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Abstract:

There exists a strong educational gradient in cancer risk, which has been documented in a wide
range of populations. Yet relatively little is known about the extent to which education is causally
linked to cancer incidence and mortality. This paper exploits a large social experiment where an edu-
cation reform expanded compulsory schooling during the 1960s in Norway. The reform led to a dis-
continuous increase in educational attainment, which we exploit to estimate the effect of the reform
on various cancer outcomes. Our main finding is that education has little if any impact on cancer risk.
This holds for all cancer sites together as well as the most common cancer sites in isolation, with two
exceptions. The compulsory school reform lowered the risk of lung cancer for men, but increased the
risk of colorectal cancer for women.
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Sammendrag

Det er vel dokumentert at utdanning minsker risikoen for & utvikle kreft. Derimot vet vi mindre om
denne sammenhengen er kausal eller ikke. | denne artikkelen ser vi naeermere pé det ved a bruke
reformen pa 1960-tallet, som utvidet obligatorisk grunnskole i Norge fra 7 til 9 ar, som en kilde til
eksogen variasjon i utdanningsnivaet. Reformen ble gradivs implementert i de ulike kommunene, noe
som farer til variasjon i utdanningsnivaet pa tvers av kommuene, som vi utnytter til & estimere den

kausale effekten av utdanning pa sannsynligheten for & & utvikle kreft samt dg av kreft.

Hovedfunnet er at utdanning har liten eller ingen innvirkning pa kreftrisiko. Dette holder for samtlige
kreftformer, med to unntak. Den obligatoriske skolereformen senket risikoen av lungekreft for menn,
men gker risikoen for tykktarmskreft for kvinner.



1 Introduction

Cancer is a primary health risk. Over the last 30 years, the western world (including
Norway) has witnessed a steady increase in cancer incidence and cancer mortality
(for almost all cancer sites), for both men and women. By now, cancer is one of
the major causes of death, and this is unlikely to change in the near future. On
a brighter note, considerable progress in cancer survival has been made for many
of the common cancer sites. Due to improved cancer prevention as well as cancer
treatment, we have also seen an increase in cancer survival rates, which more than
doubled in most western countries for most (but not all) cancer sites over the same
period.

Nowadays, there are many public policies that aim to reduce cancer risks and in-
crease cancer survival; among these are public health campaigns to encourage healthy
behavior, taxation and subsidization to regulate healthy consumption, mandatory
screening programmes to detect cancer early, health insurance policies to improve
access and coverage, financial assistance programmes to cancer patients, and the
funding of cancer research. Each policy has its benefits and costs. Economists
can potentially inform this debate, but this requires a sound empirical strategy to
empirically test the effectiveness of such policies.

In this paper we consider education as a promising means to reduce cancer
risk. Education is malleable and possibly important. In fact, we believe that the
postwar rise in education in most western countries can partly account, at least in
theory, for the observed patterns in cancer risk, which apparently move in opposite
directions. To understand why this is, we rely on two basic cancer facts. First, cancer
incidence and cancer mortality rise almost exponentially with age (DePinho 2000).
If more educated men and women live longer lives, we should see that higher levels
of education lead (in the long run) to a rise in cancer incidence and cancer mortality.
Supportive evidence includes the work of Lleras-Muney (2005), which shows that

more educated men and women indeed live longer because of more education (and



not because of something else). Second, cancer incidence and cancer mortality fall
with improved cancer prevention and treatment. If more educated men and women
have more resources to devote to preventive and curative health care, prefer longer
and healthier lives, are abler to detect cancer early, and are better informed on how
to seek and respond to the cancer treatments, we should see reduced cancer risks
(and higher survival rates) among more educated men and women. Along similar
lines, Grossman (2006) and Cutler and Lleras-Muney (2010) argue that differences
in resources, preferences and knowledge may explain why more educated men and
women face lower health risks.

In this paper we concentrate on the question whether education reduces cancer
risk, zoom in on middle aged men and women, and try to establish whether more
educated men and women face lower cancer risks because of more education, and
not because of something else. In order to get at the causal link between education
and cancer risk empirically, we need an exogenous education shock. An education
reform, which expanded compulsory schooling during the 1960s in Norway, offers
such opportunity to identify and estimate the effect of education on cancer risk.
From 1960 to 1972, this education reform was gradually implemented in different
municipalities at different times. Before the reform, children had to attend school
through the 7th grade. After the reform, children had to attend school through
9th grade, adding two years of compulsory education (among others). Since the
reform exogenously affected school choices, these children form meaningful control
and treatment groups; that is, some children experienced two extra years of education
compared to children similar to them on any other point but their birth year, and
municipality of residence. In our empirical setup, we will follow these children into
(later) adulthood and subsequently compare their differences in cancer mortality,

overall cancer risk and cancer risks for the most common cancer sites.!

'With cancer data available up to 2007, we can follow reform affected children until they
are somewhere between 50 and 61 years old. Middle aged men and women form, we think, the
appropriate age group to potentially find a negative effect of education on cancer risks, driven by
educational differences in resources, preferences and knowledge. Middle aged men and women are,



The data we use are a combination of multiple administrative registers in Nor-
way. Education information comes primarily from the 1970 Census.? Educational
attainment is measured in nominal years of education taken from detailed education
classifications. Municipality information comes from the 1960 Census, which collects
information on municipality of residence at the time of the education reform. Cancer
information comes from the Norwegian Cancer Registry, which holds records of
any cancer diagnosis and, in case of death, whether cancer has been the leading
cause. These registers are then matched using personal identification numbers of
all Norwegian citizens, providing information about a child’s year of birth, gender,
municipality, educational attainment, cancer mortality, overall cancer risk and cancer
risks for all cancer sites.

To preview the main results, we find that education has little, if any, impact on
cancer risk. This holds for all cancer sites together as well as the most common
cancer sites in isolation, with two exceptions. Our estimates consistently show that
the education reform lowered the risk of lung cancer for men, but increased the risk
for colorectal cancer for women. Equally important is our finding that almost all
the associations we estimate between education, cancer mortality and cancer risk,
aggregated across all cancer sites, are statistically significant and negative. It thus
seems that unobserved endowments play a crucial role in explaining the educational
gradient in cancer risk.

Our work contributes to a large medical literature on the socioeconomic deter-
minants of cancer risk and cancer survival. Most of these cancer studies compare
cancer incidence, cancer survival and cancer mortality at several cancer sites across
groups with different education and socioeconomic backgrounds. Without a claim
on completeness, we refer to three recent and representative cancer studies (and

the references therein), each linking education to one particular cancer domain. On

however, too young to detect any positive effect of education on cancer mortality, realized at the
end of the extended life span.

2The Norwegian Education Registry started in 1970; we therefore collect education information
from this registry for those who completed their education after 1970.



cancer incidence, Mouw et al. (2008) estimate the relationship between education and
cancer risk in the United States and obtain significantly negative associations at most
(but not all) cancer sites.®> On cancer survival, Hussain et al. (2008) investigate how
survival time after the first cancer diagnose varies by education using Swedish cancer
registries. They report primarily significant and positive associations. And on cancer
mortality, Albano et al. (2007) use mortality data drawn from the United Stated
and find that education (measured in years) is strongly and negatively associated
with mortality at all cancer sites. Although the main message taken from all these
(but also other) studies indeed suggests that education may be helpful in reducing
cancer risk and increasing cancer survival, we should be careful in interpreting
cancer associations. Thus far, the medical literature has not established whether the
relationship on education and cancer risk, cancer survival and cancer mortality is
causal.

Our work also contributes to a growing literature in economics on the causal
link between education and later life health, using comparable sources of exogenous
variation in education. The first causal study on education and mortality is of
Lleras-Muney (2005). She uses differences in compulsory schooling laws across the
various states in the United States as her source of exogenous variation in educational
attainment and finds that education has a causal impact on mortality; that is,
more education increases life expectancy.* Since then, other studies have examined
comparable relationships using changes in compulsory schooling legislation, across
regions, time or both, to determine whether education is helping us to be healthier
(Clark and Royer 2010; Oreopoulos 2006; Meghir et al. 2012) . The results of these

studies are mixed. Oreopoulos (2006) shows that more educated men have a better

3The exceptions are prostate and skin cancer for men, and breast and skin cancer for women.
These positive associations are commonly found in most other cancer studies on education and
cancer risk, including our study.

4A recent study by Buckles et al. (2013) considers the impact of college education on cancer
mortality among US men. They exploit the widespread notion that young men in the Vietnam-era
were more inclined to enroll in college to lower their risk of being drafted for military service. With
military draft lotteries in the 70s as their main instrument for college education, they find large
protective effects on cancer mortality (and on lung cancer mortality in particular).



health and live longer, while Clark and Royer (2010) report that education has little
impact on later life health. The findings of Meghir et al. (2012) lie somewhere in
between. Their estimates indicate that more educated men and women experience
reduced mortality up to the age of fifty, but that these life gains are offset by increased
mortality later on in life. Meghir et al. (2012) also consider cancer mortality as some
of their health outcomes, which makes their study most closely related to our work.
They find no impact of the Swedish compulsory school reform on cancer mortality
at all cancer sites (but the lung). But they do find that more educated men and
women face lower mortality rates in preventable diseases (which they define as lung
cancer and cirrhosis of the liver). While their results on cancer mortality are very
similar to the results we obtain in our work, which is reassuring in a literature as
sparse as this, we should stress that our work is also very different because of its
explicit cancer focus; that is, we estimate the causal link between education, cancer
risk and cancer mortality, where we look at all cancer sites together as well as the
most common cancer sites in isolation.

The rest of our paper proceeds as follows. Section 2 describes the Norwegian
education reform in more detail. Section 3 introduces the empirical strategy and
shows how the reform can be used to get differences-in-differences estimates on the
effect of education on cancer risk. Section 4 describes that rest of the data set.

Section 5 presents results. And Section 6 concludes.

2 The compulsory school reform in Norway

In this paper we exploit an education reform that, among others, expanded compulsory
schooling in Norway. The education reform in Norway has been used before to identify
the causal effect of education on, for example, child education (Black et al. 2005)
or fertility (Monstad et al. 2008), and its institutional background has been well
documented in studies of, for example, Lie (1973) and Lindbekk (1993). In the

following, we build on these sources to provide a brief overview of the reform, and



how the reform can be helpful in identifying the effect of education on cancer risk.

2.1 Institutional background of the compulsory school reform

In the 1960s and 1970s, an education reform extended compulsory education from
seven to nine years. Prior to the reform, children started school at the age of 7
and finished compulsory schooling in 7th grade at the age of 14. After the reform,
children started school again at the age of 7 but finished compulsory schooling in 9th
grade at the age of 16. The educational reform also introduced a new comprehensive
school. In the new comprehensive school children were kept together in one common
school through 9th grade. All children were exposed to the same curriculum and
faced the same level of instruction in two subsequent tracks: grades 1 to grades 6,
which are regarded as lower primary education, and grades 7 to 9, which are regarded
as upper primary. The new comprehensive school replaced the more selective system
of lower secondary education where children were tracked into two parallel tracks
with different levels of instruction: the academic track (realskole) prepared children
for an academic gymnasium and subsequent university education and the vocational
track (continuation school) prepared children for vocational training and general
education outside the path to higher professional and theoretical education. The
reform was aimed to improve the quality of primary education in particular the rural
areas. This was done by establishing a common primary school act where the local
governments of cities and rural communities were subject to the same minimum
school requirements regarding course of instruction, school facilities et cetera.

The reform was implemented within a twelve year period. The reform came to
start in 1960. The first cohort that could be affected by the reform was the cohort
born in 1947. These children started school in 1954 and were exposed to the reform
for at least two years. The reform was completed in 1972. The last cohort affected
was the cohort born in 1958. In Figure 1 we plot cohort shares of reform exposed

children by birth cohort. The figure illustrates the gradual roll out of the reform.
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Figure 1. Cohort shares of reform exposed children by birth cohort.

Prior to implementation, municipalities were asked to report on their population
growth, tax revenues, on the local demand for education and school situation, in-
cluding the availability of teachers, the number of required teachers for the nine year
comprehensive school, and the available school buildings. A committee under the
ministry of education took these municipality characteristics into account when decid-
ing on participation. Once approved, funding for extra teachers and school buildings
was provided. Since the implementation of the reform at the municipality level placed
economic and organizational demands on the local resources, economic subsidies were
given to encourage implementation. These subsidies were granted to level differences
between rich and poor municipalities and ensured that implementation was arguably

representative across Norway (Lie 1973).

2.2 The compulsory school reform treatment

In our empirical setup we treat the compulsory school reform as a natural experiment.
Children are assigned to treatment and control groups, in a more or less random
fashion, based on their year of birth and municipality of residence. With the treatment

defined as exposure to the compulsory school reform, we follow these children into

10



later adulthood and compare their cancer mortality rates, overall cancer risk and
cancer risks for the most common cancer sites. Any observable cancer differences
between the treated and control children can then exclusively be attributed to
differences in reform exposure. In order to interpret any estimated reform effect,
however, we need to know what the reform treatment actually entails.

The reform introduced three institutional changes to the education system at the
same time. The reform increased mandatory education, standardized curriculum
and postponed ability tracking. Each of these three changes may have had an
impact on the educational attainment of these children, both in quantity and quality.
The mandatory increase from seven to nine years of compulsory education, for
example, raised the time children spent in school and possibly the skills (relevant to
a good health) they have learned there. The standardization of the curriculum likely
improved the average level of quality of the schools, in particular the rural areas
(Black et al. 2005). The delayed tracking was aimed to raise equality of opportunity;
it is unclear, however, how tracking has affected the educational attainment of
children. Some studies find that early tracking is beneficial for all students (Duflo
et al. 2011). Other studies find a small positive effect of postponed tracking, possibly
depending on family background (Meghir and Palme 2005; Pekkarinen et al. 2013).

Additionally, the reform may have induced other changes in the education system
affecting the educational outcomes of children (and possibly their later life outcomes
as well); among these are the reform-induced changes in teacher quality and classroom
composition. The reform increased the demand for teachers due to increased school
access. If new and inexperienced teachers are more likely to teach those children
affected by the reform, the reform was accompanied with a fall in teacher quality with
possible long run consequences (Chetty et al. 2011). Another, typically overlooked,
feature of the reform is that the reform changed the classroom composition of children.
Since the reform forced all children to stay in school for two additional years, the

peer composition of each child individually changed. It is not clear how this affects
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classroom quality. It is possible, for example, that children who would obtain a
university degree before the reform do worse had the reform been in effect because of
increased exposure to potential dropouts. And reversely, children who would leave
school in 7th, 8th or 9th grade before the reform may do better because of increased
exposure to more academically orientated children.

The reform effect is thus a composite reform effect on cancer risk, incorporating
not only the increase in years of mandatory education, but also the anticipated (and
unanticipated) changes in school quality, teacher quality and classroom quality that
likely matter for the educational attainment of children. Although our empirical
framework is limited in its ability to disentangle the composite reform effect, it is
still possible to interpret the composite reform effect in a meaningful way. If the
reform improved the quality of education, which is supported by the evidence of
the reform on earnings (Aakvik et al., 2010), then our empirical framework gives us

reform estimates that measure the effect of education on cancer risk.®

3 Empirical strategy

We examine three related questions concerning the relationship between educational
attainment, the education reform and cancer risk. The first is the extent to which var-
ious cancer risks (observed in middle and later adulthood) vary with the educational
attainment obtained as teenagers. In particular, we explore how our correlations
compare (and contrast) to those reported elsewhere in the medical literature. The
second examines the impact of the education reform on educational attainment.
And relatedly, the third examines the impact of the education reform on cancer
risk. To provide answers to these three questions, which are necessary to determine

whether the relationship between education and cancer risk is causal, we estimate

50Other reform studies outside the health domain have also attributed positive reform effects to
more and better schooling. Examples are Meghir and Palme (2005), who looked at the reform effect
on earnings; and Black et al. (2005) and Holmlund et al. (2011), who looked at intergenerational
reform effects.

12



three regression models.
The first regression model we have in mind, connects cancer risk with educational

attainment in the following way

CANCEthm = Qg + OélEDi —+ OCQFEMALEl -+ Mimo@ + BitOé4 + Uitm (1)

The indices i, t and m stand for individual ¢ who is born in year ¢ and lives (at
the time of the reform) in municipality m. The dependent variable CANCE Rj,
represents a set of relevant cancer risks, which we define in terms of binary cancer risk
indicators, measuring whether the individual died of cancer, whether the individual
has ever been diagnosed with cancer, and whether the individual has ever been
diagnosed with cancer at the most common cancer sites. In this model CANCER;;,,
depends on the educational attainment E Dj,,, which is the nominal number of years
spend in school, gender FEM ALFE;, municipality of residence M;, year of birth B;,
and the econometric error term u;,, which incorporates all unobserved endowments
and other characteristics that may influence cancer risk. The variables M; and B;
refer to the full set of municipality and birth year dummies. Because the unobserved
endowments are likely correlated with education, the parameter a; measures the
correlation between years of education and various cancer risks, conditional on the
predetermined control variables (gender, municipality of residence at time of the
reform, and birth year).

The second regression model examines the impact of the reform on educational
attainment. Since different municipalities adopted the education reform at different

times, we can estimate a standard differences-in-differences regression model

where education outcome E D;;,, depends on whether the individual is exposed to the

reformed education system REFORM;,,, gender FEM ALFE;, school municipality
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M;, year of birth B;, and the random error term v;,,, which captures those unobserved
endowments and characteristics that have an impact on educational attainment.
may influence cancer risk. In our model we treat the education reform as our
source of exogenous variation in education and assume that v, is uncorrelated
with REFORM,,, conditional on the other control variables. The parameter (3; can
therefore be interpreted in a causal fashion, measuring the change in average years
of education due to reform exposure.

And finally, the third model examines the impact of the reform on cancer risk.
Parallel to the previous regression model, with similar exogeneity assumptions, we

estimate a differences-in-differences regression model

with the dependent variable switched to cancer risk. The parameter of interest is 7,
which measures the average effect of the reform on cancer risk, at least for those who
are assigned to the reform. A negative 7, signals that more educated men and women
face lower cancer risks because of more education, and not because of something else.

We apply ordinary least squares (OLS) to estimate the equations (1), (2) and (3).
In addition, we estimate these models on split as well as pooled samples of men and
women. In case of split samples, we do not control for gender. Standard errors are
clustered at the municipality level.

There are three possible pitfalls in interpreting the OLS estimates of the regres-
sion models reported above. First, the key assumption in differences-in-differences
estimation is that reformed and non-reformed municipalities experience parallel
trends; that is, in the absence of the reform the outcome variable should similarly
evolve in reformed and non-reformed municipalities. If this assumption is violated,
these specifications will give us inconsistent estimates of the reform effect. To relax

this assumption, we also estimate the differences-in-differences specifications with
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municipality specific linear time trends included. If the parameter attached to the
reform indicator captures the response to the reform, it should be insensitive to
inclusion of municipality specific trends.

Second, equations (2) and (3) represent the first stage and reduced form regression
models in two stage least squares estimation (2SLS). The main reason for not
presenting 2SLS estimates is a questionable exclusion restriction; that is, the reform
effect incorporates not only the increase in years of mandatory education, but also
changes in school quality, teacher quality and classroom quality.

Third, cancer risks are right censored, which may constitute a censoring bias. As
an alternative, we can use Cox proportional hazards regression models to analyze
cancer mortality rates and cancer incidence rates (by means of hazard rates) and
take right censoring into account. For time to cancer death (diagnosis) we use the

following proportional hazard specification

A(D) = An(D) - A, - exp(6; REFORM;, + 6, FEMALE;), (4)

with exposure time D, a municipality specific baseline hazard A,,, a cohort specific
relative risk factor )\, and explanatory variables we have defined above. Again, we

will run these proportional hazard models on split as well as pooled gender samples.

4 Data

The data we use are a combination of multiple administrative registers in Norway.
The baseline sample is drawn from the Norwegian Population Register. This register
contains information on all Norwegian citizens who were alive in 1954. In our analysis
we focus on cohorts affected by the Norwegian education reform based on year of
birth and municipality of residence (at the school going age). In the Norwegian

Population Register we select reform affected cohorts, born between 1947 and 1958,
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in our sample.® In the 1960 Census, which contains municipality information, we
collect information on municipality of residence at the time of the education reform.

Education information comes primarily from the 1970 Census. The Norwegian
Education Registry started in 1970; we therefore collect education information
from this registry for those who completed their education after 1970. Educational
attainment is measured in nominal years of education taken from detailed education
classifications.

Cancer information comes from the Norwegian Cancer Registry, which holds
records of any cancer diagnosis and, in case of death, whether cancer has been
the leading cause. This cancer registry collects individual level data from 1954 to
2007. Reporting to the cancer registry is mandatory (and done by clinicians and
pathologists) and the completeness of registrations for solid tumors is close to 100
percent (Cancer Registry of Norway, 2007; Larsen et al., 2009). Information is
available on the date of diagnosis, location of the tumor (encoded by ICD-10), stage
at diagnosis (metastasis), the date the death certificate was issued (if the patient
has died) and whether cancer was the main cause of death.

Table 1 shows the prevalence of cancer mortality, overall cancer incidence, and
cancer incidence for the most common cancer types in our sample encoded by the
first three digits of the ICD-10 (International Classification of Diseases, 10th revision)
codes. Because we work with samples in which the average age when diagnosed with
cancer is quite young, the cancer rates are quite low. Yet we see the common cancer
patterns (albeit much smaller). Breast cancer is clearly the most common cancer

type among women.

6n case we run regression specifications with municipality specific trends, we extend the sample
with pre-reform cohorts born between 1942 and 1946. This allows us to approximate a linear trend
prior to reform implementation in municipaties that adopted the reform early.

16



Table 1. Descriptive statistics — Incidence of cancer

All Women Men
Cancer death 0.0166 0.0181 0.0152
Cancer type
- All 0.0650 0.0775 0.0532
- Colorectal 0.0056 0.0056 0.0057
- Lung 0.0045 0.0040 0.0049
- Skin 0.0075 0.0082 0.0068
- Breast 0.0129 0.0264 <.0001
- Cervical 0.0047 0.0097
- Prostate 0.0037 0.0072
- Testicular 0.0022 0.0042
- Leukemia 0.0054 0.0044 0.0063
Observations 1,239,771 602,629 637,142
5 Results

To quantify the extent to which education and cancer risk are causally linked, we

estimate a variety of regression models set out in equations (1), (2) and (3).

5.1 The association between education and cancer risk

Tables 2 contains simple estimates of the relationship between education (measured
in years) on cancer risks controlling for a few demographic variables we consider
exogenous (gender, municipality and year of birth). Results are presented for various
cancer risks: cancer mortality, overall cancer risk and cancer risks for the most
common cancer sites, including colorectal cancer, lung cancer, skin cancer, leukemia,
breast and cervical cancer for women, and prostate and testicular cancer for men. In
column 1 we report the OLS results of equation (1) for the full sample of men and
women who are somewhere between 50 and 60 years old. We find that more educated
men and women face significantly lower risks for any cancer. The estimated coefficient
on education shows how education covaries with the probability of having died of any
cancer is about -0.0016 [9 percent], where to get an idea about magnitude, we also

report the relative percentage change in the sample average cancer rate associated
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with one extra year of education between brackets. The estimated coefficient on
the probability of being diagnosed with any cancer is about -0.0012 [2 percent].
Although these coefficients appear small, they are highly significant. If we turn to
the four most common sites of cancer shared by men and women, we find that these
coefficients are considerably smaller and not always negative. Men and women with
more education face significantly lower risks of developing lung cancer (-0.0007 [16
percent]). In contrast, men and women with more education face significantly higher
risks of skin cancer (0.00038 [5 percent]).

Table 3 contains the same set of estimates for men and women separately. In
column 1 we find again decreased cancer risks for all cancers among more educated
men as well as among more educated women. There are no apparent gender differences
between men and women. The regression association between education and the
cancer mortality rate is -0.0015 [10 percent] for men, and -0.0018 [9 percent] for
women. The association with the likelihood of a cancer diagnose is -0.0009 [2 percent]
for men, and -0.0013 [2 percent] for women. The correlations between education
and cancer risk at common cancer sites vary in sign. Among men, the association
between education and cancer risk is significantly negative for lung cancer (-0.0008 [17
percent|), but significantly positive for skin cancer (0.0004 [6 percent]) and prostate
cancer (0.0004 [5 percent]). Among women, the association of education and cancer
risk for is significantly negative for colorectal cancer (-0.0011 [2 percent]), lung cancer
(-0.0007 [15 percent]) and cervical cancer (-0.0007 [15 percent]), but significantly
positive for skin cancer (0.0003 [4 percent]) and breast cancer (0.0006 [4 percent]).

These results are comparable to many of the estimates that have appeared in the
medical literature, which ignore the correlation between the individual’s educational

attainment, endowments and other unobserved characteristics.
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5.2 The effect of the reform on education

Table 2 also contains the estimates of the impact of the compulsory school reform
on educational attainment, measured in years, for the whole sample of men and
women. Table 3 contains the same set of reform estimates for men and women
separately. In column 2 we present the OLS estimates of 31, which come from the
differences-in-differences specification (2) without municipality specific linear time
trends. In column we present the same OLS estimates using the same specifications
with municipality specific linear time trends.

The impact of the reform on educational attainment turns out to be significant
and positive. In column 2 we find that the effect of the school reform raised the
average number of years spend in school by about 0.16 years. This effect is primarily
driven by the increased education of those men and women who would have dropped
out in either 7th or 8th grade in the absence of the reform. Note that our reform
estimates are remarkably stable across different samples and different specifications.
We obtain very similar reform estimates when we look at men and women separately.
We obtain very similar reform estimates with and without municipality specific
trends. And we obtain reform estimates very similar to those reported in Black et al.
(2005).

Figure 2 displays the effect of the reform on average years of education, after
taking out municipality and birth year fixed effects. Time zero represents the year
of reform implementation. Comparing the average years of education in pre- and
post-reform years, we can clearly see that the reform is fully responsible for the large

and discontinuous jump in the educational attainment of men and women.

5.3 The effect of the reform on cancer risk

To evaluate the impact of the educational reform on cancer risk, we run the same
differences-in-differences regressions with the dependent variable switched to cancer

risks. Tables 2 and 3 report these differences-in-differences estimates of equation
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Figure 2. First stage

(3) in the same format as before. Assuming that our procedure takes account of
the unobserved endowments, the reform estimates are driven by the causal effect of
education on cancer risk.

We first consider cancer risk in terms of cancer mortality and overall cancer risk.
Our results reveal that the compulsory schooling reform had little if any effect on
cancer mortality (from any cancer site). All the reform coefficients we estimate are
close to zero and statistically insignificant, regardless of whether we run regressions
on pooled gender samples, on split gender samples, or with and without municipality
specific trends. When we replace cancer mortality with overall cancer risk, measuring
whether someone has ever been diagnosed with cancer (from any cancer site), our
results remain small, statistically insignificant and change little across the different
samples and specifications; the estimated effect of the reform on overall cancer risk is
marginally negative for men (-0.0005 [1 percent]) and marginally positive for women
(0.0011 [1 percent]). Again, the number between brackets represents the relative
percentage change in the sample average cancer rate associated with reform exposure.

We next consider cancer risk in terms of cancer risk by cancer site for the most

common cancer sites. Our results indicate that the marginal reform effects on overall
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cancer risks mask important gender differences at different cancer sites. For men we
find that the reform significantly lowered the risk of lung cancer; the estimated effect
of the reform on lung cancer risk is -0.0007 [15 percent]. For women we find that
the reform caused a significant rise in colorectal cancer; the estimated effect of the
reform on lung cancer risk is 0.0013 [23 percent]. While these two reform effects are
significant and sizeable, all the other reform effects we estimate are much smaller (in
terms of relative risks) and not significantly different from zero. It thus seems that
the small and weak reform effects we find for the overall cancer risks carry over to

most of the specific cancer risks as well.

5.4 Censored cancer risks

The cancer risk variables we have used in the analysis thus far are binary cancer risk
indicators, measuring among others whether men and women have been diagnosed
with cancer somewhere between 1954 to 2007, regardless of how old these men and
women are. This means that we measure the risks of detecting cancer for the oldest
cohort up to the age of 60, whilst for the youngest cohort up to the age of 49. This
is a problem of right censoring; that is, we miss out on all those cancer risks for men
and women younger than 60 in 2007 who may develop and/or die from cancer later
on in life.

One simple procedure to address the problem of (right) censoring is to estimate
proportional hazard regression models. Table 4 contains the hazard rates for cancer
incidence taken from Cox proportional hazard regression models estimated on the
full sample consisting of men and women. Table 5 contains the same set of hazard
estimates for men and women separately. Hazard rates lower than one indicate a
protective effect of either education or reform. And reversely, hazard rates larger
than one indicate a harmful effect. In column 1 we present the hazard rates for
cancer incidence associated with years of education. The hazard results suggest that

education matters. In most specifications, education leads to a small but highly
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significant reduction in cancer risk. This is particularly true for lung cancer: the
hazard of 0.825 (in column 1 of Table 4) suggests that one extra year of education is
associated with a lower overall risk of detecting lung cancer by 17.5 percent (up to
the age of 60 years old). In column 3 we present the hazard rates for cancer incidence
by reform exposure. In almost all most specifications, the cancer hazards associated
to the reform are not significantly different from one, suggesting that the effect of
the compulsory school reform is relatively small and not significant from zero. There
are again two noticeable exceptions. For men we find a lung cancer hazard of 0.835
(reported in column 3 of Table 5), which indicates that the reform had a significantly
large and protective impact on lung cancer risk. For women we find a colorectal
cancer hazard of 1.308 (also reported in column 3 of Table 5), which indicates that
the reform effect is significant and strong, but harmful. Overall, the hazards reveal a
very comparable cancer pattern suggesting that censoring and the entailing bias is

not our biggest concern.

5.5  Malignant cancer risks

The severity of the cancer depends not only on where the tumor is located, but also
on whether the cancer has spread to other locations (or metastasize). A malignant
cancer is defined by its ability to metastasize. In this section we ask ourselves whether
education and reform effects change when we consider the cancer risks of the more
malignant cancers, which are more likely to cause health problems.

Tables 4 and 5 show how malignant cancer risks (measured by means of hazard
rates) vary by education (measured in years) and reform exposure. We use the same
format as before. In column 2 we present the hazard rates for malignant cancer
incidence associated with years of education. The hazard rates, while imprecisely
estimated, are all smaller than one (except malignant skin cancer for men), suggesting
that more educated men and women are less likely diagnosed with cancer that has

spread out to other locations. They are also smaller than the hazard rates for all
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cancers, including benign and malignant cancers (reported in column 1 of the same
table). The difference in hazards makes sense if we expect that more educated men
and women live healthier lives and detect cancer earlier. In column 4, however, we
show that most of the hazard rates for men and women exposed to the reform are
considerably larger than one, suggesting that education is not the protective driver
behind malignant cancer risks. Bear in mind, though, that the hazard rates are
rather imprecisely estimated to draw firm conclusions about the weak link between

education and malignant cancer risk.

5.6 What is the effect of education on cancer risk?

Our main finding is that education has little if any impact on cancer risk. This holds
for all cancer sites together as well as the most common cancer sites in isolation,
with two exceptions. The compulsory school reform lowered the risk of lung cancer
for men, but increased the risk of colorectal cancer for women. It is important to
understand why this is, and where these gender differences come from. In this section
we speculate about possible explanations.

On the protective effect of education on lung cancer risk most medical scientists
agree. And indeed, the vast majority of empirical studies report a negative correlation
between education (or a socioeconomic variation thereof) and lung cancer risk
(Sidorchuk et al. 2009). These correlations are typically interpreted as evidence
that poor health behavior, and harmful smoking in particular, is the leading cause
of lung cancer (Peto et al. 2000). Of course, for this to be true we must assume
that education causes men to smoke less. Evidence on this includes the work of
De Walque (2007), who finds a negative effect of education on cigarette consumption
(using the military draft lottery as a natural experiment). The weaker effect we find
for women is not unexpected; at the time of the reform, women smoked considerably
less than men (Lund and Lindbak 2007).

On the harmful effect of education on colorectal cancer risk, however, medical
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scientists disagree. In fact, the medical evidence is mixed. Some empirical studies
report positive correlations between education and colorectal cancer risk (Van Loon
et al. 1995; Tavani et al. 1999; Weiderpass and Pukkala 2006; Weiderpass and
Pukkala 2006; Leufkens et al. 2012), while others report zero or negative correlations
(Whynes et al. 2003; Palmer and Schneider 2005; Aarts et al. 2010). In interpreting
these correlations, regardless of their size and sign, diet is often mentioned as one of
the causative factors. Perhaps we find this harmful effect because the Norwegian
reform changed the diet of women living in rural areas, who began to consume more
meat and less home grown grains, fruits and vegetables. But there may be other
causative factors too. Perhaps we find a harmful effect because of increased stress
levels. If reform exposed mothers choose to work more, it is possible that the increase
in working hours, combined with care of children, causes stress in mothers.” Recent
work by Baker et al. (2008) shows that the combination of work and care is indeed

stressful for mothers.

6 Conclusions

There is an extensive medical literature that finds strong negative associations
between education and cancer risk. Important questions about the causal effect of
education on cancer risk, however, remain largely unresolved. In this paper we try
to provide some answers; that is, we investigate whether education has a protective
effect on cancer risk. Our strategy uses the reform of the Norwegian education
system, which has been implemented in different municipalities at different times, to
establish causal effects of education on various cancer risks faced in middle and late
adulthood. Our main finding is that education has little, if any, impact on cancer

risk. This holds for all cancer sites together as well as the most common cancer

"Another explanation is that more education improves detection skills, which in turn may raise
the incidence levels of colorectal cancer among more educated women. We find, however, little
support for this view. Table 5 shows that the colorectal cancer hazards for women hardly change
when we move to the more malignant cancers, suggesting that for colorectal cancer more education
is more harmful than protective.
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sites in isolation, with two exceptions. Our estimates consistently show that the
education reform lowered the risk of lung cancer for men, but increased the risk
for colorectal cancer for women. Equally important is our finding that almost all
the associations we estimate between education, cancer mortality and cancer risk,
aggregated across all cancer sites, are statistically significant and negative. These
associations are comparable to most of the associations reported elsewehere in the
medical literature. It thus seems that unobserved endowments play a crucial role in
explaining the educational gradient in cancer risk.

When interpreting these results, four caveats should be kept in mind. First, the
reform estimates are all small but sometimes relatively imprecisely estimated, with
only significant reform effects estimates for lung and colorectal cancer. Although this
suggests some caution in the interpretation, our reform estimates rule out large gains
in cancer risk from more and better education. Second, the cancer outcomes studied
here relate to cancer risks up to 60 years old. To the extent that risks of developing
or dying from cancer after the age of 60 are driven by differences in education, our
estimates do not capture this. Third, our results apply to Norway and may not
generalize to other countries that have more costly education and health care. And
last, the reform estimates we present come from children who are affected by the
compulsory school reform; that is, children who were forced to stay in school for at
least one or two more years because of the reform. This means that our estimates do
not necessarily measure potential protective gains of, for example, a college degree.
A recent study by Buckles et al. (2013) considers the impact of college education
on, among others, cancer mortality among US men. Using military draft lotteries in
the 70s as instrument for college education, they find that large protective effects on
cancer mortality (and on lung cancer mortality in particular). A comparable exercise
using college opening reforms in Norway could be enlightening but is left for future

research.
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