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Abstract 
 
In the United States (U.S.), 14 million individuals aged 65+ are expected to be diagnosed with 

dementia by 2060, and women are nearly twice as likely to be diagnosed. Low education is a 

well-established risk factor for dementia and is hypothesized to partly explain the gender 

differences in late-life cognition. However, few studies have investigated education as a mediator 

of these gender differences. This study aims to investigate education as a mediator of gender 

differences in episodic memory using longitudinal data from the U.S. Health and Retirement 

Study (HRS). I used a sample of 35,721 respondents (20,190 women and 15,531 men) with 

episodic memory data available between 1998 and 2018 and data on self-reported education 

(median = 12, interquartile range = 12, 15). Analyses were adjusted for confounders (ethnicity, 

race, childhood SES, childhood immigration status, and birth year) and effect modification by 

race, ethnicity, childhood SES, and birth year was assessed. Episodic memory was measured as 

immediate and delayed recall. Linear and linear mixed-effects models were used to estimate the 

associations between gender and years of education and years of education and episodic 

memory. Education was a significant mediator of the association between gender and episodic 

memory. Race was an effect modifier of the association between gender and years of education, 

and race, ethnicity, and birth year were effect modifiers of the association between education and 

episodic memory. All direct and total effects were positive, indicating that women had higher 

episodic memory scores across all racial and ethnic groups for all birth years, both before and 

after adjustment for education. The indirect effects were negative in those who identified as 
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White and other race, indicating that women recalled fewer words in comparison to men, 

because they had fewer years of education. The indirect effects were positive in those who 

identified as Black and African American, indicating that women recalled more words in 

comparison to men, because they had more years of education. These findings indicate that the 

gender difference in episodic memory would have been larger if, on average, women had the 

same educational level as men, and this level of protectiveness varies across levels of race, 

ethnicity, and birth year.  
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Chapter One: Introduction 

 

Background 

Alzheimer’s Disease and Related Dementias (ADRD) are characterized by impairments 

in memory, attention, communication, reasoning, judgement, and problem solving, resulting in 

significant changes in cognitive function and behavior (Centers for Disease Control and 

Prevention [CDC], 2019; Duong et al., 2017). Dementia is a growing global problem with the 

number of individuals affected by dementia worldwide increasing by 117% between 1990 and 

2016 (GBD 2019 Dementia Forecasting Collaborators, 2022). To date, dementia affects 

approximately 57.4 million individuals worldwide and the prevalence rate is projected to 

increase to 152.8 million by 2050 (GBD 2019 Dementia Forecasting Collaborators, 2022). In the 

United States (U.S.) projections follow that of global concern, as research projects that nearly 14 

million U.S. individuals aged 65+ will be diagnosed with dementia by 2060 (Beydoun et al., 

2022; CDC, 2019). However, the actual prevalence may be higher, as dementia often remains 

undiagnosed, leading to underestimated statistics (Bennett et al., 2021). Due to the challenges 

associated with classifying and diagnosing dementia, several studies have utilized cognitive 

function, cognitive decline, or episodic memory as primary outcome measures (Clousten et al., 

2019; Ding et al., 2019; Hale et al., 2021; Marden et al., 2016; Stern et al., 2020).  

There is a significant gender gap in global incidence rates of dementia with a global 

female-to-male ratio of 1.69 in 2019 (GBD 2019 Dementia Forecasting Collaborators, 2022). 
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This gap is expected to persist through 2050, with an estimated global female-to-male ratio of 

1.67 (GBD 2019 Dementia Forecasting Collaborators, 2022). In the U.S., females are nearly 

twice as likely as males to be affected by dementia (CDC, 2019). This gender difference may be 

partially attributed to varying life expectancies, as females in the U.S., have a longer average 

lifespan than males (Zarulli et al., 2018).  

Above and beyond the impact of age, gender differences in later life cognition may also 

be driven by differences in educational attainment (Ford & Leist, 2021; Hale et al., 2020; 

Hasselgran et al., 2020; Rocca et al., 2014). On average, older women have lower levels of 

education than older men (Rocca et al., 2014). Moreover, numerous studies have emphasized the 

importance of education as a significant risk factor for the onset of dementia and cognitive 

decline (GBD 2019 Dementia Forecasting Collaborators, 2022; Hale et al., 2020; Langa et al., 

2017; Walsemann & Ailshire, 2019). Education is hypothesized to be a proxy for cognitive 

reserve, which is defined as the adaptability of cognitive processes (Clousten et al., 2020; Stern 

et al., 2020). Individuals with higher levels of cognitive reserve may be better equipped to handle 

increased pathological insults on the brain and may therefore reach dementia thresholds later in 

life than those with lower levels of education (Mielke et al., 2014; Stern et al., 2020).  

Understanding the potential mediating role of education in the association between 

gender and cognitive function could shed light on the underlying reasons for the widening gap 

between women and men in terms of dementia onset (Rouanet et al., 2021). Examining the aging 

population in the U.S. requires considering education rates within pivotal time periods. During 

the early-to-mid 1900s, men had more opportunities to pursue higher education than women, 

who faced legal restrictions, quotas, and administrative regulations (Mielke et al., 2014; Parker, 

2015). Universities often accepted more male applicants, contributing to gender inequality in 
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access to college education (Parker, 2015). Additionally, women held more domestic 

responsibilities; leading them to choose jobs that required less education (Parker, 2015). 

Consequently, women currently over 50, on average, have lower levels of education than men of 

the same age, increasing their risk of developing dementia (Mielke et al., 2015; Parker, 2015; 

Rouanet et al., 2021).  

Previous Research and Gaps in Knowledge 

Previous research has investigated the role of education as a mediator between gender 

and cognitive performance and dementia (Ford & Leist., 2021; Hasselgren et al., 2020). One 

study used data from South Korean adults aged 45-65 to examine whether education and 

occupation mediate the association between gender and cognitive performance (Ford & Leist, 

2021). These authors used quantile regression decompositions and found evidence that education 

was a mediator of the gender differences in cognitive performance, as measured by differences in 

rates of educational attainment. Potential mechanism may include the fact that women had fewer 

opportunities throughout life to pursue formal education and therefore had less cognitive reserve, 

ceteris paribus. A Swedish study used data from two longitudinal cohorts of women, born in 

1908, 1914, 1918, 1922, and 1930, and men born in 1930: the H70 Birth Cohort Study and the 

Prospective Populations Study of Women (Hasselgren et al., 2020) to examine whether 

education and psychological distress mediate the association between sex and dementia. This 

study did not find that education mediates the effect of sex on dementia. 

Although these previous studies provide some first insights into the mediating role of 

education, they also have important limitations. Ford & Leist’s (2021) use of cross-sectional data 

means that their effect estimates only reflect a difference in cognitive level, rather than cognitive 

decline. To assess whether education mediates sex differences in cognitive decline, longitudinal 
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data are necessary. Furthermore, neither study investigated possible interactions with birth year, 

which is crucial to consider, given that gender differences in education have diminished over 

time (GBD 2019 Dementia Forecasting Collaborators, 2022). Finally, the extent to which the 

findings from studies on Swedish and South Korean elderly populations are generalizable to the 

U.S. context is uncertain. To better understand the heterogeneity of the mediation effect 

estimates within a population, it is important to investigate the impact of effect modifiers such as 

race, ethnicity, and childhood socioeconomic status (SES). By including childhood SES, race, 

and ethnicity, the size of the indirect effect of gender on cognitive functioning through education 

as a mediator of the association between gender and cognitive function may vary substantially 

between different levels of these effect modifiers.  

Research Objectives and Hypotheses 

To address the limitations in previous research, the aim of this project was to investigate 

education as a mediator of gender differences in cognitive functioning using longitudinal data 

from the U.S. Health and Retirement Study (HRS). I used repeated measurements of episodic 

memory to model cognitive functioning over time. Episodic memory was selected as a measure 

of cognitive performance, representing early risk for cognitive decline and dementia (Boraxbekk 

et al., 2015). Furthermore, I investigated birth year, race, ethnicity, and childhood SES as 

potential effect modifiers. Insight into effect modification by these factors will improve overall 

knowledge of the size of the indirect effect of gender on episodic memory through education 

across intersections of these factors. 

The primary research hypothesis is that education will partially explain gender 

differences in episodic memory among middle-aged and older adults in the U.S, after controlling 

for sociodemographic factors. The secondary hypotheses are that the size of at least one of the 



  5 

pathways in the mediation model differs between levels of race, ethnicity, birth year, and 

childhood SES subgroups. The decision to include these variables as effect modifiers is further 

explained in the theoretical model section of this thesis.  

Specifically, I hypothesized that the exposure-mediator effect will be largest for Hispanic 

individuals in comparison to White and Black and African American individuals, and that the 

gender differences in this subgroup may be more negative than those observed in White and 

Black and African American individuals. In Black American racial-ethnic groups, it is theorized 

that females have higher education, so the exposure-mediator effect may be more positive than 

those observed in Hispanic and White individuals (Diaz-Venegas et al., 2016). I also hypothesize 

that the exposure-mediator effect will be largest for individuals of low childhood SES, with 

larger gender differences observed as years of parental education decrease.  

It is expected that higher education will be associated with better episodic memory, so the 

effect is positive (Ford & Leist, 2021; Hale et al., 2020; Hasselgran et al., 2020; Rocca et al., 

2014). The effect of education on episodic memory might be less pronounced, so less positive, in 

historically marginalized racial-ethnic groups in comparison to White individuals. It is also 

hypothesized that the mediator-outcome effect will be largest for individuals of high childhood 

SES (Cha et al., 2021). Thus, the effect of education on episodic memory might be less 

pronounced, so less positive, as years of parental education decreases.  

From these hypotheses, childhood SES, race, and ethnicity may modify both the 

exposure-mediator and mediator-outcome effects. As the years of parental education decrease, 

the gender difference in education increases, and the effect of education on episodic memory 

decreases. For those of historically minoritized racial-ethnic groups, the gender difference in 

education increases, and the effect of education on episodic memory decreases. Thus, it is 
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unclear how the indirect effect will be influenced in the analyses considering both pathways may 

be affected across levels of the effect modifiers.  
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Chapter Two: Theoretical Model 

 

Primary Variables 

Education is hypothesized to mediate the association between gender and episodic 

memory. Specifically, women age ≥50 years on average have lower education than men age >50 

years+, which can in turn affect their episodic memory. Recent studies have suggested that 

women may be at a higher risk for developing dementia than men. Investigating education as a 

mediator in this association may help to elucidate the reasons for this gender difference (GBD 

2019 Dementia Forecasting Collaborators, 2022; Rouanet et al., 2021). 

Confounding Variables 

Using a life-course model, several variables can be identified as possible confounders of 

the relationship between education and episodic memory, as seen in Figure 1. These are race, 

ethnicity, childhood SES, birth year, childhood immigration status, childhood adversity, 

childhood learning problems, childhood health behavior, and childhood health (Gross et al., 

2015; Hunt et al., 2017; Ma et al., 2021; McHutchison et al., 2017).  

Health disparities are often associated with racial minorities and lower educational 

attainment (Diaz-Venegas et al., 2016; Gross et al., 2015). Additionally, people from historically 

minoritized racial-ethnic groups are at higher risk of developing dementia (Diaz-Venegas et al., 

2016; Gross et al., 2015).  
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Figure 1: A directed acyclic graph (DAG) used to represent the assumed causal effects among 

the variables of interest  

Low childhood SES is correlated with fewer years of schooling in children; low 

childhood SES is also associated with increased risk for cognitive decline later in life (Lindberg 

et al., 2021; McHutchison et al., 2017).  

Year of birth is one of the most common predictors for cognitive decline, with the aging 

population significantly contributing to the increase in the prevalence of dementia (GBD 2019 

Dementia Forecasting Collaborators, 2022). In older adult populations, years of education has 

been shown to be independently and positively associated with cognitive function (Fletcher et 

al., 2021; Peterson & Shakeel, 2022). The number of years of education increases as birth year 

increases; in general, older populations, those with an earlier birth year, are at higher risk of 

dementia and cognitive decline (Fletcher et al., 2021; Peterson & Shakeel, 2022).  



  9 

Immigrant populations are negatively affected by the social determinants of health, 

including lower educational attainment; in addition, this population has poorer health outcomes, 

which may increase the risk of cognitive decline (Chang, 2019). Experiencing childhood 

adversities is correlated with lower educational attainment, as children who experience 

adversities are more likely to drop out of school earlier (Rockers et al., 2023). In addition, 

childhood adversities have been negatively associated with cognitive capability in later life (Ma 

et al., 2021). Childhood learning problems have been shown to pose a risk for education, with 

affected children experiencing difficulties attaining educational degrees (Aro et al., 2019). In 

addition, childhood learning problems were identified as significant predictors of cognitive 

performance (LaRue et al., 2008). Childhood health behavior, specifically drug or alcohol use, 

can result in decreased school attendance; children who suffer from health consequences of drug 

or alcohol use, may also suffer from decreased educational attainment (Reynolds et al., 2015). 

Childhood health behavior, specifically drug or alcohol use, has a relationship with lower 

cognitive performance in older age (Corley et al., 2012). There are also associations between 

childhood health and education, with the health of a child impacting education received (Aro et 

al., 2019). In addition, mental and physical health in childhood is associated with cognitive 

function and memory performance in later life (Wan et al., 2022; Wang et al., 2018).  

These confounders may bias the association between education and cognitive 

performance, resulting in over- or under- estimation of the associations; therefore, adjusting for 

these variables is crucial for the mediation analyses. Considering sex was used as a proxy for 

gender, sex is randomly assigned at birth. Hence, no confounders were identified for the 

associations between gender and education, and gender and episodic memory.  
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Effect Modifiers 

Birth year, race, ethnicity, and childhood SES may moderate the relationship between 

gender and education, and education and episodic memory. Gender disparities in education often 

lead to significant differences in years of educational attainment between men and women (Zeng 

et al., 2014; Diaz-Venegas et al., 2016). Furthermore, race and ethnicity can further compound 

these disparities (Diaz-Venegas et al., 2016; Zeng et al., 2014). Therefore, gender differences in 

educational attainment may differ across racial-ethnic groups (Diaz-Venegas et al., 2016; Zeng et 

al., 2014). Using data from HRS, one study found that, on average, White men had 13.8 years of 

education, Black men had 12.4 years of education, and Hispanic men had 10.4 years of education 

(Diaz-Venegas et al., 2016). In contrast, White women had an average of 13.5 years of 

education, Black women had 12.7 years of education, and Hispanic women had 9.8 years of 

education. Hence, the gender gap in educational attainment differed across racial-ethnic groups, 

with White and Hispanic men having higher educational attainment than White and Hispanic 

women, respectively. For Blacks, women had higher educational attainment than men. The 

gender gap in educational attainment was greatest in Hispanic individuals.  

Childhood SES may also moderate the association between gender and education (Diaz-

Venegas et al., 2016; Zeng et al., 2014). In childhood, gender differences in education are more 

prominent in those with low childhood SES (Amao & Gbadamosi, 2015; Cha et al., 2021). Using 

HRS data, one study measured how SES advantages affected educational attainment in both men 

and women (Cha et al., 2021). A summary score for socioeconomic disadvantages was created 

for each respondent and ranged from 0-3. The summary score was created based on paternal 

education level, maternal education level, and the respondent’s perception of whether their 

family was well-off financially, average, or poor. Having no socioeconomic disadvantages was 
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coded as 0, one socioeconomic disadvantage was coded as 1, two socioeconomic disadvantages 

was coded as 2, and three socioeconomic disadvantages was coded as 3. Among those with three 

SES disadvantages, only around 9% of women attended college, compared to approximately 

26% of men. Conversely, in those with no SES disadvantages, around 87% of women and 92% 

of men attended college. One possible hypothesis stated that women of lower childhood SES 

may not have had the opportunity to pursue higher education due to gender norms that may have 

implicitly or explicitly influenced women’s abilities to pursue education, including less familial 

support, lack of information, and insufficient academic support (Psaki et al., 2022).  

The expansion in educational opportunities for women in recent decades has resulted in a 

significant decrease in the gender gap in education (Esteve et al., 2012). Therefore, considering 

HRS includes several generations, a respondent’s birth year greatly impacts the size of the 

gender difference in educational attainment.  

The size of educational inequalities in episodic memory may vary across levels of race, 

ethnicity, childhood SES, and birth year (Eagan & Etowa, 2009; Greenfield et al., 2021; Peterson 

& Shakeel, 2022). The effect of education on episodic memory has been found to be larger for 

certain racial-ethnic groups (Diaz-Venegas, 2016; Eagan & Etowa, 2009). It has been 

hypothesized that everyday racism affects occupational opportunities in historically minoritized 

racial-ethnic groups, even in those of similar educational attainment to White individuals; this 

may result in less cognitively engaging activities throughout life, thus increasing the onset of 

dementia (Eagan & Etowa, 2009). Diaz-Venegas et al. (2016) measured cognitive functioning in 

HRS by using the modified Telephone Interview for Cognitive Status (TICS-M). The score 

ranged between 0-35 points, and consisted of tests for immediate recall, delayed recall, serial 7’s, 

and counting backwards. When controlling for age, gender, and years of education, each racial-
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ethnic group benefited cognitively from increased years of education. However, the beneficial 

effect of education on cognition was less strong in Hispanic individuals when compared to other 

racial-ethnic groups. White individuals had the highest predicted total cognition score of 

respondents across all years of education, and these trends persisted across values of age and 

years of educational attainment.  

In addition, the effect of education on episodic memory is larger in certain subgroups of 

childhood SES (Cha et al., 2021; Greenfield et al., 2021; McHutchison et al., 2017). Using HRS 

data, Cha et al. (2021) evaluated the differences of childhood SES and the numbers of years 

spent with dementia. For those individuals with less than high school education, both men and 

women with three SES disadvantages had more years spent with dementia in comparison to 

those who had less than three SES disadvantages with less than high school education. This trend 

was also observed for those with college-level education. Therefore, the magnitude of the 

increased rate of dementia was larger for individuals who had less than a college education 

compared to those individuals who had college education. Thus, when assessing the interaction 

between education and childhood SES, those of low childhood SES had increased dementia risks 

based on low cognition than those of high childhood SES, even when educational attainment was 

identical. This could be due to individuals with higher SES status in childhood being more likely 

to have a higher status occupation in adulthood, which can result in increased cognitive 

engagement throughout life, as well as higher income which may improve access to care 

(Greenfield et al., 2021; McHutchison et al., 2017). 

Lastly, educational programs have changed over the years; thus, an individual’s birth year 

may contribute to the education received, impacting future cognitive function (Peterson & 
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Shakeel, 2022). Thus, the magnitude of the education-cognition effect would be stronger for 

those of later birth-years in comparison to those of earlier birth-years.  

Exposure-Mediator Interaction 

An exposure-mediator interaction implies that education not only mediates the 

association between gender and episodic memory, but also is an effect modifier of the same 

association. This interaction also implies that gender is an effect modifier of the association 

between education and episodic memory. The gender difference in the risk of cognitive 

impairment varied across levels of educational attainment (Kim & Chung, 2022). The gender 

differences on cognitive impairment were smaller as educational attainment increased (Kim & 

Chung, 2022). Additionally, the protective effect of education on cognitive decline is larger in 

women compared to men (Cha et al., 2021; Maccora et al., 2015). Hence, based on research, it is 

important to test this interaction in the analyses (Maccora et al., 2015).  

Assumptions of Mediation Analysis 

 The four assumptions for causal mediation analysis are: there are no (unmeasured) 

confounders of the exposure-outcome effect, mediator-outcome effect, exposure-mediator effect, 

and no confounders of the mediator-outcome effect that are affected by the exposure. Adjusting 

for the confounders described in the previous section addresses the first three no (unmeasured) 

confounder assumptions of the mediation analyses. The described confounders affect both 

education and episodic memory. Considering education is used in this research as an early life 

exposure, educational attainment would likely precede other possible mediators of the relation 

between gender and episodic memory, like occupation. Therefore, education is likely the first 

mediator within the causal chain between gender and episodic memory decline, which satisfies 
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the fourth assumption that there are no confounders of the mediator-outcome effect that are 

affected by the exposure.  
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Chapter Three: Methods 

 
Study Design 

This research used data from the ongoing University of Michigan Health and Retirement 

Study, which consists of individuals aged ≥51 years who live in private residences across the 

U.S., as well as their spouses regardless of age (Sonnega et al., 2014). The HRS (Health and 

Retirement Study) is sponsored by the National Institute on Aging (grant number NIA 

U01AG009740) and is conducted by the University of Michigan. HRS is a prospective 

longitudinal cohort study composed of several cohorts. The initial 1992 cohort consists of 

individuals born between 1931 and 1941 (Sonnega et al., 2014). The Asset and Health Dynamics 

Among the Oldest Old (AHEAD) cohort was added in 1993, consisting of those born before 

1924 (Sonnega et al., 2014). In 1998, the HRS and AHEAD cohorts were merged, and two new 

cohorts were enrolled to include individuals older than 50 (Sonnega et al., 2014). These include 

the Children of the Depression (CODA), for those born between 1924 and 1930 and the War 

Babies, for those born between 1942 and 1947 (Sonnega et al., 2014). Currently, the HRS 

replenishes the sample every six years with younger cohorts (Sonnega et al., 2014). Data are 

collected through extensive in-person and telephone interviews that cover measurements of 

cognitive function, health behaviors, overall health, and labor force participation (Sonnega et al., 

2014).  
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This study utilized sample data collected from 1998 to 2018, starting with 21,380 

individuals in 1998. The RAND Center for Study of Aging creates data products that are more 

accessible for researchers, consisting of cleaned and processed variables to assist in research 

analyses; these are derived from HRS datafiles (RAND Corporation, 2022). The RAND 2018 

Longitudinal File is a cleaned, easily accessible, and streamlined data product containing 

information from the Core and Exit Interviews of the HRS and therefore were used for these 

analyses (RAND Corporation, 2022).  

Participants 

Individuals who were included in the analyses were aged ≥51 years at any point between 

1998-2018 and had available data on education and at least one measurement of episodic 

memory (delayed or immediate recall) in at least one wave. The delayed and immediate recall 

tests in the first two waves of HRS included 20 words instead of 10; due to this, cognition data 

from 1992 and 1994 are not included (McCammon et al., 2019). In addition, in 1998 the HRS 

age inclusion criterion was altered to include a broader age range, encompassing both those born 

between 1924-1930 and 1942-1947; this created a U.S. representative sample for ages ≥51 years 

beginning in 1998 (Sonnega et al., 2014). Data up until 2018 are utilized, as HRS is making 

updates to the data collected through cognition tests in 2020. To stay consistent across age range, 

tests and scoring measures, these inclusion criteria are applied.  

Variable Measures 

Variables included in the analyses that come from the RAND 2018 Longitudinal File are 

immediate and delayed recall, gender, birth year, education, race, ethnicity, and parent’s years of 

education. Variables from the HRS 2020 Early Release Tracker File Version 2 include year 

immigrated to the U.S and if a respondent is U.S. born. For cognition data in 2018, delayed and 



  17 

immediate recall, as well as a cognition test mode indicator (web-based versus oral presentation), 

were also taken from the HRS tracker file due to HRS updates with cognition tests and RAND 

reforming these variables in their datasets.  

Due to levels of variable missingness and unclear timing in relation to education, 

childhood adversity, childhood health behavior, childhood health, and childhood learning 

problems were not included as confounders in the analyses. In HRS, these variables were asked 

in optional surveys beginning in 2008. Considering variables for the exposure, mediator, and 

outcomes used in the sample were asked beginning in 1998, the levels of missingness for these 

additional confounders would have resulted in selection bias in my results. Figure 2 includes a 

DAG encompassing the variables used for the analyses. 

 

Figure 2: A DAG of confounders used in the analyses of the association between education and 

episodic memory 
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Gender 

HRS measures gender by asking if respondents identify as male or female. Sex is used as 

a proxy for gender, referring to men and women (Williams et al., 2021). Considering the 

phrasing of this question in HRS, this left room for gender interpretation, pertaining to if a 

respondent identifies as male or female. In this study, gender is a binary variable, with men 

coded as 0 and women coded as 1. Men are the reference group, considering I hypothesize that 

women experience more rapid cognitive decline than men, and the extent to which women 

experience more rapid cognitive decline compared to men is of study interest (CDC, 2022; GBD 

2019 Dementia Forecasting Collaborators, 2022). Gender was used as the exposure in statistical 

analyses.  

Episodic Memory 

In HRS, a modified version of the Telephone Interview for Cognitive Status (TICS-M) 

was conducted at each wave (Crimmins et al., 2011). The TICS-M included two tests of episodic 

memory: immediate recall and delayed recall. Immediate recall was measured by interviewee 

presentation of a 10-word list and requests that respondents repeat the words back in any order 

immediately after presenting the list. Delayed recall was measured by asking respondents to 

repeat the previously presented words after approximately five minutes of asking other survey 

questions (Ofstedal et al., 2005). Between 1998 and 2016, all recall tests were conducted orally. 

In 2018, respondents were offered oral or web interviews for recall measures. The repeatedly 

measured immediate and delayed recall scores will be used as outcomes in statistical analyses. In 

this study, immediate and delayed recall are measured at 12 waves, between the years of 1998 

and 2018. These variables are both continuous and consist of values ranging from 0-10. Each 

correctly recalled word is equivalent to one-point. 
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Education 

HRS measures the number of years in school by asking respondents how many years of 

school they completed. This variable is measured at study entry and is defined as years of formal 

schooling. It is a continuous variable consisting of numeric values between 0 and 17 and was 

used as the mediator in statistical analyses.  

Confounders and Effect Modifiers 

In HRS, race and ethnicity were measured by asking respondents which racial-ethnic 

group they identify with upon study entry. Race was measured by asking if respondents identify 

with White/Caucasian, Black or African American, or other racial groups. White/Caucasian is 

coded as 0. Black/African American is coded as 1. Other reported racial groups are coded as 2. 

The second question asked if respondents identified as Hispanic. For ethnicity, if respondents 

identified as Hispanic (either Mexican, other, or unknown), they will be classified as Hispanic, 

which will be coded as 1. Non-Hispanic ethnic groups indicated by respondents will be coded as 

0. Race and ethnicity were used as effect modifiers and confounders in the analyses.  

Father’s years of education was used as a proxy for childhood SES; if this value was 

unknown, the mother’s years of education was used instead. In HRS, paternal years of education 

is measured by asking respondents for the highest grade of school that their father completed. 

Maternal years of education is measured by asking respondents for the highest grade of school 

that their mother completed. The completed grade is transformed into years of education, and 

these variables are continuous and encompass a numeric range between 0 and 17. Childhood 

SES was used as an effect modifier and confounder in the analyses and is measured upon study 

entry. 
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Upon study entry, HRS measures year of birth by asking respondents for the year they 

were born. Year of birth, which was also used as a confounder and effect modifier, is a 

continuous variable consisting of numeric values between 1892 and 1972. To enhance the 

interpretability of the coefficients in the analyses, birth year was centered by subtracting 1892 

from the respondent’s birth year.  

Upon study entry, HRS measured immigration status by asking respondents if they 

immigrated to the U.S., and if so, then what year this occurred in. First, to assess if the 

respondent was born in the U.S., a binary variable indicated either they were born in the U.S. or 

in a foreign country. The second, continuous variable consisted of date ranges between 1905 and 

2019, which stated which year the respondent immigrated to the U.S, if immigration did occur. 

In the analyses, childhood immigration was computed using these two variables. To account for 

childhood immigration, year of birth was used to identify the year in which individuals turned 18 

years old, and the immigration year then identifies if childhood immigration occurred. Creation 

of this new binary variable identified if childhood immigration did occur. Childhood 

immigration was coded as yes when the immigration year was before the year in which an 

individual turned 18. Childhood immigration was coded as no when immigration year was after 

the year in which an individual turned 18, or if childhood immigration did not occur.  Yes was 

coded as 1 and no was coded as 0.  

Statistical Analyses   

Demographics of the Sample   

To determine the demographics of the sample participants, descriptive statistics were 

obtained. Means and standard deviations (SD) were reported for normally distributed variables. 

Medians and interquartile ranges (IQR) were reported for continuous variables with skewed 
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distributions. I did not use sampling weights, because I used data from multiple HRS cohorts. 

There is not one specific time point at which all participants entered my analytic sample, 

therefore making it impossible to weight the sample back to a reference population. Frequencies 

and percentages were reported for categorical variables. These statistics were included for the 

complete sample and stratified by gender. To determine statistically significant differences 

between men and women, chi-square tests were used for categorical variables, t-tests were used 

for continuous variables with normal distributions, and Wilcoxon rank sum tests were used for 

continuous variables with non-normal distributions. Respective p-values were reported.   

Pathways of the Mediation Model 

 Multiple regression was used to estimate the associations between gender, education, and 

episodic memory. First, a linear regression model (model 1) was used to estimate the path 

between gender and education, resulting in an estimate of the a path. Second, a linear mixed-

effects model (model 2) was used to estimate the path between education and episodic memory 

(b) and between gender and episodic memory (c’). The c’ path was used to explain the difference 

in episodic memory between men and women when adjusted for education. The b path was used 

to explain how education impacts episodic memory, while adjusted for gender. These paths were 

used to estimate the mediation effects.    
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Figure 3: Diagram of the a path, b path, and c’ path estimated in the mediation analyses 

To address the dependence of the repeated measurements of episodic memory, a linear 

mixed-effects model was used in the analyses. This model, when including the interaction with 

age, allows distinguishment between cognitive level and cognitive decline. Considering 

interactions with age were assessed in the mixed-effects model, the coefficient for the interaction 

term provides insight into trajectories of episodic memory over time. These curves were used to 

measure how steep the decline in episodic memory is. It is hypothesized that higher education 

will produce a delayed and less steep decline in the episodic memory curves. If a mixed-effects 

model was not used within this research, the clustering of repeated measures of episodic memory 

would result in a violation of the independence of observations/measurements assumption. The 

result of this violation would be underestimated standard errors and increased likelihood of type 

1 error.  

Exposure-Mediator Interaction  

An exposure-mediator interaction term is included in model 2 to test for a statistically 

significant interaction between gender and education (p<0.05).   
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Effect Modification and Confounding  

Both models 1 and 2 were adjusted for confounding by birth year, race, ethnicity, 

childhood SES, and childhood immigration status. Quadratic and cubic terms were added to the 

models to assess if the effect of the continuous variables on education and episodic memory are 

non-linear; if p<0.05, these terms remain in the models. To assess potential effect measure 

modification of the a path, b path, and c’ path, by birth year, race, ethnicity, and childhood SES, 

interaction terms were included in the models and were retained if p<0.05.   

When significant interactions were present with birth year, the estimates of the effects 

were reported separately for participants born in 1920, 1940, and 1960, considering relatively 

few individuals in the sample were born before 1920. If an interaction was present for race, the 

effect estimates for Black and African American, White, and other racial groups were reported. 

If an interaction was present for ethnicity, the estimate of the effects for Hispanic and other 

ethnic groups were reported. If an interaction was present for childhood SES, the estimated 

effects were reported in 5-year increments pertaining to years of parental education.   

The Mediation Model   

The final versions of model 1 and model 2 included any statistically significant 

interaction and higher-order terms and these models were used as input for the mediation 

analyses. Considering this study used longitudinal episodic memory data, the effect estimates 

have both between-person and within-person interpretations. The model includes time, as this 

model is used over various ages. Total, indirect, and direct effects are reported. The total effect – 

of gender on episodic memory – is the sum of the direct and indirect effects. Considering the 

indirect effect has a skewed sampling distribution, 95% Monte-Carlo confidence intervals were 

reported for indirect effect estimates. Normal-theory 95% confidence intervals were reported for 
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direct and total effect estimates. All descriptive statistics were conducted in SAS Version 9.4, 

and the regression and mediation analyses were conducted in RStudio Version 2022.12.0+353. 

The R package titled ‘lme4’ was used for the linear mixed-effects models and the R package 

titled ‘Rmediation’ was used for creating the confidence intervals of the mediation effect 

estimates.   

Statistical Assumptions  

Linearity, homoscedasticity, independence, and normality were assessed in the analyses. 

Prior to analyses, each variable was plotted to determine normal or skewed distributions.   

To address the assumption of normality, the variable and residual-term distributions were 

plotted. For the residual-terms, the residual was calculated for each observation using the 

regression analyses. Variables were plotted using histograms; to check for normality, histograms 

were visualized for a symmetrical bell shape. In addition, means and medians were compared to 

determine normality.    

To address the assumption of homoscedasticity, a standardized residuals versus predicted 

values plot was used to check if the data was homoscedastic.   

Linearity of the regression coefficients of continuous predictors is assumed. By 

visualizing the data, and adding higher-order terms, the assumption of linearity was assessed and 

non-linearity accounted for.   
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Chapter Four: Results 

 

Descriptive Statistics 

The total number of respondents included in the analytic sample was 35,721, as can be 

seen in Figure 4. Of these, 20,190 (56.5%) were women and 15,531 (43.5%) were men. None of 

the continuous variables followed a normal distribution, so the medians and interquartile ranges 

are shown in Table 1, as well as the frequencies and percentages for the categorical variables. 

Within the sample, there was a median of 12 (IQR=12, 15) years of education for respondents. 

However, years of education significantly differed between men and women (p<0.001), with 

men having a median of 12 years of education (IQR=12, 15) and women 12 (IQR=12, 15). The 

median number of words recalled for immediate recall was 6 (IQR =5, 7) and for delayed recall 

was 5 (IQR =3, 6). Both immediate and delayed recall showed statistically significant differences 

between men and women (p<0.001), with men having a median immediate recall score of 5 

(IQR=4, 6) and women 6 (IQR=5, 7). Men had a median delayed recall score of 4 (IQR=3, 5) 

and women 5 (IQR=3. 6). The median number of episodic memory measurements per person 

was 8 (IQR= 5, 10) with men having a median of 8 (IQR= 5, 10) and women having a median of 

8 (IQR= 4, 10).  
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Figure 4: STROBE Flow Diagram for analytic sample 
 

Considering I did not account for missingness in my linear models, there were 

observations that were included in the unadjusted models but not the confounder-adjusted 

models. These were removed because respondents had a missing value for at least one of the 

confounding variables. Thus, the sample size for the confounder adjusted-linear models, which 

included observations with full information on confounders, was 32,712, 8.4% smaller than the 

full analytic sample.  

In my check for normality of the residuals, the residuals from the regression models 

approximated bell curves. In addition, I completed linearity checks for the confounders that were 

continuous variables. I treated birth year as non-linear considering the squared term for birth year 

was significant. Thus, this was included in confounder-adjusted models.   
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Table 1: Sample characteristics of participants of the Health and Retirement Study, 1998-2018 

   Gender     

Variable  Overall, N = 
35,7211  

Men, N = 
15,5311  

Women, N = 
20,1901  p-value  

Birth year, median (Q1, 
Q3)  

1942 (1931, 1955) 1942 (1931, 
1955) 

1942 (1931, 1955) 0.27282 

Number of episodic 
memory measurements 
per person 

8 (5, 10) 8 (5, 10)  8 (4, 10) <0.0012  

Baseline immediate recall, 
median (Q1, Q3)  

6 (5, 7)  5 (4, 6)  6 (5, 7)  <0.0012  

Baseline delayed recall, 
median (Q1, Q3)  

5 (3, 6)  4 (3, 5)  5 (3, 6)  <0.0012  

Respondent education in 
years, median (Q1, Q3)  

12 (12, 15)  12 (12, 15)  12 (12, 14)  <0.0012  

Parental education in 
years, median (Q1, Q3)  

8.5 (7.5, 12.0)  9.0 (7.5, 12.0)  8.5 (7.5, 12.0)  <0.0012  

(Missing)  2,695  1,198  1,497    
Race,4 n(%)        <0.0013  
White  25,654 (72.0%)  11,253 (72.7%)  14,401 (71.5%)    
Black or African American  6,903 (19.4%)  2,783 (18.0%)  4,120 (20.5%)    
Other race  3,073 (8.6%)  1,450 (9.4%)  1,623 (8.1%)    
(Missing)  91  45  46    
Ethnicity4, n(%)        0.6303  
Non-Hispanic  31,155 (87.3%)  13,526 (87.2%)  17,629 (87.4%)    
Hispanic  4,521 (12.7%)  1,980 (12.8%)  2,541 (12.6%)    
(Missing)  45  25  20    
Immigration during 
childhood4, n(%)  

      0.0783  

No  34,514 (97.4%)  14,990 (97.2%)  19,524 (97.5%)    
Yes  939 (2.6%)  435 (2.8%)  504 (2.5%)    
(Missing)  268  106  162    
1Median (IQR); n (%) 
2Wilcoxon rank sum test 
3Pearson’s Chi-square test 
4Percentages do not add up to 100% due to missingness 

Gender Differences in Years of Education 
 

Women, on average, had lower years of educational attainment than men. Effect 

estimates are reported in Table 2. After adjustment for confounders, women had 0.28 fewer years 

of education in comparison to men (β= -0.28 (95% CI = -0.36, -0.19)). Childhood SES, ethnicity, 
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and birth year did not significantly moderate the association between gender and years of 

education. However, race did significantly moderate this association. After adjustment for 

confounders, White women had fewer years of education than White men (β= -0.37 (95% CI = -

0.47, -0.28).  The size of the effect of gender on education differed significantly between White 

individuals and Black or African American individuals (β= 1.01 (95% CI = 0.75, 1.27)), such 

that in Black or African American individuals, women had more education than men. There was 

no statistically significant difference in the association between gender and education between 

White individuals and individuals who identified as a race other than White or Black or African 

American (β= -0.31 (95% CI = -0.81, 0.19)).  

Table 2: Association between gender and years of education in participants of the Health and 

Retirement Study, 1998-2018 

Modela Independent 
variable  

β  95% Confidence 
interval  

Model 1: unadjusted  Gender  -0.3847  (-0.4814, -0.2880)  
Model 2: adjusted for confounders  Gender  -0.2769  (-0.3621, -0.1917)  
Model 3: model 2 with effect modifiers  Gender  -0.3701  (-0.4650, -0.2752)  

Gender*Race: Black  1.012  (0.7506, 1.2735)  
Gender*Race: Other  -0.3100  (-0.8139, 0.1940)  

Models 2 and 3 were adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration 
status.  
aMen were treated as the reference group 
 
Gender, Education and Episodic Memory 
 

After adjustment for years of education, women, on average, performed better on 

immediate and delayed recall tests than men (Table 3). For immediate recall, the adjusted 

estimate was 0.49 (95% CI = 0.47, 0.52), indicating that women recalled 0.49 more words, on 

average, than men after adjustment for years of education. This was also true for delayed recall, 

with the adjusted estimate (β= 0.57 (95% CI = 0.54, 0.60)), indicating that women recalled 0.57 

more words than men after adjustment for years of education.  
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As for the b path for recall (Table 3), the adjusted estimate for the effect of years of 

education on immediate recall was 0.13 (95% CI = 0.13, 0.14) and indicated that, for every one-

year increase in years of education, individuals recalled 0.13 more words, after adjustment for 

gender. Results were similar for delayed recall, with the adjusted estimate (β= 0.14 (95% CI = 

0.14, 0.15)), indicating that, for every one-year increase in years of education, individuals 

recalled 0.14 more words, after adjustment for gender and confounders.  

Variables that significantly moderated the relationship between education and both 

immediate and delayed recall were gender, race, ethnicity, and birth year. Childhood SES did not 

significantly moderate the relationship between years of education and either outcome. For 

immediate recall, individuals who identified as racial groups other than White or Black benefited 

less from additional years of education on recall than White counterparts (β= -0.02 (95% CI = -

0.03, -0.01)), as well as those who identified as Hispanic rather than non-Hispanic (β= -0.05 

(95% CI = -0.06, -0.04). Those who were born in later birth years also benefited less from 

additional years of education (β= 0.01 (95% CI = 0.01, 0.01)). However, the effect of education 

and immediate recall decreased as birth year increased, considering the negative quadratic term 

(β= -0.0001 (95% CI = -0.0001, -0.00008)). Thus, the amount of protectiveness decreased over 

time, and those born in later years had less of a benefit from higher education compared to those 

born in earlier years. The association between education and immediate recall was not 

significantly different between White and Black individuals (β= 0.0003 (95% CI = -0.01, 0.01)).   

For delayed recall, other racial groups in comparison to White counterparts (β= -0.02 

(95% CI = -0.04, -0.01)) and those who identified as Hispanic in comparison to non-Hispanic 

(β= -0.06 (95% CI = -0.07, -0.05)) had less of a protective effect for education on delayed recall. 

Additionally, with increasing birth year, the protective effect of education on episodic memory 
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also increased (β= 0.01 (95% CI = 0.01, 0.01)). Similarly, those born in later years had less of a 

benefit from higher education on delayed recall, as the amount of protectiveness decreased over 

time (β= -0.0001 (95% CI = -0.0001, -0.00008)). The relationship between education and 

delayed recall was not significantly different between White and Black individuals (β= -0.01 

(95% CI = 0.02, 0.01)). However, the education effect is significant in White individuals (β= -

0.09 (95% CI = -0.13, -0.05)), so there is still a significant effect of education on delayed recall 

in both White and Black individuals.  

Lastly, I conducted a sensitivity analysis to see if the effect estimates differed depending 

on the type of cognitive test presented. In 2018, respondents were offered either web-based or 

oral presentation for the episodic memory assessments. In model 2 for both immediate and 

delayed recall, there was a significant interaction between education and the indicator for the 

type of cognitive test (i.e., web-based, or oral presentation). A table with the results from this 

sensitivity analysis is included in Appendix A, but this interaction was not included in the linear 

models due to the small subset of observations that completed web-based cognition tests in my 

sample.  

Table 3. Associations between gender, years of education, and episodic memory in participants 

of the Health and Retirement study, 1998-2018 

Dependent 
variable  

Model  Independent variable  β  95% Confidence 
interval  

Immediate 
recall  
  

Model 1: unadjusted  
  

Gender  0.4544  (0.4292, 0.4796)  

  Education  0.1859  (0.1821, 0.1897)  
 Model 2: adjusted for 

confounders  
Gender  0.4939  (0.4706, 0.5171)  

  Education  0.1337  (0.1295, 0.1379)  
 
 
 
 



  31 

Table 3 (continued)  
 
 Model 3: model 2 

with effect modifiers  
Gender  0.4978  (0.4746, 0.5209)  

 Education  -0.0004  (-0.0338, 0.0330)  
 Education*Race: Black  0.0003  (-0.0099, 0.0106)  
 Education*Race: Other  -0.0159  (-0.0272, -0.0046)  
 Education*Hispanic  -0.0530  (-0.0625, -0.0435)  
 Education*Birth year  0.0070  (0.0055, 0.0085)  
 Education*Birth year2  -0.00007  (-0.00008, -0.00006)  
Delayed 
recall  
 
 
 
 
  
  

Model 1: unadjusted  
  

Gender  0.5101  (0.4790. 0.5413)  
Education  0.2020  (0.1974, 0.2067)  

Model 2: adjusted for 
confounders  

Gender  0.5727  (0.5441, 0.6012)  
Education  0.1426  (0.1374, 0.1477)  

Model 3: model 2 
with effect modifiers  

Gender  0.3681  (0.2526, 0.4837)  
Education  -0.0873  (-0.1285, -0.046)  
Education*Gender  0.1650  (0.0077, 0.0253)  
Education*Race: Black  -0.0051  (-0.0176, 0.0074)  
Education*Race: Other  -0.0228  (-0.0366, -0.0090)  
Education*Hispanic  -0.0626  (-0.0742, -0.0509)  
Education*Birth year  0.0105  (0.0087, 0.0123)  
Education*Birth year2  -0.0001  (-0.0001, -0.00008)  

Models 2 and 3 were adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration 
status.  
 
The Mediation Analyses 
 

Table 4 shows the results from the mediation analyses. First, for immediate and delayed 

recall, the indirect effect estimates were negative for both unadjusted and adjusted models. The 

adjusted indirect effect estimated for immediate recall indicated that, on average, women recalled 

0.04 (β= -0.04 (95% CI = (-0.05, -0.03)) fewer words than men, because they had fewer years of 

education on average than men. The unadjusted and adjusted direct and total effect estimates of 

gender on immediate recall were positive, indicating that on average, women had a higher 

immediate recall score, both before and after adjustment for years of education. The unadjusted 

direct effect was 0.45 (95% CI = (0.43, 0.48), the adjusted direct effect was 0.49 (95% CI = 0.47, 

0.52), the unadjusted total effect was 0.38 (95% CI = 0.35, 0.41) and the adjusted total effect was 
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0.46 (95% CI = 0.43, 0.48). The indirect, total, and direct effect estimates were all statistically 

significant. 

For delayed recall, the adjusted indirect effect estimate indicated that, on average, women 

recalled 0.04 (β= -0.04 (95% CI = (-0.05, -0.03)) fewer words than men, because they had fewer 

years of education than men. The unadjusted and adjusted direct and total effect estimates of 

gender on delayed recall were positive, indicating that on average, women had a higher delayed 

recall score, both before and after adjustment for years of education. The unadjusted direct effect 

was 0.51 (95% CI = (0.48, 0.54), the adjusted direct effect was 0.57 (95% CI = 0.54, 0.60), the 

unadjusted total effect was 0.43 (95% CI = 0.40, 0.47), and the adjusted total effect was 0.53 

(95% CI = 0.50, 0.56). Similarly to immediate recall, the indirect, total, and direct effects were 

all statistically significant. 

Table 4. Effect estimates from the mediation analyses in which years of education is assessed as 

a mediator of gender differences in episodic memory 

Dependent 
variable 

Model Effect Estimate 95% Confidence 
interval‡ 

Immediate 
recall 
 

Model 1: unadjusted 
 

Total effect 0.3829 (0.3519, 0.4138) 
Indirect effect -0.0715 (-0.0896, -0.0535) 
Direct effect 0.4544 (0.4292, 0.4796) 

Model 2: adjusted for 
confounders 

Total effect 0.4568 (0.4310, 0.4827) 
Indirect effect -0.0370 (-0.0485, -0.0256) 
Direct effect 0.4939 (0.4706, 0.5171) 

Delayed 
recall 
 

Model 1: unadjusted 
 

Total effect 0.4324 (0.3957, 0.4692) 
Indirect effect -0.0778 (-0.0974, -0.0582) 
Direct effect 0.5101 (0.4790, 0.5413) 

Model 2: adjusted for 
confounders 

Total effect 0.5331 (0.5022, 0.5642) 
Indirect effect -0.0395 (-0.0517, -0.0274) 
Direct effect 0.5727 (0.5441, 0.6012) 

Model 2 was adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration status. 
‡Monte Carlo confidence intervals are reported for indirect effect estimates, and normal-theory confidence intervals 
for total and direct effect estimates. 
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Moderated Mediation 

Birth year, race, and ethnicity were all significant effect modifiers of the indirect effect of 

gender on both immediate and delayed recall through education. Moderation of the direct effect 

estimate was not assessed, so the size of this estimate was consistent across all analyses. Similar 

to the mediation analyses reported in Table 4, the total and direct effect estimates were 

consistently positive throughout the moderated mediation analyses, as seen in Table 5 and Table 

6. The total effect estimates were consistently positive across all analyses, indicating that on 

average women recalled more words than men. The indirect effect estimates were consistently 

negative in individuals who identified as White or as a racial group other than White or Black. In 

White individuals and individuals who identified as racial groups other than White or Black, the 

indirect effect estimates were more negative for those who did not identify as Hispanic in 

comparison to those who did. The indirect effect estimates were most negative in other racial 

groups, specifically in those who identified as non-Hispanic. Thus, in other racial groups who 

did not identify as Hispanic, women recalled the fewest words in comparison to non-Hispanic 

men of other racial groups. Ethnicity was not an effect modifier of the association between 

gender and education, so this must be driven by differences in the size of the b path across 

Hispanic and non-Hispanic individuals. The indirect effect estimates for Black and African 

American populations were consistently positive, indicating women had higher words recalled in 

Black and African American populations, because women had more years of education.  

Across all racial groups and ethnicities, indirect effect estimates had the largest 

magnitude (i.e., most positive, or most negative) for individuals born in 1940. For individuals 

born in 1940 who identified as White or other racial groups and either Hispanic or non-Hispanic, 

women had the fewest words recalled in comparison to men, because they had fewer years of 
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education. In Black and African American populations, women born in 1940 had the most words 

recalled in comparison to men across both Hispanic and non-Hispanic subgroups. Birth year was 

not an effect modifier of the association between gender and education, so the larger effect in 

1940 must be driven by a larger b path in 1940. These same trends were also observed for 

delayed recall.  

Table 5. Mediation effect estimates for immediate recall conditional on levels of race, ethnicity, 

and birth year 

Race Ethnicity Birth year Effect Estimate 95% Confidence interval‡ 
White Non-

Hispanic 
1920 Total effect 0.4440 (0.4174, 0.4705) 

Indirect effect -0.0538 (-0.0671, -0.0408) 
Direct effect 0.4978 (0.4746, 0.5209) 

1940 
 

Total effect 0.4328 (0.4050, 0.4607) 
Indirect effect -0.0649 (-0.0807, -0.0494) 
Direct effect 0.4978 (0.4746, 0.5209) 

1960 Total effect 0.4446 (0.4180, 0.4712) 
Indirect effect -0.0532 (-0.0664, -0.0402) 
Direct effect 0.4978 (0.4746, 0.5209) 

Hispanic 1920 Total effect 0.4645 (0.4398, 0.4893) 
Indirect effect -0.0332 (-0.0424, -0.0247) 
Direct effect 0.4978 (0.4746, 0.5209) 

1940 
 

Total effect 0.4534 (0.4278, 0.4791) 
Indirect effect -0.0443 (-0.0557, -0.0334) 
Direct effect 0.4978 (0.4746, 0.5209) 

1960 Total effect 0.4651 (0.4404, 0.4900) 
Indirect effect -0.0326 (-0.0417, -0.0241) 
Direct effect 0.4978 (0.4746, 0.5209) 

Black Non-
Hispanic 

1920 Total effect 0.5683 (0.5284, 0.6082) 
Indirect effect 0.0703 (0.0380, 0.1031) 
Direct effect 0.4980 (0.4749, 0.5212) 

1940 
 

Total effect 0.5828 (0.5375, 0.6281) 
Indirect effect 0.0847 (0.0458, 0.1239) 
Direct effect 0.4980 (0.4749, 0.5212) 

1960 Total effect 0.5664 (0.5272, 0.6055) 
Indirect effect 0.0683 (0.0369, 0.1002) 
Direct effect 0.4980 (0.4749, 0.5212) 
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Table 5 (continued) 
 
 Hispanic 1920 Total effect 0.5382 (0.5080, 0.5684) 
 Indirect effect 0.0402 (0.0213, 0.0604) 
 Direct effect 0.4980 (0.4749, 0.5212) 
 1940 

 
Total effect 0.5527 (0.5182, 0.5872) 

 Indirect effect 0.0546 (0.0293, 0.0808) 
 Direct effect 0.4980 (0.4749, 0.5212) 
 1960 Total effect 0.5363 (0.5068, 0.5657) 
 Indirect effect 0.0382 (0.0203, 0.0573) 
 Direct effect 0.4980 (0.4749, 0.5212) 

 

Other Non-Hispanic 1920 Total effect 0.3439 (0.3013, 0.3865) 
Indirect effect -0.1530 (-0.1900, -0.1177) 
Direct effect 0.4970 (0.4738, 0.5201) 

1940 
 

Total effect 0.3103 (0.2620, 0.3586) 
Indirect effect -0.1867 (-0.2300, -0.1446) 
Direct effect 0.4970 (0.4738, 0.5201) 

1960 Total effect 0.3477 (0.3056, 0.3898) 
Indirect effect -0.1493 (-0.1855, -0.1147) 
Direct effect 0.4970 (0.4738, 0.5201) 

Hispanic 1920 Total effect 0.4076 (0.3748, 0.4404) 
Indirect effect -0.0894 (-0.1140, -0.0668) 
Direct effect 0.4969 (0.4738, 0.5201) 

1940 
 

Total effect 0.3739 (0.3369, 0.4110) 
Indirect effect -0.1230 (-0.1530, -0.0945) 
Direct effect 0.4969 (0.4738, 0.5201) 

1960 Total effect 0.4114 (0.3793, 0.4434) 
Indirect effect -0.0856 (-0.1088, -0.0642) 
Direct effect 0.4969 (0.4738, 0.5201) 

 

All models were adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration 
status. 
‡Monte Carlo confidence intervals are reported for indirect effect estimates, and normal-theory confidence intervals 
for total and direct effect estimates. 
 
Table 6. Mediation effect estimates for delayed recall conditional on levels of race, ethnicity, 

and birth year 

Race Ethnicity Birth year Effect Estimate 95% Confidence 
interval‡ 

White Non-
Hispanic 

1920 Total effect 0.5251 (0.4941, 0.5562) 
Indirect effect -0.0519 (-0.0649, -0.0392) 
Direct effect 0.5770 (0.5486, 0.6055) 

1940 
 

Total effect 0.5045 (0.4712, 0.5377) 
Indirect effect -0.0725 (-0.0902, -0.0551) 
Direct effect 0.5770 (0.5486, 0.6055) 

1960 Total effect 0.5149 (0.4827, 0.5472) 
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Table 6 (continued)  
 
   Indirect effect -0.0621 (-0.0777, -0.0469) 
   Direct effect 0.5770 (0.5486, 0.6055) 
 Hispanic 1920 Total effect 0.5488 (0.5193, 0.5784) 

Indirect effect -0.0282 (-0.0369, -0.0203) 
Direct effect 0.5770 (0.5486, 0.6055) 

1940 
 

Total effect 0.5282 (0.4972, 0.5591) 
Indirect effect -0.0488 (-0.0616, -0.0367) 
Direct effect 0.5770 (0.5486, 0.6055) 

1960 Total effect 0.5386 (0.5081, 0.5689) 
Indirect effect -0.0384 (-0.0492, -0.0283) 
Direct effect 0.5770 (0.5486, 0.6055) 

Black Non-
Hispanic 

1920 Total effect 0.6420 (0.6006, 0.6834) 
Indirect effect 0.0646 (0.0348, 0.0953) 
Direct effect 0.5774 (0.5489, 0.6058) 

1940 
 

Total effect 0.6691 (0.6182, 0.7201) 
Indirect effect 0.0917 (0.0496, 0.1343) 
Direct effect 0.5774 (0.5489, 0.6058) 

1960 Total effect 0.6542 (0.6087, 0.6996) 
Indirect effect 0.0768 (0.0414, 0.1128) 
Direct effect 0.5774 (0.5489, 0.6058) 

Hispanic 1920 Total effect 0.6068 (0.5745, 0.6392) 
Indirect effect 0.0295 (0.0149, 0.0464) 
Direct effect 0.5774 (0.5489, 0.6058) 

1940 
 

Total effect 0.6339 (0.5949, 0.6730) 
Indirect effect 0.0566 (0.0302, 0.0841) 
Direct effect 0.5774 0.5489, 0.6058) 

1960 Total effect 0.6190 (0.5842, 0.6538) 
Indirect effect 0.0416 (0.0219, 0.0629) 
Direct effect 0.5774 0.5489, 0.6058) 

Other Non-
Hispanic 

1920 Total effect 0.4313 (0.3863, 0.4765) 
Indirect effect -0.1443 (-0.1812, -0.1098) 
Direct effect 0.5756 (0.5471, 0.6040) 

1940 
 

Total effect 0.3687 (0.3135, 0.4239) 
Indirect effect -0.2068 (-0.2555, -0.1600) 
Direct effect 0.5756 (0.5471, 0.6040) 

1960 Total effect 0.4036 (0.3538, 0.4533) 
Indirect effect -0.1720 (-0.2142, -0.1319) 
Direct effect 0.5756 (0.5471, 0.6040) 
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Table 6 (continued) 

Hispanic 1920 Total effect 0.5053 (0.4694, 0.5411) 
Indirect effect -0.0703 (-0.0939, -0.0493) 
Direct effect 0.5756 (0.5471, 0.6040) 

1940 
 

Total effect 0.4427 (0.4000, 0.4854) 
Indirect effect -0.1328 (-0.1661, -0.1015) 
Direct effect 0.5756 (0.5471, 0.6040) 

1960 Total effect 0.4776 (0.4391, 0.5161) 
Indirect effect -0.0980 (-0.1252, -0.0731) 
Direct effect 0.5756 (0.5471, 0.6040) 

All models were adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration 
status. 
‡Monte Carlo confidence intervals are reported for indirect effect estimates, and normal-theory confidence intervals 
for total and direct effect estimates. 
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Chapter Five: Discussion 

 

Main Findings 

In this study, I aimed to investigate education as a mediator of gender differences in 

cognitive functioning using longitudinal data from the U.S. HRS. I found that women, on 

average, had lower years of educational attainment than men. In turn, higher years of education 

was protective on episodic memory, as approximately for every 8 additional years of educational 

attainment, respondents on average recalled one additional word in both immediate and delayed 

recall tests for both men and women. In my mediation analyses, education was shown to be a 

significant mediator of the association between gender and episodic memory (both for immediate 

and delayed recall models). This was consistent across unadjusted estimates and confounder-

adjusted estimates. For both immediate and delayed recall models, the total and direct effects 

were positive, indicating that women, on average, performed better on both immediate and 

delayed recall tests than men.   

As noted in previous sections, women have a higher risk of dementia compared to men 

(CDC, 2019; GBD 2019 Dementia Forecasting Collaborators, 2022). However, in my analyses, I 

found that women scored better on episodic memory tests. Additionally, my mediation analyses 

indicated that if women would have had the same educational attainment as men, then their recall 

scores would have been even higher. It is possible that the women in this dataset may have 

higher cognitive ability than seen within the general U.S. population. It’s also important to note 
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that dementia is not just measured by episodic memory, and many other factors contribute to 

dementia risk. Mediators studied in previous research include health related conditions (i.e., heart 

disease, depression, high cholesterol, and hypertension), lifestyle-related factors (i.e., diet, 

smoking, and alcohol-use), and biomarkers (i.e., creatinine in urine, apolipoprotein A in the 

blood, and blood lymphocyte percentage) (Shang et al., 2023). I have shown that education 

partly explains the gender differences seen within dementia. However, these factors may also 

explain these differences.  

I assessed potential effect modification by race, ethnicity, childhood SES, and birth year 

by the addition of interaction terms to the regression models. These analyses showed that the 

level of protective effect of education on episodic memory varied between levels of race, 

ethnicity, and birth year. On average, women had a higher immediate and delayed recall score 

across all racial and ethnic groups for all listed birth years, both before and after adjustment for 

education. For White and other racial groups, the indirect effect estimates were consistently 

negative across both models with immediate recall and delayed recall, indicating that women 

recalled fewer words in comparison to men, due to having fewer years of education. In Black and 

African American populations, the indirect effect estimates were consistently positive, indicating 

that women recalled more words in comparison to men, due to having more years of education. 

Those who identified as other race and non-Hispanic had the most negative indirect effect. 

Across the listed birth years (1920, 1940, 1960), the indirect effect estimates were largest in 

magnitude (i.e., more negative for White individuals and individuals identifying as other racial 

groups than White or Black and more positive for Black individuals) for people born in 1940.  
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Comparison and Contrasts with Previous Studies 

Prior studies have investigated the role of education as a mediator between gender and 

cognitive performance or dementia (Ford & Leist., 2021; Hasselgren et al., 2020). One study 

showed that education was a mediator between these gender differences (Ford & Leist, 2021) 

and one study did not (Hasselgren et al., 2020). In my analyses, education was found to be a 

statistically significant mediator of the association between gender on episodic memory. Similar 

to Ford & Leist (2021), education was found to be a significant mediator and an increase in 

education was associated with an increase in cognitive ability, and these associations were more 

pronounced for larger education values. However, Ford & Leist measured cognitive ability by 

using the Korean version of the Mini-Mental State Examination (MMSE), which was developed 

as a global assessment of cognitive status (Gluhm et al., 2014). In their study, women had lower 

MMSE scores compared to men, whereas I found women to score higher on recall tests. The 

MMSE is a general indicator of dementia, but it may consider other components aside from 

memory performance.  Lastly, I found statistically significant interactions with birth year, race, 

and ethnicity for both immediate and delayed recall models, which neither prior study 

investigated.  

Findings with respect to the association between gender and education indicated that race 

was the only significant effect modifier of the association between gender and years of 

education. Diaz-Venegas et al., showed that, for White and Hispanic racial groups, men had 

more years of education than women; in Black and African American racial groups, this was 

reversed (2016). My findings were similar for those of White and Black and African American 

populations. However, the association between gender and years of education in other reported 

racial groups was not significant in my analyses. Birth year, ethnicity, and childhood SES were 



  41 

not significant effect modifiers of the association between gender and years of education even 

though past research has shown differently (Amao & Gbadamosi, 2015; Cha et al,m 2021; Diaz-

Venegas et al., 2016; Esteve et al., 2012; Zeng et al., 2014).  

For the b and c’ path, I did find statistically significant interactions with birth year, race, 

and ethnicity as effect modifiers for both immediate and delayed recall models. This was 

consistent with past research that concluded that these variables were effect modifiers (Diaz-

Venegas et al., 2016; Eagan & Etowa, 2009; Peterson & Shakeel, 2022).  

A difference between my study and past research is the use of childhood SES as an effect 

modifier. Past research has shown that gender differences on education are more prominent in 

those of low childhood SES (Amao & Gbadamosi, 2015) and that the effect of education on 

episodic memory is larger for certain subgroups of childhood SES (Cha et al., 2021; Greenfield 

et al., 2021; McHutchison et al., 2017). However, I did not find significant interactions between 

gender and childhood SES nor between education and childhood SES and concluded it was not a 

significant effect modifier within any of my analyses. This could be explained by the fact that I 

assessed other effect modifiers that are strongly associated with childhood SES, including race 

and ethnicity (Crimmins et al., 2004).  

Study Strengths and Limitations 

This study has several strengths. First, I had a very large sample, and this resulted in high 

statistical power for detecting associations. The increased statistical power was important 

because I was able to investigate many potential effect modifiers, and I needed this for my 

analyses into effect modification. Even when subsetting the sample for effect modification, I still 

had a large sample, which resulted in high statistical power in my tests for significance. Second, 

HRS included numerous variables that I could use in analyses. Thus, I was able to adjust for a 
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wide array of factors that could have contributed to confounding bias and had access to potential 

effect modifiers. Finally, considering HRS is a nationally representative study, the inclusion of 

individuals aged ≥51 years across various sociodemographic backgrounds leads to increased 

generalizability for the U.S. population (Weiss et al., 2020).  

This study has several limitations. Although a non-linear effect of education on episodic 

memory was found (Appendix A), I did not address this in the analyses. The effect estimates in 

my current analyses are over- and under-estimated based on the omission of higher order terms. 

To see these trends, I compared gender curves based on the coefficients from the linear-mixed 

effects models for both immediate and delayed recall, as seen in Appendix A. 0 years of 

education had, on average, higher estimates of episodic memory than early years of education 

(i.e., 1-4 years of educational attainment). However, as years of education increased (i.e., 8+ 

years of educational attainment), the positive effect of education on episodic memory became 

increasingly pronounced. In addition, I found interactions with age in the unadjusted model 

(Appendix A). These interactions terms with age were not significant in the confounder-adjusted 

models and were therefore not included in the models presented in my thesis. Additionally, I did 

not apply any missing data techniques within my linear models. Therefore, my descriptive 

statistics encompassed slightly more respondent observations than within my linear models. In 

addition, considering people with worse cognition tend to drop-out (i.e., selective dropout) of 

these kinds of cohort studies, this may have affected my results. I also found significant 

interactions with education and type of cognitive test (i.e., web-based, or oral presentation), but I 

did not include these interactions in the analyses due to the small subset of observations that 

completed web-based cognition tests.  
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As seen in the theoretical model section of this thesis, there were several variables that 

were included in the original DAG (Figure 1) that were not included in the final DAG (Figure 2). 

I do believe, however, that I may have indirectly controlled for several of these variables with the 

use of other confounders, including childhood SES. For example, variables including childhood 

adversity have been closely correlated with childhood SES (Suglia et al., 2022). If I had been 

able to adjust for all variables within my theoretical model, it is hypothesized that I would have 

seen a slightly less strong effect after adjustment.  

Recommendations for Future Research 

Recommendations for future research include studying the non-linearity of the effect of 

education on cognition. To adjust for selective dropout, future studies could use inverse 

probability of censoring weighting. Future research can also further investigate the impact of 

web-based versus oral presentation of cognitive tests. Web-based tests were offered beginning in 

2018, so this would be important for future studies investigating episodic memory using HRS. 

Further, by not using missing data measures within the regression analyses, those that were not 

included in the model would not have been included in the descriptive statistics or the 

confounder-adjusted effect estimates. Thus, future studies could utilize missing data measures 

(e.g., multiple imputation) to minimize information loss and to mitigate bias. In addition, I 

observed an exposure-mediator interaction in analyses. This means that the direct effect varies 

across values of education and education is an effect modifier of the association between gender 

and episodic memory. Therefore, future papers should investigate this by estimating the pure 

natural direct effect (PNDE), total natural direct effect (TNDE), pure natural indirect effect 

(PNIE), and the total natural indirect effect (TNIE). Next, considering universities often accepted 

more male applicants during the early-mid 1900s (Parker, 2015), it may be beneficial to consider 
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using policy as an instrument to examine the association between education and late life memory 

in future research. Finally, to address the dependence of the repeated measurements of episodic 

memory, I used a linear mixed-effects model. However, there is a possibility that memory 

performance will be correlated within the same household. Thus, considering I clustered these 

observations, it would be beneficial to further investigate this topic in future research.   

Clinical Relevance  

With the significant burden of dementia globally, it is important to further our knowledge 

into this devastating illness. By being aware of the risk factors and sociodemographic variables 

that increase the risk of dementia onset, we can better aim to reduce the disparities and 

prevalence. To my knowledge, this is the first study to investigate education as a mediator of the 

gender differences in episodic memory, while encompassing childhood SES, race, ethnicity, and 

birth year as effect modifiers of these associations. In this study, I have shown that increased 

years of education are protective of dementia, and race, ethnicity, and birth year all impact the 

association between education and episodic memory. Further, I have shown education is a 

significant mediator of the association between gender and episodic memory, and that women 

would have had an even higher recall score than men (on average) if they would have had the 

same average years of education. By educating individuals on risk factors associated with 

dementia onset, we can aim to help others in reducing their risk.    

Conclusion 

In conclusion, I aimed to investigate education as a mediator of gender differences in 

cognitive functioning using longitudinal data from the U.S. HRS. In my analyses, I found 

education to be a significant mediator of the association between gender and episodic memory. I 

also found race to be a significant effect modifier of the association between gender and years of 
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education, as well as race, ethnicity, and birth year to be significant effect modifiers in the 

relationship between education and episodic memory. All direct and total effects were positive 

across the mediation analyses, indicating that women had a higher immediate and delayed recall 

score across all racial and ethnic groups for all listed birth years, both before and after 

adjustment for education. The indirect effects were negative in those who identified as White and 

other race, indicating that women recalled fewer words in comparison to men, because they had 

fewer years of education. Finally, the indirect effects were positive in those who identified as 

Black and African American, indicating that women recalled more words in comparison to men, 

because they had more years of education. With this information and investigation into the 

gender differences in dementia and the mediating role of education, we now have additional 

information into the risk factors associated with dementia, can strive to learn more, and aim to 

reduce the disparities associated with this devastating illness. 
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Appendix A: Supplemental Tables and Figures from Analyses 
 
Table A1: Associations between gender, years of education, and the non-linear effect of 

education on episodic memory in participants of the Health and Retirement Study, 1998-2018 

Dependent 
variable 
 

Model Independent 
variable 

β 95% Confidence 
interval 

Immediate 
recall 
 

Model 2: adjusted 
for confounders 
 

Gender 0.5042 (0.4810, 0.5274) 
Education 0.0385 (0.0228, 0.0541) 
Education*Education 0.0043 (0.0036, 0.0050) 

Delayed 
recall 
 

Model 2: adjusted 
for confounders 
 

Gender 0.0587 (0.5580, 0.6150) 
Education 0.0144 (-0.0047, 0.0336) 
Education*Education 0.0058 (0.0050, 0.0066) 

Model 2 was adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration status. 
 
Table A2: Associations between gender, years of education, the non-linear effect of education, 

and age on episodic memory in participants of the Health and Retirement Study, 1998-2018 

Dependent 
variable 

Model Independent variable β 95% Confidence 
interval 

Immediate 
recall 
 

Model 1: 
unadjusted 
 

Gender 0.4785 (0.4552, 0.5019) 
Education 0.0463 (0.0243, 0.0682) 
Education*Education 0.0049 (0.0031, 0.0059) 

Education*Age 0.0012 (0.0002, 0.0022) 

Education*Education*Age -0.00003 (-0.00008, 
0.00001) 

Delayed 
recall 
 

Model 1: 
unadjusted 
 

Gender 0.5409 (0.5120, 0.5698) 
Education 0.0069 (-0.020, 0.0338) 
Education*Education 0.0072 (0.0060, 0.0084) 

Education*Age 0.0018 (0.0006, 0.0030) 

Education*Education*Age -0.00006 (-0.00011, -
0.000002) 
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Table A2 (continued)  

Immediate 
recall 

Model 2: adjusted 
for confounders 

Gender 0.5055 (0.4820, 0.5289) 

  Education 0.0192 (-0.0046, 0.0429) 

  Education*Education 0.0051 (0.0040, 0.0061) 

  Education*Age 0.0008 (-0.0003, 0.0018) 

  Education*Education*Age -0.00002 (-0.00006, 
0.00003) 

Delayed 
recall 

Model 2: adjusted 
for confounders 

Gender 0.5873 (0.0559, 0.6160) 

  Education -0.0023 (-0.0310, 0.0265) 

  Education*Education 0.0067 (0.0055, 0.0080) 

  Education*Age 0.0007 (-0.0005, 0.0020) 

  Education*Education*Age -0.00003 (-0.00009, 
0.00003) 

Model 2 was adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration status. 

Table A3: Associations between gender, years of education, and the cognitive test indicator in 

participants of the Health and Retirement Study, 1998-2018 

Dependent 
variable 

Model Independent 
variable 

β 95% Confidence 
interval 

Immediate 
recall 
 

Model 2: adjusted 
for confounders 
 

Gender 0.4835 (0.4401, 0.5269) 
Education 0.1531 (0.1256, 0.1805) 
Education*Cognitive 
Test Indicator 

-0.0279 (-0.0525, -0.0033) 
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Table A3 (continued)  

Delayed 
recall 
 

Model 2: adjusted 
for confounders 
 

Gender 0.5721 (0.5193, 0.6248) 

Education 0.1758 (0.1438, 0.2078) 
Education*Cognitive 
Test Indicator 

-0.0302 (-0.0588, -0.0017) 

Model 2 was adjusted for birth year, birth year2, race, ethnicity, childhood SES, and childhood immigration status. 

 

Figure A1: Output from linear mixed-effects model showcasing the coefficients of the 

association between education and immediate recall  
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Figure A2: Output from linear mixed-effects model showcasing the coefficients of the 

association between education and delayed recall  
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