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Nontraditional education trajectories are common, but their inf luence on physical health is understudied. We
constructed year-by-year education trajectories for 7,501 National Longitudinal Survey of Youth 1979 participants
aged 14 to 48 years (262,535 person-years of education data from 1979 to 2014). We characterized trajectory
similarity using sequence analysis and used hierarchical clustering to group similar educational trajectories.
Using linear regression, we predicted physical health summary scores of the participants at age 50 years from
the 12-item Short-Form Survey, adjusting for available confounders, and evaluated effect modification by sex,
race/ethnicity, and childhood socioeconomic status. We identified 24 unique educational sequence clusters on the
basis of highest level of schooling and attendance timing. General education development credentials predicted
poorer health than did high school diplomas (β = −3.07, 95% confidence interval: −4.07, −2.07), and bachelor’s
degrees attained at earlier ages predicted better health than the same degree attained at later ages (β = 1.66,
95% confidence interval: 0.05, 3.28). Structurally marginalized groups benefited more from some educational
trajectories than did advantaged groups (e.g., Black vs. White Americans with some college; those of low vs.
high childhood socioeconomic status who received an associate’s or bachelor’s degree). Both type and timing of
educational credentials may inf luence physical health. Literature to date has likely underestimated the impact of
educational trajectories on health.

education; educational credential; educational timing; educational trajectories; sequence analysis

Abbreviations: AA, associate’s degree; AFQT, Armed Forces Qualification Test; BA, bachelor’s degree; cSES, childhood
socioeconomic status; GED, general education development; HS, high school.

Educational attainment predicts better health in nearly
every domain (1–4). The majority of health research oper-
ationalizes education using simple measures of either final
credential (e.g., less than high school (HS) vs. HS degree
or higher level of education) or total years of schooling.
However, given the numerous pathways through which edu-
cation is likely to influence health—including knowledge,
health behaviors, financial and occupational returns, pres-
tige, social networks, and social norms—additional aspects
of educational experiences may be relevant (5, 6). Despite
extensive research on education as a social determinant of
health, little is known about the health effects of factors such
as the timing of educational experiences (7). Educational tra-
jectories with periods when schooling was interrupted (e.g.,

started college, then took several years off before completing
degree), or delayed (e.g., several-year interlude between
HS completion and attending college) are often regarded
as nontraditional, but they are increasingly common (8, 9).
Differences in education timing may have relevance for
financial benefits, social networks and norms, or opportunity
costs associated with schooling.

Prior work suggests delayed or interrupted trajectories
predict lower educational attainment and degree completion
(8, 10, 11); however, little work has evaluated whether these
educational trajectories adversely affect health outcomes.
Furthermore, women, racially minoritized people, and
individuals who are socioeconomically disenfranchised are
more likely to follow nontraditional educational trajectories
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(10–17); evaluating the effects of educational timing,
therefore, is of special relevance to health inequities.

The literature on type of educational credential and health
indicate the general education development (GED) creden-
tial, although assumed to confer equivalent skills, predicts
poorer health than does a HS diploma in several dimen-
sions, including depression, cigarette smoking, cognition,
physical illness, and assessments of general health (18–25).
Notably, work on GED credentials and health is primarily
cross-sectional, resulting in ambiguous temporal ordering,
because a GED credential can be attained at later ages.
Studies using longitudinal data, in which GED credential
attainment precedes assessment of health outcomes, have
not examined whether GED credentials attained at later
ages confer the same health benefits as those attained at
earlier ages.

Women, racially minoritized people, and individuals who
are socioeconomically disenfranchised, among others, may
benefit more from education than might structurally advan-
taged groups from mechanisms such as increased access to
social, economic, and political agency that higher education
affords (26–30). However, differential relationships between
timing of educational attainment or type of educational
credential by sex, race/ethnicity, or childhood SES (cSES)
are understudied.

A challenge to understanding the relationship between
educational trajectories and health is characterizing the innu-
merable possible educational trajectories individuals follow
across the life course into a smaller, analytically tractable
number of exposure groups while retaining the substantive
differences between different trajectories. In this article, we
address this problem using sequence analysis and cluster
analysis to characterize the type and timing of educational
experiences and evaluate the association of educational tra-
jectories with general measures of physical health. As part of
our examination of the relationship between educational tra-
jectories and health, we evaluate a broad measure of health,
the physical health component summary score from the 12-
item Short-Form Survey, which is predictive of death and
hospitalizations (31). We also evaluate if the relationships
between education and physical health vary by sex, race/
ethnicity, and cSES.

METHODS

Sample

Exposure

Because few individuals have identical educational trajec-
tories, it is not meaningful to evaluate distinct associations
between each unique educational trajectory and physical
health. We sought a principled approach to quantify and
collapse similar sequences. We used the following 3 steps
to reduce the thousands of possible educational trajectories
from ages 14 to 48 years into an analytically tractable
number of similar sequences: 1) creation of individual edu-
cational trajectories; 2) sequence analysis to quantitatively
evaluate how trajectories differed; and 3) cluster analysis to
group similar trajectories.

Creation of individual education trajectories Each year of
respondents’ lives from age 14 years to 48 years was clas-
sified into 1) enrolled in HS; 2) not completed HS and
not enrolled in HS; 3) HS graduate, not enrolled in higher
education; 4) completed a GED credential and not enrolled
in higher education; 5) completed HS or a GED credential
and enrolled in higher education full-time; 6) completed HS
or GED credential and enrolled in higher education part-
time; 7) completed some college but not a college degree
and not enrolled in formal schooling; 8) completed an AA
and not enrolled in higher education; 9) completed a bach-
elor’s degree (BA) and not enrolled in higher education;
10) enrolled in or completed graduate school (we collapsed
across post-BA categories, because of data sparseness).

Sequence analysis: quantitative evaluation of how individ-
ual trajectories differed We calculated distances between
every pair of education trajectories observed (32) by quan-
tifying the “cost” to transform 1 education trajectory to
another via substitutions (i.e., changing 1 state to another
state; e.g., enrolled in HS to HS graduate) or insertions
or deletions (i.e., inserting or deleting a state to make 2
sequences equivalent). We used the mean probability dis-
tance to calculate costs, meaning more common transitions
(e.g., enrolled in HS to HS graduate) were assigned lower
costs than less frequent transitions (e.g., GED credential to
enrolled in college full-time). We used the Halpin optimal
matching algorithm (33), which accounts for amount of
time in each state (rather than treating each time point as
discrete), meaning if a respondent spent longer in a state,
transition to a different state had higher costs; this approach
differentiated those whose schooling was interrupted for a
few versus several years. We calculated distances between
every possible pair of trajectories in the data set; the result
was a square, symmetric distance matrix for all unique
educational trajectories.

As a robustness check, we also calculated costs using
dynamic hamming, an approach that applies lower substitu-
tions costs when transitions are more frequent (e.g., ages 18–
25 years) and does not include insertion or deletion costs. We
preferred the Halpin approach because dynamic hamming
often failed to capture increases in education that happen
later in life (see Web Figure 1 for dynamic hamming modal
plot).

Cluster analysis: grouping similar trajectories Weused clus-
ter analysis to group similar education trajectories together

Am J Epidemiol. 2020;189(11):1389–1401

National Longitudinal Survey of Youth 1979 participants
(aged 14–22 years at study initiation) were interviewed
annually until 1994 and biennially thereafter. We con-
structed education trajectories for each participant from
age 14 years through 48 years (n = 7,912). For individuals
who entered the study after age 14 years, we imputed their
educational trajectory from age 14 years until study entry, as
detailed in the data-cleaning rules explained in Web Table 1
(available at https://doi.org/10.1093/aje/kwaa150). After ex-
cluding 248 individuals with missing outcome data and 163
with missing data on 1 or more covariates, our final analytic
sample consisted of 7,501 participants (94.8%). Web Table
2 shows how included individuals differed from the full
cohort.

https://doi.org/10.1093/aje/kwaa150


Educational Trajectories and Physical Health 1391

on the basis of the distance matrix. We used agglomerative
clustering (all unique trajectories were initially considered
distinct clusters, then similar trajectories—based on the dis-
tance matrix—were sequentially clustered together until
only 1 cluster remained), with a Wards linkage to calculate
distance between clusters. The Wards linkage maximizes
similarities within clusters (i.e., minimizes the mean dis-
tance within the cluster) and maximizes mean differences
between clusters. We used the Duda-Hart cluster-stopping
rule, which maximizes distinct cluster structure (34), to help
determine the number of clusters. Others have suggested
cluster-stopping rules may result in a number of clusters that
are either too detailed or not detailed enough for analytic
purposes (35). Of particular concern is the potential to
miss important differences between educational groups if
power were reduced by subdividing a group into multiple
smaller subgroups; to address this concern, we retained
cluster solutions that produced more clusters, then examined
whether physical health associations were similar for the
same terminal state using F-tests; application of the F-test
is detailed in the Analysis section of Methods.

Outcome

The outcome for these analyses was the physical health
summary score from the 12-item Short-Form Survey
assessed at age 50 years. This self-reported measure is used
to assess whether physical health limits moderate activities
(e.g., moving a table, climbing stairs), pain interfered
with work, or activities were limited because of physical
health; poorer performance on the physical health summary
score is predictive of death and hospitalizations (31). The
measure has demonstrated good reliability (2-week test-
retest reliability ≥0.89) and validity (36). The National
Longitudinal Survey of Youth, 1979 cohort standardized
these data to a mean of 50 and a standard deviation of 10,
such that a score of 50 corresponds with the US average, and
a 1-point difference is a tenth of a standard deviation (37).

Effect modifiers

We evaluated self-reported sex (male vs. female), race/
ethnicity (White, Black, Latino, “other race/ethnicity”), and
cSES (high, low) as effect modifiers. Childhood SES was
operationalized as mother’s education being less than 12
years or as missing data versus 12 years or more of education
in primary analyses, consistent with prior literature (27,
28, 30) and because there were fewer missing data for
mother’s education than father’s education (6.4% of mothers
vs. 14.9% of fathers). Sensitivity analyses examined cSES
operationalized as father’s education being less than 12 years
or as missing data versus 12 years or more of education.
Because of small numbers and ambiguous interpretation,
results for the “other race/ethnicity” category are neither
presented nor discussed.

Confounders

We included the following potential confounders: birth
year, race/ethnicity (i.e., White, Black, Latino, Other), birth

in a southern state (38), birth outside of the United States,
rural residence at age 14 years, mother’s and father’s educa-
tion levels (centered at 12 years), indicators for unknown or
missing values of mother’s and father’s education (n = 436,
6.4% of mothers; n = 1,013, 14.9% of fathers), and the fol-
lowing variables for both parents when the respondent was
age 14 years: work for pay (yes/no), missing indicator for
parents worked for pay, occupation skilled versus unskilled
(dichotomized at 300 using 1970 3-digit census occupation
codes), and missing indicator for skilled occupation. We did
not include potential confounders that occurred after age
14 years in primary analyses, because they are potential
mediators of the education and health relationship; adjusting
for mediators may bias estimates (39).

In additional analyses, we adjusted for confounders that
were measured after age 14 years, the first age used to
construct the educational trajectories. These confounders
assessed if health either prevented the respondent from
working or limited the type of work the respondent could
engage in (as a proxy for childhood health, because direct
measures of childhood health were not collected; data
were from baseline or the first wave available), poverty
status (assessed in 1979, the year of study entry; therefore,
poverty was assessed after age 14 years for the respondents
older than 14 years at study entry), a missing indicator
for poverty status, and the Armed Forces Qualification
Test (AFQT) score (administered in 1981), which is
purported to reflect aptitude (40), and a missing indicator
for the AFQT (critiques of the AFQT argue it actually
measures characteristics such as wealth or English language
proficiency) (41–43). Because of the ambiguous temporal
ordering of these variables compared with the exposure
(educational trajectories from 14 to 48 years), results
adjusted for the childhood health proxy, poverty, and the
AFQT are reported in the Web material.

Analysis

We used linear regression to determine how different edu-
cational sequences predicted physical health at age 50 years,
adjusted for previously listed confounders. For any given
terminal credential (e.g., HS, AA, BA), we tested if physical
health was different based on the timing of degree comple-
tion, using the F-test to compare multiple point estimates;
if point estimates for the same terminal state were similar
(P > 0.2), we collapsed across sequences to improve inter-
pretability and our ability to detect meaningful differences
(e.g., if all sequences to attain a GED credential were similar
based on F > 0.2 in predicting physical health, we collapsed
across GED credentials sequences). As a robustness check,
we also examined cluster solutions, using the dynamic ham-
ming approach to calculate costs.

Effect modification was assessed using interaction terms
to determine if relationships between education trajectories
and physical health were meaningfully different. We also
conducted analyses stratified by the potential effect modi-
fiers for presentation in the figures; stratification variables
were not included as confounders.

Coding of data-cleaning rules, sequence-analysis imple-
mentation, and outcome regression were reviewed by a
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Figure 1. Individual-level educational trajectories represented in
the National Longitudinal Survey of Youth 1979 cohort (1979–2016)
from ages 14 to 48 years. Each individual is a row on the y-axis;
each year of life from ages 14 to 48 years is represented on the x-
axis. There were 7,912 individuals followed until age 48 years and
included in the sequence analysis. We categorized each year of life
from age 14 to 48 years (n = 35 years) into 1 of 10 mutually exclusive
states. Of a total possible 1035 educational trajectories, there were
3,185 unique educational trajectories. Our challenge was converting
these thousands of individual-level trajectories into a meaningful
and interpretable number of similar educational sequences. AA,
associate’s degree; BA, bachelor’s degree; GED, general educational
development; HS, high school.

second coder. All analyses were weighted to be nationally
representative, and all standard errors were adjusted for
the clustered sampling design of the National Longitudinal
Survey of Youth, 1979 cohort. Data cleaning and analyses
were performed using Stata (StataCorp LP, College Station,
Texas) (15).

RESULTS

Educational sequences

Using sequence analysis and cluster analysis, we col-
lapsed the 3,185 unique, individual-level educational trajec-
tories (Figure 1) into 24 clusters (i.e., sequences; Web Figure
1). We refer to these clusters by both the terminal degree
and the timing of degree completion, as follows: immediate,
indicating continuous enrollment in education until terminal
degree attainment; interrupted, indicating the respondent
started schooling toward a degree but experienced a period
out of school before completing the degree; or delayed,
indicating several years with 1 credential before initiating
schooling for another credential. After collapsing sequences
within the same terminal state that were substantively sim-
ilar, based on F-tests, we retained 10 sequences: 1) less
than a HS education; 2) HS education; 3) GED credential;
4) some college after a GED credential; 5) some college (all
other trajectories); 6) AA after less than a HS education;
7) AA (all other trajectories); 8) BA immediate; 9) BA inter-
rupted; and 10) graduate school (Figure 2). Women, White

Americans, those from higher cSES backgrounds, those
with higher AFQT results, and those from lower poverty
backgrounds were better represented in higher education
trajectories (Table 1).

Overall results

Higher educational attainment predicted better physical
health (Figure 3). Compared with those with a HS diploma
and no more schooling (the most common sequence), the
following groups reported poorer physical health: less than
HS (β = −4.69, 95% CI: –6.10, –3.28); GED credential
(β = −3.07, 95% CI: –4.07, –2.07); some college after a GED
credential (β = −3.37, 95% CI: –5.50, –1.24), and those who
completed an AA after less than a HS level of education
(β = −6.94, 95% CI: –11.56, –2.31). Compared with those
with a HS diploma, the following groups reported better
physical health: BA immediate (β = 2.64, 95% CI: 1.90,
3.38) and graduate school (β = 2.68, 95% CI: 1.84, 3.51).
Those with a GED credential reported slightly better physi-
cal health than those with less than a HS education (β = 1.62,
95% CI: –0.09, 3.34). For context, a 5-unit difference in the
physical health component summary score, approximately
the difference between less than a HS education and HS, is
equivalent to aging between 10 and 20 years (44, 45).

Physical health at age 50 years differed between people
who took different paths to the same final credential. For
example, those who completed some college after a GED
credential reported worse physical health than all other
“some college” sequences (β = −2.78, 95% CI: –4.91,
–0.66); similarly, those who completed an AA after having
less than a HS level of education reported worse physi-
cal health than those who completed other AA trajectories
(β = −7.63, 95% CI: –12.29, –2.97). Respondents who
received a BA immediately reported better physical health at
age 50 years than those whose BA trajectory was interrupted
(β = 1.66, 95% CI: 0.05, 3.28).

Effect modification

Sex modified the relationship between educational se-
quences and physical health (Figure 4) such that some col-
lege predicted poorer health for women than men (n = 715
women; β = −1.41, 95% CI: –2.95, 0.13). Race modi-
fied the relationship between educational trajectories and
physical health (Figure 5) such that some college predicted
better health for Black Americans than for White American
(n = 473 Black Americans; β = 1.90, 95% CI: 0.10, 3.71);
relationships were in the same direction for Black Ameri-
cans with less than a HS education (n = 252; β = 2.62; 95%
CI: –0.16, 5.41), a GED credential (n = 330; β = 1.99, 95%
CI: –0.05, 4.03), and graduate school (n = 216; β = 1.50, 95%
CI: –0.24, 3.24), Latino Americans with some college after
a GED credential (n = 201; β = 3.72, 95% CI: –0.64, 8.13),
and AA after less than a HS education (n = 27; β = −7.47,
95% CI: −0.26, 15.21), although confidence intervals just
included the null. Childhood SES modified the relation-
ship between educational trajectories and physical health
(Figure 6) such that respondents with low cSES who attained

Am J Epidemiol. 2020;189(11):1389–1401
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Figure 2. Visual representation of the 10 educational sequences from ages 14 to 48 years used to predict physical health at age 50 years in
the National Longitudinal Survey of Youth 1979 cohort (1979–2016). We collapsed the 24 educational sequences from the cluster analysis (Web
Figure 1) based on F-test results indicating point estimates were similar for the same terminal educational state (e.g., the 4 GED trajectories
were not different, so they were collapsed into 1 GED trajectory). The result was 10 educational sequences: A) less than HS; B) HS; C) GED
credential; D) some college; E) some college after a GED credential; F) AA; G) AA after less than a HS education; H) BA immediate; I) BA
interrupted; and J) graduate school. AA, associate’s degree; BA, bachelor’s degree; GED, general educational development; HS, high school.

an AA (n = 418; β = 2.51, 95% CI: 0.75, 4.28) or BA immedi-
ately (n = 169; β = 1.94, 95% CI: 0.26, 3.61) reported better
health at age 50 years than respondents who had high cSES.

Robustness checks

Point estimates were in the same direction and our main
findings were unchanged using all 24 educational trajecto-
ries recommended by cluster analysis (Web Figure 2), using
clusters from the dynamic hamming approach to calculate
costs (Web Figure 3), after additional adjustment for the
childhood health proxy (Web Table 3), poverty and AFQT
(Web Figure 4), with cSES operationalized as father’s edu-
cation (Web Figure 5), and after multiple imputations (Web
Table 5).

DISCUSSION

Higher educational attainment generally predicted better
physical health at age 50 years among National Longitu-
dinal Survey of Youth 1979 participants; however, health
depended not only on the final credential but on credential
type, timing, and the trajectory taken to attain the final
credential. Respondents who attained GED credentials aver-
aged poorer physical health at age 50 years than those with
a HS diploma. Education completed at younger ages tended
to confer greater health benefits than education completed

later in life, and individuals who exited high school without
a diploma reported poorer physical health in adulthood than
those who completed HS, even if they went on for addi-
tional schooling later in life; these relationships were only
identifiable because of our use of sequence analysis. Rela-
tionships varied by sex, race/ethnicity, and cSES: racially
minoritized participants benefitted more from educational
attainment than structurally advantaged groups (i.e., White
Americans and those from high cSES backgrounds), even if
they followed nontraditional trajectories.

Our results, consistent with prior evidence (18–20, 25),
suggest health researchers should not conflate GED creden-
tials with HS diplomas. Recipients of a GED credential often
have similar health as those who did not complete HS; poten-
tial explanations suggest the GED credential may confer less
social capital (46) or may be differentially valued in the labor
market (47). Major public health surveillance studies, such
as the National Health and Nutrition Examination Survey
and the Behavioral Risk Factor Surveillance Surveys, either
have historically (the former) or continue (the latter) to
categorize HS diplomas and GED credentials together (18).
Aggregating the GED and high school diploma credentials
under the assumption that they confer equivalent benefits
masks important heterogeneities.

Our work also demonstrates the relevance of timing:
educational credentials attained at later ages appear to offer
fewer health benefits than credentials attained earlier. In pre-
dicting physical health, those whose educational trajectory
to a BA was interrupted had poorer physical health than

Am J Epidemiol. 2020;189(11):1389–1401
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those who received a BA immediately. This is consistent
with the very limited prior work in this area (48). We also
found that the educational trajectory to the final credential
matters, such that those who drop out of high school do not
attain health parity with those who have HS diplomas, even
if they attain post-HS education. These results suggest the
conventional approach of operationalizing education on the
basis of final credential obscures meaningful heterogeneities
in educational trajectories.

Future research should explore why timing matters. De-
layed receipt of a credential may be a marker of marginaliza-
tion: individuals who complete a BA at later ages may come
from more structurally marginalized backgrounds compared
with those who complete a BA directly after HS, creating
confounding. The credential itself may be valued less in
the labor market when received later, or there may be high
opportunity costs to pursuing additional schooling later in
adulthood. Individuals who return to school after an inter-
ruption may juggle additional demands, such as child care
or paid work, making the process of schooling itself partic-
ularly aversive (49). The opportunity cost of degree comple-
tion later in adulthood may offset any physical health advan-
tage conferred by the degree. Alternatively, respondents who
had interrupted schooling before attaining a BA may not
have been followed long enough to present health benefits
but may manifest advantages later in life.

With the exception of Black Americans, no groups ben-
efited from completing some college if it did not culmi-
nate in a degree, suggesting that educational initiatives that
recruit individuals into college without providing support
for degree completion are unlikely to benefit health. Future

work should evaluate if these findings are causal (e.g.,
completing some college results in the accrual of debt with-
out an increase in salary, harming health) or are due to
confounding (e.g., structurally marginalized groups or those
with lower skills begin but do not complete college). The
finding that Black Americans benefitted from some college
compared with getting a HS diploma, whereas all other
groups either did not benefit or were harmed, may speak
to the uniquely minoritized experience of Black Americans
in American society. That is, because Black Americans are
uniquely minoritized (e.g., targeted by anti-Black racism),
the agency and access conferred by “some college” tra-
jectories may provide consequential benefits, though still
insufficient to attain the health returns of degree completion
(27, 50). Chance is an alternative explanation for these
findings.

Across the range of educational trajectories, the health
benefits of education are especially pronounced among
structurally marginalized groups, such as racially minori-
tized participants and those from low cSES backgrounds
compared with socially advantaged participants. This
was true even when participants followed nontraditional
trajectories. Our results add to a growing body of literature
suggesting structurally marginalized groups benefit more
from education than do socially advantaged groups and
suggest education may be a means to increase access to
the social, economic, and political agency from which struc-
turally marginalized populations have been systematically
excluded (26–30). Thus, policies and programs to increase
educational attainment among these groups in particular,
such as the Pell Grant program (51) or affirmative action

Figure 3. Coefficient plots for the association between educational trajectories from ages 14 to 48 years and physical health at age 50 years
compared with respondents who completed high school only in the National Longitudinal Survey of Youth 1979 cohort (1979–2016). Overall,
physical health was patterned such that higher educational attainment predicted better health. Physical health varied by type of educational
credential such that GED credentials did not confer the same health benefits as a high school diploma. Physical health varied by trajectory to
final credential such that those who followed most some college trajectories had better physical health than those who received some college
after a GED credential; similarly, those who followed most AA trajectories had better physical health than those who received an AA after less
than a high school education. Physical health also varied by timing of educational attainment such that those who received a BA immediately
had better physical health at age 50 years than those whose BA trajectory was interrupted. Results are adjusted for birth cohort, race, birth in
a southern state, birth outside the United States, rural residence at age 14 years, parental education, if parents worked for pay, and parental
occupation. AA, associate’s degree; BA, bachelor’s degree; CI, confidence interval; GED, general educational development.

Am J Epidemiol. 2020;189(11):1389–1401



Educational Trajectories and Physical Health 1397

Figure 4. Coefficient plots for the association between educational trajectories from ages 14 to 48 years and physical health at age 50 years
compared with respondents who completed high school only among A) men and B) women in the National Longitudinal Survey of Youth 1979
cohort (1979–2016). Stratified results are presented. Having some college predicted poorer physical health at age 50 years for women than
men; all other relationships between educational trajectories and physical health did not meaningfully differ by sex. Results are adjusted for birth
cohort, race, birth in a southern state, birth outside the United States, rural residence at age 14 years, parental education, if parents worked for
pay, and parental occupation. AA, associate’s degree; BA, bachelor’s degree; CI, confidence interval; GED, general educational development.

programs (52, 53), could be powerful mechanisms to reduce
racial and socioeconomic health inequities.

Nearly all health outcomes are strongly patterned by edu-
cational attainment, a relationship that has remained robust
across time, disease conditions, and populations (54). Huge
investments in increasing educational attainment have been
made in the United States and globally over the past century.
These investments may reduce inequities, but our findings
suggest that to redress inequity, we need a better under-
standing of what types of educational experiences improve
health. This is especially important for developing struc-
tural interventions to improve the health of women, racially
minoritized groups, or first-generation college students who
are more likely to experience nontraditional educational
trajectories (12–16).

There are limitations to these analyses. All data are self-
reported. The available health measures may not be sen-
sitive to health conditions that have not yet developed,
remain asymptomatic at age 50 years, or are undiagnosed;
however, finding meaningful differences in this relatively
young and healthy cohort suggests health differentials could
become even wider with age. Residual confounding is a
concern in this observational analysis; although our substan-
tive research questions are clearly causal, strong, untestable
assumptions are needed for causal inference. These results
may not generalize to more recent cohorts, because of sec-
ular changes in education over time. Our results should be
confirmed in other data sources.

To our knowledge, this is the first analysis to rigor-
ously examine the combined consequences of different types

Am J Epidemiol. 2020;189(11):1389–1401
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Figure 5. Coefficient plots for the association between educational trajectories from ages 14 to 48 years and physical health at age 50 years
compared with respondents who completed high school only among A) White Americans, B) Black Americans, and C) Latino Americans in the
National Longitudinal Survey of Youth 1979 cohort (1979–2016). Stratified results are presented. Some college predicted better physical health
at age 50 years for Black Americans than for White Americans. Findings were similar, although interaction models included the null, for Black
Americans in the following educational trajectories: less than high school education, GED credential, graduate school; and for Latino Americans
in the following educational trajectories: some college after GED credential, and AA after less than high school education. Results are adjusted
for birth cohort, race, birth in a southern state, birth outside the United States, rural residence at age 14 years, parental education, if parents
worked for pay, and parental occupation. AA, associate’s degree; BA, bachelor’s degree; CI, confidence interval; GED, general educational
development.
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Figure 6. Coefficient plots for the association between educational trajectories from ages 14 to 48 years and physical health at age 50 years
compared with respondents who completed high school only among those from A) high childhood socioeconomic (cSES) backgrounds and
B) low childhood socioeconomic backgrounds in the National Longitudinal Survey of Youth 1979 cohort (1979–2016). Stratified are results
presented. Low cSES respondents who attained AAs or BAs immediately had better physical health at age 50 years than high cSES respondents.
Results are adjusted for birth cohort, race, birth in a southern state, birth outside the United States, rural residence at age 14 years, parental
education, if parents worked for pay, and parental occupation. AA, associate’s degree; BA, bachelor’s degree; CI, confidence interval; GED,
general educational development.

and timing of educational credentials for health. Despite
strong theoretical reasons to question whether alternative or
delayed credentials would have the same benefit as tradi-
tional timing to credential, there has been little empirical
evaluation of these questions. Nearly all educational pro-
grams focus on promoting school attendance and credential
attainment, without attention to the timing of the credential.
Many programs, such as for-profit colleges, promote college
enrollment but confer limited labor market mobility and
saddle students with debt (55). Evaluating whether health
benefits depend on educational timing has substantial policy
relevance. A challenge has been characterizing thousands of
possible educational trajectories across the life course into
a smaller, analytically tractable number of exposure groups.

We addressed this problem using sequence analysis, which
led to unique insights such as situations in which the timing
of schooling differentially predicts health for individuals
who receive the same final credential; conventional analyses
of terminal state would miss the importance of life-course
educational trajectories.

As delayed or interrupted educational trajectories become
more common in the United States, particularly among
structurally marginalized groups, examining the associa-
tions between such educational trajectories and health is a
critical research domain. Without evidence on the health
effects of educational experiences as lived by contempo-
rary cohorts, we cannot provide relevant policy guidance or
anticipate health inequities. Our findings suggest that the
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literature to date has likely underestimated the impact of
heterogeneous educational trajectories on population health
and health inequities.
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