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Background: Experimental evidence suggests that stat-
ins protect against breast carcinogenesis by interrupt-
ing cell cycle progression and promoting apoptosis. Evi-
dence in humans is limited and inconsistent. The relation
between serum cholesterol levels and breast cancer risk
is itself unclear; because cholesterol is the precursor to
sex steroid hormones, higher levels could plausibly in-
crease risk.

Methods: The associations of statins, general lipid-
lowering drugs, and reported cholesterol levels with breast
cancer risk were assessed in the Nurses’ Health Study,
with 6 to 12 years of follow-up. A total of 79 994 women
aged 42 to 69 years and free of cancer were followed pro-
spectively for up to 12 years. Current statin use, includ-
ing duration, was assessed retrospectively in 2000 in
75 828 women. Self-reported serum cholesterol level was
assessed prospectively between 1990 and 2000 in 71 921

Results: Overall, we documented 3177 incident cases of
invasive breast cancer. Compared with nonusers, current
lipid-lowering drug users experienced similar breast can-
cer risk (multivariate relative risk [RR], 0.99; 95% confi-
dence interval [CI], 0.86-1.13). Current use of statins also
was not significantly associated with breast cancer risk (RR,
0.91;95% CI, 0.76-1.08). Associations by duration of cur-
rent use were similarly null. Self-reported serum choles-
terol levels were not associated with breast cancer risk in
postmenopausal women with levels of 240 mg/dL or higher
(=6.22 mmol/L) compared with less than 180 mg/dL
(<4.66 mmol/L) (RR, 1.04; 95% CI, 0.91-1.17).

Conclusion: Overall, these data suggest that serum cho-
lesterol levels and the use of lipid-lowering drugs in gen-
eral and of statins in particular are not substantially as-
sociated with breast cancer risk.

women.
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HREE-HYDROXY-3-METHYL-
glutaryl coenzyme A reduc-
tase inhibitors, or statins,
were first introduced in the
United States in 1987 and are
commonly prescribed to reduce serum cho-
lesterol levels."* Although initial animal
studies’ and a randomized trial* raised con-
cern that statins may increase cancer risk,
laboratory evidence suggests that statins in-
hibit tumor development by inducing cell
cycle arrest® and apoptosis.® In addition, ex-
perimental studies suggest that statins may
act synergistically with standard chemo-
therapy agents in cancer treatment.” Find-
ings from observational studies of the as-
sociation between statins and breast cancer
risk have been conflicting. Statins were
weakly associated with increased risk in a
case-control study® and significantly in-
versely associated with breast cancer in a
prospective study.’ No overall association
was seen in 5 other studies.’**
Serum cholesterol has long been hy-
pothesized to affect cancer risk. Many stud-

ies have shown an inverse association be-
tween serum cholesterol level and cancer
risk.'> However, this association is stron-
gest the first 2 years after cholesterol mea-
surement, suggesting that the lower cho-
lesterol level observed in this subgroup may
be a result of preclinical disease. Choles-
terol has also been hypothesized to in-
crease breast cancer risk'®!’ given that cho-
lesterol is the precursor to steroid hormone
synthesis and endogenous sex steroid hor-
mones are directly related to breast cancer
risk.'"! On the other hand, endogenous and
exogenous estrogens decrease serum cho-
lesterol levels.?>2 Thus, an inverse associa-
tion between cholesterol level, as a marker
oflow estrogen levels, and breast cancer risk
is possible. Most observational studies of the
association between serum cholesterol level
and breast cancer risk have been small and
the results inconsistent, regardless of
whether cholesterol was measured be-
fore!*172337 or after'®** diagnosis.

We conducted an analysis within the
prospective Nurses’ Health Study to evalu-
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Figure. Time line of data collection in the Nurses’ Health Study, 1988 to 2000.

ate the associations of statins, lipid-lowering drugs, and
serum cholesterol with breast cancer risk.

- EEETTEES

STUDY POPULATION

In 1976, 121 700 female, married registered nurses aged 30 to
55 years were enrolled in the Nurses’ Health Study. At base-
line, and biennially since, women have completed mailed ques-
tionnaires that collect information on lifestyle factors, includ-
ing many breast cancer risk factors, and new disease diagnoses.
Follow-up data are available for more than 96% of the partici-
pants in this analysis. This study was approved by the Com-
mittee on the Use of Human Subjects in Research at Brigham
and Women’s Hospital; completion of the self-administered ques-
tionnaire was considered to imply informed consent.

Three different follow-up periods were used for these analy-
ses based on when the exposures of interest were queried. Fol-
low-up began in 1988 for general lipid-lowering drugs, in 1990
for reported serum cholesterol levels, and in 1994 for statins us-
ing data collected in 2000 to define use from 1994 forward. Each
analysis began with all women who returned the questionnaire
that first queried the exposure of interest; follow-up for each of
these analyses ended June 1, 2000. After excluding women with
a previous cancer diagnosis (other than nonmelanoma skin can-
cer) and women with missing data on the primary exposures,
the lipid-lowering drug analysis included 79 994 women (888 120
person-years), the serum cholesterol analysis included 71921
women (665 743 person-years), and the statin analysis in-
cluded 75 828 women (431 705 person-years).

DATA COLLECTION

In 1988, participants were asked whether they currently used
cholesterol-lowering drugs at least once a week and, if so, spe-
cifically which drugs (Figure). In 1994, 1996, and 1998, par-
ticipants were asked whether they regularly used cholesterol-
lowering drugs. In 2000, participants were asked whether they
regularly used statins or other cholesterol-lowering drugs. Statin
users were asked to further specify duration of use, in 2-year
categories up to 6 or more years. Given the range of years within
the reported duration categories, we used the prospective lipid-
lowering drug data to better estimate the year statin use was
initiated. Dose information was not available. Women were de-
fined as current lipid-lowering drug users in any 2-year ques-
tionnaire cycle they reported drug use, and they became past
users when they no longer reported use on subsequent ques-
tionnaires. Current statin users were defined as those who re-

Table 1. Measured Total Serum Cholesterol Levels
by Category of Self-reported Total Serum Cholesterol Level*

Self-reported Total
Serum Cholesterol,

Measured

Participants, No.  Total Serum Cholesterol,

mg/dL (n = 1328) Mean (SD), mg/dL

<140 49 176 (34.3)
140-159 84 184 (31.8)
160-179 150 190 (34.1)
180-199 230 207 (33.6)
200-219 281 215 (28.7)
220-239 239 233 (30.1)
240-269 195 245 (33.6)
270-299 72 259 (35.8)

=300 28 292 (31.3)

Sl conversion factor: To convert cholesterol to millimoles per liter, multiply
by 0.0259.

*Self-reported total serum cholesterol levels averaged from the 1988 and
1990 questionnaires.

ported current use on the 2000 questionnaire, with duration
dating back to 1994 for those in the 6 or more years category.

Total serum cholesterol levels, if measured in the previous 5
years, were reported on questionnaires in 1988, 1990, and 1994
in 20- to 30-mg/dL (0.52- to 0.78-mmol/L) categories (Figure).
Of the 96 597 women who answered questionnaires in 1988 or
1990, 79 422 (82%) reported cholesterol levels. To minimize mea-
surement error,* we averaged reports from 1988 and 1990 for
each participant. For the 10% of participants missing either 1988
or 1990 cholesterol information, a single report was used.

Blood samples collected in 1989-1990 in a subcohort of the
Nurses’ Health Study were used to assess the validity of self-
reported cholesterol levels; details of the blood collection have
previously been described elsewhere.”®! As part of a breast can-
cer case-control study, we measured total cholesterol levels in
the blood samples of 1455 women; 1328 of these women also
reported cholesterol levels in 1988 and 1990. Mean measured
serum cholesterol levels matched reported categories fairly well,
although with some regression to the mean (Table 1). The
correlation between measured and reported levels (Spearman
p=0.60) is similar to the within-subject reproducibility of cho-
lesterol measures across several years (p=0.65).>

Cases of breast cancer, diagnosed from the start of fol-
low-up through May 31, 2000, were identified on biennial ques-
tionnaires; the National Death Index was searched for nonre-
sponders. To confirm cancer reports, medical records were
reviewed by investigators masked to exposure status. Records
were unavailable for 170 (5.4%) of 3177 cases. Given that pa-
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Table 2. Age and Age-Standardized* Characteristics According to Statin Use in 2000 in 75 828 Participantst
in the Nurses’ Health Study
Statin Users

Nonusers I 0-2y 35y =6y I
Characteristic (n = 59534) (n = 7630) (n = 5034) (n = 2706)
Age, mean (SD), y 65.7 (7.1) 67.3 (6.9) 68.0 (6.6) 68.9 (6.3)
Age at menarche, mean (SD), y 12.6 (1.4) 12.5 (1.4) 125 (1.5) 12.5 (1.4)
Parity, mean (SD), No. of childrent 3.2 (1.6) 3.3(1.6) 3.2(1.6) 3.2 (1.6)
Age =30y at first birth, %% 8.4 8.0 8.6 7.8
Family history of breast cancer, % 16.0 17.2 16.7 16.5
History of benign breast disease, % 50.1 53.0 52.7 54.2
Age at menopause, mean (SD), y§ 49.2 (5.1) 49.0 (5.1) 48.8 (5.2) 48.5 (5.5)
Current PMH use, % 419 40.0 43.9 48.3
Duration of PMH use, mean (SD), y 10.4 (7.4) 10.4 (8.0) 10.6 (8.6) 11.1(7.9)
BMI, mean (SD) 26.6 (5.4) 28.1 (5.3) 28.2 (5.3) 27.6 (4.8)
BMI at age 18y, mean (SD) 21.3(2.9) 21.5(3.1) 21.4 (3.1) 21.3(2.9)
Height, mean (SD), inches 64.5 (2.4) 64.4 (2.4) 64.3 (2.4) 64.1 (2.4)
Alcohol consumption, mean (SD), g/d 5.1(9.2) 4.3 (8.6) 4.3 (8.5) 4.4(8.9)
Physical activity, =4 MET/d, % 1.3 18.0 16.8 18.1
Mammography within 2y, % 88.2 92.6 93.8 941

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); MET, metabolic equivalent; PMH,

postmenopausal hormones.

*Age was standardized according to 6 categories of age (<55, 55-59, 60-64, 65-69, 70-74, and =75 years).

tExcludes 924 statin users with unknown duration of use.
F+Among parous women only.
§Among women with natural menopause or bilateral oophorectomy only.

thology reports confirmed 99% of the reported cases, diag-
noses with participant confirmation but missing medical rec-
ord confirmation were included as cases.

Age was calculated from date of birth to the date of question-
naire return. Age at menarche, height, and age at first birth were
queried in 1976. Parity data were collected biennially from 1976
until 1984. Diagnosis of benign breast disease, current weight,
menopausal status, age at menopause, and postmenopausal hor-
mone (PMH) use were assessed biennially. History of breast can-
cer in the participants’ mothers and sisters was queried in 1976,
1982, 1988, 1992, and 1996. Alcohol consumption was as-
sessed using a semiquantitative food-frequency questionnaire in
1986, 1990, 1994, and 1998. Data on physical activity were col-
lected in 1988 and then biennially starting in 1992.

STATISTICAL ANALYSIS

Population characteristics across statin use categories were di-
rectly standardized using the cohort age distribution. We calcu-
lated person-years from the baseline questionnaire return date
to the first date of diagnosis of breast or other cancer (except non-
melanoma skin cancer), death, or June 1, 2000. We used Cox
proportional hazards models to calculate multivariate-adjusted
relative risks (RRs) and 95% confidence intervals (CIs). Multi-
variate models were stratified jointly by age in months and cal-
endar year of follow-up at the beginning of each 2-year ques-
tionnaire cycle and controlled for many known breast cancer risk
factors. Interactions were assessed by including interaction terms
between exposure and the potential modifier in multivariate mod-
els. Statistical significance was assessed using the likelihood ra-
tio test at the aw=.05 level. All analyses were conducted using SAS
software, version 8 (SAS Institute Inc, Cary, NC).

B xesuits [

We documented 3177 incident cases of invasive breast
cancer between 1988 and 2000; 1727 cases were docu-

mented in the statins analysis between 1994 and 2000.
Statin users accounted for 8% of person-years between
1994 and 2000. Statin users were older than women who
did not use any lipid-lowering drugs (Table 2). After
adjusting for age, compared with nonusers, statin users
were slightly younger at menopause, were heavier, ex-
ercised less, and consumed less alcohol. Statin users had
a higher prevalence of factors related to health care use,
including PMH use, benign breast disease, and having
had a mammogram within 2 years.

Current lipid-lowering drug use was not associated
with breast cancer risk (RR, 0.99; 95% CI, 0.86-1.13),
and neither was duration of use (Table 3). The rela-
tionship between current statin use and breast cancer was
similarly null (RR, 0.91; 95% CI, 0.76-1.08). Categoriz-
ing current use by duration again did not alter the re-
sults. Similar results were observed with statins and lipid-
lowering drugs when in situ cases were included in the
analyses. We also found no relation between current statin
use and breast cancer risk among longer-term statin us-
ers (mean duration, 8 years) who were current users in
1988 (RR, 1.12; 95% CI, 0.76-1.67). There also was no
association with statin use among never PMH users. Simi-
larly, no associations were observed when defining cases
according to the estrogen and progesterone receptor sta-
tus of the tumor, although there were few cases in sev-
eral of these groups. For example, the RR of estrogen re-
ceptor—and progesterone receptor—positive breast cancer
among current statin users (vs nonusers) was 0.98 (95%
CI, 0.79-1.22). The associations with statins and lipid-
lowering drugs also did not differ by histologic subtype
of the tumor (data not shown).

Health care—seeking behavior could create a spuri-
ous association between drug use and breast cancer if
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Table 3. Adjusted Relative Risks (RRs) of Breast Cancer According to General Lipid-Lowering Drug and Statin Use

Current Use

Variable Nonuse Past Use <2y 2-4y >4y Total
Lipid-lowering drug use*
Invasive cases, No. 2908 32 110 71 56 237
Person-years 824230 6860 27108 14698 15224 57030
Age-adjusted RR 1.00 (Referent) 1.00 0.99 1.13 0.84 0.99
Multivariate-adjusted RR (95% Cl)t 1.00 (Referent)  0.98 (0.69-1.40)  1.00 (0.82-1.21)  1.14 (0.89-1.45)  0.83 (0.63-1.09)  0.99 (0.86-1.13)
Invasive plus in situ cases, No. 3439 44 131 83 72 286
Multivariate-adjusted RR (95% Cl)t 1.00 (Referent) ~ 1.14 (0.84-1.54)  1.00 (0.83-1.19)  1.13(0.90-1.41)  0.90 (0.71-1.14)  1.00 (0.89-1.14)
Statin uset
Invasive cases, No. 1472 NA 78 53 21 152
Person-years 370718 NA 20644 11357 4256 36257
Age-adjusted RR 1.00 (Referent) NA 0.85 0.98 0.94 0.90
Multivariate-adjusted RR (95% Cl)t 1.00 (Referent) NA 0.86 (0.68-1.08)  0.99 (0.75-1.31)  0.93 (0.60-1.44)  0.91 (0.76-1.08)
Invasive plus in situ cases, No. 1781 NA 101 63 28 192
Multivariate-adjusted RR (95% Cl)t 1.00 (Referent) NA 0.93 (0.76-1.14)  0.99(0.77-1.28)  1.05(0.72-1.54)  0.96 (0.83-1.12)
Among never PMH users
Invasive cases, No. 319 NA 21 11 2 34
Age-adjusted RR 1.00 (Referent) NA 0.95 0.90 0.42 0.87
Multivariate-adjusted RR (95% CI)T  1.00 (Referent) NA 0.93 (0.59-1.45)  0.89(0.48-1.64) 0.40 (0.10-1.62)  0.85 (0.59-1.23)
ER+/PR+
Invasive cases, No. 847 NA 47 34 13 94
Age-adjusted RR 1.00 (Referent) NA 0.90 1.09 0.99 0.97
Multivariate-adjusted RR (95% CI)T  1.00 (Referent) NA 0.91(0.67-1.22) 1.11(0.78-1.57) 0.98 (0.56-1.71)  0.98 (0.79-1.22)
ER-/PR-§
Invasive cases, No. 197 NA 8 10 & 21
Age-adjusted RR (95% Cl) 1.00 (Referent) NA 0.66 (0.32-1.34)  1.40(0.73-2.66) 1.16 (0.36-3.70)  0.96 (0.60-1.51)

Abbreviations: Cl, confidence interval; ER, estrogen receptor; NA, not available; PMH, postmenopausal hormone; PR, progesterone receptor; -+, positive; -, negative.

*Prospective assessment with follow-up between 1988 and 2000.

tRelative risk was adjusted for time in 2-year intervals, age in months, age at menarche (=12, 13, or =14 years, or missing), parity and age at first birth (nulliparous,
1-2 children and <25 years, 1-2 children and 25-29 years, 1-2 children and =30 years, 3-4 children and <25 years, 3-4 children and 25-29 years, 3-4 children and
=30 years, =5 children and <25 years, =5 children and 25-29 years, =5 children and =30 years, or missing), height (<63, 63-63.9, 64-65.9, or =66 inches), body
mass index (calculated as weight in kilograms divided by the square of height in meters) (<21, 21-22.9, 23-24.9, 25-29.9, or =30), first-degree family history of breast
cancer (yes or no), benign breast disease (yes or no), alcohol consumption (none, <5, 5-14.9, or =15 g/d or missing), physical activity (<3, 3-8.9, 9-17.9, 18-26.9, or
=27 metabolic equivalents/wk, or missing), and menopausal status, age at menopause, and use of postmenopausal hormones (premenopausal; postmenopausal, <45
years, and never use; postmenopausal, 45-52 years, and never use; postmenopausal, =53 years, and never use; postmenopausal, <45 years, and current use <5
years; postmenopausal, 45-52 years, and current use <5 years; postmenopausal, =53 years, and current use <5 years; postmenopausal, <45 years, and current use
=5 years; postmenopausal, 45-52 years, and current use =5 years; postmenopausal, =53 years, and current use =5 years; or missing).

FRetrospective assessment with follow-up between 1994 and 2000.
§No multivariate results owing to the small number of cases.

women using lipid-lowering drugs were more likely to
visit their health care provider, be screened, and be di-
agnosed as having breast cancer. To address this possi-
bility, we conducted an analysis restricted to women who
received mammograms regularly (at least every 2 years),
and again, the results were unchanged (data not shown).
Further adjustment for self-reported serum choles-
terol level did not appreciably alter the lipid-lowering drug
or statin results (data not shown). In addition, when we
stratified by recently reported serum cholesterol levels
(1994), the association between current statin use and
breast cancer did not vary significantly: for cholesterol
levels less than 200 mg/dL (<5.18 mmol/L), 200 to 249
mg/dL (5.18-6.45 mmol/L), and 250 mg/dL or greater
(=6.47 mmol/L), the RRs were 1.06 (95% CI, 0.71-
1.59),0.94 (95% CI, 0.70-1.26), and 1.00 (95% CI, 0.71-
1.32), respectively. The associations of statins and lipid-
lowering drugs with breast cancer were also similar across
levels of age and body mass index (data not shown).
The restriction of the statins analysis to current users
in 2000 could have caused bias if cases were less likely
than noncases to continue use through 2000. To evalu-

ate the impact of this restriction, we used the prospec-
tive lipid-lowering drug data to compare use patterns and
breast cancer risk among users between 1994 and 1998
with those who continued use in 2000. Given the high
prevalence (93%) of statin use among lipid-lowering drug
users in 2000, this comparison is likely a good approxi-
mation of statin use. Among those who used lipid-
lowering drugs between 1994 and 1998, continued use
in 2000 was similar for cases (83%) and noncases (86%).
The association between lipid-lowering drug use and
breast cancer risk in the subset of users who remained
current users in 2000 (RR, 0.91;95% CI,0.77-1.07) was
similar to the association in the prospective analysis (RR,
0.98;95% CI, 0.85-1.13).

No association was observed between reported total
serum cholesterol levels and breast cancer risk in either
premenopausal or postmenopausal women (Table 4).
There was also no association in postmenopausal never
PMH users or when the analysis was conducted by es-
trogen and progesterone receptor status of the tumor.
Analyses adjusting for lipid-lowering drug use or re-
stricted to nonusers did not differ from the overall re-
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Followed Up Between 1990 and June 2000

Table 4. Adjusted Relative Risks (RRs) of Breast Cancer by Reported Total Serum Cholesterol Level Among 71 921 Women

Reported Total Serum Cholesterol, mg/dL

P
Variable <180 180-199 200-219 220-239 =240 Value*
Premenopausal women
Invasive cases, No. 85 35 33 20 16
Age-adjusted RR 1.00 (Referent) 0.72 0.82 0.73 0.94
Multivariate-adjusted RR (95% CI)t 1.00 (Referent)  0.73 (0.48-1.09)  0.82 (0.54-1.24)  0.72 (0.43-1.19)  0.94 (0.54-1.64) .35
Postmenopausal women
Invasive cases, No. 512 393 484 386 504
Age-adjusted RR 1.00 (Referent) 1.06 1.02 0.92 1.05
Multivariate-adjusted RR (95% CI)t 1.00 (Referent)  1.05(0.92-1.20)  1.01 (0.89-1.14)  0.90 (0.78-1.03)  1.04 (0.91-1.17) .29
Among never PMH users
Invasive cases, No. 124 92 114 104 128
Age-adjusted RR 1.00 (Referent) 1.02 0.97 1.01 1.00
Multivariate-adjusted RR (95% Cl)t  1.00 (Referent) ~ 1.00 (0.76-1.31)  0.95(0.73-1.23)  0.96 (0.73-1.25)  0.95 (0.74-1.23) .66
ER+/PR+
Invasive cases, No. 264 207 251 189 253
Age-adjusted RR 1.00 (Referent) 1.08 1.03 0.87 1.00
Multivariate-adjusted RR (95% Cl)t ~ 1.00 (Referent) ~ 1.05(0.88-1.26)  1.00 (0.84-1.19)  0.85(0.70-1.02)  1.00 (0.83-1.19) .36
ER-/PR-
Invasive cases, No. 76 58 70 51 75
Age-adjusted RR 1.00 (Referent) 1.06 1.04 0.87 1.16
Multivariate-adjusted RR (95% CI)t  1.00 (Referent) ~ 1.05(0.75-1.49)  1.03 (0.74-1.44)  0.85(0.59-1.23)  1.15 (0.83-1.60) .76

Abbreviations: Cl, confidence interval; ER, estrogen receptor; PMH, postmenopausal hormone; PR, progesterone receptor; +, positive; -, negative.
Sl conversion factor: To convert cholesterol to millimoles per liter, multiply by 0.0259.

*Pvalue determined using test for trend.
tRelative risk was adjusted as described in Table 3.

sults (data not shown). In addition, the association be-
tween cholesterol levels and breast cancer risk did not
vary by body mass index (data not shown). To rule out
preclinical disease affecting the association, we re-
peated the analysis excluding cases diagnosed in the first
2 years of follow-up; the results were similar. Results were
also similar when in situ cases were included (data not
shown).

BN COMMENT By

In this large, prospective cohort study, use of lipid-
lowering drugs in general and of statins in particular was
not associated with breast cancer risk. Longer duration
of use was similarly unrelated to risk. Serum cholesterol
levels were not appreciably associated with breast can-
cer risk. This analysis has several strengths, including the
number of exposed women, many breast cancer cases,
high levels of follow-up, detailed covariate information,
and updated exposure status. Our exposure data are likely
to be accurate given that participants are registered nurses
familiar with prescription drugs and health-related ex-
posures. Except for the statin inquiry in 2000, exposure
data were collected before diagnosis, precluding the pos-
sibility of recall bias.

This study also has several potential limitations. Be-
cause statin use was assessed retrospectively in women
who were current users in 2000, women who discontin-
ued use before 2000 were not included as users in our
analysis. However, the proportion of lipid-lowering drug
users who continued use in 2000 was similar in cases and
noncases. In addition, the associations between lipid-

lowering drug use and breast cancer were similar in the
prospective and retrospective analyses. Because bien-
nial questionnaires were administered, we were unable
to assess the effect of very short-term statin use. How-
ever, statins are generally prescribed for long periods, and
with relatively few adverse effects, short-term use is un-
likely.” We also cannot rule out modest associations or
associations with longer durations of use; thus, more fol-
low-up is necessary. Finally, we were unable to assess the
effects of specific types of statins.

Experimental studies have raised hopes that statins may
provide benefits beyond lowering cardiovascular disease
risk. Statins lower cholesterol levels by blocking 3-hydroxy-
3-methylglutaryl coenzyme A reductase, the rate-limiting
step in the mevalonate pathway.’* This pathway not only
leads to the production of cholesterol but also includes in-
termediate products that are essential to cell cycle progres-
sion.”>?° Statins have inhibited tumor growth in murine
models of brain, pancreatic, and breast cancer’ and have
induced apoptosis in leukemic, colon cancer, and breast
cancer cell lines.®®? However, statins have been designed
to be hepatospecific, given that cholesterol production oc-
curs primarily within the liver, and less than 5% of some
statins taken orally reach the peripheral circulation.® Thus,
even if statins are beneficial in experimental models, the
effects may not be applicable to humans. In addition, es-
tradiol has been shown to counteract the antiproliferative
effects of statins in vitro.®* Thus, if statins reach the breast
tissue, the hormonal milieu of the breast may negate any
beneficial effect of statins.

Our results of no overall association between statin
use and breast cancer risk are consistent with those of 1
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cohort study' and 3 case-control studies.'®'*"* In addi-
tion, no association was observed in 29°¢ of 3%6%:% car-
diovascular prevention trials with breast cancer data. A
positive association was observed in 1 trial,* although there
were few cases, some of which were breast cancer recur-
rences. Increased risk was also observed in a case-
control study ® but the association was present only among
in situ cases, suggesting heightened screening in statin
users. There seemed to be somewhat greater health care
use among statin users in our study given the slightly higher
prevalence of PMH use, benign breast disease, and recent
mammograms. However, no association was observed with
statins either using all breast cancer cases or restricting the
cases to invasive disease. Our results contrast those of the
most recent cohort study,’ with 240 breast cancer cases (6
exposed cases), in which statins were associated with a sig-
nificantly decreased breast cancer risk (RR, 0.28; 95% CI,
0.09-0.86). However, it is possible that the apparent pro-
tective effect was a chance finding. Our findings are con-
sistent with the overall results of the most recent case-
control study' in which ever use of statins was not
associated with breast cancer. However, in contrast to our
results, a decreased risk was observed with more than 5
years of statin use (RR, 0.7; 95% CI, 0.4-1.0).

In contrast to statins, there is little laboratory evi-
dence to support an association between nonstatin lipid-
lowering drugs and cancer, although fibrates have been
associated with liver cancer incidence in animals.? If cho-
lesterol is directly related to cancer, then lowering cho-
lesterol levels with any lipid-lowering drugs might de-
crease breast cancer risk. The few previous epidemiologic
studies of lipid-lowering drugs and breast cancer have
had inconsistent results, with null,*” nonsignificant posi-
tive,'? and significant inverse® associations reported. In
the present study, the largest to date, no association was
observed, even with more than 4 years of use.

The relation of cholesterol to sex steroid hormones
and breast cancer is complex. Cholesterol is the precur-
sor to steroid hormone synthesis and could potentially
be associated with higher sex steroid hormone produc-
tion due to increased substrate availability. However, es-
trogen lowers cholesterol levels by increasing low-
density lipoprotein (LDL) receptor expression in the liver
and other tissues, which increases cholesterol uptake and
excretion.?*8% Additional evidence of the inverse as-
sociation between estrogen and cholesterol includes the
increase in total and LDL cholesterol levels at meno-
pause, likely due to the decline in estrogen levels,” and
the association between high total or LDL cholesterol lev-
els and lower bone density”"? and higher risk of osteo-
penia,”® conditions strongly associated with low estro-
gen levels. The association between cholesterol and breast
cancer is unclear. Although LDL receptors are overex-
pressed in cancer cell lines™*"" and have been associated
with breast cancer invasiveness’ and poorer survival,”
this may be a result of tumor requirements for mem-
brane and hormone production® rather than high total
or LDL cholesterol levels leading to carcinogenesis. Fur-
ther complicating the association is whether serum lev-
els of cholesterol and sex steroid hormones are corre-
lated with tissue levels. Although correlation data are
limited and inconsistent,®"%* epidemiologic evidence that

circulating sex steroid hormone levels are directly asso-
ciated with breast cancer risk supports a correlation.'$!?

The relation between serum cholesterol and breast can-
cer has been examined in several case-control stud-
ies, 2193848 with inconsistent results. The association has
also been investigated in several cohort studies, al-
though most have been small**2%**3* or have not had com-
plete covariate information.'”-*?1353¢ In the most recent
cohort study,*” an inverse association was observed be-
tween high-density lipoprotein cholesterol level and breast
cancer, suggesting that lower high-density lipoprotein cho-
lesterol levels may be a hormonal marker of increased
risk. Amid the inconsistencies of previous studies, our
results suggest no association between total cholesterol
levels and breast cancer risk.

In summary, the results of this study suggest that the
beneficial effect of statins on breast cancer observed in
experimental studies may not be applicable to humans.
We also found no associations of general lipid-lowering
drugs and serum cholesterol levels with breast cancer risk.
Further study is warranted to evaluate the associations
of longer durations of statin use and specific types of stat-
ins with breast cancer risk.
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