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ARTICLE INFO ABSTRACT

Handling Editor: Winnie Yip Introduction: Aging populations across sub-Saharan Africa are rapidly expanding, leading to an increase in the
burden of Alzheimer’s disease and related dementias (ADRD). Cash transfer interventions are one plausible

Keywords: mechanism to combat ADRD at a population-level in low-income settings. We exploited exogenous variation in

South Africa eligibility for South Africa’s Child Support Grant (CSG) to estimate the longitudinal association between po-

Cash transfer tential CSG benefit and cognitive trajectories in rural mothers with <10 children (n = 1090).

Alzheimer’s disease Methods: South Africa’s CSG delivers monthly cash payments to primary caregivers, predominantly mothers, to

Cognitive decline offset the costs associated with child rearing. This study implemented a quasi-experimental design using data

Memory (2014-2022) from a rural, low-income cohort in the Agincourt research area, South Africa. We fit linear mixed
effects models and generalized linear models to estimate the association of potential CSG benefit per eligible
child with memory decline and dementia probability, respectively. We stratified all models by the mother’s total
number of children (1-4 and 5-9) and examined effect modification by household wealth and the mother’s
education level.
Results: Having above median CSG per eligible child was associated with higher baseline memory scores (p =
0.12 SD units, 95% CI = 0.02, 0.22) but steeper memory decline (p = —0.02 SD units, 95% CI = —0.04, -0.00)
compared to below median CSG. Within stratified analyses, this effect was primarily observed among mothers
with 5-9 children. No associations were observed between potential CSG per eligible child and dementia
probability.
Conclusions: Our findings support the use of large-scale cash transfers as a promising intervention to promote
healthy cognitive aging in mid-life women within rural, low-income settings. However, we found evidence that
the CSG in its current structure may not be sufficient support for women to sustain measurable cognitive benefits
over the long-term.

Dementia

1. Introduction more than quadrupled across sub-Saharan Africa (Lekoubou et al.,
2014). Given this demographic transition, the increasing burden of
Since 1950, the absolute number of adults over the age of 60 has Alzheimer’s disease and related dementias (ADRD) pose a significant
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public health threat in this rapidly aging population (Mavrodaris et al.,
2013). The number of people living with dementia in sub-Saharan Africa
is projected to reach approximately 7.6 million people by 2050
(Guerchet et al., 2017). Furthermore, being female and having low so-
cioeconomic status are potential risk factors for cognitive impairment
and dementia in this setting (Mavrodaris et al., 2013; Kobayashi et al.,
2019; Peltzer and Phaswana-Mafuya, 2012). Despite this increasing
public health challenge, little research is available on protective and
modifiable risk factors for ADRD among women in low-income sub--
Saharan African settings like rural South Africa (Akinyemi et al., 2022).

Poverty and economic hardship are consistently linked to an
increased risk of dementia, cognitive decline, and low cognitive function
(Yu et al., 2021; Mani et al., 2013; Trani et al., 2022; Zeki Al Hazzouri
et al., 2017; Larnyo et al., 2022). Additionally, there is preliminary ev-
idence that these associations are only partially attributable to the dif-
ferences in the prevalence of modifiable lifestyle factors like smoking,
alcohol intake, and diet observed across income levels (Rohr et al.,
2022a, 2022b). This suggests that direct income-based interventions,
instead of siloed lifestyle interventions, could be impactful in reducing
dementia risk. A potential mechanism via which income-based in-
terventions may be protective of cognitive decline is through cognitive
reserve. Cognitive reserve is a theoretical construct that posits that
cognitively stimulating exposures across one’s life course may improve
one’s ability to cope with age-related deterioration of the brain (Stern
et al., 2020). Higher income allows individuals to access better nutrition
and housing, alleviate poverty-related stress, access better education,
and increase decision-making abilities among other positive benefits, all
of which can help accrue cognitive reserve (Stern et al., 2020; Stern,
2012). Previous cross-sectional work also supports this notion, revealing
positive associations between access to income-based social protection
programs and cognitive function in adults in South Africa, the United
States, and China (Jock et al., 2023; Ayyagari and Frisvold, 2016; Peng
et al., 2023; Chakraborty et al., 2024). However, the limited longitudi-
nal evidence from older adults in Mexico and China has found con-
flicting results for the association between cash transfers and cognitive
trajectories (Peng et al., 2023; Aguila and Casanova, 2020; Nikolov and
Hossain, 2023). Yet still, few studies have directly explored whether
cash transfers can prevent cognitive decline over time, particularly in
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rural South Africa (Chakraborty et al., 2024; Aguila and Casanova, 2020;
Nikolov and Hossain, 2023). It is critical to further quantify this longi-
tudinal relationship, both as a whole and within rural sub-Saharan Af-
rican settings, to better evaluate the potential of cash transfer programs
to promote healthy cognitive aging within low-resource environments.

South Africa’s Child Support Grant (CSG) is among the sub-conti-
nent’s largest social protection program, delivering monthly cash pay-
ments to the predominantly female caregivers of over 12 million eligible
children living in poverty (Twine et al., 2007; Children’s Institute:
University of Cape Town, 2023). The program rolled out in 1998 and
subsequently underwent several expansions to broaden the beneficiary
age eligibility from under 7 years at its start in 1998 to 18 years by 2012
(DSD and UNICEF, 2012) (see Fig. 1). In this longitudinal analysis, we
exploited these changes in CSG age-eligibility as an exogenous source of
variation in the total amount of CSG coverage mothers would be eligible
to receive on behalf of their children. We wused this natural
quasi-experimental design to estimate the longitudinal association be-
tween the potential cumulative CSG benefit received by mothers and
two cognitive outcomes (episodic memory and dementia probability)
among a sample of mid-life mothers with at least one child.

2. Methods
2.1. Parent study and setting

This study used longitudinal data collected at Wave 1 (baseline,
2014/15), Wave 2 (2017/18), and Wave 3 (2021/22) of the ‘Health and
Ageing in Africa: Longitudinal Studies in South Africa” (HAALSA) cohort
(Xavier Gomez-Olivé et al., 2018). HAALSA is a longitudinal cohort
study set in the rural Agincourt research area of Bushbuckridge, Mpu-
malanga province, South Africa. The random sample for HAALSA was
selected from a fully enumerated sampling frame, the Agincourt Health
and socio-Demographic Surveillance System (HDSS). The Agincourt
HDSS is an annual census run by the MRC/Wits Rural Public Health and
Health Transitions Research Unit. This research area has been under
continuous surveillance since 1992 and currently covers the complete
community living across 31 villages (~117,000 people) (Kahn et al.,
2012a).
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Fig. 1. Illustration of CSG age eligibility expansions and changes in monthly cash value over time (1998-2023).
Footnote: Each orange vertical line represents the year at which an expansion in CSG age eligibility occurred. At each of these timepoints, children less than the
specified age would be eligible to receive the CSG. The blue line represents the monthly cash value (in Rand) of the CSG during each year.
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Of the 117,000 people living in the area, 12,875 adults were eligible
for participation in HAALSA. Study eligibility criteria included adults
aged 40 years and older as of July 1st, 2014, who were permanently
living in the study area in the year prior to the 2013 Agincourt HDSS
census. Of the eligible adults, 6281 men and women were randomly
selected to participate, and the final sample included 5059 adults
(~86% response rate) (Xavier Gomez-Olivé et al., 2018). Survey data in
HAALSA were collected using computer-assisted personal interviews by
trained local fieldworkers in the local language, Xitsonga. The primary
aim of the HAALSA cohort is to monitor health trends in an aging
sub-population within the context of South Africa’s ongoing de-
mographic and epidemiologic transitions (Xavier Gomez-Olivé et al.,
2018). Data were collected on a wide variety of demographic charac-
teristics, health behaviors, anthropometric measures, and biomarkers.
The HAALSA protocol was reviewed and approved by the Mpumalanga
Provincial Research and Ethics Committee, the University of the Wit-
watersrand Human Research Ethics Committee (ref. M141159), and the
Harvard T.H. Chan School of Public Health Office of Human Research
Administration (ref. C13-1608-02) (Xavier Gomez-Olivé et al., 2018).
Ethical approval for this secondary data analysis was sought from the
Indiana University Institutional Review Board where it was deemed not
human subjects research (ref. #2002584956).

The Child Support Grant (CSG) is a means tested but otherwise un-
conditional cash transfer program designed to alleviate poverty and
improve child development by offsetting the costs associated with
raising children. This is accomplished through the provision of direct
monthly cash payments to primary caregivers (Delany et al., 2008). CSG
benefits stack so that primary caregivers can receive the benefit for each
individual child who is eligible during each month. In low-income
communities, this grant is oftentimes the only source of predictable in-
come for CSG-recipient households with approximately 27% of house-
holds in Mpumalanga reporting government grants as their primary
source of income as of 2022 (Luthuli et al., 2022; Zembe-Mkabile et al.,
2015, Stats, 2022). Eligibility for the CSG is determined by the age of the
child beneficiary and the caregivers’ income which should fall below a
means-tested level (~10 times the grant amount for single caregivers).

Since its implementation in 1998, the age-eligibility criteria have
expanded at multiple timepoints. When it began in 1998, only children
under 7 years old were eligible. In 2003, the age threshold was raised to
9; in 2004, 2005, 2009, and 2011, to 11, 14, 15, and 16 respectively; and
in 2012, age eligibility was further expanded to include children under
age 18, the age cutoff where it remains to date (see Fig. 1) (Mcewen
et al., 2009). From its inception to 2008, the CSG amount was about the
same at around 100 Rand (~12 USD) per month. However, since 2008,
it has increased in a stepwise manner to match inflation; and as of April
2023, it is 500 Rand (~26 USD) per child per month for biological
children (SASSA. South African Government, 2023). In comparison, as
of 2015, 26% of households in the Mpumalanga province were living
below the food poverty line of 441 Rand per person per month (Statistics
South Africa, 2017) and as of 2023 the food poverty line was more than
the value of the CSG at 760 Rand (Statistics South Africa, 2023).

2.2. Study sample

This study included HAALSA women who had at least one child. In
South Africa, over 90% of the primary caregivers of CSG-eligible chil-
dren are their biological mothers (Twine et al., 2007) and, therefore, this
study restricted the sample to maternal recipients only. Due to the
low-income environment of the Agincourt research area, we assumed
that the women participating in this study had household incomes that
fall below the means-tested income requirement for CSG receipt. The
Agincourt research site has been classified as a low-income community
with high unemployment since the beginning of CSG rollout in 1998,
therefore, we assume mothers were income-eligible across the entire
study period (Kabudula et al., 2017; Kahn et al., 2012b). From the full
HAALSA sample (N = 5059), we excluded men (N = 2345), women with
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no children (N = 224), and women with implausible childbirth ages (N
= 2). From this, we identified 2488 HAALSA women with at least one
child over the analysis period (2014/15 to 2021/22) (see Fig. 2).

To make valid inference about CSG impacts, we further excluded
women who were 60 years and older at HAALSA baseline or had more
than 10 children (n = 1387). We excluded women in this older age
category because these older CSG-eligible women are likely not repre-
sentative of other later-life women in this population (Chakraborty
et al., 2024). In 1998, when the CSG first rolled out, peak childbearing
age range was between 20 and 34 (Department of Health/South Africa
and Macro International, 2002). HAALSA women age 60+ would have
been age 44+ at the earliest date of CSG eligibility in 1998. To be
CSG-eligible, these older women would have needed to have children
outside of their typical reproductive period. We excluded women with
10 or more children because there were few women in this group, and
they are also likely to be significantly different from rest of the sample.
Approximately 50% of the sample had grand-multiparity and the me-
dian number of children in this sample was 5 (SD: 2.2). Therefore,
women with great grand-multiparity (>10 children) were likely to be
outliers in terms of their CSG eligibility as well as the sociodemographic
causes and consequences of their extreme multiparity.

We further removed 11 participants due to data discrepancies (e.g.,
missing data, implausible birth dates) and arrived at a final analytic
sample of 1090 women (see Fig. 2). From this, we created two sub-
samples for all analyses: women with 1-4 children (n = 555) and
women with 5-9 children (n = 535). This cut-point was chosen as it was
both the median number of children for this sample and the point of
grand-multiparity, as grand-multiparity is associated with poorer health
outcomes compared to women with less than five children (Mgaya et al.,
2013). Additionally, we limited this stratification to two sub-groups to
preserve sample size. Segmenting our sample by number of children
allowed us to account for non-positivity in number of children by
duration of CSG eligibility and to help reduce the effects of non-random
factors related to a women’s total number of children that could influ-
ence CSG eligibility at the upper and lower ends of the distribution.

2.3. Key measures

1. Exposure: Average potential cumulative CSG benefit per child, in
decades (pCSG)

Our exposure of interest was the potential cumulative duration of
exposure to the CSG benefit (in decades) (pCSG) that each mother was
eligible to receive by their HAALSA Wave 1 interview (2014/15). pCSG
is an estimate of the potential benefit duration a mother could be exposed

Observations excluded:
- Male (n =2345)
- Women with no children
(n =224)
- Implausible data (n = 2)

Original HAALSI Cohort
(n =5059)

A\

Observations excluded:

Women with at least 1 child - Older than 60 years or

> more than 10 children
(n = 2488) (n = 1387)
- Missing data (n = 11)
v
Analytic Sample
(n =1090)

Fig. 2. Sample inclusion flow chart.
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to as our calculation was based on CSG eligibility criteria rather than
confirmed CSG receipt. Cumulative CSG exposure stacks across all
eligible children and, thus, can exceed the time period under study. We
time-fixed this exposure at the HAALSA Wave 1 start date to ensure that
the calculated exposure occurred prior to outcome ascertainment. This
variable was constructed based on each child’s date of birth and trian-
gulated against CSG age-eligibility expansion years. Female HAALSA
participants were linked to all biological children and their birth dates
via Agincourt HDSS census records. This ensured all biological children
were accounted for regardless of their living or household status at the
time of HAALSA Wave 1. First, for each mother, we calculated the po-
tential cumulative benefit in years for each CSG-eligible child. We then
summed the total number of years of eligibility across all eligible chil-
dren for each mother. The exposure was then scaled by 10 years to es-
timate pCSG in decades. Finally, we divided this by the women’s total
number of eligible children to produce an estimate of the average pCSG
per eligible child. Ineligible children are not considered in this calcu-
lation. Women with no eligible children were assigned a value of O for
their pCSG exposure.

Additionally, we transformed the continuous pCSG exposure into a
dichotomous exposure (below vs. above median pCSG) at the sample
median which was confirmed via a data-driven threshold analysis. This
approach was motivated by the hypothesis that individuals may need to
reach a certain threshold of additional income to derive benefit rather
than there being a direct linear relationship between the amount of
additional income and cognitive benefit. Threshold cut-points were
calculated relative to each sub-sample under analysis. We bucketed the
continuous CSG exposure into deciles as well as quartiles and then
plotted the relationship with our outcomes of interest. Clear thresholds
in the amount of CSG received were visible and associated with a distinct
change in cognitive memory scores. Results between the decile and
quartile analyses were consistent. This threshold occurred at different
quartiles across our sub-groups of interest, however, the absolute value
of this threshold was consistent and occurred at approximately 0.9 de-
cades of pCSG per eligible child. This was equivalent to the full sample
median which was ultimately chosen as the cut-point for the dichoto-
mous pCSG exposure.

pCSG per eligible child estimated the average cumulative years of
CSG eligibility per mother per child, though not all mothers would have
collected CSG funds during each eligible year. Thus, our exposure
calculated an “intent-to-treat" estimate of the relationship between
pCSG and cognitive outcomes, leveraging the exogenous variation in
CSG eligibility duration based on birth timing and number of children.
The “intent-to-treat” estimation assumes that all women who were
eligible went on to physically receive their allocated CSG. The source of
exogenous variation in CSG duration comes from various expansions in
age-eligibility for child recipients. This results in women with the same
age and number of children having different pCSG durations. This
variation in pCSG duration is then primarily related to the random dif-
ferences in children’s birth dates which allows us to implement a quasi-
experimental design that helps limit confounding and bias from the
exposure assignment.

2. Outcome: Memory decline

Memory scores were calculated based on immediate and delayed
word recall trials of a 10-word list read out loud by the interviewer at
each HAALSA wave. The number of trials and their administration
differed across waves. To account for this, we constructed memory
factor scores at each time point using confirmatory factor analysis, and
then z-standardized the scores to the Wave 1 distribution, such that
Wave 1 memory scores had a mean of 0 and standard deviation of 1
(Gross et al., 2015). Memory decline was defined as the slope of the
memory scores over time, estimated as described in the statistical
analysis section below.
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3. Outcome: Dementia probability scores

Our second outcome of interest was the probability of dementia at
the HAALSA Wave 3 interview. Dementia probability scores ranged from
0 to 100% and were estimated using a “gold standard” sample of
consensus-based diagnoses from the HAALSA Dementia sub-cohort (n =
635) (Farell et al., 2023). A logistic regression predictive model for
consensus-based dementia diagnosis was developed from the HAALSA
Dementia sub-cohort using variables collected for all HAALSA Wave 2
participants. Variables in the predictive model included cognitive
measures such as immediate and delayed recall, orientation score,
self-rated memory, verbal fluency, a sum score of days of the week
forward and backward, and Instrumental Activities of Daily Living
(Farell et al., 2023). The predictive model had an area under the ROC of
0.79. Coefficients from the predictive model were then applied to all
HAALSA Wave 3 participants to estimate their probability of dementia.

4. Covariates

We used the following covariates to contextualize our study popu-
lation, adjust for confounding, and stratify our results. Sociodemo-
graphic characteristics included age (coded continuously), total number
of children (coded continuously, and categorically at 1-4 and 5-9
children), number of CSG-eligible children (factor variable), number of
CSG-ineligible children (factor variable), suboptimal birth spacing (bi-
nary variable indicating suboptimal (Lekoubou et al., 2014) or optimal
(0) average birth spacing), literacy (able to read and/or write or not able
to read and write), education level (none; some primary or secondary; or
12+ years), household wealth (in quintiles), and country of birth (South
Africa or other). Time was measured at each wave in exact years since
the participant’s Wave 1 interview. Suboptimal birth spacing was
defined according to World Health Organization’s recommendation for
women to have at least 33 months between two live births (World
Health Organization (WHO), 2006). We calculated the average birth
interval across all births for each mother and coded the binary variable
based on whether the average interval was less than 33 months (sub-
optimal). Women with only one child were considered to have optimal
birth spacing. Household wealth was measured using a survey instru-
ment querying the presence/absence of various household assets (e.g.,
household characteristics, vehicles, and livestock) (Xavier Gomez-Olivé
et al., 2018). Absolute scores were converted to a wealth index score
using principal components analysis and then categorized in quintiles
(Xavier Gomez-Olivé et al., 2018). For analyses examining effect
modification by household wealth, we categorized the continuous
wealth index scores into a binary variable representing below median
and above median household wealth.

2.4. Statistical analysis

We fit mixed effects linear regression models to estimate the asso-
ciation between the dichotomous pCSG exposure and latent memory
scores. Models were fit separately for both sub-samples of interest:
women with 1-4 children and women with 5-9 children. Additionally,
we stratified the models by household wealth (below vs. above median)
and educational level (no education or primary-level education vs.
secondary education or more) to assess potential effect modification.
Supplementary analyses using the continuous pCSG exposure were
performed with results reported in the supplementary materials (see
Tables S1 and S2).

All mixed effects models were fit with a random slope for time,
random intercept for the individual, and inverse probability weights for
attrition and mortality over time. Inclusion of the random effects
allowed us to account for correlation between an individual’s observa-
tions over time. Practice effects (i.e., improvements in test scores
resulting from repeat testing) for memory scores were observed between
Waves 1 and 2. We accounted for this using a binary indicator variable
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representing observations from Wave 1 (Weuve et al., 2015). We
modeled memory decline with an interaction between pCSG per eligible
child and time. To account for known structural determinants of CSG
eligibility, we adjusted all models (including stratified models) for
maternal age and number of CSG-ineligible children. Additional cova-
riates included in the models were: wealth index, education, literacy,
country of birth, suboptimal birth spacing, and marital status. To assess
the relationship between CSG eligibility and dementia probability
scores, we fit generalized linear models. Like the memory score analysis,
models were fit separately for both sub-samples of interest (women with
1-4 children and women with 5-9 children) and were stratified by
wealth index and education. We adjusted these models for maternal age,
number of CSG-ineligible children, household wealth, education, liter-
acy, country of birth, suboptimal birth spacing, and marital status.

Due to the high percentage of non-South African mothers and
Mozambican refugees in this population (~30%), we conducted a
sensitivity analysis where we restricted the sample to only South
African-born mothers. We performed this sensitivity analysis because as
non-residents it may have been more difficult for women not born in
South Africa to access CSG funds. Therefore, our definition of CSG
eligibility may not approximate actual CSG receipt for these women. All
statistical analyses were performed in RStudio version 4.1.1 (R Core
Team, 2023). The mixed effects models were estimated using the lme4
package (Bates and Bolker, 2012). Statistical significance was set at
0.05.

3. Results
3.1. Study population

We identified 1090 female HAALSA participants from the original
Wave 1 cohort who had a minimum of one and a maximum of nine
children. On average, women were 50.6 years old (SD: 5.6) at Wave 1
and had 5 children (SD: 2.1) (Table 1). Over one-quarter of this sample
(29%) reported no formal education and 71% were born in South Africa.
Average memory scores across the sample were 0.34 (SD: 0.92) at Wave
1,0.71 (SD: 0.88) at Wave 2, and 0.60 (SD: 0.64) at Wave 3. The average
probability of dementia for the sample was 8% at Wave 3.

3.2. CSG and memory scores over time

Having above median pCSG per eligible child was associated with a
0.12 SD unit higher memory score at Wave 1 compared to below median
PCSG (B = 0.12 SD units, 95% CI = 0.02, 0.22) (see Table 2). However,
above median exposure was also associated with steeper decline in
memory scores over time (fp = —0.02 SD units, 95% CI = —0.04, -0.00).
When stratifying by number of children, this association was not
observed among women with 1-4 children. Among women with 5-9
children, the associations observed in the full sample increased in
magnitude. In this group, above median pCSG was associated with a
0.18 SD unit increase in memory scores at Wave 1 (f = 0.18 SD units,
95% CI = 0.04, 0.32). For women with 5-9 children, the slope of
memory decline was steeper for those with above median pCSG
compared to below median pCSG (p = —0.03 SD units, 95% CI = —0.06,
-0.00). The relationship between above median pCSG and higher Wave 1
memory scores was strongest for women with 5-9 children in above
median wealth households (f = 0.24 SD units, 95% CI = 0.04, 0.44) and
those with less than a secondary level education ( = 0.22 SD units, 95%
CI = 0.06, 0.38). Fig. 3 displays predicted memory scores over time for
the full sample and sub-samples. The direction of effect was similar
using the continuous exposure, although estimates were generally
smaller and not consistently significant (see Table S1).

3.3. CSG and dementia probability score

No significant associations were observed for the relationship
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Table 1

Sociodemographic characteristics” and outcomes for women aged <60 years
with 1-9 children across below and above median pCSG per eligible child
categories.

Characteristic Overall Below Above P-Value
N = Median Median
1090” N = 555" N = 535"
Age (years) 50.6 (5.6) 51.8 (5.7) 49.3 (5.2) <0.001
Total # of Children 4.6 (2.2) 4.3(2.2) 5.0 (2.1) <0.001
# of Eligible Children 21Q1.7) 1.5 (1.8) 2.7 (1.5) <0.001
# of Ineligible Children 2.5 (2.0) 2.8 (2.1) 2.3 (2.0) <0.001
Suboptimal Birth Spacing 209 144 (26%) 65 (12%) <0.001
(19%)
Education 0.03
No Education 319 176 (32%) 143 (27%)
(29%)
Some Education 587 300 (54%) 287 (54%)
(54%)
12 + Years Education 183 78 (14%) 105 (20%)
(17%)
Missing 1 1 0
Literate 769 376 (68%) 393 (73%) 0.04
(71%)
Missing 1 1 0
Place of Birth 0.8
South Africa 768 393 (71%) 375 (70%)
(71%)
Other 319 160 (29%) 159 (30%)
(29%)
Missing 3 2 1
Wealth Quintile 0.7
1 205 98 (18%) 107 (20%)
(19%)
2 204 104 (19%) 100 (19%)
(19%)
3 202 110 (20%) 92 (17%)
(19%)
4 227 118 (21%) 109 (20%)
(21%)
5 252 125 (23%) 127 (24%)
(23%)
Wave 1 Memory Score 0.34 0.24 (0.87) 0.45 (0.96) <0.001
(0.92)
Wave 2 Memory Score 0.71 0.68 (0.90) 0.74 (0.86) 0.3
(0.88)
Missing 117 63 54
Wave 3 Memory Score 0.60 0.55 (0.61) 0.65 (0.66) 0.02
(0.64)
Missing 166 86 80
Wave 3 Dementia 0.08 0.08 (0.07) 0.08 (0.07) 0.14
Probability (0.07)
Missing 332 159 173

NB: pCSG = potential cumulative Child Support Grant benefit; Median pCSG =
0.9 decades per child.

# Sociodemographic characteristics measured at HAALSA Wave 1.

> Mean (SD); n (%).

between pCSG exposure and probability of dementia across the full
sample, women with 1-4 children, and women with 5-9 children (see
Table 3). Results of similar magnitude were observed across all sub-
groups of education and household wealth, although these results were
not statistically significant.

3.4. Sensitivity analysis

After restriction of the sample to only women born in South Africa,
the estimated effects decreased in magnitude but retained the same di-
rection of association (see Table S3). However, many of these estimates
were generally attenuated and crossed the null. Results of the dementia
probability models remained consistent across the full sample and both
sub-groups (see Table S4). The stratified analyses decreased largely in
sample size across all models.
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Table 2

Effect of above median pCSG per eligible child on memory scores for female
HAALSA participants aged <60 years with 1-9 children, stratified by number of
children.”.

Full Sample 1-4 Children 5-9 Children

N = 2885 N =1434 N = 1451
Full Above Median 0.12 (0.02, 0.03 (-0.13, 0.18 (0.04,
Sample pCSG 0.22) 0.18) 0.32)
Time (years) —0.03 (-0.06, —0.04 (-0.07, —0.03 (—0.06,
-0.01) 0.00) 0.01)
Time*pCSG —0.02 (-0.04, —0.01(-0.04, —0.03 (-0.06,
0.00) 0.02) 0.00)
Education: None or Primary N = 1885 N =802 N =1083
Above Median 0.16 (0.03, —0.01 (-0.22,  0.22 (0.06,

pCSG 0.28) 0.20) 0.38)

Time (years) 0.00 (—0.03, —0.01 (—0.06, 0.00 (—0.04,
0.03) 0.04) 0.05)
Time*pCSG —0.02 (0.05, —0.01 (-0.05, —0.04 (-0.07,
-0.00) 0.03) -0.00)
Education: Secondary or N = 1000 N =632 N = 368
More
Above Median 0.06 (—0.12, 0.03 (-0.21, 0.16 (—0.13,

pCSG 0.24) 0.26) 0.45)

Time (years) —0.09 (-0.13, —0.07 (-0.13, —0.12 (-0.19,
-0.04) -0.01) -0.04)
Time*pCSG —0.01(-0.05, —0.02(-0.06, 0.00 (—0.06,
0.03) 0.03) 0.06)
Household Wealth: Below N = 1449 N =685 N =764
Median
Above Median 0.06 (—0.09, —0.05 (—0.28, 0.13 (—0.06,

pCSG 0.20) 0.18) 0.33)

Time (years) —0.03 (-0.07, —0.04(-0.10, —0.02 (-0.07,
-0.00) 0.01) 0.03)
Time*pCSG —0.01 (—0.04, 0.01 (—0.04, —0.02 (—0.06,
0.02) 0.05) 0.02)
Household Wealth: Above N = 1481 N=774 N =707
Median
Above Median 0.19 (0.05, 0.14 (—0.08, 0.24 (0.04,

pCSG 0.33) 0.35) 0.44)

Time (years) —0.03 (-0.06, —0.04 (—-0.09, —0.02 (-0.07,
0.01) 0.01) 0.03)

Time*pCSG —0.03 (-0.06, —0.04 (-0.08, —0.04 (-0.08,
-0.00) 0.01) 0.01)

NB: All models include a binary indicator variable representing observations at
Wave 1 to control for observed practice effects, a random slope for time, and a
random intercept for the individual. Above median pCSG is equivalent to a
duration of approximately 0.9+ cumulative decades of per eligible child. pCSG
= potential cumulative Child Support Grant benefit. Ns represent total obser-
vations across all time points.

@ Adjusted for maternal age, number of CSG-ineligible children, household
wealth index, maternal education level, maternal literacy, maternal country of
birth, suboptimal birth spacing, and maternal marital status.

4. Discussion

This study is among the first to examine the longitudinal association
between a large-scale cash transfer program and the cognitive health of
mothers in a rural sub-Saharan African setting. In this analysis, we used
two robust measures (episodic memory scores and dementia probability
scores) to quantify the cognitive trajectories of female HAALSA partic-
ipants who experienced exogenous differences (based on timing and
number of births) in their eligibility for CSG. The use of this quasi-
experimental design strengthened our analysis and helped us to isolate
the effects of pCSG through reductions in confounding and bias. Overall,
we found consistent evidence that exposure to more than 0.9 decades of
PCSG per eligible child was associated with positive cognitive outcomes
for women at HAALSA baseline compared to lower pCSG exposure.
However, this positive baseline cognitive performance among women
with above median pCSG was not maintained over time. These women

Social Science & Medicine 358 (2024) 117217

experienced steeper memory decline and regressed to the average
memory score of the below median pCSG group by study end. These
results were observed in the full sample of women and further magnified
among the sub-group of women with 5-9 children.

Our results suggest that receiving cash transfers, even in mid-life,
could help preserve cognitive function in the short-term and promote
healthy memory function in women in later-life. Eligibility for approx-
imately 9 years of CSG per eligible child was associated with a protective
effect on baseline memory function, the magnitude of which would
offset the equivalent of 4 years of cognitive aging among this sample.
Among women with 5-9 children, this protective effect was amplified to
the equivalent of a 6 years of cognitive aging. These full sample findings
are similar in magnitude to a cross-sectional analysis in the same pop-
ulation (Chakraborty et al., 2024). However, unlike this previous
cross-sectional study, we found this effect to be primarily concentrated
among women with grand-multiparity. Previous literature has shown
that having five or more children is consistently linked to greater odds of
dementia and poorer cognitive function (Bae et al., 2020a, 2020b; Saenz
et al., 2021). Grand-multiparity could contribute to cognitive decline in
women through reductions in disposable household income, limitations
on employment opportunities, increases in daily stressors, and the
hormonal and structural brain changes associated with pregnancy (Bae
et al., 2020a; Saenz et al., 2021; Ning et al., 2020; Ohrnberger et al.,
2020). Therefore, additional income for women with 5-9 children may
be more impactful compared to women with 1-4 children who are not
experiencing as large parity-related cognitive deficits.

Receipt of the CSG is frequently associated with positive outcomes
among child beneficiaries including improved food security, educational
outcomes, and anthropometric indicators of nutritional status (DSD and
UNICEF, 2012). However, relatively few studies have estimated the
impact of CSG transfers on adult recipients and even less research is
available on its relationship with cognitive health specifically. One hy-
pothesized pathway through which CSG may impact the cognitive
health of mothers is the accrual of cognitive reserve. Cognitive reserve is
accumulated across the life course via cognitively stimulating exposures
such as education, higher income, and occupation, among others
(Richards and Deary, 2005). In this rural South African population, CSG
recipients tend to be low-income mothers with less than a secondary
school education. Historically, these women have lacked control of
household financial resources with CSG receipt increasing their financial
autonomy and decision-making power (Granlund and Hochfeld, 2019).
Additionally, CSG receipt has been associated with higher household
income, higher probability of employment, higher spending on food,
and positive mental health effects for female recipients (Delany et al.,
2008; Ohrnberger et al., 2020; Eyal and Woolard, 2011). These path-
ways could contribute to building cognitive reserve, which in turn, can
protect cognitive function and prevent or delay dementia risk (Richards
and Deary, 2005). In line with this theorized pathway, we found that
mothers with above median pCSG had higher estimated memory scores
across most timepoints despite the steeper rate of decline over time.

Yet, despite higher memory scores at individual time points, higher
pCSG exposure was consistently associated with quicker rates of mem-
ory decline over time. While these findings may seem contradictory,
they align with previous research. Higher baseline memory scores
accompanied by decline over time was also observed in a study that
looked at the effect of moving from a low-skills to high-skills occupation
among our same population (Yu et al., 2024). These studies are com-
parable as both examine exposures (pCSG and movement to a high-skills
occupation) that improve an individual’s income during mid-life; thus,
providing consistency for the observed results. It is possible that these
observed associations are explained by statistical phenomena such as
regression to the mean. Alternatively, income boosts in mid-life may
produce a short-term effect on memory function whereby individuals
return to their pre-exposure function levels once receipt ends or shortly
thereafter. This points to a hypothesis that income effects are not sus-
tainable over time once receipt ends. It is important to note that despite
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Fig. 3. Plot of predicted memory scores (with 95% confidence intervals) across time (in years) for the full sample (Panel a), women with 1-4 children (Panel b), and

women with 5-9 children (Panel c).

Footnote: Each plot displays the predicted memory scores over time (in years since Wave 1) associated with below median and above median pCSG per eligible child.
Memory scores are predicted as z-scores relative to the Wave 1 distribution. The models used for prediction included a random intercept for the individual and a
random slope for time. Models were adjusted for maternal age, number of CSG-ineligible children, household wealth index, maternal education level, maternal
literacy, maternal country of birth, suboptimal birth spacing, and maternal marital status. The mean value for each covariate was used for prediction. pCSG =

potential cumulative Child Support Grant benefit.

Table 3

Effect of Above Median pCSG per Eligible Child on the Probability of Dementia
for Female HAALSA Participants Aged <60 Years with 1-9 Children, Stratified
by Number of Children.”.

Full Sample Full Sample 1-4 Children 5-9 Children
N =753 N =357 N =396
0.00 (-0.01, 0.00 (-0.01, 0.00 (-0.01,
0.01) 0.02) 0.02)
Education: None or N =523 N =221 N =302
Primary
0.00 (—0.01, 0.01 (—0.01, 0.00 (—0.02,
0.02) 0.04) 0.02)
Education: Secondary or N =230 N =136 N=94
More
0.00 (—0.01, —0.01 (-0.02, 0.01 (-0.02,
0.01) 0.01) 0.03)
Household Wealth: Below N = 368 N =168 N = 200
Median
0.00 (-0.01, 0.01 (-0.02, 0.00 (—0.02,
0.02) 0.03) 0.02)
Household Wealth: Below N = 385 N =189 N =196
Median
0.00 (-0.01, 0.00 (—0.02, 0.01 (-0.01,
0.01) 0.02) 0.02)

NB: All models include a binary indicator variable representing observations at
Wave 1 to control for observed practice effects, a random slope for time, and a
random intercept for the individual. Above median pCSG is equivalent to a
duration of approximately 0.9+ cumulative decades of per eligible child. pCSG
= potential cumulative Child Support Grant benefit.

# Adjusted for maternal age, number of CSG-ineligible children, household
wealth index, maternal education level, maternal literacy, maternal country of
birth, suboptimal birth spacing, and maternal marital status.

the steeper decline, the average memory score of the above median
PCSG group does not fall below the average memory score of the below
median group by the end of the study period. This supports a regression
to the mean hypothesis or the short-term effect hypothesis, rather than
there being a direct negative effect of increased income exposure.
Further research is needed to determine if the declines in memory
function associated with above median pCSG persist to a point where
this group’s average memory function drops below that of the below
median CSG group.

In contrast to the results of our memory score analysis, we did not
find an association between pCSG and dementia probability. To offset
the probability of dementia, which is a more severe outcome, a higher
level of baseline cognitive reserve prior to intervention may be neces-
sary for cash transfers to exert a protective effect. Additionally, a large
amount of the CSG benefit is likely not going towards purchases that
may impact a mother’s dementia probability directly. Together with the
evidence of steeper memory decline, this indicates that the current cash
value or structure of the CSG benefit may not be high enough to produce
sustained, long-term cognitive benefits for mothers in this population.

The results of this study are primarily limited by the restricted
sample used within the analysis. It is possible that the observed effects
do not extend to women older than 59 years and those who have more
than 10 children. However, the number of women excluded from the
analysis due to these reasons account for a minimal proportion of the
total population and were excluded for concerns about their lack of

representativeness of the larger group. Additionally, our exposure
definition of pCSG may not approximate actual CSG receipt as closely as
hypothesized. Still, the results of our sensitivity analysis, where we
restricted the sample to the group most likely to receive CSG (South
African-born mothers), produced results similar to our main analysis.
The precision of our analyses was limited by the low sample sizes within
each constructed sub-sample. This may have contributed to the fact that
while the magnitude of our results was consistent across many sub-
samples, not all produced statistically significant results. Our analysis
also only includes information about children living with the mother, it
does not factor in any non-biological children. Despite these limitations,
our analysis was strengthened by rigorous and rich longitudinal data on
sociodemographic characteristics, two separate but complementary
measures of cognitive health, and the employment of a natural quasi-
experimental design.

5. Conclusion

In this longitudinal analysis, we found evidence that higher levels of
accumulated eligibility for South Africa’s CSG may prove protective
against memory decline in women with less than 10 children. Even
though the CSG is designed to support the health and well-being of child
beneficiaries, these results signal the potential for lasting impacts on the
cognitive health of female adult recipients. This effect potentially lasts
for several years after eligibility ends. However, based on our results, we
hypothesize that the CSG in its current structure is not sufficient support
for women to retain this benefit over longer time horizons. Still, our
findings support the use of cash transfers as a promising intervention to
promote healthy cognitive aging in mid-life women, particularly those
with grand multi-parity. Future research should explore how the struc-
ture and annual value of the cash transfer influence cognitive outcomes
as well as examine effects across a longer time horizon.
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