Received: 3 March 2025 Revised: 27 May 2025 Accepted: 24 June 2025

DOI: 10.1002/alz.70513

Alzheimer’s & Dementia®

RESEARCH ARTICLE THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Sensory impairment and dementia risk among older adults in
rural South Africa

Muqi Guo®? | DarinaT.Bassil! | MeaganT.Farrell! | RyanG.Wagner® |
Brent Tipping® | NomsaB.Mahlalela®> | David A. Kapaon® | StephenTollman® |
Lisa F. Berkman®’

1Harvard Center for Population and Development Studies, Harvard University, Cambridge, Massachusetts, USA
2Department of Epidemiology, University of Michigan School of Public Health, Ann Arbor, Michigan, USA

3MRC/Wits Rural Public Health and Health Transitions Research Unit (Agincourt), School of Public Health, Faculty of Health Sciences, University of the Witwatersrand,
Mpumalanga, South Africa

4Division of Geriatric Medicine, Wits Donald Gordon Medical Centre, Department of Internal Medicine, Faculty of Health Sciences, University of the Witwatersrand,
Parktown, Johannesburg, South Africa

5Health Economics and Epidemiology Research Office, Faculty of Health Sciences, University of the Witwatersrand, Parktown, Johannesburg, South Africa
éDepartment of Epidemiology, Boston University School of Public Health, Boston, Massachusetts, USA

7Department of Social and Behavioral Sciences, Harvard T.H. Chan School of Public Health, Boston, Massachusetts, USA

Correspondence
Mugi Guo, Department of Epidemiology, Abstract
University of Michigan School of Public Health,
1415 Washington Heights, Ann Arbor,

Michigan, USA 48109. ited medical resources and low education. Modifiable risk factors like hearing and
Email: mugiguo@umich.edu

INTRODUCTION: South Africa faces growing dementia challenges, worsened by lim-

vision impairments remain understudied despite their high prevalence.

Funding information METHODS: We analyzed data from 567 participants in a rural South African cohort
U.S. National Institute on Aging; National

Institutes of Health, Grant/Award Number:
P01 AG041710; National Institute on Aging, tia outcomes. Multinomial logistic regression assessed associations between sensory
Grant/Award Number: RO1 AG054066

to examine the associations between vision and hearing impairment, and demen-

impairments (distance vision, near vision, hearing) and mild cognitive impairment (MCI)
or dementia. Linear regression examined sensory impairment and predicted dementia
probability score 2 years later.
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was linked to both MCI and dementia, while near vision and hearing impairments
were associated with dementia. Hearing impairment also predicted higher dementia
probability after 2 years.

DISCUSSION: Addressing sensory impairments is key to dementia prevention in rural
South Africa.
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HIGHLIGHTS

dementia.

impairment.

1 | BACKGROUND

By 2050, Sub-Saharan Africa’s population of individuals aged 60+ will
reach 16.1 million, growing faster than historical trends in developed
countries.! In South Africa, the demographic shift is even more pro-
nounced such that the share of older adults will increase from 9.1%
in 2022 to 15.4% by 2050.2 Equally alarming is the projected surge in
dementia cases, from 0.2 million in 2019 to 0.68 million by 2050,% with
the economic burden estimated to drain 17.2% of the nation’s gross
domestic product (GDP) between 2020 and 2050.% However, with no
effective dementia treatment, prevention is crucial. The Lancet Com-
mission on dementia research identified 14 modifiable risk factors that,
if addressed collectively, could prevent up to 45.3% of dementia cases.”
Notably, hearing loss emerges as one of the most significant contrib-
utors, with vision loss, which was recently recognized as another risk
factor, respectively accounting for 7% and 2% of cases. However, those
estimates of dementia burden have largely relied on data from high-
income countries due to limited data from low- and middle-income
countries (LMICs),> potentially underestimating certain risk factors.
For example, a recent study using India-specific data found that vision
impairment accounted for 14% of preventable dementia cases.®

Despite limited national data,” sensory impairment remains a sig-
nificant public health concern in Sub-Saharan Africa, including South
Africa. Regional studies on middle-aged and older South African adults
show near vision impairment prevalence ranging from 49% to over
80%, distance vision impairment at approximately 28%,%7 and hearing
loss at about 17.5%.1°

Furthermore, hearing impairment is associated with an increased
risk of cognitive impairment, dementia, and cognitive decline, as shown
by previous systematic reviews and meta-analysis.!? It is linked to
accelerated temporal lobe atrophy, a region critical for auditory and
language processing.'212 Vision impairment is similarly associated
with a higher risk of dementia and cognitive impairment.’#1°

Compared to hearing impairment, the link between vision impair-
ment and cognition is less consistent, varying by impairment type
(distance vs. near),'¢17 cognitive measures,® self-reported vision,

age group, and follow-up duration.}”.1? When examining vision and

hearing impairment.

impairment (MCI).

* Among rural older South Africans, 65% had near vision impairment and 47% had

» Distance or near vision and hearing impairments are linked to an increased risk of

* Distance vision impairment is also associated with a higher risk of mild cognitive

* Dementia risk was seven times higher with distance vision, near vision and hearing

* Hearing impairment increased the probability of dementia 2 years later in initially
non-demented individuals.

hearing impairment together, the findings are more mixed. Some stud-
ies show independent associations with cognitive impairment and
dementiaZ®-23; while others link only vision?*"2¢ or only hearing
impairment.?” Conversely, other research suggests worse cognitive
outcomes only with dual sensory impairments.28-2?

Most studies focus on high-income countries, with limited research
in regions like Africa and Latin America/Caribbean.>3° Research on
this topic in South Africa is particularly scarce, with only one study
examining vision impairment in six low- and middle-income countries
(LMICs), including South Africa.’® Given the high prevalence of vision
and hearing impairments in South Africa, along with the increasing
incidence of dementia cases, investigating the relationship between
these factors remain a crucial research priority. In this study, we
examined the associations between objectively measured hearing and
vision impairment and late-life cognition and dementia outcomes in
a rural South African cohort. We hypothesized that hearing or vision
impairment would be associated with increased risk of mild cogni-
tive impairment (MCIl), dementia, and a higher predicted probability of
future dementia.

2 | METHODS

2.1 | Data

This analysis utilized data from the Health and Aging in Africa: A Lon-
gitudinal Study of an INDEPTH Community in South Africa (HAALSI), a
population-based cohort study conducted in the Agincourt sub-district
of Mpumalanga Province. HAALSI is a harmonized sister study to
the Health and Retirement Study (HRS) in the United States.®! and
enrolled 5059 adults aged 40 and older to investigate social, eco-
nomic, and biological risk factors for chronic health conditions, with a
focus on cardiovascular disease, human immunodeficiency virus (HIV),
cognitive function, and dementia.32 The majority of this population
does not receive formal education, is unemployed, and lives with at
least one other family member.32 To date, HAALSI has completed four
waves of data collection, in 2014-2015, 2018-2019, 2021-2022, and
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2024-2025, with data from the most recent wave not yet publicly
available.

To advance research on cognition and dementia in Africa, a sub-
cohort study was conducted between 2019 and 2020, sampling 710
participants aged 50 and older from HAALSI Wave 2 based on varying
levels of cognitive impairment.3® This study adapted the Harmo-
nized Cognitive Assessment Protocol (HAALSI-HCAP), an internation-
ally harmonized battery of cognitive tests and informant interviews,

enabling cross-country comparisons.3*

2.2 | Study population

Of the 710 participants aged 50 and over sampled from HAALSI Wave
2, 635 completed the HAALSI-HCAP Wave 1 interview (2019-2020).
Among them, 567 (89.3%) had complete data on vision, and hearing,
tests, and were included in Analysis Sample 1 (Figure 1). Of these, 60
participants (10.6%) died before HAALSI Wave 3 (2021-2022), and
491 (86.6%) were followed up. Among those followed, 399 participants
had dementia probability scores and other analytic variables in HAALSI

Wave 3 and comprised Analysis Sample 2 (Figure 1).

2.3 | Dementia and cognitive impairment outcomes
We used dementia and cognitive impairment rather than single cogni-
tive test performance, because vision or hearing impairment required
participants with additional cognitive load to perform cognitive tests.3>
A previous study found that cognitive function that relied on visual
function was only correlated with visual impairment but not with hear-
ing impairment.3¢ Specifically, we used consensus-based diagnosis of
dementia or MCI data in HAALSI-HCAP Wave 1.3 This approach
recruited a team of clinicians from interdisciplinary backgrounds (neu-
rologists, geriatricians, neuropsychologists, dementia research psy-
chologists) to determine the study sample’s dementia status using the
criteria set forth by the National Institute on Aging - Alzheimer’s
Association (NIA-AA).38 As a result, participants were diagnosed with
dementia if there was evidence of cognitive impairment from both
the objective cognitive tests and informant report, and additionally,
if participants had (1) evidence that cognitive impairment interfered
with social and/or occupational function, (2) had experienced cogni-
tive decline based on previous parent HAALSI waves, (3) had cognitive
impairments that could not be explained by delirium or psychiatric
disorders, and (4) had cognitive impairments in at least two cognitive
domains. MCl was defined as evidence of cognitive impairment accord-
ing to objective testing or informant report but not meeting criteria
for dementia. Finally, cognitively normal was defined as no evidence
of cognitive or functional impairment based on objective testing or
informant report.

These dementia diagnoses informed the development of algorithmic
models to estimate dementia probability scores for participants across
HAALSI Waves 1-3. The models incorporated cognitive tests, func-

tional assessments, and demographic variables, demonstrating strong
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed literature on
hearing and vision impairment in relation to dementia and
cognitive impairment using Google Scholar and PubMed.
Most evidence comes from high-income countries, with
limited research in Sub-Saharan Africa, including South
Africa, despite the high prevalence of sensory impairment
in the region. Findings are mixed, influenced by variations
in sensory impairment measurement (objective vs. self-
reported), reverse causality considerations, and cognitive
assessment methods.

2. Interpretation: In this rural South African population,
both vision and hearing impairments are linked to an
increased risk of dementia. Distance vision impairment
alone is associated with mild cognitive impairment. Older
adults with combined impairments in distance vision, near
vision, and hearing had the highest dementia risk.

3. Future directions: To address reverse causality, future
studies should examine how sensory impairment affects
longitudinal changes in cognition. Additionally, research
should explore whether sensory interventions improve

cognition and reduce dementia risk.

performance in identifying dementia cases.3? For this study, we used
the predicted dementia probability score from HAALSI Wave 3 as
another measure of dementia outcome. It was obtained based on
Model 1 of the published algorithm3? (cutoff = 0.22; sensitivity = 0.71,
specificity = 0.75, accuracy = 0.74). Model 1 includes immediate recall,
delayed recall, orientation score, self-reported memory, and activities

of daily living (ADLs) as predictors.

2.4 | Sensory impairment measurement
Hearing and vision were assessed during the HAALSI-HCAP Wave
1 (2019-2020). Hearing was screened using the handheld Siemens
HearCheck Screener, a tool suitable for nonclinical settings. While not
as comprehensive as pure-tone audiometry,* it can detect at least
moderately severe hearing loss per World Heslth Organization (WHO)
criteria,** with high accuracy.*2“3 It has been used in other population-
base aging studies, such as the English Longitudinal Study of Aging
(ELSA).44

Trained HAALSI-HCAP nurses conducted hearing assessments in
the quietest area of participants’ homes. The test included two
sequences of three tones:1000 Hertz (Hz) at 55, 35, and 20 decibels
hearing level (dB HL), and 3000 Hz at 75, 55, and 35 dB HL, respec-
tively. Participants reported the number of tones heard in each ear.
For our analysis, we defined hearing impairment as the inability to suc-
cessfully detect all six tones, using the better-hearing ear for analysis,

following common practice.264> We also treated hearing function as
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HAALSI Wave 2, 2018-2019:
4,176 participants completed the
interview

Y

HAALSI-HCAP Wave 1, 2019-2020:
710 participants aged 50+ were
sampled and 635 participants
completed the interview

A

HAALSI-HCAP Wave 1, 2019-2020:
567 participants had complete data on
vision and hearing tests

(Analysis Sample 1)

Y

HAALSI Wave 3, 2021-2022:

491 participants completed the interview
and 399 participants had complete data
in dementia probability score and other
analysis variables

(Analysis Sample 2)

FIGURE 1 Studysample flow chart.

a continuous variable, using a reversed tone score (range 0-6), with
higher scores indicating greater impairment.

Visual acuity in HAALSI-HCAP was assessed using the “Tumbling
E” logMAR chart, displayed on the Computer-Assisted Personal Inter-
viewing (CAPI) screen. Designed for low-literacy populations, the chart
features Es in varying orientations and sizes. Participants identified the
direction of the E’s “opening” from 2.5 m (distance vision) and 50 cm
(near vision), using their usual corrective lenses if needed. Each eye
was evaluated separately, and acuity was scored based on the smallest
line where at least 60% of Es’ were correctly identified. The better-
seeing eye was used for analysis.*¢ In line with the definitions outlined
by the World Health Organization and the US American Academy of
Ophthalmology,*® we used a visual acuity threshold worse than 20/40
for both distance and near vision to classify participants with vision
impairment. In addition, we measured more levels of vision impairment,
by adopting the approach used in a prior study from India,*” which clas-
sified both distance and near vision impairment according to WHO*®
definitions: normal visual acuity (>20/40), mild (< 20/40 to 20/60), and
moderate/severe or blind (< 20/60). We combined moderate, severe
impairment and blindness into a single category due to small sample

sizes in severe vision impairment and blindness.

2.5 | Covariates

We also included a set of covariates associated with both sen-

sory impairment and cognitive impairment, including dementia. These

 ;

76 participants did not participate in
HAALSI Wave 3, 2021-2022:

60 participants died;

6 participants refused;

9 participants were not found;

1 participant had incomplete information

covariates were measured in HAALSI Wave 2, prior to the assessment
of sensory function and dementia outcomes. The selected covariates
encompass sociodemographic factors, health behaviors, and comor-
bidities, including sex, age, presence of cataracts, use of glasses,
education level, household wealth, smoking status, diabetes, hyper-
tension, heart disease, stroke, and depressive symptoms. Household
wealth was assessed using quintiles derived from an asset index, which
accounted for ownership of key assets, including housing materials,
electricity, piped water, vehicles, and technological goods.*? Health
conditions such as diabetes, hypertension, heart disease, and stroke
were determined based on a combination of clinical diagnoses and self-
reported data. Depressive symptoms were evaluated using the 20-item
Center for Epidemiologic Studies Depression Scale (CES-D), a widely
used measure for assessing depressive affect and related symptoms.>°

2.6 | Analysis strategy

Based on Analysis Sample 1, we employed a set of multinomial logis-
tic regression models on dementia and mild cognitive impairment
outcomes, with the “normal” status as the reference group. Our pri-
mary objective was to investigate the relationship between cognitive
impairment and three key sensory impairments: distance vision impair-
ment, near vision impairment, and hearing impairment. To assess the
impact of different groups of confounding factors, we adjusted them
step by step. Model 1 included these three sensory exposures while

controlling for potential confounding variables such as sex, age, the
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presence of cataracts, and whether participants wore glasses. In Model
2, we extended our analysis by introducing additional control variables,
specifically education level, household wealth, and smoking status.
Subsequently, in Model 3, we additionally controlled for comorbidi-
ties, including conditions such as diabetes, hypertension, heart disease,
stroke, and depressive symptoms. For each regression, odds ratios
(ORs) and 95% confidence intervals (Cls) were reported. All tests were
two-sided, with a significance level set at 0.05.

Because ORs can be difficult to interpret, especially when compar-
ing groups, we supplemented the regression results with predicted
probabilities of dementia to improve interpretability. Specifically, we
used post-estimation margins to estimate the average predicted prob-
ability of dementia under specific combinations of sensory impairment.
For example, we set all participants to have impaired distance and near
vision and hearing loss, while retaining their observed values for all
other covariates. Using the estimated coefficients from Model 3, we
calculated each participant’s predicted probability of dementia under
these conditions and then averaged across the sample. This approach
yields an interpretable estimate of dementia risk for the study popula-
tion under a given scenario of sensory impairment, allowing for clearer
comparisons of dementia risk across different sensory impairment
groups, independent of other sociodemographic and health-related
factors. Sensory impairment and dementia diagnosis were assessed
simultaneously, raising the possibility of reverse causality—where
impaired cognition or dementia may influence sensory impairment. To
mitigate this, we examined the association of sensory impairment vari-
ables measured in HAALSI-HCAP Wave 1 with dementia probability
score at HAALSI Wave 3, two years after. Based on Analysis Sample 2,
we applied an ordinary linear regression on the dementia probability
score at HAALSI Wave 3, adjusting for the same covariates as in Model
3 above. To further mitigate reverse causality, we excluded those who
were diagnosed with dementia at HAALSI-HCAP Wave 1 and repeated
the analysis among those without dementia (normal cognition or MClI).

To assess the robustness of our findings, we conducted two sensitiv-
ity analyses using alternative measures of sensory function. First, we
combined distance and near vision impairment into a single measure of
any vision impairment. Second, we explored potential dose-response
relationships by using categorical vision impairment and continuous
hearing impairment measures. Statistical analyses were conducted
using STATA 18 (StataCorp LLC).

3 | RESULTS

Among the study sample, participants with dementia or MCl were sig-
nificantly older than those with normal cognitive function (Table 1).
Over 60% of cognitively healthy participants were younger than 70,
whereas more than 60% of those with MCl or dementia were older
than 70. Sex disparities were evident, as women were dispropor-
tionately diagnosed with MCI or dementia. Educational attainment
also differed substantially; individuals with cognitive impairment had
notably higher prevalence of no formal schooling compared to their

cognitively healthy counterparts. Similarly, lower household wealth
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was more prevalent among those with MCI or dementia, indicating
a socioeconomic gradient in cognitive health. In terms of lifestyle
behaviors, smoking habits showed little variation across cognitive
groups, with over 80% of participants in all categories reporting
they had never smoked. However, health conditions varied signifi-
cantly. Diabetes was more prevalent among those with MCI, while
hypertension was more common in participants with normal cog-
nition or MCI. On the other hand, those with dementia exhibited
higher rates of heart disease, stroke, and depressive symptoms. Clear
gradients emerged in sensory impairment, with dramatically higher
prevalence among those with dementia: 50% had distance vision
impairment, 90% near vision impairment, and 70% reported hear-
ing loss. Even among those with normal cognition, 56% had near
vision impairment, and 36% experienced hearing loss. Additionally,
individuals with dementia had a higher likelihood of undergoing
cataract surgery, yet the use of corrective eyewear remained strikingly
low (only 3.5%-8.2%), despite the widespread vision impairment in
this population.

Among the sensory impairments examined, only distance vision
impairment was significantly associated with MCI compared to normal
cognition (Table 2). Participants with distance vision impairment had
2.48 times higher odds of MCI (95% Cl: 1.32-4.68) relative to those
with normal vision. Notably, this association remained stable even
after adjusting for additional covariates. In contrast, neither near vision
impairment nor hearing impairment showed a significant association
with MCI. However, all three types of sensory impairment were signifi-
cantly linked to an increased risk of dementia. Individuals with distance
vision impairment had twice the odds of dementia (OR: 2.01, 95% ClI:
1.02-3.97) compared to those with normal cognition. The association
was even stronger for near vision impairment, with affected individuals
having 4.17 times higher odds of dementia (95% Cl: 1.81-9.60). Simi-
larly, hearing impairment was linked to a 2.51-fold increase in dementia
risk (95% Cl: 1.36-4.66). Furthermore, the associations between near
vision or hearing impairment and dementia became more pronounced
as additional covariates were included.

Figure 2 shows the average predicted probability of dementia under
different sensory impairment scenarios. If no participants had hear-
ing or vision impairment, the probability was 0.05 (95% CI: 0.01-0.08).
This increased with single sensory impairment, particularly for near
vision impairment only (0.18, 95% Cl: 0.11-0.24). The probability rose
further with multiple impairments, particularly driven by near vision
impairment and hearing impairment, reaching a peak of 0.34 (95% Cl:
0.24-0.43) when all three impairments were present—nearly seven
times higher than in the absence of any sensory impairment.

Sensory impairment also predicted higher dementia probability
score 2 years after, as shown in Table 3. Both near vision impair-
ment and hearing impairment remained significantly associated with a
higher probability of dementia score two years later (Table 3). Among
participants without dementia, only hearing impairment remained
associated with a higher probability of dementia over a 2-year period
(0.021, 95% Cl: 0.002-0.04), representing 23.3% increase relative
to the average dementia probability score of 0.09 among individu-

als with normal cognition (Table 1). The associations between vision
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TABLE 1 Descriptive characteristics of study sample.

Parameter
Sex
Male
Female
Age groups, years
<60
60-69
70-79
>79
Education level
No formal education
Some primary (1-7 years) or more
Household wealth index
Q1
Q2
Q3
Q4
Q5
Smoking status
Never
Former
Current
Diabetes
No
Yes
Hypertension
No
Yes
Heart disease
No
Yes
Stroke
No
Yes
Mean number of CES-D depressive symptoms (SD)
Distance vision
Not impaired
Impaired
Near vision
Not impaired
Impaired
Hearing function
Not impaired

Impaired

GUOETAL.
Normal MCI Dementia Total
(N =280) (N=170) (N=117) (N=567)
117 (41.8%) 59 (34.7%) 40 (34.2%) 216 (38.1%)
163 (58.2%) 111(65.3%) 77 (65.8%) 351(61.9%)
107 (38.2%) 20(11.8%) 5(4.3%) 132 (23.3%)
97 (34.6%) 44 (25.9%) 19 (16.2%) 160 (28.2%)
54 (19.3%) 54 (31.8%) 40 (34.2%) 148 (26.1%)
22(7.9%) 52 (30.6%) 53(45.3%) 127 (22.4%)
101 (36.1%) 120 (70.6%) 95 (81.9%) 316 (55.8%)
179 (63.9%) 50(29.4%) 21(18.1%) 250 (44.2%)
38(13.6%) 62 (36.5%) 32(27.4%) 132 (23.3%)
51(18.2%) 35(20.6%) 26(22.2%) 112 (19.8%)
59(21.1%) 26 (15.3%) 26(22.2%) 111(19.6%)
69 (24.6%) 21(12.4%) 17 (14.5%) 107 (18.9%)
63(22.5%) 26 (15.3%) 16 (13.7%) 105 (18.5%)
247 (88.5%) 140 (83.3%) 100 (86.2%) 487 (86.5%)
16 (5.7%) 14 (8.3%) 7 (6.0%) 37 (6.6%)
16 (5.7%) 14 (8.3%) 9(7.8%) 39 (6.9%)
243 (88.7%) 134 (81.7%) 97 (85.8%) 474 (86.0%)
31(11.3%) 30(18.3%) 16 (14.2%) 77 (14.0%)
183 (69.6%) 103 (67.8%) 88 (80.7%) 374 (71.4%)
80 (30.4%) 49 (32.2%) 21(19.3%) 150 (28.6%)
274 (97.9%) 167 (98.2%) 114 (97.4%) 555 (97.9%)
6(2.1%) 3(1.8%) 3(2.6%) 12 (2.1%)
272(97.5%) 164 (97.6%) 107 (92.2%) 543(96.4%)
7 (2.5%) 4(2.4%) 9(7.8%) 20 (3.6%)
13.86(9.37) 15.14 (9.60) 18.04 (9.58) 15.08 (9.60)
240 (85.7%) 108 (63.5%) 59 (50.4%) 407 (71.8%)
40 (14.3%) 62 (36.5%) 58 (49.6%) 160 (28.2%)
122 (43.6%) 66 (38.8%) 12 (10.3%) 200 (35.3%)
158 (56.4%) 104 (61.2%) 105 (89.7%) 367 (64.7%)
178 (63.6%) 89 (52.4%) 35(29.9%) 302 (53.3%)
102 (36.4%) 81(47.6%) 82(70.1%) 265 (46.7%)

(Continues)
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TABLE 1 (Continued)

Normal

Parameter (N = 280)
Ever had cataract

No 259 (92.5%)

Yes, no surgery 17 (6.1%)

Yes, surgery 4(1.4%)
Wear glass

No 257 (91.8%)

Yes 23 (8.2%)
Mean probability of dementia in wave 3 (SD) 0.09 (0.06)

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

MCI Dementia Total
(N=170) (N=117) (N=567)
151 (88.8%) 95 (81.2%) 505 (89.1%)
13(7.6%) 20(17.1%) 50 (8.8%)
6(3.5%) 2(1.7%) 12 (2.1%)
164 (96.5%) 109 (93.2%) 530(93.5%)
6(3.5%) 8(6.8%) 37 (6.5%)
0.15(0.12) 0.24(0.19) 0.13(0.12)

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; MCI, mild cognitive impairment; SD, standard deviation.

TABLE 2 Multinomial logistic regression results in the associations of distance vision, near vision, or hearing impairment with mild cognitive

impairment and dementia (N = 567).

Sensory impairment

variables
Mild cognitive impairment versus normal
Distance vision impaired
Near vision impaired
Hearing impaired
Dementia versus normal
Distance vision impaired

Near vision impaired

Model 1

2.217(1.30,3.78)
0.73(0.47,1.15)
1.02(0.66, 1.59)

1.95"(1.08, 3.53)
327" (1.62,6.61)

Model 2

2.227(1.27,3.88)
0.76(0.47,1.23)
1.21(0.76,1.93)

1.98 (1.06, 3.69)
3417 (1.68,7.15)

Model 3

2487 (1.32,4.68)
0.61(0.36, 1.05)
1.33(0.79,2.21)

2,01 (1.02,3.97)
4.17" (1.81,9.60)

Hearing impaired 2.04" (1.20,3.47)

2.53" (1.43,4.48) 2.517 (1.36,4.66)

Note: Odds ratios and the 95% confidence intervals in parentheses. In addition to the sensory impairment measures, Model 1 includes sex, age, the presence
of cataracts, and whether participants wore glasses. Model 2: Model 1 + education level, household wealth, and smoking status. Model 3: Model 2 + diabetes,

hypertension, heart disease, stroke, and depressive symptoms.
*p < 0.05.

**p<0.01.

***p <0.001.

impairment and predicted dementia probability score decreased and
became not statistically significant. But the overall trend suggests
that sensory impairments were positively linked to a higher dementia
probability score two years after sensory assessment.

Table S1 presents sensory impairment measures with greater detail
across multiple categories. The associations between sensory impair-
ment and cognitive outcomes remained robust across alternative
measures of impairment (Tables S2-S5). Distance vision impairment
showed a particularly strong association with MCI, which was atten-
uated when vision measures were combined (Table S2). Evidence for
a dose-response relationship between sensory impairments and cog-
nitive outcomes is limited. Only more severe levels of distance vision
impairment show a stronger association with MCL. In contrast, greater
severity of hearing impairment—as indicated by an increased number
of tones not heard—was linearly associated with higher risks of MClI,
dementia, and elevated dementia probability scores two years later
(Tables S4,S5).

4 | DISCUSSION

In a region with scarce prior research—both within South Africa and
across Sub-Saharan Africa, 1651 this study is among the first to examine
the associations of both vision and hearing impairments with demen-
tia and cognitive impairment in South Africa. To our knowledge, prior
to this study, only the WHO Study on global AGEing and adult health
(SAGE) study® had investigated the association of vision impair-
ment with cognitive impairment among older adults from six LMICs,
including South Africa.

Our findings on vision or hearing impairment associated with
greater risks of dementia and cognitive impairment are consistent with
previous systematic review and meta-analysis studies.!1415 Most
previous studies on vision impairment and cognition did not distin-
guish between distance and near vision impairments. This is often
because they relied on self-reported data, which typically focus on how
vision problems affect daily activities—such as recognizing faces froma
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FIGURE 2 Average predicted probability of dementia by different types of sensory impairment. Note: Error bars represent 95% confidence
intervals. Results were derived from Model 3 in Table 2 that compared relative risks of dementia against normal cognitive function. In addition to
vision and hearing measurement, the model adjusted sex, age category, presence of cataracts, glasses use, education level, household wealth,
smoking status, diabetes, hypertension, heart disease, stroke, and depressive symptoms.

TABLE 3 Linear regression results on the associations of distance vision, near vision, or hearing impairment with predicted probability of
dementia score at HAALSI Wave 3 (2021-2022).

Analysis samples

Only among respondents

Among all respondents from without dementia at HAALSI
Sensory impairment variables HAALSI HCAP Wave 1 (N = 399) HCAP Wave 1 (N = 335)
Distance vision impaired 0.026 (-0.003, 0.056) 0.009 (-0.017,0.034)
Near vision impaired 0.026 (0.002,0.049) 0.007 (-0.011,0.026)
Hearing impaired 0.033" (0.010,0.056) 0.021" (0.002,0.040)

Note: Results were based on linear regressions. The 95% confidence intervals were provided in parentheses. Among 567 HAALSI HCAP Wave 1 participants
who have no missing in diagnosis and sensory impairment, 491 (86.6%) of them completed HAALSI Wave 3 interviews and 444 of them had predicted prob-
ability of dementia score. After excluding participants with missingness in covariates and outcomes, 399 cases remained, and 335 of them were without
dementia in HAALSI-HCAP Wave 1. We used a linear regression on probability of dementia score and controlled covariates used in Model 3 of Table 2: sex,
age, the presence of cataracts, whether participants wore glasses, education level, household wealth, smoking status, diabetes, hypertension, heart disease,
stroke, and depressive symptoms.

Abbreviations: HAALSI HCAP, Health and Aging in Africa: A Longitudinal Study of an INDEPTH Community in South Africa Harmonized Cognitive Assessment
Protocol.

*p < 0.05.

**p <0.01.

***p <0.001.

distance or reading a book—making it difficult to differentiate between vision impairments, the focus was solely on cognitive outcomes rather
distance and near vision impairment.2%2225.28 QOther studies limited than clinical dementia.2¢-5354 This study added evidence that both
their assessment to objective measures of distance vision only.1727:52 distance and near vision impairment were independently associated

Among the few prior studies that examined both distance and near with greater dementia risks. In addition, we observed an association
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between distance vision impairment and MCI but no association of
near vision impairment with MCI. In contrast, the earlier study with
South African samples® reported that distance vision impairment
alone was not associated with MCI, while near vision impairment, with
or without distance vision impairment, was associated with MC|.1¢
Both studies used the “Tumbling E” logMAR chart to examine visual
acuity. Differences in sample size and how vision impairment was clas-
sified may explain this discrepancy. The previous study had a much
larger sample size, providing greater power to detect associations,
and assessed the combined vision impairments, whereas we analyzed
distance and near vision separately based on a much smaller sample
size. Additionally, previous studies pooled data across multiple LMICs,
potentially obscuring country-specific variations. Our findings that dis-
tance vision impairment was associated with both MCI and dementia,
whereas near vision impairment was not associated with MCI, may
reflect a greater reliance on distance vision in daily life among our study
population. Participants were from rural South Africa and generally had
little or no formal education.3® In this context, individuals are more
likely to engage in activities that depend on distance vision—such as
agricultural work and outdoor navigation—and are less likely to engage
in reading or screen-based tasks that rely on near vision.

Moreover, distance vision impairment may reflect a longer dura-
tion of vision problems. While near vision impairment typically arises
in older age due to age-related loss of lens elasticity (presbyopia),
distance vision impairment is often caused by uncorrected refractive
errors that commonly begin in childhood or adolescence.? As shown in
Table 1, few participants wore corrective lenses, despite a high preva-
lence of vision impairment. This suggests that individuals with distance
vision impairment may have experienced reduced cognitive stimulation
from a young age, potentially resulting in lower cognitive reserve and
worse cognitive outcomes later in life. In contrast, near vision impair-
ment emerges later in life and may have less impact on early-stage
cognitive decline.

This study also finds that sensory impairment—particularly hear-
ing impairment—is associated with increased dementia risk over the
longer term, as shown in Table 3. This temporal relationship helps
mitigate concerns about reverse causality, given that the dementia
probability score was measured two years after the sensory assess-
ments. Compared to vision impairment, the association between
hearing impairment and dementia risk appears more robust: hearing
impairment remained significantly associated with dementia probabil-
ity even after excluding individuals with dementia at baseline, whereas
the association with near vision impairment did not. These findings
suggest that hearing impairment may serve as an early risk factor
for cognitive decline. However, the relatively short 2-year follow-up
period may have limited our ability to detect longer-term associations
between vision impairment and dementia risk.

Due to the scope of the current study, this study did not examine
the mechanisms linking sensory impairment and cognitive function in
later life. The literature shows that hearing and vision impairments may
share common pathways that contribute to cognitive decline,>® includ-
ing shared underlying etiologies (e.g., vascular disease), increased

cognitive load from sensory deprivation, and reduced cognitive
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stimulation due to social isolation and decreased activity. White matter
hyperintensities, markers of cerebrovascular disease, are observed in
individuals with hearing loss or dementia.>® There are also overlapping
neuropathological processes in the retina and brain.* Future analysis
is needed to verify and explore more potential pathways.

This study has several limitations. First, we assessed vision and
hearing function at a single time point and lacked information on the
duration and underlying causes of sensory impairments. For example,
common causes of vision impairment such as uncorrected refractive

57 were not identified. Without

error, diabetic retinopathy, or glaucoma
distinguishing between preventable, treatable, or irreversible causes of
vision loss, the public health implications of our findings might be com-
promised, as it remains unclear which impairments could be effectively
addressed through interventions like eyeglasses, surgery, or chronic
disease management. Second, the short two-year follow-up period may
not fully address the concern of reverse causality and may have lim-
ited our ability to detect longer-term associations between sensory
impairment and cognitive decline. Most previous studies have followed

participants for five or more years,72

allowing for a more compre-
hensive assessment of incident dementia risk. Third, there may be
unmeasured confounders that influence both sensory impairment and
cognitive function, such as occupational history.’8>? The majority of
HAALSI participants were unemployed, and available data on occupa-
tion were limited,32 which prevented us from adequately examining its
potential confounding effects. Other limitations include the relatively
small sample size and the high prevalence of near vision impairment
among individuals with dementia—approximately 90%, as well as rel-
atively low prevalence of distance vision impairment—which reduced
the precision of our estimates.

Overall, the findings of this study have significant public health
implications. Based on our calculation shown in Figure 2, removing
vision and hearing impairment would substantially reduce dementia
risk at the population level. We observed a high prevalence of vision
and hearing impairments, yet the uptake of corrective lenses and hear-
ing aids was strikingly low. Providing assistive devices or interventions
for sensory impairments (e.g., hearing aids, cochlear implants, prism
lenses, cataract surgery) may support cognitive function, slow cog-
nitive decline, and enhance quality of life for both older adults and
caregivers, though evidence remains mixed.>¢° However, a recent ran-
domized controlled trial found that hearing aids had a strong protective
effect on cognition in individuals at high risk of dementia, such as
those who are older, smoke more, have lower education levels, live
alone, or have diabetes and hypertension.t? Additionally, older adults
with depression or social disengagement are more vulnerable to cog-
nitive decline associated with sensory impairment. Promoting social
engagement may help mitigate this risk.17:62

In summary, this study underscores the critical role of sensory
impairment in dementia risk among older adults in rural South Africa.
Our findings highlight the need for targeted interventions to improve
vision and hearing function as part of dementia prevention strate-
gies. Future research should explore the long-term cognitive benefits
of sensory interventions and examine potential biological mechanisms

linking sensory impairment to dementia in LMIC populations.
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