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creasing HT prescription suggests a causal relationship be-
tween the risk of breast cancer and HT in Germany. Even af-
ter the ‘big HT drop’ in Germany, significant differences in HT 
prescription as well as breast cancer incidence persist at the 
federal state level. These results should be discussed in a 
public health context.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Menopausal hormone therapy (HT) is a proven risk 
factor for the development of female breast cancer. The 
‘Women’s Health Initiative’ (WHI), a large randomized 
controlled trial, showed a significant effect of hormone 
therapy (estrogen plus progestin) on breast cancer inci-
dence (relative risk, 1.26)  [1] . The ‘Million Women Study’ 
(MWS), a cohort study with one million female partici-
pants, came to comparable results: risk for breast cancer 
was increased by 66% for current users of HT (estrogen 
plus progestin)  [2] . Recently, a large population-based 
German case-control study revealed a significant in-
crease (1.73-fold) in the risk of breast cancer for current 
users of estrogen plus progestin HT  [3] . These results 
emerged in 2003 concomitant with a sharp decline in HT 
prescription in many countries worldwide  [4–8] .
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 Abstract 

  Objective:  Menopausal hormone therapy (HT) is a proven 
risk factor for breast cancer. Recent reports presented de-
clining trends in breast cancer incidence, which were attrib-
uted to parallel declining trends in HT. Therefore, we ana-
lyzed recent data on hormone therapy and breast cancer 
incidence in Germany.  Methods:  We performed a popula-
tion-based survey using breast cancer incidence (from can-
cer registries) and hormone prescription data (from health 
insurances) for the time period from 1997 to 2006. Age-stan-
dardized rates were calculated and joinpoint regression 
analyses for trends were performed.  Results:  Prescription of 
HT started to decline in 1999; about 2 years later, a parallel 
decline in breast cancer incidence was observed. HT pre-
scription decreased by 69% up to 2006, and breast cancer 
incidence by 6.8% for all age groups (2002–2005) and 12.8% 
in the age group from 50 to 69 years. The reductions in HT 
prescription and breast cancer incidence were markedly cor-
related across the federal states in Germany.  Conclusion:  
The recent decline in breast cancer incidence following de-
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  In 2006, Clarke et al.  [4]  firstly reported a 10% decline 
in breast cancer incidence between 2001 and 2003. Short-
ly thereafter, Ravdin et al.  [5]  noted a sharp drop in breast 
cancer incidence from 2002 to 2003 in the United States 
(6.7%), with the most pronounced decrease (11.8%) oc-
curring in women from 50 to 69 years of age. Subsequent-
ly, further publications from other countries confirmed 
the decline in breast cancer incidence  [6, 9, 10] , but con-
troversy persists  [8, 11–19] .

  In Germany, a strong decline in HT was observed, with 
HT prescription almost halving in the age group from 50 
to 69 years  [6, 7] . The decline in HT was associated with 
the WHI and MWS reports, the restriction of HT indica-
tion in the year 2003 by health authorities and the addition 
of HT drug information on the potential risk of HT to 
cause breast cancer. While the national estimate for Ger-
many still assumes an increase in breast cancer incidence 
until 2004  [20] , two German cancer registries reported a 
decline in breast cancer incidence for 2003–2005  [6, 21] .

  The aim of our collaborating study of German cancer 
registries was to collect and analyze recent and reliable 
data on HT and breast cancer incidence for individual 
federal states as well as entire Germany.

  Patients and Methods 

 The study was planned as a register-based survey using data 
from different data sources such as health insurance data (drug 
prescription data), cancer registries (breast cancer incidence) and 
the Federal Statistic Office (population data). They provided ag-
gregated data (cases by 5-year age groups and year) from 1997 to 
2005. The 16 federal states of Germany were studied both in total 
and separately for each federal state.

  The present analysis is based on the prescription data of all 
finished drugs covered by the German Statutory Health Insur-
ance and was provided by the AOK Research Institute. Hormone 
prescriptions are defined according to the classification of the 
Anatomical Therapeutic Chemical Classification System  [22]  as 
G03CA (estrogen), G03CX (tibolone) and G03FA/B (estrogen plus 
progestin), and were measured in defined daily doses (DDD; as-
sumed average maintenance dose per day for a drug used for its 
main indication). Prescription data for Germany are accessible 
from 1997 to 2006, aggregated in 5-year age groups. At the fed-
eral state level, the total numbers of HT prescribed per year were 
available for the time period from 2001 to 2006. Therefore, age-
specific analyses for HT were not possible at the state level and 
crude rates were used.

  Breast cancer was defined according to the ICD-10 classifica-
tion as C50 (invasive breast cancer) and restricted to women. In-
cidence data were collected from the German Federal State Popu-
lation-Based Cancer Registries ( table 1 ; see Acknowledgement for 
a list of participating cancer registries). Not all cancer registries 

Table 1. Incidence of breast cancer in Germany (pooled data based on cancer registries of the federal states)

Federal state Female 
population 
millions

Available
data

German incidence pool (1997–2005)

population 
included

breast cancer cases
included

Baden-Wuerttemberg 5.6 – – –
Bavaria 6.4 1998–2005 noa –
Brandenburg 1.3 1998–2006 yes 13,500
Berlin 1.7 1996–2006 nob –
Bremen 0.4 1999–2006 yes 3,800
Hamburg 0.9 1996–2006 yes 11,200
Hesse 3.1 – – –
Lower Saxony 4.1 2000–2006 partlyc 10,000
North Rhine-Westphalia 9.3 1996–2006 partlyd 15,400
Mecklenburg-West Pomerania 0.9 1996–2006 yes 9,200
Rhineland-Palatinate 2.1 1998–2005 yes 20,300
Saarland 0.5 1996–2006 yes 7,300
Saxony 2.2 1996–2006 yes 25,000
Saxony-Anhalt 1.3 1996–2006 yes 13,000
Schleswig-Holstein 1.4 1998–2006 yes 21,300
Thuringia 1.2 1996–2006 yes 13,100

Total 42.0 14.8 millions (35%) 163,100

a Low completeness in 1998–2002. b Completeness <90%. c District of Weser-Ems (female population: 1.3 million). d District of 
Muenster (female population: 1.3 million).
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could provide data for the whole study period; for two states 
(Baden-Wuerttemberg and Hesse), data were not available due to 
ongoing installation of these registries. Incidence data were 
pooled to the ‘German incidence pool’, but Bavaria and Berlin had 
to be excluded because of incomplete data (registration  ! 90% of 
the expected cases) for the whole study period ( table 1 ).

  European age-standardized rates (EASR) were calculated. In-
cidence is given as rate per 100,000 women, and HT utilization as 
rate per woman. For the federal states, only crude rates could be 
calculated for HT prescription data. Trends were assessed by Join-
point analysis and annual percentage change (APC)  [23]  using the 
Joinpoint Regression Program of the National Cancer Institute, 
Statistical Research and Applications Branch (version 3.3.1., April 
2008). Where appropriate, 95% confidence intervals were calcu-
lated. Associations between HT and breast cancer incidence were 
assessed using Pearson’s correlation coefficients.

  Results 

 Data on hormone therapy were available for Germany 
(1997–2006) and for all its 16 federal states (2001–2006), 
representing a total of 7.7 billion DDD. About 80% of 
these doses were prescribed among the age group from 50 
to 69 years. Twelve federal states contributed to the Ger-
man breast cancer incidence pool, representing 35% of 

the female German population with 163,100 breast can-
cer cases ( table 1 ).

  HT prescription started to decline in 1999 for estrogen 
plus progestin as well as for estrogen preparations; 2 years 
later, a parallel decline in breast cancer incidence was ob-
served for the German incidence pool ( fig. 1 ). Within 6 
years (2001–2006), the decline in HT amounted to 59% 
(22.1 vs. 9.1 DDD per woman), and breast cancer inci-
dence was 6.8% lower in 2005 than in 2002 (103 vs. 96 
cases per 100,000 women) for all age groups and 12.8% 
lower (264 vs. 232 cases per 100,000 women) in the age 
group from 50 to 69 years. Age-specific trends in HT 
(hormones in total) and breast cancer incidence are 
shown in  figure 2 . HT rates were highest in the age groups 
from 50 to 59 and 60 to 69 years, with a steep decrease 
(–20% APC) starting in 2001. While breast cancer inci-
dence in the younger or older age groups showed no de-
cline over the whole study period, a sharp fall with an 
APC of –6.6% (from 50- to 59-year-old women) and
–2.9% (from 60- to 69-year-old women) was noted for the 
time period from 2002 to 2005.

  In 2001, HT rates in the German federal states ranged 
from 17.6 to 36.1 DDD per woman (Germany: 22.2 DDD 
per woman;  table 2 ). Until 2006, declines were rather 
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  Fig. 1.  Trends in hormone therapy ( a ) and breast cancer incidence ( b ) in Germany.  
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  Fig. 2.  Age-specific trends in hormone therapy (total;  a ) and in breast cancer incidence ( b ) in Germany. Ob-
served HT/breast cancer incidence rates (symbols), regression lines fitted by Joinpoint analyses and APC (num-
bers) with 95% confidence intervals (in brackets) are shown for the various age groups.  

Table 2. Hormone therapy (total DDD rates per woman) and age-standardized breast cancer incidence (EASR/100,000) in Germany

Federal state Hormone therapy (total) Breast cancer incidence

all ages all ages age group 50–69 years

2001 2006 APC, % 95% CI 2002 2005 APC, % 95% CI 2002 2005 APC, % 95% CI

Brandenburg (1) 18.8 6.8 –20.6 –26.4; –14.3 92 87  –1.5 –4.5; 1.7 231 198 –3.9 –12.8; 5.8
Bremen (2) 36.1 12.3 –22.0 –29.3; –14.0 144 107 –10.1 –19.1; –0.1 417 279 –13.6 –24.8; –0.6
Hamburg (3) 34.1 12.4 –20.4 –26.3; –14.2 122 102 –5.8 –10.7; –0.6 341 262 –8.4 –15.2; –1.0
Mecklenburg-West 

Pomerania (4) 19.0 7.7 –18.6 –25.1; –11.6 88 89 0.4 –1.9; 2.8 217 211 –0.3 –7.9; 7.8
Lower Saxony-Weser-

Ems (5) 28.3 11.7 –18.4 –24.6; –11.8 111 112 0.2 –2.2; 2.5 302 291 –1.6 –4.9; 1.7
North Rhine-Westphalia-

Muenster (6) 28.7 12.2 –17.4 –22.4; –12.1 118 95 –7.0 –15.3; 2.2 297 233 –8.9 –21.4; 5.6
Rhineland-Palatinate (7) 26.6 11.7 –16.9 –21.1; –12.4 100 96 –1.7 –3.8; 0.3 268 233 –4.8 –8.3; –1.2
Saarland (8) 29.2 13.1 –16.9 –22.7; –10.6 111 102 –3.2 –9.0; 3.1 274 251 –3.9 –18.8; 13.7
Saxony (9) 17.6 6.8 –19.6 –25.2; –13.6 85 84 –1.0 –3.8; 1.9 208 198 –3.4 –11.6; 5.6
Saxony-Anhalt (10) 18.3 7.0 –19.6 –25.4; –13.4 84 81 –0.3 –3.4; 2.9 208 188 –1.6 –3.2; 0.1
Schleswig-Holstein (11) 29.6 11.3 –19.4 –24.9; –13.5 143 129 –3.5 –3.7; –3.4 374 320 –5.7 –11.2; 0.2
Thuringia (12) 20.8 7.9 –19.9 –25.0; –14.4 86 86 0.1 –5.0; 5.5 207 198 –0.7 –8.8; 8.1

Germany 22.2 9.1 –18.9 –23.6; –13.6 103 96 –2.5 –6.8; 2.0 264 232 –4.7 –8.7; –0.4

CI = Confidence interval.
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similar in all states (APC range: from –16.9% to –22.0%, 
Germany: –18.9%), but differences between the states 
persisted. Breast cancer incidence in 2002 varied between 
the federal states with age-standardized rates from 84 to 
144 per 100,000 women and from 207 to 417 per 100,000 
women in the age group from 50 to 69 years ( table 2 ). The 
federal states with the highest hormone prescription rates 
in 2001 also had the highest incidence rates in 2002 ( ta-
ble 2 ,  fig. 3 a). Correlation coefficients (HT rate 2001 by 
incidence rate 2002) were 0.83 (p  !  0.01) and 0.92 (p  !  
0.01) in the age group from 50 to 69 years, respectively. 
For the German incidence pool, an annual decline in 
breast cancer incidence from 2002 to 2005 by –2.5% for 
all ages and by –4.7% for the age group from 50 to 69 years 
was observed. The absolute decline in breast cancer inci-
dence was largest in the states with the highest absolute 
difference in HT rates with a correlation of 0.87 (p  !  0.01; 
 fig. 3 b).

  Discussion 

 Our study shows a sharp decline in HT prescription 
for Germany beginning in 1999. Within 7 years, HT pre-
scription was more than halved from 25.2 DDD per wom-

an in 1999 to 9.1 DDD per woman in 2006 (69% relative 
reduction). This result is consistent with recently pub-
lished national and international data, where HT reduc-
tions up to 70% are reported  [4, 5, 7–9, 24] . The decline 
for estrogen plus progestin combinations was greater 
than for estrogen-only products (68 vs. 58%), which is 
comparable to the corresponding 68 and 36% relative re-
duction reported by Clarke et al.  [4]  and to the findings 
of Kerlikowske et al.  [9]  (corresponding APC –34% and 
–7%). The observed HT trends were comparable for dif-
ferent age groups (APC range: from –14 to –20%) and for 
the German federal states (APC range: from –17 to –22%), 
the latter being somewhat surprising, because the federal 
states started from very different HT levels, ranging from 
a crude rate of 17.6–36.1 DDD per woman in the year 
2001. An interesting geographical pattern was found, 
with lowest HT prescription rates in the East German 
states ( table 2 ; states 1, 4, 9, 10 and 12, representing the 
former German Democratic Republic) and highest rates 
in the North German states ( table 2 ; states 2, 3 and 11). It 
was assumed that states with high HT rates in the pre-
WHI era (before 2003) would show a more pronounced 
fall in HT than states already showing a low HT rate, but 
this could not be confirmed, and as a result HT rates still 
differed by a factor of 2 across the federal states in the year 
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2006. But even if the relative reduction in HT was almost 
equal in the single states, it has to be taken into account 
that the absolute reduction in HT was largest in the states 
with highest HT levels in the pre-WHI era. For example 
an absolute reduction of 23.8 DDD per woman (2001–
2006) was observed in Bremen (relative reduction 22.0%) 
compared to a reduction of only 10.8 DDD per woman in 
Saxonia (relative reduction 19.6%;  table 2 ). This has to be 
considered for the further assessment of breast cancer in-
cidence trends in the different federal states. The absolute 
HT reduction correlates with the population-based HT 
exposure and this might play an important role for the 
trends in breast cancer incidence in the federal states.

  Also, breast cancer incidence in Germany varies dis-
tinctly between the federal states in the pre-WHI era and 
shows an almost identical geographical pattern for HT 
prescription. The East German states have significantly 
lower breast cancer incidence rates (EASR 2002: 84–
92/100,000) compared to the region of West Germany 
(EASR 2002: 100–144/100,000), whereas the North Ger-
man states show the highest breast cancer incidence 
(EASR 2002: 122–144/100,000). In 2002, breast cancer in-
cidence started to decline in Germany. From 2002 to 
2005, the age-standardized breast cancer incidence rate 
decreased by about 6.8%, whereas the age group from 50 
to 69 years showed a significantly larger decline (12.8%). 
As mentioned in the Introduction, comparable declines 
in breast cancer incidence were seen worldwide. Clark et 
al.  [4]  noted a 11% decline in breast cancer incidence from 
2001 to 2003 in a US health insurance population, and 
Ravdin et al.  [5]  reported a 11.8% decline in the age group 
from 50 to 69 years for the US SEER (Surveillance, Epi-
demiology, and End Results) Program Registries from 
2001 to 2004. In a study by Kerlikowske et al.  [9]  based on 
 1 600,000 mammography screening examinations, inci-
dence declined by 5% per year (from 2001 to 2003). Breast 
cancer incidence ( 1 40 years) decreased by 4.4% per year 
in San Francisco Bay in 2001–2004, as reported by Keegan 
et al.  [24] , being almost similar to Germany (APC 4.7% 
in the age group from 50 to 69 years). Taking a closer look 
at the 10-year age groups, the largest decrease in inci-
dence was noted in women aged 50–59 years (–17.6% 
from 2002 to 2005). Jemal et al.  [25]  found the highest 
percentage decreases in women aged 55–64 years (10.6–
14.3%) from 2002 to 2003 in the SEER Cancer Registry.

  The geographical patterns in HT prescription and 
breast cancer incidence are almost the same in Germany. 
Furthermore, parallel trends for HT and breast cancer 
incidence are evident, with a delay of  � 2 years. Assessing 
the association of HT prescription and incidence rates 

reveals a high correlation. In the federal states, the cor-
relation between HT rate (2001) and breast cancer inci-
dence (2002) is high ( fig. 3 a; r = 0.92, p  !  0.01). Federal 
states with the largest HT drop showed the largest decline 
in breast cancer incidence. Reduced HT exposure is high-
ly correlated with the absolute reduction in incidence 
( fig. 3 b; r = 0.87, p  !  0.01). These results support the as-
sumption of a causal relationship between HT prescrip-
tion and the risk of breast cancer, being the subject of 
discussion in several published reports  [4–6, 9, 21, 26] .

  A causal relationship between declining HT prescrip-
tion and decreasing breast cancer incidence can be dis-
cussed only after taking other factors into account that 
could have possibly also caused a fall in breast cancer in-
cidence. Potential explanations for a lower breast cancer 
incidence could be a reduction in mammography screen-
ing, the end of a screening prevalence round or even de-
clining completeness in cancer registration. These points 
were intensively discussed regarding the observed de-
cline in international breast cancer incidence data  [5, 19, 
26, 27] . However, none of these factors could plausibly 
explain the observed decline in breast cancer incidence. 
This might also be valid for our study in German women. 
Systematic mammography screening was started in two 
of our study regions (Bremen and Lower Saxony-Weser 
Ems) in 2003; in the other regions, screening commenced 
in 2005 and has not been finished yet. In fact, in Germa-
ny, mammography screening should rather lead to an in-
crease than to a decrease in incidence (especially in the 
50- to 69-year age group). The national incidence esti-
mates for Germany show a continuous rise in complete-
ness in cancer registration for the German states  [20] . 
Ongoing improved cancer registration and rising breast 
cancer incidence in women  ! 50 and  1 70 years ( fig. 2 b) 
render incomplete cancer registration as a cause of a de-
cline in breast cancer incidence in Germany rather im-
probable.

  Due to the design of our study (observational register-
based study), the study does not have the power to prove 
a causal relationship between HT and breast cancer inci-
dence, but the results represent another piece of the puz-
zle as Berry and Ravdin  [27]  mention in their editorial ‘in 
observational studies causation could be interfered but 
not directly proven’. However, after discussing possible 
confounders, they also concluded that HT would be the 
only known factor to explain the recent drop in breast 
cancer incidence, in agreement with our results, since HT 
is still the only factor known to cause a drop in breast 
cancer incidence in Germany.
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  Assuming a causal relationship between HT and breast 
cancer – and this assumption was proven by WHI and 
MWS trials – the observed drop in breast cancer inci-
dence had to be expected following the reduction in the 
causal agent (HT)  [18] . An interesting aspect of our re-
sults is the fact that the regional HT and incidence pat-
terns in the era before the HT decline showed a high cor-
relation. It can be assumed that these differences in inci-
dence are also caused by differences in HT prescription 
in the last decades. This hypothesis is also pushed for-
ward by Krieger  [26]  in her latest review on HT and breast 
cancer. Interestingly, the regional differences in HT pre-
scription as well as in breast cancer incidence seem to 
persist. This point should be borne in mind during future 
public health discussions in Germany. Persisting HT dif-
ferences might lead to continuing differences in breast 
cancer incidence.

  Limitations and Strengths of Our Study 
 We have already discussed that  proof of a causal rela-

tionship between HT and the risk of breast cancer is not 
possible using our study design. We also cannot rule out 
that screening effects (opportunistic screening might 
also be present in Germany) could play a role, but the di-
rection of this possible source of bias is open. On the oth-
er hand, our analyses of breast cancer incidence are based 
on a huge population (15 million women) studied over a 
10-year period, and we investigated most reliable HT data 
for Germany based on the statutory health insurance 
data.

  Conclusion 

 Our analyses strengthen the results of previous inter-
national studies and confirm a possible association be-
tween breast cancer incidence and HT in Germany. Over-
all a causal relationship between the risk of breast cancer 
and HT seems to be very likely. Even after the ‘big HT 
drop’ in Germany, the relevant differences in HT pre-
scription as well as in breast cancer incidence persist be-
tween the federal states. These results should be discussed 
in a public health context.
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