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MULTILEVEL FACTORS IN CANCER SCREENING
Joshua B. Demb
ABSTRACT

Cancer is the second leading cause of death in the United States, with cancer of the
breast and cancer of the lung and bronchus together accounting for approximately 29% of all
cancer cases and 32% of all cancer deaths. Cancer screening tests are a means to reduce
mortality of these two cancer types. While the current guidelines aim to maximize the potential
benefits from screening while minimizing harms, there is still significant effort needed to achieve
optimal breast and lung cancer screening uptake. This dissertation builds upon recent research
leveraging multilevel frameworks to examine factors affecting cancer screening use and their
importance in clinical practice and in screening guidelines.

The first chapter comprehensively examines the current evidence regarding how various
life expectancy factors are associated with screening mammography uptake among women
ages 65 and older. The primary objective was to understand the important role life expectancy
could play in patient-provider communication regarding whether to continue screening at an
advanced age. The second chapter focuses on the variation in performance of lung cancer
screening scans, which use low-dose computed tomography. This project sought to identify the
potential institutional-level predictors that could lead to radiation doses outside the current
guidelines for these scans, potentially impacting the expected margin of benefit from screening.
The third and final chapter is a multilevel assessment of the effect of employment status on
screening mammography utilization during the Great Recession, to better understand how
societal changes can influence individual-level cancer screening behaviors.

Together these projects highlight the interdependence of factors at multiple levels in the
cancer screening environment. Examination of these multilevel factors can improve integration
of new interventions to optimize cancer screening uptake and ensure that early detection

practices are successful, thus improving treatment outcomes and maximizing survival.
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1. INTRODUCTION

Cancer is the second leading cause of death in the United States." In 2018, it is
estimated that there will be over 1.7 million new cases of cancer diagnosed in the United States,
and over half a million people will die from cancer.?® The two leading anatomic sites of cancer
incidence and death are cancers of the lung and bronchus and cancers of the breast, which
together account for approximately 29% of all new cancer cases and 32% of all cancer deaths
in the United States.? Further, it is estimated that the yearly national expenditures for cancer
care in the United States will exceed $170 billion over the next two years.* The ongoing burden
of these cancers and their relative contribution to mortality in the United States highlights the
need to prioritize early detection of cancer to improve the likelihood of successful cancer
treatment and lower risk of mortality.

Cancer screening is an important secondary prevention method with an overarching goal
to reduce the burden of cancer morbidity and mortality by detecting a tumor before the onset of
symptoms.® To achieve this goal, the ideal cancer screening regimen must maximize potential
benefits—such as earlier detection of cancer and longer survival among eventual cancer
cases—against possible harms, such as detection of indolent or slow-growing cancers with low
risk of becoming malignant (overdiagnosis) or the risk of false-positive screening results, both of
which lead to unnecessary and potentially invasive diagnostic workup.®>® As more evidence is
found regarding the efficacy of different types of cancer screening, the recommendations and
guidelines evolve to maximize the margin of benefit.”

Screening mammography has been an endorsed breast cancer screening tool for more
than 50 years, with several recent quality improvements occurring within the last 20 years,
including the development of the Mammography Quality Standards Act in 1992.%"" Screening
for lung cancer—a low-dose computed tomography (LDCT) scan—on the other hand, was
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found to have a potential benefit within the last 15 years.'>'* Table 1.1 shows the criteria for



which the U.S. Preventive Services Task Force (USPSTF) currently supports both of these
screening tests, which influences whether screenings are included as essential health benefits
as part of healthcare coverage.' In addition to the USPSTF guidelines, the US Department of
Health and Human Services has sought to improve uptake of cancer screening as part of the
Healthy People 2020 initiative, specifically targeting a 10% improvement in breast cancer
screening uptake among eligible women.'® Furthermore, recent findings indicate that
implementing current lung cancer screening guidelines in community health facilities is very
challenging, and current guidelines are not being properly implemented.’="°

Table 1.1: USPSTF screening guidelines for breast and lung cancer screening

Screening Modality Mammography®° Low-dose CT?'
(Breast Cancer) (Lung Cancer)
Screening Frequency Biennial Annual
| Age of Initiation Age 50 Age 55
| Age of Cessation Age 74 Age 80
Other Eligibility Factors None 30 pack-year smoking history
Former Smokers: Quit <15 years
prior to screening

Note: These guidelines have A or B rating based on most recent USPSTF recommendations

Despite these efforts, there is still more work to be done to achieve optimal breast and
lung cancer screening implementation and uptake. Achieving optimal cancer screening uptake
requires that the guidelines adapt to current trends in cancer incidence and mortality, that a
clear margin of benefit is maintained, and any harms are minimized. At the same time,
successful implementation of cancer screening in practice requires buy-in from providers and
institutions and an understanding of the population needing to be screened. Understanding
these factors influences the development of policies that affect access to cancer screening
services. Accomplishing all of this requires a holistic assessment and more complex

conceptualization of the system in which cancer screening tests exist.
1.1 THE CANCER SCREENING SYSTEM

In recent years, various researchers have developed different conceptualizations of the

system in which cancer care exists. One model, known as the Cancer Care Continuum, aimed




to identify different areas across the full spectrum of the natural history of cancer where health
care quality could be improved in response to the Institute of Medicine report, Ensuring Quality
Cancer Care.?? Even with this longitudinal approach to cancer care, a more complex system
exists with multiple levels of influence that could affect provider delivery and patient utilization of
cancer care services.?>?*% Zapka et al. used this knowledge to develop a Quality in the
Continuum of Cancer Care framework to evaluate the quality of secondary prevention in breast
cancer and cervical cancer, highlighting the factors contributing to failures in care processes, as
well as the potential strategies that could reduce failures.??

In practice, a common approach for improving quality of care has been to focus on one
of the individual steps within the cancer care continuum. The problem, however, as Taplin et al.
have argued, is that a lack of coordination or lack of patient-centered approach across the
continuum leads to poor implementation of these improvments.? Instead, they argue that care
should be considered as “a process in a dynamic system”, leveraging the theory of complex
adaptive systems to think about the entire system.?-° This theory notes that individuals and
layers within a system are constantly adapting to their surroundings.?

McLeroy et al. explain a multilevel, interactive approach to epidemiology that focuses
efforts on modifying organizational behavior and helps develop and advocate for policies that
support public health behaviors.***" The model focuses on five levels of factors. Intrapersonal
factors emphasize characteristics of the individual, such as knowledge and behavior.
Interpersonal processes and primary groups focus on the individual’s social network and
support systems. Institutional factors include social institutions with organizational
characteristics. Community factors focus on the relationships among organizations and
institutions. Finally, public policy encapsulates the local, state and national laws that govern the
preceding levels of influence.®® Warnecke et al. developed a similar conceptual model,
influenced by the efforts of Taylor et al.*?, Berkman et al.*, and Glass and McAtee* to model

socio-ecological factors involved in population health.*®* While this model is a more general



framework to understand population health, it clarifies the interplay of factors that can lead to
disparate health outcomes, particularly within the cancer screening environment.

Rimer and Glanz also apply an ecological framework to cancer screening epidemiology,
highlighting two key themes: 1) behavior both affects and is affected by multiple levels of
influence, and 2) individual behavior both shapes and is shaped by the social environment
(reciprocal causation).®'*® Rimer and Glanz apply this framework to a case study of a woman
deciding whether or not get a mammogram.®'

“A woman may weigh the pros and cons of getting a mammogram and hesitate to

screen because of concerns about detecting cancer. At the interpersonal level, this

decision may never come up between her and her primary care provider, due to either
minimization by the woman, or neglect to discuss on the part of the provider. At the

organizational level, the woman might change her mind and decide to get a

mammogram, only to find out that scheduling an appointment is more difficult than she

anticipated. Further, the woman might realize that her health insurance does not fully
cover the costs of a mammogram (institutional level). The ultimate result to not screen is
thus shaped by a host of factors at multiple levels.”'

The outcome of this case study is particularly concerning in low income women and
African American women, who are up to three times more likely to present with advanced stage
cancer compared with other groups.®”® Further, it stresses the importance about understanding
the intersection of population risk and individual risk as it relates to cancer screening.

To better understand how to improve current cancer screening practices, it is clear that
research must adopt a complex systems approach. Adapting conceptual frameworks from
Zapka et al., Taplin et al., McLeroy et al., Rimer and Glanz and Warnecke et al., Figure 1.1
emphasizes the cancer screening environment as whole, illustrating the multilevel factors and
their interdependencies, and their impact on cancer screening utilization and the quality of
cancer screening services. Within this system, there are four major levels of factors: 1)
structural factors, encompassing population-level effects; 2) system factors, focusing on aspects
of healthcare such as insurance and access; 3) institutional factors, which include aspects of

medical care within specific health institutions and provider-level effects; and 4) individual

factors, focused on the patient and their interactions with the health care system.



Figure 1.1: Socio-ecological Framework of Multilevel Factors Involved in Cancer
Screening.
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1.2 OBJECTIVES OF DISSERTATION

The overall goal of this dissertation is to examine various factors involved in the
multilevel cancer screening environment, and their importance in both clinical practice and in
screening policy and guidelines. This will be considered in three different chapters: 1)
systematic assessment of screening mammography utilization among older women by life
expectancy factors; 2) identification of institutional factors that contribute to variation in radiation
dose from low-dose lung cancer screening scans; and 3) examination of how a national event,
the Great Recession, contributed to the effect of employment status on screening

mammography utilization in the United States.



Chapter 1 is a systematic review and meta-analysis of the current literature of US-based
studies examining the effect of life expectancy factors—comorbidity, functional status and
prognostic factors—on screening mammography utilization in older women (women ages 265).
This chapter focuses on the patient-provider interaction and contextualizing how life expectancy
factors affect screening uptake, and how these factors should be considered when older women
consider undergoing screening mammography. Chapter 2 examines institutional and system
factors in current computed tomography practices in lung cancer screening across several US
institutions. It uses US data from an international radiation dose registry to understand the
factors that influence variation in radiation doses for the scans, which can affect the potential
margin of benefit conferred from undergoing screening. Finally, Chapter 3 addresses the
interaction of structural and societal factors by leveraging data from the Health and Retirement
Study to evaluate the effect of employment status on screening mammography utilization
before, during and after the Great Recession (2007-2009). In this final chapter, the goal was to
understand whether temporal trends existed in this association, notably whether being less than
full-time employed during the Great Recession led to lower screening mammography utilization.

On their own, each chapter evaluates an important question that exists within different
ecological levels of the cancer screening environment. Examined together, these projects
contextualize the individual-, institutional- and structural-level factors that influence cancer
screening in practice and in policy, and further exemplify the importance of understanding

cancer screening from a systematic perspective.



2. CHAPTER 1: Screening mammography use in older women according to health
status: a systematic review and meta-analysis

Joshua Demb MPH, Tomi Akinyemiju PhD, Isabel Allen PhD, Tracy Onega PhD, Robert A. Hiatt

MD PhD, Dejana Braithwaite PhD

Figure 2.1: Conceptual Framework for Multilevel Factors Involved in Cancer Screening,
Multilevel Factors for Chapter 1 Highlighted
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2.1 ABSTRACT

Background: The extent to which screening mammography (SM) recommendations in older
women incorporate life expectancy factors is not well established.

Objective: Evaluate evidence on SM utilization in older women by life expectancy factors.
Data Sources: MEDLINE, EMBASE and Web of Science from January 1991 to March 2016.
Study Selection: We included studies examining SM utilization in women ages 265 years that
measured life expectancy using comorbidity, functional limitations or health or prognostic status.
Data Extraction and Synthesis: Odds ratios and 95% confidence intervals (Cls) were
extracted and grouped by life expectancy category. Findings were aggregated into pooled odds
ratios and 95% Cls and meta-analyzed by life expectancy category.

Main Outcomes and Measures: The primary outcome was SM utilization within the last five
years. Life expectancy factors included number of comorbidities, Charlson Comorbidity Index
(CCl), activities of daily living, instrumental activities of daily living, self-reported health status
and 5-year prognostic indices.

Results: Of 2606 potential titles, we identified 25 meeting the inclusion criteria (Comorbidity: 8
studies; Functional Status: 11 studies; Health/Prognostic Status: 13 studies). Women with
higher CCI scores had decreased SM utilization (Pooled OR: 0.75 95% CI: 0.67-0.85) but
increased absolute number of comorbidities were weakly associated with increased SM
utilization (Pooled OR: 1.17 95% CI: 1.00-1.36). Women with more functional limitations had
lower SM use odds than women with no limitations (Pooled OR: 0.72 95% CI: 0.62-0.83).
Screening utilization odds were lower among women with poor versus excellent health (Pooled
OR: 0.85 95% CI: 0.74-0.96).

Conclusion: Greater CCI score, functional limitations and lower perceived health were
associated with decreased SM use, whereas higher absolute number of comorbidities was
associated with increased SM use. SM guidelines should consider these factors to improve

assessments of potential benefits and harms in older women.



2.2 INTRODUCTION

More than 50% of new invasive breast cancer cases diagnosed each year in the United
States (U.S.) occur among older women—women ages 65 years and older.>® The increasing life
expectancy of women in the US and attendant rise in the absolute number of breast cancer
cases in older women will likely lead to an increasing absolute number of mammograms
performed in the 265 age group.®® In 2010, the United States Centers for Disease Control and
Prevention estimated that older women reported the highest prevalence of mammography use
within the past two years.*' However, the U.S. Preventive Services Task Force currently does
not recommend screening mammography in women ages 75 and older due to insufficient
evidence.?® Although older women have a higher risk of breast cancer and lower risk of false-
positive mammography results than younger women, their shorter life expectancy decreases the
potential benefits of screening.20424

A recent review concluded that screening for breast cancer is most appropriate for
women with a life expectancy of at least 10 years.* Because the full benefit of screening is only
realized with reduction in mortality, numerous studies have accounted for life expectancy factors
to better identify the margin of benefit a woman might expect from undergoing screening.*' 4+
To date, comorbidity burden, functional status, and self-reported heath are the strongest
predictors of life expectancy.***" However, the current guidelines for screening mammography
do not account for life expectancy factors other than chronological age.??

In light of the current demographic, epidemiologic, and policy environment, it is important
to understand the extent to which the current practice of screening mammography is targeted to
healthy older women and avoided in older women with limited life expectancy. In this study, we
report the results of a systematic review and meta-analysis of the literature of studies assessing
mammography screening utilization rates of older women in relation to age, functional

limitations, and health status, including but not limited to comorbidity. The main objective of this

study is to outline the current practices that exist for screening mammography utilization in older



women and the association between screening and life expectancy factors in order to help
guide future screening mammography guidelines.

2.3 METHODS

This systematic review and meta-analysis has a published protocol,*

and is registered
with PROSPERO with the registration number, CRD42016032661. A PRISMA checklist is
included in Appendix Table S1. The study is covered under an IRB with exempt status
submitted and approved by the University of California, San Francisco IRB.

Search strategy and selection criteria

We performed a systematic search of the literature using MEDLINE (using PubMed
interface), EMBASE, and Web of Science (January 1, 1991-March 1, 2016) to identify relevant
studies. “Breast neoplasms” was combined with the permutations, variations, and abbreviations
of the relevant Medical Subject Headings (MeSH) keywords and non-MeSH key terms for
mammography, age, health status and comorbidity, including (e.g., cardiovascular diseases,
comorbidity, cognition disorders, diabetes mellitus, functional limitation, health status,
myocardial infarction, stroke, etc.). Complete search strategies are provided in the Appendix
Sections 2.7.1 and 2.7.2.

The broad criteria for this review allowed for the evaluation of multiple study designs
published in English. The inclusion criteria were as follows: i) women aged 65 years and older in
the United States, ii) assessment of women’s comorbidity (either as a specific condition or a
summary score) and/or functional impairments and/or health status, and iii) an outcome
measure that addresses recent screening mammography utilization. Additional studies were
obtained through citations of review articles or contacting breast cancer screening experts
regarding any unpublished articles that may be suitable for inclusion in the systematic review.

Case reports were excluded. Data were extracted from the full text article.

10



Most, if not all, of the target population is Medicare beneficiaries, with screening
mammography covered based on policy changes implemented in 1991.%* At that time, Medicare
Part B medical insurance, for which most women become eligible when they turn 65 years,
covered the full cost of annual mammography for all women age 40 and over.?>*° To account for
this Medicare policy change, we excluded studies evaluating screening utilization prior to
1991.%* Women eligible for Medicare ages 65-74 are near the upper limit of the USPSTF
primary screening mammography guidelines (age 74 years) and USPSTF guidelines note that
data are currently inconclusive to provide screening recommendations for women ages 75 and
older.®®
Quality assessment and data extraction

To evaluate the quality of included studies, we used the Newcastle-Ottawa Scale (NOS)
and Cochrane Collaboration Risk of Bias (CCRB) tool***” to evaluate observational studies and
clinical trials, respectively. The NOS measures the methodological quality of observational
studies, giving predefined criteria, some of which have to be further specified based on topic.
We specified these criteria in a consensus meeting with the authors (Appendix Tables S2A
and S2B) before assessing the studies.

Studies were assessed for quality of selection (representativeness, selection of controls,
ascertainment of exposure); comparability (adjustment for confounding); and outcome or
exposure (assessment of outcome/exposure, length and adequacy of follow-up) independently
by two authors (JD and TA). Measures of age, socio-economic status (such as race, education,
income), health insurance, and number of physician visits were identified as important
confounders. Cohort and case-control studies could earn a maximum of 9 points, and cross-
sectional and randomized clinical trials could earn a maximum of 10 points. Studies with scores
of 6 to 8 points were considered to be of moderate-to-good study quality, and scores of 9 or
higher were deemed excellent. All studies were summarized irrespective of quality score.

A data extraction form was used to collect study characteristics, including type of study,

11



number of participants, length of follow-up, exposure(s), outcome(s), and quality assessment.
Exposures logged in this form were life expectancy factors, including comorbidity scales or
specific diseases considered, functional limitation scales used, and measures of health status.
The primary outcome was screening mammography utilization, defined as screening
mammaography occurring within the last 1-5 years. We extracted odds ratios and corresponding
95% confidence intervals (Cls) from most studies, with some studies providing risk ratios or
proportions of utilization. Quantitative results were extracted from text and tables, choosing
preferably those adjusted for important confounders. Two authors (JD and TA) independently
performed study quality assessment and data extraction. Discrepancies were discussed and
resolved by the review team.
Qualitative Synthesis and Meta-Analysis

We conducted a qualitative synthesis to describe the findings of included studies,
explore associations of interest and examine the quality of the studies and robustness of the
systematic review. Study findings were separated into the four exposure categories: comorbidity
(measured using an absolute count, Charlson Comorbidity Index (CCl) and individual disease
conditions), functional limitations (activities of daily living, instrumental activities of daily living),
health status and prognostic status. For each exposure, we aggregated study findings to
perform meta-analyses assessing the overall magnitude of the association with recent
screening mammography utilization. Pooled ORs and corresponding 95% Cls were reported.
Given the variation in measurement of exposures, we stratified our findings to address study
heterogeneity. Heterogeneity was measured using I values and Cochran’s Q statistic. Pooled
results were analyzed using random effects models to control for heterogeneity.

We also performed sensitivity analyses to examine potential publication bias including
jackknife analyses®® and reported these findings in addition to the primary study findings and
subgroup analyses.* We also performed meta-regression to understand how study traits

contributed to heterogeneity of pooled effect estimates.®®®' The meta-analysis results are
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graphically displayed using forest plots.>® All analyses were performed using STATA 13 (Stata,

College Station, TX, USA).

2.4 RESULTS

Study characteristics, including number of subjects, age range, years of data accrual,
study design, assessment of outcome and assessment of exposure are summarized in Table
2.1. We tabulated the full Newcastle Ottawa findings of individual studies for descriptive
purposes (see Appendix Tables S2A and S2B). Full descriptive results by exposure type are
found in Appendix Tables S3-S5.
Literature search

We identified 2,606 potentially relevant titles through PubMed, EMBASE, and Web of
Science (see PRISMA flowchart in Figure 2.2). After excluding titles that: did not report (a)
screening mammography utilization, (b) comorbidity, health status and/or functional status, (c)
original research, did not include (d) populations from the United States, (e) screening
mammography utilization prior to 1991 and (f) results for women <65 years old, we identified
142 studies published between January 1,1991 and March 31, 2016. After review of abstracts,
we excluded 95 articles that did not meet the inclusion criteria. After reviewing 47 full text

54,62, 71-80, 63, 81-90, 64, 91-100, 65, 101-107.66-70 95 st dies were included in the review, published

articles,
between 1996 and 2016: there were 10 cohort studies®® 6869 76.77. 79,93, 100101105 gnq 15 cross-
sectional studies.>* 64 97-99.102,106,70, 73,74, 81, 83, 83,8996 No case-control studies were found, which
is likely due to the highly common outcome of screening utilization. Characteristics of included
studies are shown in Table 2.1. Since 3 studies did not include odds ratios, only 22 of the 25
studies were included in the meta-analysis.

Quality Assessment

All of the studies used a combination of surveys, Medicare insurance claims data, and/or

medical records to examine associations between the predictor(s)}—comorbidity, functional
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status or health status—and the outcome, mammography utilization. Based on the quality
assessment using the Newcastle-Ottawa Scale (no clinical trials were included),’® all studies
were found to be of moderate to excellent quality, despite several studies using self-reported
outcome assessment.
Estimates of the effect of the comorbidity on utilization of screening mammography

A full list of comorbidities measured in each study can be found in Appendix Tables
S3A, S3B and S3C. Eight studies measured the association of comorbidity with screening
mammography utilization, with four studies using an unweighted number of comorbid conditions

69, 74, 96,108

measure and four studies using the Charlson Comorbidity Index (CCI) (Figure 2.3).2"
8.101.1% The pooled result showed no significant association between comorbidity and
screening mammography utilization (OR: 0.94 95% CI: 0.80-1.10). However, when stratified by
comorbidity measurement, increased comorbidity measured using CCl was associated with
decreased screening mammography utilization (OR: 0.75 95% CI: 0.67-0.85), while increased
absolute number of comorbidities was weakly associated with increased screening
mammography utilization (OR: 1.17 95% CI: 1.00-1.36). Meta-regression results indicated
studies measuring comorbidity using CCl showed significantly lower screening mammography
utilization (Pooled OR: 0.64 95% CI: 0.50-0.82). Jack-knife analyses showed that removal of
McBean et al. study and the 2004 Schonberg et al. study, the two studies with the most extreme
results, from CCIl and absolute number of comorbidities groups, respectively, led to insignificant
decreases in study heterogeneity and no marked change in the summary estimates.

In addition, nine studies measured individual comorbid conditions and their association
with screening mammography utilization (Appendix Table S3C).5¢:69.75.79.81.89,93,97.102 phygijcg|
conditions measured included hypertension, diabetes, lung disease, cancer, arthritis, myocardial
infarction, stroke, heart disease and hip fracture. Mental conditions measured included
cognitive impairment, Alzheimer’s disease, depression and psychological distress. In pooled

analyses, individual comorbid conditions were not significantly associated with screening
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mammography utilization (OR: 0.97 95% CI: 0.89-1.06) (Appendix Figure S1). When stratified
by type of condition, neither physical conditions (OR: 1.03 95% CI: 0.93-1.14) nor mental
conditions (OR: 0.85 95% CI: 0.72-1.01) were significantly associated with screening
mammography utilization.
Estimates of the effect of functional status on utilization of screening mammography

Ten studies measured the effect of functional limitations on screening mammography
utilization (Figure 2.4), with three studies measuring functional limitations in multiple ways. Five
studies measured activities of daily living (ADLs),% 707999100 fiye studies measured instrumental
activities of daily living (IADLs),%® 7* 70 93% gnd three studies used a scale incorporating both
IADLs and ADLs.®® %1% Qverall, functional limitations were associated with decreased
screening mammography utilization (Pooled OR: 0.72 95% CI: 0.62-0.83). Of the five studies
measuring ADLs, three calculated odds ratios, showing a significant pooled effect of higher
number of ADLs on decreased screening mammography utilization (Pooled OR: 0.55 95% CI:
0.35-0.85) in Figure 2.4. Two studies reported chi-square results comparing screening
mammography utilization by ADL status (yes/no), with both studies showing a significant
difference in screening utilization among women experiencing ADL limitations compared to
women with no ADL limitations %',

Among the four studies measuring IADLs, the pooled result showed that higher numbers
of IADLs were associated with decreased screening mammography utilization (Pooled OR: 0.79
95% CI: 0.64-0.98). Three studies measuring IADL limitations in conjunction with ADL
limitations found inverse associations.®® *'% Pooled results indicated that ADL limitations or
IADL dependency led to decreased screening mammography utilization (Pooled OR: 0.72 95%
Cl: 0.57-0.91).

In jack-knife analyses, removal of Schootman et al. Long-term ADL and Long-term IADL,
and Caban et al. findings led to study heterogeneity in ADL (p=0.674), IADL (p=0.106) and

ADL/IADL (p=0.683) groups being no longer statistically significant, respectively. However, the

15



pooled estimate still had significant study heterogeneity and did not change appreciably despite
removal of these studies (p=0.003). Meta-regression analyses found no significant predictors of
study heterogeneity.
Estimates of the effect of health status, life expectancy or prognosis on utilization of
screening mammography

Nine studies measured the association of health status on screening utilization, with

eight studies measuring perceived general health®: 6% 76. 83. 97.98.106

and two measuring health
status using the Short Form-12 (SF-12) survey (Appendix Table S5).>*% The pooled result
shown in Figure 2.5 demonstrated that lower perceived health was associated with lower
screening mammography utilization (Pooled OR: 0.80 95% CI: 0.69-0.93). Jack-knife analyses
showed no significant decrease in study heterogeneity and meta-regression analyses did not
find significant predictors of study heterogeneity.

Five studies measured prognostic index or life expectancy measures against utilization
of screening mammography (Appendix Table $5).68 8.97.100.105 Thg pooled effect of the three
studies shown in Figure 2.5 measuring life expectancy using regression showed a

nonsignificant inverse association between life expectancy index score and screening
mammography utilization (Pooled OR: 0.73 95% CI: 0.53-1.00).
2.5 DISCUSSION

Meta-analysis of the studies addressing life expectancy factors and screening
mammography utilization revealed that older American women with higher numbers of
functional limitations, higher Charlson Comorbidity Index score and lower perceived health are
less likely to undergo routine screening mammography. Prognostic indices, absolute number of
comorbidities and specific disease conditions were not significantly associated with screening
mammography utilization. These observational studies provide a means to understanding how

different measures of life expectancy affect screening mammography utilization.
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While increased CCI score was associated with a decrease in screening mammography,
the absolute number of comorbidities showed a conflicting, weak positive association with
screening mammography utilization. It is possible that having more comorbid conditions
increased women'’s contact with their healthcare provider leading to a greater likelihood of using
preventive care.®®’* Conversely, one study measuring CCIl showed no indication that
physicians had advocated for cancer screening in the population of individuals with diabetes.®®
Other studies noted that there is little time in the primary care clinic to estimate each individual’s
candidacy for screening, especially older patients with multiple medical problems, which might
lead physicians to screen everyone to avoid confusion with recommendations or medico-legal
consequences.** "% The conflicting results show that more studies need to be conducted to
determine who should receive screening mammography, and how comorbidity burden should
factor into a provider's assessment of who is eligible for screening mammography.

Studies consistently indicated that greater numbers of functional limitations decreased
screening mammography utilization. Studies using scales incorporating ADL limitations (i.e.,
needing help with activities such as showering, dressing, getting in and out of bed/chairs, etc.)
showed particularly pronounced effects, which might indicate that access factors, such as fewer
resources and social supports to facilitate travel to and care navigation at mammography
facilities, may lead to lower utilization rates.® It is therefore possible that women with ADL
limitations may need more support to receive mammography utilization. Another study
indicated that the strong association found between ADL and IADL (i.e., needing help with
everyday household chores, shopping, and overall getting around) dependence and
mammography screening might be indicative of providers considering life expectancy when
referring women to screening mammography.'® However, the fact that the finding did not occur
across other measured preventive screenings makes this theory questionable and requires
further investigation.

Poorer self-rated health was also found to be associated with decreased screening
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utilization, despite some conflicting findings. In one study, pain and discomfort, a potential
indicator of poorer health, was a common reason why women might decide not to screen.®®
Conversely, a study done by Walter et al. showed that older women with poorer health status,
measured with the Medical Outcomes Study 12-item Short Form Physical Summary Scale (SF-
12), did not avoid screening. Although Walter et al. did not have mortality follow-up information
on the sample, there is strong evidence that life expectancy is limited in women with worst
health status measured by the SF-12.5

Pooled analysis of prognostic index scores found no significant association with
screening mammography utilization, even though some individual studies had significant
findings. Koya et al. found mammography use significantly associated with four-year mortality
risk and not age alone, attributing their finding to including age, comorbidity in functional status
in their measurement of mortality risk.®® They hypothesized that the association means
clinicians are skilled at identifying predictors of life expectancy in older individuals.®* However,
findings from other included studies seem to contradict this theory.%”1%

Findings from these studies show that functional limitations and comorbidities when
measured using the Charlson Comorbidity Index are associated with decreased screening
mammography utilization, while absolute number of comorbidities was weakly associated with
increased screening utilization. When discussing screening mammography with older women,
providers should ask questions or consult medical records to learn more about these life
expectancy factors to better assess the potential benefit older women might receive from
undergoing screening mammography. Decision aids have been developed in breast cancer
screening to measure key comorbidity and functional measures, though none have been widely
implemented.'"'% While more research is necessary to further understand the importance of
life expectancy in measuring harms and benefits of screening mammography, these findings
indicate that providers may be weighing more than just age when discussing continuing

screening mammography with an older woman. Further assessment of current clinical
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recommendations and determination of eligibility for screening mammography could lead to
more accurately tailored screening referrals.
Strengths and limitations of studies and analysis

Our systematic review/meta-analysis had key strengths, such as incorporating searches
from three major research publication databases ensuring full capture of the literature on life
expectancy factors and screening mammography utilization in older women. The use of quality
assessment tools allowed us to quantitatively rate the quality of the studies included in our
analyses. In addition, the use of stratification to clearly review the life expectancy factors
ensured a limited degree of study heterogeneity when measuring our various exposures and
screening mammography utilization. Our study also was able to leverage meta-regression in
sensitivity analyses to learn more about how different study features contributed to
heterogeneity found in pooled results from meta-analyses.

Our review also had several limitations. The 20-year timespan of systematic review
could lead to varied results due to secular trends but examining the study results by year does
not indicate that a trend exists. While this might account for some variation in the results, the
lack of significant changes in screening mammography guidelines or public outreach within this
older age group make any difference in effects due to secular trends minimal. Of the 25 studies
included in our analysis, 17 relied on self-reported information for measurement of the
exposure, while 16 relied on self-reported information to measure screening mammography
utilization. This raises concerns about recall bias, particularly when citing screening utilization
within the last two to five years. Furthermore, self-reported health status is not a precise
measurement of an individual’s health, as it uses a Likert scale to assess health at the instance
of interview, which might not represent an individual’s overall health outside of the clinical

environment. Studies that ascertained screening utilization through insurance claims®® 73 76.77.

79.88.89.100.101 \yere unable to distinguish between mammograms undertaken for screening and

diagnostic purposes. However, it is reasonable from a clinical perspective to assume that the
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majority were screening procedures, since diagnostic procedures are performed only when a
woman presents with symptoms of breast cancer.?®# The inability to distinguish the two
types of mammography might lead to the measured population being slightly sicker than the
normal screening mammography population, which would lead to an overestimate of
association.

More than half of the studies included were cross-sectional by design, which restricts the
ability to ensure temporality of the exposure/outcome relationship. Despite this concern, all but
two studies were of moderate to excellent study quality based on our cross-sectional study-

specific quality assessment using the Newcastle-Ottawa Survey.

2.6 CONCLUSION
Studies have shown that the primary determinant of screening with mammography,

%113 |t js therefore critical that the

regardless of age, is a physician’s recommendation.
guidelines be updated to reflect the importance of characteristics such as the presence of
severe functional dependencies in activities of daily living and severe comorbidity as caused by
conditions such as end-stage renal disease, severe dementia in concert with clinical judgment
to estimate an individual’s potential risks and benefits from screening rather than basing
screening decisions on age alone. This systematic review and meta-analysis show that
consideration of functional status and comorbidity might be occurring in practice, but still needs

to be further weighed in screening mammography recommendations, and targeted interventions

are needed to facilitate precision cancer screening.
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Figure 2.2: PRISMA Flowchart of Included Studies

'
Records identified through PubMed, Additional records identified through
§ EMBASE and Web of Science references of articles included in first
'é database searching review (Web of Science)
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ftems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

23



Z

00°00}

YXAWAY
896
c8'8
996
€L°6
LV'6

€.°¢S
ve'L
9¢'8
YA 4
68°L
€9'8
Sv'9
816

ybram %

(0L} ‘08°0) ¥6°0

G8'0 290
2L’0'8S0
60+ VL0
€80 'S9°0
90290
66°0 ‘920

G0
S9°0
060
.0
890

(
(
(
(
(
( /80

—_— e ~— ~— ~— ~—

9¢’L ‘00°k
OLZ ‘EL’}
FL'L90° L
90’ ‘8€°0
9L ‘96°0
6v' 1 ‘86°0
cg’L L80
vEL 'L6°0

yA"
9G'}
Ge't
€90
oc't
et
¥8°0

(
(
(
(
(
(
(
( 14N

—_— ,m e N S S

(1D %S6) S3

adA] ainsea|y pue Apnmys Aq uoijezijiin Aydesbowwepy Buiusaiog uo Ajpiqiowon) Jo 39943 Jo jo|d }saio4 gz ainbi4

4

_
sisAjeue sj08ye Wopuel wolj ate sybiopA 131 0N

(0000 =d ‘%6°68 = paitenbs-|) [[ei8AQ

(1000 =d ‘o%g°2/ = patenbs-|) |ej01qnS

+c
+
+
+

8

+/9 ,00g2 ‘ueagop
+0. 0002 ‘WYBUM

G- 9102 ‘pieqanH
0£-99 9102 ‘pieqanH

+/9 £00g ‘uesgoi

xapu| Aypiglowo) uospey)

(5e0°0 = d ‘9%6°GS = patenbs-|) |ejo01qNS

+€
+€
+c
+c

4

anfep

+G9 LL0Z ‘ueqe)
+G9 200z ‘ulljeH
+08 +00g ‘B1equoyos
+G/ 0102 ‘ZIMO-sehey

+G9 1102 ‘uege)
+08 002 ‘Biequoyos
+G9 1102 ‘uege)

S8NIPICIoW0) JO JaquinN

aby Joyiny

24



alnsed|\ pue Apnis Aq uonezinn Aydesbowwepy Buiuaaldog uo suoijeliwi] jeuoljdsun4 Jo 30943 Jo jo|d }sai04 4z ainbi4

! A
X _ SISAjeue S108)40 wopuel wolj aJe siybiops 310N
00°001 (£8°0 ‘29°0) 220 Av (00070 = d ‘%8"}2 = patenbs-|) |jeJonQ
828€ (16°0 ‘£5°0) 220 <> (€20'0 = d ‘%9'9 = pasenbs-|) [ejolqns
/2'¢ (880 ‘22°0) ¥¥°0 _ Juepuade@ 1av/1AVI +08 t00z ‘Biequoyos
120l (€80 ‘¥S°0) 290 —— luepuadaq 1av/1Avl +S9 LLOg ‘ueqed
82°0L (811 ‘18°0) 86°0 — | luspuadeq@ 1AVl +S9 LL0Z ‘ueqe)
¥€'S (S0°L ‘0¥°0) S9°0 | — epuade@ 1Ayl +08 00g ‘Biequoyos
898 (¥6°0 ‘€5°0) 020 —_— Javiiav  +oz 0002 ‘Wb
uoneuIqwo) 1avl/1av

]

LS50V (86°0 ‘¥9°0) 6270 <> (010°0 = d ‘%869 = paienbs-|) [elo0qns
6.8 (98°0 ‘61°0) S9°0 —_— s7avl+¥  +SZ 0102 ‘ZIMO-sekey
€0¥ (€270 ‘22°0) O¥°0 —_— Javi wiel-buoT  +0/ €002 ‘Uewlo0yoS
08'¥ (9%°1 ‘15°0) 98°0 L —— 7avi wiel-uoys  +0/Z €002 ‘Uewiooyos

€e0L (P11 ‘52°0) 26°0 Lo—. Javl  +s9 966 ‘saA|

1921 (€0°} 28°0) ¥6°0 P 1avl  +s9 200z ‘ulljeH

| (1av1) Buar Ajreq jo senianoy [eyuswinisy|

9112 (980 ‘GE'0) S50 S (2€0'0 = d ‘%6°59 = pasenbs-|) [ejolqns
80¢ (b0 ‘20°0) 810 | > 7ay wiel-buoT  +0/ €002 ‘UBwlo0yoS
Le'e (1S ‘98°0) 20 . 7av wiel-uoys +0/ €00g ‘Uewiooyos

68°01 (58°0 ‘65°0) 120 — av  +sz 8661 ‘uleisn|g
80°S (€6°0 ‘v£°0) 950 |.I.| Jav  +s9 9661 ‘SoA|

! (1av) buia Ajreq jo seniAnoy

WbBIeM % (1D %S6) S3

8dA1 uonenwi

aby loyiny

25



00°00}

18¢cE
0L'¢
88'¢c
VA4
€8'¢
cLe
e
VA4
c0'v
€L'e

ov'cs
Sv'v
¥8'v
Se'e
L€
(X904
c6'e
ar'y
€9'¢
Y0y
9E'y
19°€
L6°€
08'¢

6L V1
L0V
68'¢
L0V
6€’1
8e’l

b1 %

CO0O0O0O O
oo T ——T
ADOOANNOANN
Yoo~ o-od
OO+~ OO+~+vO

VOOV NONMOONOODON®D
NOmeem AT ORveN®
—TmrmrOO+~O+~OOO+~TO
WOOWUNWOONTNONDD
RVRVOBNOGINNRR O
0000000000000
R = AR A
VLOITOIT-—ODT -~ OO
—ORANNRRXODID O
—TrmrOO0OO0OO0OO0O0O0OO0OO0OO0OT™0O

(1D %S6) S3

LAY/

1

L 4

*

—_—,—

SISA[eue Sjoal}d wopuel woJj a1e SIYbIvM 310N
(0000 = d ‘%¥"/8 = patenbs-|) |jeiOAQ

(000°0 = d ‘%¥"€6 = patenbs-|) [el01gnS

ubiH Asap
ubiH

ubiH

ubIH
ojelpawliau|
ojelpawliau|
ojelpawiau|
ojelpawliau|
mo Aisp

+G9 1102 ‘ehoy
+G9  (panwi) 8002 ‘swelip
+G9 (Po0D) 8002 ‘swel|jipm
+G9 L1102 ‘eAoy
+G/ €10z ‘Brequoyog
+G9  (panwi) 8002 ‘sweljip
+G9 (Po0B) 8002 ‘SWel(IM
+G9 L1102 ‘eAoy
+G/ €10z ‘Biequoyog

xapu| onsouboid

(000°0 = d ‘%98 = patenbs-|) [ej0lgnS

Auy

Auy

Jood
abeiany mojag
req 1o 100d
req 1o 100d
red 1o 1004
e
abeiany
pooYH

pooYH

pooYH

poox) Aiap

+0L 0002 ‘WYBum
+G9 9002 ‘IoH
+G/ 8661 ‘uleisn|g
+G9 8002 ‘Bisquoyos
+G/  (epniQ) €10z ‘Biequoyos
+G9 1102 ‘ehoy
+69 1102 ‘ueqe)
+G/ 8661 ‘uleisn|g
+G9 8002 ‘Bisquoyos
+G/  (epniQ) €10z ‘Biequoyos
+G/ 8661 ‘uleisn|g
+G9 1102 ‘ehoy
+G/ 8661 ‘uleisn|g

SNjelS ylesH paAisdled

(82°0 = d ‘9%/ 0z = patenbs-|) [ej01qnS

lle4

pooyH
poox) Aiap
S0d 2k-4S
SOW ct-dS

snieis yyeeH

+0. 7002 ‘4o)em
+0. 7002 ‘4o)ep
+0. 7002 ‘Jo)em
+59 00g ‘Meg
+59 00g ‘Meg

(21-4S) Aenung g | wio4 Hoys
oby joyiny

adA] ainsea|\ pue
Apmys Aq uonezinn Aydesbowwepy Buiuaaidog uo a109g ai3souboid pue snjels YjjeaH Jo 3093 Jo joid }salo4 :G'z ainbi4

26



2.7 APPENDIX

27



8 4
|

T

1
00°00L (90} ‘68°0) L6°0 « (000°0=d ‘g9 = nm:m:cm 1) IesenO
¥€0€ (LO'L ‘22°0) S8°0 — (200°0 = d ‘%1 €9 = pesenbs-) [ejolans
LL'L (Z€°1 ‘v€°0) 890 . . ssalsiq [eoiBojoyohsqd  +G9 900z ‘edioy |
062 (¥6°L ‘¥0'L) ev'L —_— uoissaideq  +G/ 0402 ‘ZIMQO-sehey
S0 (¥e'1L ‘GL°0) 660 SR "E— uoissaideq  +69 1102 ‘ueqen
262 (Y0'L ‘95°0) 920 f— uoisseideq  6/-G9 9661 ‘Son|
e (181 ‘28'0) ce't —_— 11— uoisseudeq  +G9 2002 ‘unieH
S0'¢c (/80°GE0)SS0 | —— loplosiq [Blus|y/eseasI SJewieyz)y  +G/ 8661 ‘UlLlsn|g
88'L (080 ‘0€°0) 9%°0 1 . ewuredw| aAuBO) aioneS  +G/ 0102 “eluaN
96'z (0L'L‘09°0) 280 ——— euureduw| SANUBOD PN +G/ 0102 ‘BIyoIN
282 (980 ‘S%°0) 290 | —— juswuredw] aAjUBOY  +G/ 0102 ‘ZQ-sehay
002 (/51 ‘29°0) 860 —_— wewiiedw| aAniubo) 6/-59 9661 ‘Son|
19'¢ (SL'L‘SL0) €60 —l— ubo)  +69 110 ‘Ueqe)
092 (S€'1‘99°0) 60 —_—— uboy  +g9 2002 ‘uljeoH
. suonIpuUO) [elUBN

]

99'69 (¥1'L ‘€6°0) €0'L <> (000°0 = d ‘op"g9 = pasenbs-|) [e101qnS
90'¢ (¥6°0‘8€°0) 09°0 | ————— ainpeiddy  +5/ 8661 ‘ulBlsn|g
¥8°L (£8°0‘2€°0) €50 " * ainpeiJdiH  +69 2002 ‘UIgeH
9g'€ (0v'L ‘06°0) OL'L —_—r asessiq UesH  +0/ 0102 "BIYaN
gLe (66°0°L¥0) €90 ———— ayons  +g/ 8661 ‘UelSN|g
96'¢c (011 ‘090) 080 ——— ayons  +0/ 0402 ‘BIUe
152 (2971'92°0) 60k —_— oyons  +G9 2002 ‘UlljoH
€62 (6€1GL°0)20'L —_— uoNoJBJUl [BIDJEOOAN  +G/ 8661 ‘UteIsn|g
8¢ (8LL°190)S8°0 —_—— uonoJeju| [eIpJesoAp  6/-G9 9661 ‘Son|
L0°€ (€S ‘98°0) GI'} —_— uoljoseyu| [eIPJEOOA  +G9 2002 ‘ulloH
8L€ (VL'L'6L'L) ¥¥'L —_—— | SHUYUY 659 966 ‘SeA|
Le'e (8¥'L ‘68°0) GL'L —_— SUyUy  +59 2002 ‘ulyeH
cLe (0471 °26°0)62°L ] Jo0ue) 4G/ AmUEOvm—om_ biaquoyos
8L’ (08'€9e’L) L2C * i looue)  +G/ 0102 ‘ZMO-sehey
lee (e0c'/80)€e’t —_— loouey  +69 200z ‘ulleH
60'c (81 ‘82°0) €0'L —_— aseesig Bun]  +G/ (epniD) €102 an_h:ocom
te'z (ov'L ‘09°0) 06°0 S L — eseasiq bun7  +0/ 0102 "BIUSIN
vee (LL'2'v60) eVt —_ eseasiq bun]  +G9 2002 ‘unieH
£9°€ (0L'} ‘€2°0) 06°0 —t— ssloqelq  +G/ (9pniD) €402 ‘619qUOYOS
95'¢ (0¥'L ‘06°0) OL'L —_— seleqelq  +0/ 0402 "BIUSIN
L2'€ (96°0°25°0) ¥L°0 —_— soloqelq  6.-S9 966 ‘SeA|
Sv'e (021 ‘GL°0) 60 N — seleqelq  +G/ 8661 ‘UlBlsn|g
gL'e (8€'L ‘08°0) SO'L — sojoqelq  +59 2002 ‘UIeH
€.¢ (92'1 ‘G8°0) €0°L — uoisuopedAy 4G/ 8661 ‘UlBlsn|g
gL'e (69°L ‘86°0) 82'L —_— uoisuepedAy  +g9 2002 ‘ulieH

' suonipuo) [edishyd
WBIOM % (1D %S6) S3 uonipuoy  eby joyny
aseasig

adA] ainsea\ pue Apms Aq uonezijnn buiusaidg Uo suoIpuo) aseasiq di419adg Jo 393443 Jo Joid )salo4 : LS ainbi4

28



1SIDOP3YD VINSIRI LS 3lqel

# obed uo

pajioday

wajl 3s1¥929Y9

"‘apew suoneoyidwis pue suondwnsse
¢l-11 | Aue pue (s8ainos Buipun} ‘SODId 6°8) Jybnos aiom ejep Ydiym Jo} SS|qeleA e aulsp pue isit | LL sway ejeq
‘siojebnsaaul woly eyep Buiwiipuod pue Buluieiqo 1oy sassasold Aue pue
¢l-L1 | (syeondnp ur ‘Ajuspuadepul ‘swioy pajojid “6'9) slodal wouy UojorIIXa Blep JO poylaw aquosaq | 0L | ssedo.d uonos|oo ejeq
‘(sisAjeue-ejaw ay) ul papnoul ‘sjgeoldde Ji ‘pue
0l ‘MaIA8l oljewalsAs ul papnjoul ‘Ajjiqibiie ‘bulussios “a°1) saipnis Buioslas Jo) ssaooid ay) alels | 6 uonosles Apnig
(L¥-GP) ‘pejeadal aq p|nood Ji jey)
Xipuaddy yons ‘pasn sjwi Aue Buipnjoul ‘eseqgelep auo }se9| je o) ABajelis yoieas 21uod}odd [N} jussald | 8 yolees
‘pPayoJeas Jse| ajep pue Yyoleas ay} ul (saipnis [euonippe Ajjuspl 0} sioyine
0l Apnis yum j10e1U09 ‘abelanod Jo salep yum sasegelep 6'9) $804n0s uonewloUl e aquasaq | /2 $82IN0S UOI}BWLIOJU|
‘ojeuones Buinib ‘Aypqibis 1oy eus)o se pasn (sniels uoneolignd ‘ebenbue| ‘patspisuod siesak
ol “6-9) sonsusloeleyd uodal pue (dn-mojo} Jo Yibus| ‘SODId “H6°9) sonsusioeleyo Apnis Ajioads | 9 euayIo Aujqiblg
Jaquinu uonessibal Buipnjour uoiewlojul uoneisibal apinoid ‘ajge|iese uoneusibal
Ol | J ‘pue ‘(ssaippe gop) 6'8) passasoe ag ued }l alaym pue Ji ‘sisixa |000]joid mainal e Jl 81edlpu| | G pue [000}0.d
SAOHL3N
(SODId) ubisap Apnjs pue ‘sawoa}nNo ‘suosledwod ‘suoljuaAlaiul
0oL-6 ‘syuedionued 0} aoualsjal Yym passalppe Buiag suonsanb jo Juswale)s Holdxs ue apinold | ¥ soA08lqO
6 "umouy Apealje Ssi Jeym JO JX81U0D 8y} Ul MaIABI 8Y} JO} 8jeuoljel 8y} aquosaq | € ajeuoley
NOILONAOYLNI
Jaquinu
uonesibal mainal onewalsAs ‘sbuipul Ay Jo suoiealdwil pue suoISn|OU0D ‘suonewl| ‘s)nsal
‘spoylow sisayjuAs pue |esieidde Apnys ‘suoijusaleiul pue ‘syuedioued ‘eusyuo Ajpqibys Apnis
38 {s901Nn0Ss ejep ‘saAoalqo punoubyoeq :o|qeaijdde se ‘Buipnjoul Alewwns painjonis e apinoid | ¢ Aewiwins painjonig
10vdlisav
VA "4]0q I0 ‘sisAjeue-ejow ‘malnal olewslsAs e se uodal ay) Ajuap) | | sl
Eguiis

oidojjuonyoag

29



‘(s1eqew Aoijod pue ‘siasn ‘siopinold ateoyyeay “6:a) sdnolb Aay 0] adueAs|al Jiay) JopISU0d

61L-91 {OW092)N0 ulew Yyoes 10} 82uUapIAd Jo Yibuans ay) Buipnoul sBuipuly ulew ay} azuewwns | #2 80UBPINS JO Alewwng

NOISSNOSIa
‘([91 wey| @9s] uoissaibal

q9l-¥1 -ejaw ‘sasAjeue dnoibgns 1o AjAnisuas “6°8) auop JI ‘sasAjeue |euolippe JO S)Nsal dAID) | €2 sisAjeue |euonippy

salpn}s

o9l-¥1 ‘(gL wa}| ©8S) S8IPN)S SSOIOE SEBIq JO YSH JO JUBWSSaSSe Aue JO s)nsal Jussald | ZZ SS0.0E SeIq JO Ysiy
*Aoua)sIsuoo

q9l-¥1 JO salnseaw pue s|eAlajul 80uapluod Buipnjoul ‘auop sisAjeue-ejaw Yoes Jo s}nsal juasald | 12 S}nsal JO SISBYJUAS
j0/d 18810}

B YIM Aj|eapl ‘S|eAlaiul 82U8pljuU0d pue sajewss 10aya (q) dnoub uonualaul yoes 1oy elep salpnis

q91-v1 Aewuwns ajdwis () :Apnjs yoes 1o} ‘yuasald ‘(swJiey JO S}ijduaq) palapiSuod SaWoIN0 |e 104 | 02 [eNpIAIpUI JO S}NSaY

(21 wey salpnjs

Ol-Yl | o8s)juswssasse [aA9] WO2IN0 Aue ‘9|gejieAe JI ‘pue Apnjs Yoea Jo Seiq JO XSIl Uo ejep Juasald | 61 UIypIm seiq Jo ysiy
"suoine}d ayj apinoad pue (pouad dn-mojjo)

¢¢-\¢ ‘SODId ‘9zis Apnys 'B°8) pajoelixa alem Blep YoIiym Jo} solsiualoeleyo juasaid ‘Apnis yoeas 104 | 81 solsueloeleyd Apnig
‘wesbeip moj) e yum Ajjeapl ‘ebejs yoes je suoisnjoxa 10} Suoseal

€C ‘sl UIM ‘MaIABI BY) Ul papnjoul pue ‘Aljiqibije 10} passasse ‘pausalds SaIpn)s JO Siaquinu aAIS) | /1 uonoses Apnis

S11NS3y
‘payioads-aid atam yoiym Buneosipul ‘euop i ‘(uoissaibal

clL-cl -ejow ‘sasAjeue dnoibgns 1o Ayaisuas -6°9) sasAjeue [euoljippe Jo spoyjaw aquasaq | 91 sasAjeue |euonippy

‘(sa1pnys ulyum Buiiodas aAjosies ‘seiq salpnis

€1-¢l | uoneoygnd -6-9) aduspine aAlRINWND 8y} 108y e Aew jey) seiq JO Sl JO Juswssasse Aue Aj1oadg | G| SS0JOE SBeIq JO YSiy
"sisAjeue-gjaw yoes 1o} ;| 6°8) Aous)sisuod Jo seinsesw

¢l Buipniour ‘auop I ‘saipnis Jo synsal Buluiquod pue ejep Bulpuey Jo spoylaw ayl aquosaq | 1 S}nsal JO SISBYJUAS

cl ‘(sueaw ul 9ouaJayIp ‘onel ysi <6-9) sainseaw Alewwns [ediouud ayy 91e1S | €1 sainseaw Alewwng
"SISOYIUAS ejep Aue

Ul pasn aq 0} SI UOIBWIOUI SIY} MOY pue ‘(JoAs] 8Wwo9)Nno 10 ApNis ay) e auop Sem SIy} Jayjaym Salpn}s |enplAIpul

¢l | jo uoneouoads Buipnjoul) saipnis [enpIAIpUl JO SeIq JO Xsid Buissasse Joj pasn spoyjaw aquosaq | g1 ul seiq Jo ysiy

# obed uo

payoday

I B ETNLETTE)

#

oidoy/uonyoas

30



"M8IA8I D1jeWB)SAS 8y} J0oj siepuny JO 8|0

V/N ‘(e1ep Jo Ajddns “6°8) poddns Jeyio pue mairal dewa)sAs ay) Jo) Buipuny Jo $82IN0Ss 8qLIsaq | /2 Buipuny
ONIANNA
"yoJeasal ainyny Joy
0Z | suoneoldwi pue ‘@ouapIAs J8y]o JO JXBIUOD 8y} Ul S)Nsal ay} Jo uonelaldiaul [essusb e apinold | 92 SuoISNoU0)
‘(seiq Bunuodau ‘yoseasal payiluspl JO [eAslyal 8)8|dwooul
0¢-6l “6°9) |oAs|-MmaIAal 1B puk ‘(Selq Jo sl “6°8) [9AS] Wwo2)No pue Apnis je suole)wl ssnasiqg | 62 suonejwi

#
abed uo

payoday

way! 3sIpi2ay9

oidojjuonyoag

31



8jelapop X * X * X X X * Apnis poyod 8002 “I& }o swe
ju8||8ox3 X * X * X X X * Apnis poyod 210Z “|eje uel
ju8||8ox3 X * X X * X X X * Apnis poyod 1002 “|e }e ojuidg
8jelapop X * X * X X * Apnis Woyod| 0102 “Ie 1o ZHO-sehay
8jelapop X * X X * X Apnis poyo 9661 “'e 1o soA|
ju8||8ox3 X * X X * X X X * Apnis poyod 9102 “le}e pieqgny
ju8||8ox3 X * X X * X X * Apnis poyod 9002 “Ie 30 JIoH
8jelapop X * X * X X * Apnis poyo 0102 “Ie }o ueqep
8jelapop X * X * X X * Apnis Woyod G002 “|e }o wnuAg
JUETERNE] B B B B B B x x Apnig poyod 8661 ‘e }o ueisng

%08~] sieah -
Nb__gc n:.xwo_mvnw @E_.rA Q:-\so_..”o_“ juswissassy $3s oby paysqels3  juswuielsosy  Ayiqeleduiod pasodx3 jo ubBisaqg Apnis ?oinog
o5udpIAT ajenbopy JusIoyNg 10} S|0JUOD 0} S[oU0D fyjesodwa) ainsodx3 pasodxaun ssauaApejuasaiday
awooInQ Rijqesedwo) uonoa|es

Aipigiowod 0} Buipiodse AydesGowwew Buluaalas Jo swiey pue sjyauaq bunenjeAa salpnys 3oyod jo suonejiwi| pue Ajijenb ayj Jo uonen|eAa |eonl) yzZs d|qel

Aypigiowos 0} Buipiosoe Aydesfowwew Buiusaalds
JO swuiey pue sjjyauaq Buijenjeaa salpnjs J0Yo9 JO suoljeliwi] pue Ajijenb ayj jo uoijenjeas [ean) 1yzs aqel

32



Aypi1giowos 03 buipioosoe Aydesbowwew Buiuaalods Jo swiey
pue sjijauaq BuijenjeAa salpn}s |BUOI}D3S-SS04D JO suoljejiwi] pue Ajijenb ayj jo uoljenjeas |ean) :gzs ajqel

d}elapo

Apnig [euonoes-ssoi)

0002 “IE 38 JYBUM

d}elapo

Apnis [euonoes-ssoi)

002 “'|e 10 Ja)em

d}elapo

Apnis [euonoes-ssoi)

9002 “1e 18 adioyL

d}elapo

Apnis [euonoes-sso1)

€002 ‘|e }@ uewjooyos

d}elapo

Apnis [euonoes-sso1)

€102 “le jo Biequoyos

d}elapo

Apnig [euonoes-ssoi)

8002 “Ie Jo Biequoyos

d}elapo

Apnig [euonoes-ssoi)

002 “e Jo Biequoyos

d}elapo

*¥

Apnig [euonoes-ssoi)

0102 “Ie 1o BJyap

UEESE!

*¥

Apnig [euonoes-ssoi)

700Z “[e }o ueegon

d}elapo

*¥

Apnig [euonoes-ssoi)

1102 “le 1o eAoy

d}elapo

Apnig [euonoes-ssoi)

8661 “|e 1o 8y

d}elapo

Apnig [euonoes-sso1)

2002 “'1e 1o ulyeH

UEESE!

*¥

Apnig [euonoes-sso1)

Z00Z “|e 18 uosiueH

d}elapo

Apnis [euonoes-ssoi)

100z ‘uelded

d}elapo

*¥

Apnjg [euoioes-sso1)

100Z “le 1o Leg

/ieno
92UadpIAg

s3s aby |juswuienaossy  Ajiqesedwo) ssauaApejuasalday

s3] |eoansl UDWISSASS azig ajdwe uBisaq Apn: 924no

1seL[eohshas 3 v 10} S|OJUOD 10} S|OHUOD ainsodx3 pasodxaun s el S a|dweg 15Q Apms S
awoonQ Agesedwon uonoa|ag

Aipiqiowod o0} Buipiosse Aydesbowwew Bujuaalos Jo swaey pue spyauag BuenjeAa salpn}s |BUOO3S-SSO1D JO suoie}iwi| pue Ajijenb ayj Jo uopen|eAs |eaRLI) :gZS dlqel

33



e€el 06-68

861 88-/8
44 eper4 98-G8
9'8C 2'le 8-€8
L've v'.E 28-18
6'¢C 12e G'8¢ joxa4 08-61
meN muom mumv muov 8.-1L1 MQN O—.ON .._N u@ C®|_|
o'Le oLy v'iv 6617 9/-S.
0'ee x4+ §'08 v'Zs v.-€L
9'6e 9'Sy 128 L'€S cLoLL
9ve 1414 L'€S L'vS 0£-69
6'LE 661 6'GS €68 89-/9
€800 2=800 1=800 0=S00
Aydesbowwew Buiusaios Jo ajey
LIEoH ‘SIS _mco_uo%mj%,ww (60} ‘72°0) 06°0 MO Xapu| AIpIGOWOD UoSIeYD | 072 e E%w,m
paAiaoay
S92IAI9S Sa}agel( JO JaquunpN ‘Jed A _
Jad syisi suepisAyd jo Jequinu (220 85°0) G9°0 *HO NM 1002
abelany ‘Ajjeinadg |eoipsy ‘A1oisiH (66°0 ‘92°0) £8°0 *HO 0 19= “Ie 1o UBagoN
uoljezijeydsoH ‘ewoou| pjoyasnoH 00°L :¥O XopU| ANPIGIOWLIO? LOSUBYS
uelps|y ‘sniels pledipay o
‘aouapisay [einy ‘eory ‘eby
‘'slopeay Jadedsma| ‘sauizebej . . _
E__mw_._ Jo mhommww_ ‘SS900Y (€80 °'59°0) wmw MW _‘m
JauIslu| ‘uoieonp3 ‘sainjipuadxg :6/-1. 96y X8pu| AIPIGOIO? LOSHEYS
co_umtoamcﬂ 1 211gnd abelany Goz 9102
‘sain)ipuadx eoH |enuu . . _ “|e 18 pJeqgn
mew%q _wEmn_u%h__ u_wme:oM (92°029°0) Mww MW _‘m 19 19 pIEAanH
UBIPS\ 'ui0ou| Siqesodsiq UelpaI 102-99 8By Xopu| AIpIGIOWOD UOS|IBYD
xapul AlsiaAlq ‘uonje|os]| aisIinbul
uoneldossy
sajeleA0) KApigiowo jo sainsealy | aby @oinog

J0 ainses|\ pajsnipy

sa21puj Aipigiowod

uoneziiyn Buiuaalds uo uapinq
ANp1giowod Jo sainseaw Alewwns Jo }094d 8y} pajen|eAa Jey} saipnis wouy sbuipuly Jo Alewwng :yzs a|qel

34



uonezijipn Buluaalds uo uaping
Ayp1qiowos Jo sainseaw Alewwins Jo 30940 ayj pajen|eAs jey) saipnjs woly sbuipuly Jo Alewwng :yes ajqel

Adesay |
Juswaoe|dey SUOWIOH Jo asn M@o.r hwm.ow €9°0 :¥O 22
Juaun ‘JEaA Ised Ul 10j00(Qg 2z’ '1S°0) ¥8°0 -HO L - “
PaYISIA ‘eJeD) [ensn) ‘UoiBey 00°L 24O o | O Y00z "2 39 Biaquots
‘snjejg @oueINsuU| ‘awoou| :Sa1lIpIgIowo) Jo JaquinN
‘uoijeonp3 ‘Ajoluyig/eoey ‘aby
uonoun4 aAnubon
‘snjejg |euoljound ‘suolipuoD ot - -
eapop ‘snieis ewe oy | (794 9900 B 5o | e 0102 “Ie 10 ZIMO-sekey
‘uoljeln)ndoy ‘ulells |eloueuld ) SONIPIGIOWO? JO JOGWINN < :
‘@ouelinsu| yjjesH ‘awoou| o
PIOYaSNOH |enuuy ‘uoieonpg
uoneinduw| e oo =
asuodsay xoig sTaving | (4 90 BRI & | ooz 2002 “1e 10 UlyeH
'lBIny/ueqn “a1eg Atewitld . :Sa1jIpIgiowo) Jo JaquinN ) .
‘@woou| ‘uoneonpg ‘eoey ‘eby o
uoissaidaq ‘spoyeq aamubod | (0L'Z ‘€l'L) 951 “HO €2
‘safipiqiowo) Jo JoquinN | (6¢°) ‘86°0) L2'L *HO 4
‘UjleaH pajel-yos ‘snieys ONH | (¥€'L “26°0) ¥L'L *HO l GO 0102 “[e 3o ueqe)
‘SNjejS [ejlely ‘swodul pod 00°L *™O 0
diz ‘uoneonpg ‘eoey ‘eby :Sa1}IPIqIOWO) JO JAqUINN
sajelieA0) uonelossy Aypigiowo) jo sainsealy | aby 92in0g

Jo ainsea| pajsnipy

SuOIPUOY) PIGIOWO) JO JSqUINN

35



Jo ainsea| pajsnipy

JO ainsea|\ apnio

smeyg LG+ '29°0)86°0 MO euswiaQ
euopung Aypgiowoy (10 270 240 80 oy 6cs 9002
‘snjels aouelnsu| (96°0 '2S°0) $2°0 MO wwwunm_o ““le 18 saA|
UORENPI "3BY (01 9:0) 680 MO uooIBJU] [BIPIEOOAIN
(Ge'1L '99°0) G6° o B¥Te) Juawiredw| aAUBOD
Mrw.r z8 oW 2z’ ™0 uoissaidaq
8%l '68°0) GL'L MO SHUYMY
osuogeiEndUl ()17 pg0) €L 4O eseas|q Bun ouoiyo
. OSuodSeY MXOMd ()50 17e-0) £6°0 1O diH uayoug 2002
S1AVIN [BINH/UBAIN (047 ¢/ 0:0) £¢7) 24O wouey R cejeuye
‘ajen Alewd ‘swoou| . ” ! 1BoH
CLONBONDT “5o8sl ‘OB (8€'1 ‘'08°0) GO'L *HO snyl|Is|N sajeqelq
HBoNP3 '99BY BBV (69') 'g6°0) 82°L MO uoisuepadAn
(281 '92°0) 60} *HO aons
(€G1 '98°0) GL'L *™O uonoJeu| [eIpIed0A N
uoissaidag
‘syoeg aAubod  (GL°L ‘G2°0) €6°0 *HO SOA
‘S8IIPIGIOWOD JO JSqUINN 00°} *¥O ON 0102
‘UyesH pajel-jies s)oleQ eAnubo S92 13 ueqEn
‘snjejs ONH ‘sniess
leydepy ‘ewoout epod diz  (¥€'L ‘'G2°0) 66°0 *HO uolssaida(
‘uoneonp3 ‘eoey ‘eby
(£8°0°6£°0) 650 MO  (S8°0 ‘¥€°0) ¥5°0 MO  J4opJosiq [eJUS\/osESSIq S Jawlsyz|y
(¥6°0 ‘8€°0) 09'0 *MO  (2£°0 ‘62°0) 9¥'0 MO ainjoeld4 diH
by (660 ‘L¥0) €90 'O (88°0 '8€°0) 850 MO ol /2 8661
(6€°1 'G2°0) 20'L MO (€71 '92°0) 20'L "HO uonoteyu| [e1pIecoA “le jo ulesnig
(0z'L 'G2°0) 660 MO (¥2'L ‘62°0) 660 MO sajeqeld
(9z'1L 'g8°0) €0'L MO (82°) ‘98°0) GO'L "HO uoisuanadAH
uoljeloossy uoljeloossy
sajeleno) uonipuo)n aby 924n0g

SuoRIPUO) PIqIowo) d119adg

uonezijyn
Buiuaaios uo uaping aseasip o1109ds JO }0ald ay} pajen|eAs jey} saipnys woly sbuipuly Jo Alewwng :g¢s ajqel

36



(ov'1L '09°0) 060 'O (0€'L '29°0) 16°0 MO aseas|q bun
(0171 '09°0) 08°0 'O (08°0 ‘€¥°0) 6S°0 MO aols
smeig ey (07’4 08°0)0L'L MO (0€7L '08°0) 00') HO sejeqelq
‘yUOM 10N ‘Uoneonpg (0L '06°0)0L'L 24O (011 '0£°0) 160 MO osess|( HeaH 0/2 0102
RoIuLy/008Y ‘oby (080 ‘'0€'0) 9°0 :dO  (0S°0 ‘02°0) 820 “HO Juswliedw| aJones < “leje e
.. (0171 '09°0) 280 'O (08°0 ‘05°0) 09°0 *HO Juswuredw| ayesspoN-0)-PIIA
00'} MO 00'} MO |eW.ON
snjels w>_u_cmoo
2,0 ™0 80l "™MO Buipsalg 19
950 "¥O 850 "MO 189N onded
9€'0 "¥O GzZ'0 :¥O SIUYUY plojewnayy
06°L *¥O 10 MO siyHeoalsQ
ale) aoum_s\me,q ‘Asdoig mmm Mw mwm Mw m@ﬂm@
}seaug Jo AloisSIH ‘Jes A v b
Jold Ul s)isIA Jo JaquinN 890 -:d0O ¥9°0 -d0 wwmww_m_ [eusy pIIN o)z ) 8661
‘1eak 1Se| UIyIm o1ulD ¥80 -d0 68°0 -0 sbewep uebio-pus yim REIENY
BuipuaNy “aIUID) ‘B 9¥’'L ™0 ¥9°'L MO sbewep cmmho-vmwuwm_m_o
8Ll *d0 eyl ™0 uolsuauadAH
G0’'l *™d0 80°L ‘™0 uoljoJejU| |eIpJeooAN
6£°0 :¥O LY'0 'HO alnjied ueaH aAnsabuo)
850 "MO 990 "¥O eulbuy
JIESTe) ¥2'0 MO Buipsalg 19
6.0 MO 160 4O 189N onded
0Z'L "0 00'} MO SIUYUY plojewnayy
160 -dO 160 *HO SllyeoalsO
alen aoum_s\me,q ‘Asdoig mmm Mw mmm Mw m@ﬂm@
}seaug Jo AloisSIH ‘Jes A e e
10lid Ul SYISIA JO Joquinp §1L -dO €6'1 :¥O esessiq [BUSY PIN ) cq ) 8661
‘Jeak 15€] UIYIM D10 160 MO v.0 MO abewep uebio-pus Y e Jo 8ja1y
Buipuapy ‘ol ‘eby ¢60 40 9L -H0 epewe cmeo-umwuwum_o
00°L €O L1 €O uolsuauadAH
88°l *dO rASHC[0) uoljoJejU| |eIpJeooAN
¥9°0 *HO 88°0 ‘YO alnjied ueaH aAnsabuon
¥€'0 '™™MO 0¥'0 *¥O eulbuy
uoljeloossy uoljeloossy
sajeleno) uonipuo) aby 924n0g

Jo ainsea|\ pajsnipy

JO ainsea|\ apnio

37



xapu| Aypigiowo)
uoseyQ ‘snieis yjesH
quawiiedw ‘uoibay
snsua) ‘ale) |edIpsly JO
92In0g |ensn ‘ebelano)
aouelnsu| yjesH

‘snjels Juswholdw  (2€°) “¥£°0) 89°0 MO ssonsIq [B9IBOIOYOASd  G9Z .y 1o o o0l
‘(oA awoou| e} ul
‘ale) |eoIpalN JO anjep
‘sepniny Buiel-ysiy
uspuodsay ‘uoneonp
‘snjejs [eye
‘Ayoluyyg eoey ‘eby
)SIy Jaoue) jsealg
paAlgdlad ‘1eoue)
1seaug Jo AloisiH Ajlwe
‘Asdoig jseaig ubiuag 00l :¥O ON
jo AlojsiH ‘suiooep (871 82°0) €0°L *HO SOA
eluownaud Jo jdisoay adomn
‘JE9 A }SET Ul BUIOJEA N|4 00} *¥O ON e
J0 Jdisoey ‘Jea Jse Ul (01} *€2°0) 06°0 MO SoA Sz Qwﬁ”mm )
SJISIA 40}00(] JO JaqwinN salaqgelq oS
‘ale) |esIpsl) JO 824n0S 00°L "0 AI0JSIH ON
lensn ‘swoou| Ajlwe4 (0271 “26°0) 6Z°L *HO AoysiH
[enuuy ‘snieis |elden z1eoue)
‘uoibay |eoiydelboan)
‘aouelnsu| ‘uoleonpy
‘Ayoluyyg/e0ey
uonoun4
dAIIUBOD ‘snjels  (98°0 ‘Gi°0) 29°0 *HO gls
leuoiouny ‘suoiipuon 00} "HO 8l<
|eoIpa|\ ‘shiels [eylepy (3SIN) uswiredw| eAuBoD e
‘oby ‘UoNRININOOY  ($6°L ‘b0°L) Zh'L O 91z sz N_twmmm%_m
‘ulens [eroueuld 00'} "HO 9l> .
‘@oueinsu| yjesH (g-s39) uoissaidaqg
‘@woou| ployasnoy  (08°€ ‘9¢°L) £2'C *HO Jaoue)
[enuuy ‘uoneonp3
sajeleno) uonelossy jo uoneossy uonipuo) aby 924n0g

ainsea|\ pajsnipy JO ainsea\ apnio

38



uoijezijin BulUdaIDS UO SNJe}S [eUOIIOUN JO }D34)8 B} pajen|eAs jey} saipnjs woJj sbuipuly jo Alewwng €S a|qel

asuodsay
Axold ‘@oueinsu|
|jeluswa|ddng ‘auoly

Buinry ‘souspisey 002°0) LA - = 9002
ueyodoneyy (4670 °98°0) 160 MO Buin Aireq jo seninnoy S92 o 0H
‘awoou|
[enuuy ‘uoljeonp3
‘Ayoluyy3 eoey ‘eby
uoneinduw|
‘osuodsay
Axo1d ‘sTavIN 2002
‘leany/ueqin (€01 “28°0) ¥6'0 *HO s7avin S92 g1 umen
‘aten Alewud :
‘awoou] ‘uoneonpg
‘aoey ‘eby
(100°0>d) %25 uone)WI] ON
%0°9€ Aoy Jofel wiopiad o} ajqeun (dnosoane) e
. < uejaed
alenbs-1yo :uoneywi AjAnoY
uoissaidag
‘syoleQ aAubo
‘saljiplqIowo)
- - ETEVEETS
Jo JequinN (€8'0 '#5°0) 290 MO (¥5°0 ‘01°0) 9¥°0 "HO .
h 202 o e o ajelapoly _ 0L0Z I8
YesH pejeryes (8171 °18°0) 860 'O (160 ¥9°0) 92°0 MO ON g9< 10 UBqED
‘snjels ONH ‘sniess 00'} "HO 00'} "¥O AUgESIq
|eyuel ‘ewooul ST
apo) diz ‘uoieonp3
‘aoey ‘eby
(68°0°65°0) 120 MO (890 8%°0) L0 *O SeA 9661 [
aby 00'} *MO 00'} *MO ON SIZ 5 umeng
'suoneywi 1av .
sajeleno) uoljeloossy uojjeloossy snje}g [euoijoun Jo ainses|y aby 924n0g

JO ainsea|y pajsnipy

JO ainsea|\ apnio

39



Adesoay |
Juswaoe|deay
BUOWIOH JO as
aun) ‘Jea A 1sed

(88°0 '2Z°0) ¥¥°0 :HO

Aouspuadaqg 1aVv L=

(S0°L 0%°0) G9°0 *HO Aluo yuspuadeq 1av!I _ 00z “"lee
_Qmm _thowwo_%M_M_wMD 00°'L :¥O Jswiiedw| oN 082 Biaquoyog
) : 'shjejg |euoljoun4
snjels aouelnsu|
‘awoou]| ‘uoneonpg
‘Ayoluyyg/eoey ‘eby
uonoun4 aaubo)
‘snjejg |euoljoun4
‘suonipuo [edlps\
‘snjejs |ejuely (98'0 ‘6%°0) G9°0 O P= 0L0Z “[e 19
‘aby ‘uonein)ndoy 00°L *™O €-0 G/= Z110-s9kay
‘ules}s |eroueuld sTavi '
‘@oueinsu| yjesHy
‘awoou| pjoyasnoH
[enuuy ‘uoneonp3
(711 'S2°0) 26°0 *HO 9oUE]SISSY SPasN
snjeis |euonoun4 00°L -d0 Eo_ocoaomﬂ_n_,q_
‘Alpigiowo) 6.-G9 900¢
‘snjejg aoueInsu| e o “le 1o saA|
‘Uoneanpg ‘aby (€6°0 ‘#€°0) 95°0 MO BOUE]SISSY SPasaN
' 00°L *™O Juspuadapu
s1av
sajelleA0) uolneldossy uoneldossy snjejg [euonoun4 Jo ainsea aby 92in0S

J0 ainses|\ pajsnipy

JO ainsea|\ apnio

40



UyesH pajey-jes
‘Ajipiglowo) ‘aby

(¥6°0 ‘€G°0) 02°0 :HO

snje)s |euoijouny

0002
“[e 10 B

(100°0>d) %e'ZE
%/, L9

SOA
ON

Buin Aleq jo senianoy

L00C
“|e 18 OIS

393YD

ainssald poo|g
}se] aouls swi ]
‘SHsIA uelisAyd
paseq-adio

JO Jaquinp ‘ale)
JO 824n0S |ensn
‘aguelinsu| yjesH
‘lena Allenod ‘eby
‘uoljeonp3 ‘snieys
|ejel ‘eoey

(151 ‘9€°0) ¥#2°0 :HO
(#¥°0 ‘20°0) 8L°0 :HO
00'L “4O

wusl-uoys
wue)-buo

ON

:Buin Areq jo senianoy

(042
dnoibgng)

)23

€00Z “|e e
uewjooyos

3SIY Jaoue)
1sealg paAIgdIad
‘laoue) jsealg

Jo AloisiH Ajwe4
‘Asdoig jsealg
uBiuag jo A1oisIH
‘aulooe/\ eluownaud
Jo 1diaoay ‘Iea A
1SET Ul SUIDoBA
n|4 jo jdieosy
‘IB9 A I1SBT Ul SYSIA
10}00(J JO JequinN
‘ale) |eoIpaN

JO 824n0g |ensn
‘awoou| Ajlwe
[enuuy ‘sniels
[eley ‘uoibay
[eoiydelboan
‘aouelnsu|
‘uoneonpg
‘Ayoluyyg/e0ey

(09°0 ‘2¥'0) 05°0 :HO

00'L “4O
(S¥°0 ‘0€°0) ££°0 :HO

Bunjep Aynoyna

Aouspuadaq 1QVI ON
Aouspuadaq 1avI

'Snje)s |euoiouny

G/

€10z “le
Biequoyosg

S9jelIeA0)

uolneloossy
Jo ainsea| pajsnipy

uonjeldossy
JO ainsea\ apnio

sSnjejg |euonodung Jo aiNsea

aby

?0inog

41



asuodsay Axoid ‘@ouelnsu|
|jeuswsa|ddng ‘auoly

Buini ‘eouspisay uejjodolia|p (50°L ‘26°0) 66°0 :HO snjejs YjlesH passasse-j|lag  G9< “le H%Hﬁ_unmm
‘aWwodu| |enuuy ‘uoneaonp3
‘Ayoluyyg/eoey ‘eby
co_www._awh_ _wu_o_%wh_
S e a0 (96°0'99°0) 080 MO J00dj/112 4 0102
e 00'} *¥O Po09/poo9) AidA/US||80X] G692 ..
pajel-f|as ‘sniels OINH ‘IesH PAIBN-OS [e 18 ueqe)
‘snjeig |elel ‘ewooul apo)d '
diz ‘uoneosnp3 ‘eoey ‘eby
%S S
%61 4
%EE €
o,
awil] ainsodx3 owwmm w GOz “le 1o Emmmm
%6€ llesan0
(pausalog 9,) aiq 0} Ausuadoid
(960 '9Z°0) L¥'0 MO (89°0 ‘8Z°0) ¥¥°0 *HO 1004
(€171 '86°0) 180 MO (Z1°) ‘09°0) 280 "HO Jed
(8171 '09'0) #8°0 MO (S1°L 19°0) ¥8°0 "HO Po09) _ 8661
aby RS oo RSO oo GJ<
(961 '68°0) GL'L MO (2S°) ‘G8°0) ¥L'L "HO poo9) AJop “le 10 uld)sn|g
00°L €O 00°L ‘™0 JUd||90X3
‘y)|esH |etaus9n)
Ueld yeey ‘sioieg  F9C €70)90°L MO (¥GZ°09°0) €TL MO 81008 Jusuodwio) [Eusy L00Z
Ulleey ‘uoneonpg ‘eby (82T '8€°0) €60 MO (8L'2°1G°0) GO’k :HO 84008 Jusuodwio _S_w@mum 692 “e 1o g
uoljeloossy uoljeloossy
sajeleno?) snjels yjjeaH Jo ainsealy aby 924n0g

J0 ainses|\ pajsnipy

JO ainsea|\ apnio

uoiezijiyn BuludaIdS UO SNje}s Yj|eay Jo 109440 ay} pajen|eAs jey} salpnjs wod} sbuipuly jo Alewwng ¢S ajgel

42



)SiyY leoue) jsealg
paAladlad ‘19oue) jsealq Jo
AioisiH Ajlwe ‘Asdoig jsealg
ubiuag Jo Alo)sIH ‘auiooep

Jleq/100d
poo

(2970 ‘v¥'0) ¥S°0 :HO
(26°0 ‘G9°0) 62°0 :HO

. L 005) A1\ /Jus||90X
eluownaud jo 1digoay ‘Jes A 00°L -d0 PO0S E_m\.%._ n__m>_mw_6n_
}seT Ul dulodeA Nid Jo Jdieday ‘ gz €10¢ e
‘JBa A 1SET Ul SYISIA J0300(Q 00°1L :¥O MO < jo Biequoyog
jo JaquinN ‘ale) [edlpaN Jo (067} ‘00°L) OF'L *HO WnIpay
90Inog [ensn ‘awoodu| Ajiweq  (02°€ ‘'09°'L) 0¥'Z *HO UbIH
[enuuy ‘snjeis |eliely ‘uoibay >ocmuomaxm_ oI
[eoiydelBboan) ‘eouelinsu| :
‘uofyeonp3 ‘Ajoluy)3/eoey
leapise] (040 °2€°0) LGS0 ™HO abelany mojeg G9z
ur sysiA Joyoo( jo JlequinN - (96°0 2G°0) #2°0 *HO abelany
‘aJe) Jo 92in0g |ensn ‘uoibay 00°'L °¥O abelany anoqy 8002 “'le
olydesboan) ‘snje}g aoueInsu| :yjleaH paiey-4es 10 Blaquoyos
‘awoou| Ajlwe4 jenuuy
‘uofyeonp3 ‘Ajoluy)3/eoey
(9€°0 ‘€1°0) 22°0 *HO (YbIH A1ap\) ¥ dnodo sty
smElS (6%°0 22°0) ££'0 *HO (YbIH) € m:e@ siy
. 0 ‘eG° 0. a)elpawiaiu nol Sl
yjieeH ‘eaf ise ul }s8} ded (060 €50) mwm Mw (oretp Asw.ﬂw w %QN w__w_M
‘auldooe ) eluownaud pey JaAg Xopu| o_uwo:.mohn_ 1102
"Jeak jse| ul 8UI0OBA Ni4 PeH . §9< .
‘abelanod OWNH ‘SHSIA 92140 [ 10 eAoM
] e : ‘| ‘Gg" L 005) A1\ /Jus||90X
o sauny suoou omsopa (11 28081 40 P bon
‘a0ey ‘sniels [ejuep 00°L *4O Jooduiey
snjels ujjesH
uoneldossy uoneIdossy
sajelieA0) snjejs yjjesH jo ainses|y aby 92in0g

Jo ainsea| pajsnipy

JO ainsea|\ apnio

43



i o HOUO0 (21 66°0) 61} 2O SNIEIS WIEOH POSSSSEOS 0/ w10 bk
(60°€‘0Z°L) Z6'L :¥Y  (8L'Z'GOL) ZG'L ¥y ybiH
(L8°L°22°0)8L°LdY (9271 ‘28°0) 0Z'L ¥y 8IPPIN
00°L "8y 00°'L ¥ MO
2oUdpISaYy |einy pajwi]
uspuodsey Axolid ‘uoneonpy  (ze'L ‘G0°L) 8L L MY (2€7L ‘0L'L) 0Z') ‘Y YbIH S92 g mew_w_w,w,
‘Apoluyigreoey ‘eby (121 ‘'96°0) 80°L *¥Y  (9L°L ‘¥6°0) ¥O'L *YY 8IPPIN o
00°L "8y 00°'L ¥ MO
pooH
Xapuj oszcmo._n_
00'L *¥O (1s10m) ¢
snjejs [ejuely ‘swooul  (0S°L ‘06°0) OL'L *HO € 5002
‘uoneonp3 ‘AyoluLy3/e0ey  (09°L ‘06°0) 0Z°L *HO 4 02 io10 11eM
‘a|iuenp snjeis yiesH ‘eby (001 ‘09°0) 08°0 :HO (1seq) |
:9|IJenD snjejs yljjesH
(sneys
quio J0u ‘sAV ‘08<) Al
(100°0=9) %02 (sway
%2 8l onsouboud Jood om]) |||
%S L2 (SIRIS GO s onoa
%G'LY Qi Jou 10 @YV 4o 08<) II .
(s1av
ou ‘suieys squilld ‘08s) |
:abe)g onsouboid
sdjeLieno) UOHEID0SSY UOREID0SSY snje}s yjjeaH jo ainsea|y oby 924nog

Jo ainses|\ paisnipy

JO ainsea\ spni)

44



2.7.1 PubMed Search Strategies 1991-2016, English articles
#1

((“breast cancer” [tiab] OR “breast neoplasms” [mh] OR "breast tumor" [tiab] OR "breast
tumors" [tiab] OR "breast tumour" [tiab] OR "breast tumours" [tiab] OR breast diseases [mh])
AND (mass screening [mh] OR screening [tiab] OR screened [tiab] OR screen [tiab])) OR
“breast cancer screening” OR mammography [tiab] OR mammogram* [tiab] OR mammography
[mh]

#2

comorbidity [mh] OR comorbidities [tiab] OR comorbid [tiab] OR “co morbidity” [tiab] OR “co
morbidities” [tiab] OR multimorbidity [tiab] OR multimorbidities [tiab] OR “daily life activity” [tiab]
OR “activities of daily living” [mh] OR “disabled persons” [mh] OR disabled [tiab] OR disability
[tiab] OR disabilities [tiab] OR “functional assessment” [tiab] OR “functional disease” [tiab] OR
“functional diseases” [tiab] OR “functional impairment” [tiab] OR “functional limitation” [tiab] OR
“health status” [mh] OR “health status” [tiab] OR “mobility impairment” [tiab] OR “motor
dysfunction” [tiab] OR “motor impairment” [tiab] OR “motor limitation” [tiab] OR “physical
disability” [tiab] OR “physical disease” [tiab] OR “physical diseases” [tiab] OR “physical
impairment” [tiab] OR “physical limitation” [tiab] OR “physical functioning” [tiab] OR “walking
difficulty” [tiab] OR alcoholism [mh] OR alcoholic [tiab] OR alcoholics [mh] OR “Alzheimer
disease” [mh] OR Alzheimer’s [tiab] OR dementia [mh] OR dementia [tiab] OR arthritis [mh] OR
arthritis [tiab] OR asthma [mh] OR asthma [tiab] OR “cardiovascular disease” [tiab] OR
“cardiovascular diseases” [tiab] OR “cardiovascular diseases” [mh] OR stroke [mh] OR stroke
[tiab] OR “cerebrovascular disease” [tiab] OR “chronic arthritis” [tiab] OR “chronic bronchitis”
[tiab] OR “bronchitis, chronic” [mh] OR “chronic disease” [mh] OR “chronic diseases” [tiab] OR
“chronic disease” [tiab] OR “chronic illness” [tiab] OR “chronically ill” [tiab] OR “terminally ill” [mh]
OR “terminally ill” [tiab] OR “chronic condition” [tiab] OR “chronic conditions” [tiab] OR “chronic
hepatitis” [tiab] OR “hepatitis, chronic” [mh] OR “chronic inflammation” [tiab] OR “renal
insufficiency, chronic” [mh] OR “chronic kidney disease” [tiab] OR “chronic kidney diseases”
[tiab] OR “kidney failure, chronic” [mh] OR “chronic kidney failure” [tiab] OR “chronic kidney
failures” [tiab] OR “pulmonary disease, chronic obstructive” [mh] OR COPD [tiab] OR “chronic
obstructive pulmonary disease” [tiab] OR “chronic respiratory failure” [tiab] OR “cognitive defect”
[tiab] OR “cognitive defects”[tiab] OR “cognitive impairment” [tiab] OR “cognitive impairments”
[tiab] OR “cognitive decline” [tiab] OR “cognitive declines” [tiab] OR “cognition disorders” [mh]
OR “cognition disorders” [tiab] OR “cognition disorder” [tiab] OR depression [mh] OR depression
[tiab] OR “depressive disorder’ [mh] OR “depressive disorders” [tiab] OR “depressive disorder”
[tiab] OR “diabetes mellitus” [mh] OR diabetes [tiab] OR diabetic [tiab] OR diabetics [tiab] OR
renal dialysis [mh] OR dialysis [tiab] OR “myocardial infarction” [mh] OR “heart attacks” [tiab]
OR “heart attack” OR “heart disease” [tiab] OR “heart diseases” [mh] OR hypertension [mh] OR
hypertension [tiab] OR “life expectancy” [mh] OR “life expectancy” [tiab] OR “liver diseases” [mh]
OR “liver diseases” [tiab] OR “liver disease” [tiab] OR “mental disorders” [mh] OR “mental
disorder” [tiab] OR “mental disorders” [tiab] OR “mental diseases” [tiab] OR “mental disease”
[tiab] OR “lung diseases” [mh] OR “lung diseases” [tiab] OR “pulmonary diseases” [tiab] OR
“‘pulmonary disease” [tiab] OR “serious health events” [tiab]

#3

Aged [mh] OR aged [tiab] OR elderly [tiab] OR “aged, 80 and over’ [mh] OR “frail elderly” [mh]
OR age factors [mh] OR “age factors” [tiab] OR “age factor” [tiab]
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#4 (430 articles)

#1 AND #2 AND #3 Filters: Publication date from 1991/01/01 to 2016/10/25; English

2.7.2 EMBASE (Elsevier) search strategies 1991-2016 English articles
#1

(( 'breast tumor'/de OR 'breast cancer'/de OR breast NEAR/3 cancer OR ‘breast cancer’:ab,ti)
AND ('cancer screening'/de OR 'mass screening'/de OR 'screening'/de OR screen OR screened
OR screening)) OR ‘breast cancer screening’:ab,ti OR 'mammography'/de OR
mammogram:ab,ti OR mammograms:ab,ti OR mammography:ab,ti

#2

Comorbidity/de OR comorbidity:ab,ti OR comorbidities:ab,ti OR comorbid:ab,ti OR 'co
morbidity':ab,ti OR 'co morbidities':ab,ti OR 'co morbid':ab,ti OR multimorbid* OR multi NEXT/1
morbid* OR age:ab,ti OR 'daily life activity'/de OR disabled OR 'disabled person'/de OR
'disability'/mj OR disability:ab,ti OR disabilities:ab,ti OR 'functional assessment’/mj OR
'functional disease'/de OR functional NEAR/3 (impairment* OR limitation®* OR mobilit* OR
status) OR mobility NEAR/3 (impairment* OR limitation*) OR 'motor dysfunction'/de OR motor
NEAR/3 (impairment* OR limitation*) OR 'physical disability'/de OR 'physical disease'/mj OR
physical NEAR/3 (impairment* OR limitation*) OR 'physical functioning' OR 'walking difficulty'/de
OR 'alcoholism'/de OR alcoholic OR alcoholics OR 'alzheimer disease'/de OR alzheimer* OR
arthritis:ab,ti OR asthma:ab,ti OR 'cardiovascular disease'/mj OR 'cardiovascular disease".abi
OR 'cardiovascular diseases":ab,ti OR 'cerebrovascular accident'/mj OR 'cerebrovascular
disease'/mj OR 'chronic bronchitis' OR 'chronic condition' OR 'chronic conditions' OR 'chronic
disease' OR 'chronic diseases' OR 'chronic hepatitis' OR 'chronic iliness' OR 'chronic illnesses'
OR ‘chronic inflammation'/de OR 'chronic kidney disease' OR 'chronic kidney diseases' OR
‘chronic kidney failure' OR 'chronic kidney failures' OR 'chronic obstructive lung disease'/de OR
‘chronic obstructive lung diseases' OR 'chronic patient'/de OR 'chronic respiratory failure'/de OR
‘chronically ill' OR copd:ab,ti OR 'cognitive defect' OR 'cognitive defects' OR 'cognitive
impairment' OR 'cognitive impairments' OR 'cognitive decline' OR 'cognitive declines' OR
'cognition disorder' OR 'cognition disorders' OR 'cognitive disorder' OR 'cognitive disorders' OR
‘cognitive status' OR 'dementia’/de OR dementia:ab,ti OR 'depression'/de OR 'diabetes
mellitus'/de OR diabetes:ab,ti OR diabetic*:ab,ti OR 'dialysis'/de OR dialysis:ab,ti OR 'heart
attack':ab,ti OR 'heart disease'/de OR 'heart disease":ab,ti OR 'heart diseases':ab,ti OR 'health
status'/de OR ‘health status’:ab,ti OR 'hypertension'/de OR hypertension:ab,ti OR 'heart
infarction'/de OR 'myocardial infarction':ab,ti OR 'kidney disease'/de OR 'kidney failure':ab,ti OR
'late life depression'/de OR ‘late life depression’:ab,ti OR 'life expectancy'/de OR ‘life
expectancy’:ab,ti OR 'liver disease'/mj OR ‘liver disease’:ab,ti OR ‘liver diseases’:ab,ti OR 'lung
disease'/mj OR ‘lung disease’:ab,ti OR ‘lung diseases’:ab,ti OR 'major depression'/de OR
depression:ab,ti OR 'mental disease'/mj OR ‘mental disease’:ab,ti OR ‘mental diseases’:ab,ti
OR obese:ab,ti OR 'obesity'/de OR obesity:ab,ti OR stroke:ab,ti OR stroke/de OR ‘frail
elderly’/de OR ‘frail elderly’:ab,ti

#3
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Aged/exp OR aged:ab,ti OR elderly:ab,ti OR ‘very elderly’’de OR older:ab,ti OR ‘age
factors’:ab,ti OR ‘age factor’:ab,ti OR age:ti

#4
#1 AND #2 AND #3 AND [article]/lim AND [english}/lim AND [1991-2016]/py
45

mammography OR mammogram OR mammograms OR 'breast cancer screening' AND (aged
OR older OR elderly)

#6

utilization:ti,ab OR utilization:ti,ab OR use:ti OR stress OR anxiety OR distress OR harm OR
harms OR benefit* OR 'false positive' OR 'upper age limit' OR 'over diagnosis' OR 'stage of
diagnosis' OR outcome OR outcomes OR 'decision making' OR mortality OR 'life expectancy'
OR ‘quality adjusted life expectancy’ OR ‘risk assessment’ OR ‘gain one life year’ OR age:ti
OR discontinuation

#7

‘co morbidity’ OR ‘co morbidities’ OR comorbid OR comorbidity OR comorbidities OR 'functional
impairment'/exp OR 'functional impairment' OR 'functional impairments' OR 'disability'/exp OR
disability OR 'health status'/exp OR 'health status' OR 'intellectual impairment' OR 'intellectual
impairments' OR 'quality of life' OR 'chronic disease' OR 'terminally ill' OR limitation OR age:ti
#8

#5 AND #6 AND #7 AND [article]/lim AND [english)/lim AND [1991-2016]/py

#9

#4 OR #8
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3. CHAPTER 2: Factors that influence radiation doses used for lung cancer
screening: Analysis of data from a large US dose registry
Joshua Demb, Philip Chu MS, Sophronia Yu, Robin Whitebird PhD, Leif Solberg PhD,

Diana L. Miglioretti PhD, Rebecca Smith-Bindman MD

Figure 3.1: Conceptual Framework for Multilevel Factors Involved in Cancer Screening,
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3.1 ABSTRACT

Importance: The American College of Radiology (ACR) has targeted radiation doses for lung
cancer screening (LCS) computed tomography (CT). Without standard protocols, doses could
be unnecessarily high, reducing screening benefits.

Objective: Characterize LCS radiation doses and identify factors explaining variation.

Design, Setting, Participants: Prospectively collected LCS exam dose metrics, 2016-2017,
from 74 US institutions in the University of California, San Francisco CT Radiation Dose
Registry.

Main Outcomes and Measures: Log-transformed measures of: (1) mean volume computed
tomography dose index (CTDIvol, mGy), average dose per slice and (2) mean effective dose
(ED, mSv), total dose received, reflecting number of scans and estimated future cancer risk.
Also measured (3) proportion of exams above ACR benchmarks (CTDIvol <3 mGy, ED <1
mSv); and (4) proportion of exams above 75" percentile of registry doses (CTDIvol <2.7 mGy,
ED <1.4 mSv). Institution-level factors, as predictors, were collected through baseline survey.
Mixed-effects linear and logistic regression models were estimated using forward variable
selection. Results are percentage excess dose and odds ratios (ORs) with 95% confidence
intervals (Cls).

Results: Of 74 institutions, 19 (26%) had median CTDIvol and 54 (73%) had median ED higher
than ACR guidelines. Institutions allowing any radiologists to establish protocols had 44% higher
mean CTDIvol (mean dose difference [MDD]: 44%; 95%Cl: 19-69%) and 26% higher mean ED
(MDD: 26%; 95%CI: 4-49%) compared to limiting who establishes protocols. These institutions
had higher odds of exams exceeding ACR CTDIvol guidelines (OR: 10.8; 95%ClI: 2.0-58.1), and
75" percentile of registry CTDIvol (OR 10.6; 95%Cl: 1.8-63.8) or ED (OR 7.04; 95%Cl: 1.5-
32.2). Having only lead radiologists establish protocols resulted in lower odds of doses
exceeding ACR ED guidelines (OR 0.04; 95%CI: 0.01-0.29). Having external rather than

internal medical physicists was associated with increased odds of exceeding ACR CTDlvol
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guidelines (OR: 4.7; 95%Cl: 1.5-14.9) and 75" registry percentile (OR 8.2; 95%CI: 2.3-29.4).
Institutions reporting protocol updates as needed had 22% higher mean CTDIvol (MDD: 22%;
95%Cl: 3%-40%).

Conclusion and Relevance: Facilities varied in LCS CT-dose distributions. Institutions that
limited protocol creation to lead radiologists and had internal medical physicists had lower

doses.
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3.2 INTRODUCTION

Few explicit standards exist for the radiation doses to use for computed tomography
(CT) scans. Several organizations including the American College of Radiology (ACR) promote
performing CT scans using the “as low as reasonably achievable” principle for radiation doses.
However, the lack of specific guidelines and established standards for the numerous types of

14-118 | nstitutional

CT examinations results in doses variation within and across institutions.
decisions, such as about use of multiphase scanning, and choices about technical parameters
can result in large differences in radiation doses that patients receive.'®""® Further, little data
explores institution-level factors that could influence CT doses.

One protocol receiving increased focus is low-dose CT for lung cancer screening (LCS).
LCS must balance the potential for earlier cancer detection through screening with concerns
about false positives, invasive work-ups and increased cancer risk from CT radiation

120-124 | CS is beneficial when low-dose techniques are used but not when higher CT

exposure.
doses—similar to those used for routine chest CT scans—are used, because radiation from
higher doses may cause almost as many cancers as are detected early by screening.’®

As part of Centers for Medicare and Medicaid Services (CMS) requirements for LCS
reimbursement, institutions must use low-dose techniques and participate in a dose registry.
The ACR recommends that LCS scans have a volume computed tomography dose index
(CTDIvol) of 3 mGy and an effective dose (ED) of 1 mSv."?6-'%% Although variation in LCS doses
is reported,"'32 the proportion of patients receiving appropriately low-dose exams is unknown.
Further, no study identified factors associated with optimum low-dose performance.

This study identified factors associated with CT dose variation among institutions
participating in a large CT radiation-dose registry. We assessed how often patients received
appropriate low-dose LCS examinations according to ACR guidelines and identified institution-

level factors associated with high CT radiation doses. Identifying institution-level factors will help

facilities performing CT scans avoid unnecessary variation in LCS CT doses.
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3.3 METHODS

CT Radiation Dose Registry

In 2015, we established an international CT radiation dose registry at the University of
California, San Francisco to collect radiation doses for CT exams on consecutive patients from
150 institutions in the United States and seven other countries. All institutions participating in the
registry use the same radiation dose-monitoring software (Radimetrics, Bayer, Whippany, NJ),
enabling data sharing within the registry using HIPAA-compliant tools. For the Partnership for
Dose trial (NIH NCI R01-CA181191), a National Institutes of Health-funded pragmatic
randomized comparative effectiveness study on approaches to optimizing radiation doses for
routine head, chest, abdomen, and combined chest and abdomen CT exams, we surveyed
institutions prior to trial start about characteristics including how they perform and oversee CT.
Data from the organizational survey and the dose registry were combined to assess
relationships between institutional characteristics and radiation dose.
Inclusion/Exclusion

Only US institutions that performed a minimum 24 LCS scans during the study period
(2016-2017) and returned a completed survey were included (N=74). Because LCS is
recommended for patients aged 240 with risk factors for cancer (e.g., 230 pack-year smoking
history and current smoking or quitting <15 years ago), analyses were limited to patients aged
240. We could not determine patients’ smoking history, which is an eligibility requirement for
insurance coverage of LCS scans. Non-US institutions were excluded because their CT LCS
scans are not subject to the ACR LCS guidelines.
Organizational Survey Predictors and Scan Covariates

All institutions eligible for our study completed the organizational survey, which was
required to participate in the Partnership for Dose trial. The survey asked about structural and
organizational aspects of the institution’s CT imaging workflow that might be associated with

radiation dose, including type of facility and role of individuals who establish and modify CT
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protocols, which are the instructions that technologists use to program CT scanners. Protocols
vary by reasons for scans and by institution. The survey also asked: 1) the type of institution, as
academic/teaching hospital, trauma center (Level 1, 2, or 3), public hospital, community
hospital, private hospital, acute care facility, primary care institution, pediatric hospital, tertiary
referral hospital, or outpatient imaging institution (not mutually exclusive); 2) if a medical
physicist was involved in creating protocols and if so, if the physicist was employed by the
organization on staff or external; 3) individual(s) who established or altered protocols for the
institution (manufacturer, organizational leadership, organization-level medical physicist, site-
level medical physicist, radiology site, lead radiologists, any individual radiologists, head
technologist, technologists performing exams, or other individuals, not mutually exclusive); 4)
frequency at which protocols were updated (as needed, less than yearly, yearly or more than
yearly); and 5) if protocols were locked, meaning unchangeable after being established
(yes/no). Of the 150 institutions in the registry, 116 completed the organizational survey (77%
response rate).

We included patient-level factors in all analyses including age, sex, and chest diameter
(to account for patient size).
Outcomes

We evaluated two measures of dose, CTDIvol and ED. CTDIvol reflects the average
radiation dose output per standardized volume, typically described as dose per slice in mGy. ED
is the total dose output of the scanner (dose per slice x length scanned or total number of slices)
weighted by organ sensitivity in anatomic scan region to represent the future risk of cancer from
this exposure in mSv. Choices made by technologists performing scans directly influence both
CTDIvol and ED. While LCS should include only single CT scans, multiple CT scans may be
performed, for example for diagnostic CT. Multiple scans would be reflected only in ED, not

CTDIvol measures, since average dose per slice does not vary by number of scans.
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ACR and CMS guidelines for LCS specify doses of <3.0 mGy for CTDIvol and <1 mSv
for ED for a standard patient defined as 170 cm and 70 kg with a body mass index of 24.3.
Because these doses are about 15%-50% lower than doses used for standard chest CT,'*%'%
LCS scans are described as low-dose CT. Doses for LCS CT vary by patient size: patients who
are larger or smaller than the standard size receive doses slightly above or below guideline
thresholds. We accounted for dose variation by size by adjusting doses using average chest
diameters measured on CT images. We calculated the 75" percentile of the distribution of
radiation doses in the registry and defined doses above this percentile as high dose. To account
for the non-normal nature of the CTDIvol and ED measures, these variables were log-
transformed for incorporation into linear models.
Statistical Analysis

We assessed facility-level distributions of CTDIvol and ED for LCS scans using boxplots,
adjusted for chest diameter by standardizing facility-level doses by median facility-level chest
diameter. We used mixed-effects linear regression models to evaluate predictors associated
with adjusted CT dose levels.™ We included facility-level and machine-level random effects to
account for correlation among exams performed on the same machine or at the same facility.
Variables included in models were selected using forward selection. After models were
selected, coefficients were exponentiated to calculate excess percentage of dose, with
corresponding 95% confidence intervals (Cls). Mixed-effects logistic regression with forward
selection was used to evaluate associations between institutional factors and having doses

above ACR guidelines and the 75" percentile benchmark. Statistical analyses were performed

using SAS 9.4 (SAS Corporation, Cary, NC).
3.4 RESULTS

Data were for 12,771 LCS CT scans performed at 74 institutions (Table 3.1). Overall,

58% of participants were male, and the median age was 65 years (interquartile range [IQR]: 60-
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70). The mean ED for LCS adjusted for chest diameter was 1.9 mSv (standard deviation [SD]:
2.4 mSv) and the mean CTDIvol adjusted for patient size was 2.4 mGy (SD: 2.0 mGy).
Unadjusted values were 1.3 mSv (SD 1.6 mSv) for ED and 2.3 mGy (SD: 2.0 mGy) for CTDIvol.
Distributions of adjusted CTDIvol and ED are in Figures 3.2 and 3.3. We found 19 institutions
(26%) with a median adjusted CTDIvol value higher than the ACR guideline of 3 mGy (median:
2.4,1QR: 1.5-2.7) and 54 (73%) with a median adjusted ED higher than the ACR guideline of 1
mSv (median: 1.1 mSy, IQR: 0.7-1.5). Of all CT scans, 51% had an ED higher than ACR
guidelines and 20% had a CTDIvol higher than guidelines. The results did not appreciably
change when we used unadjusted values to characterize the number of institutions and patients
whose doses exceeded guidelines.

Institutional responses to the organizational survey are in Table 3.2. Most (59%)
institutions reported serving as outpatient imaging facilities, with lead radiologists (86%) or a
head technologist (49%) establishing scan protocols. Technologists performing exams were the
most likely to alter scan protocols (32%) compared to other personnel. The most common
method of reviewing protocols was reported as “as needed” (49%). Most institutions (59%) lock
their protocols after they are established.

Predictors of CTDIvol

Predictors of CTDIvol levels by CT scan type are in Table 3.3. Doses and likelihood of
exceeding benchmarks increased with patient size and doses were higher among women,
although differences were not large.

CT scans performed at private hospitals were associated with greater odds of a high-
dose exam (odds ratio [OR]: 49.5, 95%CI: 1.9-1280), though the sample size was inadequate
for inferring an effect. When the medical physicist was external instead of being on staff at the
institution, doses were higher (OR for exceeding ACR benchmarks: 4.7, 95%CI: 1.5-14.9; OR
for exceeding 75" percentile: 8.2, 95%Cl: 2.3-29.4). For institutions reporting that any

radiologist could establish protocols, doses were also higher (44% higher mean dose; 95%Cl:
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19%-69%; OR for a study exceeding ACR guidelines: 10.8, 95%CI: 2.0-58.1; OR for exceeding
75" percentile benchmark: 10.6, 95%Cl 1.8-63.8). Institutions reporting that only lead
radiologists altered protocols had a 27% lower CTDIvol (95%CI: -53% to -1%). Institutions that
updated protocols “as needed” had higher average doses (22% higher dose, 95%Cl: 3%-40%).
Predictors of ED

Significant ED predictors are in Table 3.4 and are similar to CTDIvol predictors. Age,
gender and chest diameter were significant ED predictors. Having any individual radiologist
establish protocols was associated with higher doses (26% excess effective dose, 95%ClI: 4%-
49%; OR for exceeding 75" percentile benchmark: 7.04, 95%Cl: 1.54-32.2). Having only the
lead radiologist (OR: 0.04, 95%CI: 0.01-0.29) or technologist performing exams (OR: 0.12,
95%Cl: 0.02-0.85) responsible for establishing protocols led to lower odds of exceeding ACR
effective dose guidelines. Having any type of medical physicist (OR: 0.23, 95%CI: 0.08-0.69)
establish the LCS CT protocol led to decreased odds of exceeding the 75" percentile

benchmark.

3.5 DISCUSSION

Overall, we found wide variation in the distribution of LCS CT doses across facilities
participating in our study, despite defined ACR guidelines. We found that 73% of participating
institutions had median EDs for LCS scans that exceeded ACR guidelines, with a significant
number of patients receiving doses above benchmarks created to ensure low radiation-dosage
exams. ED reflects doses used for imaging and can indicate future cancer risk resulting from
these studies. Over half of patients received doses above ACR targets after accounting for
patient size, measured using chest diameter. If LCS CT exams are not performed using low-
d.132

dose techniques, potential screening benefits and margins of benefits over risks are reduce

While the risk of radiation-induced cancer and resultant risk of mortality is low compared to the
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benefits of LCS using low-dose techniques, the risk of radiation-induced cancer rises in parallel
with doses used.

We identified several institution-level factors associated with using doses higher than
needed. The magnitude of associations was as high as 44%, and the identified factors
increased the odds of a high-dose exam by as much as 50-fold. The factors that were most
predictive of high doses included allowing individual radiologists to establish protocols, having
an external rather than an internal staff medical physicist, being a private hospital, and updating
protocols as needed instead of yearly. While we cannot establish causality in this observational
study, our results suggest that considering these factors (for example, allowing only lead
radiologists to establish protocols) could have a meaningful impact on dose, and could be
important areas to develop interventions to optimize doses of CT protocols.

The inclusion of any individual radiologists in protocol establishment led to markedly
higher odds of increased radiation dose. A potential cause of this finding could be the lack of

136-140 Specifically,

training on dose optimization and motivation to change in some radiologists.
radiologists may not believe CT radiation risk is particularly concerning, may prefer that people
not involved in reading scans alter protocols, or prefer the image quality available in higher-dose
diagnostic CT scans rather than the lower quality of LCS."*° Ways to improve dose levels in
institutions where individual radiologists establish protocols may include: ensuring that
radiologists are aware of the current CT scan guidelines and the potential for harmful effects
related to dose, particularly for standardized protocols such as LCS; and providing feedback to
radiologists on the doses they use, which is currently not standard practice.

Having an on-staff medical physicist led to an institution having significantly decreased
odds of scans with high CTDIvol compared to institutions with medical physicists who are
outside consultants or employed by a CT manufacturer. Similarly, odds of ED exceeding the

75" percentile benchmark were lower when any medical physicist, internal or external to the

institution, was involved in establishing protocols. Given that medical physicists are trained to
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focus on safe, effective application of radiation in medical imaging, having a medical physicist
on staff at an institution and actively involved in CT protocol development may help radiologists
better manage CT radiation doses;™" our data supported this possibility. On-staff medical
physicists may provide quality control more closely or more frequently. External medical
physicists may focus more on phantom studies and less on reviewing doses for examination
subtypes such as LCS. Furthermore, as medical physicists are responsible for monitoring a
practice’s doses against national benchmarks, having a medical physicist onsite instead of
contracted for annual or less frequent visits may better ensure that institutions maintain
appropriate radiation dose levels.™

Involving technologists who perform exams in protocol establishment process also led to
lower odds of EDs higher than ACR guidelines. Interestingly, no association was seen with
CTDlvol levels, meaning that in general, technologists who established protocols used shorter
scan lengths or used single rather than multiple CT scans more often. Technologists may be
less sensitive to image quality than radiologists, as technologists do not interpret scans.

Being able to modify protocols can lead to lowering doses at some institutions, but can
also lead to higher doses."*? Our results indicated that the type of personnel involved in
establishing protocols may have a profound impact on CT radiation doses delivered. Allowing
any individual radiologist to adjust protocols tended to result in higher doses, whereas having
lead radiologists manage protocol adjustment may lower doses. Given the clear guidelines for
low-dose LCS, having fewer individuals involved in scan protocols may avoid unnecessary
variation in radiation doses. Future studies should further investigate the effects of limiting
personnel involved in protocol development on CT scan radiation dose levels.

Our study has several strengths, including employing data from the largest trial of CT
scan radiation doses to date, using data from a wide variety of types of institutions performing

CT scans, and including random effects to account for institution-level and scanner-level
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variation. Analyses also adjusted for key, individual-level scan factors such as age, gender and
patient diameter, which can slightly affect resultant radiation doses.

Our study had several limitations. Since we measured only LCS scans and resultant
radiation doses, we did not follow individuals longitudinally to assess the relationships among
CT dose and lung cancer detection or resultant effects on reducing mortality. These data would
be informative for learning how exposures affect long-term outcomes. Our survey relied on self-
reporting by leaders at participating facilities. These leaders were responsible for providing
responses that represented practices throughout their institution but could be biased and reflect
aspirational goals rather than current practice. To ensure that responses were representative of
their facility, leaders were asked to contact institutional medical physicists, technologists and
radiologists. Data were collected during a trial to optimize CT doses. However, the trial was not
focused on LCS and we did not see changes in LCS during the trial.

We identified LCS CT by finding scans that were indicated as LCS in their protocol name
or study description. Some scans might have been misclassified as LCS scans, which could
lead to misrepresentation of radiation dose distributions within an institution. However, we
thoroughly reviewed our sorting methodology and performed sensitivity analyses to account for
potential misclassification, and our findings were robust to these concerns. Our statistical
analyses measured institution-level factors while clustering at the facility and machine levels;
thus, some estimates from mixed models have wide standard errors due to small sample sizes
for some institutions and machines. Lastly, we did not determine if patients were appropriate

candidates for LCS based on risk factors such as smoking history.

3.6 CONCLUSION
Among institutions performing low-dose CT scans for LCS, a significant proportion of
institutions and patients exceeded guideline-recommended dose levels. Institutional

characteristics such as allowing any individual radiologists to establish CT scan protocols,
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updating protocols as necessary rather than annually or at other fixed times, and being a private
hospital were associated with likelihood of higher radiation doses than other institutions.
Conversely, having on-staff medical physicists, lead radiologists, technologists performing
exams, or any medical physicists responsible for establishing protocols was associated with
lower radiation doses. These findings indicated that dose-optimization practices may benefit
from being tailored to specific practice types, as well as different organizational structures, to

have a higher likelihood of meeting dose guidelines.
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Table 3.1: Characteristics of all low-dose CT lung cancer screening scans
Lung Cancer Screening

Number of Scans (Average/Facility) 12,771 (173)
Age, Median (IQR) 65 (60, 70)
Gender, % Male 58%

Effective Dose (mSv)
Unadjusted for Patient Diameter

Mean (SD) 1.3 (1.6)
Median (IQR) 1.0 (0.7, 1.4)
Adjusted for Patient Diameter
Mean (SD) 1.9 (2.4)
Median (IQR) 1.4 (1.0, 1.9)

CTDIvol (mGy)
Unadjusted for Patient Diameter

Mean (SD) 2.3 (2.0)
Median (IQR) 2.0(1.3,2.7)
Adjusted for Patient Diameter
Mean (SD) 2.4 (2.0)
Median (IQR) 21 (1.5,2.7)

CT, computed tomography; IQR, interquartile range; SD, standard deviation, CTDIvol,
volume computed tomography dose index; ACR, American College of Radiology
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Table 3.2: Institutional Characteristics

Institutions that Perform
Lung Cancer Screening
(N=74)
N (%)
Institution Type within Organization
(choose all that apply)
Academic/Teaching Hospital 15 (20)
Trauma Center 17 (23)
Public Hospital 10 (14)
Community Hospital 19 (26)
Private Hospital 3 (4)
Acute Care Facility 18 (24)
Primary Cancer Facility 13 (18)
Pediatric Hospital 4 (5)
Tertiary Referral Hospital 7(9)
Outpatient Imaging Facility 44 (59)
Medical Physicist Type
External Consultant 34 (48)
Who Establishes Protocols (choose all that apply)
Manufacturer 14 (19)
Organizational Leadership 8 (11)
Medical Physicist - One for the Organization 20 (27)
Medical Physicist - At Particular Site 0 (0)
Radiology Site 14 (19)
Lead Radiologists 64 (86)
Any Individual Radiologists 9(12)
Head Technologist 36 (49)
Technologists Performing Exams 10 (14)
Other 4 (5)
Who Alters Protocols (choose all that apply)
Manufacturer 2 (3)
Organizational Leadership 2 (3)
Medical Physicist - One for the Organization 34)
Medical Physicist - At Particular Site 1(1)
Radiology Site 34)
Any individual Radiologists 9(12)
Lead Radiologists 9(12)
Head Technologist 22 (30)
Technologists Performing Exams 24 (32)
Other 1(1)
How Frequently are Protocols Updated?
As Needed 36 (49)
Less Than Yearly 11 (15)
Yearly 25 (34)
More Than Yearly 2 (3)
Are the Protocols Locked?
Yes 44 (59)
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Chapter 3: The impact of employment change on screening mammography
utilization during the U.S. Great Recession: The Health and Retirement Study
Joshua Demb MPH, Isabel E. Allen PhD, Robert A. Hiatt MD, PhD,

Dejana Braithwaite PhD

Figure 4.1: Conceptual Framework for Multilevel Factors Involved in Cancer Screening,
Multilevel Factors for Chapter 3 Highlighted
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4.1 ABSTRACT

INTRODUCTION: Despite recent efforts to improve access to cancer screening, major
structural events at a societal level may radically impact screening behaviors. Between 2007
and 2009, the Great Recession in the United States led to spikes in unemployment nationwide
and left many low and middle-income families uninsured due to an acute decrease in employer-
sponsored health insurance. These changes in employment and employer-sponsored insurance
could have exacerbated existing inequalities in cancer screening access.

METHODS: Using data from 2002-2012 in the longitudinal, population-based Health and
Retirement Study (HRS), we assessed how individual-level employment status affected
screening mammography utilization during the Great Recession, potential variation by insurance
access or race/ethnicity, and temporal trends. Multilevel models accounted for state-level
factors as random intercepts and study year as random slopes.

RESULTS: The HRS study population of 8,512 women ages 50-64 was weighted to represent
the general US population. Rates of screening mammography were 77% in 2004, 76% in 2008
and 69% in 2012. At baseline, 38% of women had full-time employment and only 3% of women
were unemployed. From 2002 to 2012, proportions of uninsured women increased from 20% to
27%. Part-time employment (OR: 0.80, 95%CI: 0.70-0.92), unemployment (OR: 0.76, 95%ClI:
0.60-0.97) and other employment status (disability or out of work force) (OR: 0.79, 95%CI: 0.68-
0.91) were associated with decreased screening mammography utilization. Our findings also
showed being uninsured was significantly associated with reduced odds of screening utilization
(OR: 0.46, 95% CI: 0.39-0.53). There was significant interaction between insurance status and
employment status (p<0.01), with uninsured women having lower predicted probability of
screening mammography utilization compared to insured women across all employment status

groups.
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CONCLUSION: Part-time employment, unemployment, and being disabled or out of the work
force (“other” employment) decreased odds of screening mammography utilization.
Furthermore, uninsured women had significantly lower likelihood of screening mammography
utilization compared to insured women. Future research should further clarify the role of

employment and insurance status in screening utilization.
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4.2 INTRODUCTION

Breast cancer accounts for 30% of cancer incidence and is the second leading cause of
cancer death among women in the United States (US).* Screening mammography, the only
population-based method for early detection of breast cancer, was shown to be effective in
reducing breast cancer mortality in women ages 50-74, and breast cancer survival rates drop
significantly when cancer is detected in later stages.’*® In 2016, the US Preventive Services
Task Force (USPSTF) recommended biennial screening among women ages 50-74.%° Despite
these potential benefits and the high level recommendation for screening, socioeconomic
disparities continue to exist in screening utilization, which can have tremendous impact on the
population-level benefits of these early detection practices.®’

Unemployment could serve as a contributor to lower screening utilization and
persistence of disparities in screening mammography use among women. Recent studies have
shown that unemployment is associated with decreased cancer screening utilization.'*"'*® The
findings have indicated that job insecurity or unstable job positions can lead to greater stress
and pressure that could influence an individual’s time or willingness to undergo cancer
screening.'® Furthermore, unemployment or job insecurity can lead to a loss of employer-
sponsored health insurance, which could affect an individual’s ability to afford health insurance
and access to a usual source of care, both of which are factors shown to lower screening

190-1%% Given these findings, it is possible that times of economic

mammography utilization.
downturn, which are felt at a population level, could expand the current screening disparities.
Between 2007 and 2009, the US experienced the Great Recession, a time period of
major spikes in unemployment, and lower healthcare utilization due to an acute decrease in
employer-sponsored insurance.'®® While one recent study found higher rates of unemployment

during the recession associated with decreased breast cancer incidence and treatment, it is

unclear if the lower cancer incidence is related to decreases in screening mammography
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utilization.”™® Furthermore, it is unclear if certain groups of women already facing screening
disparities were further disproportionately affected by these recession effects.

The objective of this study was to examine the effect of employment status on screening
mammography utilization within a nationally representative cohort of women before, during and
after the Great Recession (2007-2009). We also aim to assess temporal trends and potential
differences by race/ethnicity in this effect. Our primary hypothesis was that being less than full-
time employed during the Great Recession would lead to decreased screening mammography

utilization.
4.3 METHODS

Study Design and Sample

We used data from the Health and Retirement Study (HRS), a national, observational,
longitudinal panel study started in 1992 that surveys a representative sample of
noninstitutionalized Americans ages 50 and older and their spouses every two years." To
maintain a “steady state” sample, a new cohort of individuals ages 50-55 years were added
every 6 years."®' This study utilizes data measured in 2002, 2004, 2006, 2008, 2010 and
2012 HRS waves. We included women ages 50-64 years, excluding women over age 64 who
have an annual mammogram covered under Medicare Part B insurance. We also excluded any
women with a prior cancer diagnosis to remove any women with prior breast cancer. To avoid
extreme standard errors in our analyses, we also excluded women in 15 US states or territories
where the number of included women in any study wave was less than 11. Our final analytic
sample included 8,512 women.
Outcome

The primary outcome was self-reported mammogram utilization since the previous wave.
Questions regarding mammogram uptake were asked of the entire sample of women every four

years, so mammogram utilization data was extracted from years 2004, 2008 and 2012.

71



Specifically, women were asked if they received a mammogram or x-ray of the breast to search
for cancer since the previous interview (two-year reporting window),
Predictor and Covariates

The main predictor of interest was a woman’s employment status—measured as current
status in the labor force during the years 2002, 2006 and 2010. These data were purposively
lagged; employment status was extracted from HRS waves prior to the 2-year outcome
reporting windows to ensure temporality between the predictor and screening mammography
utilization. Employment status was classified as working full-time, part-time (includes individuals
reporting being partially retired), unemployed, retired, or other (includes disabled and individuals
not in the labor force). This variable was created using responses from multiple HRS
employment variables.'® Full-time status was defined as working =35 hours per week for 236
weeks per year, whereas less than this was considered part-time. Women defined as
unemployed were not currently working for pay, but still looking for work. Retirement status was
defined as any mention of retirement in other employment questions and the woman was not
looking for a job. If a woman mentioned retirement but was still working, she was considered
“partially retired”, and grouped with women who were working part-time. All other employment
statuses, being disabled or not in the work force, were grouped into the “other” category,
creating five employment categories overall. We also included insurance status as a second
predictor, which was self-reported insurance at the time of interview and tested potential effect
modification of this relationship by employment status. This was measured in years 2002, 2006
and 2010.

Covariates included age, race/ethnicity, education, marital status, poverty status based
on household income and state-level yearly unemployment measures. Race/ethnicity was
categorized first by Hispanic ethnicity, and then separated into whether individuals were White,
Black or other. Aggregate state-level measures of yearly unemployment were ascertained from

the US Department of Labor.'®" Poverty status and aggregate state-level measures of yearly
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unemployment were treated as time-varying covariates and were ascertained from the years
2002, 2006 and 2010.
Statistical Analysis

Data were weighted to better reflect US population-level estimates using HRS-provided
weights.'®"%8 Individual respondent weights were standardized around a mean of 1 within each
year. We measured differences in covariates over time using Cochran-Armitage trend test with
a two-sided p-value of 0.05 used to determine statistical significance. We also compared
covariates by employment status group using chi-square tests with a two-sided p-value of 0.05
used to determine significance.

We used mixed-effects logistic regression models to assess the effect of employment
status (reference group is full-time employment) on screening mammography utilization. A
second analysis was conducted to test the effect of insurance status on screening
mammography utilization. We included state-level random effects to account for correlation
among women based on state-level policies around preventive care, particularly cancer
screening. Models were adjusted for age, race/ethnicity, education, marital status and state-
level unemployment rate. Poverty status was also included as a covariate in the second
analysis examining insurance status as the main predictor. We included interaction terms for
the exposure and year to assess whether the effect of employment status or insurance status
on screening mammography utilization varied across time. We were interested in three time
periods: prior to the Recession (2002-2004), during the Recession (2006-2008) and after the
Recession (2010-2012). We also tested for potential interaction by race/ethnicity.

For the second analysis, we also included interaction terms for insurance status and
employment status, to assess whether the effect varied by employment status. A two-sided p-
value of 0.10 was used to determine statistical significance of interaction. Regression
coefficients were exponentiated to calculate odds ratios and corresponding 95% confidence

intervals (Cl) and converted to probabilities to calculate predicted probabilities of screening
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mammography use for each employment status across time. Statistical analyses were

performed using SAS 9.4 (SAS Corporation, Cary, NC).

4.4 RESULTS

Our study included 8,512 US women ages 50-64 across 35 states. Table 4.1 presents
the descriptive information for all women in the analytic sample. Most participants in our sample
were ages 55 and older (77%), non-Hispanic White (76%), married (68%) and had at least
some college education (55%). Table 4.2 presents proportions of time-varying covariates by
year. The percentage of uninsured women significantly increases from 2002 (20%), to 2006
(23%), to 2010 (27%) with a p-trend of <0.01. The proportions of full-time employed (2002:
38% to 2010: 45%) and unemployed women (2002: 3% to 2010: 5%) increased over time, while
the proportion of women with “other” employment status decreased over time (2002: 20% to
2010: 12%), each with p-trend values of <0.01.

When stratifying covariates by employment status, all covariates were found to be
significantly different by employment status group with chi-square p-values of <0.01 (Table 4.3).
Women who had full-time employment were ages 55 and older (72%), mostly non-Hispanic
White (79%), mostly had at least some college education (63%), were married or partnered
(65%) and were mostly insured (89%). Unemployed women, which made up only 3% of the
study population, were mostly ages 55 and older (72%), had at least some college education
(52%), and only 54% were insured, the lowest rate among all employment groups. Part-time
employed women had at least some college education (59%) and were mostly married (75%).
Retired women were mostly ages 60 and older (58%) and mostly had a high school diploma or
less (54%). Women designated as having an “other” employment status (on disability or not in
the labor force) had a high school diploma or less (66%), were mostly married or partnered

(74%), included 24% of women below the poverty line, and only 56% were insured.
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Overall, rates of screening mammography were 77% in 2004, 76% in 2008 and 69% in
2012. Women with full-time employment had a 76% predicted probability (95% CI: 73%, 78%) of
screening mammography utilization, which was comparable to retired women (Probability: 73%,
95% CI: 70%, 77%) (Table 4.4). Unemployed (70%, 95% CI: 64%, 75%), part-time employed
(71%, 95% CI: 68%, 75%) and women with other employment (71%, 95% CI: 67%, 75%) had 5-
6% lower probability of screening mammography utilization. Overall, women who had part-time
employment (OR: 0.80, 95% CI: 0.70, 0.92), were unemployed (OR: 0.76, 95% CI: 0.60, 0.97),
or were classified as having an “other” type of employment status (disability or not in work force)
(OR: 0.79, 95% CI: 0.68, 0.91) had decreased odds of screening mammography utilization
compared to women with full-time employment. In summary, part-time employed, women with
“other” employment and unemployed women had the lowest rates of screening mammography.

In addition to the overall findings that less than full-time employment status was
associated with increased screening mammography utilization, we found no significant
interaction between employment status and study wave (p=0.50) (Table 4.4). Among women
who had part-time employment, odds of screening increased from 2002-2004 (OR: 0.73, 95%
Cl: 0.55, 0.96) to 2006-2008 (OR: 0.91, 95% CI: 0.71, 1.16) then decreased in 2010-2012 (OR:
0.78, 95% CI: 0.65, 0.95). Among women with other employment, screening mammography
odds decreased from 2002-2004 (OR: 0.82, 95% CI: 0.63, 1.07) to 2006-2008 (OR: 0.66, 95%
Cl: 0.51, 0.85) and then increased in 2010-2012 (OR: 0.88, 95% CI: 0.70, 1.10). There was
also no interaction between employment status and race/ethnicity (p=0.27).

Additionally, when assessing the effect of insurance status on screening utilization, lack
of insurance (OR: 0.46, 95% CI: 0.39, 0.53) was associated with significantly decreased
screening mammography utilization (Table 4.5). There was also significant interaction between
employment status and insurance status (p<0.01). Across all employment status groups, there
was a significant difference in predicted probability of screening mammography use when

comparing women with versus without insurance. Part-time employed women who were
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uninsured (OR: 0.32, 95% CI: 0.24, 0.41) had the lowest odds of screening compared to insured
women. Women with “other” employment who were uninsured (OR: 0.71, 95% CI: 0.54, 0.91)
only had a 29% decreased odds of screening mammography compared to insured women who

had “other” employment.

4.5 DISCUSSION

In a nationally representative study of women ages 50-64, our findings showed that
employment status was significantly associated with odds of screening mammography
utilization. Treating full-time employment as a reference, women who had part-time
employment, were unemployed, or had “other” employment status defined by disability or not
being in the labor force had decreased odds of screening mammography utilization, aligning
with our hypothesis that employment status directly affects someone’s likelihood to screen.
However, our findings indicate that the associations between employment status and screening
mammography did not vary meaningfully across the three studied time periods (2002-2004,
2006-2008, 2010-2012). Further, in a secondary analysis of the effect of insurance status on
screening mammography utilization, lack of insurance significantly decreased screening
mammography odds, and the effect varied by employment status.

Our findings were similar to prior studies that have evaluated how employment status
affected screening utilization.'®>'®® In a cross-sectional study, Calo et al. found that census
tract-level unemployment was associated with decreased colorectal cancer screening
adherence, potentially representing a breakdown in healthcare access within an area of high
unemployment or economic instability."® Hamad et al. similarly found that outpatient healthcare
utilization overall decreased among individuals at manufacturing plants where there were higher
rates of layoffs in a cohort study.®® Our study found significant effects among employment

status groups indicating less than full-time employment, with the exception of being retired.
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Prior studies measuring trends in cancer screening before, during and after the Great
Recession, did not consider the independent effect of employment status on screening
utilization. Wyatt et al. found that screening mammography odds decreased during the Great
Recession, and then decreased again during the post-Recession, Affordable Care Act initiation
period, when measuring trends over time."®* While our findings show a downward trend in the
predicted probability of screening mammography utilization across most employment status
groups, the magnitude of the effect of employment status on screening mammography did not
meaningfully change across time.

The results indicating similar screening mammography utilization probabilities among
retired women compared to full-time employed women both overall and over the course of the
Great Recession aligned with findings from previous studies.'**'®* Both Fedewa et al. and
Wyatt et al. included adults ages 50 and older in their study whereas our study only included
women ages 50-64, which would likely only include women who have retired early, who might
be different from persons who do not retire early.'>'%* While US citizens earn the full benefits
of retirement around age 65 or older, citizens may retire at age 62 and start receiving Social
Security benefits with percentage reductions based on the number of months prior to the
defined “full retirement age”.'®® Despite this early access to Social Security, retirees do not gain
earlier access to Medicare, which covers preventive screenings such as mammography.'®
Thus, it is possible that this sustained access to screening is related to potential unmeasured
factors related to being retired.

Insurance status was also found to have an independent effect on screening
mammography utilization, with uninsured women having markedly lower likelihood of
undergoing mammography compared to their insured counterparts. This effect was stable over
time and persisted across all employment groups. These findings align with prior research,
which indicated that insurance access is positively associated with greater screening

mammography utilization.’®* %’ Rates of insurance status decreased over the course of the

77



Great Recession, highlighting a critical need to better understand the importance of insurance
status on cancer screening uptake, particularly in times of economic downturn.

The findings of lower screening mammography utilization overall among part-time,
unemployed or other employment type women could be related to less time and resources,
which has previously been considered a barrier to receiving preventive care.'® Kim et al.
evaluated the effect of job status on accessibility to cancer screening among wage earners,
finding that part-time workers had difficulty participating in prevention programs.'® This aligns
with research in behavioral economics around the theory of “effect budgeting”, where people
have limited time that requires prioritization of all tasks and activities.'®® Catalano et al. suggest
that given these limited resources, we budget them in a way to reflect expected costs and
benefits, particularly in times of economic downturn, when priorities and resources can
change.'® This would align with the findings of decreases in screening mammography
utilization across all employment status groups after the Great Recession (2010-2012 analysis).
Our study findings indicate that women with less than full-time employment have lower odds of
screening utilization, but the Great Recession did not exacerbate this effect.

Our study had some limitations. Mammography use was only measured every four
years, limiting more consistent measure of routine screening mammography, which is
recommended biennially. Furthermore, mammography use was measured via self-report, which
has previously been found to potentially lead to overestimation of the true mammography

utilization.'®

We did not follow women to potential breast cancer outcomes to measure if
mammography use differences by employment status affected breast cancer risk. Future
studies could extend these findings to better understand if such an association exists.
Despite these limitations, our study had key strengths including leveraging a national,
diverse population-based cohort of women to measure longitudinal uptake of screening

mammography over a 10-year period. This differs from prior studies, which have considered

cross-sectional study waves without longitudinal follow-up of individuals.'®*'%* In addition, the
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analyses were weighted to reflect a population-based sample, improving generalizability of the
sample. The use of mixed modeling also enabled clustering of state-level Great Recession
effects to better estimate local economic impacts. To ensure the robustness of our models, we
tested both a lagged longitudinal model as well as three time-stratified models reflecting effects
before, during and after the Great Recession, finding similar results among the different model
types. We also tested a positive control effect, measuring the independent effect of
employment status on insurance status. The findings confirmed that our tested covariates were
appropriate, and further confirmed that while an effect of employment status on insurance status

differed over time, a similar effect did not exist for our tested research question.

4.6 CONCLUSION

Overall, part-time employed women, unemployed women and women who were
disabled or out of the work force (“other” employment status) were less likely to get a screening
mammogram compared to full-time employed women. Furthermore, our findings indicated that
the association between employment status and screening mammography did not significantly
vary over the course of the Great Recession, though probability of screening mammography
utilization decreased across all employment status groups over the course of the study. Similar
to other studies, uninsured women had lower predicted probability of screening and lower odds
of screening mammography utilization in all employment status groups compared to insured
women, particularly among full-time employed and part-time employed women. These findings
highlight an important need to learn about how employment status affects cancer screening
utilization in women, and how insurance access factors into this relationship in light of recent

health care reform and changes to health care access.
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Table 4.1: Overall proportions of covariates across study population

Overall
Weighted %
Age (%)
50-54 23
55-59 43
60-64 34
Race/Ethnicity (%)
Non-Hispanic White 76
Non-Hispanic Black 12
Hispanic 9
Other 4
Education (%)
Less than High School 12
High School Diploma or GED 33
Some College 28
College Graduate or Higher 27
Marital Status (%)
Married or Partnered 68
Separated/Divorced/Widowed 27
Not Married 5
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Table 4.2: Overall proportions of selected covariates across study waves

Baseline During After
(2002-2004) | (2006-2008) (2010-2012) | P-Value
% % %
Poverty Status (%) 0.16
Below Poverty Line 11 9 11 '
Insurance Type (%)

Insured 80 77 73 <0.01
Private 68 67 65 <0.01
Public 5 4 3 <0.01
Other 8 6 6 <0.01
Uninsured 20 23 27 <0.01

Employment Status (%)
Full-time Employment 38 44 45 <0.01

Part-time Employment or

Partial Retirement 18 18 19 0.31
Unemployed 3 2 5 <0.01
Retired 21 21 19 <0.01
Other 20 15 12 <0.01

Percentages are based on weighted sample using HRS weights
Two-sided P-values correspond to Cochran-Armitage trend tests
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5. CONCLUSIONS

The three studies described within this dissertation critically assessed the effects of
multilevel factors across the socioecological environment of cancer early detection for screening
uptake, clinical practices and methodology, and social determinants on utilization. The first
study found that greater comorbidity, functional limitations, and lower perceived health were
associated with lower mammography utilization, indicating that providers should weigh these life
expectancy factors when making screening mammography recommendations for their elderly
patients. In the second study, wide variation in radiation dose for lung cancer screening scans
was documented, and institutions limiting protocol creation to lead radiologists and hiring
internal medical physicists had lower radiation doses. In the third study, the Great Recession
decreased odds of screening mammography utilization across part-time employed women,
unemployed women and “other” employed women (disabled women or women out of the labor
force). However, the most pronounced effect was among uninsured women, who had a
significantly lower likelihood of screening mammography utilization compared to insured
women, independent of employment status. Overall, the findings from each socioecological
level provide a lens on different but interacting contexts and solutions to key issues that exist in
the cancer screening environment.

Numerous cancer screening studies in recent years have considered multilevel factors
in their research questions to better understand predictors of cancer screening uptake. Shariff-
Marco et al. measured the effect of individual-level and neighborhood-level predictors on
colorectal cancer screening uptake, concluding that factors such as locality, primary care
resources and membership in a health maintenance organization (HMO) were key determinants
of colorectal cancer screening uptake, while socioeconomic status and segregation did not
predict uptake.'”" A study conducted by Hubbard et al. using data from the Breast Cancer

Surveillance Consortium linked with Medicare claims data assessed individual-level and
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community-level predictors of long-term adherence to screening mammography among older
women, finding that women with less than a high school education and a Charlson Comorbidity
Index score of at least one were more likely to be non-adherent at baseline and less likely to
remain adherent over time.”” The findings were critical to identifying vulnerable populations who
may not be screening or adhere to screening guidelines, which can pave the way for more
targeted interventions to optimize screening uptake.

The first chapter of this dissertation contributed a comprehensive review of the current
evidence around how life expectancy factors affect screening mammography utilization, making
a crucial argument for more targeted guidelines for screening among older women. As
described previously, a primary determinant of screening mammography uptake is a physician’s
recommendation."~""® Without properly accounting for life expectancy when a physician
recommends whether a woman should under screening mammography, it is possible that a
benefit be limited, potentially opening an older woman up to greater risk of experiencing
deleterious effects. Schonberg et al. are testing a screening mammography decision aid to
inform women ages 75 and older of the potential harms of undergoing further screening,
particularly among those with limited life expectancy.'® While the goal of this decision aid is to
strengthen the autonomy of older women unsure of whether to screen, future decision aid
research should also incorporate the provider in this discussion to maintain healthy patient-
provider communication that could be critical to other aspects of women’s health.

As evidenced from the second study, identifying key institutional-level predictors can
help target areas of concern that can be optimized to improve the quality of cancer screening to
maximize the margin of benefit. In another study also looking at lung cancer screening, Carter-
Harris and Gould identified key patient-level, provider-level and system-level barriers to
implementation of an effective lung cancer screening program, advocating that effective
screening implementation should consider all of these factors to proactively address potential

challenges that might arise.'”? Additionally Kim et al. measured patient-level and provider-level
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factors affecting colorectal cancer screening uptake, and found that having an annual physical
exam, being non-Hispanic White, and having a provider with medical doctor credentials were
the strongest predictors of increased screening uptake.'” Focusing on system-level and
provider-level factors illustrates the critical role the provider plays in both encouraging
appropriate screening uptake and ensuring screening tests are performed to the highest
standard.

The findings from the third study indicated that employment status affects screening
mammography utilization, and insurance status also affects screening mammography utilization,
though neither effect was exacerbated by the Great Recession. Prior research shows that
individuals are not likely to change their screening behavior unless strongly compelled to do
s0."* Thus, the persistence of disparities in cancer screening tends to be related to the factors
influencing the individual’s initial intent or capacity to screen.* Better understanding these
factors can help uncover an underlying context that affects the likelihood that an individual will
use screening services. Furthermore, these findings could further help clinicians develop more
targeted interventions or make screening more appropriately accessible for the individuals with
the greatest need.

In sum, the findings from this dissertation illustrate three different scenarios across a
multilevel cancer screening framework in which research can help fill current evidence gaps.
Within the cancer screening environment, many interdependent factors influence whether
individuals undergo screening, how screening is implemented, and the current guidelines for
insurance coverage of screening. Future studies into predictors of cancer screening uptake and
performance should examine factors at multiple socioecological levels more comprehensively in
order to understand how different predictors are influenced by the complex cancer screening
environment. Identifying the role these factors play can improve upon current interventions to
optimize cancer screening uptake and ensure that screening tests maximize potential benefits

while minimizing potential harms.
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