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Background: Multiple studies have reported that hearing and vision
impairment are linked to cognitive decline. Yet little is known about factors
that may influence the association between sensory impairment and cognitive
decline. This study examined if loneliness mediates or moderates the impact
of sensory impairment on cognitive decline as individuals age.

Methods: This was a longitudinal study using data from the Health and
Retirement Study (HRS) and The Aging, Demographics, and Memory Study
(ADAMS) (N = 243). We used one timepoint of hearing and vision (ADAMS
2006-2008), one timepoint of loneliness (HRS 2006-2008), and five waves
of cognition (HRS 2006-2014). Hearing impairment was defined by an inability
to hear pure-tone stimuli of 25 dB at frequencies between 0.5 and 4.0 kHz in
either ear. Visual impairment was defined as having corrected binocular vision
worse than 20/40. Longitudinal parallel-process (LPP) analysis was conducted
at a significance level of a = 0.05 (one-tailed).

Results: Loneliness moderated but did not mediate the association between
visual impairment and the rate of cognitive decline (standardized B =—0.108,
p < 0.05). No moderation or mediation effect of loneliness was found for
the association between hearing impairment and cognitive decline. Both
vision and hearing impairment were significantly associated with increased
severity of loneliness.

Conclusion: Visual impairment combined with an elevated level of loneliness
may produce a more synergistic, deleterious impact on older adults’ cognitive
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function than visual impairment alone. This study highlights the importance
of promoting a healthy social and psychological status for older adults with

sensory impairment.

sensory impairment, cognitive aging, Alzheimer's disease, psychosocial, risk factors

Introduction

Hearing impairment and visual impairment are highly
prevalent among older adults (Lin et al.,, 2011¢; Varma et al,
2016) and have been found to be independently associated with
cognitive decline (Reyes-Ortiz et al., 2005; Lin et al., 2011b,
2013; Deal et al, 2016; Zheng et al., 2018; Ge et al., 2021).
Understanding the pathways connecting sensory impairment
and cognitive function has been acknowledged as a priority for
future research (Whitson et al., 2018). Loneliness, or perceived
social isolation (Cacioppo et al.,, 2011), has been hypothesized
to be both a potential moderator (Hamaéldinen et al., 2019) and
mediator (Lin etal., 2011a,b; Fulton et al., 2015) between sensory
impairment and cognitive function. A better understanding of
these relationships would support the development of targeted
interventions to prevent cognitive decline among the growing
population of older adults.

Theoretically, loneliness has been hypothesized to partially
explain the association between sensory impairment and
cognitive function (Fulton et al, 2015). However, empirical
evidence for this mediational relationship is scarce and
inconsistent; the prior studies are also methodologically limited
by the use of self-reported hearing impairment (Maharani
et al,, 2019) or being cross-sectional (Himaldinen et al., 2019).
Longitudinal studies exploring the potential mediation effect
of loneliness in the relationship of either hearing or vision
impairment with cognitive decline using objectively measured
sensory function are warranted.

In addition to the potential for loneliness to mediate
the effects of sensory impairment on cognitive decline, prior
studies have also suggested that loneliness may moderate
this relationship (Himildinen et al.,, 2019). One might expect
lonely individuals to demonstrate a stronger association
between sensory impairment and cognitive decline given
previous research showing that lonely individuals tend to
view sensory impairment as more stressful (Hawkley and
Cacioppo, 2003). Loneliness is an important psychosocial
factor for older adults and has been found to moderate
the relationship between life stressors and health outcomes
(Norman et al,, 2011; Doane and Thurston, 2014; Zeligman
et al, 2017). However, whether loneliness moderates the
association between sensory impairment and cognitive decline
has not been explored. Previous studies have found older
adults who have sensory impairment were more likely to feel
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lonely (Nachtegaal et al., 2009; Mick et al, 2018), and both
sensory impairment and loneliness have been found to be risk
factors for cognitive decline (Livingston et al., 2017). Therefore,
sensory impairment and loneliness may reinforce each other and
produce synergistic, deleterious effects on cognitive function.

The purpose of this study was to better understand the
inter-relationships among sensory impairment, changes in
cognitive function, and loneliness. Specifically, we aimed to
examine (a) if loneliness mediates the association between
sensory impairment (i.e., hearing or vision impairment) and
cognitive decline over time; and (b) if loneliness moderates the
association between sensory impairment (i.e., hearing or vision
impairment) and cognitive decline over time. We hypothesized
that sensory impairment is associated with cognitive decline
via the pathway of an elevated level of loneliness (mediation).
We also hypothesized that older adults with both sensory
impairment and higher-level of loneliness have worse cognition
or faster rates of cognitive decline than those with sensory
impairment alone (moderation).

Methods

Parent study overview and data source

This was a longitudinal study using data from the Health
and Retirement Study (HRS) and its supplement: The Aging,
Demographics, and Memory Study (ADAMS) (Plassman et al.,
2007). The ongoing Health and Retirement Study (HRS) is
a population-based, nationally representative epidemiological
survey of U.S. adults aged 51 years and older. Participants were
interviewed every 2 years since 1992. The Aging, Demographics,
and Memory Study (ADAMS) is an HRS substudy of dementia
among older adults aged 70 or older (grant number NIA
U01AG009740) (Plassman et al., 2007). Four waves of data
collection (waves A, B, C, and D) occurred during Aug 2001-
Dec 2003, Nov 2002-Mar 2005, Jun 2006-May 2008, and Jan
2008-Dec 2009. After Wave A, participants without dementia
at any given wave were targeted for the next wave of data
collection.

Data from the HRS and ADAMS were merged using
household and participant IDs. Hearing and vision were
objectively measured in ADAMS Wave C (N = 315). For this
study, we used one wave of hearing and vision data from
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ADAMS Wave C (Jun 2006-May 2008), one wave of loneliness
data from HRS (collected between 2006 and 2008), and five
waves of cognitive function data measured in HRS in 2006-
2014. Figure 1 demonstrates how we have derived the analytic
sample in this study from ADAMS Wave C. Among the 315
older adults with measured sensory status in ADAMS Wave
C, 243 had cognitive function and loneliness data from HRS,
providing a sample of 243 for the current study. The study was
approved by the Duke University IRB.

Measures

Cognitive function

Cognitive function was measured either via telephone or in-
person for those aged 65 and older at every wave (every 2 years)
of HRS using the HRS Telephone Interview for Cognitive Status
(TICS) (Ofstedal et al., 2005). No items of the HRS TICS
relied on visual presentation because the measure was designed
to be administered over the telephone. Previous research has
shown no measurable differences in cognitive performance
based on the mode of the test administration in HRS (Herzog
and Rodgers, 1999). The HRS TICS included immediate and
delayed free-recall (range 0-20), serial 7 subtraction (range 0-5),
counting backward tests (range 0-2), orientation to time (range
0-4), object naming (range 0-2), and president/vice president
naming (range 0-2) (Brandt et al, 1988). A total cognitive
function score was calculated by summing the score for all items
(range: 0-35) with a higher score indicating better cognitive
function.

Hearing impairment

Hearing impairment was measured by administering the
Pure Tone Thresholds test (Sensitive Health Data, 2013). Pure
tone stimuli were presented at 0.5, 1, 2, and 4 kHz at both
25 and 40 dB to the right and the left ear individually. The
response was documented “yes” for the frequency and decibel-
level combination if a participant reported being able to hear
the 25 or 40 dB stimulus at a specific Hz level, otherwise was
“no.” Criteria for hearing impairment were defined based on
the American Speech-Language-Hearing Association guidelines
and other studies (Clark, 1981; Lin et al., 2011c). We categorized
participants as (a) having normal hearing if the better ear could
hear 25 dB for at least some of the frequencies, and (b) having
hearing impairment if the better ear could not hear 25 dB at any
frequencies.

Visual impairment

Visual impairment was measured by using a Snellen chart
(Sensitive Health Data, 2013). Visual impairment was defined
as the best-corrected binocular vision being worse than 20/40.
This cut-point has been used in other studies of visual
impairment, including large-scale population-based surveys

Frontiers in Neuroscience

03

10.3389/fnins.2022.1092297

(West et al., 1997; Lin et al., 2004; Reyes-Ortiz et al., 2005). This
cut-point has also been used in screening for issuing driver’s
license (West et al., 1997).

Loneliness

Loneliness was measured by the 3-item UCLA Loneliness
Scale in the HRS self-administered leave-behind psychosocial
and lifestyle questionnaire (Smith et al,, 2017). Participants
were asked “How much of the time do you feel you lack
companionship?”, “How much of the time do you feel left out?”,
and “How much of the time do you feel isolated from others?”
The response options ranged from 1 (often) to 3 (hardly ever or
never). Loneliness was reverse coded and was calculated as the
average score of the three items, with a higher score representing
a higher level of loneliness. This measure has been used in
large-scale population telephone surveys and has good reliability
(Hughes et al., 2004). In our sample, the Cronbach’s alpha for the
measure was 0.80.

Covariates

Covariates included in our models were chosen based on
the literature (Plassman et al., 2010). The covariates initially
considered for selection included demographics (age, sex, and
race), socioeconomic status (years of education, marital status,
living arrangement, and annual household income), health
status (number of reported health conditions and depression),
lifestyle factors (smoking and exercise), and an Alzheimer’s
disease risk gene (APOE). The covariates retained in the
final models were those that have demonstrated statistically
significant associations with the outcome variable (i.e., cognitive
function). These covariates included age (in years), education
level (0 = “< 12 years”, 1 =

2 =black, 3 = other race), survey wave (time), household income

> 12 years”), race (1 = white,

(in quartiles), number of health conditions (range 0-8), and
physical exercise (0 = no, 1 = yes). All of these variables were
measured in HRS.

Statistical analysis

Descriptive ~ statistics were computed for sample
characteristics. We conducted Little’s test for missing completely
at random (MCAR) (Little, 1988) and found that data were
missing completely at random in our sample. We implemented
the expectation-maximization (EM) imputation to acquire
robust estimates (Allison, 2009).

Both mediation and moderation effects of loneliness on
the relationship between sensory impairment and cognitive
decline were examined in the same model using the two-step
longitudinal parallel-process (LPP) analysis (Hooke et al., 2018).
In the first step, the intercept and slope of the longitudinal
outcome, cognitive function, were estimated from multilevel

modeling with SAS Proc Mixed. Age (centered at its mean of
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Assessed at ADAMS Wave C
n=315

not deccased

Assessed at Wave A, not demented at Wave A or B, and

Y

cognition assessed at HRS Wave 2006, had hearing or
vision (or both), and loneliness assessed
n =243

Analytic sample: ADAMS Wave C participants who had

FIGURE 1

10.3389/fnins.2022.1092297

»| Excluded: cognition (the outcome
variable) not assessed in HRS Wave
2006

n=11

Excluded: neither hearing or vision
> assessed at ADAMS Wave C
n=9

Excluded: loneliness not assessed in
» HRS

n=352

Flow chart for deriving the analytical sample from Aging, Demographics, and Memory Study (ADAMS) Wave C.

81), as opposed to wave, was used as the time-varying random
factor. We controlled “wave” to account for attrition represented
by the status of a participant being measured or unmeasured
for whatever the reason at the time of each wave. Thus, the
intercept of cognitive function represents the average status
of cognitive function at age 81. The slope represents the rate
of change in cognitive function as people age by 1 year. By
estimating the intercept and slope of cognitive function in
the first step, LPP allows us to explore both cross-sectional
and longitudinal relationships between sensory impairment,
loneliness, and cognitive function in the second step. At the
same time, the predicted values of sensory impairment and
loneliness after controlling for the covariates were processed
in the first step for the following SEM modeling. Since we
used 1 wave of data for sensory impairment and loneliness, the
predicted values of each of these variables in the first step were
produced by using SAS Proc Logistic (for hearing and vision
impairment) and Proc Genmod (for loneliness) with age as the
predictor controlling for covariates.

In the second step, hearing impairment and visual
impairment were modeled separately in structural equation
modeling (SEM) to test the mediation and moderation effects
of loneliness on the longitudinal relationship between sensory
impairment and cognitive function using IBM SPSS Amos
(Arbuckle, 2014). The moderation effects of loneliness on
the longitudinal relationship between sensory impairment
and cognitive function were examined by computing two
interaction terms of visual impairment*loneliness and hearing
impairment*loneliness in the SEM. For the final result, we used
1-tailed tests to test our directional hypotheses because prior
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literature consistently reported results in one direction (Lara
et al., 2019; Shukla et al., 2020).

Specifically, we first fit a full SEM model for each modality
of sensory impairment (Figure 2) based on our hypothesis.
To achieve the most parsimonious model, we removed the
non-significant paths one-by-one based on their p-values and
interpretability. The model fit was evaluated using the following
model-fit indices: Chi-square of the estimated model (x?2),
goodness of fit index (GFI), normed fit index (NFI), incremental
fit index (IFI), relative fit index (RFI), comparative fit index
(CFI), and root mean square error of approximation (RMSEA).
A non-significant Chi-square value (p > 0.05) suggests a good
overall model fit to the data. For GFI, NFI, IFI, RFI, and CF]J,
values larger than 0.90 indicate that the model provides a good
fit to the data, whereas the RMSEA value should be below.06.
The fit indices and their criteria are commonly recommended in
the literature (Hu and Bentler, 1999; Kline, 2015). Based on the
general consensus that the number of participants needs to be
10 per estimated parameter (Schreiber et al., 2006), our analyses
have a satisfactory sample size.

Results

Descriptive statistics

Characteristics of the sample are shown in Table 1. At
baseline, in a total sample of 243 older adults, the average age
was 81.08 & 5.40. There were more females (53.5%) than males
and more white participants (79.84%) than other races. For the
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modeled variables, the average cognitive score was 19.66 + 5.47.
The average level of loneliness was 1.53 £ 0.54. One hundred
and twenty-three (50.62%) of the older adults did not have
hearing impairment, but 101 (41.56%) of them had hearing
impairment. As for visual impairment, 154 (63.37%) of the older
adults did not have visual impairment, but 84 (34.57%) had
visual impairment.

Mediation and moderation effects for
visual impairment

The initial model fit indices for the SEM model (Figure 2)
to examine the mediation and moderation effects of loneliness
were not satisfactory (x%(1) = 8.622, p = 0.003; GFI = 0.986,
NFI = 0.994, IFI = 0.994, RFI = 0.936, CFI = 0.994; and
RMSEA = 0.177), and indicated that the model needed further
improvement. The estimated path coeflicients were provided in
Supplementary Figure 1.

To obtain a parsimonious, best-fit model, the initial model
was modified by removing non-significant paths based on
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statistical modification indices produced by IBM SPSS Amos
as well as on theoretical interpretability. A final model was
estimated as shown in Figure 3 in which the model fit
indices for the final model improved and were all satisfactory
(x2(4) = 3.779, p = 0.437, GFI = 0.994, NFI = 0.997, IFI = 1.000,
RFI = 0.993, CFI = 1.000, and RMSEA = 0.000).

Our results show that older adults who had visual
impairment experienced more severe loneliness (standardized
f = 0452, p < 0.001). There was no significant association
between loneliness and the rate of decline or the average status of
cognitive function, suggesting no mediation effect of loneliness.
The potential moderation effect of loneliness was represented
by the interaction term of visual impairment*loneliness, which
demonstrated a significant association with the rate of cognitive
decline (standardized p =—0.108 [or-0.032, unstandardized],
p < 0.05), suggesting a role of loneliness in moderating the
effects of visual impairment on the rate of cognitive decline. In
other words, for older adults who had visual impairment and felt
lonely, their cognitive function declined by 0.032 more points
per year than older adults who had visual impairment but did
not feel lonely.
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TABLE 1 Descriptive statistics of variables from HRS and ADAMS in
this study at baseline (N = 243).

N = 243 (%) or Range
Mean + S

Age ‘ 81.08 £ 5.40 ‘ 73-98
Gender

Male 113 (46.50)

Female 130 (53.50)

Race

White 194 (79.84)

Black 42 (17.28)

Other 7(2.88)

Education 0-17
=12 years 152 (62.55)

>12 years 91 (37.45)

Annual household income (mean of each quartile)

Highest quartile 81,899.48 (48826.46) 40,380.00-260,016.00

Second quartile 32,041.28 (4925.56) 23,492.00-39,600.00

Third quartile 18,155.59 (3279.48) 12,960.00-23,232.00

Lowest quartile 9,486.82 (2405.18) 2,400.00-12,848.00

Health conditions 240+1.43 0-6
Physical exercise

Yes 58 (23.87)

No 185 (76.13)

Cognition 19.66 & 5.47 2-32
Loneliness 1.53 +0.54 1.00-3.00
Hearing impairment

No impairment 123 (50.62)

Impairment 101 (41.56)

Not assessed/Don’t 19 (7.82)

know/Refused

Visual impairment

No impairment 154 (63.37)

Impairment 84 (34.57)

Not assessed/Don’t 5(2.05)

know/Refused

SD, standard deviation.

Mediation and moderation effects for
hearing impairment

The initial model fit indices for the SEM model (Figure 2)
to examine the mediation and moderation effects of loneliness
were not all satisfactory (x2(1) = 7.898, p = 0.005; GFI = 0.987,
NFI = 0.993, IFI = 0.994, RFI = 0.931, CFI = 0.994, and
RMSEA = 0.169), and indicated that the model did not
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fit well. The estimated path coeflicients were provided in
Supplementary Figure 1.

As previously described for visual impairment, we took
a similar approach to obtain a parsimonious, best-fit model
for hearing impairment. The initial model was modified by
removing non-significant paths. A final model was reached
as shown in Figure 4 in which the model fit indices for the
final model improved and were all satisfactory (x2(1) = 0.172,
p = 0.678, GFI = 1.000, NFI = 1.000, IFI = 1.001, RFI = 0.999,
CFI = 1.000, and RMSEA = 0.000).

Loneliness did not mediate or moderate the relationship
between hearing impairment and cognitive decline (Figure 4).
Older adults with hearing impairment had more severe
loneliness (standardized p = 0.170, p < 0.001) than those with
normal hearing. However, the path coefficients from loneliness
to both the rate of change in cognitive decline (slope) and
the average status of cognitive function at age 81 (intercept,
centered at mean age) were non-significant, indicating no
mediation effect of loneliness on the association between
hearing impairment and cognitive decline. The interaction
term between hearing impairment and loneliness was also not
significant for either the rate of decline in cognitive function or
the average cognitive status at age 81, suggesting loneliness did
not moderate the relationship between hearing impairment and
cognitive decline.

Discussion

Our study examined potential mediation and moderation
effects of loneliness on the association between sensory
impairment and cognitive decline in a national sample of older
adults in the U.S. We found that loneliness moderated the
association between visual impairment and the rate of decline
in cognitive function, but we did not find a moderating effect of
loneliness on the relationship between hearing impairment and
the rate of cognitive decline. Even though we found that both
hearing and vision impairment were significantly associated
with increased severity of loneliness, we did not find a mediation
effect of loneliness on the association between either hearing
impairment or visual impairment and cognitive decline.

The potential detrimental impact of loneliness on health
has been studied for decades (Cacioppo et al, 2002).
In 2020, the implications of enforced social distancing
during the COVID-19 pandemic has brought the adverse
effects of both loneliness (i.e., perceived social isolation)
and social isolation to the attention of both researchers
and clinicians (Wu, 2020). The potential moderating role
of loneliness on the associations among risk factors and
health outcomes has been examined in other topic areas
and populations such as stress and sleep among adolescents
(Norman et al,, 2011; Doane and Thurston, 2014; Zeligman
et al, 2017), but little research has been done regarding
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the sensory-cognition associations. To our knowledge, only
one recent study has explored the cross-sectional inter-
relationships between sensory impairment, loneliness, and
cognitive function using data from the Canadian Longitudinal
Study of Aging (CLSA) (N = 30,029), but no significant
moderating nor mediating effects of loneliness were found.
Our study also did not find that loneliness moderated the
cross-sectional associations between sensory impairment and
average cognitive function (intercept, centered at mean age).
However, we found loneliness moderated the longitudinal
association between visual impairment and the rate of decline
in cognitive function. Our findings imply that elevated levels
of loneliness may exacerbate the negative impact of visual
impairment on the rate of cognitive decline. Despite the
increased challenges for social participation, older adults with
visual impairment should try to stay engaged with family,
friends, and community. For family caregivers and clinicians,
our findings signal the importance of ameliorating loneliness
among older adults, especially among those with visual
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impairment, by focusing on ensuring sufficient support and
companionship.

Although we found loneliness moderated the association
between visual impairment and cognitive decline, this
moderating effect did not exist for hearing impairment.
We suspect that this differentiated relationship is related to
the different physical, social, and emotional challenges caused
by vision and hearing impairment. Older adults with visual
impairment may have even more limited physical mobility
than those with hearing impairment. It might be easier for
older adults with hearing impairment to adapt to the hearing-
related challenges they face (Mick et al., 2018). For example,
some physical and mental activities (e.g., walking for exercise,
card games) may be still appropriate for older adults with
hearing impairment but not for those with visual impairment.
In addition, visual impairment may diminish older adults’
opportunities for outdoor activities and social interactions by
limiting transportation options, which could increase the risk of
feeling stressed or frustrated.
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Our study found a significant association between both
types of sensory impairment and elevated loneliness severity.
Our finding is consistent with previous studies (Alma et al,
2011; Mick et al., 2018). Older adults with sensory impairment
are likely to encounter difficulties in communication with
families and friends. Therefore, sensory-impaired older adults’
social relationships can be harmed by miscommunications
and misunderstandings (Crews and Campbell, 2004; Mick
et al, 2014; Guthrie et al, 2016). Consequently, older
adults with sensory impairment may feel negative emotions
(e.g., frustration, anger, and stress) and tend to passively
or intentionally withdraw from social interactions due to
functional and communication difficulties (Mick et al., 2014,
2018).

The pathways connecting the association between sensory
impairment and cognitive decline are largely unknown (Wayne
and Johnsrude, 2015; Whitson et al., 2018). Sensory impairment
has been hypothesized to cause cognitive decline through
a pathway of loneliness (Lin et al, 2011a,b; Fulton et al,
2015). Our study is one of the few that has used longitudinal
data to explore the potential mediating role of loneliness
on the longitudinal associations between sensory impairment
and cognitive decline (Maharani et al., 2019). However, we
did not find a significant mediation effect of loneliness due
to a lack of associations between loneliness and cognitive
decline. This finding is contradictory to the findings from
previous longitudinal studies (Donovan et al., 2017; Zhong
et al,, 2017; Maharani et al, 2019). A few factors may have
contributed to this discrepancy. Previous studies that examined
the longitudinal associations between loneliness and cognitive
decline have primarily used memory to represent cognitive
function (Donovan et al, 2017; Zhong et al,, 2017) instead
of using a multi-dimensional global cognition measure. These
previous studies used a one-item measure of loneliness that
may provide an unreliable estimate of loneliness (Donovan
et al,, 2017; Zhong et al, 2017). In contrast, we used the 3-
item UCLA Loneliness Scale in our analysis, which has shown
satisfactory reliability in our sample. However, while other
studies used multiple waves of data of loneliness, we only had
information on loneliness at baseline due to the study design
of HRS (Smith et al,, 2017). Nonetheless, our study is the first
using data from the HRS and ADAMS to explore the role
of loneliness in mediating the effect of objectively measured
sensory impairment on cognitive decline.

Our study has some limitations. First, the measure of
cognitive function in HRS was administered by a mixture of
telephone and face-to-face interviews. Hearing function may
have affected performance on the cognitive measure, especially
for those that were conducted over the phone. Older adults
with hearing impairment may also have a lower likelihood of
completing the HRS TICS. However, the HRS team has found no
measurable differences in cognitive performance based on the
mode of the test administration (Herzogand Rodgers, 1999).
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Second, we did not have information about the time of onset
of sensory impairment, which limits our understanding of
how the length of time living with sensory impairment and
adaptation to sensory impairment may influence its relationship
to cognitive decline. Third, the study’s generalizability should
be treated with caution. Although the ADAMS Wave A sample
is a representative “snapshot” of the U.S. population (as of
2002), the data from ADAMS Wave C used in the present
study included the participants who were (a) without a diagnosis
of dementia at Wave A or B, (b) not deceased, and (c) able
to complete the HRS TICS, thus they may be healthier than
the general population. Fourth, vision and hearing status are
subject to change as individuals age, yet we only used one
time point of measured vision and hearing impairment because
relatively few individuals had multiple sensory measurements
due to the study design of ADAMS. Relatedly, due to this
one-time measurement of both loneliness and the sensory
impairment variables, we cannot establish temporal directions
or causal relationships for the identified associations. Future
studies should consider collecting longitudinal data for both
sensory impairment and loneliness to provide stronger evidence
for the plausible relationships.

Conclusion

Our study examined the inter-relationships among sensory
impairment, loneliness, and cognitive decline using longitudinal
data. We used objectively measured sensory function. The
measures of loneliness used in our study have also been
widely used and have demonstrated satisfactory psychometric
properties. Our findings suggest that vision and hearing
impairment each has a different pattern of associations with
cognitive decline, and loneliness may moderate the relationship
between visual impairment and cognitive decline. Future studies
that seek to understand the inter-relationships among sensory
impairment, psychosocial factors, and cognitive decline using
strong validated measures, larger sample sizes, and multiple
waves of data in loneliness are warranted. Future studies should
also consider examining if improving social connectedness
would help slow down or even prevent future cognitive decline.

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found here: https://hrs.isr.umich.edu/data-products.

Ethics statement

The studies involving human participants were reviewed
Duke University IRB. Written
informed consent for participation was not required for this

and approved by the

frontiersin.org


https://doi.org/10.3389/fnins.2022.1092297
https://hrs.isr.umich.edu/data-products
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Geetal.

study in accordance with the national legislation and the
institutional requirements.

Author contributions

SG had primary responsibility for study conceptualization,
data analysis, interpretation, and preparing the manuscript. EM,
BW, WP, XD, and BP contributed to the study significantly
by advising on the study design, reviewing the analysis results,
revising the analytical strategies, and making crucial revisions
to the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by the Duke University Graduate
School and the Doris Carnevali Engaging with Aging
Postdoctoral Fellowship from the School of Nursing, University
of Washington to SG.

Acknowledgments

SG gratefully acknowledge Basia Belza, Ph.D., registered
nurse (RN), Fellow of the American Academy of Nursing
(FAAN), Aljoya Endowed Professor of Aging at the School of
Nursing, University of Washington for her support.

References

Allison, P. (2009). “Missing data,” in The SAGE handbook of quantitative
methods in psychology, eds R. Millsap and A. Maydeu-Olivares (Thousand Oaks,
CA: Sage Publications), 72-89. doi: 10.4135/9780857020994.n4

Alma, M., Van der Mei, S., Feitsma, W., Groothoff, J., Van Tilburg, T., and
Suurmeijer, T. (2011). Loneliness and self-management abilities in the visually
impaired elderly. J. Aging Health 23, 843-861. doi: 10.1177/0898264311399758

Arbuckle, J. L. (2014). Amos (Version 23.0) [Computer Program]. Chicago, IL:
IBM SPSS.

Brandt, J., Spencer, M., and Folstein, M. (1988). The telephone interview for
cognitive status. Neuropsychiatry Neuropsychol. Behav. Neurol. 1, 111-117. doi:
10.1037/t28542-000

Cacioppo, J. T., Hawkley, L. C., Crawford, L. E., Ernst, J. M., Burleson, M. H,,
Kowalewski, R. B., et al. (2002). Loneliness and health: Potential mechanisms.
Psychosom. Med. 64, 407-417. doi: 10.1097/00006842-200205000-00005

Cacioppo, J., Hawkley, L., Norman, G., and Berntson, G. (2011). Social isolation.
A.N. Y. Acad. Sci. 1231, 17-22. doi: 10.1111/j.1749-6632.2011.06028.x

Clark, J. (1981). Uses and abuses of hearing loss classification. Asha 23, 493-500.

Crews, J., and Campbell, V. (2004). Vision impairment and hearing loss among
community-dwelling older Americans: Implications for health and functioning.
Am. ]. Public Health 94, 823-829. doi: 10.2105/AJPH.94.5.823

Deal, J. A., Betz, J., Yaffe, K., Harris, T., Purchase-Helzner, E., Satterfield, S., et al.
(2016). Hearing impairment and incident dementia and cognitive decline in older

Frontiers in Neuroscience

09

10.3389/fnins.2022.1092297

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be of
interest.

construed as a potential conflict

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnins.2022.1092297/full#supplementary- material

SUPPLEMENTARY FIGURE 1

Initial mediation and moderation SEM full models and path

estimates for (A) vision and (B) hearing impairment. a. 1-tailed tests,
*p < 0.05, ***p < 0.001. b. The error terms and correlational paths are
omitted for clarity. c. The dotted paths were non-significant.

adults: The health ABC study. J. Gerontol. A Biomed. Sci. Med. Sci. 72, 703-709.
doi: 10.1093/gerona/glw069

Doane, L., and Thurston, E. (2014). Associations among sleep, daily experiences,
and loneliness in adolescence: Evidence of moderating and bidirectional pathways.
J. Adolesc. 37, 145-154. doi: 10.1016/j.adolescence.2013.11.009

Donovan, N., Wu, Q., Rentz, D., Sperling, R., Marshall, G., and Glymour, M.
(2017). Loneliness, depression and cognitive function in older US adults. Int. J.
Geriatr. Psychiatry 32, 564-573. doi: 10.1002/gps.4495

Fulton, S., Lister, J., Bush, A., Edwards, J., and Andel, R. (2015). Mechanisms
of the hearing-cognition relationship. Semin. Hear. 36, 140-149. doi: 10.1055/s-
0035-1555117

Ge, S., McConnell, E., Wu, B,, Pan, W., Dong, X,, and Plassman, B. (2021).
Longitudinal association between hearing loss, vision loss, dual sensory loss, and
cognitive decline. J. Am. Geriatr. Soc. 69, 644-650. doi: 10.1111/jgs.16933

Guthrie, D., Declercq, A., Finne-Soveri, H., Fries, B., and Hirdes, J. (2016). The
health and well-being of older adults with dual sensory impairment (DSI) in four
countries. PLoS One 11:e0155073. doi: 10.1371/journal.pone.0155073

Hamaldinen, A., Phillips, N., Wittich, W., Pichora-Fuller, M., and Mick, P.
(2019). Sensory-cognitive associations are only weakly mediated or moderated

by social factors in the Canadian longitudinal study on aging. Sci. Rep. 9:19660.
doi: 10.1038/s41598-019-55696-5

Hawkley, L., and Cacioppo, J. (2003). Loneliness and pathways to disease. Brain
Behav. Immun. 17, 98-105. doi: 10.1016/S0889-1591(02)00073-9

frontiersin.org


https://doi.org/10.3389/fnins.2022.1092297
https://www.frontiersin.org/articles/10.3389/fnins.2022.1092297/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2022.1092297/full#supplementary-material
https://doi.org/10.4135/9780857020994.n4
https://doi.org/10.1177/0898264311399758
https://doi.org/10.1037/t28542-000
https://doi.org/10.1037/t28542-000
https://doi.org/10.1097/00006842-200205000-00005
https://doi.org/10.1111/j.1749-6632.2011.06028.x
https://doi.org/10.2105/AJPH.94.5.823
https://doi.org/10.1093/gerona/glw069
https://doi.org/10.1016/j.adolescence.2013.11.009
https://doi.org/10.1002/gps.4495
https://doi.org/10.1055/s-0035-1555117
https://doi.org/10.1055/s-0035-1555117
https://doi.org/10.1111/jgs.16933
https://doi.org/10.1371/journal.pone.0155073
https://doi.org/10.1038/s41598-019-55696-5
https://doi.org/10.1016/S0889-1591(02)00073-9
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Geetal.

Herzog, A., and Rodgers, W. (1999). “Cognitive performance measures in
survey research on older adults,” in Cognition, aging, and self-reports, eds N.
Schwarz, D. C. Park, B. Knduper, and S. Sudman (Philadelphia, PA: Psychology
Press), 327-340. doi: 10.4324/9780203345115_chapter_16

Hooke, M. C., Rodgers, C., Taylor, O., Koerner, K. M., Mitby, P., Moore, L, et al.
(2018). Physical Activity, the childhood cancer symptom cluster-leukemia, and
cognitive function: A longitudinal mediation analysis. Cancer Nurs. 41, 434-440.
doi: 10.1097/NCC.0000000000000634

Hu, L., and Bentler, P. (1999). Cutoff criteria for fit indexes in covariance
structure analysis: Conventional criteria versus new alternatives. Struct. Equ.
Modeling 6, 1-55. doi: 10.1080/10705519909540118

Hughes, M., Waite, L., Hawkley, L., and Cacioppo, J. T. (2004). A short scale for
measuring loneliness in large surveys: Results from two population-based studies.
Res. Aging 26, 655-672. doi: 10.1177/0164027504268574

Kline, R. (2015). Principles and practice of structural equation modeling.
New York, NY: Guilford publications.

Lara, E., Martin-Maria, N., De la Torre-Luque, A., Koyanagi, A., Vancampfort,
D., Izquierdo, A., et al. (2019). Does loneliness contribute to mild cognitive
impairment and dementia? A systematic review and meta-analysis of longitudinal
studies. Ageing Res. Rev. 52, 7-16. doi: 10.1016/j.arr.2019.03.002

Lin, F., Ferrucci, L., Metter, E., An, Y., Zonderman, A., and Resnick, S.
(2011a). Hearing loss and cognition in the Baltimore longitudinal study of aging.
Neuropsychology 25:763. doi: 10.1037/a0024238

Lin, F., Metter, E., O’Brien, R., Resnick, S., Zonderman, A., and Ferrucci, L.
(2011b). Hearing loss and incident dementia. Arch. Neurol. 68, 214-220. doi:
10.1001/archneurol.2010.362

Lin, F.,, Thorpe, R., Gordon-Salant, S., and Ferrucci, L. (2011¢c). Hearing loss
prevalence and risk factors among older adults in the United States. J. Gerontol.
A Biomed. Sci. Med. Sci. 66, 582-590. doi: 10.1093/gerona/glr002

Lin, F. R, Yaffe, K., Xia, J., Xue, Q., Harris, T. B., Purchase-Helzner, E., et al.
(2013). Hearing loss and cognitive decline in older adults. JAMA Intern. Med. 173,
293-299. doi: 10.1001/jamainternmed.2013.1868

Lin, M. Y., Gutierrez, P. R, Stone, K. L., Yaffe, K., Ensrud, K. E., Fink, H. A.,
et al. (2004). Vision impairment and combined vision and hearing impairment
predict cognitive and functional decline in older women. J. Am. Geriatr. Soc. 52,
1996-2002. doi: 10.1111/.1532-5415.2004.52554.x

Little, R. (1988). A test of missing completely at random for multivariate data
with missing values. J. Am. Stat. Assoc. 83, 1198-1202. doi: 10.1080/01621459.
1988.10478722

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S., Huntley, J., Ames, D.,
etal. (2017). Dementia prevention, intervention, and care. Lancet 390, 2673-2734.
doi: 10.1016/S0140-6736(17)31363-6

Maharani, A., Pendleton, N., and Leroi, I. (2019). Hearing impairment,
loneliness, social isolation, and cognitive function: Longitudinal analysis using
english longitudinal study on ageing. Am. J. Geriatr. Psychiatry 27, 1348-1356.
doi: 10.1016/j.jagp.2019.07.010

Mick, P., Kawachi, I, and Lin, F. (2014). The association between hearing loss
and social isolation in older adults. Otolaryngol. Head Neck Surg. 150, 378-384.
doi: 10.1177/0194599813518021

Mick, P., Parfyonov, M., Wittich, W., Phillips, N., and Pichora-Fuller, M. (2018).
Associations between sensory loss and social networks, participation, support,
and loneliness: Analysis of the Canadian longitudinal study on aging. Can. Fam.
Physician 64, e33-e41.

Nachtegaal, J., Smit, J. H., Smits, C., Bezemer, P. D., Beek, J. H., Festen, J. M.,
et al. (2009). The association between hearing status and psychosocial health
before the age of 70 years: Results from an internet-based national survey on
hearing. Ear Hear. 30, 302-312. doi: 10.1097/AUD.0b013e31819c6e01

Norman, G., Cacioppo, J., Morris, J., Malarkey, W., Berntson, G., and
DeVries, A. (2011). Oxytocin increases autonomic cardiac control: Moderation

Frontiers in Neuroscience

10

10.3389/fnins.2022.1092297

by loneliness. Biol. Psychol. 86, 174-180. doi: 10.1016/j.biopsycho.2010.

11.006

Ofstedal, M., Fisher, G., and Herzog, A. (2005). Documentation of cognitive
functioning measures in the health and retirement study. Ann Arbor,
MI: University of Michigan. doi: 10.7826/ISR-UM.06.585031.001.05.0010.
2005

Plassman, B., Williams, J., Burke, J., Holsinger, T., and Benjamin, S. (2010).
Systematic review: Factors associated with risk for and possible prevention of
cognitive decline in later life. Ann. Intern. Med. 153, 182-193. doi: 10.7326/0003-
4819-153-3-201008030-00258

Plassman, B. L., Langa, K. M., Fisher, G. G., Heeringa, S. G., Weir, D. R,,
Ofstedal, M. B., et al. (2007). Prevalence of dementia in the United States: The
aging, demographics, and memory study. Neuroepidemiology 29, 125-132. doi:
10.1159/000109998

Reyes-Ortiz, C., Kuo, Y., DiNuzzo, A., Ray, L., Raji, M., and Markides, K.
(2005). Near vision impairment predicts cognitive decline: Data from the hispanic
established populations for epidemiologic studies of the elderly. J. Am. Geriatr.
Soc. 53, 681-686. doi: 10.1111/§.1532-5415.2005.53219.x

Schreiber, J., Nora, A., Stage, F., Barlow, E., and King, J. (2006). Reporting
structural equation modeling and confirmatory factor analysis results: A review.
J. Educ. Res. 99, 323-338. doi: 10.3200/JOER.99.6.323-338

Sensitive Health Data (2013). The a study. Health and retirement study aging,
demographics, and memory study (ADAMS) supplement data release (version 8.0).

Shukla, A., Harper, M., Pedersen, E., Goman, A., Suen, J. J., Price, C,
et al. (2020). Hearing loss, loneliness, and social isolation: A systematic
review. Otolaryngol. Head Neck Surg. 162, 622-633. doi: 10.1177/019459982091
0377

Smith, J., Ryan, L., Fisher, G., Sonnega, A., and Weir, D. (2017). Psychosocial and
lifestyle questionnaire 2006-2016. Ann Arbor, MI: University of Michigan.

Varma, R., Vajaranant, T. S., Burkemper, B.,, Wu, S., Torres, M., Hsu,
C., et al. (2016). Visual impairment and blindness in adults in the
united states: Demographic and geographic variations from 2015 to 2050.
JAMA  Ophthalmol. 134, 802-809. doi:  10.1001/jamaophthalmol.2016.
1284

Wayne, R., and Johnsrude, I. S. (2015). A review of causal mechanisms
underlying the link between age-related hearing loss and cognitive decline. Ageing
Res. Rev. 23, 154-166. doi: 10.1016/j.arr.2015.06.002

West, S. K., Munoz, B., Rubin, G. S., Schein, O. D., Bandeen-Roche, K., Zeger, S.,
etal. (1997). Function and visual impairment in a population-based study of older
adults. The SEE project, Salisbury eye evaluation. Invest. Ophthalmol. Vis. Sci. 38,
72-82.

Whitson, H., Cronin-Golomb, A., Cruickshanks, K., Gilmore, G., Owsley, C.,
Peelle, J., et al. (2018). American geriatrics society and national institute on aging
bench-to-bedside conference: Sensory impairment and cognitive decline in older
adults. J. Am. Geriatr. Soc. 66, 2052-2058. doi: 10.1111/jgs.15506

Wu, B. (2020). Social isolation and loneliness among older adults in the context
of COVID-19: A global challenge. Glob. Health Res. Policy 5:27. doi: 10.1186/
541256-020-00154-3

Zeligman, M., Bialo, J., Brack, J., and Kearney, M. (2017). Loneliness as
moderator between trauma and posttraumatic growth. J. Couns. Dev. 95, 435-444.
doi: 10.1002/jcad.12158

Zheng, D., Swenor, B., Christ, S., West, S, Lam, B., and Lee, D. (2018).
Longitudinal associations between visual impairment and cognitive functioning:
The salisbury eye evaluation study. JAMA Ophthalmol. 136, 989-995. doi: 10.1001/
jamaophthalmol.2018.2493

Zhong, B., Chen, S., Tu, X,, and Conwell, Y. (2017). Loneliness and cognitive
function in older adults: Findings from the Chinese longitudinal healthy longevity
survey. J. Gerontol B. Psychol. Sci. Soc. Sci. 72, 120-128. doi: 10.1093/geronb/
gbw037

frontiersin.org


https://doi.org/10.3389/fnins.2022.1092297
https://doi.org/10.4324/9780203345115_chapter_16
https://doi.org/10.1097/NCC.0000000000000634
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1177/0164027504268574
https://doi.org/10.1016/j.arr.2019.03.002
https://doi.org/10.1037/a0024238
https://doi.org/10.1001/archneurol.2010.362
https://doi.org/10.1001/archneurol.2010.362
https://doi.org/10.1093/gerona/glr002
https://doi.org/10.1001/jamainternmed.2013.1868
https://doi.org/10.1111/j.1532-5415.2004.52554.x
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/j.jagp.2019.07.010
https://doi.org/10.1177/0194599813518021
https://doi.org/10.1097/AUD.0b013e31819c6e01
https://doi.org/10.1016/j.biopsycho.2010.11.006
https://doi.org/10.1016/j.biopsycho.2010.11.006
https://doi.org/10.7826/ISR-UM.06.585031.001.05.0010.2005
https://doi.org/10.7826/ISR-UM.06.585031.001.05.0010.2005
https://doi.org/10.7326/0003-4819-153-3-201008030-00258
https://doi.org/10.7326/0003-4819-153-3-201008030-00258
https://doi.org/10.1159/000109998
https://doi.org/10.1159/000109998
https://doi.org/10.1111/j.1532-5415.2005.53219.x
https://doi.org/10.3200/JOER.99.6.323-338
https://doi.org/10.1177/0194599820910377
https://doi.org/10.1177/0194599820910377
https://doi.org/10.1001/jamaophthalmol.2016.1284
https://doi.org/10.1001/jamaophthalmol.2016.1284
https://doi.org/10.1016/j.arr.2015.06.002
https://doi.org/10.1111/jgs.15506
https://doi.org/10.1186/s41256-020-00154-3
https://doi.org/10.1186/s41256-020-00154-3
https://doi.org/10.1002/jcad.12158
https://doi.org/10.1001/jamaophthalmol.2018.2493
https://doi.org/10.1001/jamaophthalmol.2018.2493
https://doi.org/10.1093/geronb/gbw037
https://doi.org/10.1093/geronb/gbw037
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

	Sensory impairment and cognitive decline among older adults: An analysis of mediation and moderation effects of loneliness
	Introduction
	Methods
	Parent study overview and data source
	Measures
	Cognitive function
	Hearing impairment
	Visual impairment
	Loneliness
	Covariates

	Statistical analysis

	Results
	Descriptive statistics
	Mediation and moderation effects for visual impairment
	Mediation and moderation effects for hearing impairment

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


