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relationship between SSP and cognitive function over
time among older adults in rural South Africa.
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By 2050, approximately 75% of global dementia
cases are expected to occur in low-
income and
middle-income countries, although socioeconomic
influences on cognitive ageing in these settings are
understudied.1 Traditional socioeconomic position
(SEP) indicators, including education, income,
occupation and wealth are consistently associated
with cognitive ageing outcomes.2–5 SEP is thought
to affect cognitive ageing through influencing
access to health-promoting resources across the life
course such as nutrition, housing, social connections, leisure time activities and healthcare.6–8 The

psychological dimensions of SEP, such as subjective
social position (SSP), have been rarely investigated
in relation to cognitive ageing.9 10 SSP represents
an individual’s perception of their relative position within their community or society.11 12 SSP is
thought to affect health through representing the
factors that individuals consider to influence their
social position, which may not be fully captured by
traditional SEP indicators, and through psychosocial stress that may be induced through the experience of perceiving a low social position.11–14
SSP has been associated with a range of health
outcomes among older adults, mostly in high-
income settings, including depression, hypertension, diabetes, elevated cortisol levels and functional
mobility decline.15–19 Several of these outcomes are
risk factors for cognitive decline, impairment and
dementia.20 To the best of our knowledge, only two
studies have investigated the associations between
SSP and cognitive ageing.9 10 The first found that
SSP in relation to ‘society’ in the USA was strongly
associated with memory function at baseline, but
not with memory change over a 6-year follow-up in
a population-representative sample of 8530 adults
aged ≥65.9 The second found that low SSP relative
to one’s local community, but not all of Hong Kong,
was strongly associated with accelerated cognitive
decline over a 4-year follow-up among adults aged
≥65 in Hong Kong, China.10
In this study, we focus on South Africa, which
has a history of legislated racial segregation and
discrimination due to apartheid and its precursors,
and racialised socioeconomic inequality that has
persisted since the end of apartheid in 1994.21–23
The Black population was excluded from the education system during apartheid, with ‘Bantu’ schools
providing a basic level of skills designed to keep
Black South Africans in low-paying manual labour
positions.24 Unemployment was and remains high
in South Africa, with sources of employment and
income continuing to be volatile in rural regions
where cyclical and migratory work such as in mining,
farming and domestic labour are common.25–27 The
associations between SSP and cognitive ageing
outcomes among older, Black South Africans who
lived through apartheid are unknown.
We aimed to investigate the associations between
SSP within one’s village and cognitive function
over two time points in a longitudinal study of men
and women aged ≥40 living in the rural Agincourt
subdistrict of Mpumalanga province, South Africa,
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asked to imagine that it represents where people stand in their
village, and to indicate where on the ladder they felt they stood
relative to others in their village. The ladder measure generated
a continuous SSP variable with a range from 0 (bottom rung) to
10 (top rung).

Outcomes: cognitive function at the baseline and follow-up

Cognitive function was assessed at baseline (2014/15) and
follow-up (2018/19) using measures adapted from the US Health
and Retirement Study (HRS)31: orientation (ability to state the
current day, month, year and South African president; four
points total) and episodic memory (immediate and delayed recall
of a 10-word list read out loud by the interviewer; 20 points
total; delays were 1 min at baseline and 6 min at follow-up).
These measures are used in HRS International Partner Studies
around the world32 and were selected as the inability to orient
oneself to time and place and loss in memory function are hallmark signs of dementia, including Alzheimer’s disease, and are
highly sensitive to ageing-related change.33 Psychometric data on
the HAALSI cognitive battery are available elsewhere.34
Figure 1 Study flow diagram. Among the included sample, mean
follow-up time was 3.67 years (SD: 0.24 years; range: 2.95–4.82 years).
HAALSI, Health and Ageing in Africa: A Longitudinal Study of an
INDEPTH Community in South Africa; SSP, subjective social position.
from 2014/2015 to 2018/2019. We hypothesised that higher SSP
would be associated with higher baseline and follow-up cognitive function, independent of objective SEP measures and other
confounders.

METHODS
Study design and sample

Data were from in-person interviews with adults aged ≥40
in ‘Health and Ageing in Africa: A Longitudinal Study of an
INDEPTH Community in South Africa’ (HAALSI, response
rate=86%).28 Baseline interviews were conducted from
November 2014 to November 2015, and follow-up interviews
from October 2018 to November 2019. The lower limit of the
eligible age range reflects the life expectancy of South Africans,
at 60.6 years for men and 64.3 years for women in 2015.29
HAALSI represents of a population of ~1 16 000 people living
in 31 villages in the Agincourt subdistrict, Mpumalanga province, South Africa.28 30 Agincourt is part of a former ‘homeland’
region, where Black South Africans were forcibly moved to
during apartheid on the basis of their racial and ethnic identity.30
During apartheid, opportunities for social mobility were severely
limited through restricted access to education and occupational
opportunities.21 Since the end of apartheid in 1994, social and
economic conditions in Agincourt have improved, but there
remain gaps in basic services such as piped water and tarred
roads.28 30 Approximately one-third of the Agincourt population are former refugees due to the civil war in neighbouring
Mozambique from 1977 to 1992. These individuals generally
had worse access to health and social opportunities than their
South African-born counterparts.31 A total of 3771 participants
were included in the final sample (figure 1).

Exposure: SSP

SSP was assessed using the 10-rung MacArthur Network social
position ladder, using the participant’s village as the reference
frame.13 18 Participants were shown an image of a 10-rung ladder,
386

Covariates

Potential confounders of the SSP–cognitive health relationship
were measured in the baseline interview. Demographic covariates were: age (continuous); age2 (continuous, to account for
non-
linear effects of age on cognition); sex (male; female);
country of birth (South Africa; Mozambique or other). Socioeconomic and social covariates were: skill level of father’s
main job during childhood as a proxy for childhood socioeconomic conditions34 (skill levels one through four of the International Standard Classification of Occupations (ISCO) 2008;
other; don’t know); education (no formal education; some
primary (1–7 years); some secondary (8–11 years); secondary
or more (12+years)); self-reported literacy (cannot read and/or
write; can read and write); current employment (employed full
time or part time; retired; homemaker; unemployed); marital
status (married or living as married; never married; separated/
based household wealth
deserted; divorced; widowed); asset-
quintile. Please see online supplemental methods 1 for additional details on the ISCO 2008. Pre-existing health conditions
and behaviours included: self-rated health today compared with
1 year ago (much worse; worse; same; better; much better),
frequency of alcohol intake (less than five vs five or more drinks/
week), presence of depressive symptoms according to a modified 7-item Center for Epidemiologic Depression scale (yes;
no), hypertension (yes; no) and diabetes (yes; no). Hypertension was defined as a measured mean systolic blood pressure
>140 mm Hg or mean diastolic blood pressure >90 mm Hg, or
controlled blood pressure with self-reported use of hypertensive
medication. Diabetes was defined as any of a fasting glucose of
≥7.0 mmol/L, a random plasma glucose ≥11.1 mmol/L, a self-
reported physician diagnosis of diabetes, or self-reported use of
a prescribed diabetes medication.

Statistical analyses

Linear regression was used to estimate the relationships between
SSP and cognitive function score at the baseline and the
follow-up. Models for both outcomes were iteratively adjusted
for (1) demographic covariates (model set 1); (2) demographic
plus socioeconomic and social covariates (model set 2) and (3)
demographic, socioeconomic and social, and health-
related
covariate (model Set 3). Because the goal of model adjustment
was to control for confounding, we did not adjust the models
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predicting follow-up cognitive score for the baseline cognitive
score, as baseline cognitive function may be a mediator of any
association between baseline SSP and cognitive function at the
follow-up.35 36 All models incorporated inverse probability
weights that accounted for the probabilities of mortality and
attrition over the follow-up.37 Please see online supplemental
methods 2 and online supplemental tables 1 and 2 for a description of the methods used to create the weights. We conducted a
sensitivity analysis with the models predicting follow-up cognitive function score adjusted for the baseline cognitive function
score, to evaluate the association of baseline SSP with follow-up
cognitive function, net of baseline cognitive function. All analyses were conducted using Stata V.17.0SE.

RESULTS

Characteristics of the sample and mean SSP scores according to
sample characteristics are shown in table 1. SSP responses ranged
from 0 (bottom rung of ladder) to 10 (top rung of ladder), with a
mean of 6.6 (SD: 2.3), median of 7, and IQR from 5 to 8. Characteristics of the HAALSI sample compared with the national
South African population aged ≥40 are shown in online supplemental table 3. Cognitive scores were normally distributed at
both time points, with a baseline median (IQR) of 12 (9–14) and
a follow-up median (IQR) of 13 (10–16).
SSP was positively associated with baseline cognitive function,
with an average 0.300-point increase in score (95% CI: 0.244 to
0.356) per one-rung SSP ladder position increase after adjusting
for age, age2, sex and country of birth in model 1 (table 2).
After adjusting for socioeconomic and social factors in model
2, this estimate was attenuated by approximately one-third to
0.210 (95% CI 0.156 to 0.264), while additional adjustment
for health-related factors negligibly affected the final estimate
in Model 3 (0.198; 95% CI 0.144 to 0.253; table 2). Full model
estimates are available in online supplemental table 4.
SSP was also positively associated with follow-up cognitive
function, but with a weaker magnitude of association than with
baseline cognitive function, with an average 0.168-point increase
in score (95% CI 0.110 to 0.226) per one-rung SSP ladder position increase in model 1 (table 3). This estimate was attenuated
by approximately half after adjustment for socioeconomic, social
and health factors in model 3 (0.078; 95% CI 0.021 to 0.136;
table 3). Full model estimates are available in online supplemental table 5.
When the models shown in table 3 were rerun with adjustment
for baseline cognitive function score, as a sensitivity analysis,
the estimates were somewhat attenuated and became non-
statistically significant for models 2 and 3: model 1: β=0.098
(95% CI 0.200 to 0.268); model 2: β=0.049 (95% CI −0.006
to 0.105); Model 3: β=0.048 (95% CI −0.009 to 0.104). The
Pearson’s correlation coefficient for the baseline and follow-up
cognitive function scores was 0.39 (p<0.0001).

Table 1 Characteristics of the sample, HAALSI, Agincourt subdistrict,
Mpumalanga, South Africa, 2014–2019

Characteristic

In this population-representative cohort of older adults in a low
income, rural region of South Africa, we observed that higher
SSP was associated with better episodic memory and orientation function at baseline and at a 3-year follow-up, independent of covariates including traditional objective SEP measures.
Objective SEP measures, but not health-related measures, were
confounders of the relationships between SSP and cognitive
outcomes at both time points. The relationship between SSP
and cognitive function was weaker at the follow-up than at the
baseline. These findings are among the first to indicate that SSP

Mean (SD)
SSP

3771 (100%)

6.6 (2.3)

60.1 (12.2)

−0.10*

Demographic characteristics
Age
 Mean (SD)
 P value

<0.0001

Sex
 Male

1657 (43)

6.66 (2.35)

 Female

2114 (56)

6.53 (2.19)

 P value

–

0.08

 South Africa

2648 (70)

6.83 (2.24)

 Mozambique or other

1123 (30)

6.01 (2.20)

 P value

–

<0.0001

 Skill level 1 (unskilled manual labour)

1095 (29)

6.63 (2.22)

 Skill level 2 (mining or service sector work)

1677 (45)

6.57 (2.24)

113 (3)

6.69 (2.13)

Country of birth

Socioeconomic and social characteristics
Skill level of father’s main job during childhood

 Skill level 3 (traditional healers and small
business assistants)
 Skill level 4 (professional or managerial work)

108 (3)

6.29 (2.25)

 Other

408 (11)

7.04 (2.43)

 Don’t know

370 (10)

6.07 (2.25)

 P value

<0.0001

Education
 No formal education

1605 (43)

6.20 (2.24)

 Some primary (1–7 years)

1343 (36)

6.65 (2.20)

 Some secondary (8–11 years)

464 (12)

6.88 (2.30)

 Secondary or more (≥12 years)

359 (10)

7.66 (2.11)

 P value

<0.0001

Self-reported literacy
 Can read and write

2061 (55)

6.89 (2.23)

 Cannot read and/or write

1710 (45)

6.21 (2.25)

 P value

<0.0001

Marital status
 Married or living as married

2024 (54)

6.79 (2.27)

 Never married

181 (5)

6.70 (2.43)

 Separated/deserted

319 (8)

6.09 (2.15)

 Divorced

158 (4)

6.50 (2.23)

 Widowed

1089 (29)

6.33 (2.21)

 P value

<0.0001

Employment status
 Employed part or full-time

DISCUSSION

N (%)

657 (17)

6.87 (2.24)

 Not working

2695 (71)

6.50 (2.28)

 Homemaker

419 (11)

6.67 (2.11)

 P value

0.0004

Household asset quintile
 1 (poorest)

732 (19)

5.84 (2.30)

 2

735 (19)

6.33 (2.23)

 3

740 (20)

6.63 (2.23)

 4

781 (21)

6.88 (2.19)

 5 (richest)

783 (21)

7.18 (2.15)
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Table 1

Continued

Characteristic

N (%)

Mean (SD)
SSP

3771 (100%)

6.6 (2.3)

 P value
Self-rated health today, compared with year ago
95 (3)

6.58 (2.70)

 Worse

546 (14)

6.17 (2.19)

 Same

2290 (61)

6.70 (2.25)

 Better

612 (16)

6.34 (2.24)

 Much better

228 (6)

7.07 (2.24)

 P value

<0.0001

Alcohol intake frequency
 <5 days per week

3553 (94)

6.61 (2.27)

 ≥5 days per week

218 (6)

6.13 (2.14)

 P value

0.002

Presence of depressive symptoms
 Yes

619 (16)

5.78 (2.19)

 No

3152 (84)

6.74 (2.24)

 P value

<0.0001

Diabetes
 Yes

382 (10)

6.54 (2.18)

 No

3131 (83)

6.58 (2.27)

258 (7)

6.74 (2.23)

 Unknown
 P value

0.472

Hypertension
 Yes

2347 (62)

6.61 (2.24)

 No

1379 (37)

6.55 (2.29)

45 (1)

6.51 (2.67)

 Unknown
 P value

0.748

P values are estimated from t-tests for binary covariates, one-way ANOVA for categorical
covariates and Pearson’s correlation for continuous covariates.
*Estimate shown is a Pearson’s correlation coefficient.
ANOVA, analysis of variance; HAALSI, Health and Ageing in Africa: A Longitudinal Study of
an INDEPTH Community in South Africa; SSP, subjective social position.

is associated with cognitive health among older adults in rural
South Africa. Future studies in similar settings should consider
including SSP as a socioeconomic covariate alongside objective
SEP measures, and further investigate the longer-term relationships between SSP and cognitive ageing, including risks of cognitive impairment and dementia.

Comparison with existing literature and potential
explanations

Our results indicating that SSP was positively associated with
baseline cognitive function is consistent with the prior study
of SSP and cognitive ageing in the US HRS.9 Our findings are
also consistent with the study of older adults in Hong Kong
for the community-
level but not society-
level SSP reference
frame.10 In contrast to the US study, our study and the Hong
Kong study represented low-
income older populations with
histories of socioeconomic deprivation. It is possible that SSP
is influenced by different factors across older populations from
different socioeconomic and cultural contexts. Additionally, the
SSP reference frame may influence results. Results from these
studies indicate that local reference frames are associated with
cognitive outcomes (eg, one’s village in rural South Africa, one’s
388

Change in baseline cognitive score
per one-rung increase on the SSP
ladder

<0.0001

Health-related characteristics
 Much worse

Table 2 Linear regression models predicting baseline cognitive
function score, HAALSI, Agincourt subdistrict, Mpumalanga, South
Africa, 2014–19, N=3771

Model

Adjustments

β

95% CI

1

Age, age2, sex, country
of birth

0.300

0.244 to 0.356

2

Model 1+
0.210
socioeconomic and social
factors*

0.156 to 0.264

3

Model 2+ health-related 0.198
factors†

0.144 to 0.253

All models incorporate IPWs for mortality and attrition.
*Adjusted for model 1 covariates, plus socioeconomic and social factors (father’s main
job during childhood, education, literacy, marital status, employment status, household
asset quintile).
†Adjusted for model 1 and 2 covariates, plus health-related factors (self-rated health
today compared with 1 year ago, alcohol intake frequency, number of depressive
symptoms, diabetes, hypertension).
HAALSI, Health and Ageing in Africa: A Longitudinal Study of an INDEPTH Community in
South Africa; IPW, inverse probability weights; SSP, subjective social position.

self-defined community in Hong Kong), while larger societal
reference frames are not (eg, all of Hong Kong, US society).
Further research is needed to better understand how older
adults from diverse country contexts conceptualise their SSP, and
how the relationships between SSP and SEP may differ across
populations.
The potentially unmeasured aspects of SEP that are captured
income settings may reflect cognitive reserve.
by SSP in low-
Cognitive reserve is a theoretical construct that is thought to
reflect the brain’s ability to maintain cognitive function despite
the presence of neurodegenerative pathology.38 Cognitive
reserve is strongly associated with objective SEP measures, which
are thought to contribute to cognitive reserve through providing
access to cognitively stimulating social and leisure-time activities, healthcare, nutrition and other cognitively protective
resources.38 As such, conditional on objective SEP, high SSP

Table 3 Linear regression models predicting follow-up cognitive
function score, HAALSI, Agincourt subdistrict, Mpumalanga, South
Africa, 2014–2019, N=3771
Change in follow-up cognitive score
per one-rung increase on the SSP
ladder
Model

Adjustments

β

95% CI

1

Age, age2, sex, country
of birth

0.168

0.110 to 0.226

2

Model 1+
0.081
socioeconomic and social
factors*

0.024 to 0.138

3

Model 2+ health-related 0.078
factors†

0.021 to 0.136

All models incorporate IPWs for mortality and attrition.
*Adjusted for model 1 covariates, plus socioeconomic and social factors (father’s main
job during childhood, education, literacy, marital status, employment status, household
asset quintile).
†Adjusted for model 1 and 2 covariates, plus health-related factors (self-rated health
today compared with 1 year ago, alcohol intake frequency, number of depressive
symptoms, diabetes, hypertension).
HAALSI, Health and Ageing in Africa: A Longitudinal Study of an INDEPTH Community in
South Africa; IPW, inverse probability weights; SSP, subjective social position.
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may reflect cognitive reserve obtained through socioeconomic
or social means that are not captured by SEP measures. Future
research should explicitly examine how SSP is associated with
cognitive reserve markers, particularly in low-income settings
that will experience a heavy future burden of ageing-
related
cognitive decline.
A final potential explanation for our findings is that low SSP
may induce greater social stress in low-income settings than in
high-income settings, possibly due to the lower absolute socioeconomic welfare experienced by those in low-income settings.
Future research should interrogate the construct of SSP in low-
income and middle-
income settings, and the associations of
SSP with psychosocial stress pathways that are thought to lead
to several chronic diseases, including dementia.20 39 40 Cross-
national comparative studies of the associations of SSP with
health outcomes, net of contextually relevant SEP measures, may
also be informative for evidence triangulation on the potential
role of SSP in health outcomes.

the follow-up. Future research should establish the temporality
of relationships between SSP and cognitive outcomes using additional repeated measures.
Strengths include our use of a widely used, validated and
reliable measure of SSP.11 We had longitudinal data on a large,
population-representative sample, including rich data on covariates and cognitive function that are harmonised with the US
HRS and its International Partner Studies.32 This study improves
global representation in the body of social epidemiological
evidence on cognitive ageing and is the first that we are aware of
to identify an association between SSP and cognitive outcomes
in a low-income, rural, southern African setting. The social and
economic circumstances of this study population are broadly
generalisable to other rural regions of South Africa at similar
levels of economic development. Findings of this study should
be valuable for hypothesis generation to better understand SSP
as a meaningful measure of social position in older, low-income
populations and its potential relationships with health outcomes.

Limitations and strengths

Conclusion

This study is limited to the cognitive domains of orientation
and episodic memory. SSP may be differentially associated with
other cognitive function domains, such as executive function
and processing speed. However, the domains we studied are
highly sensitive to ageing-related change, and impairments in
orientation and episodic memory are hallmark signs of Alzheimer’s disease and related dementias.33 As we only had two time
points of outcome measurement, we were unable to study rate of
change over time in cognitive function using standard methods
to account for multiple within-person outcome measures over
time.37 We were unable to study incident cognitive impairment
or dementia as outcomes, as a longer follow-up time is needed
allow enough cases to occur for sufficient statistical power.
There was a longer delay between the immediate and delayed
recall trials at the follow-up then at the baseline, which was more
consistent with the HRS delay of approximately 5 min. The
longer delay may have made the delayed recall trial more difficult at the follow-up, but the potential impact on our estimated
measures of association is difficult to evaluate. Our cognitive
scores may be sensitive to measurement error, which we expect
would be random with respect to SSP and, if present, would
most likely have resulted in our results underestimating the true
magnitudes of associations. Our analytic sample was restricted to
non-proxy respondents, excluding the most cognitively impaired
individuals. If there truly is a positive relationship between SSP
and cognitive function, exclusion of these individuals would
further bias our results towards the null.
Our data were observational, and sources of bias such as
unmeasured confounding and study attrition are threats to causal
inference. We addressed these limitations as best possible through
model adjustments and weighting to account for mortality and
attrition. One concern is that unmeasured cognitive function
prior to the study baseline is a source of confounding. If this is the
case, then our results may reflect reverse causation. To explore
this possibility in a sensitivity analysis, we adjusted for baseline
cognitive function in the model predicting cognitive function at
the follow-up, as the baseline scores would be correlated with
unmeasured values of cognitive function prior to the baseline. In
this analysis, the estimate for SSP was somewhat attenuated and
non-statistically significant. However, it is not possible to ascertain whether this attenuation was due to improved confounder
control or because adjustment for baseline cognitive function
removed some of the total effect of SSP on cognitive function at

SSP was associated with orientation and episodic memory scores
over time among low-income older adults in a rural region of
South Africa. We observed strong associations between SSP and
cognitive function, which attenuated over time but persisted
after adjustment for objective SEP measures. Future research is
needed to establish the causality of the observed relationships,
whether they persist over longer follow-up periods, their consistency in other populations, and whether they extend to other
cognitive domains and outcomes.

What is already known on this subject
► Populations of many low-income settings, like much of rural

South Africa, are rapidly ageing, yet little is known about the
social factors that influence health during ageing in these
settings.
► Research in high-income countries has demonstrated that
subjective social position is independently associated with
a range of physical and mental health outcomes, including
cognitive function.
► The independent relationships between subjective social
position and cognitive ageing outcomes in low-income, rural
populations are unknown.
What this study adds
► We newly identified that subjective social position was

positively associated with cognitive function over two time
points in older adults living in rural South Africa.
► The associations between subjective social position and
cognitive outcomes were independent of measured aspects
of absolute and relative socioeconomic position.
► Subjective social position may play a role in cognitive
ageing among low-income older adults, potentially through
capturing aspects of social position not reflected in
traditional objective measures and through the psychosocial
stress of occupying a low social position.
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