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IMPORTANCE Many cochlear implant centers screen patients for cognitive impairment as part
of the evaluation process, but the utility of these scores in predicting cochlear implant
outcomes is unknown.

OBJECTIVE To determine whether there is an association between cognitive impairment
screening scores and cochlear implant outcomes.

DESIGN, SETTING, AND PARTICIPANTS Retrospective case series of adult cochlear implant
recipients who underwent preoperative cognitive impairment screening with the Montreal
Cognitive Assessment (MoCA) from 2018 to 2020 with 1-year follow-up at a single tertiary
cochlear implant center. Data analysis was performed on data from January 2018 through
December 2021.

EXPOSURES Cochlear implantation.

MAIN OUTCOMES AND MEASURES Preoperative MoCA scores and mean (SD) improvement
(aided preoperative to 12-month postoperative) in Consonant-Nucleus-Consonant phonemes
(CNCp) and words (CNCw), AzBio sentences in quiet (AzBio Quiet), and Cochlear Implant
Quality of Life-35 (CIQOL-35) Profile domain and global scores.

RESULTS A total of 52 patients were included, 27 (52%) of whom were male and 46 (88%)
were White; mean (SD) age at implantation was 68.2 (13.3) years. Twenty-three (44%) had
MoCA scores suggesting mild and 1 (2%) had scores suggesting moderate cognitive
impairment. None had been previously diagnosed with cognitive impairment. There were
small to medium effects of the association between 12-month postoperative improvement in
speech recognition measures and screening positive or not for cognitive impairment (CNCw
mean [SD]: 48.4 [21.9] vs 38.5 [26.6] [d = −0.43 (95% CI, −1.02 to 0.16)]; AzBio Quiet mean
[SD]: 47.5 [34.3] vs 44.7 [33.1] [d = −0.08 (95% CI, −0.64 to 0.47)]). Similarly, small to large
effects of the associations between 12-month postoperative change in CIQOL-35 scores and
screening positive or not for cognitive impairment were found (global: d = 0.32 [95% CI,
−0.59 to 1.23]; communication: d = 0.62 [95% CI, −0.31 to 1.54]; emotional: d = 0.26 [95%
CI, −0.66 to 1.16]; entertainment: d = −0.005 [95% CI, −0.91 to 0.9]; environmental:
d = −0.92 [95% CI, −1.86 to 0.46]; listening effort: d = −0.79 [95% CI, −1.65 to 0.22]; social:
d = −0.51 [95% CI, −1.43 to 0.42]).

CONCLUSIONS AND RELEVANCE In this case series, screening scores were not associated with
the degree of improvement of speech recognition or patient-reported outcome measures
after cochlear implantation. Given the prevalence of screening positive for cognitive
impairment before cochlear implantation, preoperative screening can be useful for early
identification of potential cognitive decline. These findings support that screening scores may
have a limited role in preoperative counseling of outcomes and should not be used to limit
candidacy.
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I n the US, hearing loss affects approximately 23% of adults
and two-thirds of those aged 70 years and older.1 In the past
2 decades, epidemiologic evidence has pointed toward an

independent and linear association between age-related hear-
ing loss and cognitive impairment.2-8 In 2017, the Lancet
Commission on dementia prevention, intervention, and care
first identified hearing loss as a modifiable risk factor for the
development of dementia.9 Since then, increasing attention
has been devoted to both identifying hearing-impaired pa-
tients at risk of dementia and exploring the potential of hear-
ing rehabilitation to modify the risk of cognitive decline.

Representative of this trend is a growing number of coch-
lear implant centers that have begun to screen adults with hear-
ing loss for cognitive impairment as part of the cochlear im-
plant evaluation process. In a 2018 survey of cochlear implant
audiologists, for example, 57% of respondents ranked cogni-
tion as moderately important to extremely important during
the cochlear implant evaluation, and 41% considered cogni-
tive decline a contraindication to implantation.10 However, the
utility of conducting cognitive screening tests for adults with
hearing loss is unknown. First, the sensitivity and specificity
of cognitive screening measures for detecting true cognitive
decline in patients with severe-profound hearing loss have not
been defined,11 making it challenging for clinicians to under-
stand the significance of a positive screening result in this popu-
lation. Second, though there is a growing body of evidence
demonstrating associations between several measures of cog-
nitive function and cochlear implant speech recognition
abilities,12-17 only 1 study to date, to our knowledge, has in-
vestigated the association between preoperative cognitive
screening test scores and postoperative improvement in speech
recognition abilities.18

Given the limited data on the associations between cog-
nitive impairment screening scores and postoperative coch-
lear implant speech recognition or patient-reported outcome
measures (PROMs), it remains unknown how clinicians should
be using cognitive screening scores to counsel patients regard-
ing expected cochlear implant outcomes or if screening scores
should be used to limit cochlear implant candidacy. Thus, the
current study sought to determine whether there is an asso-
ciation between preoperative cognitive screening scores and
improvements in postoperative cochlear implant speech rec-
ognition scores and PROMs in adult cochlear implant users.

Methods
This article was drafted in accordance with the reporting
guideline for case series.19 The study was approved by the
Medical University of South Carolina Institutional Review
Board and was deemed exempt from needing patient
consent.

Patient Selection
Data were retrospectively collected from a prospectively main-
tained database of patients undergoing cochlear implanta-
tion at a tertiary care center from January 2018 through
December 2020. Participants included adult English-

speaking patients (age ≥18 years) who met traditional stan-
dards for cochlear implantation according to Medicare and/or
US Food and Drug Administration guidelines, were receiving
their first-ear cochlear implant, and were screened for cogni-
tive impairment using the Montreal Cognitive Assessment
(MoCA). Demographic data included patient-reported race,
among additional variables that have been directly or indi-
rectly suggested to be associated with cochlear implant
outcomes.20 Cochlear implants were performed by 1 of 4 at-
tending neurotologists (T.A.M., T.R.M.). All intraoperative de-
vice testing, postoperative programming, and speech recog-
nition testing were performed by 3 cochlear implant
audiologists (K.C.S.L., E.L.C.) at the same center.

Cognitive Impairment Screening
The standard MoCA is a clinician-administered tool used to
screen for cognitive impairment.21 The MoCA has a maxi-
mum score of 30 points and assesses 7 cognitive domains:
visuospatial/executive function (5 points), naming (3 points),
memory/delayed recall (5 points), attention (6 points), lan-
guage (3 points), abstraction (2 points), and orientation (6
points). In a normal-hearing population, a score of 30 to 26 in-
dicates normal cognition (NC), 25 to 18 indicates mild cogni-
tive impairment (MCI), 17 to 10 indicates moderate cognitive
impairment (MCI), and less than 10 indicates severe cogni-
tive impairment.22 For the purposes of this article, both mild
and moderate cognitive impairment will be denoted as MCI.
Note, given that the MoCA is a screening test, and diagnosis
of cognitive impairment requires additional neuropsychiat-
ric testing, no inferences are made in this article regarding the
cognitive status of these patients. The MoCA was adminis-
tered at the time of the cochlear implant evaluation by a trained
audiologist in a quiet room, face-to-face, using both spoken
and written instructions. Responses were recorded on the
MoCA worksheet, and the total score and scores for each do-
main were calculated by the audiologist.

Quality-of-Life Evaluation
The Cochlear Implant Quality of Life-35 (CIQOL-35) Profile is
a PROM that assesses the functional abilities of adult coch-
lear implant recipients within 6 domains: communication, as-
sessing communication ability in different circumstances; emo-

Key Points
Question Is there an association between cognitive impairment
screening scores and improvements in cochlear implant speech
recognition and quality-of-life measures?

Findings In this case series of 52 adult cochlear implant recipients,
nearly half of the patients screened positive for cognitive
impairment. Preoperative Montreal Cognitive Assessment scores
were not associated with change in preoperative to 12-month
postoperative Consonant-Nucleus-Consonant phonemes and
words, AzBio sentences in quiet, or Cochlear Implant Quality of
Life-35 Profile scores.

Meaning Cognitive impairment screening scores may have a
limited role in counseling patients regarding cochlear implant
outcomes.
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tional, assessing the impact of hearing on emotional well-
being; entertainment, assessing the ability to enjoy television,
radio, and music; environmental, assessing the ability to dis-
tinguish and localize environmental sounds; listening effort,
assessing effort and fatigue associated with receptive com-
munication; and social, assessing the ability to interact and en-
joy interaction with groups.23,24 An additional global score was
calculated, providing a general assessment of cochlear implant–
specific QOL. Scores were calculated for each domain and
ranged from 0 (poorest QOL) to 100 (highest QOL). Patients
completed the CIQOL-35 preoperatively and at the 12-month
post–cochlear implant visit.

Audiological Testing
Preimplantation speech recognition was measured with hear-
ing aids (personal or clinic owned) matched to National Acous-
tics Laboratory–revised linear (NAL-NL2) target gains.25 Pre–
cochlear implant and postimplant speech recognition testing
was conducted using recorded materials presented from 0° azi-
muth at 60-dB sound pressure level. Ears were tested inde-
pendently. Test materials included Consonant-Nucleus-
Consonant (CNC) monosyllabic words (50-word list) and AzBio
sentences in quiet and in noise.26,27 Testing in noise was per-
formed only for patients with AzBio Quiet scores of greater than
50% but this was performed for so few patients in the present
study that it was not included in the analysis. Speech recog-
nition testing was included for the implanted ear pre–
cochlear implant and at 12 months postimplant.

Data Acquisition and Statistical Analysis
Retrospectively collected data included patient demograph-
ics, age at implantation, duration of hearing loss, use of hear-
ing aid preoperatively, side of implantation, presence of co-
morbid mental illness or MCI, and MoCA scores. Duration of
hearing loss before a cochlear implant was defined by self-
reported number of years with hearing loss before implanta-
tion. Hearing aid use before a cochlear implant was defined as
the patient’s self-reported active implant-ear hearing aid use
at the time of the cochlear implant evaluation (yes/no). Pri-
mary outcome measures were changes in CNC phonemes
(CNCp), CNC words (CNCw), AzBio Quiet, and CIQOL-35 do-
mains from pre–cochlear implant to 12 months postimplant.

Statistical analyses were performed using SPSS, version 27
(IBM Corporation). Categorical variables were summarized by
frequency and percentage, and χ2 tests were used to compare
categorical preoperative variables between those with MCI and
NC. Risk differences and 95% CIs are reported. Because only 1
patient screened positive for moderate cognitive impairment,
there were insufficient data to compare outcomes between pa-
tients with mild and moderate cognitive impairment screening
scores. Continuous variables were summarized by mean (SD).
All continuous variables were tested for normal distribution with
the Kolmogorov-Smirnov test, and all passed normality. Inde-
pendent t tests were used to compare continuous preoperative
variables and the mean improvement in speech and PROMs be-
tween those with MCI and those with NC. Cohen d effect sizes
and 95% CIs (lower to upper) were calculated where
appropriate.28 Interpretation of effect sizes is listed in the eTable

in Supplement 1. Established speech recognition test measure-
ment errors were considered when reporting the clinical signifi-
cance of score improvement after 12 months.27,29

Bivariate correlation was performed to determine, primar-
ily, whether preoperative MoCA scores, and secondarily, any
othercontinuousvariable,correlatedwithimprovementsofpost-
operative speech recognition outcomes. The independent vari-
ables examined were MoCA scores, age at implantation, and du-
rationofhearingloss.Pearsoncorrelationcoefficients(r)and95%
CIs are reported. Additionally, independent t tests were used to
assess differences in mean improvements of postoperative
speech recognition outcomes for dichotomous variables (sex,
psychiatric comorbidity, and preoperative hearing aid use).
Cohen d effect sizes and 95% CIs (lower to upper) are reported.

Results
Screening Results
A total of 52 patients (27 [52%] men; mean [SD] age at implan-
tation, 68.2 [13.3] years) were included in the study, and their
characteristics are summarized in Table 1. The mean (SD) MoCA
score for the cohort was 25.8 (2.9) (range: 16-30). Twenty-
eight patients (54%) had scores suggesting NC, 23 (44%) had
scores suggesting mild cognitive impairment, and 1 (2%) had
scores suggesting moderate cognitive impairment. No pa-
tients had been previously diagnosed with cognitive impair-
ment. Between those who screened positive for MCI and those
with NC, there were no differences in the sex, race, age at im-
plantation, duration of hearing loss, use of hearing aid preop-
eratively, presence of comorbid mental illness, or preopera-
tive speech recognition scores (Table 1).

Association Between Speech Recognition Outcomes
and Cognitive Impairment Screening Results
Of the 52 patients who underwent 12-month postoperative
speech recognition testing, 6 did not have complete CNCp and
CNCw testing, and 2 did not have complete AzBio Quiet test-
ing. Combined, patients demonstrated clinically significant
mean (SD) preimplant to 12-month postimplant improve-
ments in CNCp (47.9 [24.4]), CNCw (42.8 [23.2]), and AzBio
Quiet (46 [33.3]) scores. Small to medium effects were found
in the differences in the mean (SD) preimplant to 12-month
postimplant speech recognition improvements between pa-
tients who screened positive for MCI compared with those who
did not (CNCp: 50.6 [24.8] vs 45.8 [24.5] [d = −0.19 (95% CI,
−0.78 to 0.39)]; CNCw: 48.4 [21.9] vs 38.5 [26.6] [d = −0.43
(95% CI, −1.02 to 0.16)]; AzBio Quiet: 47.5 [34.3] vs 44.7 [33.1]
[d = −0.08 (95% CI, −0.64 to 0.47)]) (Table 2); because of the
width of the confidence intervals, no definitive conclusions
can be made regarding the association. Similarly, for patients
65 years or older, small to medium effects were found in the
differences in speech recognition improvements between those
who screened positive for MCI and those who did not (Table 2).

Bivariate Analyses
On bivariate analyses, preoperative MoCA scores weakly cor-
related with speech recognition outcomes (CNCp [r = −0.17
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(95% CI, −0.44 to 0.13)], CNCw [r = 0.17 (95% CI, −0.44 to 0.12)],
and AzBio Quiet [r = 0.07 (95% CI, −0.34 to 0.21)]) (Table 3).
Similarly, all other factors analyzed weakly correlated with
speech recognition outcomes.

Association Between Dichotomous Patient Factors
and Speech Recognition Outcomes
Small to medium effects were found in the differences in the
mean preimplant to 12-month postimplant speech recogni-
tion improvements between men and women, those with and
without psychiatric comorbidities, and those who reported pre-
operative hearing aid use and those who did not (d range: −0.12
to 0.44) (Table 4).

Association Between Change in CIQOL-35 Profile Domain
and Global Scores and Cognitive Impairment
Screening Results
Given the relatively recent validation of the CIQOL-35 Profile,24

fewer patients had complete preimplant and postimplant
scores (n = 21). The mean (SD) MoCA score for these patients
was 26.8 (2.7) (range: 21-30); patients with NC (n = 14, 67%)
had a mean (SD) score of 28.4 (1.6) compared with patients with
MCI (n = 7, 33%) who had a mean (SD) score of 23.6 (1.6),
d = 2.98 (95% CI, 1.66-4.27). Combined, patients demon-
strated mean (SD) preimplant to 12-month postimplant im-
provement in the global (4.8 [23.2]), communication
(8.0 [24.0]), emotional (15.7 [33.2]), entertainment (15.7 [29.2]),

Table 1. Patient Characteristics

Characteristic

Mean (SD)

Cohen d or % risk difference
(95% CI)

All patients
(n = 52)

Cognitive
impairment
(n = 24)

Sex, No. (%)

Female 25 (48) 13 (54)
11% (−15% to 35%)

Male 27 (52) 11 (46)

Race, No. (%)

Black 6 (12) 3 (12)
4% (−38% to 47%)

White 46 (88) 21 (88)

Preoperative hearing aid use, No. (%)

Yes 44 (85) 19 (79)
19% (−56% to 17%)

No 8 (15) 5 (21)

Age at implantation, y 68.2 (13.3) 67.5 (12.3) 0.09 (−0.54 to 0.64)

Duration of hearing loss, y 22.2 (14.1) 20.5 (14.2) 0.23 (−0.32 to 0.78)

Total MoCA score 25.8 (2.9) 23.4 (2.3) 2.27 (1.56 to 2.97)

Neuropsychiatric comorbidities, No. (%)

Anxiety 11 (21) 5 (21) 1% (−23% to 22%)

Depression 8 (15) 5 (21) 10% (−10% to 29%)

Preoperative CNCp 27.7 (24.4) 27.8 (23.8) −0.01 (−0.55 to 0.54)

Preoperative CNCw 14.7 (16.2) 13.5 (14.5) 0.14 (−0.41 to 0.68)

Preoperative AzBio Quiet 22.3 (25.2) 22.9 (26.0) −0.05 (−0.59 to 0.49)

Abbreviations: AzBio Quiet, AzBio
sentences in quiet; CNCp,
Consonant-Nucleus-Consonant
phonemes; CNCw, Consonant-
Nucleus-Consonant words; MoCA,
Montreal Cognitive Assessment.

Table 2. Comparison of Change in Pre–Cochlear Implant to 12-Month Postimplant Speech Recognition Outcomes Between Groups With MCI and NC

Mean (SD) [No.]

Cohen d (95% CI)

Age ≥65 y, mean (SD) [No.]

Cohen d (95% CI)All patients NC MCI NC MCI
CNCw 42.8 (23.2) [46] 38.5 (26.6) [26] 48.4 (21.9) [20] −0.43 (−1.02 to 0.16) 34.6 (25.4) [18] 42.7 (23.4) [14] −0.33 (−1.03 to 0.37)

CNCp 47.9 (24.4) [46] 45.8 (24.5) [26] 50.6 (24.8) [20] −0.19 (−0.78 to 0.39) 43.9 (25.9) [18] 43.9 (24.7) [14] 0.001 (−0.68 to 0.70)

AzBio
Quiet

46.0 (33.3) [50] 44.7 (33.1) [26] 47.5 (34.3) [24] −0.08 (−0.64 to 0.47) 45.9 (37.9) [19] 38.9 (35.0) [17] 0.19 (−0.47 to 0.85)

Abbreviations: AzBio Quiet, AzBio sentences in quiet; CNCp, Consonant-Nucleus-Consonant phonemes; CNCw, Consonant-Nucleus-Consonant words; MCI, mild
and moderate cognitive impairment combined; NC, normal cognition.

Table 3. Bivariate Analysis of Patient Factors and Mean Improvement in 12-Month Speech Recognition Scores

r (95% CI)

CNCp CNCw AzBio Quiet
MoCA −0.17 (−0.44 to 0.13) −0.17 (−0.44 to 0.12) −0.07 (−0.34 to 0.21)

Age −0.21 (−0.47 to 0.09) −0.26 (−0.51 to 0.04) −0.19 (−0.45 to 0.09)

Duration of HL 0.16 (−0.14 to 0.43) 0.07 (−0.22 to 0.36) 0.08 (−0.2 to 0.35)

Abbreviations: AzBio Quiet, AzBio
sentences in quiet; CNCp,
Consonant-Nucleus-Consonant
phonemes; CNCw, Consonant-
Nucleus-Consonant words; HL,
hearing loss; MoCA, Montreal
Cognitive Assessment.
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environmental (24.3 [17.2]), listening effort (16.7 [19.8]), and
social (13.4 [25.5]) domains. There were small to large effects
in the differences in the mean (SD) domain score improve-
ments between patients who screened positive for MCI com-
pared with those who did not (global: −0.2 [27.4] vs 7.4 [21.4]
[d = 0.32 (95% CI, −0.59 to 1.23)]; communication: −1.8 [31.3]
vs 12.8 [18.9] [d = 0.62 (95% CI, −0.31 to 1.54)]; emotional:
9.9 [41.4] vs 18.5 [29.7] [d = 0.26 (95% CI, −0.66 to 1.16)]; en-
tertainment: 15.8 [24.8] vs 15.6 [32.0] [d = −0.005 (95% CI,
−0.91 to 0.9)]; environmental: 34.1 [13.4] vs 19.4 [17.1]
[d = −0.92 (95% CI, −1.86 to 0.46)]; listening effort: 25.9 [13.1]
vs 12.1 [21.4] [d = −0.79 (95% CI, −1.65 to 0.22)]; social:
22.0 [18.2] vs 9.0 [28.1] [d = −0.51 (95% CI, −1.43 to 0.42)])
(Table 5).

Discussion
The current study addresses an important problem facing coch-
lear implant clinicians: how the results of cognitive screening
tests should be incorporated into preoperative discussions of
postoperative expectations with potential cochlear implant us-
ers. Our results suggest that there is likely not an association
between patient preimplant cognitive screening results in the
normal and mild range and improvement in speech recogni-
tion or PROM scores. These are important findings for 2 main
reasons. First, clinically administered preoperative cognitive
screening tests, as opposed to other cognitive function tests,
often represent the only measures of cognitive ability avail-

able to clinicians evaluating a potential cochlear implant user.
Second, patients with preoperative cognitive screening scores
that indicate concern for mild cognitive impairment may have
similar cochlear implant outcomes as those with normal screen-
ing scores. These findings support those of Buchman et al,18

who found no difference in improvements in speech recogni-
tion in quiet and noise between those who did and did not
screen positive for MCI in a prospective nonrandomized trial
of 96 cochlear implant recipients. Together these studies sug-
gest that preoperative cognitive screening scores, particu-
larly those in the mild range, should not alone limit cochlear
implant candidacy nor be used alone to counsel patients on
postoperative expectations.

Though preoperative cognitive ability has previously been
found to be associated with postoperative speech recogni-
tion outcomes,12-17 a distinction between the measures of cog-
nitive ability between these and our study must be made. Many
cognitive processes, such as those measured by Moberly et al,
including inhibition-concentration,12,15 information process-
ing speed,15 nonverbal reasoning,13 and verbal learning and
memory,14 that have been found to correlate with cross-
sectional cochlear implant speech recognition abilities are in-
herently different than those assessed in cognitive screening
tests like the MoCA. They are more complex, often con-
ducted in a laboratory setting for individuals without clinical
cognitive impairment, can be challenging for cognitively in-
tact adults, and often measure a single construct of cognitive
function. In contrast, cognitive screening tests can be rou-
tinely administered in the clinical setting with the purpose of

Table 4. Difference in Mean Improvement in 12-Month Speech Recognition Scores for Dichotomous Patient Factors

CNCp, mean
(SD)

Difference in mean (Cohen d)
[95% CI]

CNCw, mean
(SD)

Difference in mean (Cohen d)
[95% CI]

AzBio Quiet,
mean (SD)

Difference in mean (Cohen d)
[95% CI]

Sex

Female 52.1 (19.3)
−8.48 (−0.35) [−0.93 to 0.24]

44.2 (22.5)
−2.78 (−0.12) [−0.69 to 0.46]

52.7 (28.5)
−12.40 (−0.37) [−0.93 to 0.19]

Male 43.6 (28.6) 41.4 (24.2) 40.3 (36.6)

Preoperative hearing aid use

Yes 46.3 (24.5)
10.74 (0.44) [−0.37 to 1.20]

41.2 (23.2)
8.85 (0.38) [−0.43 to 1.19]

44.2 (34.0)
11.46 (0.34) [−0.42 to 1.10]

No 57.0 (24.4) 50.3 (23.4) 55.6 (29.8)

Psychiatric comorbidity

Yes 40.8 (25.2)
9.06 (0.37) [−0.34 to 1.07]

36.0 (19.0)
8.67 (0.37) [−0.33 to 1.10]

73.4 (23.6)
9.21 (−0.14) [−0.81 to 0.54]

No 49.9 (24.3) 44.7 (24.1) 69.8 (27.7)

Abbreviations: AzBio Quiet, AzBio sentences in quiet; CNCp, Consonant-Nucleus-Consonant phonemes; CNCw, Consonant-Nucleus-Consonant words.

Table 5. Comparison of Mean Change in CIQOL-35 Scores Between Groups With MCI and NC
at the 12-Month Evaluation

Domain

Mean (SD)

Cohen d (95% CI)
All patients
(n = 21) NC (n = 14) MCI (n = 7)

Global 4.8 (23.2) 7.4 (21.4) −0.2 (27.4) 0.32 (−0.59 to 1.23)

Communication 8.0 (24.0) 12.8 (18.9) −1.8 (31.3) 0.62 (−0.31 to 1.54)

Emotional 15.7 (33.2) 18.5 (29.7) 9.9 (41.4) 0.26 (−0.66 to 1.16)

Entertainment 15.7 (29.2) 15.6 (32.0) 15.8 (24.8) −0.005 (−0.91 to 0.9)

Environmental 24.3 (17.2) 19.4 (17.1) 34.1 (13.4) −0.92 (−1.86 to 0.46)

Listening effort 16.7 (19.8) 12.1 (21.4) 25.9 (13.1) −0.79 (−1.65 to 0.22)

Social 13.4 (25.5) 9.0 (28.1) 22.0 (18.2) −0.51 (−1.43 to 0.42)

Abbreviations: CIQOL-35, Cochlear
Implant Quality of Life-35; MCI, mild
and moderate cognitive impairment
combined; NC, normal cognition.
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identifying patients at risk of clinically significant cognitive de-
cline and who might require further diagnostic testing.30 They
are designed to be sensitive to cognitive decline but not spe-
cific to certain cognitive constructs or diagnoses.

In addition, even studies investigating the associations be-
tween specific cognitive function tests and cochlear implant
outcomes have had mixed results. For example, early coch-
lear implant studies investigating the predictive power of IQ,31

visual monitoring abilities,32 and reading span performance33

generally found absent to weak correlations with speech rec-
ognition outcomes. More recent studies examining the asso-
ciation between longitudinal speech recognition outcomes and
preoperative cognition have also had mixed results. Some have
identified associations between a few cognitive measures—
working memory,34,35 verbal learning,36 verbal fluency,37 and
inhibitory control38—and postoperative improvement in speech
recognition outcomes at various time points, but others have
found little39 to no40 correlations between different mea-
sures of cognition and longitudinal outcomes. These discrep-
ancies are not only explained by differences in cognitive test
batteries, but also by differences in the timing of postopera-
tive speech testing and components of speech testing
batteries.

Patient-reported real-world functional abilities are being
increasingly recognized as important postoperative mea-
sures of cochlear implant benefit, but the association be-
tween cognition and these outcomes has not been widely stud-
ied. In a cross-sectional study assessing a partial least regression
squares model of predictors of cochlear implant outcomes, it
was found that cognitive measures played a much larger role
in predicting PROMs than speech recognition outcomes,
though the model was able to explain only 53% of the PROM
variance.16 Additional associations found between cognition
and postimplant PROMs include those between a visual
measure of concentration and patient-reported social
interactions41 and tests of rapid reading and general intelli-
gence with some subdomains of the Nijmegen Cochlear Im-
plant Questionnaire.42 To our knowledge, the present study
is the first to assess the association between preoperative cog-
nitive impairment screening scores and improvement in
PROMs. The absence of clinically significant differences in
PROM improvements between those with MCI and NC sug-
gests that patients who screen positive for MCI may obtain simi-
lar improvements in self-reported functional abilities, which
could influence preimplant patient counseling.

Despite the weak strength of association found between
cognitive screening scores and postoperative speech recogni-
tion and PROMs in this study, cognitive screening during coch-
lear implant evaluations remains important. The prevalence
of positive cognitive impairment screening in the study co-
hort was quite high at nearly 50%. Similarly high rates of cog-
nitive screening failures were identified in the CI532 study
group, during which 59% of all patients18 and 64% of patients
65 years and older43 screened positive for mild cognitive im-
pairment. In 2018, it was estimated that the prevalence of mild
cognitive impairment increased from 8.4% for adults aged 65
to 69 years to 25.2% for adults aged 80 to 84 years.44 Given
the known association between cognitive decline and age-

related hearing loss, it is not surprising that the prevalence of
cognitive impairment in this hearing-impaired cohort is higher
than what would be expected for a similarly aged population.
Importantly, no patient in this study had previously been di-
agnosed with cognitive impairment. This suggests that cog-
nitive screening assessments included in cochlear implant
evaluations have the potential for very early identification of
patients who are at risk of further cognitive decline. Yet, sur-
vey findings have shown that a significant portion of coch-
lear implant clinicians who identify potential cognitive im-
pairment from a screening test might not offer a referral for
further diagnostic neuropsychiatric testing.10,45 Though the
reasons for this remain unknown, low rates of referral for di-
agnostic testing among these clinician groups suggest that
missed opportunities to initiate potentially helpful further cog-
nitive diagnostic evaluations might be widespread.44

Limitations
There are several limitations to this study. First, our analysis
included only patients with preoperative MoCA scores. Some
patients undergoing cochlear implant evaluations did not com-
plete a MoCA because of time constraints, but exclusion of
these patients could have biased MCI prevalence in either a
positive or negative direction. Additionally, only 1 patient was
found to have a MoCA score in the moderate range, making our
results primarily applicable to patients with concern for mild
cognitive impairment rather than generalizable to patients with
more severe cognitive impairment. Second, given the rela-
tively recent practice of performing preimplant cognitive as-
sessments and newness of the CIQOL-35, there was a rela-
tively small population studied. The small study size, which
contributes to the wide confidence intervals, limits the abil-
ity to draw definitive conclusions. Larger samples will pro-
vide more precise estimates of the true effect and allow for
more definitive conclusions to be drawn regarding the com-
patibility of the results with clinically meaningful effects. How-
ever, for outcomes in this study with medium to large effect
sizes, consideration of testing measurement error influenced
our interpretation of the results. For example, the mean (SD)
difference in CNCw improvement between those who screened
positive for MCI and those who did not (48.4 [21.9] vs
38.5 [26.6]) was approximately 10%. While this corre-
sponded to a medium effect size, a 10% difference in CNCw is
within the testing measurement error and would thus not be
considered clinically significant. In the future, outcomes should
be assessed in a larger sample, both before and after 1 postop-
erative year to account for differences in rates of improve-
ment and be interpreted in the context of the test’s measure-
ment error. Furthermore, pooling of data across multiple
similar studies, such as that done by Zhao et al,20 would greatly
improve the generalizability of the results. Third, and per-
haps most importantly, the standard MoCA is not validated for
use in the profoundly hearing-impaired population, and though
1 attempt at designing a more suitable test, termed the Hearing-
Impaired MoCA (HI-MoCA), has been made,46 there is no truly
validated alternative cognitive screening tool for those with
hearing impairment.11 Thus, the false-positive rate remains un-
known, and it is possible that patients who screened positive
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for MCI might have NC. This hypothesis further supports the
recommendation against using screening scores alone to coun-
sel patients on postimplant expectations. Lastly, though all pa-
tients who screened positive for MCI were counseled on scores
and offered referral for further evaluation, we were unable to
collect data on follow-up testing, which could be helpful in as-
sessing the validity of the cognitive screening test in this
population.

Conclusions
In this retrospective case series, preoperative cognitive screen-
ing scores were weakly associated with improvements in

speech recognition or PROM scores after cochlear implanta-
tion, suggesting that cognitive screening scores alone should
not be used to limit cochlear implant candidacy and might have
a limited role in discussions of postoperative expectations.
Given the relatively high prevalence of MCI identified by the
MoCA in patients undergoing cochlear implant evaluations,
cognitive screening can be used to help initiate comprehen-
sive diagnostic cognitive evaluation, if desired by patients and
families. Future investigation into associations between cog-
nitive impairment screening and cochlear implant outcomes
should seek to optimize the validity of screening tests and in-
vestigate improvements in long-term PROM and speech rec-
ognition scores for hearing-impaired adults with mild, mod-
erate, and severe cognitive impairment.
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