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Abstract

Purpose—To evaluate the association between statins and breast cancer stage and mortality in 

the Women’s Health Initiative.

Methods—The study population included 128,675 post-menopausal women aged 50–79 years, 

out of which there were 7,883 newly diagnosed cases of in situ (19 %), local (61 %)-, regional 

(19 %)- and distant (1 %)-stage breast cancer and 401 deaths due to breast cancer after an average 

of 11.5 (SD = 3.7) years of follow-up. Stage was coded using SEER criteria and was stratified into 

early (in situ and local)- versus late (regional and distant)-stage disease. Information on statins and 

other risk factors were collected by self- and interviewer-administered questionnaires. Cause of 

death was based on medical record review. Multivariable-adjusted hazards ratios (HR) and 95 % 

confidence intervals (CIs) evaluating the relationship between statin use (at baseline only and in a 

time-dependent manner) and diagnosis of late-stage breast cancer and breast cancer-specific 

mortality were computed from Cox proportional hazards analyses after adjusting for appropriate 

confounders.

Results—Statins were used by 10,474 women (8 %) at baseline. In the multivariable-adjusted 

time-dependent model, use of lipophilic statins was associated with a reduction in diagnosis of 

late-stage breast cancer (HR 0.80, 95 % CI 0.64–0.98, p = 0.035) which was also significant 

among women with estrogen receptor-positive disease (HR 0.72, 95 % CI 0.56–0.93, p = 0.012). 

Breast cancer mortality was marginally lower in statin users compared with nonusers (HR 0.59, 

95 % CI 0.32–1.06, p = 0.075).

Conclusions—Prior statin use is associated with lower breast cancer stage at diagnosis.
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Introduction

Statins are the most widely prescribed cholesterol-lowering drugs with approximately 25 % 

of US adults using statins in 2008 [1]. Statins are effective in preventing cardiovascular 

disease by lowering overall cholesterol levels [2] but have also been postulated to lower the 

risk of cardiovascular disease, stroke and cancer through cholesterol-independent 

mechanisms [3–5].

Statins act primarily as a competitive inhibitor of hydroxyl methyl glutaryl coenzyme A 

(HMG-CoA) reductase. Additionally, preclinical studies have identified antiproliferative 

effects [6], apoptotic [7–9] and anti-invasive properties. While early observational studies 

reported associations between statin use and lower breast cancer risk overall [10–12], a more 

recent analysis of data from the Women’s Health Initiative (WHI) found no consistent 
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association [13]. Nonetheless, other analyses of the relationship between statins and breast 

cancer progression suggest that statins may be associated with earlier stage of disease at 

diagnosis [14], lower rates of recurrence [15–18] and lower breast cancer mortality [18, 19]. 

The purpose of the current analysis is to further address these questions using the extensive 

follow-up and outcome data available from the WHI. Based on findings in the epidemiologic 

literature, we predicted that prior statins would result in earlier stage at diagnosis, resulting 

in reduced morbidity of treatment associated with higher stage and as well as lower 

mortality rates.

Methods

Study population

The WHI includes an observational study (n = 93,676) and clinical trials (n = 68,132) of 

hormone therapy (estrogen alone or estrogen + progesterone), dietary modification (DM), 

and/or calcium and vitamin D supplementation in postmenopausal women of many races 

and ethnicities [20–22]. The current analysis included women enrolled in the observational 

study and clinical trial components of the WHI. Note that some study participants had less 

access to the medical care system, which might lead to a lower likelihood of receiving 

statins and/or a diagnosis of breast cancer at an earlier stage. We therefore excluded from the 

analysis women who did not report a mammogram within 5 years of study entry (16,687), 

those without health insurance (5,732) and women with no reported medical care provider 

(5,818). We also excluded 4,239 women with a prior history of breast cancer, 431 women 

with missing or no information on follow-up, 225 women with incident breast cancer who 

had missing information on cancer stage, and one with missing information on baseline 

statin use. The final analysis cohort consisted of 128,675 women.

Statin exposure

Baseline statin exposure was analyzed from both clinical trials and observational study 

participants, and information on statin intake was collected at years 1, 3, 6 and 9 in the 

clinical trials, and year 3 in the observational study [20– 22]. Participants were requested to 

bring all of their current prescription medications to their clinic visit, and report duration of 

medication use at the first screening interview as well as each follow-up period. Each 

medication name, but not the dose, was directly entered into the WHI database, which 

assigned drug codes using Medispan software (First DataBank, Inc., San Bruno, CA) [20–

22].

Statin use was defined as any HMG-CoA reductase inhibitor used at baseline or during 

participation in the WHI prior to diagnosis of breast cancer. Statins were further classified 

based on solubility in octanol as lipophilic or hydrophilic, and also by potency. Lipophilicity 

may modify the penetration of statins across cellular and mitochondrial membranes. 

Lovastatin, simvastatin, atorvastatin and fluvastatin are all lipophilic statins, whereas 

pravastatin is a hydrophilic statin. Fluvastatin and lovastatin are low-potency statins, 

pravastatin is a medium-potency statin, and simvastatin and atorvastatin are high-potency 

statins [23, 24]. Updated information on statin use collected at subsequent participant visits 

were used to measure statin use as a time-dependent exposure. The newer statins, 
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rosuvastatin and pitavastatin, were not used in the early years of the WHI and are, therefore, 

not included in this analysis.

Outcomes

Updates on breast cancer diagnoses were reported semi-annually in the clinical trials and 

annually in the observational study, and were confirmed by trained physician adjudicators 

after review of medical records using the Surveillance Epidemiology and End Results 

(SEER) coding system [25]. There were 7,883 centrally adjudicated and SEER-coded breast 

cancer cases [1,477 in situ (19 %), 4,831 localized stage (61 %), 1,499 regional stage (19 %) 

and 76 distant stage (1 %)] that were diagnosed from the start of the study through 30 

September 2010, which was the end of the first WHI Extension Study for a total of 11.5 (SD 

3.7) years of follow-up. For the purposes of this analysis, stage was stratified into early (in 

situ and local)-versus late (regional and distant)-stage disease. Cause of death, including 

breast cancer-specific mortality, was based on medical record review at the Clinical 

Coordinating Center. Estrogen receptor (ER) status was classified as ER positive (5,571) 

versus ER negative (1,039) or borderline [12]. For analyses that included ER status, 1,261 

women with breast cancer with unknown or missing ER status were excluded.

Covariates

Table 1 lists the potentially confounding or modifying variables collected at baseline entry 

into the study [20–22]. These included socio-demographic and medical history variables that 

could have an impact on whether or not study participants were prescribed statins as well as 

breast cancer stage at diagnosis and/or breast cancer-specific mortality and other well-

established risk factors for breast cancer. Physical activity was defined as expenditure of 

energy from recreational physical activity including walking as well as mild, moderate and 

strenuous physical activity in kcal/week/kg.

Statistical analysis

All demographic and clinical characteristics of women with and without a prior history of 

statin use at baseline were summarized separately. Separate univariable Cox proportional 

hazard models were first used to assess the relationship between statin use at baseline and 

the development of late-stage breast cancer as well as the relationship between statin use at 

baseline and death due to breast cancer. For the late-stage breast cancer models, women with 

early-stage breast cancer or those who died during follow-up were censored. Similarly, for 

models with death due to breast cancer as the primary endpoint, women who died due to 

other causes were censored. Statin use at baseline was characterized as yes/no, by type 

(lipophilic/ hydrophilic), and duration of use (<1 year, 1–3 years, 3+ years).

Next, to control for potential confounding variables, multivariable models were created 

using clinically relevant covariates determined a priori: race, education, smoking, BMI, 

waist circumference, mammogram in the past 2 years, Gail 5-year risk, female relative with 

breast cancer, age at menarche, number of live births, breast biopsy, hysterectomy, hormone 

use, oral contraceptive use, aspirin use and study component (hormone trial, dietary 

modification trial not in hormone trial, and observational study). All covariates in the 

multivariable models were categorized as shown in Table 1 and included as indicator 
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variables. The baseline hazard for both the univariable and multi-variable models was 

stratified by age stratum at randomization and WHI trial membership. All two-way 

interactions with statin use were checked for significance. In addition, the proportional 

hazard assumption was assessed graphically as well as by including interactions with time 

(natural log scale); no serious deviations were observed.

To evaluate the effects of change in statin use over time, univariable and multivariable Cox 

models with statin use (yes/no and by type) as time-dependent exposures, based on updated 

information on statin intake gathered at follow-up clinic visits, were next applied to the data. 

The same covariates from the baseline statin models were used in the time-dependent 

multivariable models; the baseline hazards were again stratified by age stratum at 

randomization and WHI trial membership.

Finally, all univariable and multivariable Cox models described above were stratified by ER 

status (positive vs. negative), and HR and 95 % CI from the baseline statin use, as well as 

time-dependent statin use, were calculated. All analyses were performed using SAS/STAT 

software version 9.2 (SAS Institute Inc., Cary, NC), Stata 13 (StataCorp LP, College Station, 

TX) and R 3.0.2.

Results

Table 1 describes the baseline demographic and clinical characteristics of WHI participants 

stratified by baseline statin use. There were 10,474 (8 %) women who reported statin use at 

baseline. The mean age of the study cohort was 63.4 years (SD = 7.2 years), and 84.6 % of 

the study population were white. Statin users were more likely than nonusers to be older, 

overweight or obese; however, family history of breast cancer, age at menarche, pregnancy 

history and age at first full-term pregnancy were relatively similar between the statin use 

groups. Table 2 describes the distribution of statin use at baseline by duration, type of statin 

used and other statin characteristics.

Table 3 shows the relationship between late-stage breast cancer at diagnosis and statin use. 

In the multivariable model, there was no significant association between statin use at 

baseline and late-stage breast cancer (HR = 0.93; 95 % CI 0.76–1.14; p = 0.494). In 

addition, there was no significant relationship between statin use and development of late-

stage breast cancer by statin lipophilicity (p = 0.777), duration of use (p = 0.926, data not 

shown) or statin potency (data not shown). In the multivariable time-dependent analyses, 

statin use was associated with a modest, but nonsignificant reduction in late-stage breast 

cancer (HR = 0.84; 95 % CI 0.70–1.02; p = 0.082); however, there was a significantly lower 

hazard of late-stage breast cancer among women who used lipophilic statins compared to 

nonusers (HR = 0.80; 95 % CI 0.64–0.98; p = 0.035).

Table 4 shows the relationship between statins and late-stage breast cancer stratified by ER 

status. In the baseline statin use model, there was a nonsignificant trend toward a lower risk 

of late-stage ER-positive breast cancer among users of statins (HR = 0.85; 95 % CI 0.67–

1.08; p = 0.191 from the multivariable model); however, in the time-dependent analysis, 

there was a significantly lower risk of late-stage ER-positive breast cancer (HR = 0.79; 95 % 
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CI 0.63–0.99; p = 0.044). This association was also seen among women using lipophilic 

statins compared to nonusers (HR = 0.72; 95 % CI 0.56–0.93; p = 0.012).

Table 5 shows the relationship between statins and breast cancer-specific mortality. There 

were 401 deaths with breast cancer recorded as cause of death, 15,882 other deaths and 

112,692 women with no recorded death. In the multivariable model, there was no significant 

relationship between statin use and breast cancer-specific mortality (HR = 0.91; 95 % CI 

0.60–1.37; p = 0.648) and, in addition, no significant relationship between type of statin (p = 

0.254) and duration of statin use (p = 0.827, data not shown). In the multivariable time-

dependent analysis, statin use (yes vs. no) was associated with a decreased, albeit not 

statistically significant risk of breast cancer mortality over time (HR = 0.59, 95 % CI 0.32–

1.06; p = 0.075). In addition, there was no significant relationship between statin use and 

breast cancer mortality stratified by ER status (data not shown).

Several sensitivity analyses were performed. First, we checked for possible selection bias by 

repeating our time-varying multivariable models for late-stage breast cancer without any 

exclusions for healthcare access; indicator variables for the original inclusion criteria 

(mammogram in the past 5 years, current health insurance, current healthcare provider and 

no prior breast cancer) were added as additional covariates in the multivariable models. The 

hazard ratio for statin use over time (yes vs. no) from the multivariable model using the 

extended cohort was 0.85 (95 % CI 0.71, 1.01), compared to the original hazard ratio shown 

in Table 3 of 0.84 (95 % CI 0.84, 1.02). Similarly, the hazard ratios comparing types of 

statin use over time were extremely similar to the original results (data not shown). Next, 

multiple imputation using chained equations was performed in order to assess the impact of 

the missing covariate data (female relative with breast cancer, hysterectomy, oral 

contraceptive use, aspirin, waist circumference, ethnicity, smoking status, education, BMI, 

age at menarche, number of live births, breast biopsy and hormone use) for the multivariable 

late-stage breast cancer models. A total of 17,329/128,676 observations had one or more 

missing covariate values; imputation using logistic and multinomial logistic models was 

performed. In addition to the covariates listed above, age, trial membership and outcome 

were used to fill in missing data. Using 20 imputed datasets, changes to the Cox model HR 

and CI from the complete case model results were assessed. Again, results from the 

imputation procedure were similar to our original complete case results (data not shown). 

Finally, we checked both the univariable and multivariable baseline statin use models using a 

competing risk approach as described by Fine and Gray [26]. For late-stage breast cancer, 

early-stage breast cancer and death were treated as competing risks instead of being 

censored (the ‘naïve’ models). Similarly, for death due to breast cancer, death due to other 

causes was treated as a competing risk. For late-stage breast cancer, the differences between 

the competing risks models and the naïve models were minimal: The HR for baseline statin 

use (yes vs. no) from the multivariable competing risks model was 0.93 (95 % CI 0.76–

1.14), compared with 0.93 (95 % CI 0.76–1.14) from the naïve model. Similarly, for death 

due to breast cancer, differences in the hazard ratio and CI for baseline statin use between 

the multivariable competing risks model (HR = 0.92; 95 % CI 0.62–1.37) and the naïve 

model (HR = 0.91; 95 % CI 0.60–1.37) were slight. Univariable results for both outcomes 

between the naïve and competing risks models were also very similar (data not shown).
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Discussion

Although prior analysis of data from the WHI revealed no significant relationship between 

prior statin use and breast cancer incidence [13], we hypothesized that prior statin use was 

protective against late-stage breast cancer and breast cancer-specific mortality. Our results 

revealed no significant relationship between statin use measured at baseline and stage or 

breast cancer-related mortality; however, when accounting for statin use over time, we found 

a significantly lower risk of late-stage breast cancer among women who used lipophilic 

statins, which was even more pronounced for women with ER-positive breast cancer. 

Furthermore, in the time-dependent analysis, prior statin use was associated with a lower 

breast cancer-specific mortality, albeit not statistically significant.

Anti-invasive properties of statins have been postulated to result from inhibition of farnesyl 

diphosphate (FFP) and geranylgeranyldipohsphate (GGPP), which are downstream products 

of the mevalonate pathway and are both involved in posttranslational modification of many 

proteins [3, 5, 27–29]. GGPP is involved in geranylgeranylation of rho proteins, which are 

involved in various cellular functions including gene expression, actin cytoskeleton 

migration, adhesion and contractility of cells [29]. Thus, by inhibiting the production of 

GGPP, statins may reduce cell migration and have anti-proliferative and anti-invasive 

properties. Other potential mechanisms include reduction in nuclear factor kappa B (NFkB) 

along with rho A inhibition, resulting in a decrease in matrix metalloproteinase 9 (MMP9) 

and urokinase levels which are important in cell migration [30] as well as inhibition of 

angiogenesis [31, 32]. Statins can also induce cellular arrest in the G1- to S-phase transition 

[33]. Finally, reduction in the metastatic potential after treatment with statins has been 

demonstrated in breast cancer cell lines as well as in mouse models [34, 35].

While early epidemiologic studies suggest an association between statins and lower breast 

cancer risk [10–12, 36, 37], our recent update of data from the WHI showed no significant 

relationship [13] which has been confirmed in two large meta-analyses [38, 2]. The goal of 

the current analysis was to evaluate whether prior statin intake is protective against late-stage 

disease and/or mortality due to breast cancer. Others have evaluated the relationship between 

statins and breast cancer stage, recurrence risk, and mortality [14–19]. In a retrospective 

analysis from the Kaiser Permanente Northern California Cancer Registry, statin use of 1 

year or greater before breast cancer diagnosis was associated with a lower risk of ER/PR-

negative breast cancer (OR 0.63; 95 % CI 0.43–0.92) and a higher likelihood of low-grade 

and earlier-stage disease [14]. Use of statins has also been associated with a lower risk of 

breast cancer recurrence, as in a retrospective cohort of 703 women with stage II or III breast 

cancer [15] and in a prospective cohort of 1,945 women with stage I–III breast cancer [16]. 

In a study of 18,769 women with stage I–III breast cancer, lower risk of recurrence [16] was 

only seen among women with ER-positive breast cancer [17]. Further, in a population-based 

cohort of 3,024 women with stage I–III breast cancer, lipid-lowering drugs (including 

statins) were associated with a decreased risk of recurrence (HR = 0.83; 95 % CI 0.54–1.24). 

Lastly, in a large population-based study in Denmark, statin users compared with nonusers 

had lower overall cancer mortality rates (HR = 0.85; 95 % CI 0.82–0.87) as well as lower 

breast cancer-specific mortality (HR = 0.87; 95 % CI 0.79–0.99, p = 0.03) although it is not 
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clear whether the reduction in breast cancer-specific mortality was due to a shift in stage at 

diagnosis or to other causes [19].

While data on breast cancer recurrence is not available in the WHI, our findings suggest an 

influence of lipophilic statins on stage at diagnosis among women with ER-sensitive cancers 

and are consistent with results of another study which showed a lower risk of breast cancer 

recurrence, also among women with ER-positive disease [16]. The preferential effect of 

lipophilic statins on breast cancer stage at diagnosis may be due to increased penetration 

across cellular membranes; however, this finding warrants further investigation. Mendelian 

randomization designs using genetic variation affecting the cellular uptake of statins could 

be considered to investigate the causal relationship between statin use and breast cancer 

staging. Lastly, while the relationship between statins and lower breast cancer mortality was 

not significant in the WHI analysis, our findings are consistent with those of other reports 

[15, 17, 18] and again warrant further study. It is possible that our results were not 

significant in regard to mortality due to the small number of deaths from breast cancer in the 

WHI.

The strengths of this analysis include the comprehensive demographic and cancer risk factor 

assessment, as well as central review of cancer diagnoses with a long follow-up period and 

detailed capture of statin use over time by inperson assessment of medication use. 

Limitations include the low prevalence of statin use at baseline in the WHI compared to 

current use, and lack of information on medication compliance among study participants. 

Another limitation is that this was an observational analysis of statins and breast cancer 

stage, and therefore, baseline risk-factor status, surveillance for breast cancer and other 

factors that predict either use of statins or diagnosis of breast cancer may have differed 

between statin users and nonusers. Also, we were not able to use the TNM classification of 

breast cancer stage due to missing data on the number of affected lymph nodes at the time of 

diagnosis, and we also excluded 225 women diagnosed with breast cancer due to missing 

SEER staging which may have had an impact on the power of our study. Other limitations 

included the relatively modest number of breast cancer deaths and the lack of information on 

cancer-related treatments.

In conclusion, our results from one of the largest studies to date suggest that lipophilic 

statins use may reduce the frequency of late stage in favor of earlier-stage breast cancer and 

may result in lower breast cancer mortality. Further studies should leverage large datasets 

with longer follow-up and information on specific types of statins used and cancer-directed 

therapy.
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Table 1

Demographics and clinical characteristics by baseline statin use in the Women’s Health Initiative

Variables Level No baseline statin use
(n = 118,201)

Baseline statin use
(n = 10,474)

Trial membership OS 68,294 (58 %) 6,500 (62 %)

E-alone 4,631 (4 %) 516 (5 %)

E + P trial 7,915 (7 %) 753 (7 %)

DM 32,122 (27 %) 2,334 (22 %)

E-alone/E + P trial + DM 5,239 (4 %) 371 (4 %)

Age group at screening <50–59 39,446 (33 %) 1,865 (18 %)

60–69 52,942 (45 %) 5,469 (52 %)

70–79+ 25,813 (22 %) 3,140 (30 %)

Age stratum at randomization
or enrollment

50–54 15,967 (14 %) 565 (5 %)

55–59 23,482 (20 %) 1,301 (12 %)

60–69 52,936 (45 %) 5,466 (52 %)

70–79 25,816 (22 %) 3,142 (30 %)

Ethnicity Missing 286 (<1 %) 29 (<1 %)

American Indian or Alaskan Native 449 (<1 %) 33 (<1 %)

Asian or Pacific Islander 3,068 (3 %) 424 (4 %)

Black or African–American 9,457 (8 %) 875 (8 %)

Hispanic/Latino 3,461 (3 %) 274 (3 %)

White (not of Hispanic origin) 100,194 (85 %) 8,719 (83 %)

Other 1,286 (1 %) 120 (1 %)

Education Missing 672 (1 %) 58 (1 %)

None to some HS 4,733 (4 %) 608 (6 %)

HS diploma/GED 19,365 (16 %) 2,199 (21 %)

Vocational, training school, some college
or associate degree

44,119 (37 %) 4,046 (39 %)

College graduate or more 49,312 (42 %) 3,563 (34 %)

Smoking Missing 1,411 (1 %) 134 (1 %)

Never smoked 59,923 (51 %) 5,078 (48 %)

Past smoker 49,887 (42 %) 4,670 (45 %)

Current smoker 6,980 (6 %) 592 (6 %)

Alcohol use Missing 779 (1 %) 63 (1 %)

Nondrinker or past drinker 32,614 (28 %) 3,511 (34 %)

<1 drink/month to<7 drinks per week 70,410 (60 %) 5,897 (56 %)

7+ drinks a week 14,398 (12 %) 1,003 (10 %)

Physical activity Missing 5,668 (5 %) 259 (2 %)

None 16,676 (14 %) 1,454 (14 %)

>0–3.75 MET-h/week 15,803 (13 %) 1,557 (15 %)

3.75–8.75 MET-h/week 23,071 (20 %) 2,252 (22 %)

8.75–17.5 MET-h/week 26,238 (22 %) 2,417 (23 %)
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Variables Level No baseline statin use
(n = 118,201)

Baseline statin use
(n = 10,474)

≥17.5 MET-h/week 30,745 (26 %) 2,535 (24 %)

% Calories from fat Missing 204 (<1 %) 15 (<1 %)

<30 % calories from fat 42,688 (36 %) 4,634 (44 %)

≥30 % calories from fat 75,309 (64 %) 5,825 (56 %)

BMI Missing 1,003 (1 %) 87 (1 %)

<25 43,150 (37 %) 2,614 (25 %)

25–29 40,598 (34 %) 4,160 (40 %)

≥30 33,450 (28 %) 3,613 (34 %)

Waist circumference Missing 548 (<1 %) 52 (<1 %)

≤88 cm 71,447 (60 %) 5,108 (49 %)

>88 cm 46,206 (39 %) 5,314 (51 %)

Mammogram within 2 years
of screening

Yes 107,682 (91 %) 9,754 (93 %)

No 10,519 (9 %) 720 (7 %)

Gail risk of breast cancer <1.67 % 68,434 (58 %) 5,429 (52 %)

≤1.67 % 49,767 (42 %) 5,045 (48 %)

Female relative had breast cancer? Missing 6,167 (5 %) 585 (6 %)

No 90,935 (77 %) 8,005 (76 %)

Yes 21,099 (18 %) 1,884 (18 %)

Age at menarche Missing 409 (<1 %) 33 (<1 %)

≤11 25,813 (22 %) 2,341 (22 %)

12–13 65,509 (55 %) 5,768 (55 %)

14+ 26,470 (22 %) 2,332 (22 %)

Ever been pregnant? Missing 276 (<1 %) 25 (<1 %)

No 10,729 (9 %) 983 (9 %)

Yes 107,196 (91 %) 9,466 (90 %)

Age at end of first full-term
(at least 6 months) pregnancy

Missing 10,687 (9 %) 1,080 (10 %)

Never pregnant 10,729 (9 %) 983 (9 %)

Never had a term pregnancy 2,963 (3 %) 247 (2 %)

<20 13,791 (12 %) 1,261 (12 %)

20–29 71,220 (60 %) 6,146 (59 %)

30+ 8,811 (7 %) 757 (7 %)

Number of live births Missing 691 (1 %) 61 (1 %)

Never pregnant 10,729 (9 %) 983 (9 %)

None 3,138 (3 %) 260 (2 %)

1–2 41,301 (35 %) 3,481 (33 %)

3+ 62,342 (53 %) 5,689 (54 %)

Breast biopsy Missing 6,363 (5 %) 322 (3 %)

None 86,508 (73 %) 7,737 (74 %)

1 17,711 (15 %) 1,648 (16 %)

2+ 7,619 (6 %) 767 (7 %)
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Variables Level No baseline statin use
(n = 118,201)

Baseline statin use
(n = 10,474)

Hysterectomy ever Missing 63 (<1 %) 9 (<1 %)

No 68,623 (58 %) 5,706 (54 %)

Yes 49,515 (42 %) 4,759 (45 %)

Bilateral oophorectomy Missing 2,492 (2 %) 273 (3 %)

No 92,207 (78 %) 7,908 (76 %)

Yes 23,502 (20 %) 2,293 (22 %)

Hormone use Missing 98 (<1 %) 13 (<1 %)

Never 46,433 (39 %) 4,591 (44 %)

Past user 17,773 (15 %) 1,797 (17 %)

Current user <5 years 15,067 (13 %) 1,122 (11 %)

Current user 5–<10 years 13,424 (11 %) 915 (9 %)

Current user ≥10 years 25,406 (21 %) 2,036 (19 %)

Current estrogen/progesterone use Missing 98 (<1 %) 13 (<1 %)

Never used either E-alone or E + P 46,433 (39 %) 4,591 (44 %)

Past user of either E-alone or E + P 17,773 (15 %) 1,797 (17 %)

Current user E-alone 29,911 (25 %) 2,522 (24 %)

Current user E + P 23,986 (20 %) 1,551 (15 %)

Oral contraceptive use ever Missing 2 (<1 %) 0 (<1 %)

No 67,591 (57 %) 6,910 (66 %)

Yes 50,608 (43 %) 3,564 (34 %)

Aspirin use No 95,405 (81 %) 6,862 (66 %)

Yes 22,796 (19 %) 3,612 (34 %)

NSAID use No 80,283 (68 %) 5,757 (55 %)

Yes 37,918 (32 %) 4,717 (45 %)

In general, would you say your 
health is…

Missing 639 (1 %) 65 (1 %)

Excellent 21,413 (18 %) 817 (8 %)

Very good 50,174 (42 %) 3,634 (35 %)

Good 36,968 (31 %) 4,530 (43 %)

Fair/poor 9,007 (8 %) 1,428 (14 %)

Diabetes ever Missing 79 (<1 %) 11 (<1 %)

No 111,944 (95 %) 9,266 (88 %)

Yes 6,178 (5 %) 1,197 (11 %)

High cholesterol requiring pills 
ever

Missing 7,033 (6 %) 294 (3 %)

No 103,091 (87 %) 348 (3 %)

Yes 8,077 (7 %) 9,832 (94 %)

MI ever Missing 54 (<1 %) 10 (<1 %)

No 116,211 (98 %) 9,571 (91 %)

Yes 1,936 (2 %) 893 (9 %)

Angina ever Missing 732 (1 %) 80 (1 %)

No 112,050 (95 %) 8,697 (83 %)
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Variables Level No baseline statin use
(n = 118,201)

Baseline statin use
(n = 10,474)

Yes 5,419 (5 %) 1,697 (16 %)

Cancer Causes Control. Author manuscript; available in PMC 2016 October 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Desai et al. Page 15

Table 2

Characteristics of statin use

Characteristics n (%)

Baseline statin use

No 118,201 (92 %)

Yes 10,474 (8 %)

Baseline statin durationa

<1 year 3,432 (33 %)

1–3 years 3,565 (34 %)

3+ years 3,477 (33 %)

Baseline statin namea

Atorvastatin calcium 797 (8 %)

Fluvastatin sodium 1,282 (12 %)

Lovastatin 2,846 (27 %)

Pravastatin sodium 2,377 (23 %)

Simvastatin 3,172 (30 %)

Baseline statin typea

Lipophilic 7,300 (70 %)

Hydrophilic 3,174 (30 %)

a
Among those who reported baseline statin use
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Table 3

Associations of statin use with late-stage breast cancer

Comparison Model type HR 95 % CI p value

Baseline statin: yes versus no Univariable 0.87 (0.71, 1.06) 0.163

Multivariablea 0.93 (0.76, 1.14) 0.494

Baseline statin: by typeb Univariable

Lipophilic versus none 0.85 (0.68, 1.07) 0.158

Hydrophilic versus none 0.93 (0.63, 1.37) 0.722

Lipophilic versus hydrophilic Multivariable 0.91 (0.59, 1.42) 0.686

Lipophilic versus none 0.92 (0.73, 1.16) 0.486

Hydrophilic versus none 0.97 (0.64, 1.45) 0.868

Lipophilic versus hydrophilic 0.95 (0.50, 1.51) 0.841

Statin use over time: yes versus no Univariable 0.83 (0.69, 0.99) 0.037

Multivariablea 0.84 (0.70, 1.02) 0.082

Statin use over time: by typeb Univariable

Lipophilic versus none 0.80 (0.65, 0.97) 0.022

Hydrophilic versus none 0.96 (0.65, 1.43) 0.845

Unclassified versus none 1.48 (0.61, 3.57) 0.381

Lipophilic versus hydrophilic Multivariablea 0.83 (0.54, 1.28) 0.390

Lipophilic versus none 0.80 (0.64, 0.98) 0.035

Hydrophilic versus none 1.06 (0.70, 1.59) 0.784

Unclassified versus none 1.57 (0.65, 3.78) 0.320

Lipophilic versus hydrophilic 0.75 (0.48, 1.17) 0.210

a
Adjusted for race (American Indian or Alaskan Native; Asian or Pacific Islander; Black or African–American; Hispanic/Latino; White), education 

(none to some HS; HS diploma/GED; vocational, training school, some college or associate degree; college degree or more), smoking (never 
smoked; past smoker; current smoker), BMI (<25; 25–29; ≥30), waist circumference (≤88 cm;>88 cm), mammogram in the past 2 years (no; yes), 
Gail 5-year risk (<1.67 %; ≥1.67 %), female relative with breast cancer(no; yes), age at menarche (≤11, 12–13; 14+), number of live births (never 
pregnant; none; 1–2; 3+), breast biopsy (no; yes), hysterectomy (no; yes), hormone use (never; past user; current user <5 years; current user 5 to 
<10 years; current user ≥10 years), oral contraceptive (no; yes), aspirin use (no; yes) and study component (observational study; estrogen alone 
clinical trial, estrogen + progesterone clinical trial; dietary modification clinical trial; estrogen/estrogen + progesterone and dietary modification 
clinical trial)

b
Lipophilic (lovastatin, simvastatin, fluvastatin, atorvastatin), hydrophilic (pravastatin)
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Table 5

Associations of statin use with breast cancer mortality

Comparison Model type HR 95 % CI p value

Baseline statin: yes versus no Univariable 0.85 (0.56, 1.25) 0.435

Multivariablea 0.91 (0.60, 1.37) 0.648

Baseline statin: by typeb Univariable

Lipophilic versus none 0.72 (0.44, 1.17) 0.188

Hydrophilic versus none 1.31 (0.68, 2.54) 0.425

Lipophilic versus hydrophilic Multivariablea 0.55 (0.25, 1.23) 0.147

Lipophilic versus none 0.75 (0.45, 1.25) 0.269

Hydrophilic versus none 1.49 (0.77, 2.90) 0.241

Lipophilic versus hydrophilic 0.50 (0.22, 1.14) 0.100

Statin use over time: yes versus no Univariable 0.64 (0.38, 1.08) 0.095

Multivariablea 0.59 (0.32, 1.06) 0.075

a
Adjusted for race (American Indian or Alaskan Native; Asian or Pacific Islander; Black or African–American; Hispanic/Latino; White), education 

(none to some HS; HS diploma/GED; vocational, training school, some college or associate degree; college degree or more), smoking (never 
smoked; past smoker; current smoker), BMI (<25; 25–29; ≥30), waist circumference (≤88 cm;>88 cm), mammogram in the past 2 years (no; yes), 
Gail 5-year risk (<1.67 %; ≥1.67 %), female relative with breast cancer(no; yes), age at menarche (≤11, 12–13; 14+), number of live births (never 
pregnant; none; 1–2; 3+, breast biopsy (no; yes), hysterectomy (no; yes), hormone use (never; past user; current user <5 years; current user 5 to <10 
years; current user ≥10 years), oral contraceptive (no; yes), aspirin use (no; yes) and study component (observational study; estrogen alone clinical 
trial, estrogen + progesterone clinical trial; dietary modification clinical trial; estrogen/estrogen + progesterone and dietary modification clinical 
trial)

b
Lipophilic (lovastatin, simvastatin, fluvastatin, atorvastatin), hydrophilic (pravastatin)
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