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Education and Mortality: Evidence from a Social
Experiment/

By CoSTAS MEGHIR, MARTEN PALME, AND EMILIA SIMEONOVA*

We examine the effects on mortality and health due to a major
Swedish educational reform that increased the years of compulsory
schooling. Using the gradual phase-in of the reform between 1949
and 1962 across municipalities, we estimate insignificant effects
of the reform on mortality in the affected cohort. From the confi-
dence intervals, we can rule out effects larger than 1-1.4 months of
increased life expectancy. We find no significant impacts on mortality
for individuals of low socioeconomic status backgrounds, on deaths
that are more likely to be affected by behavior, on hospitalizations,
and consumption of prescribed drugs. (JEL H52, 112, 121, 128)

he strong correlation between socioeconomic status (SES) and health is one

of the most recognized and studied in the social sciences. Economists have
pointed at differences in resources, preferences, and knowledge associated with dif-
ferent SES groups as possible explanations (see, e.g., Grossman 2006 for an over-
view). However, a causal link between any of these factors and later life health is
hard to demonstrate, and the relative importance of different contributing factors is
far from clear. A series of studies (e.g., Lleras-Muney 2005, Oreopoulos 2006, Clark
and Royer 2013, Lager and Torssander 2012, and summaries in Mazumder 2008 and
2012), use regional differences in compulsory schooling laws or changes in national
legislations on compulsory schooling as a source of exogenous variation in edu-
cational attainment in order to identify a causal effect of education on health. The
results from these studies are mixed. Lleras-Muney (2005) for the United States,
Oreopoulos (2006) for the United Kingdom, and van Kippersluis, O’Donnell, and
van Doorslaer (2011) for the Netherlands find a strong link between attained school-
ing and adult health and mortality; Lager and Torssander (2012) finds some effects,
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while Clark and Royer (2013) cannot reject the null hypothesis that extra schooling
has no impact on later-life health. Analyzing outcomes of twins, Behrman et al.
(2011) finds no causal impact of schooling on health in Denmark.

In this paper, we study the long-term health consequences of the introduction of
a comprehensive school in Sweden, which mandated an increase in the number of
years of compulsory schooling from seven or eight years (depending on municipal-
ity) to a new compulsory national level of nine years. The reform was intentionally
phased in between 1949 and 1962 by being adopted early by some municipalities
while others delayed its introduction. The reform had a sizeable impact on educa-
tional attainment in Sweden (Meghir and Palme 2005; Holmlund 2007; Spasojevi¢
2010; Meghir, Palme, and Simeonova 2012). Prior work has shown that labor earn-
ings increased later in life for those exposed to the comprehensive school, in partic-
ular for children born in homes with low educated fathers (Meghir and Palme 2005).

We use register data, including about 1.5 million individuals born between 1940
and 1957, which enables us to link assignment of type of school system to individ-
ual information from national registers on three different health outcomes. First, we
study mortality using date and cause of death from the national Swedish Cause of
Death Register." The follow-up period stops in December 31, 2015, which means
that the birth cohort born in 1940 is aged 75 when we stop observing them. Second,
we look at hospitalization by cause using the Swedish in-patient register containing
all hospitalization dates and International Classification of Diseases (ICD) diagnosis
codes for all hospital stays in Sweden between 1987 and 2014. Finally, we use the
national prescription register containing information on quantities and Anatomical
Therapeutic Chemical (ATC) codes for all prescribed drugs in Sweden between
2005 and 2015.

We consider the impact of the reform on overall mortality as well as on death by
cause. We first distinguish between deaths caused by circulatory diseases, shown
here to be strongly associated with educational attainment, and by cancer, which is
the main cause of death in the age group we study. We also consider causes of death
classified by epidemiologists as “treatable” and “preventable” causes.

We use two estimation strategies. First, a difference-in-differences (DiD)
approach that compares changes in mortality outcomes across cohorts in munici-
palities that implemented the reform compared to those that did not. Since we use
14 years of gradual implementation across the (approximately) 1,000 municipal-
ities, we have many such comparisons, leading to very high levels of precision.
The second approach, a regression discontinuity (RD), exploits the cutoff date for
assigning a child to a school year. In the calendar year when the reform is imple-
mented, the children born before January 1 are assigned to the pre-reform system,
while those born after that date are assigned to the school year that first implements
the reform. In all cases, the econometric approach is based on a Cox proportional
hazard model for lifetime duration.

One of the advantages of this research, as compared to previous studies relying
on similar educational changes to identify the education gradient in life expectancy,

! See Socialstyrelsen (2009).
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is that the Swedish reform allows us to study two groups of people, born in the
same years and active in the same labor markets, but having been educated by two
different education systems at the same time. This allows us to use the econometric
techniques described above rather than comparing across different birth cohorts or
across groups of people brought up in different states that may differ in numerous
ways. Compared to previous Swedish studies (such as Lager and Torssander 2012
and Spasojevi¢ 2010) we use both regression discontinuity, and difference-in-differ-
ences, a much larger sample, a longer follow-up period, and a larger set of outcome
variables.

Our results show that, although the reform significantly elevated the educational
attainment of the least skilled and increased the average years of schooling by more
than a quarter of a year, it did not affect the life expectancy of those assigned to the
new school system compared to the old one. Neither do we find an impact on hos-
pitalization or drug use. This is despite a strong association between schooling and
better health outcomes that we establish in our descriptive analysis.

I. The Comprehensive School Reform
A. The Swedish School System before and after the Reform

Prior to the implementation of the comprehensive school reform, pupils attended
a common basic compulsory school (folkskolan) until grade six. After the sixth
grade, pupils were selected to continue either for one or, in mainly urban areas, two
years in the basic compulsory school, or to attend the three year junior secondary
school (realskolan). The selection of pupils into the two different school tracks was
based on their past performance, measured by grades. The pre-reform compulsory
school was in most cases administered at the municipality level. The junior second-
ary school was a prerequisite for the subsequent upper secondary school, which was
itself required for higher education.

In 1948, a parliamentary committee proposed a school reform that implemented
a new nine-year compulsory comprehensive school.” The comprehensive school
reform had three main elements:

* An extension of the number of years of compulsory schooling to nine years in
the entire country.

e Abolition of early selection in different schooling tracks based on academic
ability. Although pupils in the comprehensive schools were able to choose
between three tracks after the sixth grade—one track including vocational train-
ing, a general track, and an academic level preparing for later upper secondary
school—they were kept in common schools and classes until the ninth grade.

2The school reform and its development are described in Meghir and Palme (2005); Meghir, Palme, and
Simeonova (2012); and Holmlund (2007). Holmlund (2007) offers detailed analysis of the implementation of the
reform and shows that, conditional on municipality fixed effects, there are no significant observable predictors of
the timing of the reform. For more detailed reference on the reform, see Marklund (1981).
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This is likely to have resulted in changes in the peer groups of pupils going
through the reformed schooling system, leading to a broader mix of students by
SES and ability over a longer period of their schooling.

* [ntroduction of a national curriculum. The pre-reform compulsory schools were
administered by municipalities and the pre-reform curriculum varied between
municipalities. The new national curriculum equalized academic standards
across Sweden. While there is no direct evidence that the quality of schooling
was affected by the reform, we cannot exclude the possibility that it changed.

B. The Phased Introduction of the Reform

The phased introduction of the reform, with the new comprehensive nine-year
compulsory school, was viewed at the time as a social experiment, albeit not ran-
domized. It started during an assessment period between 1949 and 1962, when
the new curriculum was finalized.® The proposed new school system, as described
above, was introduced in municipalities or parts of city communities, which in 1952
numbered 1,055 (including 18 city communities).

Municipalities could elect to implement the comprehensive school starting with
first or fifth grade. Once the grade of implementation was fixed, all individuals from
the cohort immediately affected and all subsequent cohorts went to comprehensive
school. The older cohorts continued in the pre-reform school. Although many new
schools were built as a consequence of the extension of compulsory schooling and
municipalities were offered subsidized loans from the government to build schools
(see Marklund 1981), most of the post-reform schooling took place in the existing
school buildings, and the same teachers from the pre-reform system were used in
the comprehensive school.

The phased-in introduction of the reform implied that the curricula of the pre- and
post-reform school systems were taught in parallel in the same schools. However,
the post-reform children were always younger than the pre-reform ones and the
post-reform system was never rolled back in any municipality. The pre-reform
junior secondary schools that formed the academic track in the pre-reform school
system were phased out as a consequence of the reform. The school buildings were
in some cases used for the last three grades in the new comprehensive school, but in
many cases used for the expanding upper secondary schooling.

shows the take-up rate of the experiment by cohort. It is evident from
Figure 1 that the cohorts included in our empirical analysis, born between 1940 and
1957, cover the entire period of implementation of the comprehensive school. In
1962 it was decided that the new comprehensive school would become the standard
education in Sweden. The last class that graduated from the old schooling system
did so in 1970.

The selection of municipalities was not based on random assignment. However,
the decision to select the implementing areas was based on an attempt to choose

3The official evaluation was mainly of administrative nature. Details on this evaluation are also described in
Marklund (1981).
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FIGURE 1. PERCENTAGE SHARE OF BIRTH COHORT ASSIGNED TO THE POST-REFORM
(comprehensive) SCHOOL SYSTEM

locations that were representative for the entire country, both in terms of demo-
graphics as well as geographically. In the first phase of the experiment, a committee
appointed by the National Board of Education chose municipalities from a pool
of applicants in order to form a “representative” sample of municipalities. In later
phases of the experiment, the selection process became less strict.

Meghir and Palme (2005) and Holmlund (2007) study the effect of the compre-
hensive school reform on educational attainments. Meghir and Palme’s (2005) esti-
mates are based on individual reform assignment recorded in school registers. For
their entire sample, they find 0.252 additional years of education for males and 0.339
years for females; for low SES background persons, the estimates are 0.3 extra years
for males and 0.512 for females. Holmlund (2007) reports estimates in the range
0.21-0.61 additional years of schooling for men and 0.13-0.44 for women."

II. Data and the Association between Educational Attainments and Health

The original sample was obtained from Statistic Sweden’s Multiple Generation
Register (see Statistics Sweden 2012).> We include all who were born in Sweden
between 1940 and 1957 and who survived until the year they turn age 16. This sam-
ple resulted in 2,184,857 observations (1,115,426 males and 1,069,431 females).
We acquired data from the Population Census on church parish of birth, which was

“Holmlund (2007) does not have individual treatment status and imputes it from municipality of residence in
1960.

S All the register information described above was merged using the personal identification numbers by Statistics
Sweden.
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subsequently used to infer the municipality of birth and reform assignment, for
2,064,013 individuals from the original sample.

To assign date of reform assignment for each of the municipalities, i.e., the first
birth cohort assigned to the reform, we use information on municipality of birth
combined with an algorithm described in Holmlund (2007) and generously provided
to us by Helena Holmlund.© The original sources for date of implementation used by
Holmlund are Marklund (1981) and various reports obtained by the National Board
of Education (Skoloverstyrelsen) and listed by Holmlund (2007). Since the reform
was implemented by parts of the cities in Sweden’s three largest cities—Stockholm,
Gothenburg, and Malmoe—and because we have no historical records on which
cohorts were first affected in each of these parts, we have excluded those born in
these cities from the data. This reduced the sample to 1,562,522 observations.

Our main outcome variable is mortality, which has the strong advantage that its
reporting does not depend on individual behavior (as hospitalizations might, for
example). For the purpose of context, male life expectancy in 2015 in Sweden was
80.7 years and female was 84 years. As far as our sample is concerned, 25.4 percent
of those not assigned to the reform were observed until death as well as 14.6 of those
assigned. Of course, the latter group is on average younger. On average, individuals
who went through the old schooling system have 11.4 years of schooling; those who
went through the post-reform schools have 12 years. We show some basic descrip-
tive statistics about the sample in below.

We use two further sets of health measures as outcomes: data on number of nights
in hospital care obtained from the national in-patient register and data on all prescribed
drugs obtained from the national prescription register. The national in-patient register
contains information on duration and ICD codes for all hospital stays in Swedish hos-
pitals. It has national coverage since 1987, and we have data through December 31,
2014. The national prescription register includes quantities, measured in defined daily
doses, and Anatomical Therapeutic Chemical (ATC) codes for all prescribed drugs in
Sweden since 2005. We use data for the period until December 31, 2015.

Data on educational attainment for the father of the individual included in our
sample was obtained from the 1970 census where only those aged 60 or younger
were included. This restricts the sample to individuals with fathers born after 1910
when we report results by parental education (1,347,854 observations). Data on
the individual’s own education was obtained from the National Education Register
included in the Integrated Database for Labour Market Research (LISA)(see
Statistics Sweden 2011)./ Descriptive statistics including sample size are reported
in the online Appendix.

6The advantage of using municipality of birth as a basis of reform assignment—rather than municipality of
residence, or self-reported reform status—is that it is not susceptible to parental choice of reform assignment, based
on child ability. This could be achieved by moving to a municipality with a particular reform status corresponding
to the year of birth of their child. There is also some evidence that parents let their children live with relatives to
avoid the reform if it was implemented in their municipality of living (see Marklund 1981, or Meghir and Palme
2003, for empirical evidence).

7 The National Education register only provides information on individual level of education. To obtain years of
schooling, we use information on self-reported number of years of formal education for the relevant cohorts from
the Swedish Level of Living surveys to impute average years of schooling corresponding to each level.
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TABLE 1—DESCRIPTIVE STATISTICS

Non-reform sample Reform sample

Total number of observations 990,521 572,001
Share dead 0.254 0.146
Share dead due to circulatory diseases 0.063 0.031
Share dead due to cancer 0.102 0.051
Share dead due to preventable diseases 0.021 0.009
Share dead due to treatable diseases 0.025 0.012
Average number of days in hospital care 49.4 41.5
Average number of Rx Defined Daily Doses (DDD) 9,127 6,736
Average number of years of schooling 11.4 12.0
Observations including father’s education 823,947 523,907
Share of fathers with no more than compulsory schooling 0.776 0.224

Sample with father’s education
Subsample: Fathers with compulsory schooling

Share dead 0.240 0.144
Average number of days in hospital care 48.5 41.25
Average number of Rx Defined Daily Doses (DDD) 9,246 6,920
Average number of years of schooling 10.8 11.5

Subsample: Fathers with more than compulsory schooling

Share dead 0.195 0.116
Average number of days in hospital care 452 39.5
Average number of Rx Defined Daily Doses (DDD) 8,222 6,095
Average number of years of schooling 12.8 13.1

We describe the association between mortality and education using a Cox propor-
tional hazard model (see, e.g., Cox and Oakes 1984) as well as a linear probability
model (LPM). With discrete duration data, the hazard function at the heart of the
Cox model is interpreted as the conditional probability of dying in the next age
interval given survival to that age. This takes the form

(1) I(r|educ, T) = I(r)exp{feduc; + ~v'T},

where r is duration to death (age), educ represents years of education, and T are
cohort dummies (not reported). The function Iy(r) is left unrestricted. This model is
convenient because it is straightforward to control for censoring (due to survival at
the end of the sample period) and also naturally permits the analysis of competing
risks, when considering alternative causes of death. The coefficient § measures the
change in mortality at each age associated with an extra year of education.

In column 1 of we report exp(6), i.e., the ratio of the hazard for some
level of education relative to the hazard with one year less of education. Thus, no
impact of education corresponds to a reported coefficient of one. A number below
one is equivalent to a reduction in the hazard. We also report the association between
years of education and the probability of dying in our sample period, using a linear
probability model and controlling for cohort effects.

In columns 2 and 3 of Table 2, we report results using independent competing risks
models for the two main causes of death in the sample: circulatory diseases, cancer,
and other. We repeat the exercise by reclassifying the diseases as “preventable,”
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TABLE 2—MORTALITY AND EDUCATION: MALES AND FEMALES AND BY CAUSE

All Circulatory Preventable Treatable
causes diseases Cancer diseases diseases
() 2 3) 4) 5)
Years of schooling, Cox 0.9286 0.9044 0.9578 0.9011 0.8894
(0.0005) (0.0010) (0.0008) (0.0018) (0.0017)
Years of schooling, LPM —0.0125 —0.0042 —0.0029 —0.0015 —0.0019
(0.0001) (0.0001) (0.0001) (0.00003) (0.00003)
Dead, percent 19.98 4.98 8.15 1.66 1.95
Number of deaths 364,468 90,867 148,733 30,323 35,619
Observations 1,823,901 1,823,901 1,823,901 1,823,901 1,823,901

Note: Indicator variables for gender as well as year of birth dummies included in the specification.

“treatable,” and “other.”’® The preventable causes of death may reflect health behav-
iors and investments and the treatable ones may reflect access to health care.

The association between mortality and education is statistically very strong: the
first column in Table 2 shows that an additional year of schooling is associated with
a 7 percentage point reduction in the mortality rate. This translates to an increase in
life expectancy associated with a year of education of 3.75 months for our obser-
vation window (16-75 years of age).” It also corresponds to a decline in the prob-
ability of dying of 0.0125 for each extra year of schooling within our sample as
shown by the linear probability model. As a benchmark, for the cohorts under con-
sideration, life expectancy overall has been estimated to have increased by 1.6 years
and average schooling increased by 2.4 years. If the reported association reflected a
causal impact, the increase in education would have accounted for 47 percent of the
increase in life expectancy. The remaining columns show that the effect is largest for
circulatory diseases but similar for treatable and preventable diseases.

In the online Appendix (Tables A3 and A4), we show how education is related to
days of hospitalization and to the use of prescription drugs. Overall, an extra year of
education is associated with fewer days in the hospital (—1.9 with standard error of
0.035). Interestingly, an extra year of schooling is associated with a 0.6 percentage
point reduction in pain relief medication usage and 0.33 percentage point reduction
in the use of antidepressants, an issue of relevance given the opioid epidemic in the
United States.

The implication from this section is clear: there is a very strong statistical associ-
ation between improved health and education, even in a high income country such
as Sweden, with its strong welfare system and almost universal access to high qual-
ity health care. The key question is, of course, whether there is a causal link.

8 Circulatory diseases are defined as ICD-10: C Chapter and cancer as ICD-10: I Chapter in the Swedish Cause
of Death Registry. Online Appendix Table Al reports how these are classified using the ICD codes available in the
data.

9 This estimate is obtained by integrating the difference between the baseline hazard and the prediction obtained

by calculating S(7|xx) = SSXP(S?”), where exp ((xg) is the hazard ratio estimate for years of schooling, i.e., 0.9286
(see Cleves, Gould, and Gutierrez 2004).
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ITII. Empirical Strategy for Estimating the Effect of the Educational Reform

To estimate the impact of the reform on our various outcomes, we use two
approaches. The first is based on a difference-in-differences (DiD) design and the
second is based on regression discontinuity (RD).

The DiD design exploits the fact that individuals in the same birth cohort were
either exposed to the educational reform or not, depending on which municipal-
ity they lived in. For some of the outcomes, namely years of education, days of
hospitalization, indicators for hospitalization for various diseases and for prescrip-
tion drugs, we use the standard linear difference-in-differences model. In our DiD
specifications, we include a dummy variable for gender, a full set of dummies for
municipality of birth, a full set of cohort dummies, separate linear trends for each
municipality of birth and, finally, an indicator of whether the individual was assigned
to the reform.

To examine the effects of mortality, we use both a linear probability model (as
is standard in DiD specifications), where the outcome is death in any year the per-
son is observed in the sample. We also use a Cox proportional hazard model for
the duration of life again based on the DiD assumption to identify the effect. The
index function is the same in both specifications. However, in the Cox proportional
hazard model, we stratify on municipality of birth. This means that we allow for
different baseline hazard in each municipality of birth, which is more flexible than
simply including separate dummy variables for each municipality. Also, rather than
including separate linear trends for each of the about 1,000 different municipalities
of birth, we estimate separate linear trends for each group of municipalities, grouped
by the year they implemented the reform.""

As Altonji and Blank (1999) and Athey and Imbens (2006) point out, the DiD
approach does not require linearity. The assumptions required are that the outcome
variable in the untreated state is related to unobservable heterogeneity in a strictly
monotonic fashion; the distribution of this unobservable must be time invariant,
but may depend on the group to which the individual belongs (here the municipal-
ity); and conditional on a value for this unobservable, growth of the outcome in the
absence of treatment is assumed independent of group, which is the usual common
growth assumption.'! The linear model is just a special case of this.

Based on these ideas, and while a nonparametric analysis is in principle possible
(as shown in Athey and Imbens 2006), we take the simpler route of using the Cox
proportional hazard model.'? This allows us to deal with censoring and with com-
peting risks when we look at death by cause. We also show results using the standard
linear probability model where the outcome is mortality over the sample period, as
in the descriptive analysis. This is a standard linear DiD regression.

19Given the nonlinear nature of this approach, adopting 1,000 separate trends would be computationally
infeasible.

'Tf the outcome variable is discrete, then point estimates require a functional form assumption—most people
use the linear probability model when they have a binary outcome—however, this is just one possible identifying
assumption.

12The nonparametric approach is particularly complicated by the large number of treatment and comparison
groups and the numerous periods.
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Similarly to the descriptive analysis, for the Cox model the hazard function at
duration of life r takes the form

(2) D i (r[X) = dou (r) exp{BR s + Y0 F; + 11 Ti + 72 Gy x G,

where i, m, and t are sub-indices for individual, municipality, and birth cohort,
respectively; the function £y, (r) varies freely by municipality and age; R indicates
whether the individual was assigned to the reform or not based on municipality of
birth and cohort; T is a vector of dummy variables for cohort of birth; F'is a dummy
variable for female; G is a vector of dummy variables indicating the first cohort to
implement the post-reform school system in the individual’s municipality of birth,
and C is the individual’s year of birth. Thus, the G; x C; term allows for differential
trends by municipality groups classified by the year in which they implemented the
reform. The 1,000 or so municipality fixed effects are absorbed by the baseline haz-
ard, which is different for each municipality and is not specified parametrically."
The coefficient 3 measures the effect of the reform on mortality. By using these
various approaches, we hope to improve confidence in the results.

When we consider death by different causes, we use the independent competing risks
models.' The hazard function for each cause of death takes the same form as above.

This approach identifies the impact by comparing growth in the outcome variable
across municipalities. An alternative approach is to identify the effect of the reform
within municipalities based on a regression discontinuity design where we use the
threshold date that determines in which year the child will start attending school—
January 1 in Sweden. Anyone born on or after that date in the calendar year of the
reform implementation is assigned to the reform. Before that date, they are assigned
to the previous school year and, as a result, to the old schooling system. Ideally we
would use a very narrow window around the discontinuity, comparing outcomes of
people born just before the cutoff date and those born just after; however, this would
lead to too small a sample. Instead of restricting the bandwidth, we use polynomials
in the month-distance from the discontinuity (one before and one after) combined
with dummy variables to control for month of birth effects. The assumption is that
these polynomials control for any outcome-relevant differences for people born just
before or after the break point. In addition, the discontinuity is “fuzzy” in the sense
that some people may relocate their children to a different entry cohort than the one
they are strictly assigned to. In an attempt to further alleviate the potential effects
of selective cohort placement, we assign individuals to the reform based on their
municipality of birth and their date of birth, akin to an intention-to-treat design.

The specification we use for the hazard in this case is

(3) L s (r|X) = Iy(r)exp (BiRips + 11 Wi + 12 WP

+ B WiR s + Ya WP R,y + 0T, + 0Z),

13 This model satisfies the assumptions stated by Athey and Imbens (2006) for nonlinear DiD models. A similar
parametric approach in the context of nonlinear DiD models was followed by Blundell et al. (2004).

14See Honoré and Lleras-Muney (2006) among others, on the identifiability of a competing risks model with
dependent risks.
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where W is a variable measuring the time in months to January 1, which is the cut-
off date for determining the school-year for the ith individual;'” 7; is a full set of
dummy variable for cohort of birth; Z; includes a dummy variable for gender as well
as a full set of dummy variables for month of birth to control for seasonal effects in
time of birth (see Dobkin and Ferreira 2010). In the estimation we included succes-
sively higher order polynomials until the additional terms became insignificant. In
all cases, a second order polynomial turned out to be sufficient.'S We can interpret
the coefficient 3, as the impact of the reform averaged across discontinuities. In the
online Appendix, we also present results based on the linear probability model using
this discontinuity design. The conclusions do not change.

Both empirical approaches (DiD and RD) control for time-invariant differences
between the treated and the comparison groups. Both have a causal interpretation
under our assumptions, but they may relate to different subpopulations, and if the
effects are heterogeneous, the results may differ.

Throughout, we present results for males and females separately because they
are expected to follow different underlying health processes. Since the reform had
a stronger effect for those with low educated fathers (see Meghir and Palme 2005
and below), we also break down the results by father’s education. We refer to those
whose father had just compulsory education as low socioeconomic status (SES) and
the rest as high SES.

IV. Results
A. Effects of the Reform on Educational Attainment

In , we start by presenting the impact of the reform on years of educa-
tion."” The results are broken down by father’s education and shown for males and
females combined as well as separately. The standard errors for all results are clus-
tered at the municipality level.

The sets of estimates from the two approaches are in general very similar. The
reform led to an increase of about 0.25 of a year in education. The effect is sub-
stantially larger for the low SES group and higher for males than for females. More
detailed results including impacts by level of education and the sample sizes for all
comparisons are presented in online Appendix Table A2.

Finally, [Figure 2|illustrates the effect graphically. Panels A and B illustrate the
RD models. Panel A refers to the proportion attending the pre-reform compulsory
level of education, while the panel B shows the years of education. Each dot in the
figures represents the average outcome by month of birth on the basis of distance
from the first month-of-birth cohort assigned to the reform in each municipality.'®

IS W is zero at the cutoff, negative before, and positive after.

'In addition, Gelman and Tmbens (2014) recommend to not use higher order polynomials in order to avoid
over-fitting.

7This has been documented elsewhere for different samples (Meghir and Palme 2005; Meghir, Palme, and
Simeonova 2012), but not on this sample.

'8 That s, if the first cohort in a municipality to be assigned to the reform was those born in January 1948, those
who were born in, say, April 1949, are born 15 months after the first month of birth cohort in that municipality.
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TABLE 3—DID AND RD ESTIMATES OF THE IMPACT OF THE COMPREHENSIVE SCHOOL
REFORM ON YEARS OF SCHOOLING

All Low SES High SES
() 2 3
Males and females (difference-in-differences) 0.255 0.304 0.086
(0.015) (0.017) (0.024)
Males (difference-in-differences) 0.301 0.363 0.086
(0.018) (0.021) (0.035)
Females (difference-in-differences) 0.205 0.238 0.086
(0.021) (0.024) (0.035)
Males and females (regression discontinuity) 0.241 0.300 0.068
(0.029) (0.028) (0.037)
Males (regression discontinuity) 0.313 0.375 0.081
(0.023) (0.033) (0.050)
Females (regression discontinuity) 0.177 0.217 0.055
(0.031) (0.032) (0.047)

Notes: Each number represents an impact from a separate regression by method and demo-
graphic group. DiD specification includes a full set of dummy variables for year of birth and
municipality of birth, as well as separate linear trends for municipalities of birth. RD specifica-
tion includes separate quadratic polynomials in the running variable before and after the break
point, a dummy variable for gender, as well as a full set of dummy variables for month of birth.
The samples of low and high SES background men and women do not add up to the aggregate
sample size because of missing information on father’s education in the registry data. Standard
errors are in parentheses and are clustered by municipality of birth.

The regressions discontinuity estimates shown in Table 3 can be obtained using
weighted least squares on the collapsed data shown in panels A and B of Figure 2.

For each outcome there is a marked jump at the first cohort assigned to the
reform. However, the figures also show apparent trends pre-reform toward higher
educational attainment. The main reason for this overall trend in the graph is a com-
position effect: groups of observations (dots) that are distant from the discontinuity
and to the left will represent more municipalities that delay the reform, which is cor-
related with lower schooling. This feature is controlled for in the regression analysis
and does not obscure the fact that there is a clear break at the time of the reform in
the municipality.

Panels C and D of Figure 2 show the average residuals from a DiD model where
we have excluded the reform indicator. Panel C relates to the share attending the
pre-reform compulsory school, while panel D relates to years of education. The
jump in schooling associated with the reform is evident here as well.

Online Appendix Figure A1 displays the same graphs as the top panels A and B
of Figure 2 by father’s education.'” It is apparent from these figures that the effect
of the reform is much stronger for all outcomes in the low SES group.

Correspondingly, those born in January 1947 are born 12 months before the first ones assigned to the reform. To the
right of zero on the horizontal axis we have the treated group and to the left the comparison group.
91ndividuals whose father had statutory schooling or less are labeled low SES. The rest are high SES.
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FIGURE 2. EFFECT OF THE REFORM ON FINAL EDUCATIONAL ATTAINMENTS

Notes: Panel A: share with years of final education less than or equal to the pre-reform compulsory level; panel B:
years of schooling; panel C: residuals from a linear probability DiD model excluding the reform indicator using an
indicator for educational attainments more than the pre-reform compulsory level as a dependent variable; panel D:
residuals from an OLS DiD model excluding the reform indicator using years of schooling as a dependent variable.
The horizontal axis for the top (bottom) two panels is the number of birth months (years) from the first cohort for
which the reform was implemented (the zero point). Negative numbers represent pre-implementation cohorts and
positive ones post-implementation.

Diagnostics.—Before proceeding, we show some validation tests for the regres-
sion discontinuity. The results from these tests are shown in. Panel A of
Figure 3 shows the result from a density test suggested by McCrary (2008). The
density plot shows no indication of a sudden change in the density of observations
for date of birth just before or just after the discontinuity point; this illustrates that
there is no significant manipulation of the date of birth—the running variable on
which our classification relies.

Panels B and C show that there is no “impact” on variables that should not be
affected by the reform, namely the education of the father and the municipality tax
rate.”” Similar placebo tests with other observables yield the same result (see online

20These were obtained from the multigenerational register and from the Yearbook of Swedish Municipalities
(1960) respectively. They were linked to our data through the municipality identification number.
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FIGURE 3. D1aGNOSTIC TESTS

Notes: Panel A: density of observations by months before the reform. Panel B: placebo test 1—the discontinuity
and father’s education. Panel C: placebo test 2—the discontinuity and municipality tax rate. The horizontal axis as
in Figure 2.

Appendix Figure A2). These tests illustrate the robustness of our approach. We now
proceed with the central results of interest.

B. Effects on Mortality

Consider first the same type of graphs we just showed for education, but for mor-
tality. Panel A of shows raw mortality rates by distance in months from the
cutoff date of reform implementation. The two top panels A and B show the results
for the entire sample and the lower panel the corresponding ones for low and high
SES individuals, respectively. There is a negative slope in all graphs reflecting the
fact that individuals are getting younger along the horizontal axis. However, there is
no large or significant break in this trend at the cutoff date.

Panels B, D, and F of Figure 4 show the residuals from the linear probability
DiD models with an indicator for having died before the end of the follow-up
period as dependent variable and excluding the reform indicator from the specifi-
cation. These results provide further visual evidence that the reform had no effect
on mortality. We then confirm these with the regression results, using both DiD and
RD approaches.
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FIGURE 4. REFORM EFFECT ON MORTALITY

Notes: Left panels: average mortality rate by distance in months from reform implementation. Right panels: resid-
uals from a linear probability DiD model excluding the reform indicator. Upper panels: population. Middle panels:
low family SES. Lower panels: high family SES. y-axis measures the within-cell mortality rate (not age-adjusted)
over the observed period. The horizontal axis measures the number of months between the month of birth for the
individuals included in the cell and the month of birth of the first cohort of individuals affected by the reform.

shows the results from four different specifications estimating the
effect of the schooling reform on mortality. Two are based on the DiD framework
and the specification shown in equation (1) and two on the RD specification in
equation (2). Each of these models is estimated using both Cox regressions and the
linear probability models (LPM). Panel A combines males and females and the two

lower panels show results by gender.
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TABLE 4—THE EFFECTS OF EDUCATION REFORM ON MORTALITY. COX PROPORTIONAL
HAZARD REGRESSIONS AND REGRESSION DISCONTINUITY ESTIMATION RESULTS

All Low SES High SES
() 2 ®3)
Panel A. Males and females
DiD, LPM 0.0006 0.0019 —0.0012
(0.0017) (0.0019) (0.0036)
DiD, Cox 1.0005 1.0058 1.0071
(0.0105) (0.0128) (0.0281)
RD, LPM —0.00052 0.00091 0.00102
(0.00223) (0.00249) (0.00456)
RD, Cox regression 0.9990 1.0088 1.0057
(0.0135) (0.0160) (0.0337)
Observations 1,562,493 1,051,462 296,392
Deaths 335,085 216,861 45,406
Panel B. Males
DiD, LPM —0.0003 —0.0001 0.0014
(0.0024) (0.0028) (0.0054)
DiD, stratified Cox 0.9841 0.9933 1.0189
(0.0144) (0.0161) (0.0371)
RD, LPM —0.0017 —0.0008 0.0040
(0.0034) (0.0036) (0.0070)
RD, Cox regression 0.9937 1.0001 1.0214
(0.0176) (0.0201) (0.0465)
Observations 812,719 545,523 152,782
Deaths 203,906 131,318 27,400
Panel C. Females
DiD, LPM 0.0015 0.0040 —0.0034
(0.0021) (0.0024) (0.0044)
DiD, stratified Cox 1.0125 1.0295 0.9926
(0.0158) (0.0203) (0.0390)
RD, LPM 0.0007 0.0025 —0.0020
(0.0026) (0.0032) (0.0053)
RD, Cox regression 1.0072 1.0224 0.9841
(0.0184) (0.0243) (0.0450)
Observations 749,702 505,939 143,610
Deaths 131,179 85,543 18,006

Notes: Each number represents an impact from a separate regression by method and demo-
graphic group. Standard errors are in parentheses and are clustered by municipality of birth.
DiD LPM specification includes a full set of dummy variables for year of birth and municipal-
ity of birth, as well as separate linear trends for municipalities of birth. Stratified Cox regres-
sions include year of first implementation specific linear trends. RD specification includes
separate quadratic polynomials in the running variable before and after the break point, a
dummy variable for gender, as well as a full set of dummy variables for month of birth. The
samples of low and high SES background men and women do not add up to the aggregate sam-
ple size because of missing information on father’s education in the registry data. Standard
errors are in parentheses and are clustered by municipality of birth.

The estimates shown in Table 4 imply no effect of the reform on mortality: the
hazard ratio is not significantly different from one either for the DiD estimates or for
the RD ones and the LPM estimates are not significantly different from zero. The



250 AMERICAN ECONOMIC JOURNAL: APPLIED ECONOMICS APRIL 2018

general result is supported by the fact that it is robust to the choice of econometric
model and that it holds within each subgroup under study—even within the group
of men from low SES families, where we estimated the largest effect of the reform
on educational attainment. In Section VI, we discuss the magnitude of these effects
and how large they could be potentially, if one takes into account the width of the
confidence interval. In online Appendix Table AS, we also show that the impact of
the reform is zero at all ages in our observation window (44-70).

C. Effects by Cause of Death

We now turn to two alternative classifications of diseases to see whether mortality
declined from causes that may be more explicitly related to behavior.”! We first con-
sider mortality from circulatory diseases (strongly correlated with education) and
cancer (the single most important cause of death in the age group we study), with
other causes of death acting as censoring.

The results are shown in and as is evident from the first column, the
effects are not significant at the 5 percent level for either circulatory diseases or
cancer.”” Some marginally significant effects for the high SES group are easily dis-
counted, once we take into account that the p-values need to be adjusted for testing
multiple hypotheses. These results can be confirmed visually in the various plots
presented in online Appendix Figure A3.

In online Appendix Table A6, we also demonstrate that the reform did not result
in significant reductions in mortality from preventable or treatable diseases. Online
Appendix Figure A3 shows the corresponding plots by causes of death.

D. Hospitalization

As we discussed in Section III, a possible limitation of mortality as a measure
of adult health is that we are not able to observe entire life histories, and effects of
education on health could potentially show up later in life. Moreover, the reform
could have improved health in ways that affects the quality of life but not necessarily
its length. Therefore, in addition to mortality, we also use hospitalization and con-
sumption of prescribed drugs as health outcomes. For hospitalization, we use three
different measures: total number of days in hospital care, as well as binary indicators
for having ever been hospitalized for cancer, circulatory, and respiratory diseases.
The regressions used here are linear DiD or linear RD regressions with a quadratic
polynomial in the time from the reform. The coefficient is thus interpreted as the
effects of the reform on days of hospitalization.

The results are shown graphically in There are no apparent effects of
the reform for any of the four outcomes. This assessment is further confirmed in

which shows the regression results from both DiD and RD specifications.

21 Online Appendix Table A1 reports how these are classified using the ICD codes available in the data.
22We only present results for males and females combined, and we concentrate on the sample that excludes
the three main cities. Results for the two gender groups separately are shown in Table A4 in the online Appendix.
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TABLE 5—THE EFFECTS OF EDUCATION REFORM ON MORTALITY BY CAUSE OF DEATH:
CIRCULATORY DISEASES AND CANCER CAUSES OF DEATH ONLY

All Low SES High SES
(1) (2) 3)
Panel A. Circulatory diseases
Reform, stratified Cox 1.0122 1.0098 0.9382
(0.0232) (0.028) (0.0463)
Reform, RD 0.9992 0.9941 0.9671
(0.0319) (0.0356) (0.0664)
Deaths 80,616 52,950 9,881
Panel B. Cancer
Reform, stratified Cox 0.9882 1.0117 0.9756
(0.0173) (0.0209) (0.0337)
Reform, RD 0.9744 1.0065 0.9006
(0.0218) (0.0290) (0.0286)
Deaths 129,577 87,329 18,103
Observations 1,562,493 1,051,462 296,392

Notes: The table shows Cox proportional hazard competing risk estimates and RD model esti-
mates, along with the population of Swedes born 1940-1957. Each cell presents the estimate
from a separate regression by method and demographic group. Standard errors are in parenthe-
ses and are clustered by municipality of birth. DiD stratified Cox regressions include year of
first implementation-specific linear trends. RD specification includes separate quadratic poly-
nomials in the running variable before and after the break point, a dummy variable for gender,
as well as a full set of dummy variables for month of birth. The samples of low and high SES
background men and women do not add up to the aggregate sample size because of missing
information on father’s education in the registry data.

None of the 24 estimates—by model, outcome, or group—are statistically different
from zero.

Finally, in online Appendix Table A7 and Figure A4, we show that the reform did
not affect the use of prescription drugs either. Among the many results we show,
there are two which are significant at the 5 percent level: the use of psycholep-
tics increases overall and the use of antidepressants among high SES individuals
declines. However, one must note that we are testing many hypotheses and any
adjustment for multiple hypotheses testing would imply p-values higher than 5 per-
cent. So these results need to be discounted.

V. Discussion

What is the effect of the compulsory schooling reform on mortality? The point
estimate implies a very small effect on mortality as we saw earlier. To translate the
mortality estimates to implied effects on life expectancy (within the age support of
the sample), we first compute the survival functions, based on the estimated haz-
ard rates. Life expectancy is then given by the area under these functions. We see
from|Table 7| that the point estimates for the reform caused a change in life expec-
tancy of between —0.026 to 0.052 months. This is consistent with the effects on
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FIGURE 5. REFORM EFFECT ON HOSPITALIZATION: TOTAL NUMBER OF DAYS IN HOSPITAL CARE AND INDICATORS FOR
HospiTAL STAY BY MAIN D1aGgNosIS

Notes: The horizontal axis measures the number of months between the month of birth for the individuals included
in the cell and the month of birth of the first cohort of individuals affected by the reform. y-axis measures the
within-cell share (not age-adjusted) of the population hospitalized for at least one night between 1987 and 2014.

hospitalization, repeated here for completeness, which indicate a very small increase.
Of course, there is a standard error around these estimates and the extreme of the
confidence interval allows for a reduction of mortality as a result of the reform of
1.4 months; similarly, the edge of the confidence interval for hospitalization allows
for a reduction of 0.7 days.

One way to compare our estimates to the overall associations between years of
schooling and mortality would be to derive the implied effect of a year of school-
ing by using instrumental variables. However, a priori this is not supported by the
nature of the reform that may have changed not only the quantity of schooling but
also its quality. Lower socioeconomic status individuals (who are the main tar-
get) would now attend comprehensive schools, associate with peers from higher
socioeconomic groups, and some would also obtain monetary support for attending
extended schooling. One can argue that many of these mechanisms are beneficial to
outcomes, although this may not have been so for higher SES students since their
peer group may have been diluted. In any case, it is not valid to use the reform as an
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TABLE 6—THE EFFECTS OF EDUCATION REFORM ON HOSPITALIZATION

All Low SES High SES
(1) 2) (3)
Panel A. Number of days
Reform, DiD 0.2093 0.2618 0.6406
(0.3117) (0.33913) (0.5867)
Reform, RD 0.0110 0.0579 0.2812
(0.3726) (0.4549) (0.7631)
Mean dep. var. 27.10 27.34 26.00
Panel B. Cancer
Reform, DiD 0.0008 —0.0006 0.0052
(0.0011) (0.0013) (0.0023)
Reform, RD 0.0006 —0.0009 0.0056
(0.0016) (0.0018) (0.0028)
Mean dep. var. 0.1104 0.1122 0.1020
Panel C. Circulatory diseases
Reform, DiD 0.0022 —0.0004 0.0045
(0.0016) (0.0019) (0.0036)
Reform, RD 0.0037 0.0008 0.0043
(0.0022) (0.0025) (0.0043)
Mean dep. var. 0.2653 0.2721 0.2301
Panel D. Respiratory diseases
Reform, DiD —0.0013 0.0004 —0.0021
(0.0012) (0.0015) (0.0029)
Reform, RD —0.0003 0.0019 —0.0023
(0.0017) (0.0020) (0.0035)
Mean dep. var. 0.1425 0.1446 0.1388

Notes: The table shows total number of days in hospital care and indicators for hospital stay
by main diagnosis, along with OLS and LPM regressions for men and women. Each number
represents an impact from a separate regression by method and demographic group. DiD spec-
ification includes a full set of dummy variables for year of birth and municipality of birth, as
well as separate linear trends for municipalities of birth. RD specification includes separate
quadratic polynomials in the running variable before and after the break point, a dummy vari-
able for gender, as well as a full set of dummy variables for month of birth. The samples of low
and high SES background men and women do not add up to the aggregate sample size because
of missing information on father’s education in the registry data. Standard errors are in paren-
theses and are clustered by municipality of birth.

TABLE 7—IMPACTS ON LIFE EXPECTANCY AND HOSPITALIZATION

Life expectancy (months) Hospitalization (days)

Point Upper end Point Lower end
Impact of the reform estimate  of 95 percent CI estimate  of 95 percent CI
Difference-in-differences —0.026 1.054 0.209 —0.401
Regression discontinuity 0.052 1.447 0.011 —-0.719

Note: Estimates obtained based on results shown in Tables 4 and 6, respectively.
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excluded IV. If we do, we reject OLS strongly.”? The p-values of this test are 0.036
and 0.006 based on DiD and RD, respectively. For hospitalization, the p-values are
0.001 and 0.029, respectively.*

VI. Conclusions

In this paper, we study the relation between education and health using rich
administrative data. We use the introduction of Sweden’s comprehensive school,
which increased the amount of compulsory schooling, as a source of exogenous
variation in educational attainment. We look at overall mortality and mortality by
cause of death as outcome measures and consider the population of all Swedes born
between 1940 and 1957 who survived until age 16. The follow-up period stops in
December 2015, allowing us to observe the oldest individuals until age 75 and the
youngest until age 58.

We find no significant effects of the reform on overall mortality, regardless of
whether we use difference-in-differences models or a regression discontinuity
approach. Indeed, our results indicate that the effect of the reform on mortality is 0
for the age window we consider with an upper limit of the 95 percent CI, suggesting
an increase of life expectancy of at most 1.4 months.

The significance of the findings of no effect of the reform on health lies in the
fact that we look at a very large set of outcomes, that the sample is very large, that
the effect of the reform on extra schooling is substantial, and that we are able to
use two alternative quasi-experimental evaluation methods that yield similar results
(DiD and RD). Furthermore, there is established evidence in the literature that
the reform significantly increased earnings for the low SES children (Meghir and
Palme 2005). Overall, the results presented here echo others and particularly those
of Clarke and Royer (2013) for the United Kingdom and Behrman et al. (2011) for
Denmark, but contrast with those of Lleras-Muney (2005) for the United States and
van Kippersluis, O’Donnell, and van Doorslaer (2011) for the Netherlands, who do
find relatively large impacts of education on mortality.

The education reform under study in this paper did not only affect quantity of
schooling. The centralized and more academic curriculum could potentially have
had an effect on ability to critically process information on health-related behavior
and risks (see, e.g., Cutler and Lleras-Muney 2008 for a discussion). Moreover, the
abolition of tracking after sixth grade could have affected health-related behaviors
through peer-group influences. To distinguish these effects from those of the quan-
tity of schooling is not possible given our data and is our main motivation for not
using reform assignment as an instrumental variable for years of schooling.

For the cohorts we are considering in this study, Sweden had an advanced public
health care system providing services independently of individual income. This may
limit the role of one channel through which improved education may affect health,
namely that of financial resources. However, the role of education in allowing better

23We use the linear probability model specification where we use reform assignment as instrumental variable
for years of schooling. F-statistics in first stage: 158.5 (DiD) and 157.5 (RD).
24Point estimates from the IV models are reported in Table A8 in the online Appendix.
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access to and understanding of information and in changing one’s behavior vis-a-vis
investments in one’s health is still potentially present. And even in the context of a
public health care system, individual resources may be helpful in improving out-
comes. Thus, it is important that our study does not identify an effect of improved
education at the lower end of the education distribution on mortality, a result that is
very robust. Ultimately, it is important to understand the roles of various channels
in improving health, such as resources, access to free health care, information, and
investments in health.
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