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HE HYPOTHESIS THAT USE OF AN-
tibiotics may increase risk of
cancer was first proposed sev-
eral decades ago." Biological and
epidemiologic studies of this associa-
tion are limited, and the various mecha-
nisms of action of antibiotics may actu-
ally have opposite effects on cancer risk.?
For example, use of antibiotics reduces
the capacity of intestinal microflora to
metabolize phytochemicals into com-
pounds that may protect against can-
cer.!** However, antibiotic use also
disrupts the intestinal microfloral me-
tabolism of estrogens.>® This results in
lower levels of circulating estrogens,
which might decrease the risk of some
hormonal cancers.*>° Additionally, use
of antibiotics may be associated with can-
cer risk through effects on immune func-
tion and inflammation, although little is
known about these mechanisms.>’
The only epidemiologic study of the
association between antibiotic use and
cancer risk is a cohort study of incident
breast cancer in Finland. The investiga-
tors found that women younger than 50
years who self-reported previous and/or
present antibiotic use for urinary tract
infections had an elevated risk of breast
cancer, compared with women with-
out such usage (relative risk, 1.74; 95%
confidence interval [CI], 1.13-2.68).
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Context Use of antibiotics may be associated with risk of breast cancer through ef-
fects on immune function, inflammation, and metabolism of estrogen and phyto-
chemicals; however, clinical data on the association between antibiotic use and risk of
breast cancer are sparse.

Objective To examine the association between use of antibiotics and risk of breast
cancer.

Design, Setting, and Participants Case-control study among 2266 women older
than 19 years with primary, invasive breast cancer (cases) enrolled in a large, non-
profit health plan for at least 1 year between January 1, 1993, and June 30, 2001, and
7953 randomly selected female health plan members (controls), frequency-matched
to cases on age and length of enroliment. Cases were ascertained from the Surveil-
lance, Epidemiology, and End Results cancer registry. Antibiotic use was ascertained
from computerized pharmacy records.

Main Outcome Measure Association between extent of antibiotic use and risk of
breast cancer.

Results Increasing cumulative days of antibiotic use were associated with increased
risk of incident breast cancer, adjusted for age and length of enrollment. For catego-
ries of increasing use (0, 1-50, 51-100, 101-500, 501-1000, and =1001 days), odds
ratios (95% confidence intervals) for breast cancer were 1.00 (reference), 1.45
(1.24-1.69), 1.53 (1.28-1.83), 1.68 (1.42-2.00), 2.14 (1.60-2.88), and 2.07 (1.48-
2.89) (P<.001 for trend). Increased risk was observed in all antibiotic classes studied
and in a subanalysis having breast cancer fatality as the outcome. Among women with
the highest levels of tetracycline or macrolide use, risk of breast cancer was not el-
evated in those using these antibiotics exclusively for acne or rosacea (indications that
could be risk factors for breast cancer due to altered hormone levels), compared with
those using them exclusively for respiratory tract infections, adjusted for age and length
of enrollment (odds ratio, 0.91; 95% confidence interval, 0.44-1.87).

Conclusions Use of antibiotics is associated with increased risk of incident and fatal
breast cancer. It cannot be determined from this study whether antibiotic use is caus-
ally related to breast cancer, or whether indication for use, overall weakened immune
function, or other factors are pertinent underlying exposures. Although further stud-
ies are needed, these findings reinforce the need for prudent long-term use of
antibiotics.
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Baseline bacteriuria was not associated
with subsequent incidence of breast can-
cer, providing some assurance that
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antibiotic use, not the underlying infec-
tion, was the actual risk factor.® None-
theless, antibiotic exposure was mea-
sured only as a binary variable without
consideration for antibiotic class, length
of use, or use for conditions other than
urinary tract infections.
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|
Table 1. Selected Characteristics of Controls and Cases*

No. (%)
l Controls Cases I
Characteristic (n =7953) (n = 2266) P Value
Patient Characteristics
Age at reference date, y
=40 471 (5.9) 140 (6.2)
41-50 1647 (20.7) 435 (19.2)
51-60 1830 (23.0) 516 (22.8) 61
61-70 1671 (21.0) 477 (21.1)
71-80 1599 (20.1) 473 (20.9)
=81 735(9.2) 225(9.9 -
Education beyond high school 1713 (62.3) 800 (68.6) <.001
White race 2779 (91.3) 1133 (91.6) .75
Health Care/Pharmacy Characteristics
Length of enroliment, y
1-10 1725 (21.7) 497 (21.9) 7]
11-15 1299 (16.3) 364 (16.1) 39
16-20 1421 (17.9) 438 (19.9)
=21 3508 (44.1) 967 (42.7)
No. of annual health care visitst
- 2387 (48.7) 606 (42.5) 7]
6-10 1808 (36.9) 587 (41.2) <.001
=11 709 (14.5) 232 (16.3) _
Pharmacy co-payment status
Fully covered 3054 (38.7) 812 (35.9) 7]
$1-$5 co-payment 3846 (48.7) 1150 (50.8) "
$6-$15 co-payment 967 (12.9) 289 (12.8)
No pharmacy coverage 30 (0.4) 11(0.5) -
Clinical Characteristics
Age at menarche, y
<11 285 (4.7) 107 (6.9) ]
11-14 5056 (83.1) 1513 (83.7) .01
=15 744 (12.2) 187 (10.4) _
Parous 5305 (85.6) 1618 (84.5) .23
Age at first birth >30 'y 296 (12.9) 149 (15.5) .05
Body mass indext
<18.5 108 (1.7) 24 (1.3)
18.5-24.9 2815 (46.7) 797 (42.4) 004
25.0-29.9 1796 (29.8) 612 (32.6)
=30.0 1311 (21.8) 445 (23.7)
First-degree family history of breast cancer 900 (14.5) 371 (19.5) <.001
High mammographic breast density§ 1214 (42.8) 733 (61.9) <.001
Hysterectomy 1942 (31.4) 555 (29.9) .24
Postmenopausal 5963 (85.0) 1645 (78.7) <.001
Age at menopause =50 y 1993 (40.1) 604 (42.3) 13
Oral contraceptive use|| 2867 (46.7) 1012 (54.6) <.001
Postmenopausal hormone use|| 4539 (65.9) 1297 (64.7) .32
(continued)

Understanding whether an associa-
tion between antibiotic use and breast
cancer exists is particularly important
given the high incidence of breast can-
cer and widespread antibiotic use in
many countries. Breast cancer is the most
frequently diagnosed nonskin malig-
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nancy and the second leading cause of
cancer mortality in US women.” It is also
the most common cancer in women
worldwide, with more than 1 million
cases diagnosed each year.'® Antibiot-
ics are used extensively and overused in
many countries, though efforts are un-

der way to curb overuse.! In the United
States, more than 22.6 million antibi-
otic prescriptions for nonbacterial acute
respiratory infections were filled in 1995
alone."

The objective of this case-control
study was to determine if an associa-
tion exists between antibiotic use and
risk of breast cancer in a sample of 10219
women enrolled at Group Health Co-
operative (GHC), a large, nonprofit
health plan in western Washington State.
Although the biological mechanisms
through which antibiotics might alter
cancer risk may also be relevant to other
cancers, we selected breast cancer for this
study because it is the topic of the only
other epidemiologic study of antibiotic
use and cancer risk, and it is an impor-
tant cancer in women.

METHODS
Selection of Study Participants

In this case-control study, all partici-
pants were selected from women en-
rolled in GHC continuously for at least
1 year before their reference date and
for whom computerized pharmacy re-
cords were available. The reference date
for each case was the date of breast can-
cer diagnosis. The reference date for
each control was a randomly selected
date from the calendar years in which
the cases were diagnosed. Cases were
all women older than 19 years who were
newly diagnosed with primary, inva-
sive breast cancer between January 1,
1993, and June 30, 2001, identified
through the Seattle-Puget Sound Sur-
veillance, Epidemiology, and End Re-
sults cancer registry. Control partici-
pants were randomly selected from
GHC enrollment files during the years
the cases were diagnosed and were fre-
quency matched to cases at a ratio of
3:1 on birth year (5-year intervals) and
duration of GHC enrollment with com-
puterized pharmacy records available
(=10 years, 11-15 years, 16-20 years,
and =21 years of enrollment).

We identified 2266 cases of primary,
invasive breast cancer and 385 cases of
in situ breast cancer. After exclusion of
the in situ breast cancers, the control:
case matching ratio was slightly greater
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than 3:1, for a total of 7953 controls
(TABLE 1). The project was approved by
the GHC human subjects review com-
mittee. Each study participant was as-
signed a unique study code number; no
personal identifiers were used in the
analysis.

Antibiotic Use

Data on antibiotic use were obtained
from the GHC pharmacy database,
which began in 1977. In this database,
each prescription fill is a separate rec-
ord including the patient identifier,
drug name and strength, dosage form,
date dispensed, quantity dispensed, and
dosing instructions (eg, “take 2 tab-
lets 4 times a day”). Studies of samples
of GHC members indicate that 97% to
98% of participants fill all or almost all
(90%-100%) their prescriptions at GHC
pharmacies, suggesting a highly com-
plete database.” We limited our study
to antimicrobial anti-infective agents,
excluding antiviral, antifungal, antima-
larial, and antituberculin agents. We in-
cluded all dosage forms, except mouth
rinses and topical forms, because we
were interested in intestinal effects and
systemic absorption of antibiotics.

We selected 2 measures of antibiotic
exposure: the cumulative number of days
of antibiotic use and the total number of
antibiotic prescriptions for each study
participant, as ascertained from the com-
puterized pharmacy database over all
years of enrollment prior to each par-
ticipant’s reference date, as far back as
1977. After ascertaining that results were
not sensitive to reasonable variations in
the categorization of antibiotic use, such
as tertiles, quartiles, or quintiles, we
chose categories of antibiotic use that
roughly corresponded to what clini-
cians might consider “lower use,” “mod-
erate use,” and “higher use.”

To estimate the days of use for each
prescription, we divided the quantity of
antibiotic prescribed by the quantity in-
tended to be taken per day. We summed
the days of use across the 8 most com-
mon classes of antibiotic prescriptions
used by study participants (represent-
ing 97% of all antibiotic prescriptions)
to obtain the total cumulative days of use
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|
Table 1. Selected Characteristics of Controls and Cases™ (cont)

No. (%)
I 1
Controls Cases
Characteristic (n =7953) (n = 2266) P Value
Clinical Characteristics (cont)
No. of postmenopausal hormone prescriptions||
0 3798 (47.8) 1059 (46.7)
1-25 2352 (29.6) 593 (26.2) <001
26-50 868 (10.9) 286 (12.6)
=51 935 (11.8) 328 (14.5)

*Data were 100% complete for age, length of enrollment, co-payment status, and number of health care visits. The
percentages of missing data for other variables for controls and cases, respectively, were: education (65%, 49%),
race (62%, 45%), age at menarche (23%, 20%), parity (22%, 15%), age at first birth among parous women (57 %,
41%), body mass index (24%, 17%), family history (22%, 16%), breast density (64%, 48%), hysterectomy (22%,
18%), menopausal status (12%, 8%), age at menopause (17%, 13%), oral contraceptive use (22%, 18%), ever use
of postmenopausal hormones (13%, 12%); number of postmenopausal hormone prescriptions (100% in cases and
controls: 4857 women with no postmenopausal hormone prescriptions were assumed to be nonusers).

TAverage annual number of primary care and specialty health care visits over a 5-year period prior to the reference
date, among the 6329 women continuously enrolled for at least 5 years between 1990 and 2001.

FCalculated as weight in kilograms divided by the square of height in meters.

§In upper 2 Breast Imaging Reporting and Data System categories.

|[Ever use, from self-report questionnaire and pharmacy database.

fIFrom pharmacy database only.

for each participant. We also sepa-
rately estimated each participant’s total
number of days of use for each of the 6
most common antibiotic classes, which
represented the classes with sufficient
use to separately estimate risk.

Dosing instructions were available for
48948 (46%) of 106663 unique antibi-
otic prescriptions representing the 8
most common antibiotic classes filled by
study participants. The remaining 57 715
prescriptions with missing or incom-
plete dosing instructions represented
1820 unique combinations of drug
name, strength, quantity of pills, and,
when available, dosing instructions. An
experienced GHC pharmacist (C.A.R.),
blinded to case-control status, im-
puted days of use for these 1820 unique
combinations, using the drug name,
strength, quantity prescribed, and her
extensive knowledge of prescription
practices. The imputed days of use were
then added into the total days of use vari-
ables for each participant.

The proportion of cases and controls
with prescriptions requiring imputa-
tion was similar. Imputations were re-
quired for all antibiotic classes, rang-
ing from a low of 39% for cephalosporins
to a high of 80% for nitrofurantoins. The
proportion of antibiotic prescriptions re-
quiring imputation increased some-
what across increasing levels of antibi-
otic use; among women using antibiotics

for 1 to 50 days, 51% of prescriptions
required imputation, while among those
using antibiotics for more than 1000
days, 57% of prescriptions required im-
putation. For each antibiotic class, the
modal number of days of use was 10 for
both the imputed days and the days cal-
culated from the pharmacy database.

Other Factors
The known and suspected risk factors
for breast cancer, and on other factors
relevant to this analysis, included age,
level of education, race, length of en-
rollment at GHC, number of primary
and specialty health care visits, phar-
macy co-payment status, age at men-
arche, parity, age at first birth, body
mass index, first-degree family his-
tory of breast cancer, mammographic
breast density, prior hysterectomy,
menopausal status, age at menopause,
and use of oral contraceptives and post-
menopausal hormones. Information on
these factors was obtained from the
GHC Breast Cancer Surveillance pro-
gram questionnaire, enrollment files,
cost and utilization files (available from
1990 on), and the pharmacy database.
Since 1986, the Breast Cancer Sur-
veillance Program questionnaire has
been sent to all female members of GHC
when they turn 40 years old and to all
new enrollees older than 40 years. Ap-
proximately 85% of GHC members who
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are at least 40 years old complete the
questionnaire, and it is updated at each
mammography visit."*!* In addition, be-
ginning in 1996, any woman younger
than 40 years who has a mammogram
also completes the questionnaire. For
this study, data on risk factors were
obtained from the most recent ques-
tionnaire completed prior to each par-
ticipant’s reference date. When meno-
pausal status was missing from the
questionnaire, we classified women
older than 55 years at the reference date
as postmenopausal.

To determine “ever use” of oral con-
traceptives and postmenopausal hor-
mones, we accepted either self-
reported use of oral contraceptives or
postmenopausal hormones (from the
surveillance questionnaire) or at least 1
oral contraceptive or postmenopausal
hormone prescription in the pharmacy
database. Information on duration of
postmenopausal hormone use was not
available; therefore, the total number of
postmenopausal hormone prescrip-
tions was evaluated as a separate risk fac-
tor to approximate length of use.

Medical Record Reviews

It is possible that indication for antibi-
otic use, rather than antibiotic use itself,
is the pertinent underlying exposure. To
assess the evidence that indication for
antibiotic use was associated with risk of
breast cancer, we conducted a substudy
of women in our data set with more than
100 cumulative days of tetracycline use
and/or more than 50 cumulative days of
macrolide use. We selected tetracy-
clines and macrolides because they are
used for a variety of chronic conditions.
Of 330 study participants (90 cases and
240 controls) fitting the antibiotic use
criteria, 308 medical records were
reviewed to identify indication for anti-
biotic prescription; 7 records were
unavailable and 15 had no information
pertaining to antibiotic use, which can
occur if a patient uses another provider
for health care but GHC pharmacies for
prescription fills, or if a telephoned pre-
scription request is not followed up with
anote in the medical records, as in some
dental prescriptions.

830 JAMA, February 18, 2004—Vol 291, No. 7 (Reprinted)

If women with high use of antibiot-
ics for acne or rosacea had elevated risk
of breast cancer in comparison to
women with high use of antibiotics for
respiratory tract infections, then we
would have some evidence that under-
lying medical conditions associated
with hormonal imbalances might be
pertinent underlying risk factors. We
compared women with at least 50 days
of tetracycline or macrolide use exclu-
sively for acne or rosacea with women
with at least 50 days of use exclusively
for respiratory tract infections. These
were the only indications occurring
with sufficient frequency for a quanti-
tative analysis.

Statistical Analyses

x* Tests were used for categorical vari-
ables and analysis of variance for con-
tinuous variables. Pearson correlation
coefficients were used to evaluate con-
cordance between the total number of
antibiotic prescriptions and cumula-
tive days of antibiotic use. We used un-
conditional logistic regression to esti-
mate the relative risk of breast cancer
associated with antibiotic use and to per-
form tests for trend. All logistic regres-
sion analyses were adjusted for the
matching variables (ie, age and length
of enrollment), which were modeled as
continuous variables. For all analyses,
we estimated odds ratios (ORs) sepa-
rately for premenopausal and postmeno-
pausal women but found no appre-
ciable differences in results and therefore
present only the combined analyses.
Death due to breast cancer was ex-
amined separately as an outcome. The
rationale was that women who obtain
mammograms may be more likely to
have their breast cancer diagnosed ear-
lier than women who do not obtain
mammograms. Women obtaining
mammograms may be less likely to die
from breast cancer due to the advan-
tages of early detection and treatment.
Italso is possible that these women may
utilize more health care in general and
may be more likely to fill antibiotic pre-
scriptions than women who do not ob-
tain mammograms. If antibiotic use is
only a proxy for health care—seeking or

detection by mammography, we would
expect an attenuated association be-
tween antibiotic use and fatal breast
cancer. Using International Classifica-
tion of Diseases, Ninth Revision codes
from GHC death file databases, which
are downloaded from Washington State
vital statistics databases, we identified
breast cancer as the underlying cause
of death in 177 cases between 1993 and
December 31, 2001.

We examined the sensitivity of the
results to various assumptions about the
“days of use” antibiotic exposure vari-
able in 8 separate subanalyses: (1) we
restricted the analysis to the 5302
women who had at least 15 years of
pharmacy data; (2) we restricted the
analysis to the 8409 women who filled
at least 1 antibiotic prescription dur-
ing enrollment; (3) we assumed that
participants used only 75% of their pre-
scription; (4) we assumed that partici-
pants used all of their prescription, but
took an average of 75% of the daily dose
(thus extending their days of use by
33%); (5) we excluded all antibiotic use
within the 2-year period prior to the ref-
erence date in an attempt to address the
possibility that antibiotic use was as-
sociated with prediagnosable breast
cancer; (6) similarly, we excluded all
antibiotic use within the 4-year period
prior to the reference date; (7) we ex-
amined risk of breast cancer in rela-
tion to only the calculated days of an-
tibiotic use; and (8) we examined risk
of breast cancer in relation to only the
imputed days of antibiotic use.

Data retrieval was performed using
SAS version 8.0 (SAS Institute Inc, Cary,
NC), and analyses were performed us-
ing Intercooled Stata version 6.0 (Stata
Corp, College Station, Tex); P<<.05 was
used to determine statistical signifi-
cance.

RESULTS

Cases and controls were similar with re-
spect to age, race, length of GHC enroll-
ment with computerized pharmacy data
available, pharmacy co-payment status,
parity, hysterectomy status, age at meno-
pause, and ever use of postmenopausal
hormones (Table 1). A larger propor-
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tion of cases than controls were edu- ceptives, and had filled more than 25  first birth after age 30 years, higher body
cated beyond high school, had a higher =~ postmenopausal hormone prescrip- mass index, a first-degree family his-
number of health care visits, were pre-  tions. Cases were also more likely than  tory of breast cancer, and higher mam-
menopausal, had ever used oral contra-  controls to have menarche beforeage 11, mographic breast density. As shown in

- ______________________________________________________________________________________________]
Table 2. Characteristics of Control Participants and Breast Cancer Cases, by Cumulative Number of Antibiotic Prescriptions™®

Total No. of Antibiotic Prescriptionst

Characteristic l 0 1-10 11-25 26-50 =51 l Valrue
Control Participants
Total 1478 4042 1726 522 185
Age at reference date, mean (SD), y 58.9 (14.4) 61.0 (14.3) 62.3 (14.3) 62.4 (13.9) 62.3 (13.6) <.001
Education >high school, No. (%) 78 (53.4) 894 (62.1) 498 (63.5) 173 (62.7) 70 (66.7) 18
White race, No. (%) 217 (84.8) 1423 (90.2) 764 (93.3) 270 (95.1) 105 (98.1) <.001
Years of enrollment, mean (SD) 9.6 (6.3 17.96.7) 20.9 (6.1) 21.4 (4.3 22.8 (8.9 <.001
No. of health care visits, mean (SD)t 3.6 (3.1) 5.2 (3.5 6(4.4) 10.3 (6.9 12.4(7.4) <.001
Pharmacy co-payment >$5, No. (%) 195 (13.6) 458 (11.4) 245 (14.2) 71(13.6) 28 (15.1) .02
Age at menarche <11y, No. (%) 19 (4.1) 145 (4.3) 71(4.5) 32 (6.6) 18(10.4) .001
Parous, No. (%) 395 (83.2) 2945 (85.1) 1390 (86.8) 421 (85.7) 154 (87.0) 29
Age at first birth>30y, No. (%) 2(10.1) 159 (13.2) 95 (14.4) 22 (9.9 8(8.9) 24
Body mass index >24.9, No. (%)§ 218 (47.8) 1679 (50.2) 819 (52.4) 290 (59.9) 101 (57.1) <.001
First-degree family history of breast cancer, No. (%) 57 (12.1) 485 (14.0) 237 (14.8) 81(16.5) 40 (22.6) .007
High mammographic breast density, No. (%)|| 71(48.0) 635 (42.6) 334 (41.4) 124 (44.0) 50 (45.5) .60
Hysterectomy, No. (%) 133 (27.9) 984 (28.5) 533 (33.4) 209 (42.7) 83 (47.2) <.001
Postmenopausal, No. (%) 928 (92.2) 3062 (83.2) 1383 (83.9) 432 (86.8) 158 (87.8) <.001
Age at menopause =50y, No. (%) 152 (39.4) 1128 (41.2) 526 (40.9) 135 (82.9) 52 (35.4) .02
Oral contraceptive use, No. (%) 210 (45.3) 1566 (45.7) 768 (48.5) 238 (48.9) 85 (48.3) .32
Postmenopausal hormone use, No. (%)1] 281 (31.0) 2422 (66.4) 1255 (76.3) 423 (84.1) 158 (87.8) <.001
No. of postmenopausal hormone prescriptions, mean (SD)# 2.9(12.0) 14.9 (25.3) 22.6 (30.7) 28.2 (33.1) 35.9 (37.8) <.001
Breast Cancer Cases

Total 332 1164 498 196 76
Age at reference date, mean (SD), y 61.1(13.9) 60.7 (14.1) 64.5(14.2) 62.6 (14.1) 64.5(13.0) .001
Education >high school, No. (%) 60 (74.1) 430 (70.4) 186 (64.1) 91 (70.0) 33(61.1) 18
White race, No. (%) 91 (87.5) 596 (91.6) 270(91.2) 124 (93.9) 52 (96.3) .31
Years of enrollment, mean (SD) .5(6.4) 17.1 (7.0 20.2 (5.0) 21.4 (4.4) 21.8(4.1) <.001
No. of health care visits, mean (SD)t 13.7) 5.4 (3.3 04.3 10.4 (5.5 11.3(7.7) <.001
Pharmacy co-payment >$5, No. (%) 49 (14.9) 148 (12.7) (1 9 24 (12.2) 10 (13.2) .85
Age at menarche <11y, No. (%) 9(6.6) 57 (5.9 27 6.1) 1(6.0) 34.3 .97
Parous, No. (%) 122 (79.2) 851 (82.3) 418 (89.7) 161 (85.2) 66 (90.4) .001
Age at first birth>30y, No. (%) 7(11.9) 73 (15.0) 39 (15.0) 25 (22.9) 5(10.6) 19
Body mass index >24.9, No. (%)§ 83 (55.3) 558 (55.0) 248 (54.4) 123 (65.4) 45 (64.3) .05
First-degree family history of breast cancer, No. (%) 26 (17.2) 203 (19.8) 99 (21.4) 27 (14.4) 16 (21.9) .29
High mammographic breast density, No. (%)|| 53 (69.7) 376 (60.7) 184 (60.9) 87 (65.4) 33 (62.3) .52
Hysterectomy, No. (%) 34 (23.9) 287 (28.6) 126 (27.9) 73 (39.3) 35 (48.0) <.001
Postmenopausal, No. (%) 223 (81.1) 826 (76.6) 379 (80.0) 152 (80.4) 65 (87.8) .09
Age at menopause =50y, No. (%) 48 (48.5) 323 (42.6) 150 (41.6) 61(41.2) 22 (36.1) .61
Oral contraceptive use, No. (%)1] 73 (52.5) 551 (65.0) 236 (51.9) 108 (57.1) 44 (64.7) 29
Postmenopausal hormone use, No. (%)1] 95 (38.3) 638 (61.4) 349 (75.9) 151 (82.1) 64 (87.7) <.001
No. of postmenopausal hormone prescriptions, mean (SD)# 5.0 (14.6) 15.8 (26.0) 27.0 (34.4) 26.8 (31.7) 37.0 (34.0) <.001

*See Table 1 footnote regarding completeness of data.

TAs of 1977 or start of enrollment, whichever was later.

FAverage annual number of primary care and specialty health care visits over a 5-year period prior to the reference date, for the 6329 women continuously enrolled for at least 5
years between 1990 and 2001. Numbers of women with data across the 5 prescription categories, for controls and cases, respectively: 342 and 98 (for O prescriptions); 2606
and 718 (1-10 prescriptions); 1366 and 388 (11-25 prescriptions); 433 and 154 (26-50 prescriptions); 157 and 67 (=51 prescriptions).

§Body mass index calculated as weight in kilograms divided by the square of height in meters.

|lUpper 2 Breast Imaging Reporting and Data System categories.

Y|Ever use, from self-report questionnaire and pharmacy database.

#From pharmacy database only.
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TABLE 2, in control participants, increas-
ing cumulative number of prescrip-
tions was associated with older age, white
race, longer length of enrollment at GHC,
increasing number of health care visits,
pharmacy co-payment greater than $5,
age at menarche younger than 11 years,
higher body mass index, family history
of breast cancer, prior hysterectomy, gen-
erally younger age at menopause, ever
use of postmenopausal hormones, and

higher number of postmenopausal hor-
mone prescriptions. In control partici-
pants, both never users and high users
of antibiotics were more likely to be post-
menopausal than were women with low
levels of use. Among breast cancer cases,
increasing cumulative number of pre-
scriptions was associated with older age,
longer length of enrollment at GHC, in-
creasing number of health care visits, par-
ity, higher body mass index, prior hys-

]
Table 3. Association of Incident Breast Cancer With Cumulative Days of Antibiotic Use*

No. (%)
No. of Days of l Controls Cases l P Value
Antibiotic Use (n =7948) (n = 2266) OR (95% CI)t for Trend
Cumulativet
0 1478 (18.6) 332 (14.7) Reference
1-50 2365 (29.8) 675 (29.8) 1.45 (1.24-1.69)
51-100 1515 (19.1) 435 (19.2) 1.53(1.28-1.83) <001
101-500 2215 (27.9) 682 (30 1) 1.68 (1.42-2.00)
501-1000 214 (2.7) 3 (3.7) 2.14 (1.60-2.88)
=1001 161 (2.0) ( .6) 2.07 (1.48-2.89) _|
Macrolides
1478 (29.8) 332 (23.4) Reference
1-50 337 (61.3) 924 (65.1) 1.49 (1.24-1.78) <001
51-100 285 (5.8) 96 (6.8) 1.68 (1.25-2.24)
=101 153 (3.1) 68 (4.8) 2.26 (1.61-3.18) _
Tetracyclines
0 1478 (32.4) 332 (25.9) Reference
1-50 2381 (52.2) 681 (53.0) 1.55 (1.28-1.87) ~ 001
51-100 327 (7.2) 130 (10.1) 2.20 (1.68-2.88)
=101 378 (8.3) 141 (11.0) 2.12 (1.63-2.76) _
Penicillins
1478 (22.9) 332 (18.2) Reference
1-50 3327 (51.5) 966 (52.8) 1.52 (1.29-1.79) <001
51-100 1044 (16.2) 308 (16.8) 1.60 (1.31-1.95)
=101 608 (9.4) 223 (12.2) 2.02 (1.62-2.53) _|
Cephalosporins
0 1478 (32.6) 332 (25.9) Reference
1-50 2723 (60.0) 824 (64.4) 1.55(1.30-1.85) <001
51-100 232 (5.1) 77 (6.0) 1.70 (1.25-2.32)
=101 108 (2.4) 47 (3.7) 2.30(1.57-3.38) _
Sulfonamides
1478 (27.0) 332 (21.5) Reference
1-50 3174 (57.9) 946 (61.3) 1.50 (1.27-1.77) 001
51-100 478 (8.7) 147 (9.5) 1.57 (1.23-2.01)
=101 349 (6.4) 118 (7.7) 1.72 (1.32-2.24) _|
Nitrofurantoins
0 1478 (57.2) 332 (49.5) Reference
1-50 901 (34.9) 270 (40.2) 1.44 (1.13-1.84) 006
51-100 77 (3.0 24 (3.6) 1.45 (0.88-2.40)
=101 129 (5.0) 45 (6.7) 1.66 (1.11-2.48) _|

Abbreviations: Cl, confidence interval; OR, odds ratio.

*The reference group for all analyses in this table is made up of all cases and controls in the study population who had
no antibiotic prescription fills. A participant appearing as a user of any specific antibiotic class will appear as a user
of another specific class only if she had at least 1 prescription fill for that other class.

TORs adjusted for age and for length of Group Health Cooperative enroliment.

FRepresenting the 8 most commonly used antibiotic classes (97% of all antibiotic prescriptions).

832 JAMA, February 18, 2004—Vol 291, No. 7 (Reprinted)

terectomy, ever use of postmenopausal
hormones, and higher number of post-
menopausal hormone prescriptions
(Table 2).

A total of 110191 antibiotic prescrip-
tions were dispensed to study partici-
pants. Eight classes represented 97% of
these prescriptions: macrolides (13.2%
of all antibiotic prescriptions), tetracy-
clines (12.7%), penicillins (31.9%),
cephalosporins (11.1%), sulfon-
amides (18.0%), nitrofurantoins (4.6%),
metronidazole (3.5%), and quino-
lones (1.8%). The most frequently pre-
scribed generic drugs were erythromy-
cin, tetracycline, amoxicillin, penicillin
VK, cephalexin, trimethoprim-
sulfamethoxazole (included in “sulfon-
amide” class), and nitrofurantoin.

Cumulative duration of antibiotic use
ranged from 0 to 7600 days, and cumu-
lative number of antibiotic prescrip-
tions ranged from O to 194. There was
excellent correlation between the num-
ber of antibiotic prescriptions and the
number of days of antibiotic use (Pear-
son correlation coefficients between 0.82
and 0.91 for each of the 6 most com-
monly used classes of antibiotics).

For all antibiotic classes considered
together, increasing cumulative days of
use was associated with increased risk
of incident breast cancer after adjust-
ment for age and length of GHC enroll-
ment (TABLE 3). For categories of in-
creasing days of use (0, 1-50, 51-100,
101-500, 501-1000, and =1001 days),
the ORs (95% Cls) for breast cancer were
1.00 (reference), 1.45 (1.24-1.69),1.53
(1.28-1.83), 1.68 (1.42-2.00), 2.14
(1.60-2.88), and 2.07 (1.48-2.89)
(P<.001 for trend). Results were simi-
lar when the cumulative number of an-
tibiotic prescriptions was used as the
measure of antibiotic exposure
(TABLE 4). The increased risk of inci-
dent breast cancer was noted for all an-
tibiotic classes. Further adjustment for
other variables shown in Table 1 did not
materially affect the results. Specifi-
cally, additional adjustment for each of
these variables typically did not change
the risk estimates by more than 2% and
in no case changed the risk estimates by
more than 5%.

©2004 American Medical Association. All rights reserved.



When analyses of the association be-
tween days of antibiotic use and inci-
dent breast cancer were restricted to
women with 15 to 24 years of phar-
macy data prior to their reference date,
an increased risk of incident breast can-
cer with increasing days of use was still
present, though ORs were slightly at-
tenuated and ClIs for nitrofurantoins in-
cluded 1. When the analysis shown in
Table 3 was repeated restricted to women
who had filled at least 1 antibiotic pre-
scription, an increased risk of incident
breast cancer was still present, though
the ORs were attenuated for all antibi-
otic classes (typically by about 30%) and
ClIs for sulfonamides and nitrofuranto-
ins included 1. The results in Table 3
were essentially unchanged in analyses
that assumed either that 75% of the pre-
scription was taken or that 75% of the
daily dose was taken but the entire pre-
scription was used, in analyses in which
antibiotic use within 2 and 4 years be-
fore reference date was excluded, and in
analyses in which imputed days of an-
tibiotic use were evaluated separately
from calculated days of use.

The association between cumulative
days of antibiotic use and death due to
breast cancer was strong for all antibi-
otic classes, controlling for age, length
of enrollment, and ever use of postmeno-
pausal hormones (TABLE 5). Further ad-
justment for other variables shown in
Table 1 did not materially affect the re-
sults. When these analyses were re-
peated excluding antibiotic use within
2 and 4 years before the reference date,
results were similar.

In a substudy of 308 women with
high use of macrolides and tetracy-
clines, the most common indications for
prescriptions were acne and/or rosa-
cea (41%) and respiratory tract infec-
tions (20%). Other indications oc-
curred infrequently; the third most
common indication was skin infec-
tion, which occurred in only 9% of this
subset of participants. Risk of incident
breast cancer was not elevated in
women with at least 50 days of tetra-
cycline or macrolide use exclusively for
acne or rosacea (n=136) compared with
women with at least 50 days of use ex-

©2004 American Medical Association. All rights reserved.

ANTIBIOTIC USE AND RISK OF BREAST CANCER

clusively for respiratory tract infec-
tions (n=65), after adjusting for age and
length of enrollment (OR, 0.91;95% CI,
0.44-1.87).

COMMENT

In this population-based case-control
study, we found that increasing cumu-
lative days of antibiotic use and increas-
ing cumulative number of antibiotic
prescriptions were associated with in-
creased risk of incident breast cancer,
after controlling for age and length of
enrollment. Increasing cumulative days
of antibiotic use was also associated
with death due to breast cancer, con-
trolling for age, length of enrollment,

and ever use of postmenopausal hor-
mones. All classes of antibiotics were
associated with increased risk.

Our findings were robust. We esti-
mated similar, though slightly attenu-
ated, risks of incident breast cancer
when we restricted our analyses to
women with at least 15 years of phar-
macy data. When we restricted analy-
ses to women with at least 1 antibiotic
prescription, risks of incident breast
cancer were still elevated, though at-
tenuated by about 30% in comparison
to models with nonusers as the refer-
ence group. Varying the assumptions
about how antibiotics were actually
taken or restricting the analyses to only

-]
Table 4. Association of Incident Breast Cancer With Number of Antibiotic Prescriptions™

No. (%)
No. of Antibiotic l Controls Cases l P Value
Prescriptions (n =7953) (n = 2266) OR (95% CI)t for Trend
Totalt
0 1478 (18.6) 332 (14.7) Reference
1-10 4042 (50.8) 1164 (51.4) 1.49 (1.28-1.73)
11-25 1726 (21.7) 498 (22.0) 1.57 (1.31-1.87) <.001
26-50 522 (6.6) 196 (8.7) 2.07 (1.66-2.59)
=51 185 (2.9) 76 (3.4) 2.31 (1.69-3.15) _
Macrolides
1478 (29.8) 332 (23.4) Reference
1-10 3373 (68.1) 1034 (72.8) 1.50 (1.25-1.79) <.001
=11 102 (2.1) 54 (3.8) 2.66 (1.83-3.88) _|
Tetracyclines
0 1478 (32.4) 332 (25.9) Reference
1-10 2944 (64.5) 898 (69.9) 1.64 (1.36-1.98) <.001
=11 142 (3.1) 54 (4.2) 2.14 (1.49-3.07) _|
Penicillins
0 1478 (22.9) 332 (18.2) Reference
1-10 44383 (68.7) 1288 (70.4) 1.58 (1.31-1.80) <.001
=11 546 (8.5) 209 (11.4) 2.11 (1.68-2.65) _|
Cephalosporins
0 1478 (32.6) 332 (25.9) Reference
1-10 2964 (65.3) 912 (71.3) 1.57 (1.31-1.87) <.001
=11 99 (2.2) 36 (2.8) 1.90 (1.25-2.89) _|
Sulfonamides
0 1478 (27.0) 332 (21.5) Reference
1-10 3781 (69.0) 1143 (74.1) 1.51 (1.28-1.79) <.001
=11 220 (4.0 68 (4.4) 1.56 (1.14-2.15) _|
Nitrofurantoins
0 1478 (57.2) 332 (49.5) Reference
1-10 1050 (40.6) 316 (47.1) 1.45(1.14-1.83) .001
=11 57 (2.2) 23 (3.4) 1.90 (1.12-3.24) _|

Abbreviations: Cl, confidence interval; OR, odds ratio.

*The reference group for all analyses in this table is made up of all cases and controls in the study population who have
no antibiotic prescription fills in the pharmacy database. A participant appearing as a user of any specific antibiotic
class will appear as a user of another specific class only if she had at least 1 prescription fill for that other class.

TORs adjusted for age and for length of Group Health Cooperative enroliment.

FRepresenting all antibiotic classes.
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calculated or only imputed days of an-
tibiotic use did not materially affect the
estimates of incident breast cancer risk.
Additionally, incorporation of 2- and
4-year latency periods between antibi-
otic exposure and reference dates did
not materially change risk estimates for
incident or fatal breast cancers.

Our findings are consistent with those
of Knekt et al,® but we observed an in-
creased risk of incident breast cancer for

both premenopausal and postmeno-
pausal women among women who used
antibiotics for any indication, whereas
the risk of incident breast cancer in the
study by Knekt et al was increased only
in women younger than 50 years and the
study addressed only antibiotic use for
urinary tract infections.

In a subset of study participants with
heavy use of macrolide and tetracy-
cline antibiotics, we found no differ-

]
Table 5. Association of Fatal Breast Cancer With Cumulative Days of Antibiotic Use*

No. (%)
No. of Days of l Controls Cases I P Value
Antibiotic Use (n =7948) (n=177) OR (95% CI)t for Trend
Cumulativet
0 1478 (18.6) 24 (13.6) Reference
1-50 2365 (29.8) 57 (32.2) 2.00 (1.09-3.66)
51-100 1515 (19.1) 32 (18.1) 2.55 (1.29-5.03) <.001
101-500 2215 (27.9) 54 (30.5) 3.42 (1.77-6.60)
=501 375 (4.7) 10 (5.7) 4.37 (1.82-10.51) —~
Macrolides
1478 (29.8) 24 (21.6) Reference
1-50 3037 (61.3) 71 (64.0) 2.85 (1.44-5.67) <001
51-100 285 (5.8) 10 (9.0 5.72 (2.23-14.67)
=101 153 (3.1) 6(5.4) 5.75(1.81-18.24) _|
Tetracyclines
0 1478 (32.4) 24 (23.1) Reference
1-50 2381 (52.2) 59 (66.7) 3.44 (1.70-6.96) 001
51-100 327 (7.2) 10 (9.6) 5.02 (1.91-13.19)
=101 378 (8.3) 11 (10.6) 5.21 (2.09-13.02) _
Penicillins
1478 (22.9) 24 (17.9) Reference
1-50 3327 (51.5) 75 (56.0) 2.41 (1.29-4.50) 002
51-100 1044 (16.2) 18 (13.4) 2.38 (1.09-5.19)
=101 608 (9.4) 17 (12.7) 4.43(1.97-9.98) _|
Cephalosporins
0 1478 (32.6) 24 (22.6 Reference
1-50 2723 (60.0) 71 (67.0) 2.48 (1.27-4.86) 008
51-100 232 (5.1) 9 (8. 4.43 (1.74-11.27)
=101 108 (2.4) 2(1. 2.39 (0.50-11.39) _
Sulfonamides
1478 (27.0) 24 (20.9) Reference
1-50 3174 (57.9) 76 (66.1) 2.96 (1.57-5.58) 14
51-100 478 (8.7) 10 (8.7) 3.04 (1.24-7.45)
=101 349 (6.4) 5 (4.4) 2.04 (0.69-6.08)
Nitrofurantoins
0 1478 (57.2) 24 (41.4) Reference
1-50 901 (34.9) 30 (561.7) 3.15 (1.30-7.64) o1
51-100 77 (3.0) 0 NA
=101 129 (5.0) 4(6.9 3.27 (0.89-12.06) _

Abbreviations: Cl, confidence interval; NA, not available; OR, odds ratio.

*The reference group for all analyses in this table is made up of all cases who died from breast cancer and who had no
antibiotic prescriptions in the pharmacy database, and of all controls in the study population who had no antibiotic
prescription fills in the pharmacy database. A participant appearing as a user of any specific antibiotic class will ap-
pear as a user of another specific class only if she had at least 1 prescription fill for that other class.

TORs adjusted for age, length of Group Health Cooperative enrollment, and ever use of postmenopausal hormones.

FRepresenting the 8 most commonly used antibiotic classes (97% of all antibiotic prescriptions).
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ence in risk of incident breast cancer
among women using these antibiotics
for acne and/or rosacea compared with
women using these drugs for respira-
tory tract infections. Because the se-
verity of acne and rosacea can be re-
lated to levels of estrogen, unlike most
respiratory tract infections, we rea-
soned that this indication for long-
term antibiotic use might be associ-
ated with an increased risk of breast
cancer. Our results did not support this
hypothesis, but our study had limited
power; the number of women in-
cluded in the subset was small and the
CI was wide. Additional studies are
needed to further clarify whether indi-
cation for antibiotic use is associated
with risk of breast cancer.

The hypothesis that some classes of
antibiotics may increase risk of breast
cancer is plausible; antibiotics have ef-
fects on intestinal microflora and on im-
mune and inflammatory responses.” For
example, antibiotic use may increase risk
of breast cancer by decreasing phyto-
chemical metabolism by intestinal mi-
croflora.*'° Phytochemicals are hypoth-
esized to play an inhibitory role at several
points in the carcinogenesis pathway by
modulating enzymes involved in car-
cinogen and steroid hormone metabo-
lism.'*'? Also, use of tetracycline may be
associated with increased production of
prostaglandin E2, a hallmark of the in-
flammatory response, catalyzed by cy-
clooxygenase 1 and 2.2° Overexpres-
sion of cyclooxygenase 2 is associated
with mammary carcinogenesis, while in-
hibition of prostaglandins and other in-
flammatory responses by nonsteroidal
anti-inflammatory drugs is associated
with a 20% to 40% decreased risk of
breast cancer.”?* Although this evi-
dence suggests that antibiotics may be as-
sociated with breast cancer, it is also pos-
sible that a weakened immune system
(either alone or in conjunction with use
of antibiotics) is the biologically rel-
evant basis of this association.

The strengths of this observational
study include the use of population-
based cases and controls, the identifi-
cation and validation of case diagnoses
through the Surveillance, Epidemiol-

©2004 American Medical Association. All rights reserved.



ogy, and End Results registry, the abil-
ity to include all participants because no
direct participant involvement was re-
quired, and the use of the GHC phar-
macy database to assess antibiotic use in
an unbiased manner for cases and con-
trols. Our method of measuring antibi-
otic use did not capture data for inpa-
tient antibiotic use or antibiotics
purchased outside GHC, and could not
determine whether prescriptions dis-
pensed were actually used. However, we
have no reason to suspect differences be-
tween cases and controls, and there-
fore if any bias exists because of mis-
classification of antibiotic exposure, we
would expect that the current results are
biased toward the null.

We had missing data for some of the
known or suspected risk factors for
breast cancer shown in Table 1, and no
information for other potential risk fac-
tors, such as alcohol use and lacta-
tion. Whether this missing informa-
tion is problematic is difficult to
determine; it may have limited our abil-
ity to detect confounding. Also, at the
highest levels of antibiotic exposure,
sample sizes were small and ClIs were
wide; however, the confidence limits
consistently excluded 1. We have some
assurance that antibiotic use is not sim-
ply a proxy for health care—seeking or
mammography-detection bias; the as-
sociation between cumulative days of
antibiotic use and fatal breast cancer
was similar to that for the association
with incident breast cancer, and num-
ber of health care visits did not con-
found the association between use of
antibiotics and incident breast cancer.

Given that we found an association
using relatively straightforward mea-
sures of antibiotic use, more detailed
analyses including timing of exposure
and considering various antibiotic doses
might further clarify this association.
For example, the amount of antibiotic
use at particularly sensitive times in
breast development, such as adoles-
cence, pregnancy, or during meno-
pause, may be pertinent. We were un-
able to conduct such analyses because
there were relatively few women with
pharmacy records covering the time

©2004 American Medical Association. All rights reserved.
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span from adolescence or childbear-
ing years through postmenopause. Ad-
ditionally, it is possible that risks of
breast cancer differ between women
with long-term use of low-dose antibi-
otics and those with intermittent use of
higher-dose antibiotics.

In summary, we found that in-
creased use of antibiotics was associ-
ated with increased risk of incident and
fatal breast cancer for a variety of an-
tibiotic classes. It cannot be deter-
mined from this study whether the use
of antibiotics is causally related to breast
cancer, or whether the indication for an-
tibiotic use, overall weakened im-
mune function, or other factors are the
pertinent underlying exposures. While
the implications for clinical practice will
not be clear until additional studies are
conducted, the results of this study sup-
port the continued need for prudent
long-term use of antibiotics and the
need for further studies of the associa-
tion between antibiotic use and can-
cer risk.
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