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Abstract

Purpose The objectives of this study were to ascertain the prevalence of vision and/or hearing impairment and investigate
their association with cognitive impairment in nursing home residents in Switzerland.

Methods The sample comprised individuals aged 65-105 (mean=_84.0 and SD=7.2) newly admitted for long-term care
in one of 715 Swiss nursing homes from 2010 to 2019 (N=132,880). Items from the Minimum Data Set of the Resident
Assessment Instrument Swiss Version 2.0 assessed occurrence of hearing impairment (HI), vision impairment (VI), and
dual sensory impairment (DSI, both HI and VI). We conducted logistic regression analyses to examine associations of each
sensory impairment to cognitive impairment, controlling for medical and demographic factors.

Results Sensory impairment was present in 57.28% of residents (HI 19.16%, VI 15.13%, and DSI: 22.99%) and cognitive
impairment in 57.29%. The likelihood of cognitive impairment was greatest for DSI (prevalence ratio (PR) 1.58; 95% confi-
dence interval (CI) 1.56-1.60), followed by HI (PR 1.35; 95% C11.33-1.37) and VI (PR 1.18; 95% CI1.16—1.20). The average
marginal effect for DSI on cognitive impairment exceeded the sum of effects for HI and VI. Stratified models revealed that
male sex, younger age, and higher medical comorbidity were associated with increased likelihood of cognitive impairment
in DSI.

Conclusion Sensory impairments are prevalent among newly admitted nursing home residents. While HI and VI are indepen-
dently associated with cognitive impairment, an interactive burden emerges when they co-occur as dual sensory impairment.

Keywords Cognitive impairment - Sensory impairment - Vision loss - Hearing loss - Nursing home - Long-term care

Introduction

Population aging worldwide leads to increasing prevalence
of cognitive impairment and dementia-burdening affected
individuals, their caregivers and healthcare systems in
general. Like the prevalence of cognitive impairment and
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dementia, the prevalence of hearing impairment (HI) (GBD
2019 Hearing Loss Collaborators 2021) and vision impair-
ment (VI) (GBD 2019 Blindness and Vision Impairment
Collaborators; Vision Loss Expert Group of the Global
Burden of Disease Study 2021) increases with age. Both
HI (Yu et al. 2024) and VI (Nagarajan et al. 2022) have
been linked to cognitive decline and have been recognized as
potentially modifiable risk factors for dementia (Livingston
et al. 2024). Indeed, as many as 7% of dementia cases may
be attributable to HI and 2% to untreated VI on a popula-
tion level (Livingston et al. 2024). Dual sensory impairment
(DSI, characterized by simultaneous occurrence of HI and
VI) has also recently been implicated in increased dementia
risk (Yoshida et al. 2025). Growing attention has turned to
how co-occurring sensory impairments may impact cogni-
tive function more broadly, including milder, pre-dementia
forms of decline.

The frequent co-occurrence of hearing loss with vision
impairment (Chia et al. 2006; Besser et al. 2018) may
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present unique challenges for older individuals. The con-
cept of multimorbidity suggests that the presence of mul-
tiple chronic conditions can interact in ways that amplify
health outcomes beyond the sum of individual effects (e.g.,
Tinetti et al. 2011; Fried et al. 1999). Thus, DSI may repre-
sent not only an additive burden but also a potential acceler-
ant of cognitive decline. Understanding this relationship is
essential for identifying at-risk populations and informing
interventions aimed at preserving cognitive function in older
adults. To that end, it is also important to identify other risk
factors for cognitive impairment among individuals with
sensory impairment.

The interplay of sensory and cognitive impairment
appears particularly consequential in the highly multimorbid
population of nursing home residents. In Canadian long-
term care facilities (LTCFs), prevalence of HI and VI was
approximately 15% and 22%, respectively (Guthrie et al.
2022). This prevalence was remarkably stable over time
from 2010 to 2018 (with only a slight decrease in VI and
increase in HI) (Guthrie et al. 2022). DSI was present in
approximately 25% of Canadian LTCF residents (Guthrie
et al. 2022) and has been associated with higher rates of
prevalent cognitive impairment in cross-sectional analyses
(Davidson and Guthrie 2019; Mitoku et al. 2016). Longitu-
dinal research also suggests an association between DSI and
cognitive decline. In a prospective study of LTCF residents
in Hong Kong, those with DSI experienced significantly
greater cognitive decline over time compared to those with
single or no sensory impairment (Kwan et al. 2022). In a
sample of European nursing home residents, DSI was asso-
ciated with greater cognitive decline only in residents who
were not socially engaged (Yamada et al. 2016). Despite
these findings, it remains unclear whether the effect of dual
sensory impairment on cognitive impairment in nursing
home residents exceeds the additive effect of each indi-
vidual sensory impairment. Moreover, little is known about
which factors (e.g., sex, age, and medical comorbidity) may
amplify the risk of cognitive impairment in the presence of
sensory loss.

The overall objectives of this study were twofold. First,
we evaluated the prevalence of HI, VI, and DSI in newly
admitted nursing home residents in Switzerland. Second, we
explored the association of each sensory impairment with
cognitive impairment. The aims of sensory-cognitive asso-
ciation analyses were to determine whether the effect of dual
sensory impairment exceeds the additive effects of hearing
and vision impairment and to characterize the moderating
effects of sex, age group, and medical comorbidity count on
these associations.
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Methods
Study population and data source

We used data from the Resident Assessment Instrument-
Minimum Data Set (RAI-MDS) for long-term care facili-
ties, Swiss Version 2.0 (Anliker and Bartelt 2015). The
RAI-MDS was originally developed for the US nursing
home context (Morris et al. 1990), and versions of it are
now widely used as assessment tools internationally in a
variety of settings. The research database without person-
ally identifying information was generated by BESA QSys
AG, the company managing the RAI-MDS system in Swit-
zerland. For this study, residents aged 65-105 with RAI-
MDS admission assessment between the years of 2010
and 2019 (N=134,670) were included. According to the
RAI-MDS protocol, a significant correction of a prior full
assessment is completed if a facility identifies a major
error in a previously submitted comprehensive assessment.
For the present dataset, the corrected assessment was used
in cases where one correction assessment directly followed
the admission assessment (N =7592). Cases with multiple
consecutive corrected assessments following the admis-
sion assessment were excluded (N =545). Residents were
excluded if they were comatose (N=132) or had cerebral
palsy (N=523). Lastly, those residents with missing val-
ues in any of the variables in the full model (N =590) were
excluded. The final sample comprised a single admission
assessment for each of 132,880 residents.

Measurements

The presence of a HI was identified by a single item on
the assessment that scores corrected hearing ability (i.e.,
with the use of hearing aids or other devices). The variable
was scored on a 4-point scale from 0 (no impairment) to
3 (highly impaired). From the year 2016, the variable was
changed to use a 5-point scale from 0 (adequate) to 4 (no
hearing present). For both versions of the variable, a score
of 1 (indicating minimal difficulty) or higher was used to
indicate the presence of HI. RAI-MDS ratings of hearing
were shown to significantly correlate with audiometrically
measured pure-tone thresholds in a small study (Hopper
etal. 2016).

VI was identified by a single item on the assessment
that scores visual ability in adequate lighting with the use
of their typical assistive device (e.g., glasses and magnify-
ing glass) from 0 (no impairment) to 4 (severely impaired).
The RAI-MDS rating of visual status was associated with
both distance and near visual acuity and contrast sensitiv-
ity in a US sample (Swanson et al. 2009). A score of 1 or
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higher indicated VI, and this cohort included only those
with a VI and not HI. DSI included individuals with both
HI and VI, while the category of no sensory impairment
(NSI) included individuals with scores of O for both HI
and VI.

Cognitive function was measured using the cognitive
performance scale (CPS) which is constructed from RAI-
MBDS items (Morris et al. 1994). It ranges from no cognitive
impairment (level 0) to very severe impairment (level 6)
and corresponds closely to Mini-Mental State Examination
scores (Morris et al. 1994; Hartmaier et al. 1995). A cut
point of two or greater has been validated as an indicator
of cognitive impairment in nursing home samples and was,
therefore, used in the present study to classify cognitive
impairment (Hartmaier et al. 1995; Paquay et al. 2007). The
RAI-MDS diagnostic categories “Alzheimer’s disease” and
“Dementia other than Alzheimer’s disease” were used to
determine the presence of a dementia diagnosis.

Performance on personal activities of daily living (ADL)
tasks was rated with the ADL Hierarchy Scale derived from
the RAI-MDS (Morris et al. 1999). The scale has seven lev-
els ranging from total independence (level 0) to total depend-
ence (level 6). For the purposes of this study, a score of 2
or higher (limited assistance for at least one ADL required)
was used to define impairment.

The Depression Rating Scale (DRS) of the RAI-MDS
screens for signs/symptoms of depression (Burrows et al.
2000). It is derived by creating a summary score across
seven items and ranges from O to 14, with higher scores
indicating more depressive symptoms. A DRS score of 3
or higher, as used in the current analysis is a valid measure
of clinically meaningful symptoms of depression (Burrows
et al. 2000; Martin et al. 2008).

Medical comorbidity was assessed based on the presence
of six chronic conditions: hypertension, diabetes, coronary
heart disease, stroke, emphysema/COPD, and cancer. The
variable was dichotomized to indicate the presence of two
or more conditions.

Analysis

All analyses were performed with R version 4.5.1. Baseline
characteristics were compared among the four sensory groups
and analyzed using a one-way analysis of variance (ANOVA)
for the continuous variable of age and a 4 test for categorical
variables. Next, logistic regression analysis was conducted to
evaluate the association between sensory and cognitive impair-
ment. We first calculated a crude model predicting cognitive
impairment from the sensory status variable with four levels
(NSI, HI, VI, and DSI) without any covariates. This was fol-
lowed by a model that adjusted for relevant covariates includ-
ing age group (65-74 years, 75-84 years, and > 85 years),
sex, medical comorbidity count (0—1 and >2), presence of

depressive symptoms, ADL impairment, hearing aid use, and
visual aid use.

Odds ratios may approximate the risk or prevalence
ratio when the outcome is rare (e.g.,<10%), but they over-
estimate these if the condition has a high or moderate inci-
dence (e.g.,> 10%) (Schmidt and Kohlmann 2008; Tamhane
et al. 2017; Gnardellis et al. 2022). Overestimation may be
further inflated with the inclusion of covariates and estima-
tion of interaction effects (Gnardellis et al. 2022; Knol and
VanderWeele 2012). Because our outcome variable, cogni-
tive impairment, is relatively common in the nursing home
setting, we provide prevalence ratios and average marginal
effects (AMEs). These provide more intuitive measures of
association and are less sensitive to model specifications than
odds ratios (Knol and VanderWeele 2012; Norton et al. 2019;
Norton and Dowd 2018). The AME is defined as the differ-
ence in the predicted probability of the outcome (i.e., cogni-
tive impairment) for a discrete change from O to 1 of a binary
explanatory variable (e.g., going from NSI to HI) (Norton et al.
2019; Norton and Dowd 2018). For the fully adjusted model,
AMESs were calculated by evaluating the model at values of the
binary covariates that reflect their proportions in the sample
and the categorical age covariate representing the distribution
of individuals across the defined age groups in the data. This
ensures that the predictions represent the actual sample being
studied. Thus, AMEs quantify the adjusted change in predicted
probability of cognitive impairment associated with a given
sensory impairment status relative to no sensory impairment.

For each model, we calculated a concordance statistic
(C-statistic) to assess the goodness of fit of the model. We
considered that a C-statistic equal to or < 0.5 was indicative of
a poor model, a value between 0.7 and 0.8 was indicative of a
good model, a value between 0.8 and 0.9 was indicative of a
strong model, and a value over 0.9 was indicative of a highly
robust model (LaValley 2008).

Next, we explored whether the association between sen-
sory and cognitive impairment differed by sex, age group, or
medical comorbidity count (0—1 and > 2). Logistic regression
models were run with two-way multiplicative interaction terms
(e.g., sensory status X sex) to assess for a significant difference
(p<0.05) in the — 2LL values of the models with and without
the interaction terms. AMEs were estimated to assess changes
in the probability of cognitive impairment associated with sen-
sory status and were compared across subgroups (e.g., male vs
female) to evaluate potential effect modification.

Results
Participant characteristics

Of the 132,880 participants included in the analysis, 42.7%
were classified as having no sensory impairment (NSI),
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while 57.3% had hearing and/or visual impairments. Of
these, 19.2% had only HI, 15.1% only VI, and 23.0% had
DSI.

A one-way ANOVA revealed a significant differ-
ence in age (continuous variable) by sensory status [F(3,
132,876)=3524, p<0.001, $§=507,126, MS =169,042].
Post hoc analysis, using Tukey’s HSD test to adjust for
multiple comparisons, revealed significant differences
in mean age between all sensory status groups (i.e.,
NSI< VI<HI<DSI, p<0.01 for all comparisons). This
suggests an association between average age and sensory
impairments, with those having dual sensory impairments
being the oldest on average.

A series of Chi-squared tests revealed significant associa-
tions between sensory status and categorical demographic
and medical variables (see Table 1 for full results). Post hoc
analyses of the standardized residuals for each cell were
performed to identify whether observed frequencies were
higher or lower than would be expected by chance. HI only
was significantly associated with being 85 or older, male,
having a dementia diagnosis, cognitive impairment, ADL
impairment, and the use of both hearing and visual aids.
VI only was more highly represented in the younger age
groups (65-74 and 75-84) and was significantly associated
with being female, having ADL impairment, depressive
symptoms, and use of visual aids. VI was less commonly
associated with cognitive impairment and with hearing aid
use. Finally, DSI was associated with being 85 or older,
male, having a dementia diagnosis or cognitive impairment,
depressive symptoms, ADL impairment, and using hearing
aids.

Association of sensory impairments with cognitive
impairment

Of the 132,880 nursing home residents assessed at admis-
sion, 57.3% were cognitively impaired. Logistic regression
revealed that VI and HI were significantly associated with
cognitive impairment (Table 2). The point estimate for the
prevalence ratio was highest among residents with coexisting
hearing and vision impairment (DSI). Even after adjustment
for potential confounders, residents with DSI demonstrated
a greater likelihood of cognitive impairment (PR 1.58;
95% CI1.56-1.60) than those with only HI (PR 1.35; 95%
CI1.33-1.37) or only VI (PR 1.18; 95% CI1.16-1.20).

To assess the potential for residual confounding related to
differential sensory aid use, we compared aid use by cogni-
tive status. Hearing aid use was reported by 14.1% of resi-
dents with cognitive impairment and 16.6% of those without.
Vision aid use was reported by 64.6% of residents with cog-
nitive impairment and 75.8% of those without. These differ-
ences were statistically significant for both hearing aid use
(*(1)=160.3, p<0.001) and vision aid use (y*(1)=1922.5,
p<0.001), suggesting that residents with cognitive impair-
ment were less likely to use sensory aids.

Average marginal effects (AMEs) quantify the average
change in the predicted outcome associated with a change
from NSI to either HI, VI, or DSI. In the adjusted model, a
change from NSI to HI was associated with a 16% increase
in the likelihood of cognitive impairment while a change
from NSI to VI was associated with an 8% increase. The
AME of HI was significantly greater than the AME of VI
(z=15.01, two-tailed p < 0.001).

Table 1 Demographic

e Total NSI (42.7%) HI(19.2%) VI(15.1%) DSI (23.0%) p-value
characteristics by sensory
impairment Age, years (SD) 84.0(7.2) 82.1(7.1) 85.9(6.5) 83.0(7.1) 86.5(6.8) <0.001
Age group <0.001
65-74 (%) 11.6 16.4* 6.0 13.8% 5.8
75-84 (%) 36.6 4252 30.8° 40.1% 28.1°
>85 (%) 51.8 41.1° 63.2¢ 46.1° 66.1*
Female (%) 65.7 67.9° 61.0° 69.12 63.3° <0.001
Medical comorbidity 35.1 35.1 354 35.6 34.4 0.023
(=2; %)
Dementia (%) 41.0 35.9° 423 40.7 495 <0.001
Cognitive impairment (%) 57.3 45.1° 62.0° 56.3° 76.8% <0.001
Depressive symptoms (%) 21.7 17.7° 21.5 23.2% 28.4* <0.001
ADL self-hierarchy scale ~ 74.7 67.3° 75.5% 76.6* 86.3* <0.001
=2; %)
Use hearing aid (%) 15.2 7.5° 29.9 4.8° 24.1° <0.001
Use visual aid (%) 69.4 67.8° 70.8° 74.1° 67.9° <0.001

Statistically significant association with FDR correction (residual > 1.96)

PStatistically significant association with FDR correction (residual < 1.96)

“Includes hypertension, diabetes, coronary heart disease, stroke, emphysema/COPD, and cancer
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Tal?le 2 Unadj.us.ted and Unadjusted Adjusted
adjusted associations between
sensory impairment and PR (95% CI) AME (95% CI) PR (95% CI) AME (95% CI)
cognitive impairment
NSI (reference)
HI 1.38 (1.36-1.39) 0.17 (0.16-0.18) 1.35(1.33—1.37) 0.16 (.16-.17)
VI 1.25(1.23-1.27) 0.11(0.10-0.12) 1.18 (1.16-1.20)  0.08 (.08-.09)
DSI 1.70 (1.68-1.72) 0.32(0.31-0.32) 1.58 (1.56-1.60) 0.27 (.27-.28)
Sex (reference: male) 0.93(0.92-0.94) -.04 (-.05--.04)

Age 75-84 (reference: 65-74)
Age > 85 (reference: 65-74)
Medical comorbidity (>2)
Depressive symptoms

ADL impairment

1.07 (1.05-1.08)
1.04 (1.02-1.05)
0.90 (0.89—0.91)
1.31 (1.30-1.33)
1.58 (1.56-1.60)

0.04 (0.03—0.05)
0.02 (0.01—0.03)
-.06 (-.06—-.05)

0.17 (0.16—0.18)
0.23 (0.23—0.24)

Hearing aid use 0.84 (0.83—0.86) -.09 (-.10—-.08)
Visual aid use 0.84 (0.84—0.85) -.10 (-.11—-.09)
C-statistic 0.64 0.73
PR prevalence ratio, AME average marginal effect, CI confidence interval
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Fig.1 Average marginal effects on cognitive impairment for HI,
VI, and DSI relative to NSI. Error bars represent standard errors.
Exact values: HI=0.16 (SE=0.004), VI=0.08 (SE=0.004), and
DSI=0.27 (SE=0.003). The dashed line represents the simple
additive effect of HI and VI. The amount by which the AME for
DSI exceeds the dashed line represents the supra-additive effect
[AMEg—(AMEy; + AME,;) =0.024]

To further explore the combined association of hearing
and visual impairments, we tested for additive interaction
on the probability scale—assessing whether the joint asso-
ciation of HI and VI (i.e., DSI) with cognitive impairment
exceeded the sum of their individual associations. The AME
for DSI significantly exceeded the sum of AMEs for HI and
VI (AMEpg—(AMEy; + AMEy,) =0.024, SE=0.006,
7=3.82, p<0.001), indicating a supra-additive effect of DSI
on cognitive impairment (see Table 2 and Fig. 1).

Effect modification analysis

To assess potential effect modification by sex, age, or medi-
cal comorbidity, three logistic regression models were

Fig.2 Average marginal effects of sensory impairments on cognitive
impairment by subgroups for each of three interaction models. Error
bars represent standard errors

constructed in which each of these variables interacted with
sensory status in predicting cognitive impairment. All other
covariates were retained from the fully adjusted model. Like-
lihood ratio tests indicated that models including interac-
tion terms provided a significantly better fit than the fully
adjusted model with no interaction term: sex ()(2(3) =41.64,
p<0.001), age group (y*(6)=122.12, p <0.001), and medi-
cal comorbidity count (4*(3)=17.36, p <0.001). Since inter-
action models significantly improved model fit, we further
examined these interactions using AME:s stratified by each
moderating variable (Fig. 2 and Supplementary Table 1).
To decompose the interaction effects, we conducted sta-
tistical tests of subgroup differences in AME values (Supple-
mentary Table 1). The effect of sensory impairment on cog-
nitive impairment differed between males and females such
that among those with DSI or VI, males had a significantly
greater likelihood of cognitive impairment than did females.
Among those with DSI or with HI, those with >2 medical

@ Springer
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conditions had a higher likelihood of cognitive impairment
than those with 0—1 medical conditions. Analysis of the age
interaction showed that for each sensory group, the older age
group had significantly less likelihood of cognitive impair-
ment than the next younger age group (e.g.,>85 vs. 75-84
and 75-84 vs. 65-74).

Sensitivity analysis

We conducted a sensitivity analysis using a higher CPS
threshold (>3), which corresponds to at least moder-
ate cognitive impairment. This approach aimed to reduce
potential misclassification and increase specificity based
on prior concerns about potential inaccuracy of CPS rating
raised in Swiss acute care settings (Bula and Wietlisbach
2009). Results of the adjusted logistic regression model were
largely comparable to those of the original analysis. With a
CPS cut-off of >3, 39.9% of the sample exhibited cognitive
impairment. Average marginal effects and prevalence ratios
for sensory status remained similar in magnitude and direc-
tion to the original model (Supplementary Table 2). The
magnitude of the supra-additive effect of DSI on cognitive
impairment increased slightly compared to the original
analysis (AMEpg—(AME;+ AMEy;)) =0.039, SE=0.006,
2=6.31, p<0.001).

Discussion

We investigated the prevalence of HI, VI, and DSI and their
association with cognitive impairment in a large dataset of
N=132,880 newly admitted nursing home residents in Swit-
zerland. Our main findings are a comparable prevalence of
sensory impairment to previous reports from LTCFs in other
countries and a supra-additive effect of DSI on cognitive
impairment exceeding the independent effects of HI and VI.
Finally, DSI was more strongly associated with cognitive
impairment in younger age groups, males, and those with
more medical diagnoses.

Prevalence of sensory impairment in nursing homes

Any type of visual and/or hearing impairment was present in
57.3% of our sample (HI 19.2%, VI 15.1%, and DSI: 23.0%),
i.e., more than half of nursing home residents were rated by
trained nurses as having relevant impairments despite the
use of hearing or vision aids—underlining the public health
importance of sensory impairment. Our prevalence find-
ings are comparable to those from Canadian nursing homes,
where > 1.5 million RAI LTCF assessments were analyzed
in the largest similar study so far (prevalence approximately
HI 15%, VI 22%, and DSI 25%) (Guthrie et al. 2022). An
analysis of RAI data from 59 nursing homes indicated wide

@ Springer

variation of sensory impairment prevalence across eight
European countries (not including Switzerland) (Yamada
et al. 2014). Compared to their overall findings (HI 12.3%,
VI 19.5%, and DSI: 31.8%), we found a substantially lower
prevalence of DSI (Yamada et al. 2014). Similarly, RAI
LTCF data from four countries (Canada, the US, Finland,
and Belgium) identified a large variation between coun-
tries and a prevalence of DSI ranging from 9.7% in the US
to 33.9% in Belgium (Guthrie et al. 2016). Such variation
between countries is striking and may either be due to dif-
ferent national assessment practices or represent real differ-
ences in prevalence. Future research employing validation
of RAI-MDS sensory assessments could help address this
question.

Single sensory impairments and cognitive
impairment

We found an association of both HI and VI with cognitive
impairment in our population—consistent with the previ-
ous literature (Yu et al. 2024; Nagarajan et al. 2022). Our
study thus provides further evidence for the public health
importance of sensory impairment both directly due to its
high prevalence and indirectly through its association with
cognitive impairment.

In our analyses, hearing aid use rates were well below
100%, yet the use of both hearing and visual aids was asso-
ciated with a lower probability of cognitive impairment.
Similarly, a cross-sectional study of a nationally representa-
tive sample of older adults in the US found that moderate
to severe hearing loss was linked to a higher prevalence
of dementia, whereas hearing aid use was associated with
lower dementia prevalence (Huang et al. 2023). While cross-
sectional associations could simply reflect a tendency for
healthier individuals to use sensory aids, other lines of evi-
dence support their potential to mitigate the risk of cognitive
decline. Findings from an observational longitudinal study
of long-term care facility RAI data in Hong Kong suggested
that visual aids—but not hearing aids—were associated with
a reduced risk of cognitive decline (Kwan et al. 2022). The
randomized controlled ACHIEVE trial tested audiological
counseling and provision of hearing aids against a control
intervention of health education. Although the trial did not
meet its primary endpoint of reducing cognitive decline,
a significant reduction in 3 years cognitive decline was
demonstrated among a pre-specified high-risk subgroup
(Lin et al. 2023). Likewise, in the randomized controlled
ENHANCE trial, hearing aid users exhibited significantly
better cognitive performance 3 years after fitting, suggesting
that hearing intervention may help delay cognitive decline
in older adults (Sarant et al. 2023).

Given the direct benefits of sensory aids on areas such
as communication and social functioning as well as their
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potential role in mitigating cognitive decline as indicated
by randomized prospective trials, we strongly advocate for
their promotion. In the nursing home context, this would
require providing the necessary assistance for their use, ide-
ally through close on-site collaboration with specialists in
low vision (Seifert and Nosch 2024) and hearing services.
Future research should explore whether such approaches are
feasible and effective.

Dual sensory impairment and cognition

We identified a particularly strong association of DSI with
cognitive impairment—in line with previous findings
(Davidson and Guthrie 2019; Mitoku et al. 2016; Kwan et al.
2022; Yamada et al. 2016; Fuller-Thomson et al. 2022). Fur-
thermore, the estimated marginal effect exceeded the added
effect estimates of the single impairments, suggesting a
supra-additive association with cognitive impairment. DSI
was associated with a 2.4% higher likelihood of cognitive
impairment than would be expected from the sum of the
associations for HI and VI alone. In relative terms, this cor-
responds to an approximately 10% increase in the likelihood
of cognitive impairment with DSI compared to the (hypo-
thetical scenario of) merely adding the effects of HI and VI.

Several theoretical frameworks have been proposed to
explain the robust associations observed between sensory
and cognitive impairments in older adults. The common
cause hypothesis suggests that age-related declines across
sensory and cognitive domains may reflect shared neuro-
biological or vascular processes (Lindenberger and Baltes
1994). In that vein, hearing and visual impairments may
serve as markers of biological aging or of general health,
reflecting underlying systemic processes that contribute to
both sensory and cognitive decline (Chia et al. 2006; Fis-
cher et al. 2016). The sensory deprivation hypothesis posits
that chronic sensory loss may lead to long-term structural
and functional brain changes that contribute to cognitive
decline, while the information degradation hypothesis sug-
gests that diminished sensory input increases cognitive effort
during perception, potentially diverting resources away from
higher-order functions (for review, see Whitson et al. 2018).

The late-life sensory compensation hypothesis offers an
additional explanatory framework, particularly relevant in
the context of dual sensory impairment (Wettstein et al.
2018). This hypothesis proposes that when only one sensory
modality is impaired, individuals can compensate by relying
on the other; however, with DSI, this compensation is no
longer possible, leading to disproportionately worse cogni-
tive outcomes. In a population-based sample of healthier,
community-dwelling adults, hearing and vision impairments
were associated with additive—but not supra-additive—
effects on cognition (Phillips et al. 2022), perhaps reflecting
preserved compensatory capacity. In contrast, our nursing

home sample, which experiences more severe impairment
and higher morbidity, showed a supra-additive association
between DSI and cognitive impairment. This may signal
the breakdown of compensatory capacity in the context of
broader health decline.

In real-world terms, even apparently modest differences
like the 2.4% absolute increase or 10% relative increase due
to DSI could have substantial public health implications,
particularly in populations where sensory impairments and
cognitive decline are highly prevalent such as nursing home
residents. In line with previous findings (Fuller-Thomson
et al. 2022), the effect of sensory impairments seemed to be
stronger in the younger age groups, possibly making younger
nursing home residents a particularly promising target group
for interventions. Future research should address if early-
onset DSI sets affected individuals on a particularly steep
trajectory of cognitive decline.

Strengths and limitations

Limitations of our study include the cross-sectional nature
of the analysis and the geographic restriction to Switzerland.
In addition, the assessment of hearing, vision, and cognition
relied on the RAI-MDS 2.0 instrument, a clinical assessment
tool with known limitations. Sensory status is evaluated
through observation and judgment by trained staff, which
may introduce variability in assessment practices. Moreo-
ver, the presence of cognitive impairment may hinder the
accurate assessment of hearing and vision—due to com-
munication difficulties, reduced engagement, or behavioral
symptoms—opotentially leading to overestimation of sensory
impairment in cognitively impaired residents. Conversely,
sensory impairments may interfere with the assessment of
cognitive function and artificially inflate CPS scores. These
bidirectional sources of measurement bias may affect the
observed associations. In addition, although the models
adjusted for hearing and vision aid use, the lower use of
sensory aids among cognitively impaired residents raises
the possibility of residual confounding.

Although the Cognitive Performance Scale (CPS) is
widely used and validated in nursing home populations, it
is based on staff observation rather than direct neuropsycho-
logical testing, which may limit sensitivity to early or subtle
cognitive changes. Similarly, our measure of medical comor-
bidity was based on a limited set of six diagnoses and may
underestimate the true burden of multimorbidity, particularly
if some conditions were underreported. Together, these limi-
tations highlight potential sensitivity issues and underscore
the need for further research employing validated, objective
measures of sensory, cognitive, and general health status.

Our study has several strengths, including the use of a
large routine care dataset that builds on the internationally
used RAI system. Analytically, we used prevalence ratios
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(PRs) instead of the frequently reported odds ratios (ORs).
For high prevalence conditions (such as cognitive impair-
ment in nursing homes), ORs tend to overestimate relative
risk (Schmidt and Kohlmann 2008; Tamhane et al. 2017,
Gnardellis et al. 2022). While both ORs and PRs allow for
covariate adjustment, PRs (and average marginal effects,
AMESs) provide a more direct and interpretable measure of
risk or probability because they incorporate the actual distri-
bution of covariates in the population. Thus, our conclusions
regarding the likelihood of cognitive impairment related to
sensory impairment are based on a more interpretable and
population-relevant measure of risk, enhancing their valid-
ity and applicability. Another strength of our study is the
use of AME:s to disentangle the additive and supra-additive
effect conveyed by DSI over single impairments—and to our
knowledge is the first to demonstrate a supra-additive effect.

Conclusions

Our study highlights the important public health challenge
posed by dual sensory impairment, a condition affecting
more than one in five nursing home residents in our sample.
We found that having both hearing and visual impairments is
associated with a greater likelihood of cognitive impairment
than either sensory impairment alone. Considering the high
prevalence and impact of sensory impairments, interventions
targeting even a single sensory modality may play a valuable
role in the comprehensive care of this population.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10433-025-00880-y.

Acknowledgements The authors thank BESA QSys AG and Manuel
Fischer for providing the dataset.

Author contributions AM conceived and designed this study, per-
formed the statistical analysis, and co-drafted the first version of
the manuscript. AS conceived and designed this study and critically
revised the manuscript. NF performed statistical analysis during earlier
stages of this study and critically revised the manuscript. NG conceived
and designed this study and critically revised the manuscript. FR con-
ceived and designed this study and co-drafted the first version of the
manuscript. All the authors provided important intellectual content and
have read and approved the final manuscript.

Funding Open access funding provided by University of Zurich. This
study was supported by institutional funding through the University of
Zurich, project funding from the Swiss National Association of and for
the Blind, and a PRIMA grant by the Swiss National Science Founda-
tion to NG (nr. 185715).

Data availability Due to contractual obligations with BESA QSys AG
the original data used in this study cannot be shared publicly.

@ Springer

Declarations

Ethics approval and consent to participate In adherence with Swiss
legislation for research on anonymous data, no ethics approval from a
cantonal ethics committee was required as confirmed by the cantonal
ethics committee of Zurich (Req-2025-00472). The data used in this
study were routinely collected as part of care in the nursing homes. In
adherence with Swiss legislation, due to anonymity of data, individuals
did not need to provide consent for its use in research.

Consent for publication All authors provided their consent for the pub-
lication of the current manuscript.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Anliker M, Bartelt G (2015) Resident assessment instrument in Swit-
zerland. History, results and experiences from the application.
Z Gerontol Geriatr 48(2):114-120. https://doi.org/10.1007/
s00391-015-0864-5

Besser J, Stropahl M, Urry E, Launer S (2018) Comorbidities of hear-
ing loss and the implications of multimorbidity for audiological
care. Hear Res 369:3-14. https://doi.org/10.1016/j.heares.2018.
06.008

Bula CJ, Wietlisbach V (2009) Use of the cognitive performance scale
(CPS) to detect cognitive impairment in the acute care setting:
concurrent and predictive validity. Brain Res Bull 80(4-5):173—
178. https://doi.org/10.1016/j.brainresbull.2009.05.023

Burrows AB, Morris JN, Simon SE, Hirdes JP, Phillips C (2000) Devel-
opment of a minimum data set-based depression rating scale for
use in nursing homes. Age Ageing 29(2):165-172. https://doi.org/
10.1093/ageing/29.2.165

Chia EM, Mitchell P, Rochtchina E, Foran S, Golding M, Wang JJ
(2006) Association between vision and hearing impairments
and their combined effects on quality of life. Arch Ophthalmol
124(10):1465-1470. https://doi.org/10.1001/archopht.124.10.
1465

Davidson JGS, Guthrie DM (2019) Older adults with a combination
of vision and hearing impairment experience higher rates of cog-
nitive impairment, functional dependence, and worse outcomes
across a set of quality indicators. J Aging Health 31(1):85-108.
https://doi.org/10.1177/0898264317723407

Fischer ME, Cruickshanks KJ, Schubert CR, Pinto AA, Carlsson CM,
Klein BE et al (2016) Age-related sensory impairments and risk
of cognitive impairment. J Am Geriatr Soc 64(10):1981-1987.
https://doi.org/10.1111/jgs.14308


https://doi.org/10.1007/s10433-025-00880-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00391-015-0864-5
https://doi.org/10.1007/s00391-015-0864-5
https://doi.org/10.1016/j.heares.2018.06.008
https://doi.org/10.1016/j.heares.2018.06.008
https://doi.org/10.1016/j.brainresbull.2009.05.023
https://doi.org/10.1093/ageing/29.2.165
https://doi.org/10.1093/ageing/29.2.165
https://doi.org/10.1001/archopht.124.10.1465
https://doi.org/10.1001/archopht.124.10.1465
https://doi.org/10.1177/0898264317723407
https://doi.org/10.1111/jgs.14308

European Journal of Ageing (2025) 22:39

Page9of10 39

Fried LP, Bandeen-Roche K, Kasper JD, Guralnik JM (1999) Associa-
tion of comorbidity with disability in older women. J Clin Epi-
demiol 52(1):27-37. https://doi.org/10.1016/S0895-4356(98)
00124-3

Fuller-Thomson E, Nowaczynski A, MacNeil A (2022) The associa-
tion between hearing impairment, vision impairment, dual sensory
impairment, and serious cognitive impairment: findings from a
population-based study of 5.4 million older adults. J Alzheimers
Dis Rep 6(1):211-222. https://doi.org/10.3233/adr-220005

GBD 2019 Blindness and Vision Impairment Collaborators; Vision
Loss Expert Group of the Global Burden of Disease Study (2021)
Trends in prevalence of blindness and distance and near vision
impairment over 30 years: an analysis for the Global Burden of
Disease Study. Lancet Glob Health 9(2):e130-e143

GBD 2019 Hearing Loss Collaborators (2021) Hearing loss
prevalence and years lived with disability, 1990-2019: find-
ings from the Global Burden of Disease Study 2019. Lancet
397(10278):996-1009

Gnardellis C, Notara V, Papadakaki M, Gialamas V, Chliaoutakis J
(2022) Overestimation of relative risk and prevalence ratio: mis-
use of logistic modeling. Diagnostics (Basel). https://doi.org/10.
3390/diagnostics 12112851

Guthrie DM, Declercq A, Finne-Soveri H, Fries BE, Hirdes JP (2016)
The health and well-being of older adults with dual sensory
impairment (DSI) in four countries. PLoS ONE 11(5):e0155073.
https://doi.org/10.1371/journal.pone.0155073

Guthrie DM, Williams N, Jaiswal A, Mick P, O’Rourke HM, Pichora-
Fuller MK et al (2022) Prevalence of sensory impairments in
home care and long-term care using interRAI data from across
Canada. BMC Geriatr 22(1):944. https://doi.org/10.1186/
s12877-022-03671-7

Hartmaier SL, Sloane PD, Guess HA, Koch GG, Mitchell CM, Phillips
CD (1995) Validation of the minimum data set cognitive perfor-
mance scale: agreement with the mini-mental state examination. J
Gerontol A Biol Sci Med Sci 50(2):M128-M133. https://doi.org/
10.1093/gerona/50a.2.m128

Hopper T, Slaughter SE, Hodgetts B, Ostevik A, Ickert C (2016)
Hearing loss and cognitive-communication test performance of
long-term care residents with dementia: effects of amplification. J
Speech Lang Hear Res 59(6):1533-1542. https://doi.org/10.1044/
2016_jslhr-h-15-0135

Huang AR, Jiang K, Lin FR, Deal JA, Reed NS (2023) Hearing
loss and dementia prevalence in older adults in the US. JAMA
329(2):171-173. https://doi.org/10.1001/jama.2022.20954

Knol MJ, VanderWeele TJ (2012) Recommendations for presenting
analyses of effect modification and interaction. Int J Epidemiol
41(2):514-520. https://doi.org/10.1093/ije/dyr218

Kwan RYC, Kwan CW, Kor PPK, Chi I (2022) Cognitive decline,
sensory impairment, and the use of audio-visual aids by long-term
care facility residents. BMC Geriatr 22(1):216. https://doi.org/10.
21203/rs.3.rs-643689/v1

LaValley MP (2008) Logistic regression.
117(18):2395-2399

Lin FR, Pike JR, Albert MS, Arnold M, Burgard S, Chisolm T et al
(2023) Hearing intervention versus health education control to
reduce cognitive decline in older adults with hearing loss in the
USA (ACHIEVE): a multicentre, randomised controlled trial.
Lancet 402(10404):786—797. https://doi.org/10.1016/s0140-
6736(23)01406-x

Lindenberger U, Baltes PB (1994) Sensory functioning and intelligence
in old age: a strong connection. Psychol Aging 9(3):339-355.
https://doi.org/10.1037/0882-7974.9.3.339

Livingston G, Huntley J, Liu KY, Costafreda SG, Selbaek G,
Alladi S et al (2024) Dementia prevention, intervention, and

Circulation

care: 2024 report of the Lancet standing commission. Lancet
404(10452):572-628

Martin L, Poss JW, Hirdes JP, Jones RN, Stones MJ, Fries BE (2008)
Predictors of a new depression diagnosis among older adults
admitted to complex continuing care: implications for the depres-
sion rating scale (DRS). Age Ageing 37(1):51-56. https://doi.org/
10.1093/ageing/afm162

Mitoku K, Masaki N, Ogata Y, Okamoto K (2016) Vision and hearing
impairments, cognitive impairment and mortality among long-
term care recipients: a population-based cohort study. BMC Geri-
atr 16:112. https://doi.org/10.1186/s12877-016-0286-2

Morris JN, Hawes C, Fries BE, Phillips CD, Mor V, Katz S et al (1990)
Designing the national resident assessment instrument for nurs-
ing homes. Gerontologist 30(3):293-307. https://doi.org/10.1093/
geront/30.3.293

Morris JN, Fries BE, Mehr DR, Hawes C, Phillips C, Mor V et al (1994)
MDS cognitive performance scale. J Gerontol 49(4):M174-M182.
https://doi.org/10.1093/geron;j/49.4.m174

Morris JN, Fries BE, Morris SA (1999) Scaling ADLs within the MDS.
J Gerontol A Biol Sci Med Sci 54(11):M546-M553. https://doi.
org/10.1093/gerona/54.11.m546

Nagarajan N, Assi L, Varadaraj V, Motaghi M, Sun Y, Couser E et al
(2022) Vision impairment and cognitive decline among older
adults: a systematic review. BMJ Open 12(1):e047929. https://
doi.org/10.1136/bmjopen-2020-047929

Norton EC, Dowd BE (2018) Log odds and the interpretation of logit
models. Health Serv Res 53(2):859-878. https://doi.org/10.1111/
1475-6773.12712

Norton EC, Dowd BE, Maciejewski ML (2019) Marginal effects-quan-
tifying the effect of changes in risk factors in logistic regression
models. JAMA 321(13):1304-1305. https://doi.org/10.1001/jama.
2019.1954

Paquay L, De Lepeleire J, Schoenmakers B, Ylieff M, Fontaine O,
Buntinx F (2007) Comparison of the diagnostic accuracy of the
cognitive performance scale (minimum data set) and the mini-
mental state exam for the detection of cognitive impairment in
nursing home residents. Int J Geriatr Psychiatry 22(4):286-293.
https://doi.org/10.1002/gps.1671

Phillips NA, Isler L, Kabir R, Hamalainen A, Wittich W, Pichora-Fuller
MK et al (2022) Hearing and visual acuity predict cognitive func-
tion in adults aged 45-85 years: findings from the baseline wave of
the Canadian longitudinal study on aging (CLSA). Psychol Aging
37(8):891-912. https://doi.org/10.1037/pag0000716

Sarant JZ, Busby PA, Schembri AJ, Fowler C, Harris DC (2023)
Enhance: a comparative prospective longitudinal study of cog-
nitive outcomes after 3 years of hearing aid use in older adults.
Front Aging Neurosci 15:1302185. https://doi.org/10.3389/fnagi.
2023.1302185

Schmidt CO, Kohlmann T (2008) When to use the odds ratio or the
relative risk? Int J Public Health 53(3):165-167

Seifert A, Nosch DS (2024) The role of optometry in healthcare for
visually impaired older adult populations: a Swiss case study.
Front Health Serv 4:1378236

Swanson MW, McGwin G Jr., Elliott AF, Owsley C (2009) The nursing
home minimum data set for vision and its association with visual
acuity and contrast sensitivity. ] Am Geriatr Soc 57(3):486—491

Tamhane AR, Westfall AO, Burkholder GA, Cutter GR (2017) Preva-
lence odds ratio versus prevalence ratio: choice comes with con-
sequences. Stat Med 36(23):3760

Tinetti ME, McAvay GJ, Chang SS, Newman AB, Fitzpatrick AL,
Fried TR et al (2011) Contribution of multiple chronic conditions
to universal health outcomes. J Am Geriatr Soc 59(9):1686-1691

Wettstein M, Wahl HW, Heyl V (2018) Visual acuity and cognition in
older adults with and without hearing loss: Evidence for late-life
sensory compensation? Ear Hear 39(4):746-755

@ Springer


https://doi.org/10.1016/S0895-4356(98)00124-3
https://doi.org/10.1016/S0895-4356(98)00124-3
https://doi.org/10.3233/adr-220005
https://doi.org/10.3390/diagnostics12112851
https://doi.org/10.3390/diagnostics12112851
https://doi.org/10.1371/journal.pone.0155073
https://doi.org/10.1186/s12877-022-03671-7
https://doi.org/10.1186/s12877-022-03671-7
https://doi.org/10.1093/gerona/50a.2.m128
https://doi.org/10.1093/gerona/50a.2.m128
https://doi.org/10.1044/2016_jslhr-h-15-0135
https://doi.org/10.1044/2016_jslhr-h-15-0135
https://doi.org/10.1001/jama.2022.20954
https://doi.org/10.1093/ije/dyr218
https://doi.org/10.21203/rs.3.rs-643689/v1
https://doi.org/10.21203/rs.3.rs-643689/v1
https://doi.org/10.1016/s0140-6736(23)01406-x
https://doi.org/10.1016/s0140-6736(23)01406-x
https://doi.org/10.1037/0882-7974.9.3.339
https://doi.org/10.1093/ageing/afm162
https://doi.org/10.1093/ageing/afm162
https://doi.org/10.1186/s12877-016-0286-2
https://doi.org/10.1093/geront/30.3.293
https://doi.org/10.1093/geront/30.3.293
https://doi.org/10.1093/geronj/49.4.m174
https://doi.org/10.1093/gerona/54.11.m546
https://doi.org/10.1093/gerona/54.11.m546
https://doi.org/10.1136/bmjopen-2020-047929
https://doi.org/10.1136/bmjopen-2020-047929
https://doi.org/10.1111/1475-6773.12712
https://doi.org/10.1111/1475-6773.12712
https://doi.org/10.1001/jama.2019.1954
https://doi.org/10.1001/jama.2019.1954
https://doi.org/10.1002/gps.1671
https://doi.org/10.1037/pag0000716
https://doi.org/10.3389/fnagi.2023.1302185
https://doi.org/10.3389/fnagi.2023.1302185

39 Page 10 of 10

European Journal of Ageing (2025) 22:39

Whitson HE, Cronin-Golomb A, Cruickshanks KJ, Gilmore GC,
Owsley C, Peelle JE 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(11):2052-2058

Yamada Y, Vlachova M, Richter T, Finne-Soveri H, Gindin J, van der
Roest H et al (2014) Prevalence and correlates of hearing and
visual impairments in European nursing homes: results from the
SHELTER study. ] Am Med Dir Assoc 15(10):738-743

Yamada Y, Denkinger MD, Onder G, Henrard JC, van der Roest HG,
Finne-Soveri H et al (2016) Dual sensory impairment and cogni-
tive decline: the results from the shelter study. J Gerontol A Biol
Sci Med Sci 71(1):117-123

@ Springer

Yoshida Y, Hiratsuka Y, Umeya R, Ono K, Nakao S (2025) The asso-
ciation between dual sensory impairment and dementia: a system-
atic review and meta-analysis. J Alzheimers Dis 103(3):637-648

Yu RC, Proctor D, Soni J, Pikett L, Livingston G, Lewis G et al (2024)
Adult-onset hearing loss and incident cognitive impairment and
dementia - a systematic review and meta-analysis of cohort stud-
ies. Ageing Res Rev 98:102346

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Association of hearing and vision impairment with cognitive impairment in nursing home residents in Switzerland
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population and data source
	Measurements
	Analysis

	Results
	Participant characteristics
	Association of sensory impairments with cognitive impairment
	Effect modification analysis
	Sensitivity analysis

	Discussion
	Prevalence of sensory impairment in nursing homes
	Single sensory impairments and cognitive impairment
	Dual sensory impairment and cognition
	Strengths and limitations

	Conclusions
	Acknowledgements 
	References


