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Abstract

Purpose—Young-onset breast cancers tend to be more aggressive than later-onset tumors and 

may have different risk factor profiles. Among young-onset cases there may also be etiologic 

differences between ductal carcinomas in situ (DCIS) and invasive breast cancer, particularly if 

some factors promote malignant transformation.

Methods—We evaluated the association between several potential risk factors and young-onset 

breast cancer in the Two Sister Study (2008–2010), a sister-matched case-control study involving 

1406 women diagnosed with breast cancer before age 50 (1185 invasive, 221 DCIS) and 1648 

controls.

Results—Older age at menarche, younger age at menopause, premenopausal hysterectomy, early 

age at first-term pregnancy, obesity, and consumption of alcohol were associated with reduced risk 

of young-onset breast cancer. These patterns remained when we limited analysis to invasive breast 

cancers. In general, effect estimates were similar for young-onset invasive breast cancer and DCIS, 

although the number of DCIS cases was small.

Conclusions—In this sister-matched case-control study of young-onset breast cancer, many of 

the studied risk factors were associated with young-onset invasive breast cancer. There were few 

discernable differences in risk factors for young-onset DCIS versus young-onset invasive breast 

cancer.
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INTRODUCTION

Roughly 20% of invasive and 25% of in situ breast cancers diagnosed in the United States 

occur in women younger than 50. [1] Young-onset breast cancer tends to be more aggressive 

than later-onset disease, with higher stage and grade at presentation [2] and more estrogen 

receptor-negative or triple-negative subtypes. [3]

These clinical discrepancies may result from age-related etiologic differences. Several 

studies have evaluated established breast cancer risk factors specifically in young (usually 

age<50) or premenopausal women. Some of these factors, such as later age at menarche and 

later age at first full term pregnancy, show similar trends in young women. [4, 5] Others 

show opposite effects. For example, it is well-established that high body mass index (BMI) 

is inversely associated with breast cancer in young/premenopausal women, but positively 

associated with breast cancer in older/postmenopausal women. [5–7] This discrepancy is 

thought to be related to the relationship between adipose tissue, circulating estrogen levels, 

and estrogen metabolism. [7]

Ductal carcinoma in situ (DCIS) is a milk duct carcinoma that can become invasive and 

spread into surrounding tissues. [8] In the United States, approximately 20% of all young-

onset cases have DCIS. [1] Researchers have long sought to understand the natural history of 

DCIS and identify factors that influence its invasive transformation. It is possible that among 

young-onset cases, DCIS and invasive breast cancer may have somewhat distinct etiologies.

Among women of all ages, there is some evidence that in situ breast cancer is associated 

with nulliparity, later age at first term pregnancy (i.e., at least 37 weeks gestation), later age 

at menopause, and low premenopausal BMI. [9–21]

On the other hand, findings on the relationships between in situ breast cancer and lactation, 

age at menarche, oral contraceptive use, and alcohol use have been inconclusive. [9, 13–15, 

17–22] Few studies have looked at risk factors for DCIS that may be specific to young 

women.

In an effort to improve our understanding of the etiology of young-onset breast cancer, we 

conducted an epidemiologic study of invasive breast cancer and DCIS in young women. We 

considered several previously established risk factors for invasive disease in older women 

and ran separate analyses for all young-onset breast cancers combined versus controls, 

invasive breast cancer cases versus controls, and DCIS cases versus controls.

METHODS

We used data from the Two Sister Study, a sister-matched case-control study of young-onset 

breast cancer (2008–2010). The Two Sister Study is an offshoot of the Sister Study (2003–

2009; http://www.sisterstudy.org), which enrolled 50,884 breast cancer-free women from the 

United States and Puerto Rico whose sister had been diagnosed with the disease. If a Sister 

Study participant’s affected sister was diagnosed with invasive breast cancer or DCIS before 

age 50 and within the previous four years, the proband sister was recruited for the Two Sister 
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Study. Her matched controls included all of her full sisters already participating in the Sister 

Study. The final sample included 1419 cases and 1665 sister controls.

All participants completed the same baseline computer-assisted telephone interviews. Case 

sisters additionally answered questions about their breast cancer diagnosis and provided 

signed medical records releases. All participants gave their consent and the study was 

approved by the Institutional Review Boards of the National Institute of Environmental 

Health Sciences and the Copernicus group.

To minimize confounding by age and ensure comparable opportunity for exposure, we 

evaluated time-dependent covariates as of a family-specific index age. For each sibship, the 

index age was defined as the minimum of the age of the case at diagnosis and the age(s) of 

her sister control(s) at interview. In this way, the sisters were essentially matched on age.

We considered the following risk factors: age at menarche, menopausal status 

(premenopausal, postmenopausal with age at menopause <45, postmenopausal with age at 

menopause ≥45, or premenopausal with hysterectomy but retained ovarian tissue), number 

of full term pregnancies (lasting at least 37 weeks), ever use of oral contraceptives, height, 

average non-pregnant BMI during ages 30–39, average alcohol use during the previous 10 

years, and smoking history (never, former or current). We also examined whether age at first 

full term pregnancy or breastfeeding affected the risk of breast cancer in parous women. 

Women were considered postmenopausal if their ovaries had been removed or if they had 

not had a menstrual period for one year while not pregnant or breastfeeding.

Invasive status was ascertained from case medical records, when available (88%), or self-

report (11%). Women with both in situ and invasive tumor features were categorized as 

invasive.

We used conditional logistic regression to examine effects of the selected risk factors on all 

breast cancers, DCIS, or invasive breast cancer while accounting for sister-matching. [23] 

We estimated odds ratios (ORs) and 95% confidence intervals (CIs) for each cancer type, 

relative to controls. Potential confounders included education, relative birth order among 

participating sisters, and all other evaluated risk factors, as described above. We used 

directed acyclic graphs to identify confounders. [24] Age, race, and family history of breast 

cancer were implicitly controlled for by the design. We also conducted trend tests for risk 

factors measured continuously.

Tests of homogeneity for invasive breast cancer versus DCIS were conducted using 

likelihood ratio tests. Here, we compared a model that included all breast cancer cases 

grouped together to a model that allowed for the exposure main effects to vary by invasive 

status. The difference in the deviances of the two models followed a chi-square distribution 

with p degrees of freedom, where p was the one less than the number of categories used to 

define the main exposure. All statistical analyses were conducted using SAS (9.3, SAS 

Institute, Cary, NC).
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RESULTS

Of the 1419 Two Sister Study cases, 1185 (84%) had invasive breast cancer, 221 (15%) had 

DCIS, and 13 (1%) could not be classified (Table 1). Approximately 87% of all participants 

had completed education beyond high school and most participants were non-Hispanic 

white. Control sisters were 47.3 years old on average at interview, while invasive and DCIS 

cases were 44.1 and 44.8 years on average at diagnosis, respectively.

Early age at menarche (≤12 versus ≥14) was associated with increased risk of all young-

onset breast cancer (OR=1.45, 95% CI: 1.11–1.89) and invasive breast cancer (OR=1.51, 

95% CI: 1.13–2.01), specifically (Table 2). The relationship between age at menarche and 

young-onset DCIS was less clear (OR=1.05, 95% CI: 0.52–2.11), but the test for 

homogeneity indicated there was no significant difference between the effect estimates for 

invasive breast cancer versus DCIS (p=0.67). Compared with being premenopausal, early 

age at menopause (age <45) was associated with reduced risk of all young-onset breast 

cancer (OR=0.48, 95% CI: 0.33–0.69) and young-onset invasive breast cancer (OR=0.38, 

95% CI: 0.25–0.58), but not young-onset DCIS (OR=1.38, 95% CI: 0.58, 3.30). A similar 

contrast was seen for having had a hysterectomy, in that the overall protective association 

was more pronounced for invasive breast cancer (OR=0.64, 95% CI: 0.44–0.93) than for 

DCIS (OR=0.96, 95% CI: 0.44–2.10). There was some evidence that the risk relationships 

with menopausal status are different for invasive breast cancer versus DCIS (p=0.06).

Increased parity was not associated with overall breast cancer risk (OR=1.08, 95% CI: 0.84–

1.38 for ≥3 children versus no children), or risk of invasive breast cancer (OR=1.15, 95% CI: 

0.88–1.50) or DCIS individually (OR=0.80, 95% CI: 0.38–1.66), though there was some 

evidence of an overall difference in effects by invasive status (p= 0.09). First term pregnancy 

after age 30 was associated with increased risk of invasive breast cancer (OR=1.58, 95% CI: 

1.12–2.23 for age 30–34 versus age <25), with similar trends seen in the DCIS (OR=1.89, 

95% CI: 0.72–4.95) and combined analysis (OR=1.65, 95% CI: 1.20–2.28). We also 

examined whether age at first full term pregnancy modified the effect of parity on young-

onset breast cancer, and found that women who gave birth at age 28 (the median age at first 

birth) or later had increased risk of young-onset breast cancer if they went on to have 

additional pregnancies (OR=1.60, 95% CI: 0.95–2.70 for 2 vs. 1 pregnancies; OR=2.18, 

95% CI: 1.06–4.49 for 3 or more versus 1 pregnancies). Increased parity was unrelated to 

the risk of young-onset breast cancer in women who gave birth before age 28.

Breast-feeding history and oral contraceptive use were not associated with all breast cancer, 

invasive breast cancer, or DCIS. Homogeneity p-values indicated that there were no 

significant differences between the effects of age at first birth, breastfeeding, or oral 

contraceptive use on invasive breast cancer versus DCIS. In additional analyses, we found no 

association between breastfeeding duration (never breastfed or breastfed <12 months versus 

breastfed ≥12 months) and all young-onset breast cancer (adjusted OR=1.08; 95% CI: 0.83, 

1.42; restricted to parous women) or between recent use of oral contraceptives (OR= 1.08, 

95% CI: 0.61, 1.89 for use in the last five years versus never use) and all young-onset breast 

cancer. The latter analysis was restricted to sister pairs in which the sisters’ index age was 
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defined by the case sister’s age at diagnosis so that we could be sure we were capturing the 

most relevant time period.

The positive association between parity and risk of any breast cancer among women with 

later first pregnancies is not likely to be attributable to pregnancy-induced breast cancer, as 

increasing time (in years) from last pregnancy to index age was not associated with disease 

(adjusted OR=1.04, 95% CI: 0.95–1.14). As with the recency of oral contraceptive use 

analysis, we limited this analysis to sister pairs in which the family-wide index age was 

determined by the case sister’s age at diagnosis.

We found that obesity (BMI ≥30kg/m2) at ages 30–39 was inversely associated with overall 

breast cancer (OR=0.74, 95% CI: 0.51–1.03 for BMI ≥30 versus <25) and invasive breast 

cancer (OR=0.71, 0.48–1.04), but was not related to DCIS (OR=1.06, 95% CI: 0.40–2.83) 

(Table 3). Relative to non-drinkers, alcohol consumption was associated with decreased risk 

of young-onset invasive breast cancer (OR=0.64, 95% CI: 0.45–0.91 for ≥161 drinks/year 

versus none). Alcohol intake was not related to DCIS (OR=1.44, 95% CI: 0.59–3.51), but 

the combined results showed the same pattern as invasive breast cancer alone (OR=0.72, 

95% CI: 0.52–1.00). There was no association between height and breast cancer in any of 

the examined strata. Being a former smoker was associated with increased risk of invasive 

breast cancer (OR=1.24, 95% CI: 0.98–1.56). There was no evidence of heterogeneity by 

invasive status for BMI, height, alcohol intake or smoking history.

We ran sensitivity analyses excluding women whose medical records were not available 

(n=128 cases), but observed no meaningful differences between the observed associations 

and the original analyses (data not shown).

DISCUSSION

In our sister-matched, case-control study of breast cancer under age 50, older age at 

menarche, younger age at menopause, premenopausal hysterectomy, early age at first term 

pregnancy, obesity, and alcohol consumption were associated with reduced risk of young-

onset breast cancer and also with young-onset invasive breast cancer, specifically. None of 

the explored risk factors was independently associated with young-onset DCIS, but the 

number of DCIS cases was small and effect estimates for DCIS were usually statistically 

consistent with those for invasive breast cancer. There was weak evidence of heterogeneity 

by invasive status for menopausal status and parity.

Our findings that later age at menarche, early menopause, having had a hysterectomy, and 

early age at first full-term pregnancy were associated with reduced risk of young-onset 

breast cancer are consistent with other studies. [4, 5, 25] Though we observed an inverse 

association between obesity and young-onset invasive breast cancer but not DCIS, the 

number of families with young-onset DCIS was small and previous investigations of BMI 

and breast cancer in young women have reported inverse associations with both tumor types. 

[11, 13, 20, 26]

In contrast with our findings, high alcohol consumption is usually observed to be associated 

with increased risk of young-onset invasive breast cancer, [20, 27, 28]. However, the 
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reported alcohol consumption in our study was relatively low, and the highest category of 

consumption in our study (≥161 drinks/year; category median= 312 drinks/year) was 

associated with null or even protective effects in other investigations, suggesting that if there 

is a U-shaped dose-response relationship, as has been observed in previous investigations of 

alcohol and young-onset breast cancer, [5, 28–30] our highest category has not reached the 

upturn.

Factors that influence mammography utilization are important to consider, as screening can 

detect tumors before they progress to invasive breast cancer. This is complicated by the fact 

that younger women are less likely to have regular mammograms, but more likely than older 

women to receive a DCIS diagnosis if a cancer is detected during screening. [31] The natural 

history of DCIS is not well understood, but this may mean that younger women are more 

likely to receive a false positive diagnosis. This, in turn, would result in attenuated effect 

estimates for DCIS-specific analyses.

Regardless of whether the DCIS diagnoses are true or false positives, the observed 

heterogeneity in risk estimates for invasive breast cancer versus DCIS among women with 

early menopause or hysterectomy could be a consequence of increased surveillance of 

women with gynecologic concerns and the fact that women with invasive breast cancer are 

excluded from having DCIS by our case definition. The fact that there was a higher 

percentage of DCIS than invasive breast cancer cases with maternal family history of breast 

cancer supports the possibility that women who are more likely to get screened also have a 

greater probability of being diagnosed with DCIS.

The observed inverse association between early menopause or hysterectomy and invasive 

breast cancer could also be attributable to reductions in circulating sex steroid hormones. 

[32] Women with earlier menarche and fewer pregnancies are exposed to more circulating 

sex steroid hormones in their lifetimes, which may explain their increased invasive breast 

cancer risk.

Our finding that later age at first birth was also associated with increased risk of invasive 

breast cancer, which appears to be exacerbated by additional births, is consistent with 

existing evidence that older breast tissue may be more susceptible to tumorigenesis when 

exposed to pregnancy-related growth and remodeling. [33] Women who give birth later also 

have fewer children on average.

Matching on sibship should control for some shared, unmeasured confounders. On the other 

hand, over-matching on shared exposures could negatively impact statistical efficiency. [34] 

To explore this possibility, we calculated intraclass correlation coefficients (ICC) for several 

of the examined risk factors, treating sisters as repeated measures within a family. We saw a 

moderate correlation between sisters’ heights (ICC=0.53), but the ICCs for BMI, parity, 

alcohol, age at first birth, and age at menarche were all less than 0.3, indicating that over-

matching is not a substantial concern in this analysis.

As relatively few of our cases were DCIS, we had limited power to look at risk factors for 

DCIS overall. We were able to test for heterogeneity, but identified few risk factors that 

could potentially promote or delay the DCIS to invasive transformation. Menopausal status 
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was a possible exception. We did not have sufficient power to explore even finer differences 

between DCIS and invasive breast cancer within tumor subtypes (e.g. estrogen receptor or 

triple-negative status).

In summary, late menarche, early menopause, premenopausal hysterectomy, early age at first 

full term pregnancy, moderate consumption of alcohol and adult obesity may protect against 

invasive breast cancer in young women. With the possible exception of menopausal status, 

we observed overall concordance between risk factors for young-onset DCIS and invasive 

breast cancer.

Acknowledgments

We thank Drs. Min Shi and Matthew Longnecker of the National Institutes of Environmental Health Sciences for 
helpful comments on this paper.

Funding sources: This work was supported by the Intramural Research Program of the National Institutes of 
Health; National Institute of Environmental Health Sciences (grant numbers Z01-ES044005 [DPS] and Z01-
ES102245 [CRW]); and Susan G. Komen for the Cure (grant number FAS0703856 to CRW).

Abbreviations

BMI Body mass index

CI Confidence interval

DCIS Ductal carcinoma in situ

OR Odds ratio

References

1. American Cancer Society. Breast Cancer Facts and Figures 2011–2012. 2011. Available at: http://
www.cancer.org/research/cancerfactsfigures/breastcancerfactsfigures/breast-cancer-facts-and-
figures-2011-2012. (Accessed: 4th November, 2013)

2. Anders CK, Hsu DS, Broadwater G, Acharya CR, Foekens JA, Zhang Y, Wang Y, Marcom PK, 
Marks JR, Febbo PG, Nevins JR, Potti A, Blackwell KL. Young age at diagnosis correlates with 
worse prognosis and defines a subset of breast cancers with shared patterns of gene expression. J 
Clin Oncol. 2008; 26(20):3324–3330. [PubMed: 18612148] 

3. Keegan TH, DeRouen MC, Press DJ, Kurian AW, Clarke CA. Occurrence of breast cancer subtypes 
in adolescent and young adult women. Breast Cancer Res. 2012; 14:R55. [PubMed: 22452927] 

4. Anderson WF, Matsuno RK, Sherman ME, Lissowska J, Gail MH, Brinton LA, Yang XR, 
Peplonska B, Chen BE, Rosenberg PS, Chatterjee N, Szeszenia-Dabrowska N, Bardin-Mikolajczak 
A, Zatonski W, Devesa SS, Garcia-Closas M. Estimating age-specific breast cancer risks: a 
descriptive tool to identify age interactions. Cancer Causes Control. 2007; 18(4):439–447. 
[PubMed: 17216325] 

5. Nelson HD, Zakher B, Cantor A, Fu R, Griffn J, O’Meara ES, Buist DSM, Kerlikowski K, van 
Ravesteyn NT, Trentham-Dietz A, Mandelblatt JS, Miglioretti DL. Risk factors for breast cancer for 
women aged 40 to 49 years: A systematic review and meta-analysis. Ann Intern Med. 2012; 156(9):
635–648. [PubMed: 22547473] 

6. van den Brandt PA, Spiegelman D, Yaun S, Adami H, Beeson L, Folsom AR, Fraser G, Goldbohm 
RA, Graham S, Kushi L, Marshall JR, Miller AB, Rohan T, Smith-Warner SA, Speizer FE, Willett 
WC, Wolk A, Hunter DJ. Pooled analysis of prospective cohort studies on height, weight, and breast 
cancer risk. Am J Epidemiol. 2000; 152(6):514–527. [PubMed: 10997541] 

O’Brien et al. Page 7

Cancer Causes Control. Author manuscript; available in PMC 2016 November 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cancer.org/research/cancerfactsfigures/breastcancerfactsfigures/breast-cancer-facts-and-figures-2011-2012
http://www.cancer.org/research/cancerfactsfigures/breastcancerfactsfigures/breast-cancer-facts-and-figures-2011-2012
http://www.cancer.org/research/cancerfactsfigures/breastcancerfactsfigures/breast-cancer-facts-and-figures-2011-2012


7. Munsell MF, Sprague BL, Berry DA, Chisholm G, Trentham-Dietz A. Body mass index and breast 
cancer risk according to postmenopausal estrogen-progestin use and hormone receptor status. 
Epidemiol Rev. 2014; 36:114–136. [PubMed: 24375928] 

8. National Cancer Institute. Ductal Carcinoma In Situ, Breast Cancer Treatment (PDQ®). 2013. 
Available at: http://www.cancer.gov/cancertopics/pdq/treatment/breast/healthprofessional/page4 
(Accessed: 4th November, 2013)

9. Claus EB, Stowe M, Carter D. Breast carcinoma in situ: risk factors and screening patterns. J Natl 
Cancer Inst. 2001; 93(23):1811–1817. [PubMed: 11734598] 

10. Kabat GC, Kim MY, Woods NF, Habel LA, Messina CR, Wactawski-Wende J, Stefanick ML, 
Chlebowski RT, Wassertheil-Smoller S, Rohan TE. Reproductive and menstrual factors and risk of 
ductal carcinoma in situ of the breast in a cohort of postmenopausal women. Cancer Causes 
Control. 2011; 22(10):1415–1424. [PubMed: 21750889] 

11. Kerlikowske K, Barclay J, Grady D, Sickles EA, Ernster V. Comparison of risk factors for ductal 
carcinoma in situ and invasive breast cancer. J Natl Cancer Inst. 1997; 89(1):76–82. [PubMed: 
8978410] 

12. Lambe M, Hsieh CC, Tsaih SW, Ekbom A, Trichopoulos D, Adami HO. Parity, age at first birth 
and the risk of carcinoma in situ of the breast. Int J Cancer. 1998; 77(3):330–332. [PubMed: 
9663590] 

13. Longnecker MP, Bernstein L, Paganini-Hill A, Enger SM, Ross RK. Risk factors for in situ breast 
cancer. Cancer Epidemiol Biomarkers Prev. 1996; 5(12):961–965. [PubMed: 8959317] 

14. Ma H, Henderson KD, Sullivan-Halley J, Duan L, Marshall SF, Ursin G, Horn-Ross PL, Largent J, 
Deapen DM, Lacey JV Jr, Bernstein L. Pregnancy-related factors and the risk of breast carcinoma 
in situ and invasive breast cancer among postmenopausal women in the California Teachers Study 
cohort. Breast Cancer Res. 2010; 12:R35. [PubMed: 20565829] 

15. Meeske K, Press M, Patel A, Bernstein L. Impact of reproductive factors and lactation on breast 
carcinoma in situ risk. Int J Cancer. 2004; 110(1):102–109. [PubMed: 15054874] 

16. Phillips LS, Millikan RC, Schroeder JC, Barnholtz-Sloan JS, Levine BJ. Reproductive and 
hormonal risk factors for ductal carcinoma in situ of the breast. Cancer Epidemiol Biomarkers 
Prev. 2009; 18(5):1507–1514. [PubMed: 19423528] 

17. Reeves GK, Pirie K, Green J, Bull D, Beral V, Million Women Study Collaborators. Comparison of 
the effects of genetic and environmental risk factors on in situ and invasive ductal breast cancer. Int 
J Cancer. 2012; 131(4):930–937. [PubMed: 21952983] 

18. Trentham-Dietz A, Newcomb PA, Storer BE, Remington PL. Risk factors for carcinoma in situ of 
the breast. Cancer Epidemiol Biomarkers Prev. 2000; 9(7):697–703. [PubMed: 10919740] 

19. Trentham-Dietz A, Nichols HB, Egan KM, Titus-Ernstoff L, Hampton JM, Newcomb PA. 
Cigarette smoking and risk of breast carcinoma in situ. Epidemiology. 2007; 18(5):629–638. 
[PubMed: 17700252] 

20. Weiss HA, Brinton LA, Brogan D, Coates RJ, Gammon MD, Malone KE, Schoenberg JB, 
Swanson CA. Epidemiology of in situ and invasive breast cancer in women aged under 45. Br J 
Cancer. 1996; 73(10):1298–1305. [PubMed: 8630296] 

21. Wohlfahrt J, Rank F, Kroman N, Melbye M. A comparison of reproductive risk factors for CIS 
lesions and invasive breast cancer. Int J Cancer. 2004; 108(5):750–753. [PubMed: 14696102] 

22. Kabat GC, Kim M, Shikany JM, Rodgers AK, Wactawski-Wende J, Lane D, Powell L, Stefanick 
ML, Freiberg MS, Kazlauskaite R, Chlebowski RT, Wassertheil-Smoller S, Rohan TE. Alcohol 
consumption and risk of ductal carcinoma in situ of the breast in a cohort of postmenopausal 
women. Cancer Epidemiol Biomarkers Prev. 2010; 19(8):2066–2072. [PubMed: 20647412] 

23. Xue X, Kim MY, Gaudet MM, Park Y, Heo M, Hollenbeck AR, Strickler HD, Gunter MJ. A 
comparison of the polytomous logistic regression and joint cox proportional hazards models for 
evaluating multiple disease subtypes in prospective cohort studies. Cancer Epidemiol Biomarkers 
Prev. 2013; 22(2):275–285. [PubMed: 23292084] 

24. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology. 
1999; 10(1):37–48. [PubMed: 9888278] 

O’Brien et al. Page 8

Cancer Causes Control. Author manuscript; available in PMC 2016 November 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cancer.gov/cancertopics/pdq/treatment/breast/healthprofessional/page4


25. Warner ET, Colditz GA, Palmer JR, Partridge AH, Rosner BA, Tamimi RM. Reproductive factors 
and risk of premenopausal breast cancer by age at diagnosis: Are there differences before and after 
age 40? Breast Cancer Res Treat. 2013; 142(1):165–175. [PubMed: 24136668] 

26. Amadou A, Ferrari P, Muwonge R, Moskal A, Biessy C, Romieu I, Hainaut P. Overweight, obesity 
and risk of premenopausal breast cancer according to ethnicity: a systematic review and dose-
response meta-analysis. Obes Rev. 2013; 14(8):665–678. [PubMed: 23615120] 

27. Chen WY, Rosner B, Hankinson SE, Colditz GA, Willett WC. Moderate alcohol consumption 
during adult life, drinking patterns, and breast cancer risk. JAMA. 2011; 306(17):1884–1890. 
[PubMed: 22045766] 

28. Kropp S, Becher H, Nieters A, Chang-Claude J. Low-to-moderate alcohol consumption and breast 
cancer risk by age 50 years among women in Germany. Am J Epidemiol. 2001; 154(7):624–634. 
[PubMed: 11581096] 

29. Althuis MD, Brogan DD, Coates RJ, Daling JR, Gammon MD, Malone KE, Schoenberg JB, 
Brinton LA. Breast cancers among very young premenopausal women (United States). Cancer 
Causes Control. 2003; 14(2):151–160. [PubMed: 12749720] 

30. Rohan TE, Jain M, Howe GR, Miller AB. Alcohol consumption and risk of breast cancer: a cohort 
study. Cancer Causes Control. 2000; 11(3):239–247. [PubMed: 10782658] 

31. Ernster VL, Ballard-Barbash R, Barlow WE, Zheng Y, Weaver DL, Cutter G, Yankaskas BC, 
Rosenberg R, Carney PA, Kerlikowski K, Taplin SH, Urban N, Geller BM. Detection of ductal 
carcinoma in situ in women undergoing screening mammography. J Natl Cancer Inst. 2002; 
94(20):1546–1555. [PubMed: 12381707] 

32. Gaudet MM, Gapstur SM, Sun J, Diver WR, Hannan LM, Thun MJ. Active smoking and breast 
cancer risk: Original cohort data and meta-analysis. J Natl Cancer Inst. 2013; 105(8):515–525. 
[PubMed: 23449445] 

33. Kelsey JL, Gammon MD, John EM. Reproductive factors and breast cancer. Epidemiol Rev. 1993; 
15(1):36–47. [PubMed: 8405211] 

34. Rothman, KJ.; Greenland, S.; Lash, TL. Design strategies to improve study accuracy. In: Rothman, 
KJ.; Greenland, S.; Lash, TL., editors. Modern Epidemiology. 3rd. Wolters Kluwer Health and 
Lippincott Williams and Wilkins; Philadelphia: 2008. p. 168-182.

O’Brien et al. Page 9

Cancer Causes Control. Author manuscript; available in PMC 2016 November 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Brien et al. Page 10

Table 1

Descriptive characteristics of Two Sister Study participants

Characteristics; N (%) Controls (n=1665) Invasive cases (n=1185) Ductal carcinoma in situ 
cases (n=221)

Case, invasive status 
unknown (n=13)

Index age

 <40 334 (20) 258 (22) 37 (17) 1 (8)

 40–<45 602 (36) 413 (35) 77 (35) 6 (46)

 ≥45 729 (44) 514 (43) 107 (48) 6 (46)

Breast cancer diagnosis age

 <40 – 180 (15) 22 (10) 0 (0)

 40–<45 – 347 (29) 65 (29) 5 (38)

 ≥45 – 658 (56) 134 (61) 8 (62)

Race

 Non-Hispanic White 1485 (89) 1043 (88) 198 (90) 11 (85)

 Non-Hispanic Black 73 (4) 57 (5) 11 (5) 2 (15)

 Hispanic 63 (4) 50 (4) 7 (3) 0

 Other 43 (3) 35 (3) 5 (2) 0

Relative birth order among participating sisters

 First (oldest) 915 (55) 435 (37) 85 (38) 7 (54)

 Second 606 (36) 667 (56) 121 (55) 4 (31)

 Third or younger 144 (9) 83 (7) 15 (7) 2 (15)

Education

 High school or less 217 (13) 155 (13) 21 (10) 1 (8)

 Some college but no degree 279 (17) 176 (15) 31 (14) 3 (23)

 Associate or technical degree 252 (15) 166 (14) 32 (14) 2 (15)

 Bachelor degree 524 (31) 390 (33) 84 (38) 4 (31)

 Master or doctoral degree 393 (24) 298 (25) 53 (24) 3 (23)

Maternal history of breast cancer

 Yes 285 (17) 194 (16) 51 (23) 5 (38)

 No 1371 (83) 985 (84) 168 (77) 8 (62)

The following variables had missing data: Race (1 control), Maternal history of breast cancer (9 controls, 2 ductal carcinoma in situ cases, 5 
invasive cases)
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