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Concerns about breast cancer overdiagnosis have increased the need to understand how cancers detected

through screening mammography differ from those first detected by a woman or her clinician. We investigated
risk factor associations for invasive breast cancer by method of detection within a series of case-control studies
(1992-2007) carried out in Wisconsin, Massachusetts, and New Hampshire (n= 15,648 invasive breast cancer
patients and 17,602 controls aged 40-79 years). Approximately half of case women reported that their cancer
had been detected by mammographic screening and half that they or their clinician had detected it. In polytomous
logistic regression models, parity and age at first birth were more strongly associated with risk of mammography-
detected breast cancer than with risk of woman/clinician-detected breast cancer (P < 0.01; adjusted for mammog-
raphy utilization). Among postmenopausal women, estrogen-progestin hormone use was predominantly associated
with risk of woman/clinician-detected breast cancer (odds ratio (OR) = 1.49, 95% confidence interval (Cl): 1.29,
1.72), whereas obesity was predominantly associated with risk of mammography-detected breast cancer (OR =
1.72, 95% CI: 1.54, 1.92). Among regularly screened premenopausal women, obesity was not associated with in-
creased risk of mammography-detected breast cancer (OR =0.99, 95% CI: 0.83, 1.18), but it was associated with
reduced risk of woman/clinician-detected breast cancer (OR =0.53, 95% CI: 0.43, 0.64). These findings indicate

important differences in breast cancer risk factors according to method of detection.

breast neoplasms; case-control studies; mammography; mass screening; prevention and control

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.

Utilization of mammographic screening for breast cancer
in the United States increased dramatically throughout the late
20th century (1). The percentage of women aged 40 years or
older who reported that they had had a mammogram in the
past 2 years rose from 30% in 1987 to approximately 70% in
2000; since that time it has remained relatively stable (2). Ap-
proximately 60% of all breast cancers are now first detected
through mammographic screening (3).

For many years it has been recognized that women with
breast cancers detected by mammographic screening tend
to have better survival rates than women whose breast can-
cers were self-detected or discovered by a clinician, even
after adjustment for stage, tumor size, hormone receptor sta-
tus, and other known tumor prognostic factors (4-9). Several
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lines of evidence suggest that many breast cancers diagnosed
by mammographic screening may in fact represent overdiag-
nosis: cancers that would never have harmed the woman dur-
ing her lifetime (10, 11). Overdiagnosis has emerged as a
major issue in debates about breast cancer screening recom-
mendations and in the management of breast cancers detected
through mammographic screening (12, 13). These concerns
reflect uncertainties in the natural history of breast cancers de-
tected by mammographic screening.

It is not known whether breast cancer risk factors vary ac-
cording to method of detection. Prior studies have recognized
screening utilization as a potentially confounding factor
when evaluating breast cancer risk factors (14, 15), but to
our knowledge no investigators have reported risk factor

Am J Epidemiol. 2015;181(12):956-969
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Table 1. Characteristics of Breast Cancer Cases and Controls, Collaborative Breast Cancer Study, 1992—2007

Controls Cases —
Characteristic (n=17602)  east Cancer (18472 Broast Cancer (n=7.276)
No. % No. % No. %

Age group, years

40-49 3,362 19.1 1,169 14.0 1,793 24.6

50-59 6,227 354 2,931 35.0 2,383 32.8

60-69 6,344  36.0 3,323 39.7 2,185 30.0

70-79 1,669 9.5 949 11.3 915 12.6
Menopausal status

Premenopausal 4,003 22.7 1,598 19.1 1,996 27.4

Postmenopausal 12,564 71.4 6,340 75.7 4,768 65.5

Unknown 1,035 5.9 434 5.2 512 7.0
Education

Less than high school 1,816 10.3 738 8.8 733 10.1

High school diploma 7,478 425 3,581 42.8 3,020 41.5

Some college 4459 253 2,049 245 1,734 23.8

College degree 3,828 218 1,996 23.8 1,780 245

Unknown 21 0.1 8 0.1 9 0.1
No. of mammograms in 5 years

preceding reference date

0 2,465 140 0 0.0 1,708 235

1-2 3,966 22.5 1,131 13.5 1,325 18.2

34 2,860 16.3 1,300 15.5 1,036 14.2

>5 8,311 472 5,941 71.0 3,207 441
Tumor stage at diagnosis

Localized NA NA 6,114 73.0 3,817 52.5

Regional NA NA 1,472 17.6 2,667 36.7

Distant NA NA 53 0.6 261 3.6

Unknown NA NA 733 8.8 531 7.3
Histological subtype

Lobular NA NA 705 8.4 793 10.9

Ductal NA NA 6,568 78.5 5,636 775

Mixed NA NA 409 4.9 317 4.4

Other NA NA 603 7.2 398 5.5

Unknown NA NA 87 1.0 132 1.8
Abbreviation: NA, not applicable.

associations separately for breast cancers detected by mam- METHODS

mographic screening and breast cancers detected by the
woman or her clinician. Such data could improve our under-
standing of breast cancer biology, inform breast cancer risk
assessment, and help to guide the design of optimal screening
and prevention strategies.

Our objective in this study was to evaluate established risk
factor associations for invasive breast cancer according to
method of detection, while accounting for variation in the
frequency of mammography utilization. We used data from
a series of collaborative breast cancer case-control studies
conducted over a 15-year period in Wisconsin, Massachu-
setts, and New Hampshire.

Am J Epidemiol. 2015;181(12):956-969

This study was performed with data from the Collaborative
Breast Cancer Study, a series of consecutive breast cancer
case-control studies conducted in Wisconsin, Massachusetts
(excluding metropolitan Boston), and New Hampshire (16).
The present analyses were restricted to the studies conducted
between 1992 and 2007, during which both method of cancer
detection and history of mammography utilization (in detail)
were assessed. Extensive details on the individual case-control
studies have been published elsewhere (17-21). The studies
were approved by institutional review boards at the University
of Wisconsin, Harvard University, and Dartmouth College.
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Table 2. Overall Associations Between Breast Cancer Risk Factors and Breast Cancer Diagnosis, Collaborative

Breast Cancer Study, 1992—2007

Multivariable Additional Adjustment

Characteristic Cc';lr(\)t-rc(:lfsa (;\'aos.eosfa Adjustment® for “éi?;f,ﬂﬂ;phic
(n=17,602) (n=15,648)
OR 95% ClI OR 95% CI
First-degree family history of
breast cancer

No 15,132 12,243 1 Referent 1 Referent

Yes 2,470 3,405 170 1.61,1.80 1.72 1.63,1.83
Age at menarche, years

<12 3,384 3,280 1 Referent 1 Referent

12 4,330 4,024 0.95 0.89,1.02 0.95 0.89, 1.02

13 4,815 4,259 0.89 0.84,0.95 0.90 0.84, 0.96

>14 5,074 4,085 0.81 0.76,0.87 0.81 0.76, 0.86
Age at first birth?, years

<20 3,082 2,218 1 Referent 1 Referent

20-24 7,698 6,349 112 1.04,119 112 1.05, 1.20

25-29 3,504 3,394 127 1.18,1.38 1.28 1.18,1.38

>30 1,378 1,612 146 1.32,1.61 1.46 1.32, 1.61
Parity

0 1,941 2,075 1 Referent 1 Referent

1 1,670 1,707 0.77 0.69,0.87 0.77 0.69, 0.87

2 4,852 4,651 0.75 0.68,0.83 0.75 0.68, 0.83

>3 9,139 7,215 0.64 0.59,0.70 0.64 0.59, 0.70
Age at menopause®, years

<45 3,576 2,521 1 Referent 1 Referent

45-49 3,283 2,899 124 114,134 124 1.14,1.35

50-54 4,536 4,456 136 1.27,146 1.37 1.27,1.47

>55 1,686 1,672 1.34 122,148 1.35 1.23,1.48

Cases

The cases were women diagnosed with a first invasive breast
cancer reported to the cancer registries of the respective states.
Age requirements varied over the course of the study, consist-
ing of ages 50-79 years during 1992-1996 and ages 20—69
years in 1997-2007. Eligibility was further restricted to women
with a published telephone number, a complete date of diag-
nosis reported to the cancer registry, and (for women aged less
than 65 years) a driver’s license verified by self-report. Of
20,793 eligible women, a total of 16,494 (79%) women with
breast cancer participated in the study.

Controls

Controls from each state were chosen randomly from lists of
female licensed drivers (ages <65 years during 1992-2003, all
ages during 2004-2007) and Medicare beneficiary files (ages
>65 years during 1992-2003). A stratified random sampling de-
sign was used to match the age distribution of the cases. Eligibil-
ity was restricted to women with a publicly available telephone
number and no personal history of breast cancer. Of 23,812 el-
igible women, a total of 17,378 (73%) women participated.

Table continues

Data collection

Information about the date of diagnosis, histological sub-
type, and stage of disease at diagnosis was obtained from each
state’s cancer registry. Structured telephone interviews were
conducted to collect information from the study participants.
The date of diagnosis was used as a reference date for each
case. On average, the cases were interviewed approximately
16 months after the date of diagnosis. Each control participant
was also assigned a reference date such that the state- and
age-specific distribution of elapsed time between the reference
date and the interview date was equivalent between cases and
controls. The interviews ascertained information on demo-
graphic characteristics, height and weight 1 year prior to the
reference date, complete reproductive and menstrual history,
personal and family medical histories, breast cancer screening
history, medication use, and lifestyle factors such as typical al-
cohol consumption 1 year prior to the reference date. Informa-
tion about the woman’s personal and family history of cancer
was obtained at the end of the interview to maintain inter-
viewer blinding. For 85% of cases and 93% of controls, the
interviewers reported being unaware of the woman’s case/
control status until the end of the interview.

Am J Epidemiol. 2015;181(12):956-969
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Table 2. Continued

Additional Adjustment

Characteristic Cglr:)t.rc(;'lfsa (;\la(:e(::“ “An::ﬂzta;:gls for “gac?;r:;?,?:phic
(n=17,602) (n=15,648)
OR 95% ClI OR 95% CI

Postmenopausal hormone use’

Never use 3,063 2,330 1 Referent 1 Referent

Estrogen only 1,293 1,027 115 1.04,1.28 1.20 1.08, 1.33

Estrogen plus progestin only 845 918 146 1.30,1.63 1.52 1.36, 1.70

Other 360 340 1.25 1.06,1.47 1.30 1.10,1.52
Alcohol consumption, drinks/week

0 3,685 3,082 1 Referent 1 Referent

0.1-6.9 11,620 10,257 1.04 0.98,1.10 1.05 0.99, 1.11

>7 2,296 2,309 1.21 1.12,1.31 1.22 1.13,1.32
Postmenopausal BMI%"

<18.5 151 99 0.82 0.63,1.08 0.80 0.61,1.05

18.5-24.9 3,063 2,330 1 Referent 1 Referent

25.0-29.9 2,637 2,193 1.10 1.02,1.19 1.10 1.02,1.20

>30.0 1,736 1,790 140 1.28,153 1.41 1.29,1.54
Premenopausal BMI'

<18.5 62 48 0.81 0.55,1.20 0.80 0.54,1.18

18.5-24.9 2,197 2,094 1 Referent 1 Referent

25.0-29.9 1,280 1,179 0.96 0.87,1.07 0.96 0.86, 1.06

>30.0 983 780 0.82 0.73,0.93 0.82 0.72,0.92

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.

@ Average value from 5 imputed data sets.

® ORs were mutually adjusted for all other risk factors in the table, in addition to age, state of residence, year of
diagnosis, menopausal status, educational level, and interaction terms for interactions between BMI, postmeno-
pausal hormone use, and menopausal status. Controls were the reference group for all estimates.

¢ ORs were additionally adjusted for mammography utilization in the 5 years prior to the reference date.

4 Among parous women only.

¢ Among postmenopausal women only.

f Among normal-weight postmenopausal women.
9 Weight (kg)/height (m)>.

' Among postmenopausal women who had never used postmenopausal hormones.

' Among premenopausal women only.

All participants were asked to report whether they had un-
dergone mammography in the 5 years prior to the reference
date. Those indicating yes were then asked either to report the
number of mammograms they had undergone during the
5-year period or to choose the most appropriate response op-
tion (1-2, 34, 5, or >5), depending on the study period. All
cases were asked how their cancer was first discovered:
whether the woman had first noticed it herself, it was discov-
ered during a routine mammogram, it was first detected by a
physician or health-care provider, or it was detected via other
means (e.g., an unrelated medical procedure) (22).

Statistical analyses

Questionnaire data for 38 breast cancer cases and 37 con-
trols were deemed unreliable by the interviewers because
of inconsistent participant responses and were excluded. All
analyses were restricted to women aged 40 years or older
(n=16,310 cases and 17,950 controls) to correspond with

Am J Epidemiol. 2015;181(12):956-969

the earliest recommended age for initiation of screening in
the general population. Breast cancers were categorized as
mammography-detected if the woman reported initial discov-
ery by routine mammogram (n = 8,439) and woman/clinician-
detected if the woman reported initial discovery by herself
(n=6,269) or a clinician (n =1,090). The few cases missing
information on method of detection (n =444) or reporting
breast cancer detection via “other means” (n = 68) were ex-
cluded, as were participants with missing data on mammogra-
phy utilization (n = 150 cases and 348 controls), leaving a final
analysis sample of 17,602 controls, 8,372 mammography-
detected breast cancers, and 7,276 woman/clinician-detected
breast cancers.

All analyses were conducted using SAS statistical software
(version 9.2; SAS Institute Inc., Cary, North Carolina). Risk
factors for examination were selected a priori and included fam-
ily history of breast cancer, age at menarche, age at first birth,
parity, age at menopause, use of postmenopausal hormones, al-
cohol consumption, and body mass index (BMI). Fewer than
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Table 3. Associations® Between Breast Cancer Risk Factors and Breast Cancer Diagnosis, According to Method of

Detection, Collaborative Breast Cancer Study, 1992-2007

Mammography-Detected
Breast Cancer

Woman/Clinician-Detected
Breast Cancer

No. of
Characteristic Controls® No. of No. of P Value®
(n=17,602) Ccases® OR  95%Cl Cases® OR  95%Cl
(n=8,372) (n=7,276)
First-degree family history of
breast cancer

No 15,130 6,474 1 Referent 5,769 1 Referent

Yes 2,472 1,808 1.57 147,169 1,507 1.67 1.55,1.80 0.16
Age at menarche, years

<12 3,384 1,844 1 Referent 1,435 1 Referent

12 4,330 2,168 0.93 0.86,1.01 1,856 0.97 0.89,1.06 0.38

13 4,815 2,277 0.88 0.81,0.95 1,982 0.92 0.84,1.00 0.38

>14 5,074 2,082 0.79 0.73,0.86 2,003 0.85 0.78,0.93 0.12
Age at first birth®, years

<20 3,082 1,118 1 Referent 1,100 1 Referent

20-24 7,698 3,483 1.18 1.09,1.29 2,866 1.03 0.95,1.12 0.01

25-29 3,604 1,849 1.39 126,153 1,544 1.13 1.02,1.25 0.001

>30 1,378 833 1.62 1.43,1.84 779 1.32 1.16,1.49 0.01
Parity

0 1,941 1,088 1 Referent 987 1 Referent

1 1,670 862 0.69 0.60,0.79 845 0.88 0.76,1.01 0.01

2 4,852 2,452 0.68 0.60,0.76 2,199 0.82 0.73,0.93 0.01

>3 9,139 3,970 0.59 0.53,0.66 3,244 0.70 0.63,0.78 0.01
Age at menopause®, years

<45 3,576 1,412 1 Referent 1,109 1 Referent

45-49 3,283 1,643 123 1.10,1.37 1,255 122 1.10,1.35 0.92

50-54 4,536 2,521 131 119,143 1,934 1.39 1.26,1.53 0.30

>55 1,686 997 1.32 1.18,1.48 676 1.31 1.16,1.49 0.94

10% of participants were missing data for any single variable.
A multiple-imputation approach was used to impute 5 data sets
with complete data, using a Markov chain Monte Carlo method
with fully conditional specification (23). The imputation model
contained a variable for method of detection and all of the risk
factors and covariates described above.

A multivariable logistic regression model for overall breast
cancer risk (regardless of method of detection) was used to pro-
duce odds ratios and 95% confidence intervals for breast can-
cer risk factors, with and without adjustment for history of
mammography utilization (categorized as 0, 1-2, 3—4, or >5
mammograms in the 5 years preceding the reference date).
The overall regression model included all risk factors under in-
vestigation as well as potential confounders identified a priori,
including age (4049, 50-54, 55-59, 60-64, 65-69, or 70-79
years), state of residence (Wisconsin, Massachusetts, or New
Hampshire), reference year (1988—-1991, 1992-1996, 1997-
2001, or 2002-2007), menopausal status (premenopausal,
postmenopausal, or unknown), and educational level (less
than high school, high school diploma, some college, college
degree, or unknown). The regression model also included

Table continues

cross-product interaction terms for interactions between BMI,
postmenopausal hormone use, and menopausal status, since
there is known effect modification among these factors (24).
BMI was calculated as weight (kg) divided by the square of
height (m) and was categorized as underweight (<18.5), nor-
mal (18.5-24.9), overweight (25.0-29.9), or obese (>30).
For all analyses, we present the main effects for 1) postmeno-
pausal hormone use among normal-weight postmenopausal
women; 2) BMI among postmenopausal women who had
never used postmenopausal hormones; and 3) BMI among
premenopausal women.

A multivariable polytomous logistic regression model was
used to investigate variation in risk factor associations by
method of detection. Stratified analyses were conducted
among women with a history of regular mammography utili-
zation (i.e., at least 3 mammograms in the past 5 years) and
those with no mammography in the 5 years prior to the refer-
ence date. An additional multivariable polytomous logistic
regression model was used to examine whether risk factor
associations among regularly screened women varied by
stage of diagnosis within each method-of-detection stratum.

Am J Epidemiol. 2015;181(12):956-969
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Table 3. Continued

Woman/Clinician-Detected
Breast Cancer

Mammography-Detected
Breast Cancer

No. of
Characteristic Controls® No. of No. of P Value®
(n=17,602) Cases® OR 95%Cl  Cases” OR  95%Cl
(n=8,372) (n=7,276)

Postmenopausal hormone use’

Never use 3,063 1,154 1 Referent 1,176 1 Referent

Estrogen only 1,293 521  0.89 0.78, 1.01 506 1.23 1.08, 1.40 <0.0001

Estrogen plus progestin only 845 497 1.14 0.99, 1.31 422 149 1.29,1.72 0.002

Other 360 186 1.02 0.84,1.25 154 1.23 1.00,1.52 0.13
Alcohol consumption, drinks/

week

0 3,685 1,600 1 Referent 1,482 1 Referent

0.1-6.9 11,620 5,530 1.06 0.99,1.14 4,727 0.99 0.92,1.07 0.12

>7 2,296 1,242 124 113,137 1,067 1.14 1.03,1.25 0.14
Postmenopausal BMI%"

<185 151 30 0.61 0.40,0.92 68 1.05 0.77,1.44 0.02

18.5-24.9 3,063 1,154 1 Referent 1,176 1 Referent

25.0-29.9 2,637 1,278 1.31 1.18,1.45 914 0.91 0.82,1.01 <0.0001

>30.0 1,736 1,058 1.72 1.54,1.92 732 1.13 1.01,1.27 <0.0001
Premenopausal BMI'

<185 62 6 0.29 0.12,0.67 42 1.08 0.72,1.63 0.003

18.5-24.9 2,197 811 1 Referent 1,283 1 Referent

25.0-29.9 1,280 558 1.19 1.04,1.37 621 0.82 0.72,0.92 <0.0001

>30.0 983 424  1.21 1.04,1.40 356 0.61 0.52,0.71 <0.0001

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.
@ ORs were mutually adjusted for all other risk factors in the table, in addition to age, state of residence, year of
diagnosis, menopausal status, educational level, history of mammography utilization, and interaction terms for

interactions between BMI, postmenopausal hormone use, and menopausal status.

® Average value from 5 imputed data sets.

¢ Test for difference in the risk factor association by method of detection.

9 Among parous women only.

¢ Among postmenopausal women only.

f Among normal-weight postmenopausal women.
9 Weight (kg)/height (m)2.

" Among postmenopausal women who had never used postmenopausal hormones.

" Among premenopausal women only.

Sensitivity analyses were conducted to assess risk factor
associations when restricting the definition of “regularly
screened” to at least 5 mammograms in the past 5 years.
All regression models were fitted separately to the 5 imputed
data sets, and the results were combined for statistical infer-
ences using the methods of Rubin (25). Wald tests of 8 coef-
ficients in the polytomous regression model were used to
assess whether there were statistically significant differences
(at oo =0.05) in risk factor associations according to method
of detection.

RESULTS

Overall, 53.5% of cases were detected by mammographic
screening and 46.5% were detected by the woman or her cli-
nician. The mean age at the reference date was 58.4 years for

Am J Epidemiol. 2015;181(12):956-969

controls, 59.7 years for women with mammography-detected
cancers, and 57.8 years for women with woman/clinician-
detected cancers. Compared with mammography-detected
cases, participants with woman/clinician-detected cancers
were more likely to be younger than 50 years of age (Table 1).
Women with mammography-detected cancers reported higher
rates of annual mammography utilization (71.0%) compared
with controls (47.2%) and woman/clinician-detected cases
(44.1%). Both case subgroups were slightly more likely to
have completed college compared with controls. The predom-
inant histological subtype was ductal for both mammography-
detected (78.5%) and woman/clinician-detected (77.5%)
cancers. Stage at diagnosis varied by method of detection; among
breast cancers with known stage, 80.0% of mammography-
detected cancers were localized, compared with 56.6% of
woman/clinician-detected cancers.
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Table 4. Associations® Between Breast Cancer Risk Factors and Breast Cancer Diagnosis Among Women With At
Least 3 Mammograms in the Past 5 Years, According to Method of Detection, Collaborative Breast Cancer Study,

1992-2007

Detection Method

Mammography-Detected

Woman/Clinician-Detected

Characteristic Cgl:t.rglfs" Breast Cancer Breast Cancer P Value®
(n=11,171)  No. of No. of
Cases® OR 95%Cl Cases” OR 95%Cl
(n=7,241) (n=4,243)
First-degree family history of
breast cancer
No 9,373 5546 1 Referent 3,246 1 Referent
Yes 1,798 1,695 1.53 1.42,1.66 997 1.61 147,176 0.30
Age at menarche, years
<12 2,186 1,591 1 Referent 865 1 Referent
12 2,773 1,897 0.94 086,103 1,115 0.97 0.87,1.08 0.61
13 3,116 1,965 0.87 0.79,095 1,135 0.85 0.77,0.95 0.78
>14 3,096 1,789 0.79 0.72,0.86 1,129 0.84 0.75,0.93 0.29
Age at first birth®, years
<20 1,855 976 1 Referent 627 1 Referent
20-24 5,004 3,015 1.12 1.02,1.23 1,657 0.94 0.84,1.05 0.01
25-29 2,284 1,589 1.31 1.17,1.47 930 1.07 0.94,1.22 0.004
>30 822 714 1.63 1.41,1.88 462 1.32 1.12,1.55 0.02
Parity
0 1,206 946 1 Referent 567 1 Referent
1 1,030 714 0.68 0.58,0.80 494 0.94 0.78,1.13 0.001
2 3,220 2,142 0.69 0.61,0.79 1,361 0.86 0.74,1.01 0.01
>3 5,715 3,440 0.62 0.55,0.70 1,821 0.75 0.65,0.86 0.02
Age at menopause®, years
<45 2,340 1,246 1 Referent 631 1 Referent
45-49 2,184 1,461 1.22 1.09, 1.37 751 1.23 1.08,1.41 0.93
50-54 3,016 2,207 1.28 1.16,1.41 1,157 142 1.25,1.61 0.14
>55 1,104 879 1.32 1.16,1.50 396 1.39 1.19,1.63 0.56

Statistically significant associations with overall breast
cancer risk were observed for all of the risk factors investi-
gated (Table 2). Adjustment for mammography utilization
generally had little impact on these findings.

Polytomous logistic regression models that adjusted for
mammography utilization revealed that many risk factors var-
ied in their strength of association according to the method of
breast cancer detection (Table 3). Age at first birth and parity
were more strongly associated with mammography-detected
breast cancer (all P’s <0.01). Estrogen-plus-progestin post-
menopausal hormone use among normal-weight postmeno-
pausal women was more strongly associated with woman/
clinician-detected breast cancer (P =0.002). The associations
between BMI and breast cancer risk varied strongly by method
of detection for both postmenopausal and premenopausal
women (all P’s <0.02). Among postmenopausal women who
had never used postmenopausal hormones, there was a strong
positive association between obesity and risk of mammography-
detected breast cancer (odds ratio (OR) =1.72, 95% confi-

Table continues

dence interval (CI): 1.54, 1.92) but only a modest association
with woman/clinician-detected breast cancer (OR =1.13,
95% CI: 1.01, 1.27). Among premenopausal women, there
was a modest positive association between obesity and risk
of mammography-detected breast cancer (OR =1.21, 95%
CI: 1.04, 1.40) but an inverse association between obesity
and risk of woman/clinician-detected breast cancer (OR =
0.61, 95% CI: 0.52, 0.71).

In general, analyses restricted to women undergoing
regular mammographic screening produced findings simi-
lar to those seen in all women, with the exception of BMI
(Table 4). Among postmenopausal women, there was no lon-
ger evidence for an association between BMI and woman/
clinician-detected breast cancer. Among premenopausal
women, there was no longer evidence for a positive associa-
tion between BMI and risk of mammography-detected breast
cancer.

Risk factor associations for mammography-detected breast
cancer among regularly screened women did not appear to
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Table 4. Continued

Detection Method

Mammography-Detected

Woman/Clinician-Detected

Characteristic Cglr?t-rglfsb Breast Cancer Breast Cancer P Value®
(n=11,171)  No. of No. of
Cases® OR 95%Cl Cases® OR  95%Cl
(n=7,241) (n=4,243)

Postmenopausal hormone use’

Never use 1,674 949 1 Referent 524 1 Referent

Estrogen only 1,018 489 0.92 0.80, 1.06 384 1.27 1.08,1.49 0.001

Estrogen plus progestin only 734 482 1.21 1.04,1.40 393 1.60 1.35,1.90 0.003

Other 288 176 1.07 0.87,1.33 126 1.35 1.06,1.72 0.09
Alcohol consumption, drinks/

week

0 2,154 1,329 1 Referent 767 1 Referent

0.1-6.9 7,483 4,830 1.09 1.00,1.18 2,831 0.96 0.87,1.05 0.02

>7 1,534 1,083 1.23 1.10,1.37 646 1.06 0.94,1.21 0.04
Postmenopausal BMI®"

<18.5 61 22 0.62 0.37,1.02 27 1.36 0.84,2.21 0.01

18.5-24.9 1,674 949 1 Referent 524 1 Referent

25.0-29.9 1,454 1,039 1.28 1.14,1.43 399 0.88 0.75,1.02 <0.0001

>30.0 945 873 1.72 1.52,1.96 298 1.02 0.85,1.21 <0.0001
Premenopausal BMI'

<18.5 33 4 0.24 0.08,0.68 26 1.23 0.72,2.10 0.002

18.5-24.9 1,206 676 1 Referent 755 1 Referent

25.0-29.9 742 451  1.06 0.91,1.24 332 0.71 0.61,0.84 <0.0001

>30.0 543 318 0.99 0.83,1.18 185 0.53 0.43,0.64 <0.0001

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.

@ ORs were mutually adjusted for all other risk factors in the table, in addition to age, state of residence, year of
diagnosis, menopausal status, educational level, history of mammography utilization, and interaction terms for
interactions between BMI, postmenopausal hormone use, and menopausal status.

® Average value from 5 imputed data sets.

¢ Test for difference in the risk factor association by method of detection.

¢ Among parous women only.

¢ Among postmenopausal women only.

f Among normal-weight postmenopausal women.
9 Weight (kg)/height (m)2.

Among postmenopausal women who had never used postmenopausal hormones.

' Among premenopausal women only.

vary by stage at diagnosis (Appendix Table 1). There was
modest variation in the associations of age at first birth, alco-
hol consumption, and postmenopausal BMI with woman/
clinician-detected breast cancer by stage at diagnosis. Post-
menopausal obesity was positively associated with late-stage
woman/clinician-detected breast cancer (OR = 1.26, 95% CI:
0.98, 1.62) but not early-stage woman/clinician-detected breast
cancer (OR =0.89, 95% CI: 0.71, 1.11; P =0.03 for differ-
ence in risk estimates by stage). Similar results were obtained
when these analyses of regularly screened women were re-
stricted to those with at least 5 mammograms in the past 5
years (data not shown).

Among women without mammographic screening in the
preceding 5 years (Table 5), most risk factor associations
were consistent with those observed for overall breast cancer
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risk among all women, including elevated risk of woman/
clinician-detected breast cancer with postmenopausal obe-
sity. There was no longer evidence for a positive association
between estrogen-plus-progestin hormone use and breast
cancer risk; however, the number of cases in this subgroup
was quite small and the confidence interval was wide.

DISCUSSION

Our results indicate that some risk factor associations
for invasive breast cancer vary by method of detection.
Most strikingly, elevated BMI among regularly screened
postmenopausal women was associated with increased risk
of mammography-detected breast cancer but not woman/
clinician-detected breast cancer. Among regularly screened
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Table 5. Odds Ratios® for Woman/Clinician-Detected Breast
Cancer Among Women With No Mammography in the Past 5 Years,
According to Breast Cancer Risk Factors, Collaborative Breast Cancer
Study, 1992-2007

Table 5. Continued

No. of No. of
Controls® Cases® OR 95%Cl
(n=2,465) (n=1,708)

Characteristic

No. of No. of
Controls® Cases® OR 95%Cl
(n=2,465) (n=1,708)

Characteristic

First-degree family
history of breast

cancer
No 2,213 1,431 1 Referent
Yes 252 277 1.68 1.39,2.03
Age at menarche, years
<12 449 322 1 Referent
12 604 405 0.90 0.74,1.10
13 595 462 1.03 0.85,1.24
>14 817 519 0.85 0.70, 1.02
Age at first birth®, years
<20 494 279 1 Referent
20-24 1,007 700 1.17 0.97,1.40
25-29 455 320 1.09 0.87,1.36
>30 216 163 1.09 0.83, 1.45
Parity
0 292 246 1 Referent
1 254 199 0.85 0.63, 1.15
2 600 450 0.81 0.62,1.06
>3 1,320 814 0.68 0.54, 0.87
Age at menopause?,
years
<45 483 282 1 Referent
45-49 429 318 1.27 1.01,1.59
50-54 631 464 1.27 1.03,1.58
>55 236 184 1.31 1.01,1.70
Postmenopausal
hormone use®
Never use 618 427 1 Referent
Estrogen only 75 50 1.01 0.68, 1.49
Estrogen plus 25 8 0.57 0.25,1.29
progestin only
Other 27 13 0.65 0.32,1.32

Table continues

premenopausal women, elevated BMI was associated with
reduced risk of woman/clinician-detected breast cancer but
not mammography-detected breast cancer. The results also in-
dicated that postmenopausal estrogen-plus-progestin hormone
use among regularly screened women was more strongly asso-
ciated with woman/clinician-detected breast cancer than with
mammography-detected breast cancer.

Despite the recognized influence of screening history on
estimates of cancer risk factor associations (26, 27), we are
unaware of any prior studies examining breast cancer risk fac-
tor associations by method of detection. One small study
found no evidence for differences between screen-detected
and symptom-detected breast cancer cases in age or breast

Alcohol consumption,
drinks/week

0 677 434 1 Referent
0.1-6.9 1,503 1,045 1.12 0.97,1.30
>7 285 229 1.28 1.02, 1.59
Postmenopausal BMI"9
<18.5 48 28 0.80 0.47,1.35
18.5-24.9 618 427 1 Referent
25.0-29.9 517 355 1.00 0.83,1.21
>30.0 340 270 1.21 0.98, 1.50
Premenopausal BMI"
<18.5 13 10 1.21 0.51,2.85
18.5-24.9 307 226 1 Referent
25.0-29.9 203 136 0.92 0.69, 1.23
>30.0 163 87 0.76 0.55,1.05

Abbreviations: BMI, body mass index; Cl, confidence interval; OR,
odds ratio.

& ORs were mutually adjusted for all other risk factors in the table, in
addition to age, state of residence, year of diagnosis, menopausal
status, educational level, and interaction terms for interactions be-
tween BMI, postmenopausal hormone use, and menopausal status.

b Average value from 5 imputed data sets.

¢ Among parous women only.

9 Among postmenopausal women only.

¢ Among normal-weight postmenopausal women.

f Weight (kg)/height (m)2.

9 Among postmenopausal women who had never used postmeno-
pausal hormones.

" Among premenopausal women only.

cancer risk, as calculated by the Gail model; statistical power
was insufficient to examine differences in individual risk fac-
tors (28). It has been widely recognized that many breast
cancer risk factors are associated with utilization of mammo-
graphic screening (15, 29). Screening in turn increases the
risk of breast cancer detection during a given period, by al-
lowing detection of cancers that might not be clinically evi-
dent during that time frame (26). Nevertheless, previous
studies have demonstrated that breast cancer risk factor asso-
ciations persist after adjustment for mammography use (14,
15). Our results are consistent with these prior results, as
we observed only modest attenuation of risk factor associa-
tions when adjusting for screening utilization.

The results likely reflect complex interactions between breast
cancer biology and mammography detection characteristics for
many established breast cancer risk factors. Mammography-
detected breast cancers are more likely to be slow-growing can-
cers that spend a long period in a subclinical state. Woman/
clinician-detected cancers arising among regularly screened
women probably include both aggressive cancers that spent a
short time in the subclinical state (i.e., they arose between
screening mammograms) and those that were long present
but difficult to detect via mammography. Notably, woman/
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clinician-detected breast cancers are more likely to be hormone
receptor—negative than those detected through mammographic
screening (30, 31). Additionally, it is recognized that there is
variation in risk factor associations by breast cancer subtype
(32). For example, postmenopausal BMI is predominantly as-
sociated with risk of hormone receptor—positive breast cancer
(24, 33). Our results are consistent with the idea that post-
menopausal obesity primarily increases the risk of hormone
receptor—positive cancers, which tend to be slower-growing
and are thus conducive to detection by mammographic screen-
ing. This phenomenon could also contribute in part to the mod-
est increases in the magnitude of association for age at first birth
and parity for mammography-detected breast cancer compared
with woman/physician-detected breast cancer, as there is evi-
dence that these factors are primarily associated with hormone
receptor—positive breast cancer (34). However, the heterogene-
ity in our findings among the risk factors thought to be pre-
dominantly associated with hormone receptor—positive breast
cancer, including premenopausal BMI, suggests that the results
cannot be explained entirely by variation in breast cancer hor-
mone receptor status.

Some breast cancer risk factors, including postmenopausal
hormone use and BMI, have been shown to be associated with
the accuracy of mammographic screening (33, 35, 36). This
variation in accuracy is most likely mediated through mammo-
graphic breast density, which can obscure breast cancers on a
mammogram (36, 37). Estrogen-plus-progestin hormone use is
positively associated with mammographic breast density, while
BMI is inversely associated with mammographic density (37,
38). The elevated risk of woman/clinician-detected breast can-
cer with estrogen-plus-progestin hormone use (which increases
mammographic breast density) may be due to the lower sensi-
tivity of screening mammography in this group. The strong
positive association between postmenopausal obesity and
mammography-detected breast cancer may also partly reflect
the enhanced sensitivity of screening mammography for women
with elevated BMI, who tend to have less dense breasts (39),
and possibly a reduced sensitivity of clinical breast examination
among women with fatty breasts (40). Premenopausal obesity,
which is well established as being protective overall for pre-
menopausal breast cancer, was inversely associated with the
risk of woman/clinician-detected breast cancer but was not as-
sociated with risk of screen-detected breast cancer among pre-
menopausal women. This finding is difficult to interpret, but it
may be that the decreased rate of breast carcinogenesis among
obese premenopausal women is balanced by an elevated sensi-
tivity of mammography, resulting in this null association.

Some risk factors appeared to have similar associations
with risk of mammography-detected and woman/clinician-
detected breast cancers. These included first-degree family
history of breast cancer, age at menarche, and age at meno-
pause. This may suggest that these factors influence risks
of both slowly and quickly growing cancers and do not influ-
ence mammography performance. Alternatively, these risk
factors could influence both cancer biology and mammogra-
phy performance in ways that balance each other and lead to
apparently comparable risk estimates for mammography-
detected and woman/clinician-detected breast cancer.

Strengths of our study include its large size, its population-
based design, and high participation rates. However, anumber
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of limitations should be considered when interpreting these
results. As with any case-control study, there is the potential
for recall bias. However, we would not expect the accuracy of
recall to vary among cases according to mode of cancer de-
tection; thus, it appears unlikely that recall bias could explain
our findings. We did not have data on mammographic breast
density or tumor estrogen/progesterone receptor status for
study participants; thus, we were unable to directly evaluate
whether these factors mediated the observed variations in risk
factors according to method of detection.

Method of detection for breast cancer cases was based on
self-report. Mammography is used as both a screening tool
and a diagnostic tool in breast cancer detection, which could
have caused some confusion for women responding during
the interviews. Although we could not assess the validity of
participants’ self-reports, the reliability of responses to this
questionnaire item was assessed in a substudy of 179 breast
cancer patients reinterviewed approximately 10 months after
their initial study interview. Cohen’s x for classification of
mode of detection as mammography-detected versus woman/
clinician-detected was 0.91, indicating excellent reliability. Fur-
ther, the percentage of breast cancers reported as mammography-
detected in our study was quite similar to findings in national
reports during the same time period (3), suggesting that most
women accurately reported screening mammography history
in the study interview. In our ascertainment of prior mam-
mography utilization, we were unable to distinguish between
screening mammography and diagnostic mammography.
Such misclassification could have contributed to modest over-
adjustment when adjusting for prior mammography utiliza-
tion in the regression analyses. Additionally, due to the use of
categorical response options for the mammography utiliza-
tion item during portions of the study period, some women
undergoing regular biennial screening who had had 2 mam-
mograms in the preceding 5 years were not categorized as
regular screeners. Given the small percentage of women re-
porting 1-2 mammograms in the past 5 years, the impact of
this limitation is expected to have been small.

These results have a number of implications for our under-
standing of breast cancer etiology and the design of screening
and prevention strategies to reduce the burden of breast can-
cer. The variation we observed in risk factor associations by
method of detection highlights the impact that mammogra-
phy utilization and performance can have on the magnitude
of observed risk factor associations. When interpreting the
findings of other etiological breast cancer studies, it should
be recognized that the mix of mammography-detected and
woman/clinician-detected cases in the study population will
influence the results. In future research, investigators seeking
to understand breast cancer biology through epidemiologic
studies of breast cancer molecular subtypes should also con-
sider method of detection in their analyses. The development
of risk-prediction tools and optimized risk-based screening
strategies would also benefit from consideration of these pat-
terns. For instance, among postmenopausal women undergo-
ing regular screening mammography, the use of supplemental
screening modalities may provide more benefit for women
using estrogen plus progestin (who are at elevated risk of
woman/clinician-detected breast cancer) than for obese women
(who are not at an elevated risk of woman/clinician-detected
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breast cancer). Finally, prevention efforts may potentially
yield larger mortality reductions through the development of
strategies to reduce the prevalence of risk factors for woman/
clinician-detected breast cancer, which has a poorer prog-
nosis. Epidemiologic studies that are able to classify breast
cancers according to method of detection, combined with in-
formation on breast density and breast cancer subtype, will be
most valuable in improving our understanding of breast can-
cer biology and elucidating new breast cancer screening and
risk reduction strategies.
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Appendix Table 1. Associations® Between Breast Cancer Risk Factors and Breast Cancer Diagnosis Among Women With At Least
3 Mammograms in the Past 5 Years, According to Method of Detection and Tumor Stage at Diagnosis, Collaborative Breast Cancer Study,
1992-2007

Detection Method and Stage at Diagnosis

Mammography-Detected Woman/Clinician-Detected
Characteristic Breast Cancer Breast Cancer
Localized Advanced Localized Advanced
P Value® P Value®
OR 95% CI OR 95% ClI OR 95% ClI OR 95% ClI
First-degree family
history of breast
cancer
No 1 Referent 1 Referent 1 Referent 1 Referent
Yes 1.55 1.43,1.69 1.40 1.21,1.62 0.18 1.66 1.49,1.85 1.52 1.33,1.73 0.26
Age at menarche, years
<12 1 Referent 1 Referent 1 Referent 1 Referent
12 0.97 0.87,1.07 087 0.74,1.03 0.26 0.95 0.83,1.08 099 0.84,1.16 0.68
13 0.88 0.80,0.98 0.77 0.65,0.91 0.13 0.83 073,096 0.88 0.75,1.03 0.59
>14 0.81 0.73,0.90 0.71 0.60, 0.84 0.15 0.77 0.67,0.88 093 0.79,1.10 0.05
Age at first birth®, years
<20 1 Referent 1 Referent 1 Referent 1 Referent
20-24 112 1.00,1.24 1.18  0.98,1.42 0.59 094 0.81,1.08 093 0.79,1.09 0.91
25-29 1.30 1.15,1.47 1.36 1.09, 1.70 0.68 1.08 0.91,1.27 1.03 0.85,1.25 0.69
>30 1.64 1.40,1.92 1.75 1.33,2.30 0.65 1.15 0.93, 1.42 1.57 1.25,1.98 0.03
Parity
0 1 Referent 1 Referent 1 Referent 1 Referent
1 0.65 054,078 0.70 0.51,0.95 0.65 0.92 0.73,1.16 097 0.74,1.27 0.76
2 0.68 059,079 0.69 0.53,0.89 0.95 0.88 0.72,1.07 0.87 0.69,1.10 0.98
>3 0.60 0.53,069 0.63 0.50,0.81 0.72 0.72 0.60,0.87 0.82 0.66, 1.02 0.35
Age at menopause®,
years
<45 1 Referent 1 Referent 1 Referent 1 Referent
45-49 1.21 1.06, 1.38 1.29 1.05, 1.59 0.57 1.33 1.13, 1.56 1.10  0.86,1.42 0.19
50-54 126 1.13,1.40 1.43 1.17,1.74 0.23 1.28 1.10, 1.49 1.59 1.31,1.93 0.06
>55 127 1.10,1.46 1.59 1.23,2.05 0.09 1.29 1.05, 1.58 1.53 1.18,1.98 0.26
Postmenopausal
hormone use®
Never use 1 Referent 1 Referent 1 Referent 1 Referent
Estrogen only 0.89 0.76,1.04 0.86 0.63,1.17 0.81 1.32 1.08, 1.60 1.00 0.76,1.30 0.08
Estrogen plus 118 1.01,1.39 1.29  0.96,1.73 0.60 1.68 1.37,2.07 1.54 1.20, 1.98 0.56
progestin only
Other 099 0.78,1.25 1.50 1.02, 2.21 0.05 1.42 1.06, 1.90 125 0.86, 1.81 0.56
Alcohol consumption,
drinks/week
0 1 Referent 1 Referent 1 Referent 1 Referent
0.1-6.9 1.1 1.02,1.22 1.01 0.87,1.18 0.27 0.95 0.84,1.08 097 0.85,1.12 0.80
>7 125 1.11,1.41 1.21 0.98, 1.49 0.76 1.16 0.99,1.36 090 0.74,1.09 0.03
Postmenopausal BMI"9
<18.5 0.66 0.38,1.16 055 0.17,1.79 0.78 1.67  0.95,2.93 1.08 0.49,242 0.34
18.5-24.9 1 Referent 1 Referent 1 Referent 1 Referent
25.0-29.9 129 1.13,1.47 1.12  0.87,1.44 0.30 0.75 0.61, 0.91 1.1 0.88,1.39 0.01
>30.0 1.70 1.48,1.96 1.81 1.40, 2.35 0.64 0.89 0.71,1.11 126  0.98,1.62 0.03

Table continues
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Appendix Table 1. Continued

Detection Method and Stage at Diagnosis

Mammography-Detected Woman/Clinician-Detected
Characteristic Breast Cancer Breast Cancer
Localized Advanced Localized Advanced
P Value® P Value®
OR 95% CI OR 95% ClI OR 95% CI OR 95% CI
Premenopausal BMI"

<18.5 0.16 0.04, 0.67 0.62 0.15, 2.65 0.17 1.58 0.87,2.85 0.52 0.18, 1.50 0.05
18.5-24.9 1 Referent 1 Referent 1 Referent 1 Referent
25.0-29.9 1.03 0.86, 1.23 1.12 0.83, 1.50 0.61 0.63 0.51,0.78 0.79 0.63, 0.99 0.12
>30.0 0.89 0.73,1.09 1.25 0.92,1.72 0.05 0.47 0.37, 0.61 0.65 0.49, 0.86 0.08

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.

2 ORs were mutually adjusted for all other risk factors in the table, in addition to age, state of residence, year of diagnosis, menopausal status,
educational level, history of mammography utilization, and interaction terms for interactions between BMI, postmenopausal hormone use, and
menopausal status.

b Test for difference in the risk factor association by stage at diagnosis within each method of detection.

¢ Among parous women only.

4 Among postmenopausal women only.

¢ Among normal-weight postmenopausal women.

f Weight (kg)/height (m)2.

9 Among postmenopausal women who had never used postmenopausal hormones.

" Among premenopausal women only.
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