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a b s t r a c t
Introduction: The use of menopausal hormone therapy (MHT) has decreased in many countries in the past
10 years. This is a consequence of the initial publication of the results of the Women’s Health Initiative
(WHI) randomized trial of estrogen plus progestin. In various countries, further studies then analyzed
the incidence of breast cancer (BC) in relation to changes in MHT use. Some reported a decreased BC
incidence following cessation of MHT, but others did not. This may reﬂect differences in BC incidence, in
MHT use or in confounding factors, but also in study methodology.
Aim: To analyze the changes in BC incidence and MHT use, using the same methodology, in 11 European
countries.
Materials & method: We limited the study to women between the ages of 45 and 69. BC incidence data
were provided from cancer registries. MHT sales data were extracted from health sales databases for the
years 2003–2013. The association between BC incidence and the rate of MHT use during the past year in
Europe was assessed using linear mixed models.
Results: A drop in MHT sales was consistent in all countries for the whole period of follow-up. This was
not the case for BC incidence. We found no evidence of a relation between BC incidence and MHT sales
in the past year, except for sales of tibolone.
Conclusions: The longer observation period did not conﬁrm the results of studies that had a shorter
follow-up, except in relation to tibolone. The role of confounding factors needs to be clariﬁed.
© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
The ﬁrst publication of results from the randomized controlled
trial (RCT) by the Women’s Health Initiative (WHI) comparing women treated with conjugated equine estrogens (CEE) and
medroxyprogesterone acetate (MPA) versus placebo concluded
that an increased risk of breast cancer (BC) was associated with the
use of menopausal hormone therapy (MHT) [1]. Since then, MHT
consumption has decreased in most countries and several studies
have reported a coincident decrease in BC incidence [2–10]. The
extent of this decrease and the length of time between the drop
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in MHT use and the change in BC incidence have varied between
countries [3,7]. This may reﬂect differences in BC incidence, in MHT
use or in confounding factors, but also in study methodology.
The type and regimen of MHT may inﬂuence the risk of BC [1,14].
Indeed, in the publications on the WHI RCT the authors reported an
increased BC incidence with combined estrogen–progestin MHT.
The use of estrogen only was paradoxically associated with a
decrease in BC incidence [1,11]. Several other studies have reported
differences in risk related to the type of MHT regimen [12–14]. In
the latest report of the E3N study, a French observational study
of teachers, a smaller increase in BC risk was reported among
estrogen-only users and among users of estrogen combined with
micronized progesterone or dydrogesterone as compared with
users of estrogens combined with MPA or norethisterone acetate
(NETA) [12,13]. Similarly, a Finnish observational study reported
that sequential progestin use resulted in a smaller increased risk of
BC than did continuous progestin use, but one should note that in
this study most patients used NETA [14].
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The prevalence of MHT use may also inﬂuence changes in the
prevalence of BC since the impact of MHT prescription on the incidence of BC is expected to be small in countries where use is low
[15].
BC incidence may also depend on confounding factors such as BC
screening [16]. Screening varies widely between countries: in some
countries, there is no screening at all; in others, screening has been
implemented but is still being developed; in yet other countries,
screening has been in place for many years [17]. The timing of the
introduction of screening may have an inﬂuence on reported rates
of BC, as the apparent incidence of BC will increase immediately
after the implementation of screening [16]. Moreover, the drop in
MHT use also seems to be associated with a drop in mammography
rates [18]. This makes the analysis of the relation between MHT and
BC even more complicated.
We previously conducted a systematic review of publications
concerning BC incidence in relation to MHT use [15]. We observed
that data on BC incidence and MHT use were taken from many
sources and approximations were often needed when analyzing them. The reported period of evaluation varied considerably
between studies and different models were used to assess a possible
relation between BC incidence and MHT use [15].
One should therefore be cautious when drawing conclusions
from these studies about a possible relation between a drop in MHT
consumption and subsequent changes in BC incidence.
This study analyses changes in BC incidence in relation to MHT
sales data, using the same methodology, in 11 European countries.
2. Materials and method

The proportion of women between the ages of 45 and
69 using MHT was estimated as follows: ((#‘standard dose’
units) × 0.90)/((#women) × 365). The correction factor 0.90 in the
numerator was applied to correct for the fact that not all MHT users
were 45–69 years old, based on the preliminary analysis made in
Belgium [19]. The factor 365 was used in the denominator because
standard dose units were annual ﬁgures.
2.4. Statistical analyses
We were able to obtain both BC incidence data and MHT
sales data for 11 countries: Austria, Belgium, Denmark, Finland,
Germany, Ireland, Norway, the Netherlands, Sweden, Switzerland
and the United Kingdom (Fig. 1).
The association between BC incidence and the rate of MHT use
in the past year in Europe was assessed, using linear mixed models
in order to take into account the dependency between the subsequent data points. We also repeated the analyses considering use
of MHT either two or three years before the BC incidence period.
We used an unstructured correlation matrix [32]. We adjusted for
the number of women per country in the age group 45–69 years,
in order to correct for the differences in population size between
countries. As linear mixed models are not robust to outliers, we
performed the analyses twice, with and without the outlying values from Denmark for the years 2008–2010 and from Germany for
the years 2008 and 2009 [32]. We considered a p-value < 0.05 as signiﬁcant. SAS version 9.4 (SAS Institute, Cary, North Carolina, USA)
was used for all analyses.

2.1. Population

3. Results

In order to assess the possible association between MHT and BC,
we restricted the study to women between the ages of 45 and 69,
as most women using MHT fall into this age group, according to
previous analyses [19].

Fig. 2 shows the changes in BC incidence between 2000 and 2012
in women aged 45–69 years for the 11 included European countries.
The changes in BC incidence vary between the countries. The
highest overall BC incidence was observed in Belgium and the
lowest in Austria (360.3 and 207.4 per 100,000 women in 2004,
respectively). An important BC incidence increase was observed
during the years 2008–2010, in Denmark, Germany and Ireland.
In Denmark the BC incidence rose by 17% in 2008 from 277.9 per
100,000 women in 2007, to 324.6 per 100,000 women, and again by
31% in 2009 (425.4 per 100,000 women). In Germany, relative to the
2007 ﬁgure (266.7 per 100,000 women), in 2008 the BC incidence
had increased by 12% in 2008 (297.5 per 100,000 women) and by
11% in 2009 (296.3 per 100,000 women). In Ireland an increase of
13% was observed in 2008 as compared with 2007 (311.8 versus
276.5 per 100,000 women).
During the follow-up period, the BC incidence slightly decreased
in Belgium, Norway, Sweden and Switzerland; it moderately
increased in the UK, Finland and the Netherlands; and it remained
stable in Austria.
Fig. 3A shows the changes in the estimated MHT use in women
aged 45–69 for the 11 European countries from 2003 to 2013: MHT
sales decreased in all of these countries, the drop varying between
42.1% and 76%. Finland, Sweden and Belgium had the highest use
of MHT in 2003 (22.9%, 22.3% and 18.8%, respectively). This use
decreased to 13.2%, 5.3% and 9.7% in the year 2013. The Netherlands
had the lowest MHT use for the whole period: MHT use decreased
from 4.4% in 2003 to 1.3% in 2013.
Fig. 3B–D shows, respectively, the changes from 2003 to 2013 in
the estimated use of estrogens-only or estrogens prescribed with a
separate progestin, of estrogens combined with a progestin and of
tibolone. The sale of estrogens only or prescribed with a separate
progestin decreased in all of the countries, the drop ranging from
32.9% to 74.4%; the sale of estrogens combined with a progestin
also decreased in all of the countries, by 44.8% to 78.4%. Similarly,

2.2. Breast cancer data
We initially sought information for 40 European countries
(Fig. 1). Countries with no national cancer registry were excluded
from the study (n = 15) and we contacted 25 national cancer registries to obtain BC incidence data. Usable replies were obtained
from 20 European countries: Austria, Belgium, Bulgaria, Cyprus,
Czech Republic, Denmark, Estonia, Finland, Germany, Iceland,
Ireland, Malta, the Netherlands, Norway, Poland, Slovakia, Slovenia, Sweden, Switzerland and the United Kingdom (UK) (England,
Wales, Scotland and Northern Ireland). A further nine countries
were excluded because of a lack of data on MHT (see below). For the
11 remaining countries, BC data were available from 2000 to 2011
for Austria, Ireland and Switzerland, from 2004 to 2012 for Belgium,
from 2000 to 2012 for Denmark, Norway, the Netherlands, Sweden,
the UK and Finland, and from 2003 to 2011 for Germany [20–30].
The BC incidence for the UK was calculated from the BC incidence
in England, Wales, Northern Ireland and Scotland by applying a
weighting factor based on the size of the population of women aged
45–69 years: 83% England, 5% Wales, 3% Northern Ireland and 9%
Scotland [31].
2.3. Menopause hormone therapy data
MHT sales data were extracted from IMS Health sales databases
for 17 European countries for the years 2003–2013. The MHT sales
data were presented in terms of ‘standard dose’ units sold: the number of units sold divided by the standard unit factor, which is the
smallest common dose of a product form as deﬁned by IMS Health.
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Fig. 1. European countries inclusion.

tibolone sales decreased in all of the countries, by 41.9% to 77.6%.
Tibolone use nowhere exceeded 2.4% in 2003 and 1.4% in 2013.
Fig. 4A shows the evaluation of the relation between BC incidence and MHT sales in the past year for the 11 European countries,
excluding the outlying values for BC from Denmark, Ireland and
Germany for the years 2008–2010. A proﬁle line is drawn for each
country. As MHT decreased in all of the countries, the left side of
the line is always the most distant year and the right side the most
recent. If the line is nearly horizontal, this means that the BC incidence rates were relatively stable over time (e.g., Austria). If the
proﬁle line rises, BC increased over time (e.g., Finland). If the proﬁle line goes down, BC decreased over time (e.g., Belgium). If there is
indeed a positive correlation between BC incidence and MHT use in

a country, this should be shown by a decreasing proﬁle line, as MHT
sales decreased in all of the countries over the period in question.
We found no statistical evidence of an association between BC
incidence and MHT sales in the past year (p-value 0.60).
Fig. 4B–D is derived in the same way as Fig. 4A, but these consider the speciﬁc classes of MHT separately. Again, they show the
correlation between BC incidence and MHT sales in the past year
for the 11 European countries, excluding the outlying values for
BC from Denmark, Ireland and Germany for the years 2008–2010,
for estrogens only or prescribed with a separate progestin (4B), for
estrogens combined with a progestin (4C) and for tibolone (4D).
No statistical evidence was found of an association between BC
incidence and the past-year use of estrogens only or the use of
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Fig. 2. Evolution of breast cancer (BC) incidence in women aged 45–69 between 2000 and 2012 in 11 European countries (standardized using the World Standard Population)
extrapolated from their cancer registries.

estrogens prescribed with a separate progestin, or between BC incidence and the past-year use of estrogens combined with a progestin
(p-values were respectively 0.19 and 0.81).
The decrease in tibolone sales was associated with a decrease in
BC incidence (p-value 0.03). The same analyses were performed
while including the outlying values and the same results were
found (data not shown).
We also looked for an association between BC incidence and
MHT use in the past 2 or 3 years and found no signiﬁcant results,
including for tibolone (data not shown).
4. Discussion
In this study, which analyses data from 11 European countries,
we found no evidence of a relation between changes in the incidence of BC and changes in the volume of MHT sales except in the
case of tibolone. This contradicts reports from other authors [2–10].
The drop in MHT sales was persistent, in all of the countries,
for the full follow-up period. This was not the case for BC incidence in Germany, Denmark and Ireland, where the incidence
sharply increased in 2008–2010, or in the UK, Finland and the
Netherlands, where the incidence progressively increased from
2000 to 2012. In Denmark, this increase was attributed, by the Cancer Registry, to the introduction of a new law inviting all women
aged 50–70 to participate in the national breast cancer screening program, whereas previously screening programs were offered
only to about 20% of the female population [17, oral communication
from the Cancer Registry]. In Germany, the increased BC incidence
was also attributed to the implementation of BC screening: in that

country, a national mammography screening program started in
2005, but most federal states started in 2007 or 2008. In Ireland,
there were important variations in the reported BC incidence, and
the implementation of BC screening was still ongoing [17].
The observed decrease in tibolone sales was signiﬁcantly associated with a decrease in BC incidence in the ﬁrst year but not with
the BC incidence 2 or 3 years later. These results are not consistent with the observations of the LIFT trial, an osteoporosis trial in
elderly women using low-dose tibolone versus placebo, where a
lower risk of BC was observed in tibolone users than in placebo
users [33]. Moreover, tibolone use represents a very small proportion of MHT. Nevertheless, in the Million Women Study, in a
recent Norwegian study and in the LIBERATE trial, BC risk and BC
recurrence were higher among tibolone users [34–36].
There are several strengths in our study but also limitations.
MHT sales data were uniformly estimated for 11 European countries and BC incidence data were provided only by national cancer
registries. Furthermore, the follow-up period varies from one country to another. In many published articles, BC incidence and MHT
prevalence were taken from various sources (national and private
health insurance data, cancer registries data, national statistics,
earlier publications, pharmacy corporations, national prescription
registries and sales data) and approximations were often inevitable
when analyzing them [15].
We do not have the standard errors of BC incidence rates from
several of the countries. However, the association between BC incidence and the rate of MHT use in the past year was adjusted for
the number of women per country in the age group 45–69 years, in
order to correct for the differences in population size.
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Fig. 3. (A) Evolution of menopause hormone therapy (MHT) use in women aged 45–69 between 2003 and 2013 in 11 European countries. (B) Evolution of use of estrogens
only or prescribed with a separate progestin in women aged 45–69 between 2003 and 2013 in 11 European countries. (C) Evolution of use of estrogens combined with a
progestin in women aged 45–69 between 2003 and 2013 in 11 European countries. (D) Evolution of use of tibolone in women aged 45–69 between 2003 and 2013 in 11
European countries.

In some countries, other types of methodologies were used. For
instance, in Germany, BC incidence and MHT sales data were provided for each federal state [7]. Consequently, a large number of
points were analyzed in a simple regression, resulting in a signiﬁcant relationship [7].
Similarly to most recently published studies in various countries, the present study is also an ecological study, with several
limitations: these studies use aggregate data to explore correlations and time trends, but individual data are not available and so
no inferences can be made about cause and effect [37].
The reported incidence of BC is clearly inﬂuenced by BC screening programs [16]. The introduction of a screening program leads to
an initial increase, during the ﬁrst few years only, of the number of
cancer cases. This period is followed by a period of decreased cancer
incidence, before the ﬁgures stabilize [38,39]. One may hypothesize that the increase in BC incidence in Germany and Denmark in

2008 and 2009 may, at least partially, be attributed to the implementation of screening in these countries. The European Union
recommends screening women aged 50–69 for BC [17]. In 2007,
5 of the 11 European countries studied had completed the rollout (Belgium, Finland, the Netherlands, Sweden and the United
Kingdom). In 3 of the 11 countries the rollout was still ongoing
(Denmark, Germany and Ireland). In Austria, a national screening program was still only at the planning stage. Therefore, in
Denmark, Germany and Ireland, the impact of a MHT decrease may
be underestimated. In Belgium, Finland, the Netherlands, Sweden
and the UK, screening implementation was completed in 2007. In
Norway, this occurred in 2006. However, the inﬂuence of BC screening should not be excluded since complete implementation does
not mean that the coverage is optimal [40].
As discussed in a previous paper [15], confounding factors such
as reproductive factors and environmental factors (i.e., obesity,
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Fig. 4. (A) Proﬁle lines are presented for 11 European countries. Each line represents the relation for one country, between breast cancer incidence and menopause hormone
therapy (MHT) use, in the past year, in women aged 45–69. Outlying values were excluded for some years and countries (for Denmark in 2008–2010, Ireland in 2008 and
Germany in 2008–2009). A relation between BC incidence and MHT in a country would be represented by a decreasing proﬁle line, as the MHT values have decreased in
all countries. We found no statistical evidence for an association between BC incidence and MHT sales data in the previous year (p-value 0.60). p = 0.60. (B) Breast cancer
incidence versus estrogens only or prescribed with a separate progestin use in women aged 45–69 in the past year in 11 European countries. Outlying values were excluded
for some years and countries (for Denmark in 2008–2010, Ireland in 2008 and Germany in 2008–2009). p = 0.19. (C) Breast cancer incidence versus oestrogens combined with
a progestin use in women aged 45–69 in the past year in 11 European countries. Outlying values were excluded for some years and countries (for Denmark in 2008–2010,
Ireland in 2008 and Germany in 2008–2009). p = 0.81. (D) Breast cancer incidence versus Tibolone use in women aged 45–69 in the past year in 11 European countries.
Outlying values were excluded for some years and countries (for Denmark in 2008–2010, Ireland in 2008 and Germany in 2008–2009). p = 0.03.

alcohol intake, smoking status, physical activity, medication use)
may have a more profound impact in some countries than in others and may change with time [38]. Furthermore, BC incidence
varies considerably between countries (for instance from about
60/100,000 in Romania and Greece to more than 140/100,000 in
Belgium, in 2008) (Eurostat report, http://info.cancerresearchuk.
org/cancerstats/types/breast/incidence/) [41]. These reported incidences are perhaps inﬂuenced by ethnic variability and genetic
predisposition. Recent studies have found interactions between
genetic predisposition and MHT use [42]. Certain other potential biases such as variable prescription habits have not been
studied [43,44]. MHT use and the type of MHT regimens varied
greatly between countries even before the WHI [45]. Following the
WHI reports, physicians became more likely to prescribe bisphosphonates and raloxifene (which may actually reduce BC risk) for
osteoporosis, statins for the prevention of cardiovascular conditions (which may also reduce BC risk) [46] and so-called “safer MHT
regimens” [47]. Unfortunately, we could not analyze the impact
of the different types of progestogens because these data were
unavailable.
The reported BC incidence also depends on the quality of the
reporting of cases in cancer registries, which again may also vary
between countries and over time.
The differences observed between our results and those of other
studies may also be explained by the variability in the length of
follow-up. Most publications have covered a study period of more
than 10 years, but stopped soon after the publication of the results
of the WHI trial (they stopped in 2005–2006) [3,7,8,48,49]. In our
study, we demonstrated that BC incidence tended to stabilize or
increase after 2005, in most countries, while MHT sales decreased
even further.
It is still difﬁcult to evaluate the exact impact of the drop in
MHT use on BC incidence. Reductions in the incidence (and mortality rates) of other diseases have also been described during
the past decades, notably for cardiovascular disease, stroke and

osteoporosis [50,51]. These authors have tried to associate the
decreases in incidence rates to improved care, the use of new
medication or a reduction in the prevalence of some risk factors.
However, this remains to be proven. Indeed, there are data suggesting that the relation between a risk factor (for example obesity) and
a disease (cardiovascular disease) may not remain stable over time
[52]. In the Million Women Study, past users of MHT had the same
risk of BC than never-users [34]. In the post-intervention phase of
the WHI RCT, BC incidence decreased with time [53]. But in the
E3N cohort, in long-term users and depending on the type of progestogen used, an increased BC risk persisted some years after the
cessation of MHT use [54].
5. Conclusions
Contrary to others, in our 11-country European study, we found
no evidence of a relation between BC incidence and MHT sales,
except for tibolone use in the year before BC incidence. It may, however, not be possible to apply these conclusions to other European
countries.
Ecological studies are hampered by a number of limitations and
biases, and can therefore seldom be used to establish causal relations. The relation between MHT and BC remains complex, although
numerous data suggest an increased risk of BC or BC recurrence in
women using MHT [1,12–14,34,35]. The role of confounding factors
such as the type of MHT regimen and possible genetic predispositions needs to be clariﬁed [1,12–14,33,34,42]. Observations may
also be inﬂuenced by the implementation of BC screening. Furthermore, the relation between BC and MHT may vary over time and a
long follow up is needed to analyze it. A longer observation period
did not conﬁrm the results of previous shorter follow-up studies.
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