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Abstract

Subjective ratings of communication function reflect both auditory sensitivity and the situational, social, and emotional con-
sequences of communication difficulties. Listeners interact with people and their environment differently, have various ways of
handling stressful situations, and have diverse communication needs. Therefore, understanding the relationship between audi-
tory and mental health factors is crucial for the holistic diagnosis and treatment of communication difficulty, particularly as
mental health and communication function may have bidirectional effects. The goal of this study was to evaluate the degree
to which social anxiety and negative affect (encompassing generalized anxiety, depression, and anger) contributed to subjective
communication function (hearing handicap) in adult listeners. A cross-sectional online survey was administered via REDCap.
Primary measures were brief assessments of social anxiety, negative affect, and subjective communication function measures.
Participants were 628 adults (408 women, 220 men), ages |19 to 87 years (mean =43) living in the United States. Results indi-
cated that individuals reporting higher social anxiety and higher negative affect also reported poorer communication function.
Multiple linear regression analysis revealed that both negative affect and social anxiety were significant and unique predictors
of subjective communication function. Social anxiety and negative affect both significantly, and uniquely, contribute to how
much someone feels a hearing loss impacts their daily communication function. Further examination of social anxiety and
negative affect in older adults with hearing loss may help researchers and clinicians understand the complex interactions
between mental health and sensory function during everyday communication, in this rapidly growing clinical population.
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Introduction hearing handicap is prevalent in middle and older adulthood
(Hannula et al. 2011; Tremblay et al. 2015; Wiley et al.
2000), is associated with reduced quality of life (Gopinath
et al. 2012), and is a better predictor of hearing health behav-
iors than audiometrically defined hearing loss (Fischer et al.
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2009; Laplante-Lévesque, Hickson and Worrall 2012). Given
its importance to clinical treatment of hearing loss, a better
understanding of the factors influencing subjective communi-
cation function is critical.

There is increasing interest in how hearing health inter-
faces with other facets of mental and physical health. For
example, hearing loss is associated with an increased risk
for depression, whereby adults with depression are more
likely to report having difficulty with their hearing (Golub
et al. 2020; Rutherford et al. 2018). Recent studies also indi-
cate a higher prevalence of anxiety symptoms in people who
also report having vision and hearing loss (Shoham et al.
2019; Park et al. 2024). Less well understood is how
hearing health may be related to social anxiety, which is
defined as fear of negative evaluation, embarrassment, or
humiliation in situations in which one can be observed by
others (including social interactions). Although some
anxiety in social contexts is normal, social anxiety can
become debilitating when it leads people to avoid situations
that are important to their goals, at which point social anxiety
disorder may be diagnosed. Social anxiety disorder is
common and is associated with reports of significant impair-
ment in interpersonal roles (Ruscio et al. 2008), and it is a
unique predictor of impairments in friendships (Rodebaugh
2009). Importantly, the available evidence suggests that chal-
lenges with interpersonal function and loneliness predict future
social anxiety more strongly than vice versa (Lim et al. 2016;
Rodebaugh, Fernandez and Levinson 2012), although social
anxiety does appear to prospectively predict loneliness (Lim
etal. 2016). As such, it is easy to imagine that hearing difficul-
ties and social anxiety could have a similar reciprocal relation-
ship as seen with loneliness. Perceived difficulties in
communication could lead to social anxiety and withdrawal,
which could lead to further perceived communication difficul-
ties when the listener is confronted with subsequent subjec-
tively stressful listening situations.

Understanding the relationship between hearing handicap
and anxiety in social situations is therefore important for at
least two reasons. First, if social anxiety is driven in part
by auditory factors, auditory rehabilitation (such as the use
of a hearing aid) may not only improve hearing, but also
lower social anxiety. Second, the converse may also be true
—that is, if hearing handicap is affected by social anxiety,
addressing this mental health concern may improve self-
perceived communication function. The existence of multiple
efficacious treatments for social anxiety (Mayo-Wilson et al.
2014) would support such an intervention.

To elucidate the link between subjective communication
function and social anxiety we collected self-report survey
data on subjective hearing health and social anxiety from
adults aged 19-87 years. We also assessed negative affect
because a general tendency toward experiencing unpleasant
emotions is related to a wide range of mental health condi-
tions, including generalized anxiety, social anxiety, and
depression (Kotov et al. 2017). It is thus important to

determine whether any effect that appears to be due to social
anxiety is instead more related to this underlying general ten-
dency. We used this cross-sectional sample to test for a signifi-
cant relationship between hearing handicap and social anxiety
and to determine if social anxiety uniquely contributed to self-
reported hearing handicap scores in a large sample of adults
with a range of self-reported hearing abilities. We hypothesized
that listeners with more social anxiety would report greater dif-
ficulties with communication and that both social anxiety and
negative affect would significantly contribute to the heterogene-
ity in subjective hearing handicap scores.

Method

Participants

Participants were recruited through the Washington University
School of Medicine Research Participant Registry, Facebook,
and Twitter, under a protocol approved by the Washington
University in St. Louis Institutional Review Board
(#202105175). Participants aged 18 years or older with and
without self-reported hearing loss were included.

A total of 628 participants were included in the study.
Participants were aged 19-87 years (M =43.06, SD=16.2)
and the majority were female (65%, n=408) and white
(80.3%, n=504). Twenty-nine percent of respondents self-
reported hearing loss severity (n=182) as moderate (14%,
n=2388), severe (4.3%, n=27), or profound (0.8%, n=35).
Of those reporting hearing loss, hearing aids were used at
least some of the time (49.5%, n=90) and provided signifi-
cant benefit at least some of the time (47.8%, n=87).

Materials

Hearing status was determined by self-report (Do you have a
hearing loss? Possible answers: Yes, No, Unsure). Participants
were also asked a series of questions regarding their hearing
health, which can be found in supplemental materials.
Demographic information for the study sample is shown in
Table 1. For our variables of interest (self-reported hearing
handicap, social anxiety, and negative affect), we used compos-
ite scores of the following measures, described by variable.

Self-Reported Hearing Handicap

Hearing Handicap for the Elderly - Screening (HHIE-S).
The HHIE-S is a 10-question screening survey that evaluates
the perceived social and emotional effects of hearing loss on
an individual’s daily activities. Questions are scored as yes
(4 points), sometimes (2 points), and no (0 points) with
total scores ranging from O (no handicap) to 40 (maximum
handicap). A score of >10 indicates the presence of a
hearing handicap and the measure has been shown to be a
reliable and valid measure of hearing difficulties
(Lichtenstein, Bess and Logan 1988).



McClannahan et al.

Table I. Participant Characteristics

Self-reported hearing loss

Yes No Unsure Total

N 182 375 68 628

Sex Female 81 (44.5%) 271 (72.3%) 56 (82.4%) 408 (65.0%)
Male 99 (54.4%) 97 (25.9%) 12 (17.6%) 208 (33.1%)
Other 0 3 (0.8%) 0 3 (0.5%)
Missing 2 (1.1%) 4 (1.1%) 0 9 (1.4%)

Age Mean (SD) 46.7 (17.3) 39.8 (14.7) 52.0 (l6.1) 43.1 (16.2)
Range 21-87 19-78 22-84 19-87
Missing 22 (12.1%) 29 (7.7%) 7 (10.3%) 61 (9.7%)

Race Asian 3 (1.6%) 25 (6.7%) 3 (4.4%) 31 (4.9%)
Black 17 (9.3%) 27 (7.2%) Il (16.2%) 55 (8.8%)
White 152 (83.5%) 300 (80%) 52 (76.5%) 504 (80.3%)
Missing 10 (5.5%) 23 (6.1%) 2 (2.9%) 38 (6.1%)

15-item Speech, Spatial, and Qualities of Hearing Scale
(15iSSQ). The original Speech Spatial and Qualities of
Hearing Scale is a 49-item questionnaire designed to
measure an individual’s hearing ability across a variety of lis-
tening contexts based on a 10-point Likert scale (Gatehouse
and Noble 2004). The 15iSSQ (Moulin et al. 2019) is a short-
ened version of the SSQ that maintains the original three sub-
scales (speech, spatial, and qualities) with greater
discriminatory power between normal hearing and
hearing-impaired participants. Each item describes a listening
scenario and asks the participant to rate how well they can do
what is being described with 0 being unable and 10 being per-
fectly able, thus, lower scores indicate lower ability to perform.
Scores were reversed prior to creating the composite.

Negative Affect

Patient-Reported Outcomes Measurement Information
System (PROMIS). Mental health was evaluated using
PROMIS item bank instruments for Anxiety (v1.0),
Depression (v1.0), and Anger (v1.1) (Cella et al. 2010), which
represent the mental health domain of negative affect (Cook
et al. 2016). These scales were administered as computer adap-
tive tests in which a participant’s response to each item guides
the system’s choice of subsequent items from the full item
bank. Questions continue until the standard error drops below
a specified level or the maximum number of questions has
been answered, whichever occurs first. Example questions
from each PROMIS subdomain instrument are included in the
supplemental materials. Raw scores are standardized to a
t-score (M =50, SD=10) with a higher t-score indicating
more of the concept being measured.

Social Anxiety

Social Interaction Anxiety Scale (SIAS-6) & Social
Phobia Scale (SPS-6). The SIAS-6 and SPS-6 are two
short form scales designed to measure fears of specific

scrutiny and more generalized anxieties around social inter-
actions as factors of social anxiety (Peters et al. 2012),
which we combined as an overall measure of social
anxiety. Items are scored on a 5-point scale ranging from 0
(not at all characteristic or true of me) to 4 (extremely char-
acteristic or true of me). The shortened scales maintain satis-
factory psychometric validity and internal consistency and
discriminate well between anxious and non-anxious respon-
dents (Le Blanc et al. 2014). Example questions from each
scale are included in supplemental materials.

Procedure

Data were collected and stored on the Washington University
instance of REDCap (Research Electronic Data Capture)
which is maintained by the Institute for Informatics, Data
Science, and Biostatistics Informatics Core Services (Harris
et al. 2009, 2019). The survey was distributed via public
URL and initiated 1378 times. Upon review, 553 submis-
sions were removed after they were determined to be bad
faith responses. Removal criteria included blocks of
responses that displayed patterned or identical data across
instruments, synchronized survey completion identified by
timestamps, logical inconsistencies such as reported
hearing loss in one ear and hearing aid use in the other ear
or years of education inconsistent or out of proportion with
degree selected (e.g., 12 years of education and doctoral
degree), and duplicate submissions from the same email
address. We further restricted inclusion to those who had
completed all PROMIS measures and at least one hearing
handicap measure, resulting in 628 usable participants.

Data Analysis

All analyses were completed in R (Version 4.3.2). Data and
analysis scripts are available at https:/osf.io/he3qu/.
Instruments for each variable (self-reported hearing handicap,
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Figure |. Characterization of outcome measurements and their relationship to each other. The diagonal shows score distributions for
each outcome measure. Off-diagonal panels show either a scatterplot or Pearson correlation value for the variables indicated. ***=p <.001.

negative affect, and social anxiety) were scored and standardized
before creating composite scores. Bivariate relationships were
examined, via Pearson correlation, to determine the relationships
between our three main variables of interest: hearing handicap,
social anxiety, and negative affect. Assumptions for linear regres-
sion were met (see analysis scripts for test results). Linear regres-
sion was used to determine the unique contributions of each
variable to hearing handicap scores. We completed our regres-
sion in steps, with Model 1 including only main effects. Two-
and three-way interactions were then added (Model 2).
Three-way interactions were neither hypothesized nor significant
and thus are not reported below. Correlation and regression anal-
yses were repeated with the addition of the categorical variable
Self-Reported Hearing Loss (Yes, No, Unsure). Cronbach’s
alpha  estimates for the HHIE-S  (alpha=.94,
N =10 items), 15iSSQ, (alpha=.97, N=15 items), and the
SIAS-SPS (alpha=.93, N =12 items) indicated excellent inter-
nal consistency and reliability.

Results

Distributions and bivariate correlations of outcome measures
are shown in Figure 1. Pearson correlation revealed signifi-
cant moderate relationships between each of our variables
of interest, with participants with higher hearing handicap
also reporting higher negative affect (r=.41, p<.001) and

social anxiety (r=.47, p<.001) and participants with
higher negative affect reporting higher levels of social
anxiety (r=.51, p<.001).

We used linear regression to determine the unique con-
tributions of age, negative affect, and social anxiety to
self-reported hearing handicap. Age, negative affect, and
social anxiety each uniquely and significantly contributed
to self-reported communication function (Table 2, Model
1). Additionally, the negative effect x social anxiety inter-
action was small, but significant (Table 2, Model 2).
Together, age, negative affect, and social anxiety
accounted for 32% of the variance in hearing handicap
scores.

We then completed further exploratory analyses to iden-
tify if the relationship amongst the variables changed depend-
ing on self-reported hearing loss status (Yes, No, Unsure).
Figure 2 shows the bivariate relationships and score distribu-
tions separated by hearing status.

We then added the self-reported hearing loss variable into
our regression analyses, which increased the amount of vari-
ance in hearing handicap explained from 32% to 63%, with
negative affect, social anxiety, and self-reported hearing loss
making significant and unique contributions (Table 3,
Model 1). Additionally, the age x hearing loss-unsure and neg-
ative affect x hearing loss-unsure interactions were small, but
significant (Table 3, Model 2).
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Table 2. Regression Results

b sr? Model
Predictor b 95% Cl sr? 95% Cl Fit
Model | (Intercept) —.58%* [-.77,-.38]
Age 0% [.01,.02] .04 [.02,.07] R%=.3|%*
Negative Affect 32%* [.24,41] .07 [.03,.10] 95% CI [.25,.37]
Social Anxiety 39%* [.31,.47] NN [.07,.15] R%adj=.31%*
Model 2 (Intercept) —.58%* [-.78,—.38]
Age 0% [.01,.02] .03 [.01,.06] R? = .32%*
Negative Affect 24 [-.01,.49] .00 [-.00,.01] 95% CI [.26,.37]
Social Anxiety .50%* [.26,.73] .02 [.00,.04] R%adj=.32%*
Age*NegAff .00 [-.00,.01] .00 [-.00,.01]
Age*SocAnx —-.00 [-.01,.00] .00 [-.00,.01]
NegAff*SocAnx T [.03,.20] .0l [-.00,.02]

A significant b-weight indicates the semi-partial correlation is also significant.

b represents unstandardized regression weights.

sr? represents the semi-partial correlation squared.

Square brackets are used to enclose the lower and upper limits of a confidence interval.
* indicates p <.05. ** indicates p<.0l.

Hearing Handicap | | Negative Affect | | Social Anxiety
1.007 Corr: 0.408*** Corr: 0.464***
0:S No: 0.325*** No: 0.464***
0.501 Unsure: 0.502*** Unsure: 0.364**
0251 Yes: 0.479*** Yes: 0.510**
0.00 1

Corr: 0.508***

No: 0.415***
Unsure: 0.574***

Yes: 0.587***
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Figure 2. Characterization of outcome measurements and their relationship to each other as a function of hearing status (“‘yes” in purple,
“no” in green, and “unsure” in orange). Conventions as in Figure I.

Discussion primary finding of note was that hearing handicap was asso-

In this study, we asked people to rate their hearing handicap ciated with both negative affect and social anxiety, with

via two commonly used clinical scales, and assessed how higher levels of negative affect and social anxiety correlating
much that hearing handicap was accounted for by their self- ~ with higher levels of hearing handicap. Additionally, nega-
reported levels of negative affect and social anxiety. The tive affect and social anxiety each uniquely and significantly
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Table 3. Regression Results with the Addition of Self-Reported Hearing Loss Status

b sr? Model

Predictor b 95% Cl sr? 95% ClI Fit

Model | (Intercept) —.53%* [-.67,-.38]
Age .00 [-.00,.00] .00 [-.00,.00] R%= 3%
Negative Affect 217 [.14,.27] .03 [.01,.04] 95% CI [.58,.67]
Social Anxiety 28%* [.22,.34] .06 [.03,.08] R?%adj=.63%*
Hearing Loss Unsure T4¥ [.58,.91] .05 [.03,.08]
Hearing Loss Yes [.27%* [1.15,.1.38] 31 [.26,.37]

Model 2 (Intercept) —.48%* [-.67,—.29]
Age —-.00 [-.01,.00] .00 [-.00,.00] R%= 64+
Negative Affect 14 [-.05,.32] .00 [-.00,.01] 95% CI [.59,.67]
Social Anxiety .35%% [.17,53] .0l [-.00,.02] R%adj=.63%*
Hearing Loss Unsure 13 [—.42,.68] .00 [—.00,.00]
Hearing Loss Yes [.25%* [.87,1.62] .03 [.01,.05]
Age*NegAff .00 [-.00,.00] .00 [-.00,.00]
Age*SocAnx —-.00 [-.01,.00] .00 [-.00,.00]
NegAff*SocAnx .02 [-.05,.09] .00 [-.00,.00]
Age*HL Unsure Ol* [.00,.02] .00 [-.00,.01]
Age*HL Yes .00 [-.01,.01] .00 [-.00,.00]
NegAff*HL Unsure 22% [.02,.42] .00 [-.00,.01]
SocAnx*HL Unsure —-.10 [-.32,.13] .00 [-.00,.00]
SocAnx*HL Yes .0l [-.13,.15] .00 [-.00,00]

A significant b-weight indicates the semi-partial correlation is also significant.
b represents unstandardized regression weights.
sr? represents the semi-partial correlation squared.

Square brackets are used to enclose the lower and upper limits of a confidence interval.

* indicates p <.05. ** indicates p<.0l.

accounted for variance in self-reported hearing handicap
scores. It is particularly notable that we identified a link
between subjective communication difficulty and social
anxiety. This relationship has received very little attention
in the literature, with research restricted to pediatric and ado-
lescent populations (Ariapooran and Khezeli 2021;
Theunissen et al. 2012; Broekhof, Bos and Rieffe 2021) or
late deafened adults seeking cochlear implantation
(Knutson, Johnson and Murray 2006).

An association between hearing handicap and social
anxiety suggests that both conditions may reciprocally
relate to each other over time. That is, we propose that
hearing handicap can lead to social anxiety (e.g., because
people fear they do not understanding others in social situa-
tions and being negatively evaluated for miscommunica-
tions) and that social anxiety can lead to social avoidance
and therefore decreased communication function (e.g., indi-
viduals become even more avoidant of noisy social situa-
tions). Gallagher and colleagues (2024), for example, found
that roughly 20% of adults with hearing loss reported
social avoidance due to their hearing loss. Although it is tra-
ditional to try to interpret cross-sectional relationships as if
they provide a guide to how large a level of prediction is
expected over time, we will refrain from this practice here
because we expect complicated causal relationships
between hearing handicap, social anxiety, and other

variables. Accordingly, what is important is whether there
is an association. Understanding how large the association
is and how it plays out over time will require data that
include repeated measurement over time. An additional lim-
itation of this online study was the lack of an objective
assessment of auditory function. Self-reported hearing loss,
while correlated with audiometrically defined hearing loss,
is subjective. In future studies of the relationship between
hearing and anxiety it would be useful to include an objective
measure of hearing.

There is ample work, particularly in older adults, linking
hearing loss to depression (Brewster et al. 2018; Golub
et al. 2020; Rutherford et al. 2018), and some, but much
less, information regarding the association of hearing loss
and generalized anxiety (Contrera et al. 2017; Zhang et al.
2023). Therefore, there is established evidence that, in the
context of normal aging, hearing loss may put people at
increased risk for developing symptoms of depression and
anxiety. Furthermore, depression and hearing loss have
been linked to social isolation and loneliness (Brewster
et al. 2018; Rutherford et al. 2018; Weinstein and Ventry
1982; Shukla et al. 2020), which can increase one’s risk for
cognitive decline and dementia (Joyce et al. 2021; Shen
et al. 2022). Our current findings suggest that social
anxiety should also be considered in this context, as it
likely also contributes to diminished social engagement.
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Given the high rates of comorbidity between social anxiety
and depression and the established link between depression
and hearing loss, further examination of the temporal rela-
tionship between social anxiety, depression, and hearing
loss may be warranted.

Moreover, we believe the distinction between social
anxiety and negative affect (including generalized anxiety)
is critical in the context of hearing health care. As reflected
in the references provided above, negative affect correlates
with many outcomes; so too does generalized anxiety.
Measures of these factors, however, are purposefully global
and thus unlikely to guide us to intervention points relevant
for hearing. Knowing that someone with high hearing hand-
icap struggles with anxiety generally might lead to a referral
to a mental health clinician. That clinician’s first step will
almost certainly be to narrow down the type of anxiety.
However, anxiety may have pernicious relationships with
hearing handicap without the presence of a mental health
condition, and there may be appropriate interventions that
audiologists can suggest without needing the support of
mental health clinicians. To determine whether this is the
case, we must investigate how specific forms of anxiety
relate to hearing handicap, and we propose that social
anxiety is a prime candidate for further evaluation.

In conclusion, we provide evidence consistent with the lit-
erature that self-reported hearing loss is related to negative
affect, as well as novel evidence suggesting a unique relation-
ship between hearing handicap and social anxiety in a large
cross-sectional sample of adults. Further work focusing on
specific clinical populations (e.g., older adults with audiome-
trically defined hearing loss) and studies using longitudinal
designs will be vital in understanding how subjective com-
munication function and hearing sensitivity interact in a
holistic model of patient wellness. Establishing the relation-
ship between hearing loss and mental health has significant
clinical implications, as it may open pathways for ameliorat-
ing negative mental health symptoms through auditory reha-
bilitation. As the ultimate goal of hearing health care is
improving overall communication and quality of life, the
identification of contributing factors to hearing handicap is
timely and essential to future improvement in the treatment
of hearing loss.
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