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Abstract

Background: Evidence suggests education is an important lifecourse determinant of health, but
few studies examine differential returns to education by sociodemographic subgroup.

Methods: Using National Longitudinal Survey of Youth 1979 (N=6,158) cohort data, we
evaluate education attained by age 25 and mental (MCS) and physical (PCS) health component
summary scores at age 50. Race/ethnicity, sex, geography, immigration status, and childhood
socioeconomic status (cSES) were evaluated as effect modifiers in birth-year adjusted linear
regression models.

Results: The association between education and PCS was large among high cSES respondents
(B=0.81 per year of education, 95%ClI: 0.67,0.94), and larger among low cSES respondents
(interaction B=0.39, 95%CI: 0.06,0.72). The association between education and MCS was
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imprecisely estimated among White men (p =0.44; 95%CI: —0.03,0.90), while, Black women
benefited more from each year of education (interaction p =0.91; 95%ClI: 0.19,1.64). Similarly,
compared to socially advantaged groups, low cSES Blacks, and low and high cSES women
benefited more from each year of education, while immigrants benefited less from each year of
education.

Conclusions: If causal, increases in educational attainment may reduce some social inequities in

health.
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educational status; ethnic groups; immigrants; socioeconomic factors; health status disparities; sex

Introduction

Substantial evidence suggests education is an important social determinant of health over the
lifecoursel2, however, little work has examined potential differential returns to education by
sociodemographic factors such as sex, race / ethnicity, socioeconomic status, geography, or
immigration status. The implicit assumption in conventional analyses is that the effect of
education is homogenous across diverse demographic groups; in addition to being at odds
with current theories such as intersectionality3, there is also empirical evidence of
differential returns to education. For example, compared to men, women benefit more from
each year of education in predicting mental health®, while Black women benefit more than
Black men and Whites from increases in education quality in predicting blood pressure>.
Alternatively, Whites seem to benefit more than Blacks from education in predicting
obesity® and current smoking’, and the education-health gradient is flatter (i.e. lower health
returns to education) for Hispanics / Latinos82 and immigrants0 than for other groups.

Although relatively little work examines differential returns to education by
sociodemographic factors, we know health is strongly patterned by social factors such as
childhood SES (cSES), race / ethnicity, sex, geography, and immigration status. Research on
the “long arm” of childhood disadvantage demonstrates that individuals who experience low
cSES also have worse health in adulthood! and earlier mortality!2, suggesting it may not be
possible to fully ameliorate adverse exposures in early life. Racial disparities in a variety of
health outcomes are well documented3:14, Women tend to live longer than men15, however,
they experience worse mental health6. Health also varies by geography such that people in
rural areas experience worse health than those in urban areas!’, while individuals in the U.S.
South experience worse health than individuals in other areas of the country®, Finally,
health varies by immigration status such that Hispanic / Latino immigrants to the United
States have lower mortality than native-born Hispanics / Latinos920,

Motivated by the theories of resource substitution* and intersectionality3, we examine
differential returns to education by sex, race / ethnicity, cSES, geography, and immigration
status. Resource substitution suggests that individuals who are marginalized within society
will benefit more from education because they are prevented from accessing alternative
health-promoting resources such as power, authority, earnings, etc. (potential mediators of
the education-health relationship; Figure 1), making socially marginalized groups more
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dependent on the resources to which they do have access (e.g. education). Resource
substitution suggests socially vulnerable individuals will benefit more from each year of
education (i.e. have larger differential returns to education) than socially advantaged
individuals

Intersectionality offers a potential explanation for the non-additive effects of race and
gender3, such as prior work suggesting structural racism is particularly punishing for Black
men®21-24 Intersectionality theory formalizes the idea that the experience of being both
Black and male are unique from those of Blacks overall and males overall; that is, we cannot
sum the regression coefficients of “Black” and “male” to understand the experiences of
Black men. Given that race, sex, and socioeconomic status can intersect in complex
ways?>-27, we examine potential differential returns to education at the intersection of these
identities.

Understanding differential returns to education is important for identifying solutions to
health inequities. If certain vulnerable sociodemographic groups benefit more than socially
advantaged groups (i.e. high SES White men) from each year of education in predicting
health outcomes, programs and policies that increase educational attainment, such as Pell
Grants, could be a powerful mechanism to reduce health inequities. If, on the other hand,
certain sociodemographic groups benefit less then White men from each year of education in
predicting health outcomes, programs and policies that increase educational attainment may
lead to an exacerbation of health inequities.

Data come from the National Longitudinal Survey of Youth 1979 cohort; we use outcome
data through the 2014 wave of data collection (N = 7,071 eligible for analysis). We excluded
83 individuals who were missing data on the exposure (i.e. did not report their educational
attainment between ages 23— 25, see below for details), 74 who were missing data on the
outcomes, 743 who were missing data on one or more of the confounders, and 13
individuals who reported less than 7 years of education (to reduce the effect these outliers
would have on our results), yielding a total analytic sample of 6,158 (87.1%).

We operationalized education as the highest level completed by age 25 years (0 — 20 years of
education); if education was missing at age 25 (N = 683), we used highest level at age 24 (N
= 624), then age 23 (N = 59). Because we were interested in evaluating effect modification,
it was important to specify the best primary model for education. We considered several
options for operationalizing the associations between education and each outcome motivated
by prior literature, including nonparametric (i.e. an indicator variable for each year of
education), continuous, credentials (i.e. less than high school, high school graduate, college
graduate, etc.), and a spline with a knot at 12 years and allowing for a discontinuity at 16
years?®, We also evaluated a data-driven approach (one for each outcome, see Appendix
Figure 1 for details and plots) based on the mean outcome for each year of education = 7
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years (below 7 years were excluded due to data sparseness). The best model specification
was selected based on the lowest Bayesian information criterion (BIC) and Akaike
information criterion (AIC) for each outcome and interpretability (see Appendix Table 1 for
details). We operationalized education continuously for the physical health component
summary score (PCS), and used a data-driven approach for the mental health component
summary score (MCS), with education linearly related to MCS until 13 years of school, and
no additional benefit of education above 13 years (see Appendix Figure 1, and Appendix
Table 1 for more information).

Our primary outcomes were the physical health component summary score (PCS) and
mental health component summary score (MCS) from the 12-item short form survey
(SF-12), at age 50. These self reported measures of physical health include such questions as
(paraphrased): 1) Does your health now limit you from climbing several flights of stairs?
response options: yes, limited a lot; yes, limited a little; no, not limited at all; and 2) During
the past 4 weeks, how much of the time has your physical health or emotional problems
interfered with your social activities (like visiting with friends, relatives, etc.)? response
options: all of the time; most of the time; some of the time; a little of the time; none of the
time. Both measures were found to have good reliability (two-week test-retest reliability =
0.76) and validity2°. We present results from age 40 in the appendix (Appendix Tables 3 and
4). Both PCS and MCS are standardized such that numbers above 50 indicate better health
than the typical US respondent and numbers below 50 reflect poorer health than the typical
US respondent30,

Effect modifiers

Confounder

We examined demographic and geographic factors as potential effect modifiers of the
relationship between education and the PCS and MCS at age 50. The demographic effect
modifiers tested were female sex, race (hon-Hispanic White = ref, non-Hispanic Black,
Hispanic / Latino, and other Race / missing; Asians were combined with the other / missing
category due to small numbers, N = 38), and low cSES (mother’s education < 12 years;
results for father’s education < 12 years presented in the appendix). Because race, sex, and
socioeconomic status may have intersectional effects3, we examined combined race-sex,
cSES-sex, and race-cSES categories as potential effect modifiers. The geographic effect
modifiers tested were Southern birth!8, foreign birth (we refer to those who were born
outside the US as “immigrants”), and rural residence at age 1417. For all potential effect
modifiers, we also included main effect terms in the regression models. We set the most
socially advantaged group (i.e. high cSES White men) as the reference group for these
analyses to more clearly highlight differential returns among socially marginalized groups;
because each analytic model (detailed below) varies in the interaction terms included, the
interpretation of the main effect for education similarly varies across models.

In addition to the effect modifiers, we adjusted all models for birth year; birth year ranged
from 1957 to 1964.
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We used linear regression models to predict PCS and MCS adjusted for the confounder and
all effect modifiers. The base model included the main effects only. In separate models, we
then added twoway multiplicative interactions to the base model between education and: (1)
sex; (2) race; (3) low cSES; (4) immigrants; (5) Southern birth; (6) rural residence at age 14.
We next specified the intersectionality models, including indicator variables for each race-
sex (7), cSES-race (8), and cSESsex (9) combination, then added education interactions for
each race-sex (10), cSES-race (11), and cSES-sex (12) combination. All data cleaning and
analyses were performed in Stata 15. All models were weighted to the US population in
2014. In additional analyses to examine the potential impact of clustering on variance, we
estimated the design effect for all models to be < 9% (data not shown); therefore, no
additional variance adjustment was necessary. These analyses were determined exempt by
the University of California, San Francisco IRB.

Respondents were, on average, born in 1961 (Table 1), completed 13 years of education by
age 25, and most were White (76%). Almost 32% experienced low childhood SES, 32%
were born in the South, and 22% lived in rural areas at age 14. They reported similar
physical health to the typical person in the general US population (mean PCS = 50) and
reported better mental health than the typical person in the general US population (mean
MCS = 53). The mean educational attainment for each demographic subgroup is presented
in Appendix Table 2.

Differential returns to education

In main effects models, PCS (Table 2, base model) was predicted by years of education ( =
0.91; 95% ClI: 0.78, 1.04), female sex (B= -1.71; 95% CI: —2.25, —1.17), and low childhood
SES (B = 1.56; 95% CI: —2.25, —0.87). The interaction terms represent the additional
difference in PCS for each year of education; positive interaction terms indicate the
demographic group benefitted more from each year of education than the reference group
(the most socially advantaged), while negative interaction terms indicate the demographic
group benefitted less from each year of education than the reference group. In interaction
models, the estimated effect of each year of education was large among high cSES
respondents (B = 0.81; 95% CI: 0.67, 0.94), and larger among those who experienced low
cSES (interaction p = 0.39; 95% CI: 0.06, 0.72). Geographic factors did not modify the
relationship between education and PCS (Appendix Table 3). Results for PCS at age 40 were
similar Appendix Tables 5 and 6).

In main effects models, MCS (Table 3, base model) was predicted by years of education (p =
0.73; 95% CI: 0.44, 1.02), female sex (B = —2.39; 95% CI: -2.90, —1.89), race / ethnicity (B
for Hispanic Latino ethnicity = 1.17; 95% CI: 0.34, 2.00), low cSES (p = —0.61; 95% CI:
-1.24, 0.02), and birth year (p = 0.16; 95% CI: 0.04, 0.27). The effect of each year of
education was large among those born in the U.S. (B = 0.76; 95% ClI: 0.46, 1.05), but
smaller among immigrants to the US (interaction = —0.94; 95% CI: —-1.86, —0.02).
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Geographic factors did not modify the relationship between education and MCS (Appendix
Table 4). Results for MCS at age 40 were smaller in magnitude, but in the same direction
(Appendix Tables 7 and 8).

Intersectionality models

There was no evidence of differential returns in predicting PCS in models that examined
intersectional effect modification by sex and race / ethnicity (Table 4). However, in
predicting MCS, there was evidence of differential returns such that the association was
imprecisely estimated for White men ( = 0.44; 95% CI: —0.03, 0.90), while Black women
benefited from each year of education (interaction g = 0.91; 95% ClI: 0.19, 1.64). Similarly,
in intersectional models for effect modification by cSES and race / ethnicity, there was no
evidence of differential effects of education in predicting PCS; for MCS, on the other hand,
MCS improved with each year of education for high cSES Whites (B = 0.19; 95% ClI: 0.03,
0.35) and improved more for low cSES Blacks (interaction p = 0.61; 95% CI: 0.21, 1.00).
Finally, in intersectional models for effect modification by cSES and sex, there was no
evidence of differential effects of education in predicting PCS; in predicting MCS, there was
no relationship between education and MCS among high cSES men (B = 0.07; 95% CI:
-0.39, 0.54), however high cSES women ( = 1.32; 95% ClI: (0.46, 2.18)), and low cSES
women (B = 0.75; 95% CI: 0.01, 1.49), benefited from each year of education.

Discussion

Among a national sample of U.S. middle-aged adults, we found evidence that the benefits of
education for self-reported measures of physical and mental health differed across
sociodemographic groups. In terms of physical health, individuals who experienced
childhood socioeconomic disadvantage benefited more from each year of education than
socially advantaged groups. In terms of mental health, immigrants to the U.S. benefitted less
from each year of education while Black women, low cSES Blacks, and low and high cSES
women benefitted more than socially advantaged groups. These findings have implications
for addressing health inequities.

Work examining the Korean War and Vietnam War Gl Bills, which provided generous
college education subsidies to qualifying veterans, found that such education-promoting
policies predicted smaller socioeconomic disparities in physical3!, mental32, and cognitive33
health among older adults by disproportionately benefiting low cSES veterans. The current
findings are consistent with those results for physical health and extend results to a middle-
aged sample and more recent birth cohorts. This suggests that the disproportionate benefit
from educational attainment for low cSES subgroups is not isolated to specific birth cohorts
or age groups. Investing in programs and policies that facilitate increased educational
attainment among low cSES groups in the present may pay dividends towards a future with
smaller health inequities. Our results add additional weight to the argument that
interventions to increase educational attainment could be a powerful mechanism for
reducing health inequities among individuals who experienced socioeconomic adversity in
early life.
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We additionally found that immigrants to the US benefited less from each year of education
in terms of their mental health. These findings could reflect that immigrants to the US,
unlike their US-born peers, are made to navigate hostile environments, resulting in poorer
mental health®. The chronic stress of possible deportation could deteriorate the mental health
of immigrant communities as prior work suggests that immigration raids predict more stress,
poorer self-rated health34, and higher rates of low birth weight babies3> among remaining
community members following the raid. Our results may addtionally reflect that immigrants
to the U.S. are employed in higher stress jobs, which have been linked to poorer mental
health36, or that non-native English speakers gain less knowledge and skills from each year
of education, resulting in smaller health returns to education.

Finally, in intersectionality models, we found that Black women, low cSES Blacks, and low
and high cSES women benefited more in terms of their mental health from each year of
education than socially advantaged groups, suggesting that programs and policies to increase
educational attainment among these groups could reduce racial and socioeconomic
inequities in mental health. These findings are particularly important given that Black
women tend to have worse mental health than other groups3/—39. Our finding that certain
vulnerable subgroups benefit more from each year of education in terms of their mental
health suggests these groups may be leveraging the additional skills and resources that come
with each year of education to attain better mental health. These results are consistent with
previous findings that women?, low cSES groups31-33, and Black women® benefit more
from education in predicting health.

Our analyses were motivated by a conceptual model of multiple pathways through which
sociodemographic groups may be differentially impacted by educational attainment (Figure
1). Our findings that socially vulnerable groups (low cSES, Black women, low cSES Blacks,
and high and low cSES women) benefit more than socially advantaged groups from each
year of education is consistent with the resource substitution theory*. For example, resources
including education (quality or quantity), power, authority, earnings, and knowledge all
impact health such that more of these resources predicts better health. Socially marginalized
groups have less access to all of these resources compared to socially advantaged groups,
making marginalized groups more dependent on the resources to which they have access,
such as education. This may explain why we found that certain population subgroups benefit
more than socially advantaged groups from each year of schooling — because these resources
can substitute for each other, those who have limited access to alternative resources are more
dependent on education, and therefore they benefit more from each year of education*>.

Differences in access to resources exist because certain groups are marginalized within
society. We believe these larger societal determinants of health are the reason socially
marginalized groups have fewer alternative resources such as empowerment, knowledge, and
earnings. That is, we observe that socially marginalized groups benefit more from each year
of education in predicting health because, on a population-level, society has created
structural barriers to prevent them from accessing these healthpromoting alternatives.

We were surprised to find little evidence of a differential effect of education among Black
men given prior work suggesting the effects of structural racism are particularly damaging
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for Black boys?122 (i.e. we hypothesized that Black men would benefit less from each year
of education than other groups®23:24). It is possible that our self-reported outcome measures
were not sensitive enough to detect these changes, that health differentials among Black men
may not yet be detectable at age 50, or that the Black men most affected were excluded from
our sample due to incarceration or early mortality#?41. Our analysis included birth cohorts
from 1957 to 1964; substantial social changes associated with the Civil Rights Act of 1964
means these results may not be generalizable to older and younger populations. For these
reasons, repeating these analyses in other populations with measured health outcomes is an
important area forfuture research.

Limitations

There are some limitations to these analyses. Unmeasured confounding is a concern in this
observational study so causal inferences merit substantial caution. The broad demographic
categories we defined included heterogeneous individuals; for example, immigrants from
high-, medium-, and low income countries were modeled together with a single indicator
variable. All data were self-reported; repeating these analyses using objectively measured
data to evaluate differential returns to education on health conditions that may not yet be
noticed, and therefore cannot be self-reported, is an important area for future research.
Because data on the primary sampling units were not available, the standard errors are likely
biased downward; estimated design effects were small, suggesting clustering minimally
impacted variance. Our analyses examined quantity of education, so we cannot comment on
how variations in quality of education could impact these findings. Finally, we used a
complete case approach, meaning those with missing data on the exposure, outcomes, or
effect modifiers were excluded from analysis; prior work has argued that complete case
approaches can exclude the most socially vulnerable, potentially biasing estimates#2; given
that only 13% of the eligible sample were excluded due to missing data, we expect these
biases to be relatively small. Despite these limitations, our paper adds to the nascent
literature on differential returns to education among socially vulnerable subgroups and is
therefore an important contribution to the field.

Conclusion

We found that those who experienced socioeconomic adversity in childhood benefited more
from each year of education in predicting physical health, while Black women, low cSES
Blacks, and high and low cSES women benefited more from each year of education in
predicting mental health compared to socially advantaged groups. We also found that
immigrants benefited less from each year of education in predicting mental health compared
to those born in the U.S.. Our results suggest policies and programs that increase quantity of
education may help reduce population-level socioeconomic and racial health inequities. Our
results further suggest that policies and programs that increase quantity of education will not
reduce health inequities among immigrants. We suggest that these differential returns to
education exist because of differential access to alternative resources, making socially
marginalized groups more dependent on the resources to which they have access, such as
education. Replicating these analyses in independent data sources with different birth
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cohorts and populations would be informative to assess if these findings persist across time,
place, and population.
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PCS at 50 by education MCS at 50 by education
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Figure 1.

Scatterplots of mean PCS and MCS by each the highest grade attained at age 25

PCS appears to have a mostly linear relationship with education, although it may be flat
under 9 years. The “data driven” approach we tested for PCS is flat under 9 years, then
linear. For the MCS, the relationship with education is linear until 13 years, then flat, which
is the “data driven” approach we tested for MCS.
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Figure 1.
Pathways through which sociodemographic factors may lead to differential returns to

education

Figure adapted from Cohen and Syme 2013.

Differential returns to education may arise because groups that are socially marginalized due
to race / ethnicity, sex, childhood socioeconomic status (cSES), immigration status, and / or
geography have less access to important health-promoting alternatives to education (quality
or quantity), such as power, authority, earning, knowledge, etc., which are also potential
mediators of the education — health relationship. Lack of access to alternative health-
promoting resources may result in increased dependence on the resources to which one has
access (e.g. education), potentially contributing to larger returns to education for socially
marginalized groups.
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Table 1.
Distribution of variables (N = 6,158)

Variable Unweighted Weighted
N (%) / mean (SD) | % / mean
Birth year (mean, SD) 1960.7 (2.2) 1960.5
Educational attainment at 25 (years; mean, SD) 12.8 (2.1) 13.1
Female (N, %) 3,219 (52.3) 49.4

Race / ethnicity (N, %)
White 3,159 (51.3) 75.9
Black 1,888 (30.7) 13.4
Hispanic 847 (13.8) 45
Other race / missing 264 (4.3) 6.2
Low cSES (N, %) 2,616 (42.5) 318
Immigrant (N, %) 296 (4.8) 3.0
Southern birth (N, %) 2,348 (38.1) 315
Rural residence at age 14 years (N, %) 1,267 (20.6) 22.4

Outcomes

PCS at age 50 (mean, SD) 49.4 (10.0) 50.0
MCS at age 50 (mean, SD) 53.0 (8.8) 53.0

Low cSES is low childhood socioeconomic status, defined as mother’s educational attainment < 12 years (sensitivity analyses examine father’s

education < 12 years).

PCS is the physical health component summary score

MCS is the mental health component summary score

SD is standard deviation.
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