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ABSTRACT

Objectives: We aimed to determine whether self-assessed single (hearing or visual) and dual
sensory (hearing and visual) impairments are associated with cognitive decline and incident
possible Cognitive Impairment, No Dementia (CIND) and probable dementia.

Method: Data were drawn from the 1996-2014 surveys of the Health and Retirement Study
(HRS), involving 19,618 respondents who had no probable dementia and who were aged 50
years or older at the baseline. We used linear mixed models to test the association between
self-assessed sensory impairment and cognitive decline followed by a Cox proportional
hazard model to estimate the relative risk of incident possible CIND and probable dementia
associated with the presence of sensory impairment.

Results: Respondents with self-assessed single and dual sensory impairment performed
worse in cognitive tests than those without sensory impairment. The fully adjusted incidence
of developing possible CIND was 17% higher for respondents with hearing impairment than
those without hearing impairment. Respondents with visual impairment had 35% and 25%
higher risk for developing possible CIND and probable dementia, respectively, than those
without visual impairment. Respondents with dual sensory impairment at baseline were 38%
and 26% more likely to develop possible CIND and probable dementia, respectively, than
those with no sensory impairment.

Discussion: Self-assessed sensory impairment is independently associated with cognitive
decline and incident possible CIND and probable dementia. Further studies are needed to
identify the mechanism underlying this association and to determine whether treatment of
sensory impairment could ameliorate cognitive decline and delay the onset of dementia
among older adults.
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Introduction

Population ageing has resulted in a notable epidemiological transition marked by an increase
in the prevalence of chronic diseases, including dementia and sensory (hearing and/or visual)
impairment. In 2015, there were over 46.8 million individuals aged 60 years and older living
with dementia (Prince et al., 2015); this number is projected to increase to 72 million by the
year 2050 (Ahmadi-Abhari et al., 2017), placing a substantial burden on healthcare in terms
of disability and health costs. The increase in disability-adjusted life years attributed to
dementia is among the largest for any disease, soaring 113% from 4.7 million in 1990 to 10
million in 2010 (Prince et al., 2015). The global cost of dementia reached $818 billion USD
in 2015, with 85% of that sum related to family and social needs (Prince et al., 2015). This
extraordinary burden has made prevention and treatment of dementia a public health priority.
The absence of disease-modifying treatments for any common dementia lends a particular
urgency to the need to identify modifiable risk and protective factors that can prevent or
delay dementia onset, decreasing the burden of this disease (Livingston et al., 2017).

Sensory (hearing and/or visual) impairments are chronic conditions that are also associated
with ageing. The World Health Organization (WHO) estimates that one third of people over
65 years of age are affected by disabling hearing loss (WHO, 2017a) and that 81% of all
people who are blind or have moderate to severe vision impairment are aged 50 years or
above (WHO, 2017b). Sensory impairment is one of the modifiable factors of ageing, and
addressing it may protect against dementia. Sensory impairment has been reported to be
associated with cognitive decline (Lin et al., 2004; Lindenberger & Baltes, 1994; Maharani,
Dawes, Nazroo, Tampubolon & Pendleton, 2018; Yamada et al., 2015), which is the hallmark
of dementia, but a limited number of epidemiological studies have assessed the relation
between sensory impairment and dementia. For example, a study using data from a Baltimore
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Longitudinal Study of Aging cohort found that the severity of baseline hearing loss was
associated with an increased risk of all-cause dementia and Alzheimer disease (Lin et al.,
2011). A more recent study on older people aged 70-79 years reported that respondents with
moderate or severe hearing impairment were at an increased risk of 9-year incident dementia
(Deal et al., 2017).

Only limited numbers of studies have examined the effect of visual and dual sensory
impairment on cognitive decline and dementia and the findings were mixed. For example,
Hong et al. (2016) found that the presence of hearing, visual and dual sensory impairments
were not associated with lower Mini-Mental State Examination (MMSE) over five years
(Hong, Mitchell, Burlutsky, Liew, & Wang, 2016). Differently, in a sample of 6,112 women
aged 69 and older from the Study of Osteoporotic Fractures, visual impairment, but not
hearing impairment, was associated with an increase in the likelihood of cognitive decline;
dual sensory impairment was associated with the greatest odds of cognitive decline (Lin et
al., 2004). A report from “Sensory and Motor Dysfunctions in Aging and AD” workshop held
by the National Institute on Aging stated that olfactory, hearing and vision functioning
changes increased risk of developing Alzheimer’s Disease (Albers et al., 2015). Our prior
study, using three nationally representative longitudinal data sets from the United States and
Europe, found that the negative association between sensory impairment and cognitive ability
was greater for respondents with dual sensory impairment than for those with single (hearing
or visual) impairment (Maharani, Dawes, Nazroo, Tampubolon & Pendleton, 2018). This
finding was supported by a study on nursing home residents which reported that residents
with dual sensory impairment experienced steeper cognitive decline than those with a single
impairment or no impairment (Yamada et al., 2015). Livingston and colleagues developed a
life course model of dementia risk factors and estimated that about 9% of dementia cases are
attributable to hearing loss in midlife (Livingston et al., 2017), yet visual and dual (hearing
7

and visual) impairments were not included in their model mainly due to the lack of robust
evidence.

In spite of the significant amount of effort invested in describing an association between
sensory impairment and cognitive performance among the older population, little evidence on
the nature of that relationship has become available. Several hypotheses as to how sensory
impairment relates to cognitive function have been postulated. The first hypothesis is the
‘cognitive load on perception’ hypothesis, according to which cognitive decline may lead to
apparent declines in sensory performance because cognitive declines reduce the cognitive
resources available for sensory perception (Humes, Busey, Craig, & Kewley-Port, 2013;
Lindenberger & Baltes, 1994). Speech recognition among individuals with hearing
impairment becomes more challenging, which may lead to increased perceptual load and
cognitive load compared to those with normal hearing function. According to the framework
for understanding effortful listening (FUEL), listening effort also depends on the motivation
of the listener to spend their mental effort to keep listening in any situation (Pichora-Fuller et
al., 2016). Second is the ‘sensory deprivation’ hypothesis, according to which sensory loss
may cause cognitive decline in later life as cognitive decline reflects the effect of reduced
sensory stimulation (Lin et al., 2013; Lindenberger & Baltes, 1994; Wahl & Heyl, 2003).
Third is the ‘common cause’ hypothesis, which states that correlations of sensory functioning
and cognitive ability may increase due to common age-related change factors (Lindenberger
& Baltes, 1994). The fourth hypothesis is that individuals with sensory impairment may be
disadvantaged in their performance on psychometric tests as a direct result of difficulties in
sensory perception (Lindenberger & Baltes, 1994; Van Boxtel, Ten Tusscher, Metsemakers,
Willems, & Jolles, 2001). Describing and understanding trajectories of cognitive decline and
how these relate to sensory impairment may offer insight into the dynamics of cognitive
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decline and identify opportunities for intervention to maximise cognitive function and
longevity in older age.

The objectives of the present study were to identify the association between sensory
impairment and cognitive decline and to elucidate the relationship between sensory
impairment and the development of possible Cognitive Impairment, No Dementia (CIND)
and probable dementia. The study extends previous research examining the association
between sensory impairment and the risk of possible CIND and probable dementia by using a
nationally representative study population, engaging in a longer follow-up period, including
more risk factors, and examining hearing, visual and dual sensory impairment.

Methods

This study forms part of the SENSE-Cog multi-phase research programme, funded by the
European Union Horizon 2020 programme. SENSE-Cog aims to promote mental well-being
in older adults with sensory and cognitive impairments (http://www.sense-cog.eu/). The first
work package of this project aims to better understand the links between sensory, cognitive
and mental ill-health in older Europeans.

Data and study sample

Data were drawn from Waves 3 (1996) to 12 (2014) of the Health and Retirement Study
(HRS) (Sonnega et al., 2014). The HRS is a prospective cohort study of approximately
20,000 adults aged 50 or older with primary residence in the United States (US). Data
collection included sociodemographic information, lifestyle, health and cognition. The HRS
was conducted by the University of Michigan and supported by the National Institute on
Aging and the Social Security Administration. Using a panel design, the HRS interviewed the
same respondents every 2 years, and added new respondents to the sample every 6 years to
9

replenish the sample and adjust for aging and attrition. The first wave of the HRS was
conducted in 1992 with a cohort composed of individuals born between 1931 and 1941. In
the following year, this original cohort was merged with a much older cohort, the Study of
Assets and Health Dynamics among the Oldest Old (AHEAD) cohort, which was born in or
before 1923. Two additional cohorts, the so-called Children of the Depression Age cohort
(CODA), born between 1924 and 1930, and the War Babies cohort, born between 1942 and
1947, were added in 1998.

Our study sample consisted of all HRS respondents aged 50-98 years old at baseline who had
normal cognitive function at baseline, and for whom there was information on sensory
function who participated in Wave 3 (8,419 respondents) as well as in the refreshment
samples in Waves 4 (4,040 respondents), 7 (2,516 respondents) and 10 (4,643 respondents).
The selection procedure of the sample included in this study is illustrated in Appendix 1.
Respondents were categorised as having normal cognitive function at baseline if they had a
score from 12 to 27 on the Telephone Interview for Cognitive Status (TICS) (Langa, Kabeto
& Weir, 2010). All respondents provided written informed consent and the HRS was
approved by the Health Sciences and Behavioral Sciences institutional review board at the
University of Michigan.

Evaluation of cognitive functions and diagnosis of dementia

The HRS Waves 3-12 assess cognitive function in respondents with tests adapted from the
Telephone Interview for Cognitive Status (TICS); they include episodic memory, serial of 7
subtraction, and counting backward tests (Castanho et al., 2014; Langa et al., 2017). In the
episodic memory test, the interviewer reads a list of 10 simple nouns to the participants and
asks them to recall as many words as possible, both immediately and after a 5 minutes delay
(after asking other survey questions). The raw total scores of the immediate and delayed tests
10

combined correspond to the number of words that the participants recall, ranging from 0 to
20. In the serial 7s test, participants are asked to count down from 100 by 7 for a total of five
trials. The resulting raw total score ranges from 0 to 5. In the counting backward test, the
interviewer asks participants to count backwards for 10 continuous numbers beginning with
the number 20. The scores for this range from 0 to 2 (0 if incorrect on first and second try; 1
point if correctly answered on second try; 2 points if answered correctly on first try). To
measure general cognitive function, we used the composite scores of episodic memory, serial
of 7 subtraction, and counting backward tests, which can range from 0 to 27.

To define cognitive status which includes probable dementia diagnosis, we used score cutoffs developed by Langa and Weir (Langa, Kabeto & Weir, 2010), who categorised those
scoring 0 to 6 points on the 27-point TICS scale as having probable dementia, 7 to 11 as
having possible CIND, and 12 to 27 as having normal cognitive function. Crimmins et al.
further evaluated these cut-off points against the prevalence of dementia and CIND in the
Aging, Demographics, and Memory Study (ADAMS) (Crimmins, Kim, Langa & Weir,
2011).

Sensory function

The presence of sensory impairment was identified using self-reported assessments of
hearing and visual function. Self-reported hearing function data were collected using the
question: ‘Is your hearing [using a hearing aid as usual] excellent (1), very good (2), good
(3), fair (4) or poor (5)?’. Data on visual function were collected using the question: ‘Is your
eyesight [using glasses or corrective lens as usual] excellent (1), very good (2), good (3), fair
(4) or poor (5)?’. The self-reported question for visual function has been validated elsewhere
(Whillans & Nazroo, 2014). Following Whillans and Nazroo (2014) and extending their work
to hearing impairment, we identified respondents as having hearing or visual impairment if
11

they reported having fair or poor hearing or vision. We further categorised sensory
impairment in the simultaneous model into: no impairment, single (vision or hearing) sensory
impairment, and dual sensory impairment (impairment in both senses).

Covariates measurements

Sociodemographic information includes age (years), gender, marital status (married or
cohabiting and not married), educational level completed (less than high school, high school,
or college) and wealth (three categories: poorest, middle, and wealthiest representing
income). We included a birth cohort variable in the analysis by grouping the sample into
three birth cohorts based on sociohistorical events having occurred in the United States: prewar cohort (those who were born before the start of World War II in 1938), the war cohort
(1939-1945), and post-war cohort (born after 1946) (Tampubolon & Maharani, 2017).
Incident dementia is known to be affected by health behaviour and health status (Anstey, von
Sanden, Salim & O’Kearney, 2007; Laurin, Verreault, Lindsay, MacPherson & Rockwood,
2001; Weuve et al., 2004; Yaffe, 2013). Health behaviour covariates include smoking habits,
drinking behaviour, and physical exercise. Smoking habits were categorised as current
smoker, past smoker and non-smoker, while drinking behaviour was defined in units per
week. Regular exercise was defined as engaging in vigorous physical activity more than three
times a week during leisure time. Health conditions are captured using the presence of
chronic conditions based on positive medical history, covering heart diseases, diabetes,
hypertension, stroke, lung diseases, and cancer. Depressive symptoms were measured using
the eight-item Centre for Epidemiologic Studies Depression Scale (CES-D), which includes
depressed mood (depressed, lonely, sad), lack of well-being (reverse-coded happy, enjoying
life), and psychomotor retardation (everything an effort, restless sleep, can’t get going)
(Wang, Shen, & Hurwicz, 2017). The information on income, health behaviour, depression
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and the presence of chronic diseases (heart diseases, diabetes, hypertension, stroke, lung
diseases, and cancer) were updated each wave.

Statistical analysis

Baseline characteristics (sociodemographic, health behaviour, and health status) were
compared across categories of sensory function (hearing impairment only, visual impairment
only, and dual sensory impairment) using ordinal chi-square tests for categorical variables
and Kruskal-Wallis one-way analysis of variance for numerical variables.

Association between sensory impairment and cognitive function

Linear mixed models were used to assess the relationship between sensory impairment and
cognitive function. These multilevel models consist of sensory impairment at baseline and
repeated observations of cognitive function nested within individuals. We analysed the linear
mixed models separately for hearing impairment and visual impairment as well as a
simultaneous model (single and dual) for sensory impairment. The interaction between
sensory impairment and time (the time since baseline) was included in each model to assess
the effect of sensory impairment and cognitive decline. In these models we allow a quadratic
age effect by including baseline age, time (the time since baseline), baseline age squared,
time squared, and the interaction between age and time. The time scale is decade, and the
baseline age was centred at the mean. For each type of impairment, we performed two
analyses: with simple adjustment (demographic and socioeconomic covariates only) and full
adjustment (all covariates). Baseline age, gender, and education are fixed (non-time varying)
covariates, while wealth, health behaviour (smoking status, drinking behaviour, and physical
exercise) and health related variables (the presence of chronic diseases and depression) are
time varying covariates. We further generated the predicted trajectories of cognitive function
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(controlled for all covariates in the linear mixed model) with separate curves for sensory
impairment using twoway qfit function in STATA 14.

Longitudinal studies of cognitive ageing, including the HRS, are subject to attrition in which
respondents are prone to selective dropout due to death or poor health (Chatfield, Brayne, &
Matthews, 2005). Compared to the completer, the dropout sample in this study tends to be
older, had better memory, and had less depressive symptoms (see Appendix 2). Additionally
the proportions of women, those with low education background and those with chronic
diseases in the dropout sample are higher than those in the sample with complete
observations. As ignoring those dropouts can result in bias in the analysis, we tested the
sensitivity of our results to attrition by using a joint model (Graham, Ryan, & Luszcz, 2011;
Tampubolon, 2015). In the joint model, the association between the longitudinal and
missingness processes is explained by the shared random effects. The random effects (h(.)
below) in the joint model influence both cognitive function, y, and attrition, t, given these,
cognitive function and attrition are independent. A joint model has two parts: the linear
mixed model (f(.) below) and the survival model (g(.) below) with gender, baseline age, time,
time squared and the random intercepts from the linear mixed model.

𝐿 = ∫ 𝑓(𝑦𝑖 |𝑏𝑖 , 𝑥𝑖 )𝑔(𝑡𝑖 |𝑏𝑖 , 𝑥𝑖 )ℎ(𝑏𝑖 )𝑑𝑏𝑖
We then compared the results of linear mixed model with that of the joint model to assess the
robustness of the linear mixed model to attrition.

Association between sensory impairment and the risk of possible CIND and probable
dementia
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The multivariate association between sensory function and risk of possible CIND and
probable dementia was assessed using a Cox proportional hazard model with year as the time
scale. Respondents with prevalent possible CIND and probable dementia at entry into the
cohort were excluded from our analyses. In the first analysis, we modelled the relationship
between sensory function and risk of possible CIND. Participants were censored as of the
wave in which possible CIND was first recorded, dropped out of the study, or Wave 12
(2014), whichever came first. We excluded participants who had probable dementia in the
following waves without having possible CIND beforehand. The second analysis modelled
the association between sensory function and risk of probable dementia. In this analysis, we
censored the participants as of the wave in which probable dementia was first recorded,
dropped out of the study, or Wave 12 (2014). The incidence of possible CIND and probable
dementia was calculated with a person-wave method using 10-year age groups of the overall
study population. As with the linear mixed models, the results were adjusted for age, gender,
marital status, education, and income in the first step and additionally for health behaviour
(smoking status, drinking behaviour, and physical exercise) and health related variables (the
presence of

chronic

diseases

and depression) in

the second

step. Covariates

(sociodemographic variables, health behaviours and health status) were drawn from baseline
(the first wave respondents participated the survey). We analysed the Cox proportional
hazard models separately for hearing impairment, visual impairment, and both sensory
impairments simultaneously. The assumption of proportional hazards was checked
graphically using log cumulative hazard plots for outcomes according to the presence of
sensory impairment. The linear mixed and Cox proportional hazard models were constructed
using STATA 14 and the joint model was performed using Latent Gold 5.1.

Results
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(Table 1 is around here)

The baseline sensory function characteristics of respondents are summarised in Table 1. The
study sample consisted of 19,618 respondents (10,871 women and 8,747 men) aged 57.8
years old on average at baseline. The mean scores in the episodic memory, serial 7s, and
backward counting tests were 11.4, 3.9, and 1.9, respectively. Slightly more than 20% of
respondents were current smokers at baseline, and fewer than half engaged in vigorous
physical activity at least three times per week. Approximately 26.4% of the respondents had
one or more sensory impairment (7.8% had hearing impairment only, 13.5% had visual
impairment only, and 5% had both hearing and visual impairments).

Sensory impairment was associated with lower baseline performance on episodic memory
and serial 7s tests in the bivariate analysis. Respondents with visual (11.0 words), hearing
(10.8 words) and dual sensory impairments (10.2 words) were able to memorise fewer words
than those with no impairment (11.6 words). Respondents with visual impairment performed
worst (3.5 on average) than other groups in the serial 7s test. Respondents with dual sensory
impairments scored an average of 3.9 in the serial 7s test, while the mean score of those with
no impairment was 4. Respondents with sensory impairments were on average significantly
older, less educated, and more often women than those with no impairment.

Longitudinal association between sensory impairment and cognitive function

(Figure 1 is around here)

The trajectories of the cognitive scores with different levels of sensory functions are shown in
Figure 1. In general, the cognitive trajectories of older adults in the US took the shape of
curvilinear trajectories. Figure 1A shows that respondents with better hearing function
performed better than those with poorer hearing function over time. Similar patterns are
16

illustrated in Figure 1B: respondents with poorer visual function attained lower cognitive
scores over time. The dual sensory impairment model reflects a gradation of cognitive
trajectories; respondents with a single impairment performed better than those with dual
sensory impairment, but not as well as those with no impairment. The difference in cognitive
functioning is greater in middle-age than in older age in those three figures is like due to
mortality related attrition. The proportion of the observations decreased substantially at older
of ages. For example, respondents aged 50-60 years old made 29.6% of the observations,
while only 10.6% of the observations aged 80-90 years old.

The results from the linear mixed models are presented in Appendix 3. In the separate
analyses, the presence of hearing (coefficient=-0.62; 95% CI= -0.74, -0.50) and visual
impairments (coefficient=-0.79; 95%CI= -0.90, -0.68) were independently associated with
lower cognitive scores after adjustment for age and sociodemographic factors. The
association remained significant when all covariates were included in the analysis. Focusing
on the dual sensory impairment model, where all potential confounders were included,
respondents with single (coefficient=-0.52; 95% CI= -0.62,-0.42) and dual impairments
(coefficient=-0. 88; 95% CI= -1.07, -0.69) scored lower on the cognitive tests than those with
no impairment. Focusing on the cognitive trajectories, hearing (coefficient=0.04; 95% CI= 0.05, 0.14) show no significant association with cognitive decline. Visual impairment
(coefficient= -0.26; 95% CI= -0.35, -0.17) and dual sensory impairments (coefficient= -0.19;
95% CI= -0.37, -0.02) is associated with increased rate of cognitive decline. To deal with
attrition, we conducted joint models (Appendix 4). Compared to results of linear mixed
models, the association of sensory impairments and cognitive function is stronger in joint
models. The absence of substantial differences between the results of linear mixed models
and joint models indicated that the results were robust.
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Association between sensory impairment and the risk of CIND and dementia

(Table 2 is around here)

(Figure 2 is around here)

(Figure 3 is around here)

During 18 years of follow-up, there were 951 incident probable dementia cases, among
whom 91 respondents had hearing impairment, 184 respondents had visual impairment and
184 respondents had dual sensory impairment. The Kaplan-Meier curves for unadjusted rates
of incident possible CIND (Figure 2) and dementia (Figure 3) show differences in risk
according to the presence of sensory impairment.

Table 3 shows the estimated hazard ratios and 95% confidence intervals for the development
of possible CIND and probable dementia according to sensory function. There was a
significant relationship between hearing impairment and the risk of CIND (HR=1.17; 95%
CI=1.09, 1.26) after adjusted with all covariates. Multivariable-adjusted hazard ratios of
possible CIND were significantly higher among individuals with visual impairment than
those with no impairment (HR=1.35; 95% CI=1.26, 1.44). The graded effect of single and
dual sensory impairment on the risk of possible CIND was shown in the Model 3.
Respondents with single and dual sensory impairment had 30% (HR=1.30; 95% CI=1.23, 1.39)
and 40% (HR=1.38; 95% CI= 1.25, 1.54) higher risk of having possible CIND than those with
no impairment, respectively.

The relationships between sensory impairment and the risk of probable dementia are shown
in Table 3 right pane. With adjustment for demographic and socioeconomic status, the risk of
probable dementia was significantly higher for respondents with baseline visual impairment
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(HR=1.42; 95% CI=1.22, 1.64). The association between visual impairment and the risk of
probable dementia continued to be statistically significant, though reduced (HR=1.25; 95%
CI=1.07, 1.46) in the fully adjusted model. Compared to the respondents with no sensory

impairment, those with single impairment had significantly higher risk of probable dementia
(HR=1.2; 95% CI= 1.03, 1.4).

Discussion

This long-term prospective study of the US population has two key findings. Firstly, it
demonstrated a significant relationship between sensory impairment and higher rates of
cognitive decline. Secondly, it shows that sensory impairment was associated with increased
risk of possible CIND and probable dementia. Respondents with hearing impairment were at
a 17% higher risk of incident possible CIND. Our study offers new evidence of the
relationship between visual impairment and the risk of possible CIND and probable
dementia. We found that individuals with vision impairment were at 35% increased risk of
incident possible CIND. Focusing on dementia, individuals with visual impairment had 25%
greater risk of having probable dementia. Life-course models describing risk factors of
dementia should now consider visual impairment as an additional potentially modifiable risk.
Our study further extends the research and models the joint effects of the two sensory
impairments on the risk of possible CIND, showing that an individual with combined hearing
and visual impairments has a 38% higher risk of having possible CIND (HR, 1.38; 95% CI=
1.23, 1.39) than an individual with no sensory impairment.

Prior studies have been few and inconclusive regarding the association between sensory
impairments and cognitive decline and dementia. Focusing on cognitive function, one
longitudinal study examined 253 individuals aged 45-64 years at baseline and found that
hearing impairment was associated with faster cognitive decline over 20 years (Deal et al.,
19

2015). Dupuis et al. examined at the effect of single and dual sensory impairment on
cognitive function as assessed using the Montreal Cognitive Assessment (MoCA) and found
that participants with normal hearing and visual functioning were more likely to pass the
MoCA (Dupuis et al., 2015). In contrast, Hong et al. demonstrated the lack of association
between sensory (visual, hearing, and dual) impairment and cognitive decline among 3654
participants of Blue Eye Mountain Study. Supporting those findings, a study of older people
with mild-to-moderate hearing impairment who were fitted with hearing aid (n=56; mean
age=72.5), and a control group (a hearing-impaired control group without hearing aids; n=46;
mean age=74.5) found no improvement of cognitive performance after 12 months (van
Hooren et al., 2005). The significant association between sensory impairment and the risk of
dementia in this study support previous reviews and epidemiological studies (Albers et al.,
2015; Thomson et al., 2017; Deal et al., 2017; Gurgel et al., 2014; Lin et al., 2011). For
example, the Health, Aging and Body Composition (Health ABC) study found that
moderate/severe audiometric hearing impairment was associated with increased 55% higher
risk of incident dementia over 9 years (Deal et al., 2017).

Potential mechanisms

The literature has proposed several hypotheses. One of them proposed that poor hearing
function may confound the cognitive testing. As a telephone examination method, TICS was
primarily administered verbally, which possible biased against those with severe hearing
impairment (Lindenberger & Baltes, 1994; Van Boxtel et al., 2001). However, the significant
association between sensory impairment and cognitive decline persists among those with
visual impairment, which signifies that association is more likely to be explained by other
potential mechanisms. Our finding supports the sensory deprivation hypothesis (Lin et al.,
2013; Lindenberger & Baltes, 1994; Wahl & Heyl, 2003), according to which sensory
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impairment may be causally related to cognitive decline and dementia by means of several
potential mechanisms. The first mechanism is that sensory impairment may affect other areas
of the brain (Carrera & Tononi, 2014; Saré, 2016). A study in the US using data from 126
respondents aged 56-86 years old found that the hearing impaired respondents experienced
accelerated volume decline in the right temporal lobe and in the entire brain compared to
respondents with normal hearing (Lin et al., 2014). This finding was supported by a recent
study from the Netherlands that reported that hearing impairment was associated with smaller
total brain volume (Rigters et al., 2017).

Alternatively, sensory impairment may have an indirect association with cognition and
dementia because it leads to decreased physical activity, lower mood or social isolation. Our
results show that the significant relationship between hearing impairment and the risk of
dementia diminished after we included health behaviour, depression and health status in the
analysis. Salive et al. reported that poorer visual function was related to limitations in
physical performance, mobility and daily living activities (Salive et al., 1994) which in turn
increased the risk of cognitive impairment and dementia (Laurin et al., 2001; Weuve et al.,
2004). The associations between social isolation and both cognition and dementia have been
demonstrated in previous work (Bennett, Schneider, Tang, Arnold & Wilson, 2006; Wilson et
al., 2007); one plausible explanation for the link is that poor social networks lead to increased
inflammation and glucocorticosteroid levels, which may cause changes in brain structure
(Hawkley & Cacioppo, 2010). Our previous work favours the causal mechanism of sensory
impairment and cognition; we have reported that interventions in sensory ability, i.e. cataract
surgery and hearing aids, are linked to slower cognitive decline (Maharani, Tampubolon,
Nazroo, Dawes, & Pendleton, 2018; Maharani, Tampubolon, Nazroo, Dawes, & Pendleton,
2018). Further well-designed studies are needed to examine whether treating visual and
hearing impairment can prevent CIND and dementia.
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The common-cause hypothesis, in which both sensory impairment and dementia may be
caused by a common underlying pathology such as the generalised effects of ageing or
vascular disease, should also be considered (Lindenberger & Baltes, 1994). Common
pathology such as a neurodegenerative processes was found to affect both the eye and brain
(Mutlu et al., 2017). Using data from the Australian Longitudinal Study of Ageing (ALSA), a
cross-sectional analysis found that almost 80% of age-related variance in cognitive function
was shared with sensory function (Anstey, Luszcz & Sanchez, 2001). However, the follow up
study using longitudinal data of ALSA demonstrated less shared intra-individual variance
between hearing and cognitive function (Anstey et al., 2003).

Strengths and limitations of study

The strengths of our study include a lengthy follow-up period in a nationally representative
sample of older adults. The repeated assessment of cognitive function over an 18-year period
allowed us to examine the trajectories of cognitive ability among respondents with dissimilar
sensory function.

This study has several limitations. Firstly, the TICS method used to define the possible CIND
and probable dementia is not equivalent to a clinical diagnostic assessment for dementia.
Crimmins et al. evaluated the TICS used in HRS data by comparing it with a subsample in
which a detailed neuropsychiatric assessment has been performed in Aging, Demographics,
and Memory Study (ADAMS) (Crimmins, Kim, Langa, & Weir, 2011). They found that 74%
of respondents of HRS were correctly classified into their ADAMS diagnosis when using a
multivariate model, but that only 61% of respondents (including those interviewed by proxy)
were correctly classified when using the TICS alone. Other limitation of our study is the use
of self-reported measures of hearing and visual function. As the respondents of HRS were
enrolled in an epidemiologic survey not focusing on sensory impairment, only subjective
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measurements of sensory function were obtained. The measures used, however, are
consistently used in population-based prevalence surveys as they are quick and inexpensive
to administer (Liljas et al., 2015; Polku et al., 2015). Self-reported of visual function has been
validated in prior studies (Whillans & Nazroo, 2014). The third limitation of this study is that
its observational design prevents us from directly drawing causal inference. Although we
adjusted for numerous potential confounders, some residual confounding may still have been
present. Finally, we did not have extensive data on covariates such as blood pressure, or lipid
measures in all waves used. Both these factors are strongly related to dementia and retinal
pathologies.

Conclusions

This large prospective study of older Americans demonstrated associations between sensory
impairment and (i) lower cognitive function over time and (ii) an increased risk of developing
dementia. Our results add to the growing body of evidence linking sensory function to
optimal brain function, suggesting that maintaining adequate sensory function could
contribute to the slowing of cognitive decline as well as the prevention of the onset of
dementia among older adults. Hearing and visual impairments are often modifiable, and
under treatment of these conditions in older adults is common (Munoz et al., 2000).
Proactively identifying hearing and visual impairment then addressing identified impairments
may reduce individuals’ risk of future cognitive impairment and dementia.

To our knowledge, this is the first study to identify the association of visual impairment and
dual sensory impairments with an increased risk of developing probable dementia. We found
that visual impairment is associated with higher risk of possible CIND and probable dementia
independent of the potential risk factors. Life-course models of dementia risk factors, which
already include hearing impairment (Livingston et al., 2017), may now include visual and
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dual sensory impairment to better capture the modifiable risk factors that contribute to
dementia.
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Table 1 Descriptive characteristics of baseline study sample by sensory impairment status
Total

No impairment

Hearing impairment Visual impairment
Dual impairments P Value
only
only
N=1,548
N=2,657
N=984
10.8 (2.7)
11,0 (2.6)
10.2 (2.5)
< 0.001
4.0 (1.2)
3.5 (1.5)
3.9 (1.5)
< 0.001
1.9 (0.3)
1.9 (0.3)
1.9 (0.3)
0.659
59.4 (6.7)
57.6 (6.1)
58.5 (6.6)
< 0.001
< 0.001
468 (30.2)
1,619 (60.9)
474 (48.1)
< 0.001

N=19,618
11.4 (2.8)
3.9 (1.3)
1.9 (0.3)
57.8 (6.2)
10,871 (55.4)

N=14,429
11.6 (2.8)
4.0 (1.3)
1.9 (0.2)
57.6 (6.2)
8,310 (57.5)

4,065 (20.7)

2,350 (16.2)

363 (23.4)

922 (34.7)

430 (43.6)

High school, n (%)

5,878 (29.9)

4,287 (29.7)

503 (32.4)

803 (30.2)

285 (28.9)

Some college, n (%)
Smoking behaviour
Non-smoker, n (%)

9,675 (49.3)

7,792 (54.0)

682 (44.0)

932 (35.0)

269 (27.3)

8,257 (42.0)

6,390 (44.2)

518 (33.4)

1,011 (38.0)

338 (34.3)

Past smoker, n (%)

7,264 (37.0)

5,314 (36.8)

702 (45.3)

889 (33.4)

359 (36.4)

Current smoker, n (%)
Drinking behaviour (unit/week) , mean
(SD)
Depression score, mean (SD)
Vigorous exercise, n (%)
Presence of chronic diseases
Diabetes mellitus, n (%)
Stroke, n (%)
Heart diseases, n (%)
Hypertension, n (%)
Cancer, n (%)
Lung disease, n (%)

4,097 (20.8)

2,725 (18.8)

328 (21.1)

757 (28.4)

287 (29.1)

2.9 (8.6)

2.8 (8.8)

3.5 (8.4)

2.6 (7.0)

3.6 (10.0)

1.3 (1.8)
9,404 (47.9)

1.0 (1.6)
7,319 (50.7)

1.4 (1.8)
772 (49.8)

2.1 (2.2)
991 (37.2)

2.7 (2.4)
322 (32.7)

< 0.001
< 0.001

2,389 (12.1)
616 (3.1)
2,425 (12.3)
7,552 (38.4)
1,341 (6.8)
1,037 (5.2)

1,446 (10.0)
324 (2.2)
1,467 (10.1)
5,214 (36.1)
979 (6.7)
574 (3.9)

196 (12.6)
57 (3.6)
283 (18.2)
621 (40.1)
115 (7.4)
121 (7.8)

536 (20.1)
162 (6.0)
455 (17.1)
1,235 (46.4)
167 (6.2)
225 (8.4)

211 (21.4)
73 (7.4)
220 (22.3)
482 (48.9)
80 (8.1)
117 (11.8)

< 0.001
< 0.001
< 0.001
< 0.001
0.19
< 0.001

Episodic memory, mean (SD)
Serial 7s, mean (SD)
Backward count, mean (SD)
Age, mean (SD)
Female, n (%)
Education
Less than high school, n (%)

< 0.001
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<0.001

Development of possible CIND, n (%)
Development of probable dementia, n
(%)

5,772 (26.9)

3,743 (24.2)

538 (31.5)

1,054 (34.4)

437 (36.3)

1,764 (8.2)

982 (6.3)

158 (9.2)

406 (13.2)

218 (18.1)
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< 0.001

Table 2 Association between sensory impairment and the risk of possible CIND and probable dementia
Risk of possible CIND
Simple adjustment

Risk of probable dementia

Full adjustment

Simple adjustment

Full adjustment

HR (95% CI)

P Value

HR (95% CI)

P Value

HR (95% CI)

P Value

HR (95% CI)

P Value

1.00

reference

1.00

reference

1.00

reference

1.00

reference

Presence of hearing impairment
No hearing impairment

Hearing impairment

1.240 (1.097,
1.267)

<0.001

1.179 (1.097,
1.267)

<0.001

1.180 (0.996,
1.397)

0.054

1.088 (0.915,
1.293)

0.337

Presence of visual impairment
No visual impairment

Visual impairment

1.00
1.473 (1.385,
1.566)

reference

<0.001

1.00
1.351 (1.267,
1.441)

reference

<0.001

1.00
1.420 (1.226,
1.645)

reference

<0.001

1.00
1.255 (1.074,
1.466)

reference

0.004

Presence of sensory impairment
No sensory impairment
Single sensory impairment

1.00
1.394 (1.312,
1.480)

reference
<0.001

1.00
1.309 (1.231,
1.393)
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reference
<0.001

1.00
1.316 (1.136,
1.523)

reference
<0.001

1.00
1.197 (1.029,
1.392)

reference
0.020

Dual sensory impairment

1.539 (1.390,
1.705)

<0.001

1.389 (1.250,

<0.001

1.543)

1.482 (1.170,
1.876)

0.001

1.262 (0.985,

0.065

1.616)

Abbreviations: CIND, Cognitive Impairment Non Dementia; HR, hazard ratio; CI, confidence interval.
Notes: Simple adjustment: adjusted for age, gender, marital status, education and wealth. Full adjustment: adjusted for age, gender, marital status, education, wealth, smoking
and drinking behaviour, physical exercise, depression scores and number of comorbidities
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