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Abstract 

Alzheimer’s disease and related dementias (ADRD) are a growing global health 

concern, with burdens projected to expand rapidly in the coming decades. Since cog-

nitive decline typically precedes ADRD, it is crucial to identify interventions that may 

help slow cognitive decline and reduce ADRD risk. We used a quasi-experimental 

design, exploiting exogenous expansions of South Africa’s Older Persons Grant for 

men, to estimate its impact on memory decline and ADRD risk in the rural Mpum-

alanga province of South Africa. We found that expanded pension eligibility was 

associated with slower memory decline for men who were eligible to receive the 

pension 5 years earlier [β = 0.027 SD, 95% CI = 0.023, 0.031], as well as for men who 

were eligible to receive the pension 1−4 years earlier [β = 0.009 SD, 95% CI = 0.004, 

0.013]. We also found a 5.2 percentage point lower probability of dementia for men 

who were eligible for pension 5 years earlier [95% CI = −0.062, −0.032] and a 4.8 per-

centage point lower probability of dementia for men who became eligible to receive 

pension 1−4 years earlier [95% CI = −0.062, −0.032]. These findings demonstrate 

that beyond the policy intent of cash transfers to strengthen individual and household 

livelihoods, an important further benefit lies in promoting healthy cognitive aging in 

low- and middle- income countries.
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Introduction

Alzheimer’s disease and related dementias (ADRD) are a significant global public 
health concern, particularly in low- and middle-income countries (LMICs) where 
increases in overall life expectancy are likely to result in greater incidence and prev-
alence of dementia [1–3]. Accelerated memory decline often precedes the develop-
ment of ADRD [4–7]. Low socioeconomic status (SES) is a consistent predictor of 
accelerated memory decline and dementia risk [6,8–18]. Thus, interventions targeting 
socioeconomic determinants in LMICs are crucial for effectively mitigating the rising 
tide of ADRD cases in the coming decades.

Government cash transfer programs, including pensions, involve direct monetary 
payments to recipients, thereby providing them with supplemental income. While the 
key policy intent of pensions in South Africa is to contribute to household income and 
security, they may also be effective policies for reducing dementia risk. The supple-
mental income could plausibly impact multiple modifiable risk factors for dementia. 
Previous studies have shown that cash transfers may support healthy aging by 
increasing health care utilization, household consumption, improving psychological 
well-being and child and adult health outcomes [19–34,35]. Moreover, cash transfers 
may facilitate investment in assets or behaviors that foster social connections and 
cognitively stimulating activities (e.g., cell phones, transportation), which may help 
build cognitive reserve and protect against dementia [36,37]. However, globally, there 
remains a scarcity of evidence employing causal inference to assess the impact 
of cash transfers in the form of old age pensions on dementia risk. Studies that do 
exist have shown that pensions tend to be associated with higher cognitive function 
and slower cognitive decline. A study of the New Rural Pension Scheme income in 
China found associations between pension receipt and higher cognitive function [38]. 
Ayyagari & Frisvold [2016b] exploited an exogenous change in the U.S. Social Secu-
rity income in the 1970s to identify the impact of Social Security income on cognitive 
function, finding that higher benefits improved the cognitive function of older adults 
[39,40]. A study in a rural South African setting found that extra income from pen-
sion eligibility expansions was associated with higher cognitive function [20]. Three 
longitudinal studies have found positive associations between cash transfer income 
and memory function [41, 42, 23]. Studies in South Korea and China found that pen-
sion income was associated with slower cognitive decline [41], and slower memory 
decline [42]. A cluster-randomized trial of social security benefits in Yucatan, Mex-
ico, found that social security benefits were associated with a reduction in memory 
decline equivalent to five to twelve years of cognitive aging over a six- to nine-month 
follow-up period [23].

Establishing causal associations between cash transfers and cognitive aging 
outcomes is difficult with observational study designs due to the endogenous nature 
of cash transfer receipt. Factors like SES and level of education are likely shared 
common causes of cash transfer receipt and an individual’s dementia risk. In this 
study, we exploit exogenous increases in pension income from age eligibility expan-
sions of South Africa’s Older Person’s Grant Pension to estimate the causal effects 
of increased income on memory decline and dementia risk. The South African 
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government lowered South Africa’s Older Person’s Grant Pension eligibility age for men from 65 years to 60 years 
between the years 2008 and 2010. As a result, some older men in South Africa were exposed to one to five years of ear-
lier pension eligibility. Our quasi-experimental study design examines the relationship between an exogenous increase in 
income through earlier pension eligibility and memory decline and dementia. Our prior work in a rural South African study 
setting found that expanded eligibility for extra pension income was associated with higher cognitive function [20]. This 
study expands on this prior work by using a longitudinal analysis to assess the impact of pension expansions on memory 
decline and dementia probability. This analysis extends the current evidence base with a natural experiment design, lon-
ger term longitudinal follow-up for cognitive outcomes (7 years), and representation of a sub-Saharan African setting.

Materials and methods

Study setting and population

The setting for this study is the Agincourt sub-district of the Mpumalanga province in northeastern South Africa. The 
sub-district is covered by the Agincourt Health and Socio-Demographic Surveillance System (HDSS) operated by the 
Medical Research Council/Wits University Rural Public Health and Health Transitions Research Unit. The HDSS covers 
31 villages with over 116,000 inhabitants [43,44] and has monitored household membership and vital statistics for all 
individuals in the study setting since 1992. While conditions have improved in the region since the end of Apartheid, there 
are limitations in the availability of basic services, as well as high unemployment rates and high food insecurity [43,44]. 
Thus, social protection programs such as the Older Person’s Grant (OPG) and other governmental cash transfers provide 
a significant source of income for many individuals and households in this region [43]. Since the current retirement age in 
South Africa is 60 years old, the OPG is available to individuals who are 60 years old and above [45].

Data

This study used longitudinal data from the “Health and Ageing in Africa: A Longitudinal Study of an INDEPTH Community 
[HAALSI]” cohort [46]. The HAALSI cohort study examines the risk factors associated health conditions, including cogni-
tive function and dementia, in an aging rural South African population. To be eligible for study inclusion, men and women 
had to be 40 + years old as of July 1, 2014 and permanently residing in the area covered by the Agincourt HDSS for 12 
months or more. The eligible individuals were randomly sampled from the underlying population-based HDSS and con-
sent to participate was given by 5059 individuals (2345 men and 2714 women). Trained and supervised fieldworkers con-
ducted the survey in three waves every three years between 2014 and 2021 using computer assisted personal interviews, 
with ongoing field and data monitoring. The fieldworkers conducted the survey interviews in the local XiTsonga language 
and, to ensure reliability, the responses were translated from English and back translated [46].

This study used de-identified secondary data which was not considered human subjects research by IU IRB.

Key measures

Exposure variable: Men’s eligibility for expanded older person’s grant.  The South African Older Person’s Grant 
(OPG) (previously Old Age Pension (OAP)) is a means-tested program that provides a monthly cash transfer of R2090 
($110 USD) [20,47]. South African citizens, permanent residents or refugees living in South Africa with R86,280 or less in 
annual earnings or <R1,227,6000 in assets are eligible to receive the OPG [48]. It is highly likely that the participants in 
this study meet the eligibility requirement due to the high poverty, food insecurity and unemployment rates in the HAALSI 
study setting [20,43].

When South Africa’s Older Person’s Grant expanded to the country’s previously excluded population, women were 
eligible at age 60 and men were eligible at age 65. However, in 2008, eligibility expanded for men to include those aged 
63 years and older. In 2009, the age eligibility for men expanded yet again and included men aged 61 years and older. 
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Finally, in 2010, the age eligibility for men was expanded to include men aged 60 years and older. These pension eligibility 
expansions occurred over a short amount of time and, in turn, led to cohorts of men who were close in age but with varia-
tion in the amount of pension income for which they were eligible. These exogenous expansions provide an opportunity to 
examine the impact of pension transfers plausibly unrelated to other factors that may affect memory decline and dementia 
probability.

Using respondents’ birth dates and the pension eligibility expansion dates, we grouped HAALSI men into three cohorts: 
men who turned 65 before the pension eligibility expansions and, in turn, were never eligible to receive pension at an ear-
lier age (pre-transition cohort), men who reached pension eligibility age during the pension eligibility expansion years and 
were eligible to receive pension one to four years earlier than the pre-transition cohort (transition cohort), and men who 
reached pension eligibility age after the pension eligibility expansions and, thus, were eligible to receive their pension five 
years earlier than the pre-transition group (post-transition cohort). Specifically, men in the HAALSI cohort who were born 
before 1944 were in the pre-transition cohort and never eligible to receive pension prior to age 65. Those born between 
1944 and 1949 were in the transition cohort, as they were eligible to receive a pension one to four years earlier than the 
pre-transition cohort. Those born in 1950 and the subsequent years were in the post-transition cohort, as they were eligi-
ble to receive pension a full five years earlier than the pre-transition cohort.

Outcome: Rate of memory change over time.  Episodic memory tests were administered by trained local field 
staff to participants at each data collection wave of the HAALSI study in 2014/15, 2018/19, and 2021/22. The tests 
included both immediate and delayed recall of a 10-noun list read out loud by the interviewer. Tests were carefully 
selected and pilot tested to ensure cultural relevance. Testing was administered through an innovative tablet-based 
approach. Training, support, and supervision were thorough and repeatedly refreshed to ensure the quality of resulting 
data. Forward and back-translation into XiTsonga was carried out several times to ensure the meaning of the cognitive 
test was captured in the local vernacular. The immediate and delayed memory recall tests were adapted from a 
validated test used widely by the Health and Retirement Studies (HRS) [49]. While the immediate and delayed recall 
items haven’t been validated directly in the Agincourt research area, the HRS cognitive tests have been implemented 
across various international and low-resource settings [50,51]. Research has confirmed that despite variations in 
implementation, the cognitive assessments across the HRS’s International Partner Studies measure similar underlying 
cognitive constructs [50].

To account for the variation in the administration of the memory test between waves, we used confirmatory factor anal-
ysis to construct memory factor scores for each time point and then z-standardized the scores to the Wave 1 (baseline) 
distribution, which was standardized to have a mean of 0 and standard deviation of 1. Thus, the estimates for change in 
memory over time are for change relative to the baseline distribution. This method of using confirmatory factor analysis to 
construct factor scores using cognitive measures has been validated by other studies [52–55].

Outcome: Dementia probability scores.  Dementia probability scores were estimated for HAALSI participants in 
Wave 3. To generate dementia probability scores, a consensus-based diagnosis was obtained from the HAALSI Dementia 
sub-cohort (n = 635) as a “gold standard” [56]. We then used measures available on all HAALSI participants in wave 2 
to predict clinical diagnoses in subsequent HAALSI dementia (HAALSI-HCAP) waves. The models included cognitive 
measures such as immediate and delayed recall, self-rated memory, verbal fluency, and the sum score of days of the 
week forward and backward, in addition to limitations to activities of daily living and instrumental activities of daily living. 
We used logistic regression models for the prediction models, with the outcome being the dementia diagnosis based on 
clinical consensus [57]. This method follows the approach used in the HRS-ADAMS study [58], and allowed us to develop 
a predictive model within the HAALSI Dementia cohort. We then applied the coefficients from these models to the entire 
population to obtain dementia probability scores for the full HAALSI sample at Wave 3.

Covariates.  We used the following variables to contextualize the study population and create predictive models for 
the two cognitive outcomes: age (continuous, in years), marital status (never married, separated/divorced, widowed, 
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currently married), level of education (no formal education, primary education, secondary education or higher), 
employment status (binary for currently employed or not), self-reported literacy (binary for able to read and/or write or 
not able to read and write), the number of children (discrete), country of origin (born in South Africa; born outside of 
South Africa), a binary indicator variable representing whether any household member was eligible to receive the Child 
Support Grant, household-specific random intercepts and a wealth asset index (in 5 quintiles). The wealth asset index 
variable was created from a principal components analysis on household characteristics and ownership of household 
items [59].

Statistical analysis

We used a multi-step modeling approach to isolate the effect of the pension expansion exposure on memory decline 
and dementia probability outcomes among men. Our analytic goal was to compare observed values of the cognitive 
outcomes to what would be expected in the absence of the pension expansion, given the sociodemographic profile 
alone. Fig 1 displays a sample selection flow chart outlining our methods for selecting the study’s analytic sample. 
First, we age-restricted the sample to only include men aged 60–76 years at the HAALSI baseline to exclude indi-
viduals who were aging into pension eligibility over the course of HAALSI follow- up. This also allowed us to reduce 
sociodemographic differences across the three cohorts and to increase the probability that our estimated effects are 
related primarily to the exogenous differences in pension eligibility. The restricted cohort allowed us to reasonably 
draw conclusions for groups of individuals within a similar age range, while keeping a large enough sample size to 
maintain statistical power. For our primary analysis, we restricted the sample to include only participants with test 
scores from all three waves of data to capture cognitive decline across the longest time range possible. To account 
for mortality and attrition in this sample, all final step models were weighted by the inverse probability of mortality 
and attrition.

For memory decline models, we extracted the person-specific memory slope from Wave 1 to Wave 3 (2014–2021) 
for all participants in the restricted sample using a linear mixed-effects model. We then fit a linear model to predict the 
individual memory slopes by using data from participants who were not exposed to any expansions in pension eligibility 
(pre-transition cohort). This model contained a robust set of variables including age, marital status, level of education, 

Fig 1.  Sample inclusion flow chart. 

https://doi.org/10.1371/journal.pone.0326321.g001

https://doi.org/10.1371/journal.pone.0326321.g001
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employment status, self-reported literacy, number of children, country of origin, household Child Support Grant eligibil-
ity and wealth asset index. We used the coefficients from the model predicting memory slopes from the individuals in 
the pre-transition cohort to obtain predicted values for the memory slopes in the transition and post-transition cohorts. 
We then calculated the difference in scores for each person in the transition and post-transition cohorts by subtracting 
the predicted values derived from the restricted sample linear regression from the observed memory slope values from 
transition and post-transition cohorts. Finally, we estimated a linear model on the difference score to obtain estimated 
mean difference scores for each cohort. The model also contained a robust set of variables including age, marital 
status, level of education, employment status, self-reported literacy, number of children, country of origin, household 
Child Support Grant eligibility and wealth asset index, to adjust for factors that may impact cognitive function, other than 
pension eligibility. Practice effects for memory scores were observed between Waves 1 and 2 due to repeated cognitive 
assessments. Practice effects are expected to be large after the first testing occasion but are less of an issue after the 
participant is already familiar with the testing procedures (W2 onward). We accounted for this by including a binary indi-
cator variable representing observations from Wave 1 (63)To account for multiple participants in the same household, we 
incorporated household-specific random intercepts into the models by including a unique identifier for the household that 
nests individuals within households. Since the missingness for any variable in our model did not exceed 2.5%, we used a 
complete case following the general rule that if missingness is < 5% then a complete case analysis is sufficient [60].

As a negative control analysis, we recreated the analysis outlined in the above steps in HAALSI women. Since women 
in South Africa have always (post-1994) been eligible to receive the pension at age 60, they were not exposed to any 
extra pension eligibility from the South African Older Person’s Grant expansions. Using women as a negative control 
group serves to check the robustness of our findings and the presence of residual confounding. As women experienced 
no exogenous variation in pension receipt from eligibility expansions, we would anticipate no effect of pension on our 
cognitive outcomes if our variables and models are correctly specified [61]. The presence of an effect in both men and 
women would indicate the presence of residual confounding and that we failed to fully isolate the effect of pension expan-
sion. Additionally, to further check the robustness of our findings, we performed these steps using participants with only 
two waves of data. This allowed us to test whether our results were sensitive to excluding those who died between Wave 
2 and Wave 3.

For the models using dementia probability as the dependent variable, we used a model similar to that outlined above, 
with a few modifications. First, we restricted the sample to only Wave 3 HAALSI participants. We did this to ensure there 
was sufficient lag time between the pension expansion eligibility exposure and the outcome. We then fit a linear equation 
to predict dementia probability by using the data from the participants in the pre-transition cohort. The linear regression 
was performed to get a linear function to estimate predicted dementia probability for the participants in the transition and 
post-transition cohorts. We then calculated difference scores for each person in the transition and post-transition cohorts 
by subtracting the predicted values derived from the restricted sample linear regression from the observed dementia prob-
ability values from transition and post-transition cohorts. Finally, we estimated a linear model on the difference score to 
get estimated mean difference scores for each cohort. The model contains a robust set of variables, including age, marital 
status, level of education, employment status, self-reported literacy, number of children, country of origin, household Child 
Support Grant eligibility and wealth asset index, to adjust for potential confounding factors. As with the memory decline 
outcomes, we also performed a negative control analysis for dementia probability by recreating the analysis outlined in 
the above steps in HAALSI women. We used both Stata (version 16.1) and R (version 4.1.1) statistical software for all 
analyses.

Results

We identified 569 male and 660 female HAALSI participants from the original Wave 1 population who met our study inclu-
sion criteria (Table 1; Fig 1). Across the combined study population, 28% of participants were in the pre-transition cohort, 



PLOS One | https://doi.org/10.1371/journal.pone.0326321  June 25, 2025 7 / 16

33% were in the transition cohort, and 39% were in the post-transition cohort. Participants were, on average, 67 years old 
(SD: 5.1). Participants in the pre-transition cohort were more likely to have no education, more likely to be unemployed, 
and less likely to be literate compared to those in the transition and post-transition cohorts. The differences in memory 
decline and dementia probability for individuals in the transition and post-transition cohorts were calculated by subtracting 
the predicted values (from the restricted sample linear regression) from their observed memory slope and dementia prob-
ability values, respectively.

South Africa’s older Person’s grant and longitudinal memory scores

Men in the transition and post-transition cohorts experienced slower memory decline than expected, based on the slope 
observed in the pre-transition cohort after adjusting for other potential factors that might affect cognition function  

Table 1.  Sociodemographic characteristics of men in HAALSI cohort, by eligibility for the Older Person’s Grant expansion.

Characteristic Overall Pre-Transition Transition Post-Transition p-value2

N = 1,2291 N = 3441 N = 3991 N = 4861

Age 67.2 [5.1] 73.4 [2.9] 67.6 [2.6] 62.5 [1.9] <0.001

Number of Children 5.2 [2.8] 5.0 [3.0] 5.4 [2.9] 5.2 [2.7] 0.06

Male 569 [46%] 237 [49%] 155 [45%] 177 [44%] 0.4

Education 0.001

  No formal 619 [51%] 204 [60%] 196 [49%] 219 [45%]

  Primary 503 [41%] 117 [34%] 163 [41%] 223 [46%]

  Secondary or more 103 [8.4%] 21 [6.1%] 39 [9.8%] 43 [8.9%]

  Missing 4 2 1 1

Born in South Africa 885 [72%] 242 [70%] 285 [71%] 358 [74%] 0.5

Wealth Index 0.2

  Quintile 1 213 [17%] 70 [20%] 66 [17%] 77 [16%]

  Quintile 2 217 [18%] 65 [19%] 63 [16%] 89 [18%]

  Quintile 3 236 [19%] 61 [18%] 78 [20%] 97 [20%]

  Quintile 4 288 [23%] 64 [19%] 98 [25%] 126 [26%]

  Quintile 5 275 [22%] 84 [24%] 94 [24%] 97 [20%]

Marital Status <0.001

  Never married 23 [1.9%] 4 [1.2%] 2 [0.5%] 17 [3.5%]

  Separated/divorced 128 [10%] 28 [8.1%] 49 [12%] 51 [10%]

  Widowed 413 [34%] 148 [43%] 124 [31%] 141 [29%]

  Currently married 665 [54%] 164 [48%] 224 [56%] 277 [57%]

Employed 78 [6.4%] 11 [3.2%] 20 [5.0%] 47 [9.7%] <0.001

  Missing 2 1 0 1

Literate 692 [56%] 163 [47%] 223 [56%] 306 [63%] <0.001

Memory Score [Wave 1] −0.06 [0.86] −0.21 [0.87] 0.00 
[0.83]

0.00 [0.87] <0.001

Memory Score [Wave 2] 0.26 [0.85] 0.05 [0.92] 0.29 
[0.83]

0.39 [0.80] <0.001

Memory Score [Wave 3] 0.20 [0.70] −0.04 [0.73] 0.23 
[0.64]

0.35 [0.70] <0.001

Dementia Probability [Wave 3] 0.12 [0.12] 0.17 [0.14] 0.11 
[0.09]

0.10 [0.10] <0.001

  Missing 34 8 14 12

https://doi.org/10.1371/journal.pone.0326321.t001

https://doi.org/10.1371/journal.pone.0326321.t001
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(see Table 2, Fig 2). In the main analysis, participants in the post-transition cohort were estimated to have memory decline 
slopes that were less steep than their predicted values by 0.027 SD units per year [95% CI: 0.023, 0.031] between the 
years 2014 and 2021. Participants in the transition cohort were estimated to have memory decline slopes that were less 
steep than their predicted values by 0.009 SD units per year [95% CI: 0.004, 0.013]. These results remained robust after 
the sample size was broadened to include men with only two waves of data (Table 2).

Table 2.  Difference between predicted and observed memory slopes in cohorts of HAALSI men exposed to additional years of pension 
eligibility.

Cohort Predicted Memory 
Slope*

Observed Memory Slope Estimated Difference in SD [95% CI] P-value

3 waves Transition −0.037 −0.028 0.009 [0.004, 0.013] 0.000

Post-Transition −0.048 −0.021 0.027 [0.023, 0.031] 0.000

2 waves Transition −0.016 −0.012 0.004 [0.000, 0.007] 0.04

Post-Transition −0.016 −0.012 0.004 [0.000, 0.006] 0.14

*Transition Cohort: Eligible to receive pension 1–4 years earlier; Post-Transition Cohort: Eligible to receive pension 5 years earlier. Results based on 
linear regression model with the following predictors: birth year, wealth index, marital status, HIV status, level of education, employment status, literacy 
level, number of children, country of origin, a binary indicator variable representing whether any household member was eligible for the Child Support 
Grant and household-specific random intercepts. The models also include a binary indicator variable representing observations from Wave 1 to account 
for practice effects.

https://doi.org/10.1371/journal.pone.0326321.t002

Fig 2.  Difference between predicted and observed memory slopes in cohorts of HAALSI men exposed to additional years of pension eligibility 
(3 waves).

https://doi.org/10.1371/journal.pone.0326321.g002

https://doi.org/10.1371/journal.pone.0326321.t002
https://doi.org/10.1371/journal.pone.0326321.g002
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The observed memory decline slopes for women of the same age as men in the transition cohorts were steeper than 
their predicted memory decline slopes (Table 3, Fig 3). In the restricted sample of participants with three waves of data 
(Table 3, Fig 3), women with birth dates in the same range as men in the post-transition cohort had observed memory 
decline slopes that were 0.011 SD units per year steeper compared to their predicted slopes [95% CI: −0.013, −0.007]. 
Moreover, women with birth dates in the same range as men in the transition cohort had observed memory decline slopes 
that were 0.009 SD units per year steeper compared to their predicted slopes [95% CI: −0.011, −0.005]. When the sample 

Table 3.  Robustness check: Difference between predicted and observed memory slopes in cohorts of HAALSI women.

Cohort Predicted Memory 
Slope*

Observed Memory Slope Estimated Difference in SD [95% CI] P-value

3 waves Transition −0.010 −0.019 −0.009 [−0.011, −0.005] 0.000

Post-Transition −0.008 −0.019 −0.011 [−0.013, −0.007] 0.000

2 waves Transition −0.015 −0.016 −0.001 [−0.004, 0.001] 0.310

Post-Transition −0.013 −0.016 −0.003 [−0.005, −0.000] 0.019

*Transition Cohort: Eligible to receive pension 1–4 years earlier; Post-Transition Cohort: Eligible to receive pension 5 years earlier. Results based on 
linear regression model with the following predictors: birth year, wealth index, marital status, HIV status, level of education, employment status, literacy 
level, number of children, country of origin, a binary indicator variable representing whether any household member was eligible for the Child Support 
Grant and household-specific random intercepts. The models also include a binary indicator variable representing observations from Wave 1 to account 
for practice effects.

https://doi.org/10.1371/journal.pone.0326321.t003

Fig 3.  Robustness check: Difference between predicted and observed memory slopes in cohorts of HAALSI women (3 waves).

https://doi.org/10.1371/journal.pone.0326321.g003
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was broadened to include women with only two waves of data, the coefficients remained negative, however the magnitude 
and significance decreased (Table 3).

South Africa’s Older Person’s Grant and Dementia Probability Scores

Exposure to expanded pension eligibility was associated with lower dementia probability scores among men in the tran-
sition and post-transition cohorts at HAALSI Wave 3 compared to the pre-transition cohort (Table 4, Fig 4). Men in the 
post-transition cohort had observed dementia probability scores that were 5.2 percentage points lower than their predicted 

Table 4.  Difference between predicted and observed dementia probability scores.

Cohort Predicted Dementia Proba-
bility Score*

Observed Dementia Proba-
bility Score

Estimated Difference in SD 
[95% CI]

P-value

Men Transition 0.141 0.093 −0.048 [−0.062, −0.032] 0.000

Post-Transition 0.151 0.099 −0.052 [−0.062, −0.032] 0.000

Women Transition 0.164 0.128 −0.036 [−0.048, −0.017] 0.000

Post-Transition 0.150 0.107 −0.043 [−0.051, −0.021] 0.000

*Transition Cohort: Eligible to receive pension 1–4 years earlier; Post-Transition Cohort: Eligible to receive pension 5 years earlier. Results based on 
linear regression model with the following predictors: birth year, wealth index, marital status, HIV status, level of education, employment status, literacy 
level, number of children, country of origin, a binary indicator variable representing whether any household member was eligible for the Child Support 
Grant and household-specific random intercepts. The models also include a binary indicator variable representing observations from Wave 1 to account 
for practice effects.

https://doi.org/10.1371/journal.pone.0326321.t004

Fig 4.  Difference between predicted and observed dementia probability scores in cohorts of HAALSI men exposed to additional years of pen-
sion eligibility and negative control for women.

https://doi.org/10.1371/journal.pone.0326321.g004

https://doi.org/10.1371/journal.pone.0326321.t004
https://doi.org/10.1371/journal.pone.0326321.g004
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scores [95% CI: −0.062, −0.032]. Moreover, the transition cohort had observed dementia probability scores that were 4.8 
percentage points lower than their predicted scores [95% CI: −0.062, −0.032]. In the negative control analysis, women 
with birth dates in the same range as men in the post-transition cohort had observed dementia probability scores that 
were 4.3 percentage points lower than their predicted scores [95% CI: −0.051, −0.021]. Women with the same birth dates 
as men in the transition cohort had dementia probability scores that were 3.6 percentage points lower than their predicted 
scores [95% CI: −0.048, −0.017].

Discussion

This study is among the first to employ a quasi-experimental method to estimate the impact of pension programs on long-
term memory decline and dementia probability. We did this by exploiting exogenous expansions in eligibility for the Older 
Person’s Grant for men in South Africa that occurred between the years 2008 and 2010. These expansions resulted in 
some men receiving their pension one to five years earlier than original pension eligibility guidelines depending on their 
birth date at the time of the pension expansions. We used two cognitive outcomes to explore these associations: episodic 
memory decline and dementia probability scores. We found consistent evidence that earlier pension eligibility was asso-
ciated with slower memory decline and lower dementia probability in men aged 60–70 in rural South Africa. Additionally, 
there was evidence of a dose-response relationship where increasing years of additional pension eligibility resulted in 
stronger protective effects on memory decline. We did not observe this same protective relationship with memory decline 
in our negative control analysis for women who were not exposed to any earlier pension eligibility. Thus, our findings 
suggest that expanded pension eligibility resulted in cognitive health protections for older men in this setting. Moreover, 
Agincourt is a rapidly transitioning rural South African environment due to the fast-evolving health, population and social 
transitions underway. Such transitions characterize much of rural South Africa and the region. In turn, our results may be 
generalizable to other rapidly transitioning rural South African settings.

Overall, our findings are in alignment with the small body of literature that has examined the relationship between 
pension receipt and subsequent cognitive function in older adults. Research across multiple countries has demon-
strated a protective effect of pension receipt on cognitive health [8,9,17,20,38,41], with several studies demonstrating 
a clinically meaningful improvement in cognitive function [8,9,38]. Previous longitudinal research across Korea, China, 
and Mexico found that increasing levels of pension receipt contributed to higher levels of cognitive function. In Mexico 
and Korea, specifically, pension receipt did not just delay decline but produced improvements in word recall and cogni-
tive function tests, respectively [8,41]. In contrast, while we found that earlier pension receipt slowed memory decline 
relative to the comparison group, it did not result in overall improvements in memory scores. This differences are likely 
related to the longer time horizon and time between observations during our study compared to the pre-existing litera-
ture. Our study contributes a novel approach to this literature by using longitudinal data on episodic memory scores to 
measure cognitive decline. Moreover, we triangulated findings with analyses of pension eligibility impacts on dementia 
probability scores.

Prior research has shown socioeconomic status and income to be important predictors of cognitive function and decline 
[6,8–13,15–18]. Higher income individuals typically have access to better quality education and health care, access to 
better nutrition, healthier behaviors, and better living conditions. Moreover, an increase in income may impact memory 
decline and ADRD risk by building cognitive reserve. Cognitive reserve improves the brain’s ability to cope with brain 
changes and damage that occurs in aging [62]. Increased income can increase an individual’s access to cognitively 
stimulating exposures, such as intellectual and social activities, that can build cognitive reserve and slow cognitive decline 
from aging [36,58]. Moreover, research indicates that stress is associated with cognitive decline [63,64]. Cash transfers 
for low-income older adults who may experience financial stress may be an impactful intervention for building cognitive 
reserve and slowing cognitive decline. It is important to note that there are other health and population transitions that are 
occurring in South Africa that likely impact cognitive function and the rate of cognitive decline for the older population. One 
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notable transition is that life expectancies have increased due to improved health and economic conditions in the last sev-
eral decades. In turn, the country is experiencing an epidemiological transition to more chronic diseases over infectious 
diseases and the rates of Alzheimer’s Disease and Related Dementias are predicted to increase significantly [20].

For men, the observed slope of memory decline was significantly more gradual compared to the predicted slope, repre-
senting a slower decline in memory function. This effect increased as the number of years of additional pension increased. 
In contrast, we observed steeper memory decline in the observed compared to predicted slopes among women in our 
negative control analysis. The magnitude of effect was consistent across expansion cohorts for women. Since the effect 
was similar across expansion cohorts for women but not men, this likely represents a systematic underestimation of 
memory scores by our predictive model rather than residual confounding. Therefore, the magnitude of our results could 
be biased but we anticipate that the relative effect that we detected among men would be accurate. That said, we also 
found that men and women in the same expansion cohorts both had lower observed probabilities of dementia compared 
with their predicted probabilities. While the dementia probability scores for women were smaller in magnitude than for men 
[Transition Cohort: −3.6pp vs −4.8pp; Post-Transition Cohort: −4.3pp vs −5.2pp], a statistical comparison was not carried 
out to confirm the difference due to the difference in samples. Still, it is important to consider why we may have found dif-
ferential results by gender for episodic memory scores but not for dementia probability. This could indicate that sources of 
residual confounding for dementia probability were not present for memory scores. As dementia probability is a more com-
prehensive measure of cognitive function, it is likely that it could be impacted by a larger range of factors we were unable 
to account for compared to memory scores. However, in this study context, individuals share their pension income with 
others in their household [62,64]. Therefore, there could also be spillover effects from the South African pension expan-
sions if the men shared the money with women in their household. Further research is needed to examine the potential 
spillover effects of cash transfers for other older adults in the household and the impacts this has on cognitive decline and 
ADRD risk.

Our results should be interpreted within the limitations of the restrictions we made on the sample composition. We 
restricted the sample to ages 60–76 to reduce sociodemographic differences across the three cohorts which reduced our 
sample size. Moreover, we were only able to analyze the impacts of pension eligibility expansions for men, since women 
were not exposed to extra pension eligibility. While we hypothesized that there may have been positive spillover effects 
for women living in the pension eligibility expansion cohort households, we were not able to measure these effects due 
to limitations in the natural experiment. Moreover, our study area was restricted to one rural South African setting. While 
this setting is representative of rapidly transitioning contexts across rural South Africa, cash transfers may have different 
impacts for those living in other geographic settings, and in more urban settings.

Conclusion

In settings where social environments are improving and medical advancements are more accessible, life expectancies 
are increasing while the burden of ADRD is growing around the world. To address this growing burden, it is critical for 
policymakers to implement evidence-based policies that support healthy brain ageing and reduce ADRD risk. This preven-
tative approach is particularly important in LMICs, which often lack adequate formal health and social care for individuals 
with dementia. Diverse social and cultural factors influence whether persons with ADRD remain at home and connected 
to communities and social networks, rather than admitted (as in a western model) to ‘homes for the aged’ and related 
facilities. Thus, for South Africans with ADRD living at home with family, old age pensions may be a crucial financial safety 
net for their households. This study provides evidence that cash transfers in the form of public pensions may slow memory 
decline and lower the probability of dementia. Moreover, the results suggest that cash transfers to older adults in the form 
of pensions may have spillover effects for other adults in the household. These findings provide evidence that cash trans-
fers, such as pensions or other income transfers for older adults, are promising policy interventions for reducing ADRD 
risk and promoting health ageing.
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