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ABSTRACT
Objective: To examine whether family factors shared by
siblings explained the association between education and
risk of lung, colorectal and breast cancer.
Design:We used conventional cohort and intersibling
Cox regression analyses to analyse the association
between education and risk of cancer.
Setting: Denmark.
Participants:We retrieved register data from Statistics
Denmark on individuals born in Denmark 1950–1979
with at least one full sibling. The cohorts included
between 391 931 and 1 381 369 individuals followed
from age 28 for incident lung, colorectal and breast
cancer until the end of 2009.
Results: In the cohort analysis, low education was
associated with an increased risk of colorectal cancer
before age 45 and lung cancer, and with a decreased risk
of colorectal cancer after age 45 and breast cancer. When
compared with the cohort analyses, the intersibling
associations were stronger for colorectal cancer after age
45 and weaker for lung cancer. Serious health conditions
in childhood/young adulthood did not explain the
associations.
Conclusions: Family factors shared by siblings
confounded some of the association between education
and colorectal cancer after age 45 and lung cancer, but
not the associations found for colorectal cancer before
age 45 or breast cancer.

INTRODUCTION
A high risk of lung cancer has consistently
been associated with a low educational
status,1 2 while a positive association has been
found for breast cancer.1–5 Studies show,
however, mixed results for colorectal cancer.6 A
relationship between educational status and
these cancers might be explained by social dif-
ferences in risk factors. It has been found that
the social gradient in lung cancer is partly
because of a higher smoking prevalence
among the lowest educational groups,7 while
postponement and reduction of child births,1 a
higher alcohol consumption and use of
hormone replacement therapy8 among higher
educated may explain the positive association
for breast cancer. The contradictory findings

for colorectal cancer indicate that it is
explained by factors that vary across time and
populations. The social inequalities may also
be explained by family characteristics such as
genetics and family environment in childhood,
affecting both achieved educational status and
health in adulthood.9–11 A study has found that
childhood socioeconomic status was not asso-
ciated with breast or lung cancer when socio-
economic status in adulthood was adjusted for
but that this was the case for colorectal
cancer.12 However, important factors linked to
family characteristics such as genetic factors
may not be included in such studies which
mean that the estimated association will still
not reflect the causal effect.13 14
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▪ The study is based on data from a large unse-

lected population, using relatively valid informa-
tion from the Danish registers.
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not be precise or obtainable in all cases.

▪ The large differences in educational status found
between some of the siblings may be caused by
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Another approach is to examine the association
between educational status and health within siblings
discordant on educational status. Siblings are matched
on the family environment and genetic factors that they
share, making it possible to adjust for these per design.
Insofar confounding occurs the association will be atte-
nuated compared with the association between non-
siblings. A twin design has been used to examine the
association between socioeconomic status and breast
cancer3 but the study was limited owing to a small
sample size and high concordance in exposure.
The aim of this study was to examine if family environ-

ment in childhood and genes shared by siblings explained
the association between educational status and lung, colo-
rectal and breast cancer, respectively, among full siblings
born in Denmark between 1950 and 1979.

MATERIAL AND METHODS
Study population
The current study was based on register linkage of data
from the Central Population Register, the Integrated
Database for Labour Market Research, the Cancer
Registry, the medical birth- and death statistics, and the
Central Danish Psychiatric Register, using the unique iden-
tification number assigned to all Danish citizens. The
study population included three cohorts, each of which
consisted of individuals born in Denmark between 1950
and 1979 who had at least one full sibling born during the
same period and who had not died or emigrated before
age 28. Cohort 1 included individuals not diagnosed with
lung cancer before age 28 (N=1 381 369), cohort 2 indivi-
duals not diagnosed with colorectal cancer before age 28
(N=1 381 266) and cohort 3 women who were not diag-
nosed with breast cancer before age 28 and who had at
least one female sibling born during 1950–1979
(N=391 931). Full siblings were defined as persons regis-
tered with the same father and mother, thus cohorts 1 and
2 consisted of siblings from approximately 567 000 fam-
ilies, and cohort 3 of siblings from about 178 000 families.
About 1.5% was excluded in the analysis because of
missing information on educational status and 2–3% emi-
grated during follow-up.

Exposure and outcome
Education was categorised into five ordinal groups based
on type and level of education and ranged from ‘primary
school’ (no education beyond mandatory schooling),
‘high school’ (A level, International Baccalaureate), ‘voca-
tional education’ (eg carpenters, salesperson or hairdres-
sers with a technical school education), ‘short and
middle-length higher education’ (eg BA, primary school
teachers and nurses), and ‘advanced higher education’
(eg MSc, MD or PhD). The information on education was
recorded on the 1 January in the year the person turned
28 since we assumed that most individuals had reached or
started their highest level of education at that age.
Information about date of diagnosis of lung, colorectal

and breast cancer was retrieved from the Cancer Registry
using International Classification of Diseases (ICD-8)
(1981–1994) and ICD-10 (1994–). Codes 170 and C50
were used for breast cancer, 162.0,1,8 and C33–34 for lung
cancer and 153–4 and C18–21 for colorectal cancer.

Covariates
Sex was included as potential confounder in the analyses
of lung and colorectal cancer. Maternal breast cancer
(ever/never diagnosed) was included as a potential con-
founder in the analysis of breast cancer to examine
whether family history of breast cancer accounted for
the association. To examine if low health status during
childhood and young adulthood caused a low educa-
tional status at age 28 and affected cancer risk later in
life, we included psychiatric hospitalisation in young
adulthood (ever/never) and disability pension at age 28
as an indicator of serious health conditions. All informa-
tion was retrieved from the Medical Register of Birth
and Deaths, the Central Danish Psychiatric Register and
the Integrated Database for Labour market Research.
Because of limitations in register coverage, information
about psychiatric hospitalisation was only retrieved for
the 19–27 years old.

Data analysis
The risk of cancer was estimated through survival analysis
using Cox regression models with age as the underlying
time variable. Person-years of follow-up were calculated
from 1 January in the year the person turned 28 until the
age of the cancer diagnosis, emigration or the end of
follow-up (31 December 2009), whichever came first.
Initially, conventional cohort analyses were made, treating
all siblings as individuals while correcting the standard
errors using the robust sandwich variance estimator to
take the interdependence between siblings into account.
The results from this analysis were compared with the
results of a sibling analysis in which we included a sibling
stratum variable, taking the same value for individuals
being full siblings. This means that a separate baseline
hazard is estimated for every sibling group.15 Thus, the HR
were estimated relative to the family-level baseline hazard,
and are as such similar to conditional logistic regression.
Hence, it was possible to compare siblings, keeping fixed
the shared familial factors that acted multiplicatively on
the hazard function within siblings, thereby controlling for
these per design. The difference between the cohort and
intersiblings estimates was used as a crude measure of the
degree of confounding. An attenuation of associations in
the intersibling analysis will reflect confounding because
of shared familial factors.16 Separate estimates were
obtained for men and women, whereby only same sex sib-
lings contributed to the estimations. We found no statistic-
ally significant interactions between education and birth
year or between education and sex for the three outcomes.
The proportional hazards assumption was violated in the
analysis for colorectal cancer, hence we analysed the associ-
ation between educational status and colorectal before
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and after age 45 separately. Age 45 was chosen as the
cut-off point because of potential differences in aetiology
before and after this age and to ensure that even enough
events occurred in each model. The proportional hazard
assumption was not violated in the analysis of breast
cancer, but we analysed this association separately for
breast cancers before and after age 45 to provide separate
estimates before and after menopause. To examine if a
linear trend existed over the educational categories, likeli-
hood ratio tests were carried out, comparing Cox regres-
sion models treating educational status as a categorical
and quantitative variable, respectively.

RESULTS
Descriptive statistics
A total of 1456 lung, 1789 colorectal and 3526 breast
cancers were recorded during follow-up and approxi-
mately 46% of lung, 53% of colorectal (of which 59%
were in colon), and 63% of breast cancers appeared
before age 45. The high number of cancers before age
45 was because of the fact that the study populations
were 28–59 years at the end of follow-up. Table 1 pre-
sents the incidence rates and characteristics of cohorts 1
and 3 according to education while cohort 2, which
almost alike cohort 1 is not presented. The incidence

Table 1 Incidence rates and characteristics of persons born in Denmark between 1950 and 1979 with at least one full sibling

born during the same time period according to educational status in cohorts 1 and 3

Total (N)*

Primary

education (%)

High

school (%)

Vocational

education (%)

Short and

middle-length

higher education (%)

Advanced

higher

education (%)

COHORT 1* 1 361 117 22.6 6.6 38.7 22.1 9.9
Number of siblings

1–2 1 167 946 20.7 6.9 39.1 22.8 10.5

3–4 174 985 32.7 5.2 37.3 18.1 6.7

5–6 15 270 47.5 3.8 32.4 12.7 3.6

>6 2916 54.6 2.8 30.3 10.2 2.1

Birth year

1950–1959 267 562 28.5 5.2 36.0 21.4 8.9

1960–1969 622 525 24.4 7.2 40.8 19.1 8.5

1970–1979 471 030 17.0 6.6 37.6 26.4 12.4

Conditions in early life

Disability pension 13 674 85.3 4.7 7.8 1.5 0.7

Psychiatric hospitalisation 21 380 50.2 8.7 25.8 11.5 3.9

Incidence rates

Number of lung cancer

diagnoses (N)

1415 592 65 507 190 61

Person-years (N) 21 059 716 5 186 286 1 345 361 8 188 156 4 430 641 1 909 273

Rate pr. 1000 0.1 0.1 0.1 0.1 0.0 0.0

COHORT 3† 386 839 23.0 7.4 34.0 26.6 9.0
Number of siblings

1–2 369 728 22.4 7.4 34.1 26.9 9.1

3–4 16 382 35.3 6.4 31.8 21.0 5.5

5–6 630 51.9 4.0 26.7 14.9 2.5

>6 99 48.5 2.0 38.4 10.1 1.0

Birth year

1950–1959 66 380 31.2 5.3 27.2 29.2 7.1

1960–1969 188 078 25.4 8.3 36.7 22.2 7.5

1970–1979 132 381 15.6 7.1 33.7 31.6 12.1

Conditions in early life

Disability pension 3851 86.1 4.9 6.3 1.9 0.8

Psychiatric hospitalisation 5432 45.8 10.1 23.0 17.0 4.1

Incidence rates

Number of breast cancer

diagnoses (N)

3471 905 239 1112 941 274

Person-years (N) 5 932 111 1 526 086 423 680 1 992 699 1 522 335 467 311

Rate pr. 1000 0.6 0.6 0.6 0.6 0.6 0.6

*Individuals not diagnosed with lung cancer before age 28. In total 20 252 individuals are excluded because of missing information on
education.
†Individuals not diagnosed with breast cancer before age 28. In total 5092 individuals are excluded because of missing information on
education.
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rates for breast and colorectal cancer did not vary sub-
stantially across the educational groups, while the rates
ranged from 0.03 to 0.11 for lung cancer, being the
highest for the lowest educated. Approximately 56% of
the siblings were discordant on educational status in
each cohort.

Lung cancer
In both the cohort and the intersibling analyses a lower
educational status was associated with a higher risk of
lung cancer (Table 2). In the cohort analysis, individuals
with primary school education had an increased risk of
lung cancer (HR=1.63 (95% CI 1.45 to 1.84)) compared
with those with vocational education. The association
attenuated in the intersibling analysis (HR=1.24 (95%
CI 1.00 to 1.52)) but a significant trend persisted
(HR=0.89 ( 95% CI 0.82 to 0.96)).

Colorectal cancer
In the cohort analysis a lower educational status was asso-
ciated with an increased risk of colorectal cancer before
age 45, whereas the opposite was found for colorectal
cancer after age 45 (Table 3). The association for colo-
rectal cancer after age 45 strengthened in the intersi-
bling analyses, resulting in a significant trend estimate.
Compared with those with a vocational education, the
risk of colorectal cancer after 45 was less pronounced
among individuals with advanced higher education in
the cohort analysis (HR=1.11 ( 95% CI 0.87 to 1.41)
than in the intersibling analysis (HR=1.76 ( 95% CI 1.05
to 2.95; table 3).

Breast cancer
The risk of breast cancer increased slightly with increas-
ing educational status in the unadjusted cohort analysis
(table 4). Adjusting the cohort analysis for maternal
breast cancer did not change the associations nor did
the associations change considerably in the intersibling
analysis. The trend estimates turned insignificant in the
intersibling analyses.

Adjusting for disability pension at age 28 and hospital-
isation for a psychiatric illness did not influence the esti-
mates in any of the analyses.
In general, the age difference between siblings

(more/less than 5 years) and living together with the
same parent(s) at age 15 years (yes/no) did not affect
the associations. Only individuals with one sibling were,
however, included in these subanalyses and because of
register-coverage and number of cases, the last men-
tioned analysis was only performed on breast cancer.
When stratifying on family size (two siblings versus more
than two siblings) no differences in associations were
found for lung and colorectal cancer but minor differ-
ences were found for breast cancer. Individuals excluded
because of missing information on education had a
slightly increased risk of colorectal cancer in the cohort
analysis and of lung cancer, whereas they had a reduced
risk of breast cancer after age 45.

DISCUSSION
In this cohort study of all siblings born in Denmark
between 1950 and 1979 a lower educational status was
associated with a higher risk of both colorectal cancer
before age 45 and especially lung cancer whereas a
higher educational status was associated with an
increased risk of colorectal cancer after age 45 and
breast cancer. The association attenuated for lung
cancer in the intersibling analysis, indicating that factors
shared by siblings explained a part of the associations.
Contrary to this, the association between educational
status and colorectal cancer after age 45 increased in the
intersibling analysis whereas no remarkable changes
appeared for colorectal cancer before age 45 and for
breast cancer. Indicators of serious health conditions did
not seem to explain the associations. The non-genetic
family factors that are matched out in the intersibling
analyses will potentially include known major risk factors
such as smoking, diet, obesity and physical activity to the
extent that it is shared between the siblings, possibly
because the siblings’ propensity to become exposed to
these risk factors is shared. Because the genetic and
non-genetic factors are unmeasured it is impossible

Table 2 Unadjusted HRs with 95% confidence limits for lung cancer according to educational status among full siblings born

in Denmark between 1950 and 1979, showing the results from the cohort and intersibling analyses

Cohort analysis* Sibling analysis*

Age at diagnosis/education HR 95% CI HR 95% CI

All age groups

Primary school 1.64 1.45 to 1.84 1.24 1.00 to 1.54

High school 0.82 0.63 to 1.06 1.02 0.67 to 1.54

Vocational education 1 1

Short and middle-length higher education 0.66 0.55 to 0.77 0.86 0.65 to 1.15

Advanced higher education 0.52 0.40 to 0.68 0.69 0.44 to 1.07

Trend estimates† 0.76 0.73 to 0.79 0.89 0.82 to 0.96

*Adjusted for sex.
†For every step up the educational ladder.

4 Søndergaard G, Mortensen, LH, Andersen A-MN, et al. BMJ Open 2013;3:e002114. doi:10.1136/bmjopen-2012-002114

Social inequality in cancer

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2012-002114 on 15 M

arch 2013. D
ow

nloaded from
 

http://bmjopen.bmj.com/


from this study to assess the importance of any specific
risk factor or the relative importance of the genetic and
non-genetic factors.

Lung cancer
The negative association between educational status and
lung cancer may be caused by higher smoking

prevalence among the lowest educated.7 In our study,
the association attenuated in the intersibling analysis,
indicates that family factors confounded the association.
Opposite this, a study by de Kok et al12 found that child-
hood socioeconomic status was not associated with lung
cancer after adjusting for educational status in adult-
hood. However, childhood socioeconomic status might

Table 4 Unadjusted and adjusted HRs with 95% confidence limits for breast cancer according to educational status among

full siblings born in Denmark between 1950 and 1979, showing the results from the cohort and intersibling analyses

Cohort analysis Cohort analysis* Sibling analysis

Age at diagnosis/education HR 95% CI HR 95% CI HR 95% CI

All age groups

Primary school 0.92 0.84 to 1.00 0.92 0.84 to 1.01 0.96 0.83 to 1.12

High school 1.04 0.90 to 1.19 1.02 0.89 to 1.18 0.99 0.80 to 1.26

Vocational education 1 1 1

Short and middle-length higher education 1.04 0.95 to 1.13 1.03 0.94 to 1.12 1.03 0.89 to 1.20

Advanced higher education 1.10 0.97 to 1.26 1.08 0.95 to 1.24 1.04 0.82 to 1.33

Test for trend† 1.04 1.01 to 1.07 1.04 1.01 to 1.06 1.02 0.97 to 1.07

Cancer <age 45

Primary school 0.91 0.82 to 1.02 0.91 0.82 to 1.02 0.98 0.82 to 1.18

High school 1.01 0.85 to 1.20 1.00 0.84 to 1.18 1.00 0.78 to 1.31

Vocational education 1 1 1

Short and middle-length higher education 1.07 0.96 to 1.19 1.06 0.95 to 1.18 1.05 0.88 to 1.26

Advanced higher education 1.07 0.90 to 1.26 1.05 0.89 to 1.24 1.08 0.81 to 1.45

Test for trend† 1.05 1.01 to 1.08 1.04 1.01 to 1.08 1.02 0.96 to 1.08

Cancer ≥ age 45

Primary school 0.93 0.81 to 1.07 0.93 0.81 to 1.08 0.91 0.69 to 1.21

High school 1.1 0.86 to 1.40 1.08 0.85 to 1.38 0.99 0.60 to 1.62

Vocational education 1 1 1

Short and middle-length

Higher education 1 0.86 to 1.15 0.99 0.86 to 1.14 0.97 0.72 to 1.30

Advanced higher education 1.16 0.93 to 1.45 1.15 0.92 to 1.43 0.95 0.61 to 1.49

Trend estimates† 1.03 0.99 to 1.08 1.03 0.99 to 1.07 1.02 0.93 to 1.12

*Adjusted for maternal breast cancer.
†For every step up the educational ladder.

Table 3 Unadjusted HRs with 95% confidence limits for colorectal cancer according to educational status among full siblings

born in Denmark between 1950 and 1979, showing the results from the cohort and intersibling analyses

Cohort analysis* Sibling analysis*

Age at diagnosis/education HR 95% CI HR 95% CI

Colorectal cancer <age 45

Primary school 1.16 0.98 to 1.36 1.28 0.99 to 1.64

High school 1.13 0.86 to 1.47 1.18 0.78 to 1.79

Vocational education 1 1

Short and middle-length higher education 1.02 0.85 to 1.21 0.93 0.69 to 1.24

Advanced higher education 0.89 0.68 to 1.15 0.87 0.57 to 1.32

Trend estimates† 0.94 0.89 to 0.99 0.90 0.82 to 0.98

Colorectal cancer ≥ age 45

Primary school 0.97 0.82 to 1.15 0.72 0.51 to 1.00

High school 0.81 0.57 to 1.14 0.82 0.47 to 1.43

Vocational education 1 1

Short and middle-length higher education 0.93 0.77 to 1.13 1.02 0.71 to 1.47

Advanced higher education 1.11 0.87 to 1.41 1.76 1.05 to 2.95

Trend estimates† 1.02 0.96 to 1.07 1.19 1.06 to 1.33

*Adjusted for sex.
†For every step up the educational ladder.
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not reflect the entire width of genetic and shared family
environmental factors such as smoking, which the
present sibling study accounts for.

Colorectal cancer
Similar to our result, a study also showed that the socio-
economic gradient in colorectal cancer mortality and
stage at diagnosis varied across age groups and was
strongest for younger individuals aged 40–5917 indicating
difference in aetiologies. A study found that higher social
position was related to early stage at diagnosis in rectal but
not in colon cancer and a more rapid response to symp-
toms of cancer among higher educated18 may explain the
differing social gradients in our study population. The low
number of cases of colorectal cancer meant that we could
not perform separate analyses for colon and rectal
cancers. Only the siblings that are different with regard to
education are informative for intersibling analyses,
whereas the cohort associations are based on everyone
who met the inclusion criteria. The stronger associations
for colorectal cancer after age 45 in the intersibling ana-
lysis may reflect that differences in non-shared risk factors
are more pronounced between siblings that end up with
different levels of educational attainment than between
unrelated individuals. Without information on such non-
shared risk factors it is difficult to know exactly what causes
the gradient in the intersiblings analyses to be stronger
than the cohort gradient.

Breast cancer
As found in previous studies1–5 educational status was
associated with breast cancer. A study found that the
association was slightly stronger for postmenopausal
breast cancers, which was not found in our study. Nor
did the associations change remarkably in the intersi-
bling analysis, suggesting no confounding by family
environment and genetic factors. In accordance with
this, the previously mentioned study by de Kok et al12

found that childhood socioeconomic status was not asso-
ciated with breast cancer after adjusting for educational
status in adulthood. However, a Danish twin study found
that genetic factors probably confounded the association
between educational status and breast cancer.3

Strengths and limitations
The present study is based on data from a large unse-
lected population, using relatively valid information
from the Danish registers. However, parental links for
persons born before 1968 may not be precise or obtain-
able in all cases.19 Sensitivity analyses showed that indivi-
duals excluded because they were lacking information
on education had a slightly increased risk of colorectal
cancer in the cohort analysis and of lung cancer but a
decreased risk of breast cancer after age 45. We believe
that such a selection would tend to underestimate the
association between educational status and lung and
colorectal cancers, respectively, whereas the association

between educational status and breast cancers may be
overestimated.
The large differences in educational status found

between some of the siblings may be caused by factors
not shared. Mental and physical limitations did,
however, not explain the associations between educa-
tional status and the three cancer types but it is likely
that residual confounding from unobserved unshared
causes occur.
Age difference and whether siblings lived together

during childhood are factors that determine to which
extent siblings have been exposed to the same family
environment. Only minor differences were found in a
subanalysis examining the association between educa-
tional status and breast cancer on siblings who lived
together with the same parent(s) at age 15 compared
with the association based on all siblings. Age-difference
did not seem to change the associations.
In conclusion, this study found that shared family

environment and genetic factors explained some of the
association for lung cancer but not for breast or for
colorectal cancers before age 45. Contrary to this, the
association between educational status and colorectal
cancer after age 45 increased in the intersibling analysis.
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