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Abstract.

Background: Hearing loss and mild behavioral impairment (MBI), both non-cognitive markers of dementia, can be early
warning signs of incident cognitive decline.

Objective: We investigated the relationship between these markers and reported the influence of sex, using non-dementia
participants (n=219; 107 females) from the Canadian Comprehensive Assessment of Neurodegeneration and Dementia
(COMPASS-ND).

Methods: Hearing was assessed with the 10-item Hearing Handicap for the Elderly—Screening (HHIE-S) questionnaire,
a speech-in-noise test, screening audiometry, and hearing aid use. MBI symptoms were assessed using the Neuropsychi-
atric Inventory Questionnaire (NPI-Q). Multivariable linear regressions examined the association between hearing and MBI
symptom severity and multiple logistic regressions examined the association between hearing and MBI domains.
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Results: HHIE-S score was significantly associated with greater global MBI symptom burden, and symptoms in the apathy
and affective dysregulation domains. Objective measures of audiometric hearing loss and speech-in-noise testing as well as
hearing aid use were not associated with global MBI symptom severity or the presence of MBI domain-specific symptoms.
Males were older, had more audiometric and speech-in-noise hearing loss, higher rates of hearing-aid use, and showed more

MBI symptoms than females, especially apathy.

Conclusion: The HHIE-S, a subjective self-report measure that captures emotional and social aspects of hearing disability, was
associated with informant-reported global MBI symptom burden, and more specifically the domains of affective dysregulation

and apathy. These domains can be potential drivers of depression and social isolation. Hearing and behavior change can be

assessed with non-invasive measures, adding value to a comprehensive dementia risk assessment.
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INTRODUCTION

Over 50 million people worldwide live with
dementia, and this number is expected to rise to
152 million by 2050 [1]. Dementia, most commonly
Alzheimer’s disease (AD), results in a devastating
personal cost to those affected and their carers, and
a financial impact on the world economy exceeding
1 trillion USD each year [1]. Most current phar-
macological approaches to target AD offer short
term symptom modifying effects, but there has been
growing interest in dementia prevention [2]. For pre-
ventative treatments to be more successful, they need
to start earlier, with better markers to identify peo-
ple at preclinical stages of disease. Hearing loss and
mild behavioral impairment (MBI) have both been
identified as early warning signs of risk of cognitive
decline and dementia in older adults, and both have
been recommended in clinical guidelines for use as
non-cognitive markers of dementia [3, 4].

Hearing loss often begins in middle age with a dou-
bling of incidence each decade and is the third most
prevalent chronic condition among older adults [5].
The Lancet Commission identified hearing loss as
accounting for 9% of the population attributable risk
of dementia [6]. This was the first time that hear-
ing loss, the largest of all potentially modifiable risk
factors linked to dementia was featured in the Life
Course model, which helped link hearing health with
brain health. Despite the high prevalence of hearing
loss, it is often untreated [7]. In addition to demen-
tia risk, hearing loss is also associated with higher
rates of hospitalization/rehospitalization with longer
hospital stays, frailty, depression, loneliness, social
isolation, and the onset of overt behavioral symp-
toms in long term care [8—17]. Hearing loss is more
frequent in males than females, and the use of hear-

ing aids also differs by sex [18-20]. These findings
indicate a need to explore sex differences in hearing-
associated risk.

MBI represents a validated neurobehavioral syn-
drome characterized by the de novo emergence in
later life of persistent neuropsychiatric symptoms
(NPS), representing a change from longstanding
behaviors, as an at-risk state for all-cause dementia
[21, 22]. MBI is associated with cognitive decline
and incident dementia [23-26], and known dementia
biomarkers including amyloid, tau, and neurode-
generation [27-31]. Notwithstanding the increased
recognition of MBI, early behavioral markers are
commonly dismissed as a part of normal aging,
despite associations with greater caregiver burden,
functional impairment, rates of institutionalization,
and neuropathological burden [32]. Although not yet
well studied, early data suggest that the prevalence
of MBI may be higher in males versus females (14%
versus 11% of a sample of cognitively normal older
adults; p=0.01) [33], necessitating sex-specific anal-
yses of outcomes with MBI.

Few studies have examined the association
between hearing and the symptoms of MBI [34], and
none to our knowledge with a focus on sex differ-
ences. Our aim was to investigate the relationship
between these two dementia risk markers, and to
explore sex-related differences in this relationship.

MATERIALS AND METHODS

Overview

The Comprehensive Assessment of Neurodegen-
eration and Dementia (COMPASS-ND) [35] is
a Canada-wide multi-site prospective longitudinal
cohort study designed to investigate different causes
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of neurodegeneration and their interactions (Clinical-
Trials.gov NCT03402919). In summary, the study is
recruiting 2,310 adults who live with or are at risk of
developing neurodegenerative diseases. Participants
include persons with dementia as well as mild cogni-
tive impairment (MCI), subjective cognitive decline
(SCD), and cognitively normal (CN) controls. Partici-
pants with clinical diagnoses were primarily recruited
from specialty clinics, although healthy controls
and those with subjective cognitive complaints were
also enrolled through non-clinical referral sources
[36]. Clinical and cognitive data, sociodemographic
details, biomarkers, structural brain imaging, and
measures of sensory function are collected. The study
is conducted with local ethical approval by institu-
tional review boards at each of the 13 sites affiliated
with the study.

Sample

This report analyzed the second data release
of the COMPASS-ND study from February 2020
(n=409). All participants without dementia and with
available hearing, demographic, Neuropsychiatric
Inventory Questionnaire (NPI-Q), and Montreal Cog-
nitive Assessment (MoCA) data, were included for a
total of 219 participants (49% female).

Hearing variables

Hearing was measured with the 10-item Hear-
ing Handicap Inventory for the Elderly— Screening
Version (HHIE-S) [37-39] self-report measure, a
speech-in-noise test (Canadian Digit Triplet Test;
CDTT) [40], screening audiometry and hearing aid
use. The HHIE-S measures the social and emotional
effects of hearing disability. Scores range from 0 (no
hearing handicap) to 40 (significant hearing hand-
icap). As the HHIE-S is a self-report measure, it
could be viewed as a subjective measure of hearing.
Using an adaptive procedure, the CDTT is designed
to find the speech recognition threshold in noise that
corresponds to the signal-to-noise ratio at which com-
binations of 3 digits are identified correctly 50% of
the time. Lower signal-to-noise ratios indicate better
speech in noise hearing ability. Screening audiometry
used Pass/Fail scoring for 2000-Hz pure-tones pre-
sented at 2 discrete input levels to yield six hearing
loss categories: Category 1 — Normal Hearing: 25 dB
HL detected in both ears; Category 2 — Mild 1:25dB
HL detected in one ear, 40 dB HL detected in other
ear; Category 3 — Mild 2: 40 dB HL detected in both

ears; Category 4 —Moderate 1 : 25 dB HL detected in
one ear, 40 dB HL not detected in other ear; Category
5 —Moderate 2 : 40 dB HL detected in one ear, 40 dB
HL not detected in other ear; Category 6 — Moderate
3:40dB HL not detected in either ear. Hearing aid
use was assessed with a Yes/No question: “Do you
use hearing aids?”.

Behavior variables

The severity of global and domain-specific MBI
was approximated using the NPI-Q with a published
algorithm [41]. Informant-reported total MBI symp-
tom severity, as well as domain scores to capture the
presence or absence of NPS symptoms, were tabu-
lated for the five MBI domains of apathy, affective
dysregulation, impulse dyscontrol, social inappropri-
ateness, and psychosis. Participants were considered
positive in a domain if they scored > 0.

Analyses

To describe the participant characteristics, contin-
uous variables were reported in mean (SD); range
and categorical variables were reported in n (%).
Comparisons between sexes were conducted with
independent-samples #-tests for continuous variables
and chi-square or Fisher’s exact tests, as appropriate,
for categorical variables. Cross-tabulation analyses
were used to investigate if the distribution of NPS in
any and each domain of MBI differed for people with
no significant versus any degree of self-reported hear-
ing disability. Multivariable linear regressions were
conducted to examine the association between the
hearing measures and global MBI burden, adjust-
ing for age, education, MoCA score, and a sex by
hearing variable interaction term. The a priori sta-
tistical plan was to remove the interaction term from
the model and include sex as a covariate if the inter-
action was not statistically significant. Conversely, if
the interaction term was statistically significant, sex-
stratified regression models would be fitted. Using
a similar methodology, multivariable logistic regres-
sions were used to investigate whether the hearing
variables were associated with the presence/absence
of MBI domains. Recognizing that the distribution
of global MBI symptom severity is often positively
skewed, we applied a log transformation to the data.
We acknowledge that log transformations do not
introduce symmetry into the distribution of global
MBI symptom severity nor do they perfectly address
issues with the data that might lead to violations of
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Table 1
Participant Demographic Characteristics Stratified by Sex
Variable All Females Males )4
n 219 107 112
Age 72.2 (6.5); 50.2-87.1 71.2 (6.4); 50.2-84.2 73.2 (6.6); 60.6-87.1 0.027
Education 15.8 (3.6); 6.0-31.0 15.8 (3.6); 11.0-28.0 15.7 (3.9); 6.0-31.0 0.810
MoCA Score 24.5 (3.6); 13.0-31.0 25.4 (3.1); 17.0-30.0 23.5 (3.8); 13.0-31.0 <0.001
Cognitive Subtypes <0.001
CN 10 (4.6%) 10 (9.3%) 0 (0.0%)
SCD 48 (21.9%) 38 (35.5%) 10 (8.9%)
MCI 161 (73.5%) 59 (55.1%) 102 (91.1%)
Hearing Variables
HA Use 38 (17.4%) 10 (9.3%) 28 (25.0%) 0.002
HHIE-S
HHIE-S Total Score 8.1(8.7); 0-34.0 8.1 (8.7); 0-34.0 8.7 (8.8); 0-30.0 0.317
HHIE-S Categories 0.509
No Handicap 143 (65.3%) 73 (68.2%) 70 (62.5%)
Mild/mod Handicap 62 (28.3%) 29 (27.1%) 33 (29.5%)
Significant Handicap 14 (6.4%) 5 (4.7%) 9 (8.0%)
Audiometric Hearing Loss Categories
1 128 (58.7%) 70 (66.0%) 58 (51.8%)
2 28 (12.8%) 15 (14.2%) 13 (11.6%)
3 15 (6.9%) 8 (7.5%) 7 (6.2%)
4 3 (1.4%) 0 (0.0%) 3(2.7%)
5 26 (11.9%) 7 (6.6%) 19 (17.0%)
6 18 (8.3%) 6 (5.7%) 12 (10.7%)
CDTT
CDTT Threshold (dB SNR) -9.2(2.9); -12.6-6.2 -9.6 (2.8); -12.6-6.2 -8.7(2.9); -12.2-4.6 0.015
Behavior Variables
MBI Severity
Total MBI 1.8 (2.7) 1.4 (2.2) 22(3.1) 0.022
MBI Domains—Presence
Any Domain 113 (51.6%) 49 (45.8%) 64 (57.1%) 0.093
Apathy 35 (16.0%) 10 (9.3%) 25 (22.3%) 0.009
Affect 77 (35.2%) 34 (31.8%) 43 (38.4%) 0.305
Impulse Dyscontrol 72 (32.9%) 31 (29.0%) 41 (36.6%) 0.229
Social Inappropriateness 28 (12.8%) 13 (12.1%) 15 (13.4%) 0.783
Psychosis 15 (6.8%) 4 (3.7%) 11 (9.8%) 0.075

Continuous variables reported in mean (SD); range. Categorical variables reported in n (%). Comparison tests were conducted between sexes
using independent-samples t-tests for continuous variables, and chi-square tests or fisher’s exact tests, as appropriate, for categorical variables.
MoCA, Montreal Cognitive Assessment; CN, cognitively normal; SCD, subjective cognitive decline; MCI, mild cognitive impairment; HA,
hearing aid; HHIE-S, Hearing Handicap Inventory for the Elderly—Screening Version; CDTT, Canadian Digit Triplet Test; dB, decibel; SNR,

Signal-to-Noise Ratio; MBI, mild behavioral impairment.

assumptions about the normal distribution of residu-
als. However, we utilized the log transformation to
address the multiplicative, as opposed to additive,
nature of MBI symptom severity measured using a
transformed version of the NPI-Q. Because of the lim-
ited range of each individual NPI-Q item (0-3), we
have reason to believe that the true difference in MBI
symptom severity between MBI scores of 5-10, for
instance, are greater than the difference between MBI
scores of 0—5. As such, the purpose of the log transfor-
mation is to represent the nature of this association in
the linear regression model from a standpoint of sci-
entific validity. Furthermore, the log transformation
provides modest but not crucial improvements to the
normality of residuals.

RESULTS
Sample characteristics stratified by sex

The demographic characteristics of the partici-
pants are shown in Table 1. Males were older and
had lower scores on the MoCA, greater degrees of
audiometric hearing loss, poorer speech-in-noise per-
formance, higher rates of hearing aid use, and showed
more MBI symptoms than females — especially apa-
thy. The distribution of sexes across the cognitive
subtypes also differed: 91% of males were classed
as MCI with the remainder as SCD; and for women,
55% had MCI, 35% SCD and the remainder were
CN.
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Table 2
Multivariable Regression Models for the Association between
HHIE-S Score and MBI Burden in Non-Dementia

Outcome Variable Exp(B) or OR (95% CI) P

Global MBI Burden? 1.02 (1.00-1.04) 0.002
MBI Apathy® 1.09 (1.03-1.14) 0.002
MBI Affect’ 1.08 (1.04-1.13) <0.001

Models were adjusted for age, sex, years of education, hearing
aids use, and MoCA score (n=219). HHIE-S, Hearing Hand-
icap Inventory for the Elderly—Screening Version; MBI, mild
behavioral impairment; MoCA, Montreal Cognitive Assessment.
4 Multivariable linear regression with standardized continuous
log-transformed global MBI score as the outcome variable. ®
Multivariable logistic regression with dichotomized MBI domain
(presence/absence of symptoms) as the outcome variable.

With the sexes combined, 65% self-reported no
degree of hearing disability. However, fewer passed
audiometric screening, with 59% passing in both ears
and 13% passing in only one ear. Hearing aids were
used by 17% of participants. MBI symptoms were
identified in any domain by 52% of all participants.

Regression results

With all regression analyses, none of the sex by
hearing variable interaction terms were significant
meaning that even though individually audiometric
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hearing loss, the CDDT, and hearing aid use differed
by sex, the association of any of the hearing vari-
ables with MBI did not differ by sex. With sex as
a covariate, self-reported hearing disability as mea-
sured by the HHIE-S was significantly associated
with greater global MBI symptom burden, and the
presence of apathy and affective dysregulation, when
controlling for global cognition (Table 2). However,
when controlling for sex, speech-in-noise thresholds,
audiometric hearing loss, and hearing aid use were
not associated with global MBI symptom severity or
the presence of MBI domain-specific symptoms (see
Supplementary Table 1 for added details).

Relationship between self-reported hearing
disability and MBI

Graphing the relationship between self-reported
hearing disability and MBI (see Fig. 1), people with
greater self-reported hearing disability as measured
by the HHIE-S were more likely to have any MBI
symptoms compared to people reporting no hear-
ing disability. While the cross-tabulation results were
not significant (x>=4.53, p=0.10), the prevalence
of MBI symptoms was highest in each of the MBI
domains for the group reporting significant hearing
disabilities and this group consisted of more males

HHIE-S Status

B Al (n=219)

B 0-8No Hearing Handicap (n = 143)

I 10-24 Mild/Moderate Hearing Handicap (n = 62)
| 26-40 Significant Hearing Handicap (n = 14)

MBI Domains

Fig. 1. Distribution of MBI Prevalence by HHIE-S Status for Non-Dementia. Percentage of neuropsychiatric symptoms present on any
domain and by each domain of the Mild Behavioral Impairment-Checklist for all participants (n=219) and by HHIE-S categories: no
hearing handicap, mild/moderate hearing handicap and significant hearing handicap.
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than females) (see Supplementary Table 2 for added
details about Fig. 1). Of the 14 people with significant
hearing disability, 9 were male of which 7 were aided
and all had audiometric hearing loss; 5 were female
of which only 2 were aided and 3 had audiometric
hearing loss.

DISCUSSION

Scores on the HHIE-S, a subjective self-report
measure which was designed to capture the emotional
and social aspects of hearing loss, were positively
related to informant-reported global MBI symptom
burden. This signal was driven by affective dysregula-
tion and apathy, which might be considered as drivers
of depression and social isolation seen in those with
hearing loss.

In a previous study of older adults, apathy and
impulse dyscontrol measured with the Mild Behav-
ioral Impairment Checklist (MBI-C) [42], were
linked to audiometric hearing loss [34]. In our study,
however, sources of information for the significant
relationship differed. The MBI-hearing impairment
association was based on informant reported neu-
robehavioral symptoms, and subjective self-report of
hearing disability. Our objective measure of audio-
metric hearing loss did not associate with MBI,
and this may in part be related to the methodolog-
ical differences in its measurement. The COMPASS
ND study measured 2kHz only with Pass/Fail cri-
teria at two discrete input levels (25 & 40dB HL)
rather than the more typical measure of audiomet-
ric hearing sensitivity which calculates a pure-tone
average using multiple frequencies. While anosog-
nosia may contribute to variability in findings, this
lack of awareness would only apply to the HHIE-S.
In general, older adults do have a tendency to under-
estimate their degree of impairment as reflected by
Bainbridge who showed that older adults with mea-
surable audiometric hearing loss are less likely to
self-report “at least a little trouble hearing” based on
the 2007 National Health Interview Survey [43]. The
self-reported HHIE-S is unique in that it captures both
the impact of sensory impairment along with per-
ceived hearing difficulty and adjustment to the social
and emotional impact of hearing impairment [37, 39].

Whether the mechanism behind the association of
hearing and MBI involves a common etiology ver-
sus a causal relationship is unknown. A common
etiology would suggest that the same underlying
neurodegenerative process could account for both

hearing loss and MBI; both are prevalent in preclini-
cal and prodromal dementia and associated with more
rapid progression to AD [5, 23]. Specifically, MBI
is associated with both amyloid-f3 and tau in cog-
nitively normal older adults [27, 28]. Similarly, in
non-dementia ADNI participants, age-related hear-
ing loss is associated with higher levels of tau and
p-tau cross-sectionally in preclinical and prodromal
AD, and faster rate of increase of these two types
of biomarkers in healthy controls and preclinical AD
participants [44]. With the ADNI study search criteria
of clinical assessments were used to identify partic-
ipants with reported hearing loss. In a community
sample of older adults, both pure-tone audiometry
and word recognition were associated with whole
brain amyloid-3 [45]. Thus, both MBI and hear-
ing impairment can occur in advance of cognitive
changes and are associated with AD biomarkers. The
relationship between them is uncertain, but it is also
possible that both are sequelae of a shared etiology,
whether it be AD proteinopathies or vascular dis-
ease [46, 47] or other unknown etiologies. Additional
research is required.

Intuitively, causal relationships between hearing
and behavior can also be envisioned. Individu-
als with neurodegenerative disease may have less
cognitive and/or brain reserve to cope when listen-
ing is challenging, requiring increased attentional
effort because of hearing loss and/or environmen-
tal noise. These hearing difficulties may result in
less motivation and interest in participating in activi-
ties, withdrawal and social isolation, or apathy, with
potential effects on mood and affect that may include
depression. While we did not find a relationship
between hearing aid use and MBI symptoms, hearing
aids have shown promise as an intervention option
to improve communication and reduce behavioral
symptoms like depression [48]. While more research
is needed, promising early findings have shown that
hearing rehabilitation might reduce the risk of pro-
gression from MCI to dementia [49].

Our findings demonstrate a link between the HHIE
and symptoms of MBI as well as individual MBI
domains. We also found a link to sex such that more
males than females were apathetic, in agreement
with the literature [50]. Early studies exploring the
neuropathological basis of apathy found that a com-
bination of greater apathy, communication failure
(i.e., with hearing loss), and physical disability corre-
lated with greater neurofibrillary tangle burden in the
parahippocampal, frontal, and parietal regions. This
is noteworthy as recent mechanisms linking hearing
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loss with dementia posit an interaction between the
distributed function of auditory pattern analysis in
the medial temporal lobe during difficult listening
situations with AD pathology [51, 52].

No association was found between MBI symptoms
and performance on the speech-in-noise test, hear-
ing aid use, or audiometric hearing loss. Even though
each of these variables individually showed sex dif-
ferences as shown in Table 1, regression analyses
found no significant interaction between any of the
hearing variables with sex. As a result, regression
models were adjusted for sex. Studies have found
that speech-in-noise tests, which rely on attention
and memory to repeat back what is heard, have been
linked with working memory and cognitive func-
tion [34]. Low uptake of hearing aids for those with
hearing loss, combined with a screening audiometry
approach that identified 71.5% with normal hear-
ing in at least the better ear, may explain the lack
of associations between the hearing measures and
MBI symptoms. Within the group reporting signif-
icant hearing disability, 78% of males and 40% of
females had hearing aids. Hearing aid use is generally
higher for females [53] even though age-related hear-
ing loss is more common, more severe, and occurs
at younger ages in males [19, 54]. Had our sam-
ple included varying severities of hearing loss and
more hearing aid users, we would expect greater MBI
symptom burden with increasing severity of hearing
loss, and lower MBI symptom burden for those who
were aided, consistent with recent findings [55-57].

This study represents preliminary findings from
the COMPASS-ND study. The results are limited
by small sample sizes of each cognitive subtype
for which the sexes are not equally distributed, and
the sensitivity of the audiometry and neuropsychi-
atric symptom measures. With screening audiometry
limited to only 2000 Hz, additional test frequen-
cies would be needed to identify hearing loss and
possible sex-related differences in the audiogram;
high-frequency hearing sensitivity is better in older
females and low-frequency hearing sensitivity is bet-
ter in older males [19, 54]. With behavior, MBI
was approximated from the NPI-Q which uses a 1-
month reference period compared to the 6-month
reference period of the MBI-C. This shorter reference
range may result in lower specificity and signal-to-
noise ratio, with transient symptomatology included
in the measure of MBI. Future studies may benefit
from more specific MBI case ascertainment using the
MBI-C, which was developed explicitly as the case
ascertainment instrument for MBI [42, 58].

Conclusions and implications

A subjective measure of self-reported hearing
disability, the HHIE-S is associated with MBI symp-
tomatology, and MBI symptoms are associated with
sex. Both hearing problems and the neuropsychiatric
symptoms associated with MBI are common, high-
lighting an opportunity for risk mitigation. In this
study sample of non-demented community dwelling
older adults, 46% of females and 57% of males
reported at least one MBI symptom. The prevalence
of hearing loss and MBI is higher in other settings,
e.g., 80% in a geriatric rehabilitation acute care set-
ting, and even higher in long term care [34, 59].
Hearing loss is often described as an invisible dis-
ability; without measurement, it can be difficult to
tease apart hearing problems compared to behavior
problems. In addition, hearing loss can masquerade
as cognitive impairment, and cognitive test scores
improve when hearing assistance is provided [59].
These issues underscore the need for the assessment
of both hearing and behavior as part of dementia risk
assessment, consistent with clinical guidelines [4].
The HHIE-S is freely available and easily adminis-
tered, as is the MBI-C. With assessment comes the
possibility of identification and intervention. While
hearing rehabilitation has been shown to improve
communication and reduce behavioral symptoms like
depression and other neuropsychiatric symptoms,
more research is required to determine if hearing
rehabilitation can reduce MBI severity. Likewise, it
is also possible that treating MBI could have benefits
for people with hearing loss.
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