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Abstract By using historical data on about 50,000 twins born in Sweden during 1886–
1958, we demonstrate a positive and statistically significant relationship between years
of schooling and longevity. This relation remains almost unchanged when exploiting a
twin fixed-effects design to control for the influence of genetics and shared family
background. This result is robust to controlling for within-twin-pair differences in
early-life health and cognitive ability, as proxied by birth weight and height, as well
as to restricting the sample to MZ twins. The relationship is fairly constant over time
but becomes weaker with age. Literally, our results suggest that compared with low
levels of schooling (less than 10 years), high levels of schooling (at least 13 years of
schooling) are associated with about three years longer life expectancy at age 60 for the
considered birth cohorts. The real societal value of schooling may hence extend beyond
pure labor market and economic growth returns. From a policy perspective, schooling
may therefore be a vehicle for improving longevity and health, as well as equality along
these dimensions.
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Introduction

Longevity is a core component of human welfare, and a wide body of research has
established that, on average, people with greater schooling live longer (see, e.g., Adams
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et al. 2003; Cutler et al. 2006; Cutler and Lleras-Muney 2012). Despite hundreds of
empirical studies on the topic, much less is known about why this is so. Rather than a
causal relationship, the relationship between schooling and mortality could reflect the
influence of unobserved factors affecting both schooling and mortality, such as innate
endowments or environmental conditions during childhood (for reviews of research
studying the influence of early-life conditions on adult outcomes, see Almond and
Currie 2011; Currie 2009). Without a proper understanding about the relationship, it is
difficult to assess the value of policies that aim to increase life expectancy and reduce
socioeconomic disparities in longevity by investing in greater schooling.

In this article, we contribute to the scant literature on the effect of schooling on
mortality. We exploit a unique, historical data set on 50,000 monozygotic (MZ) and
dizygotic twins (DZ) who were born in Sweden between 1886 and 1958. Through
personal identifiers, we link these data to the administrative data from the Swedish
national mortality register, enabling us to observe complete life spans at the individual
level for a large fraction of the sample. In addition, through a variety of administrative
sources, we construct individual-level data on educational attainment for almost the
entire sample. With these data, we can follow individuals through a large part of their
life course and study the effect of schooling on mortality at different ages and for
different cohorts.

To rule out the influence of unobserved underlying family-level factors influencing
both schooling and mortality, we rely on a twin fixed-effects design: we relate
differences in schooling between twins to differences in their mortality. Although the
twin fixed-effects design relies on strong assumptions, our data allow us to address
some of the commonly suggested threats to the design (for a critique of the twin design,
see Bound and Solon 1999). MZ twins, who share DNA, may face different environ-
ments in the womb that may generate differences in traits such as birth weight. Because
birth weight has been found to affect later schooling, twin fixed-effects estimates of the
relationship between schooling and mortality might reflect the influence of environ-
mentally induced birth weight differences if these are not controlled for. We can test for
this, however, because we can link to unique historical birth records on birth weight for
a large subsample of the twins. These records originate from local delivery archives
around Sweden that were digitalized by the Swedish Twin Registry. The data cover
more or less all twins born between 1926 and 1958.

In addition, we can account for some of the influence of postnatal health and
cognitive ability differences between twins. Because a more able twin may invest more
in both schooling and health, this may explain part of the positive relationship between
schooling and longevity. To address this, we use information on height, a variable
known to be correlated with both childhood IQ and early-life health (Case and Paxson
2008; Lundborg et al. 2014; Persico et al. 2004). We link the data on height from the
twin surveys. An absence of a change in results when accounting for this trait is
informative: it would suggest that neither unobserved ability nor early-life health
greatly influences our estimates. In the same spirit, we run regressions on only twins
that are very similar in terms of birth weight and height.

Our article relates to the literature seeking to establish causal interpretations of the
association between schooling on adult mortality. The strongest evidence comes from a
handful of studies exploiting reforms in the education sector. Several of these studies
have relied on measures of mortality at the cohort level rather than on individual data.
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For instance, Lleras-Muney (2005) exploited changes in compulsory schooling policies
in the United States and child labor laws at the state level across the United States and
showed that an extra year of schooling reduced the 10-year mortality rate by more than
30 %. Mazumder (2008) showed that the results were not robust to the inclusion of the
state-specific trends (although including them risks that they will pick up the effect that
one is trying to estimate). Using mortality data at the cohort level, Clark and Royer
(2012) exploited two British schooling reforms in combination with a regression
discontinuity design but found no effect of schooling on mortality.

A few studies using instrumental variables (IV) have relied on individual-level data.
Albouy and Lequien (2009) exploited two compulsory schooling reforms in France and
found no effect of schooling on mortality, but their study suffered from small sample
size and weak first-stage regressions. Using differences across cohort in the exposure to
a Dutch schooling reform, van Kippersluis et al. (2011) found a positive effect of
schooling on mortality. Their data included only individuals surviving to the age of 80,
however. Using a Swedish schooling reform, Lager and Torssander (2012) provided
intention-to-treat estimates of reform exposure and found some evidence for lower
mortality in the exposed group. Because of the design of the reform, only a small
portion of the population was affected by the reform, however. Similarly, Lleras-Muney
(2005) found that only 5 % of the cohort used in the analysis was affected by the
reforms. Gathmann et al. (2015) used data from 18 European countries (not including
Sweden) and estimated the effect of exposure to schooling reforms on mortality. They
found small gains for men but no gains for women.

To the best of our knowledge, the only previous twin-based study on the relationship
between schooling and mortality is that by Behrman et al. (2011). They examined the
effect of schooling on hospitalizations and mortality among Danish twins born during
1921–1950. Their mortality outcome variable was whether a twin died before 2003.
They found that the negative association between schooling, on the one hand, and
hospitalizations and mortality, on the other hand, disappeared when they used a twin
fixed-effects design. Unlike Behrman et al. (2011), we use a longer period, use a larger
sample, and test for the influence of a number of factors that may vary within twin
pairs, such as birth weight and height. In addition, we use information on exact death
dates in our analysis.1

To sum up, the limited literature warrants more empirical work on the effect of schooling
on mortality. The results from the few existing studies are mixed, and only a few studies
suggest a protective effect of schooling. We contribute to the literature by exploiting unique
historical data on schooling and mortality for a large number of individuals from many
cohorts. In contrast to the aforementioned studies, we follow a large fraction of individuals
throughout the life cycle. Moreover, with the twin fixed-effects design, we can exploit
variation across the entire schooling distribution, whereas most IV-based studies
exploit variation induced by reforms affecting mainly the lower end of the
schooling distribution (for an exception, see Clark and Royer 2012).

Our results suggest that schooling does matter for longevity. We find a strong and
positive association between schooling and longevity among both males and females.

1 More studies have used the twin fixed-effects design to study the effect of schooling on various health
outcomes, such as self-reported health, smoking, and obesity (e.g., Amin et al. 2013, 2015a; Behrman et al.
2015; Fujiwara and Kawachi 2009; Lundborg 2013; Madsen et al. 2014; Webbink et al. 2010).
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When we apply the twin fixed-effects design to our data, we obtain similar estimates
that are only slightly reduced in magnitude. Our estimates imply that being highly
educated (i.e., having at least 13 years of schooling) is associated with 2.5–3.5 years of
additional life expectancy at age 60 compared with being low-educated (i.e., having
fewer that 10 years of schooling). This estimate is similar across gender and across
time. Further, limiting the studied sample to MZ twins barely affects the estimates.

Taken together, our results suggest that the relationship between schooling and
mortality is not primarily generated through the influence of shared genetic and/or
environmental endowments affecting both schooling and mortality. When we test for
the influence of confounding factors within twin pairs, we replicate earlier findings that
birth weight predicts schooling differences within twin pairs. However, our twin fixed-
effects estimates of the relationship between schooling and mortality are robust to
controlling for birth weight differences. In addition, our results suggest that height, our
proxy for cognitive ability, is a significant predictor of within-twin-pair differences in
schooling but that including it in the regressions does not affect our main result of a
significant relationship between schooling and mortality.

Theoretical Framework

As early as the 1970s, Michael Grossman formalized the idea that human capital may
affect health, and thus longevity. He modeled education as a crucial component in
individuals’ health production function. In the model, education enhances the efficien-
cy of health production, so that well-educated people are able to squeeze out a greater
health output from a given health input (Grossman 1972). In a related hypothesis,
Rosenzweig and Schultz (1982) suggested that educated people are instead able to
choose a better mix of health inputs in the production of health.2

In essence, these theories are based on the premise that schooling in general better
equips individuals to obtain, process, and value information—particularly on health-
related behavior—and to translate this information into their lifestyle and habits,
ultimately positively affecting their health and longevity (Kenkel 1991).

Not everybody was convinced, however, by the Grossman model’s treatment of
education as exogenously given. Fuchs (1982) argued that education and health may be
related through unobserved additional factors, such as time preferences. People who are
more future-oriented, ambitious, or disciplined ought to be more prone to forgoing
instant pleasures and investing more in both education and health, given that both types
of investments yield long-run benefits.3 This would induce a positive correlation
between education and longevity, without any causal relation between the two.
Besides character traits reflecting time preferences, ambition, and discipline, genes
and early-life environment may also be factors affecting both education and health,

2 Economists have recently considered the relationship between education and a range of nonmonetary
outcomes, such as health, criminal behavior, marriage, and political participation (see Lochner 2011 for an
overview). This recent evidence points to the importance of education for a much wider range of outcomes
than those observed on the labor market and thus suggests that the value of educational investments in society
may be greater than previously thought.
3 Later empirical research has found limited support for this specific mechanism (Cutler and Lleras-
Muney 2010).
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partly through influencing the formation of the aforementioned character traits. In fact,
because a substantial part of the observed variation both in education and in mortality is
believed to be genetic, it does not seem farfetched to assume that there could be some
genetic overlap between the two.

Recent evidence also points to the importance of early-life conditions, including
childhood health, for the production of education capital (Cunha and Heckman 2007).
It is straightforward to conceptualize an education production function in which poor
health early in life interferes with learning and is also associated with health later in life.
Some evidence suggests, for instance, that low birth weight is associated with less
schooling (Behrman and Rosenzweig 2004; Black et al. 2007; Oreopoulos et al. 2008;
Royer 2009).4 Health during childhood and adolescence has also been found to be
important for later-life outcomes (Currie et al. 2010; Lundborg et al. 2011). Other
mechanisms may be at work as well. Expected longevity may affect the incentives to
invest in education, given that lower mortality means more years to reap the benefits of
schooling (see, e.g., Jayachandran and Lleras-Muney 2009).

Health and mortality may also be associated with education if well-educated
people are sorted into occupations with lower health risks, more fulfilling work
tasks, and greater job and (by extension) life satisfaction. The link between
education and mortality may also be mediated via higher social status or
earnings expanding the consumption boundaries and possibilities for investing
in health-promoting activities among well-educated people (see, e.g., Mirowsky
and Ross 2003; Torssander and Erikson 2010).

To the extent that twins share important traits related to both schooling and
mortality, such as genes, time preferences, and abilities, the twin fixed-effects
design is helpful in estimating the causal effect of schooling regardless of
whether the effect is a direct function of increased knowledge or mediated
via sorting into varying kinds of occupations. If they differ on important traits,
however, the estimates might be biased. In this article, we account for differ-
ences in birth weight and adult height. Comparing the twin estimates with and
without such controls reveals something about the importance of early health
differences and cognitive ability differences between twins.

Data

Our data originate from the Swedish twin registry, held by the Karolinska Insitutet in
Stockholm. It is the world’s largest twin registry and contains information on about
170,000 twins. We use data on the twins who were born in the period 1886–1958 and
are older than 40 years, yielding a sample of about 50,000 same-sex twins, of which
18,000 are MZ.5 The twin registry assigns zygosity based on questions about intrapair
similarities in childhood. Several validations with DNA tests have shown this method
to have 98 % or higher accuracy (Lichtenstein et al. 2002).

4 Other twin studies, however, have found no significant association (Bonjour et al. 2003; Miller et al. 2005;
Petersen et al. 2009).
5 We impose the upper limit of 1958 because data for more recent cohorts of twins were not available to us.

Effect of Schooling on Mortality 1139



The method used to collect the twin data gives rise to some selection issues, which
are most important for the cohorts born in 1886–1925, given that only complete twin
pairs who survived until the first survey in 1961 in these cohorts are included in our
data. It seems likely that these “survivors” were, on average, healthier than the average
twin born during the period. In the Empirical Model section, we discuss the potential
bias that may arise from this selection. Under reasonable assumptions, we argue that
our twin fixed-effects design largely deals with this selection problem and that any
remaining selection bias gives rise to downwardly biased estimates.6

Because the data contain personal identifiers, we can link the data to various
administrative registers. Key among these is the death register, which records the date
and cause of death for all individuals who held a civil registration in Sweden and died
in Sweden or abroad. Because we have information from the register for the 1961–2009
period and all twins in our sample were alive in 1961, we can observe all deaths that
took place during this period for our twin sample.7

Our data on schooling come from several sources. For twins alive in 1990, we have
access to register-based data on education from 1990 and 2007, from which we impute
years of schooling.8 In line with much of the previous literature, we focus on years of
schooling in our main analysis, making our results easily comparable with those of
other studies. In additional analyses, we provide results using educational categories.

Using register data on schooling should ensure that measurement errors are small.
Some measurement error is likely to arise, however, because we impute years of
schooling from highest obtained degree. Moreover, for individuals repeating or skip-
ping grades, years of schooling will be inaccurately measured. Grade skipping or
repetition was not very prominent in the Swedish school system during the study
period, making this less of a concern. In 1946, for instance, only 1.6 % of all students
repeated a grade (Ahlstrom et al. 1986).

6 Selection issues are much less serious for those born in 1926–1958: average life expectancy had increased,
and most twins would have survived until 1972–1973, when the first survey was conducted for these cohorts.
7 The register does not cover Swedes who emigrated from Sweden and who no longer hold a civil registration
in Sweden, however. Because we classify individuals who do not have a death date by 2009 in our data as still
alive, we risk wrongly classifying individuals who emigrated and died abroad as still being alive. We believe
this to be of little concern in our analyses, however, given that the number of emigrants in the cohorts used in
our analyses is small. Although we cannot observe emigration directly in our data, we can draw on external
sources. Statistics Sweden calculated the number of Swedes living abroad in 2003 for different age groups
between 0 and 80 years (Nilsson 2004). For those aged 45 to 80 in 2003 (i.e., born between 1923 and 1958),
the number of emigrants ranged from 250 among the early cohorts to 1,500 among the later cohorts; that is,
only a small fraction of each birth cohort had emigrated. This fraction in our sample is substantially smaller
because inclusion in our sample is conditional on surviving to 1972 and living in Sweden in 1972. We checked
the number of potential emigrants by investigating how many individuals in our sample who lack income
records in the last year of our income data (i.e., in 2007) had not died by 2007. The income records cover
every source of income, including pensions. If there are no data, it is likely that the person either is dead or has
emigrated. With this procedure, we found that 0.72 % (348 individuals) have no income and no death date. We
reran our main regressions excluding this group, but the results were basically unchanged (results available on
request).
8 The information in these registers is reported from the various educational institutions directly to Statistics
Sweden. Using the Swedish Standard Classification of Education (Svensk Utbildningsnomenklatur, SUN
2000), we impute years of schooling as follows: 6 for old primary school (“folkskola”) (born before 1935), 7
for old primary school (born 1935 onward), 9 for (new) compulsory primary school, 10 for one year of high
school, 11 for two years of high school, 12 for three years of high school, 13 for one year of university studies,
14 for two years of university studies, 15 for three years of university studies, 16 for four years of university
studies, 17 for five years of university studies, 18 for a licentiate, and 20 for a PhD.
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We can assess years of schooling from the register data for 71 % of our sample. For
individuals with missing register data, we use information from surveys conducted by
the Swedish twin register or from the 1970 census. For the cohorts born in 1926–1958,
we use self-reported educational information from a survey conducted in 1973 as well
as from the 1970 census. For cohorts born in 1886–1925, we use self-reported
information from a survey conducted in 1963 as well as information from the 1970
census. Using the census data for the 1886–1958 birth cohort, we gain information on
schooling for an additional 10 % of the sample.9 By exploiting data from the surveys in
1973 and 1963, we obtain information for an additional 14 %. Thus, we have education
data for 95 % of our sample.10

Birth weight information is taken from the birth records of twins born between 1926
and 1958. These data come from a part of the Swedish registry called BIRTH, which
contains birth records of all twins born in Sweden between 1926 and 1958. Because of
the sampling scheme, the birth weight information is available only for twins who
survived until 1972. Still, we have access to about 25,000 observations on birth weight.
Information on height, which we use as a proxy for cognitive ability, is available for the
larger part of the sample. Questions about height were asked at multiple waves of the
twin surveys.

Table 1 shows descriptive statistics for some of the key variables in our analyses.
The mean number of years of schooling for MZ and DZ twins is 9.6 for males and 9.3
for females—a low average reflecting that a substantial proportion of the older cohorts
have six years of schooling. Average years of schooling are slightly higher for MZ
twins than for DZ twins.

The table also shows a relatively large number of deaths in our data. Among MZ and
DZ twins, 41 % of males and 38 % of females died. For MZ twins only, the figures are
slightly lower; 40 % among males and 35 % among females. The high fraction of
deaths is a unique feature of the data that comes from having access to old cohorts. The
mean death age for MZ and DZ twins with observed spells is 73.8 among males and
77.5 among females. Among the sample of MZ twins only, the mean death age is just
slightly higher.

Because the twin fixed-effects design effectively exploits variation in school-
ing and mortality within twin pairs, it is crucial to have a large enough number
of discordant twin pairs along these dimensions (see Boardman and Fletcher

9 To impute years of schooling from the information in the 1970 census, we use the SUN codes in the census,
which are somewhat less detailed than the SUN 2000 codes used in the 1990 and 2007 registers, together with
information from Statistics Sweden. We assign years of schooling as follows: 6 for old primary school
(“folkskola”) (born before 1935), 7 for old primary school (born in 1935 and onward), 9 for (new) compulsory
primary school, 11 or two years of high school, 12 for three years of high school, 14 for two or fewer years of
university studies, 15 for three or more years of university studies, and 18 for a licentiate or a PhD.
10 In the 1973 survey, education was coded in the same way as in the 1970 census, and we impute years of
schooling in the same way. For the 1961 survey, we assign years of schooling for the majority of the sample
based on the self-reports. We impute the following way: 6 for old primary school (“folkskola”) (born before
1935), 7 for old primary school (born 1935 and onward), 9 for (new) compulsory primary school, 9 for
“realskola,” and 12 for secondary school. For three of the categories (“occupational school,” “other,” and
“unknown”), we are unable to directly impute years of schooling. We calculate the average years of schooling
associated with these three categories for the subsample of people for whom we have data on education from
both the 1990 register and the survey in 1963. We then impute these averages for the individuals for whom the
only source of education data is the 1963 survey. We use this imputation procedure for only 2 % of the sample.
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2015). We use information on death dates to measure mortality, and because no
pair of twins has identical death dates, there is variation among all twins
(except for the pairs in which no twin has yet died at the end of the study
period). For education, our large sample comes in handy. In the sample of male
MZ and DZ twins, 52 % of the twin pairs show a difference in schooling,
commonly of one to four years. Among female MZ and DZ twins, the
corresponding figure is 48 %. Although the fraction of pairs that differ in
schooling in the MZ sample is somewhat smaller, a substantial fraction of pairs
still differ.11

Cohorts vary substantially in the proportion with more than primary school, how-
ever. We observe a difference in schooling in 52 % of the twin pairs but in only 26 % of
the twin pairs born in 1900. The corresponding number increases to 47 % for those
born in 1925 and to 60 % for those born in 1958. The increasing variation reflects
increased educational opportunities and implies less power for detecting a significant
effect for the older cohorts because our twin fixed-effects estimator achieves identifi-
cation from twin pairs that differ in schooling.

Table 1 Descriptive statistics: Data from the Swedish twin registry

MZ and DZ Twins MZ Twins

Males Females Males Females

Years of Schooling 9.589 9.306 9.744 9.592

(3.320) (3.186) (3.357) (3.239)

Mean Death Age (noncensored) 73.80 77.53 74.04 77.60

(11.70) (12.03) (11.91) (12.00)

Mean Censoring Age 65.21 67.41 65.07 66.68

(9.924) (11.07) (9.759) (10.81)

Fraction of Observed Deaths 0.590 0.621 0.604 0.650

(0.492) (0.485) (0.489) (0.477)

Number of observations 23,126 26,446 8,602 10,084

Birth Weight (g) 2,704.9 2,581.7 2,618.0 2,494.3

(509.8) (501.0) (495.5) (490.3)

Number of observations 12,365 13,007 4,676 5,266

Height (cm) 175.6 163.3 175.5 163.2

(6.948) (5.918) (6.909) (5.891)

Number of observations 19,596 23,449 7,462 9,030

Note: Standard deviations are shown in parentheses.

11 Our figures on the fraction of pairs who differ in schooling corresponds relatively well with figures from
previous studies using a twin design to study the returns to education (see, e.g., Ashenfelter and Rouse 1998;
Holmlund et al. 2011).
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A common concern when using twin data is external validity. For instance,
twins are smaller at birth and may be different in other observed and unobserved
ways. Table 2 displays comparisons of educational attainment between our twin
population and the general population born during the same period. For the
nontwin population, we use register data on entire cohorts of Swedes. We code
education (in 1990) the same way in both populations. The comparison is
complicated by the lack of surveys (other than the census) for the general
population that can be used to assess educational levels for the older cohorts
when register or census data are missing. Panel A of Table 2 shows comparisons
for cohorts for which we can rely almost entirely on register data, thus making
the comparison particularly “clean” (cohorts born in 1932–1958). Here, we see
that the mean number of years of schooling is remarkably similar between the
twin and nontwin population. There are some, albeit rather small, differences in
the survival rates between the populations. For each follow-up period considered,
twins are more likely to have survived, which likely reflects that inclusion in the
twin sample is conditional on surviving until 1972. Panel B shows comparisons

Table 2 Descriptive statistics for twins and for the general population: Cohorts born in 1932–1958 and 1911–
1931

Twins General Population

Males Females Males Females

A. Cohorts Born in 1932–1958

Years of schooling 10.91 10.92 10.87 10.87

(3.02) (2.85) (2.99) (2.83)

Deceased 1990 0.01 0.01 0.03 0.02

(0.12) (0.10) (0.18) (0.13)

Deceased 2000 0.04 0.03 0.07 0.04

(0.20) (0.17) (0.25) (0.20)

Deceased 2008 0.09 0.07 0.12 0.08

(0.29) (0.25) (0.33) (0.27)

Number of observations 13,178 14,122 1,776,163 1,667,472

B. Cohorts Born in 1911–1931

Years of schooling 7.95 7.45 8.31 7.41

(3.00) (2.55) (3.25) (2.65)

Deceased 1980 0.06 0.04 0.07 0.04

(0.24) (0.19) (0.26) (0.19)

Deceased 1990 0.21 0.13 0.23 0.13

(0.41) (0.33) (0.42) (0.33)

Deceased 2000 0.46 0.31 0.47 0.32

0.50 0.46 (0.50) (0.47)

Number of observations 6,767 8,263 780,678 780,679

Note: Standard deviations are shown in parentheses.

Effect of Schooling on Mortality 1143



for the older cohorts (those born in 1911–1931).12 Here, the nontwin population
of males appears somewhat more educated than the corresponding population of
twin males. Among females, the differences appear tiny. Survival rates are very
similar across the two populations. In sum, we do not find any evidence that
the twin population differs greatly from the nontwin population born during the
same period. In addition, if twins differ from singletons in unobserved ways,
the twins fixed-effects methodology controls for those differences, just like they
control for other endowments.

Empirical Model

Because the dependent variable measures the duration until death and there is prom-
inent censoring among the younger cohorts, we use Cox models in the empirical
analysis.13 We also employ extended Cox models allowing for each twin pair to have
a separate baseline hazard. Such models, sometimes referred to as stratified partial
likelihood (SPL) models (which is a terminology we’ll use henceforth), allow us to
eliminate the influence of omitted variables operating at the twin pair level.14 To see
how, consider first the twin pair–specific baseline hazard:

θ0p t; ηp
� �

; ð1Þ

where p denotes the pth twin pair, and ηp denotes unobserved heterogeneity at the twin
pair level. Assuming proportional hazards, the hazard rate with twin pair–specific
effects can then be written as follows:

θp t; x; ηp
� �

; βð Þ ¼ θ0 t; ηp
� �

⋅θ1 x;βð Þ; ð2Þ

where x includes explanatory variables, such as years of schooling, and t denotes time.
The baseline hazard, θ0, is an arbitrary function of unobserved twin pair–specific
heterogeneity and duration dependence, whereas θ1 is a function of observed charac-
teristics x. This approach thus applies the traditional partial likelihood approach to strata
representing units, such as firms, schools, families, or (as in our case) twin pairs. In our
case, the risk sets are replaced by twin pair–specific risk sets. Because all
unobserved twin pair–specific effects are irrelevant in a comparison of individ-
uals belonging to the same twin pair, they cancel out from the expression for

12 We do not include cohorts born before 1911 because the 1970 census does not include educational
information for cohorts born earlier than 1911—that is, for those who were 60 and older in 1970. For
comparability, we therefore restrict the comparison to cohorts born in 1911–1931.
13 An alternative would have been to run fixed-effects regressions on the probability of surviving until certain
ages or to study 5- or 10-year survival. We prefer duration models in our main specification because they better
exploit the variation in the data. For 10-year survival, for instance, two related twins who die within the same
10-year period but on different dates would not contribute to the identification of the estimates in a fixed-
effects model. In our preferred duration model, however, any differences in the death dates contribute to the
identification of the estimates. To shed more light on the magnitude of our estimates, however, we also exploit
fixed-effects models.
14 See Ridder and Tunali (1999) for a thorough exposition of the SPL model.

1144 P. Lundborg et al.



the likelihood. We therefore effectively rely on within-twin-pair variation in the
covariates to identify the regression coefficients.

All observable covariates that do not vary within twin pairs, such as age and gender,
also cancel out in the SPL model. In our main specification, we include only years of
schooling as an explanatory variable. We do not include variables such as marital
status, income, or occupation because we want to allow the effect of schooling on
mortality to run through exactly such mechanisms. In our empirical analyses, we
compare the results from a standard Cox model with those obtained from the Cox
model with twin pair–specific baseline hazards.

The SPL estimator controls for the influence of unobserved variables at the twin pair
level, much like the standard fixed-effects estimator. While the SPL estimator removes
twin pair–specific unobserved heterogeneity, there may still exist environmentally
induced unobserved differences within twin pairs that may relate to differences in both
schooling and longevity. One threat to our particular application of the twin fixed-
effects design would be the existence of unobserved health differences within twin pairs
early in life. As discussed in the Theoretical Framework section, a number of twin
studies have reported a significant effect of birth weight on schooling, although the
evidence is mixed. A significant association between birth weight and schooling would
be a problem if there were also a significant association between birth weight and
mortality. Here, the evidence is very limited because such studies put great demands on
the data, following people across the life cycle. We attempt to deal with this potential
threat by running regressions on the subsample for which we have access to measures
of birth weight and examine whether the inclusion of birth weight affects the relation-
ship between schooling and mortality. If not, we can at least rule out that birth weight is
responsible for the relationship between schooling and longevity.

Another potential threat to our twin fixed-effects design is unobserved ability
differences within twin pairs. If such differences are related to both schooling and
mortality, our estimates would most likely be upwardly biased because cognitive ability
is positively related to both schooling and mortality. Very little evidence exists on the
extent to which twins differ in ability and the extent to which such differences predict
schooling differences. Sandewall et al. (2014), however, showed that IQ differences
within twin pairs predict schooling differences.15

Several epidemiological studies have reported statistically significant correlations
between early-life IQ and later-life health and mortality (see, e.g., the review by Batty
et al. 2007). Holsinger et al. (2007) obtained the same result, but when relating
differences in IQ between twins to differences in longevity between the same twins,
they found that the estimated relationship became weak and insignificant. In addition,
Lager et al. (2009) conducted a long-term follow up study of 1,500 children in which
each additional year of schooling reduced the mortality hazard by 9 % to 12 % (Lager
et al. 2009). When adding a measure of childhood IQ, however, they found that the
relationship between schooling and mortality was not affected.

Although we cannot observe cognitive ability or IQ in our data set, we can
control for variables that are known to be correlated with IQ. One such variable is

15 One cannot rule out that IQ differences between twins are generated through earlier differences in schooling
inputs, such as teachers. In fact, this is what two Swedish studies found when using the same data Sandewall
et al. (2014) used (Carlsson et al. 2013; Meghir et al. 2013).
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height, which has been shown to be overall strongly related to childhood IQ (Case
and Paxson 2008; Lundborg et al. 2014; Persico et al. 2004), although less so
when differencing among twins (see, e.g., Beauchamp et al. 2011; Keller et al.
2013). Height is often taken as an indicator of early-life health and can thus be
expected to reflect variation in both childhood health and IQ. If the results change
drastically when controlling for this proxy, however, we would be concerned that
unobserved differences in cognitive ability are influencing the results. We fully
acknowledge that this by no means is a perfect solution. Because height is also
related to early-life health, any change in the results when accounting for height
could obviously be interpreted as picking up health differences. However, an
absence of change in the result could provide some indication that differences in
cognitive abilities play no great role, although we then need to assume that the
variation in IQ that is relevant for mortality is picked up by our height measure.

Twins with different levels of schooling may differ in other, unobserved ways. Our
estimate of schooling would still indicate a causal effect, however, if these unobserved
factors are not the same as those that determine longevity. In our twin fixed-effects
context, we cannot test for this possibility.16 However, we believe we can at least rule
out some of the common suspects, such as birth weight and (via height) cognitive
ability to some extent. To shed light on other possible confounders, we focus on twin
pairs who differ little in their levels of schooling, among whom differences in unob-
served factors should also be fewer. If the estimates do not change much when we rely
only on twin pairs that do not differ much in schooling, this would then suggest that
unobserved factors play less of a role. In the same spirit, we can run regressions that
include only twins who are very similar in terms of height and birth weight.

Another issue that arises when interpreting twin-based estimates is that parents may
reinforce or compensate for differences in endowments between twins. In the former
case, the importance of such differences would be magnified. Most studies on data from
Western countries seem to support the hypothesis that parents try to compensate for
ability differences between children (for an overview of this literature, see Almond and
Currie 2011).17 To the extent that cognitive ability is associated with underlying
health—or to the extent that parents also compensate by investing more in the
education of their less-healthy offspring—our estimates of the impact of schooling on
mortality will be downwardly biased. Without data on parental behavior, it is obviously
impossible to address these concerns beyond trying to control for observable differ-
ences that may induce or reflect parental responses, such as birth weight and height.

As mentioned in the Data section, the sampling of the twins may introduce some
selection bias. For twins born in 1886–1925, only those alive in 1961 are included in
the sample. For the older cohorts, we are thus likely to observe a sample of unusually
healthy individuals. Moreover, it is plausible that that a low-educated individual who is
still able to survive to 1961 has better unobserved underlying health, on average, than a
highly educated individual from the same birth cohort. In this case, a negative corre-
lation between schooling and certain unobserved traits, such as healthy genes and early-

16 In principle, this possibility is testable if a good instrument exists to generate random variation in schooling
between members of twin pairs. To the best of our knowledge, there are no twin data containing such
instruments.
17 In contrast, a few studies found that parents reinforce endowment differences between children (see, e.g.,
Behrman et al. 1994).
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life health, would arise, leading to a downward bias in the estimate of schooling. Here,
the twin fixed-effects design gives us an advantage: many such unobserved traits are
shared by twins in a given twin pair and therefore cancel out, which likely reduces the
importance of the selection problem. We will shed light on this phenomenon in a
sensitivity analysis.

Certain selection issues may still prevail, however. For instance, if a lower-educated
twin is likely to have better underlying health than the higher-educated co-twin in pairs
where both survive until an older age, this would push the estimates downward.
Moreover, because survivors can be expected to be healthier, on average, the effect
of schooling may be smaller for this group if there is decreasing marginal productivity
in the production of longevity with respect to schooling. However, these selection
issues are much less important for the younger cohorts. Therefore, in the sensitivity
analysis, we examine the extent to which the results differ by cohort and by age.

The estimated association between schooling and mortality would also be down-
wardly biased if there are spillover mechanisms of knowledge between twins, whereby
the lower-educated twin may learn from and imitate the behavior of the co-twin, who in
turn has gained knowledge via more years of schooling (e.g., Boardman & Fletcher
2015; Kohler et al. 2011).18

Finally, one needs to assume that investments in schooling do not depend on the
future moment of death of the main person, given xi and ηp. This assumption would
fail, for instance, if the main respondent early in life has some idea about his or her
expected length of life. If this expectation is low, he or she may then invest less in
schooling, and what looks like an effect of schooling on mortality may then just reflect
reverse causality. We expect such anticipation effects to be weak, however, because a
useful feature of the twin fixed-effects design is that any signaling value that parental
health or longevity may have for the twins’ own expected longevity is shared by the
twins. Differences in early-life health could lead to differences in expectations about
longevity, however. Here, we expect the regressions including controls for height and
birth weight to be informative: variation in these factors could generate differences in
expectations about longevity. To preclude the influence of more severe negative early-
life health shocks, we limit the sample to those twin pairs in which both survived to at
least age 40.19

Results

We begin by analyzing the relationship between years of schooling and mortality.
Table 3 shows the Cox regression results for pooled MZ and DZ twins and for MZ
twins only, with and without allowing for twin pair–specific baseline hazards. In the
models without twin pair–specific baseline hazards, we adjust for gender and birth year.
Contrasting the twin fixed-effects results obtained for the pooled sample of MZ and DZ
twins with those obtained for MZ twins only is of interest because it might reveal

18 The opposite would be true, implying upward bias, if the twin with less schooling rebelled by behaving
differently from the better-educated co-twin.
19 For comprehensive overviews of common criticisms to twin studies and the circumstances under
which the estimated results are unbiased, see Amin et al. (2015b), Boardman and Fletcher (2015),
and Kohler et al. (2011).
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something about the role of genetic endowments for the relationship between schooling
and mortality. In the pooled MZ and DZ sample, not all genetic endowments will be
washed out; by contrast, in the MZ estimates, within-twins differences in genetic
endowments will be completely washed out. Thus, if these endowments are important
confounders, the MZ estimates should differ from the combined MZ/DZ estimates.

As shown in the first column of Table 3, the hazard ratio of 0.960 is significant and
implies that one additional year of schooling is associated with about a 4 % lower
mortality hazard in our pooled sample of MZ and DZ twins. This estimate is substantial
but somewhat lower than the estimates obtained in some previous studies using
Swedish data (e.g., Lager et al. 2009).

The second column displays the results of allowing for twin pair–specific baseline
hazards in our sample of MZ and DZ twins. Here, any unobserved factors that may
affect schooling and mortality that are shared by a pair of twins are cancelled out. The
hazard ratio slightly decreases to 0.954, implying a somewhat greater effect. Thus,
unobserved common early-life environment and shared genes do not appear to greatly
bias the estimates obtained in column 1. Admittedly, DZ twins, who constitute the
major part of the pooled sample, share only 50 % of their genes, but the fact that the
estimates hardly change when moving to the SPL model speaks against any strong
influence of genetics in the relationship between schooling and mortality. This conclu-
sion is supported when we restrict the sample to MZ twins only, as shown in columns 3
and 4. Here, the results are indeed very similar to the estimates obtained for the pooled
sample of MZ and DZ twins.20,21

Since the Coxmodel assumes proportional hazards, we test for this using the standard
test that examines the scaled Schoenfeld residuals (Grambsch and Therneau 1994). The
test rejects the proportional hazards assumption in all the models in Table 3. Given that
the hazards are not proportional, the estimated parameters still yield a weighted average
of the considered effect over the studied time frame, but they will conceal how the effect
changes with time (or, in this case, age). A particularly problematic scenario is if the
hazards cross, implying that a characteristic that is positively associated with the
outcome in the beginning of the time frame becomes negatively associated with it over
time. In order to check which interpretation is correct, we classified individuals in into
high-educated (more than 12 years of schooling) and low-educated (12 or fewer years of
schooling) and visualize the hazards in Fig. 1 (adjusted for gender). There is no evidence
of the hazards crossing, but the hazards tend to converge at young and old ages. Hence,
the results so far should be interpreted as giving average effects over the studied age
span, rather than as measuring an effect that is constant with age. Later, we investigate
potential age differences in more detail by dividing the sample into age groups; as we
show there, the proportional hazards assumption then holds up.

What could explain the small difference in results when accounting for all possible
twin pair–specific factors? One can argue that the Cox estimates and the SPL estimates
are not strictly comparable because SPL estimates are based only on twin pairs who

20 We tested for statistically significant differences in the coefficient of schooling between MZ and DZ twins
by pooling the samples and including an interaction term between schooling and being a MZ twin. This
interaction term was insignificant, however (p = .34).
21 The similarity in results with and without including twin fixed effects does not mean that genes are not
important determinants of schooling or mortality. Instead, it suggests that the genes affecting schooling are not
the same as those affecting mortality.
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differ in schooling, whereas the Cox estimates use variation between and within twin
pairs. Clearly, if the twin pairs that differ in schooling are systematically different from
other twin pairs, the estimates that are based on them may not be generalizable to the
full twin population and they have a local average treatment effect (LATE) flavor.22 We
check this by also running Cox regressions only on twin pairs that differed in schooling.
This generates a hazard ratio of 0.964, which is very similar to the estimate of 0.960
obtained for the Cox model on the full population.23 We obtain a similar pattern when
focusing on MZ twins only; here, the Cox estimates based on only the twins who differ
in schooling generates a hazard ratio of 0.960. Thus, the difference in magnitude of the
estimates between the Cox and SPL models remains small, and the main message of the
analysis does not change; a statistically significant relationship between schooling and
mortality also remains when we account for shared genes and environment.

Before proceeding with gender-specific results, we want to make sure that our main
results are not driven by some outliers in the data. As Amin (2011) showed, twin fixed-
effects estimates are especially sensitive to the influence of a few outliers in the

22 However, an often mentioned potential advantage of within-twins estimates is that they might have less of a
LATE flavor than IV estimates that depend on changing minimum schooling or school-leaving age require-
ments. The reason is that the twin fixed-effects estimates use variation in schooling over the entire schooling
distribution, whereas many IV studies only use limited variation in schooling induced by the instrument (Amin
et al. 2015b; Behrman et al. 2011).
23 We also checked whether the twin pairs that differed in schooling also differed from other twin pairs in
terms of observable characteristics. The results suggested that differences within twin pairs have become more
common over time, as the average birth year of twin pairs that differed in schooling was 1937 compared with
1927 for twin pairs who did not differ. This difference was statistically significant. We return to the issue of
changes in the estimates over cohorts/ages in subsequent sections.

Table 3 Cox regression on mortality and education: Data from the Swedish twin registry

MZ and DZ Twins MZ Twins

Cox SPL Cox SPL

A. Pooled Sample

Years of schooling 0.960** 0.954** 0.958** 0.955**

(0.954–0.965) (0.941–0.968) (0.949–0.967) (0.929–0.981)

Number of observations 49,572 49,572 18,686 18,686

B. Males

Years of schooling 0.960** 0.957** 0.963** 0.948**

(0.953–0.967) (0.939–0.975) (0.951–0.975) (0.914–0.984)

Number of observations 23,126 23,126 8,602 8,602

C. Females

Years of schooling 0.959** 0.951** 0.951** 0.962†

(0.951–0.967) (0.930–0.972) (0.937–0.965) (0.925–1.001)

Number of observations 26,446 26,446 10,084 10,084

Notes: Confidence intervals are shown in parentheses. Models 1 and 3 are standard Cox models. Models 2 and
4 are Cox stratified partial likelihood (SPL) models. Models in columns 1–3 include controls for gender and
birth year (dummy variables).
†p < .10; **p < .01
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explanatory variable. We therefore rerun our results first excluding all twin pairs in
which the twins differed by more than four years in terms of schooling. Doing so
actually decreases the hazard ratio somewhat, to 0.94. Further restricting the sample to
pairs with a schooling difference of no more than three years yields similar results
(hazard ratio of 0.92), as does restricting the sample to those with at most a two-year
difference. These results are also of interest for another reason: it appears reasonable
that twin pairs who differ less in terms of schooling also differ less in unobserved
factors that could potentially bias our results. If these unobserved factors were of great
importance, however, we would expect the estimates based on twin pairs with similar
schooling to be of lower magnitude. This is not what we find, however.24

Results by Gender

We next consider the possibility that the estimates differ between males and females by
running separate regressions by gender. Given the different roles of males and females
in society, it would not be surprising to find differences in the nature of the relationship
between mortality and schooling.

Panel B of Table 3 shows the results for males. Allowing for twin pair–specific
baseline hazards via SPL estimation in the sample of male twins, we now obtain a
hazard ratio of 0.957, whereas the corresponding Cox estimate is 0.960. When we
restrict the sample to MZ twins only, the SPL estimate decreases somewhat (0.948).

For females, the SPL hazard ratio of 0.951 in the pooled sample of female twins is
close to that of the male twins, and the difference is not statistically significant.25 When
we restrict the sample to MZ twins only and apply the SPL estimator, the hazard ratio
increases somewhat to 0.962. The somewhat greater effect of schooling obtained for
males in the SPL model is in line with previous evidence of a somewhat stronger
gradient amongmales, although our results suggest that the differences are quite small.26

24 We also ran regressions excluding people who survived the ages of 100 and 90, respectively. We lost about
3,000 individuals by imposing this restriction, but the results barely changed.
25 When we pool genders and interact an indicator for being male with schooling, the interaction term is
insignificant in the SPL model (p = .68).
26 The differences are not statistically significant, as revealed by insignificant interaction terms in both the SPL
and in the standard Cox model (p = .68 and p = .17, respectively).
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Internal Validity of the Twin Fixed-Effects Design

Having established a set of baseline results, we next turn to the interpretations of our
data and results. We focus on the internal validity of our twin estimates by conducting a
series of tests for potential confounding factors. In particular, we are concerned that
schooling achievement within twin pairs could be correlated with factors that also
determine longevity and that are unobserved to the analyst, thus not warranting a causal
interpretation of our estimates.

Birth Weight, Schooling, and Mortality

First, we examine the extent to which controlling for birth weight, our proxy for early-
life health, affects our results. Because birth weight information is collected only for
those born in 1926–1958, the sample size is now halved, from 50,000 to about 25,000.

We start by checking for any evidence that birth weight actually affects schooling
in our sample. This serves as a credibility check of our birth weight measure, given
that previous studies have found significant effects of birth weight. As shown in the
first column of Table 4, the relationship between birth weight and years of schooling
is not significant in an OLS model, with controls for gender and birth cohort. When
we add fixed effects to our pooled sample of MZ and DZ twins, however, the results
show that a 100 g increase in birth weight is associated with 0.023 more years of
schooling.27 This estimate corresponds closely to Royer’s (2009) estimate, obtained
using U.S. data, that a 100 g increase in birth weight is associated with 0.02
additional years of schooling. When we restrict our sample to MZ twins, the effect
actually increases in magnitude. To compare the results with those of Black et al.
(2007), we also estimate the effect of log birth weight on high school completion. The
estimates show that a 10 % increase in birth weight is associated with a 0.84
percentage point increase in the probability of high school completion, which is very
similar to the 0.9 percentage point increase Black et al. (2007) obtained. The
similarity of our findings to those obtained in previous studies suggests that our birth
weight measure is valid.

Our finding of a positive association between birth weight and schooling raises
some concerns about our main results. If birth weight is also positively related to
longevity, then our estimates based on the full sample, for which we lack birth weight
information for all, might be upwardly biased. We therefore reestimate our main
mortality models on the sample with birth weight information to check how the
estimate of schooling is affected by controlling for birth weight. We first establish
whether schooling and mortality are also significantly associated in this restricted
sample with information on birth weight. Indeed, this is the case for our pooled
sample of MZ and DZ twins: as shown in the first and third columns of Table 5, the
results are similar to our baseline results. For MZ twins, the estimate is similar in
magnitude but does not reach statistical significance in this smaller sample.

27 We also tried alternative specifications of the birth weight variable, such as an indicator of low birth weight
(birth weight <2,500 g). The indicator of low birth weight is significant, but when we included both this
indicator and the birth weight variable, the latter always dominated and the former became insignificant.
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As shown in columns 2 and 4 of Table 5 (panel A), the magnitude of the
hazard ratio for schooling is almost unchanged when we account for birth
weight differences. We also again tried other indicators of birth weight, such
as an indicator of low birth weight (less than 2,500 g) and log birth weight, but
the results did not change. Our results thus suggest that although birth weight
predicts schooling, the omission of birth weight in our main regressions is
unlikely to bias the estimate of schooling to any important extent.

Table 4 Regressions on birth weight and education (panel A) and height and education (panel B): Data from
the Swedish twin registry

No Fixed Effects Fixed Effects

All Twins MZ Twins All Twins MZ Twins

(1) (2) (3) (4)

A. Birth Weight (100 g) 0.002 0.013** 0.023** 0.042**

(0.004) (0.006) (0.006) (0.008)

Number of observations 25,372 9,942 25,372 9,942

B. Height 0.058** 0.063** 0.019** 0.022**

(0.002) (0.004) (0.003) (0.007)

Number of observations 43,042 16,492 43,042 16,492

Notes: Standard errors are shown in parentheses. Columns 1 and 2 report OLS regression results with controls
for gender and birth year. Columns 3 and 4 report linear fixed-effects regressions.

**p < .01

Table 5 Regression on mortality and years of schooling, controlling for birth weight (panel A) and
controlling for height (panel B): Data from the Swedish twin registry

MZ and DZ Twins MZ Twins

A. Birth Weight Sample

Years of schooling 0.936** 0.936** 0.961 0.960

(0.013) (0.013) (0.025) (0.025)

Birth weight (100 g) 0.978** 1.005

(0.009) (0.017)

Number of observations 25,372 25,372 9,942 9,942

Control for birth weight No Yes No Yes

B. Height Sample

Years of schooling 0.957** 0.957** 0.956** 0.956**

(0.008) (0.008) (0.014) (0.014)

Height (cm) 0.995 0.994

(0.003) (0.008)

Number of observations 43,042 43,042 16,492 16,492

Control for height No Yes No Yes

**p < .01
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Proxies for Cognitive Ability Differences

We next turn to the question of potential differences in cognitive ability between twins.
As discussed in the Empirical Model height is related to childhood and adolescent IQ as
well as to early-life health and nutritional inputs. Thus, an absence of a change in
results when we control for a variable that is known to be strongly correlated with
childhood IQ would be informative.

First, we establish that height and schooling are significantly related in our sample.
As shown in panel B of Table 4, a 10 cm increase in height is associated with a 0.06
increase in the number of years of schooling. Because height information is present for
the lion’s share of the full sample, we are no longer restricted to the smaller sample size
used for assessing the role of birth weight. When we impose twin pair–specific baseline
hazards, the estimate decreases to about one-third (0.019) but remains significant at the
1 % level, as shown in the second column. Similar and significant estimates are
obtained if we restrict the sample to MZ twins.

To check whether our main result on the relationship between schooling and
mortality changes when we control for height in the regression, we first estimate the
relationship between schooling and mortality in the part of the sample for which we
have information on height. As seen in panel B of Table 5, the resulting estimates are
very similar to those obtained for the full sample. When we also include height in the
regression, the results hardly change. Moreover, the results show no significant rela-
tionship between height and mortality in either model, which is an interesting result in
its own right.

Because height is known to be correlated with cognitive ability, an alternative
sensitivity check would be to examine whether the results change when we include
only twin pairs who are very similar in terms of height and who, thus, should also
be more similar in terms of cognitive ability and early-life health. We rerun our SPL
regressions on a sample of 20,104 MZ and DZ twin pairs who differ by no more
than 2 cm in height. The estimated hazard ratio is still significant and of a
magnitude similar to that for the full sample (0.962). The estimate is also similar,
and significant, if we restrict the sample to twins who differed by no more than
1 cm (0.969, n = 13,334).

Learning From DZ Twins

We have shown that controlling for birth weight differences and differences in
height, which arguably picks up some variation in cognitive ability, does not affect
our results to any great extent. Of course, the possibility remains that other
unobserved factors that differ between twins will bias our estimates. We can shed
some light on this by exploiting the information on zygosity in the data. It is
plausible that MZ twins are more alike than DZ twins not only in terms of
schooling but also in terms of preferences and personality traits. This is, for instance,
implied in variance decomposition studies that try to single out the genetic compo-
nent in such traits using contrasts between MZ and DZ twins (e.g., Cesarini et al.
2009; Jang et al. 1996). In our case, preferences that affect both schooling and
longevity should be more alike among MZ twins than among DZ twins. If so, we
would also expect the MZ estimates to be smaller than the DZ estimates, given that
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a larger part of the influences of such preferences will be differenced out among MZ
twins.28 On the other hand, little change in the results would suggest that differences
in unobserved factors, such as preferences, are less important.

When we explicitly make the comparison between DZ and MZ estimates, the hazard
ratios barely differ (0.954 and 0.955). The same is true when we run separate regres-
sions by gender. We can therefore rule out that unobserved genetic endowments play an
important role in the relationship between schooling and mortality. Moreover, the result
suggests that measurement errors do not play a great role because one would otherwise
expect smaller MZ estimates.

Summing Up Internal Validity Concerns

We acknowledge that we are unable to completely rule out that the within-twin-pair
relationship between schooling and longevity reflects the influence of omitted variables
affecting both these outcomes. Our tests show, however, that some of the factors that
determine schooling differences between twins—and that are often difficult to ob-
serve—do not seem to bias our estimates. We therefore believe that our results are
consistent with a causal interpretation that schooling improves longevity. When we
control for the twins’ genetics and childhood environment, which are plausible candi-
dates for determining both schooling and longevity, our estimates barely change. When
we also control for some observable factors within twin pairs, such as early-life health
and cognitive ability, our estimates remain unaffected.

Nonlinear Returns

Next, we consider the possibility of important nonlinearities in the relationship
between schooling and mortality. For this purpose, we define three groups: those
with less than 10 years of schooling, those with 10–12 years of schooling, and
those with at least 13 years of schooling. The latter category includes people with
a university exam.

The results in panel A of Table 6 show that MZ and DZ twins with 10–12
years of schooling have about 14 % lower mortality hazard than those with less
than 10 years of schooling. This estimate is only mildly affected when we
allow for twin pair–specific baseline hazards. For twins with a university exam
or some university studies (at least 13 years of schooling), the estimates are
more dramatic: the mortality hazard is more than 40 % lower in the SPL model
(38 % lower hazard among MZ twins only).

Table 6 also shows estimates separately for male and female MZ twins. For the
combined sample of MZ and DZ twins, the estimates for both men and women are very
similar to those obtained for the pooled sample. Turning to MZ twins, it seems as if the

28 This would be true as long as at least some part of the variation in such preference traits is due to genetics.
This is also what the studies by Cesarini et al. (2009) and Jang et al. (1996) suggest. A difference in results
between MZ and DZ twins could also be explained by the greater role that measurement errors play among
MZ twins than DZ twins. However, the bias resulting from relying on purely self-reported measures for
education in estimating the association between schooling and health has been found to be of limited
importance (e.g., Amin et al. 2015a, b). In addition, because data on education in this study are taken from
registers for a large part of our sample, we do not believe that measurement errors play a great role.
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effect of 10–12 years of schooling compared with less schooling is somewhat stronger
among women.29 All in all, the estimates look rather linear in the categories considered.

Selection and Changes in the Estimates Over Time

As argued in the Data section, the sampling used in the twin registry may induce some
selection problems, which most likely leads to conservative estimates using the Cox
model. If selection is an important issue, we would expect that the downward bias in the
estimates is larger for the older cohorts, whose inclusion in the sample depended on a
longer survival. A person born 1890, for instance, had to survive to the age of 71 to be
included. We can therefore check the sensitivity of our results to the inclusion of the
older cohorts. However, whenwe exclude older cohorts, we not only exclude cohorts for
which more selection has taken place but we also are less likely to observe completed
lifespans in the remaining cohorts. We will need to assume, for the moment, that the
proportional hazards assumption holds—that is, that the effect of schooling remains
constant over time (across age). Later, we will investigate this assumption as well.

29 We also repeated the sensitivity tests of the previous sections, controlling for birth weight and height. The
results were again robust.

Table 6 Cox regression on mortality and education, nonlinear returns: Data from the Swedish twin registry

MZ and DZ Twins MZ Twins

Pooled SPL Pooled SPL

A. Males and Females

10–12 years of schooling 0.855** 0.849** 0.828** 0.814**

(0.825–0.886) (0.786–0.917) (0.780–0.879) (0.709–0.936)

13 or more years of schooling 0.634** 0.569** 0.660** 0.617**

(0.591–0.680) (0.487–0.665) (0.590–0.739) (0.463–0.823)

Number of observations 49,572 49,572 18,686 18,686

B. Males

10–12 years of schooling 0.864** 0.870* 0.844** 0.838†

(0.823–0.908) (0.782–0.968) (0.777–0.916) (0.689–1.021)

13 or more years of schooling 0.635** 0.579** 0.689** 0.594**

(0.578–0.696) (0.473–0.710) (0.592–0.801) (0.404–0.875)

Number of observations 23,126 23,126 8,602 8,602

C. Females

10–12 years of schooling 0.838** 0.827** 0.801** 0.789*

(0.794–0.883) (0.740–0.925) (0.734–0.875) (0.648–0.961)

13 or more years of schooling 0.625** 0.558** 0.635** 0.656†

(0.561–0.697) (0.438–0.712) (0.534–0.754) (0.427–1.010)

Number of observations 26,446 26,446 10,084 10,084

Notes: Confidence intervals are shown in parentheses. Models 1 and 3 control for sex and birth cohort. Models
3 and 4 are Cox SPL models.
†p < .10; *p < .05; **p < .01
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Table 7 shows both Cox and SPL estimates with different restrictions on what
cohorts to include. In the first row, we replicate the main results for ease of comparison.
Excluding the oldest cohort, born in 1886–1895, does not cause any radical change in
the results, as shown in the second row. Nor do dramatic changes occur when we
exclude the cohorts born in 1896–1905 and 1906–1915. If selection bias had been
important, we would have expected that the Cox estimates would grow in magnitude as
the older cohorts were excluded. Moreover, we would expect the SPL estimates to
differ more from the Cox estimates in the older cohorts, given that the SPL model
alleviates some of the selection problem. This is not what we find, however; in fact,
none of the coefficients reported so far differ in a statistically significant manner.30

We next turn to the results for the later born cohorts, where the results suggest that
there have been some changes over time in the estimates. Including only cohorts born
in 1936–1958 gives a stronger impact of schooling, with a hazard ratio of 0.91 in the
SPL model. This pattern becomes even more pronounced when we restrict the sample
to the even younger cohorts born in 1946–1958, where the hazard ratio is now 0.84.
These results are consistent with many previous studies that have found that the
socioeconomic gradient in mortality has grown stronger over time. For instance,
well-educated people have been better able to take up new medical interventions
(Glied and Lleras-Muney 2008). It is only for the latest period considered, 1946–
1958, that we obtain a coefficient that is significantly different from the rest.31

The changes in estimates in the recent cohorts can also be explained in other
ways. As mentioned earlier, the age composition of the sample automatically
changes when we impose different cohort restrictions. For the younger cohorts,
many more deaths are censored simply because fewer people have reached high
ages. Thus, the cohort effect found in Table 7 could reflect that the impact of
schooling varies by age. We can shed some light on the plausibility of this
explanation by comparing the estimates for similar age groups who belong to
different cohorts—that is, by moving the age window across time.

For this purpose, we focus on specific cohort subdivisions of the main sample for
which we are able to make similar age groupings. If the changing age composition of
the sample explains the changes in the results, we would expect to see no great
differences when comparing the results for the same age groups across cohorts. On
the other hand, a change in results across the same age groups across cohorts would
suggest that real changes in the relationship between schooling and mortality have
taken place. This again assumes that our SPL estimator eliminates selection issues and
that any remaining ability bias remains more or less constant over time.

30 We cannot rule out that a strong downward bias from selection is offset by a strong upward bias from
unobserved ability in the older cohorts. In later cohorts, a weaker selection bias would then also be offset by a
weaker ability bias. It appears likely to us that improved access to education over time leads to less rationing of
education according to skills. Moreover, when credit constraints are less binding, parents could more easily
afford to send both twins to higher education institutions, whereas more binding constraints may lead parents
to invest more in the more able twin. We can shed some light on this possibility by examining if the effect of
height, which partly picks up cognitive ability, on education decreases over time. This is not the case, however;
if anything, the effect is greater for the post-1940 birth cohorts.
31 We tested this by including interaction terms between schooling and birth cohort indicators in the
SPL model. For cohorts born in 1946–1958, the interaction term was significant for males and
females combined (p < .01) and for males (p < .01), but was not significant for females (p = .36).
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Table 8 presents the SPL results from this exercise. The first two columns give the
mortality hazard ratios for ages 50–60 in the cohorts born in 1922–1934 and 1935–
1947 respectively; the subsequent columns give the corresponding hazards for later
ages and comparable cohorts. The relationship between schooling and mortality within
a particular age group is not radically different across cohorts. In the age group 50–60,
however, the hazard ratio for the 1922–1934 and 1935–1947 cohorts is 0.93 and 0.90,
respectively, which suggests that the effect within the same age group becomes
somewhat weaker across cohorts. The difference in hazard ratios is not statistically
significant, however, when tested with an interaction term (p = .49). For the other age
ranges considered, estimates are even more similar across cohorts.32 Thus, the estimates
suggest that the relationship between schooling and mortality looks similar across
cohorts but that it varies across the life cycle. The difference in results when we exclude
cohorts (shown in Table 7) therefore reflects a weakening of the relationship between
schooling and health by age rather than changes in the relationship across cohorts. The
reduced importance of schooling by age could be explained by a mechanism whereby
the underlying health of those surviving to higher ages is greater and schooling matters
less for health production at higher levels of underlying health.

32 The interaction terms between schooling and the cohort indicators for the age groups 60–70 and 70–80 were
insignificant (p = .63 and p = .91, respectively)

Table 7 Cox and SPL regressions on mortality and with different sample restrictions: Data from the Swedish
twin registry

Pooled Males Females

Year-of-Schooling Sample Restriction Cox SPL Cox SPL Cox SPL

1886–1958 0.960** 0.954** 0.962** 0.957** 0.955** 0.951**

n 49,572 49,572 23,126 23,126 26,446 26,446

1896–1958 0.959** 0.956** 0.962** 0.960** 0.955** 0.950**

n 48,346 48,346 22,630 22,630 25,716 25,716

1906–1958 0.958** 0.953** 0.961** 0.956** 0.954** 0.947**

n 45,406 45,406 21,350 21,350 24,056 24,056

1916–1958 0.955** 0.946** 0.959** 0.947** 0.950** 0.944**

n 39,572 39,572 18,692 18,692 20,880 20,880

1926–1958 0.947** 0.943** 0.953** 0.952** 0.937** 0.930**

n 31,686 31,686 15,174 15,174 16,512 16,512

1936–1958 0.923** 0.913** 0.924** 0.931** 0.922** 0.883**

n 24,388 24,388 11,818 11,818 12,570 12,570

1946–1958 0.878** 0.837** 0.867** 0.831** 0.896** 0.845**

n 14,306 14,306 7,038 7,038 7,268 7,268

Note: Standard errors are shown in parentheses.

**p < .01
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The comparisons across age groups also shed light on the proportional hazards
assumption. We showed earlier that the assumption does not hold when all age groups
are pooled and that this likely reflected the convergence of hazards at higher ages. The
results in Table 8 as well as our test of the proportional hazards assumption by age
group confirm these findings.33

How Much Life Expectancy Is Gained by Higher Schooling?

The Cox and SPL survival models analyzed in this article are semiparametric in the
sense that they analyze the impact of explanatory factors (e.g., schooling) but not the
parameters of the underlying baseline hazard parameters. These models use the ordering
of relevant events (deaths) but not information on how far apart or exactly when on the
time scale different events occur. Hence, these models yield estimates of the mortality
hazard ratios, but in the absence of a specified baseline, such hazards are not directly
translatable in terms of more detailed longevity prospects. To capture such prospects via
survival analysis, the baseline has to be specified and its parameters must be estimated.

Unfortunately, it is infeasible to use our SPL twin fixed-effects design to estimate a
parametric proportional hazards model because there is simply not enough information (or
degrees of freedom) from two observations to allow for specification of one specific
baseline for each and every stratum or twin pair. Nevertheless, the results presented so far
strongly suggest that unobserved characteristics operating at the twin level do not influence
the estimated impact of schooling on mortality in any important way. To illustrate how the
hazard ratios for the effect of schooling onmortalitymay translate into survival propensities,
we therefore present estimates of mean remaining life expectancy at age 60, based on the
Gompertz distribution.34,35 These estimates are likely slight underestimates because our
nonlinear SPL estimates shown are somewhat greater than the nonlinear Cox estimates.

The sample included in this analysis is restricted to only twin pairs who were both
alive at age 60. Hereafter, we estimate Gompertz survival models for different subpop-
ulations according to gender, educational group (less than 10 years, 10–12 years, or 13
or more years), and birth cohort (1900–1919 and 1920–1929), with birth year as a
continuous explanatory variable.36

33 We test the proportional hazards assumption using Schoenfeld residuals (see the phtest option in Stata). For
the age groups 50–60, 60–70, and 70–80, the Prob > χ2 are 0.55, 0.93, and 0.51, respectively.
34 The Gompertz distribution has been shown to describe old age mortality rather well. This model is a
parametric proportional hazard model in which the baseline hazard takes the following form:

θ0 t; a; bð Þ ¼ aet=b; ð3Þ

where a and e are shape and scale parameters, respectively, of the baseline; and t is, just as in the Cox and SPL
models, the randomly distributed death time. Hence, the model can be expressed in terms similar to the Cox
model with the addition that the baseline is specified according to a Gompertz distribution with specified shape
and scale parameters.
35 The main purpose of this exercise is not to exactly capture specific remaining life expectancies for different
subgroups but rather to illustrate the differences in these expectancies—that is, to illustrate how the impact of
education on mortality translates to longevity.
36 On a computational level, the studied time/age profile is rescaled so that entrance in the relevant risk set
occurs at time (t) 0 (at age 60) in order to more accurately capture old age mortality. The resulting estimates of
the shape and scale parameters are then used to calculate life expectancies by integrating the random variable t
with respect to its probability measure given by the estimated Gompertz density, over its support (0, inf)—that
is, from age 60 (t = 0) onward.
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Table 9 presents the mean expected remaining life expectancies at age 60, with the
estimated scale and shape parameters (a,b) in parentheses. Low-educated men in the old
cohort could expect to live an average of 19.1 more years at age 60, but highly educated
men could expect to live an additional 3.5 years. The corresponding figures for females
are 23.1 and 2.5, respectively. For the younger cohorts, the educational impact on
expected survival is similar: at age 60, low-educated men could expect to live 20.7 more
years, and highly educated men could expect to live 2.8 more years. Corresponding
figures for females are 25.3 more years for low-educated females and 3 more years for
highly educated females. Overall, it seems as if higher education is associated with
2.5–3.5 years additional life expectancy at age 60 compared with low education.

An alternative way to illustrate the impact of schooling on survival propen-
sities is to study how the probability of reaching different ages is related to
schooling. Contrary to the survival analysis based on the Gompertz distribution
presented, this alternative allows for correction for unobserved within-twin-pair
common characteristics. Table 10 presents twin fixed-effects estimates of linear
probability models of survival up to ages 60, 70, and 80. The identification for
these models emanates solely from twin pairs in which one twin has reached
the considered age and the other one has not. Panel A of Table 10 presents
results for the pooled sample of MZ and DZ twins.

The results shown in the first column of Table 10, panel A, imply that a
highly educated person has a 4 percentage point greater chance of surviving to
age 60 compared with a low-educated person. To put this in perspective, 94 %
of low-educated persons survive until age 60. An increase in survival expec-
tancy from 94 % to 98 % may not seem dramatic, but it is equivalent to a
decrease in the mortality risk from 6 % to 2 % (or by almost 67 %). The
numbers are slightly greater for males than for females.

The gender discrepancy is reversed for the chance of living until age 70: the
advantage for the highly educated over the low educated is 8 percentage points among
women and 6 percentage points among men. At age 80, the gender pattern is reversed
again and the estimates again suggest a sizable reduction in the mortality risk for highly

Table 9 Remaining life expectancy at age 60 by birth cohort, educational group, and sex based on Gompertz
estimations of the survival function: Data from the Swedish twin registry

Born 1900–1919 Born 1920–1929

Education Males Females Males Females

Low (<10) 19.112 23.125 20.740 25.317

(0.0119, 10.354) (0.0059, 9.164) (0.0105, 10.855) (0.0049, 9.617)

Middle (10–12) 20.269 24.920 21.763 25.798

(0.0106, 10.529) (0.0046, 9.086) (0.0090, 10.641) (0.0025, 7.389)

High (≥13) 22.621 25.613 23.575 28.302

(0.0074, 11.044) (0.0026, 7.347) (0.0061, 9.586) (0.0024, 8.247)

Notes: Estimated scale and shape parameters (a,b) are shown in parentheses. Estimates are based on Gompertz
survival models for different subpopulations according to gender, educational group, and birth cohort, with
birth year as an explanatory variable.
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educated persons. Turning to MZ twins, the precision of the estimates is lower because
of smaller sample sizes. Nonetheless, for men and women combined as well as for
women alone, the magnitude of the estimations closely mirrors those for the pooled
MZ/DZ sample; for highly educated men, however, the estimates are about halved.
Altogether, our estimates in this section suggest that the effect of schooling on mortality
is large.

Comparisons With Previous Studies

Our fixed-effects results contrast with those of Behrman et al. (2011), who analyzed
mortality, as measured by the propensities to survive until 2003 conditional on survival
to 1980, among Danish twins born in 1921–1950. They found that the strong crude
association between years of schooling and mortality (i.e., before 2003) vanished when
the twins’ common social and genetic background was accounted for. To assess
whether this discrepancy between the findings of our study and those of Behrman
et al. (2011) is due to differences in methodological approach, we replicate their study
on MZ twins using the Swedish data. We include MZ twin pairs in which both were
alive in 1980 and analyze the propensity to survive until 2003 in a linear twin fixed-
effects probability model among the two cohorts born in 1921–1935 and 1936–1950
respectively. We include education as a continuous explanatory variable. Altogether,
10,290 Swedish twins meet these inclusion criteria.

For men in the Swedish data set, the resulting estimated effects of schooling on
survival for both cohorts (0.0153 and 0.0080, respectively) are much greater than those
Behrman et al. (2011) obtained (–0.0051 and 0.0012, respectively; both insignificant)
and are statistically significant (at the 10 % and 5 % levels, respectively). If we instead
use ages 67 and 52 as the endpoints for the respective cohorts, which is the maximum
age attainable in 2003 for the youngest in the respective cohorts, the parameter
estimates are similar in magnitude (0.0167 and 0.0064) and are statistically significant
at the 5 % level. Thus, the differing results of the two studies are probably not a simple
matter of varying endpoints of analysis. For women, the estimated effects, as in
Behrman et al. (2011), become imprecise using their methodology.

What could explain the difference in results? Denmark and Sweden are neighboring
countries that are both representatives of the Scandinavian welfare model. They also
have similar economic and demographic characteristics. However, one noticeable
difference between the two countries appears in life expectancy. Although life expec-
tancy in both countries was among the highest in the world in 1950, life expectancy in
Sweden has followed a rapidly rising pattern found in other Western countries during
the last 50 years, whereas Denmark has fallen behind.37 This divergence could be one
cause of the difference between the two countries in the effects of schooling on
longevity.38

37 Around the millennium, the overall difference in life expectancy between the two countries was about three
years, which has been attributed to a more unhealthy Danish lifestyle, especially in terms of alcohol and
tobacco consumption (Juel 2008). Depending on its distribution within the population, this lifestyle may well
interfere with the potential channels through which education may affect longevity.
38 When we restrict our sample to the period 1921–1950 (the cohort studied by Behrman et al.
(2011)) and run our SPL model on MZ and DZ twins, our estimate does not change much (0.950)
and remains statistically significant.
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Our results mirror those that Lager and Torssander (2012) obtained in their IV study
using a schooling reform implemented in 1949–1962 in Sweden. They found a
significant effect of the reform on mortality after the age of 40. Fischer et al. (2013)
similarly found a small but positive effect on longevity of a 1936 Swedish schooling
reform making the 7th year in school compulsory.

In our twin analysis, we exploit variation within twin pairs, which means that both
twins faced the same rules regarding mandatory years of schooling, given that almost
all twin pairs grew up in the same municipality. The variation we exploit therefore
excludes exactly the variation exploited in the IV studies. Moreover, we have few twin
pairs in which one twin has 7 (or 8) years of schooling and the other twin has
9 years of schooling. We find only 767 twin pairs in our data in which both
twins have less than 10 years of schooling and differ in schooling. To obtain a
somewhat comparable sample to the one used for identification in the IV
studies, we can therefore restrict our sample to these 767 pairs and rerun our
analysis. Doing so, we obtain an insignificant hazard ratio that is close to 1
(0.996). We thus obtain results quite similar to those of the IV studies when we
restrict our sample to theirs. This finding suggests that our significant estimates
in the main sample reflect variation at higher levels of schooling; it also makes
the difference in results between our study and theirs less surprising.39

Summary and Conclusion

It is well known that well-educated people live longer. Less is known about why this is
the case. In this article, we provide evidence on the topic by analyzing a large data set
on Swedish twins born between 1886 and 1958. A unique feature of these data is that
they enable us to observe complete life spans for a large number of individuals. By
applying a twin fixed-effects design, we can account for many, often unmeasured,
confounders, such as genes and family background. Our results show a strong and
significant relationship between schooling and mortality, even when we account for
such potential confounders. These results are robust to a number of controls for within-
twin differences in early-life factors, such as birth weight and proxies for cognitive
ability, and are relatively stable over the period considered.

Taken literally, our estimates suggest that the effect of schooling may be
large; at age 60, the highly educated (with at least 13 years of schooling) could
expect to outlive those with low education (less than 10 years) by an average
of about 3 years. This is comparable to the current (2008–2012) gender
discrepancy in life expectancy at age 60 in Sweden, where women expect to
outlive men by about 3 years (Statistics Sweden 2014). It is also comparable to
the gain in life expectancy (about 4 years) from kidney transplants among
people aged 60 or older who are on dialysis (Wolfe et al. 1999), and the
expected gains from quitting smoking in the United States at age 65 of about 2
years for men and 3 years for women (Taylor et al. 2002). However, the actual

39 Another difference is that we are able to follow individuals until death in many cases, whereas they
followed up until late adulthood. However, this difference seems to play a less important role because we find
that the relationship between education and mortality becomes weaker with age rather than stronger.
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causal effect of increasing schooling on mortality and life expectancy in
contemporary Sweden is uncertain.

Our data go back to the end of the nineteenth century, when levels of schooling were
considerably lower than today; the average years of schooling increased from about 9
years to 12 years during the period we study. Thus, we do not know if our results
generalize to a situation with much higher levels of average schooling, as in contem-
porary Sweden. Clearly, however, the levels of schooling in our study period are similar
to those found in many developing countries today. Our results therefore suggest that
the longevity gains from extending levels of schooling in these countries may be
substantial. Such gains and improved health may well constitute important mechanisms
by which schooling also affects productivity and economic growth, which would
further emphasize the crucial role of schooling in the development of human welfare.

From this perspective, the association between educational attainment (and income)
and health/longevity has become stronger during the last decades in the United States,
Europe, and Sweden, implying that the potential true societal value of schooling
extends well beyond any economic growth effects (Hederos et al. 2014; Kunst et al.
2005; Masters et al. 2012; Miech et al. 2011). However, it is uncertain the extent to
which this is a function of causal mechanisms (i.e., that education has become more
important in promoting good health) or instead is a consequence of changes in the
educational and income distributions (i.e., that the least-educated fraction of the
population has become more negatively selected) (Montez and Friedman 2015).

Conceptualizing that mortality is an ultimate absorbing state of bad health, a
closely related strand of the literature linking schooling to mortality addresses
the association between schooling and health-related behavior and health.
Interestingly, two recent twin-based studies from the United States and China
find that the crude associations between schooling and health become much
weaker when the twins’ common backgrounds are taken into account (Amin
et al. 2015a; Behrman et al. 2015). Mirroring these results, Gerdtham et al.
(2016), analyzing a twin sample partly overlapping the one used in this study,
found that the strong crude association between schooling and self-reported
health is heavily reduced when common unobserved factors operating at a twin
family level are taken into account. Hence, it seems as if there is a stronger
connection between schooling and mortality than between schooling and (self-
reported) health. The reasons for this difference are largely unknown, but a
strong influence of schooling on mortality may not be associated with a
similarly strong connection between schooling and survey-based (self-reported)
health if the former effect is mainly due to causes of death from rather
unexpected, quick-acting fatal illnesses.

Finally, some words of caution are warranted. Whereas the twin difference
methodology we use neutralizes some of the influence from underlying, unob-
served factors operating at a family level, it does not rule out the influence
from environmental factors striking unevenly between the twins affecting both
mortality and education (via cognitive ability, for example). We can take some
of the influence from such unshared environmental factors into account, insofar
as they are manifested by birth weight and adult height, but none of these
entities are bound to capture the full lasting impact on schooling and health of,
for example, illnesses and accidents affecting two twins unevenly during
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childhood. Hence, our results clearly indicate that the association between
schooling and mortality is not a consequence of environmental or genetic
factors common to the twin pair or to divergent environmental influences as
far as these are captured by birth weight and height. Although other underlying,
unobserved, and unknown factors may affect both schooling and mortality, this
implies that we are narrowing in on a causal interpretation with more transpar-
ent policy implications for the true value of investments in schooling.

We also caution against generalizing too much from country-specific studies.
Comparing the results of this study with those of Behrman et al. (2011), a possible
interpretation is that schooling is partly determined by the same endowments as
mortality in Denmark (where no significant schooling effects were found when en-
dowments were controlled for using twins fixed effects) but not in Sweden. Although
the underlying reasons for it are uncertain, the discrepancy highlights the difficulties of
generalizing from one context to another. If such generalizations are invalid even
between relatively similar contexts, such as neighboring Denmark and Sweden, this
has large implications for the risks of making global, or cross-continent generalizations
from country-specific studies (e.g., between the United States and China).

In sum, the results of this study point to a strong connection between schooling and
mortality. They also raise additional questions that need to be addressed in order to
improve the understanding of how schooling may be a vehicle of improving longevity
and health, as well as equality along these dimensions. First, the more precise nature of
the underlying causal mechanisms behind the strong association between schooling and
mortality found in this study remains largely unknown. Second, the puzzling weaker
causal connection between schooling and (self-reported) health needs to be resolved.
Previous population-wide research, partly based on schooling reforms, has demonstrat-
ed stronger correlations between education and mortality from preventable causes, such
as alcohol abuse, lung cancer, and accidents (Lager and Torssander 2012; Mackenbach
et al. 2015). Studying cardiovascular and ischemic heart disease, which are at least to
some extent preventable, Madsen et al. (2014), found no significant association with
education differences among Danish twins. Additional knowledge may be gained by
analysis of specific causes of death, especially in a twin difference setting in which
health, health-related behavior, and cause-specific mortality are jointly analyzed in
order to establish the extent to which the association between schooling and mortality
could be traced to preventable or unpreventable illnesses.
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