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	Background	 Although studies have demonstrated a positive association between hormone replacement therapy (HRT) and 
breast cancer risk, this association may vary by patient factors.

	 Methods	 We analyzed 1 642 824 screening mammograms with 9300 breast cancer cases in postmenopausal women aged 
45 years or older derived from the Breast Cancer Surveillance Consortium, a longitudinal registry of mammog-
raphy screening in the United States. Multiple imputation methods were used to accommodate missing data for 
HRT use (14%) and other covariables. We performed logistic regression to estimate odds ratios (ORs) for breast 
cancer associated with HRT use within strata of race/ethnicity, age, body mass index (BMI), and breast density, 
with two-way interaction terms between HRT use and each key covariable of interest. P values for assessing pos-
sible interactions were computed from Wald z statistics. All statistical tests were two-sided.

	 Results	 HRT use was associated with greater than 20% increased risk in white (OR = 1.21; 95% CI = 1.14 to 1.28), Asian 
(OR = 1.58; 95% CI = 1.18 to 2.11), and Hispanic women (OR = 1.35; 95% CI = 1.09 to 1.67) but not black women 
(OR = 0.91; 95% CI = 0.72 to 1.14; Pinteraction = .04). In women with low/normal BMI and extremely dense breasts, HRT 
use was associated with the highest breast cancer risk (OR = 1.49; 95% CI = 1.21 to 1.83), compared with nonus-
ers. In overweight/obese women with less-dense breasts, no excess risk was associated with HRT use (adjusted 
ORs = 0.96 to 1.03).

	Conclusions	 The impact of HRT use on breast cancer risk varies according to race/ethnicity, BMI, and breast density. This risk 
stratification could help in advising HRT use for the relief of menopausal symptoms.

		  J Natl Cancer Inst;2013;105:1365–1372

Although estrogen is the most effective treatment available for the 
relief of menopausal symptoms (1), multiple observational studies 
have shown an increase in breast cancer risk with hormone replace-
ment therapy (HRT) use (2–4). The Women’s Health Initiative 
(WHI) study showed a 24% increase in invasive breast cancer risk 
with the use of estrogen–progestin therapy (5). After the initial 
WHI publication in 2002, HRT prescriptions in the United States 
decreased by 38% in 2003 (6). Although other explanations cannot 
be entirely ruled out, the concurrent decrease in breast cancer inci-
dence in women aged 50 years and older between 2002 and 2003 
has been attributed to the reduced use of HRT since July 2002 
(7–11). Despite this, it is unclear whether the increase in breast 
cancer risk with HRT use is seen in all women. Some women may 
receive considerable benefit with little harm (12). Thus a better 
understanding of the differential risks associated with HRT use is 
needed to better assess each individual’s risk vs benefit (13).

The risk of breast cancer with HRT use may vary with age 
or timing of therapy initiation. Studies have shown breast cancer 
risk is greater if therapy is initiated around the time of menopause 
(14–16). Breast density is a strong and independent risk factor for 

breast cancer. Women with high breast density are at higher breast 
cancer risk regardless of HRT use (17). Moreover, the association of 
breast cancer with HRT use is stronger for leaner compared with 
heavier women (18). The effect of HRT in black women is limited 
and inconsistent. Although the WHI trial (6.8% black) found no 
interaction by race (5), the Black Women’s Health Study reported 
no association for less than 10 years of HRT use and an increase in 
risk for 10 or more years of use (18). The biracial Carolina Breast 
Cancer Study found HRT use was not associated with breast cancer 
in black women aged 20 to 49  years and protective for women 
aged 50 to 74 years (19). Considering the substantial heterogeneity 
in breast cancer risk among HRT users, accurately assessing an 
individual’s risk could help clinicians evaluate the risk vs benefit of 
treating menopausal symptoms with HRT (20). To date, few studies 
have examined the interactions of age, race, body mass index (BMI), 
and breast density together on HRT and breast cancer risk.

We used data from the National Cancer Institute’s Breast 
Cancer Surveillance Consortium (BCSC), consisting of 1 642 824 
screening mammograms and 9300 breast cancer cases to investigate 
whether low- and high-risk groups could be identified.
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Methods
The BCSC was established in 1994 and collected participant char-
acteristics at the time of each mammography screening exam and 
confirmed cancer outcomes for all women. Details of the data col-
lection and confidentiality procedures of BCSC are described else-
where (21). Each mammography registry had institutional review 
board approval, and all registries have strict procedures for deiden-
tification of patient information and protection of confidentiality 
(22). Main variables of interest included age group, mammographic 
breast density, race/ethnicity, BMI, HRT use, and diagnosis of can-
cer. Breast density was collected from the technologist and radi-
ologist at the time of mammography (23). We used the publicly 
available dataset that Barlow et  al. aggregated and deidentified 
(24), which included women aged 35 to 84 years who underwent 
screening mammography between 1996 and 2002 from seven 
community-based registries: Colorado; New Hampshire; New 
Mexico; North Carolina; San Francisco, California; Vermont; and 
Washington.

Breast cancer case subjects were identified by linking mammog-
raphy registries to cancer registries or pathology data. Diagnoses of 
invasive cancers and ductal carcinoma in situ (DCIS) within 1 year 
of the screening mammogram were recorded. A  1-year interval 
was used because women were encouraged to be screened every 
1 to 2  years and the observation period was truncated by a new 
screening examination. HRT was recorded as currently using or 
not using. Although HRT use may be longer than 1  year, dura-
tion of HRT use was not available. There were a total of 2 392 998 
eligible screening mammograms for women without a prior his-
tory of breast cancer who had undergone a mammogram within 
the preceding 5 years. We included only postmenopausal women 
(aged ≥55 years or aged 45–54 years who reported the absence of 
menses for at least 1 year, either surgical or natural) in this analysis.

Statistical Analysis
In the BCSC dataset, HRT information was available for 86% 
of women with screening mammograms. A number of other key 
variables were also missing. In statistical modeling, a large por-
tion of missing data can be a major source of bias, in addition to 
causing reduced precision. Multiple imputation is becoming a 
common approach to account for the missing values of all covari-
ables (25,26). We employed the imputation by chained equation 
program developed by Royston and colleagues, which is based on 
each conditional density of a variable given all other variables (27). 
Advantages of imputation by chained equation include 1) no multi-
variable joint distribution assumption (and specifically no normal-
ity assumption), 2)  the allowing of different types of variables to 
be imputed together, and 3)  the ability to use different kinds of 
weights. A probabilistic rule based on regression models for each 
covariable with the other covariables serving as predictors was used 
to impute possible values for individual missing covariable values. 
For binary variables such as HRT use, we used logistic regression; 
for categorical variables such as race, we used multinomial logis-
tic regression; and for ordinal categorical variables such as BMI 
and breast density, we used ordinal logistic regression. This pro-
cess was repeated to randomly produce multiple complete datasets 
(n = 20), which were then analyzed in standard fashion, followed by 

application of the Rubin’s rule to combine the parameter estimates 
from each analysis and compute appropriate standard errors (28). 
As in the analytical models described below, interaction terms were 
taken into consideration during the imputation phase by including 
all the necessary interaction terms in the imputation model. The 
observed distribution of variables with missing data was compared 
with that after the imputation.

With the original dataset before imputation, we summarized 
the distribution of demographic characteristics, breast cancer inci-
dences, and proportion of missing values, stratified by HRT use. 
Using the imputed datasets, crude and multiple logistic regressions 
were performed to estimate the association between breast cancer 
risk and HRT use. Two-way interaction terms between HRT use 
and each of the key covariables of interest (age, race/ethnicity, BMI, 
and breast density) were included in the model. Odds ratios (ORs) 
and 95% confidence intervals (95% CIs) for each subgroup were 
obtained by model stratification. P values for assessing possible 
interactions were computed from Wald z statistics, for which order 
of categories was taken into consideration for the ordinal BMI and 
breast density. Because leaner women tend to have denser breasts, 
we included both the HRT-by-BMI and HRT-by–breast density 
interaction terms in the same model to assess if the heterogeneity 
effect is confounded between BMI and breast density. All statisti-
cal tests were two-sided. A P value of less than .05 was considered 
statistically significant.

Complete Case Analysis and Sensitivity Analyses
As a benchmark, we restricted the analysis to complete cases in the 
original dataset before imputation. Furthermore, we conducted 
sensitivity analyses to examine whether results remain under 
mechanism of not missing at random. Because BMI has the highest 
proportion of missing values and known possibility of underreport-
ing among overweight or obese women, we focused the sensitivity 
analyses on BMI. Specifically, we randomly simulated BMI values 
20 times for patients with missing BMI under a multinomial dis-
tribution toward higher BMI (35.0% normal weight, 25.0% over-
weight, 22.0% obese I, and 18.0% obese II). This is equivalent 
to assuming that women with missing BMI have 1.9-fold higher 
odds of being in overweight or obese BMI categories in an ordinal 
logistic model.

Of the 2 362 998 screening mammograms included in the origi-
nal breast cancer risk model (24), we included 1 642 824 (68.7%) 
from postmenopausal women aged 45 years or older in the analy-
sis. The racial/ethnic composition was 62.7% non-Hispanic white, 
4.8% non-Hispanic black, 3.2% Asian/Pacific Islander, 6.3% 
Hispanic, 1.2% other or mixed racial/ethnic background, and 
21.9% unknown.

Among the postmenopausal women, 44.4% of them reported 
being HRT users, 41.6% reported being HRT nonusers, and 
14.0% were unknown. Using the original (ie, without imputation) 
data, Table 1 shows breast cancer incidence by patient characteris-
tics, stratified by HRT use. More than half (52.7%) of the mam-
mograms were performed among patients aged 50 to 65  years. 
Overall, HRT users had a higher incidence of breast cancer com-
pared with nonusers (5.78 vs 5.46 per 1000). The incidence rates 
differed by patients’ characteristics, particularly by BMI and breast 
density. Among HRT users, women with higher BMI had lower 
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Table 2.  Association between hormone replacement therapy use and breast cancer risk among postmenopausal women, according to age 
group, race/ethnicity, body mass index, or breast density, respectively

Characteristic

HRT users vs nonusers

Crude OR (95% CI) Adjusted OR* (95% CI) Pinteraction

Age, y .72
  45–49 0.89 (0.72 to 1.11) 0.91 (0.73 to 1.12)
  50–54 1.18 (1.03 to 1.35) 1.19 (1.03 to 1.37)
  55–59 1.34 (1.19 to 1.51) 1.33 (1.19 to 1.49)
  60–64 1.30 (1.16 to 1.44) 1.27 (1.14 to 1.43)
  65–69 1.22 (1.08 to 1.38) 1.19 (1.05 to 1.35)
  70–75 1.21 (1.05 to 1.39) 1.18 (1.02 to 1.36)
  75–79 1.13 (0.97 to 1.31) 1.09 (0.94 to 1.27)
  80–84 1.32 (1.05 to 1.65) 1.28 (1.02 to 1.59)
Race/ethnicity .04
  Non-Hispanic white 1.05 (1.00 to 1.11) 1.21 (1.14 to 1.28)
  Non-Hispanic black 0.77 (0.61 to 0.97) 0.91 (0.72 to 1.14)
  Asian/Pacific Islander 1.46 (1.10 to 1.94) 1.58 (1.18 to 2.11)
  Hispanic 1.19 (0.95 to 1.47) 1.35 (1.09 to 1.67)
  Other/mixed 1.09 (0.67 to 1.75) 1.23 (0.76 to 1.99)
Body mass index, kg/m2 .01
  <25 1.19 (1.08 to 1.31) 1.35 (1.22 to 1.49)
  25–29.99 1.01 (0.91 to 1.14) 1.15 (1.02 to 1.29)
  30–34.99 0.95 (0.79 to 1.15) 1.08 (0.88 to 1.32)
  ≥35 0.95 (0.72 to 1.25) 1.05 (0.80 to 1.38)
Breast density .004
  Almost entirely fat 0.82 (0.62 to 1.10) 1.03 (0.77 to 1.37)
  Scattered fibroglandualar densities 0.91 (0.84 to 0.98) 1.12 (1.02 to 1.23)
  Heterogeneously dense 1.08 (0.99 to 1.16) 1.29 (1.19 to 1.40)
  Extremely dense 1.22 (0.99 to 1.50) 1.41 (1.15 to 1.74)

*	 Adjusted odds ratios (ORs) of hormone replacement therapy (HRT) users versus nonusers were estimated from logistic regression models, adjusting for age, race/
ethnicity, body mass index, breast density, age at first birth, previous breast procedure, number of first-degree relatives with breast cancer, surgical menopause, 
and result of last mammogram before the index mammogram (negative or false positive), using data after missing data imputation. P values for assessing possible 
interactions were computed from Wald z statistics in logistic regressions. All statistical tests were two-sided. CI = confidence interval.

breast cancer incidence, whereas among HRT nonusers, women 
with higher BMI had higher breast cancer incidence.

Results
Two-Way Effect Modifications
As shown in Table 1, considerable percentages of data are missing for 
the main risk factors. After multiple imputations, the distributions 
of BMI, HRT use, race, and breast density were very similar to 
those before imputations (Supplementary Table 1, available online). 
Thus for multivariable analysis, we used the imputed data. The 
effect of HRT in subgroups of age, race/ethnicity, BMI, and breast 
density are shown in Table 2. The associations between HRT use 
and breast cancer risk were mostly positive in women aged 50 years 
and older, yet there was no statistically significant association for 
younger women aged 45 to 49  years. The heterogeneity effect, 
however, was not statistically significant (Pinteraction  =  .72). The 
association was positive in non-Hispanic whites (OR  =  1.21; 
95% CI = 1.14 to 1.28), Asian/Pacific Islanders (OR = 1.58; 95% 
CI = 1.18 to 2.11), and Hispanics (OR = 1.35; 95% CI = 1.09 to 
1.67), but not in non-Hispanic blacks (OR = 0.91; 95% CI = 0.72 
to 1.14; Pinteraction  =  .04). As for BMI, HRT was more strongly 
associated with breast cancer risk in leaner women than overweight 
women, whereas no association was observed in obese women 
(Pinteraction  =  .01). This association also varied by mammographic 
breast density: Women with denser breasts had higher odds ratios 

for breast cancer associated with HRT use than women with less-
dense breasts (Pinteraction = .004).

In Table 3, we further stratified the analysis by race/ethnicity, 
focusing on BMI and breast density, both of which appear to be 
strong modifiers. By interacting with HRT separately, the trends 
of heterogeneity effects by BMI or by breast density remained in 
the same direction as in Table 2. Despite this, the heterogeneity 
effects by BMI or by breast density were statistically significant in 
non-Hispanic whites only, possibly because of the large sample size 
in this racial group. We estimated the statistical power to detect 
such interaction by race/ethnicity: with an odds ratio of 1.20 for 
marginal effect of HRT, an odds ratio of 1.50 for marginal effect 
of BMI, and a theta of 1.35 for HRT-by-BMI interactive effect, a 
sample size of 454 000 is required for 80% power at an alpha of 
0.05, suggesting that the study has sufficient power in whites only.

Effect Modifications by Both BMI and Breast Density
Because breast density was inversely correlated with BMI 
(Spearman ρ  =  −0.26; P < .001) and each modified the associa-
tion between HRT and breast cancer risk, we wondered whether 
the heterogeneity effects of HRT by BMI and by breast density 
confounded each other. Therefore, we fit a multivariable logistic 
regression model, including both HRT-by-BMI and HRT-by–
breast density interaction terms. We found that both interactions 
remained statistically significant in this model. Table 4 shows the 
adjusted odds ratios for HRT users versus nonusers in each BMI 

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt207/-/DC1
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and breast density combination. The association between HRT use 
and breast cancer risk was strongest for underweight/normal weight 
women who had extremely dense breasts (adjusted OR = 1.49; 95% 
CI  =  1.21 to 1.83). Approximately 55% of the study population 
experienced an increased risk of breast cancer due to HRT use 
(pink color cells in Table 4). Overweight and obese women with 
less-dense breasts consisted of 20% of the study population (green 
color cells in Table 4). For these women, the association between 
HRT use and breast cancer risk was essentially absent (adjusted 
ORs = 0.96–1.03). The remaining 25% of the study population had 
an elevated risk of breast cancer due to HRT use, but statistical 
significance was not reached (white color cells in Table 4).

In the analysis by tumor behavior (DCIS vs invasive), we found 
similar patterns of associations for invasive breast cancer despite 
some attenuation (Supplementary Table  2, available online), 
and null associations in the majority of the BMI/breast density 
combinations for DCIS, possibly because of limited sample size 
in subgroups (Supplementary Table 3, available online). In models 
without these interaction terms, the overall effect of HRT use on 
DCIS tended to be positive but did not reach statistical significance 
(OR  =  1.11; P  =  .07), and the the overall effect of HRT use on 
invasive breast cancer was more profound (OR = 1.23; P < .001).

 Supplementary Table  4 (available online) shows results by 
complete case analysis (original data). Although only 12.0% of the 
observations can be included in this multivariable analysis, the over-
all patterns and trends of associations are similar to the ones with 
imputed data. Supplementary Table 5 (available online) shows results 
of sensitivity analysis under assumption of not missing at random (eg, 
participants who had missing BMIs were more likely to be overweight 
or obese). Although individual point estimates and confidence inter-
vals changed, the overall patterns and trends of associations remained.

Discussion
Using BCSC data, we examined the association between HRT 
use and breast cancer risk among postmenopausal women by age, 
race/ethnicity, BMI, and mammographic breast density. For both 
black women and overweight/obese women with breasts com-
posed almost entirely of fat, HRT use was not associated with an 
increased risk for breast cancer. On the other hand, underweight/
normal weight women with dense breasts were found to be more 
sensitive to the detrimental effects of HRT on breast cancer risk. 
If these findings are confirmed in other studies, HRT use may be 
reasonable for some women.

Current literature on breast cancer risk and HRT use in black 
women is limited and inconsistent (5,18,19). In BCSC, we observed 
no association between HRT and breast cancer risk in non-Hispanic 
black women. There was, however, a 20% to 60% increased risk 
for non-Hispanic whites, Asian/Pacific Islanders, and Hispanics. 
Our study provides additional evidence that HRT use may not 
impact breast cancer risk among black women. Additionally, based 
on secular trends of breast cancer incidence from Surveillance 
Epidemiology and End Results (SEER) registries, the decline in 
breast cancer incidence after the 2002 WHI trial dissemination 
occurred with statistical significance in whites but not in blacks, 
echoing the finding of no effect of HRT in blacks (29). This cannot 

be explained by mammography screening because the screening 
prevalence remained constant during those years (30,31).

 A novelty of this study is the investigation of BMI and breast 
density together regarding their effect modification on HRT and 
breast cancer risk. The WHI randomized trial reported no effect 
modification by BMI (5,15). However, observational studies have 
suggested a higher risk of breast cancer with HRT use for women 
of normal weight compared with overweight or obese women 
(2,3,32–34), particularly in those women with higher breast density 
(17). Although BMI and breast density are correlated and should 
be considered together, no study has concurrently examined both. 
The mechanisms underlying breast density or obesity’s modifica-
tion of HRT’s effect on breast cancer risk are largely unknown or 
lack consensus. As body weight increases, the amount of fat in the 
breast tissue also increases (35). Obesity is positively associated 
with breast cancer risk in postmenopausal women, and adipose tis-
sue is a major source of endogenous estrogens after menopause. It 
is possible that obese women are less sensitive to the exogenous 
source of circulating hormones introduced by HRT. In our study, 
we found an interaction of breast density and HRT independent 
of BMI, suggesting the underlying mechanism for breast density–
HRT interaction may be beyond endogenous estrogen sensitivity. 
Additionally, HRT use (especially combined estrogen and pro-
gesterone therapy) may increase breast density (36,37). Although 
women with high breast density are at higher breast cancer risk 
regardless of HRT use (17), controlling for breast density may be 
partially controlling for a variable in the causal pathway.

By studying breast density and body weight simultaneously, we 
were able to identify low and high risk subgroups. In the BCSC 
cohort, we found no elevated breast cancer risk associated with HRT 
use for overweight and obese women with low breast density (approx-
imately 20% of the study population), suggesting a large subgroup of 
women may not be at elevated risk for breast cancer with HRT use.

Despite several strengths of this study, including the use of 
a large database, careful multiple imputation to properly handle 
missing data, and robust results demonstrated in complete case 
analysis and sensitivity analysis, there are several limitations. First, 
the lack of information on type of HRT may have attenuated 
the null association seen in black women. Unlike combined 
HRT, estrogen alone has been reported to be associated with a 
lower risk for invasive breast cancer (38). Black women may be 
more likely to have undergone a hysterectomy and use estrogen 
alone. This was noted in both the WHI [where proportionally 
more blacks were included in the estrogen alone trial (34) than 
in the estrogen plus progesterone trial (12): 15.1% vs 6.8%, 
respectively] and the Black Women’s Health Study, where twice 
as many HRT users reported using estrogen alone compared with 
estrogen plus progesterone (18). However, in the Black Women’s 
Health Study, the observed associations did not dramatically differ 
by HRT type (estrogen alone or estrogen plus progesterone), 
suggesting that type of HRT may not be as sensitive for black 
women (18). Second, duration of HRT use is unknown, and only 
current HRT use was captured in the database. Thus the study 
can only examine the short-term effect of current HRT use, 
and the true effect of long-term HRT use on breast cancer risk 
might be higher than observed, especially in subgroups of women 
identified to be sensitive to HRT. Although longer use of HRT 

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt207/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt207/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt207/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt207/-/DC1
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has been associated with higher risk, breast cancer incidence rates 
declined rapidly after cessation of therapy, with no risk elevation 
for most previous users (4,11). Lastly, the absence of information 
on breast cancer subtypes prevents us from assessing whether or 
not the lack of association between HRT and breast cancer risk 
in black women is linked to higher rates of hormone receptor–
negative breast cancers in black women.

Our study investigated the heterogeneous association of HRT 
use on breast cancer risk. Black women, obese women, and women 
with breast tissue composed largely of fat may benefit from HRT 
use with minimal excess breast cancer risk. Confirmatory studies 
with more detailed information about other risk factors, including 
duration of HRT, use are needed to more accurately assess the risk 
vs benefit of postmenopausal HRT use.
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