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Breast  cancer  is  a notable  exception  to the  well  documented  positive  education  gradient  in  health.  A
number  of studies  have  found  that  highly  educated  women  are  more  likely  to be  diagnosed  with  the dis-
ease.  Breast  cancer  is  therefore  often  labeled  as a “welfare  disease”.  However,  it  has  not  been  established
whether  the  strong  positive  correlation  holds  up when  education  is  exogenously  determined.  We  esti-
mate  the causal  effect  of education  on  the  probability  of being  diagnosed  with  breast  cancer by exploiting
an  education  reform  that extended  compulsory  schooling  and  was  implemented  as a  social  experiment.
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We  find  that  the incidence  of  breast  cancer  increased  for those  exposed  to the reform.
© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Worldwide, breast cancer is the most common cancer and the
eading cause of cancer death among women. In the year 2008
lone, 2.6 women were diagnosed with breast cancer every minute
cross the globe. More than 52 women died of breast cancer every
our in the same year (Ferlay et al., 2010). These aggregate num-
ers mask large differences in trends in breast cancer incidence and
ortality across the developed and developing economies. Histor-

cally, western societies have experienced a heavier burden of the
isease, however in the last couple of decades the incidence and
ortality from breast cancer has been on the rise in developing

ountries (Althius et al., 2005). While it is plausible that this rise
s due to increased screening and better medical and vital records
eeping, some have argued that more affluent societies and west-
rnization also contribute to these recent trends (ibid).

Breast cancer in women is one of the rare health conditions

hat exhibit a positive incidence gradient with socio-economic
tatus (SES), and in particular with attained education (see e.g.
emminki and Li, 2003, 2004; Lund and Jacobsen, 1991; Hussain

∗ Corresponding author. Tel.: +46 8 16 33 07; fax: +46 8 15 94 82.
E-mail addresses: Marten.Palme@ne.su.se (M.  Palme),

milia.Simeonova@gmail.com (E. Simeonova).

ttp://dx.doi.org/10.1016/j.jhealeco.2014.11.001
167-6296/© 2014 Elsevier B.V. All rights reserved.
et al., 2008). This is in stark contrast with the well-documented
negative association between education and all-cause mortality
and with the positive effects of education on health-promoting
behaviors (Cutler and Lleras-Muney, 2006, 2011 for reviews of the
literature). Frequently diagnosed cancers of the female reproduc-
tive organs, such as cervical cancer, show the opposite, negative
association with education in correlational studies (Baquet et al.,
1990). Part of the observed positive correlation between educa-
tion and breast cancer could be due to more frequent screening
and more adequate response to risk factors among the better edu-
cated (Lange, 2011). Still, environmental and social factors could
also affect breast cancer risk and survival. A recent report by the
Interagency Breast Cancer and Environmental Research Coordinat-
ing Committee (IBCERCC) in the US forcefully argues that research
on the causes of increased breast cancer risk and consequently on
increased prevention is of first order importance in designing public
health strategies to contain the disease.1
A key question on the etiological background to the link between
education and the incidence of breast cancer is whether the rela-
tion is made up by life style factors, such as delayed childbearing,

1 “Prioritizing Prevention” Summary of Recommendations of the Interagency
Breast Cancer and Environmental Research Coordinating Committee (http://www.
niehs.nih.gov/about/assets/docs/ibcercc full.pdf).
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hat may  be acquired along with prolonged education, or if it can
e attributed to factors and individual characteristics correlated
ith both educational attainments and the probability to get breast

ancer. The most common research strategy used in epidemiolog-
cal studies is to add confounders that are known to be associated

ith educational attainments and potentially etiologically related
o breast cancer, such as delayed childbearing in a regression frame-
ork, and to investigate if the correlation remains (see e.g. Braaten

t al., 2004; Danø et al., 2004; Heck and Pamuk, 1997). There are
t least two problems with this strategy. First, there is an identi-
cation problem. Most confounders, such as fertility behavior, are

ikely to be endogenous to educational attainment. This means that
t is still not clear if including them in the regression makes up for a
ausal relation with education, or if they just proxy individual char-
cteristics correlated with educational attainments. Second, adding
ndependent variables in a regression would in most cases aggra-
ate the downward bias from measurement errors (see e.g. Greene,
003).

An alternative strategy to analyze this research question is to
se exogenous variations in educational attainments created by
atural experiments. A number of influential studies have used
his research strategy to study the relationship between education
nd measures of general health. Lleras-Muney (2005), Oreopoulos
2006) and Clark and Royer (2012) use variation induced by
hanges in compulsory schooling legislations in the US and the
K as a source of exogenous variation in education. Spasojevic

2010), Meghir et al. (2012) as well as Lager and Torssander (2012)
nvestigate the health consequences of the introduction of compre-
ensive school reform in Sweden. An interesting related question

s whether the health effects of education vary by gender2 and
iagnosis.

In this paper we investigate whether there is a causal effect of
ducation on the incidence and mortality from breast cancer in the
opulation of women born in Sweden between 1940 and 1957 who
urvived until at least 1985. We  make use of a compulsory schooling
eform that increased the number of compulsory years of education
rom 7 or 8 depending on municipality to 9 years nationwide. We
lso compile a unique nationally representative dataset from vari-
us Swedish national data registries, including the Swedish Cancer
egistry.

The Swedish setting is particularly well suited to study how edu-
ation affects the incidence of a “welfare disease” such as breast
ancer in women for several reasons. First, Sweden is ethnically
nd racially homogenous, especially in the cohorts under study.
his reduces potential omitted confounders that could correlate
oth with the hereditary genetic make-up and the SES of some eth-
ic or racial subgroups. Second, health care is free at the point of
ccess and the Swedish government provides free universal health
nsurance. Disparities arising from differential access to care due to
nancial constraints are unlikely to play a role in the Swedish set-
ing. Breast cancer screening covers the entire female population
n the critical ages and is free of charge. The screening program

as adopted nation-wide in 1986 after the first results from the
wedish mammography trials became available (Tabar et al., 1985).
he take up rate of this screening program after the first invita-
ion to screen is about 80 percent (see e.g. Hussain et al., 2008).
hird, the Swedish Cancer Registry is the oldest cancer registry and

ne of the best in terms of data quality and accuracy in the world
oday.

2 Clark and Royer (2012) as well as Meghir et al. (2012) investigate for differential
ffects of education by gender and find inconclusive evidence. Gathman et al. (2012)
nalyze a number of compulsory schooling reforms in Europe and find diverging
ffects of education on mortality by gender.
lth Economics 42 (2015) 115–124

The closest study we  are aware of is by Glied and Lleras-
Muney (2008) who  use the Surveillance, Epidemiology and End
Results Program (SEER) data to estimate the effects of technological
progress on cancer deaths by education, relying on US compulsory
schooling laws for exogenous variation in educational attainment.
They find that conditional on technological progress, extra educa-
tion reduces overall cancer mortality in men, but not in women.
Excluding cancers of the reproductive system, inclusive of breast
cancer, makes the estimated effects for men  and women consis-
tent. The authors do not specifically test for the effects of education
on survival from reproductive system cancers in women, relying
on the findings in the medical literature we  discuss above.

This study finds that attaining higher levels of education
increases the risk of being diagnosed with breast cancer in women,
confirming the results obtained from purely correlational studies.
However, we  also find that this heightened probability of diagnosis
is later followed by an elevated probability of death from breast
cancer among better educated women. Further, we investigate the
potential role of fertility decisions, which has been pointed out as
the mechanism linking education and the incidence of breast can-
cer. We  find no convincing evidence in favor of this hypothesis.
The curious association between education and the most common
cancer diagnosis in women appears to be affected by qualities,
behaviors, and risk factors acquired in the process of obtaining more
education, rather than pre-existing characteristics that predispose
some women  to both get more education and be diagnosed with
the disease.

2. The comprehensive school reform

2.1. The Swedish school system before and after the reform

Sweden implemented a compulsory schooling reform as a social
experiment between 1949 and 1962. Prior to the implementa-
tion of the 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 academic per-
formance, measured by grades. The pre-reform compulsory school
was in most cases administered at the municipality level. The junior
secondary school was a prerequisite for the subsequent upper sec-
ondary 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.3 The reform had three main elements:

1. An extension of the number of years of compulsory schooling to
9 years in the entire country.

2. Abolition of early selection and tracking based on academic per-
formance. Although pupils in the comprehensive schools were
able to choose between three tracks after the sixth grade – one
track including vocational training, a general track, and an aca-
demic level preparing for later upper secondary school – they
were kept in common schools and classes until the ninth grade.
3. Introduction of a national curriculum. The new curriculum
replaced the pre-existing curriculum which varied between
municipalities.

3 We offer a brief description of the main parts of the Swedish comprehensive
school reform. The school reform and its development are described in Meghir
and Palme (2003, 2005), and Holmlund (2007). For more detailed reference on the
reform, see Marklund (1981).
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of education. They are less likely to have had any children and
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.2. The social experiment

The social experiment with the new comprehensive nine-year
ompulsory school started during an assessment period between
949 and 1962, when the final curriculum was decided.4 The pro-
osed new comprehensive school system, as described above, was

ntroduced in municipalities or parts of city communities, which
n 1952 numbered 1055. The cohorts included in our empirical
nalysis, born between 1940 and 1957, cover the entire period
f implementation of the comprehensive school. In 1962 it was
ecided that the new comprehensive school would become the
tandard education in Sweden. The last class that graduated from
he old schooling system did so in 1970.

The selection of municipalities into the new comprehensive
chool was not based on random assignment. Still, the decision
o select the areas was based on an attempt to choose locations
hat were representative for the entire country, both in terms
f demographics as well as geographically. At first the National
oard of Education contacted the municipalities, or sometimes they
hemselves applied to participate. From this pool of applicants a
representative” sample of municipalities was chosen. Municipal-
ties could elect to implement the comprehensive school starting

ith first or fifth grade cohorts. Once the grade of implementation
as fixed, all individuals from the cohort immediately affected and

ll subsequent cohorts went to comprehensive school. The older
ohorts continued in the per-reform school.

Meghir and Palme (2005) and Holmlund (2007) study the effect
f the comprehensive school reform on educational attainments.5

he Meghir and Palme (2005) estimates for their entire sample
re 0.252 additional years for males and 0.339 years for females;
or low SES persons the estimates are 0.3 extra years for males
nd 0.512 for females.6 Holmlund has estimates in the range
.21–0.61 additional years of schooling for men  and 0.13–0.44 for
omen.

. Data

This is a population-level study. We  match data from the
wedish Cancer Register to Swedish population register data, the
990 Swedish Education register, and the Cause of Death regis-
er. The population register contains information on the parish of
irth for all individuals born in Sweden in the 1940–1957 cohorts.
e  use this register to assign municipality of birth for all women

n the cohorts affected by the schooling reform. The municipal-
ty of birth is then used to assign the year in which the reform

as implemented in that locality, and the reform treatment status
o different cohorts of women who were born in the municipal-
ty. Note this means that all estimated effects are of the “intention
o treat” type, but we avoid potential bias coming from selective

igration. Holmlund (2007) offers a detailed exposition of the exact
atching algorithm used.7

The Cause of Death register contains information on the date
f death and the principal cause of death. The Census data provide
nformation on the date of birth and the number of children born

o the women in the 1940–1957 cohorts. We use this informa-
ion to assign age at first childbearing and the total completed
ertility per woman. The multi-generational register is used to

4 The official evaluation was mainly of administrative nature. Details on this eval-
ation are also described in Marklund (1981).
5 Holmlund (2007) does not have individual treatment status and imputes it from
unicipality of residence in 1960.
6 Note that Meghir and Palme (2005) use the exact reform assignment from the

chool registries for a random subset of the cohorts born in 1948 and 1953. Their
stimates are free of measurement error in the reform assignment variable.
7 We are grateful to Helena Holmlund for sharing her algorithm with us.
th Economics 42 (2015) 115–124 117

link women in the sample to their parents. We  then use the
Education Register for the parents to determine the level of
education of each woman’s father. Fathers who had more than
the basic required (7 years) education are considered highly
educated.

All women who  died of breast cancer as a primary cause of
death were found in the Cancer Register as having been previ-
ously diagnosed with the disease. We  record all diagnoses and
deaths until 2006. The Swedish Cancer Register is the oldest Can-
cer Register in the world and contains detailed information on all
incidences of cancer diagnosis in Sweden. It is compiled from com-
pulsory cancer diagnosis registrations by physicians, cytologists
and pathologists and covers close to 100% of all cancer diagnoses
in Sweden (Swedish National Board of Health and Welfare, 2006).
Studies of the accuracy of the Cancer Register have shown that cases
of breast cancer are the most reliably reported cancer diagnosis
in the Register, with under-reporting rates of less than 1.1% of all
cases diagnosed within the reporting year (Barlow et al., 2009).
Importantly, the exact date of every diagnosis is recorded, and the
data can be linked to the population registers through a unique
person ID.

In the empirical analysis we  use the population of all women
born in Sweden between 1940 and 1957 and surviving until at least
1985. We  exclude 414,214 women  with missing parental educa-
tion background and use the remaining sample of 562,814 women.
Of those, 19,736 women were diagnosed with breast cancer after
1984. Of those who were diagnosed, 2370 women died, and breast
cancer was  noted as the cause of death on their death certificate.
Another 401 of the women diagnosed with breast cancer after 1984
died from a different main diagnosis.8

Table 1 summarizes the main explanatory and control variables
used in the analysis. The mortality data start in 1985 and include
the exact date of death and the main cause of death as recorded in
the death certificate. We  restrict the time of first diagnosis to be
after 1984 in order to avoid selection of women who were diag-
nosed previously and survived until the period after 1984. The
women in our sample were aged between 28 and 45 in 1985 and
(those surviving) between 49 and 66 in 2006. As a percent of total
female mortality, breast cancer mortality peaks between ages 40
and 60 at around 15% of total deaths in the age group. This implies
that we  are capturing the interval in women’s lives during which
they are most likely to be affected by breast cancer (as opposed
to another lethal disease). Aggregate mortality in Sweden is very
low at ages below 45 at 6 per 1000 (from data), and breast can-
cer mortality is even lower at 1 per 1000 (from data). A back of
the envelope calculation suggests that we  are potentially missing
at most 100 deaths from breast cancer that may  have occurred
in our study population before 1985.9 This is a very small part
of the total number of breast cancer deaths in the sample – less
than 5%.

Several differences in the raw means between women of high
and low SES family backgrounds are worth discussing. Unsur-
prisingly, on average women  of higher SES obtained more years
the average age at first childbearing in this group is about two
years higher. High SES women  are also more likely to have been

8 The distribution of the main causes of death among those women  is: 61 women
died from ovarian cancer; 45 from lung cancer; 22 from AMIs; 15 from pancreatic
cancer; 12 died from colon cancer; 9 from melanoma; 15 from unknown causes.
The remaining 222 deaths are distributed across more than one hundred different
causes.

9 Assuming mortality at missing ages is equivalent to mortality at those ages
among observed cohorts; assuming also that cohort sizes at different ages are sim-
ilar  over time, which gives an upper bound estimate since demographic trends led
to  steady cohort size increase between 1940 and 1957.
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Table 1
Main explanatory and outcome variables in interest. Standard deviations are reported in square brackets under the mean. P-values of tests of differences in means between
high  and low SES background women are also reported.

Father’s education Low FE High FE P-value diff

Obs Mean Obs Mean

Variable
Years of education 360,240 11.155 180,612 12.823 0

[2.805] [3.063]
No  children (nulliparous) 372,894 0.11 187,702 0.134 0

[0.315] [0.34]
Age  at first childbearing 331,164 26.5 162,587 28.1 0

[5.4] [5.5]
Age  at diagnosis 12,723 50.196 6654 49.513 0.088

[6.581] [6.511]
Death  year – year of diagnosis 1538 4.83 724 5.3 0

[4.55] [4.63]
Diagnosed with breast cancer 372,894 0.035 187,702 0.036 0.012

[0.183] [0.186]
Died  from breast cancer 372,894 0.004 187,702 0.004 0.16

[0.065] [0.063]
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The effect of education on deaths from breast cancer is not as
clear. None of the education coefficients attain statistical signif-
icance at the 10% level even though the coefficient on years of
education implies a negative correlation both with and without

Table 2
Correlations between years of educational attainment and diagnosis/death from
breast cancer in women.

Panel A (1) (2) (3)

Diagnosis
Years of schooling 0.96* 0.89*
coef  * 1000 (0.09) (0.08)
High SES 2.99* 1.92*
coef  * 1000 (0.54) (0.56)
Observations 541,135 560,596 541,135
Mean incidence per 1000 34.1 34.1 34.1
R-squared 0.006 0.007 0.010
Empirical model Linear Prob Linear Prob Linear Prob

Panel B (1) (2) (3)

Death from breast cancer
Years of schooling −0.01 −0.02
coef  * 1000 (0.01) (0.01)
High SES −0.09 0.12

(0.18) (0.09)
Mean deaths per 1000 4.1 4.1 4.1
iagnosed with breast cancer, to have received the diagnosis at an
arlier age and, conditional on dying from breast cancer, to have
ived longer between their initial diagnosis and the time of death.
here is no significant difference in the probability of death from
reast cancer by SES background. These facts suggest that either
1) higher SES women are more likely to have been diagnosed ear-
ier or that (2) higher SES women received better treatment, or
oth. The differences in age at diagnosis appear in favor of the first
ypothesis, but we cannot draw any firm conclusions based on this
vidence.

Here it is important to consider the importance of breast can-
er screening for early diagnosis and treatment. The large clinical
rials that produced evidence on the beneficial effects of mam-

ography, were done in Sweden in the 1970s and 1980s (see
abar et al., 1985). Thus, policy makers in Sweden were quite
ware of the importance of breast cancer screening at the time
ur study period begins. After the first results of the random-
zed trials came out, the National Board of Health and Welfare
ssued guidelines in 1986 recommending that the county councils
nvite women ages 40–54 years to screening every 18 months and

omen ages 55–74 years every second year. Thus, national ser-
ice screening with mammography was initiated in 1986. Local
ealth administrations are in charge of running the screening
rograms. All women of eligible ages receive a letter giving a spe-
ific date and time for a mammography examination. Failure to
ttend the scheduled examination or re-schedule the appointment
esults in a second invitation up to six consecutive invitations. A
egional case study from Uppsala reports that of the 46,041 eligible
omen only 5.6% never attended after six attempted appoint-
ents. Non-attenders tend to be older (over the age of 60), foreign

orn and single. Note that all foreign-born women residing in
weden are excluded from our sample by construction. Interest-
ngly, the relationship between education and the probability of
on-attendance is u-shaped, with women finishing high school,
ome college, and college more likely to attend than those with
rofessional education or high school drop outs (Lagerlund et al.,
002).

Breast cancer is a common killer in our sample. In this rel-
tively young population, 15% of all deaths are due to breast
ancer. Cardio-vascular diseases account for an extra 13.5% of

otal mortality. Deaths from other cancers are responsible for
nother 33%. In total, cardio-vascular and cancer-related mortality
ccount for close to two-thirds of all female deaths in the sample
ohorts.
4. The relation between educational attainment and breast
cancer incidence and mortality

We  start the analysis by documenting correlations between
the years of attained education and socio-economic background
and the probability of diagnosis and death from breast cancer in
Sweden. Table 2 presents the estimates. We  use all available obser-
vations to maximize power. Coefficients and standard errors are
multiplied by 1000 for better presentation. Women  with an extra
year of education are 3 percent (evaluated at the mean incidence of
breast cancer diagnosis in the population) more likely to have been
diagnosed with breast cancer than their less educated peers. The
correlation with high socio-economic family background is larger
– even if we  control for years of attained education, women who
were born in better-off families are 7 percent more likely to receive
a breast cancer diagnosis.
Observations 541,135 560,596 541,135
Empirical model Linear Prob Linear Prob Linear Prob

Note: Robust standard errors in parentheses; *Significant at 1%; SE clustered on the
municipality of birth level.
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ontrols for parental SES background. Coupled with the evidence
n the higher incidence of diagnoses among the more educated
omen, this suggests that conditional on being diagnosed with

reast cancer, more educated women are more likely to survive.
his is consistent both with evidence that educated people are more
dept at using new medical technologies (Glied and Lleras-Muney,
008; Lichtenberg and Lleras-Muney, 2005) and with earlier diag-
osis and earlier treatment in higher SES background women. The
able of means shows supportive evidence for the latter expla-
ation. Even though the mortality point estimate suggests that
ducation has a positive effect on survival, the precision of the
stimates is not high enough to make any strong conclusions.

The corresponding Cox proportional hazard estimates are: in
he full sample one year of schooling reduces the probability of
eath from breast cancer by a statistically insignificant 1.6% relative
o the mean (SE 0.0197), which is a larger estimate than the LP
stimate evaluated at the mean (0.03%); the Cox estimate of high
ES in model 2 is a statistically insignificant decrease of 2.4% relative
o the mean, not too far from the LP estimate of 2.2% relative to the

ean.

. Empirical specification

We  use two main types of outcomes in the empirical analy-
is. When we consider breast cancer mortality, we  use the binary
ortality outcome and the time to death as the outcome vari-

bles. When we study the incidence of breast cancer, we  use a
inary outcome variable equal to one if the woman was  ever diag-
osed with breast cancer after 1984 and zero otherwise. We  use
he same identification strategy for the effect of the reform for
oth types of outcomes. If the reform would have been randomly
istributed among Sweden’s 1000 or so municipalities we could
ave simply compared the outcomes in the treated and non-treated
unicipalities conditional on year of birth. However, as has been

iscussed in previous studies (see e.g. Meghir et al., 2012), this was
ot the case. Therefore, we will control for both birth cohort and
unicipality of birth. We  start with the following latent variable

pecification:

∗
i,m,t =  ̨ + ˇ1Ri,m,t + � ′

1Ti + � ′
2Mi + εi.m.t, (1)

here i, m and t are sub-indices for individual, municipality and
irth cohort, respectively; y* is a latent variable for health status; T

s a vector of dummy  variables for year of birth; M is a corresponding
ector of dummy  variables for municipality of birth; finally, ε is an
ndividual random disturbance.

The key identifying assumption is that the distribution f(·) of
 does not depend on the assignment to reform treatment, con-
itional on cohort and municipality. In practice we impose the
tronger assumption that the distribution of ε is independent of
ll right hand side variables. It is important to note that the reform
ssignment in this analysis depends on the municipality of birth,
ather than the municipality of schooling. On the one hand, this
eans that the estimates are of the “intention-to-treat” type. On

he other hand we avoid selection issues coming from differential
and potentially endogenous) mobility.10

For the binomial outcome breast cancer diagnosis, we use
inear probability models. The reason for using a linear proba-

ility model, rather than e.g. logit and probit, which restrict the
robabilities in the [0, 1] interval and relax the linearity assump-
ion, is computational convenience, since all models include about

10 Meghir and Palme (2005) show, however, that 90.1 percent have the same
eform assignment based on predictions from their municipality of birth as their
unicipality of schooling; 5.3 percent moved from reform to non-reform munici-

alities; 4.6 moved in the other direction.
th Economics 42 (2015) 115–124 119

1000 municipality indicator variables in addition to the 17 birth
cohort dummies. For relatively small treatment effects, when both
approaches have been used in a similar context, the results are
almost identical.11

We also use linear probability models as one of two  methods
of estimating the probability of death from breast cancer. The lin-
ear probability model is handy because it can efficiently estimate a
large number of dummy coefficients in specifications where we
also include municipality-specific time trends. We complement
the linear probability estimates with estimates from Cox semi-
parametric proportional hazard models. For the time to death from
breast cancer outcomes we  use Cox proportional hazard models of
this type:

I1,i,m,t(r|Ri,m,t, Ti, Mi) = I0(r) exp{  ̨ + ˇ1Ri,m,t + � ′
1 Ti + � ′

2 Mi}, (2)

where r is exposure time and I0(r) is the baseline hazard. This model
is semi-parametric in the sense that no functional form assumption
is imposed on the base line hazard. Importantly, when we consider
the hazard of death from breast cancer, we consider only deaths
from breast cancer as terminal event. Thus, all women  who died
from causes other than breast cancer are considered still living
at the end of the observation window. Prior research has found
that the compulsory schooling reform did not significantly affect
life expectancy for (high and low SES) Swedish women  (Meghir
et al., 2012). Moreover, the age at first diagnosis in this sample
is fairly young. These two facts suggest that a competing risks
phenomenon is an unlikely explanation for our estimates. Never-
theless, as Honoré and Lleras-Muney (2006) show that decreasing
cardio-vascular disease mortality in the US contributed to a steady
(non-declining) cancer mortality rate between the 1970s and 2000s
we construct Peterson bounds on our estimates taking into account
the association between cardio-vascular and cancer mortality risks.
The assumption here would be that obtaining extra education,
while reducing the likelihood of cardio-vascular mortality, indi-
rectly increases the likelihood of breast cancer mortality. To control
for unobserved differential trends that might affect municipalities
differently depending on the timing of the education reform, we
include linear trends by year of reform implementation. All munic-
ipalities that implemented the reform in the same year are assigned
the same linear trend. The empirical results section reports the
results from these preferred specifications.

Table 3 demonstrates the effects of being exposed to the school-
ing reform on the number of years of attained education for Swedish
women of affected cohorts. We  first show the effects on the entire
sample and then split the sample according to the education level
of the father. We expect that the education reform affected chil-
dren from low SES families more as they were more likely to drop
out of school earlier. The results confirm that women from low SES
backgrounds increased their education by more than those from
high SES backgrounds. The reform resulted in an average increase
of 1.8 months of schooling for girls coming from relatively disad-
vantaged backgrounds. The corresponding estimate for the high
SES group is about one third of the size and does not attain sta-
tistical significance at the 10% level. We present estimates from
models including linear time trends grouped by year of imple-
mentation and from specifications including municipality-specific
linear time trends. The estimated coefficients are very similar,
which is reassuring that unobserved municipality-specific changes

coincidental with reform implementation are unlikely to bias our
results.

11 See for example Meghir et al. (2011).
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Proportional hazards regression, also called Cox regression, models the incidence or hazard rate, the number of new cases of disease per population at-risk per unit time. If the outcome is death, this is the mortality rate.  The hazard function is the probability that if a person survives to t, they will experience the event in the next instant.

The hazard ratio, λ1(t)/λ0(t) can be regarded as the relative risk of the event occurring at time t.

The Cox proportional hazards model is called a semi-parametric model, because there are no assumptions about the shape of the baseline hazard function.
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Table 3
The effect of education reform on women’s educational attainment in years of education.

Father’s education All Low FE High FE

(1) (2) (3) (4) (5) (6)

Reform 0.119* 0.106* 0.149* 0.14* 0.055 0.043
(0.029) (0.023) (0.022) (0.021) (0.035) (0.033)

Mean  years of education 11.7 11.7 11.1 11.1 12.8 12.8
Linear trends by year of reform implementation Yes Yes Yes
Municipality trends Yes Yes Yes
Observations 540,852 540,852 360,240 360,240 180,612 180,612
R-squared 0.041 0.045 0.041 0.045 0.024 0.031

Note: Robust standard errors in parentheses; SE clustered on the municipality of birth level. +Significant at 10%; **significant at 5%; *significant at 1%.

Table  4
Educational reform and the risk of diagnosis and death from breast cancer.

Father’s education All Low High

Diagnosis
Reform coef * 1000 1.5** 1.71** 1.6 1.92+ 1 1.1

(0.78) (0.775) (1.1) (1.025) (1.5) (1.47)
Mean  dep var * 1000 34.1 33.7 35
Linear  trends by year of reform implementation Yes Yes Yes
Municipality trend Yes Yes Yes
Observations 560,596 560,596 372,894 372,894 187,702 187,702
R-squared 0.006 0.0075 0.006 0.009 0.010 0.015

Death from breast cancer
Reform coef * 1000 0.63** 0.66** 0.68+ 0.74+ 0.65 0.6

(0.3) (0.33) (0.4) (0.44) (0.9) (0.87)
Mean  dep var * 1000 4.1 4.1 4.2 4.2 3.9 3.9
Linear trends by year of reform implementation Yes Yes Yes
Municipality trend Yes Yes Yes
Observations 560,596 560,596 372,894 372,894 187,702 187,702
R-squared 0.002 0.004 0.003 0.0061 0.006 0.010

Note: Municipality fixed effects included in all specifications; birth cohort dummies included in all specifications; robust standard errors in parentheses; standard errors
c *signi
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(1), (3), and (5). The hazard is stratified by municipality of birth,
allowing for potentially different underlying breast cancer mortal-
ity hazards by municipality. The Cox estimates are as follows: full

12 If we consider only the reform’s effect on schooling attainment, we would mul-
tiply  the reform estimates from Table 4 by 1/(estimated change in years of education
from Table 2), resulting in much larger estimates of the effect of an additional year of
education than what is obtained in the correlations reported in Table 3. We empha-
size, however, that using the reform as an IV for years of attained education is
lustered on the municipality of birth level; +significant at 10%; **significant at 5%; 

. Results

.1. Main findings

We  next turn to the effects of the compulsory education reform
n breast cancer incidence and death. Since we know from previ-
us research (see e.g. Meghir and Palme, 2005) that the reform had
ery different effects on later-life economic wellbeing depending
n parental SES, we run separate regressions by women’s fam-
ly SES background. It is important to note that since the reform

as not limited to simply increasing the number of compulsory
ears of education, but had additional elements, the results that
ollow are not directly comparable with the education correla-
ions presented in Table 2. The results on how reform treatment
ffected the probability of diagnosed breast cancer are shown
n the top panel of Table 4 and on mortality from the disease
n the bottom panel. We  present estimates with year of imple-

entation specific linear trends for easy comparison with the
emiparametric Cox estimates, as well as results from linear prob-
bility models including municipality-specific linear trends. We
ultiply all coefficients and standard errors by 1000 for ease of

resentation.
There is a significantly positive effect of reform assignment

n the probability of being diagnosed with breast cancer in the
ull sample. Although the precision in the estimate in the low
ES subsample is somewhat inferior, it is obvious that the effect
s attributable to the group originating from low SES families,
ho experienced the largest effect of the education reform. The
oint estimate of the magnitude of the effect suggests a 1.5
ercentage point elevated risk, which is somewhat more than
he correlation estimate corresponding to one year extra year of
ficant at 1%.

education although the precision is not sufficient to make any def-
inite conclusion.12

The linear probability estimation results in Table 4 also show
that the reform causes a significant increased risk of mortality with
breast cancer as a primary cause of death.13 That is, the expected
improvement in the effect of better response to cancer treatment
from more education was not sufficient to offset the increased risk
of being diagnosed with breast cancer.

In addition to the linear probability models we  obtained Cox
PH mortality estimates stratified at the municipality level. The
Cox semi-parametric model imposes fewer restrictions on the
estimates, however it suffers from severe incidental parameters
problems with a large number of dummy  variables, such as would
be included in a specification including municipality specific lin-
ear trends. That is why  we ran the Cox estimations with linear
trends by year of implementation only, so these estimates are com-
parable to the linear probability coefficients reported in columns
most  likely flawed, as the reform contained additional elements that challenge the
exclusion restrictions.

13 In the analyses we exclude all women who have received a diagnosis of breast
cancer pre-1985 to avoid selection bias. This is because our mortality data start in
1985 and survival following a breast cancer diagnosis could be related to the reform.
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ample coefficient 0.18+ (SE 0.1), which is very similar to the LP
stimate evaluated at the mean (15% increase); low father’s edu-
ation sample estimate 0.2 (SE 0.15) – again very similar to the LP
oefficient estimated at the mean – a 16% increase.

.2. Competing risks

A potentially important concern in analyzing mortality by dif-
erent causes has been raised by Honoré and Lleras-Muney (2006).
echnological progress in medicine or any other factor that affects
he treatment or detection of certain diseases would affect the
robability of death from related diagnoses but also the prob-
bility of death from other conditions, which pose “competing
isks”. In essence, failure to die from one condition at a given age
ncreases the probability of death from another condition. Honoré
nd Lleras-Muney (2006) show in particular that cardio-vascular
CVD) and cancer deaths in the US are related in this manner.
mprovements in the treatment of CVD led to decreased mortality
rom CVD but also to increased mortality from cancer compared to
he counterfactual. This is important in our setting because educa-
ion may  have affected the early detection and proper treatment
f CVD, leading to a reduction in the probability of death from
VD. Through the competing risks channel, this reduction may  have

ncreased the probability of death from breast cancer. To exam-
ne this hypothesis, we first estimate the effects of being exposed
o the reform on CVD mortality and compute bounds for our
stimates.

The probability of death from CVD is reduced by reform treat-
ent by 0.53% (Cox estimate 0.99472, CI 0.8353–1.1845) in the

ull sample. In the subsample of low SES background women, the
eform treatment leads to a 2.7% decrease in CVD mortality (Cox
stimate 0.97304, CI 0.80374–1.178). Assuming that everyone who
id not die from CVD died from breast cancer, we compute a lower
ound on our breast cancer mortality estimates. The education
eform increases the probability of death from breast cancer or CVD
y 9.8% (hazard ratio 1.098, CI from 0.997 to 1.209). Thus even if
he entire reduction in CVD mortality is translated into breast can-
er mortality, we still find a positive effect of the reform on the
combined) mortality rate, even though it is about half the size
f the effect we obtain when we assume the risks are unrelated
18%).14

.3. Parallel trends assumption

Our difference-in-differences analysis relies on the assumption
f parallel trends in the incidence of diagnosed breast cancers

efore and after the cohort affected by the reform in each munici-
ality. We  implement two different tests of this assumption. First,
ig. 1 plots the conditional marginal effects of exposure in the

 cohorts pre-implementation to 6 cohorts post-implementation

14 A separate issue emerges if we consider testing for the effect of the reform on
eaths from breast cancer as one of a series of multiple mortality tests we  could
erform, including the reform effect on death from CVD and death from other
auses. We performed an adjustment procedure to calculate the q-value, which is
he P-value of the test adjusted for the false discovery rate. This methodology was
eveloped by Storey and co-authors and software was  created by Dabney and Storey
Storey, 2002; Storey and Tibshirani, 2003). We picked a �0 of 1 and an FDR threshold
f  0.05. The q-value on the reform coefficient in the first linear probability regression
f  breast cancer mortality is 0.096 (the P-value is 0.032); the q-value on the reform
oefficient in a linear probability regression with binary outcome “death from any
ther condition” is 0.141 (P-value 0.95); the q-value on the reform coefficient in a
inear probability regression with binary outcome “death from CVD” 0.79 (P-value
.79). While a P-value threshold of 0.1 implies that 1 in every 10 tests will be a false
ositive, a q-value threshold of 0.1 implies that one in every 10 positive tests will
e a false positive. Even after a conservative adjustment for multiple hypotheses
esting, we  obtain a reform effect that is still significant at the 10% level.
th Economics 42 (2015) 115–124 121

sample. The reference cohort is the one born 2 years before the first
treated cohort. The regressions control for municipality and year of
birth fixed effects, as well as municipality group by year of imple-
mentation linear trends. As the figures demonstrate the conditional
probability of diagnosis and death is not significantly different from
zero in cohorts born pre-implementation. There is however a sharp
increase in the probability that starts with the cohort right before
the first fully treated cohort and levels off at a new and increased
level with the second fully treated cohort (1 year after year zero of
the implementation in the figures below).

Second, we  performed a number of placebo tests in which we
pretend that the reform was  implemented earlier or later than
the actual implementation year. The placebo treatment groups are
defined by falsely assigning treatment to women born 6, 4 and 2
years before the first fully treated cohort, as well as 2, 4 and 6 years
after the first cohort. In the first arrangement women who were not
treated receive false treatment status. In the latter arrangement we
pretend that women who  were (actually) treated and were born 2,
4, and 6 years from the first treated cohort were not treated. Thus,
in this set-up treated women receive false untreated status. We
present all these tests together in Fig. 2.

Every estimate is obtained from a separate regression includ-
ing cohort and municipality fixed effects, as well as year of
implementation linear trends. The regressions assigning treat-
ment to untreated cohorts include only women from untreated
cohorts. Similarly, the regressions assigning non-treatment to
treated cohorts include only treated women. As the figures
demonstrate, the largest in absolute value and only statistically
significant effects are estimated when we  assign the correct treat-
ment values. Further, there are no particular discernible patterns,
suggesting that there is nothing that systematically biases our
estimates.

6.4. Changes in fertility behavior as a possible mechanism behind
the results

The causal estimates confirm the positive correlations between
education and the probability of breast cancer diagnosis. Medical
studies have pointed to several channels that might contribute to
these findings (see Nechuta et al., 2010 for a recent review). For two
of these – the inverse relation between educational attainments
and completed fertility as well as the positive relation between
education and age at first birth – we  have information in our data
set allowing us to analyze how these two  outcomes were affected
by the schooling reform.

As a background to this analysis, Table 5 shows associations
between attained education and women’s fertility behavior in
Sweden using the same population we  analyzed in the mortality
regressions. Column (1) reports the correlation between year of
schooling and the probability of having no children; column (2)
displays the relation between year of schooling and number of chil-
dren; finally, column (3) The shows the correlation between years
of schooling and age at first child.

As can be seen in Table 5, there is a statistically significant rela-
tion between years of schooling and each of the three outcomes
under study. The point estimates suggest that one additional year
of schooling is associated with a 0.003 increase in the probability of
having no children; 0.013, or an about 0.8 percent, fewer children;
and, finally, almost half a year older age at first birth.

In Table 6 we turn to analyzing the effect of schooling reform
on the same set of outcomes as those analyzed in Table 5. None
of the point estimates attain statistical significance. Comparing

the estimates for the effect of the reform with the correlations
shown in Table 5, it is evident that the precision in the reform
effect estimates for the probability of having no children as well
as the total number of children is too low to enable us to reject
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Fig. 1. Probability of breast cancer diagnosis and death from breast cancer among cohorts of women  born close to the first cohort affected by the reform. Note: Conditional
marginal effects plotted in solid line, 95% confidence intervals in dashed lines. The omitted category is women born 2 years before the first cohort that was affected by the
reform.  Cohort and municipality fixed effects included in the regressions, as well as municipality group by year of implementation-specific linear trends.
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Fig. 2. Placebo tests assigning treatment status

he hypothesis that the effects are the same as for one additional
ear of schooling. However, for the age at first child outcome,
he point estimate is very different and the precision sufficient

o allow us to reject that the effect is as large as the almost 0.5
ears as suggested by the result in Table 5. The upper confidence
imit for a 95 percent confidence interval for the reform effect

able 5
ducation and women’s fertility behavior.

Father’s education All All
Outcome No children To

(1)  (2)

Years of schooling 0.0034* −0
(0.0002) (0.

Mean  outcome variable 0.11 1.7
Empirical model Linear Prob OL
Observations 541,135 54
R-squared 0.0057 0.0

ote: +Significant at 10%; **significant at 5%; *significant at 1%; robust standard errors in
mplementation included in all specifications; birth cohort dummies included in all speci
treated or untreated status to treated cohorts.

is as small as 0.025 for age at first birth, and so we  can con-
clude that it is unlikely that the mechanism behind our result
of the reform effect on cancer diagnosis incidence is through

delayed childbearing among those who  had children. For the
other two outcomes, the precision is too low for any definite
conclusions.

 All
tal fertility (number of children) Age at first childbearing

 (3)

.0134* 0.4608*
0010) (0.0038)

 27
S OLS
1,135 478,946
057 0.0868

 parentheses clustered at the municipality of birth; linear trends by year of reform
fications.
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Table  6
Education reform and women’s fertility behavior.

Father’s education All Low education High education
(1) (2) (3)

Probability of not bearing a child
Reform 0.0018 0.0011 0.0033

(0.0018) (0.0021) (0.0028)
Mean outcome variable 0.11 0.11 0.134
Empirical model OLS OLS OLS
Observations 560,596 372,894 187,702
R-squared 0.0050 0.0057 0.0082

Total fertility (number of children)
Reform 0.0028 0.0034 −0.0018

(0.0061) (0.0073) (0.0107)
Observations 560,596 372,894 187,702
R-squared 0.0045 0.0055 0.0077

Age at first childbearing
Reform −0.0445 −0.0464 −0.0426

(0.0350) (0.0364) (0.0572)
Mean outcome variable 27 26.5 28.1
Empirical model OLS OLS OLS
Observations 493,751 331,164 162,587
R-squared 0.0269 0.0225 0.0319

Note: +Significant at 10%; **significant at 5%; *significant at 1%; robust standard
errors in parentheses clustered at the municipality of birth; linear trends by year
of  reform implementation included in all specifications; birth cohort dummies
included in all specifications.
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. Concluding remarks

Numerous studies have shown that higher educational attain-
ent is conducive to better health in the affected cohorts and their

ffspring (see review by Cutler and Lleras-Muney, 2011). Breast
ancer is an exception to this rule in the sense that the incidence
f diagnosed cases increases with education and it has therefore
een labeled a “welfare disease”. We  show that this relation holds
lso as a response to an exogenous policy change that induced an
ncrease in compulsory schooling. This result suggests that the rela-
ion between women’s educational attainments and breast cancer
s likely due to some characteristic or risk factor that is acquired
s additional education is obtained, rather than some innate qual-
ty that is correlated with educational attainments. Many social
nd health behaviors fit these categories, such as the use of hor-
onal therapies and oral contraceptives, which have been linked

o increased probability of breast cancer.
The reform may  have made women more willing to participate

n screening programs. Meghir et al. (2013) shows that cognitive
kills were improved as a result of the reform, which, in turn,
ay  make people more adequately aware of different risk fac-

ors (see e.g. Cutler and Lleras-Muney, 2006). Since participation in
creening programs is not included in our data, we are not able to
stimate this effect separately. However, given that about 80 per-
ent of Swedish females participate in the nationwide screening
rogram it is not likely that improved participation in the pro-
ram makes up the entire effect. Further, superior screening among
igher SES women by itself would not explain the elevated risks of
eath that we document. The findings in this study imply that the
uality and availability of breast cancer screening and preventive
ealth care must keep pace with improving educational opportu-
ities for women world-wide.

We  find no convincing evidence that fertility behaviors, often
ited as a potential mechanism behind the higher incidence of
reast cancer in educated women, were significantly affected by

he reform and we could therefore not conclude that it is driving
he result of elevated risk of breast cancer caused by the educa-
ion reform. For delayed childbearing the precision in our estimates
th Economics 42 (2015) 115–124 123

were sufficient for excluding it as a major mechanism behind our
results on breast cancer incidence and mortality.

Epidemiological studies of the incidence of breast cancer have
discussed the possibility that breast feeding, breast feeding dura-
tion and the duration of oral contraceptive use may  affect the
probability of breast cancer. Since we have not been able to find
large enough dataset including these outcomes, we  have not been
able to explore their potentials as a possible mechanism behind our
results and have to leave this for further research.
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