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Abstract

Background and Objectives: Childhood socioeconomic status (cSES) is found to predict later-life cognitive abilities, yet the
mechanisms underlying these associations remain unclear. The objective of this longitudinal study was to examine the direct
and indirect paths through which ¢SES influences late midlife cognitive outcomes.

Research Design and Methods: Participants were 1,009 male twins in the Vietnam Era Twin Study of Aging (VETSA). At
mean ages 20 and 62, participants completed a standardized test for general cognitive ability (GCA). The age 62 cognitive
assessment also included in-person tests of processing speed, episodic memory, abstract reasoning, working memory, verbal
fluency, visual-spatial ability, and executive functions. At mean age 56, participants were interviewed regarding their own
and their parents’ education and occupation, and completed questionnaires about cognitive leisure activities and sociode-
mographic information. Multiple mediation analyses were conducted to examine the direct path effects and indirect path
effects of cSES through age 20 GCA, adult SES, and cognitive leisure activities on seven cognitive outcomes at age 62,
adjusting for age, ethnicity, and non-independence of observations.

Results: Total (direct plus indirect) effects were significant for all measures with the exception of executive functions. Men
from lower cSES backgrounds had poorer cognitive functioning in late midlife. The direct effect of ¢SES was partially
mediated for abstract reasoning, and was fully mediated for the remaining six cognitive outcomes. Total indirect effects
accounted for at least half of the total effects in each model, with paths through age 20 GCA explaining most of the total
indirect effects.

Discussion and Implications: cSES predicted cognitive functioning in late middle age Using multiple mediation models,
we show that lower ¢SES predicts poorer cognition in late midlife primarily through young adult cognitive ability and to a
lesser extent through SES in adulthood and engagement in cognitively stimulating activities.
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Translational Significance: This study highlights the contribution of parental socioeconomic status and engage-
ment in adult cognitive leisure activities to adult cognitive performance. We show that parental socioeconomic
status influences later outcomes due to its effect on the participants’ early cognitive abilities, their later adult
socioeconomic status (i.e., education and occupation), and the kinds of leisure activities they engage in. These
findings point to potential targets for early interventions in helping to prevent cognitive decline.

Keywords: Socioeconomic status, Cognition, Cognitive leisure activities, Adult development, Veterans

Childhood socioeconomic status (cSES) and cognitive
ability have long been known to be correlated. In order
to explain this association, schools of thought from devel-
opmental psychology-social epidemiology frameworks
focus on “neo-materialist” pathways that emphasize the
role of resource availability, or on psychosocial pathways
that emphasize biological, psychological, and behavioral
processes related to brain and cognitive health (Dunn,
Veenstra, & Ross, 2006; Kahn & Pearlin, 2006; Pearlin,
Schieman, Fazio, & Meersman, 2005). Models have been
tested that implicate both direct and indirect effects of cSES
on later-life cognitive outcomes, with longitudinal studies
allowing for more thorough examination of pathways and
accumulated risks.

From a neo-materialist perspective, cSES bestows dif-
ferent levels of material resources (i.e., economic, social,
and cultural capital) and exposures for the developing
child at individual, neighborhood, and school levels which
then accumulate across the life course (S. Cohen, Janicki-
Deverts, Chen, & Matthews, 2010). For instance, fami-
lies with lower SES tend to experience greater economic
pressure, poorer quality schools, and health care (Conger,
Conger, & Martin, 2010; Evans, 2004), and are exposed
to higher levels of environmental hazards and pollutants
(Conger et al., 2010; Evans, 2004). Lower SES parents are
more likely to prioritize pressing needs (e.g., food, rent) over
activities such as intellectual stimulation, healthy nutrition,
and health care (Conger et al., 2010; Evans, 2004). The
social and cultural capital of SES (i.e., access to resources
such as social networks, habits, or lifestyle markers) also
contribute to later outcomes (Lareau & Weininger, 2003;
Walpole, 2003).

As would be expected from the neo-materialist perspec-
tive, cSES has been associated with multiple dimensions
of mid- and later-life cognition (Hurst et al., 2013; Landy,
Head, Richards, & Hardy, 2017; Melrose et al., 2015;
Turrell et al., 2002). Associations between cSES and later-
life cognitive outcomes, however, are substantially reduced
or eradicated after accounting for adult SES (Gonzailez,
Tarraf, Bowen, Johnson-Jennings, & Fisher, 2013; Horvat
et al., 2014; Luo & Wiaite, 2005; Lyu & Burr, 2016). In one
of the few studies using formal mediation tests, the effect of
mother education (but not other childhood SES indicators)
on late adult cognitive functioning was partially mediated
by adult education and economic amenities (Horvat et al.,

2014). Thus, the role of adult SES in reducing the effect
of cSES on adult cognitive status demonstrates empirical
support for the pathway hypothesis of ¢SES: that ¢SES is
mediated by adult SES.

Fewer studies have examined the role of social and
cultural capital (i.e., types of activities or assets that can
help promote social status) in cognitive outcomes (Lareau
& Weininger, 2003). Engagement in cognitive/cultural lei-
sure activities (CLA), one type of cultural capital, has been
associated with better cognitive function in older adults
(Jefferson et al., 2011; Vemuri et al., 2014). Children from
higher SES families are more likely to have access to cul-
tural resources (Hackman, Farah, & Meaney, 2010). They
have higher rates of participation in or attendance at cul-
tural events compared with their lower SES counterparts,
even when cost is not a factor (Silber, Triplett, Iyengar, &
National Endowment for the Arts, 2015). In general, then,
in these models, childhood status is viewed in terms of the
access to resources it provides that may promote or inhibit
later cognitive outcomes.

Psychosocial pathway models traditionally focus more
on other types of intervening variables on the path between
cSES and cognitive outcomes (Kahn & Pearlin, 2006).
These attributes may range from health behaviors to psy-
chological mechanisms (i.e., depression and self-esteem),
physiological responses (e.g., stress, allostatic load), and
education achievement (Pearlin et al., 2005). For example,
African-American adults who reported feelings of greater
financial strain in both childhood and adulthood had
higher levels of disability and depressive symptoms than
those without financial strain, and cognitive functioning
was inversely associated with memories of childhood finan-
cial strain (Szanton, Thorpe, & Whitfield, 2010). There is
evidence suggesting that ¢SES can influence adult brain and
cognitive development (Bradley & Corwyn, 2002; Evans,
2004; Hackman et al., 2010; Lyu & Burr, 2016; Schreiber
et al., 2016), in part through health. One mechanism by
which stress associated with childhood status may affect
later outcomes could be through its influence on hypotha-
lamic-pituitary-adrenal axis regulation, which has been
linked to health, brain, and cognitive outcomes (Franz
et al., 2013; McEwen, Nasca, & Gray, 2016).

Elements of the resource and psychosocial path-
ways clearly overlap and are often difficult to distinguish
(S. Cohen et al., 2010; Zeki Al Hazzouri et al., 2017). For
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instance, poorer quality schools are associated with both
fewer resources and with lower educational achievement,
which—in turn—are predictive of cognitive function.
Similarly, low SES families are exposed to more stressors,
have fewer resources to cope with stress, and have higher
symptoms of stress (Bradley & Corwyn, 2002; Evans,
2004), placing resources clearly in the pathway of stress
exposure and stress responses.

Although SES is often considered as an environmental
factor, it is important to note that genetic effects also play
a role in SES and its association with cognition (Ericsson
et al., 2017). Indeed, shared genetic influences explain asso-
ciations between education, intelligence, childhood, and
adult SES (Plomin & Deary, 20135). It is likely that parental
SES may affect the extent to which a child is able to benefit
from experiences that are consistent with his/her geneti-
cally influenced cognitive ability and interests, thereby
improving cognitive outcomes (Tucker-Drob & Harden,
2012). Plomin and Deary (2015) point to cognitive abil-
ity as a crucial third variable in inequalities research, likely
mediating the association between ¢SES and later-life cog-
nitive function. Few studies, however, examine the role
of early cognitive ability (i.e., ability during childhood or
early adulthood) as a mediating factor between ¢SES and
later-life cognitive performance.

A number of key gaps in our understanding of the rela-
tionship between ¢SES and later-life adult cognitive func-
tioning emerge from the review of the literature. Most
studies are cross-sectional or limited in their longitudinal
data; SES and cognition tend to be assessed simultane-
ously. Remarkably few studies have examined childhood or
young adult cognitive ability as a third variable mediating
the association between ¢SES and later cognitive outcomes
(Plomin & Deary, 2015), in part because most studies lack
data on the participants’ cognitive ability when they were
younger. Much of the focus has been on testing models of
various SES indicators in order to identify specificity of
associations, sensitive periods, and cumulative influences,
rather than on the detailed assessment of cognitive ability.
Also, studies have used cognitive screening instruments or
just measured a few cognitive abilities. Furthermore, most
studies use analytic designs that only allow them to infer
mediation, rather than formally testing mediation models.

Here, we expand on these existing studies using unique
data from the longitudinal Vietnam Era Twin Study of
Aging (VETSA) that enables us to address some key gaps in
the literature (Kremen, Franz, & Lyons, 2013). The VETSA
includes an assessment of general cognitive ability (GCA)
when the participants were inducted into the military (aged
20, on average), as well as in-depth cognitive assessments
at age 62 (range 57-67). In addition, measures of child-
hood and adult SES were obtained 6 years prior to the age
62 cognitive assessments. We further evaluated the effects
of adult engagement in CLA which is known to be associ-
ated with adult SES and cognitive function in later life and
may be a pathway through which cSES is associated with

later cognitive function. We performed multiple mediation
models to formally examine the extent to which effects of
cSES are directly or indirectly associated with cognitive
outcomes in late midlife (Hayes, 2013). When multiple
mediation models are used with longitudinal data, path-
ways among the variables can be more clearly discerned.

We predicted that the direct influence of cSES on multi-
ple domains of late midlife cognition would be completely
mediated by paths through age 20 cognitive ability, adult
SES, and CLA. Because midlife is an important transitional
period that is understudied in longitudinal designs (Finch
& Shams, 2016), a better understanding of cognition prior
to old age may provide insights into modifiable risk or pro-
tective factors against later cognitive decline.

Research Design and Methods

Participants

Participants were 1,009 men in the VETSA project. VETSA
is an ongoing longitudinal study of genetic and environmen-
tal risk and protective factors for cognitive aging (Kremen
et al.,, 2013). VETSA 1 participants were recruited from
the Vietnam Era Twin Registry (VETR); VETR members
are representative of all twins who served in the military
during the Vietnam era, between 1965 and 1975 (Eisen,
True, Goldberg, Henderson, & Robinette, 1987). Eligibility
for VETSA 1 (2002-2008) included two criteria: partici-
pants had to be between ages 51-59 years at enrollment,
and both members of a twin pair had agreed to partici-
pate. VETSA 2 (2009-2014) followed-up these participants
6 years later. Mean age was 56 years (SD = 2.48, range
51-61) in VETSA 1 and 62 years in VETSA 2 (SD = 2.43,
range 57-67) (Kremen et al., 2013). Hereafter, these time-
points are referred to as age 56 and 62.

The sample is similar in health and lifestyle characteris-
tics to American men in their age range based on National
Health Interview Survey data (Schoenborn & Heyman,
2009). Although this is a twin study, these analyses are
non-twin. Nearly 80% of the sample reported no combat
exposure and two-thirds of the sample did not serve in a
war-zone. Of the 1,237 participants in VETSA 1,228 (18%)
did not participate in VETSA 2, with the most common sin-
gle reason for not participating being death (N = 43; 19%
of non-returners) or being a brother of a deceased twin.
Given that the study involved two to three nights travel
to either University of California San Diego or Boston
University for in-depth testing, this retention rate in a lon-
gitudinal study is excellent. The study was approved by the
University of California San Diego and Boston University
Institutional Review Boards. Written informed consent was
obtained from all participants.

The sample comprises 1,009 individuals who partici-
pated in both VETSA 1 and 2; final mediation analyses
were conducted on the approximately 971 participants
who had complete data, as this is a requirement of multi-
ple mediation analyses. This large longitudinal sample has
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more than adequate power to test the mediation models
(Kremen et al., 2013). We have >80% power to detect small
associations between variables (e.g., 7 =0.09 [n = 1,000] to
7 =0.12 [ = 600]).

Measures

Socioeconomic status

At VETSA 1, participants reported their own highest-
attained lifetime occupation and education, as well as the
highest occupation and education held by their parents/
stepparents during their childhood (<18 years). Occupation
and education were coded using the Hollingshead and
Redlich scales (Hollingshead, 1975). Occupation was
coded on a 0-9 scale (0 = homemaker/unemployed/retired,;
1 = unskilled laborer; 9 = major professionals); major
professionals included lawyers, engineers, professors.
Education was coded on a 1-7 scale (1 = none to seventh
grade; 7 = graduate professional training). An SES com-
posite score was calculated as: (occupation score x 5) +
(education score x 3) (Hollingshead, 1975); cSES was the
average of parent’s SES if the mother was employed, or
just father SES if the mother was a homemaker. Adult SES
is that of the participant by age 56. This scoring has been
shown to be a reliable and valid indicator of SES (Cirino
et al., 2002).

General cognitive ability (GCA)

Participants took the same version of the Armed Forces
Qualification Test (AFQT), a 100-item multiple-choice
test of GCA, when inducted into the military at approxi-
mately age 20 and again as part of the study at age 62
(Uhlaner & Bolanovich, 1952). This test is a reliable and
valid measure of GCA (Uhlaner & Bolanovich, 1952)
and is highly correlated with other tests of GCA, such as
Wechsler Adult Intelligence Scale ( = 0.84) (Lyons et al.,
2009). Age 20 AFQT scores were obtained from military
records by the VETR.

Dimensions of cognitive ability

Specific cognitive abilities were evaluated using 13 neu-
ropsychological tests at age 62 (Kremen et al.,, 2014).
When there were multiple measures of an ability, a com-
posite score was created by standardizing measures and
taking the average. These measures have been described
in detail elsewhere (Franz et al., 2011). In brief, abstract
reasoning was measured using the Wechsler Abbreviated
Scale of Intelligence Matrix Reasoning subtest (Wechsler,
1997a). Verbal fluency/language combined scores from
Delis—Kaplan Executive Function System (D-KEFS) Verbal
Fluency letter (F-A-S) and Category Fluency (animals,
boys names) conditions (Delis, Kaplan, & Kramer, 2001).
Visual-spatial ability was measured using Card Rotations
(Ekstrom, French, & Harmon, 1976) and Hidden Figures
(Thurstone, 1944).

Processing speed was assessed with two tests: Stroop
word and color conditions (Golden & Freshwater, 1978)
and D-KEFS Trails number sequencing and letter sequenc-
ing (Trails conditions 2 and 3) (Delis et al., 2001). Stroop
processing speed scores represented the number of items
read correctly in 45 s. D-KEFS Trails tests are timed, scores
were reversed so that high scores represent better perfor-
mance. Episodic memory was measured with three tests:
California Verbal Learning Test-II short-delay recall, long-
delay recall, and total trials 1-5 scores (Delis, Kramer,
Kaplan, & Ober, 2000), as well as the Wechsler Memory
Scale (WMS-III) Logical Memory and Visual Reproduction
subtests (Wechsler, 1997b). Working memory was meas-
ured using Reading Span (Daneman & Carpenter, 1980)
and WMS-III Digit Span, Spatial Span, and Letter-Number
Sequencing tests (Wechsler, 1997b). Digit and spatial span
tests included both forward and backward conditions.

The executive function of inhibition was measured using
the Stroop color/word interference condition adjusted for
performance on the separate color and word conditions
using regression (Golden & Shawna, 1978). The execu-
tive function of switching included two measures: D-KEFS
Trails condition 4 (letter-number switching) adjusted for
speed on the number and letter conditions (Trails condi-
tions 2 and 3 respectively) using regression, and the Verbal
Fluency category switching condition (fruit/furniture)
adjusted for scores on category fluency using regression).

Cognitive leisure activity (CLA)

A composite CLA score at age 56 was created using total
points earned on the 11 CLA items from Schaie’s life com-
plexity inventory (Schaie, 20035). Items included: 1-4) time
spent engaged in self-improvement activities/educational
activities/cultural activities/reading in the past month; 5-6)
number of books/magazines read in the past month, and
7-11) taking vocational training courses, adult educa-
tion courses, extended university courses, correspondence
courses, and/or on the job training in the previous 10 years.
Rather than use a factor analysis derived score we created
a CLA index. For items 1-6, a point was assigned to par-
ticipants who engaged in the particular activity more often
than the sample mean. For items 7-11, a point was assigned
for each type of educational activity. The Cronbach’s Alpha
for this index was 0.72.

Covariates

Multiple mediation model covariates included self-reported
race/ethnicity (non-Hispanic white versus other), and age
at VETSA 2. Although our literature review suggested
that APOE genotype, physical activity, and health might
comprise pathways between ¢SES and midlife cognitive
functioning, measures of these constructs were not associ-
ated with ¢SES or cognitive outcome, and were trimmed
from the multiple mediation analyses (see Supplementary
Table 2).
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Data Analyses

Multiple mediation analyses

Three criteria need to be satisfied to indicate a mediation
relationship (Baron & Kenny, 1986): (1) The predictor var-
iable needs to significantly predict the outcome variable,
(2) the predictor variable must significantly predict the
mediator variable(s), and (3) the mediator variable(s) must
significantly predict the outcome variable while controlling
for the predictor variable. If both direct and indirect effects
remain significant, the association is said to be partially
mediated (Hayes, 2013).

Multiple mediation analyses were based on 1000 boot-
strapped samples using Hayes” PROCESS Macro v2.15
modified for R (Hayes, 2013) allowing for formal tests of
the total, direct, and indirect effects of cSES on age 62 cog-
nitive abilities. The predictor variable was cSES, the three
mediator variables were GCA at age 20, and adult SES and
CLA at age 56; outcomes were cognitive abilities at age
62 (Figure 1). Because measurement of adult SES (highest
attained education and occupation in lifetime) was consid-
ered temporally prior to CLA (activities in past month, past
10 years), it was regarded as antecedent to CLA in the mod-
els. Multiple mediation analyses estimated the total, direct
and indirect effects of ¢SES in all eight (1 direct; 7 indirect)
paths reflected in the model shown in Figure 1. Age and
ethnicity were included as covariates in the multiple media-
tion models. Models also included a family identifier as a
random effect to account for the non-independence of the
twins. All measures were standardized with a mean of zero
and standard deviation of one prior to analyses. Results are
considered significant at p < .05, two-tailed.

Calculation of overall effect sizes

Mediation analyses provide specific information about the
longitudinal pathways through which cSES is associated
with late mid-life cognitive abilities by parsing the total
effect of cSES on cognitive outcomes into direct and indi-
rect effects. What those analyses do not reveal is the overall

Childhood

Age 20

Age 56 (Wave 1)  Age 62 (Wave 2)

Childhood Cognitive
SES Abilities

Figure 1. lllustration of direct and indirect effect paths in each multiple
mediation model; variables arranged temporally. The direct effect path
leads from childhood SES (socioeconomic status) to cognitive ability,
and the seven indirect effect paths lead: (a) through GCA (general cog-
nitive ability); (b) through adult SES; (c) through CLA (cognitive leisure
activities); (d) through GCA and adult SES; (e) through GCA and CLA;
(f) through adult SES and CLA; and (g) through GCA, adult SES, and
CLA. Cognitive abilities tested include GCA and the six specific cogni-
tive ability measures (abstract reasoning, episodic memory, processing
speed, verbal fluency, working memory, and visual-spatial ability).

combined influences of these measures on later cognitive
ability and calculation of an overall effect size. In order
to provide information on the total effect of the combined
measures, we conducted post hoc generalized linear model
analyses in SAS 9.4 (PROC GENMOD) to determine the
contribution of ¢SES, age 20 GCA, adult SES, and CLA
to age 62 cognitive abilities (see Supplementary Table 3).
We included all covariates considered earlier: age, ethnicity,
health, physical activity, and APOE genotype. Health was
the total number of major chronic health conditions based
on items from the Charlson Comorbity Index (Charlson,
Szatrowski, Peterson, & Gold, 1994). Physical activity was
the mean of two items reflecting the frequency of engage-
ment in physical fitness and walking/hiking from the Schaie
life complexity inventory (Schaie, 2005). APOE genotyp-
ing was conducted on blood samples collected in VETSA
1 by established methods (Lyons et al., 2009). Presence of
any €4 allele was coded as being €4+ (29%) versus no &4
alleles; presence of the APOE-¢4 allele is a major risk fac-
tor for cognitive decline/Alzheimer’s Disease (AD) in later
life (Forero et al., 2016). In addition, we post-hoc calcu-
lated the contribution of ¢SES to age 20 GCA, adjusting for
APOE genotype and ethnicity.

These analyses accounted for non-independence of the
twin data by running linear regression analyses (PROC
REG) on ‘A’ and ‘B’ twins separately, then calculating the
proportion of residual sum of squares (SSR) to total sum

SSR, + SSR,
SST, + SST,
each outcome. Effect size, as indicated by Cohen’s f2, was

calculated by dividing the resulting multiple R? value by
the variance of the outcome variable unexplained by all the

of squares (SST; ) to find the multiple R?* for

RZ
measures in the model (1 J

RZ

Results

Demographics and Preliminary Analyses
Participants were mostly non-Hispanic white (90%);
78% were currently married; and 97% graduated high
school. On average, participants had 13.88 years of for-
mal education (SD = 2.09), an annual income of $57,500
(SD = $30,400), and were a small business owner or man-
ager. Fathers’ average education was 10.63 years, and
worked as a skilled manual worker; 52% graduated from
high school. Mothers’ average education was 11.33 years,
and tended to be homemakers (50%) or semi-skilled work-
ers; 67% graduated high school. Demographic characteris-
tics are presented in Supplementary Table 1.

In preliminary analyses, cSES, age 20 GCA, CLA, adult
SES, age 62 GCA, and cognitive abilities at age 62 (with
the exception of executive function measures) were all
positively intercorrelated (ps < .001; see Supplementary
Table 2) meeting the basic assumptions for conducting
mediation analysis. Men from higher SES backgrounds
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were more likely to engage in CLAs as adults (f = 0.19, £
95% CI [0.118, 0.255]), even when adjusted for age 20 '—E _ v
GCA (B = 0.17, 95% CI [0.098, 0.237]). There was no Té g g E 3;50
main effect of APOE genotype or interaction between cSES g S S I8
and APOE status on age 62 cognitive outcomes indicating fm NS § oD %}
that APOE genotype did not moderate these associations. E g i § = § P i
Given the lack of correlations with ¢SES and cognitive out- N
comes, physical activity, health, and APOE were trimmed E
from multiple mediation models. g - i%
o0 S I S |8
Multiple Mediation Models _§ e $ = § © 45
Results for the multiple mediation models are shown in s |2 3 S T8 E é
Table 1. Total effects (direct plus indirect) were significant o
for age 62 GCA and all six specific cognitive ability out- . é
comes tested. Only the direct effect of ¢SES for abstract rea- N l§ Q 3
soning remained significant along with a significant total S z = 2 §
indirect effect, indicating partial mediation. As shown by S = L:f N § + 3|3
the significant total indirect effects and the non-significant é § 2.8 SSs 5 2 |5
direct effects (Table 1), associations between cSES and age @ ol I
62 GCA, episodic memory, processing speed, verbal flu- g _ @
ency, working memory, and visual-spatial ability outcomes £ T %5 = E
were fully mediated by age 20 GCA, adult SES, and CLA % ) g 3 § E
engagement. The total (direct plus indirect) effects of cSES 2 PN ¥ o g o g
were strongest for Abstract Reasoning (0.168) and Visual- Sl 2|8 = g S S = og
Spatial Ability (0.137). g5 |e=e ===z
Table 2 a—g shows results for each of the indirect paths 2 g
tested by the multiple mediation models. The indirect effect ] g _ ﬁ;
of ¢SES through age 20 GCA (path a) was significant for all 2 £ E 5 e
cognitive outcomes, accounting for 84% of the total indi- _§ % z S Z & .
rect effect on age 62 GCA; 55% for abstract reasoning; 2 TlwSs g + S & é
47% for episodic memory; 38% for processing speed; 24 % S 2138 e S < 3 p 2 e
for verbal fluency; 55% for working memory; and 56% for 5 Hle=e—-e= 5“ 3
visual-spatial ability. The remaining paths through adult f’ ﬁ :
SES and CLA comprised less of the total indirect effect for 9 Ef g 8
each model, ranging from 9 to 41% for paths including i 5 = = = = Tg
adult SES, and from 2 to 15% for paths including CLA. 8 ﬁ g I d .E Ei
The multiple mediation models allow us to examine the 5 g 3 2, Szl
contribution of each of the indirect paths to each midlife g E €2 g g g g |< E
cognitive outcome (Table 2). The direct path from cSES = < |s23=23 = E ?.;
was only significant for one cognitive outcome—abstract B = 2
reasoning. Furthermore, only one indirect path to abstract g _ T _a§ k:
reasoning—the path through age 20 GCA—significantly — < a T 8 |€ 3
. ] J = S =185
accounted for the remaining effect. The total effect for the o LND S 5 Ss B
remaining age 62 cognitive outcomes was largely due to ® g § IR NG g ES 3
indirect paths. For age 62 GCA and processing speed, only § 2lsgs238:s '§ E
the indirect path through age 20 GCA was significant. For = -
episodic memory, the pathway of ¢SES influence was pri- S .~ B £
marily through two indirect paths—one through age 20 ._‘;5 § E £
GCA and one through adult SES. Verbal fluency showed 2 E & —§
the most complex pattern of indirect effects, with multiple P g g % o
indirect paths reaching significance: cSES worked indirectly £ = %5 g
through age 20 GCA pathways, adult SES pathways, CLA s —; 5 g g :ig
pathways, and through the combined paths including age - £ ¥ 08 £ 3
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paths a-g). ¢SES influenced working memory primarily
through three indirect paths: paths through age 20 GCA,
through adult SES; and through age 20 GCA to adult SES;
(Table 2; paths a, b, d). Finally, visual-spatial ability was
associated with c¢SES primarily through the age 20 GCA
pathway, the CLA pathway, the adult SES and CLA path-
way, and the age 20 GCA, adult SES, and CLA pathway
(Table 2; paths a, ¢, f, g). These indirect paths highlight the
fact that the role of SES is highly attenuated by age 20 GCA.

Estimates of Overall Effect Sizes

As described in the methods, we examined post hoc the
association of cSES and age 20 GCA using generalized
linear models. Both cSES and ethnicity were significantly
associated with age 20 GCA. Men with higher GCA scores
in young adulthood were more likely to come from higher
SES families (B = 0.09, 95% CI [0.040, 0.146]) and were of
non-Hispanic white ethnicity (f = 0.15, 95% CI [-0.199,
-0.104]). Although the multiple R? (0.10) was significant
in this model, the effect size was small (Cohen’s /> = 0.11)
according to Cohen’s guidelines (J. Cohen, 1988).

Finally, in Supplementary Table 3 are the regression
results for overall effect sizes for each cognitive outcome.
Effect sizes for age 62 GCA and visual-spatial ability were
large (Cohen’s f# = 1.25 and 0.49, respectively). Effect
sizes for abstract reasoning, episodic memory, processing
speed, and working memory were in the moderate range
(Cohen’s /2 = 0.35, 0.26, 0.24, 0.29, respectively). Verbal
fluency had lowest overall effect size (Cohen’s f2 = 0.15),
signifying a small but significant effect size. These effect
sizes, and modest multiple R? indicate that there are mul-
tiple sources of covariance as yet unidentified in predicting
midlife cognition.

Discussion and Implications

Prior research finds that cSES contributes to an individual’s
later cognitive abilities, but these relationships are seldom
explored from a life-course perspective. We examined asso-
ciations between ¢SES and multiple cognitive outcomes in
late midlife. Childhood SES predicted both GCA as well
as specific cognitive abilities in late middle age, with these
effects largely working through the mediator of age 20
GCA. Much of neo-materialist research has focused on
the role of adult SES in attenuating the effect of cSES on
adult outcomes and on accumulated inequities (S. Cohen
et al., 2010; Gonzalez et al., 2013; Horvat et al., 2014; Luo
& Waite, 2005; Lyu & Burr, 2016) but has not examined
early cognitive ability as mediator. Thus, consistent with
evidence for the stability of cognitive function throughout
most of the lifespan, cognitive functioning later in life is
largely driven by early adult cognitive functioning (Deary,
Whalley, Lemmon, Crawford, & Starr, 2000; Lyons et al.,
2017; Lyons et al., 2009). Here we were able to show
both direct and indirect influences of cSES on late midlife

GCA, across more than four decades. This study is unique
because of the variety of resource and cognitive measures
collected longitudinally in the same sample that allowed us
to formally test the pathways through which ¢SES mediates
cognitive outcomes (Hackman et al., 2010).

Parental SES was correlated with engagement in CLAs,
such that coming from a background with higher educa-
tion and occupation was associated with increased likeli-
hood of engaging in cognitively stimulating activities as
an adult. Consistent with studies of older adults, SES, and
age 20 cognitive ability were also associated with higher
engagement in CLAs (Hackman et al., 2010; Jefferson
et al., 2011; Silber et al., 2015; Vemuri et al., 2014). In five
of seven mediation models, however, pathways including
engagement in CLAs were not significant when the other
mediators (age 20 GCA and adult SES) were included in the
model. Similarly, significant influences of adult SES on later
cognitive function were largely attenuated after account-
ing for age 20 GCA. For two abilities, however, pathways
including engagement in CLA’s appeared to improve per-
formance on later verbal fluency and visual-spatial ability
tasks independently of the pathway through age 20 GCA
thus demonstrating a potential area of intervention. We did
not have a measure of childhood CLA. We do not know
what accounts for the fact that the pattern of significant
paths differed for different cognitive abilities. This might be
a topic for future research.

Our results are also important for understanding cog-
nitive reserve, a concept that is widely used in context of
aging (Barulli & Stern, 2013). That is, engagement in CLAs
is often thought to help maintain or enhance cognitive
resources which would offset some age-related cognitive
decline (Hughes, 2010). In contrast to most studies show-
ing a positive association between CLAs and later-life cog-
nition (Jefferson et al., 2011; Vemuri et al., 2014), we were
able to include young adult GCA in our analyses. By doing
so, we extended previous work by being able to clarify the
cause and effect issue. Despite some support for a very small
effect of paths including CLAs on verbal fluency and visual-
spatial abilities, our results suggest that compared to CLAs,
the level of GCA that one attains by early adulthood has
a stronger influence on late middle age cognition. In our
view, a direct measure of GCA such as the one used in the
present study provides the best index of one’s cognitive
resources. Thus, it highlights the importance of early GCA
with respect to one’s cognitive reserve level. Although the
association between engagement in CLAs, better cognition
and reduced risk for dementia may seem to suggest that we
should encourage greater engagement in such activities, our
results are most consistent with reverse causation, i.e. that
individuals with higher intellectual ability tend to more fre-
quently engage in CLAs. Therefore, much further study is
needed to determine whether and what type of engagement
in CLAs might truly improve later adult cognitive outcomes.

Although there were no main or moderation effects
of APOE-e4 status that does not rule out other genetic
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influences. A meta-analysis found that genetic influences on
cognitive abilities account for higher proportions of vari-
ance with age and stabilizes by early adulthood, suggesting
a strong genetic basis for cognition in adults with heritabil-
ity of adult cognitive ability estimated to range from 50 to
70% (Briley & Tucker-Drob, 2013). It has also been vigor-
ously argued that the effects of parents on child intelligence
are best explained by gene by environment correlations
(Scarr & McCartney, 1983). We did not, however, have data
on parental cognitive ability, which would have increased
precision over parental education. A previous study by our
group in a different sample of twins, for instance, found
that parental education moderated the heritability of adult
reading ability such that genetic influences on reading abil-
ity were lowest at the lowest parental education level and
highest at the highest level of education (Kremen et al.,
2005). Another study found similar gene by environment
interplay, where heritability of IQ in children was highest in
higher SES families, and close to zero in lower SES families
(Turkheimer, Haley, Waldron, D’Onofrio, & Gottesman,
2003). Thus, even the small direct associations between
cSES and later cognitive outcomes cannot be considered
causal (Ericsson et al., 2017). In addition, gene by environ-
ment interplay may vary by other environmental influences
such as culture (Tucker-Drob & Bates, 2016). However, the
significant effect of ¢SES on age 20 cognitive ability, which
likely reflects gene by environment interplay, emphasizes
the importance of early influences and early interventions.

There are a variety of direct and indirect mechanisms
by which adverse childhood SES can impair adult cognitive
outcome while good childhood SES can promote healthy
cognitive outcomes. One possible underlying mechanism
may be an enduring sensitization of stress pathways.
Recent research on the molecular biology underlying stress
shows that stress mediators such as corticotropin releas-
ing factor (CRF) regulate and exacerbate Alzheimer’s dis-
ease and related dementia relevant processes, potentially
through activation of the CRFR1 receptor (Futch, Croft,
Truong, Krause, & Golde, 2017; McEwen et al., 2016).
CREF is widely expressed throughout the brain with broad
implications for its effect on multiple cognitive functions.
Chronic stress appears to be a risk factor for Alzheimer’s
Disease and related dementias and recent research shows
strong links between the CRF signaling pathway, beta amy-
loid production and plaque deposition, and tau pathology
in animal models (Futch et al., 2017). Thus, research on
overactive CRF signaling may provide insight into the bio-
logical link between stress, neurodegeneration, cognition,
and potential risk for Alzheimer’s disease as well as a pos-
sible target for interventions.

The current investigation has several limitations. The
sample included only men who had been in the US military
during the Vietnam Era (1965-1975), and was predomi-
nantly Caucasian, so it is unclear if results are generalizable
to women, minorities, or other older adult populations. As
with virtually all studies of midlife and older adults, our

measure of cSES was retrospective and might, therefore
be subject to recall bias. However, there are several attrib-
utes of this sample that give us confidence that our results
are applicable to larger populations. Demographic and
health characteristics of this sample in midlife were similar
to men in the same age group based on 2003 census and
Centers for Disease Control and Prevention data (Boehmer,
Flanders, McGeehin, Boyle, & Barrett, 2004; Schoenborn
& Heyman, 2009). Midlife disease-related death rates
from disease-related conditions have been found to be
no different in Vietnam era veterans and other men their
age (Boehmer et al., 2004). These studies have also shown
that differences in socioeconomic status between veterans
and non-veterans are modest. It may be that the lack of
association with health was due to the fact that at the age
20 assessment participants were less likely to have major
childhood diseases since health is part of military screening.
Thus this sample was healthy at the age 20 cognitive assess-
ment. This can also be considered a strength of the study
since the majority of longitudinal studies on ¢SES and adult
outcomes do not have information on childhood health.
The sample is also relatively young (age 62) with few
chronic conditions. The effects of health may be stronger
at older ages.

We were unable to illuminate the role of other childhood
characteristics on later outcomes due to lack of detailed
information about participants’ childhood environments.
Such influences could vary from parenting style and fam-
ily activities, income, to household characteristics such
as crowding or lack of resources (Hackman et al., 2010),
health care that may have affected pregnancy or childhood
illness, or exposure to environmental hazards such as pol-
lution or parental smoking (Bradley & Corwyn, 2002).
Participants’ self-reported on family-of-origin environ-
ment at age 56; however, none of the parenting styles were
found to be significantly associated with cognitive function
(data not shown). Under normal circumstances, parenting
is likely to have low impact on intellectual outcomes of
offspring as long as the familial environment is adequate
(Scarr & McCartney, 1983). In this sample of blue-collar
to upper middle class parents, it is likely that the range of
cSES included few parents at extreme levels of poverty or
adversity.

In summary, the effect of cSES on late midlife cognitive
performance is relatively small but significant, and works
primarily through its indirect association with early adult
GCA and, to a much lesser extent, midlife SES and engage-
ment in CLAs. The results have implications for theories of
cognitive development and cognitive reserve across the life
course; results suggest that, at least in late middle age, early
adult GCA is a much stronger reserve factor compared
with adult SES or engagement in CLAs. Also, the effects
of parental SES on cognitive functioning are long lasting.
Thus, the study has important implications for understand-
ing the early origins of cognitive functioning and cogni-
tive aging, and, potentially, cognitive decline. Because the
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pathological process in Alzheimer’s disease begins decades
before the onset of clinical dementia (Golde, Schneider, &
Koo, 2011; Sperling et al., 2011), understanding midlife
cognition is also important for potentially improving early
intervention or risk prediction.

Supplementary Material

Supplementary data are available at Innovation in Aging
online.
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