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Abstract

Background: Understanding the relationship between increasing educational attainment and mortality reduction
has important policy and public health implications. This systematic review of the literature establishes a taxonomy
to facilitate evaluation of the association between educational attainment and early mortality.

Methods: Following PRISMA guidelines, we searched Ovid Medline, Embase, PubMed and hand searches of references
for English-language primary data analyses using education as an independent variable and mortality as a dependent
variable. Initial searches were undertaken in February 2015 and updated in April 2016.

Results: One thousand, seven hundred and eleven unique articles were identified, 418 manuscripts were screened
and 262 eligible studies were included in the review. After an iterative review process, the literature was divided into
four study domains: (1) all-cause mortality (n = 68, 26.0%), (2) outcome-specific mortality (n = 89, 34.0%), (3) explanatory
pathways (n = 51, 19.5%), and (4) trends over time (n = 54, 20.6%). These four domains comprise a novel taxonomy
that can be implemented to better quantify the relationship between education and mortality.

Conclusions: We propose an organizational taxonomy for the education-mortality literature based upon study
characteristics that will allow for a more in-depth understanding of this association. Our review suggests that
studies that include mediators or subgroups can explain part, but not all, of the relationship between education and
early mortality.

Trial registration: PROSPERO registration # CRD42015017182.
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Background
There are increasing disparities in socioeconomic status
within and across populations [1]. These disparities are
intricately linked to inequalities in health and health-
related outcomes [2–4]. Education is an important indi-
cator of socioeconomic status (SES), as it is completed
early in the life course, usually fixed after a certain age,
and associated with subsequent income, employment,
social networks, and behaviors [5]. Increasing educa-
tional attainment is associated with better health out-
comes and delayed mortality [5–8]. Therefore, an
understanding of the specific role of education as both a

potential lever to reduce socioeconomic inequality and
to improve health outcomes is important for policy
makers and public health officials. Despite the large body
of literature supporting the association between educa-
tion and health, the specific magnitude of this relation-
ship is unknown.
Understanding the independent association between

education and mortality is complex. While educational
attainment is influential in determining occupation and
income, separating the unique and specific educational
effect from the broader socioeconomic relationship be-
tween education and health is challenging. Increasing
education impacts availability of resources, self-efficacy,
and opportunities for both individuals and communities
[5]. Many of the suggested mechanisms through which
education and SES impact health are often intricately
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linked to education itself. It is difficult to ascertain if
education entirely operates through these mediation
pathways, or if there is a separate benefit linked to edu-
cation after accounting for these contributing factors.
Education also has differential effects across the school-
ing spectrum. For example, Montez et al. have shown
that the mortality association with education does not
merely equate to sum of years in school, but is related to
achieved credentials [9]. However, education provides
more than a certificate. To understand the full impact of
education on mortality, it is important to consider not
only the material rewards that flow from the certification
necessary for employment, but also the cognitive re-
sources that may be more difficult to measure [10].
The complexities in establishing the independent and

adjusted effects of education have made it difficult to
synthesize and quantify the precise relationship between
increasing educational attainment and mortality. Under-
standing education’s independent effects are critically
important as policy makers design and fund resources to
mitigate health disparities, particularly disparities in
early mortality. To bridge this gap, we conducted a com-
prehensive systematic review of the education-mortality
literature. In doing so, we discovered significant vari-
ation in study designs, populations, and outcomes. Be-
cause of this variation, many of the studies evaluating
the association between education and mortality are not
directly comparable. Therefore, we constructed a novel
taxonomy of all studies evaluating education and mortal-
ity. Our taxonomy groups studies by similarity in study
design and provides the necessary framework to formally
compare studies so as to quantify the relationship be-
tween increasing education and mortality reduction.

Methods
We followed PRISMA recommendations when performing
this review (Additional file 1: Figure S1) [11]. The study
protocol was registered with the PROSPERO register of
systematic reviews (registration # CRD42015017182).

Search strategy
We searched PubMed and Embase from database incep-
tion (1950, 1947 respectively) to April 2016 to identify
relevant articles examining the association between edu-
cational attainment and mortality. Articles were re-
trieved from electronic searches, as well as by a manual
hand search of bibliographies within eligible papers. We
also contacted experts in education and mortality re-
search for additional unpublished articles. Studies in-
volving child mortality, maternal mortality, or perinatal
mortality were excluded, as this review is focused on the
association of completed education with mortality. We
excluded conference proceedings and abstracts. The
search was limited to articles published in the English

language. The initial database search resulted in 1711 ti-
tles. Details regarding the search strategy are available in
the Additional file 2: Figure S2.

Study selection and eligibility criteria
Three reviewers (RP, MH and EB) independently
screened all titles and abstracts identified from the lit-
erature search for relevance. Full paper manuscripts
were then independently reviewed for eligibility. Any dif-
ference of opinion was adjudicated by a fourth author
(VC). Studies were included if they (a) reported mortal-
ity as a main outcome; (b) included educational attain-
ment as an independent variable when performing
statistical analyses; (c) represented a primary data ana-
lysis of individual level data, as opposed to aggregate
data, such as county or national level data; and, (d) re-
ported the independent association of educational at-
tainment on mortality. We excluded studies if they: (a)
were not original research (i.e., discussions, editorials,
reviews, or descriptions of causal pathways); (b) were
validation studies of explanatory models; (c) used esti-
mated or simulated population data, such as life tables
or life expectancy; or (d) included education as a con-
founder, not a main predictor in the analysis (Fig. 1).
After applying these criteria, 262 studies remained and
were included in the review.

Data extraction and quality assessment
Data from studies meeting inclusion criteria were en-
tered by two authors (RP and MH) into an electronic
study abstraction template modeled after the Cochrane
Collaboration [12]. The abstraction template included
how the educational attainment variable was used: either
as a continuous, categorical or dichotomous variable.
Quality assessment and risk of study bias were assessed
using the Downs and Black tool as recommended by the
Cochrane Collaboration [12]. This tool produces a score
(max = 14) for methodological quality by asking 14
questions in four categories (reporting, external validity,
internal validity/bias, and internal validity/confounding).
As none of the included studies were randomized due to
the cohort and cross-sectional nature of the evidence,
questions regarding randomization were removed from
the tool for all studies. Studies receiving a score of ten
or above were considered to be at low risk of bias
whereas studies scoring nine or below were considered
to be at high risk of bias. Studies at high risk of bias
were excluded from the presented results.

Taxonomy Development & Validation
We used an inductive thematic and analytic approach to
develop a taxonomy to describe, classify and assess the
evidence evaluating the association between educational
attainment and mortality [13]. All included studies were
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classified according to this taxonomy and placed into
specific domains. As full text review was performed dur-
ing abstraction, the authors used an iterative approach
to determine domains for the final taxonomy. A priori,
domains were developed based on study design (e.g.,
longitudinal survey data collection, census), analytical
approach (e.g., multivariate regression, cox proportional
hazards, age-standardized mortality rates), and outcome
measures (e.g., all-cause mortality, cause-specific mortal-
ity, mortality rate changes) specific to each study. Each
article was evaluated for these items and assigned a pri-
mary domain.
Final domains for classifying studies of the association

between educational attainment and mortality are as fol-
lows: (1) all-cause mortality studies, (2) outcome-specific
mortality studies, (3) studies that proposed an explanatory
pathway, and (4) studies that reported trends in the
education-mortality association over time. The all-cause
mortality category was comprised of studies primarily fo-
cused on the association between education and all-cause
mortality using nationally and internationally representa-
tive samples. These studies also included evaluations of
the association of socioeconomic status and mortality, but
only if education was included as an independent pre-
dictor and effects attributable to education were reported
in study results. Outcome-specific mortality studies com-
prised those examining the association between education

and cause-specific mortality (e.g., death from cardiovascu-
lar disease or cancer). Explanatory pathway studies
explicitly evaluated the roles of behavioral, social or envir-
onmental factors that might mediate the education-
mortality relationship (e.g., whether differences in
smoking or alcohol consumption by educational attain-
ment accounted for the association of education and
mortality). We included studies assessing behavioral, psy-
chosocial, cognitive, genetic and environmental mediators
of the education-mortality relationship in this domain. Fi-
nally, studies included in the trends over time domain
were those that examined population level changes in the
association between mortality and educational attainment
over time. Compared to other categories, these studies
were unique in that their statistical analyses were pre-
sented as a change in hazard rate, risk rate or mortality
rate between two specified periods.
When studies met criteria for two or more domains, we

assigned a primary domain based on the (1) methodology
and (2) reported primary outcome. For instance, a study
evaluating changes in lung cancer mortality over time was
primarily categorized as a trend over time study based on
the statistical analysis, but secondarily categorized as an
outcome specific-study as cause-specific mortality was
measured. For the purposes of this systematic review, we
included each study only once in its primary categorization.
The overlap of assigned domains was evaluated for

Fig. 1 PRISMA Study Flow Diagram. Flow chart for included and excluded studies for this review
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common themes in the study design and ultimately col-
lapsed into final consensus categories [14].

Results of the education/mortality association
The nature of the association between mortality and
education was defined as being either “significant”,
“mixed,” or “not significant” for each included study.
These determinations were made independently by au-
thors (EB, MH) based on the presence of a statistically
significant association (p ≤ 0.05) between education and
mortality in the presented results and tables. Studies
where all results and tables had a statistically significant
association between mortality and education (ie p ≤ 0.05
or CI did not cross 1) were considered to have a “signifi-
cant” outcome. Significant studies included those with
either direct or inverse relationships between education
and mortality [15]. Included studies were considered to
have a “mixed” association if some of the final results in-
cluded a statistically significant association (p ≤ 0.05) be-
tween education and mortality, while some of the results
did not maintain statistical significance (p > 0.05). For
example, many of the studies reported results stratified
by gender. In doing so, the results for the female group
may not have shown a statistically significant association
between education and mortality (p > 0.05), while results
for the male group remained significant [16–19]. Studies
with no significant association were those with no statis-
tically significant association between the education vari-
able and the mortality in all results (p > 0.05).

Statistical analysis
Owing to substantial heterogeneity across the included
studies, formal meta-analyses were not attempted. Rather,
descriptive statistics were used to summarize the findings
of the included studies and the proposed taxonomy.
This study was deemed exempt from the University of

Michigan Institutional Review Board.

Results
From the 1711 titles generated from our initial search, 418
papers were included for full text review and 262 met final
inclusion criteria (Fig. 1). A total of 68 (26.0%) studies were
included in the all-cause mortality domain, 89 (34.0%) in
the outcome-specific mortality domain, 51 (19.5%) in the
explanatory pathways domain, and 54 (20.6%) in the trends
over time domain. Of all the studies included, 96 (36.6%)
showed a statistically significant association between edu-
cational attainment and mortality (Table 1).
To validate our taxonomy, (and ensure no substantial

overlap between categorization of articles), we created a
validation matrix (Table 2). The validation matrix quan-
tified the number of articles with primary and secondary
categorizations and also evaluated the studies catego-
rized in more than one domain by assessing the off-

diagonal. Our categorization resulted in 214 (81.7%) of
all articles categorized under a single domain, with 48
(18.3%) having a secondary domain. This suggests our
identified domains are not redundant and delineate dis-
tinct study types.

Results by taxonomy category
All-cause mortality
Of the 262 studies included in our systematic review, 68
(26.0%) examined the association between education and
all-cause mortality. This domain included the largest
number of U.S. based studies (n = 24, 35.6%); other re-
gions included Europe (n = 30, 44.1%), Asia (n = 11,
16.2%) and South America (n = 1, 1.5%). Of the 68 stud-
ies included in this domain, 24 studies (35.3%) demon-
strated a statistically significant association between
educational attainment and mortality. The majority of
studies in this domain showed statistically mixed results
(n = 30 studies, 44.1%), analysis stratified by gender,
race/ethnicity, or age often contributed to non-
significant associations between educational attainment
and mortality for some studies, especially those that
used education as a categorical variable. Subgroup ana-
lysis varied widely in this cohort of studies, including
subgroup analysis based on geographic location, cause of
death, biometric data, or socio-demographics. Loss of
statistical significance between educational attainment
and mortality was also common in the studies that per-
formed study-specific subgroup analysis. A statistically
significant association was reported when comparing
groups with the highest versus the lowest educational
attainment while those with intermediate levels of edu-
cational attainment frequently had no statistically signifi-
cant mortality benefit when compared to those at the
extremes. This was also observed in studies that strati-
fied by age, where age effects in older subgroups trended
towards a non-significant association between educa-
tional attainment and mortality and in studies that
included cause-of-death subgroup analysis. Additional
file 3: Table S1 provides details on all of the studies cate-
gorized as all-cause mortality.

Outcome-specific mortality
This was the largest domain in the taxonomy and
included 89 (34.0%) studies whose dependent variable
was cause-specific mortality. Examples of outcome-
specific studies include those evaluating the association
between educational attainment and death from cancer,
cardiovascular disease, accidental deaths, alcohol and
drug-related deaths, stroke, post-operative mortality,
diabetes-related diseases, dementia, rheumatologic dis-
ease, liver and gastrointestinal disease, end stage kidney
disease, infectious diseases, or trauma (Additional file 3:
Table S2). The cause of death in 25 of the studies in this
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domain was cancer (28.1%). Many of the papers included
covariates beyond age, gender, education and other
demographic or socioeconomic indicators. For instance,
studies evaluating cardiovascular disease also often ad-
justed for confounders such as body mass index, systolic
blood pressure, glycosylated hemoglobin or lipodensity
protein level. The majority of studies in this domain
showed a statistically significant association between
education and mortality (n = 35/89 39.3%), while 27
studies (30.3%) had mixed results. Common reasons for

loss of statistical significance in outcome specific studies
included subgroup analysis by different cancer types, use
of education as a categorical variable or analysis strati-
fied by gender.

Trends over time
Fifty-four studies (20.6%) evaluated differences or rate
changes between education and mortality over time.
While these studies often used similar statistical methods,
(e.g., changes in age-standardized mortality rates) to assess

Table 1 Characteristics of included studies (By taxonomy)

Primary Domainsa

All-Cause Mortality Outcome Specific Trends Over Time Explanatory Pathways Total

n = 68(%) n = 89(%) n = 54 (%) n = 51 (%) 262

Year of publication

Before-1990 4(5.9) 2(2.2) 1(1.9) 1(2.0) 8(3.1)

1991–2000 10(14.7) 15(16.9) 2(3.7) 6(11.8) 33(12.6)

2001–2010 40(58.8) 31(34.8) 20(37.0) 20(39.2) 111(42.4)

2011-present 14(20.6) 41(46.1) 31(57.4) 24(47.1) 110(42.0)

Study Population

Survey/Longitudinal 28(41.2) 39(43.8) 3(5.6) 26(51.0) 96(36.6)

Census data 39(57.4) 38(42.7) 51(94.4) 24(47.1) 152(58.0)

Other 3(4.4) 14(15.7) 0(0.0) 1(2.0) 18(6.9)

Study Design

Cohort 48(70.6) 73(82.0) 25(46.3) 42(82.4) 188(71.8)

Cross-sectional 19(27.9) 15(16.9) 28(51.9) 6(11.8) 68(26.0)

Mixed methods 1(1.5) 1(1.1) 1(1.9) 3(5.9) 6(2.3)

Region of Study

North America 27(39.7) 24(27.0) 19(35.2) 9(17.6) 79(30.2)

U.S. 24(35.6) 21(23.6) 19(35.2) 9(17.6) 73(27.9)

South America 1(1.5) 2(2.2) 2(3.7) 1(2.0) 6(2.3)

Europe 30(44.1) 51(57.3) 29(53.7) 35(68.6) 145(55.3)

Asia 11(16.2) 14(15.7) 4(7.4) 6(11.8) 35(13.4)

NZ/Australia 0(0.0) 3(3.4) 2(3.7) 1(2.0) 6(2.3)

Africa 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Number of Countries

Single 65(95.6) 78(87.6) 50(92.6) 47(92.2) 240(91.6)

Multiple 3(4.4) 11(12.4) 4(7.4) 4(7.8) 22(8.4)

Educational Association

Significant 24(35.3) 35(39.3) 26(48.1) 11(21.6) 96(36.6)

Mixed 30(44.1) 27(30.3) 16(29.6) 27(52.9) 100(38.2)

Not Significant 15(22.1) 27(30.3) 11(20.4) 13(25.5) 66(25.2)

Stratified by age 30(44.1) 23(25.8) 19(35.2) 10(19.6) 82(31.3)

Stratified by race 8(11.8) 7(7.9) 11(20.4) 4(7.8) 30(11.5)

Stratified by gender 40(58.8) 39(43.8) 50(92.6) 32(62.7) 161(61.5)

Conditioned on SES 11(16.2) 5(5.6) 2(3.7) 3(5.9) 21(8.0)
aTotals for some categories may exceed 100% as articles are able to fall into more than one category
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the education-mortality gradient, the final results in this
domain are unique in that they report the change in asso-
ciation between time periods rather than a ratio or risk.
The majority of trend over time studies were published

after 2010 (n = 31, 57.4%). Additionally, these studies
also included the largest stratified analysis by gender
(n = 50, 92.6%). The trends over time domain had the
largest number of papers with a secondary domain as-
signment (n = 19, 35.2%). Of those with a secondary do-
main, the largest subgroup included papers with
outcome-specific mortality (n = 14, 25.9%). Compared to
any of the other domains, papers in the trend domain
most often reported a statistically significant association
between educational attainment and mortality (n = 26/
54, 48.1%). Sixteen of the studies demonstrated statisti-
cally mixed results (n = 16/54, 29.6%). The reasons for
loss of statistical significance in some results included
subgroup analysis by cancer type, by age group, and by
gender (Additional file 3: Table S3).

Explanatory pathways
This domain included 51 studies (19.5%) that evaluated
the causal pathway linking higher educational attain-
ment to lowered mortality risk. Included studies assessed
the effect of family educational attainment, spousal edu-
cational attainment, smoking, alcohol use, IQ, neighbor-
hood and geographic exposures on overall mortality
(Additional file 2: Table S4). Notably, this domain in-
cluded the fewest studies to show a statistically signifi-
cant relationship between educational attainment and
mortality (n = 13, 25.5%). The largest proportion of
studies had mixed results (n = 27, 52.9%). Commonly,
stratification by gender, age, study region, and cause of
death resulted in a loss of statistical significance in the
final presented data. In some studies, controlling for be-
havioral mediators, such as tobacco use also resulted in
a loss of statistical significance.

Risk of bias
Risk of bias for all studies was evaluated using a modi-
fied Downs and Black Scale, as recommended by the
Cochrane Collaboration for non-randomized studies

[20]. The mean score of all included studies was 12.0
(range 0–14, SD ±1.42), corresponding to low risk of
bias. Studies in the population level association domain
had a mean score of 11.9 (range 9–14, SD ±1.37). Outcome
specific studies had a mean score of 12.0 (range 8–14, SD
±1.35). Trend studies had a mean score of 11.5 (range 8–
14, SD ±1.61). Explanatory pathways studies had a mean
score of 12.2 (range 10–14, SD ±1.22). Thirteen studies
deemed to be at high risk of bias, with a modified Downs
and Black score of nine or less; over half of these (n = 7)
were in the trends over time domain.

Discussion
While some studies suggest a significant association be-
tween educational attainment and mortality [5–8, 21, 22],
others suggest the association is not as robust [23–25]. To
shed new light on this topic, we conducted the most com-
prehensive review of the literature to date. We found
marked variability in study design, populations studied
and results regarding the education-mortality association.
Of the 262 studies included in our review, 66 (25.2%)
demonstrated no statistically significant association be-
tween education and mortality in their final results. One
hundred (38.2%) showed mixed results, where certain sub-
groups did not show a statistically significant association
between education and mortality. These findings suggest
that difficulties in ascertaining a more precise association
between educational attainment and health outcomes may
exist because of the substantial heterogeneity in study de-
sign, outcomes and methods across studies.
This study aimed to create a framework upon which

future evaluations can be done to ascertain and quantify
the relationship between increasing educational attain-
ment and mortality. Given the large volume of literature,
few reviews and meta-analyses exist [8, 22, 26, 27]. The
education-mortality relationship is difficult to defini-
tively capture due to the endogenous nature of the
mechanistic pathways through which education serves
to improve health and reduce mortality. However, un-
derstanding the relative importance of the various mech-
anisms through which increasing education prevents
early mortality, and the independent effect of education

Table 2 Validation matrix for taxonomy development

Second Category

All-Cause Mortality Outcome Specific Trends Over Time Explanatory Pathways Total

Main category

All-Cause Mortality 61 0 2 5 68

Outcome Specific 0 75 9 5 89

Trends Over Time 4 14 35 1 54

Explanatory Pathways 4 3 1 43 51

Total 262
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in delaying death, has significant consequences for
both health and social policy with respect to deter-
mining the best targets to improve overall health and
reduce early mortality.
Our results do not definitively suggest that education

alone can explain mortality differentials. While educa-
tion is an individual resource, it is embedded across the
lifespan and exists within a framework of larger societal
characteristics [7]. Education itself differs in quality and
timing across populations, which likely influences its
varying relationship to health outcomes [28]. As a funda-
mental cause of broader health disparities, education
serves an important role in reducing inequality across
generations [29]. Yet it is intricately linked to factors
along the pathway to mortality. However, the importance
of distinguishing education’s independent protective ef-
fects from the larger pathways through which education
results in delayed death has significant policy implica-
tions. When public health officials and policy makers
consider interventions to reduce mortality inequalities at
the population level, it is important to understand where
dedication of resources might have the biggest impact,
and over what time course. If education has a large inde-
pendent effect on delaying mortality after adjusting for
mediators, targeting resources to improving and increas-
ing accessibility to traditional education programs would
translate into reduced mortality disparities with the po-
tential for long-lasting impact, albeit over a much longer
time course. However, if evaluating the education effect
suggests that educational benefits are largely explained
via the mediating pathways through which education im-
proves health, with minimal independent effects of edu-
cation, then implementing programs aimed at specific
populations with low education to improve health liter-
acy, behaviors, access, or other targets could most effi-
ciently mitigate health and mortality disparities.
It is difficult to control for reverse causality inherent

in in studies that evaluate the education-mortality asso-
ciation. That is, the association between education and
mortality may reflect decreased educational attainment
due to pre-existing or childhood illness that would in-
crease risk of death and decrease the likelihood of ad-
vanced educational attainment [30]. Additionally, the
inclusion of largely observational studies (cohort and
cross-sectional design) limits insights into causal rela-
tionships. The literature evaluating the education-
mortality association acknowledges this limitation. Ana-
lysts have used changes in schooling laws as a natural
experiment to ascertain and support the causal associ-
ation of education on mortality [21, 23]. A prior meta-
analysis of 22 studies of European natural experiments
in schooling reforms have suggested that education has
a small but independent effect that varies across age
groups and gender [22]. Finally, our determination of

the overall education-mortality association was based
upon statistical significance. While this is a commonly
accepted metric to propose a meaningful association and
was able to be successfully applied to the majority of
studies included in this review, it is unclear whether sta-
tistically significant results in these studies have import-
ant clinical relevance.
Despite these limitations, our review also has several

strengths. First, to our knowledge, this is the largest sys-
tematic review to evaluate the education-mortality asso-
ciation in the evidence-based literature to date. An
earlier systematic review conducted on the education-
mortality association limited the dates of inclusion and
implemented narrower inclusion criteria, yielding a more
homogenous and limited sample [8]. Second, we utilize
methodological, analytic and population level heterogen-
eity to develop a taxonomy that can be used to further
understand the education-mortality association. Our re-
view included 262 articles evaluating mortality by educa-
tional attainment, yet due to study heterogeneity, we
were unable to quantify the association between these
two factors. This taxonomy will allow for future meta-
analyses to be performed across similarly designed stud-
ies, and can provide a quantitate association of the edu-
cation/morality relationship within identified domains.
Third, we organize and present our results into the do-
mains of all-cause mortality, outcome-specific mortality,
explanatory pathways, and trends over time. By looking
within each domain, we propose a framework within
which further work can be done to better quantify the
relationship between education and mortality across
populations, and to identify opportunities and gaps in
the current evidence. While many individual studies
within each domain demonstrate a positive association
between increased educational attainment and reduced
mortality, future work to pool data across studies of
different populations may demonstrate that no global
relationship exists.

Conclusions
Understanding and quantifying the benefits of education
has important public health implications. As continuing
globalization and economic development changes the
nature and importance of formal education, it is import-
ant to understand how much investment in increasing
educational attainment can reduce growing mortality dis-
parities. Education is often seen as an important social
lever to ameliorate inequalities. We propose a novel
taxonomy that can leverage existing data to better un-
derstand how inequalities in educational attainment trans-
late into inequality in early mortality. Building on this
framework, a similar methodology could be employed to
the education and health literature more broadly, as the
themes identified in this review are not unique to
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mortality inequality. Further evaluation into the explanatory
pathways domain specifically - including meta-analyses of
behavioral or social network level factors - can have signifi-
cant policy relevance by highlighting factors that may be
contributing to broader health inequalities, but amenable to
targeted interventions.
As public resources are limited, perhaps we can utilize

the independent benefits of education as a source of mo-
tivation to further emphasize the public health import-
ance of good schooling as a matter of life or early death.

Additional files

Additional file 1: Figure S1. Search Strategy. Screen shot of pubmed
search strategy for conducting the review. (DOCX 140 kb)
Additional file 2: Figure S2.

Additional file 3: Tables S1-S4. These are the 4 appendix tables of all
included studies in the review, alphabetically organized, and grouped by
domain. Table S1. All Cause Mortality; Table S2. Outcome Specific;
Table S3. Trends Over Time; Table S4. Explanatory Pathway.
(DOCX 127 kb)

Acknowledgements
We thank Marissa Conte for her assistance in the initial and repeated
database searches for this review.

Funding
This study was funded as part of Dr. Byhoff’s time as a Robert Wood Johnson
Foundation Clinical Scholar by the Robert Wood Johnson Foundation and the
Department of Veterans’ Affairs.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study. The search protocol is available as a
supplementary file online.

Authors’ contributions
EB conceptualized the article, performed the full article review and abstraction,
drafted and revised the manuscript. MH performed the review and abstraction,
and edited the manuscript. RP performed the review and abstraction, and
edited the manuscript. SB provided substantial intellectual feedback and revised
the manuscript. VC provided guidance on conceptualization of article,
substantial feedback and revision of the manuscript. All authors read
and approved the final manuscript.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Department of Medicine, Tufts Medical Center, Tufts University School of
Medicine, 800 Washington St Box #63, Boston, MA 02111, USA. 2University of
Michigan, Ann Arbor, MI, USA. 3Department of Sociology, University of
Michigan, Ann Arbor, MI, USA. 4Division of General Internal Medicine,
University of Michigan, Ann Arbor, MI, USA.

Received: 15 December 2016 Accepted: 12 September 2017

References
1. Hussey P, Anderson G, Berthelot J-M, et al. Trends in socioeconomic

disparities in health care quality in four countries. Int J Qual Health Care.
2008;20(1):53–61.

2. Pollack HA. Making Americans Healthier: Social and economic policy as
health policy. New York: Russell Sage Foundation; 2008.

3. Berkman LF, Kawachi I, Glymour MM. Social epidemiology. New York:
Oxford University Press; 2014.

4. Deaton A. The great escape: health, wealth, and the origins of inequality.
Princeton: Princeton University Press; 2013.

5. Mirowsky J, Ross CE. Education, social status, and health. New York:
Transaction Publishers; 2003.

6. Kitagawa EM, Hauser PM. Differential mortality in the United States: a study
in socioeconomic epidemiology. 1973.

7. Zimmerman E, Woolf SH. Understanding the relationship between
education and health. Institute ofMedicine, National Academies Press; 2014.

8. Baker DP, Leon J, Smith Greenaway EG, et al. The education effect on
population health: a reassessment. Popul Dev Rev. 2011;37(2):307–32. doi:10.
1111/j.1728-4457.2011.00412.x. [published Online First: 2011/10/11]

9. Montez JK, Hummer RA, Hayward MD. Educational attainment and adult
mortality in the United States: a systematic analysis of functional form.
Demography. 2012;49(1):315–36. doi:10.1007/s13524-011-0082-8. [published
Online First: 2012/01/17]

10. Baker DP, Salinas D, Eslinger PJ. An envisioned bridge: schooling as a
neurocognitive developmental institution. Dev Cogn Neurosci. 2012;2 Suppl
1:S6–17. doi:10.1016/j.dcn.2011.12.001. [published Online First: 2012/06/15]

11. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):
e1000097. doi:10.1371/journal.pmed.1000097. [published Online First: 2009/07/22]

12. Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews of
interventions. John Wiley & Sons. 2011;4.

13. Guest G, MacQueen KM, Namey EE. Applied thematic analysis. Thousand
Oaks: Sage Publishers; 2011.

14. Patel R, Chang T, Greysen SR, et al. Social media use in chronic disease: a
systematic review and novel taxonomy. Am J Med. 2015;128(12):1335–50.
doi:10.1016/j.amjmed.2015.06.015. [published Online First: 2015/07/15]

15. Gadeyne S, Deboosere P, Vandenheede H, et al. Does birth history account
for educational differences in breast cancer mortality? A comparison of
premenopausal and postmenopausal women in Belgium. Int J Ccancer J
international du cancer. 2012;131(12):2878–85. doi:10.1002/ijc.27538.
[published Online First: 2012/03/16]

16. Gnavi R, Canova C, Picariello R, et al. Mortality, incidence of cardiovascular
diseases, and educational level among the diabetic and non-diabetic
populations in two large Italian cities. Diabetes Res Clin Pract. 2011;92(2):205–
12. doi:10.1016/j.diabres.2011.02.011. [published Online First: 2011/03/08]

17. Regidor E, Calle ME, Navarro P, et al. The size of educational differences in
mortality from specific causes of death in men and women. Eur J
Epidemiol. 2003;18(5):395–400. [published Online First: 2003/08/02]

18. Reques L, Giraldez-Garcia C, Miqueleiz E, et al. Educational differences in
mortality and the relative importance of different causes of death: a 7-
year follow-up study of Spanish adults. J Epidemiol Community Health.
2014;68(12):1151–60. doi:10.1136/jech-2014-204186. [published Online
First: 2014/08/16]

19. Zajacova A, Hummer RA. Gender differences in education effects on all-
cause mortality for white and black adults in the United States. Soc Sci Med.
2009;69(4):529–37. doi:10.1016/j.socscimed.2009.06.028. [published Online
First: 2009/07/11]

20. Downs SH, Black N. The feasibility of creating a checklist for the assessment
of the methodological quality both of randomised and non-randomised
studies of health care interventions. J Epidemiol Community Health. 1998;
52(6):377–84. [published Online First: 1998/10/09]

21. Lleras-Muney A. The relationship between education and adult mortality in
the United States. Rev Econ Stud. 2005;72(1):189–221.

22. Ljungdahl S, Bremberg SG. Might extended education decrease inequalities
in health?—a meta-analysis. Eur J Pub Health. 2015;25(4):587–92.

23. Bound J, Geronimus AT, Rodriguez JM, et al. Measuring recent apparent
declines in longevity: the role of increasing educational attainment. Health

Byhoff et al. BMC Public Health  (2017) 17:719 Page 8 of 9

dx.doi.org/10.1186/s12889-017-4754-1
dx.doi.org/10.1186/s12889-017-4754-1
http://dx.doi.org/10.1111/j.1728-4457.2011.00412.x
http://dx.doi.org/10.1111/j.1728-4457.2011.00412.x
http://dx.doi.org/10.1007/s13524-011-0082-8
http://dx.doi.org/10.1016/j.dcn.2011.12.001
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1016/j.amjmed.2015.06.015
http://dx.doi.org/10.1002/ijc.27538
http://dx.doi.org/10.1016/j.diabres.2011.02.011
http://dx.doi.org/10.1136/jech-2014-204186
http://dx.doi.org/10.1016/j.socscimed.2009.06.028


Aff. 2015;34(12):2167–73. doi:10.1377/hlthaff.2015.0481. [published Online
First: 2015/12/09]

24. Dowd JB, Hamoudi A. Is life expectancy really falling for groups of low
socio-economic status? Lagged selection bias and artefactual trends in
mortality. Int J Epidemiol. 2014;43(4):983–8. doi:10.1093/ije/dyu120.
[published Online First: 2014/08/07]

25. Hendi AS. Trends in U.S. life expectancy gradients: the role of changing
educational composition. Int J Epidemiol. 2015;44(3):946–55. doi:10.1093/ije/
dyv062. [published Online First: 2015/05/06]

26. Baldi I, Costa G, Foltran F, et al. Effect of educational attainment on
incidence and mortality for ischemic heart and cerebrovascular diseases: a
systematic review and trend estimation. Int J Cardiol. 2013;168(5):4959–63.
doi:10.1016/j.ijcard.2013.07.142. [published Online First: 2013/08/21]

27. Smith WC, Anderson E, Salinas D, et al. A meta-analysis of education effects
on chronic disease: the causal dynamics of the population education
transition curve. Soc Sci Med. 2015;127:29–40. doi:10.1016/j.socscimed.2014.
10.027. [published Online First: 2014/12/03]

28. Walsemann KM, Gee GC, Ro A. Educational attainment in the context of
social inequality: new directions for research on education and health. Am
Behav Sci. 2013;57(8):1082–104.

29. Link BG, Phelan J. Social conditions as fundamental causes of disease. J
Health Soc Behav. 1995;Spec No:80–94. [published Online First: 1995/01/01]

30. Haas SA, Glymour MM, Berkman LF. Childhood health and labor market
inequality over the life course. J Health Soc Behav. 2011;52(3):298–313. doi:
10.1177/0022146511410431. [published Online First: 2011/09/08]

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Byhoff et al. BMC Public Health  (2017) 17:719 Page 9 of 9

http://dx.doi.org/10.1377/hlthaff.2015.0481
http://dx.doi.org/10.1093/ije/dyu120
http://dx.doi.org/10.1093/ije/dyv062
http://dx.doi.org/10.1093/ije/dyv062
http://dx.doi.org/10.1016/j.ijcard.2013.07.142
http://dx.doi.org/10.1016/j.socscimed.2014.10.027
http://dx.doi.org/10.1016/j.socscimed.2014.10.027
http://dx.doi.org/10.1177/0022146511410431

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Search strategy
	Study selection and eligibility criteria
	Data extraction and quality assessment

	Taxonomy Development & Validation
	Results of the education/mortality association
	Statistical analysis


	Results
	Results by taxonomy category
	All-cause mortality
	Outcome-specific mortality
	Trends over time
	Explanatory pathways

	Risk of bias

	Discussion
	Conclusions
	Additional files
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

