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Background: Hormonal contraceptives and hormone replacement therapies are classified as carcinogenic to humans (group 1) by
the International Agency for Research on Cancer. We sought to estimate the proportion and total number of cancers attributable to
the use of oral contraceptives and hormone therapy in Alberta in 2012.

Methods: Population attributable risks were used to estimate the proportion of attributable cases for each associated cancer site.
Relative risk estimates were obtained from the most relevant and recent epidemiologic literature. Prevalences of the use of oral con-
traceptives and hormone therapy in Alberta were collected from Alberta’s Tomorrow Project. Specific cancer incidence data were
obtained from the Alberta Cancer Registry for the year 2012.

Results: Overall, 6.3% of breast cancers (n = 135) diagnosed in Alberta in 2012 were estimated to be attributable to the use of oral
contraceptives, and the exposure potentially prevented about 57.3% of endometrial cancers (n = 276) and 29.1% of ovarian cancers
(n =52). About 15.5% of breast cancers (n = 258) and 8.9% of ovarian cancers (n = 13) were estimated to be attributable to the use
of hormone therapy, whereas 11.3% of endometrial cancers (n = 48) were possibly prevented by the exposure.

Interpretation: Based on our estimates, oral contraceptive use resulted in a net protective effect among the cancer sites studied,
thus reducing the cancer burden in Alberta in 2012. The use of hormone therapy was estimated to increase the cancer burden in the

province, therefore the risk and benefit of hormone therapy should be carefully considered before use.

ex hormones are major causal factors for breast, endo-

metrial and ovarian cancers. The International Agency

for Research on Cancer classified combined estrogen—
progestin hormonal contraceptives and menopausal hormone
therapy as carcinogenic to humans (group 1) in 2007.! Oral
contraceptives are associated with increased risk of breast can-
cer, particularly among current and recent users.!” Combined
estrogen—progestin hormonal contraceptives decrease endo-
metrial and ovarian cancer risks, and the protective effect per-
sists after their use is stopped.'* Hormone therapy is associ-
ated with increased risk of ovarian and postmenopausal breast
cancers, and decreased risk of endometrial cancer.’”’

Oral contraceptives are the most commonly used reversible
contraception method in Canada. Based on the 2007-2009 and
2009-2011 Canadian Health Measurement Surveys, the preva-
lence of the current use of oral contraceptives was estimated to
be 16% among women aged 15-49 years, which is about 1.3
million women, and 99% of oral contraceptives used were
estrogen—progestin combined formulations.® The 2006/2007
National Population Health Survey showed that 13.7% of
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Canadian women postmenopause and aged 50-69 years were
currently taking or had recently taken hormone therapy.’
Because many women rely on hormonal preparations for
contraception or the management of their menopausal symp-
toms, assessing the risks and benefits of using hormonal prepa-
rations is important to minimize the potential cancer burdens
associated with their use. In Alberta, breast, ovarian and endo-
metrial cancer diagnoses account for more than 35% of all new
cancers diagnosed among women each year.!*!? However, it is
unknown what number and proportion of newly diagnosed
cases are attributable to hormone use. The objective of this
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study was to estimate the proportions of breast, endometrial
and ovarian cancers that were attributable to the use of oral
contraceptives and hormone therapy in Alberta in 2012.

This manuscript is part of a series of exposure-specific manu-
scripts concerning the proportion of cancer attributable to
modifiable lifestyle and environmental risk factors in the gen-
eral population of Alberta. The methodologic framework for
this series has been previously described.!

Prevalence of hormone preparation exposure

The prevalence of oral contraceptive and hormone therapy
use in Alberta was estimated using data from Alberta’s
Tomorrow Project. At the time of data request, this large
population-based cohort study recruited 30 792 Albertans,
including 18 836 women aged 35-69 years, between 2000 and
2009. Prevalence estimation of oral contraceptive ever use was
based on the participants’ response to the question: “Have you
ever taken birth control pills for any reason? (Do not include
birth control pills prescribed for menopause).” Cohort partici-
pants also provided information on ever and current use of
hormone therapies by responding to questions “Have you ever
used female hormones for menopause, e.g., tablets, pills, a
patch or creams prescribed by a doctor?” and “Are you cur-
rently using female hormones?” in the baseline questionnaire.
Specific details concerning the preparations and regimens of
hormone use were not provided.

Population attributable fraction

A systematic PubMed search was conducted to identify epide-
miologic studies published up to June 2015 that reported risk
estimates on breast, endometrial and ovarian cancer associated
with oral contraceptive and hormone therapy use. Relevant
relative risks (RRs) were abstracted and further screened. Risk
estimates applicable to our prevalence data were selected for
the population attributable risk!* calculation (Appendix 1, Sup-
plementary Table 1 available at www.cmajopen.ca/content/
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4/4/E754/suppl/DCL1). Alberta’s Tomorrow Project data did
not allow current users of oral contraceptives to be distin-
guished from former users; therefore, the risk estimates com-
paring ever users with never users were used. For hormone
therapies, the risk of ever use was analyzed separately from
current use.

The population attributable risks associated with hormone
preparation exposure for breast, endometrial and ovarian can-
cers were estimated using equation 1:

Equation 1 Population attributable fraction = P, (RR - 1) / {1+
[P. (RR -1}

where P, is the prevalence of ever or current hormone prepa-
ration users, RR is the relative risk of cancer for ever versus
never users or current versus never users and (RR — 1) is the
excess relative risk for oral contraceptive or hormone therapy
use. This method was modelled after an analysis done by Par-
kin."” Adopting this method allowed for a direct comparison
between our results and Parkin’s from the United Kingdom,
which provided context to our findings.

To estimate 95% confidence intervals (Cls) around popula-
tion attributable risk estimates, Monte Carlo simulation meth-
ods were used wherein the relative risk esdmates were drawn
from a log normal distribution, prevalence estimates from a
binomial distribution and incidence estimates from a Poisson
distribution. Parameters for the distributions were defined by
reported point estimates and Cls. Ten thousand samples were
drawn and the 2.5th and 97.5th percentiles of the resulting
population attributable risk distribution were used as the lower
and upper limits of a 95% CI. Similar techniques were used by
2 previous studies that estimated population attributable
risk.!%7 Wherever possible and appropriate, these estimations
were performed for age groups. All analyses were conducted in
R version 3.2.3 (The R Foundation for Statistical Computing).

Excess attributable cancers
The numbers of cancer cases attributable to oral contracep-
tive and hormone therapy use were estimated by combining

Table 1: Relative risks of cancers associated with use of oral contraceptives and hormone therapy

Endometrium Ever use

Endometrium Current use
Ovary Ever use

Ovary Current use

Exposure Cancer site Detailed exposure Risk estimate (95% Cl) Source

Oral contraceptives Breast Ever use 1.08 (1.00-1.17) Gierisch et al. 20132
Endometrium Ever use 0.57 (0.43-0.77) Gierisch et al. 2013?
Ovary Ever use 0.73 (0.66-0.81) Havrilesky et al. 2013?

Hormone therapy* Breast Ever use 1.39 (1.12-1.72) Shah et al. 2005°
Breast Current use 1.66 (1.58-1.75) Beral 2003%"

Brinton et al. 20146
Beral et al. 20052
Beral et al. 20157
Beral et al. 20157

0.78 (0.72-0.86)
0.75 (0.58-0.97)
1.20 (1.15-1.26)
1.41 (1.32-1.50)

Note: Cl = confidence interval.

*Continuous estrogen—progestin combined hormone therapy (progestins were included in the therapy for > 25 d/mo).
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2012 Alberta cancer incidence data with population attribut-
able risk estimates. Cancer incidence data were obtained
from the Alberta Cancer Registry. The total proportion of
cancer attributable to each of oral contraceptives and hor-
mone therapies at each individual cancer site was estimated as
the total number of excess attributable cases across age
groups divided by the total number of observed cancers.
Given that exposure data were collected between 2000 and
2009, a latency period of 8 years was estimated, and age
groups for cancer incidence data were lagged by 8 years (e.g.,
exposure data for age 35-44 yr corresponded to incidence
data for age 43-52 yr) to reflect cancers diagnosed in 2012
that were caused by previous hormone exposure.

Relative risks of cancer associated with contraceptive or hor-
mone therapy use are shown in Table 1.

Alberta’s Tomorrow Project maintained its response rates
above 70%. Participants from across Alberta were enrolled,
and most of them (77%) were from urban areas.!® The 2000—
2009 survey results showed that 92.3% (95%CI 91.7-93.0) of
women aged 35-44 years had ever used or were currently
using oral contraceptives, and the prevalence declined with
increasing age (Table 2). About 60% of women aged 55 years
and older have used hormone therapy (Table 2). Because hor-
mone therapy is predominantly prescribed to women peri- or
postmenopause, much smaller proportions of women younger
than 54 years of age were given hormone therapies (25.2% for
age 45-54 yr, 4.4% for age 35-44 yr). The proportion of
women currently using hormone therapies peaked at the ages
of 55-64 years, with 27.2% (95% CI 25.9-28.5) of women
reported as current users.

Table 2: Prevalence of oral contraceptive and hormone
therapy use in Alberta (Alberta’s Tomorrow Project, 2000—
2009)
Prevalence
Exposure Age, yr (95% ClI)
Oral contraceptives: ever use 35-44 92.3 (91.7-93.0)
45-54 91.1 (90.4-91.8)
55-64 85.5 (84.5-86.6)
> 65 676 (65.3-69.9)
Hormone therapy: ever use 35-44 4.4 (3.9-4.9)
45-54 25.2 (24.2-26.3)
55-64 60.3 (58.9-61.7)
> 65 60.5 (58.1-62.9)
Hormone therapy: current use 35-44 2.8 (2.4-3.3)
45-54 15.5 (14.7-16.4)
55-64 272 (25.9-28.5)
> 65 19.6 (17.6-21.5)
Note: Cl = confidence interval.
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In 2012, 2128 cases of breast cancer were diagnosed in
Alberta among women more than 43 years of age, and 135 of
these cases (6.3%) could be attributed to oral contraceptive use.
A total of 661 cases of endometrial and ovarian cancer were
diagnosed,; oral contraceptive use potentially prevented 276
endometrial cancers and 52 ovarian cancers, thus reducing the
number of incident cases for these 2 cancer sites by almost half
(49.6%) (Table 3 and Table 4). When stratified by age (Table
3 and Appendix 1, Supplementary Table 2), because of the high
prevalence among younger women, the highest attributable risk
for breast cancer was found among the youngest age group (age
35-44 yr), with 7.0% (95% CI = 0.3-13.3) of cases (n = 32)
attributable to oral contraceptive exposure. Women aged
45-54 yr benefited the most from oral contraceptive use, and it
potentially prevented 63.4% (95% CI = 108.2-26.9; n = -116)
of endometrial cancers and 32.6% (95% CI =45.2, 21.5; n =
—15) of ovarian cancers. Overall, oral contraceptive use was esti-
mated to attribute to 135 (1.8%) cancers among 7681 observed
incident cancer cases diagnosed in Alberta in 2012 and it poten-
tially prevented 328 (4.3%) cancer cases (Table 4), thus the
exposure possibly reduced the cancer burden by 193 cases.

Our prevalence data showed that only 4.4% (95% CI 3.9-
4.9) of women aged 35-44 years have used hormone therapy
(Table 2), thus the population attributable risk was only
assessed for women aged 45 years and older. In 2012, 1665
women aged 53 years and older had a diagnosis of breast can-
cer, and 258 and 199 of these cases could be attributed to hor-
mone therapy ever and current use, respectively, representing
15.5% and 12.0% of observed breast cancer cases (Table 3
and Table 4). Population attributable risks for ovarian cancer
were 8.9% (n = 13) and 8.4% (n = 12) for hormone therapy
ever and current use (Table 3 and Table 4). Meanwhile, ever
and current hormone therapy exposures potentially prevented
48 and 23 endometrial cancer cases, thus reducing the total
observed cases by 11.3% and 5.4%, respectively (Table 3 and
Table 4). Among ever hormone therapy users, the attribut-
able risk was higher among older women (age of exposure >
55 yr) owing to higher prevalence rates (Table 2 and Table
3). For current hormone therapy users, higher attributable
risk was seen among women aged 55-64 years as a result of a
higher exposure rate (Table 3 and Appendix 1, Supplemen-
tary Table 2). Overall, hormone therapy current use was esti-
mated to result in 211 attributable cases and 23 preventable
cases (Table 4). Among ever users, 271 (3.5%) cancer diagno-
ses, including 258 breast cancers and 13 ovarian cancers, were
estimated to be attributable to the exposure among all 7681
cancer cases observed in Alberta in 2012, and 48 (0.6%) post-
menopausal endometrial cancers were potentially prevented
(Table 4). Thus, hormone therapy exposure potentially
increased the overall cancer burden by more than 200 cases in
Alberta in 2012.

We quantified the population attributable risks of oral
contraceptive and hormone therapy use on breast, endometrial
and ovarian cancers among Albertan women aged 35-69 years



in 2012. We estimated that 135 cases of cancer were
attributable to oral contraceptives ever use and that 328 cases
of cancer were potentially prevented by the exposure, resulting
in a net protective effect. Ever use of hormone therapy was
estimated to be associated with 271 newly diagnosed cancers,
and it potentially prevented 48 cancers, thus increasing the
overall cancer burden.

Compared with a similar study conducted in the UK in
2010," we reported higher population attributable risks. Par-
kin estimated that the population attributable risks for oral
contraceptive use were 1.1%, -16.9% and -9.3% for breast,
endometrial and ovarian cancers, respectively,”’ compared
with our estimates of 6.3%, —57.3% and —29.1%. Parkin also
concluded that hormone therapy exposure increased the inci-
dence of breast, endometrial and ovarian cancers by 3.2%,
1.2% and 0.7%, respectively, whereas our attributable risk
estimations were 15.5%, —=11.3% and 8.9%. The disparities
could partially be due to regional variations in hormone
exposure. A previous review showed that 17% of Canadian
women more than 40 years of age use oral contraceptives
compared with 10% in the UK. In addition, inaccurate esti-
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mations of hormone prevalence could have further contrib-
uted to the disparity. The UK study obtained prevalence of
hormone exposure on current users only, and the past expo-
sures were estimated based on other published studies or
were calculated using the difference of current users in popu-
lation prevalence from one year to the next.!” Parkin indi-
cated that the estimations of hormone past exposures were
less accurate and were under estimated. Our results showed
that 67.6%-92.3% of Albertan women reported oral contra-
ceptive ever use and 4.4%—60.5% reported hormone therapy
ever use. All Canadian national surveys conducted to date
assessed current or recent hormone exposures only; however,
a case—control study conducted in Alberta and British
Columbia between 2005 and 2011 reported that 80% of par-
ticipants in the control group aged 40-79 years had ever used
oral contraceptives and 28% had ever used hormone ther-
apy.?® The Alberta’s Tomorrow Project cohort had a larger
percentage of the cohort population with higher education
and incomes compared with the national average.”' Studies
have shown that women with less than post-secondary educa-
tion were less likely to use contraception.’”?* The prevalence

Table 3: Observed cancer cases in Alberta (2012) and proportions attributable to use of oral contraceptives and hormone therapy
Breast Endometrium Ovary

Age at Age at Observed Observed Observed

exposure, yr outcome, yr  cases* PART, % EACt cases” PAR, % EAC cases” PAR, % EAC

Oral contraceptives: ever use

35-44 43-52 463 70 32 57 —64.8 =37 36 -33.2 -12

45-54 53-62 584 6.9 40 183 -63.4 -116 46 -32.6 -15

55-64 63-72 559 6.5 36 152 -57.3 -87 46 -30.0 -14

> 65 >73 522 5.2 27 90 -40.4 -36 51 -22.3 -1

Total 2128 135 482 —276 179 -52

Hormone therapy: ever use

35-44 43-52

45-54 53-62 584 9.0 52 183 -5.9 =11 46 4.8 2

55-64 63-72 559 19.0 106 152 -15.3 -23 46 10.8

> 65 273 522 19.1 100 90 -15.3 -14 51 10.8

Total 1665 258 425 -48 143 13

Hormone therapy: current use

35-44 43-52

45-54 53-62 584 9.3 54 183 -4 -7 46 6.0 3

55-64 63-72 559 15.2 85 152 =73 -1 46 10.0

> 65 >73 522 11.4 60 90 -5.1 -5 51 74 4

Total 1665 199 425 -23 143 12

Note: EAC = excess attributable risk due to exposure, PAR = population attributable risk.

*The values represent the total number of cases of each cancer type diagnosed in 2012. For hormone therapy, only postmenopausal cases of cancer (cancers diagnosed

at age 53 yr and older) are included.

tTRepresents the proportion of cancer cases attributable to oral contraceptive ever use, hormone therapy ever use or hormone therapy current use. The negative values

represent preventable proportions of cancer cases owing to protective effect.

1Represents the number of cases attributable to oral contraceptive ever use, hormone therapy ever use or hormone therapy current use. The negative values represent

preventable cancer cases owing to protective effect.
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of hormone use in our study could have been overestimated
because the surveyed population may have better access to
drug coverage and is thus more likely to use hormone
preparations.

We estimated that hormone therapy exposure had a pro-
tective effect on endometrial cancers (-11.3% for ever use)
whereas the UK study concluded that 1.2% of endometrial
cancers were attributable to the exposure.” This discrepancy
was due to the regimen of hormones investigated by the 2
studies. The Alberta’s Tomorrow Project survey did not pro-
vide details on hormone regimens, thus our analysis used RRs
for continuous estrogen—progestin combined hormone ther-
apy to be consistent with other cancer sites investigated. The
UK study examined several regimens, including estrogen
only, combined hormone therapy and tibolone. Evidence has
shown that unopposed estrogen therapy and tibolone substan-
tially increase endometrial cancer risk,?* whereas women who
use continuous combined hormone therapy have lowered
endometrial cancer risk.®

Strengths and limitations

A strength of our study was the inclusion of Cls around the
population attributable risk estimates, thereby providing the
precision of the estimates which was not done in the UK
study. However, for estimates associated with ever oral con-
traceptive use and current exposure to hormone replacement
therapies (Appendix 1, Supplementary Table 2), the wide con-
fidence intervals highlight the lack of precision for those esti-

mates. For example, although we estimated that 136 cases of
breast cancer are attributable to ever using oral contracep-
tives, this estimate could range from 5 to 260 cases.

The restricted prevalence data available on current oral
contraceptive exposure and cessation of hormone preparation
use in Alberta created some limitations in this study.
Increased risk of breast cancer was mostly found among cur-
rent and recent users of oral contraceptives,*? and 10 years
after cessation of use, the potential risk returned to base-
line.!” Thus, the observed attributable risk for breast cancer
related to ever using oral contraceptives was likely overesti-
mated for women who stopped taking oral contraceptives
more than 10 years ago. For endometrial and ovarian cancer,
the estimate should be accurate because the protective effect
of oral contraceptives on these cancers lasts for 20 years or
more.! In addition, because of limited availability of data,
conducting sensitivity analyses to verify the impact of differ-
ent latency periods on population attributable risk estimates
was not possible. In a Canadian national study, where the
population attributable risks of hormone therapy use on
breast cancer were estimated over a 12-year period, the
attributable risk decreased from 11.5% in 2000 to 5.2% in
2006 because hormone therapy use decreased after the
Women’s Health Initiative Study was published in 2002.26
The same trend likely occurred in Alberta; however, because
no Alberta-specific data concerning hormone use with this
level of detail were available, we were unable to conduct
these sensitivity analyses.

Table 4: Summary of cases and proportions of cancer in Alberta in 2012 attributable to use of oral contraceptives and hormone
therapy*
Oral contraceptive: ever use Hormone therapy: ever use Hormone therapy: current use
Excess Excess Excess
Observed  attributable % Observed  attributable % Observed  attributable %
Cancer site casest casest  Attributable§ cases cases Attributable cases cases Attributable
Breast 2128 135 6.3 1665 258 15.5 1665 199 12.0
Endometrium 482 -276 -57.3 425 —48 -11.3 425 -23 -5.4
Ovary 179 -52 -29.1 143 13 8.9 143 12 8.4
All attributable 2128 135 6.3 1808 271 15.0 1808 211 1.7
cancersf
All cancers™* 7681 135 18 7681 271 3.5 7681 211 2.7
All 661 -328 —49.6 425 —48 -11.3 425 -23 -5.4
preventable
cancerstt
All cancers 7681 -328 -4.3 7681 —48 -0.6 7681 -23 -0.3
*Data on prevalence of oral contraceptive and hormone therapy use are from the Alberta’s Tomorrow Project.
TNumber of observed cancer cases in Alberta in 2012 at individual cancer sites. Cancer incidence data obtained from the Alberta Cancer Registry. For hormone therapy,
only postmenopausal cancer cases (cancers diagnosed at age 53 yr and older) are included.
$Number of cancer cases at individual cancer sites that can be attributed to oral contraceptive ever use, hormone therapy ever use or hormone therapy current use.
Negative values represent preventable cancer cases owing to the protective effect of oral contraceptive ever use, hormone therapy ever use or hormone therapy current
use.
§Proportion of cancers at individual cancer sites attributable to oral contraceptive ever use, hormone therapy ever use or hormone therapy current use. Calculated as
excess attributable cases/observed cases.
fIRepresents all cancers with a known association with oral contraceptive ever use, hormone therapy ever use or hormone therapy current use, as listed in table.
**Represents all incident cancers in Alberta in 2012 in all age groups.
ttRepresents all preventable cancer cases associated with oral contraceptive ever use, hormone therapy ever use or hormone therapy current use, as listed in table.
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Conclusion

Although oral contraceptives and hormone therapy are both
classified as carcinogens, the net effect of population attribut-
able risks are different when multiple cancer sites are consid-
ered. Our analyses showed that the benefit of oral contracep-
tive use exceeds the potential risk among the cancer sites
investigated because the number of cancers possibly reduced
by oral contraceptive use was more than twice the number
potentially associated with the exposure. Oral contraceptive
use likely reduced the cancer burden in Alberta in 2012. In
contrast, hormone therapy was estimated to increase the can-
cer burden in the province by about 200 excess cancer cases in
2012. The risks and benefits of hormone therapies should be

carefully considered before their use.
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