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Abstract 
 
We examined whether the Winter Fuel Payment - an unconditional targeted cash transfer - improves 
cognitive function among older people in England; and whether this effect varied by genetic makeup. 
Data came from the English Longitudinal Study of Ageing (ELSA, 2002-10, N=13,663). To overcome 
the limitations of previous gene-by environment studies, we assessed the effect of receiving the cash 
transfer on cognition using individual fixed effects to minimize confounding. Receipt of the transfer 
was interacted with polygenic risk scores for Alzheimer’s disease and general cognition to examine 
whether the effect varied by genetic predisposition. Receiving the cash transfer was associated with an 
0.024 increase (95% confidence interval [CI]: 0.001 to 0.046) in the total cognitive function z-score, 
driven primarily by improvements in executive function. Respondents in the highest quartile of 
polygenic risk for Alzheimer’s experienced larger increases in total cognition (b=0.076, 95% CI: 0.01 
to 0.142) compared to those in the lowest quartile. Genetic predisposition for general cognition did 
not modify the effect of the cash transfer on cognition. These results support the potential for social 
policies to improve cognition in later life and highlight the ability of the social environment to mitigate 
genetic risk factors. 
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INTRODUCTION 

 

In the wake of the mapping of the human genome, hopes were high that genetic causes for major 

cognitive diseases including dementia would be identified and their mechanisms targeted for clinical 

intervention. Recent genome-wide-association-studies have however showed that genetic variants 

explained much less variation than initially expected.1,2 Part of this ‘missing heritability’3 in cognitive 

function and dementia risk may reflect social and environmental circumstances: social environments 

may amplify or reduce the effect of innate genetic vulnerabilities. Studies have for example outlined 

differences in the effect of the ε4 allele of the apolipoprotein E (APOE) gene on cognition and 

dementia as a function of neighborhood environment,4,5 prolonged exposure to stress6 or educational 

attainment.7,8  

 

The initial enthusiasm for gene-by-environment interactions (GXE) studies was however tempered 

by concerns around replicability.9,10 An important drawback of most studies of genetic interaction with 

social environments to date is the potential for gene-environment correlations, whereby 

“environments” are partly selected by the individual and/or their biological parents (or elicited by 

others response to genes) and thus might be a function of the genes themselves.11,12 Apart from a 

number of notable exceptions,13-16 most existing GXE studies suffer from potentially endogenous 

measures of the environment. As a consequence, the extent to which social interventions in later life 

can support cognitive function in particular among those predisposed to cognitive decline or dementia 

due to their genetic makeup is not yet fully understood.  

 

We overcome these empirical challenges by combining quasi-experimental variation in the social 

environment with polygenic scores (PGSs) for general cognition and Alzheimer’s.17,18  Specifically, we 

leverage the exogenous variation in income introduced by the Winter Fuel Payment (WFP), a universal 

unconditional cash transfer introduced in England in 1997 to support older households with the costs 

of heating their homes during cold months. The available evidence indicates that the policy had a 

positive effect on excess winter mortality19 and biomarkers of stress20 but physical health effects are 

mixed.20,21 We extend this literature by looking at the effect of receiving the WFP on cognition. There 

is ample evidence that higher income is associated with better cognition;22,23 but these associations may 

be biased by unmeasured confounders correlated with both income and cognition or by reverse 
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causality. The quasi-experimental evidence is more limited and it remains unclear whether changes in 

income induced by a policy can improve cognitive function in later life.  

 

In this study, we assess the effect of receiving the WFP on cognitive function using a quasi-

experimental design and we test the hypothesis that the cash transfer has stronger effects among 

respondents who carry a genetic liability for cognitive decline or Alzheimer’s.  

 

METHODS 

 

Study population 

 

We used longitudinal data from the English Longitudinal Study of Ageing (ELSA), a nationally 

representative cohort of individuals aged 50 and older residing in England and their spouses. The 

ELSA sample was drawn from respondents to the Health Survey for England (HSE) who were in the 

eligible age bracket. Details of the study are provided elsewhere.24 Enrollment started in 2002-2003 

and biennial interviews have been conducted through 2016, with wave-to-wave retention rates of 

approximately 70%. Our dataset was comprised of five waves starting in 2002 and ending in 2010, the 

last year when both our exposure (receipt of the WFP) and outcomes (cognitive scores) of interest 

were available. Ethical approval was granted by the London Multicentre Research Ethics Committee 

(MREC/01/2/91) and informed consent was obtained from all participants. 

 

We restricted our sample to participants who had at least two waves of data available in our time 

period. This led to the exclusion of 3,094 individuals and a final sample of 13,663 respondents. Genetic 

data was collected in 2012 and available for 7,081 respondents. Appendix Table 1 confirms that our 

analytical samples have similar baseline characteristics to the overall sample. Less than 1% of the 

observations had missing data for the WFP variable, and 3 to 8% had data missing for the cognitive 

scores.  

 

Receipt of the Winter Fuel Payment 

 

Our policy exposure of interest was the receipt of the WFP. The cash transfer is provided every year 

to households containing an individual aged 60 or over. The cash transfer is automatic for individuals 
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who receive the state pension or another social security benefit, while individuals who do not receive 

these benefits are eligible but have to submit a claim.  Its value ranges between £200 per year for 

households where the oldest person is aged between 60 and 79 and £300 since 2003 for households 

where the oldest person is 80 or over. Although the transfer is unconditional (there is no obligation 

to spend the cash transfer on household fuel), households spend almost half of the transfer they 

receive on fuel.25 Eligibility for the WFP is aligned with the female state pension age and started to 

increase in 2012 in line with the pension reform.26 However, these changes take place after our study 

period.  

 

ELSA respondents aged 60 and over or living with a partner aged 60 and over were asked at each 

wave of the survey about their receipt of the WFP. Respondents could answer yes or no. Our exposure 

was a binary variable which took the value of 1 if the respondent had received the WFP in the past 

year or 0 if he/she had not or was not eligible. 

 

Eligibility to receive the WFP is closely linked to age. Only capturing receipt of the WFP through age 

would risk biasing our estimate, which would measure the cognitive effects of becoming older rather 

than that of receiving the cash transfer. We consequently rely on the variable measuring the receipt of 

the WFP described above. As shown in Figure 1, there is a sharp increase in the proportion of the 

respondents who receive the cash benefit at the age cut-off for eligibility. We exploit this exogenous 

increase in receipt in our individual fixed-effects models as described below. We also adjust all models 

for age and age squared. Another potential threat to our approach is that the female state pension age 

coincides with WFP eligibility for the duration of our study sample. To avoid the confounding effect 

of the receipt of state pension age on WFP and cognition, we employ two strategies. First, in all 

models, we adjust for respondents’ employment and retirement status. Second, in sensitivity analyses, 

we follow previous research20,25 and restrict our sample to single men and households in which the 

man is the oldest, because those households do not qualify simultaneously for the WFP and the female 

state pension. 

 

Assessment of cognitive function 

 

Cognitive function was assessed in ELSA using standard tests covering three major cognitive domains: 

memory, processing speed and executive function. Memory was measured using a word-recall test. A 
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list of ten words was presented orally to participants who were then asked to recall as many as possible 

immediately and after a five-minute delay. An overall memory score was computed (ranging from 0 

to 20) by adding the scores of both the immediate and delayed recall. Processing speed was measured 

using a letter cancellation test. The respondent was given a piece of paper with random letters and 

asked to cross out as many of the 65 target letters (Ps and Ws) as possible in one minute by working 

across and down the page. The score is the total number of letters searched, ranging from 0 to 65. 

Executive function was measured using a test of how many different animals the respondent could 

name in one minute (ranging from 0 to 60). All these scores are robust to floor, ceiling and practice 

effects.27,28 To facilitate comparisons, we transformed each test into z-scores. These scores were then 

combined to build a total cognitive function z-score, as recommended in previous studies.29 Higher 

scores indicate better cognitive function.  

 

Polygenic Scores for general cognition and Alzheimer’s 

 

Multiple analyses of genetic effects on cognitive function and Alzheimer’s have indicated that both 

phenotypes are likely to be highly polygenic, resulting from the combined effect of many risk variants, 

each with relatively small effect sizes.30 PGSs can be used to overcome this limitation and test the 

predictive power of multiple genetic variants simultaneously.31 PGSs have been shown to be suitable 

for the analysis of GxE.32 The methods employed in ELSA to create these scores are modelled after 

the Health and Retirement Study to enhance comparability across ageing surveys.33 The genome-wide 

genotyping was performed in 2013-14 on 7,597 participants of European ancestry in two batches 

(batch one n=5,652; batch two n=1,945) using the Ilumina HumanOmni 2.5-8 BeadChips. A sample 

of 7,081 participants remained after quality control procedures (including removal of SNPs based on 

call rate, minor allele frequency, deviations from Hardy-Weinberg equilibrium; and removal of 

individuals based on call rate, relatedness, gender mismatch and non-European ancestry).  

Data were available on over 2.5 million genetic locations for each individual. Polygenic scores for 

general cognition and Alzheimer’s were then built by weighting each nucleotide by their estimated 

contribution from large Genome Wide Association Studies (GWAS) of general cognition and 

Alzheimer’s.34,35 These GWAS did not include the ELSA data. The PGS for Alzheimer’s contains 

1,191,420 SNPs overlapping between the ELSA genetic database and the GWAS (mean 25896.2, 

standard error 0.64). As PGSs are based on linear models from single SNPs, the Alzheimer’s PGS 
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does not include the two variants that contribute to APOE status. The PGS for general cognition 

covers 795,327 SNPs overlapping with the ELSA genetic database (mean 5861.4, standard error 0.19).  

We derived quartiles based on the continuous PGSs, with the top quartile coded as “high risk” for 

both Alzheimer’s and lower overall cognitive ability. In supplementary analyses, we investigated the 

potential role of APOE genotype. Genotypes were based on imputed data for 6,151 participants on 

the two SNPs for APOE, rs429358 and rs7412 that comprise the ε2, ε3 and ε4 alleles. Participant 

APOE carrier status was determined based on the presence (APOE ε2/4, ε3/4 and ε4/4) or absence 

(APOE ε2/2, ε2/3 and ε3/3) of APOE ε4 alleles. In our sample, 69% of respondents carried two ε3 

alleles; 27% a combination of alleles ε3 and 4; 2.6% two ε4 alleles; 0.7% two ε2 alleles.  

 

Controls 

 

Time-varying characteristics measured at each wave include: age, age squared, study wave, at least one 

limitation in the activities of daily living [ADLs], at least one limitation in the instrumental activities 

of daily living [IADLs], the natural log of net total non-housing household wealth, the natural log of 

equivalised household income, marital (married, cohabitating, single/never married, widowed, 

divorced, separated) and employment status (employed, unemployed, retired, out of the labour force). 

 

Statistical analysis 

 

The Hausman specification test36 indicated that the assumption of no-correlation between explanatory 

variables and unobserved effects was violated in random-effects models (Appendix Table 2). 

Individual fixed effect models were consequently used to assess the relationship between receipt of 

WFP and cognitive function. These models leverage within-individual changes in both exposure and 

outcome, thereby adjusting for measured and unmeasured time-invariant confounders that differ 

across individuals.37 Our approach fulfills the two conditions of fixed-effects models: our outcome 

variables are measured in the same way for each respondent for at least two time points and exposure 

to the WFP varies over time for at least part the respondents.38,39 Specifically, we compared the 

cognitive scores of a respondent before receiving the WFP to that same respondent’s cognitive 

function after he/she started receiving the cash transfer. Our basic model is as follows:  

 

!"#$% = '%( + *+,-.$% + */0$% + *10$% + 2$3 + 4$%     (1) 
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Where Cogit represents the total cognitive function z-score for individual i at time t; WFPit is the WFP 

indicator, which takes the value of 1 if the household receives the cash transfer and 0 otherwise; Xit is 

a vector of time-varying controls; '%( is a fixed effect for time that accounts for time trends constant 

across individuals; 2$3 controls for time-invariant individual characteristics; and 4it is the error term. 

We then extended these models to examine the interaction between PGSs for general cognition and 

Alzheimer’s and time-varying receipt of WFP: 

 

!"#$% = '%( + *+,-.$% × .67$ + */,-.$% × .!$ + *10$% + 2$3 + 4$%   (2) 

 

Where WFPit ×PGSi  is the interaction between time-varying receipt of WFP and PGSs for cognitive 

function or Alzheimer’s;  PCi  is a vector of the principal components (PCs) of the genotypic data 

significantly associated with the outcome of interest. We included WFPit ×PCi to adjust for population 

stratification.40,41 

 

We calculated individual clustered standard errors for all estimates. All analyses were conducted in 

Stata version 15. 

 

RESULTS 

 

Table 1 summarizes the baseline characteristics of the sample. Over half of the sample was receiving 

the WFP at baseline (52.85%, with a further 4.43% eligible based on their partner’s age). The majority 

of respondents eligible for the WFP receive it (92.02%). Those who are eligible but do not claim it are 

younger and more likely to still be in employment (Appendix Table 3). Average age at baseline was 

61.85 (SD: 10.27); 68.40% of respondents were married or in civil partnership. 42.19% of respondents 

were employed at baseline, while 40.61% were retired. The vast majority of the sample was in good 

functional health, reporting no limitations with activities of daily living (ADLs, 83.14%) or 

instrumental activities of daily living (IADL, 82.79%). At baseline, respondents recalled on average 

10.07 words (SD: 3.51), correctly identified 19.35 target letters (SD: 5.89) and named 19.62 animals 

(7.47). 
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During the study period, 3,448 respondents started receiving the WFP. Results from fully adjusted 

fixed-effects models are presented in Table 2. Receiving the cash transfer predicted an increase in the 

total cognitive function z-score in the same year (b=0.024, 95% confidence interval [CI]: 0.001 to 

0.046). This is driven primarily by improvements in the executive function domain (b=0.031, 95% CI: 

0.004 to 0.058). Full results by cognitive scores are presented in Appendix Table 4.  

 

Figure 2 displays the effect of receiving the WFP on total cognitive z-scores across quartiles of 

Alzheimer’s (panel A) and general cognition PGSs (panel B). Estimates are from a model 

incorporating an interaction term between receipt of the WFP and PGSs, controlling for the same 

covariates as in the main model as well as the interaction between the exposure and PCs. In the genetic 

sample, 2,116 respondents started receiving the WFP. Full results are presented in Appendix Table 

5. The effect of receiving the cash transfer on the total cognitive function z-score was concentrated 

among respondents in the top quartile (highest risk) of Alzheimer’s PGSs (b=0.076, 95% CI: 0.01 to 

0.142). This effect was not driven by specific cognitive domains (Appendix Table 6). There was no 

interaction between receiving the WFP and the general cognition PGSs, suggesting that genetic 

predisposition for overall cognition did not modify the effect of the cash transfer on changes in 

cognitive function (Appendix Table 7). Similarly, we found no interaction effect between receipt of 

the WFP and APOE status (Appendix Table 8) 

 

We conducted several sensitivity analyses to assess the robustness of our findings. First, coding our 

exposure of interest as eligibility for the cash transfer (respondent turning 60 or living in a household 

where the older member turns 60) rather than receipt of the cash transfer led to essentially the same 

results (b=0.024, 95% CI: 0.001 to 0.048, Appendix Table 9). Second, a potential concern is that 

eligibility for the WFP and female state pension coincide during our study period. Our results were 

robust to restricting our sample to single men and households in which the man is the oldest (b=0.035, 

95% CI: 0.006 to 0.064), households which do not qualify simultaneously for the cash transfer and 

female state pension (Appendix Table 10). The effect of the WFP on cognition did not vary by 

individual baseline characteristics such as educational attainment or income levels (results available 

upon request).  

 

DISCUSSION 
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Our findings suggest that receipt of a small universal unconditional cash transfer in older age was 

associated with modest cognitive benefits; and that these benefits were stronger among respondents 

who carried a higher genetic risk for Alzheimer’s. These results provide novel evidence of the 

interaction between the social environment and genetic susceptibility and the potential role of social 

policies in improving cognition in later life. 

 

Our study contributes several new insights. First, we find that receipt of a small cash transfer - 

corresponding to roughly the weekly median income in our sample - is associated with modest 

improvements in cognition in older age, and in particular in executive function. This effect is similar 

in size to the increase in total cognitive function z-score associated with becoming a public transport 

user (b=0.014, 95% CI: 0.001 to 0.028).42 Cash transfers in different forms have been shown to reduce 

financial hardship.43 Previous research has linked poverty-associated stress to losses in executive 

function44-48 but this damage to neural pathways is believed to be reversible.44-49 The positive effect of 

the WFP on executive function supports the idea that income support may alleviate stressors that 

impact this cognitive domain. This result may have added importance given that impaired executive 

function is often an early indicator of Alzheimer’s disease.50 These findings add to a small literature 

documenting the causal impact of income on cognition in later life.51,52 They also have implications 

for policy-making. The age of eligibility for the WFP has been rising in recent years along with female 

state pension age to equal the male state pension age of 65 in 2018. Our findings suggest that reducing 

eligibility for the cash transfer might have unforeseen consequences for cognitive function in this 

ageing population.  

 

Second, our findings suggest that the effect of genes on phenotypes such as cognition might be 

modified by even small changes in the social environment. Indeed, respondents who have a higher 

genetic susceptibility to Alzheimer’s as defined by the top quartile of the PGS benefitted the most 

from the cash transfer in terms of cognition. These results indicate that small average treatment effects 

may conceal larger effects for individuals with particular genotypes. They are consistent with the 

differential susceptibility model which posits that individuals carrying certain genetic susceptibilities 

will be more sensitive to the social environment, whether positive or negative.53 In this model, a 

positive income shock such as the WFP would be associated with greater improvements in cognitive 

function among individuals carrying higher genetic predisposition for cognitive decline, potentially by 
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delaying the onset of symptoms. It is worth noting that we did not find a significant interaction effect 

with the PGS for general cognition, likely reflecting different sets of risks and mechanisms. Previous 

studies had documented that higher educational attainment and participation in leisure activities may 

lower the risk of dementia associated with carrying the APOE ε4 allele.8 We do not replicate these 

findings in relation to income in our sample. We may not have enough power to detect the differential 

effect of the WFP on cognition by APOE status: the confidence intervals for this estimate are wide 

and include benefits as well as harms as plausible effects. 

 

Third, most existing GxE studies to date have been limited by their reliance on endogenous measures 

of the environment.11,12 As receipt of the WFP is not correlated with innate individual characteristics 

or characteristics of the respondents’ parents, the risk of gene-environment correlations – whereby 

measured environments are correlated with unmeasured genetic variation – is considerably reduced. 

To our knowledge, only a handful of studies have used quasi-experimental approaches to investigate 

GXE interactions.12,13,16 For example, Fletcher et al found that individuals who were genetically less 

responsive to nicotine responded more strongly to state-level tobacco taxation policies in the United 

States.16  Using changes in the compulsory schooling law in the U.K, Barcellos et al found that 

additional education was associated with greater reductions in BMI for those most genetically 

susceptible to obesity, consistent with our results here for a positive change in the social 

environment.13  To our knowledge, ours is the first study to test a quasi-experimental social exposure 

together with genetic susceptibility for cognitive function.  

 

This study has several strengths. First, our analyses are based on a large, representative, longitudinal 

sample of older adults in England, with validated measures of socioeconomic status, health, cognition 

and PGSs. Second, the fixed-effects models control for time-invariant characteristics that differ across 

individuals and might confound the association between receipt of the cash transfer and cognition. 

We also leverage the sharp discontinuity in age eligibility for WFP receipt to improve causal inference. 

However, a number of limitations should also be considered. First, we cannot completely rule out 

reverse causality based on our fixed-effects models: a deterioration in cognitive function might 

compromise an individual’s ability to claim the cash transfer. However, most eligible respondents in 

our sample receive the WFP automatically as they receive the state pension or another old-age benefit. 

92.02% of eligible respondents receive the transfer in our sample. Third, although our fixed-effects 

models controlled for a large number of time-varying confounders, unmeasured time-varying 
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confounding remains a possible source of bias. Fourth, PGSs aggregate many SNPs but not all SNPs 

may respond uniformly to the environment, and aggregation may obscure the exact nature of the 

biological pathways. Effect sizes are small but the fact that a modest income intervention still produces 

cognitive effects that vary by genetic risk is noteworthy. Finally, attrition is a potential concern in 

longitudinal studies. Retention rates are high in ELSA24 and previous research has indicated that 

attrition is not linked to health outcomes.54  

 

In conclusion, we find that an unconditional universal cash transfer not only improved cognitive 

function in an older population but also compensated genetic risk for cognitive decline: the association 

between genetic susceptibility and cognition was reduced among respondents who started receiving 

the WFP, thus reducing the gap in cognitive function between those in the top and bottom quartile 

of genetic risk for cognitive decline. These findings highlight the potential role of social policies across 

the life course in protecting against health risks, including those arising from genetic characteristics. 

Considering the interplay of genes and environment in late adulthood may improve our understanding 

of cognitive ageing and lay the ground for the development of interventions promoting successful 

ageing.  
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FIGURES 
 
Figure 1. Share of the sample receiving the Winter Fuel Payment by age, English Longitudinal Study 
of Ageing, 2002-10 (N=13,663) 

 
  

0

10

20

30

40

50

60

70

80

90

100

50 55 60 65 70 75 80 85 90

Pe
rc

en
ta

ge
 o

f s
am

pl
e 

th
at

 re
ce

iv
ed

 th
e 

W
in

te
r F

ue
l P

ay
m

en
t

Age



 16 

Figure 2. Predicted increase in cognitive scores after receipt of the Winter Fuel Payment by quartiles 
of polygenic scores, English Longitudinal Study of Ageing, 2002-10 (N=7,081) 

 

 
Abbreviations: WFP, Winter Fuel Payment. 
Notes: Higher values indicate higher cognitive function. Models include interview year fixed effects. 
Estimates are from models that include an interaction between receipt of the WFP and quartiles of 
polygenic scores for Alzheimer’s and general cognition, and controls for sociodemographics, wealth, 
income, physical health and population stratification.   
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TABLES 
 
Table 1. Baseline characteristics of the study sample, English Longitudinal Study of Ageing  
 Baseline 
Received the WFP in the past year (%) 52.85 
Demographic characteristics  
Male (%) 44.62 
Female (%) 55.38 
Age: mean (SD) 61.85 10.27) 
Married/civil partnership (%) 68.40 
Cohabiting (%) 5.42 
Single, never married (%) 4.82 
Widowed (%) 12.30 
Divorced (%) 7.42 
Separated (%) 1.64 
Socioeconomic characteristics  
Employed (%) 42.19 
Unemployed (%) 1.09 
Retired (%) 40.61 
Out of labour force (%) 16.11 
Household non-housing wealth in £: median (IQR)  21,500 (83,400) 
Household total equivalised weekly income in £: median 
(IQR) 

233.85 (209.15) 

Health status  
No ADL limitation (%) 83.14 
At least 1 ADL limitation (%) 16.86 
No IADL limitation (%) 82.79 
At least 1 IADL limitation (%) 17.21 
Memory score: mean (SD) 10.07 (3.51) 
Processing speed: mean (SD) 19.35 (5.89) 
Executive function: mean (SD) 19.62 (7.47) 

Abbreviations: WFP, Winter Fuel Payment, SD, standard deviation; IQR, Inter-quartile range; ADL, 
activities of daily living; IADL, instrumental activities of daily living. 
Notes: Baseline is defined as the first wave in which data on receipt of Winter Fuel Payment is available 
for each participant. 
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Table 2. Associations between changes in Winter Fuel Payment receipt and changes in total cognitive 
function (N=13,663), English Longitudinal Study of Ageing, 2002-10  
 β 95% CI 
Exposure of interest 
Received the WFP in the past year 0.024 0.001 to 0.046 
Demographic characteristics   
Age 0.169 0.146 to 0.192 
Age2 -0.001 -0.001 to -0.001 
Cohabiting (ref: married or in a civil partnership) -0.064 -0.133 to 0.005 
Single, never married -0.063 -0.188 to 0.063 
Widowed -0.013 -0.058 to 0.032 
Divorced 0.000 -0.074 to 0.074 
Separated 0.029 -0.053 to 0.111 
Socioeconomic characteristics   
Unemployed (ref: employed) 0.004 -0.064 to 0.072 
Retired 0.004 -0.023 to 0.030 
Out of labour force 0.002 -0.028 to 0.031 
Log of household non-housing wealth  -0.003 -0.008 to 0.002 
Log of household total equivalised income -0.003 -0.014 to 0.009 
Health status 
At least 1 limitation with ADLs (ref: none) -0.008 -0.030 to 0.013 
At least 1 limitation with IADLs (ref: none) -0.046 -0.067 to -0.025 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADL, activities of daily living; 
IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level.  
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APPENDIX 
 
Appendix 1. Baseline characteristics of the overall and analytical samples, English Longitudinal 
Study of Ageing 
 Overall 

sample 
After exclusion 
to those with 2 
waves of data 

Participants 
with genetic 

data  
Received the WFP in the past year: 
frequency (%) 

8,969 (53.56) 7,221 (52.85) 3,968 (56.04) 

Demographic characteristics    
Male (%) 7,588 (45.28) 6,096 (44.62) 3,252 (45.93) 
Female (%) 9,169 (54.72) 7,567 (55.38) 3,829 (54.07) 
Age: mean (SD) 62.31 (10.66) 61.85 (10.27) 62.64 (9.41) 
Married/civil partnership (%) 11,420 (68.15) 9,345 (68.40) 4,881 (68.93) 
Cohabiting (%) 916 (5.47) 741 (5.42) 327 (4.62) 
Single, never married (%) 820 (4.89) 659 (4.82) 323 (4.56) 
Widowed (%) 2,141 (12.78) 1,680 (12.30) 914 (12.91) 
Divorced (%) 1,188 (7.09) 1,014 (7.42) 523 (7.39) 
Separated (%) 272 (1.62) 224 (1.64) 113 (1.60) 
Socioeconomic characteristics    
Employed (%) 6,859 (40.93) 5,764 (42.19) 2,857 (40.35) 
Unemployed (%) 192 (1.15) 149 (1.09) 66 (0.93) 
Retired (%) 6,918 (41.28) 5,549 (40.61) 3,128 (44.17) 
Out of labour force (%) 2,788 (16.64) 2,201 (16.11) 1,030 (14.55) 
Household non-housing wealth in £: 
median (IQR)  

19,515 (79,721) 21,500 (83,400) 26,000 (89,700) 

Household total equivalised weekly 
income in £: median (IQR) 

227.58 (206.69) 233.85 (209.15) 234.29 (195.31) 

Health status    
No ADL limitation (%) 13,557 (81.88) 11,271 (83.14) 5,933 (83.95) 
At least 1 ADL limitation (%) 3,000 (18.12) 2,286 (16.86) 1,134 (16.05) 
No IADL limitation (%) 13,424 (81.08) 11,224 (82.79) 5,997 (84.86) 
At least 1 IADL limitation (%) 3,133 (18.92) 2,333 (17.21) 1,070 (15.14) 
Memory score: mean (SD) 9.86 (3.61) 10.07 (3.51) 10.17 (3.38) 
Processing speed: mean (SD) 19.12 (5.94) 19.35 (5.89) 19.43 (5.83) 
Executive function: mean (SD) 19.32 (7.91) 19.62 (7.47) 20.39 (6.62) 
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Appendix Table 2. Random effects regression model of the impact of Winter Fuel Payment receipt 
on total cognitive function and Hausman test, ELSA waves 1-5, 2002-10 (N=13,663) 
 β 95% CI 
Exposure of interest 
Received the WFP in the past year 0.023 0.003 to 0.044 
Demographic characteristics   
Age 0.073 0.062 to 0.0834 
Age2 -0.001 -0.001 to -0.001 
Cohabiting (ref: married or in a civil 
partnership) 

-0.032 -0.07 to 0.016 

Single, never married -0.106 -0.161 to -0.050 
Widowed 0.027 -0.004 to 0.058 
Divorced 0.022 -0.019 to 0.063 
Separated 0.050 -0.016 to 0.116 
Socioeconomic characteristics   
Unemployed (ref: employed) -0.012 -0.073 to 0.050 
Retired -0.003 -0.026 to 0.019 
Out of labour force -0.026 -0.051 to -0.001 
Log of household non-housing wealth  0.031 0.027 to 0.034 
Log of household total equivalised income 0.046 0.036 to 0.055 
Health status   
At least 1 limitation with ADLs (ref: none) -0.047 -0.067 to -0.027 
At least 1 limitation with IADLs (ref: none) -0.107 -0.127 to -0.088 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADL, activities of daily living; IADL, 
instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level. 
 
Hausman test: χ2=1345.36 (P<0.0001) 
  



 21 

Appendix Table 3. Descriptive statistics of study sample who are eligible for Winter Fuel Payment, 
by receipt status, ELSA waves 1-5, 2002-10 (N=13,663) 
 Receiving WFP Not receiving WFP 
Male, frequency (%) 13,925 (43.10) 1,204 (42.98) 
Female, frequency (%) 18,382 (56.90) 1,597 (57.02) 
Age group   
<50, frequency (%) 145 (0.45) 99 (3.53) 
50-54, frequency (%) 331 (1.02) 205 (7.32) 
55-59, frequency (%) 1,287 (3.98) 691 (24.67) 
60-64, frequency (%) 7,329 (22.69) 1,244 (44.41) 
65-69, frequency (%) 7,010 (21.70) 138 (4.93) 
70-74, frequency (%) 6,317 (19.55) 107 (3.82) 
75-79, frequency (%) 4,682 (14.49) 94 (3.36) 
80-84, frequency (%) 3,113 (9.64) 80 (2.86) 
85+, frequency (%) 2,093 (6.48) 143 (5.11) 
Any ADL limitations   
None, frequency (%) 25,008 (77.59) 2,279 (81.66) 
At least 1, frequency (%) 7,224 (22.41) 512 (18.34) 
Any IADL limitations   
None, frequency (%) 24,510 (76.04) 2,257 (80.87) 
At least 1, frequency (%) 7,722 (23.96) 534 (19.13) 
Employment status   
Employed, frequency (%) 4,924 (15.24) 1,399 (49.95) 
Unemployed, frequency (%) 138 (0.43) 40 (1.43) 
Retired, frequency (%) 23,076 (71.43) 878 (31.35) 
Out of labour force, frequency (%) 4,168 (12.90) 484 (17.28) 
Marital status   
Married/civil partnership, 
frequency (%) 

20,665 (63.96) 2,006 (71.62) 

Cohabiting, frequency (%) 874 (2.71) 239 (8.53) 
Single, never married, frequency 
(%) 

1,357 (4.20) 103 (3.68) 

Widowed, frequency (%) 6,917 (21.41) 257 (9.18) 
Divorced, frequency (%) 2,114 (6.54) 153 (5.46) 
Separated, frequency (%) 380 (1.18) 43 (1.54) 
Education   
No educational qualification, 
frequency (%) 

12,599 (43.16) 812 (31.45) 

Secondary, frequency (%) 8,611 (29.50) 906 (35.09) 
Tertiary, frequency (%) 7,983 (27.35) 864 (33.46) 
Household non-housing wealth, 
median (IQR) 

23,401 (83,333) 38,000 (128,100) 

Household total equivalised 
income, median (IQR) 

227.38 (179.94) 294.50 (246.36) 

Abbreviations: WFP, winter fuel payment; ADL, activities of daily living; IADL, instrumental activities 
of daily living. 
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Appendix Table 4. Fixed effects regression model of the impact of Winter Fuel Payment receipt on individual cognitive domains, ELSA 
waves 1-5, 2002-10 (N=13,663) 
 Memory Processing speed Executive function 
 β 95% CI β 95% CI β 95% CI 
Exposure of interest 
Received the WFP in the past year 0.009 -0.018, 0.036 0.021 -0.007, 0.049 0.031 0.004, 0.058 
Demographic characteristics 
Age 0.165 0.140, 0.191 0.093 0.066, 0.119 0.156 0.131, 0.182 
Age2 -0.001 -0.001, -0.001 -0.001 -0.001, -0.001 -0.001 -0.001, -0.001 
Cohabiting (ref: married) -0.065 -0.155, 0.024 -0.058 -0.143, 0.027 -0.014 -0.101, 0.074 
Single, never married 0.023 -0.146, 0.193 -0.146 -0.300, 0.009 0.057 -0.089, 0.203 
Widowed 0.001 -0.052, 0.054 0.014 -0.046, 0.073 -0.043 -0.095, 0.008 
Divorced -0.017 -0.108, 0.074 0.021 -0.069, 0.111 0.013 -0.067, 0.094 
Separated -0.013 -0.114, 0.088 0.037 -0.075, 0.150 0.003 -0.086, 0.091 
Socioeconomic characteristics 
Unemployed (ref: employed) 0.015 -0.060, 0.089 0.020 -0.075, 0.114 -0.011 -0.093, 0.071 
Retired 0.025 -0.006, 0.056 0.000 -0.033, 0.033 -0.012 -0.044, 0.019 
Out of labour force 0.009 -0.025, 0.044 0.011 -0.025, 0.047 -0.017 -0.053, 0.019 
Log of household non-housing wealth  0.002 -0.003, 0.008 -0.005 -0.011, 0.002 0.001 -0.005, 0.006 
Log of household total equivalised income -0.002 -0.015, 0.011 -0.004 -0.018, 0.010 -0.000 -0.015, 0.014 
Health status 
At least 1 limitation with ADLs (ref: none) -0.004 -0.030, 0.022 -0.011 -0.038, 0.017 -0.016 -0.040, 0.008 
At least 1 limitation with IADLs (ref: none) -0.045 -0.070, -0.020 -0.035 -0.062, -0.009 -0.041 -0.066, -0.017 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADL, activities of daily living; IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual level. 
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Appendix Table 5. Fixed effects regression model of the impact of Winter Fuel Payment receipt 
total cognitive function with interaction term for genetic predisposition for Alzheimer’s, ELSA 
waves 1-5, 2002-10 (N=13,663) 
 β 95% CI 
Exposure of interest 
Received the WFP in the past year -0.018 -0.066 to 0.030 
Received the WFP in the past year*2nd quartile Alzheimer’s PGS (ref: 
first quartile) 

0.025 -0.039 to 0.089 

Received the WFP in the past year*3rd quartile Alzheimer’s PGS 0.0135 -0.053 to 0.079 
Received the WFP in the past year*4th quartile Alzheimer’s PGS 0.076 0.01 to 0.142 
Principal components   
Received the WFP in the past year*PC 1 1.707 -0.324 to 3.739 
Received the WFP in the past year*PC 2 -1.370 -3.258 to 0.517 
Received the WFP in the past year*PC 3 0.259 -1.740 to 2.258 
Demographic characteristics   
Age 0.180 0.150 to 0.209 
Age2 -0.001 -0.001 to -0.001 
Cohabiting (ref: married or in a civil partnership) -0.105 -0.194 to -0.016 
Single, never married -0.094 -0.270 to 0.081 
Widowed -0.023 -0.079 to 0.033 
Divorced -0.003 -0.104 to 0.098 
Separated -0.010 -0.116 to 0.096 
Socioeconomic characteristics   
Unemployed (ref: employed) 0.007 -0.091 to 0.105 
Retired -0.003 -0.035 to 0.028 
Out of labour force -0.005 -0.041 to 0.031 
Log of household non-housing wealth  -0.002 -0.008 to 0.005 
Log of household total equivalised income 0.003 -0.012 to 0.002 
Health status 
At least 1 limitation with ADLs (ref: none) -0.003 -0.030 to 0.025 
At least 1 limitation with IADLs (ref: none) -0.033 -0.060 to -0.006 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; PGS, polygenic score; PC, principal 
component; ADL, activities of daily living; IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level.  
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Appendix Table 6. Fixed effects regression model of the impact of Winter Fuel Payment receipt with interaction for genetic 
predisposition for Alzheimer’s on cognitive domains, ELSA waves 1-5, 2002-10 (N=13,663) 
 Memory Processing speed Executive function 
 β 95% CI β 95% CI β 95% CI 
Exposure of interest 
Received the WFP in the past year -0.029 -0.090, 0.031 -0.021 -0.08, 0.039 0.012 -0.045, 0.069 
Received the WFP in the past year*2nd quartile PGS (ref: 
first quartile) 

0.004 -0.075, 0.083 0.079 -0.003, 0.162 -0.013 -0.094, 0.067 

Received the WFP in the past year*3rd quartile PGS 0.045 -0.037, 0.127 0.023 -0.059, 0.106 -0.028 -0.111, 0.053 
Received the WFP in the past year*4th quartile PGS 0.049 -0.033, 0.132 0.063 -0.021, 0.149 0.062 -0.016, 0.141 
Principal components       
Received the WFP in the past year*PC 1 0.762 -1.653, 3.177 1.843 -0.624, 4.309 0.028 -2.457, 2.513 
Received the WFP in the past year*PC 2 1.285 -1.083, 3.653 -0.935 -3.225, 1.355 0.107 -2.377, 2.591 
Received the WFP in the past year*PC 3   -0.243 -2.863, 2.376   
Demographic characteristics 
Age 0.161 0.128, 0.195 0.093 0.066, 0.119 0.156 0.131, 0.182 
Age2 -0.001 -0.001, -0.001 -0.001 -0.001, -0.001 -0.001 -0.001, -0.001 
Cohabiting (ref: married) -0.068 -0.185, 0.021 -0.058 -0.143, 0.027 -0.014 -0.101, 0.074 
Single, never married -0.033 -0.259, 0.193 -0.146 -0.300, 0.009 0.057 -0.089, 0.203 
Widowed 0.001 -0.052, 0.054 0.014 -0.046, 0.073 -0.043 -0.095, 0.008 
Divorced -0.017 -0.108, 0.074 0.021 -0.069, 0.111 0.013 -0.067, 0.094 
Separated -0.013 -0.114, 0.088 0.037 -0.075, 0.150 0.003 -0.086, 0.091 
Socioeconomic characteristics 
Unemployed (ref: employed) 0.015 -0.060, 0.089 0.020 -0.075, 0.114 -0.011 -0.093, 0.071 
Retired 0.025 -0.006, 0.056 0.000 -0.033, 0.033 -0.012 -0.044, 0.019 
Out of labour force 0.009 -0.025, 0.044 0.011 -0.025, 0.047 -0.017 -0.053, 0.019 
Log of household non-housing wealth  0.004 -0.003, 0.013 -0.005 -0.011, 0.002 0.001 -0.005, 0.006 
Log of household total equivalised income -0.002 -0.015, 0.011 -0.004 -0.018, 0.010 -0.000 -0.015, 0.014 
Health status 
At least 1 limitation with ADLs (ref: none) 0.003 -0.030, 0.035 -0.011 -0.038, 0.017 -0.016 -0.040, 0.008 
At least 1 limitation with IADLs (ref: none) -0.024 -0.056, -0.007 -0.035 -0.062, -0.009 -0.041 -0.066, -0.017 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADL, activities of daily living; IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual level.
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Appendix Table 7. Fixed effects regression model of the impact of Winter Fuel Payment receipt 
total cognitive function with interaction term for genetic predisposition for cognitive function, 
ELSA waves 1-5, 2002-10 (N=13,663) 
 β 95% CI 
Exposure of interest 
Received the WFP in the past year 0.028 -0.021 to 0.076 
Received the WFP in the past year*2nd quartile cognitive function 
PGS (ref: first quartile) 

-0.018 -0.085 to 0.048 

Received the WFP in the past year*3rd quartile cognitive function 
PGS 

-0.034 -0.098 to 0.029 

Received the WFP in the past year*4th quartile cognitive function 
PGS 

-0.013 -0.080 to 0.055 

Principal components   
Received the WFP in the past year*PC 1 1.842 -0.217 to 3.901 
Received the WFP in the past year*PC 2 -1.535 -3.423 to 0.354 
Received the WFP in the past year*PC 3 0.368 -1.620 - 2.356 
Demographic characteristics   
Age 0.180 0.150 to 0.209 
Age2 -0.001 -0.001 to -0.001 
Cohabiting (ref: married or in a civil partnership) -0.105 -0.194 to -0.016 
Single, never married -0.094 -0.270 to 0.081 
Widowed -0.023 -0.079 to 0.033 
Divorced -0.003 -0.104 to 0.098 
Separated -0.010 -0.116 to 0.096 
Socioeconomic characteristics   
Unemployed (ref: employed) 0.007 -0.091 to 0.105 
Retired -0.003 -0.035 to 0.028 
Out of labour force -0.005 -0.041 to 0.031 
Log of household non-housing wealth  -0.002 -0.008 to 0.005 
Log of household total equivalised income 0.003 -0.012 to 0.002 
Health status 
At least 1 limitation with ADLs (ref: none) -0.003 -0.030 to 0.025 
At least 1 limitation with IADLs (ref: none) -0.033 -0.060 to -0.006 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; PGS, polygenic score; PC, principal 
component; ADL, activities of daily living; IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level.  
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Appendix Table 8. Fixed effects regression model of the impact of Winter Fuel Payment receipt on 
total cognitive function with interaction term for APOE carrier status, ELSA waves 1-5, 2002-10 
(N=13,663) 
 β 95% CI 
Exposure of interest   
Received the WFP in the past year 0.013 -0.018, 0.044 
Received the WFP in the past year*APOE carrier status -0.010 -0.064, 0.045 
Demographic characteristics   
Age 0.180 0.150, 0.209 
Age2 -0.001 -0.001, -0.001 
Cohabiting (ref: married) -0.104 -0.192, -0.015 
Single, never married -0.096 -0.271, 0.079 
Widowed -0.024 -0.079, 0.032 
Divorced -0.003 -0.104, 0.098 
Separated -0.010 -0.116, 0.096 
Socioeconomic characteristics   
Unemployed (ref: employed) 0.010 -0.088, 0.107 
Retired -0.003 -0.035, 0.029 
Out of labour force -0.005 -0.042, 0.031 
Log of household non-housing wealth  -0.002 -0.009, 0.005 
Log of household total equivalised income 0.003 -0.012, 0.019 
Health status   
At least 1 limitation with ADLs (ref: none) -0.004 -0.032, 0.024 
At least 1 limitation with IADLs (ref: none) -0.033 -0.060, -0.007 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADLs, activities of daily living; 
IADLs, instrumental activities of daily living 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level. 
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Appendix Table 9. Association between changes in eligibility for Winter Fuel Payment and total 
cognitive function, ELSA waves 1-5, 2002-10 (N=13,663) 
 β 95% CI 
Exposure of interest 
Eligible to WFP 0.024 0.001, 0.048 
Demographic characteristics   
Age 0.168 0.144, 0.191 
Age2 -0.001 -0.001, -0.001 
Cohabiting (ref: married) -0.065 -0.134, 0.004 
Single, never married -0.061 -0.187, 0.064 
Widowed -0.012 -0.057, 0.033 
Divorced -0.000 -0.075, 0.074 
Separated 0.027 -0.057, 0.111 
Socioeconomic characteristics   
Unemployed (ref: employed) 0.000 -0.068, 0.068 
Retired 0.005 -0.021, 0.031 
Out of labour force 0.003 -0.027, 0.032 
Log of household non-housing wealth  -0.002 -0.067, -0.025 
Log of household total equivalised income -0.003 -0.014, 0.008 
Health status 
At least 1 limitation with ADL (ref: none) -0.008 -0.030, 0.013 
At least 1 limitation with IADL (ref: none) -0.046 -0.067, -0.025 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADL, activities of daily living; 
IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level.  
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Appendix Table 10. Association between changes in receipt of Winter Fuel Payment and total 
cognitive function among single men and households where the male member is the oldest, ELSA 
waves 1-5, 2002-10 (N=8,302) 
 β 95% CI 
Exposure of interest 
Received the WFP in the last year 0.035 0.006, 0.064 
Demographic characteristics   
Age 0.154 0.122, 0.186 
Age2 -0.001 -0.001, -0.001 
Cohabiting (ref: married) -0.050 -0.142, 0.043 
Single, never married -0.053 -0.302, 0.197 
Widowed 0.022 -0.074, 0.118 
Divorced -0.015 -0.154, 0.123 
Separated 0.105 -0.031, 0.242 
Socioeconomic characteristics   
Unemployed (ref: employed) -0.020 -0.110, 0.071 
Retired -0.003 -0.037, 0.032 
Out of labour force -0.001 -0.039, 0.038 
Log of household non-housing wealth  -0.001 -0.008, 0.006 
Log of household total equivalised income -0.003 -0.018, 0.013 
Health status   
At least 1ADL limitation (ref: none) 0.003 -0.028, 0.033 
At least 1 IADL limitation (ref: none) -0.036 -0.067, -0.006 

Abbreviations: CI, confidence interval; WFP, winter fuel payment; ADL, activities of daily living; 
IADL, instrumental activities of daily living. 
Notes: The model includes survey-year fixed effects. Standard errors are clustered at the individual 
level.  

 
 
 
 
 


