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Abstract

Social support during childhood lays the foundation for social relationships throughout the life 

course and has been shown to predict a wide range of mental and physical health outcomes. Social 

support measured in late life is prospectively associated with better cognitive aging, but few 

studies have evaluated social support received earlier in the life course. We quantified the effects 

of childhood social support, reported retrospectively, on later-life cognitive trajectories and 

investigated biopsychosocial mechanisms underlying these associations. Latent growth curve 

models estimated 10-year cognitive trajectories in 8,538 participants (baseline ages 45–93; Mage = 

63) in the REasons for Geographic and Racial Differences in Stroke (REGARDS) project. 

Independent of sociodemographics, childhood socioeconomic status, and household size, greater 

retrospective childhood social support was associated with better initial episodic memory, but not 

verbal fluency or cognitive change, in later adulthood. Associations with initial memory level were 

mediated by sociodemographic and psychosocial variables; specifically, those who reported 

greater childhood social support reported higher educational attainment and had better physical 

and emotional health in adulthood, which were each associated with better memory. These results 

provide support for broad and enduring effects of childhood social support on mental, physical, 

and cognitive health decades later.
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Social relations play a prominent role in human development. Individuals move through life 

embedded within a personal network of supportive others (i.e., their social convoy; Kahn & 

Antonucci, 1980; Antonucci, 2001). The social convoy emerges developmentally from a 

core of attachment relations in childhood and then expands to include other important 

relationships as the individual’s social sphere enlarges. While this model considers the 

importance of social relations at any point in the life course, it also posits that social 

relations build from previous experiences, further emphasizing the criticality of childhood 

(Antonucci, Ajrouch & Birditt, 2014). Supportive interactions between an individual and 

convoy members provide a secure base for individual functioning throughout the life course 

(Antonucci & Jackson, 1987).

In adulthood, the quality of social relations has been linked to important health outcomes 

such as depressive symptoms (Antonucci, Fuhrer & Dartigues, 1997), dementia (Amieva et 

al., 2010), and mortality (Berkman & Syme, 1979), above and beyond quantitative aspects of 

social relations (i.e., network size, see Blazer, 1982). For example, in a population-based 

study of 3,777 older adults in France followed over 15 years, reported satisfaction with 

social relationships at baseline was associated with reduced risk of incident dementia, 

independent of sex, socioeconomic status, initial cognitive function, functional abilities, 

chronic diseases, positive affect, marital status, and social network size (Amieva et al., 

2010). Despite substantial prior research linking social support to socioemotional and 

cognitive outcomes in adulthood, the mechanisms underlying these associations are less 

frequently explored. Uchino (2010) proposed that social support influences morbidity and 

mortality through multiple processes: behavioral (e.g., positive and negative health 

behaviors), psychological (e.g., depressive symptoms, control beliefs), and biological (e.g., 

cardiovascular, neuroendocrine, and immune function).

Given the centrality of social experiences during childhood (e.g., parental attachment) to life 

course theories of social relations and strong evidence that social relations predict mental, 

physical, and cognitive health over the short-term (Antonucci et al., 1997; Amieva et al., 

2010; Berkman & Syme, 1979), early childhood social support may have long-term effects 

on later-life development. A recent study of older adults who retrospectively reported their 

engagement in enriching early-life activities (e.g., taking lessons, playing team sports) found 

that participating in more activities was associated with higher educational attainment and 

better cognitive functioning in the domains of processing speed and executive functioning 

(Chan, Parisi, Moored & Carlson, 2018). To the extent that some of these enriching activities 

involve a social component, this study provides some support for the overall hypothesis that 

social aspects of the childhood environment link to later-life cognitive outcomes, though the 

current study focuses on social support rather than social activities.

Prior research has found that children with unsupportive social relations exhibit 

biobehavioral profiles that can shape their mental and physical health outcomes across the 

life course (Repetti, Taylor & Seeman, 2002). In their comprehensive review, Repetti, Taylor 
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and Seeman (2002) differentiate between risky family environments characterized by 

conflict and aggression versus a cold, unsupportive, or neglectful home. They summarize 

evidence that the latter family environment is prospectively linked with higher rates of 

illness and physical complaints several years later, obesity in early adulthood, and to more 

serious medical conditions in midlife. The authors point to disrupted physiologic/

neuroendocrine functioning (e.g., sympathetic-adrenomedullary reactivity, hypothalamic-

pituitary-adrenocortical reactivity, and serotonergic functioning), as well as deficits in 

emotion processing, social competence, and behavioral self-regulation as potential 

mediating and sustaining factors underlying the enduring physical and mental health effects 

of unsupportive childhood environments.

Therefore, we sought to quantify the effects of retrospective reports of childhood social 

support on later-life cognitive trajectories and investigate biopsychosocial mechanisms 

underlying these enduring effects. As shown in Figure 1, potential mediators of the 

relationship between childhood social support and later-life cognition examined in this study 

were educational attainment, adult social resources (i.e., social network size), psychological 

functioning (i.e., depressive symptoms and perceived stress), and cardiovascular risk factors 

(i.e., body mass index, systolic blood pressure, C-reactive protein).

Potential Mediators of Links between Childhood Social Support and Later-

Life Cognition

Educational Attainment

Educational attainment can be influenced, in part, by early-life social experiences. Higher 

quality relationships between parent and child can facilitate the development of cognitive 

skills (Estrada, Arsenio, Hess & Holloway, 1987) and/or regulatory behaviors (Hughes & 

Devine, 2017) that help children thrive in an academic environment. With regard to 

cognitive skills, positive affective relationships may enhance the flow of information from 

parents and provide a more stable emotional base from which children can explore the 

world. Even at very young ages, positive interactions with an adult caregiver can help to 

scaffold learning of pre-literacy and pre-mathematics skills that prepare children for the 

classroom environment, such as number and letter recognition (Hess, Holloway, Dickson, & 

Price, 1984). Compared to children in affectively negative relationships, more securely-

attached children have been found to be more likely to engage adults to assist in problem 

solving, and more likely to initiate and persist in challenging cognitive tasks (Bretherton, 

1985). With regard to regulatory behaviors, positive parenting behaviors have been linked to 

better attention and inhibitory control (Hughes & Devine, 2017), and these regulatory 

behaviors have also been associated with school success (Devine, Bignardi & Hughes, 

2016).

Children’s social relationships, particularly with their primary caregivers, have been linked 

to a variety of educational outcomes. For example, one prospective, longitudinal study found 

that higher affective quality of the mother-child relationship at age 4 predicted higher school 

achievement at age 12, and this longitudinal association was independent of maternal IQ, 

socioeconomic status, and children’s mental ability at age 4 (Estrada et al., 1987). Better 
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school performance can contribute to higher educational attainment, as it has been shown to 

predict motivation and potential to pursue higher education (Armbruster, Lehr, & Osborn, 

2001). Indeed, analyses of the prospective Minnesota Longitudinal Study of Risk and 

Adaptation have shown that more positive social relations in childhood predict lower 

likelihood of dropping out of high school (Jimerson, Egeland, Sroufe, & Carlson, 2000) and 

higher educational attainment through age 32 (Raby, Roisman, Fraley & Simpson, 2015). 

These results are in line with the Enduring Effects model of development, which states that 

early relationship experiences not only organize early developmental adaptation, but 

continue to shape adjustment across development (Grossmann, Grossmann & Waters, 2006; 

Sroufe, Egeland, & Kreutzer, 1990; Sroufe, Coffino, & Carlson, 2010).

Educational attainment is one of the strongest positive predictors of late-life cognitive 

functioning, though evidence for an influence of educational attainment on rate of cognitive 

decline has been mixed (Anstey & Christensen, 2000; Piccinin et al., 2013; Zahodne et al., 

2011; Zahodne, Stern & Manly, 2015). Educational experiences may lead to better cognitive 

functioning throughout adulthood by promoting more efficient cognitive processes (e.g., 

strategies) and/or more efficient or compensatory brain processes (Barulli & Stern, 2013).

Social Resources

The convoy model of social relations indicates that social exchanges between children and 

caregivers have an enduring effect on socioemotional outcomes (Kahn & Antonucci, 1980; 

Antonucci, 2001). Indeed, higher maternal relationship quality during childhood has been 

linked to greater availability of social resources later in adulthood, including larger social 

networks (Raby et al., 2015; Wiseman, Mayseless & Sharabany, 2006; Lee et al., 2015; 

Sharifian, Kraal, Zaheed, Sol & Zahodne, under revision). This may be because the quality 

of childhood relationships contributes to the development of secure internal working models 

of attachment (Bowlby, 1980). These working models of attachment developed during 

childhood remain relatively stable over time, such that attachments made during adulthood 

tend to parallel those attachments experienced during childhood (Waters, Merrick, Treboux, 

Crowell & Albersheim, 2000). Thus, individuals with greater social support during 

childhood may be more likely to form close social relationships and less likely to experience 

social isolation later in life.

Greater availability of social resources (i.e., larger social network size) has been associated 

with better cognitive aging (Barnes, Mendes de Leon, Wilson, Bienias & Evans, 2004; 

Brenowitz, Kukull, Beresford, Monsell & Williams, 2014; Sӧrman, Rönnlund, Sundströrm, 

Norberg, & Nilsson, 2017). In one population-based study of older adults, larger social 

network size (i.e., number of children, relatives and friends seen at least once a month) was 

associated not only with better cognition at study entry, but also slower subsequent cognitive 

decline over five years (Barnes, Mendes de Leon, Wilson, Bienias & Evans, 2004). In a 

clinico-pathological study of older adults, larger social networks buffered the negative 

cognitive impact of Alzheimer’s-type neuropathology (Bennett, Schneider, Tang, Arnold & 

Wilson, 2006). It is possible that having a larger social network provides more opportunities 

for mental stimulation, which could contribute to the development of more resilient 

cognitive networks, in line with the theory of cognitive reserve (Barulli & Stern, 2013).
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Psychological Functioning

Depressive Symptoms.—Depressive symptoms during childhood are tightly linked to 

the quality of social support received during childhood (Liu, 2003; Papini & Roggman, 

1992). For example, childhood social support from mothers has been associated with a 

decrease in adolescents’ depressive symptoms over time (Eisman, Stoddard, Heinze, 

Caldwell & Zimmerman, 2015). Parental acceptance can increase children’s perceived self-

worth, resulting in the experience of fewer depressive symptoms (Garber, Robinson & 

Valentiner, 1997). Greater prevalence and persistence of depressive symptoms in childhood 

is positively associated with the experience of depressive symptoms during adulthood 

(Horwath, Johnson, Klerman, & Weissman, 1992; Pine, Cohen, Cohen & Brook, 1999).

Depressive symptoms are a consistent predictor of lower late-life cognitive functioning and 

more rapid cognitive decline (e.g., Zahodne, Stern & Manly, 2014; Lohman et al., 2013; 

Wilson et al., 2014). One mechanism by which depressive symptoms could lead to late-life 

cognitive impairment is through behavior. Specifically, depressive symptoms have been 

negatively associated with health behaviors that predict better cognitive functioning in older 

adults, including exercise and healthy eating (Williams, Plassman, Burke, Holsinger & 

Benjamin, 2010).

Perceived Stress.—Stress-sensitivity in adulthood may reflect patterns of social 

interaction experienced during childhood. Through social learning, positive social 

interactions can promote the development of emotion regulation skills that can help children 

cope with stressors as they move through the life course (Yap, Schwartz, Byrne, Simmons & 

Allen, 2010; Chang, Schwartz, Dodge & McBride-Chang, 2003). For example, in a daily 

diary study, individuals who retrospectively reported poorer parental relationship quality 

experienced a higher frequency of stressors (Mallers, Charles, Neupert, & Almeida, 2010). 

Further, individuals with poorer retrospectively reported maternal relationship quality 

reported greater subsequent psychological distress (Mallers et al., 2010), suggesting that 

early life social environment may influence exposure and reactivity to stressful events in 

adulthood.

Independent of depressive symptoms, greater perceived stress predicts faster subsequent 

cognitive decline in older adults (Aggarwal et al., 2014; Turner, James, Capuano, Aggarwal 

& Barnes, 2017). Chronic stress could lead to late-life cognitive impairment via a 

glucocorticoid cascade (Sapolsky, 2001). Specifically, cortisol dysregulation caused by 

chronic stress has deleterious effects on brain morphology, particularly in the hippocampus 

and prefrontal cortex due to their relatively high density of glucocorticoid receptors 

(Jamieson & Dinan, 2001; Juster, McEwen & Lupien, 2010; Dedovic, Duchesne, Andrews, 

Engert & Pruessner, 2009; Lupien et al., 1998).

Cardiovascular Factors

Evidence supports broad and enduring effects of childhood social support on cardiovascular 

risk factors later in life, including body mass index (BMI), hypertension, and inflammation. 

In turn, individual differences in adult cognition have been attributed to BMI, hypertension, 

and inflammation. Overall, the evidence reviewed below provides rationale for the 
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hypothesis that these cardiovascular factors may underlie associations between childhood 

social support and later cognitive functioning.

Body Mass Index.—Higher BMI may be an indicator of poor health behaviors related to 

diet and physical activity. Youth who report low maternal support show greater increases in 

BMI decades later, and these effects are independent of socioeconomic status, family 

structure, anxiety, and depression (Assari & Caldwell, 2017; Assari, Caldwell & 

Zimmerman, 2015). In turn, high BMI in middle age has been consistently linked to lower 

cognitive functioning (Chelune, Ortega, Linton & Boustany, 1986; Elias, Elias, Sullivan, 

Wolf & D’Agostino, 2003; Gunstad, Paul, Cohen, Tate & Gordon, 2006; Gunstad et al., 

2007). High BMI and obesity (i.e., greater adiposity) may be detrimental for cognitive health 

by inducing structural brain changes via insulin resistance, low-grade inflammation, and/or 

secondary cardiovascular diseases (Biessels, Deary & Ryan, 2008; Shefer, Marcus & Stern, 

2013). Indeed, obesity is associated with smaller gray matter volume and lower cortical 

thickness in frontal and temporal brain regions (Willette & Kapogiannis, 2015).

Hypertension.—Longitudinal work has documented that undergraduates who rated their 

parents higher in parental caring were less likely to suffer from hypertension 35 years later 

(Russek & Schwartz, 1997). In turn, hypertension has been linked to worse cognitive aging, 

particularly when hypertension is measured in mid-life (Iadecola et al., 2016). Hypertension 

leads to pathological cerebrovascular changes, including white matter damage, micro-

infarcts, microbleeds, silent brain infarcts, and brain atrophy, which compromise cognitive 

functioning (Pantoni, 2010).

Inflammation.—Retrospective reports of greater social support during childhood have also 

been associated with less peripheral inflammation in midlife (Slopen, Chen, Priest, Albert, 

& Williams, 2016). Elevated blood levels of C-reactive protein (CRP), an index of peripheral 

inflammation that has been conceptualized as a biomarker for cardiovascular disease risk, 

has been linked to worse cognitive aging, independent of other cardiovascular risk factors 

(Metti et al., 2014; Yaffe et al., 2003). Associations between CRP and cognitive aging 

outcomes appear to be mediated by neurodegeneration (Bettcher et al., 2012; Marsland et 

al., 2015).

The Current Study

The overall goal of the current study was to investigate associations between retrospective 

childhood social support and later-life cognitive trajectories in a sample of adults aged 45 to 

93. Because episodic memory and verbal fluency are highly sensitive to age-related decline 

(Daselaar & Cabeza, 2013; Gomez & White, 2006) and are among the strongest predictors 

of subsequent risk of progression to dementia (Boraxbekk et al., 2015; Henry, Crawford, & 

Phillips, 2004), analyses focused on these cognitive domains. Our primary hypothesis was 

that greater retrospectively assessed childhood social support would be associated with 

better cognitive functioning, as well as slower age-related cognitive decline. The above-

reviewed literature provides rationale for our additional hypotheses that educational 

attainment, social network size, psychological factors, and cardiovascular factors would each 

mediate these long-term effects. Specifically, we predicted that greater retrospectively-
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reported childhood social support would be associated with higher educational attainment, 

larger social networks, fewer depressive symptoms, less perceived stress, lower BMI, lower 

blood pressure, and lower CRP in adulthood, which would each be independently associated 

with better cognitive functioning measured one to two years later, as well as slower 

subsequent cognitive decline over ten years.

Method

Participants

Data were drawn from the REasons for Geographic and Racial Differences in Stroke 

(REGARDS) project, a national, population-based, longitudinal study of non-Hispanic 

African American and white adults aged ≥ 45 years (Howard et al., 2005). In brief, 

participants were identified based on age-race-sex-geographic strata using a commercially 

available nationwide list. English-speaking, community-dwelling adults were recruited using 

mail and telephone contacts and were enrolled between 2003 and 2007. Adults living in the 

Southeastern United States and African Americans were oversampled by design. The final 

cohort of 30,239 was 45% men and 58% Whites with 56% from the southeastern US and the 

remainder from the other 40 contiguous states; mean age at enrollment was 65.3 years. 

Baseline demographic information, medical history, and health status were collected using 

computer-assisted telephone interviews and self-administered questionnaires. Trained health 

care professionals collected blood and urine samples, electrocardiograms, blood pressure, 

height and weight measurements, and medication data during an in-home visit. Telephone 

follow-up occurs every 6 months. In July 2012, an ancillary study was initiated to collect 

childhood and family life factors through a questionnaire mailed to all active participants. 

Figure 2 provides a flow chart describing exclusion criteria resulting in an analysis cohort of 

8,538. Table 1 displays unweighted characteristics of the current sample. All participants 

provided written informed consent, and all study procedures were approved by the 

institutional review boards at the participating institutions. The current secondary data 

analysis of de-identified data was reviewed by the institutional review board at the 

University of Michigan and determined to be exempt from regulation.

Measures

Childhood social support.—Perceived social support during childhood was assessed 

with a self-administered questionnaire on childhood and family life factors, which was 

mailed to participants between their 3rd and 5th cognitive assessment, on average. Social 

support items were modified from the Enhancing Recovery in Coronary Heart Disease 

(ENRICHD) Social Support Instrument (ESSI; Vaglio et al., 2004) to refer to the 

retrospective childhood period. Items were prefaced by the statement, “Please read the 

following questions and mark the answer that best describes what you recall about people in 

your life who helped you feel important or special during your childhood.” The five items 

included: “How often was there someone whom you could talk to, trust and confide,” “How 

often was there someone who showed you love and affection,” “How often was there 

someone who could help you with your homework,” “How often was there someone who 

encouraged and pushed you to succeed in school,” and “How often did you have as much 

contact as you would like with someone you felt close to, someone in whom you could trust 
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and confide.” Items were rated for frequency on a 5-point scale: (1) None of the time; (2) A 
little of the time; (3) Some of the time; (4) Most of the time; (5) All of the time and averaged 

and used as a continuous variable, with higher scores indicating greater support. In the 

current sample, these items showed high internal consistency (α = .91).

Cognition.—Starting one to two years after the initial REGARDS visit (M = 1.56 years; 

SD = 0.06), the following cognitive measures were administered over the phone by trained 

interviewers every two years. Episodic memory was assessed with the Consortium to 

Establish a Registry for Alzheimer’s Disease Word List (CERAD; Fillenbaum et al., 2008), 

in which participants are asked to recall a list of 10 unrelated words after each of three 

learning trials. After a 5-minute delay, participants are again asked to recall the list, without 

hearing the list repeated. Total words recalled across the three learning trials were summed 

to create an immediate recall score. Immediate and delayed recall scores were converted to 

z-scores using means and standard deviations from the larger REGARDS cohort at the initial 

cognitive assessment. At each occasion, immediate and delayed recall z-scores at each visit 

were averaged to create an episodic memory composite score.

Verbal fluency was assessed with tests of semantic and letter fluency, in which participants 

were asked to generate the names of animals or words that begin with the letter “F,” 

respectively, during one minute. Semantic and letter fluency scores were converted to z-

scores using means and standard deviations from the larger REGARDS cohort at the initial 

cognitive assessment. At each occasion, semantic and letter fluency z-scores were averaged 

to create a verbal fluency composite score.

Mediators.—The current study examined the following socioeconomic, socioemotional, 

and cardiovascular mediators measured during the REGARDS baseline visit, which were 

measured one to two years prior to the initial cognitive assessment (M= 1.60 years; SD = 

0.06): educational attainment, social network size, depressive symptoms, perceived stress, 

BMI, systolic blood pressure, and CRP.

Education was operationalized as years of education ranging from 1–14, 16, 18. Social 

network size was operationalized as the sum of (1) the number of close friends (i.e., “people 

that you feel at ease with, can talk to about private matters, and can call on for help”) and (2) 

the number of relatives that “you feel close to,” top-coded at 50. Depressive symptoms were 

assessed with the four-item version of the Center for Epidemiologic Studies Depression 

questionnaire (CES-D; Melchior, Huba, Brown & Reback, 1993). CES-D scores in the 

current study could range from 0 to 12; higher scores indicated a higher level of depressive 

symptoms (α = .79). Perceived stress was assessed with a short version (4 items) of the 

Cohen Perceived Stress Scale (PSS; Cohen, Kamarck & Mermelstein, 1983). PSS scores in 

the current study could range from 0 to 16; higher scores on the PSS indicated greater 

perceived stress (α = .62).

Height and weight were objectively measured by the health care professionals during the in-

home visit. Height was measured using an electronic stadiometer, and weight was measured 

using a digital scale. BMI was computed as kg/m2 and categorized according to Centers for 

Disease Control and Prevention guidelines: underweight (>18.5 kg/m2), normal (18.5–24.9 
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kg/m2), overweight (25–29.9 kg/m2), or obese (30+ kg/m2). Individuals who were 

underweight (<1% of sample) were excluded from mediation analyses. Systolic blood 

pressure was measured twice using a standard aneroid sphygmomanometer, and the two 

values were averaged. Systemic inflammation was operationalized as C-reactive protein 

(CRP) level, obtained from venous blood by particle-enhanced immunonephelometry using 

the BNII nephelometer (N High Sensitivity CRP, Dade Behring, Deefield, IL). CRP values 

were categorized according to American Heart Association and Centers for Disease Control 

and Prevention guidelines for cardiovascular risk: low (<1 mg/L), moderate (1–3 mg/L), and 

high (>3 mg/L) (Pearson et al., 2003).

A sensitivity analysis also included chronic disease burden as a separate mediator, as it could 

be a potential confounder of associations between the objective health variables and 

cognition. Chronic disease burden was operationalized as a count of the following diseases: 

heart disease, dyslipidemia, diabetes, non-life threatening cancer, and kidney failure. The 

presence of heart disease was defined via self-report or objective evidence on 

electrocardiogram. The presence of dyslipidemia was defined via self-report or objective 

evidence from a lipid panel. The presence of diabetes was determined via self-report or 

objective evidence from fasting blood glucose levels. The presence of cancer that had not 

required treatment within two years prior to baseline and kidney failure were determined via 

self-report.

Covariates.—All models controlled for age, sex, race, parental education, number of 

adults in childhood household, and number of children in childhood household. Baseline age 

in years was modeled as a continuous variable and centered at 65, sex was categorized as 

female or male (reference category was female). Race was self-reported as African 

American or white (reference category was white). Parental education was self-reported high 

school or less versus other categories (0 = high school or less; 1 = more than high school) 

for both the participant’s mother (or other primary female caregiver) and father (or other 

primary male caregiver). The number of adults and children living in the participant’s 

childhood household at age 10 were separate continuous variables. Age, sex, and race were 

obtained from the initial REGARDS visit. Parental education and number of adults in 

childhood household were both obtained from the mailed questionnaire on childhood and 

family life factors.

Analytic Strategy

Of the 30,239 REGARDS participants, 20,620 were still in active follow-up at the time of 

the initial mailing of the childhood questionnaire in 2012, and 13,210 questionnaires were 

returned (64%). Table 2 summarizes differences between participants who completed the 

childhood questionnaire and the larger REGARDS analytic sample. Given the potential for 

selection bias, inverse probability weighting (IPW) was used to re-weight the sample back to 

the original REGARDS sample (Little & Rubin, 1987; Hernán, Hernández-Diaz, & Robins, 

2004). Specifically, weights were created based on logistic regression models of (1) being 

alive and active at the time the questionnaire was fielded (i.e., censorship weight) and (2) 

completion of the questionnaire with the following predictors: sex, race, education, self-

rated health, stroke, cognitive status based on the Six Item Screener, residence location (i.e., 
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urban, rural, or mixed), smoking, income, health insurance status, cardiovascular health (i.e., 

Life’s Simple Seven score), kidney failure, previous heart attack, and interaction terms. 

Thus, weights account for both questionnaire eligibility and questionnaire non-response. 

Missing values were mean imputed for the weighting models, and the models included a 

missing indicator for each covariate.

Descriptive statistics and correlations were computed in SPSS. Episodic memory and verbal 

fluency trajectories were modeled in Mplus (Muthén & Muthén, 2007) using latent growth 

curves estimated with maximum likelihood with robust standard errors. Time was 

parameterized as years from baseline. In the current sample, participants had up to six (M = 

3.08; SD = 1.34) time points of memory data and up to five (M = 2.76; SD = 1.00) time 

points of verbal fluency data, collected biennially between 2006 and 2016. Overall, 5,664 

participants had 3 or more occasions of memory data, while 5,331 participants had 3 or more 

occasions of verbal fluency data. Missing data were managed with full information 

maximum likelihood. Rather than imputing missing values, missing data were handled 

within the analysis model using all available data at each occasion to estimate population 

parameters that would most likely produce the estimates from the sample data.

Separate models estimated episodic memory and verbal fluency trajectories. Initial models 

adjusting only for baseline age were run to characterize initial cognitive level (intercept) and 

subsequent rate of cognitive change over the follow-up (linear slope).

To quantify associations between childhood social support and later-life cognition (Aim 1), 

growth parameters within each model were regressed onto childhood social support, as well 

as covariates (i.e., age, sex1, race1, mother’s education, father’s education, and number of 

adults and children in childhood household).

To identify potential mediators of associations between childhood social support and 

cognitive trajectories (Aim 2), the following variables were simultaneously added to the 

models: educational attainment, social network size, depressive symptoms, perceived stress, 

BMI, systolic blood pressure, and CRP. Figure 1 illustrates the Aim 2 mediation model. 

Within each model, the cognitive score intercept and slope were regressed onto all 

mediators, and each mediator was regressed onto childhood social support. Because most 

individuals in this age cohort completed their formal education before age 30, educational 

attainment is likely to be more proximal to childhood than the other mediators (i.e., social 

network size, depressive symptoms, perceived stress, systolic blood pressure, BMI, and 

CRP). Therefore, these psychological and physiological mediators were also regressed onto 

education. Thus, the mediation models allow for simultaneous, independent indirect effects 

of reported childhood social support on cognitive trajectories through each of the seven 

mediators, as well as sequential (i.e., multiple-mediator) indirect effects through educational 

1Exploratory multiple group models tested whether effects of childhood social support differed by race or sex. Specifically, each 
model was simultaneously estimated in the two groups (either African American/white or male/female). Initially, all regression paths 
were forced to be equivalent across the two groups. Then, the regression path between childhood social support and intercept, or 
between childhood social support and slope, was allowed to vary across the two groups. A significant change in the model chi square 
provided evidence that the specific regression path significantly differed across groups. Multiple group models indicated that 
associations between childhood social support and cognitive intercept or slope were not significantly different according to race or sex 
and thus, all subsequent analyses were conducted across all participants with race and sex as covariates.
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attainment and each of the other six mediators. Indirect effects correspond to the product of 

all regression coefficients along the path from childhood social support to cognitive intercept 

or slope. The intercept and slope were also regressed onto childhood social support to 

quantify direct effects of childhood social support on cognitive trajectories independent of 

all mediators and covariates. A subsequent model added chronic disease burden as a separate 

mediator.

Fit of each model was evaluated with the following commonly used indices: comparative fit 

index (CFI), Tucker-Lewis index (TLI), root-mean-square error of approximation (RMSEA), 

and standardized root-mean square residual (SRMR). CFI > 0.95, TLI > 0.95, RMSEA < 

0.06, and SRMR < 0.05 were used as criteria for adequate model fit (Hu & Bentler, 1999). 

Given the non-independence of the parameters estimated within each structural equation 

model, the False Discovery Rate (FDR) was used to control for Type 1 error.

Results

Bivariate Associations

Table 1 presents sample characteristics and their bivariate associations. Greater reported 

childhood social support was associated with more education, larger social networks, fewer 

depressive symptoms, lower perceived stress, and lower BMI. Childhood social support was 

not significantly associated with systolic blood pressure or CRP. With regard to covariates, 

greater childhood social support was associated with higher maternal (ρ = .12; p < .001) and 

paternal (ρ = .10; p < .001) education and fewer children in the household (r = −.10; p < .

001). Childhood social support was not significantly associated with age (r = .02; p = .17), 

race (ρ = −.01; p = .27), or reported number of adult household members (r = −.01; p = .50).

Cognitive Trajectories

Initial models examining change in episodic memory and verbal fluency adjusted only for 

baseline age. As shown in Table 3, there was significant inter-individual variability in 

change for both episodic memory and verbal fluency. Importantly, alternative 

parameterizations of time did not substantially affect the estimates of the associations of 

interest between childhood social support and cognition reported below.

Childhood Social Support and Cognitive Trajectories

Episodic Memory.—The initial episodic memory model that included childhood social 

support and covariates fit very well: CFI = 1.00; TLI = .99; RMSEA = .01 (90% CI: .01 to .

01), SRMR = .01. As shown in Table 4, greater reported childhood social support was 

associated with better initial memory. Reported childhood social support was positively but 

not significantly associated with memory change. Figure 3 depicts model-estimated episodic 

memory trajectories as a function of childhood social support. Younger age, female sex, 

white race, higher reported maternal and paternal college education, and fewer reported 

adult and child household members were also associated with better initial memory 

performance. The only substantial predictor of memory change was younger age.
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Verbal Fluency.—The initial verbal fluency model that included childhood social support 

and covariates fit very well: CFI = .99; TLI = .99; RMSEA = .02 (90% CI: .01 to .02), 

SRMR = .01. As shown in Table 4, younger age, white race, and higher reported maternal 

and paternal college education were associated with better initial verbal fluency. Reported 

childhood social support was positively but not significantly associated with initial level of 

verbal fluency or rate of decline in verbal fluency. The only substantial predictor of less 

verbal fluency decline was younger age.

Mediators of the Effect of Childhood Social Support on Episodic Memory

The episodic memory mediation model fit very well: CFI = 0.99; TLI = .98; RMSEA = .01 

(90% CI: .01 to .02), SRMR = .01. Results are shown in Table 5 and Figure 4. There were 

multiple indirect pathways from greater reported childhood social support to better initial 

memory. Greater reported childhood social support was associated with more education (β=.

08; 95% CI: .06 – .11), which was associated with better initial memory (β=.23; 95% CI: .20 

– .26). In addition, educational attainment was associated with lower BMI (β=−.10; 95% CI: 

−.12 – −.08) and lower perceived stress (β=−.09; 95% CI: −.11 – −.07). In turn, lower BMI 

(β=−.06; 95% CI: −.09 – −.04) and lower perceived stress (β=−.09; 95% CI: −.12 – −.06) 

were each independently associated with better initial memory. Thus, education mediated 

the association between reported childhood social support and initial memory through these 

psychological and health mediators, as well as independent of all mediators. Independent of 

education, participants reporting greater childhood social support reported less perceived 

stress at baseline (β=−.14; 95% CI: −.16 – −.11), which was associated with better initial 

memory (estimate provided above). Independent of the indirect pathways, the positive direct 

effect of childhood social support on initial memory was no longer significant (see Table 5).

While BMI (estimate provided above) was negatively associated with initial memory, there 

was no single-mediator paths from reported childhood social support to initial memory 

through BMI because reported childhood social support was not associated with BMI (β=−.

01; 95% CI: −.03 – .01) independent of education. While childhood social support was 

associated with larger social network size (β=.11; 95% CI: .09 – .13) and fewer depressive 

symptoms (β=−.10; 95% CI: −.12 – −.08), there were no single-mediator paths through 

either of these variables because neither social network size (β=.02; 95% CI: −.01 – .05) nor 

depressive symptoms (β=−.04; 95% CI: −.08 – −.01) was independently associated with 

initial memory. (Note that the association between depressive symptoms and initial memory 

was not robust to FDR correction.)

There were no single-mediator paths through SBP or CRP because childhood social support 

was not associated with SBP (β=.01; 95% CI: −.01 – .03) or CRP (β=−.00; 95% CI: −.02 – .

02), and neither SBP (β=−.02; 95% CI: −.05 – .01) nor CRP (β=−.00; 95% CI: −.03 – .03) 

was associated with initial episodic memory.

Due to the absence of a total effect of reported childhood social support on rate of memory 

change, indirect effects were not examined. The only mediator associated with memory 

change was BMI. Specifically, higher BMI at baseline was positively associated with 

memory change (β=.07; 95% CI: .02 – .11).
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Post Hoc Analyses

In order to clarify the positive association between higher baseline BMI and memory 

change, age-stratified models were conducted. It may be the case that this positive 

association would only be identified among older adults. Positive associations between BMI 

and cognition among older adults have previously been interpreted in terms of reverse 

causation, given that weight loss can characterize the preclinical phase of dementia 

(Kivimäki et al., 2018; Singh-Manoux et al., 2018). Both stratified models fit well; age < 65: 

CFI = 0.99; TLI = .98; RMSEA = .01 (90% CI: .01 to .02), SRMR = .02; age ≥ 65: CFI = 

1.00; TLI = .99; RMSEA = .01 (90% CI: .00 to .01), SRMR = .01. Importantly, the positive 

association between BMI and memory change was stronger among participants aged 65 and 

older (β=.09; 95% CI: .02 – .17), compared with participants aged 64 and younger (β=.06; 

95% CI: −.01 – .13). This pattern of results is consistent with the evidence that low BMI can 

be a characteristic of preclinical dementia even before dementia onset (Suemoto, Gilsanz, 

Mayeda & Glymour, 2015).

A subsequent model added chronic disease burden as a separate mediator in order to 

determine whether the indirect effects of childhood social support on initial memory level 

described above were independent of chronic disease burden. This model fit well: CFI = 

0.98; TLI = .96; RMSEA = .02 (90% CI: .02 to .02), SRMR = .02. All indirect effects 

reported above were unchanged, and there were no independent indirect effects through 

chronic disease burden (β=−.00; 95% CI: −.00 – .00) or through education and chronic 

disease burden (β=.00; 95% CI: .00 – .00).

Discussion

This study provides evidence that retrospectively assessed childhood social support is 

associated with episodic memory functioning, independent of reported parental education 

and household size during childhood. These results are consistent with the notion that 

development is cumulative, with later functioning building on what came before (Sroufe et 

al., 2010). Mediation analyses revealed multiple, independent pathways from childhood 

social support to initial memory functioning through education, perceived stress, and BMI. 

Together, these variables mediated associations between reported childhood social support 

and episodic memory. These results provide preliminary evidence for enduring effects of 

early social environment on mental, physical, and cognitive health decades later and 

highlight the need for life course longitudinal studies with direct measurements in 

childhood, mid-life, and late-life to more fully understand individual differences in cognitive 

aging.

This study extends a substantial body of research linking social support to cognitive 

development throughout the life course. Most studies have focused on opposite ends of the 

life course: childhood or late life. For example, greater parental engagement with toddlers 

predicted stronger perceptual skills, language skills, and executive functioning in 

kindergarten, independent of maternal education and socioeconomic status (Ayoub, 

Vallotton & Mastergeorge, 2011; Hirsh-Pasek et al., 2015; Hubbs-Tait, Culp, Culp & Miller, 

2002; Narvaez et al., 2013; NICHD Early Child Care Research Network, 2001; O’Connor & 

McCartney, 2007; Tamis-LeMonda, Shannon, Cabrera & Lamb, 2004). Further, intervention 
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research aimed at increasing the expression of positive parental behaviors (i.e., warmth, 

sensitivity, responsiveness) has been shown to increase children’s cognitive skills over two 

years (Sheridan, Knoche, Kupzyk, Edwards & Marvin, 2011). In older adulthood, greater 

emotional support was prospectively associated with cognitive performance on tests of 

language, abstraction, spatial ability, and episodic memory 7.5 years later, independent of 

socioeconomic status, physical health, physical activity, depressive symptoms, and self-

efficacy (Seeman, Lusignolo, Albert & Berkman, 2001). The current study bridges these two 

bodies of literature by examining life course pathways connecting early-life social support to 

later-life cognitive functioning.

This study also points to life course mechanisms by which childhood social support could 

have enduring effects on later-life memory functioning. Specifically, people who reported 

greater social support during childhood were also more highly educated, which was 

associated with less perceived stress and lower BMI. Each of these factors was 

independently associated with higher initial memory. People who reported greater social 

support during childhood also reported larger social networks, fewer depressive symptoms, 

and less perceived stress later in life. However, of these, only less perceived stress was 

independently associated with better initial memory. These results suggests that perceived 

stress may play a more prominent role in linking childhood social support to later life 

memory than other related socioemotional factors, such as depressive symptoms and social 

network size. The lack of association between social network size and memory is consistent 

with several studies that have included more comprehensive measures of socioemotional 

functioning. These studies have suggested that satisfaction with social networks, perceived 

social support, and/or contact frequency are more strongly associated with cognitive aging 

than the number of social ties (Amieva et al., 2010; Zahodne, Ajrouch, Sharifian & 

Antonucci, in press).

The indirect effect of reported childhood social support on later-life memory through 

educational attainment is consistent with theoretical and empirical work demonstrating how 

children’s relationships with their primary caregivers can influence academic competence 

through the fostering of regulatory behaviors (e.g., inhibitory control, attentional capacity), 

foundational skills (e.g., literacy and numeracy), and flexibility/creativity associated with 

enhanced well-being (Estrada et al., 1987; Gregory & Rimm-Kaufman, 2008; Jimerson et 

al., 2000). Compared with the other mediators examined in this study, educational 

attainment is also likely to be the most proximal to childhood, as most individuals in this age 

cohort completed their formal education before age 30. Education may promote aspects of 

cognitive and neural development during the early developmental period that result in higher 

cognitive performance throughout adulthood. Education also lays the foundation for a 

lifetime of advantageous experiences, both cognitive (e.g., cognitively demanding 

occupations) and non-cognitive (e.g., higher income, better quality neighborhoods, increased 

access to high-quality health care) that can help individuals maintain cognitive health as they 

age. Indeed, part of the positive association between education and initial memory level 

occurred through its inverse association with psychological (i.e., perceived stress) and 

physical (i.e., BMI) health.
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Of the cardiovascular risk factors examined, only BMI was found to be a significant factor 

on the path from reported childhood social support to initial memory. Specifically, greater 

reported social support during childhood was associated with higher educational attainment, 

which in turn was associated with lower BMI, which was associated with better initial 

memory. These findings are consistent with previous literature demonstrating long-term 

effects of childhood social support on adult BMI (Assari & Caldwell, 2017; Assari et al., 

2015). They further suggest that educational attainment may be a mechanism underlying this 

effect. Lower education has been associated with poorer health behaviors involving diet and 

physical activity (Moss, Xiao & Matthews, 2018), which can lead to higher BMI. Thus, the 

finding that BMI was a significant mediator of link between childhood social support, 

education, and later-life memory may highlight the importance of behavioral pathways. 

These findings are also consistent with literature linking mid-life obesity to poorer brain and 

cognitive aging (Willette & Kapogiannis, 2015; Biessels et al., 2008; Shefer et al., 2013).

Independent of education, there were also indirect effects of reported childhood social 

support on later-life memory through perceived stress. Cross-sectional and longitudinal 

associations between received social support and psychological outcomes have been 

demonstrated in samples spanning the life course, from very early childhood to late life (Liu, 

2003; Papini & Roggman, 1992; Yap et al., 2010; Chang, Schwartz et al., 2003; Lee, Kahana 

& Kahana, 2016). Warm and supportive interactions may foster children’s ability to regulate 

their emotions and stress responses (Dix, 1991; Power, 2004, Yap et al., 2010), and these 

skills can be employed to maintain psychological and cognitive health throughout adulthood 

(Horwath et al., 1992; Pine et al., 1999). The indirect effect of reported childhood social 

support on episodic memory through perceived stress is consistent with previous work 

showing that perceived stress is prospectively associated with worse subsequent episodic 

memory (Aggarwal et al., 2014; Turner et al., 2017). These effects have been attributed to 

cognitive (e.g., allocation of attentional resources; Jones, Siegle, Muelly, Haggerty & 

Ghinassi, 2010), behavioral (e.g., health behaviors; Williams et al., 2010), and physiological 

(e.g., glucocorticoid cascade; Sapolsky, 2001) mechanisms.

The availability of cognitive data in two domains (i.e., episodic memory and verbal fluency) 

allowed for a preliminary investigation of domain-specific effects. While childhood social 

support was associated with better episodic memory, it was not associated with better verbal 

fluency. Given that much of the association between childhood social support and initial 

memory was mediated by perceived stress, this pattern of results may suggest that episodic 

memory is more sensitive to stress-related behavioral and physiological dysregulation than 

verbal fluency due to the particular vulnerability of the hippocampus (Jamieson & Dinan, 

2001; Juster et al., 2010; Dedovic et al., 2009; Lupien et al., 1998). Compared with episodic 

memory tasks, performance on semantic memory tasks may also be more strongly driven by 

crystallized abilities that are less susceptible to the influence of psychosocial factors. 

Additional research is needed to determine the extent to which childhood social environment 

influences other cognitive domains later in life.

In the current study, childhood social support was only associated with initial level of 

episodic memory functioning, but not with rate of memory change. Although the causal 

relationships among the variables studied are unclear, it is important to note that intervening 
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on a factor that improves a cognitive intercept but does not slow the rate of cognitive aging 

per sé could still have long-lasting implications for cognitive morbidity among older adults. 

Indeed, initial memory level is a major determinant of dementia risk, as individuals who 

enter late life at a lower level of functioning will reach an impairment threshold sooner than 

individuals who enter late life at a higher level of functioning, even if both groups exhibit 

identical rates of decline (Rusmaully et al., 2017). Higher-functioning individuals may thus 

develop impairment later and experience impairment for a shorter period of time prior to 

death. At the population level, microsimulation models indicate that delaying the onset of 

dementia by only five years would result in a 41% reduction of prevalent dementia cases 

(Zissimopoulos, Crimmins & St. Clair, 2014). Thus, identifying modifiable protective 

factors that can increase cognitive level has implications for both dementia incidence and 

prevalence.

Limitations and Future Directions

A primary limitation of this life course study is the use of retrospective reports of social 

support received during childhood, which can impede causal inferences. While perceptions 

of childhood relationships remain stable from adolescence to adulthood (Rossi & Rossi, 

1990; Bell & Bell, 2018) and through adulthood (Yancura & Aldwin, 2009), retrospective 

reports can be prone to recall bias. Contemporary factors have the potential to influence 

reconstructive memory processes (Hardt & Rutter, 2004), but this bias is not present for all 

outcomes studied, and some evidence suggests that current mood states are only weakly 

related to these retrospective reports (Yancura & Aldwin, 2009). It is not yet known whether 

cognitive ability in older adulthood among cognitively intact individuals might 

systematically bias recall of childhood events and environments. Moreover, most studies 

comparing prospective and retrospective reports have focused on adverse childhood 

experiences (ACEs). Less is known about how contemporary factors might affect 

retrospective recall of other dimensions of the childhood environment, such as childhood 

social support. The comparability of prospective and retrospective data may depend on the 

specific aspects of the family environment that are queried. In a 25-year longitudinal study 

directly comparing prospectively and retrospectively collected data on the family 

environment, socioemotional aspects of cohesion and conflict predicted adult outcomes 

(e.g., adult well-being) just as well from retrospective as from prospective measures (Bell & 

Bell, 2018), but this study did not include adult cognitive outcomes. With growing interest in 

the influence of childhood on later-life cognitive health, it will be critical to better 

understand whether and how cognitive ability affects recall accuracy of a range of childhood 

domains.

Another limitation is that the childhood social support data were collected several years after 

the initial cognitive assessment. While it is likely that declining cognition could reduce the 

accuracy of retrospective reports of childhood experiences, it is not clear that it would 

systematically bias these reports in a negative direction so as to explain the current pattern of 

results. Rather, this inaccuracy is likely to have introduced non-differential error into the 

measurement of social support, which could have made it more difficult to detect an 

association between reported childhood social support and initial cognitive level. 

Nevertheless, these results should be confirmed through prospective studies that collect 
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social support data directly from children or adolescents and follow them into late life. An 

additional limitation of this study is the lack of data on social support received during 

adulthood. While social network size was included as an indicator of adult social resources, 

the quantity or quality of social support received from network members – regardless of 

social network size – may have emerged as an additional mediator of the association 

between childhood social support and memory.

Another limitation of this study is the lack of face-to-face measures of cognitive functioning, 

as resource limitations in large-scale, national studies often necessitate the collection of 

cognitive data over the telephone. However, previous studies comparing face-to-face and 

telephone administration of cognitive instruments indicates that these administration 

methods are comparable, and telephone administration may even reduce biases related to 

selection and test anxiety (Unverzagt et al., 2007; Rapp et al., 2012; Castanho et al., 2014). 

Nevertheless, future studies are needed to replicate the current results using gold-standard 

neuropsychological assessment.

Strengths of this study include the large, national sample of African American and non-

Hispanic white adults, the availability of up to 10 years of longitudinal data on cognitive 

functioning in two domains, the availability of data on childhood social environment (albeit 

retrospective), and the use of structural equation modeling to quantify direct and indirect 

effects of childhood social support on later-life cognitive trajectories. We also included 

multiple mediators reflecting social, psychological and biological processes measured prior 

to the collection of the cognitive data in a single model to demonstrate a wide range of 

associations of reported childhood social support on later-life mental, physical, and cognitive 

outcomes.

The primary implication of the current findings is that there may be multiple points of 

intervention to maximize healthy aging. Promoting adequate social support during childhood 

has the potential to yield broad and lasting beneficial effects across multiple life domains, 

including cognitive aging. However, even in the absence of adequate childhood social 

support, fostering educational attainment may have the highest potential for interrupting risk 

pathways, as the numerically largest specific indirect effect in the current study was the 

single-mediator path through education, and there were several additional multiple-mediator 

paths involving education (see Table 5).

In conclusion, although the current study is unable to establish causal effects, our results 

suggest that greater childhood social support may have enduring effects on later-life memory 

functioning. These results underscore the importance of the childhood social environment 

for laying the foundation for better emotional and physical health across the life course. 

Future studies should evaluate the extent to which policies and interventions designed to 

enhance the supportiveness of children’s social environments effect healthier trajectories 

into late life. This study highlights the value of taking a biopsychosocial life course 

approach to understanding human cognitive development.

Zahodne et al. Page 17

Psychol Aging. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic of paths estimated in the final mediation model. For simplicity, covariates (i.e., 

age, sex, race, parental education, and number of adults and children in childhood 

household) and covariances among the mediators are not shown. Note. Edu = Years of 

education; Stress = Perceived Stress Scale; BMI = Body mass index; CRP = C-reactive 

protein.
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Figure 2. Flow chart describing derivation of the final analytic sample.
a Six Item Screener ≤ 4; Callahan, Unverzagt, Hui, Perkins & Hendrie, 2002
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Figure 3. 
Model-estimated episodic memory trajectories as a function of the frequency with which 

social support was available during childhood, averaged across five social support items. 

Greater childhood social support was significantly associated with higher initial memory 

(β=0.056; 95% CI: 0.029 – 0.082), but not subsequent memory change (β=0.033; 95% CI: 

−0.014 – 0.081). Depicted trajectories control for covariates, which were set at the following 

values: age = 63; sex = female; race = white; father’s education = high school or less; 

mother’s education = high school or less; number of adults in the childhood household = 2; 

number of children in the childhood household = 3.
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Figure 4. 
Schematic of significant paths in the final mediation model. Standardized parameter 

estimates are shown. For simplicity, covariates (i.e., age, sex, race, parental education, and 

number of adults and children in childhood household) and covariances among the 

mediators are not shown. Note. Edu = Years of education; Stress = Perceived Stress Scale; 

BMI = Body mass index; CRP = C-reactive protein.
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Table 2.

Comparisons between REGARDS participants who did and did not complete the childhood questionnaire

Did not complete 
questionnaire (N=16,973)

Completed questionnaire 
(N=13,210)

Group 

difference
a

Completer sample weighted 
by IPW based on 

questionnaire elibility and 

non-response
b

Age 65.6 63.9 15.36 64.5

Male 45.9% 43.7% 14.60 44.8%

White 49.9% 69.6% 1191.9 59.0%

Education 1319.36

 College graduate 27.7% 43.8% 34.8%

 Some college 27.2% 26.3% 27.01%

 High school graduate 27.7% 23.5% 26.2%

 Less than high school 17.3% 6.5% 12.0%

 Missing 0.14% 0.01% 0.02%

General Self-Reported 1201.68

Health

 Excellent 12.3% 20.6% 16.1%

 Very Good 26.5% 35.4% 30.8%

 Good 37.1% 32.4% 35.2%

 Fair 18.9% 9.9% 14.7%

 Poor 5.0% 1.7% 3.1%

 Missing 0.28% 0.11% 0.13%

Stroke Prevalence 8.7% 3.5% 331.96 6.0%

 Missing 0.38% 0.29% 0.3%

Impaired Cognitive Status 8.0% 4.5% 305.91 6.1%

 Missing 21.2% 16.2% 18.7%

Census Track Size 123.01

 Rural 8.5% 11.2% 9.7%

 Mixed 8.9% 11.0% 9.9%

 Urban 73.3% 67.9% 70.8%

 Missing 9.4% 9.9% 9.6%

Income 1195.34

 Less than $20k 22.9% 12.0% 17.6%

 $20k-$34k 25.9% 22.0% 24.8%

 $35k-$74k 26.2% 33.9% 30.0%

 $75k and above 11.4% 21.3% 15.8%

 Refused 13.6% 10.8% 12.3%

Life Simple Seven 14.2 14.8 −21.55 14.5

 Missing 51.0% 27.5% 40.2%

Has Health Insurance 92.1% 94.8% 88.22 93.2%

 Missing 0.15% 0.03% 0.07%

Kidney Failure 2.6% 0.9% 122.24 1.4%
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Did not complete 
questionnaire (N=16,973)

Completed questionnaire 
(N=13,210)

Group 

difference
a

Completer sample weighted 
by IPW based on 

questionnaire elibility and 

non-response
b

 Missing 0.6% 0.6% 0.6%

Previous MI 15.3% 9.3% 254.33 12.4%

 Missing 2.1% 1.7% 1.9%

Note. IPW = Inverse probability weight

a
Chi-squared tests and t-tests used to compare categorical and continuous covariates, respectively. All group differences were statistically 

significant.

b
See supplementary material for information on IPW procedures
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Table 3.

Standardized effects from weighted latent growth curve models adjusted only for baseline age centered at age 

63

Episodic memory Verbal fluency

Estimate 95% CI Estimate 95% CI

Fixed effects

Intercept 0.006 −0.014 – 0.026 0.011 0.088 – 0.133

Slope 0.106 0.067 – 0.144 −0.794 −0.928 – −0.660

Random effects

Intercept 0.829 0.813 – 0.846 0.931 0.919 – 0.942

Slope 0.850 0.816 – 0.884 0.850 0.795 – 0.906

Model fit

Chi square (df) 80.432 (20) 72.152 (13)

CFI 0.995 0.996

TLI 0.995 0.995

RMSEA 0.014 0.017

SRMR 0.022 0.018

Note. CI = confidence interval; df = degrees of freedom; CFI = comparative fit index; TLI = Tucker-Lewis index, RMSEA = root mean square error 
of approximation; SRMS = standardized root mean square residual.
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