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Abstract

Background—Comorbidities have been suggested influencing mammaography utilization and
breast cancer stage at diagnosis. We compared mammography use, and overall and advanced-stage
breast cancer rates, among female Medicare beneficiaries with different levels of comorbidity.

Methods—We used linked Breast Cancer Surveillance Consortium (BCSC) and Medicare claims
data from 1998 through 2006 to ascertain comorbidities among 149,045 female Medicare
beneficiaries age 67 and older who had mammography. We defined comorbidities as either
“unstable” (life threatening or difficult to control) or “stable” (age-related with potential to affect
daily activity) based on claims within two years before each mammogram.
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Results—Having undergone two mammograms within 30 months was more common in women
with stable comorbidities (86%) than in those with unstable (80.3%) or no (80.9%) comorbidities.
Overall rates of advanced-stage breast cancer were lower among women with no comorbidities
(0.5 per 1000 mammograms, 95% CI 0.3-0.8) than among those with stable comorbidities (0.8,
95% CI 0.7-0.9, p=0.065 compared to no comorbidities) or unstable comorbidities (1.1, 95% CI
0.9-1.3, p=0.002 compared to no comorbidities). Among women having undergone two
mammograms within 4-18 months, those with unstable and stable comorbidities had significantly
higher advanced cancer rates compared to those with no comorbidities (p=0.004 and p=0.03,
respectively).

Conclusions—Comorbidities were associated with more frequent use of mammography, but
also higher risk of advanced-stage disease at diagnosis among the subset of women who had the
most frequent use of mammaography.

Impact—Future studies need to examine whether specific comorbidities affect clinical
progression of breast cancer.
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Introduction

Breast cancer screening among older women is complicated because of the variation in the
number and severity of comorbidities [1]. Studies examining the associations between
comorbid conditions and mammography screening use and breast cancer outcomes have
reported mixed results [2]. Some have reported a higher risk of advanced-stage cancer
among women with comorbidities, [3] whereas others have reported a higher risk of
advanced-stage cancer at diagnosis among women with no comorbidities [4, 5]. Age-related
comorbid conditions may increase the frequency of physician visits, leading to higher
mammography utilization and better follow-up of abnormal results, resulting in an earlier
stage at diagnosis [6]. Alternatively, chronic disease management may constitute a
“competing demand” during physician visits, diverting attention from the delivery of
preventive services. A recent study of Medicare beneficiaries suggests that stable
comorbidities are associated with lower likelihood of late stage diagnosis, whereas unstable
comorbidities are associated with higher likelihood of late stage diagnosis, partially due to
less use of mammography [7].

Many cancer screening guidelines recommend considering an older woman’s health status
when making screening decisions, as screening mammaography is unlikely to benefit older
women whose life expectancy is less than five years [8, 9]. However, it is unclear how these
guidelines are applied in practice and to what extent cancer screening tests are actually
targeted to healthy older women with sufficient life expectancy to reasonably benefit from
screening mammography, and not offered to older women with multiple or severe
comorbidities who have a life expectancy of less than 5 years and are unlikely to benefit
from screening [10, 11].

Previous studies have used the linked Surveillance, Epidemiology, and End Results (SEER)
program-Medicare data to assess comorbidities, mammography utilization, and breast cancer
outcomes in older women [12]. A major limitation of these data is difficulty in
distinguishing screening from diagnostic mammograms in cancer case cohorts,[13] given
that most women eventually undergo diagnostic mammaography evaluation before treatment
begins. For instance, mammograms performed to evaluate breast symptoms can be
mislabeled as screening instead of diagnostic, especially in older women with comorbidities
who may not undergo regular screening mammography. Such misclassification can lead to
overestimation of screening mammography usage, and may thereby bias epidemiologic
analyses of factors associated with adequate screening. Claims-based algorithms to
minimize this misclassification risk are useful but not entirely satisfactory [13].

The goal of this study was to determine whether the presence and severity of comorbid
conditions affect screening mammography utilization and breast cancer stage at diagnosis.
We examined data from four mammaography registries in the Breast Cancer Surveillance
Consortium (BCSC) [14] and linked Medicare claims data from 1998 to 2006 to estimate the
relationship between the presence and severity of comorbid conditions and use of
mammaography, breast cancer stage at diagnosis, and tumor characteristics. We used an
updated approach to classifying comorbidities that has been shown to separate comorbidities
associated with increased versus decreased mammography utilization in the Medicare
population [7].
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Materials and Methods

Data Source

The BCSC is a collaborative effort between seven geographically dispersed mammography
registries [14]. Details regarding the BCSC have been provided elsewhere [15, 16]. Data
were obtained from four BCSC mammography registries (Carolina Mammography Registry;
New Hampshire Mammography Network; San Francisco Mammography Registry; and
Vermont Breast Cancer Surveillance System) that participated in linking BCSC records and
Medicare claims data. Registries collected demographic, risk factor, and clinical information
at each mammogram, including radiologists’ indication for examination and
recommendations based on the American College of Radiology’s Breast Imaging Reporting
and Data System (BI-RADS®). Data were pooled at a central Statistical Coordinating
Center (SCC) at Group Health Research Institute (Seattle, Washington) [14, 16]. BCSC
registries and the SCC received Institutional Review Board approval for active or passive
consenting processes or a waiver of consent to enroll participants, link data, and perform
analysis. All procedures were Health Insurance Portability and Accountability Act (HIPAA)
compliant, and registries and the SCC received a Federal Certificate of Confidentiality and
other protection for the identities of women, physicians, and facilities.

Women participating in these four mammography registries who were also enrolled in
Medicare were linked to the Center for Medicare & Medicaid Services’ (CMS) Medicare
Program Master Enrollment file by identifiers such as name, date of birth, and social
security number. Breast cancer diagnoses and tumor characteristics were obtained through
linkage with state tumor registries or regional SEER programs [17] and additional linkage to
hospital-based pathology services at three of the four mammography registries [16].

Study population

The study population included all women who were 67 years of age and older who had
undergone mammography in the BCSC database from the four sites between January 1,
2000 and December 31, 2006. We limited the study to women with at least two years of
continuous Medicare enrollment in Part A and Part B and who were not enrolled in
Medicare Advantage for two years before a mammogram in the BCSC database, and with no
previous history of breast cancer. We required two years of continuous Medicare enrollment
before a mammogram to ensure complete capture of claims during the period used to assess
presence of comorbidities. To further ensure complete capture of Medicare claims, we
excluded mammograms included in the BCSC database for which a corresponding Medicare
claim for a mammogram could not be found within 7 days before or after the exam date
recorded in the BCSC database. Approximately 426,295 mammograms meeting inclusion
criteria were identified in the BCSC database from 2000 to 2006 and 415,078 (97.4%) had a
matching Medicare mammogram claim within 7 days of BCSC examination date. Of those
with matching mammogram claims 3316 (2.2%) had a breast cancer diagnosis within 12
months of mammaography.

Measurements and Definitions

We characterized each mammogram included in the study according to type of examination
(screening versus diagnostic) and time interval between that examination and a woman’s
most recent prior examination. A screening mammogram was defined using the standard
BCSC definition as a bilateral mammogram with a physician-stated indication for routine
screening and no mammography within the past 9 months. Mammaography intervals were
categorized as: 4 to 18 months; 19 to 30 months; or 31 to 42 months.[15, 16, 18] Estimates
for the number of months between mammograms were calculated by using the most recent
of the dates of previous mammography in the BCSC database or the self-reported date given
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by the participant. All mammograms occurring within a 4-month period were considered to
represent a single diagnostic series and our analyses included only the first mammogram in
the series.

We applied a recently refined list of 38 comorbid conditions [7], classified by organ system
and severity, using ICD-9-CM codes listed in previously published comorbidity measures
developed for Medicare claims data by Klabunde et al [19], Fleming et al.[12], and
Elixhauser [20]. We updated these measures to more recent versions of ICD-9-CM and
distinguished “stable” and “unstable” comorbidities based on clinical significance, judgment
of seriousness, and whether the condition predicted five-year mortality in prior studies. This
distinction was previously shown to be useful in understanding variation in mammography
use [7]. We defined comorbidities that are life threatening or difficult to control such as
severe heart failure, cardiac arrhythmias, and end-stage liver disease as “unstable,” and age-
related conditions that could affect daily function, such as arthritis, osteoporosis, depression,
and diabetes as “stable” (Appendix 1).

Inpatient, outpatient, and physician-supplier claims were reviewed for two years before the
most recent mammogram in the BCSC database and used to determine the prevalence of
comorbidities during that period, excluding the month of diagnosis in cancer cases. If a
qualifying comorbid diagnosis code appeared only once in physician claims during that
period, and an identical code was not present in inpatient hospital claims, then the condition
was not counted as a comorbidity [21]. Likewise, if a code appeared more than once in
physician claims within a 30-day period, but never appeared again in either inpatient
hospital or physician claims, then the condition was not counted [22]. This approach was
based on prior studies showing poor agreement between medical records and Medicare
claims when looser methods were used to capture diagnostic information [21, 22].

To estimate total comorbidity burden, we grouped stable and unstable comorbidities as
absent or present. We then counted the number of stable comorbid conditions. Unstable
comorbidities were collapsed into a single group as the prevalence of multiple unstable
conditions was very low.

Breast cancer stage at diagnosis was classified according to the Tumor, Node, Metastasis
(TNM) system based on the criteria of the American Joint Committee on Cancer as stage 0,
I, HA, 1B, 11 or V. Invasive tumors of stages I1B, 111, and IV were considered to be
advanced-stage disease [23]. This definition of advanced-stage disease has been used as a
proxy outcome among women with breast cancer because only 5% to 12% of Stage I/11
patients die within 10 years after diagnosis, compared with over 60% of Stage Il patients
and over 90% of Stage IV patients [24].

Statistical Analysis

We estimated the overall prevalence of stable and unstable comorbidities in our study
population. We summarized demographic characteristics stratified by comorbidity status: no
comorbid conditions, stable conditions only (aggregating women with one or more
conditions, due to their similar characteristics), or unstable conditions with or without
additional stable conditions. Among women diagnosed with cancer, demographic
characteristics, comorbidity burden, mammography utilization rates, and tumor
characteristics were compared between comorbidity groups using chi-squared tests with
statistical significance defined at £<0.05.

We calculated stratum-specific frequency distributions for previous mammography use
based on a single mammogram per woman to prevent over-representation of women who
were frequent mammaography users [15]. We selected the mammogram closest to the date of

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yasmeen et al.

Results

Page 5

diagnosis for cancer cases and a randomly selected mammogram for non-cancer cases. For
mammograms followed by a cancer diagnosis, we calculated the proportion of tumors that
were invasive and the distribution of tumor size, stage, grade, and estrogen receptor status.

We explored differences in previous mammography use by comorbidity status using logistic
regression models for the binary outcome “adequately screened,” which we defined as
having two mammography examinations within 30 months. This model was adjusted for
age, race/ethnicity, year, and BCSC registry. In this analysis we selected one mammogram
to include in the analysis per woman as described above.

We used logistic regression to estimate overall and advanced cancer rates per 1000
mammograms by comorbidity status, adjusting for age, race/ethnicity, year of diagnosis, and
BCSC registry using generalized estimating equations (GEE). In these analyses, we
excluded diagnostic mammograms with no prior mammogram within 42 months. The unit of
analysis in these models was the mammogram, with women potentially contributing
multiple mammograms. The method of GEE accounts for clustering among mammograms
from the same woman. Adjusted cancer rates were estimated using the method of indirect
standardization [25, 26]. Confidence intervals were estimated using the delta method.
Models were also fit including interaction terms for previous mammaography use and
comorbidity status to examine variation in the association between comorbidity status and
cancer rates across previous mammography use groups. Adjusted cancer rates from these
models are reported for each comorbidity and previous mammaography use group. We also
computed the mean time from the most recent prior mammography examination to cancer
diagnosis to evaluate possible diagnostic delays among women by comorbidity status. All
statistical analyses were carried out using R statistical software.

We identified 415,078 eligible mammograms among 149,045 women between 2000 and
2006 in the linked BCSC-Medicare data (Table 1). Comorbidities were identified in 133,227
(89.4%) women: 93,428 (62.7%) had stable and 39,799 (26.7%) had unstable or both stable
and unstable comorbidities. Overall, 83.9% of women had two mammograms within 30
months; these proportions were slightly higher among those with stable comorbidities
(86.0%) and than among those with no comorbidities (80.9%) or unstable comorbidities
(80.3%) (Table 1). The Appendices show the prevalence of stable comorbidities by organ
system.

A total of 3,316 (2.2%) women were diagnosed with primary incident breast cancer (Table
2). Comorbidities were identified in 89.4% of the cancer cohort; 60.8% had stable
comorbidities and 28.6% had unstable only or both stable and unstable comorbidities.
Women with comorbidities were significantly older and more likely to have recent
mammography compared to women with no comorbidities (p<0.001) (Table 2). Overall,
77.1% of these women had a mammogram within 4-30 months of cancer diagnosis; these
proportions were lower among women with no comorbidities (68.5%) and higher among
those with stable (80.6%) or unstable comorbidities (72.7%) (p<0.001).

Overall, 84.9% of the tumors detected were invasive, and 15.1% were ductal carcinoma in
situ (DCIS). Among women with invasive cancers, those with stable comorbidities had
significantly higher proportions of stage | cancers and women with unstable and stable
comorbidities had the highest proportions of stage 1B tumors compared to women with no
comorbidities. Women with unstable or no comorbidities had a higher proportion of
advanced-stage cancers compared to those with stable comorbidities (21.8% and 20.4%
versus 17.3%, respectively). Women with no comorbidities showed higher prevalence of
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well differentiated tumors than women with stable and unstable comorbidities (p=0.034)
(Table 2).

As displayed in Table 3, overall women with stable comorbidities were more likely to have
had a mammogram within 4-18 months than women with either unstable or no
comorbidities (70% versus 62.4% and 64.1%) respectively and this pattern was similar
among women less than age 75 and aged 75 and older.

Overall, the presence of either stable or unstable comorbidities was associated with
significantly higher odds of adequate mammography use (defined as a prior mammogram
within 30 months) after adjusting for patient characteristics (age, race, year, and BCSC
registry). The odds ratio (OR) for adequate mammography use among women with stable
comorbidities compared to no comorbidities was 1.60 (95% confidence interval [CI]: 1.52—
1.67) and for unstable comorbidities compared to no comorbidities was 1.14 (95% CI: 1.08—
1.19).

Adjusted overall breast cancer rates (DCIS and invasive combined) and advanced-stage
cancer rates per 1000 mammograms by comorbidity status and prior mammography use are
displayed in Table 4. Overall cancer rates per 1000 mammograms are highest among women
with unstable comorbidities (7.5, 95% CI [7.0-8.1]) and lower among women with stable
comorbidities (6.7, 95% CI [6.4, 7.0]) or no comorbidities (6.6, 95% CI [5.8, 7.5]). On
comparing cancer rates per 1000 mammograms by comorbidity status there were no
significant differences in cancer rates among women with stable and unstable comorbidities
compared to women with no comorbidities (Table 4). Women were more likely to be
diagnosed with breast cancer when mammogram intervals were more than 42 months than
with shorter intervals of 31-42 months, 19-30 months, or 4-18 months (14.6 versus 9.9, 8.1,
and 6.1 per 1000 mammograms, respectively).

Advanced-stage cancer rates per 1000 mammograms were highest among women with
unstable comorbidities (1.1, 95% CI [0.9, 1.3]) and lower among those with stable
comorbidities (0.8, 95% CI [0.7,0.9]) and those with no comorbidities (0.5, 95% CI
[0.3,0.8]) (Table 5). Advanced-stage breast cancers were more likely to occur among
women with intervals of more than 42 months between mammography examinations
compared to shorter intervals of 31-42 months, 19—-30 months, or 4-18 months (1.7 versus
1.6, 0.9, and 0.7 per 1000 mammograms, respectively). The likelihood of diagnosis with
advanced-stage cancer was highest among women with unstable comorbidities (1.1, 95% CI
[0.9, 1.3]) and lower among those with stable (0.8, 95% CI [0.7, 0.9]) or no comorbidities
(0.5, 95% CI [0.3, 0.8]) (Table 5). Overall, advanced-stage cancer rates per 1000
mammograms were significantly higher for women with unstable comorbidities compared to
women with no comorbidities (p=0.002) (Table 5). After stratifying on prior mammography
utilization, the only significant difference across comorbidity groups was that among women
with an interval of 4-18 months between mammograms. In this group, advanced-stage
cancer was more frequent among those with unstable (0.9, 95% CI [0.7, 1.2], p=0.004) and
stable comorbidities (0.7, 95% CI [0.6, 0.8], p=0.03) than among those with no
comorbidities (0.3, 95% CI [0.2, 0.6]).

The mean number of days between mammaography and cancer diagnosis was not
significantly different between women with stable and unstable comorbidities compared to
those with no comorbidities. The mean number of days was 46.8 (95% Cl: 39.6-59.9), 54.4
(95% CI: 51.1-57.8), and 50.9 (95% ClI: 46.4-55.6) among women with no comorbidities,
stable and unstable comorbidities respectively.
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Discussion

This is a large population—based study of linked BCSC-Medicare data reporting on
mammography use and rates of advanced-stage breast cancer relative to presence and
severity of comorbidities. It adds to prior research in this field by using better methods to
distinguish screening from diagnostic mammograms, and to distinguish stable from unstable
comorbidities, as the later may contraindicate offering screening mammography due to
limited life expectancy. In adjusted analysis overall breast cancer rates per 1000
mammograms did not differ across comorbidity groups, after stratifying by similar
mammography use. However, among women who received mammography within 4-18
months of diagnosis, advanced-stage cancer rates were significantly higher among those
with either unstable or stable comorbidities than among those without comorbidities.

Based on prior research [7], we hypothesized that women with unstable comorbidities would
be less likely to undergo mammography and more likely to be diagnosed with advanced-
stage disease. Conversely, women with stable comorbidities were hypothesized to be more
likely to undergo mammaography [4], and less likely to be diagnosed with advanced-stage
disease, than women without comorbidities. In this cohort, which was limited to women
who had at least one mammogram during the study period, we found the expected
association between stable comorbidities and increased mammography use, but
unexpectedly high mammaography use among women with unstable comorbidities (e.g.,
77.6% of women aged 75 years or more had a mammogram within 30 months), who are less
likely to live long enough to benefit from screening. After adjusting for demographic
characteristics, stable and unstable comorbidities were associated with 1.60 and 1.14 times
higher odds, respectively, compared to women without comorbidities of having received a
prior mammogram within 30 months. Given these findings, we expected stable
comorbidities to be associated with lower unadjusted rates of advanced-stage breast cancer,
and unstable comorbidities to be associated with similar rates, but these associations should
diminish or disappear after stratifying on mammography interval [7]. In fact, among women
who had prior mammography within 4-18 months of cancer diagnosis, the rates of
advanced-stage cancer were higher among those with either stable or unstable comorbidities
than among those without comorbidities.

There are two plausible sets of explanations for these findings: health system-related and
biologic. Health system-related explanations could be due to delays or errors in
mammographic interpretation, and delays or errors in diagnostic evaluation after an
abnormal mammogram due to competing health concerns as uncontrolled comorbidities may
lead to rescheduling or cancellation of diagnostic tests, or difficulties in the referral process.
To explore whether advanced-stage disease can be explained by delay in diagnosis we
examined the time interval (mean number of days) between mammography and cancer
diagnosis by comorbidity status. We found no statistically significant differences in time to
diagnosis among women with no comorbidities compared to those with stable and unstable
comorbidities.

Biologic explanations for differences in advanced-stage cancer rates focus on the interaction
of aging and comorbidities with cancer risk, disease progression, treatment and survival
[27]. Comorbid conditions related to syndromes with common pathophysiologic
mechanisms (e.g., metabolic disorders) are associated with more aggressive cancer [28, 29].
Diabetes (largely Type Il diabetes) is associated with a significantly higher risk for breast
cancer. A meta-analysis of 20 case-control studies has reported a 20% increased risk of
breast cancer (RR,1.20; 95% CI, 1.12-1.28) among women with diabetes versus those no
diabetes [30]. Hyperinsulinemia is associated with poor disease-specific survival in breast
cancer [31]. Insulin resistance has been associated with hyperinsulinemia, increased growth
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factors (including insulin-like growth factor [IGF]-1), activation of the NFxB antiapoptotic
pathway via activation of the 1xB kinase p (IKKp), and activation of peroxisome
proliferator-activated receptors [32]. Other potential mechanisms are induction of the
receptor for advanced glycation end-products (RAGE), modulation of the protein kinase B/
atypical protein kinase C zeta, and immune mechanisms [32].

Obesity is associated with increased incidence of breast cancer and worse prognosis among
postmenopausal women, perhaps due to increased levels of leptin, which can act as a growth
factor on cancer cells. Other cytokines that might synergize with leptin are interleukin
(IL)-6, IGF-1 and the free portion of IGF-1, which increase with weight [28, 29]. Even in
the absence of overt diseases, aging is associated with increased levels of several
inflammatory markers, such as IL-6, C-reactive protein, and sedimentation rate, [33] and
nonspecific markers of autoimmunity, such as antinuclear antibodies. Studies examining the
interaction of autoimmune disease and cancer among older patients provide conflicting
evidence for solid tumors such as breast cancer, but do suggest increased incidence of
hematologic malignancies [27].

Adequate mammography use among women age =67 years in this sample (84%) exceeded
previously published reports (66% to 68%), including a recent report on mammaography
trends from 2000 to 2008 (68%) [34, 35]. Our higher utilization rates could be because we
focused on women who had prior mammography. The prevalence of multiple comorbidities
in this study resembled earlier studies using SEER-Medicare data [36] but was somewhat
lower than reported by Fleming et al [7, 12]. This difference is probably due to our rigorous
classification of ICD-9-CM codes, thus capturing only clinician-assigned diagnoses
requiring either multiple outpatient visits or inpatient care.

This is the first large population-based study of the linked BCSC-Medicare data reporting on
comorbidities, mammography use among women with and without cancer, and advanced
breast cancer rates among older women by comorbidity status. Its strengths include better
ascertainment of screening mammaography than is possible from claims data alone,
minimizing misclassification of screening and diagnostic mammograms. This study’s other
strengths include its large sample size; geographic, racial, and ethnic diversity; and use of
two years of prior inpatient and outpatient claims to estimate comorbidity burden and
severity. These data cover a large population with detailed data on mammaography use,
cancer diagnosis, and ICD-9-CM codes for comorbid diagnoses. These data are
generalizable to older U.S. women with breast cancer, as they reflect community-based,
usual care for older women.

This study’s limitations include potential underreporting of chronic conditions, a well-
recognized limitation of administrative data. Because Medicare claims data are collected
primarily for payment, and the diagnoses on claims come from medical records,
comorbidities are not always reported, especially among patients who have multiple
diagnoses and have been seen only as outpatients. This study did not assess longer-term
outcomes such as mortality and survival. We also did not address patient preferences and
values related to stopping mammaography, although Satariano and Regland [37] concluded
that early diagnosis of breast cancer would confer little or no survival benefits on women
with multiple comorbidities.

Conclusions

We found that older women with stable and unstable comorbidities were significantly more
likely to have received mammaography within the past 30 months than were those without
comorbidities although mammaography utilization was high in all groups. Unadjusted rates
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of advanced-stage cancer were highest among women with unstable comorbidities,
intermediate among women with stable comorbidities, and lowest among those with no
comorbidities. After stratifying by prior mammography use, women with and without
comorbidities did not differ on overall cancer rates. However, both unstable and stable
comorbidities were associated with higher rates of advanced-stage disease at diagnosis
among older women who had the most frequent use of mammography. The higher rates of
advanced-stage tumors among women with comorbidities cannot be explained by
differences in their use of mammography. Future studies need to examine whether specific
comorbidities affect clinical progression of breast cancer.

Acknowledgments

Grant Support: By the National Cancer Institute—funded Breast Cancer Surveillance Consortium (U01CA63740,
UO01CAB86076, U01CAB6082, U01CAB3736, UOICAT0013, UO1CA69976, UO1CA63731, UO1CA70040,
HHSN261201100031C) and the National Cancer Institute—funded grant (RO3 CA139567-01, ORSP No
08-002858). The collection of cancer data used in this study was supported in part by several state public health
departments and cancer registries throughout the U.S. For a full description of these sources, please see: http://
breastscreening.cancer.gov/work/acknowledgement.html. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Cancer Institute or the National Institutes of Health.

We thank the participating women, mammography facilities, and radiologists for the data they have provided for
this study. A list of the BCSC investigators and procedures for requesting BCSC data for research purposes are
provided at: http://breastscreening.cancer.gov/.

References

1. Humphrey LL, Helfand M, Chan BKS, Woolf SH. Breast cancer screening: a summary of the
evidence for the US Preventive Services Task Force. Annals of internal medicine. 2002; 137(5 Part
1):347. [PubMed: 12204020]

2. Ries, L.; Eisner, M.; Kosary, C. SEER Cancer Statistics Review, 1975-2002. National Cancer
Institute; Bethesda, Md: 2005. Based on November 2004 SEER data submission, posted to the
SEER web site 2005

3. Kiefe CI, Funkhouser E, Ph D, Fouad MN, May DS. Chronic disease as a barrier to breast and
cervical cancer screening. Journal of general internal medicine. 1998; 13(6):357-365. [PubMed:
9669564]
4. Fleming ST, Pursley HG, Newman B, Pavlov D, Chen K. Comorbidity as a predictor of stage of
illness for patients with breast cancer. Medical care. 2005; 43(2):132. [PubMed: 15655426]
5. Grady KE, Lemkau JP, McVay JM, Reisine ST. The importance of physician encouragement in
breast cancer screening of older women* 1. Preventive medicine. 1992; 21(6):766—780. [PubMed:
1438121]
6. Smith RA, Cokkinides V, Eyre HJ. Cancer screening in the United States, 2007: a review of current
guidelines, practices, and prospects. CA: a cancer journal for clinicians. 2007; 57(2):90-104.
[PubMed: 17392386]
7. Yasmeen S, Xing G, Morris C, Chlebowski RT, Romano PS. Comorbidities and mammography use
interact to explain racial/ethnic disparities in breast cancer stage at diagnosis. Cancer. 2011
8. Wyld L, Garg D, Kumar I, Brown H, Reed M. Stage and treatment variation with age in
postmenopausal women with breast cancer: compliance with guidelines. British journal of cancer.
2004; 90(8):1486-1491. [PubMed: 15083173]
9. Walter LC, Covinsky KE. Cancer screening in elderly patients. JAMA: the journal of the American
Medical Association. 2001; 285(21):2750. [PubMed: 11386931]
10. Holmes CE, Muss HB. Diagnosis and treatment of breast cancer in the elderly. CA: a cancer
journal for clinicians. 2003; 53(4):227-244. [PubMed: 12924776]

11. Mandelblatt J, Saha S, Teutsch S, Hoerger T, Siu AL, Atkins D, Klein J, Helfand M. The Cost-
Effectiveness of Screening Mammaography beyond Age 65 Years. Annals of internal medicine.
2003; 139(10):835. [PubMed: 14623621]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.


http://breastscreening.cancer.gov/work/acknowledgement.html
http://breastscreening.cancer.gov/work/acknowledgement.html
http://breastscreening.cancer.gov/

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yasmeen et al.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30

31.

Page 10

Fleming ST, Rastogi A, Dmitrienko A, Johnson KD. A comprehensive prognostic index to predict
survival based on multiple comorbidities: a focus on breast cancer. Medical care. 1999; 37(6):601.
[PubMed: 10386572]

Smith-Bindman R, Quale C, Chu PW, Rosenberg R, Kerlikowske K. Can Medicare billing claims
data be used to assess mammography utilization among women ages 65 and older? Medical care.
2006; 44(5):463. [PubMed: 16641665]

Ballard-Barbash R, Taplin SH, Yankaskas BC, Ernster VL, Rosenberg R, Carney PA, Barlow WE,
Geller BM, Kerlikowske K, Edwards BK. Breast Cancer Surveillance Consortium: a national
mammography screening and outcomes database. AJR American journal of roentgenology. 1997;
169(4):1001. [PubMed: 9308451]

Kerlikowske K, Walker R, Miglioretti DL, Desai A, Ballard-Barbash R, Buist DSM. Obesity,
mammography use and accuracy, and advanced breast cancer risk. Journal of the National Cancer
Institute. 2008; 100(23):1724. [PubMed: 19033562]

http://breastscreening.cancer.gov/data/bcsc_data_definitions.pdf.

Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF. Overview of the SEER- Medicare data:
content, research applications, and generalizability to the United States elderly population.
Medical care. 2002

Smith-Bindman R, Miglioretti DL, Lurie N, Abraham L, Barbash RB, Strzelczyk J, Dignan M,
Barlow WE, Beasley CM, Kerlikowske K. Does utilization of screening mammography explain
racial and ethnic differences in breast cancer? Annals of internal medicine. 2006; 144(8):541.
[PubMed: 16618951]

Klabunde CN, Potosky AL, Legler JM, Warren JL. Development of a comorbidity index using
physician claims data. Journal of clinical epidemiology. 2000; 53(12):1258-1267. [PubMed:
11146273]

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with administrative
data. Medical care. 1998; 36(1):8. [PubMed: 9431328]

Klabunde CN, Harlan LC, Warren JL. Data sources for measuring comorbidity: a comparison of
hospital records and Medicare claims for cancer patients. Medical care. 2006; 44(10):921.
[PubMed: 17001263]

Klabunde CN, Legler JM, Warren JL, Baldwin LM, Schrag D. A refined comorbidity measurement
algorithm for claims-based studies of breast, prostate, colorectal, and lung cancer patients. Annals
of epidemiology. 2007; 17(8):584-590. [PubMed: 17531502]

Singletary SE, Connolly JL. Breast cancer staging: working with the sixth edition of the AJCC
Cancer Staging Manual. CA: a cancer journal for clinicians. 2006; 56(1):37-47. [PubMed:
16449185]

Goldhirsch A, Wood WC, Gelber RD, Coates AS, Thirlimann B, Senn HJ. Meeting highlights:
updated international expert consensus on the primary therapy of early breast cancer. Journal of
clinical oncology. 2003; 21(17):3357. [PubMed: 12847142]

Graubard BI, Korn EL. Predictive margins with survey data. Biometrics. 1999; 55(2):652-659.
[PubMed: 11318229]

Lane PW, Nelder JA. Analysis of covariance and standardization as instances of prediction.
Biometrics. 1982; 38(3):613-621. [PubMed: 7171691]

. Extermann M. Interaction between comorbidity and cancer. Cancer Control. 2007; 14(1):13.

[PubMed: 17242667]

Carmichael A, Bates T. Obesity and breast cancer: a review of the literature. The Breast. 2004;
13(2):85-92. [PubMed: 15019686]

Carmichael A. Obesity and prognosis of breast cancer. Obesity Reviews. 2006; 7(4):333-340.
[PubMed: 17038127]

. Larsson SC, Mantzoros CS, Wolk A. Diabetes mellitus and risk of breast cancer: A meta—analysis.

International journal of cancer. 2007; 121(4):856-862.
Goodwin PJ, Pritchard KI, Ennis M, Clemons M, Graham M, Fantus IG. Insulin-lowering effects

of metformin in women with early breast cancer. Clinical Breast Cancer. 2008; 8(6):501-505.
[PubMed: 19073504]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.


http://breastscreening.cancer.gov/data/bcsc_data_definitions.pdf

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yasmeen et al.

32.

33.

34.

35.

36.

37.

Page 11

Komninou D, Ayonote A, Richie JP Jr, Rigas B. Insulin resistance and its contribution to colon
carcinogenesis. Experimental Biology and Medicine. 2003; 228(4):396. [PubMed: 12671184]

Thomas DR. The relationship between functional status and inflammatory disease in older adults.
The Journals of Gerontology Series A: Biological Sciences and Medical Sciences. 2003;
58(11):M995.

Howard DH, Richardson LC, Thorpe KE. Cancer screening and age in the United States and
Europe. Health Affairs. 2009; 28(6):1838. [PubMed: 19887425]

Breen N, Gentleman JF, Schiller JS. Update on mammography trends: comparisons of rates in
2000, 2005, and 2008. Cancer.

McPherson CP, Swenson KK, Lee MW. The effects of mammographic detection and comorbidity
on the survival of older women with breast cancer. Journal of the American Geriatrics Society.
2002; 50(6):1061-1068. [PubMed: 12110066]

Satariano WA, Ragland DR. The effect of comorbidity on 3-year survival of women with primary
breast cancer. Annals of internal medicine. 1994; 120(2):104. [PubMed: 8256968]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



Page 12

Yasmeen et al.

(901) 1€8€ ) 1879 (6'01) G/ST  (1'8)  €68TT p UBBIIS TSI} IO SypuoU Zy<
(L) .92 (99) 988¥ (29) 696  (c9) 6258 SUIUOW Zi—TE
(6'L1) 29 (091) 8v8eT (8'91) ozve  (991)  9viee sypuow 061
(¥29) 1952¢ (002 81,09 (Tv9) 1626 (€29)  9¢5¢6 syuow 8Ty
,(suoneunwexs AydesBowwew usamiag awn) asn AydeiBowweln
(959) 149744 (T8) 0vSL - (667)  vS96C G<
(5eT) GSES (¢ 0,29 - (19) geren S
(eeT) 20€S (6'21) 8002T - (9t1)  oteLt 4
(Lo1) TLey (002) 0898T - (ys1)  1S6CC €
(99) 8€ze (z'92) eesie - (o81) 1992 4
(eT) 615 (9'52) L06E2 - (o1)  9zwie T
- - (001) 818sT  (901)  81T8ST (0) suoN
SUOIIPUOI PIgIow0 JO JIaquinN
(¥o1) L2ty (€'6) G598 (e6) ST (96) LSyl umouqun/IaLpo
(6'0) 69 (s0) 8y (€0 15 (90 898 uelpu| UedLIBWY
(s¢) G6ET (2¢) e (82) ory  (g€) 1128 Id/uelsy
(81) 137 (271) [4%°1" (o1 s (@) G052 oluedsiH
(go1) L1gY 1) €069 Lv) el (08)  LS6TT oe|g
(922) 0888¢ (522 8eveL (€'18) €982T (9'92) T8IYTT aNUM
Auouyz/eoey
(06) 665 (89) 0ve9 (Te) g6y (02  vevor 682
(0L1) 6729 (8€T) 29821 (88) /8T (T¥T) 86602 ¥8-08
(5'52) GETOT (z€2) 65912 (z61) evoe  (rez)  oesye 6.-GL
(s'8v) 9T€6T (€99) 19525 (6'89) v680T  (5G8)  1./28 v.-19
uoneuiwexs Aydesbowwew e aby
(%) u (%) u (%) u (%) u
(66L'6E
= N) S9111pIq JOW0d 3|geIsun pue s|ges Y1oq 10 A|juo g 3|gelsun  (82Zv'€6 = N) S91IPIGIOW00 B|CeIS  (g1g'GT = N) SOIHIPIGOWOD ON UBLLOM ||V

(sv0'67T

=N) 900Z—000Z WO} B1ep a1edlpa|N-DSDd Paxul] ayl Ul suoneulwexa AydelBowweL JUSMIBPUN OYM S3LIRIOIIBUS( a1edIPajAl [ewa) JO SoNsiIaloeey)

NIH-PA Author Manuscript

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



Page 13

Yasmeen et al.

‘SYIUOW i Ulym Joud ou yum wesBowwew dnsoubelp e se pauiyap Si ansoubelp 1siiy 10 syluow NvAm

‘SYIUOW zZiz Uy welbowwew Joud ou yym weBowwew Buiusaids © se pauljap S1 Usalas 1si1) 1o syjuow N«Ah

"SISOUBeIp J32UBD OU UYIIM USWIOM Joy WesBowiwew pajas|as Ajwopuel & pue sisoulelp 1aoued e Ylim Uswom Joy sisoubelp

J190URd a10yaq Welbowwew ise| Buisn pajeinojeds sem welbowwrew Jotid 01 awi) suoneuiwexs AydeiBowwew usamiag awil pue uoljeulwexa Jo adAl 0y Buipiodoe paziiohised sem asn E%EoEEmS_u

*(T x1puaddyy) suomealdwod yim saleqelp pue ‘asessip [eusal ‘asessip

1aA1] abr1s-pus ‘aseasip Areuow|nd abeis-pus ‘ain|iey LeaY 81aAss apn|oul sajdwex3 ‘Alljerow palolpaid Jesk G ueyl SS8] UM (01U0d 0] JNJIKIP 10 Bulusesaly) ayl| se paulyap ale SapIqIowod ajqeisun

q
*(T x1puaddyy) aseasip Jaojn andad pue ‘aseasip Alaye

AJeU0109 8|qeIs ‘SI9pIosIp PI0IAY) ‘SeIaqeIp ‘UoIssaidap ‘s1s010d0a)so ‘siiyLe apnjoul sajdwex3 Aljeniow Jeak G pa1oIpald Uo souanjul ou YiM SUORIPUOD palejal-abe se paulysp aJe SailpIqJowod slqels,

(87) V9 (1) 858 1) 60z (2'T) OTLT o PMisoubeIp sy Jo syuow zy<
(%) u (%) u (%) u (%) u
(66L'6E
= N) S3111p1q JOWIoD d|gelsun pue a|dess Yioq 1o >_COQ®_QmmCD (82176 = N) S9111p1Q I0W0D  B|CeIS (8T8'ST = N) S2111p1g JOW0d ON USLLIOM ||V

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



Page 14

Yasmeen et al.

(8'38) €18 (e'v8) 00T (098) T0e  (6%8)  v18¢ BAISeAU]
(zv1) GET (2g1) L1 (0v1) 6y (1°6T) 10§ nus ul
6.7°0 SONSLIg}oRIRYD JOWN |
(0zm) 20T (T2) zeT (6'sT) sy (v6) 282 #PNISOUBEIP 1511y 10 SyuOW Zi<
(z6) 8L ()] 8eT (o'11) ge  (e8)  eve g UBBIIS ISII} 10 SyluOW gy<
(T9) [Ac] (') 6 (Lv) 148 (z9) ST sypuow zy-T¢
(9v1) vel (6€T) 652 (0v1) o (TyT) Gy syjuow 0g-6T
(189) 114 (2'99) oret (5v9) v9T  (0'€9)  868T syuow 8Ty
100°0> hAmco_Ec_mem AydesBowwew usamiag awiy) asn AydesBowweln
(929) s (50 16T - (t2) 169 G<
(rer) Let ()] 6T - (e8) 9L S
(9T1) 01T (Ten) e - (o vSe 4
(9'11) 0Tt (961) 96¢ - (g5 905 €
(92 €€s - (gL 085 14
(8'5) S (L2 Svs - (o) €55 T
- - (o01) ose  (901) 0S¢ (0) auoN
T000 SUONIPUOI PIgIOWO0I JO JaquinN
(evT) 9eT (zen) vz (oot e (9z1) 8T QUMOIUNABUO
(s6) 06 (8) 19T (¥'5) 61 (T8 0L oe|g
(z'92) el (8'6L) 0191 (9v8) 96z (e6) 829 aNUM
6ST00 Andruyia/eoey
(eT1) L0T (s6) 26T (9 114 (26) 0ze 682
(¥81) vLT (TL1) e (e1) v (6'9T) 295 ¥8-08
(T0g) 682 (2'92) 8€S (T'22) 6 (L2 816 6.-GL
(e'ov) z8¢ (L9v) o6 (6'v9) 26T (Lsy)  91§T v1-19
T00°0> sisouBeip 1e aby
d (%) u (%) u (%) u (%) u

(8v6 = N) sonpigow
-023|qeIsUN pue s|ges 10q 10 Ajuo 3(gelsun  (8T0'Z = N) SONIPIGIOW0D p3ITeIS  (gge = N) SOIIPIGOLOO ON

S350 JOoUED ||V

(9TEE=N) 9002—0002 WO} BIEp 31eIP3N-DSDF PaqUI| Y Ul 190U 1SeaIq UM Pasoulelp salie1o1auaq auedipajy a[ewa) Jo sonstaloeieyd

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



Page 15

Yasmeen et al.

*Ajuo siowny sAlseAul Buowre
paindwiod sem uonngLisip abels "UOISSILWIOD JUIOL UBILIBWY 3y} O BLIS}IID aUl U0 paseq SI Yalym (SISeiselsl pue ‘apou ‘Jowny) walsAs Buifels AN.L Uo palyisse|d si sisoubelp e abeis 1aoued Jseaig

‘SyIUOW Zi utynm Joud ou ynm wesBowwrew onsoubeip e se paulyep st onsoubelp 1si1y 10 siesk syuow va

‘SYIuoW ¢ ulym wesbowwew Joud ou yum welbowwew Buiusalds e se paulyap Si Usaids ISIi4 J0 Syluow NvAm

'sisouBelp JaduBd OU YIIM USLIOM 10} WielBowiwew pajos|as AjWwopuel e pue sisoubelp Jadued e Yiim Uswom oy sisoubelp
J190ued a10jaq welbowwew ise] Buisn parejndjed sem welbowwrew Jouid 03 awi] suoleuiwexs AydeiBfowwew ussmiag awil pue uoleulwexa Jo adAl 0y Buipiodde pazilohiayed sem asn E%_mo_(cgﬁ.._\,_\V

'S9ZIS |[99 |[ews 01 anp pasde]|0d m%o@u

*(T x1puaddyy) suomnealdwod yim saleqelp pue ‘asessip [eusal ‘asessip

J1aA1] abe)s-pus ‘aseasip Areuownd abels-pus ‘ainjies Leay a19Aas apnjoul sajdwex3 Alljerow pajoipaid Jeak G uey) SS3| YIIM |041U0D 0] 3NJ1LLIP 10 Bulusiealy) a)1| Se pauljep aJe SanIpIgIowod w_nsmcsn
*(T x1puaddyy) aseasip Jaojn andad pue ‘aseasip Alaye

AJeuo.od a|qess ‘siapiosip ploAy) ‘saraqelp ‘uoissaldap ‘s1s010doaiso ‘siyLie apnjoul sajdwex3 "Aljeliow Jeak G paiolpaid Uo souanjjul ou UM SUOIIpUOD palejal-abe se paulyap aJe saiipigiowod 2l

(0s1) 00T (6'sT) (144 v1) ve  (gsT) 09 annebaN
(0's8) 895 (T'v8) v6TT (9'58) 20z (S¥8)  ¥96T aANIsOd
1920 snyels 101daday uabolsg
(928) 8re (6'62) a8y (8'82) 8L (90¢8) 218  pajenuasayipun/parenualdyp Aliood
(ov) ese (e'Lv) 89, (e'TY) 21t (rov)  eeer pajenualapp Ajayesapoin
(6'02) 65T (8z2) 0Le (6'62) 18 (0€2) 019 palenuaIaiiIp (19
7€0°0 ape.b Jown ]
(z'sp) 8.¢ (6€) 169 (L'vv) Ger  (eTv)  oter Wi 9T=<
(6'92) Gee (208) 6YS (582) 98  (r62) 098 wuw GT-TT
(622) eee (coe) ors (892) 18 (¢62) S8 ww 01>
8200 9ZIS Jowny
(90m) €L (6'01) 29T (L2 ee  (011) 892 Al ‘Il 8beis
(eT1) 8L (59) 16 (2 0z (08) G6T qll abers
(502) A4} (2'02) 80¢ (5'92) 69 (eT2) 615 VIl abeis
(929) 86¢ (6'79) 26 (Teq) 8eT  (8'6G)  8SKT | 8be)s
1000 5 96u1s
d (%) u (%) u (%) u (%) u

(8v6 = N) sol1ipiq Jow
-00 8|qeISUN pue 3|gess yiog o Ajuo golgesun (8T0O'Z = N) SO11IP1Q JOWIOD  B|qRIS (0SE = N) S91IPIQIOWOD ON  S8Sed JBoUeD ||

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2013 August 01.

ipt;

kers Prev. Author manuscri

/omart

Cancer Epidemiol B,



Page 16

Yasmeen et al.

‘SYIUOW Z Uy Jord ou ynm wesBowwrew ansoubeIp e se paulyep si onsoubelp 1siiy 10 syuow ar<,

‘SYIUOW Z Ulyim wesBowwew Joud ou yum wesfowwrew Buiussios e se paulyap si Usaios 1si1j 10 SYIUOW Zy<

)/

*(T x1puaddyy) suomneardwod ylim salageip pue ‘asessip [eual ‘aseasip
J1an1| abels-pua ‘aseasip Areuow|nd afels-pua ‘ainjie} Heay a1anas apnjaul sajdwex3 Anjerow paioipald Jeak G ueyl SS3| Yl [0J3U0D 03 JNJIIP J0 Buluayealy) 91| Se pauljap aJe sanipigIowod algeIsun,

*(T x1puaddyy) aseasip Jadjn andad pue ‘aseasip Alaye Aleuolod a|qels ‘siaplosip ploiAy) ‘salaqelp ‘uoissaidap ‘s1s010d0oalso ‘siype apnjoul sajdwex3

"Aifeniow Jeak G pa1oIpald Uo souaNuI OU YHIM SUORIPUOD palejal-afe se paulyap ae SaIpIGIoWod 3|qelS

q

‘uoljeuIwexa AydesBowwew Ussmiag awil pue uoleuiwexs Jo adAl 0 Buiplodde paziiohiayed sem asn EQSmoEEmS_m

(@

16 (0em) €15 (9°2) vee (8°21) ¥8L (5°69) €19 1p1gI0WO02 ON
@ 2y (¢en) £vze (82) 6EVT (e'81) T9eE (e65)  /6goT  SOHIPIGIOWOI, BIGEISUN
(1) 825 (0'6) L€ (¥9) yovz (oL1) T/£9 (z'99) vy8rz S3NIPIGIOWO 5 SIQEIS
G/ 2 aby
(D 81T (0o1) 200T (€9) S€9 (7'91) Zv9T (1°99) 8€99 S31PIqIOW0d ON
(c1) 02 (68) 65T (6'9) ezt (zL1) TT1E (5'59) 0L9TT  SeHIPIGIOWOd, BiqeISUN
(20) 0ge (e9) v0TE (0s) z8re (zsT) i (8'2) 185 S3NIPIQIOWO 4 SIQEIS
G/ > aby
()] 602 (6°01) G/ST (29 696 (891) 9zve (T%9) 1526 Sa1IPIgqIOWod ON
(87) €9 (901) €8¢ ) 7192 (621) 29 (7'z29) [9Gzz  SOMIPIQIOWO , BIGEISUN
0] 838 (1) 18v9 (99) 988y (91) 8vgeT (02) 81,09 S8IIPIGI0WOD 4 B|GBIS
1\

(%) u (%) u (%) u (%) u (%) u

5 wre JGowiwrew p
onsoubelp 141} Josyuow gy < wesbowwrew Buiuss 1os 1511} JOSYIUOW 27 < SYIUOW Zi—TESIBAE  SYIUOW OE—BTSI/edAZ  SYuow ST— JeaA T e &8N Ayde Bowwre y
(Svo'6yT

=N) 9002—-000¢ WOJ} BIep aIedIp3N-ISId Paxul] 8yl Ul SaLIeId1yauaq aledipajA ajews) Buowe snyels AJIpigiowod Ag suoieulwexs Aydeisbowweln

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



Page 17

Yasmeen et al.

‘SYILOW Z Ulyim wesBowwew Joud ou yum wesfowwew Buiussios e se paulysp Si Usaios 1S11J 10 SYIUOW Zh<

)Y

'sisouBelp JaduBd OU YIIM USLIOM 10} WelBowiwew pajos|as Ajwopuel e pue sisoubelp Jadued e Yiim Uawom oy sisouberp
J92ued a10yaq welbowwew ise] Buisn pare|nojed sem welbowwrew Joiid 01 swi] uoreuiwexs AydeisBowwew ussmiag awi pue uoleulwexs Jo adAl 0y Buipiodde pazilohiared sem asn EQEmoEEc_\,_Q

*(T x1puaddyy) suoiealdwod ylim salegeip pue ‘asessip [eual ‘aseasip

91| abels-pus ‘aseasip Areuow|nd abeis-pus ‘ain|ies L3y 81aAds apn|oul sajdwex3 ‘Alljerow pajolpaid Jeak G ueyl SSa] UM (01U0D 0] 3NJIAAIP 10 Buiusyesly) 84| se paulsap ate SapIqIowod a|qeisun

q
*(T x1puaddyy) aseasip J1adjn andad pue ‘aseasip Alaye

AJeuolod a|qess ‘siaplosip ploiAY} ‘seIaqeIp ‘uoissaidap ‘s1s010doaiso ‘siyLe apnjoul sajdwex3 Aljeniow J1eak G pa1oIpald Uo souaNnjul ou YIM SUORIPUOD palejal-abe se paulyap aJe SaipIqIowod slqeis,

(Ans1Ba1 9SO g/A01uYI8/a0R) ‘afe) SajeLIeA0D 10y palsnipe synsey

1870 (T8T'9TI) G+vT €90 (Z¥T'e8) 80T 850 (r'00)es 9800  (ZL'T999 v800 (Tg'02) g, SPMIPIGIOWOd 4 BIGBISUN
¥18°0 (€11'vet)LvT 090 (T21'08)66 920 (06'T2)08 6870 (r9°1s)09 1280 (02'7'9) L9 SOLIPIGIOWIOD p BIGEIS
94 (Fozvon)9vT  PY  (GET'L1) 08 49 (gor'eg) o8 4o (99'6v) LS  4od (52'8'9) 99 SaIIPIGIOWod ON
- (6STYET) 9VT - (91T'98) 66 - (68'g)T8 - (ro'69) 19 - (¢L'99)6'9 1\
d (1D %se)ored  d  (1D%Se)ared  d (1D %S6) 9wk d (1D %S6) a1y d (1D %S6) a0y
p Buluee 108 s lsYIUOW Z< SUIUOW Zp—TE SyIUOW OE-6T SUIUO N 8T e BAO

(9T£€=N) , Weibowwew snoiAaid 01 awn pue snels Alpigiowod Aq swelbowwew QOQOT Jod serel Jaoued 1sealq |[eJan0

NIH-PA Author Manuscript

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



Page 18

Yasmeen et al.

‘SYILOW Z Ulyim wesBowwew Joud ou yum wesfowwew Buiussios e se paulysp Si Usaios 1S11J 10 SYIUOW Zh<

)Y

'sisoubelp JaduBd OU YIIM USLIOM 10} WelBowwew pajos|as Ajwopuel e pue sisoubelp Jadued e Yim UsWom 1oy sisoubelp J1aoued a10jaq weibowwew ise] Buisn payejnajed sem
welbowwew Joud 0 awi] “uoneulwexs Aydelfowwrew Jord ay) 89uUIs [eAlalul awil uoieulwexa Aydelfowwew usamiaq awil pue uolreuiwexa o adAy 01 Buipiodde paziiobajed sem asn EQEmoEEc_\,_Q

*(T x1puaddyy) suoiealdwod ylim salegeip pue ‘asessip [eual ‘aseasip

91| abels-pus ‘aseasip Areuow|nd abeis-pus ‘ain|ies L3y 81aAds apn|oul sajdwex3 ‘Alljerow pajolpaid Jeak G ueyl SSa] UM (01U0D 0] 3NJIAAIP 10 Buiusyesly) 84| se paulsap ate SapIqIowod a|qeisun

q
*(T x1puaddyy) aseasip J1adjn andad pue ‘aseasip Alaye

AJeuolod a|qess ‘siaplosip ploiAY} ‘seIaqeIp ‘uoissaidap ‘s1s010doaiso ‘siyLe apnjoul sajdwex3 Aljeniow J1eak G pa1oIpald Uo souaNnjul ou YIM SUORIPUOD palejal-abe se paulyap aJe SaipIqIowod slqeis,

(Ans1Ba1 9SO g/A01uYI8/a0R) ‘afe) SajeLIeA0D 10y palsnipe synsey

2950 (e'cTze ez0  @y'9T Lz 6§60  (9T'90)0T %000  (ZT'20)60 2000 (eT60)TT SCHPIGIOWODd 4 BGEISUN
zzro (52'60)ST 200 (6T'S0) 0T €080 (€1'90)60 €0’ (80'9°0) L0 5900 (60'2°0) 80 SOLIPIGIOWIOD p BIGEIS
LX) (6e'vo)eT 4o (65'80)cz  4od (ST'TO) V0 40 (90'zo)e0 0¥ (80'€°0) 50 SaIIPIGIOWod ON
- weenrr - weTnor - (zT'r0060 - (g0'90)L0 - (6'0'2°0) 8'0 1\
d (1D %S6) 910y d (1D %S6) o1y d (1D %S6) o1y d (1D %S6) a1y d (1D %S6) a0y
p Buluee 108 s lsYIUOW ZY< SUIUOW ZY—TE SyIUOW Og-6T SUIUO N 8T e BAO

(9T£€=N) , Wweibowwew snoiAald 0] awn pue snyeis Alpigiowod Aq swelbowwew QQQT Jad sereld Jaoued 1sealq abels paoueApy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

G 9lgel

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 August 01.



