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The relative contribution of genetic and

environmental factors to cancer risk and cancer

mortality in Norway∗
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Abstract

Using Norwegian cancer registry data we study twin and non-twin siblings
to decompose variation in cancer at most common sites and cancer mortality
into a genetic, shared environment and individual (unshared environmental)
component. Regardless the source of sibling variation, our findings indicate
that genes dominate over shared environment in explaining relatively more
of the variation in cancer at most common cancer sites (but lung and skin
cancer) and cancer mortality. The vast majority of the variation in cancer and
cancer mortality, however, is explained by individual (unshared environmental)
factors.
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1 Introduction

In this paper we examine how much of the variation in cancer risks and cancer

mortality can be explained by genetic and environmental factors. Specifically, we

estimate correlations for common cancer types and cancer mortality among twin

and non-twin sibling pairs and exploit the variation in which they are genetically

connected and exposed to family environments to identify genetic and environmental

influences on cancer risks and mortality.

The data we use are a combination of multiple administrative registers in Norway.

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. Sibling information comes from the Norwegian Population Registry. Twin

information comes from the Norwegian Twin Registry. We have matched these

registers using personal identification numbers of all Norwegian citizens between the

years 1954 and 2007.

We consider two sources of identifying variation: twin sibling and non-twin

sibling correlations. When relying on twin siblings, we find that correlations in

cancer incidence (at most common sites but lung cancer) and cancer mortality are

higher among monozygotic twins (who share all genes) than among dizygotic twins

(who share some but not all genes). For non-twin siblings we find that correlations

in cancer incidence (at most common sites but lung and skin cancer) and cancer

mortality are very similar among both closely spaced siblings (who share more

shared environment) and widely spaced siblings (who share less shared environment).

While these findings suggest that genes dominate over shared environment (with the

exception of lung and skin cancer), the larger part of the variation in cancer and

cancer mortality is driven by individual (unshared environmental) factors.

The remainder of the paper proceeds as follows. Section 2 provides the background

and motivation behind this study. Section 3 introduces the standard behavior genetic

methodology to separate genetic from environmental influences. Section 4 describes
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our data set and the Norwegian cancer and population registers upon which our

data set is built. The main results are presented in Section 5. And finally Section 6

highlights the implications and conclusions of this study.

2 Background and Motivation

Many people die of cancer. Recent mortality statistics in the EU (including Norway)

as well as the US indicate that about one out of every four deaths is caused by cancer

(Ferlay et al., 2007). In addition, many people who are diagnosed with cancer have a

family history of cancer. For most common cancer forms (including breast cancer,

colorectal cancer and prostate cancer), the risk of developing cancer is two to four

times higher when a child, sibling or parent is also diagnosed with cancer (Steinberg

et al., 1990; Pharoah et al., 1997; Eberl et al., 2005). It is therefore not surprising

that scientists, and medical scientists in particular, are interested in the degree to

which genetic and environmental family factors determine cancer risks and cancer

mortality.

The stakes in the debate on the biological and environmental origins of cancer

are high and provide clues on how to reduce cancer risks and increase cancer survival.

On one hand, if there are genetic risks of cancer, it would justify wide-scale genetic

testing to detect responsible genes (Hopper et al., 2005). On the other hand, if there

are environmental risks of cancer, it would provide us with the rationale to look for

possible environmental inputs that matter for the development of cancer. A recent

literature on candidate inputs, such as smoking, drinking, diet and socioeconomic

background, shows that these personal behaviors can have profound effects on both

cancer risk and cancer survival (e.g. Eloranta et al. 2010).

There are only a handful of studies that try to separate hereditary and envi-

ronmental factors as distinctive causes for cancer (Holm et al., 1980; Verkasalo

et al., 1999; Lichtenstein et al., 2000). With information from Danish, Swedish and

Finnish twin and cancer registries, these studies estimate the heritability of cancer
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by comparing correlations of common cancers among monozygotic and dizygotic

twin pairs. The basic idea is fairly simple. If cancer correlations are higher among

monozygotic twins (who share all genes) than among dizygotic twins (who share

some but not all genes), genetic factors are in part responsible for causing cancer.

If, on the other hand, cancer correlations are comparable among monozygotic and

dizygotic twins, environmental factors are the more likely determinants of cancer.

With key assumptions on how much monozygotic and dizygotic twins share genes

and environments, twin cancer correlations can then be used to estimate the relative

contribution of genetic and environmental cancer risks. The main result in these

twin studies is that environmental factors explain most of the variance in the most

common cancers (including breast, prostate, ovarian and uterine cancer). Non-shared

environmental factors explain about 60 to 80 percent of all the variation in cancer

risks while genetic factors as well as shared environmental factors explain only little

of the variation in cancer risks.

Not everyone, however, is convinced that the decomposition method using twin

data leads to unbiased estimates of the contribution of heritability and environmental

effects. In particular, critics have raised three important reservations (Goldberger,

1979; Jencks, 1980; Manski, 2011). First, twins with favorable genes tend to grow up

in families with favorable endowments for child development. Second, monozygotic

twins tend to share more of the same family environment than dizygotic twins because

they are more influenced by each other, and are treated more similar by their parents

and others. Third, dizygotic twins share more than half of their genetic material in

the presence of assortative mating, genetic dominance, and gene-gene interactions.

These reservations are rather unfortunate for a twin decomposition method that

relies heavily on genes acting independently of the family environment, twins facing

equal family environments, and dizygotic twins sharing half of their genes. We should

keep these reservations in mind when interpreting the decomposition results.

In this paper we examine how much of the variation in cancer risks and cancer
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mortality can be attributed to genetic and environmental factors in Norway. As a

starting point, we begin to replicate previous twin studies on the heritability of cancer

using another data set on twins. In view of the sparse literature, it is certainly useful

to have more than one study using comparable methodologies with different data

sources. But our paper also complements previous work in at least two important

directions.

First, we extend the twin sibling sample with non-twin siblings, which allows

us to separate heredity and environmental factors under much weaker identifying

assumptions. If monozygotic and dizygotic twins share the same shared environ-

ment, we can rank the degrees to which monozygotic and dizigotic twin pairs are

genetically related to establish whether genetic factors matter for cancer and cancer

mortality (and not how much genetic factors matter). If non-twin siblings share,

on average, the same share of genes, we can rank the degrees to which closely and

widely spaced siblings are exposed a shared environment to establish whether shared

environmental factors matter for cancer and cancer mortality (and not how much a

shared environment matters). Such comparisons together are informative about the

origins of cancer and cancer mortality, with less room for misinterpretation.

Second, we extend our set of cancer outcomes with cancer mortality, for which

heritability has never been analyzed. Empirical studies on the genetic and environ-

mental influences on cancer risks are scarce, but less is known about cancer survival

(Lindström et al. 2007). Our explicit focus on cancer mortality might shed some

light on this.

3 Empirical approach

In order to separate hereditary and environmental factors as distinct causes for

cancer and cancer mortality we start out by a linear additive model of genetics and

environmental influences for two siblings
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Y1i = gG1i + sS1i + uU1i (1)

and

Y2i = gG2i + sS2i + uU2i (2)

where subscripts 1, 2 and i denote the first and second sibling in the ith pair. The

model is assumed identical for the two siblings. In this model, additive genetic factors

G, common environmental factors S and specific environmental factors U account

for all the individual differences in the outcome variable of interest Y . All factors,

including the outcome variable Y , are standardized and expressed as deviations from

zero with a variance of one. The factors G, S and U are unobserved. In this study

the parameters of interest are g and s, which measure the influence of G and S on Y .

With the unobservable individual specific components U1i and U2i assumed

uncorrelated with each other and with G1i, G2i, S1i and S2i, we can express the

outcome correlation (which, due to the normalization is also an outcome covariance)

between the observed outcomes of the two siblings as follows

Corr(Y1, Y2) = g2Corr(G1, G2) + 2gsCorr(G1, S2) + s2Corr(S1, S2) (3)

where we impose sibling similarity of the correlation between the siblings’ genes and

shared environment (Corr(G1, S2) = Corr(G2, S1)). Sibling data can then be used to

measure the outcome correlation and, together with assumptions on how G and S

are related within different sibling pairs, identify the parameters g and s.

As a starting point, we consider the correlation relationship for monozygotic and

dizygotic twins and assume (for now) that G and S act independently of each other. If

monozygotic (MZ) twins share all of the same genes (Corr(G1, G2)MZ = 1) and same

family environment (Corr(S1, S2)MZ = 1), the correlation between the outcomes

of the two twins is given by Corr(Y1, Y2)MZ = g2 + s2. If dizygotic (DZ) twins
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share half of the same genes (Corr(G1, G2)DZ = 1/2) and same family environment

(Corr(S1, S2)DZ = 1), the correlation between the outcomes of the two twins is given

by Corr(Y1, Y2)DZ = g2/2 + s2. It then follows that g2 is identified by taking (twice)

the difference in outcome correlation between monozygotic and dizygotic twins

∆Corr(Y1, Y2) = g2/2.

The parameter s2 can be recovered from any of the two twin correlations. In

this simple framework, the parameters g2 and s2 (but also u2) allow for an easy

interpretation and measure how much outcome variation is due to genetic, common

environmental and specific environmental variation.1

While twins are often used this way to distinguish genetic from environmental

causes, there is a sizable literature that calls into question the twin method stressing

that corresponding twin decompositions rely on strong assumptions. First, the

assumption that G and S are independent goes against the widespread believe

that children with favorable health endowments tend to grow up in families with

favorable environments (Corr(G1, S2) = Corr(G2, S1) ≥ 0). Second, the assumption

that family environments of monozygotic and dizygotic twins are comparable does

not hold if families treat monozygotic twins more similarly than dizygotic twins

(Corr(S1, S2)MZ ≥ Corr(S1, S2)DZ). Third, the assumption that dizygotic twins (and

full siblings) share half of their genes is problematic if there is assortative mating of

parents, genetic dominance, and gene-gene interactions (Corr(G1, G2)DZ ≥ 1/2). The

main gist of the twin critique is that the decomposition estimates are likely biased

due to questionable assumptions. The bias, however, can occur in any direction and

depends on which assumption is violated (most). If family genes and environment

interact, or if monozygotic twins share more family environment than dizygotic twins

do, the decomposition estimates wrongfully favor genes. If dizygotic twins share
1With assumed indepence between G, S and U , we can decompose the outcome variance into

three additive components (1 = g2 + s2 + u2).
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more than half their genes, then this biases in favor of family environment.

To meet the critics, we explore what twins and full siblings (raised together) can

identify when we relax some of the assumptions and rely on more general models.

Again, the standard procedure to obtain estimates of g and s is to measure the

correlation between the outcomes of two siblings and to compare these correlations

between different types of siblings pairs. A general representation of this correlation

comparison can be written as

∆Corr(Y1, Y2) = g2∆Corr(G1, G2) + 2gs∆Corr(G1, S2) + s2∆Corr(S1, S2). (4)

Without further assumptions, it follows that the difference in correlation between

the outcomes of different sibling pairs is uninformative about g and s.

With twin data it is possible to relax two of the three restrictive assumptions

and obtain an alternative estimate of g. If we let G and S be correlated with each

other, dizygotic twins share some but not all of their genes, but assume homoge-

nous family environments for monozygotic and dizygotic twins (Corr(S1, S2)MZ =

Corr(S1, S2)DZ), then the difference in correlation between the outcomes of monozy-

gotic and dizygotic twins in (4) simplifies to

∆Corr(Y1, Y2) = g2∆Corr(G1, G2) + 2gs∆Corr(G1, S2).

since the homogenous family environment assumption removes s2∆Corr(S1, S2) from

equation (4). The equation that remains can be interpreted as a test for genetic

effects; that is, if the data show that monozygotic twins are more highly correlated

on observed outcomes than dizygotic twins, it must be that genes matter (g ≥ 0).2

2A positive correlation difference imply ∆Corr(G1, G2) ≥ 0 and ∆Corr(G1, S2) ≥ 0. This holds
whenever (a) monozygotic twins share more genes than dizygotic twins; and (b) genes and common
environments covary more within individuals than within sibling pairs Corr(G1, S1) ≥ Corr(G2, S1).
With monozygotic twins (G1 = G2) and dizygotic twins (G1 6= G2) , these two conditions
automatically hold.
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With sibling data, we can follow a similar decomposition strategy and compare

full siblings who are close and far apart in age to obtain an alternative estimate

of s. Sibling data allow us to relax all three restrictive assumptions. Instead,

we assume that sibling spacing is exogenous. If we let closely spaced (CS) and

widely spaced (WS) siblings share the same amount of genes (Corr(G1, G2)CS =

Corr(G1, G2)W S), families treat siblings close in age more similar than (they would

treat) siblings far apart in age (Corr(S1, S2)CS ≥ Corr(S1, S2)W S), and part of the

common family treatment reflect the interaction between the shared genes and family

environment (Corr(G1, S2)CS ≥ Corr(G1, S2)W S), we can express the difference in

outcome correlation between closely and widely spaced siblings as

∆Corr(Y1, Y2) = 2gs∆Corr(G1, S2) + s2∆Corr(S1, S2).

Although not all sibling correlations between G and S have been specified, we can

still test for a common environmental effect; that is, if the data show that siblings

who are close in age are more alike on observed outcomes than siblings who are far

apart in age, it must be the common environment shared by siblings matters and

varies with the sibling’s age difference (s ≥ 0).

The results produced by restrictive twin decomposition methods are obviously

difficult to interpret. We show, however, that it is possible to give an alternative,

potentially more meaningful, interpretation to comparable decomposition estimates

combining data on twins and full siblings (raised together).

4 Data

In this paper we use data on twin and non-twin siblings. The sample of twin

siblings stems from the Norwegian Twin Registry, which houses the main twin

panels associated with different research institutes in Norway. In this study we

use information on twin siblings for the twin cohorts born between 1915 and 1960
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collected by the Norwegian Institute of Public Health (NIPH). Information on

zygostity is available for approximately 78 percent of the twin pairs. These data has

been described in more detail in Harris et al. (2002).

The sample of (non-twin) siblings is drawn from the Norwegian Population

Register. This register contains information on all Norwegian citizens who were alive

in 1954. This amounts to about 7.3 million individuals born between 1855 and 2008.

Sibship, which is established through the mother, is identified for those individuals

whose mother was alive in 1954 or later.3 Siblings born in the same month to the

same mother are classified as twins. We restrict the sample to non-twin siblings born

between 1915 and 1960.

Both sibling samples are then matched to the Cancer Registry of Norway. 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.

Figure 1 shows the prevalence of the ten most common cancer types in our

sample encoded by the first three digits of the ICD-10 (International Classification

of Diseases, 10th revision) codes. Breast and prostate cancers are clearly the most

common cancer types among women and men. About 30 percent of all women have

been diagnosed with breast cancer. About 20 percent of all the men in our sample

have been diagnosed with prostate cancer. If we ignore that breast and prostate

cancers are gender specific, breast and prostate cancers remain the most common
3Because women survive to older ages, more women than men have missing mothers. In the whole

population file 50.6 percent of the individuals are men and 49.4 are women. When conditioning on
non-missing mother, the fraction of men increases to 52.4 whereas the fraction of women decreases
to 47.6. When looking separately at the 1855-1950 birth cohorts, only 41.4 percent of the women
have non-missing mothers compared to 58.6 percent of the men.
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cancer types. As a comparison, we see that about 10 to 11 percent of all the men

and women have been diagnosed with either colorectal or skin cancer, which are the

second most common cancer types among all women and men.

We work with samples in which the average age when diagnosed with cancer is

quite young. Since we rely on twins born between 1915 and 1960 with cancer data

available up to 2007, the youngest twins diagnosed with cancer are 47 years old. This

is comparable to the age composition of the twin birth cohorts used in Lichtenstein

et al. (2000).4 In our non-twin sibling sample the average age when diagnosed with

cancer for the first time is 51 years. Since siblings enter the sample when their mother

was alive in 1954 or later, young siblings with cancer are systematically oversampled.

This drives the average age at first cancer diagnosis downwards. In the entire cancer

population we find that the average age when diagnosed with cancer for the first

time is 67 years.

5 Results

In our empirical analysis we will primarily focus on sibling correlations of cancer

mortality, overall cancer risk and cancer risks for the most common cancer sites;

that is, we will report twin and sibling correlations of breast and cervical/uterine

cancer for women, prostate and testicular cancer for men, and colorectal, skin,

lung and leukemia cancer for men and women pooled together. All correlations

for monozygotic twins, dizygotic twins and (non-twin) full siblings are contained

in Table 1, where correlations for full siblings are also estimated separately for full

siblings with different age differences ranging from siblings who are very close in age

(∆a <2.5) to siblings who are far apart in age (2.5 ≤ ∆a < 10). In addition, we

estimate correlations based on either twin or sibling samples in which there are at
4Lichtenstein et al. (2000) use data on Swedish twins born between 1886 and 1958; on Danish

twins born between 1970 and 1930; and on Finnish twins born between 1880 and 1958. Moreover,
they have cancer data from Sweden until 1995; from Denmark until 1993; and from Finland until
1996. This implies that their youngest twins diagnosed with cancer are 37 years old in Sweden; 63
years old in Denmark; and 38 years old in Finland.
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Figure 1. Distribution of the cancer types in our sample
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least 4 pairs with the same cancer type (as in Lichtenstein et al., 2000), and write

those correlation coefficients not statistically significant at the 10 percent level in

italics.

Twin correlations are shown in the first two columns. Cancer mortality and

overall cancer risk are clearly correlated among twins. All the correlations we find

(twelve in total) are positive and statistically significant at the ten percent level. It

is apparent that cancer mortality and overall cancer risk are more correlated among

monozygotic twins than among dizygotic twins, regardless of whether we look at

twin brothers, twin sisters or all twins together. When we compare these cancer

correlations between twin brothers and sisters, however, we do find that cancer

mortality and overall cancer risk correlations, as well as the difference in correlations

between monozygotic and dizygotic twins, are larger for men than for women. When

we zoom in on the most common cancer types, we find again that the correlations for

monozygotic twins are amost always (twice or more times) larger than for dizygotic

twins, with three exceptions. The correlations for lung and skin cancer among

twins, including twin brothers and sisters, are significantly positive and similar for

monozygotic and dizygotic twins. The correlations for cervical cancer among twin

sisters are also similar, but very close to zero and not statistically significant at the

ten percent level.

If monozygotic and dizygotic twins share the same common environment, these

findings allow us to draw three empirical conclusions: (i) genetic factors play a

prominent role in predicting overall cancer risks (most notably for men), breast,

prostate and colorectal cancer as well as cancer mortality; (ii) environmental factors

shared among twins seem to play a more prominent role for lung and skin cancer;

and (iii) because of correlations close to zero, cervical/uterine cancer is neither driven

by genetic factors nor by environmental factors shared among twins. If monozygotic

and dizygotic twins do not share the same common environment, however, we should

be more careful in drawing conclusions.
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Sibling correlations can be used to assess (in part) the relevance of twins sharing

the same common environment. The idea is fairly simple. If siblings close in

age encounter more common family influences than siblings far apart in age, we

can test whether wider age gaps between siblings correspond to smaller siblings

correlations. In Table 1 we report sibling correlations in the last four columns, where

the correlations in the last three columns are calculated on sibling samples stratified

on the siblings’ age difference (measured in years). When we treat dizygotic twins,

who are born exactly the same age, as the reference group and compare cancer

correlations of siblings with zero age gap to those of siblings with an age gap of

at least one year, we find that cancer mortality, overall cancer risk and most of

the common cancer forms are more correlated among dizygotic twins than among

non-twin siblings. Notable exceptions are the correlations for leukemia, breast and

cervical/uterine, which are insignificantly smaller for twins. When we compare

correlations between non-twin siblings across different age gaps, however, most of the

sibling correlations for cancer mortality, overall cancer risk and common cancer forms

are very similar. The correlations in skin and testicular cancer appear slightly higher,

the smaller the age difference, but never in a meaningful way (i.e., the difference is

never statistically significant). All these sibling correlations indicate that a common

environment matters, but only when it is shared among siblings who are born exactly

the same age.

At first sight, these sibling results appear puzzling. On one hand, we find larger

cancer correlations for dizygotic twin siblings than for non-twin siblings, which

suggests that common environmental factors matter for most of the cancer risks

we observe in our data. On the other hand, we find similar cancer correlations for

siblings close and far apart in age, which suggests that environmental factors shared

among siblings do not matter, at least not those common environmental factors that

vary by the siblings’ age gap. Since genetic resemblance is similar for dizygotic twins

and non-twin siblings, we should look for other environmental factors (independent
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Table 2. Variance decompositions with MZ and DZ twins – Results for the 1915-1960
birth cohorts

g2 s2 u2

Brothers and Sisters
Cancer mortality 0.2138 0 0.7862
All cancers 0.1664 0.0226 0.811

Colorectal 0.1718 0.8282
Skin 0 0.031 0.969
Lung 0.0008 0.0704 0.9288
Leukemia 0.2024 0 0.7976
Sisters
Cancer mortality 0.103 0.0196 0.8774
All cancers 0.0648 0.0527 0.8825

Breast 0.25 0 0.75
Cervical/uterine 0.0106 0 0.9894
Brothers
Cancer mortality 0.3092 0 0.6908
All cancers 0.2718 0 0.7282

Prostate 0.2138 0 0.7862
Testicular 0.1146 0 0.8854

of how close siblings are in age) responsible for the observed difference in cancer

correlations. One likely candidate is the prenatal environment, which only twin

siblings share. If experiences in utero (and the first few months of live) are important

for the further development of siblings, as the work of Almond and Currie (2011)

suggests, we should find larger cancer correlations for dizygotic twin siblings and

smaller, but similar, cancer correlations for siblings close and far apart in age.

This brings us back to the twin model. If the common environmental component

has prenatal origins, it is not a priori clear whether monozygotic twins encounter

more common influences in utero than dizygotic twins. If we assume they are not,

which seems not unreasonable, we can attribute the observed difference in cancer

correlations between monozygotic and dizygotic twins to the influence of genes and

how genes interact with the common environment. If we further impose the initial
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twin assumptions Corr(S1, G1)MZ,DZ = Corr(S1, G2)MZ,DZ = 0, Corr(G1, G2)MZ = 1

and Corr(G1, G2)DZ = 1/2, we can estimate the variance decomposition model

as explained above and provide a basis to better compare our cancer results to

those reported in other cancer twin studies (Holm et al. 1980; Verkasalo et al.

1999; Lichtenstein et al. 2000). The estimates are presented in Table 2.5 Most

of the estimates confirm our previous findings. Genetic factors dominate common

environmental factors in explaining cancer mortality, overall cancer risks and most

common cancer forms, including breast, prostate and colorectal cancers. The opposite

is true for lung and skin cancer. Most of the cancer variation, however, we attribute

to the unshared environment.6 These findings are much in line with Lichtenstein

et al. (2000), who also report that heritability dominates shared environment in

explaining variation in lung cancer.

6 Conclusion

In this paper we have presented correlations for common cancer types and cancer

mortality among twin and non-twin sibling pairs and used the variation in which they

are genetically connected and exposed to family environments to identify genetic

and environmental influences on cancer risks and mortality. Our results indicate

that genes dominate over shared environment in explaining relatively more of the

variation in cancer at most common cancer sites (but lung and skin cancer) and

cancer mortality. The vast majority of the variation in cancer and cancer mortality,

however, is explained by individual (unshared environmental) factors.

Notwithstanding our attempt to decompose observable cancer risks into unobserv-

able genetic and environmental components, we (as social scientists) would rather

know why these unobservable components affect cancer risks and cancer mortality.
5The reader not interested in these comparisons may turn to the next concluding section.
6The level of statistical significance is calculated by using a linear probability model where the

dependent variable is a dummy variable which equals one if individual i had/has cancer and zero
otherwise, and the only explanatory variable is a dummy variable which equals one if your sibling
had/has cancer and zero otherwise.
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While our decomposition estimates tell us little about what it is that constitutes these

unobservable genetic and environmental components, they do provide us with some

clues on where to look for potentially successful inputs. In this context, biologists and

medical researchers started to explore genes as explanatory variables in regression

models of heritable cancer risks. One example is the influential study of Ford et al.

(1998), which successfully links mutations in BRCA1 or BRCA2 genes to increased

breast cancer risk. This is also how we see our work; as a first step towards a better

understanding of the environmental origins of cancer providing clues on potential

covariates that may (or may not) help to reduce cancer risks and increase cancer

survival. Our future work will focus attention to the socio-economic channels and

explore whether measurable (and potentially successful) environmental inputs such

as individual education and/or transitory shocks in family income when children

are in utero have an impact on cancer risks. Our unique data certainly allow us to

investigate these links.
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