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Abstract

In this study, based on the Swedish Family-Cancer Database, risk factors and their population attributable fractions (PAFs) for
endometrial cancer were studied. Over 700000 women at ages 51–68 years, accumulating 23 million person-years at risk, were
entered into Poisson analysis. Overall, reproductive factors (parity and age at last birth) showed a relative risk (RR) of 1.91 and
a PAF of 45.51% when the reference group was women with a parity of 3+ and the last childbirth at ages over 34 years. The
RR for family history was 2.33 but the PAF was only 2.09%. The RR for socioeconomic factors was a modest 1.12 but the
PAF was 6.34%. The combined PAF of these three types of risk factors was 51.84%. Although the present analysis lacked data
on some important risk factors for endometrial cancer, the results suggest that a large proportion of the etiology of endometrial
cancer can be defined by known epidemiological risk factors.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Cancer of the endometrium (uterine corpus, code 172
in the 7th revision of the International Classification of
Diseases) is the third most common cancer after breast
and colon cancers in women in Sweden [1]. Adenocarci-
noma is the overwhelming histological type, and the tu-
mour usually presents with a well defined glandular
structure, referred to as endometrioid carcinoma, which
is sensitive to estrogen stimulation [2–4]. Some estab-
lished risk factors of endometrial cancer are conditions
where chronic unopposed estrogen stimulation takes
place, including estrogen replacement therapy, early
menarche, late menopause and nulliparity [4–11]. The
age at first birth has had no effect, while a late last birth
may be protective [12]. Tamoxifen has also been associ-
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ated with a risk of endometrial cancer [13]. Illnesses and
other conditions that are related to a risk of endometrial
cancer are obesity, gallbladder disease, diabetes, hyper-
tension, infertility, lack of physical activity and socio-
economic status [14–17]. Among dietary constituents,
saturated fats have been suggested to increase the risk
of endometrial cancer, whereas vegetables and fatty fish
may decrease the risk [18–22]. Family history is another
risk factor of endometrial cancer, which is the most
common extracolonic manifestation in hereditary non-
polyposis colorectal carcinoma (HNPCC) [23–30].
Endometrial cancer is a common second cancer
when breast, ovarian and colon cancer is the first cancer
[5,31].

Population attributable fractions (PAFs) are often
used as a measure of the population burden of a defined
exposure or condition, usually in the context of prevent-
ability of the disease [32]. For endometrial cancer, the
PAF for obesity was recently given as 45% in the
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European population [33]. However, for etiological
understanding of cancer it is meaningful to determine
PAF for all causal factors, irrespective of the prevent-
ability of the causes. We use here the year 2002 update
of the nation-wide Swedish Family-Cancer Database,
covering 10.3 million individuals and over 1 million tu-
mours retrieved from the Swedish Cancer Registry. We
determine PAFs of endometrial cancer for reproductive,
familial and socioeconomic factors; unfortunately no
data are available on obesity. The Database offers un-
ique possibilities for many types of family studies, be-
cause complete data are available on family members
and their cancers, supplemented by socioeconomic and
other background data from national censuses [34].
Table 1
Number of women and their relatives with endometrial cancer

Variable Cases Person-years (thousands)

Family history

Sister 25 78 075
Mother 105 304 391
No history 3417 22 876 122

Parity and age at last birth

No children 693 2 729 006
1: 13–24 273 1 483 093
1: 25–29 222 1 188 031
1: 30–34 118 699 791
1: 35–53 57 402 345
2: 13–24 257 1 796 716
2: 25–29 650 4 365 280
2: 30–34 407 2 950 999
2: 35–53 115 1 016 116
3+: 13–24 37 332 591
3+: 25–29 218 1 799 067
3+: 30–34 341 2 601 281
3+: 35–53 159 1 894 273

Socioeconomic status

Manual worker 1468 9 061 768
Professional 227 1 523 350
Blue collar 1447 10 345 180
Other 405 2 328 291

All combined 3547 23 258 588
2. Patients and methods

The Swedish Family-Cancer Database was initially
created in the middle of the 1990s by linking an admin-
istrative family register on all Swedish families to the
Swedish Cancer Registry [34]. For each child there are
data on both parents at the time of birth. Each person
has been assigned a unique technical identification num-
ber (which is different from the national identification
number, ‘‘personal number’’), allowing construction of
families for example through the mother. The Database
includes all persons born in Sweden after 1931 with their
biological parents, totalling over 10.3 million individu-
als. It has been updated at the end of year 2002 to in-
clude cancers from the nation-wide Swedish Cancer
Registry from years 1958 to 2000. The Database is
organised in 3.2 million families, with parents and off-
spring. The present study included women born between
years 1932 and 1949, i.e., those whose maximal age at
the end of the follow-up ranged from 51 to 68 years.

The completeness of cancer registration in the 1970s
has been estimated to be over 95%, and is now consid-
ered to be close to 100%. The percentage of cytologically
or histologically verified cases of breast cancers has been
close to 100% [1]. The Swedish Cancer Registry is based
on compulsory notification of cases [1]. A 4-digit diag-
nostic code according to the 7th revision of the ICD-7
has been used since 1958.

Follow-up was started at birth, immigration or Janu-
ary 1, 1961, whichever came latest. Follow-up was ter-
minated on diagnosis of first cancer, death,
emigration, or the closing date of the study, December
31, 2000. A Poisson regression analysis was performed
to model endometrial cancer incidence using following
variables: age at diagnosis (5-year bands), period of fol-
low-up (5-year bands), family history, parity, age at first
birth, age at last birth, socioeconomic status and resi-
dential area [35,36]. Relative risks (RRs) and confidence
intervals (95% CI) were calculated using the result of the
Poisson regression. For simplicity we do not show
results of age at diagnosis and period of follow-up,
although these two variables were always included as
indicator variables in the models.

In order to assess the reduction in incidence that
would be achieved if the population were entirely unex-
posed to the relevant risk factors we calculated PAFs.
For each variable, the population was classified dichoto-
mously (exposed/unexposed) and PAF was calculated
according to the formula (RR � 1)/RR · the proportion
of cases in the exposed population, where RR is the rela-
tive risk in the exposed population [37]. A total PAF was
calculated by defining as an unexposed population those
being unexposed to all risk factors at the same time. For
total PAF we used the formula (incall � incref)/incall ·
100, where incall denotes the overall population incidence
and incref denotes the incidence in the unexposed popula-
tion. CIs for PAF were estimated by bootstrapping with
1000 simulations [38].
3. Results

The number of women in various categories of the
variables is shown in Table 1. A total of 735 212 women
with 23 258 611 person-years at risk were included, and
they were followed from 1961 to 2000. Endometrial can-
cer was identified in 3547 women, with data on family
history, reproductive variables and socioeconomic sta-
tus. In initial analyses, region and age at first birth were
also included as variables but because they were not
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associated with risk, they were deleted from testing of
detailed models.

Poisson regression analysis included age at diagnosis
and period (data not shown), and additionally, family
history, parity, age at first birth, age at last birth and
socioeconomic status (Table 2). Family history through
a mother proband increased the risk to 2.37 and a sister
proband to 2.03. Nulliparous women showed an RR of
3.13; low parity was a risk factor; in any parity category,
age at last birth had an effect, particularly in the age
group 35–53 years. Manual workers and the socioeco-
nomic group �other� (mainly self-employed) had a small
excess risk of 1.18 and 1.26, respectively.

Variables that showed a significant effect in Table 2
were analysed dichotomously for calculation of PAF for
individual variables and for all variables combined (Table
Table 2
Relative risks in endometrial cancer according to the Poisson model

Variable RR 95% CI Pr > v2

Family history

Sister 2.03 1.37 3.01 0.0004
Mother 2.37 1.95 2.87 <0.0001
No history Ref

Parity and age at last birth

No children 3.13 2.63 3.72 <0.0001
1: 13–24 2.26 1.86 2.75 <0.0001
1: 25–29 2.28 1.86 2.79 <0.0001
1: 30–34 2.04 1.61 2.59 <0.0001
1: 35–53 1.77 1.31 2.40 00.0002
2: 13–24 1.80 1.47 2.19 <0.0001
2: 25–29 1.84 1.54 2.19 <0.0001
2: 30–34 1.67 1.39 2.01 <0.0001
2: 35–53 1.41 1.11 1.79 0.0052
3+: 13–24 1.32 0.92 1.89 0.1299
3+: 25–29 1.38 1.13 1.69 0.002
3+: 30–34 1.49 1.23 1.80 <0.0001
3+: 35–53 Ref

Socioeconomic status

Manual worker 1.18 1.10 1.27 <0.0001
Professional 1.10 0.96 1.26 0.1878
Other 1.26 1.13 1.41 <0.0001
Blue collar Ref

Table 3
Relative risks and PAF for women with endometrial cancer 1961–2000

Variable RR 95% CI Pr > v2

Family history

Family history 2.33 1.95 2.77 <0.0001
No history Ref

Parity and age at last birth

Other 1.91 1.63 2.24 <0.0001
3+: 35–53 Ref

Socioeconomic status

Other 1.12 1.05 1.20 0.0008
Blue collar Ref

All combined
3). As only 3.7% of women with endometrial cancer had a
family history, the resulting PAF for family history was
also small at 2.09%. Socioeconomic status conveyed a
small risk but it affected a larger proportion of popula-
tion, giving a PAF of 6.34%. Parity and age at last birth
showed the highest PAF of 45.51%, assuming that all wo-
men would have had a parity of at least 3 and the last
childbirth after 34 years. The joint effect of the three vari-
ables was 51.84%,whichwas onlymarginally less than the
sum of the individual PAFs in the model shown.
4. Discussion

The present study on the Swedish Family-Cancer
Database has the advantages of being nation-wide and
containing many types of registered and unbiased infor-
mation, including for instance, the family history of
endometrial cancer, for which recall bias in interview
studies may be large [30]. The disadvantage of the data
source is that it does not contain information on some
relevant risk factors of endometrial cancer, such as obes-
ity, menstrual history and use of hormone supplementa-
tion. The overall incidence of endometrial cancer has
remained relatively stable in Sweden during the past
40 years; the annual incidence was approximately 20/
100 000 until 1990 and since then it has climbed to about
26/100 000 [39]. However, the small overall change in
incidence probably hides changes in the population
prevalence of individual risk factors, such as lower par-
ity (risk), delayed child bearing (protective), and in-
creased use of hormonal replacement therapy (risk).
Irrespective of this, the present study was limited to wo-
men born after 1931 who were aged 51–68 years. Thus
the calendar years of follow-up were from 1983 to
2000, a short time for any macro-epidemiological
changes to take place. The variables that were studied
in the present article showed expected results: family his-
tory, nulliparity and low parity were risk factors, as well
as socioeconomic status other than �blue collar�. More-
over, age at last childbirth was protective, particularly
Cases Prop (%) PAF (%) 95% CI

130 3.67 2.09 1.88 2.27
3417 96.33

3388 95.52 45.51 43.05 47.70
159 4.48

2100 59.20 6.34 5.37 7.43
1447 40.80

3547 1.38 51.84 47.69 58.98
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when it took place at ages over 34 years, in agreement
with previous publications [12].

PAF is a commonly used epidemiological measure
which summarises the etiological impact of a defined
exposure or a protective variable [37,40]. It gives the
proportion of cancer that would be prevented if the
harmful exposures and conditions could be prevented
or avoided. Large PAFs indicate that a large proportion
of the etiology is understood at the level of the defined
variable. A large PAF can only result from a high RR
and relatively common exposure or from a moderate
RR and common exposure. In the present study, repro-
ductive factors accounted for an overwhelming PAF of
45.51%, which was the result of moderate risk but very
large �at risk� population. The overall PAF of 51.84%
suggests that the three variables (reproduction with
two separate subvariables) explained about half of endo-
metrial cancer incidence. This is particularly remarkable
because factors such as obesity could not be included
[33]. An International Agency for Research on Cancer
working group estimated that the PAF for obesity in
endometrial cancer is 39% [21,41]; even though this fig-
ure may be lower among Swedish women, the contribu-
tion should be substantial [33,42]. Most likely, obesity
correlates to some extent with some reproductive and
socioeconomic factors that we were able to consider,
thus reducing its effect on the total PAF. Nevertheless,
it appears justified to conclude that the epidemiologi-
cally recognised risk factors of endometrial cancer cover
most of its etiology.

The epidemiological data point to the importance of
hormonal factors in endometrial cancer [4]. However,
the understanding how these promote carcinogenesis
at the cellular and molecular level remains an enigma
and future challenge.
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