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Cancer risk by education in Iceland; a census-based cohort study
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Abstract

Earlier studies have shown that cancer risk is related to educational level in many countries. The relationship between
education and cancer risk has not been studied in the small, but ethnically homogenous, Icelandic population postulated to
be outstanding as regards social equity. Material and methods. We conducted a follow-up study of a cohort of 60 194 males
and 58 505 females aged 20-64 at census 1981 in Iceland. Information on education from the census was classified into
three educational groups and linked with the population-based Icelandic Cancer Registry. Standardized incidence ratios
(SIRs) were calculated for the period 1982 to 2004. Results. We found a significant association between educational level and
cancer risk. Among males with academic education, the SIR was elevated for prostate cancer (SIR=1.17, 95% CI 1.05—
1.30) and melanoma (SIR =1.41, 95% CI 1.00-1.93) and lowered for cancers of the lung (SIR =0.72, 95% CI 0.59-0.87)
and stomach (SIR=0.67, 95% CI 0.48-0.90). Women with academic education had an increased risk of breast cancer
(SIR=1.19, 95% CI 1.07-1.33) and a decreased risk of lung cancer (SIR=0.49, 95% CI 0.36-0.65). Increasing
educational level was associated with a lowered risk of cervical cancer (p trend =0.017). Discussion. The association between
education and cancer incidence seen in this study resembles observations from other countries and probably reflects
concordance between social status and certain risk factors for cancer. Our study confirms health-related socioeconomic
differences in Iceland and must be taken into account when programmes for health promotion are planned.

Icelandic Cancer Registry with information from a
census.

The aim of the study was to describe associations
between cancer and education in Iceland. The
Icelandic population is small and ethnically homo-

Earlier studies have shown that cancer frequency
varies between socio-economic groups in many
countries. A rather consistent positive association
has been found between increasing socio-economic
status and the risk of cancers of the colon, prostate

and breast, and skin melanoma whereas an inverse
association has been found for cancers of the lung,
stomach, oropharynx, esophagus, and cervix uteri
[1-4].

The traditional measurements of socio-economic
status have been education, occupation or income,
that all have their advantages and disadvantages [5].
Education has been found to be the most reliable
measure of social status in Iceland [6] but the
relationship between education and cancer risk has
not been studied before in this population. We used
information on education from the Icelandic census
from 1981 and our study is thus the first to link the

genous, and has been postulated to be outstanding
as regards social equity [6]. This study is part of an
ongoing co-operative study, the Nordic Occupa-
tional Cancer Study (NOCCA).

Material and methods

The study cohort comprised all individuals who were
aged 20-64 years in the national census carried out
by Statistics Iceland on January 31, 1981 (62 309
men; 60 120 women). Every individual living in
Iceland on that day was expected to complete a
questionnaire, which asked about education, among
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other information. Persons with unknown educa-
tional status were excluded (2 115 men and 1 615
women). Education was classified into three cate-
gories. The “basic education” group includes in-
dividuals who had only elementary education (9-10
years), shorter courses or did not finish elementary
education. This group consists mainly of male craft,
agricultural or fishery workers and female service
and shop workers. The “medium education” cate-
gory includes individuals who had graduated from a
junior college or had a comparable education and
those who had vocational training. This group
consists mainly of male craft workers and female
service workers and clerks. The “academic educa-
tion” group includes individuals who had graduated
from traditional university faculties (doctors, lawyers
etc.) and those who had graduated from special
schools which at the time of census were not at
university level but became so later (nursing, the fine
arts, teaching etc.).

Data from the census was linked with the popula-
tion-based Icelandic Cancer Registry, using the
Icelandic personal identification number, which is
allocated to individuals at birth. The Icelandic
Cancer Registry (ICR) is a nationwide registry
covering all cancer diagnoses in Iceland since 1955
[7]. The registry has a virtually complete coverage
and over 95% of the cases are histologically con-
firmed. The topography codes used in the ICR are
ICD-7, ICD-9, ICD-10 and ICD-0O3. In this study
we use ICD-7. In addition to the five cancers with
highest incidence for each gender, we also included
skin melanoma in the present study because the
incidence of this disease has risen extremely fast in
Iceland during the last two decades [8].

Person-years at risk were counted, starting January
1, 1982. The endpoint was the date of emigration,
date of death or December 31, 2004, whichever
came first. Standardized incidence ratios (SIRs) for
each educational group were calculated as ratios of
observed number of cancer cases to those expected
from the national cancer incidence rates, by sex,
5-year birth cohorts and 1-year calendar periods [9].
The 95% confidence intervals (CIs) for the SIRs
were calculated by method of Sahai and Khursid
[10]. The test for trend over educational categories
was based on the method of Breslow and Day [9].

Results

The numbers of men and women included in the
study were 60 194 and 58 505, respectively. The
majority of the males (55%) had medium level
education, while 54% of women had only basic
education (Table I). Individuals with basic education

had the highest median age at the time of census
(Table I).

We found that higher educational level was
associated with an increased risk of prostate cancer
(p trend <0.001) and melanoma (p trend <0.001)
among men (Table II). The SIR for prostate cancer
in the academic education category was 27 % higher,
and for skin melanoma 147% higher, than among
men with basic education. We found associations
between increasing educational level and a lower risk
of cancers of the lung (p trend <0.001), stomach
(p trend =0.035) and the urinary tract (p trend =
0.021). The risk of lung cancer for men with
academic education was only 63% of that of men
with basic education, and similar variation was also
seen for cancers of the urinary tract (Table II). There
was a non-significant association between increasing
educational level and an increased risk of colon
cancer for men.

For women, breast cancer incidence increased
along with increasing educational level (Table II).
We found a statistically significant association be-
tween increasing educational level and a lowered risk
of cancers of the lung (p trend <0.001) and cervix
(p trend =0.017), and a non-significant trend for
stomach cancer. The SIR for lung cancer for women
with academic education was only 42% of that of
women with basic education, whereas the SIR for
melanoma for women in the academic education
category was 45% higher than for women with basic
education. The SIR for all cancer sites taken
together was lowest for women with medium educa-
tional level.

Discussion

We found that a higher educational level was
associated with an increased risk of prostate cancer
and skin melanoma among men and an increased
risk of breast cancer among women in Iceland. On
the other hand, higher educational level was asso-
ciated with a lower risk of cancers of the lung,
stomach and the urinary tract among men and
cancers of the lung and cervix among women. There
was a positive non-significant association between
increasing educational level and the risk of colon
cancer for men, but not for women.

This historical cohort study was based on the
Icelandic census and the population-based Icelandic
Cancer Registry. The study covered 23 years of
cancer incidence for the population born between
1916 and 1961 and living in Iceland in 1981. The
SIR is a measure of relative difference between
cancer incidence rate in a category of persons
compared to the national incidence rate. In the
younger categories the reference rate is lower and
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Table I. Percentage distribution and median age (years) at entry by sex and educational group, of individuals aged 20-64 years who

participated in the Icelandic census in 1981.

Men Women
n % Median age n % Median age
Basic education 15 693 26.1 39 31 425 53.7 40
Medium education 33 056 54.9 35 17 397 29.7 33
Academic education 11 445 19.0 32 9 683 16.6 30
Total 60 194 100.0 35 58 505 100.0 36

therefore the same absolute difference translates to a
higher relative difference. Because the age at follow-
up decreased with increasing educational categories,
the academic education category may show SIR
estimates slightly more distant from unity than the
basic educational category would show for similar
absolute risk difference.

A potential weakness of this study could be
misclassification of educational level. We included
persons aged 20-25 in the study cohort and some of
them may not have finished their education at the
time of census. Also, there may have been inaccura-
cies when filling out the census form. This type of
misclassification would bias our results towards null.
However, as very similar results were obtained when
excluding individuals under the age of 25 (data not
shown), this inclusion of individuals aged 20-25
years did not seem to affect the SIR comparisons.

Prostate cancer is the most common cancer in
Icelandic men. The age-standardized (world stan-
dard) incidence per 100 000 person years was 91.4
in the period of 2001-2005 and is currently the
highest in the Nordic countries [10,11]. The find-
ings of a higher risk of prostate cancer associated
with higher education are in accordance with results
from other Nordic countries. Higher rates in higher
social strata have been described in Finland [3] and
Sweden [12]. It is known that the incidence of
prostate cancer is associated with diagnostic activity
in each country at each time [13]. This has been
especially pronounced since the 1990s after the
strong introduction of testing for the prostate-
specific antigen (PSA). Men with higher education
are more likely to be diagnosed with prostate cancer
than men with lower education. The established risk
factors for prostate cancer include ethnic back-
ground and family history [14]. Ethnicity is not a
probable confounding factor in this study, because
until very recently, the population of Iceland has
been virtually 100% Caucasian. Furthermore, the
population has been found to be genetically homo-
genous [15].

Breast cancer is the most common cancer
among Icelandic women, with an age standardized

incidence of 90.4 per 100 000 person years in the
period 2001-2005, a level similar to that in other
Nordic countries [10,11]. According to our results,
Icelandic women with academic education had
25% higher incidence of breast cancer than women
with basic education only. The positive relationship
between increasing educational level and breast
cancer risk is well known [2]. In a Norwegian-
Swedish study the educational gradient in breast
cancer risk could be fully explained by established
breast cancer risk factors [16]. On the other hand, in
a Danish study, fertility patterns, did not explain the
observed social gradient in breast cancer risk [17].
Among factors associated with an increased risk
of breast cancer are low parity or nulliparity, high
age at first birth, low age at menarche, high age
at menopause and alcohol consumption, whereas
breastfeeding and physical activity are associated
with a decreased risk [18,19]. Higher education is
usually associated with postponement and reduction
of childbirths which in turn increase the risk of
breast cancer. Furthermore, according to an unpub-
lished Icelandic survey, Icelandic women with higher
education tend to consume more alcohol than
women with lower education.

Lung cancer is the second most frequent cancer
among men and women in Iceland. The incidence
per 100000 person years was 31.3 among men
and 29.4 among women in the period 2001-2005
[8]. Lower risk of lung cancer was associated with
higher education and these findings are in accor-
dance with results from other countries [4]. Cigar-
ette smoking is the predominant risk factor for lung
cancer, accounting for about 85% of all incident
cases among men and 80% in women in the Nordic
countries [20]. The Tobacco Control Board and The
Public Health Institute of Iceland have conducted
surveys on smoking habits and these surveys show a
social gradient in smoking behavior in Iceland;
smoking being more common among less-educated
individuals (unpublished data). Also, certain occu-
pational exposures, related to working environment
of workers with lower educational level, seem to have
an important role in lung cancer risk. A Danish
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Table II. Numbers of observed (Obs) and expected (Exp) cases, standardized incidence ratios (SIRs) and p-values for trend, by sex and

educational group for the five cancers with highest incidence in each gender in Iceland, plus melanoma.

Basic Medium Academic Pirend
Men

All sites

Obs cases 2278 4214 1200

Exp cases 2332.6 4155.2 1186.0

SIR (95% CI) 0.98 (0.94-1.02) 1.01 (0.98-1.05) 1.01 (0.96-1.07) 0.218
Prostate

Obs cases 589 1090 346

Exp cases 642.9 1088.5 295.2

SIR (95% CI) 0.92 (0.84-0.99) 1.00 (0.94-1.06) 1.17 (1.05-1.30) <0.001
Lung

Obs cases 341 536 106

Exp cases 299.7 526.2 147.4

SIR (95% CI) 1.14 (1.02-1.27) 1.02 (0.93-1.11) 0.72 (0.59-0.87) <0.001
Colon

Obs cases 157 332 96

Exp cases 179.2 316.9 89.4

SIR (95% CI) 0.88 (0.74-1.02) 1.05 (0.94-1.17) 1.07 (0.87-1.31) 0.072
Stomach

Obs cases 146 231 42

Exp cases 140.4 227.8 62.8

SIR (95% CI) 1.04 (0.88-1.22) 1.01 (0.89-1.15) 0.67 (0.48-0.90) 0.035
Urinary tract

Obs cases 191 324 66

Exp cases 181.6 322.2 91.6

SIR (95% CI) 1.05 (0.91-1.21) 1.01 (0.90-1.12) 0.72 (0.56-0.92) 0.021
Melanoma of the skin

Obs cases 23 93 39

Exp cases 40.6 85.7 27.6

SIR (95% CI) 0.57 (0.36-0.85) 1.09 (0.88-1.33) 1.41 (1.00-1.93) <0.001

Women

All sites

Obs cases 4491 1873 918

Exp cases 44145 1984.7 899.3

SIR (95% CI) 1.02 (0.99-1.05) 0.94 (0.90-0.99) 1.02 (0.96-1.09) 0.274
Breast

Obs cases 1192 617 351

Exp cases 1250.2 596.5 293.8

SIR (95% CI) 0.95 (0.90-1.01) 1.03 (0.95-1.12) 1.19 (1.07-1.33) <0.001
Lung

Obs cases 639 159 46

Exp cases 541.1 228.5 94.7

SIR (95% CI) 1.18 (1.09-1.28) 0.70 (0.59-0.81) 0.49 (0.36-0.65) <0.001
Colon

Obs cases 295 114 46

Exp cases 294.9 119.3 46.6

SIR (95% CI) 1.00 (0.89-1.12) 0.96 (0.79-1.15) 0.99 (0.72-1.32) 0.789
Stomach

Obs cases 143 50 14

Exp cases 136.0 52.9 19.9

SIR (95% CI) 1.05 (0.89-1.24) 0.95 (0.70-1.25) 0.70 (0.38-1.18) 0.144
Cervical

Obs cases 130 50 26

Exp cases 118.9 65.3 35.3

SIR (95% CI) 1.09 (0.91-1.30) 0.77 (0.57-1.01) 0.74 (0.48-1.08) 0.017
Melanoma of the skin

Obs cases 102 57 42

Exp cases 112.2 60.2 31.7

SIR (95% CI) 0.91 (0.74-1.10) 0.95 (0.72-1.23) 1.32 (0.95-1.79) 0.067




study showed that even after controlling for smok-
ing, skilled workers, who spend their working life in
more hazardous environment, had double the risk of
lung cancer as compared with teachers and aca-
demics [21].

Our results show that men with the highest
education have a lowered risk of cancer of the
urinary tract. Earlier studies from other countries
have been inconsistent [2]. Tobacco smoking is the
major known risk factor for this type of cancer, and it
is estimated that 30-40% of bladder cancers in the
Nordic countries could be avoided if smoking were
eliminated [20]. Occupational exposures may play a
role in around 10% of bladder cancers [22].

Stomach cancer used to be the most common
cancer in Icelandic men and the mortality was among
the highest in the world [23]. However, the incidence
has declined significantly, with the age-standardized
incidence per 100 000 person years being currently
10.2 (in 2001-2005) or only 15% of what it was in the
years 1956-1960 when it was 69.8 [8]. During the
same period, the life standard has improved drama-
tically in Iceland. Our findings show that Icelandic
men and women with academic education have a
30% lower risk of stomach cancer than the indivi-
duals with a lower education level. In other countries,
low socioeconomic status has been a strong risk
indicator for stomach cancer [24,25]. Dietary factors
like salt intake and consumption of fruits and red
meat, as well as prevalence of Helicobacter pylori
bacteria, may play a role but the social gradient of
these exposures has not been fully explained [26].
The Icelandic Nutrition Council has conducted
surveys on diet and nutrition habits in Iceland. A
small survey done in 1990, indicated variation in diet
according to education, where males with higher
education had lower energy intake, lower fat intake
and higher intake of fiber and carbohydrates [27].

We did not find a statistically significant educa-
tional gradient in the risk of colon cancer. However,
there was a positive non-significant association
between increasing educational level and the risk of
colon cancer for men, but not for women. Diet and
possibly physical exercise are implicated as risk
factors for colon cancer. Consumption of fruits and
vegetables may be associated with a lower risk, while
consumption of total and saturated fat, animal and
total proteins and total energy has been found to be
associated with an increased risk [28]. Our findings
are in accordance with the above described educa-
tional difference in diet among Icelandic men [27]. A
high consumption of fat and meat and a low
consumption of cereals and fruits is common in the
Nordic countries, where the incidence of colon
cancer is high [20]. A relationship between increased
physical activity and reduced risk of colon cancer is
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supported by several studies [29]. In Sweden and
Finland a positive association has been reported
between education and colon cancer for men but not
for women [12,25].

The findings of a negative association between
educational level and the risk of cervical cancer are
in accordance with other studies [30]. The main
explanations for the social gradient in cervical cancer
risk are related to sexual behavior. Infection with
carcinogenic human papillomaviruses (HPV) is ne-
cessary for the development of cervical cancer [31].

The risk of skin melanoma was highest among
Icelanders with the highest education. This associa-
tion was considerably more pronounced for men
than for women, with a 147% and 45% higher SIR,
respectively, when comparing the academic level
category with the basic level category. The age-
standardized incidence in Icelandic men is currently
12.0 (in 2001-2005) and in women 19.6, which is
the highest in the Nordic countries [8,11]. Exposure
to ultraviolet radiation is the major known risk factor
for malignant melanoma, especially intermittent
exposure. It has been estimated that in the Nordic
countries up to 95% of the skin melanoma could be
avoided if exposure to ultraviolet radiation would be
avoided [20]. The reason for the observed associa-
tion with education in Iceland is likely to be related
to different holiday practices, with respect to travel-
ing to sunny southern countries.

This study, which is based on census information
in Iceland, provides important information about the
society, indicating that the risk of cancer is depen-
dent on the person’s education and thereby social
group. The popular belief in Iceland has been that
the Icelandic society is characterized by a high
degree of social equality [6]. A few studies have
been done in Iceland on socioeconomic status and
health outcome [32,33]. However, a study concern-
ing education and cancer risk has not been done
before in Iceland. Our findings confirm health-
related socioeconomic differences in Iceland and
must be taken into account when programmes for
health promotion are planned. The associations
between education and cancer incidence seen in
this study resemble observations from other coun-
tries [2] and probably reflect concordance between
social status and certain risk factors for cancer, such
as smoking and parity.
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