided speech perception scores in quiet and 
noise were higher with a binaural configuration versus a first-ear 
CI only configuration. This was evidenced by an 8.1% point 
increase on average in quiet and a 13.5% point increase in 
noise after adding a second CI for bilateral users or a HA 
for bimodal users, suggesting that binaural amplification was 
beneficial for speech perception performance. These results 
align with previous research demonstrating a speech perception 
benefit when moving from unilateral CI to a bimodal (Ching 
et  al., 2004, 2008; Iwaka et  al., 2004; Morera et  al., 2005; 
Schafer et  al., 2007; Illg et  al., 2014; Farinetti et  al., 2015; 
Hua et  al., 2017) or bilateral CI (Gantz et  al., 2002; Ramsden 
et  al., 2005; Litovsky et  al., 2006; Schafer et  al., 2007; Buss 
et  al., 2008).

One limitation of our study was a small sample size, specifically 
with regards to bilateral CI users (8 and 5 for the GBI and 
NCIQ respectively). While our sample size is not atypical of 
research surrounding bilateral users (Potts and Litovsky, 2014; 
Gifford et  al., 2015; Moberly et  al., 2018) comparing speech 

and HRQoL measures between bimodal and bilateral CI users 
can only be  considered preliminary. In this study, these 
preliminary results indicate that bimodal and bilateral CI 
demonstrated essentially equivalent performance on CI-aided 
speech perception ability with a first-ear CI only configuration. 
However, bilateral CI users had an average binaural speech 
perception score of 97.13% in quiet and 69.88% in noise, while 
bimodal CI users had an average binaural speech perception 
score of 90.24% in quiet and 54.41% in noise. These results 
would appear in line with the meta-analysis of bimodal and 
bilateral CI users by Schafer et  al. (2011), in which bilateral 
CI users had a slight but significant advantage in binaural 
performance over bimodal users in noise. It may be  that more 
difficult speech perception tests, such as speech in background 
noise, are more likely to reveal a binaural benefit in bilateral 
CI users as evidenced by Wackym et  al. (2007) in which the 
greatest and most consistent binaural benefit was observed 
with sentences presented in noise, followed by words presented 
in quiet. These results are also consistent with previous research 
that has seen more binaural benefit for bilateral CI users relative 
to a unilateral configuration, in noise than in quiet, for both 
word and sentence-level materials (Ramsden et al., 2005; Schafer 
et  al., 2007). Future work with a larger sample size is needed 
to address the potential differences in binaural benefit between 
bimodal and bilateral CI.

CONCLUSION

Our work demonstrates that the GBI general subscore related 
to speech perception ability in bimodal and bilateral everyday 
listening conditions unlike the total, physical or social support 
subscores, while the CI-specific NCIQ did not relate to speech 
perception ability in any domains. The GBI-5F had significant 
limitations when applied to this patient population due to 
skewedness, and therefore, recommendations for clinical 
applicability in CI users would be premature. Given the variability 
in the current literature due to the wide variety of speech 
testing materials and HRQoL questionnaires used, future research 
should aim to explore the relationships between clinical measures 
and these HRQoL questionnaires in each of the CI 
configurations separately.
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