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Abstract

Introduction: Despite rapid population ageing, there are currently limited data on the incidence
of ageing-related cognitive impairment in sub-Saharan Africa. We aimed to determine the
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incidence of cognitive impairment and its distribution across key demographic, social, and health-
related factors among older adults in rural South Africa.

Methods: Data were from in-person interviews with 3,856 adults aged =40 who were free from
cognitive impairment at baseline in the population-representative cohort, “Health and Ageing in
Africa: A Longitudinal Study of an INDEPTH Community in South Africa” (HAALSI), in
Agincourt sub-district, Mpumalanga province, South Africa (2014—--19). Cognitive impairment
was defined as scoring <1.5 standard deviations below the mean of the baseline distribution of
orientation and episodic memory scores. Incidence rates (IRs) and rate ratios (IRRs) for cognitive
impairment were estimated according to key demographic, social, and health-related factors,
adjusted for age, sex/gender, and country of birth.

Results: The incidence of cognitive impairment was 25.7/1,000 person-years (PY; 95%
confidence interval [C1]: 23.0--28.8), weighted for mortality (12%) and attrition (6%) over the
3.5-year mean follow-up (range: 1.5 to 4.8 years). Incidence increased with age, from 8.9/1,000
PY (95% ClI: 5.2--16.8) among those aged 40—-44 to 93.5/1,000 PY (95% Cl: 75.9--116.3)
among those aged 80+, and age-specific risks were similar by sex/gender. Incidence was strongly
associated with formal education and literacy, as well as marital status, household assets,
employment, and alcohol consumption, but not with history of smoking, hypertension, stroke,
angina, heart attack, diabetes, or, prevalent HIV.

Conclusions: This study presents some of the first incidence rate estimates for ageing-related
cognitive impairment in rural South Africa. Social disparities in incident cognitive impairment
rates were apparent in patterns similar to those observed in many high-income countries.
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Introduction

By 2050, nearly 75% of all cases of Alzheimer’s disease and related dementias are projected
to occur in low- and middle-income countries (LMICs), such as those in sub-Saharan Africa
(1). Dementia is a syndrome marked by cognitive impairment that limits an individual’s
everyday function. Cognitive impairment occurs when when a person has trouble
remembering, learning new things, concentrating, or making decisions (2). While cognitive
impairment in the absence of functional limitations has many aetiologies, in older adults it
will often lead to dementia or Alzheimer’s disease, particularly when memory is involved
(3). Preserving older adults’ cognitive function is important for the health, productivity, and
well-being of ageing societies (4). Population-based data from LMICs are urgently needed
to aid in the design and distribution of resources and policies to protect the cognitive health
of ageing populations in these global regions (1,5,6).

Although prevalence estimates for cognitive impairment and dementia for some sub-Saharan
African regions have been provided over the past decade (7-15), there remains a paucity of
longitudinal, population-based data on the incidence of cognitive impairment or dementia. A
2014 systematic review identified four longitudinal studies, all in Nigeria, which observed
dementia incidence ranging from 8.7 to 21.8 cases per 1000 person-years, and one study,
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which observed incidence of mild cognitive impairment of 16.4 cases per 1000 person-years
(14). To the best of our knowledge, there is not more recent population-based evidence on
the incidence of ageing-related cognitive impairment or dementia in sub-Saharan Africa.

Previous research in high-income countries suggests that the incidence of cognitive
impairment with and without dementia is decreasing over time, which is thought to be in
large part due to increasing educational attainment across successive birth cohorts (16,17). It
is unclear whether this will also be the case in sub-Saharan Africa. Older adults born in the
early-to-mid-twentieth century in sub-Saharan Africa have different cumulative lifetime
exposures to cognitive risk factors than older adults in high-income countries, including
access to formal education (18-21). Other factors relevant to ageing populations in some
global settings, such as chronic HIV infection, are poorly understood as potential risk factors
for cognitive ageing outcomes.

We thus aimed to determine the incidence of ageing-related cognitive impairment and its
distribution across key sociodemographic, social, and health-related factors at the first
follow-up of “Health and Ageing in Africa: A Longitudinal Study of an INDEPTH
Community in South Africa” (HAALSI).

Materials and Methods

Study design and population

HAALSI is a population-representative, longitudinal cohort of adults aged =40 in rural
Agincourt sub-district, Mpumalanga province, South Africa (22). HAALSI is an
International Partner Study to the US Health and Retirement Study (HRS). HAALSI is
representative of its underlying sampling frame of the Agincourt Health and socio-
Demographic Surveillance System (AHDSS), which covers a population of approximately
120 000 people living across 31 villages in an area of approximately 450km? (22—24). Data
collection involves in-person interviews in the Shangaan language (xiTsonga) with trained,
local fieldworkers using computer-assisted personal interviewing.

Neuropsychological evaluation

A brief cognitive function assessment adapted from the US HRS was administered in the
study interview at the baseline (wave 1) and follow-up (wave 2) (25,26). Orientation was
assessed as the ability to state the current day, month, year, and South African president (one
point each), and episodic memory was assessed as immediate and delayed recall of 10 words
read out loud by the study interviewer (20 points total). At wave 2, three immediate recall
trials were conducted; we used score on the first trial for comparability with the wave 1
assessment.

Cognitive impairment classification

Cognitive impairment was defined as scoring =1.5 standard deviations (SD) below the mean
of the baseline cognitive function distribution on the cognitive assessment administered at
wave 2, or, requiring a proxy interview at wave 2 with proxy-reported “fair” or “poor”
memory and/or having the reason for the proxy interview recorded as due to cognitive
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impairment (27). Our outcome thus refers to any cognitive impairment, including probable
dementia as well as cognitive impairment without dementia (CIND). Proxy interviews were
conducted with a family member or friend when the participant was unable to complete the
interview, with the main reasons being severe cognitive impairment, severe physical illness,
or deafness. Of the 171 new proxy interviews at wave 2, 141 (82%) were classified as newly
cognitively impaired, with 122/171 (71%) having proxy-reported “fair” or “poor” memory
and 73/171 (43%) recorded as having the proxy interview due to cognitive impairment.

Sociodemographic, social, and health-related characteristics

We described incident cognitive impairment according to baseline demographic, social, and
health-related factors relevant to this study population that are known or plausible risk
factors for cognitive impairment and dementia: age, sex/gender, country of birth, years of
formal education, literacy, employment status, marital status, asset-based household wealth
quintile (28), smoking status, frequency of alcohol consumption, previous physician
diagnosis of stroke, angina, or heart attack, hypertension, diabetes, and HIV status. In this
population, country of birth is an important social determinant of health as a substantial
number of people, also from the Shangaan ethnic group, came to the Agincourt region as
refugees from the 1977--1992 Mozambique civil war (29).

All variables were self-reported during the interview except for hypertension and HIV status.
Hypertension was defined as a measured mean systolic blood pressure >140 mmHg or mean
diastolic blood pressure >90 mmHg, or controlled blood pressure with self-reported use of
hypertension medication. HIV status was determined through HIV enzyme-linked
immunosorbent assays on dried blood spots (30). Diabetes was defined as any of a fasting
glucose =7.0 mmol/L, a random plasma glucose =11.1 mmol/L, a self-reported diagnosis of
diabetes, or, self-reported use of a prescribed diabetes medication.

Statistical analyses

At-risk person-time was calculated as years accrued between the baseline and follow-up
interviews, with incident outcomes assumed to occur halfway between interviews. We
estimated incidence rates (IRs) of cognitive impairment per 1000 person-years, overall and
according to covariates. We estimated age-specific IRs by sex/gender. Poisson regression
models with a log link function and robust error variance were used to estimate incidence
rate ratios (IRRs) and 95% confidence intervals (Cls) for cognitive impairment (31). Models
for age were not adjusted for other variables, models for sex/gender were age-adjusted,
models for country of birth were age- and sex/gender-adjusted, and models for all other
covariates were adjusted for age, sex/gender, and country of birth. The probabilities of
mortality in the full baseline sample and drop-out among the surviving baseline sample were
used to create inverse probability of censoring weights that jointly accounted for the
probabilities of mortality and study drop-out over the follow-up period. All models
incorporated these weights.

We examined the prevalence of limitations to activities of daily living (ADLSs) and
instrumental activities of daily living (IADLSs) at the follow-up according to incident
cognitive impairment status. We cannot attribute the cause of any ADL or IADL limitation
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to cognitive impairment, but we would expect to see substantially higher ADL and IADL
limitations among older adults with an incident cognitive impairment, potentially indicative
of dementia. We conducted a sensitivity analyses to assess the incidence of severe cognitive
impairment using a threshold of scoring =2.0 SD below the baseline mean distribution, and
examined ADL and IADL limitations according to this threshold. All analyses were
conducted using StataSE 16.0 (College Station, TX). The HAALSI data are publicly
available at https://www.haalsi.org.

A total of 3,856 participants were included (Figure 1). Mean age at baseline was 60.1 years
(SD: 12.2 years) and 55% were female (2,121/3,856; Table 1). Over a mean follow-up of 3.5
years of at-risk person-time (SD: 0.5; range: 1.5--4.8), 8% of participants newly developed
cognitive impairment (320/3,856). This translated to an incidence rate (IR) of 25.7/1,000
person-years (PY) of observation (95% CI: 23.0-28.8; Table 2). There was a significant
linear trend in age-specific incidence, with IRR = 1.34 (95% CI: 1.28—-1.41) per 5-year age
increase (Table 2). We observed minimal sex/gender differences in the age-specific risks of
incident cognitive impairment (Figure 2; interaction P-value = 0.07).

Incident cognitive impairment was strongly graded according to formal education (IRR =
0.21, 95% CI: 0.09--0.53 for 12+ years vs. 0 years) and literacy (IRR = 2.36; 95% CI:
1.80—-3.10 for non-literate vs. literate), as well as marital status, household assets,
employment status, and frequency of alcohol consumption (Table 2). There was a weakly
positive but imprecise association between incident cognitive impairment and history of
stroke, angina, or heart attack (Table 2). ADL and IADL limitations strongly differed by
cognitive impairment status (Table 3). Three-quarters of ADL limitations among those with
an incident cognitive impairment were also incident over the follow-up (73%; 79/108),
suggesting that they co-occurred with the cognitive impairment. The incidence of severe
cognitive impairment was 17.4/1000 PY (95% CI: 15.2--20.0), representing one-third of all
cases (Supplementary Material).

Discussion

Consistent with previous research in sub-Saharan Africa, as well as many other diverse
global regions, we found that older age, low education, illiteracy, and other markers of social
disadvantage were associated with higher incidence of cognitive impairment. As some of the
first longitudinal evidence on the incidence of ageing-related cognitive impairment in sub-
Saharan Africa, this study indicates that cognitive ageing is strongly related to the social
determinants of health in this setting.

Comparison to existing literature

Direct comparisons of our findings to existing incidence studies is difficult due to
differences in study population age structures, reporting of age intervals, and outcome
classification criteria. In the 70+ age intervals, our incidence rate estimates are very similar
to those estimated for 6-year dementia incidence but lower than those estimated for CIND
incidence in the Ageing, Demographic, and Memory Study (ADAMS), a national
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probability sample of US adults aged =72 years (3). Hence, our incidence rates, which
represent dementia as well as CIND, may be underestimates if the true incidence in this
older South African population is similar to that in the older US population.

There are reasons to hypothesize that the age-specific incidence in this population could, in
truth, be either higher or lower than in the US and other high-income countries. Low
education and illiteracy in the non-white South African population as a result of the
apartheid educational system could mean that the incidence of cognitive impairment or
dementia may be higher than observed in high-income settings (32,33). Alternatively, as life
expectancy remains in the mid-60s in South Africa (34), those who survive to an age where
dementia risk begins to meaningfully increase may be a special segment of the population
who have characteristics that promote survival and reduce dementia risk (35,36). Predicting
the future dementia burden in sub-Saharan Africa may be difficult, as the determinants of
mortality, a competing risk to dementia, are changing, along with the distributions of
dementia risk factors both within birth cohorts over time and across subsequent birth cohorts
(37,38).

There are few existing studies on the incidence of cognitive impairment or dementia in sub-
Saharan Africa to compare against our results. We observed higher incidence rates of
cognitive impairment than did the four studies in Nigeria identified in the 2014 systematic
review (14). These discrepant results could be due to true population differences in
incidence, or artificial differences induced by different outcome classification criteria or
study methodologies. Our findings are consistent with cross-sectional studies associating
low education and illiteracy with higher prevalence of cognitive impairment and dementia in
South Africa and other sub-Saharan African countries, but inconsistent with those
identifying sex/gender-based disparities (7-9,13,27,39-41). Our results are mostly consistent
with a longitudinal study of cognitive decline over two years among adults aged 65 and over
in a rural Tanzania (42).

We expected to see stronger positive relationships between cardiovascular risk factors and
incident impairment (43). Survival rates from stroke or heart attack may be relatively low in
our study population (44), and survivors may disproportionately have characteristics that
protect against cardiovascular mortality and subsequent cognitive impairment or dementia,
with the effect of biasing our estimates towards the null (35,36). Similarly, the HIV-positive
individuals in this study may represent a select group of long-term cases who have been
living with chronic HIV managed by anti-retroviral therapies. Future research that captures
incident cardiovascular conditions and HIV infection is needed to elucidate the causal role
of these factors in cognitive impairment and dementia risk among older adults in sub-
Saharan Africa.

Limitations and strengths

There remains no consensus on the best methods to ascertain cognitive health status among
older adults in sub-Saharan Africa (45). We employed a widely used cognitive screening
measure designed for use in large population-based epidemiological studies, which has been
validated against clinical diagnostic data and avoids floor or ceiling effects (25,26).
However, cognitive impairment and dementia in this study population should be validated
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against diagnostic data, such as Clinical Dementia Ratings, in the future. Our outcome
includes individuals with dementia and CIND, as well as those who may be cognitively
impaired for reasons other than dementia or other neurodegenerative disorder. We may have
missed cognitive impairment in domains other than orientation and memory, although
amnestic cognitive impairment is common among those with CIND and is a hallmark of
dementia. Baseline risk factors were self-reported and may be subject to measurement error.
Small numbers of incident cognitive impairment in some risk factor categories may have
limited our ability to observe incidence rate ratios of weak magnitude. We may have
underestimated the incidence of cognitive impairment, as between-wave cognitive test
practice, as well as within-wave practice from the three repeated immediate recall trials that
were introduced in wave 2 could lead to an underestimate of cognitive impairment incidence
between waves (46).

Strengths include this study’s large sample size, representativeness of a rapidly ageing, low-
income population in rural South Africa, and its rich, in-person survey measures. We used
weights to minimize potential bias that could be introduced into our estimates by between-
wave mortality and drop-out, although rates of both were low. Results expand the global
scope of existing evidence in the cognitive ageing literature, which disproportionately
represents older adults from Western and high-income populations. The cognitive outcome
measure used here is included in other HRS International Partner Studies in countries such
as Mexico, India, China, Brazil, Indonesia, which will facilitate the international comparison
of cognitive ageing outcomes.

Conclusion

Our results indicate that cognitive impairment affects a meaningful proportion of older
adults as they age in rural South Africa, and that key social determinants of health including
education and literacy are strongly related to incident cognitive impairment. Future studies
should investigate the causal roles of these and other factors in dementia risk in sub-Saharan
African populations (47). Our findings are broadly generalizable to other rural regions of
southern Africa at similar levels of economic development. As some of the first longitudinal
data on cognitive ageing in a rapidly ageing sub-Saharan African population, this study
provides a shapshot into the future dementia burden and the population distribution of this
burden that is to come in this global region.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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5,059 baseline participants
(2014/15)
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A
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—_—

595 died over the follow-up (12%)

4,464 eligible for inclusion in wave 2
(2018/19)

A

y

\s

254 declined participation (5%)
34 not found (<1%)

4,176 completed the wave 2
interview (2018/19)
(94% response rate)

A

y

\>

32 missing baseline cognitive data (<1%)

273 cognitively impaired at baseline (7%)

10 telephone interviews at wave 2 (<1%)
5 missing wave 2 cognitive data (<1%)

3,856 free of cognitive impairment
at baseline and eligible for analysis

Fig. 1.

Study flow diagram.
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Incidence per 1,000 person-years and 95% confidence intervals
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Fig. 2.
Age-specific incidence rates of cognitive impairment, by sex/gender (weighted).
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Table 1.

Baseline characteristics, “Health and Ageing in Africa: A Longitudinal Study of an INDEPTH Community in
South Africa” (HAALSI), Agincourt, South Africa, 2014-19

Baseline Characteristic Total dligible, at-risk participants

Overall, No. % 3,856 (100%)
Age, y

Mean (SD, range) 60.1 (12.2, 40-111)

40-44 377 (10%)

45-49 372 (10%)

50-54 590 (15%)

55-59 526 (14%)

60-64 555 (14%)

65-69 485 (13%)

70-74 375 (10%)

75-79 273 (7%)

80+ 303 (8%)
Sex/gender, No. %

Female 2,121 (55%)

Male 1,735 (45%)
Country of birth, No. %

South Africa 2,730 (71%)

Mozambique or other 1,123 (29%)

Educational attainment, No. %

Mean years (SD, range) 3.9 (4.3,0-14)

0 years 1,607 (42%)

1-7 years 1,386 (36%)

8-11 years 487 (13%)

12+ years 368 (10%)
Literacy, No. %

Cannot read and/or write 1,716 (45%)

Can read and write 2,138 (55%)
Employment status, No. %

Employed 662 (17%)

Not working 2,765 (72%)

Homemaker 418 (11%)
Marital status, No. %

Married or living as married 2,066 (54%)

Not married 1,788 (46%)
Household assets quintile, No. %

5 (richest) 806 (21%)

4 792 (21%)

3 762 (20%)
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Baseline Characteristic Total dligible, at-risk participants
2 754 (20%)
1 (poorest) 742 (19%)
Smoking history, No. %
Never smoker 3,065 (80%)
Current or former smoker 787 (20%)

Alcohol consumption =five days/week, No. %

Yes 218 (6%)

No 3,635 (94%)
Hypertension, No. %

Yes 2,195 (58%)

No 1,599 (42%)
History of stroke, angina, or heart attack, No. %

Yes 193 (5%)

No 3,661 (95%)
History of diabetes, No. %

Yes 404 (11%)

No 3,179 (89%)
HIV status (DBS), No. %

Positive 850 (24%)

Negative 2,682 (76%)

Note: The N for each baseline characteristic may not sum to 3,856, due to a small number of missing observations
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Table 3.

Page 18

Prevalence of ADL and IADL impairment according to incident cognitive impairment, “Health and Ageing in
Africa: A Longitudinal Study of an INDEPTH Community in South Africa” (HAALSI), Agincourt, South

Africa, 2014-19

Prevalent ADL and IADL limitations Incident cognitive impair ment

Any ADL limitation (N=3,824)

Yes 109 (35%)

No 202 (65%)
Any IADL limitation (N=3,420)

Yes 172 (72%)

No 68 (28%)

No incident cognitiveimpairment  P-value

<0.0001
230 (7%)
3,283 (93%)
<0.0001
1,020 (32%)
2,160 (68%)
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