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Within the demographic literature are numerous reports of consistent and significant
associations between formal educational attainment and individual health outcomes and
risks such as mortality, smoking, drug abuse, and accidents, as well as the contraction of
many diseases. The vast majority of these reports conclude that more highly educated
individuals are healthier and live longer.1 This association is so prevalent that after an
extensive survey of the health literature, Mirowsky and Ross (2003, p. 6) conclude,
“education has an enduring, consistent, and growing effect on health.”

Macro demographic and development studies also identify a significant positive association
between expanding mass education and population health; yet many, especially the earliest
ones, did not control for other factors, such as economic development, that may also be
linked to better health (see review by Feinstein 1993). As a consequence, it is frequently
suggested that the association between expanding education and population health is
spurious because of the impact of general social development (e.g., economic growth,
quality of health care) on both. Thus, related factors of modernity are often assumed to pave
the way for both mass education and healthier populations (e.g., Bloom 2007).

Social epidemiological research also reports extensive negative associations between
education and disease, often after statistically controlling for indicators of socioeconomic
status (e.g., Mackenbach et al. 2008; Martikainen et al. 2001; Steenland, Healey, and Thun
2002). But although education’s causal role in health is recognized in the discipline of
demography, overall it remains underappreciated. For example, demographic studies of
health either conflate education with socioeconomic status in interpreting findings, or
assume that education is only a proxy measure for socioeconomic status. Although
educational attainment is associated with adult socioeconomic status, many studies,
including those assessed below, suggest that schooling has a substantial effect on health
independent of status attainment (Feinstein et al. 2006).

The low appreciation in demography of education’s independent role as a causal agent
fosters speculation that education is mostly a proxy for other aspects of socioeconomic
status at the individual level or of economic development at the aggregate level (Desai and
Alva 1998; Basu 1994; Hobcraft 1993; Kunstadter 1995). Consequently, the causal nature of
the relationship between educational attainment and individual health, as well as between
mass education and population health, has long been debated in demography, even as
“universal primary education” (Goal 2) has become a core strategy of the UN’s Millennium
Development Program and massive development funds continue to target universal access to
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formal schooling throughout the developing world (e.g., Baker, Collins, and Leon 2009;
Grossman 1972; Ross and Mirowski 1999; NRC 2005; UN 2009; UNESCO 2008).

The confusion over the causal role of education is likely due to three reasons. First, the
educational revolution of the past 150 years was originally interpreted as an outcome, not a
cause, of modernization. Second, there has yet to be a systematic assessment of the
education effect on health across a full set of methodologically sophisticated studies, with
controls for wealth and other dimensions of socioeconomic status. Third, hypotheses about
the education effect on health have not considered the central schooling activity of cognitive
development.

In addressing these shortcomings, we offer three contributions to illuminate the education
effect on health. First, we summarize the dimensions of the worldwide educational
revolution and reassess its potential influence on modernity and macro-demographic
transitions in developed and developing countries. Second, to establish the independence
and robustness of the education effect on individual health, we conduct a meta-analysis of
peer-reviewed micro-level studies of the relationship between educational attainment and
mortality. Lastly, in light of new multidisciplinary research on the cognitive impact of
schooling, we propose a hypothesis about how education may be a powerful determinant of
health and longevity.

Reassessing the mass education effect on population health
A large set of multidisciplinary studies from sociological, historical, and economic research
examining educational development over the past 150 years yields three central findings
about the expansion of formal education and its effect on modern society (Meyer 1977).
First, it is likely that the unique event of widening access to primary and secondary
education was one cause of modernity; second, the effects of schooling can be substantial,
yet are underestimated in studies of highly educated societies; third, the timing and influence
of the spread of education suggest it was an important cause of the demographic transition.

The educational revolution as a cause of modernity
The so-called educational revolution is marked by persistent worldwide growth in formal
schooling both in terms of increasing school enrollment rates and in terms of upward
expansion of formal educational attainment. Yet, when scholars identify the social forces
responsible for the development of modern society, they rarely include the remarkable
collective activity of schooling large proportions of children for long periods of time. Other
transforming forces—industrial production, technology, science and medicine, improved
nutrition, capitalism, the rise of the nation-state and democratic politics, large-scale warfare,
decline of religion, and rise of rationalized bureaucracies— receive most of the credit. There
is, however, growing evidence that the educational revolution played, and continues to play,
a key role in the development of many features of modern societies. The evidence centers
around 1) the demographic size and temporal dynamics of the educational revolution; 2)
evidence on what did, and did not, initiate mass education; 3) results from econometric
modeling of the causal impact of educational expansion on national economic development
across the twentieth century; and 4) the intensive adoption of a common model of formal
education capable of a uniform impact worldwide. We examine each of these in turn.

Size and speed of the educational revolution—Because the historical spread of
formal education was so extensive and arose temporally with economic development and
growing social complexity, it is unlikely to have been a result of these factors. At the
beginning of the twenty-first century, formal education throughout the world is profoundly
influential in terms of its recent growth, its claim to people’s time and effort, and its impact
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on their lives. What is demographically salient about the educational revolution has been
both its relative newness to human society and its speed of growth. The enrollment of
children and youth into primary, secondary, and post-secondary education over the past 200
years worldwide is, in historical terms, a recent social phenomenon. Once started, the rate of
growth for each level of schooling rapidly becomes significant and sustained. The
increasingly common practice of going to school and attending for a considerable number of
years represents a new and massive change in human behavior. During the last 60 years,
populations in low-income countries underwent a transition from virtually no access to
schooling to wide access to primary and even secondary education, so that now an estimated
80 percent of all humans aged 15 or older have been schooled enough to both read and write
a short statement about their lives, a population characteristic that would have been
unthinkable just 50 years ago (UNESCO 2003).

The steady growth in primary school enrollment throughout the second half of the
nineteenth century and into the first few decades of the twentieth century led to an
exponential climb worldwide from the 1940s on. As primary schooling reached large
proportions of the world’s population, enrollment in secondary schooling turned sharply
upward in the 1960s. And then in the early 1970s enrollment in higher education began to
grow. Mass higher education is the next wave of the educational revolution. For example,
about half a million students, or just 1 percent of the youth age-cohort, were enrolled in
higher education worldwide in 1900; yet a century later approximately 100 million were
enrolled, representing 20 percent of the college-age cohort (Schofer and Meyer 2005). In a
number of countries, enrollment rates now exceed 50 percent and in some have reached 80
percent of the age-cohort attending higher education (UNESCO 2004).

Causes of educational expansion—The spread of education over the past 150 years is
generally unrelated to specific economic and social characteristics of nations. Contrary to
the popular assumption that industrialization and urbanization precede expansion of primary
and secondary schooling, extensive statistical analysis concludes that there is a lack of
consistent historical ordering among these trends. Thus these two modernizing forces are
unlikely to have been unidirectional causes of the educational revolution (e.g., Benavot
1992; Meyer, Ramirez, and Soysal 1992; Meyer et al. 1979). The same is true for political
democratization, another factor often assumed to have caused the education revolution.
Instead, these analyses show that the educational revolution, economic and urban
development, and political democratization are co-determinants of one another, and the
process occurs more on a global than a national level (Baker 1999).

For example, three main findings from a random effects GLS regression estimate modeling
national characteristics and higher education enrollments over the twentieth century
illustrate the interconnectedness of forces behind modern development (Schofer and Meyer
2005). First, as noted above, the results indicate that the wealth of a nation (i.e., its GDP)
and degree of urbanization are only moderately related to growth in higher education over
the century (see also Windolf 1997). Obviously it requires national resources and a certain
level of development to expand higher education, but the effect is not overwhelming nor is it
the whole story. Second, over the middle third of the last century, higher education
enrollment expanded the fastest in countries most connected to the “world society,” meaning
a combination of factors that make up modern society including scientization of culture,
rational national planning, democratization, and the globalized polity of multilateral
agencies such as the United Nations and international nongovernmental agencies (Drori,
Meyer, and Hwang 2006; Schofer 2004). Countries that embraced these cultural values and
incorporated them into their national institutions experienced the most rapid expansion of
higher education. Lastly, by 1960, enrollment growth rates began to converge in almost all
countries, indicating that educational expansion leads to additional expansion, much like the
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endogenous intensification of other trends of modernity such as capitalism and democratic
politics.

Impact of educational expansion on national economic development—
Econometric analysis of historical macro-economic development of several countries over
the twentieth century shows that a significant force in economic development is the upward-
spiraling interplay between rising human (chiefly educational) capital of the working
population and technological change (Goldin and Katz 1998; Rubinson 1986). Historical
studies also indicate that greater use of “pervasive skill-biased” technologies (e.g.,
continuous-process and batch-production technologies) was caused by the extensive growth
in secondary education enrollment rates in the United States during the first half of the
twentieth century. This complementary relationship between expanded education and
economic development will likely continue in economies throughout the twenty-first century
(e.g., Baker 2009; Berman, Bound, and Machin 1998; Murname and Levy 1996; Autor,
Katz, and Krueger 1998).

Common model of education—There is considerable evidence that the form and
organization of education have steadily converged on a worldwide model. Extensive
comparative analyses in all regions of the world find a steady trend toward common
educational practice in terms of organization, curricular content, teaching, learning, and
values about education and its social role (e.g., Inkeles 1974; Baker and LeTendre 2005). So
too, historical analysis suggests that the basic epistemological model and cultural ideas that
sparked the expansion of primary and secondary schooling grew out of the spread of
Western-style universities throughout Europe and North America over at least the last three
centuries (Meyer, Ramirez, and Soysal 1992; Benavot and Riddle 1988). This shared model
of education as a social institution creates the potential for a relatively uniform educational
effect on development worldwide, similar to the universalizing effects of large-scale
capitalism and widespread constitutional democracy that also have converged in form over
time.

Underestimation of education effects in fully schooled societies
A second factor behind the under-appreciation of the education effect on health is that a
substantial proportion of studies in highly educated countries such as the United States and
countries in Western Europe and parts of Asia tend to underestimate the full impact of
schooling. This occurs for two reasons.

First, because educational attainment has saturated populations in developed countries,
studies using samples from these populations are restricted by limited variation in exposure
to schooling, which continues to decrease over time. Currently, for example, the median
educational attainment just exceeds the completion of secondary school (12+ years) in
developed countries such as Japan, Sweden, and the US (OECD 2008). Furthermore,
variation or inequality in educational attainment declined by 46 percent worldwide from
1980 to 2000, double the rate of decline in income and life expectancy inequality (Goesling
and Baker 2008; see also Neumayer 2003).2 While there is no evidence that the education
effect on health is other than linear, it is possible that the many studies of education and
health done on samples from countries with high educational attainment and limited
educational variation may not capture the more robust effects between the extremes of
unschooled and moderately schooled populations, such as those reviewed below.

2Declining variation in life expectancy is found worldwide except for sub-Saharan Africa, and studies from that region were omitted
from the meta-analysis below (see Goesling and Baker 2008 for details).
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Second and related, there is a widely held misperception that weak between-school effects
on educational achievement indicate a general lack of an education effect. The
misunderstanding stems from blurring the considerable distinction between “school effects”
and “effects of schooling” (Baker and LeTendre 2005). The former, called a “between-
school effect,” refers to the effect on achievement of going to one school versus another, and
is frequently studied with a focus on differences in instructional resources. Starting with the
Coleman Report in the US (1966) and the Plowden Report in the UK (1967), a large
research literature reports only modest between-school effects (and relatively stronger
between-family socioeconomic status effects). Also, the large between-school effects once
found in poorer countries, then with greater variation in school quality, have recently
declined (Baker, Goesling, and LeTendre 2002). Given the global trend toward common
operation of schooling, including political pressure to reduce between-school differences in
resources described above, weak between-school effects are to be expected. But to conclude
from weak between-school effects that any effect of schooling is also weak is technically
inaccurate and belies the evidence of the robust effects of schooling.

Contrary to weak between-school effects, there is considerable evidence of robust effects of
schooling, or in other words the influence of exposure to different levels of education, the
most extreme being unschooled versus schooled. A set of studies reports consistent
significant and sizable education effects on an array of health behaviors and attitudes of
adults after controlling for income (e.g., Baker, Leon, Collins 2010; Goesling 2007;
Oreopoulos and Salvanes 2009; Peters et al. 2010).

Timing of the educational revolution and the first demographic transition
A third reason for the under-appreciation of the effect of the educational revolution on
population health is, with a few notable exceptions, its limited inclusion in scholarship on
independent factors behind historical demographic transitions (e.g., Caldwell 1979, 1989).

The first demographic transition (hereafter, FDT), referring to the initial extensive decline in
crude death rates and crude birth rates among populations in Western Europe and North
America beginning in the nineteenth century, is considered a fundamental transformation of
population dynamics that heralded a new kind of society. Across demographic, economic,
and medical accounts of the cause of the FDT, materialist arguments—improving
production and technological advances—reign supreme (Caldwell 1979; McKeown 1976).
Various aspects of the scientific and industrial revolutions are hypothesized as having
created the material conditions necessary for the FDT. But at the same time, it is often noted
that the timing implied by materialist arguments is not optimal for causal logic. The
industrial revolution began considerably before the onset of the FDT, and significant
advances in scientifically derived medical technology occurred considerably after its onset
(e.g., Caldwell 2006). By contrast, as illustrated in Figure 1, the beginning and
intensification of the FDT closely parallels the beginning and expansion of the educational
revolution.

Problematically for the materialist causal argument, the first stages of the industrial
revolution in Western Europe began in the eighteenth century and, by the mid-nineteenth
century, had already exerted a significant impact on increased production of many everyday
commodities, too early to be a cause of the FDT (Hobsbawm 1983). It has also been difficult
for scholars to reconcile cross-national variation in economic growth with the near universal
trends of the FDT in the region. For example, Pritchett and Summers (1996) posit that
improvements in average household wealth were responsible for the reduction in mortality
during this transition. Yet real income in England during the 1850s was almost 50 percent
above its level in France, but this did not give the English population a comparative
advantage in health during this period (Caldwell 2006).
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The same is true for materialist arguments about science and medical technology. Some
medical breakthroughs in the eighteenth and nineteenth centuries, including smallpox
vaccination and the germ theory of disease, contributed to the decline in mortality; however,
the majority of life-saving medical discoveries did not occur until after 1935 (Le Fanu
1999). Thus, most medical interventions occurred decades after the already rapid and
widespread decline in mortality. So, too, arguments about improved nutrition within
populations are weakened by inconsistencies across countries that shared similar nutritional
profiles but had divergent mortality trajectories (McKeown 1976; Caldwell 1990).

By contrast, the timing of the educational revolution and the decline in the crude death rate
that characterized the FDT is closely aligned: as increasing proportions of the population
gained access to basic schooling, death rates declined. The crude death rate and primary and
secondary school enrollment rates from 1815 to 1830 remained relatively stable, but from
1830 to 1850, as primary and secondary enrollment rates per capita quickly increased, death
rates began to fall rapidly. The initial decline in death rates was due to decreases in infant
and child mortality, and as research on developing countries undergoing demographic
transition clearly concludes, a robust relationship exists between maternal education and
child survival (e.g., Caldwell 1979; Caldwell and Caldwell 1993). And, as we argue below,
the relationship between schooling and mortality may improve women’s health and that of
their children principally through enhancing thinking and reasoning skills.

The onset of fertility change is another component of the FDT; and while it is beyond the
focus of this article, a similar argument can be made about a causal education effect on
declining birth rates, both in the countries experiencing the FDT and more recently in
developing countries (e.g., Caldwell 1980; Cochrane 1979; Teitelbaum 1984). Also,
historical demographic research has considered how fertility decline in the FDT was related
to the diffusion of ideas concerning the ability, capacity, and appropriateness of controlling
fertility, an argument much in alignment with effects of rising mass education during this
period (Coale and Watkins 1986).

In addition to countries that historically experienced the FDT, there is evidence that
educational expansion among populations elsewhere in the world is temporally related to
similar demographic transitions. For example, low- and middle-income countries
experienced a rapid increase in life expectancy at birth from 40 years in the early 1950s to
65 years by 2005, and starting just after World War II these countries began significant
strides toward wide access to basic schooling for all children (World Bank 2007). Changes
in the lives of girls and women are a focal point at the beginning of transitions, when
fertility and infant mortality rapidly decline. Nevertheless, considerable research suggests
that before, during, and after population transformations, education is independently related
to life expectancy (Mirowsky and Ross 2003). For example, two recent studies show that the
association between education and mortality at the individual level continues to shape
population dynamics even as norms of education reach into postsecondary levels. Strand et
al. (2010), reporting on a 65-year longitudinal study in Norway, where inequalities in access
to health services are minimal, find that the mortality gap between males with basic
education and males with the highest levels of education widens in younger cohorts. And
Brown et al. (2010) find that educational expansion in the United States has
“rectangularized” the human survival curve.

It should be noted that previous research on the demographic transition has not entirely
ignored education. But the focus has been mostly on an indirect effect, such as longer
schooling raising females’ age at marriage and childbearing, or children’s time spent in
school (instead of working) raising costs for families and hence leading to lower fertility and
greater maternal care (Becker and Tomes 1976). Although these indirect facets are clear in
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theory, there is little empirical evidence for these mechanisms. For this reason, as described
below, we hypothesize that schooling more directly influences individual behavior and
population change by enhancing higher-order cognition.3 Furthermore, although the FDT
was likely the result of various population characteristics, the pervasive education revolution
was one cause of modernity, and this timing supports the view of education as a major cause
of the FDT and similar demographic transitions occurring later than in the West in other
parts of the world (e.g., Caldwell 2006; Kirk 1996).

Meta-analysis of the education effect on adult mortality
Many studies in countries at all levels of development show a correlation between education
and health. Even with small amounts of formal schooling (2–3 years) in less developed
regions, observable differences in health outcomes arise in comparison to non-schooled
individuals (de Walque et al. 2005; Kenkel 1991; Becker, Agopian, and Yeh 1992). The
association has also been widely observed in developed regions. To our knowledge,
however, no meta-analysis of the relationship between education and mortality has been
conducted to establish the education effect.

There are three reasons why our meta-analysis uses adult mortality as the health outcome.
First, the mortality gradient is a clearly defined and directly comparable outcome across
countries and cultures and is a general measure of overall health. Second, inequalities in
mortality gradients in a number of developed countries have already been attributed in part
to inequalities in education (e.g., Kunst and Mackenbach 1994). Third, there is a well-
established and methodologically sophisticated research literature on mortality among
adults.

A meta-analysis is not an all-inclusive review of studies; instead the technique statistically
assesses the effect of an independent variable (education) on a dependent variable
(mortality) across studies employing the best available methodological procedures (Glass,
McGaw, and Smith 1981). Since it can be assumed that studies that found a significant
effect of education are more likely to be published than those with a null effect, a meta-
analysis also statistically assesses the likelihood of publication bias. An Egger regression
asymmetry test for publication bias across studies was performed. Also, to adjust estimates
of pooled effect sizes for any effects of the heterogeneity in qualities of studies (e.g., sample
size, study location, measurement difference), a meta-regression analysis was estimated.

Searching and selecting articles for the meta-analysis
Various search engines were applied to databases of scientific publications—JSTOR,
PubMed, National Bureau of Economic Research (NBER), Pro-Quest, PsycINFO, Science
Direct—from 1995 to 2005, using different words conveying the combination of the two key
variables: education and mortality.4 Additionally, Google Scholar was searched on
“education” and “mortality” and all possible synonyms. The searches yielded about 700
documents including book chapters, working papers, conference proceedings, and peer-
reviewed journal articles. Dropping duplicate listings and all documents not published in
peer-reviewed scientific journals left 112 articles. A close reading of each of these was
assessed by the following scientific criteria for inclusion in the meta-analysis.

3Further too, for the first demographic transition and other transitions since, it is generally observed that child mortality declines occur
slightly before fertility declines, thus calling into question causal arguments about higher material investment in the fewer children per
household. Also this sequence in demographic transitions tends to be a problem for the related argument that fertility decline is the
only intervening factor between mother’s education and reduced child mortality. Both of these causal problems raise the possibility
that growing access to education was at least one causal factor influencing both parts of the transition (e.g., Caldwell 1979).
4The key terms used for those concepts were: For education: education, schooling, or educated. For mortality: death, fatality,
mortality, or loss. And, these key terms were combined for all searches.
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To be included in the meta-analysis, a study had to meet all of the following scientific
criteria: 1) an original empirical study on adult mortality as dependent variable (e.g., re-
analyses, reviews, comments, and editorials were excluded); 2) inclusion of formal
educational attainment of subjects as an independent categorical variable; 3) a sample size of
at least 100 adults; and 4) adequate statistical estimate to extract the education effect size
(relative risk, odds ratios, or hazard ratio) and corresponding confidence interval including
multivariate statistical conditioning on relevant demographic factors (e.g., age, sex, race).5
While many studies meeting these criteria also statistically conditioned on economic
resources or socioeconomic status, a number did not. Therefore to establish an independent
education effect, we included studies that statistically conditioned on economic resources or
socioeconomic status.

Applying these criteria yielded 29 studies from 14 demographic, epidemiological, and
medical journals.6 While some studies report just a single education effect on mortality,
others report effects for unique sub-samples in the study (e.g., age cohorts, sex), for a total
of 69 reported effects across a sample of more than 20 million adults. See Appendix A for
details of the studies included in the analysis.

Among the selected studies, eight (28 percent) are studies on North American samples, 18
(62 percent) on European samples, and three (10 percent) on Asian and Middle Eastern
samples. Twenty-seven studies (93 percent) included at least 1,000 subjects. Nineteen of the
29 (66 percent) used regionally or nationally representative samples of adults collected by a
governmental agency, while the rest used data collected by investigators. Nineteen studies
(66 percent) conditioned on socioeconomic status (e.g., occupational status) or economic
resources (e.g., income and household possessions).

Coding the selected studies
In addition to estimating the pooled education effect size from all 69 reported effects,
comparing effects from six subsets of samples illuminates various aspects of the influence of
education on mortality. To calculate these, we coded each of the study samples by specific
characteristics: conditioned on socioeconomic status (SES) and economic resources (1=yes,
0=no); continent of study country (1=North America, 2=Europe, 3=Asia and Middle East);
sex (1=male, 2=female, 3=male and female); sample age cohort (1=all ages, 2=30 years or
older, 3=50 years or older); representativeness of sample (1= nationally representative,
2=regionally representative, 3=non-representative); and data collection method (1=cross-
sectional, 2=merging of demographic characteristics with death records, 3=direct tracking of
subjects). To estimate the reliability of the various pooled effect sizes (i.e., a lack of
publication bias) we regressed education effect sizes on five characteristics of studies found
to have significant difference in size of effect: representativeness of sample (1=nationally or
regionally representative sample, 0=otherwise); type of mortality (0=specific cause of death,
1=all causes of death); continent of study country (dummy per continent); conditioned on
SES (1=yes, 0=no); and study design (1=direct tracking of subjects, 0=merged official
records and cross-sectional).

5In a few cases several selected studies reported effect sizes from the same public data. In such cases one study was randomly selected
for inclusion in the meta-analysis.
6The final 29 studies meeting all the selection criteria came from 14 journals: Addiction, American Journal of Epidemiology,
American Journal of Public Health, Annals of Epidemiology, Cancer Causes and Control, Epidemiology, European Journal of
Cancer, European Journal of Epidemiology, European Journal of Public Health, International Journal of Epidemiology, Journal of
Clinical Epidemiology, Journal of Epidemiology and Community Health, Preventive Medicine, and Social Science and Medicine.
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The size of the education effect
The 69 reported education effect sizes are variously expressed as relative risk, hazard ratios,
or odds ratios. Since effect sizes expressed as odds ratios are not strictly comparable to those
expressed as relative risk/hazard ratios, odds ratios were converted and expressed as relative
risk for comparison (Zhang and Yu 1998). Also, because of some variation in the design and
heterogeneity among sampled populations across studies, we used a random-effects model
to estimate the pooled effect sizes, where each effect size is weighted by the inverse of the
variance, made up of within- and between-study variances (DerSimonian and Laird 1986).
This estimation model does not assume a singular true effect size across studies; instead a
random-effects model assumes that there is a distribution of true effect sizes, and the pooled
effect size is the average of the population of true effects. The pooled relative risks compare
low education (i.e., no education through primary schooling) against high education (i.e.,
secondary through postsecondary education), and are interpreted as the increase in the
probability that subjects with primary education or less died over the course of the study in
comparison to individuals with secondary education or higher.

All of the 69 reported education effect sizes indicate the same association: less education is
associated with a higher likelihood of death. Table 1 shows the pooled estimation of the
effect sizes calculated across all reported effects, and also for various effects from sub-
samples. Across all reported effect sizes, the pooled education effect size on mortality is
expressed as an average relative risk of 1.46, meaning that people with no education or
lower secondary schooling have a 46 percent higher probability of dying than people with
high school or higher education.

An illustrative example of the overall education effect is a study that followed 400,000
American men and women from 1979 to 1989 using the National Longitudinal Mortality
Study (NLMS) (Backlund, Sorlie, and Johnson 1999). This study reports that after
conditioning on a host of demographic factors, women with primary education or less were
33 percent more likely to have died over the course of the study than college-educated
women, and men with primary education or less were 42 percent more likely to have died
than college-educated men.

A more rigorous test of the independence of the education effect is found among studies that
condition on socioeconomic status and economic resources, two factors widely assumed to
be more important for health than education, and for which education is assumed to serve
only as a proxy. Yet, as reported in the second set of comparisons in Table 1, after
conditioning on socioeconomic status the pooled education effect size is even larger than the
effect for all studies. After controlling for socioeconomic status and economic resources,
less-educated persons are 67 percent more likely to die earlier than the more educated.7 For
example, Winkleby and Cubbin’s (2003) study of the US National Health Interview Survey
merged with the National Death Index reports that after controlling for socioeconomic status
(i.e., occupational status), white women with nine years of schooling or less have a 44
percent higher probability of death than white women with high school or higher education,
and for less-educated white men the probability of earlier death was 49 percent greater than
for more highly educated white men.

Similarly, if education has a robust effect on health, then effect sizes should be larger in
samples with more variation among persons with lower levels of educational attainment,
including adults with no schooling. Because Asian and Middle Eastern countries expanded
education later than countries in North America and Europe, there should be larger

7The pooled effect sizes among comparisons that did not condition on socioeconomic status or economic resources are smaller, with a
standard deviation of .06 versus .70 among studies that did condition.
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education effect sizes in the former. This is shown in the third comparison in Table 1. The
five education effect sizes from studies of Asian and Middle Eastern samples report larger
effects than those from Europe and North America. For example, a study of age cohorts in
South Korea using the National Health and Nutrition Examination Survey reported that
Korean adults with no formal education were four times more likely to die than those with at
least a college education (Khang and Kim 2005).

In the same vein, it is well documented that the educational revolution has incorporated
successive generations of males and females into greater amounts of schooling. Although
many developing countries are lagging in universal education for females, much historical
research finds that once initiated, mass Western-style education has similar effects on both
sexes (e.g., Tyack and Hansot 1990). This is shown in the fourth comparison in Table 1,
which indicates that education has approximately the same effect size on mortality for both
sexes. For example, Mackenback et al. (2004), using nationally and regionally representative
datasets from European countries, report that less-educated Danish men and women have
respectively a 33 percent and 29 percent higher probability of dying earlier than their highly
educated counterparts. The same study reports similar education effects for less-educated
compared to better-educated Flemish men (36 percent) and women (30 percent).

The fifth comparison indicates a larger pooled effect size among studies using samples from
age cohorts 50 and younger than those using samples of 51 years or older. This is likely a
consequence of upwardly expanding normative levels of education among younger cohorts
that widens the education gap for individuals who complete less education.

The next comparison in Table 1 indicates the broadness of the education effect. Studies
employing nationally representative samples reported larger effect sizes. And lastly, studies
using direct tracking of subjects over time report larger education effect sizes than those
matching and merging data on demographic factors with mortality, most likely because of
reduced random error with the former method.

These reported pooled education effect sizes are reliable estimates from a valid sample of
the studies undertaken about this relationship. An Egger regression asymmetry test (Egger et
al. 1997) of publication bias detected no overall evidence of bias (t= −.48, p=.63). To
examine this further, we regressed all 69 reported education effect sizes on five study
characteristics; only education effects estimated on cohorts of 51 years and older proved
different (smaller education effects) at a statistically significant level (see Appendix B for
meta-regression results).

Collectively, the pooled education effects on mortality are derived from a set of studies
representing over 20 million subjects from various world regions. Employing rigorous
methodology and conditioning for a range of demographic factors, including in most cases
economic resources and socioeconomic status, the results from the meta-analysis confirm an
independent, consistent, and substantial effect of education on adult mortality. This
conclusion begs the question, What causal mechanism is most responsible for the education
effect on health to the point that it is so robustly associated with longevity?

Toward a cognitive hypothesis about the education effect on health
As described in the first section above, formal education has evolved into a pervasive social
institution. Therefore educational attainment and related performance can influence
individuals in a number of ways, including determination of adult social status and material
resources acquired through formal educational degrees; change of self-image vis-à-vis
others; investment of considerable time during childhood and adolescence; and inculcation
of greater future orientation. Each of these mechanisms has been used by past research to
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explain the education effect on health, yet the limited empirical evidence supporting
cognitive mechanisms of education prompts us to focus on the processes of learning and
cognitive development that occur through schooling.

Unlike many theorized hypotheses about the education effect, there is growing scientific
evidence of a cognitive impact on mortality. Starting with Gottfredson’s (1997) argument
about general intelligence and its implications for everyday life, recent research indicates an
association between intelligence, as measured on standard IQ instruments, and health
outcomes, many of which specifically address mortality (Batty, Deary, and Gottfredson
2007; Deary et al. 2008; Gale et al., 2010). For example, Lager, Bremberg, and Vågerö
(2010) find in a 65-year Swedish longitudinal study that higher early IQ (measured at age
ten) reduced mortality risk among males.

Children enter school with differing levels of genetically endowed intelligence and differing
influences of early parenting. In light of this, some interpret the evidence on cognitive
effects to mean that intelligence is a non-malleable quality mostly unchanged by
environmental factors, and that educational attainment mostly verifies intelligence. Yet
some evidence indicates that without the enhancement of cognitive skills through formal
schooling, the effect of intelligence could be greatly muted. Research on the relationship
between IQ and mortality establishes the influence of cognition, but what remains to be
considered is the additional influence of formal education on cognitive skills. For example, a
recent longitudinal study by Herd (2010) supports the perspective that, when controlling for
childhood IQ, formal education increases cognitive human capital, which helps to explain
the strong relationship between educational attainment and health outcomes in later life.

Schooling is a unique environment in which students spend long periods of time engaged in
cognitive activities, and we propose that this process is the key to understanding the causal
mechanism behind the education effect on health. Learning to read, write, and use numbers,
even under rudimentary conditions, is the result of considerable abstract cognitive exercise
that likely transforms how educated individuals think, reason, and solve problems. These are
skills that cognitive science refers to collectively as “meta-cognition” (e.g., Martinez 2000).
Further, there is evidence that schooling progressively becomes more cognitive in its
demands as students move to higher grades. As other research has pointed out, formal
education enmeshes individuals in a uniquely different cognitive process in comparison to
that related to subsistence-level farming, early industrial factory work, and other pre-modern
activities. With the exception of sacred and magical beliefs, the large mass of non-elite
people over most of the course of human history lived in a very concrete world.

Progressive meta-cognitive enhancement derived from schooling may prove to be a
powerful mechanism in creating the education effect on health behaviors. The relatively
recent advent of mass education is the single largest non-family institution for children, and
a considerable extent of its core process is a cognitive intervention. A robust meta-cognitive
effect of this institution may have gone largely unnoticed given that the education revolution
makes schooling almost universal, yet there is recent evidence of such an effect from
schooling. As we noted above, the educational revolution has spread worldwide a relatively
standardized version of Western-style schooling that includes significant potential for
cognitive change in individuals. Therefore a cognitive hypothesis is a promising route to
understanding how the education effect works across the globe. Our schooling-enhanced
cognition/health hypothesis proposes that through the teaching of literacy, numeracy, and
other academic subjects, schooling transforms general intelligence into higher-order
cognitive skills that promote risk assessment and decision making abilities related to health.
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Recent research on neuro-development and higher-order cognition establishes evidence
supporting the schooling-enhanced cognition/health hypothesis.

The neurological and cognitive impact of schooling
Neurological development of higher-order cognitive skills occurs at least through late
adolescence and is highly responsive to environmental stimulation, such as routinely occurs
in formal education. Contrary to an older assumption that most neurological development is
complete before a child begins school, recent research finds that higher-order cognitive
skills can be developed by interactions with the environment well into early adulthood, if not
longer (Blair et al. 2005; Duncan, Burgess, and Emslie 1995; Eslinger, Flaherty-Craig, and
Benton 2004; Shallice and Burgess 1991; Waltz et al. 1999). The ability of functional
magnetic resolution imaging (fMRI) to measure activations of different regions in the brain
while subjects perform cognitive tasks has generated the most compelling evidence on this
point. For example, in a recent developmental fMRI experiment, when 8–19-year-olds
solved problems that require some reasoning from primary-school mathematics, the brain
areas associated with higher-order cognition are activated (Eslinger et al. 2009). The study
also found a clear age effect: younger students who did not readily know the answers
activated these higher-order cognitive areas more than older students who more likely
activated areas of the brain associated with long-term memory. Combining this evidence
with findings that the structure and functions of the brain progressively emerge out of use—
or what is called “activity-dependent development” or “neural plasticity”—suggests that
even simple cognitive activities during early schooling can have long-lasting effects on
neurological functioning (e.g., Hubel and Weisel 1962; Quartz and Sjenowski 1997).

Exposure to schooling is monotonically and linearly associated with enhanced higher-order
cognition. Research comparing schooled and unschooled adults finds that within a
genetically determined range of capability, schooling significantly enhances meta-cognitive
skills such as categorization, logical deduction, and IQ (e.g., Blair et al. 2005; Cole 2003;
Luria 1976; Nisbet et al. 1993). A meta-analysis of over 50 studies using naturalistic
observation, post-hoc statistical comparisons, and cohort-sequential analysis estimates the
education effect to range from 0.3 to 0.6 of an IQ point for every year of school completed.
Given that the standard deviation of most IQ tests is 15 points, multiple years in school
results in a sizable increase in IQ (Ceci 1991). Perhaps most convincing, quasi-experimental
studies of unschooled and schooled adults in subsistence-level farming communities find
that even small amounts of schooling as a child yield higher-order cognitive skills among
adults net of work conditions and more general social and economic status (Christian,
Bachman, and Morrison 2001; Cole 2003; Luria 1976; Stevensen et al. 1991; Stevenson,
Chen, and Booth 1990).

Higher-order cognition is associated with enhanced risk assessment and decision making
skills. Experiments on risk assessment and the use of effective strategies for decision
making repeatedly find that such skills are positively associated with numeracy and higher-
order cognition (e.g., Bruine de Bruin, Parker, and Fischhoff 2007; Peters et al. 2006). Risk
assessment and decision-making skills are important components of reasoning related to
health and making choices about protective behavior. Lastly, demographic research has
identified some of the general social benefits of higher education that appear to be unrelated
to cognition, such as evidence that education increases supportive relationships and greater
social support, which are associated with positive health and decreased risk of mortality
(e.g., House, Landis, and Umberson 1988; Kelsey et al. 2000). But recent neurological
research shows as well that social skills are closely associated with higher-order cognitive
capabilities of the kind that can be enhanced through schooling (e.g., Eslinger et al. 2007).
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In addition to the neurological evidence on the meta-cognitive effects of schooling, two
recent studies offer direct tests of our schooling-enhanced cognition/health hypothesis. We
conclude with a brief discussion of each.

The first study is a response to a major limitation of the IQ and mortality research on
samples from highly educated populations, namely that individuals with more general
intelligence tend to achieve higher educational levels. To counter this, data were collected
from a naturally occurring experiment on school attendance among 181 rural unschooled
and schooled adults in Ghana, and analysis of these data find that education during
childhood was associated with current reports of adopting more protective health behaviors
(Peters et al. 2010). After conditioning on economic resources and other demographic
characteristics, a structural-equation model showed that subjects’ cognitive skills, numeracy,
and decision making skills increased with exposure to schooling, and these enhanced skills
mediated the effects of education on protective health behaviors related to HIV infection.
Importantly, among this sample there was no evidence of selection effects, since schooling
access and attainment were unrelated to cognitive qualities of subjects as children.

The second study extended this finding to large nationally representative samples.
Structural-equation modeling of Demographic and Health Survey data from nine sub-
Saharan African countries finds, net of control variables, a robust, positive effect of
education (ranging from unschooled to some secondary schooling) on condom use among
adults engaged in sexually risky behavior (Baker, Leon, and Collins 2010). Although formal
education was also found to increase acquisition of basic facts and the inculcation of
positive attitudes, these commonly assumed effects of formal education have only weak
influence on condom use. Instead, education robustly influences health reasoning ability,
and this factor mediates a significant proportion of the education effect on condom use.

This finding, that well-informed reasoning about the risk of disease and the adoption of
prevention strategies occur over the life course, is likely to be the causal mechanism behind
the associations between education and mortality reported in the meta-analysis above.
Intelligence certainly plays a causal role in reducing mortality, but formal schooling adds
significant value to innate ability in the form of higher-order cognitive skills crucial to
decisions about health.

Acknowledgments
The authors thank Gordon DeJong, Jenny Van Hook, and Michael Rodriguez for their helpful comments on earlier
drafts. Emily Smith Greenaway acknowledges the support of the Predoctoral Traineeship in Family Demography
(No. T-32HD 007514) by the Eunice Kennedy Shriver National Institute of Child Health and Human Development
to the Pennsylvania State University Population Research Institute.

Studies included the meta-analysis
Backlund E, Sorlie PD, Johnson NJ. A comparison of the relationships of education and income with

mortality: The National Longitudinal Mortality Study. Social Science and Medicine. 1999;
49:1373–1384. [PubMed: 10509827]

Bobak M, Murphy M, Rose R, Marmot M. Determinants of adult mortality in Russia: Estimates from
sibling data. Epidemiology. 2003; 14(5):603–611. [PubMed: 14501276]

Egeland GM, Tverdal A, Meyer HE, Selmer R. A man’s heart and a wife’s education: A 12-year
coronary heart disease mortality follow-up in Norwegian men. International Journal of
Epidemiology. 2002; 31(4):799–807. [PubMed: 12177024]

Franks P, Gold MR, Fiscella K. Sociodemographics, self-rated health, and mortality in the US. Social
Science and Medicine. 2003; 56:2505–2514. [PubMed: 12742613]

Baker et al. Page 13

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Gnavi R, et al. Mortality and educational level among diabetic and non-diabetic population in the
Turin longitudinal study: A 9-year follow-up. International Journal of Epidemiology. 2004; 33(4):
864–871. [PubMed: 15131089]

Khang Y-H, Kim HR. Explaining socioeconomic inequality in mortality among South Koreans: An
examination of multiple pathways in a nationally representative longitudinal study. International
Journal of Epidemiology. 2005; 34:630–637. [PubMed: 15746204]

Kilander L, Berglund L, Boberg M, Vessby B, Lithell H. Education, lifestyle factors and mortality
from cardiovascular disease and cancer: A 25-year follow-up of Swedish 50-year old men.
International Journal of Epidemiology. 2001; 30(5):1119–1128. [PubMed: 11689532]

Kposowa AJ. Marital status and suicide in the National Longitudinal Mortality Study. Journal of
Epidemiology and Community Health. 2000; 54(4):254–261. [PubMed: 10827907]

Laatikainen T, Manninen L, Poikolainen K, Vartiainen E. Increased mortality related to heavy alcohol
intake pattern. Journal of Epidemiology and Community Health. 2003; 57(5):379–384. [PubMed:
12700224]

Leinsalu M, Vågerö D, Kunst AE. Estonia 1989–2000: Enormous increase in mortality differences by
education. International Journal of Epidemiology. 2003; 32(6):1081–1087. [PubMed: 14681279]

Long JA, Ickovics JR, Gill TM, Horwitz RL. Social class and mortality in older women. Journal of
Clinical Epidemiology. 2002; 55:952–958. [PubMed: 12464370]

Mackenbach JP, et al. Inequalities in lung cancer mortality by the educational level in 10 European
populations. European Journal of Cancer. 2004; 40:126–135. [PubMed: 14687796]

Makela P. Alcohol-related mortality as a function of socio-economic status. Addiction. 1999; 94(6):
867–886. [PubMed: 10665076]

Malyutina S, et al. Education, marital status, and total and cardiovascular mortality in Novosibirsk,
Russia: A prospective cohort study. Annals of Epidemiology. 2004; 14(4):244–249. [PubMed:
15066603]

Manor O, Eisenbach Z, Friedlander Y, Klark JD. Educational differentials in mortality from
cardiovascular disease among men and women: The Israel longitudinal mortality study. Annals of
Epidemiology. 2004; 14(7):453–460. [PubMed: 15301781]

Martikainen P, Lahelma E, Ripatti S, Albanes D, Virtam J. Educational differences in lung cancer
mortality in male smokers. International Journal of Epidemiology. 2001; 30(2):264–267.
[PubMed: 11369725]

McDonough P, Duncan GJ, Williams D, House J. Income dynamics and adult mortality in the United
States, 1972 through 1989. American Journal of Public Health. 1997; 87(9):1476–1483. [PubMed:
9314800]

Menvielle G, Luce D, Geoffroy-Perez B, Chastang J-F, Leclerc A. Social inequalities and cancer
mortality in France. Cancer Causes and Control. 2005; 16(5):501–513. [PubMed: 15986105]

Mustard CA, Derksen S, Berthelot J-M, Wolfson M, Roos LL. Age-specific education and income
gradients in morbidity and mortality in a Canadian province. Social Science and Medicine. 1997;
45(3):383–397. [PubMed: 9232733]

Osler M, Prescott E. Educational level as a contextual and proximate determinant of all cause mortality
in Danish adults. Journal of Epidemiology and Community Health. 2002; 57:266–269. [PubMed:
12646542]

Pensola TH, Valkonen T. Effect of parental social class, own education and social class on mortality
among young men. European Journal of Public Health. 2002; 12(1):29–36. [PubMed: 11968517]

Regidor E, Mateo S, Calle ME, Dominguez V. Educational level and mortality from infectious
diseases. Journal of Epidemiology and Community Health. 2002; 56(9):682–683. [PubMed:
12177084]

Son M, Armstrong B, Choi J-M, Yoon T-Y. Relation of occupational class and education with
mortality in Korea. Journal of Epidemiology and Community Health. 2002; 56(10):798–799.
[PubMed: 12239208]

Steenland K, Henley J, Thun M. All-cause and cause-specific death rates by educational status for two
million people in two American Cancer Society cohorts, 1959–1996. American Journal of
Epidemiology. 2002; 156(1):11–21. [PubMed: 12076884]

Baker et al. Page 14

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Sundquist J, Johansson S-E. Indicators of socio-economic position and their relationship to mortality
in Sweden. Social Science and Medicine. 1997; 45(12):1757–1766. [PubMed: 9447626]

Van Oort F, Van Lenthe F, Mackenbach J. Cooccurrence of lifestyle risk factors and the explanation of
education inequalities in mortality: Results from the GLOBE study. Preventive Medicine. 2004;
39:1126–1134. [PubMed: 15539046]

Van Rossum CT, Van de Mheen H, Mackenbach JP, Grobbee DE. Inequalities in health:
Socioeconomic status and mortality in Dutch elderly people. European Journal of Public Health.
2000; 10(4):255–261.

Vescio; Fenicia, Maria; Smith, George D.; Giampaoli, Simona. Socio-economic-position overall and
cause-specific mortality in an Italian rural population. European Journal of Epidemiology. 2003;
18(11):1051–1058. [PubMed: 14620939]

Winkleby MA, Cubbin C. Influence of individual and neighborhood socioeconomic status on mortality
among black, Mexican-American, and white women and men in the United States. Journal of
Epidemiology and Community Health. 2003; 57:444–452. [PubMed: 12775792]

References
Autor DH, Katz LF, Krueger AB. Computing inequality: Have computers changed the labor market?

The Quarterly Journal of Economics. 1998; 113(4):1169–1213.
Baker D. Schooling all the masses: Reconsidering the origins of American schooling in the postbellum

era. Sociology of Education. 1999; 72(4):197–215.
Baker D. The educational transformation of work: Toward a new synthesis. Journal of Education and

Work. 2009; 22(3):163–193.
Baker, D.; Collins, J.; Leon, J. Prospects: Quarterly Review of Comparative Education. Vol. 38. Paris:

UNESCO; 2009. Risk factor or social vaccine? The historical progression of the role of education
in HIV/AIDS infection in sub-Saharan Africa; p. 467-486.

Baker D, Goesling B, LeTendre G. Socio-economic status, school quality, and national economic
development: A cross-national analysis of the ‘Heyneman-Loxley Effect’ on mathematics and
science achievement. Comparative Education Review. 2002; 46(3):291–312.

Baker, D.; LeTendre, G. National Differences, Global Similarities: World Culture and the Future of
Mass Schooling. Stanford University Press; 2005.

Baker D, Leon J, Collins J. Facts, attitudes, and health reasoning about HIV and AIDS: Explaining the
education effect on condom use among adults in sub-Saharan Africa. AIDS and Behavior. 2010
June.11:1–9.

Basu AM. Maternal education, fertility and child mortality: Disentangling verbal relationships. Health
Transition Review. 1994; 4:207–215.

Batty G, Deary I, Gottfredson L. Premorbid (early life) IQ and later mortality risk: Systematic review.
Annals of Epidemiology. 2007; 17(4):278–288. [PubMed: 17174570]

Becker GS, Tomes N. Child endowments, and the quantity and quality of children. Journal of Political
Economy. 1976; 84(4):S143–S162.

Becker HR, Agopian MW, Yeh S. Impact evaluation of drug abuse resistance education (DARE).
Journal of Drug Education. 1992; 22(4):283–291. [PubMed: 1484326]

Benavot A. Curricular content, educational expansion and economic growth. Comparative Education
Review. 1992 May.36:150–174.

Benavot A, Riddle P. The expansion of primary education, 1870–1940: Trends and issues. Sociology
of Education. 1988; 61(3):191–210.

Berman E, Bound J, Machin S. Implications of skill-biased technological change: International
evidence. The Quarterly Journal of Economics. 1998; 113(4):1245–1279.

Blair C, Gamson D, Thorne SL, Baker D. Rising mean IQ: Cognitive demand of mathematics
education for young children, population exposure to formal schooling, and the neurobiology of
the prefrontal cortex. Intelligence. 2005; 33(1):93–106.

Bloom, DE. Education, Health, and Development. Cambridge, MA: American Academy of Arts and
Sciences; 2007.

Baker et al. Page 15

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Brown, D.; Hayward, M.; Karas Montez, J.; Chiu, CT.; Hummer, RA. Working Paper, Population
Research Center. University of Texas; 2010. The significance of education for the
rectangularization of the human survival curve.

Bruine de Bruin W, Parker A, Fischhoff B. Individual differences in adult decision-making
competence. Journal of Personality and Social Psychology. 2007; 92(5):938–956. [PubMed:
17484614]

Caldwell JC. Education as a factor in mortality decline: An examination of Nigerian data. Population
Studies. 1979; 33:395–413.

Caldwell JC. Mass education as a determinant of the timing of fertility decline. Population and
Development Review. 1980; 6:225–255.

Caldwell, JC. Mass education as a determinant of mortality decline. In: Caldwell, JC.; Santow, G.,
editors. Selected Readings in the Cultural, Social and Behavioural Determinants of Health.
Canberra: Australian National University; 1989. p. 101-109.Health Transition Series No. 1

Caldwell, JC. The soft underbelly of development: Demographic transition in conditions of limited
economic change; Proceedings of the World Bank Annual Conference on Development
Economics, 1990; World Bank; 1990. p. 207-213.

Caldwell, JC. Demographic Transition Theory. Springer Verlag; 2006.
Caldwell, J.; Caldwell, P. Women’s positions and child mortality and morbidity in less developed

countries. In: Mason, N.; Sogner, S., editors. Women’s Positions and Demographic Change.
Oxford: Clarendon Press; 1993. p. 122-139.

Ceci SJ. How much does schooling influence general intelligence and its cognitive components? A
reassessment of the evidence. Developmental Psychology. 1991; 27(5):703–722.

Christian, K.; Bachman, H.; Morrison, F. Schooling and cognitive development. In: Sternberg, RJ.;
Grigorenko, EL., editors. Environmental Effects on Cognitive Abilities. Lawrence Erlbaum; 2001.
p. 287-335.

Coale, AJ.; Watkins, SC. The Decline of Fertility in Europe. Princeton University Press; 1986.
Cochrane, S. Fertility and Education: What Do We Really Know?. Baltimore: Johns Hopkins

University Press; 1979.
Cochrane, S.; O’Hara, D.; Leslie, J. Working Paper No. 405. Washington, DC: The World Bank; 1982.

The effects of education on health.
Cole, M. Cultural Psychology: A Once and Future Discipline. Cambridge, MA: The Belknap Press of

Harvard University Press; 2003.
Coleman, JS. Equality of Educational Opportunity. Arno Press; 1966.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled Clinical Trials. 1986; 7:177–188.

[PubMed: 3802833]
Desai S, Alva S. Maternal education and child health: Is there a strong causal relationship?

Demography. 1998; 35:71–81. [PubMed: 9512911]
deWalque D, Nakiyingi-Miiro JS, Busingye J, Whitworth JA. Changing association between schooling

levels and HIV-1 infection over 11 years in a rural population cohort in south-west Uganda.
Tropical Medicine and International Health. 2005; 10(10):993–1001. [PubMed: 16185233]

Deary IJ, Batty GD, Pattie A, Gale CR. More intelligent, more dependable children live longer: A 55-
year longitudinal study of a representative sample of the Scottish nation. Psychological Science.
2008; 19(9):874–880. [PubMed: 18947352]

Drori, G.; Meyer, J.; Hwang, J. Globalization and Organization: World Society and Organizational
Change. New York: Oxford University Press; 2006.

Duncan J, Burgess P, Emslie H. Fluid intelligence after frontal lobe lesions. Neurpsychologia. 1995;
33(3):261–268.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical
test. British Medical Journal. 1997; 315:629–634. [PubMed: 9310563]

Eslinger PJ, et al. Resolving social dilemmas in frontotemporal dementia. Journal of Neurolology,
Neurosurgery, and Psychiatry. 2007; 78(5):457–460.

Eslinger P, et al. Developmental shifts in fMRI activations during visuospatial relational reasoning.
Brain and Cognition. 2009; 69(1):1–10. [PubMed: 18835075]

Baker et al. Page 16

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Eslinger P, Flaherty-Craig CV, Benton AL. Developmental outcomes after early prefrontal cortex
damage. Brain and Cognition. 2004; 55(1):84–103. [PubMed: 15134845]

Feinstein, J. NBER Working Papers 4572. National Bureau of Economic Research; 1993. Elderly
health, housing, and mobility.

Feinstein, L.; Sabates, R.; Anderson, TM.; Sorhaindo, A.; Hammond, C. Proceedings of the
Copenhagen Symposium. 2006. What are the effects of education on health. OECD

Gale C, Batty G, Tynelius P, Deary I, Rasmussen F. Intelligence in early adulthood and subsequent
hospitalisation for mental disorders. Epidemiology. 2010; 21:70–77. [PubMed: 19907333]

Glass, GV.; McGaw, B.; Smith, ML. Meta-Analysis in Social Research. Newbury Park: Sage
Publications; 1981.

Goesling B. The rising significance of education for health? Social Forces. 2007; 85:1621–1644.
Goesling B, Baker D. Three faces of international inequality. Research in Social Stratification and

Mobility: A Journal of the International Sociological Association. 2008; 26:183–198.
Goldin C, Katz L. The origins of technology-skill complementarity. The Quarterly Journal of

Economics. 1998; 113(3):693–732.
Gottfredson L. Why g matters: The complexity of everyday life. Intelligence. 1997; 24(1):79–132.
Grossman M. On the concept of health capital and the demand for health. Journal of Political

Economy. 1972; 80:223–255.
Herd, P. Journal of Health and Social Behavior. Vol. 51. 2010. Education and health in late-life among

high school graduates: Cognitive versus psychological aspects of human capital; p. 478-497.
Hobcraft J. Women’s education, child welfare and child survival: A review of the evidence. Health

Transition Review. 1993; 3:159–175. [PubMed: 10146571]
Hobsbawn, E. Mass-producing traditions: Europe, 1870–1914. In: Hobsbawn, E.; Ranger, T., editors.

The Invention of Tradition. Cambridge University Press; 1983.
House J, Landis KR, Umberson D. Social relationships and health. Science. 1988; 41:540–545.

[PubMed: 3399889]
Hubel DH, Wiesel TN. Receptive fields, binocular interaction and functional architecture in the cat’s

visual cortex. Journal of Physiology. 1962; 160:106–154. [PubMed: 14449617]
Inkeles, A. National differences in individual modernity. paper presented at the 69th Annual Meeting

of the American Sociological Society; August; Montreal, Canada. 1974.
Kelsey KS, et al. Social support and health behaviors among blue-collar women workers. American

Journal of Health Behaviour. 2000; 24(6):434–443.
Kenkel D. Health behavior, health knowledge, and schooling. The Journal of Political Economy. 1991;

99(2):287–305.
Kirk D. Demographic transition theory. Population Studies. 1996; 50(3):361–387. [PubMed:

11618374]
Kunst AE, Mackenbach JP. International variation in the size of mortality differences associated with

occupational status. International Journal of Epidemiology. 1994; 23:742–750. [PubMed:
8002188]

Kunstadter, P. Community, household and parental factors in rapid improvement of infant survival:
Preliminary analysis of changes among Hmong in Thailand. paper presented at the Annual
Meeting of Population Association of America; 6–8 April; San Francisco. 1995.

Lager A, Bremberg S, Vågerö D. The association of early IQ and education with mortality: 65 year
longitudinal study in Malmö, Sweden. British Medical Journal. 2009; 339:b5282. [PubMed:
20008007]

Le Fanu, J. The Rise and Fall of Modern Medicine. New York: Little, Brown; 1999.
Luria, AR. Cognitive Development: Its Cultural and Social Foundation. Cambridge, MA: Harvard

University Press; 1976.
Mackenbach JP, et al. Socioeconomic inequalities in health in 22 European countries. New England

Journal of Medicine. 2008; 358(23):2468–2481. [PubMed: 18525043]
Martinez, M. Education as the Cultivation of Intelligence. Lawrence Erlbaum; 2000.
McKeown, T. The Role of Medicine: Dream, Mirage, or Nemesis. The Nuffield Provincial Hospitals

Trust/Blackwell; 1976.

Baker et al. Page 17

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Meyer JW. The effects of education as an institution. American Journal of Sociology. 1977; 83(1):55–
77.

Meyer JW, Ramirez FO, Soysal YN. World expansion of mass education, 1870–1980. Sociology of
Education. 1992; 65(2):128–149.

Meyer JW, Tyack D, Nagel J, Gordon A. Public education as nation-building in America: Enrollments
and bureaucratization in the American states, 1870–1930. The American Journal of Sociology.
1979; 85(3):591–613.

Mirowsky, J.; Ross, CE. Education, Social Status, and Health. New York: Aldine de Gruyter; 2003.
Murname, RJ.; Levy, F. Teaching the New Basic Skills: Principles of Educating Children to Thrive in

a Changing Economy. New York: Free Press; 1996.
National Research Council. Growing Up Global: The Changing Transition to Adulthood in

Developing Countries. In: Lloyd, CB., editor. Washington DC: National Academies Press; 2005.
Neumayer E. Beyond income: Convergence in living standards, big time. Structural Change and

Economic Dynamics. 2003; 14:275–296.
Nisbet, RM.; Briggs, CJ.; Gurney, WSC.; Murdoch, WW.; Stewart-Oaten, A. Two-patch

metapopulation dynamics. In: Steele, J.; Levin, SA.; Powell, T., editors. Patch Dynamics in
Freshwater, Terrestrial and Marine Ecosystems. Berlin: Springer-Verlag; 1993. p. 125-135.

Oreopoulos P, Salvanes KG. How large are returns to schooling? Hint: Money isn’t everything. 2009
September. NBER Working Paper No. 15330.

Organisation for Economic Co-operation and Development (OECD). Education at a Glance 2008:
OECD Indicators. Paris: 2008.

Peters E, Baker D, Deickmann N, Leon J, Collins J. Explaining the education effect on health: A field-
study from Ghana. Psychological Science. 2011 In press.

Peters E, et al. Numeracy and decision making. Psychological Science. 2006; 17(5):408–414.
Phelan JC, et al. F‘undamental causes’ of social inequalities in mortality: A test of the theory. Journal

of Health and Social Behavior. 2004; 45(3):265–286. [PubMed: 15595507]
Plowden Report. Children and Their Primary Schools: A Report of the Central Advisory Council for

Education (England). London: Her Majesty’s Stationery Office; 1967.
Pritchett L, Summers L. Wealthier is healthier. The Journal of Human Resources. 1996; 31(4):841–

868.
Quartz S, Sejnowski TJ. The neural basis of cognitive development: A constructivist manifesto.

Behavioral and Brain Sciences. 1997; 20:537–596. [PubMed: 10097006]
Ross EC, Mirowsky J. Refining the association between education and health: The effects of quantity,

credential, and selectivity. Demography. 1999; 36(4):445–460. [PubMed: 10604074]
Rubinson R. Class formation, politics, and institutions: Schooling in the United States. American

Journal of Sociology. 1986; 92(3):519–548.
Schofer E. Cross-national variation in the expansion of Western science. Social Forces. 2004; 83(1):

215–247.
Schofer E, Meyer JW. The worldwide expansion of higher education in the twentieth century.

American Sociological Review. 2005; 70(6):898–920.
Shallice T, Burgess PW. Deficits in strategy application following frontal lobe damage in man. Brain.

1991; 114(2):727–741. [PubMed: 2043945]
Stevenson H, Chen C, Booth J. Influences of schooling and urban-rural residence on gender

differences in cognitive abilities and academic achievement. Sex Roles. 1990; 23(9–10):535–
551.

Strand B, et al. Educational inequalities in mortality over four decades in Norway: Prospective study
of middle aged men and women followed for cause specific mortality, 1960–2000. British
Medical Journal. 2010; 340:c654. [PubMed: 20179132]

Teitelbaum, MS. The British Fertility Decline: Demographic Transition in the Crucible of the
Industrial Revolution. Princeton University Press; 1984.

Tyack, D.; Hansot, E. Learning Together: A History of Coeducation in American Schools. Yale
University Press; 1990.

Baker et al. Page 18

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



UNESCO. UNESCO Institute for Statistics Online Publication; 2004. UNESCO Online Database.
Online Publication

UNESCO. Education for All by 2015: Will We Make It?. Paris: EFA Global Monitoring Report; 2008.
Waltz J, et al. A system for relational reasoning in human prefrontal cortex. Psychological Science.

1999; 10(2):119–125.
Windolf, P. Expansion and Structural Change: Higher Education in Germany, the United States of

America, and Japan (1870–1990). Westview, CO: Westview Press; 1997.
World Bank. Washington, DC: The World Bank; 2007. World Development Indicators.
Zhang J, Yu KF. What is relative risk? A method of correcting the odds ratio in cohort studies of

common outcomes. Journal of the American Medical Association. 1998; 280(19):1690–1691.
[PubMed: 9832001]

Baker et al. Page 19

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 1. Timing of the onset of the first demographic transition and the educational
revolution in England and Wales, France, Sweden, and the United States
NOTE: CBR and CDR are weighted based on total population and averaged across
countries. The school enrollment rates are from the only historical source of which the
authors are aware. Although the limited nature of historical data makes it difficult to judge
their reliability, these data are widely used for historical education analysis.
SOURCE: For birth and death rates: Human Mortality Database (2009); for school
enrollment rates: Arthur Banks Education Statistics Cross-National Time-Series Data
Archive (CNTS) Copyright 2008.

Baker et al. Page 20

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Baker et al. Page 21

TA
B

LE
 1

Po
ol

ed
 re

la
tiv

e 
ris

k 
ra

tio
s f

ro
m

 6
9 

re
po

rte
d 

ed
uc

at
io

n 
ef

fe
ct

 si
ze

s f
ro

m
 2

9 
st

ud
ie

s

N
um

be
r

of
 sa

m
pl

es

Po
ol

ed
 e

ffe
ct

si
ze

 (a
s

re
la

tiv
e 

ri
sk

)

Po
ol

ed
 e

ffe
ct

si
ze

 (a
s

co
ef

fic
ie

nt
)

C
on

fid
en

ce
 in

te
rv

al

L
ow

er
bo

un
d

U
pp

er
bo

un
d

A
ll 

sa
m

pl
es

69
1.

46
0.

38
1.

33
1.

59

B
y 

SE
S 

co
nt

ro
la

   
   

C
on

di
tio

ni
ng

 o
n 

SE
Sb

33
1.

67
0.

52
1.

26
2.

22

   
   

N
o 

co
nd

iti
on

in
g 

on
 S

ES
c

36
1.

32
0.

28
1.

28
1.

36

B
y 

co
nt

in
en

t

   
   

N
or

th
 A

m
er

ic
ab

17
1.

29
0.

25
1.

22
1.

35

   
   

Eu
ro

pe
b

47
1.

38
0.

32
1.

34
1.

42

   
   

A
si

a 
an

d 
M

id
dl

e 
Ea

st
c

  5
2.

61
0.

96
1.

68
4.

06

B
y 

se
x

   
   

O
nl

y 
fe

m
al

es
b

27
1.

40
0.

33
1.

32
1.

48

   
   

O
nl

y 
m

al
es

b
31

1.
46

0.
38

1.
24

1.
71

   
   

M
al

es
 a

nd
 fe

m
al

es
b

11
1.

49
0.

40
1.

29
1.

73

B
y 

ag
ed

   
   

50
 o

r u
nd

er
b

63
1.

49
0.

40
1.

36
1.

63

   
   

51
 o

r o
ld

er
b

  5
1.

07
0.

07
0.

77
1.

48

B
y 

re
pr

es
en

ta
tiv

en
es

s

   
   

N
at

io
na

l o
r r

eg
io

na
lb

49
1.

56
0.

44
1.

39
1.

74

   
   

N
on

-r
ep

re
se

nt
at

iv
ec

20
1.

26
0.

23
1.

17
1.

36

B
y 

da
ta

 c
ol

le
ct

io
n 

m
et

ho
d

   
   

M
er

ge
d 

m
or

ta
lit

y 
re

co
rd

s a
nd

 c
ro

ss
-s

ec
tio

na
lb

45
1.

31
0.

27
1.

28
1.

35

   
   

D
ire

ct
 tr

ac
ki

ng
c

24
1.

85
0.

62
1.

36
2.

52

a Th
e 

so
ci

oe
co

no
m

ic
 st

at
us

 v
ar

ia
bl

es
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is
 w

er
e 

re
la

te
d 

to
 in

co
m

e 
(e

.g
., 

in
di

vi
du

al
), 

so
ci

al
 c

la
ss

 (e
.g

., 
oc

cu
pa

tio
n)

, a
nd

 a
ss

et
s a

t h
om

e 
(e

.g
., 

in
de

x 
of

 a
m

en
iti

es
).

b N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s b
et

w
ee

n 
po

ol
ed

 e
du

ca
tio

n 
ef

fe
ct

 si
ze

s.

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Baker et al. Page 22
c Po

ol
ed

 e
du

ca
tio

n 
ef

fe
ct

 si
ze

 is
 st

at
is

tic
al

ly
 d

iff
er

en
t f

ro
m

 o
th

er
 st

ud
ie

s i
n 

ca
te

go
ry

 (p
<.

05
).

d O
ne

 st
ud

y 
in

 th
e 

m
et

a-
an

al
ys

is
 d

id
 n

ot
 in

di
ca

te
 th

e 
ag

e 
ra

ng
e 

of
 th

e 
sa

m
pl

e.

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Baker et al. Page 23

A
PP

EN
D

IX
 A

St
ud

ie
s i

nc
lu

de
d 

in
 th

e 
m

et
a-

an
al

ys
is

Y
ea

r 
of

pu
bl

ic
at

io
n

A
ut

ho
r(

s)
C

ou
nt

ry
(ie

s)
T

yp
e 

of
m

or
ta

lit
y

A
ge

gr
ou

p

N
um

be
r 

of
su

bs
am

pl
es

(e
ffe

ct
 si

ze
s)

E
ffe

ct
 si

ze
or

 r
an

ge
of

 e
ffe

ct
si

ze
s (

R
R

)

19
99

B
ac

kl
un

d,
 S

or
lie

, a
nd

 Jo
hn

so
n

U
ni

te
d 

St
at

es
A

ll 
ca

us
es

25
–6

4
2

1.
33

–1
.4

2

20
03

B
ob

ak
 e

t a
l.

R
us

si
a

A
ll 

ca
us

es
25

 a
nd

 o
ld

er
2

1.
89

–2
.6

1

20
02

Eg
el

an
d 

et
 a

l.
N

or
w

ay
C

or
on

ar
y 

he
ar

t d
is

ea
se

35
–5

6
1

1.
00

20
03

Fr
an

ks
, G

ol
d,

 a
nd

 F
is

ce
lla

U
ni

te
d 

St
at

es
A

ll 
ca

us
es

21
 a

nd
 o

ld
er

1
1.

14

20
04

G
na

vi
 e

t a
l.

Ita
ly

A
ll 

ca
us

es
20

 a
nd

 o
ld

er
2

1.
35

–1
.7

20
05

K
ha

ng
 a

nd
 K

im
So

ut
h 

K
or

ea
A

ll 
ca

us
es

30
 a

nd
 o

ld
er

1
2.

15

20
01

K
ila

nd
er

 e
t a

l.
Sw

ed
en

A
ll 

ca
us

es
50

1
1.

01

20
00

K
po

so
w

a
U

ni
te

d 
St

at
es

Su
ic

id
e

15
 a

nd
 o

ld
er

1
1.

50

20
03

La
at

ik
ai

ne
n 

et
 a

l.
Fi

nl
an

d
A

ll 
ca

us
es

25
–6

4
1

1.
57

20
03

Le
in

sa
lu

, V
åg

er
ö,

 a
nd

 K
un

st
Es

to
ni

a
A

ll 
ca

us
es

20
 a

nd
 o

ld
er

2
1.

37
–2

.2
3

20
02

Lo
ng

 e
t a

l.
U

ni
te

d 
St

at
es

A
ll 

ca
us

es
72

 a
nd

 o
ld

er
1

0.
50

20
04

M
ac

ke
nb

ac
h 

et
 a

l.
Te

n 
Eu

ro
pe

an
 p

op
ul

at
io

ns
A

ll 
ca

us
es

40
–8

9
20

1.
17

–1
.4

5

19
99

M
ak

el
a

Fi
nl

an
d

A
lc

oh
ol

 re
la

te
d

35
–6

9
2

1.
43

–1
.8

6

20
04

M
al

yu
tin

a 
et

 a
l.

R
us

si
a

A
ll 

ca
us

es
25

–6
4

2
1.

13
–1

.4
1

20
04

M
an

or
 e

t a
l.

Is
ra

el
H

ea
rt 

di
se

as
es

45
–8

9
2

1.
21

–2
.5

4

20
01

M
ar

tik
ai

ne
n 

et
 a

l.
Fi

nl
an

d
Lu

ng
 c

an
ce

r
50

–6
9

1
1.

32

19
97

M
cD

on
ou

gh
 e

t a
l.

U
ni

te
d 

St
at

es
A

ll 
ca

us
es

45
–6

4
1

1.
35

20
05

M
en

vi
el

le
 e

t a
l.

Fr
an

ce
A

ll 
ca

us
es

35
–5

9
2

1.
80

–2
.1

0

19
97

M
us

ta
rd

 e
t a

l.
C

an
ad

a
A

ll 
ca

us
es

0 
an

d 
ol

de
r

1
1.

38

20
02

O
sl

er
 a

nd
 P

re
sc

ot
t

D
en

m
ar

k
A

ll 
ca

us
es

20
 a

nd
 o

ld
er

1
1.

13

20
02

Pe
ns

ol
a 

an
d 

V
al

ko
ne

n
Fi

nl
an

d
A

ll 
ca

us
es

30
–3

4
1

2.
90

20
02

R
eg

id
or

 e
t a

l.
Sp

ai
n

In
fe

ct
io

us
 d

is
ea

se
s

35
–6

4
2

2.
73

–2
.8

2

20
02

So
n 

et
 a

l.
So

ut
h 

K
or

ea
W

or
k 

re
la

te
d 

(m
an

ua
l a

nd
 n

on
-m

an
ua

l w
or

ke
rs

)
20

–6
4

2
3.

06
–5

.3
7

20
02

St
ee

nl
an

d,
 H

en
le

y,
 a

nd
 T

hu
n

U
ni

te
d 

St
at

es
A

ll 
ca

us
es

45
 a

nd
 o

ld
er

4
1.

14
–1

.2
8

19
97

Su
nd

qu
is

t a
nd

 Jo
ha

ns
so

n
Sw

ed
en

A
ll 

ca
us

es
25

–6
4

2
1.

29
–1

.7
2

20
04

V
an

 O
or

t, 
V

an
 L

en
th

e,
 N

 a
nd

 M
ac

ke
nb

ac
h

N
et

he
rla

nd
s

A
ll 

ca
us

es
15

–5
4

1
1.

66

20
00

V
an

 R
os

su
m

 e
t a

l.
N

et
he

rla
nd

s
A

ll 
ca

us
es

55
 a

nd
 o

ld
er

2
1.

30
–1

.5
0

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Baker et al. Page 24

Y
ea

r 
of

pu
bl

ic
at

io
n

A
ut

ho
r(

s)
C

ou
nt

ry
(ie

s)
T

yp
e 

of
m

or
ta

lit
y

A
ge

gr
ou

p

N
um

be
r 

of
su

bs
am

pl
es

(e
ffe

ct
 si

ze
s)

E
ffe

ct
 si

ze
or

 r
an

ge
of

 e
ffe

ct
si

ze
s (

R
R

)

20
03

V
es

ci
o,

 S
m

ith
, a

nd
 G

ia
m

pa
ol

i
Ita

ly
A

ll 
ca

us
es

20
–7

5
2

1.
00

–1
.3

3

20
03

W
in

kl
eb

y 
an

d 
C

ub
bi

n
U

ni
te

d 
St

at
ea

A
ll 

ca
us

es
25

–6
4

6
1.

05
–4

.7
6

N
O

TE
: R

el
at

iv
e 

ris
k 

is
 th

e 
ra

tio
 o

f t
he

 li
ke

lih
oo

d 
of

 th
e 

ev
en

t (
m

or
ta

lit
y)

 o
cc

ur
rin

g 
in

 th
e 

ex
po

se
d 

gr
ou

p 
ve

rs
us

 a
 n

on
-e

xp
os

ed
 g

ro
up

, o
r i

n 
th

is
 c

as
e 

th
e 

lik
el

ih
oo

d 
of

 d
ea

th
 a

m
on

g 
th

os
e 

w
ith

 lo
w

 v
er

su
s

hi
gh

 le
ve

ls
 o

f e
du

ca
tio

n.

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Baker et al. Page 25

A
pp

en
di

x 
B

M
et

a-
re

gr
es

si
on

 a
na

ly
si

s t
o 

id
en

tif
y 

po
ss

ib
le

 b
ia

s i
n 

ef
fe

ct
 si

ze
s

C
oe

ffi
ci

en
t

St
an

da
rd

er
ro

r
R

el
at

iv
e

ri
sk

 (R
R

)

C
on

fid
en

ce
in

te
rv

al
 (R

R
)

L
ow

er
U

pp
er

A
ll 

ca
us

es
 o

f m
or

ta
lit

ya
  0

.0
4

0.
11

1.
04

0.
83

1.
31

N
at

io
na

l o
r r

eg
io

na
l s

am
pl

eb
  0

.1
2

0.
07

1.
12

0.
98

1.
29

N
or

th
 A

m
er

ic
ac

−
0.
69

**
0.

16
0.

50
0.

37
0.

69

Eu
ro

pe
c

−
0.
42

**
0.

15
0.

66
0.

49
0.

89

D
ire

ct
 tr

ac
ki

ng
d

−
0.
25

**
0.

09
0.

78
0.

65
0.

93

C
on

di
tio

ni
ng

 o
n 

SE
Se

  0
.0

7
0.

08
1.

07
0.

91
1.

26

C
on

st
an

t
  0

.8
5

0.
16

A
dj

us
te

d 
R

-s
qu

ar
e:

 .5
1 

F 
(6

,6
2)

: 9
.6

3 
(.0

00
)

* p<
.0

5;

**
p<

0.
01

a R
ef

er
en

ce
 g

ro
up

 w
as

 sp
ec

ifi
c 

ca
us

e 
of

 m
or

ta
lit

y.

b R
ef

er
en

ce
 g

ro
up

 w
as

 n
on

-n
at

io
na

l s
am

pl
es

.

c R
ef

er
en

ce
 g

ro
up

 w
as

 A
si

an
 sa

m
pl

es
.

d R
ef

er
en

ce
 g

ro
up

 w
as

 n
on

-lo
ng

itu
di

na
l s

tu
di

es
.

e R
ef

er
en

ce
 g

ro
up

 w
as

 n
o 

co
nt

ro
l f

or
 S

ES
.

N
O

TE
: R

el
at

iv
e 

ris
k 

is
 th

e 
ra

tio
 o

f t
he

 li
ke

lih
oo

d 
of

 th
e 

ev
en

t (
m

or
ta

lit
y)

 o
cc

ur
rin

g 
in

 th
e 

ex
po

se
d 

gr
ou

p 
ve

rs
us

 a
 n

on
-e

xp
os

ed
 g

ro
up

, o
r i

n 
th

is
 c

as
e 

th
e 

lik
el

ih
oo

d 
of

 d
ea

th
 a

m
on

g 
th

os
e 

w
ith

 lo
w

 v
er

su
s

hi
gh

 le
ve

ls
 o

f e
du

ca
tio

n.

Popul Dev Rev. Author manuscript; available in PMC 2011 October 7.


