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Abstract

Rationale—L.ittle research has evaluated the life course drivers of cognitive aging in South
Africa.

Objectives—We investigated the relationships of self-rated childhood health and father’s
occupation during childhood with later-life cognitive function score and whether educational
attainment mediated these relationships among older South Africans living in a former region of
Apartheid-era racial segregation.

Methods—Data were from baseline assessments of “Health and Aging in Africa: A Longitudinal
Study of an INDEPTH Community” (HAALSI), a population-based study of 5059 men and
women aged =40 years in 2015 in rural Agincourt sub-district, South Africa. Childhood health,
father’s occupation during childhood, and years of education were self-reported in study
interviews. Cognitive measures assessed time orientation, numeracy, and word recall, which were
included in a z-standardized latent cognitive function score variable. Linear regression models
adjusted for age, sex, and country of birth were used to estimate the total and direct effects of each
childhood risk factor, and the indirect effects mediated by years of education.

Results—Poor childhood health predicted lower cognitive scores (total effect = —0.28; 95% C/=
-0.35, -0.21, versus good); this effect was not mediated by educational attainment. Having a
father in a professional job during childhood, while rare (3% of sample), predicted better cognitive
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scores (total effect = 0.25; 95% C/=0.10, 0.40, versus unskilled manual labor, 29% of sample).
Half of this effect was mediated by educational attainment. Education was linearly associated with
later-life cognitive function score (0.09; 95% C/=0.09, 0.10 per year achieved).

Conclusion—In this post-Apartheid, rural South African context, older adults with poor self-
reported childhood health or whose father worked in unskilled manual labor had relatively poor
cognitive outcomes. Educational attainment strongly predicted cognitive outcomes, and appeared
to be, in part, a mechanism of social stratification in later-life cognitive health in this context.

Keywords

South Africa; Rural; Aging; Cognitive aging; Cognitive function; Education; Socioeconomic
conditions; Self-rated health

1. Introduction

By 2050, over 70% of global dementia cases are projected to occur in low- and middle-
income countries (Prince et al., 2013). However, little research has examined the drivers of
cognitive health in the older populations of these countries (Lekoubou et al., 2014). In South
Africa, life expectancy has been rising and HIV/AIDS mortality declining since the mid
2000s, supported by expanding public health programs and the introduction of antiretroviral
treatments to manage the HIV epidemic (Bor et al., 2013). In 2015, average life expectancy
at birth for men was estimated at 60.6 years and for women at 64.3 years (Statistics South
Africa, 2015). These increasing life expectancies coincide with an epidemiological
transition, whereby older adults are now more frequently developing chronic diseases
associated with aging (Kabudula et al., 2014). From a life course perspective, the older
population of South Africa is uniquely characterized by the experience of Apartheid (1948—
1994) and its earlier precursors. Under Apartheid, much of the majority black population of
South Africa was forcibly moved to specially designated ‘homeland’ areas in rural parts of
the country, or, ‘Bantustans’, where educational opportunities were limited, health care
services were often inadequate, and employment opportunities were scarce (United Nations,
1963). These societally determined exposures are likely to have shaped the cognitive and
physical health of the older black South African population in ways that are not yet fully
recognized.

Existing life course research from high-, middle-, and low-income contexts consistently
demonstrates that early-life socioeconomic conditions and educational attainment are
associated with cognitive function in later-life (Aradjo et al., 2014; Chen, 2016; Clouston et
al., 2012; Fors et al., 2009; Glymour et al., 2012, 2008; Horvat et al., 2014; Hurst et al.,
2013; Kaplan et al., 2001; Lee et al., 2014; McEniry, 2013; Melrose et al., 2015; Onadja et
al., 2013; Scazufca et al., 2008; Sisco et al., 2015). However, little research has been
conducted in sub-Saharan African settings, such as in South Africa, where opportunities for
social mobility were restricted by the state for the majority of the country’s population.
During Apartheid, opportunities to access education were limited for black children, who
were provided with segregated ‘Bantu’ schools that taught different curriculum from white
schools (Union of South Africa, 1953). School attendance was often dependent on whether a
school was available within walking distance of the home and if families needed children to
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assist at home or in the labor force. Once in school, the quality of education was poor, with
the curriculum primarily designed to keep blacks in subservient labor positions that paid
very little (Christie and Collins, 1984). Teachers were in shortage in Bantu schools, with one
teacher for every 55 pupils in 1960, and the teachers were often under-educated themselves
with few having a high school-equivalent degree of their own (Abdi, 2002; Christie and
Collins, 1984). School expenditures were grossly inadequate and inequitable: in the 1970s,
for every $17 spent on the education of a white child, only $1 USD was spent on the
education of a black child (Abdi, 2002). Thus, education in Apartheid South Africa should
not be viewed as equivalent to education in higher-income countries in terms of its
accessibility, curriculum, quality, or benefits to health and social mobility.

Existing evidence demonstrates that educational attainment is strongly associated with
cognitive function among older adults in South Africa (Humphreys et al., 2017; Peltzer and
Phaswana-Mafuya, 2012). However, given that Bantu schooling in Apartheid South Africa
was of very poor quality, there may be early-life factors that would influence both of one’s
educational attainment and their later-life cognitive health. That is, that the relationship
between education and later-life cognitive health may be confounded by early-life
conditions, with the true relationship being weaker than in other contexts where education is
of higher quality and more accessible. Across a range of low-, middle- and high-income
countries, early-life factors including nutrition, living conditions, household economic
resources, access to health care, and early-life learning are associated with outcomes
including better cognitive development, higher educational attainment, and better adulthood
socioeconomic position (Case and Paxson, 2009; Glymour and Manly, 2008; Hertzman,
1999; Kaplan et al., 2001; McEniry, 2013; Melrose et al., 2015; Richards et al., 1998;
Walker et al., 2005). During Apartheid in South Africa, the role of socioeconomic factors in
childhood may be particularly strong in influencing later-life cognitive outcomes due to the
country’s high degree of inequality and poverty. It was therefore hypothesized that greater
household socioeconomic resources and better health during childhood would have direct
effects on later-life cognitive health, as well as indirect effects on cognitive health through
educational attainment.

The objectives of this study were to investigate the relationships of self-rated childhood
health and father’s occupation during childhood with later-life cognitive function score; and
whether educational attainment mediated these relationships among older, rural South
Africans living in a former region of Apartheid-era racial segregation.

2. Methods
2.1. Study setting

“Health and Aging in Africa: Longitudinal Study of an INDEPTH Community” (HAALSI)
is a population-based study in the rural Agincourt sub-district in the Mpumalanga province
in northeast South Africa near the Mozambique border (Kahn et al., 2012). HAALSI is an
international sister study to the US Health and Retirement Study (HRS). Agincourt is part of
a former ‘homeland’ region of South Africa — an area where black Shangaan-speaking South
Africans were forcibly moved to during Apartheid. Employment opportunities within the
‘homeland’ areas were limited and remain limited, with men and less often though now
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increasingly, women frequently migrating to cities, mines, or industrial farms to find work
(Collinson et al., 2014).

Social and economic conditions in the Agincourt area have markedly improved post-
Apartheid, but there are still basic service gaps with a lack of electricity, piped water, and
tarred road coverage in the Agincourt area (Kahn et al., 2012). Unemployment remains high
and non-contributory old age pensions and child support grants often form an essential part
of household income for families. In 2015, the Agincourt study area covered approximately
450 km2, including 31 villages with a population of approximately 115,000 people. The
Agincourt Health and Socio-demographic Surveillance System (HDSS) has collected vital
statistics and complex health and social data annually for this region since 1992 (http://
www.agincourt.co.za) (Kahn et al., 2012).

2.2. Study sample

The study sampling and recruitment methods are described in detail elsewhere (Payne et al.,
2017). In brief, eligible participants were men and women aged 40 or over on July 1, 2014,
who had lived in the study area for at least 12 months prior to the 2013 Agincourt HDSS
Census. Although most HRS international sister studies enroll adults aged 50 years and
older, inclusion of a sample earlier in middle age was deemed important to understand
trajectories of health during aging in this context, given the shorter life expectancy in this
region of South Africa. In total, 5059 eligible men and women aged 40 years or over
consented to participate and were included in the baseline HAALSI sample (85.9% response
rate). This sample was representative of the underlying Agincourt HDSS Census sampling
frame, although men were oversampled in order to obtain an approximately even gender
distribution in the HAALSI sample (Supplemental Table 1).

2.3. Data collection

Data were collected through in-home interviews with trained, local fieldworkers using a
Computer Assisted Personal Interview (CAPI) system. Interviews were conducted in the
local Shangaan language, with the interview materials translated from English and back-
translated to ensure reliability. The interviews covered topics including demographics,
education, employment, physical and cognitive functioning, social networks, self-reported
health history, and HIV and non-communicable disease outcomes.

2.4. Measurements

2.4.1. Self-rated childhood health—Self-rated childhood health was assessed in the
interview with the question, “How would you rate your health during childhood?” with
response options of ‘very bad,” ‘bad,” “moderate,” ‘good,” and ‘very good’. This variable
was dichotomized to “‘very bad/bad/ moderate’ (collectively referred to as ‘poor’) and ‘good/
very good’ (collectively referred to as ‘good’).

2.4.2. Father’s occupation during childhood—~Father’s occupation was assessed in
the interview with the question, “What was your father’s main occupation?” Thirty
occupational categories were recorded, in addition to ‘Don’t know’ responses and those who
reported an occupation that did not match any of the thirty most common categories
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(grouped together as ‘other’ occupations). As Supplemental Table 2 shows, 30 recorded
occupations were grouped into nine major occupational categories and then further into four
skill levels according to the International Standard Classification of Occupations 2008
(ISCO-08) (International Labour Organisation, 2012). The skill levels in our sample
represented: manual laborers (skill level 1; lowest skill), mining and service sector workers
(skill level 2), traditional healers and small business assistants (skill level 3), and
professionals (skill level 4; highest skill). Categories were also included for ‘Don’t know’
father’s occupation and ‘other’ occupation; these latter two categories were treated as
dummies in the regression analyses and their coefficients are not shown in results tables.

2.4.3. Educational attainment—Years of education achieved were evaluated as the
potential mediator. Education was assessed in the interview with the question, “What is the
highest level of education that you have attained?” Years of education achieved was coded
continuously, with partial and complete levels of each of tertiary and university education
collapsed and treated as one year each, due to the very small numbers of people who had
achieved these levels of education.

2.4.4. Later-life cognitive function—Cognitive functioning was assessed in the study
interview using validated measures derived from the U.S. Health and Retirement Study that
were adapted for cultural relevance and administered in the study interviews. These
measured: orientation (ability to state the present year, month, date, and name of the current
South African president; one point for each); immediate word recall (the number of words
correctly recalled, out of ten, from a list read aloud by the interviewer; ten points); delayed
word recall (the number of words correctly recalled from the original list of ten words after a
1 min delay during which the respondent was asked unrelated questions; ten points); forward
count (the ability to count correctly from 1 to 20; one point); and number skip pattern (the
ability to complete the final digit of the number skip pattern beginning with 2, 4, 6,
administered if the participant was able to correctly count from 1 to 20; one point).

2.4.5. Covariates—Covariates included in this analysis were: age group (40-49, 50-59,
60-69, 70-79, 80 + years), sex, and country of birth (South Africa or any other). Age groups
were used, rather than a continuous variable, to account for outliers at the upper end of the
age range. Country of birth was an important covariate, as Agincourt is home to a significant
number of people who came to South Africa as refugees during the 1977 to 1992 civil war in
Mozambique (Sartorius et al., 2013). Variables indicating adulthood socioeconomic status
were not included, as they were thought to lie on the causal pathway between education in
earlier life and cognitive health in later life. Self-reported ability to read or write and current
employment status were, however, included for descriptive purposes.

2.5. Statistical analyses

2.5.1. Factor analysis of cognitive outcome data—Confirmatory factor analysis with
a robust weighted least squares estimator was used to obtain a single factor model
incorporating the cognitive battery measures (Muthén and Muthén, 2017). The output of the
single factor model was a continuous, z-standardized latent cognitive function score
variable. This method allowed for non-linear relationships between scores on the cognitive
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measures and overall cognitive function and only utilized common covariation between the
tests to construct the latent variable, reducing measurement error (Muthén and Muthén,
2017). The immediate and delayed recall measures were entered as continuous variables; the
other measures were entered as categorical variables. Individuals who were unable to count
were coded as ‘incorrect’ for both numeracy measures, which were combined to create a
single ordered measure with a range of 0-2.

The single factor model allowed the error terms of the word recall items to co-vary due to
their high correlation. Model fit was assessed using standard thresholds for fit statistics: root
mean square error of approximation (RMSEA) of <0.05, comparative fit index (CFI) of
>0.95, and Tucker-Lewis index (TLI) of >0.95 (Hu and Bentler, 1999). Within the factor
model, the outcome variable was estimated using all available information from individual
cognitive tests even if some observations were missing (Muthén and Muthén, 2017). The
confirmatory factor analysis was conducted using Mplus 7.2 and the ‘runmplus’ command
in Stata 14.1 (College Station, TX).

2.5.2. Regression modeling and mediation analysis—The relationships of each
childhood risk factor with educational attainment were estimated in linear regression
models, adjusted for age, sex, and country of birth. Good self-rated childhood health and
father’s occupation skill level 1 were the reference categories. The total effects (TE) of each
childhood risk factor on latent cognitive function score were estimated in a linear regression
model adjusted for age, sex, and country of birth (Model 1). The mediator, years of
education, was then included in a second modeling step (Model 2). This second step gave
the natural direct effect (NDE) of each childhood risk factor, interpreted as the effect of each
on latent cognitive function score that was not mediated by educational attainment. The
natural indirect effect (NIE) of each childhood risk factor that was mediated by years of
education was estimated, which, in linear regression models, equals the TE minus the NDE.
Nonparametric bootstrapping with 1000 replications was used to calculate bias-corrected
95% confidence intervals for the NIEs (Vanderweele, 2015).

In the context of the research question, any potential confounders of exposure-outcome,
exposure-mediator, or mediator-outcome relationships would have to arise early in life.
Although childhood cognitive ability may influence both educational attainment and later-
life cognition, the model makes the assumption that the confounding effect of this factor is
minimal given the low access to education and educational advancement in rural South
Africa during Apartheid. Adulthood socioeconomic factors were not included, as they were
assumed to account for part of any causal effect of education on latent cognitive function
score. The proposed mediation model is shown below in Fig. 1. The paths corresponding to
the NIE, TE, and NDE are visualized as ab, ¢, and ¢’, respectively. Note that in linear
regression models the multiplication of paths a and b (ab) is equivalent to the TE minus the
NDE. This study evaluated whether there were statistical interactions between each of
childhood health and education, and father’s occupation and education. Finally, the study
calculated the proportion of the total effects mediated by educational attainment as (NIE/
TE) x 100%. The regression analyses were conducted using Stata 14.1 (College Station,
TX).
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2.6. Missing data

Only 3% or fewer of participants were missing data on the variables of interest. Data were
therefore analyzed on a complete-case basis, with a final analytical sample of 4902/5059
(97%).

2.7. Sensitivity analysis

3. Results

A post-hoc sensitivity analysis was conducted, including adult height as a covariate to help
account for any residual confounding by childhood risk factors. Adult height has a genetic
component and is also a marker of childhood nutrition and growth (Deaton, 2007). Because
of missing data for this variable (7%; 365/5059), a sensitivity analysis was included to avoid
potentially biasing the main analysis due to missing data.

3.1. Sample characteristics

Table 1 shows the characteristics of the study sample.

3.2. Childhood risk factors

Only 3% of participants had a father who worked in the highest occupational skill level 4,
which consisted of professional and managerial jobs such as small business owner, teacher,
priest or pastor, or health care worker (Table 1). Similarly, 3% of participants had a father
who worked in skill level 3. This category was predominantly comprised of traditional
healers (91%; 138/151), and the remainder was classified as small business assistants. Just
under half of participants had a father in skill level 2; the most common job in this level was
mine work (51%; 1106/2187), followed by a range of service sector jobs. Just less than one-
third of participants had a father in skill level 1, which included manual farm laborers and
other types of unskilled manual labor. Supplemental Table 2 shows the full list of recorded
father’s occupations in this sample and their categorizations into ISCO-08 skill levels.

Most participants reported being in ‘very good’ (69%; 3501/ 5059) or ‘good’ (19%;
933/5059) health in childhood (Table 1). Mean years of education was low in this sample
(4.63; SD=4.28), but was slightly higher among people with poor self-rated childhood
health than those with good childhood health (5.07 [SD = 4.31] versus 4.64 [SD = 4.3]
years; p=0.01). Mean years of education was 4.60 (SD = 4.25) in those whose fathers were
manual laborers, 5.07 (SD = 4.37) in those whose fathers were miners or service workers,
4.16 (SD = 4.26) in those whose fathers were traditional healers or assistants, and 6.49 (SD
= 4.82) in those whose fathers were professionals.

3.3. Latent cognitive function scores

Scores on individual cognitive function measures, and their loadings onto the z-standardized
latent cognitive function variable are shown in Supplemental Table 3. The model was of a
good fit to the data, with an RMSEA of 0.032 (95% C/=0.025, 0.039), CFI of 0.998, and
TLI of 0.997. Mean latent cognitive function scores were —0.06 (SO = 1.00) in those whose
fathers were manual laborers, 0.13 (SD = 0.99) in those whose fathers were miners or
service sector workers, —0.13 (SO = 1.03) in those whose fathers were traditional healers or
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assistants, and 0.30 (SD = 1.05) in those whose fathers were professionals. The cognitive
scores were approximately normally distributed, and mean scores were approximately
linearly associated with years of education (Pearson r= 0.55; p < 0.0001; Fig. 2).

3.4. Childhood risk factors, years of education, and later-life cognitive function

Having poor self-rated childhood health was associated with lower cognitive scores (TE =
-0.28; 95% C/=-0.35, —0.21, vs. good; Table 2). The NDE not mediated by education was
-0.30 (95% C/=-0.37, —0.23). The NIE was 0.02 (bias-corrected 95% C/= —0.005, 0.05),
indicating a non-statistically significant 7% mediation by years of education. Having a father
who worked in mining or in the service sector versus manual unskilled labor was associated
with a higher cognitive score (TE = 0.15; 95% C/=0.09, 0.21; Model 1, Table 2). The NDE
not mediated by education for skill level 2 was 0.12 (95% C/=0.07, 0.17; Model 2, Table
2). Having a father who worked in a professional job versus unskilled manual labor was
associated even more strongly with cognitive function score (TE = 0.25; 95% C/=0.10,
0.40; Model 1, Table 2). The NDE not mediated by education for professional jobs was 0.13
(95% C/=0.00, 0.27; Model 2, Table 2). When adding statistical interaction terms to the
mediation models, there was no evidence that years of education modified the NDE of either
self-rated childhood health (p= 0.28) or father’s occupation during childhood (p = 0.98).
Independently of the childhood risk factors, educational attainment was positively associated
with cognitive score (0.09; 95% C/=0.09, 0.10 per year of education).

Fig. 3 shows the final mediation model. Because the indirect effect for self-rated childhood
health through years of education indicated no mediation and because father’s occupation in
skill level 3 was not associated with cognitive function, the paths are parameterized for
father’s occupations in skill levels 2 (mining and service sector work) and 4 (professional
occupations) only. Participants whose fathers worked in mining or the service industry had
an average of 0.5 more years of education than those whose fathers worked in manual labor.
The NIE associated with this difference in education was 0.03 (bias-corrected 95% C/=
0.01, 0.05), representing 21% of the total effect of this occupational category on later-life
cognitive function (Fig. 3). Participants whose fathers worked in a professional occupation
had an average of 1.9 more years of education than those whose fathers worked in manual
labor. The NIE associated with this difference in education was 0.12 (bias-corrected 95% C/
=0.05, 0.18), representing 48% mediation of the total effect of this occupational category on
later-life cognitive function (Fig. 3). In the sensitivity analysis adjusted for adult height, the
results for the mediation analysis were minimally altered, indicating minimal residual
confounding by the genetic and nutritional factors represented by adult height (see
Supplemental Table 4).

4. Discussion

In this post-Apartheid context of aging in Agincourt, reflecting rural settings in much of
South Africa, self-rated childhood health and father’s occupation during childhood were
associated with cognitive function scores in later life. Education was strongly and positively
associated with cognitive scores, despite the poor quality of educational conditions during
Apartheid. In this under-educated sample that had an average of just over four and one-half
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years of education, having a father who worked in mining or the service sector was
associated with an additional half-year of schooling, and having a father who worked in a
professional occupation was associated with nearly two additional years of schooling,
compared to a father in unskilled manual labor. These additional years of schooling
mediated, respectively, one-fifth and half of the effects of having a father in these
occupational categories. In contrast, education did not appear to explain the association
between self-rated childhood health and later-life cognitive function. This study is one of the
first to examine the cognitive health of older South African adults from a life course
perspective, capturing early life exposures that mostly occurred during a long period of
Apartheid that resulted in widespread poverty, low access to education, and a lack of social
mobility among the majority of the country’s population.

Given these extremely poor social conditions, it is perhaps surprising that, at first glance, our
results are consistent with those from predominantly higher-income countries confirming the
importance of education for cognitive performance in later life (Aradjo et al., 2014;
Clouston et al., 2012; Fors et al., 2009; Glymour et al., 2012; Horvat et al., 2014; Lee et al.,
2014; Onadja et al., 2013; Scazufca et al., 2008; Sisco et al., 2015). In the US population
aged =50 years, each additional year of education attained was associated with a 0.09 SD
increase in word recall scores, similar to that observed here of a 0.09 SD increase (Glymour
et al., 2008). In the Victoria Longitudinal Study in Canada, each additional year of education
was associated with a 0.06 SD improvement in working memory and a 0.08 SD
improvement in verbal episodic memory (Zahodne et al., 2011). Education is crucial to
cognitive development among children and adolescents, and during aging it is thought to
protect from degenerative neurological injury through allowing synaptic growth and the
ability to engage in new cognitive strategies to complete familiar tasks (Whalley et al.,
2004). An alternative, but not mutually exclusive explanation is that educational experiences
improve older adults’ test-taking abilities through providing familiarity with testing
situations. In the context of HAALSI, where nearly half of the study participants had no
formal education and lacked literacy skills, this effect of education of conferring familiarity
with testing situations may be particularly strong in explaining education’s association with
cognitive test performance.

The cognitive measures in HAALSI assessed orientation in time and place, basic numeracy,
and immediate and delayed word recall. Previous research robustly links such measures with
educational attainment across diverse settings. Even schooling of extremely poor quality,
such as that provided to black South Africans during Apartheid, would have taught basic
literacy, numeracy, and general cognitive skills to children (Christie and Collins, 1984). Such
education may also have set children on a path to greater cognitive demands throughout life,
for example via work that required literacy skills. However, we cannot rule out that the
association between education and cognitive score in this study is confounded by childhood
cognitive ability. Children with higher pre-schooling cognitive abilities may still have been
able to achieve higher levels of education, despite the limitations imposed by Apartheid, and
may display these abilities throughout their lives. Even if this were true for some children,
we remain confident in our assumption than the link between childhood cognitive ability and
educational attainment is weaker in the HAALSI cohort than generally assumed in other
studies.
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The cognitive measures used in this study are strong predictors of not only dementia risk but
also the physical health and wellbeing of older adults (Folstein et al., 1975; Mitchell, 2009).
Although the latent variable approach means that the scale of the outcome variable does not
translate to a clinically defined outcome of cognitive impairment or dementia, it captures the
full range of inter-individual variation in cognitive function covered by any item in the
battery, as was intended in this study. It reduced measurement error in the individual
cognitive items by using their covariation to inform the latent cognitive function variable.
The differential weighting of individual measures onto the latent variable according to their
factor loading also improved the precision of the outcome variable over a simple composite
summary score. This latter approach would, for example, equate knowledge of the present
date (1 point) with an additional word being recalled from the list of ten words (1 point),
although one item may be more difficult than the other and have greater relevance for daily
functioning and future health outcomes (Rockwood et al., 2004).

Our results for father’s occupation are consistent with those from studies conducted in
several other countries on early-life socioeconomic conditions and later-life cognitive health
(Aradjo et al., 2014; Chen, 2016; Fors et al., 2009; Hurst et al., 2013; Horvat et al., 2014;
Kaplan et al., 2001; Melrose et al., 2015). Father’s occupation may have affected the study
participants’ later-life cognitive health through affecting living circumstances, nutrition, and
health and health care accessibility during childhood, especially in this context of frequent
poverty (Walker et al., 2007). Father’s occupation may also have influenced adulthood
socioeconomic circumstances through the transfer of assets and through influencing the
individual’s likelihood of receiving education and their own subsequent adulthood
occupation. Adulthood occupation may, in turn, affect cognitive health through the types of
tasks carried out at work, the leisure activities and health-related behaviors engaged in
outside of work, and through improved access to health care services (Lang et al., 2008;
Sabia et al., 2009).

Father’s occupation is a commonly used indicator of household socioeconomic conditions
during childhood (McEniry, 2013). In South Africa, blacks did not and, in vast majority, still
do not have the same labor force opportunities as whites (Wilkinson et al., 2017). In rural
parts of the country, migratory labor was necessary as people were forcibly moved to
‘homelands’ during Apartheid while many jobs remained in cities or in underground mines
that were located away from these areas (Collinson et al., 2014). For these reasons, many
HAALSI study participants had fathers who worked in some form of manual labor. Only
three percent of the sample had a father who worked in a professional occupation. The
intergenerational ‘stickiness’ of socioeconomic disadvantage, within this broader context of
persistent poverty caused by a long history of colonization culminating in a period of
Apartheid, is evident in our results by the low educational attainment and reduced later-life
cognitive function scores associated with having a father who worked in unskilled manual
labor. This profound economic vulnerability of Agincourt residents is still evident in
younger generations today: An interview study of recent school leavers in 2013 in Agincourt
found that only 38% of men and 12% of women aged 18 to 24 were employed (Wilkinson et
al., 2017).
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Our results are also consistent with studies indicating that childhood health is directly
associated with later-life cognitive function (Aradjo et al., 2014; Case and Paxson, 2009;
McEniry, 2013; Scazufca et al., 2008; Zhang et al., 2010). Poor health during childhood can
directly impede cognitive development (Walker et al., 2005), and this effect may last through
later life (Hertzman, 1999; Richards and Hatch, 2011), as supported by our results. Contrary
to our hypothesis, educational attainment did not appear to mediate the relationship between
self-rated childhood health and later-life cognitive function. We had no specific measures of
disease diagnoses in childhood, so our ability to detect any association between childhood
health and educational attainment may have been limited, although US-based studies have
found associations with similar self-rated measures (Haas, 2007). It might be that, in our
sample, few children had such poor health that it limited their capacity to attend school.
Rather, the primary determinants of school attendance in this setting appeared to have been
socioeconomic in nature.

4.1. Limitations and strengths

A limitation of this study is that we did not have more precise measures of household
income or material resources for study participants during their childhoods. Further
information could not be derived about the father’s occupations recorded in the ‘other’
category or those who did not know their father’s occupation. These responses could be due
to a number of reasons, such as not having a father present during childhood, which may
have been common due to the migratory nature of work that was available to black men
during Apartheid. Having a father who died before the study participant was age 18 (23% of
those with data for this variable; 507 out of 2203) was not associated with ‘don’t know’
responses (o = 0.51). We suspect that the effect estimate for father’s occupation is an
underestimate due to the potential for recall error and noise introduced into the variable
through the categories imposed during the study interview. It is also possible that the
ISCO-08 classification is not ideal for the Agincourt setting, where occupations such as
traditional healer were common. This occupational category was associated with worse
cognitive scores than would be expected according to the ISCO-08 definition of skill level 3.
We also did not have information on mother’s education or the roles of mothers in teaching
their children, which could have contributed to later-life cognitive health (Hertzman, 1999).

Another important limitation is the cross-sectional nature of this study, with retrospectively
assessed exposure variables. Any recall error in the self-reported childhood exposure
variables could have biased the effect estimates. Current health status could bias recall of
childhood health status, but it was not adjusted for as current health could lie on the causal
pathways that were under study (Haas, 2007). Mortality in the target population prior to
study enrollment, if caused by either of childhood risk factors, would lead to underestimates
of the effects of risk factors on cognitive outcomes in our study. We were unable to
distinguish between age effects and birth cohort effects in this study, which is important as
educational quality may have changed across birth cohorts during Apartheid in South Africa.
Any improvements in educational quality or attainment over birth cohorts would relate to
improved cognitive function over subsequent birth cohorts. This phenomenon has been
observed in several industrialized countries and is referred to as the “Flynn Effect”, which
may be occurring in rural South Africa as educational attainment increases over time
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(Trahan et al., 2014). The cross-sectional nature of the study meant that this study could not
assess age-related cognitive change as an outcome. Planned longitudinal follow-up of the
HAALSI cohort, with these findings providing a baseline, will allow for investigation of the
drivers of cognitive change in this sample.

Strengths of this population-based study include its large sample size and inclusion of some
of the “oldest old” South African adults. This study was conducted in a rural, post-Apartheid
context where the life course drivers of cognitive aging have not been previously explored.
The cognitive measures in this study were adapted for cultural relevance from validated
measures used in other longitudinal cohort studies of aging, and translated and back-
translated to ensure reliability. Missing data were rare (<3%). This study identifies several
important areas for future research on the life course predictors of later-life health in low-
income settings. The role of education, as well as factors such as adulthood occupation,
social mobility, and social networks in relation to aging-related cognitive decline and
dementia incidence has not yet been investigated in rural, low income South African
settings. Gender differences in the effects of socioeconomic conditions should also be
investigated. This work, which is planned for in future longitudinal follow-up of the
HAALSI cohort, would have to be undertaken with the understanding that a quantitative
variable for ‘education’ does not represent a homogeneous construct, despite its ubiquity as
an exposure or control variable in most social epidemiologic research. This question is still
of great relevance today in post-Apartheid South Africa, as structural barriers to education
remain in place for black adolescents, especially those who come from poor families or who
live in rural regions like the Agincourt sub-district, limiting their future social mobility
(Ndimande, 2016; Odhav, 2009).

5. Conclusions

In conclusion, in this post-Apartheid context of aging in rural South Africa, older adults
whose father worked in unskilled labor had relatively poor cognitive outcomes, partly
because they received very little, if any formal education. Educational attainment explained
between one-fifth and one-half of the effects of father’s occupation during childhood on
later-life cognitive function. Poor self-rated health in childhood also predicted lower later-
life cognitive function scores in this sample, an association that was not explained by
educational attainment. Planned longitudinal data collection in the HAALSI will allow for
the study of life course socioeconomic factors in relation to a range of health outcomes over
time, including cognitive decline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding
This work was funded by a grant from the National Institute on Aging of the National Institutes of Health(P01

AG041710). The funder had no role in the study design; in the collection, analysis, and interpretation of data; in the
writing of the article; or in the decision to submit it for publication.

Soc Sci Med. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kobayashi et al. Page 13

References

Abdi, A. Culture, Education, and Development in South Africa: Historical and Contemporary
Perspectives. Greenwood Publishing Group; 2002. Afrikaner nationalism and the birth of
institutionalized apartheid; p. 37-70.

Avratjo LF, Giatti L, Chor D, Passos VMA, Barreto SM. Maternal education, anthropometric markers
of malnutrition and cognitive function (ELSA-Brasil). BMC Public Health. 2014; 14:673. [PubMed:
24989981]

Bor J, Herbst AJ, Newell ML, Barnighausen T. Increases in adult life expectancy in rural South Africa:
valuing the scale-up of HIV treatment. Science. 2013; 339:961-965. [PubMed: 23430655]

Case A, Paxson C. Early life health and cognitive function in old age. Am Econ Rev. 2009; 99:104—
109. [PubMed: 25147383]

Chen WY. On the relationship between economic conditions around the time of birth and late life
cognitive abilities: evidence from Taiwan. Econ Hum Biol. 2016; 22:126-139. [PubMed: 27104498]

Christie, P., Collins, C. Bantu education: apartheid ideology and labour reproduction. In: Kallaway, P.,
editor. Apartheid and Education. Raven Press; 1984. p. 160-183.

Clouston SAP, Kuh D, Herd P, Elliott J, Richards M, Hofer SM. Benefits of educational attainment on
adult fluid cognition: international evidence from three birth cohorts. Int J Epidemiol. 2012;
41:1729-1736. [PubMed: 23108707]

Collinson MA, White MJ, Bocquier P, McGarvey ST, Afolabi SA, Clark SJ, Kahn K, Tollman SM.
Migration and the epidemiological transition: insights from the Agincourt sub-district of northeast
South Africa. Glob Health Action. 2014; 7:23514. [PubMed: 24848656]

Deaton A. Height, health, and development. Proc Natl Acad Sci. 2007; 104:13232-13237. [PubMed:
17686991]

Folstein MF, Folstein SE, McHugh PR. Mini-Mental State: a practical method for grading the state of

patients for the clinician. J Psychiatr Res. 1975; 12:189-198. [PubMed: 1202204]

Fors S, Lennartsson C, Lundberg O. Childhood living conditions, socioeconomic position in
adulthood, and cognition in later life: exploring the associations. J Gerontol B Psychol Sci Soc Sci.
2009; 64:750-757. [PubMed: 19420323]

Glymour MM, Kawachi I, Jencks CS, Berkman LF. Does childhood schooling affect old age memory
or mental status? Using state schooling laws as natural experiments. J Epidemiol Community
Health. 2008; 62:532-537. [PubMed: 18477752]

Glymour MM, Manly JJ. Lifecourse social conditions and racial and ethnic patterns of cognitive aging.
Neuropsychol Rev. 2008; 18:223-254. [PubMed: 18815889]

Glymour MM, Tzourio C, Dufouil C. Is cognitive aging predicted by one’s own or one’s parents’
educational level? Results from the three-city study. Am J Epidemiol. 2012; 175:750-759.
[PubMed: 22472116]

Haas SA. The long-term effects of poor childhood health: an assessment and application of
retrospective reports. Demography. 2007; 44:113-135. [PubMed: 17461339]

Hertzman C. The biological embedding of early experience and its effects on health in adulthood. Ann
N Y Acad Sci. 1999; 896:85-95. [PubMed: 10681890]

Horvat P, Richards M, Malyutina S, Pajak A, Kubinova R, Tamosiunas A, Pikhart H, Peasey A,
Marmot MG, Bobak M. Life course socioeconomic position and mid-late life cognitive function in
eastern europe. J Gerontol B Psychol Sci Soc Sci. 2014; 69:470-481. [PubMed: 24598045]

Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria
versus new alternatives. Struct Equ Model. 1999; 6:1-55.

Humphreys GW, Duta MD, Montana L, Demeyere N, McCrory C, Rohr J, Kahn K, Tollman S,
Berkman L. Cognitive function in low-income and low-literacy settings: validation of the tablet-
based oxford cognitive screen in the health and aging in Africa: a longitudinal study of an
INDEPTH community in South Africa (HAALSI). J Gerontol B Psychol Sci Soc Sci. 2017
72:38-50. [PubMed: 27974474]

Hurst L, Stafford M, Cooper R, Hardy R, Richards M, Kuh D. Lifetime socioeconomic inequalities in
physical and cognitive aging. Am J Public Health. 2013; 103:1641-1648. [PubMed: 23865666]

Soc Sci Med. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kobayashi et al.

Page 14

International Labour Organisation (ILO). International Standard Classification of Occupations
(ISC0O-08): Structure, Group Definitions, and Correspondence Tables. Geneva: 2012. p. 1-420.

Kabudula CW, Tollman S, Mee P, Ngobeni S, Silaule B, Xavier Gémez-Olivé F, Collinson M, Kahn K,
Byass P. Two decades of mortality change in rural northeast South Africa. Glob Health Action.
2014; 7:25596. [PubMed: 25377343]

Kahn K, Collinson MA, Xavier Gémez-Olivé F, Mokoena O, Twine R, Mee P, Afolabi SA, Clark BD,
Kabudula CW, Khosa A, Khoza S, Shabangu MG, Silaule B, Tibane JB, Wagner RG, Garenne
ML, Clark SJ, Tollman SM. Profile: agincourt health and sociodemographic surveillance system.
Int J Epidemiol. 2012; 41:988-1001. [PubMed: 22933647]

Kaplan GA, Turrell G, Lynch JW, Everson SA, Helkala EL, Salonen JT. Childhood socioeconomic
position and cognitive function in adulthood. Int J Epidemiol. 2001; 30:256-263. [PubMed:
11369724]

Lang IA, Llewellyn DJ, Langa KM, Wallace RB, Huppert FA, Melzer D. Neighborhood deprivation,
individual socioeconomic status, and cognitive function in older people: analyses from the English
Longitudinal Study of Ageing. J Am Geriatr Soc. 2008; 56:191-198. [PubMed: 18179489]

Lee J, Shih R, Feeney K, Langa KM. Gender disparity in late-life cognitive functioning in India:
findings from the longitudinal aging study in India. J Gerontol B Psychol Sci Soc Sci. 2014;
69:603-611. [PubMed: 24622150]

Lekoubou A, Echouffo-Tcheugui JB, Kengne AP. Epidemiology of neurodegenerative diseases in sub-
Saharan Africa: a systematic review. BMC Public Health. 2014; 14:653. [PubMed: 24969686]

McEniry M. Early-life conditions and older adult health in low- and middle-income countries: a
review. J Dev Orig Health Dis. 2013; 4:10-29. http://dx.doi.org/10.1017/S2040174412000499.
[PubMed: 23316272]

Melrose RJ, Brewster P, Marquine MJ, MacKay-Brandt A, Reed B, Farias ST, Mungas D. Early life
development in a multiethnic sample and the relation to late life cognition. J Gerontol B Psychol
Sci Soc Sci. 2015; 70:519-531. [PubMed: 24389122]

Mitchell AJ. A meta-analysis of the accuracy of the mini-mental state examination in the detection of
dementia and mild cognitive impairment. J Psychiatr Res. 2009; 43:411-431. [PubMed:
18579155]

Muthén, LK., Muthén, BO. Examples: confirmatory factor analysis and structural equation modeling.
In: Muthén, LK., Muthén, BO., editors. Mplus User’s Guide. 2017. p. 55-112.

Ndimande BS. School choice and inequalities in post-apartheid South Africa. Glob Educ Rev. 2016;
3:33-39.

Odhav K. South African post-apartheid higher education policy and its marginalisations: 1994-2002.
South Afr Educ J. 2009; 6:33-57.

Onadja Y, Atchessi N, Soura BA, Rossier C, Zunzunegui MV. Gender differences in cognitive
impairment and mobility disability in old age: a cross-sectional study in Ouagadougou, Burkina
Faso. Arch Gerontol Geriatr. 2013; 57:311-318. [PubMed: 23827740]

Payne CF, Gomez-Olivé FX, Kahn K, Berkman L. Physical function in an aging population in rural
South Africa: findings from HAALSI and cross-national comparisons with HRS sister studies. J
Gerontol B Psychol Sci Soc Sci. 2017; 72:665-679. [PubMed: 28369527]

Peltzer K, Phaswana-Mafuya N. Cognitive functioning and associated factors in older adults in South
Africa. S Afr J Psych. 2012; 18:157-163.

Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global prevalence of dementia: a
systematic review and metaanalysis. Alzheimer’s Dement. 2013; 9:63-75. [PubMed: 23305823]

Richards M, Hatch SL. A life course approach to the development of mental skills. J Gerontol Ser B
Psychol Sci Soc Sci. 2011; 66B:i26-i35.

Richards M, Wadsworth M, Rahimi-Foroushani A, Hardy R, Kuh D, Paul A. Infant nutrition and
cognitive development in the first offspring of a national UK birth cohort. Dev Med Child Neurol.
1998; 40:163-167. [PubMed: 9566652]

Rockwood K, Howlett SE, MacKnight C, Beattie BL, Bergman H, Hébert R, Hogan DB, Wolfson C,
McDowell 1. Prevalence, attributes, and outcomes of fitness and frailty in community-dwelling
older adults: report from the Canadian Study of Health and Aging. J Gerontol A Biol Sci Med Sci.
2004; 59:1310-1317. [PubMed: 15699531]

Soc Sci Med. Author manuscript; available in PMC 2018 October 01.


http://dx.doi.org/10.1017/S2040174412000499

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kobayashi et al.

Page 15

Sabia S, Nabi H, Kivimaki M, Shipley MJ, Marmot MG, Singh-Manoux A. Health behaviors from
early to late midlife as predictors of cognitive function: the Whitehall Il Study. Am J Epidemiol.
2009; 170:428-437. [PubMed: 19574344]

Sartorius K, Sartorius B, Tollman S, Schatz E, Kirsten J, Collinson M. Rural poverty dynamics and
refugee communities in South Africa: a spatial-temporal model. Popul Space Place. 2013; 19:103—
123. [PubMed: 24348199]

Scazufca M, Menezes PR, Araya R, Di Rienzo VD, Almeida OP, Gunnell D, Lawlor DA. Risk factors
across the life course and dementia in a Brazilian population: results from the Sao Paulo ageing &
health study (SPAH). Int J Epidemiol. 2008; 37:879-890. [PubMed: 18583392]

Sisco S, Gross AL, Shih RA, Sachs BC, Glymour MM, Bangen KJ, Benitez A, Skinner J, Schneider
BC, Manly JJ. The role of early-life educational quality and literacy in explaining racial disparities
in cognition in late life. J Gerontol B Psychol Sci Soc Sci. 2015; 70:557-567. [PubMed:
24584038]

Statistics South Africa. Statistical Release P0302: Mid-year Population Estimates. Pretoria: 2015.

Trahan LH, Stuebing KK, Fletcher JM, Hiscock M. The Flynn effect: a meta-analysis. Psychol Bull.
2014; 140:1332-1360. [PubMed: 24979188]

Union of South Africa. Bantu Education Act. Government of the Union of South Africa; 1953.

United Nations. Apartheid in South Africa: Summary of the Report of the Special Committee on the
Policies of Apartheid of the Government of South Africa. 1963.

Vanderweele, T. Explanation in Causal Inference: Methods for Mediation and Interaction. Harvard
University Press; 2015. Mediation: introduction and regression-based approaches; p. 20-97.

Walker SP, Chang SM, Powell CA, Grantham-McGregor SM. Effects of early childhood psychosocial
stimulation and nutritional supplementation on cognition and education in growth-stunted
Jamaican children: prospective cohort study. Lancet. 2005; 366:1804-1807. [PubMed: 16298218]

Walker SP, Wachs TD, Meeks Gardner J, Lozoff B, Wasserman GA, Pollitt E, Carter JA. International
Child Development Steering Group. Child development: risk factors for adverse outcomes in
developing countries. Lancet. 2007; 369:145-157. [PubMed: 17223478]

Whalley LJ, Deary 1J, Appleton CL, Starr JM. Cognitive reserve and the neurobiology of cognitive
aging. Ageing Res Rev. 2004; 3:369-382. [PubMed: 15541707]

Wilkinson A, Pettifor A, Rosenberg M, Halpern C, Thirumurthy H, Collinson MA, Kahn K. The
employment environment for youth in rural South Africa: a mixed-methods study. Dev South Aft.
2017; 34:17-32. [PubMed: 28190915]

Zahodne LB, Glymour MM, Sparks C, Bontempo D, Dixon RA, MacDonald SWS, Manly JJ.
Education does not slow cognitive decline with aging: 12-Year evidence from the Victoria
Longitudinal Study. J Int Neuropsychol Soc. 2011; 17:1039-1046. [PubMed: 21923980]

Zhang Z, Gu D, Hayward MD. Childhood nutritional deprivation and cognitive impairment among
older Chinese people. Soc Sci Med. 2010; 71:941-949. [PubMed: 20591545]

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/
j-socscimed.2017.08.0009.

Soc Sci Med. Author manuscript; available in PMC 2018 October 01.


http://dx.doi.org/10.1016/j.socscimed.2017.08.009
http://dx.doi.org/10.1016/j.socscimed.2017.08.009

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Kobayashi et al.

Page 16

NIE (Path a * Path b) 656
Path a . Path b .
Childhood risk factors Years of education > Laten’g cognitive
completed function score

e

Path ¢ = TE (without education in the model)
Path ¢' = NDE (with education in the model)

Fig. 1.
Proposed mediation model.
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Mean latent cognitive function scores according to years of education achieved. (V= 4902).
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TE skill 2:0.15; 95% CI: 0.09, 0.21
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Final mediation model, adjusted for age, sex, country of birth, self-rated childhood health,

and father’s occupation. ™p < 0.01.
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p < 0.0001.
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Table 1
Characteristics of the sample, HAALSI, Agincourt, South Africa. (V= 5059).

Characteristic Total N (%)
Age

40-49 918 (18%)

50-59 1410 (28%)

60-69 1304 (26%)

70-79 878 (17%)

80+ 549 (11%)

Mean (SD) 61.7 (13.1)
Sex

Male 2345 (46%)

Female 2714 (54%)
Country of birth

South Africa 3528 (70%)

Mozambique or other 1526 (30%)
Self-reported literacy

Can read or write 2948 (58%)

Cannot read or write 2108 (42%)
Employment status

Employed (part- or full-time) 805 (16%)

Not working 3719 (74%)

Homemaker 521 (10%)
Years of education

Mean years of education (SD)? 4.63 (4.28)
Self-rated childhood health

Very good 3501 (69%)

Good 933 (19%)

Moderate 296 (6%)

Bad 164 (3%)

Very bad 161 (3%)
Father’s occupation during childhood

Skill level 1 (unskilled manual labor; lowest skill) 1446 (29%)

Skill level 2 (mining and service industry) 2187 (43%)

Skill level 3 (traditional healers and assistants) 151 (3%)

Skill level 1 (professional and managerial; highest skill) 141 (3%)
Other occupation 575 (11%)

Doesn’t know father’s occupation 547 (11%)

Note: Cells may not add to 5059 due to missing data.

aNearIy half the sample (46%; 2307/5059) had no formal education.

Soc Sci Med. Author manuscript; available in PMC 2018 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kobayashi et al. Page 20

Table 2

Adjusted linear regression predicting z-standardized latent cognitive function scores, HAALSI, Agincourt,
South Africa. (V= 4902).

Characteristic Mode 12 Model 2P

Total Effects(95% CI) Natural Direct Effects (95% CI)

Self-rated childhood health

Good Reference Reference

Poor -0.28 (-0.35, -0.21) -0.30 (-0.37, -0.23)
Father’s occupation

Skill level 1 (unskilled manual labor) Reference Reference

Skill level 2 (mining and service industry) 0.15 (0.09, 0.21) 0.12 (0.07, 0.17)

Skill level 3 (traditional healers and assistants)  —0.04 (-0.18, 0.11) -0.03 (-0.16, 0.11)

Skill level 4 (professional) 0.25 (0.10, 0.40) 0.13(0.00, 0.27)
Adjusted model R2 0.29 0.39

aAdjusted for age, sex, country of birth, self-rated childhood health, and father’s occupation.

bAdjusted for age, sex, country of birth, self-rated childhood health, father’s occupation, and education.
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