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Abstract 

Mammography screening participation may be influenced by the awareness of an increase in 

breast cancer risk due to hormone replacement therapy (HRT), which received particular 

attention upon publication of the Women’s Health Initiative (WHI) trial results in 2002. Our 

aim was to synthesize evidence on a potential self-selection for mammography screening 

according to HRT use. We systematically searched the literature (MEDLINE, EMBASE, 

CINAHL) for studies reporting on the association between HRT use and mammography 

screening participation. Data were extracted independently by two reviewers.  

Overall, 2018 studies were identified. Of these, 32 studies from nine countries, predominantly 

from North America (50%) and Europe (28%), were included. In studies from all countries 

and 94% of all studies, higher mammography screening uptake among HRT users compared 

to non-users was reported. In all 21 studies reporting an odds ratio, the association was 

positive, and in about 70% of these studies, this association was ≥2. This also held true for 

studies exclusively using data collected before publication of the WHI findings in 2002 (63% 

of all studies). The association was not restricted to certain types of screening (organized vs. 

opportunistic) or certain types of HRT (combined vs. estrogen-only). 

We found a consistent and relevant association between mammography screening uptake 

and HRT use. This is of considerable relevance for the design and interpretation of studies 

investigating risk factors or evaluating preventive measures for breast cancer.  

 

Keywords: Hormone replacement therapy; breast cancer screening; mammography 

screening; self-selection; screening participation 
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Introduction  

Combined estrogen-progesterone hormone replacement therapy (HRT) was classified as 

carcinogenic to humans by the World Health Organization (WHO) in 2007 [1] after 

observational studies and the Women’s Health Initiative (WHI) trial had reported an up to 

twofold increased risk of breast cancer in users of combined HRT [2-4]. For estrogen-only 

HRT, no increase in breast cancer risk was reported in the second trial arm of the WHI [5], 

while some observational studies suggested a time-dependent risk [6, 7], and even a 

protective effect has been reported [8]. The findings of the WHI trial published in 2002 

received considerable attention from the media [9, 10] and thus had a significant impact on 

the perception of the risks related to HRT in the medical community and the general public. 

In Europe, the prevalence of both combined and estrogen-only HRT has decreased in many 

countries and was estimated at 5–10% in 2010 [11]. Recent data on the prevalence of HRT 

use are sparse. 

Among women who are still prescribed HRT, the awareness of the increased breast cancer 

risk associated with this medication may have an impact on the decision to attend breast 

cancer screening—possibly reinforced  by their physicians’ counseling [12]. This can lead to 

a larger proportion of HRT users among screening participants compared to non-participants. 

Knowledge on this potential self-selection is relevant in many regards. First, observational 

studies evaluating the effect of mammography screening on breast cancer mortality could be 

biased if self-selection according to HRT use played a role but was not considered in the 

analyses. Second, when investigating the effect of HRT use on breast cancer risk, higher 

screening participation among HRT users could lead to overestimation of breast cancer risk 

because of overdiagnosis. This means that breast cancers that would never have caused 

any symptoms or problems are overrepresented among HRT users. This would bias the 

association of HRT on breast cancer [13, 14].  

However, evidence on a potential self-selection for mammography screening according to 

HRT use has not been synthesized so far. To fill this research gap, we aimed to 
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systematically review the literature for studies providing information on the association 

between HRT use and participation in mammography screening. 

 

 

2. Material and methods 

2.1. Search strategy 

To summarize evidence regarding the association between HRT use and participation in 

mammography screening, we systematically searched the MEDLINE, EMBASE, and 

CINAHL databases for relevant studies published by September 2018. A detailed description 

of our search strategy is provided in Appendix A. In brief, for the MEDLINE search we used 

the Medical Subject Heading (MeSH) terms mammography, mass screening, early detection 

of cancer, and hormone replacement therapy, as well as related keywords. For the searches 

in EMBASE and CINAHL, we translated MeSH terms to equivalent EMTREE and CINAHL 

subject headings. The search was complemented by cross-referencing. Authors of potentially 

relevant conference contributions were contacted and asked if a full publication was 

available. We only searched for articles published in German or English for reasons of 

language comprehension. No restrictions were placed on study design or type of 

mammography screening (organized vs. opportunistic). Studies focusing exclusively on 

breast cancer patients were excluded as they do not provide information on HRT use and 

screening participation in the general population. We only included studies reporting 

prevalences of HRT use among participants in mammography screening vs. non-participants 

or participation rates among HRT users vs. non-users or measures of associations regarding 

these two variables. The title and abstract of each retrieved study were screened for 

relevance. The full text was reviewed if the abstract indicated that the article provided 

information on the association between HRT use and participation in mammography 

screening. 
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2.2. Data extraction 

For each study, we extracted the following information in a standardized manner: author, 

year of publication, country of origin, characteristics of the study population (sample size of 

HRT-related analyses, age), time period of data collection, type of mammography screening 

(organized, i.e., a program with an invitation system vs. opportunistic, i.e., screening offered 

without invitation), assessment of HRT use (method of data collection, categorization of the 

information), assessment of screening participation (method of data collection, definition of 

participation) as well as the outcomes of interest for this review, i.e., the association between 

HRT use and screening participation or the prevalence of these factors in the respective 

groups. Regarding the definition of screening participation, “on-schedule” refers to 

participation according to the recommended screening interval in the respective program. In 

terms of the results, we extracted—as far as available—the unadjusted results because we 

were mainly interested in the association between HRT and screening participation rather 

than in the factors that may explain this association (i.e. we did not strive for a causal 

interpretation). Only in studies including women <50 years, we extracted the age-adjusted 

rather than the unadjusted results (as far as available). The data were extracted from each 

eligible study by two authors (MH and SS) and any discrepancies were resolved by 

consensus. We sorted the studies by country of origin and—within countries—by the earliest 

year of data collection. 

The systematic review was developed in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guideline [15]. The PRISMA checklist is 

provided in Appendix B.  

 

 

 

 



6 
 

3. Results 

The initial search identified 2018 records after removal of duplicates (Figure 1). Of those, 51 

studies were selected for full text review and 25 studies were included. Another seven 

relevant studies were identified by cross-referencing, yielding 32 studies in total for inclusion 

in this review [14, 16-46]. A list of studies excluded after full-text review with reasons for 

exclusion is available in Appendix C. 

Records included after 
cross-referencing (n=7) 

Records retrieved  
(n=2052) 

Records screened  
(n=2018) 

Records excluded  
(n=1967) 

Full-text articles 
assessed for eligibility  

(n=51) Not relevant (n=13) 
Not available in English or German (n=6) 

Conference contribution only (n=2) 
More up-to-date study using same data 

already included (n=1)  
Focus on breast cancer patients (n=2) 

No prevalences or association reported (n=2) 

Records included  
(n=25) 

Records included in 
review 
(n=32) 

MEDLINE 
(n=1153) 

EMBASE 
(n=798) 

CINAHL 
(n=101) 

Duplicates removed (n=34) 

Figure 1 PRISMA flow diagram of study selection 
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Half of the included studies (16/32) were conducted in North America (USA: 14, Canada: 2) 

[14, 16-30], and about one quarter (9/32) in Europe (UK: 3, Spain: 2, France: 2, Sweden: 2) 

[31-39]. Of the remaining seven studies, three were conducted in Australia, three in Brazil, 

and one in Taiwan [40-46]. Sample sizes ranged from 149 to 1,371,218 women, and the age 

of the study population ranged from 32 to 101 years. Fourteen of the 32 studies (44%) did 

not exclusively include postmenopausal women or women aged 50 years or older but also 

younger women [17, 19-21, 24, 27, 28, 32, 36, 38, 42, 43, 45, 46]. Four of these fourteen 

studies did not provide age-adjusted results [21, 32, 43, 45]. 63% of the studies (20/32), data 

were collected before 2002 only, i.e., before publication of the WHI trial findings [14, 16-25, 

29-34, 37, 38, 40]. In about half of the studies (17/32), screening was organized (i.e., using 

an invitation system) [17, 25, 26, 30-43]. In three quarters of the studies (24/32), information 

on HRT use was collected by self-report [14, 16-18, 20, 22, 24, 25, 27-30, 34-44, 46], and 

63% (20/32) of studies collected screening participation by self-report [14, 16, 18, 20, 22, 24, 

25, 27, 28, 30, 32, 34, 35, 37, 40-42, 44-46]. A more objective kind of information (medical or 

database records) on both HRT use and screening participation was available in 19% (6/32) 

of the studies [19, 21, 23, 26, 31, 33]. In the following summary of the results, statistical 

significance of an association (odds ratio or risk ratio) is only explicitly stated if the 

association was not significant. 

Table 1 shows studies from the USA and Canada. All but one of the studies conducted in the 

USA showed a positive association of HRT use with participation in mammography 

screening [14, 16-22, 24-28]. In seven of the ten studies reporting an odds ratio (OR) or 

relative risk (RR), the odds of participating in mammography screening were at least twice as 

high among HRT users compared to non-users. The only study from the USA using 

exclusively data from 2002 or later was the one that showed the strongest association [28]: 

The odds of recent participation in mammography screening were four times higher in 

current vs. never users of HRT. One of two studies from the USA conducted in the context of 

an organized screening program [17, 25] found 100% increased odds of screening 

participation among users of HRT [25]. In 67% of studies (6/9) from the USA, absolute 
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differences in the prevalence of mammography screening according to HRT use or in the 

prevalence of HRT use according to screening participation were ≥10 percentage points. 

The two studies from Canada only used data collected before 2002. One study conducted in 

an organized screening setting reported a 10% increased likelihood of participation among 

current HRT users [30], while the other study conducted in an opportunistic screening setting 

reported no difference in prevalence of HRT use between participants and non-participants 

[29]. 
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Table 1 Studies from North America providing information on the association between use of hormone replacement therapy (HRT) and mammography 
screening, ordered by years of data collection  

Author 
(Year),  
Country, 
[Referen
ce]  

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

USA 
       Joffe 

(2001), 
USAb 

[14] 

 

n=69,445 
Age: <55-65+ 
years 

1988-
1994 

Opportu-
nistic 

Self-report 
(questionnaire) 
 
 

Self-report (questionnaire) 
 
 

Prevalence of (re-) 
participation  

Current HRT use: 90.6% 

No current HRT use: 82.4% 

Categorization: 
Current vs. no current 
use 

Definition of participation: 
On-schedule screeningc 

Cook 
(2009), 
USAb 

[16] 

n=55,625 
Age: 40-69 
years (mean 
53.9 years)  

1988-
2000 

Opportu-
nistic 

Self-report 
(questionnaire) 
 

 
 
 

Self-report (questionnaire) 
 

Prevalence of ever 
HRT use (at baseline in 
1988) 
 

Participants: 58.3% 
Non-participants: 37.5% 
 

 
 

Categorization:  
a) Current vs. never 
use  
b) Past vs. never use 

Definition of participation:  
On-schedule screening Participation given HRT 

use 
Current estrogen + progesterone: 
OR 3.3 [3.2-3.5]  
Current estrogen only:  
OR 2.6 [2.5-2.8] 
Past estrogen + progesterone:  
OR 2.0 [1.9-2.2] 
Past estrogen only:  
OR 1.5 [1.4-1.6] 

 

 

 

 

a Numbers in brackets denote the 95% confidence interval. 

b Joffe (2001) and Cook (2009) use the same data source with a different research question and new results. 

c On-schedule screening was defined as at least one screening exam in the following year or following two years after both a mammogram and 

clinical breast examination. 
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Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Burman 
(1999), 
USAb 

[17] 

n=5,059 
Age: 40-70+ 
years 

1989-
1995 

Organized Self-report 
(questionnaire) 

Medical records On-schedule screening 
given HRT use 
 
 
 

OR 1.1 [1.0-1.3]c 
 
 
 

 

Categorization:  
Ever vs. never use 

Definition of participation: 
On-schedule screening 

Ruffin 
(2000), 
USA 
[19] 

n=2,228 
Age: 40-50+ 
years 

1993-
1994 

Opportu-
nistic 

Medical records Medical records 
 

Participation given 
current HRT use 

Screening in the last year: 
OR 1.9 [no confidence interval 
reported] c, d 
Screening in the last 2 years: 
OR 2.5 [no confidence interval 
reported] c, d 

Categorization: 
Current vs. no current 
use 

Definition of participation: 
Screening in the last year 
or the last 2 years 

a Numbers in brackets denote the 95% confidence interval.  

b Burman (1999) and Buist (2012) use the same data source with a different research question and new results. 

c Adjusted result. Burman (1999): False-positive index mammogram, age at index mammogram, first-degree relative with breast cancer, age at 

menarche ≤10 years, no childbirth before age 30 years, age at menopause ≥55 years, number of mammograms before index mammogram, false-

positive mammogram before index mammogram. Ruffin (2000): Age, insurance type, number of visits to the practice in last two years, years as a 

patient, marital status, health maintenance examination. 

d Ruffin (2000) report no confidence interval, but significance is indicated in the publication (level of significance not stated). 

 

 



11 
 

Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce]  

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Edwards 
(2009), 
USAb 
[20] 

n=79,899 
Age: 45-75 
years (mean 
59.2 years) 

1993-
1998 

Opportu-
nistic 

Self-report 
(questionnaire) 

Self-report (questionnaire) Prevalence of HRT use 
 

Annual participation:  
40.6% (current), 17.0% (past) 
No annual participation:  
24.9% (current), 18.0% (past) 

Annual or biennial participation: 
38.0% (current), 17.0% (past) 
No annual / biennial participation: 
23.8% (current), 18.2% (past) 

Categorization: 
a) Current vs. never 
use 
b) Past vs. never use 

Definition of participation: 
Annual or biennial 
screening 

Annual participation 
given HRT use 

Current use: OR 2.15 [2.07-2.24]  
Past use: OR 1.33 [1.27-1.39] 
 

 
Annual or biennial 
participation given HRT 
use 

Current use: OR 2.08 [2.00-2.16]  
Past use: OR 1.31 [1.25-1.36] 

Rahman 
(2005), 
USAb 
[21] 

n=20,389 
Age: 40-70+ 

1994-
1998 

Opportu-
nistic 

Database record 
 

Database record Prevalence of HRT use Participant: 51.7% 
Non-participant: 47.1% 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
≥2 mammograms within 
one year (age ≥50) or ≥2 
mammograms within 2 
years (age 40-49) 

a Numbers in brackets denote the 95% confidence interval. 

b This study included women <50 years/possibly premenopausal women (no age-adjusted result available). 

 



12 
 

Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce]  

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Newell 
(2001), 
USA 
[22] 

n=1,424 
Age: 67-101 
years (mean 
75.1 years) 

1995-
1996 

Opportu-
nistic 

Self-report (face-to-
face interview) 
 
 

Self-report (face-to-face 
interview) 
 

Prevalence of HRT use 
 
 
 

Participants: 6.7% 
Non-participants: 1.3% 
 
 
 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
Ever vs. never 
participation 

Current HRT use given 
participation 

OR 3.7 [1.7-8.4]b 

Harvey 
(1999), 
USA 
[23] 

n=1,133 
Age: 32-90 
years 

1996 Opportu-
nistic 

Medical records Medical records Number of screening 
mammograms 

Current HRT use:  
77 per 100 women (33 diagnostic 
mammograms per 100 women) 
No current HRT use:  
84 per 100 women (24 diagnostic 
mammograms per 100 women) 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
Screening mammogram in 
1996 

Otero-
Sabogal 
(2003), 
USA 
[24] 

n=977 
Age: 40-74 
years 

1996 Opportu-
nistic 

Self-report (telephone 
interview) 

Self-report (telephone 
interview) 

Prevalence of HRT use Adherent: 44.1% 
Non-adherent: 15.4% 

Categorization:  
Ever vs. never use 

Definition of participation: 
Mammogram within 2 
years prior interview and 
≥3 mammograms in the 
past 5 years 

Participation given HRT 
use 

OR 2.7 [1.9-3.8]b 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Newell (2001): Age, income, years of education, marital status, living alone, language of interview. Otero-Sabogal (2003): Age,  

foreign-born, years living in the United States, years of education, employment status, marital status, income level, health insurance, regular place 

of care, hysterectomy, church attendance, acculturation, medical care access difficulty, attitude towards physicians, familialism, cancer-related 

fatalism, social network, city of residence. 
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Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce]  

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Bobo 
(2004), 
USA 
[25] 

n=1,685 
Age: 50-69 
years 

1997-
2000 

Organized Self-report (telephone 
interview) 

Self-report (telephone 
interview) and medical 
records 

Prevalence of HRT use Participation after 30 months: 
38.9% (before index 
mammogram), 10.2% (after index 
mammogram) 
 
No participation after 30 months: 
26.1% (before index 
mammogram), 7.2% (after index 
mammogram) 

Categorization:  
a) Ever before index 
mammogram vs. never 
use 
b) Use only after index 
mammogram vs. never 
use 

Definition of participation: 
On-schedule screening 

(Re-)participation after 
30 months given ever 
HRT use 

OR 1.94 [1.30-2.91]b 

(Re-)participation after 
30 months given HRT 
use after index 
mammogram 

OR 1.81 [0.97-3.38]b 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Bobo (2004): Race and ethnicity, education, moved since index mammogram, health status one year ofter index mammogram, 

had a hysterectomy, history of breast cancer, believed eligible for a free examination one year after index mammogram, has usual source of care, 

number of mammograms prior to index mammogram, received a reminder to rescreen, social support for rescreening from physician or nurse, 

social support from other source, program (state), sampling weights. 
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Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce]  

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Buist 
(2012), 
USAb 

[26] 

n=163,490 
Age: 50-79 
years 

1998-
2009 

Organized Administrative database 
 
 

Medical records and 
claims data 
 
 
 

Prevalence of 
participation  

Current estrogen-progestin use:  
1998: 80.5%, 2003: 80.6%,  
2009: 73.8% 
Current estrogen use:  
1998: 75.0%, 2003: 77.2%,  
2009: 76.9% 
HRT non-use: 
1998: 51.9%, 2003: 58.1%,  
2009: 59.9% 

Categorization: 
a) Current use (within 2 
months) 
b) Never use (no use 
within 48 months) 

Definition of participation: 
Screening within last 26 
months 

Otero-
Sabogal 
(2004), 
USA 
[18] 

n=1,023 
Age: 50-
65+ years 

1999 Opportu-
nistic 

Self-report (telephone 
interview) 

Self-report (telephone 
interview) 

Participation given HRT 
use 

OR 1.9 [1.4-2.6]c 

Categorization:  
Current vs. no current 
use  

 

Definition of participation: 
Screening 10-18 months 
after first screen and ≥3 
mammograms within 
past 5 years 

a Numbers in brackets denote the 95% confidence interval. 

b Buist (2012) and Burman (1999) use the same data source with a different research question and new results. 

c Adjusted result. Otero-Sabogal (2004): Years living in United States, Pap test following guidelines, site has conducted in-reach activities, site 

offers other screening services, doctor-patient communication, decisional balance*years of schooling (interaction term; decisional balance refers to 

a summary measure of the difference between facilitators and barriers to obtaining mammogram.) 
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Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of screening 
participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Borrayo 
(2009),  
USA 
[27] 

n=2,231 
Age: 40-79 
years 

2000-
2005 

Opportu-
nistic 

Self-report 
(computerized interview) 
 

Self-report (computerized 
interview) 
 

Prevalence of HRT use 
 

 

Adherent: 76.0% 
Non-adherent: 59.4% 
 
 Categorization:  

Current vs. no current 
use 

Definition of participation:  
First screen <51 years and 
interval to next screen ≤2 
years 

Participation given 
current HRT use 

Non-Hispanic white women:  
OR 2.2 [1.7-2.9]b  
Hispanic women:  
OR 2.3 [1.6-2.2]b 

Cui  
(2007), 
USA 
 
 

n=27,090 
Age: 42-79 
years 

2002-
2006 

Opportu-
nistic 

Self-report 
(questionnaire) 

Self-report (questionnaire) 
 

Participation vs. never 
participation 
 

Current use: OR 4.1 [3.3-5.0]b 
Former use: OR 2.5 [2.2-2.9]b 
 

[28]    Categorization: 
a) Current vs. never use 
b) Former vs. never use 

Definition of participation: 
a) Screening within last 2 
years vs. never screening 

b) Screening within last 2 
years vs. past screening 
(screened but not within last 
2 years) 

Participation vs. past 
participation 

Current use: OR 2.1 [1.9-2.5]b 
Former use: OR 1.3 [1.2-1.4]b 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Borrayo (2009): Age, study center. Cui (2007): Race, age at interview, education, marital status, household annual income, 

employment, health insurance, family history of breast cancer, age at menarche, age at first live birth, menopausal status, use of alcohol, BMI, 

smoking, medical visit within the past two years. 
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Table 1 (continued) 

Author 
(Year),  
Country, 
[Referen
ce] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of screening 
participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Canada               

Beaulieu 
(1996), 
Canada 
[29] 

n=149 
Age: 50-69 
years 

1991-
1992 

Opportu-
nistic 

Self-report (telephone 
interview) 

Medical records 
 
 

Prevalence of HRT 
use 

Participants: 20.0% 
Non-participants: 20.5% 

Categorization:  
History vs. no history of 
HRT use [no details 
reported] 

Definition of participation: 
Adhering to prescription for 
screening 

Bancej 
(2005), 
Canada 
[30] 

n=873 
Age: 50-69 
years 

1994-
1999 

Organized Self-report (telephone 
interview) 
 
 

Self-report (telephone 
interview) 
 

Participation given 
HRT use 

2 years after baseline: 
RR 1.09 [1.03-1.14]b  
4 years after baseline: 
RR 1.09 [1.01-1.19]b Categorization:  

Current vs. no current 
use (baseline) 

Definition of participation: 
On-schedule screening 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Bancej (2005): Age. 
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Table 2 shows studies from Europe, all of which were conducted in an organized screening 

setting [31-39]. Each of the three studies from the UK used data collected before 2002 only 

[31-33]. Two of these studies reported a 55–76% higher prevalence of HRT use among 

screening participants compared to non-participants [31, 33]. Both studies from France, one 

conducted before 2002 and one in 2005, showed an association between HRT use and 

participation in mammography screening [34, 35]. One study reported a prevalence of HRT 

use of 82% among screening participants vs. 13% among non-participants [34]. Compared to 

non-participants, Duport et al. found almost twofold increased odds for current HRT use 

among participants of organized mammography screening, and threefold increased odds 

among women undergoing (opportunistic) screening outside the program [35]. Of the two 

studies from Spain [36, 37], one study reported a 5% increase in the odds of screening re-

attendance among current HRT users compared to current non-users [36]. The second study 

(including only 280 non-participants) reported  decreased odds for HRT users to participate 

for the first time in the organized screening program, while the odds of having been screened 

outside the program were five times higher among HRT users [37]. The prevalence of HRT 

use among first-time participants was 16 percentage points lower compared to never 

participants. The two studies from Sweden reported a positive association regarding ever 

HRT use and screening participation [38, 39], which was not statistically significant in one 

study [39]. Overall, in 63% (5/8) of the studies from Europe reporting prevalences, the 

absolute difference in prevalence of mammography screening according to HRT or in the 

prevalence of HRT use according to screening participation was ≥10 percentage points. 
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Table 2 Studies from Europe providing information on the association between use of hormone replacement therapy (HRT) and mammography 
screening, ordered by years of data collection  

Author 
(Year),  
Country, 
[Referen
ce] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of 
interest regarding 
HRT use and 
screening 
participation 

Resultsa 

United Kingdom 

  

            

Seeley 
(1994),  
UK 
[31] 

n=1,309 
Age: 50-64 
years 

1992-
1993 

Organized Medical records 
 

Medical records 
 

Prevalence of HRT 
use 
 

Participants: 23% 
Non-participants: 13% 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
Screening between 
1992-1993 or earlier 

Lancaster 
(1995),  
UKb 
[32] 

n=1,839 
Age: 45-64 
years 

1993 Organized Medical records and 
self-report 
(questionnaire) 
 
 

Self-report 
(questionnaire) 
 
 

Prevalence of 
participation 

Hysterectomized HRT users: 84% 
Hysterectomized HRT non-users: 
84% 
Not hysterectomized HRT users: 83% 
Not hysterectomized HRT non-users: 
76% 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
Mammogram at age >50 

Banks 
(2002),  
UK 
[33] 

n=1,064 
Age: 49-60+ 
years (mean 
57.4 years) 

1998 Organized Medical records 
 
 

Medical records 
 

Prevalence of HRT 
use 
 

Participants, ever use: 42% 
Non-participants, ever use: 27%   
Participants, current use: 32%  
Non-participants, current use: 19%  

Categorization:  
a) Ever vs. never use 
b) Current vs. no 
current use   

Definition of participation: 
Screening ≤6 months 
after invitation 

a Numbers in brackets denote the 95% confidence interval. 

b This study included women <50 years/possibly premenopausal women (no age-adjusted result available). 
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Table 2 (continued)       

Author 
(Year),  
Country, 
[Referen
ce] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of screening 
participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

France               

Flamant 
(2006), 
France 
[34] 

n=7,852 
Age: 50-65 
years 

1990-
1997 

Organized Self-report 
(questionnaire) 
 

Self-report (questionnaire) 
 

Prevalence of HRT use Adherent: 82% 
Non-adherent: 13% 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
Screening at baseline and 
at all four follow-ups vs. 
screening neither at 
baseline nor at any follow-
up 

Duport 
(2008), 
France 
[35] 

n=5,294 
Age: 50-74 
years 

2005 Organized 
and 
opportu-
nistic 

Self-report 
(questionnaire) 
 
 

Self-report (questionnaire) 
and medical records 
 

Prevalence of HRT use 
 
 
 

Opportunistic screening: 23.7% 
Organized screening: 16.3% 
No participation: 9.9% 
 

Categorization: 
Current vs. no current 
use 

Definition of participation: 
Screening within last 2 
years vs. never/not on 
schedule screening 

Participation given 
current HRT use 

Organized (vs. never): 
OR 1.8 [1.3-2.4]b  
Opportunistic (vs. never): 
OR 2.8 [2.1-3.8]b 

a Numbers in brackets denote the 95% confidence interval. 

b The odds ratio for participation in organized and opportunistic screening (vs. never participation) was calculated using the data available in table 

2 of Duport (2008). 
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Table 2 (continued) 

Author 
(Year),  
Country, 
[Referenc
e] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use and 
screening participation 

Resultsa 

Spain 

Román 
(2011), 
Spain 
[36] 

n=1,371,218 
Age: 44-69 
years 

1990-
2006 

Organized Self-report 
(questionnaire) 

Medical records Prevalence of HRT use Participants: 9.8% 
Non-participants: 6.9%  

Categorization:  
Current vs. no current 
use 

Definition of participation: 
On-schedule screening 

(Re-)participation given HRT 
use 

OR 1.04 [1.03-1.06]b 

Baré 
(2003), 
Spain 
[37] 

n=13,965 
(280 non-
participants) 
Age: 50-64 
years  

1995-
1998 

Organized Self-report (face-to-
face and telephone 
interview) 

Self-report (face-to-face 
and telephone interview) 

Prevalence of HRT use Participants: 6.0%  
Non-participants: 22.1% 

Categorization:  
Use vs. no use [no 
details reported] 

Definition of participation: 
First-time participation 
vs. never participation 

Participation given HRT use OR 0.23 [0.17-0.30] 

Screened before first invitation 
given HRT use 

OR 5.56 [4.35-7.14] 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Román (2011): Age at screening, attended first invitation, menopausal status, previous invasive procedure, familial breast 

cancer, screening participation, screening period (years), radiology unit, interaction between false-positives and screening participation. 
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Table 2 (continued) 

Author 
(Year),  
Country, 
[Referenc
e] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use and 
screening participation 

Resultsa 

Sweden 

Lagerlund 
(2000), 
Sweden 
[38] 

n=943 
Age: 42-74 
years (mean 
55.8 years) 

1988-
1997 

Organized Self-report 
(questionnaire) 

Database record 
 

Prevalence of HRT use Participants: 41.2% 
Non-participants: 22.6% 

Categorization:  
Ever vs. never use 

Definition of participation: 
≥2 invitations and ≥1 
screen 

Participation given HRT use OR 2.5 [1.8-3.3]b 

Lagerlund 
(2013), 
Sweden 
[39] 

n=4,666 
Age: 44-72 
years (mean 
54.9 years) 

1992-
2009 

Organized Self-report 
(questionnaire) 

Administrative database 
 
 

Participation given HRT use  Ever HRT use: 
OR 1.10 [0.97-1.25] 
Long-term HRT use: 
OR 0.91 [0.71-1.16] Categorization:  

a) Ever vs. never use 
b) Short vs. long-term 
use 

Definition of participation: 
Number of invitations 
attended vs. number of 
invitations not attended 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Lagerlund (2000): Age.
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Table 3 shows the results from studies conducted in Australia, Brazil, and Taiwan. All three 

studies from Australia were conducted in an organized setting and based on data from 2001 

or later. They showed two- to threefold higher odds of screening participation among users of 

HRT compared to non-users [40-42]. Two of the three studies from Australia reported 

absolute differences of ≥10 percentage points in the prevalence of HRT use according to 

screening participation or mammography screening according to HRT use. All three studies 

from Brazil used data collected after 2002 [43-45] and reported a positive association 

between HRT use and screening participation. The strength of the reported association 

varied and was partly not statistically significant, and two studies included women starting at 

the age of 40 [43, 45]. In both studies from Brazil, the absolute difference in prevalence of 

HRT use according to screening participation was ≥10 percentage points. The study from 

Taiwan reported an 80% increase in the odds of screening participation among HRT users 

compared to non-users.  

Subgroup analyses regarding the type of HRT (combined vs. estrogen-only) were conducted 

in two studies [16, 26]. Both reported higher participation in current users of combined as 

well as estrogen-only HRT compared to non-users, but the odds of participation were higher 

for combined HRT in the study by Cook et al. (OR 3.3 for current combined use vs. OR 2.6 

for current estrogen-only use) [16]. The same pattern was observed in the study by Buist et 

al. for the years 1998 and 2003, but not for 2009 [26].     

Additional information on included studies (such as study design and selected quality criteria) 

is available in Appendix D.  
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Table 3 Studies from other countries providing information on the association between use of hormone replacement therapy (HRT) and mammography 
screening, ordered by years of data collection  

Author 
(Year),  
Country, 
[Referenc
e] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of 
HRT use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use 
and screening 
participation 

Resultsa 

Australia               

Achat 
(2005), 
Australia 
[40] 

n=2,974 
Age: 50-71 
years 

2001 Organized Self-report 
(telephone interview) 

Self-report (telephone 
interview) 
 

Prevalence of HRT use Ever participants: 43.5% 
Never participants: 23.3% 

On-schedule participants: 44.0% 
Not on-schedule participants: 
32.5% 

Categorization:  
Current vs. no 
current use 

Definition of participation: 
a) Ever vs. never 
participation 
b) On-schedule vs. not on 
schedule participation 

Ever participation given 
HRT use 
 

OR 2.9 [1.6-5.6]b 
 
 

On-schedule 
participation given HRT 
use 

OR 1.8 [1.3-2.5]b 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Achat (2005): Age. 
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Table 3 (continued) 

Author 
(Year),  
Country, 
[Referenc
e] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of screening 
participation 

Outcome of interest 
regarding HRT use and 
screening participation 

Resultsa 

Australia 

Weber 
(2013), 
Australia 
[41] 

n=94,546 
Age: 50-
70+ years 

2006-
2010 

Organized Self-report 
(questionnaire) 

Self-report (questionnaire) Prevalence of participation Ever HRT use: 61.5% 
(mammography only), 20.0% 
(mammography and colon 
cancer screening), 15.7% 
(neither test) 

Never HRT use: 52.2% 
(mammography only), 13.6% 
(mammography and colon 
cancer screening), 30.8% 
(neither test) 

Categorization:  
Ever vs. never use 

Definition of participation: 
Mammography only or both 
mammography and colon 
cancer screening within the 
last 2 years vs. neither type of 
screening 

Participation given ever 
HRT use 

Mammography only: 
OR 2.1 [2.0-2.2]b 
Both mammography and 
colon cancer screening: 
OR 2.4 [2.3-2.5]b 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Weber (2013): Age, family history of cancer, place of residence, highest qualification, employment status, income, health 

insurance status, married or living with a partner, non-english language spoken at home, country of birth, treated by a doctor in the past month, 

need help with daily tasks due to illness or disability, psychological distress level. 
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Table 3 (continued) 

Author 
(Year),  
Country, 
[Referenc
e] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of screening 
participation 

Outcome of interest 
regarding HRT use and 
screening participation 

Resultsa 

Beckmann 
(2013),  
Australia 
[42] 

n=1,148 
Age: 40-84 
years 

2012 Organized Self-report (face-to-
face interview) 

Self-report (face-to-face 
interview) 
 

Prevalence of participation  
 

Ever HRT use: 91.4%  
Never HRT use: 54.8%  
 

Categorization:  
Ever vs. never use 

Definition of participation: 
Ever vs. never participation 

Ever participation given 
HRT use 

OR 3.7 [2.3-6.1]b 

Brazil 

Caleffi 
(2010), 
Brazilc 
[43] 

n=3,749 
Age: 40-69 
years 
(mean 51 
years) 

2004-
2009 

Organized Self-report 
(questionnaire) 

Administrative database Participation given HRT 
use 

RR 1.07 [0.98-1.16] 

Categorization: 
History of HRT use 
[no details reported] 

Definition of participation: 
Mean screening interval ≤18 
months 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Beckmann (2013): Age, education, income, metropoliton or rural residence, birth place, socio-economic position, tall stature, 

BMI, physical activity, alcohol risk, family history of cancer, breast biopsy/surgery, menopausal age, menarche age, nulliparous, age at first birth. 

c This study included women <50 years/possibly premenopausal women (no age-adjusted result available). 
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Table 3 (continued) 

Author 
(Year),  
Country, 
[Referen
ce] 

Study 
population 

Years 
of data 
collec-
tion 

Type of 
screening 

Assessment of HRT 
use 

Assessment of 
screening participation 

Outcome of interest 
regarding HRT use and 
screening participation 

Resultsa 

Romeiro 
Lopes 
(2013), 
Brazil 
[44] 

n=456 
Age: 45-69 
years (mean 
58.7 years) 

2010-
2011 

Opportu-
nistic 

Self-report 
(questionnaire) 
 

Self-report 
(questionnaire) 
 

Prevalence of HRT use Participants: 26.2% 
Non-participants: 6.4% 

Categorization:  
Current vs. no current 
use 

Definition of participation: 
Mammogram within last 
2 years 

Participation given current 
HRT use 

OR 1.5 [0.9-2.7]b 

Romeiro 
Lopes 
(2016), 
Brazilc 
[45] 

n=525 
Age: 40-70+ 
years (mean  
55.3 years)  

2013-
2014 

Opportu-
nistic 

Medical records 
 
 

Self-report (interview) 
 
 

Prevalence of HRT use 
 
 
 

Participants:  
20.8% (past), 6.3% (current) 
Non-participants:  
10.4% (past), 5.0% (current) 

Categorization:  
a) Current vs. no 
current use  
b) Past vs. no past use 

Definition of participation: 
Annual vs. no annual 
screening 

Participation given current 
and past HRT use 

Current use of HRT:  
OR 1.3 [0.6-3.3] 
Past use of HRT:  
OR 2.3 [1.4-3.3] 

Taiwan 

Wang 
(2014), 
Taiwan 
[46] 

n=776 
Age: 45-69 
years 

2012 Opportu-
nistic 

Self-report 
(questionnaire) 

Self-report (questionnaire) Participation given current 
HRT use 

OR 1.8 [1.1-2.7]b 

Categorization:  
HRT use vs. no use [no 
details reported] 

Definition of participation: 
Regular mammography 
[no details reported] 

a Numbers in brackets denote the 95% confidence interval. 

b Adjusted result. Romeiro Lopes (2013): BMI. Wang (2014): Age, residence, educational level, birth history, breastfeeding, family history of breast 

cancer, employment status, family income, personal history of breast cancer. 

c This study included women <50 years/possibly premenopausal women (no age-adjusted result available).  
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4. Discussion 

To the best of our knowledge, this is the first systematic review summarizing evidence on the 

association between HRT use and participation in mammography screening. In addition to 

demonstrating the compelling evidence regarding a higher screening participation among 

HRT users compared to non-users, this review provides interesting insights into details of 

this association, such as variation according to years of data collection, between-country 

variation and differences regarding the type of screening. In studies from all countries (94% 

of all studies), higher mammography screening uptake among HRT users compared to non-

users was reported. In about 70% of studies reporting an odds ratio, this association was ≥2. 

In 65% of studies reporting prevalences, the absolute difference in the percentage of 

participation to mammography screening according to HRT use or in the prevalence of HRT 

use according to participation was ≥10 percentage points. 

Given the broad dissemination of the findings of the WHI trial, we expected the strength of 

the association between HRT use and mammography screening participation to increase 

after 2002, i.e. after publication of the trial’s findings. We partly observed such a pattern, but 

our review also shows that self-selection according to HRT use was already rather common 

in studies using data collected before 2002. This could have different reasons. First, the 

increased risk of breast cancer associated with HRT use already shown by observational 

studies conducted before the WHI trial [2], may have led to risk awareness among physicians 

or patients prior to 2002. Second, the association between HRT use and mammography 

screening might not (only) be a specific effect resulting from increased risk awareness, but 

could also be due to an unspecific healthy user bias. This means that health conscious 

women—often also those with a higher socioeconomic status—are both more likely to use 

certain drugs (in this case HRT) and to utilize preventive services [47]. However, our review 

also revealed that there is a lack of recent data on the association between HRT use and 

participation in mammography screening. The most recent data were from 2013/2014 (Brazil) 

and 2012 (Australia and Taiwan), while almost all data in the North American studies were 
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collected before 2000. Only studies from four out of nine countries (Australia, Brazil, France, 

and Taiwan) used data collected exclusively after 2002.  

With respect to differences between countries, we expected a stronger association in 

countries with opportunistic mammography screening compared to settings with an 

organized screening program given that an invitation system is expected to counteract self-

selection. Although the comparison between countries needs to be interpreted with caution 

due to heterogeneity regarding data years and in some cases small number of studies per 

country, our review suggests some differences supporting this hypothesis. Overall, rather 

strong (positive) associations (up to fourfold increase in the odds of screening participation 

among HRT users) were observed in the USA where the vast majority of studies were 

conducted in an opportunistic setting. The few studies reporting weaker or statistically not 

significant associations were typically conducted in countries with organized screening. 

However, there were also studies conducted in organized programs that showed very strong 

associations such as the most recent study from Australia [42], suggesting that further 

country-specific factors play a role. It is also important to note that the association between 

HRT use and mammography screening may partly be underestimated in studies conducted 

in organized settings because HRT users may be more likely to have mammograms outside 

the program, as observed in the study by Duport et al. conducted in France [35] and the 

study by Baré et al. conducted in Spain [37].  

Given the particular impact of combined HRT use on breast cancer risk, stratification by type 

of HRT (combined HRT vs. estrogen-only HRT) would be an important aspect of studies on 

the association between mammography screening uptake and HRT use, but only the studies 

by Cook et al. and Buist et al. conducted such subgroup analyses [16, 26]. Although the 

association was stronger for combined HRT, they reported a marked association for both 

types of HRT, suggesting that the association is only partially selective.  

The findings of our review imply, among other things, that studies investigating the effect of 

HRT use on breast cancer incidence or mortality may be biased if participation in 
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mammography screening is not taken into account. With respect to breast cancer incidence 

as endpoint, the mechanisms causing the bias may be as follows: HRT users are more likely 

to participate in screening (selection bias) and once they participate in screening the 

likelihood of detecting cancers that would not have reached a clinical stage during the 

patient’s lifetime (overdiagnosed cancer) is increased. Disentangling these two effects, i.e. 

selection bias and overdiagnosis, from each other seems hardly possible. The bias results in 

overestimating the risk of breast cancer among HRT users as do other biases discussed by 

Zahl and Mæhlen [48].  

For breast cancer mortality as endpoint, there would be a bias because prognosis is 

expected to be better among screening participants due the higher proportion of early 

stages. Bringing attention to this issue seems relevant, because the observational extension 

study of the WHI trial, for example, reporting a statistically non-significant increase of 1.44 in 

breast cancer mortality among combined HRT users (number of breast cancer deaths: 61 in 

the intervention arm and 40 in the placebo arm), did not adjust for mammography screening 

uptake during follow-up [49]. It is also not clear whether a recent analysis of the Million 

Women Study on HRT use and breast cancer mortality adjusted for mammography 

screening uptake during the 20-year follow-up, although it may be less relevant in this study 

given that baseline recruitment occurred among mammography screening participants and 

the three-year follow-up data suggested a high longitudinal adherence irrespective of HRT 

use [50].  

We identified some limitations in studies included in this review that may be avoided in future 

studies on this research question. A total of four of the fourteen studies including also 

younger women possibly not eligible for HRT use did not provide age-adjusted results [21, 

32, 43, 45]. Depending on screening eligibility of these women and potential reasons to start 

HRT already at a younger age (e.g., women with oophorectomy), the association between 

HRT use and participation in mammography screening may have been distorted in a certain 

direction in these studies.  
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Furthermore, information in this review is partly limited due to incomplete reporting or 

suboptimal collection of data in original studies. For example, some studies did not provide 

information on the definition of HRT users and non-users, i.e., whether use referred to 

current or former use or whether non-use referred to never use or current non-use. Similarly, 

it was often not stated whether non-participation in screening referred only to never 

participation or also to no recent participation. Moreover, the distinction between screening 

and diagnostic mammograms was not always explicitly made and only a few studies reported 

on the type of HRT. We hope that this review will stimulate a more detailed data collection 

and reporting on HRT use and mammography in future studies.  

Most of the included studies collected information on utilization of mammography by self-

report. The sensitivity and positive predictive value of self-reported mammography use have 

been estimated at about 95% and 80%, respectively [51]. Information on the validity of self-

reported HRT use is limited, but a German case-control study reported good agreement with 

medical records, particularly for current or ever continuous use of combined HRT [52]. Thus, 

we do not expect that the studies’ findings would substantially change if non-self-reported 

information was available. This fact is confirmed by the studies exclusively using information 

from medical or database records, which showed a consistently higher mammography 

screening uptake among HRT users [19, 21, 23, 26, 31, 33]. Only one of these studies 

reported less screening mammograms among HRT users compared to non-users, but HRT 

users in that study had notably more diagnostic mammograms than non-users [23].  

In conclusion, our review suggests that—despite some variation—there is an overall 

consistent and relevant association between mammography screening and HRT use across 

countries, calendar periods, type of screening, and type of HRT. This demonstrates and 

underlines the importance of collecting detailed information on HRT use and mammography 

screening in any study investigating risk factors or evaluating preventive measures for breast 

cancer. Our review also highlights the need for studies in the field from further countries and 

with more recent data.  



31 
 

Acknowledgements: The authors thank Lara Christianson for her assistance in developing 

the search strategy and conducting the CINAHL and EMBASE database searches as well as 

Heike Gerds for proofreading the final manuscript. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 
 

References 

1. IARC. Combined Estrogen-Progestogen Contraceptives and Combined Estrogen-

Progestogen Menopausal Therapy. Lyon: International Agency for Research on Cancer; 

2007. 

2. Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and 

hormone replacement therapy: collaborative reanalysis of data from 51 epidemiological 

studies of 52 705 women with breast cancer and 108 411 women without breast cancer. The 

Lancet. 1997;350(9084):1047-59. 

3. Beral V, Million Women Study Collaborators. Breast cancer and hormone-

replacement therapy in the Million Women Study. Lancet. 2003;362(9382):419-27. 

4. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Stefanick ML, et 

al. Risks and benefits of estrogen plus progestin in healthy postmenopausal women: 

principal results From the Women's Health Initiative randomized controlled trial. JAMA. 

2002;288(3):321-33. 

5. Anderson GL, Limacher M, Assaf AR, Bassford T, Beresford SA, Black H, et al. 

Effects of conjugated equine estrogen in postmenopausal women with hysterectomy: the 

Women's Health Initiative randomized controlled trial. JAMA. 2004;291(14):1701-12. 

6. Beral V, Reeves G, Bull D, Green J, Million Women Study C. Breast cancer risk in 

relation to the interval between menopause and starting hormone therapy. J Natl Cancer 

Inst. 2011;103(4):296-305. 

7. Li CI, Daling JR, Haugen KL, Tang MT, Porter PL, Malone KE. Use of menopausal 

hormone therapy and risk of ductal and lobular breast cancer among women 55-74 years of 

age. Breast Cancer Res Treat. 2014;145(2):481-9. 



33 
 

8. Marjoribanks J, Farquhar C, Roberts H, Lethaby A, Lee J. Long-term hormone 

therapy for perimenopausal and postmenopausal women. The Cochrane database of 

systematic reviews. 2017;1:Cd004143. 

9. Langer RD, Manson JE, Allison MA. Have we come full circle – or moved forward? 

The Women's Health Initiative 10 years on. Climacteric. 2012;15(3):206-12. 

10. Brown S. Shock, terror and controversy: how the media reacted to the Women's 

Health Initiative. Climacteric. 2012;15(3):275-80. 

11. Ameye L, Antoine C, Paesmans M, de Azambuja E, Rozenberg S. Menopausal 

hormone therapy use in 17 European countries during the last decade. Maturitas. 

2014;79(3):287-91. 

12. Hoffman RM, Lewis CL, Pignone MP, Couper MP, Barry MJ, Elmore JG, et al. 

Decision-making processes for breast, colorectal, and prostate cancer screening: the 

DECISIONS survey. Med Decis Making. 2010;30(5 Suppl):53s-64s. 

13. Morrell S, Barratt A, Irwig L, Howard K, Biesheuvel C, Armstrong B. Estimates of 

overdiagnosis of invasive breast cancer associated with screening mammography. Cancer 

Causes Control. 2010;21(2):275-82. 

14. Joffe MM, Byrne C, Colditz GA. Postmenopausal hormone use, screening, and breast 

cancer: characterization and control of a bias. Epidemiology. 2001;12(4):429-38. 

15. Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 

2009;6(7):e1000097. 

16. Cook NR, Rosner BA, Hankinson SE, Colditz GA. Mammographic screening and risk 

factors for breast cancer. Am J Epidemiol. 2009;170(11):1422-32. 



34 
 

17. Burman ML, Taplin SH, Herta DF, Elmore JG. Effect of false-positive mammograms 

on interval breast cancer screening in a health maintenance organization. Ann Intern Med. 

1999;131(1):1-6. 

18. Otero-Sabogal R, Owens D, Canchola J, Golding JM, Tabnak F, Fox P. 

Mammography rescreening among women of diverse ethnicities: patient, provider, and 

health care system factors. J Health Care Poor Underserved. 2004;15(3):390-412. 

19. Ruffin MT, Gorenflo DW, Woodman B. Predictors of screening for breast, cervical, 

colorectal, and prostatic cancer among community-based primary care practices. J Am 

Board Fam Pract. 2000;13(1):1-10. 

20. Edwards QT, Li AX, Pike MC, Kolonel LN, Ursin G, Henderson BE, et al. Ethnic 

differences in the use of regular mammography: the multiethnic cohort. Breast Cancer Res 

Treat. 2009;115(1):163-70. 

21. Rahman SMM, Dignan MB, Shelton BJ. A theory-based model for predicting 

adherence to guidelines for screening mammography among women age 40 and older. Int J 

Canc Prev. 2005;2(3):169-79. 

22. Newell DA, Markides KS, Ray LA, Freeman JL. Postmenopausal hormone 

replacement therapy use by older Mexican-American women. J Am Geriatr Soc. 

2001;49(8):1046-51. 

23. Harvey JA. Use and cost of breast imaging for postmenopausal women undergoing 

hormone replacement therapy. AJR Am J Roentgenol. 1999;172(6):1615-9. 

24. Otero-Sabogal R, Stewart S, Sabogal F, Brown BA, Perez-Stable EJ. Access and 

attitudinal factors related to breast and cervical cancer rescreening: why are Latinas still 

underscreened? Health Educ Behav. 2003;30(3):337-59. 



35 
 

25. Bobo JK, Shapiro JA, Schulman J, Wolters CL. On-schedule mammography 

rescreening in the National Breast and Cervical Cancer Early Detection Program. Cancer 

Epidemiol Biomarkers Prev. 2004;13(4):620-30. 

26. Buist DS, Walker R, Bowles EJ, Carney PA, Taplin SH, Onega T, et al. Screening 

mammography use among current, former, and never hormone therapy users may not 

explain recent declines in breast cancer incidence. Cancer Epidemiol Biomarkers Prev. 

2012;21(5):720-7. 

27. Borrayo EA, Hines L, Byers T, Risendal B, Slattery ML, Sweeney C, et al. 

Characteristics associated with mammography screening among both Hispanic and non-

Hispanic white women. Journal of women's health (2002). 2009;18(10):1585-894. 

28. Cui Y, Peterson NB, Hargreaves M, Wen W, Patel K, Drake J, et al. Mammography 

use in the Southern Community Cohort Study (United States). J Health Care Poor 

Underserved. 2007;18(4 Suppl):102-17. 

29. Beaulieu MD, Béland F, Roy D, Falardeau M, Hébert G. Factors determining 

compliance with screening mammography. CMAJ. 1996;154(9):1335-43. 

30. Bancej CM, Maxwell CJ, Onysko J, Eliasziw M. Mammography utilization in Canadian 

women aged 50 to 69: identification of factors that predict initiation and adherence. Can J 

Public Health. 2005;96(5):364-8. 

31. Seeley T. Do women taking hormone replacement therapy have a higher uptake of 

screening mammograms? Maturitas. 1994;19(2):93-6. 

32. Lancaster T, Surman G, Lawrence M, Mant D, Vessey M, Thorogood M, et al. 

Hormone replacement therapy: characteristics of users and non-users in a British general 

practice cohort identified through computerised prescribing records. J Epidemiol Community 

Health. 1995;49(4):389-94. 



36 
 

33. Banks E, Beral V, Cameron R, Hogg A, Langley N, Barnes I, et al. Comparison of 

various characteristics of women who do and do not attend for breast cancer screening. 

Breast Cancer Res. 2002;4(1):R1. 

34. Flamant C, Gauthier E, Clavel-Chapelon F. Determinants of non-compliance to 

recommendations on breast cancer screening among women participating in the French E3N 

cohort study. Eur J Cancer Prev. 2006;15(1):27-33. 

35. Duport N, Ancelle-Park R, Boussac-Zarebska M, Uhry Z, Bloch J. Are breast cancer 

screening practices associated with sociodemographic status and healthcare access? 

Analysis of a French cross-sectional study. Eur J Cancer Prev. 2008;17(3):218-24. 

36. Román R, Sala M, De La Vega M, Natal C, Galceran J, Gonzalez-Roman I, et al. 

Effect of false-positives and women's characteristics on long-term adherence to breast 

cancer screening. Breast Cancer Res Treat. 2011;130(2):543-52. 

37. Baré ML, Montes J, Florensa R, Sentís M, Donoso L. Factors related to non-

participation in a population-based breast cancer screening programme. Eur J Cancer Prev. 

2003;12(6):487-94. 

38. Lagerlund M, Sparen P, Thurfjell E, Ekbom A, Lambe M. Predictors of non-

attendance in a population-based mammography screening programme; socio-demographic 

factors and aspects of health behaviour. Eur J Cancer Prev. 2000;9(1):25-33. 

39. Lagerlund M, Sontrop JM, Zackrisson S. Do reproductive and hormonal risk factors 

for breast cancer associate with attendance at mammography screening? Cancer Causes 

Control. 2013;24(9):1687-94. 

40. Achat H, Close G, Taylor R. Who has regular mammograms? Effects of knowledge, 

beliefs, socioeconomic status, and health-related factors. Prev Med. 2005;41(1):312-20. 



37 
 

41. Weber MF, Cunich M, Smith DP, Salkeld G, Sitas F, O'Connell D. Sociodemographic 

and health-related predictors of self-reported mammogram, faecal occult blood test and 

prostate specific antigen test use in a large Australian study. BMC Public Health. 

2013;13:429. 

42. Beckmann KR, Roder DM, Hiller JE, Farshid G, Lynch JW. Do breast cancer risk 

factors differ among those who do and do not undertake mammography screening? J Med 

Screen. 2013;20(4):208-19. 

43. Caleffi M, Ribeiro RA, Bedin AJ, Jr., Viegas-Butzke JM, Baldisserotto FD, Skonieski 

GP, et al. Adherence to a breast cancer screening program and its predictors in underserved 

women in southern Brazil. Cancer Epidemiol Biomarkers Prev. 2010;19(10):2673-9. 

44. Romeiro-Lopes TC, Dell'Agnolo CM, Rocha-Brischiliari SC, Gravena AA, Carvalho 

MD, Pelloso SM. Population inquiry regarding mammography in postmenopausal women in 

southern Brazil. Asian Pac J Cancer Prev. 2013;14(11):6839-44. 

45. Romeiro Lopes TC, Franca Gravena AA, Demitto Mde O, Brischiliari SC, Borghesan 

DH, Dell Agnolo CM, et al. Mammographic Screening of Women Attending a Reference 

Service Center in Southern Brazil. Asian Pac J Cancer Prev. 2016;17(3):1385-91. 

46. Wang WL, Hsu SD, Wang JH, Huang LC, Hsu WL. Survey of breast cancer 

mammography screening behaviors in Eastern Taiwan based on a health belief model. 

Kaohsiung J Med Sci. 2014;30(8):422-7. 

47. Shrank WH, Patrick AR, Brookhart MA. Healthy user and related biases in 

observational studies of preventive interventions: a primer for physicians. J Gen Intern Med. 

2011;26(5):546-50. 

48. Zahl P-H, Mæhlen J. Bias in Observational Studies of the Association between 

Menopausal Hormone Therapy and Breast Cancer. PLoS One. 2015;10(5):e0124076-e. 



38 
 

49. Manson JE, Aragaki AK, Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, et al. 

Menopausal Hormone Therapy and Long-term All-Cause and Cause-Specific Mortality: The 

Women's Health Initiative Randomized Trials. JAMA. 2017;318(10):927-38. 

50. Beral V, Peto R, Pirie K, Reeves G. Menopausal hormone therapy and 20-year breast 

cancer mortality. Lancet. 2019;394(10204):1139. 

51. Rauscher GH, Johnson TP, Cho YI, Walk JA. Accuracy of self-reported cancer-

screening histories: a meta-analysis. Cancer Epidemiol Biomarkers Prev. 2008;17(4):748-57. 

52. Kropp S, Terboven T, Hedicke J, Mutschelknauss E, Slanger T, Braendle W, et al. 

Good agreement between physician and self-reported hormone therapy data in a case-

control study. J Clin Epidemiol. 2007;60(12):1280-7. 

 

 


