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Abstract 
 

Background: Breast cancer patients with comorbidities need to see multiple healthcare 
providers. These patients often need to take multiple medications, have frequent health care 
service utilization and high costs, and have a high mortality rate. 

Objective: To examine the association of continuity of care (COC) and the health outcomes 
(the risk of mortality, medication adherence, and health care service utilization and costs) for 
breast cancer patients with comorbidities.  

Methods: A series of retrospective cohort studies of newly diagnosed female breast cancer 
patients with comorbidities (hypertension, hyperlipidemia, and diabetes) were identified from the 
SEER-Medicare data (2006-2014). The primary outcomes were (1) all-cause mortality 
(assessed annually for up to 5 years); (2) medication adherence (hormone therapy (HT), 
antihypertensives, hyperlipidemia medications, diabetes medications) which will equal to 1 with 
proportion of days covered (PDC)≥80% and 0 with PDC<80% (assessed annually for up to 4 
years); (3) health care service utilization and costs (assessed annually for up to 4 years). The 
COC Index, a validated measure accounting for both the frequency and dispersion of healthcare 
provider visits, was measured yearly with a scale of 0 (dispersed) to 1 (concentrated) and in two 
ways: Specialty (unique specialist groups: Primary Care Physicians (PCP), Oncologists, and 
Other specialists (Other)) and Individual (all individual providers regardless of specialty) COC 
Indices. Cox proportional hazards models estimated the hazard ratio (HR) of all-cause mortality 
that was associated with the COC Index. Mixed-effects logistic regression models analyzed the 
associations of the COC Index and medication adherence to hormone therapy, 
antihypertensives, hyperlipidemia medications, and diabetes medications. Two-stage models 
including a mixed-effects logistic regression model and a mixed-effects linear regression model 
(with a log linked and a gamma distribution) were used to determine the association of the COC 
Index and health care service (emergency department (ED), inpatient) utilization and costs after 
HT initiation. 

Results: Patients who received high continuity of care based on the Specialty COC Index (4th 
vs. 1st quartile, HR 1.34, 95%CI 1.29-1.40) had higher risks of mortality compared with those 
who received low continuity of care. However, patients who received high continuity of care 
based on the Individual COC Index (4th vs. 1st quartile, HR 0.53, 95%CI 0.51-0.54) had lower 
risks of mortality compared to those who received low continuity of care. Patients with higher 
levels of Specialty COC Index had less medication adherence to antihypertensives (4th vs. 1st 
quartile, Odd Ratio (OR) 0.86, 95%CI 0.76-0.96) and hyperlipidemia medications (4th vs. 1st 
quartile, OR 0.81, 95%CI 0.70-0.94). Patients with higher levels of Individual COC Index had 
higher medication adherence to hyperlipidemia (4th vs. 1st quartile, OR 1.17, 95%CI 1.01-1.36) 
and diabetes medications (4th vs. 1st quartile, OR 1.51, 95%CI 1.12-2.00). Patients with 
intermediate levels of Specialty COC Index were more likely to have ED or inpatient visits 
(significant in 2nd vs. 1st and 3rd vs. 1st quartile) for all conditions. However, patients with high 
levels of Individual COC Index were less likely to have ED or inpatient visits (significant in 2nd 
vs. 1st, 3rd vs. 1st, and 4th vs. 1st quartile) for all conditions. Accordingly, high levels of 
Specialty COC Index were associated with increased inpatient costs (all-cause-, hypertension-, 
hyperlipidemia-, and diabetes-related p<0.05). High levels of Individual COC Index were 
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associated with decreased ED cost (all-cause related p<0.05) and inpatient costs (all-cause-, 
hypertension-, and diabetes-related p<0.05). 

Conclusion: This study examined the association between COC Indices and health outcomes 
for breast cancer patients. We found mixed associations of COC Indices and health outcomes. 
Higher continuity of care based on visits to individual providers could protect patients from all-
cause mortality, medication non-adherence, and health service utilization and costs. In contrast, 
higher continuity of care based on visits to specialty groups could be associated with a high risk 
of mortality, non-adherence to medication, and more health service utilization and higher costs 
in patients. Thus, COC should be considered carefully based on different definitions when 
building the models of continuity and coordination of care and may help to improve the health 
outcome for cancer survivorship.  
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CHAPTER 1 INTRODUCTION 

1.1 Overview  

Health care management for cancer patients with comorbidities can be complicated, 

often involving multiple treatments and coordination of multiple health care providers.1 Previous 

research found that the average number of physician visits for cancer patients is 32 during their 

entire cancer treatment period.2 However, these specialists might not communicate adequately 

during the follow-up care of cancer patients with comorbidities.1 Plus, poor coordination and 

continuity of care among providers have been observed between primary care providers (PCP) 

and oncologists along the spectrum of acute cancer treatment and survivorship care.3,4 Thus, 

health care providers are challenged with the need for communication and coordination of 

patients’ treatments across different providers.5-7 Surgeons and oncologists are less likely to 

recommend curative treatment for cancer patients with comorbidities regardless of clinical 

guidelines.4,6-9 Therefore, cancer patients with comorbidities are often under-treated for their 

cancer and comorbidities following cancer diagnoses,4,8,9 which can negatively influence cancer 

patients’ health care management and outcomes.10-15 16-22 Strategies are needed to address 

these problematic issues during cancer survivorship care. 

The definition of COC is the “degree to which a series of discrete healthcare events are 

experienced as coherent and connected and consistent with the patient ’s medical needs and 

personal context”.23 And according to American Academy of Family Physicians, the definition of 

COC is the cooperation of one patient and his/her physician or care team during the process of 

health care management aiming at delivering high quality and cost-effective medical care to the 

patient.24,25 There are three types of COC including information continuity, relational continuity, 

and management continuity.23-25 Continuity of care can be measured by the Bice-Boxerman 

COC Index, which counts for patients’ discrete and concentrated provider visits.26. COC is 



2 
 

significantly associated with patients’ satisfaction, quality of care, and their health outcomes 

including medication adherence, health care service utilization, health care costs, and 

mortality.16-22  

Although the five-year survival rate for female breast cancer patients reached 89% in 

2012, breast cancer is still the second deadliest cancer for women in the U.S.27,28 A large 

proportion of cancer patients has comorbidities. For example, approximately 68.7% of cancer 

patients have at least one chronic comorbidity and 32.6% of cancer patients have more than 

two chronic comorbidities.29 The mortality rate is higher for cancer patients with chronic 

comorbidities compared to those without comorbidities.30,31 In fact, 60% of breast cancer 

survivors die from causes unrelated to cancer.32 Comorbidities can complicate the acute and 

maintenance treatment of cancer and negatively influence long-term clinical management.33 

Several studies found that patients with comorbidities were under-treated for their comorbidities 

following cancer diagnoses, which can increase mortality.10-14 These under-treatments were 

often caused by poor continuity and coordination of care.4,8,9 Patients with higher COC were 

more likely to have a lower risk of mortality.16,34-36 For example, elderly adults patients who had 

continuity of care with a primary care physician (PCP) had lower mortality risk (HR=0.84, 95%CI 

0.77-0.91) compared with those who didn’t.34 A study focused on elderly diabetes patients found 

that patients with higher COC based on PCPs could lead to a 10% lower mortality risk 

compared to those with lower COC.16 However, these studies only focused on non-cancer 

patients. Still, little is known about the association between COC and survival rate within breast 

cancer patients who have comorbidities. 

Medication adherence can be affected by health care provider visits and consequently 

be associated with the clinical outcomes of chronic disease management.15,37 Patients with 

multiple health care provider visits were more likely to have poor medication adherence.15 After 

controlling for the number of comorbidities, as the number of health care provider specialties 
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increases so does medication nonadherence.38 This is believed to be even more problematic 

when patients with multiple chronic conditions are faced with a cancer diagnosis.9,39 Cancer 

patients with comorbidities often have to take complex medication regimens and receive care 

from multiple provider specialties for both cancer and other chronic conditions.3,33 A minimum of 

5 years of hormone therapy has been recommended by clinical guidelines for patients with 

positive hormone receptors (ER+ and/or PR+).40 Previous research showed that 5 years of 

adjuvant tamoxifen treatment in breast cancer patients significantly reduced the annual mortality 

rate by 31%.41 In fact, the risks of discontinuing hormone therapy were 23-41% higher in breast 

cancer patients with comorbidities than in those without comorbidities.42-45 By the end of their 

second-year hormone therapy, patients’ adherence rates for antihypertensives, statins, and oral 

diabetes medications were 62%, 61%, and 24% respectively.37 Multiple factors contribute to 

non-adherence, one of them is the fragmented health care system in the United States,46 which 

is closely connected with continuity of care.18,47-49 Limited studies have been done for the 

association of COC and cardiometabolic medications adherence. Mixed effects of COC on 

medication adherence were reported. For example, patients with higher COC had higher 

adherence to diabetes medication (OR=3.37, 95%CI 3.15-3.60)18 and statins (OR=6.1, 95%CI: 

5.9-6.3) 47. However, no significant association of COC and medication adherence were found 

in the usage of antihypertensives.48,49 To the best of our knowledge, no research has been done 

for the association of COC and medication adherence within breast cancer patients who had 

comorbidities. Therefore, understanding the impact of continuity of care in medication 

adherence is important to improving the survivorship care of breast cancer patients with 

comorbidities.    

Health care service utilization and costs of breast cancer patients with comorbidities are 

affected by their health care provider visits. Patients can be under-treated for their comorbidities 

following a cancer diagnosis, which may lead to poor coordination of care between oncologists 
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and PCPs.4,8,9,50 This suboptimal comorbidity management following a cancer diagnosis may 

increase health care costs and service utilization.10-14 The percentages of Medicare beneficiaries 

who had inpatient admission were 13%, 30%, and 63% for patients with two to three, four to 

five, and more than six comorbidities.51 The additional medical cost for cancer survivors during 

the 6-month follow-up were $4,584, $13,369, and $25,739 for patients with one, two, and more 

than three comorbidities.52 For patients with cardiometabolic conditions, even after controlling 

for the number of comorbidities, it is known that the risk of emergency department (ED) visits 

and hospitalizations increases with the number of health care provider specialties.53 Multiple 

health care provider visits related to poor continuity of care,23 which could influence patients’ 

health outcomes.16,18,19,54 Higher COC would significantly reduce health care cost and service 

utilization in patients with chronic conditions.18,19,54,55 For example, a study of senior patients 

with multiple comorbidities found high COC was associated with less inpatient and ED visits 

(OR<1, 95%CI<1).54 Another study of patients with diabetes found, for every 0.1-unit increase in 

COC, patients had significantly lower chances of inpatient and ED visit (OR<1, 95%CI<1), and 

lower health care cost (p<0.05).19 However, these studies were focused on non-cancer patients. 

To our knowledge, there is no systematic quantitative examination regarding health care service 

utilization and costs focused on breast cancer patients with comorbidities along with their 

continuity of care. Thus, research is needed for improving health care service utilization and 

reducing the cost of breast cancer patients with comorbidities. 

Limited research has been done for the continuity of care during breast cancer 

survivorship, especially for breast cancer patients with comorbidities. Therefore, it is important 

to fill this knowledge gap by estimating the association of COC with health outcomes to provide 

empirical evidence and inform policymakers to improve health outcomes in breast cancer 

patients with comorbidities. 

Objectives:  
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The objective of this study is to measure the continuity of care received by breast 

cancer patients with comorbidities and the corresponding health outcomes.   
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1.2 Specific Aims 

Using data from the 2006-2014 Surveillance, Epidemiology and End Results (SEER) 

registry linked with Medicare claims, this study addressed the following specific aims: 

Specific Aim 1: To examine patterns of continuity of care and the risk of mortality 

for breast cancer patients with comorbidities for up to five years of cancer survival. 

The continuity of care (COC) is the cooperation of one patient and his/her physician or 

care team during the process of health care management.24,25 COC Index measures continuity 

of care based on an individual’s total number of visits for one episode of disease or a certain 

time period to a single provider or a group of specific providers.25 The health care provider 

specialties was categorized into primary care providers (PCP), oncologist (Oncologist), and 

other specialists (Other). COC Index was estimated yearly in two different ways including the 

Specialty COC Index (unique specialist groups: PCP, Oncologists, and Other) and Individual 

COC Index (all individual providers regardless of specialty). Comorbidities refer to 

cardiometabolic diseases including hypertension, hyperlipidemia, and diabetes. Descriptive 

analyses and Chi-Square test were used for patients’ characteristics. ANCOVA analysis was 

used for COC Indices comparison among groups in different cancer stages or numbers of 

comorbidities. Kaplan-Meier Curves were plotted for patients’ crude mortality rate among groups 

in different cancer stages or numbers of comorbidities. Cox proportional hazards models 

estimated the hazard ratio (HR) of all-cause mortality that was associated with the COC Index. 

Specific Aim 2: To determine hormone therapy adherence, cardiometabolic 

medication adherence, and the association of medication adherence and continuity of 

care among breast cancer patients with cardiometabolic diseases.    

The proportion of days covered (PDC) was calculated per patient yearly after hormone 

therapy (HT) initiation for each therapeutic group independently. The therapeutic groups 
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included in this study are hormone therapy (HT), HT plus antihypertensives, HT plus 

hyperlipidemia medications, and HT plus diabetes medications groups. The primary outcome 

was medication adherence which equaled to 1 when PDC≥80% and 0 when PDC<80%. 

Descriptive analyses were used for patients’ characteristics for different therapeutic groups (HT, 

antihypertensives, hyperlipidemia medications, and diabetes medications). Logistic regression 

models analyzed the associations of COC Indices (Specialty and Individual) and medication 

adherence to hormone therapy, antihypertensives, hyperlipidemia medications, and diabetes 

medications.  

Specific Aim 3: To examine the associations between continuity of care with 

patient’s outcomes including health care service utilization and costs. 

Health care services utilization and costs were estimated per patient per observation 

year, including patients’ inpatient and ED visits. Descriptive analyses were used for patients’ 

characteristics. Mean COC Indices (Specialty and Individual) were estimated for patients 

stratified into overall, inpatient, and ED visits. Two-stage models including a logistic regression 

model and a linear regression model (with a log linked and a gamma distribution) were used to 

determine the association between COC indices and health care service (emergency 

department (ED), inpatient) utilization and costs after HT initiation.  
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1.3 Impact of the proposed research  

Continuity of care plays an important role in the health care management of breast 

cancer patients, especially for those with comorbidities. Breast cancer patients with 

comorbidities might have to visit multiple health care providers in different specialties for treating 

breast cancer and other chronic conditions. Theoretically, the health care management of breast 

cancer patients with comorbidities should involve multiple treatments for both breast cancer and 

comorbidities, which will require continuity of care and further coordination of multiple health 

care providers. Nevertheless, the care of patients with multiple comorbidities is rarely 

coordinated and poorly continued.1,56 Poor coordination and continuity of care among providers 

has been observed between primary care providers (PCP) and oncologists along the spectrum 

of acute cancer treatment and survivorship care.3,4 In fact, health care providers face several 

challenges for health care management of cancer survivors: lack of knowledge for cancer 

survivorship care, each specialist has different roles and responsibilities, no common 

understanding of their roles, and no sufficient communication during health care management.1 

Although the cancer survivorship care plan (SCP) was recommended to cancer survivorship 

care, only limited effects of SCP on health outcomes were found by researchers.57 Previous 

studies found, cancer patients with comorbidities are often under-treated for their comorbidities 

following cancer diagnoses.4,8,9 Concerns have been raised for the continuity of care during 

cancer survivorship care. 

Previous studies found that health care provider visits and continuity of care affected 

patients’ risk of mortality.16,34-36 Patients with multiple health care provider visits were more likely 

to have poor medication adherence.15 However, the mixed effects of the association between 

continuity of care and medication adherence were reported.18,47-49 Also, cancer patients who 

visited multiple health care providers were more likely to have hospitalization and ED visits.53 
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Actually, higher COC would significantly reduce health care cost and service utilization in 

patients with chronic conditions.18,19,54,55  

Although previous studies provided some evidence on the association of continuity of 

care and patients’ risk of mortality,16,34-36 this association within breast cancer patients who had 

cardiometabolic comorbidities is not well understood. Estimating the patterns of COC Indices 

(Specialty and Individual COC) distributions based on different scopes of medical disciplines 

and evaluating the association of COC Indices and patients’ risk of mortality after breast cancer 

diagnoses are highly needed. This information would provide empirical evidence for 

policymakers and practitioners to improve healthcare delivery and enhance survivorship care for 

breast cancer patients.  

Few studies have evaluated the effect of continuity of care on medication adherence find 

mixed effects,18,47-49 and none of them have been focused on breast cancer patients with 

cardiometabolic comorbidities. Poor continuity of care could become an obstacle for medication 

adherence since it could cause barriers for treatment decision making and care management. 

Thus, it is important to conduct a thorough study that will evaluate the influences of continuity of 

care on medication adherence of breast cancer patients with comorbidities.      

Moreover, limited research has assessed the impact of continuity of care on health care 

service utilization and costs. No previous study has been focused on breast cancer patients with 

comorbidities. Systematic quantitative analyses about the association of continuity of care as 

well as health care service utilization and costs for breast cancer patients with comorbidities are 

highly needed. Such analysis could help provoke the need to optimize continuity of care during 

the survivorship care for breast cancer patients with cardiometabolic comorbidities, which will 

further improve the health care management of these patients.  
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In this study, we performed analyses of Surveillance, Epidemiology and End Results 

(SEER) linked Medicare data. This nationally comprehensive real-world data provided reliable 

estimations of the patterns and impacts of continuity of care for breast cancer patients with 

comorbidities. Moreover, with the large sample size and up to five years study period, the 

findings of this study could provide evidence for future studies of the general U.S population. 

First, we examined patterns of continuity of care for breast cancer patients with multiple 

comorbidities for up to five years of breast cancer survival. To describe the patterns of continuity 

of care, we estimate the yearly average COC Index for two types of COC Indices (Specialty and 

Individual COC) across breast cancer survival. Additionally, we estimate the association of 

continuity of care and mortality risk for breast cancer patients with comorbidities. These findings 

will fill the knowledge gap of understanding 1) patterns of continuity of care and 2) the 

association of continuity of care and mortality risk for breast cancer patients with comorbidities. 

Second, we determined medication adherence to different therapeutic groups (HT, 

antihypertensives, hyperlipidemia medications, and diabetes medications). Our findings can 

inform breast cancer patients as well as health care providers of the likelihood of medication 

adherence expected from different levels of continuity of care. In addition, the study suggested 

factors which were associated with medication adherence of breast cancer patients. More 

importantly, medication adherence could serve as a proxy for poor management across 

providers.  

Third, we compared the health care service utilization (inpatient visits and ED visits) and 

their related costs for breast cancer patients with different levels of continuity of care. Our 

findings provided information about the association of continuity of care with health care service 

utilization and costs. The information could help improve health care management for breast 

cancer patients with comorbidities.   
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In conclusion, this study addressed our long-term goal of improving continuity of care for 

patients who have complex treatment needs, therefore improving health outcomes and reducing 

costs. The potential impact of this study is reflected by quantitative data analyses of breast 

cancer survivors. Furthermore, this study would promote the quality of medication treatments 

and care management across cancer treatments and survivorship years.  
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CHAPTER 2 BACKGROUND AND LITERATURE REVIEW 

2.1 Breast Cancer  

2.1.1 Prevalence 

Breast cancer is the most common cancer among women in the United States.27 

Statistics show that approximately 12.4% of women are diagnosed with breast cancer at some 

point during their lifetime.58 In 2016, 246,660 women were diagnosed with breast cancer, and 

40,450 women died from breast cancer.27 Due to advances in cancer treatments, the five-year, 

ten-year, and fifteen-year survival rates for female breast cancer patients have reached 89%, 

83%, and 78% respectively in 2012.27,28  

Breast cancer begins in the parts of breast tissue that fulfill the functions of milk 

production (lobules) and transportation (ducts).59 Most breast cancer cases are detected by 

screening before any symptoms are observed, or detected by the patient or health care provider 

by noticing a lump.59 Several different ways are used to classify breast cancer. The most 

common way to classify breast cancer is based on tumor size, nodal involvement, and 

metastases. 60 In this case, breast cancer could be classified into stages 0, I, II, III, and IV.60 

Another way to classify breast cancer is by the histopathological characteristics of cancer. With 

this approach, breast cancer could be classified into in situ carcinomas and invasive 

carcinomas.60 The third way to classify breast cancer is based on the type of predictive markers 

of breast cancer. Currently, three predictive markers have been found in breast cancer, which 

are the estrogen-receptor (ER), the progesterone receptor (PR), and the human epidermal 

growth factor receptor 2 (HER2).61-63 Thus, breast cancer could be classified into hormone 

receptor-positive, HER2 receptor positive, or triple negative breast cancer.61,62  

Cancer stage and type are associated with the prevalence of breast cancer. According 

to the Surveillance Epidemiology and End Results (SEERs) program cancer statistic review, the 
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distributions of breast cancer among stages are 61% for localized cancer, 31% for regional 

cancer, 6% for distant cancer, and 2% for unstaged cancer.28 In addition, the prevalence of 

breast cancer varies among different predictive marker statuses. Previous research found that 

the proportions of ER+/PR+, ER+/PR-, ER-/PR+, and ER-/PR- breast cancer are 63%, 13%, 

3%, and 20% respectively.64  

 The effect of risk factors in the prevalence of breast cancer is also notable. These risk 

factors include female gender, age, family history, early menarche, late menopause, 

postmenopausal obesity, use of combined estrogen and progestin menopausal hormones, 

alcohol consumption, and breastfeeding.59 Among all the above risk factors, the most critical risk 

factor for breast cancer is gender. Breast cancer has a higher incidence rate in women than 

men. In fact, 99% of breast cancer happens in women,65 and 29% of newly diagnosed cancers 

in women are breast cancer.58 The second critical risk factor for breast cancer is age. Age is 

closely related to the morbidity and mortality of breast cancer. Previous research of female 

breast cancer demonstrated that from 2010-2014, the median age at diagnosis was 62 and the 

median age at death was 68.58 Moreover, 75% of breast cancer is diagnosed in women older 

than 50 years of age.63 The morbidity rates of breast cancer for different age groups are: 23.4% 

for age 65-74, 13.8% for age 75-84, and 5.6% for age >84.58 Accordingly, the mortality rates of 

breast cancer for different age groups are: 21.9% for age 65-74, 19.9% for age 75-84, and 

16.9% for age >84.58 Family history is the third critical risk factor for breast cancer. Women with 

a family history of breast cancer may have a significantly high risk of developing breast 

cancer.66 For example, 5-8% of female breast cancer cases occur in patients from high-risk 

families.63 Several germline mutations could significantly contribute to the family history of 

breast cancer. One such mutation happens in breast cancer susceptibility genes BRCA1 and 

BRCA2, which are transmitted through maternal or paternal lines.63 Other hereditary germline 

mutations occur in the p-53 tumor suppressor gene and the PTEN gene.63  
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2.1.2 Treatment  

Treatment options for breast cancer are surgery, radiation therapy, chemotherapy, 

hormone therapy, and targeted therapy.67 The first line treatment option for breast cancer is 

surgery. Surgery is used to remove cancer tissue and diagnose the stage of cancer. Three 

types of surgeries are applied for the treatment of breast cancer: breast-conserving surgery 

(BCS), total mastectomy, and modified radical mastectomy.63 The second treatment option is 

radiation therapy. Radiation therapy is considered a local treatment, which uses high energy 

particles or beams to shrink the tumor size and kill cancer cells.67 External radiation therapy and 

internal radiation therapy are two subtypes of radiation therapy.67 The combination of radiation 

therapy and surgery reduces the five-year recurrence rate by about 20% and the fifteen-year 

mortality rate by about 6% compared to surgery only.68 The third treatment option for breast 

cancer is chemotherapy. Chemotherapy inhibits cancer growth by using chemo agents to kill or 

prevent cancer cells from dividing.67 The benefits of chemotherapy change with age at breast 

cancer diagnosis. After six months of anthracycline-based polychemotherapy, the annual 

mortality rates drop by 38% for age group <50, but only by 20% for age group 50-69.41 The 

fourth treatment option for breast cancer is hormone therapy, which is also known as endocrine 

therapy. Hormone therapy is a type of cancer treatment given to hormone receptor positive 

(ER+/PR-, ER-/PR+, or ER+/PR+) breast cancer patients. This therapy can reduce estrogen 

levels or block the effects of estrogen on breast cancer cell growth. Great treatment benefits 

have been brought to breast cancer patients through hormone therapy. A five-year adjuvant 

tamoxifen treatment has been shown to reduce the mortality rate in ER+ breast cancer patients 

by 31%.69 The fifth treatment option for breast cancer is targeted therapy, which mostly refers to 

anti-HER2 therapy. Anti-HER2 therapy uses multiple medications to target and blocks the HER2 

protein. Early studies show that the combination of anti-HER2 monoclonal antibody and 
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chemotherapy helped to reduce the three-year recurrence rate by 12% and the mortality rate by 

33%.70 

In general, treatment strategies are adjusted according to breast cancer stages. For 

early stages of breast cancer (stage 0, stage I and stage II), local treatments (surgery, radiation 

therapy) and adjuvant systemic therapies (hormone therapy, anti-HER2 therapy, chemotherapy) 

are recommended.63,67 For stage III breast cancer, the treatment strategies are dependent on 

cancer subtypes. Recommendations for stage IIIA and operable stage IIIC are local treatments 

and adjuvant systemic therapies.67 For stage IIIB and non-operable stage IIIC breast cancer, 

local treatments should be used with caution.67 Recommendations for stage IV breast cancer 

are hormone therapy, chemotherapy, and biological agents.63,67 Among different treatment 

options for breast cancer, hormone therapy plays an important role in each treatment strategy.  

2.1.3 Hormone therapy 

Nearly 80% of breast cancer cases have positive hormone receptors (ER+ and/or 

PR+).64,71 For these breast cancer cases, hormone therapy can greatly improve the outcomes of 

breast cancer treatment. Based on the American Society of Clinical Oncology clinical practice 

guidelines, a minimum of five years of hormone therapy has been recommended for this group 

of patients.40 Previous research showed that five years of adjuvant tamoxifen treatment in 

breast cancer patients significantly reduced the annual mortality rate by 31%.41  

Hormone treatment algorithms change with breast cancer stage.63,72 For early-stage 

breast cancer with positive hormone receptors, adjuvant therapy is often applied after 

surgery.63,72 After surgery, breast cancer patients with ER+ and/or PR+ are recommended 

adjuvant hormone therapy with or without adjuvant chemotherapy.63,72 For later stage breast 

cancer with ER+ and/or PR+, which refers to metastatic or recurrent cancer, hormone therapy is 

recommended without surgery.63,72 Based on comorbid conditions of breast cancer patients, 
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some are treated with hormone therapy plus chemotherapy,63,72 while others are treated with 

hormone therapy plus anti-HER2 therapy.72 Another strategy is the neoadjuvant treatment for 

breast cancer with positive hormone receptors.72 The hormone therapy shrinks the tumor size 

and then surgery is used to remove the tumor cells.72,73 The algorithm for early-stage breast 

cancer hormone therapy is summarized in Figure 2.1.74 The algorithm for advanced hormone 

therapy is summarized in Figure 2.2.63  

Figure 2.1 Hormone therapy for early-stage breast cancer algorithm74 
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Figure 2.2 Hormone therapy for advanced-stage breast cancer algorithm63 
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breast tissues, and other tissues.72,75 Anti-androgen therapy work by suppressing ovarian 

functions and inhibiting estrogen production.72,75 Table 2.1 presents different classes of 

hormone therapy based on the current treatment strategies.63,72,75,76   

2.1.4 Survival and recurrence 

Due to the early detection by screening mammography and the widespread use of 

adjuvant systemic therapy, the five-year survival rate for breast cancer has been increased from 

75% in 1978 to 89% in 2012.27,28,63. Likewise, the overall mortality rate of breast cancer 

decreased 36% from 1989 to 2012.27  

The survival rates of breast cancer vary among cancer stages and race groups. 

Previous research showed, in 2016, the five-year breast cancer survival rates for earlier stages 

(100% for stage 0 and I, 93% for stage II) were much higher than later stages (72% for stage III, 

22% for stage IV).58 From 2005 to 2011, the five-year survival rates for non-Hispanic whites was 

89%, for non-Hispanic blacks it was 80%, for Hispanics it was 88%, and for Asians it was 

92%.59  

The mortality rate and recurrence rate for each treatment strategy are different. Patients 

who only receive surgery have high mortality rates and recurrence rates compared to other 

treatment strategies. Statistics show that the fifteen-year mortality rates for breast cancer 

patients treated with BCS and mastectomy were 31-55% and 28-55%, respectively.68 

Additionally, the five-year recurrence rates for BCS and mastectomy were 23-41% and 6-23%, 

respectively.68 Radiotherapy could significantly reduce the mortality rates and recurrence rates. 

Combined with surgery, radiotherapy can reduce the mortality and recurrence rates by 5% and 

20% respectively.68 Chemotherapy is an effective treatment option for breast cancer. Previous 

research demonstrated that chemotherapy reduced the annual mortality rate of breast cancer by 

38% for women age <50 and by 20% for women age 50-60 respectively.41 Five years of 

adjuvant hormone therapy reduced the annual mortality rate of breast cancer by 31%.41 Each 
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type of hormone therapy has different treatment effects on breast cancer. The recurrence rates 

for AIs are 5.0-9.6%, while for tamoxifen it is 8.1-12.6%. Similarly, the mortality rate for AIs are 

1.7-4.8%, but for tamoxifen, it is 2.4-5.9%.77  

Although the survival rate has been greatly improved, breast cancer is still the second 

most deadly among all cancer types.27 Multiple factors contribute to the high death rate of breast 

cancer, which include comorbidities, poor medication adherence, and the challenges in the 

management of cancer treatment and survivorship care across the health system.    
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Table 2.1 Hormone therapy medications for breast cancer 63,72,75,76 

 

Class Drug generic name 
Usual 
dose(/day) 

Usual 
frequency  Breast cancer stage Duration 

Defined daily 
dose (DDD) 

Anti-estrogen therapy  

Selective estrogen-receptor modulators (SERMs)  
 Tamoxifen* 20mg-200mg 1-2/day  all 5 years and up 20mg 
 Toremifene 40mg-60mg 1/day  all 5 years and up 60mg 
Selective estrogen-receptor downregulators (SERDs)  
 Fulvestrant* 250mg-500mg 1/month advanced  until disease progression 8.3mg 

Aromatase inhibitors (AI)      

First generation AI**  
 Aminoglutethimide 250mg 4/day - - 1g 
Second generation AI**  
 Formestrane - - - - 18mg 
 Fadrozole - - - -  
 Rogletimide - - - -  

Third generation AI  
 Anastrozole 1mg-10mg 1/day early 5 years and up 1mg 
    advanced  until disease progression  
 Letrozole 2.5mg 1/day early 5 years and up 2.5mg 
    advanced  until disease progression  
 Exemestane 25mg 1/day early 5 years and up 25mg 
    advanced  until disease progression  

Anti-androgen therapy  
 Goserelin 3.6 mg 1/28days advanced  0.129mg 
 Leuprolide 3.75 mg  1/28days all up to 24 months 60 mcg implant, 

1mg, 0.134mg  
  11.25 mg 1/3months all    
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Other  

  Megestrol 40 mg  4/day advanced at least 2 months   
* first line hormone therapy medication     

** rarely use now      
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2.2 Breast cancer comorbidities 

2.2.1 Prevalence 

For cancer patients, comorbidities refer to any coexisting non-cancer diseases in 

addition to cancer.78 Comorbidities can complicate the acute treatment of cancer and negatively 

influence long-term clinical management.33 Consequently, comorbidities can worsen cancer 

treatment response, increase health care service utilization and costs, and reduce the quality of 

life for cancer patients.79-81 The mortality rate is higher for cancer patients with chronic 

comorbidities compared to those without comorbidities.30,31,82 A randomized clinical trial showed 

that 60% of breast cancer survivors die from causes unrelated to cancer.32 Therefore, studies 

that are focused on breast cancer survivors with comorbidities are highly needed. 

The prevalence of cancer comorbidities changes with cancer types, age groups, and 

race groups. In general, 68.7% of cancer patients have chronic comorbidities; 32.8% of cancer 

patients have more than two chronic comorbidities.29 Compared with other cancer types, breast 

cancer has a lower proportion of patients with comorbidities. From an annual report based on 

1975 to 2010 SEER-Medicare data, 32.2% of breast cancer patients have comorbidities, and 

10% of them have two or more comorbidities.82 Age also can affect the prevalence of 

comorbidities in breast cancer patients. For example, older breast cancer patients have higher 

risks of getting comorbidities than younger breast cancer patients.63,83,84 Similarly, race 

difference could influence the prevalence of comorbidities in breast cancer patients. Cancer 

patients from minority race groups are more likely to have comorbidities.85  

 Among different comorbidities, the cardiometabolic disease was found to commonly 

coexistent with breast cancer.86 Previous research showed that 28% of breast cancer patients 

had cardiometabolic diseases.87 The cardiometabolic disease refers to a clustering of disorders 

which may cause cardiovascular disease.88 According to the definition of the American Heart 

Association (AHA), the symptoms of cardiometabolic syndrome include: (1) hypertension, which 
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refers to systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg; (2) 

elevated fasting glucose, where fasting blood glucose level ≥100 mg/dL; (3) lipid disorders, that 

is, triglycerides ≥150 mg/ dL or high-density lipoprotein (HDL) cholesterol <50 mg/dL; (4) 

abdominal obesity, which include patients with waist circumference ≥ 88 cm.89 The prevalence 

of breast cancer patients with hypertension, high glucose, lipid disorder, and abdominal obesity 

are 36%, 30%, 38%, and 34% respectively.87  

Breast cancer and cardiometabolic disease share common risk factors. The first shared 

risk factor is older age. Age is considered a critical factor for breast cancer, cardiovascular 

disease, and type 2 diabetes.63 Statistics show that 80% of cancer cases occur in patients older 

than 55 years, and the median age of cancer diagnosis is 66.78 Sixty percent of patients with 

hypertension are older than 65.90 Twenty percent of adult diabetes is diagnosed in patients older 

than 65,91 with type 2 diabetes accounting for most diabetes cases.91 The incidence of 

cardiovascular disease is higher in senior women. For example, women in the age group 50-64 

are associated with a 50% higher risk of cardiovascular disease than women in the age group 

25-49.92 The second shared risk factor for breast cancer and cardiometabolic disease is gender. 

For women, the common causes of mortality are cancer, cardiovascular disease, and type 2 

diabetes.63 Breast cancer and cardiometabolic diseases are more likely to coexist in older 

women, leading to high mortality rates. Previous studies found that 99% of breast cancer 

occurred in women,65 70% of women older than 65 have hypertension,90 and the incidence of 

cardiovascular disease and diabetes were higher in older women than older men.91,92  

2.2.2 Treatment 

Breast cancer patients with cardiometabolic diseases may need treatments for both 

cancer and comorbidities. The treatment strategies for breast cancer have been discussed in 

section 2.1.2 and 2.1.3. This section will only focus on the treatment strategies for 

cardiometabolic diseases (hypertension, lipid disorders, and type 2 diabetes).     
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Lifestyle modification and pharmacotherapy are the current treatment strategies for 

cardiometabolic diseases.63,93 Lifestyle modification is recommended as an effective treatment 

for cardiometabolic diseases, which includes dietary adjustment, physical activity, weight 

control, and tobacco cessation.63,93 Previous research demonstrated that for patients with 

hypertension, lifestyle modification could decrease blood pressure by 11/7 mmHg.94 For patients 

with lipid disorder, lifestyle modification can help reduce 10% of serum cholesterol levels and 

20% of coronary heart disease risks.63 For patients with type 2 diabetes, lifestyle modification 

could help weight loss by 8.6%, improve diabetes control, and reduce cardiovascular disease 

risk factors.95 Although lifestyle modification showed significant benefits in treating 

cardiometabolic diseases, it needs to be accompanied with pharmacotherapy for effective 

lifelong treatment.63   

 Pharmacotherapy is the cornerstone of effective therapy for cardiometabolic diseases. 

Previous research showed, for the treatment of hypertension in older adult patients, five years of 

antihypertensive drug usage could significantly reduce cardiovascular morbidity and mortality 

rates.96 For the treatment of lipid disorder, statin drugs can reduce low-density lipoprotein (LDL) 

level by 24-50%, reduce triglyceride level by 10-29%, and increase HDL level by 6-12%.97 

Moreover, statins can decrease the incidence rate of coronary artery disease by 25-60%, and 

lower the mortality rate for all causes by 30%.97 For the treatment of type 2 diabetes, ten years 

of sulfonylurea-insulin or metformin treatment could reduce glucose levels by 5-17 mg/dl and 

reduce glycated hemoglobin (HbA1c) levels by 0.5-0.6%.98 Consequently, these medications 

can decrease the risk of myocardial infarction by 15-33% and all-cause mortality rate by 13-

27%.98 The recommended medications for treating hypertension, lipid disorders and type 2 

diabetes are listed in Table 2.2, Table 2.3, and Table 2.4.63,76   
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2.2.3 Pharmacotherapy Guidelines for Cardiometabolic Diseases 

Pharmacotherapy is recommended to most patients with hypertension, lipid disorder, or 

type 2 diabetes. Different clinical guidelines are recommended for each cardiometabolic 

disease. For hypertension, the Eighth Joint National Committee (JNC-8) clinical guidelines were 

widely used around the country before 2017.99 By the end of 2017, the Ninth Joint National 

Committee (JNC-9) clinical guidelines were published.100 Since this study will use a 

retrospective cohort before 2017, we will focus on JNC-8. For lipid disorder, the guidelines on 

the treatment of blood cholesterol to reduce atherosclerotic cardiovascular disease (ASCVD) 

are recommended by the American College of Cardiology (ACC) / American Heart Association 

(AHA).101 For type 2 diabetes, the pharmacologic therapy guidelines are developed by the 

American Diabetes Association (ADA).102 The details of the clinical guidelines on medication 

treatments for selected cardiometabolic diseases are summarized in Figures 2.3, Figure 2.4, 

and Figure 2.5.99,101,102  

2.2.4 Burden 

 Comorbidities place a heavy burden on breast cancer treatment. The mortality rate is 

higher for cancer patients with chronic comorbidities compared to those without 

comorbidities.30,31 Previous research showed that 60% of breast cancer survivors die from 

causes unrelated to cancer.32 Comorbidities can complicate the acute treatment of cancer and 

negatively influence long-term treatment management.33 Likewise, the diagnosis of breast 

cancer can significantly affect the treatment management of patients who already have chronic 

conditions.1  

Comorbidities may also expand the burden on health care expenditures for breast 

cancer. In the United States, the total direct medical spending for breast cancer reached $87.8 

billion in 2014, where 58% was for hospital outpatient visits and doctor visits, and 28% was for 
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hospitalization.103 Similarly, the total direct cost of cardiovascular disease in the U.S. was 

$189.7 billion in 2012.104 Given the high prevalence of cardiometabolic diseases in breast 

cancer patients, the medication costs for these patients could be a significant economic burden 

to the United States. Previous research found that cancer patients with more comorbidities 

could have higher health care expenditures and more health care service utilization.105  

The above burdens could be addressed by improving health care management for both 

breast cancer and comorbidities.  
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Table 2.2 Hypertension medications 63   

Class Drug name 
Usual dose 
range (mg/day) 

Usual 
frequency 
(/day)  

Defined daily 
dose (DDD) 

Diuretics* 
Thiazide Diuretics Chlortalidone 6.25-50 1 25mg 
 HCTZ 6.25-51 2 25mg 
 Indapamide 1.25-5 1 2.5mg 
 Metolazone 2.50-5 1 5mg 
Loop Diuretics Bumetanide 0.50-2 2 1mg 
 Ethacrynic acid 25-100 2 50mg 
 Furosemide 20-160 2 40mg 
 Torsemide 2.50-20 1-2 15mg 
Potassium Sparing Amiloride 5-20 1 10mg 
 Eplerenone 25-100 1-2 50mg 
 Spironolactone 6.25-400 1-2 75mg 
 Triamterene 25-100 1 0.1mg 
β-Blockers* 
 Acebutolol 200-800 2 0.4g 
 Atenolol 25-100 1 75mg 
 Betaxolol 5-20 1 20mg 
 Bisoprolol 2.5-20 1 10mg 
 Carteolol 2.5-10 1 10mg 
 Metoprolol 50-450 2 0.15g 
 Metoprolol XL 50-200 1-2  
 Nadolol 20-320 1 0.16g 
 Penbutolol 10-80 1 40mg 
 Pindolol 10-60 2 15mg 
 Propranolol 40-180 2 0.16g 
 Propranolol LA 60-180 1-2  
 Timolol 20-60 2 20mg 
α-/β-Blockers/Vasodilating β-Blockers 
 Carvedilol 6.25-50 2 37.5mg 
 Carvedilol CR 20-80 1  
 Labetalol 200-2400 2 0.6g 
 Nebivolol 5-40 1 5mg 
Calcium-Channel Blockers (CCB)* 
Dihydropyridines Amlodipine 2.5-10 1 5mg 
 Felodipine 2.5-20 1-2 5mg 
 Isradipine CR 2.5-20 2 5mg not for CR 
 Nicardipine SR 30-120 2 90mg not for CR 
 Nifedipine XL 30-120 1 30mg not for CR 
 Nisoldipine 10-40 1-2 20mg 
Nondihydropyridines Diltiazem CD 120-540 1 0.24g not for CD 
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 Verapamil HS 120-480 1 0.24g not for HS 
Angiotensin-Converting Enzyme Inhibitors (ACEI)* 
 Benazepril 10-80 1-2 7.5mg 
 Captopril 25-150 2 50mg 
 Enalapril 2.5-40 2 10mg 
 Fosinopril 10-80 1-2 15mg 
 Lisinopril 5-80 1-2 10mg 
 Moexipril 7.5-30 1 15mg 
 Perindopril 4-16 1 4mg 
 Quinapril 5-80 1-2 15mg 
 Ramipril 2.5-20 1 2.5mg 
 Trandolapril 1-8 1 2mg 
Angiotensin Receptor Blocker (ARB)* 
 Candesartan 8-32 1 8mg 
 Eprosartan 400-800 1-2 0.6g 
 Irbesartan 150-300 1 0.15g 
 Losartan 25-100 2 50mg 
 Olmesartan 5-40 1 20mg 
 Telmisartan 20-80 1 40mg 
 Valsartan 80-320 1-2 80mg 
Direct Renin Inhibitor 
 Aliskiren 150-300 1 0.15g 
α-Blockers 
 Doxazosin 1-16 1 4mg 
 Prazosin 1-40 2-3 5mg 
 Terazosin 1-20 1 5mg 

 
Phenoxybenzamine for 
pheochromocytoma 20-120 2 30mg only 

phenoxybenzamine 
Central Sympatholytics 
 Clonidine 0.2-1.2 2-3 0.45mg 
 Clonidine 0.1-0.6 weekly  
 Guanabenz 2-32 2 25mg 
 Guanfacine 1-3 1(qhs) 3mg 

 
Methyldopa 250-1000 2 1g levorotatory, 

2g racemic 
 Reserpine 0.05-0.25 1 0.5mg 
Direct Vasodlators 
 Hydralazine 10-200 2 0.1g 
 Minoxidil 2.5-100 1 - 
Fixed-dose Combinations 
 Aliskiren/HCTZ 150/12.5-300/25 1 - 
 Amiloride/HCTZ 5/50 1 - 
 Amlodipine/benazepril 2.5-5/10-20 1 - 
 Amlodipine/olmesartan 5/20-10/40 1 - 
 Amlodipine/telmisartan 5/20-10/80 1 - 
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 Amlodipine/valsartan 5/160-10/320 1 - 
 Atenolol/chlorthalidone 50-100/25 1 - 
 Benazepril/HCTZ 5-20/6.25-25 1 - 
 Bisoprolol/HCTZ 2.5-10/6.25 1 - 
 Candesartan/HCTZ 16-32/12.5-25 1 - 
 Enalapril/HCTZ 5-10/25 1-2 - 
 Eprosartan/HCTZ 600/12.5-25 1 - 
 Fosinopril/HCTZ 10-20/12.5 1 - 
 Irbesartan/HCTZ 150-300/12.5-25 1 - 
 Losartan/HCTZ 50-100/12.5-25 1 - 
 Olmesartan/HCTZ 20-40/12.5 1 - 
 Spironolactone/HCTZ 25/25 1/2-1 - 
 Telmisartan/HCTZ 40-80/12.5-25 1 - 
 Trandolapril/verapamil 2-4/180-240 1 - 
 Triamterene/HCTZ 37.5/25 1/2-1 - 
  Valsartan/HCTZ 80-160/12.5-25 1 - 

*selected for aim 2 and aim 3 analyses106 
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Table 2.3 Hyperlipidemia medications 63,76  

Class Drug name 
Usual dose 
range (/day) 

Usual 
frequency 
(/day)  

Defined daily 
dose (DDD) 

Statins (HMG-CoA reductase inhibitors) * 
 Simvastatin 20-80 mg 1 30mg 
 Atorvastatin 10-80 mg 1 20mg 
 Pravastatin 20-80 mg 1 30mg 
 Fluvastatin 20-80 mg 1 60mg 
 Lovastatin 20-80 mg 1 45mg 
 Rosuvastatin 10-40 mg 1 10mg 
 pitavastatin 1-4 mg 1 2mg 
Nicotinic acid     
 Niacin 1-2 g 3 - 
 Niacin ER 1-2 g 1 - 
Fibrates     
 Gemfibrozil 1.2 g 1 1.2g 
 Fenofibrate 34-200 mg 1 0.2g 
Cholesterol absorption inhibitor 
 Ezetimibe 10 mg 1 10mg 
Bile acid 
sequestrants     
 Colesevelam 2.5-3.75 g 1 3.75g 
 Colestyramine 4-16 g 1 14g 
 Colestipol 2-16 g 1 20g 
Fish oil     
  Omega-3-acid ethyl esters - -  - 

* selected for aim 2 and aim 3 analyses101,106  
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Table 2.4 Diabetes medications 63,76,102   

Class Drug name Usual dose range (/day) 

Usual 
frequency 
(/day) 

Defined 
daily dose 
(DDD) 

Sulfonylureas* 
 First generation   
 Chlorpropamide 100-250 mg, maximum daily dose 750 mg 1 0.375g 
 Tolazamide 100-250 mg, maximum daily dose 1 g 1 0.5g 
 Tolbutamide 0.25-3 g, maximum daily dose 3 g 1 1.5g 
 Second generation   
 Glyburide 1.25-20 mg, maximum daily dose 20 mg 1 - 
 Glipizide 2.5-5 mg, maximum (single dose 15 mg, 

daily dose 40 mg)  1 10mg 
 Glimepiride 1-2 mg, maximum daily dose 8 mg 1 2mg 
Glinides* 
 Repaglinide 0.5-2 mg, maximum (single dose 4 mg, 

daily dose 16 mg) 2-4 4mg 
 Nateglinide 60-120 mg 3 0.36g 
Biguanides* 
 Metformin 500-850 mg, maximum daily dose 2,550 

mg 1-3 2g 

 Metformin ER 500-2000 mg, maximum daily dose 2,500 
mg  1  

Thiazolidinediones* 
 Rosiglitazone 4-8 mg, maximum daily dose 8 mg 1-2 6mg 
 Pioglitazone 15-45 mg 1 30mg 
α-Glucosidase*    
 Acarbose 25-100 mg 3 0.3g 
 Miglitol 25-100 mg 4 0.3g 
GLP-1 receptor agonists* 

 Exenatide 5-10 mcg 2 
0.286 mg 
depot inj, 
0.15 mcg 

 Exenatide ER 2 mg / week   
 Liraglutide 0.6-1.8 mg 1 1.2mg 
Amylin mimetics* 
 Pramlintide 60-120 mcg 3 - 
DPP-4 inhibitors* 
 Sitagliptin 100 mg 1 0.1g 
 Saxagliptin 2.5-5 mg 1 5mg 
Bile acid sequestrants 
 Colesevelam 1.875 g x 2/day, 3.75 g /day  3.75g 
D2 agonists* 
  Bromocriptine 1.6-4.8 mg 1  40mg 

*selected for aim 2 and aim 3 analyses106 
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Figure 2.3 Pharmacotherapy for hypertension algorithm 99 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: CDK: Chronic kidney disease; ACEI: Angiotensin-Converting Enzyme Inhibitors; CCB: 

Calcium-Channel Blockers; ARB: Angiotensin Receptor Blocker; SBP: Systolic Blood Pressure; 

DBP: Diastolic Blood Pressure.  
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Figure 2.4 Pharmacotherapy for hyperlipidemia algorithm 101 
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Figure 2.5 General pharmacotherapy for type 2 diabetes algorithm 102 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: HbA1C, Hemoglobin A1c; GLP-1-RA, Glucagon-like peptide-1 receptor agonists.  
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2.3 Continuity of Care for Breast Cancer Survivors  

Continuity of care (COC) plays an important role in patients’ health care management, 

especially for breast cancer patients with comorbidities. Since continuity of care could influence 

health care providers’ treatment decision making and medication prescribing, it can impact 

patients’ medication adherence, health care service utilization, and health care costs. These 

factors reflect the treatment of breast cancer and comorbidities. In order to improve health care 

service utilization and control the health care costs for breast cancer patients with comorbidities, 

the impact of continuity of care on medication adherence, health care service utilization, and 

health care costs should be studied thoroughly. 

Since COC indicates the relationship between health care provider and patients,107 it is 

closely related to patients’ health care management.  

2.3.1 The health care management for patients with multiple comorbidities 

Patients with multiple comorbidities tend to use health care services more frequently and 

visit health care providers with more diverse specialties. Previous research found that for 

Medicare beneficiaries, the average number of physicians visited by patients with multiple 

comorbidities was 3 for less than 2 conditions, 5 for 3 or 4 conditions, 7 for 5 or 6 conditions, 

and 11 for more than 7 conditions.108 The numbers of involved health care providers might 

increase as patients get older. For patients older than 65, the average number of physicians 

visited by Medicare beneficiaries ranged from 1 to 20 for 0 to 5 chronic conditions respectively.56 

Similarly, cancer patients with multiple comorbidities are often faced with the need to see 

multiple health care providers in different specialties.1 One study about the distribution of 

physician office visits by cancer survivors showed that 32% of the visits were made to primary 

care physicians (PCPs), 18% of the visits were made to oncologists, 13% of the visits were 

made to surgeons, and 36% of the visits were made to other specialists.1 Another study found 
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that 46% of follow-up care of cancer survivors involved both primary care physicians (PCPs) 

and oncologists, 37% of follow-up care of cancer survivors involved PCPs only, and 8% of 

follow-up care of cancer survivors involved oncologists only.50 Accordingly, the number of 

physicians visited by cancer survivors could be large. Previous research showed that the 

minimum number of physicians’ office visits by cancer patients was 13, the median was 32, and 

the maximum was 97.2 Limited research focused on healthcare provider visit sequences. One 

study found that oncologists often take over all care for newly diagnosed cancer patients during 

acute treatment, and then PCP and other specialists may then transition back to the care team 

after acute cancer treatment is completed.4 Therefore, the health care management of patients 

with multiple comorbidities could be challenging. 

Although the health care management of patients with multiple comorbidities should 

involve multiple treatments and coordination of multiple health care providers, the reality is 

complicated. Patients with multiple comorbidities found that their health care providers rarely 

coordinated with each other despite patients’ complicated health conditions.1,56 In fact, for 

cancer survivors with multiple comorbidities, poor coordination among providers was observed 

between primary care providers (PCP) and oncologists along the spectrum of acute cancer 

treatment and survivorship care.3,4 Theoretically, the number of health care provider specialists 

might increase after cancer diagnoses. However, oncologists and patients are more likely to 

focus on cancer treatment right after cancer diagnoses.4 Thus, oncologists could take over all 

care for newly diagnosed cancer patients during acute treatment, and then PCP and other 

specialists may then transition back to the care team after acute cancer treatment is over.4  

Within the fragmented health care delivery system in the U.S., health care providers face 

several challenges of health care management for cancer survivors. First, health care providers 

do not have sufficient knowledge of cancer survivorship care.1 Physicians and other health care 

providers do not have sufficient training and standard processes for handling and coordination 
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for cancer survivorship care.1 Second, specialists and PCPs have different roles and 

responsibilities for the follow-up care of cancer patients with comorbidities.1 Specialists most 

often focus on providing patients with guidance and treatments in their areas of expertise. PCPs 

provide general as well as cancer-related health care services to patients, often covering all 

aspects of patient care. They address all physical and mental health needs of their patients by 

providing general health care services or referring patients to specialists. Third, specialists and 

PCPs might not have a common understanding of their roles and responsibilities about the 

follow-up care of cancer patients with comorbidities.1 This role uncertainty creates a great 

barrier for the coordination of health care management among different providers.109,110 Fourth, 

specialists and PCPs might not communicate adequately during the follow-up care of cancer 

patients with comorbidities.1 A previous study suggested that PCPs played an important role in 

follow-up care of cancer survivors since cancer survivors preferred to visit PCPs rather than 

other specialists for 90% of conditions.111 However, specialists might not inform PCPs about 

their own treatment decisions for cancer survivors.110 A survey of U.S. physicians found that 

only 7% of physicians routinely communicate with other physicians.112  

Since 2010, policymakers launched multiple renovations to improve coordination and 

communication of care in the U.S. health care system, but limited improvements were found for 

the health outcomes of cancer patients. For example, from 2010, Medicare fee-for-service 

beneficiaries could get coordinated care by groups of health care providers through Accountable 

Care Organizations (ACO).113 However, research found the Medicare contracted ACO program 

was not associated with reduced negative health outcomes in cancer patients.113,114 Although a 

new cancer Survivorship Care Plan (SCP) was developed by the American Society of Clinical 

Oncology (ASCO) in 2014 to promote communication and coordination among health providers 

for cancer survivorship,115 limited effects of SCP on cancer patients’ health outcomes were 

reported.57 Since 2016, the Centers for Medicare & Medicaid Services (CMS) issued new 



38 
 

nursing home regulations, which enhanced physician service and promoted communication 

between pharmacists and physicians.116 Nevertheless, the element of continuity of care was not 

mentioned in the regulations. 

2.3.2 Impact of fragmented health care management 

Visiting multiple health care providers influences treatment decision making and 

medication prescription for cancer survivors with multiple comorbidities.5-7 In the U.S., the 

structure of shared care among multiple health care providers is more parallel than coordinated. 

Thus, for each provider, the treatment decisions for cancer patients with comorbidities are 

harder to make than for cancer patients without comorbidities. In general, physicians are more 

cautious when making treatment decisions for cancer patients with comorbidities than for those 

without comorbidities.5-7 For example, surgeons and oncologists are less likely to recommend 

chemotherapy for colon cancer patients with comorbidities than for those without comorbidities 

regardless of clinical guidelines.6,7 One study suggested that better coordination between 

multiple health care providers’ treatment decision-making would be beneficial for patients with 

multiple comorbidities.109 Likewise, health care providers might find it challenging to prescribe 

medication to cancer patients with comorbidities.5-7 Since these patients have multiple chronic 

conditions along with cancer, health care providers have more concerns about treatments’ 

toxicity, adverse events, and reducing treatment effects.5-7 Improved communication and health 

care coordination could help reduce health care providers’ concerns about treatment safety and 

quality.109 Continuity of care has been suggested as an important factor for improving patients’ 

quality of care.21,22 

Moreover, visiting multiple health care providers could impact patients’ medication 

adherence, health care service utilization, and health care costs.15,105,117 Previous studies 

reported mixed effects of multiple health care providers on medication adherence. For 

hypertension treatment, patients with more than four medication prescribers have significantly 
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lower adherence to antihypertensive medications (odds ratio: 0.69, with 95% CI: 0.59-0.80) than 

those who have only one medication prescriber.38 For patients with cardiometabolic diseases, 

the overall medication adherence decreased when the number of prescribers increased.118 

However, within statin users, the number of prescribers increased medication adherence by 

14% in new patients but decreased medication adherence by 24% in prevalent patients.118 

These complex effects on medication adherence related to multiple health care providers are 

believed to be even more problematic for cancer patients with multiple comorbidities.9,39 Cancer 

patients with multiple comorbidities often have to take complex prescription medications and 

visit multiple health care providers for both cancer and other chronic conditions.3,33 Likewise, 

breast cancer patients with comorbidities tend to visit multiple health care providers and will be 

more likely to get multiple prescription medications. Multiple prescription medications could have 

either positive or negative effects on breast cancer patients’ medication adherence.119 However, 

only one study focused on the impact of physician numbers on medication adherence to breast 

cancer patients. The study reported that breast cancer patients had better medication 

adherence when the number of physicians increases.120 Besides physician numbers, health 

care provider specialties could impact breast cancer patients’ medication adherence as well. 

Different provider specialties might have different influences on medication adherence. For 

example, oncologists were found to have a positive effect on medication adherence of adjuvant 

hormone therapy, but PCPs were found to have a negative effect on the same therapy.119   

Visiting multiple health care providers might affect patients’ treatment outcomes, besides 

disease factors (e.g., more complex illness) or patient factors (e.g., low satisfaction with 

previous providers). A study of Medicare beneficiaries found that patients with diabetes who visit 

more than 3 medication prescribers have poorer glycemic control than those who visit just one 

medication prescriber.117 Similarly, patients with hyperlipidemia who visit more than 3 

medication prescribers have poorer lipid control than those who visit just one medication 
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prescriber.117 Accordingly, visiting multiple health care providers can impact patients’ health care 

service utilization. Previous research found, for cardiometabolic disease patients, the odds 

ratios of ED visits were 1.16, 1.21, and 1.39 for 2 prescribers, 3 prescribers, and more than 4 

prescribers respectively.53 For the same cohort, the odds ratio of inpatient visits were 1.27, 1.30, 

and 1.34 for 2 prescribers, 3 prescribers, and more than 4 prescribers respectively.53 A study 

focused on older adults reported that the more health care specialists a patient visits, the more 

hospitalization and ED visits he or she might have.105 Different connections between health care 

provider utilization and health care service utilization were observed in the care of cancer 

survivors. Cancer survivors are more likely to have better health care management when they 

visit multiple health care providers. One study focused on colorectal cancer survivors found that 

the odds ratios of underuse of necessary care are 0.37 for patients who visit both PCPs and 

oncologists, 0.73 for patients who visit PCPs only, and 9.31 for patients who never visit a 

physician.50 Another study of cancer survivors with various cancer types (breast, prostate, and 

colorectal cancer) found that multiple health care providers significantly reduced the odds ratio 

of hospitalization and ED visits for cancer survivors with multiple comorbidities.121  

Health care costs of cancer patients with multiple chronic conditions can change with 

their provider visiting patterns. In 2010, patients with multiple chronic conditions accounted for 

71% of health care expenditure in the U.S.122 Two-thirds of Medicare beneficiaries had multiple 

chronic conditions, that accounted for 93% of total Medicare spending.123 Previous research 

about older adults reported that the average medical expenditure for individual patients 

increases with the number of involved health care provider specialists.105 For cancer survivors, 

the impact of health care providers seems different. A previous study found that the average 

total medical costs and inpatient costs for cancer survivors decrease as the number of health 

care providers increases, while outpatient costs do not change.121    
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2.3.3 Continuity of Care 

The definition of continuity of care is the “degree to which a series of discrete healthcare 

events are experienced as coherent and connected and consistent with the patient’s medical 

needs and personal context”.23 Three types of COC exist in every health care setting: 

information continuity, relational continuity, and management continuity.23 Information continuity 

refers to the continuity of knowledge about patients’ medication conditions, preferences, values, 

and context.23 Relational continuity connects past, current, and future care of patients and is 

important for primary and mental health care.23 Management continuity refers to the continuity of 

health care management by multiple providers to the same patient especially for patients with 

comorbidities.23 The three types of COC reflect different aspects of the health care system and 

could be modified with the adjustment of the health care system. COC could indicate the degree 

of continuity of discrete health care elements during the health care process.23 

Another definition of continuity of care is suggested by the American Academy of Family 

Physicians, which is “the process by which the patient and his/her physician-led care team are 

cooperatively involved in ongoing health care management toward the shared goal of high 

quality, cost-effective medical care.”24 This definition focuses on the quality of care and the 

relationship between patients and their health care provider over time. Shortell et al. also 

suggested a definition of continuity of care, which is “the extent to which services are received 

as part of a coordinated and uninterrupted succession of events consistent with the medical 

care needs of patients”.124 This definition focuses on the care delivery over time and the 

coordination and consistency among health care settings and providers. 

The measurements of COC include objective measurements (standard and non-

standard) and subjective measurements.125 The most popular one is the objective standard 

measurement, which is conducted by calculating standard indices from medical claims data.125 

The standard index that has been used by researchers includes the Likelihood of Continuity 
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(LICON), Usual Provider Continuity (UPC), Bice and Boxerman Continuity of Care (COC), and 

Sequential Nature of Provider Continuity (SECON).26 The LICON is sensitive to the number of 

available providers.26 The SECON is sensitive to changes in the sequential dimension of 

provider visits.26 The UPC reflect patients’ visit to usual providers and is sensitive to the 

distribution of visits to individual providers.26 The Bice and Boxerman COC reflect patients’ visit 

to all providers and are sensitive to the distribution of visits to individual providers.26 The 

majority of previous studies used the Bice and Boxerman COC. In this study, we also used the 

Bice and Boxerman COC as our primary predictor.  

Patients with concentrated health care provider visits would have high continuity of care 

(COC) whereas patients with dispersed health care provider visits would have low COC.125 

Therefore, fragmented health care management could cause poor continuity of care. Previous 

research suggests that COC is significantly associated with patients’ satisfaction, quality of care, 

and their health outcomes including mortality, medication adherence, health care service 

utilization, and health care costs.16-22  

Patients with higher COC were more likely to have a lower risk of mortality.16,34-36 For 

example, elderly adults patients who had continuity of care with a primary care physician (PCP) 

had lower mortality risk (HR=0.84, 95%CI 0.77-0.91) compared with those who didn’t.34 A study 

focused on elderly diabetes patients found that patients with higher COC with PCPs could lead 

to a 10% lower mortality risk compared to those with lower COC.16 After hospital discharge, 

patients who had long term continuity of care could have a lower mortality risk (HR=0.36, 95%CI 

0.20-0.66).35 A longitudinal study of patients with mental disorder found higher COC was 

significantly related with lower mortality risk (HR=0.83, 95%CI 0.83-0.83).126 

COC could affect patients’ medication adherence but were only studied by limited 

research within non-cancer patients.18,47-49 Within these studies, mixed effects of COC on 

medication adherence were reported. For example, patients with higher COC were more likely 
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to adhere to diabetes medication (OR=3.37, 95%CI 3.15-3.60)18 and statins (OR=6.1, 95%CI: 

5.9-6.3) 47. However, the studies of antihypertensive usage did not find any significant 

association of COC and medication adherence.48,49  

COC is closely related to patients’ health outcomes.16,18,19,54 Actually, higher COC would 

significantly reduce health care cost and service utilization in patients with chronic 

conditions.18,19,54,55 For example, a study of senior patients with multiple comorbidities found 

high COC was associated with less inpatient (Hazard Ratio (HR) 0.97 95%CI 0.96-0.99) and ED 

visits (HR 0.97 95%CI 0.96-0.98).54 Another study of patients with diabetes found, for every 0.1-

unit increase in COC, patients had significantly lower chances of inpatient (Odds Ratio (OR) 

0.95 95%CI 0.95-0.96) and ED visit (OR 0.94 95%CI 0.93-0.94), and lower health care cost 

(p<0.05).19  

According to the definition, the COC Index could be calculated based on individual 

health care providers as well as provider specialty groups. Therefore, COC Indices could have 

different values based on the types of providers involved in the calculations. Previous studies 

showed that COC Indices defined by different medical disciplines would have different 

associations with patients’ health outcomes.127,128 For example, Chan et al. found the COC 

Index based on facility-level and the COC Index based on individual provider level had opposite 

effects on patients’ ED or inpatient visits.128 Studies are needed to provide more empirical 

evidence of the association of health outcomes and COC Indices based on multiple medical 

disciplines.  

To our knowledge, only a few studies focused on the association of COC and health 

outcomes and they were conducted within non-cancer patients. Still, little is known about the 

association between COC and survival rate within breast cancer patients who have 

comorbidities. No research has been done for the association of COC and medication 

adherence within breast cancer patients who had comorbidities. Plus, no previous research 
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studied the association of COC and health care expenditures and service utilization for breast 

cancer patients with comorbidities. Thus, to improve health outcome for breast cancer patients 

with comorbidities, the association of COC on mortality risk, medication adherence, health care 

service utilization, and health care costs should be studied thoroughly. 
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2.4 Medication Adherence 

2.4.1 Medication adherence  

 Medication adherence refers to whether patients take their medications continuously and 

follow the instructions of the prescription.46 It could be defined as the “active, voluntary, and 

collaborative involvement of the patient in a mutually acceptable course of behavior to produce 

a therapeutic result.”129 Medication adherence is essential for the treatment of chronic diseases 

and is closely related to their clinical outcomes.15,37 Cancer patients with comorbidities often 

take complex medication regimens and receive care from multiple provider specialties for both 

cancer and other chronic conditions.3,33 More than half of the cancer patients aged 65 and older 

have meaningful comorbidities that require medication therapy.33 Sixty-seven percent of breast 

cancer patients have to take long-term hormone therapy.69,130 Previous research found that 

adherence to medication significantly reduced the risk of hospitalization by 10-25% for patients 

with cardiometabolic diseases.131 Simultaneously, five-year adherence to hormone therapy 

decreased the mortality rate by 31% and recurrence rate by 4-14% for breast cancer 

survivors.41  

Several approaches have been used to measure medication adherence: subjective 

measurements, objective measurements, and biochemical measurements.132 Subjective 

measurements refer to self-reporting, diary, interview, and survey; objective measurements 

refer to pill count, prescription fill date, MEMS caps; biochemical measurements refer to 

biomarkers or drug levels in body fluid (blood and urine).46,132,133 Pharmacy claims data is widely 

used to measure medication adherence and is the most popular resource for objective 

measurement.134,135    

2.4.2 Prevalence of nonadherence 

Although medication adherence is very important, nonadherence still commonly exists in 

both cancer treatment and cardiometabolic disease treatment for cancer patients. Adjuvant 
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hormone therapy is considered a life-saving treatment for hormone positive breast cancer. At 

least five years of hormone therapy could greatly reduce the mortality rate and the recurrence 

rate of breast cancer patients. However, despite the high efficacy of hormone therapy, only 40-

70% of breast cancer patients could finish their five-year hormone therapy.42,136,137 In fact, the 

risks of discontinuing hormone therapy were 23-41% higher in breast cancer patients with 

comorbidities than those without comorbidities.42-45 In breast cancer patients treated by hormone 

therapy, the risk of mortality for nonadherent patients is 49% higher than for adherent 

patients.138      

Even though long-term medication treatments for diabetes, hypertension, and lipid 

disorder could significantly reduce the risks of cardiovascular diseases, nonadherence to those 

medications is very common.132 In fact, the adherence to antidiabetic, antihypertensive, and 

lipid-lowering therapies is especially poor in breast cancer patients with cardiometabolic 

diseases. After breast cancer diagnoses, patients with cardiometabolic diseases are less likely 

to keep up with their long-term medication treatments.37,139 Research has found that by the end 

of second-year hormone therapy, 38.6% of patients were nonadherent to antihypertensives, 

46% of patients were nonadherent to oral diabetes medications, and 56.3% of patients were 

nonadherent to statins.37 Such nonadherence to medication treatments of cardiometabolic 

diseases could have contributed to the fact that many cancer patients in the study died from 

non-cancer related causes. Poor adherence to cardiometabolic medications was observed in 

non-cancer patients. A previous study showed that the percentages of nonadherence to 

hypertension treatment were 50% for combination medicines and 56% for monotherapy.140 

Eleven percent of patients with coronary heart disease discontinued their statin therapy within 

12 months after hospital discharge.141 When hypertension patients fail to control their blood 

pressure, their risks of getting a stroke or heart disease may increase. Previous research found 

that for every 20mm Hg increase in systolic blood pressure or 10mm Hg increase in diastolic 

blood pressure, the risks of stroke and ischemic heart disease would increase twofold.142 As the 
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most popular medication class for lipid disorder, long-term statin treatment was reported to 

reduce the LDL level by 18-55%.63 Nonadherence to statins was found to increase the risk of 

cardiovascular hospitalization and all-cause mortality.143 For patients with hypertension and lipid 

disorder, nonadherence to both hypertension and hyperlipidemia treatments was reported to 

raise stroke death in patients with the odds ratio of 7.43.144 Similarly, medication nonadherence 

also happens in diabetes treatments. Previous research found that only 69% of patients with 

type II diabetes adhere to 18-month antidiabetic medication treatment.145 For patients treated by 

oral antihyperglycemics, nonadherent patients had 39% higher all-cause mortality rates and 

38% higher hospitalization rates than adherent patients.146             

Besides poor clinical outcomes, nonadherence is associated with high health care 

expenditure. A study of cardiometabolic diseases found that between a high adherence group 

(medication adherence level >80%) and low adherence group (medication adherence level 

<20%), total health care costs reduced by 50% for diabetes, 40% for hypercholesterolemia, and 

14% for hypertension.131   

2.4.3 Barriers to medication adherence  

 The World Health Organization (WHO) has identified five potential reasons for 

medication nonadherence, which include patient-related factors, condition-related factors, 

therapy-related factors, socioeconomic factors, and health system factors.46 To improve 

medication adherence, these barriers to medication adherence need to be understood. 

(a) Patient-related factors 

 Patient-related factors of medication nonadherence include patients’ demographics, 

psychological or behavioral factors, physical impairments, and cognitive impairments.46,119,147-150 

Demographics refer to age, gender, race, and education level. Psychological or behavioral 

factors refer to forgetfulness, coping behavior, personality traits, and lifestyle. Physical 

impairments refer to the disability of physical functions like vision problems or impaired 
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dexterity. Cognitive impairments refer to difficulties in remembering, decision making, and 

learning. Previous studies showed that younger age, female gender, ethnic minority, and lower 

education level were associated with medication nonadherence in cardiometabolic disease and 

breast cancer.151-155 During antihypertension treatment, a high-stress level was found to be 

associated with low medication adherence.156 The odds ratio of low medication adherence was 

1.33 for patients with physical impairments compared to those without such conditions.157 

Similarly, the odds ratio of low medication adherence was 2.26 for patients with cognitive 

impairments compared to patients without it.157  

(b) Condition-related factors 

 Condition-related factors include comorbidities and mental health.46,119,147-150 Patients 

with comorbidities often take multiple medications and are more likely to have poor medication 

adherence.158 A previous study showed that the proportions of hypertension patients with high 

medication adherence level were 20% for those with no comorbidities, 14% for those have one 

or two comorbidities, and 11% for those have three to five comorbidities.159 For breast cancer 

patients undergoing five years of hormone therapy, nonadherence to antihypertensive was 

38.6%, nonadherence to oral diabetes medications was 46%, and nonadherence to statins was 

56.3%.37 Mental health conditions like depression and psychiatric conditions also affect 

medication adherence.158 A previous study of cardiometabolic diseases found that 

nondepressed patients adhered to their medications 69% of the studied days while depressed 

patients only adhered to their medications 45% of the studied days.160 For breast cancer 

patients, depression has significant adverse effects on adherence to hormone therapy.161,162          

(c) Therapy-related factors 

 Therapy-related factors include adverse drug events (ADEs), complexity of treatments, 

choice of drugs, and switching treatment plans.46,119,147-150 Research has found that ADEs 

caused 5-10% of medication discontinuation among all other causes.133 In fact, some patients 

stop taking their prescriptions when they experience ADEs.163 For the treatment of breast 
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cancer, ADEs negatively influence adherence to adjuvant hormone therapy.119,162 A previous 

study showed that adherence to estrogen was 20% lower in patients with three ADE reports 

compared with those with two ADE reports.164 Complexity of treatment includes the duration of 

treatments, the numbers of prescriptions, and dosing regimen. Patients with multiple 

comorbidities are very likely to have complex treatments, which can affect medication 

adherence.158,160 For example, medication adherence to hormone therapy was 10% higher for 

breast cancer patients taking hormone therapy only compared with those taking complex 

treatments (the combinations of hormone therapy, chemotherapy, radiation therapy and 

surgery).165,166 Previous research has suggested that complicated dosing is associated with poor 

medication adherence.167,168 Nevertheless, the number of prescriptions has mixed effects on 

medication adherence.167 Choice of drugs include the properties of drugs (dose, form, color, 

taste, smell) and route of administration. Prescriptions of different hormone therapy agents are 

associated with different medication adherence. One study compared the medication adherence 

among various hormone therapy agents (tamoxifen, aromatase inhibitors, and the combination 

of the two) and found that tamoxifen had the highest adherence rate(74%), aromatase inhibitors 

had the second highest adherence rate(75%), and the combination of the two had lowest 

adherence rate (69%).165 Different medication adherence levels were found among different 

antihypertensive drug classes. A previous non-cancer study showed that the percentages of 

patients who adhere to angiotensin II receptor blockers, angiotensin-converting enzyme 

inhibitors, calcium channel blockers, and beta-blockers were: 51%, 48%, 40%, and 38%.169 

Switching treatment plans refers to adjusting patient’s current therapy to another. Previous 

research found that switching medication had a significant adverse effect on adherence to 

hormone therapy for breast cancer.137   

(d) Socioeconomic factors  

 Socioeconomic factors include health literacy, medication costs, and social supports. 

46,119,147-150 Health literacy is defined as the extent to which individuals can acquire, process and 
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understand information related to health.170 Based on this information, individuals can make 

appropriate health decisions regarding prevention and treatment of health conditions.170 

Research shows that health literacy can affect medication adherence and health care service 

utilization.133,150,167,168 Patients with low health literacy have higher odds (odds ratio 1.37, 95%CI: 

1.08-1.74) of low adherence to their cardiometabolic treatments than those with adequate health 

literacy.171 Within breast cancer patients, higher health literacy is linked to better adherence to 

hormone therapy.119,165 Social support is another important factor that contributes to medication 

adherence. Patients with social support (family cohesiveness, married, and living with adults) 

have higher medication adherence than those without social support.172 For hormone therapy of 

breast cancer, long-term adherence was found to be positively related to social support.162,165,166 

Medication costs, especially out-of-pocket costs, can significantly impact medication adherence. 

Previous research focused on Medicare beneficiaries found that patients with higher out-of-

pocket medication costs have higher risks of poor adherence than those with lower out-of-

pocket medication costs.173 For breast cancer treatments, high monthly costs were associated 

with poor hormone therapy adherence, and reduced medication costs can enhance hormone 

therapy adherence.119,174        

(e) Health system-related factors 

Health system-related factors include provider-patient relationship, provider-patient 

communication, access to health care, continuity of health care, and provider-system 

interaction.46,119,147-150,175 Poor provider-patient relationship and provider-patient communication 

were found to be related to poor medication adherence.150,176 The odds ratio of adherence was 

2.41 (95%CI 1.93-3.02) between patients who felt highly confident in their physicians and 

patients who felt moderately confident in their physicians.168 Provider-patient communication 

plays a critical role in enhancing medication adherence.163 For hormone therapy, patients who 

experienced better provider-patient communication had a 94% adherence rate while patients 

who experienced worse provider-patient communication had a 59% adherence rate.177 Access 
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to and continuity of health care are also critical to medication adherence.150,175 The barriers 

impacting access to health care include poor access to clinical appointments and medication, 

poor treatment by clinic staff, and the inability to access a pharmacy.150,175 Continuity of health 

care is related to switching to a different formulary and changing treatment strategy.150,175 

Previous research found that 9% of hypertension patients singled out transportation to the 

pharmacy as their barrier to medications adherence.178 Similarly, 6.5% of patients singled out 

switching from brand to generic drug as their barrier to antihypertensive adherence.178 For 

breast cancer patients, a higher level of access to health care services and easy access to 

medication is linked to higher level of hormone therapy adherence.165,174 The interactions of 

provider and health care system include the interactions within health care providers, providers’ 

knowledge of health care cost, and providers’ knowledge of insurance coverage.150,175 Poor 

interaction of providers and health care systems can lead to low medication adherence.179 A 

previous study suggested that a multidisciplinary disease management team for patients could 

improve medication adherence to statins and other related therapies.180  

Very little research regarding the impact of continuity of care on medication adherence 

has been conducted. Although most research on medication adherence is focused on patient-

related barriers, health care providers also contribute to poor medication adherence in 

patients.15 Previous research has demonstrated that, even after controlling for the number of 

comorbidities, medication nonadherence increases with the number of health care provider 

specialties.38 This situation is believed to be even more problematic for cancer patients with 

multiple comorbidities.9,39 Cancer patients with multiple comorbidities often have to take 

complex prescription medications and visit multiple health care providers for both cancer and 

other chronic conditions.3,33 Multiple prescription medications can have either positive or 

negative effects on the medication adherence of breast cancer patients.119 Health care provider 

specialties influence medication adherence. Previous research reported that oncologists had 
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positive effects on breast cancer patients’ medication adherence while PCPs had negative 

effects.119 Moreover, physician numbers can affect medication adherence of breast cancer 

patients. A previous study found that breast cancer patients had better medication adherence 

when the number of physicians increased.120 These complicated health care provider visits are 

closely related to continuity of care for patients. 

Continuity of care could affect patients’ medication adherence but has only been studied 

by limited research within non-cancer patients.18,47-49 Within these studies, mixed effects of COC 

on medication adherence were reported. For example, patients with higher COC had higher 

adherence to diabetes medication (OR=3.37, 95%CI 3.15-3.60)18 and statins (OR=6.1, 95%CI: 

5.9-6.3) 47. However, the studies of antihypertensive usage did not find any significant 

association of COC and medication adherence.48,49  

Breast cancer patients with multiple comorbidities face the challenge of undertaking both 

cancer treatment and comorbidity treatments. Multiple health care provider specialties involved 

in care may result in conflicting recommendations, contradictory treatments, and poor continuity 

of care, which can challenge patients’ adherence to prescribed therapies. Therefore, 

understanding the impact of continuity of care on medication adherence is essential to 

improving the care of breast cancer patients with comorbidities.    

   

 

 

  



53 
 

2.5 Health Care Service Utilization and Costs for Breast Cancer Patients with Comorbidities  

2.5.1 Health care service utilization for breast cancer patients with comorbidities 

Potential measures of health care service utilization for breast cancer patients with 

comorbidities include inpatient visits, ED visits, outpatient visits, physician office visits, and 

mortality. When data is available, home health visits and prescription medications can also be 

measured. These measurements reflect the treatment of cancer and comorbidities. To our 

knowledge, no previous research has been focused on health care service utilization for breast 

cancer patients with comorbidities, so we summarized published literature about cancer patients 

with comorbidities below.  

Inpatient visit refers to a hospital stay in which patients are formally admitted to a 

hospital with a doctor’s order.181 In 2010, 70.4% of total health care services were used by 

people with multiple chronic conditions for their inpatient stays.122 The percentages of Medicare 

beneficiaries who had at least one inpatient admission were 13% of those with 2 to 3 chronic 

conditions, 30% of those with 4 to 5 chronic conditions, and 63% of those with more than 6 

chronic conditions.51 The frequency of inpatient visits increases as the number of chronic 

conditions increases for cancer patients with multiple comorbidities.182   

 Outpatient visits refer to hospital services (emergency department services, observation 

services, outpatient surgery, lab tests, X-rays, or any other hospital services) that patients have 

within a hospital but without a doctor’s order of being admitted to the hospital.181 The 

percentages of Medicare beneficiaries who had at least one ED visit were 25% for those with 2 

to 3 chronic conditions, 41% for those with 4 to 5 chronic conditions, and 70% for those with 

more than 6 chronic conditions.51 Cancer patients with multiple comorbidities were found less 

likely to have ED visits.182  
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 Patients with multiple chronic conditions need to visit multiple health care providers. A 

previous study showed that patients with multiple comorbidities made 64% of total clinical office 

visits.122 In 2010, the percentages of Medicare beneficiaries who had at least one physician 

office visit were 93% for those with 2 to 3 chronic conditions, 93% for those with 4 to 5 chronic 

conditions, and 92% for those with more than 6 chronic conditions.51 For cancer patients with 

multiple comorbidities, no clear connection was found between physician office visits and the 

number of comorbidities.182  

 Medicare beneficiaries with multiple comorbidities are more likely to receive home 

health visits. Research found that more than 87% of home health services were provided to 

patients with multiple comorbidities in 2010.122 The percentages of Medicare beneficiaries who 

had at least one home health visit were 5% for those with 2 to 3 chronic conditions, 14% for 

those with 4 to 5 chronic conditions, and 36% for those with more than 6 chronic conditions.51  

Cancer patients with multiple chronic conditions often take multiple medications for 

disease control. In 2010, 83.1% of total prescription medications were prescribed to patients 

with multiple comorbidities.122 Generally, the number of prescription medications would increase 

as the number of comorbidities increases. However, a study found that for cancer patients, 

there was no clear connection between the number of prescriptions and the number of 

comorbidities.182  

 Mortality is an important outcome for cancer patients. In 2012, the five-year, ten-year, 

and fifteen-year survival rates for female breast cancer patients were 89%, 83%, and 78% 

respectively.27,28 Cancer patients with comorbidities had higher mortality rates than those 

without comorbidities,30,31,82 since 60% of breast cancer survivors die from causes unrelated to 

cancer.32  
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2.5.2 The health care cost for breast cancer patients with comorbidities 

Health care costs can impact patients’ quality of life and create a heavy burden on 

society and individual patients. According to an analysis of Medical Expenditure Panel Survey 

data, in the United States, the total direct medical expenditure for breast cancer reached $87.8 

billion in 2014.103 For Medicare beneficiaries, in 2010, the highest national health care cost 

among all cancer types is breast cancer care ($16.5 billion).183 In 2020, the estimated health 

care cost of breast cancer will increase to $20.50 billion.183 The average health care costs per 

patient for stage I, II, III, and IV breast cancer in the year of diagnosis are $60,637, $82,121, 

$129,387, and $134,682 respectively.184 Cancer patients with more comorbidities have higher 

health care expenditures and more health care service utilization.105 The total direct cost for 

cardiovascular disease in the U.S. was $189.7 billion in 2012.104 From 2008 to 2013, the 

increased annual medical expenditure for cancer survivors with heart disease and stroke were 

$4,595 (95%CI: $3,262-$5,927) and $3,843 (95%CI: $1,983-$5,704) respectively.182 For 

Medicaid beneficiaries, the additional medical cost for cancer survivors during the 6-month 

follow-up were $4,584 for one comorbidity, $13,369 for two comorbidities, and $25,739 for three 

or four comorbidities.52  

Health care costs include expenditures on various health care services. In 2014, the 

proportions of total health care expenditure included 27% for inpatient, 1% for ED visits, 58% for 

outpatient or physician office visits, and 2% for home health visits.185 For cancer survivors who 

were Medicaid beneficiaries, the additional inpatient costs for 6-month follow-up were $2,727 for 

one comorbidity, $9,891 for two comorbidities, $18,211 for three or four comorbidities.52 The 

additional outpatient costs for 6-month follow-up were $1,006 for one comorbidity, $1,319 for 

two comorbidities, $2,396 for three or four comorbidities.52 The additional prescription 

medication costs for 6-month follow-up were $435 for one comorbidity, $1,033 for two 

comorbidities, $2,199 for three or four comorbidities.52 For breast cancer, an estimation from 
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national survey data indicated that the total direct medical expenditure was $87.8 billion in 2014, 

where 58% was for hospital outpatient visits or doctor visits, and 28% was for hospitalization.103   

2.5.3 The impact of continuity of care on health care service utilization and costs 

 Several factors including patient’s health behaviors, medication adherence, health care 

providers, and continuity of care could impact patients’ health care service utilization and costs. 

Our research will focus on the impact of continuity of care on health outcomes. Patients with 

concentrated health care provider visits would have high COC whereas patients with dispersed 

health care provider visits would have low COC.125 COC is closely related to patients’ 

satisfaction and their health outcomes.16,18,19,54 

Health care providers can influence health care service utilization and costs for breast 

cancer survivors with comorbidities. Previous research indicates that cancer patients with 

multiple comorbidities are often under-treated for their comorbidities following cancer diagnoses, 

which might be caused by poor coordination between oncologists and PCPs.4,8,9 The under-

treatment of comorbidities following cancer diagnoses can cause high mortality and increased 

costs.10-14 For patients with cardiometabolic conditions, the frequency of health care service 

utilization can increase with the number of health care provider specialties after controlling for 

the number of comorbidities.53 However, visiting multiple health care providers might have 

slightly different influences for cancer patients compared to others. One study found that 

multiple health care providers significantly enhanced the use of necessary care for cancer 

patients with multiple comorbidities.50 Another study found that multiple health care providers 

significantly reduced the odds ratio of hospitalization and ED visits for cancer survivors with 

multiple comorbidities.121 While previous research suggests that the average medical costs for 

older patients increase with the number of health care specialists patients visit,105 for cancer 

survivors with comorbidities, the average total medical and inpatient costs decrease as the 

number of health care providers increases.121 The underlying rationale for this relationship is 
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believed to be related to the prioritization of comorbidities by non-cancer providers. According to 

the definition of COC, patients with dispersed health care provider visits would have low 

COC.125 

COC is closely related to patients’ health outcomes.16,18,19,54 Actually, research found 

higher COC would significantly reduce health care cost and service utilization in patients with 

chronic conditions.18,19,54,55 For example, a study of senior patients with multiple comorbidities 

found high COC was associated with less inpatient and ED visits (OR<1, 95%CI<1).54 Another 

study of patients with diabetes found, for every 0.1-unit increase in COC, patients had 

significantly lower chances of inpatient and ED visit (OR<1, 95%CI<1), and lower health care 

cost (p<0.05).19  

To our knowledge, there is no systematic quantitative analysis regarding health care 

service utilization and costs focused on breast cancer patients with comorbidities along with 

their continuity of care. It is important to conduct such study for identifying ideal management 

strategies or the combination of providers. 
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CHAPTER 3 METHODS 

3.1 Data source and Aims 

In this study, we used the linkage of two large population-based sources of data, which 

includes cancer registry data from the Surveillance, Epidemiology and End Results (SEER) 

Program and Medicare claims data from 2006 to 2014.186 The information from SEER data 

includes clinical records, demographics, and cause of death for cancer patients. The Medicare 

claims data provides records of patients’ covered health care services from the start of Medicare 

enrollment until death. The data were first linked in 1991 and have been updated through 2014. 

The linkage of these two data sources identifies the records of a population subgroup which can 

be used for epidemiological and health care-related research. The National Cancer Institute 

(NCI), the SEER registry, and the Center for Medicare and Medicaid Services (CMS) 

collaboratively contribute to the linkage of SEER-Medicare data.  

The data set is used to address the following aims:  

Specific Aim 1: To examine patterns of continuity of care and the risk of mortality 

for breast cancer patients with comorbidities for up to five years of cancer survival. 

A retrospective cohort study of newly diagnosed female breast cancer patients with 

cardiometabolic comorbidities was conducted. The primary outcome was all-cause mortality. 

COC index, a validated measure accounting for both the frequency and dispersion of healthcare 

provider visits, was measured yearly in two ways (Specialty and Individual COC). Kaplan-Meier 

Curves were plotted for patients’ crude mortality rates. Cox proportional hazards models 

estimated the hazard ratio (HR) of all-cause mortality that was associated with the COC Index. 

Specific Aim 2: To determine hormone therapy adherence, cardiometabolic 

medication adherence, and the association of medication adherence and continuity of 

care among breast cancer patients with cardiometabolic diseases.    
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A retrospective cohort study with a new user design was conducted to identify female 

breast cancer patients who had hormone therapy (HT) prescriptions within 12-month of cancer 

diagnoses. Patients were followed for up to four years after HT initiation. Yearly COC indices 

(Specialty and Individual COC) were measured. The primary outcome was medication 

adherence per year, defined as the proportion of days covered (PDC)≥80% and PDC<80%.  

Mixed-effects logistic regression models analyzed the associations of COC indices and 

medication adherence to hormone therapy, antihypertensives, hyperlipidemia medications, and 

diabetes medications. 

Specific Aim 3: To examine the associations between continuity of care with 

patients’ outcomes including health care service utilization and costs. 

A retrospective cohort study identified newly diagnosed breast cancer patients with 

hormone therapy (HT). Health care service utilization and costs were examined yearly for up to 

four years after HT initiation. COC Indices were calculated based on provider specialty groups 

(Specialty COC) and individual providers (Individual COC). Two-stage models including a 

mixed-effects logistic regression model and a mixed-effects linear regression model (with a log 

linked and a gamma distribution) were used to determine the association between COC indices 

and health care service (emergency department (ED), inpatient) utilization and costs after HT 

initiation.   
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3.2 Study Sample and Study Design 

For Aim 1  

  A retrospective new user cohort study was conducted to identify female patients who 

were 1) newly diagnosed with breast cancer as their primary cancer; 2) 66 years or older at the 

time of breast cancer diagnoses; 3) continuously enrolled in Medicare Part A and B for at least 

12 months before breast cancer diagnoses; and 4) continuously enrolled in Medicare Part A, B, 

and D until censoring. Patients’ breast cancer diagnoses (ICD-O-3 C500-509) were identified in 

SEER registry data.187 Patients were excluded from the study if they were enrolled in Managed 

Care (n=75,840) or if their information about cancer diagnoses was missing (n=4262). A 12-

month baseline period before breast cancer diagnosis was used to identify a patient’s 

comorbidities (hypertension, hyperlipidemia, and diabetes) and calculate the Charlson 

Comorbidity Index (CCI). Finally, a total of 59,472 female breast cancer patients were included 

in the study (Figure 3.1). A patient’s first breast cancer diagnosis date was the index date of the 

study. After the index date, the patient was followed up for up to 5 years of survival. Reasons for 

censoring included death, dropping out, reaching the end of the study period, or elapsing of the 

follow-up time (Figure 3.1). 

Figure 3.1 Study Design for Aim 1 
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For Aim 2 and 3 

A longitudinal study was conducted within a group of SEER-Medicare patients who had 

estrogen receptor-positive breast cancer and cardiometabolic diseases from 2006 to 2014. This 

study used a new user design to identify patients who initiated hormone therapy (HT) within one 

year after their first breast cancer diagnoses (Figure 3.2). A 12-month baseline period before 

breast cancer diagnosis was used to identify patients’ cardiometabolic diseases (hypertension, 

hyperlipidemia, and diabetes) and sociodemographic information. Patients’ estrogen receptor 

status and tumor stage were identified from the SEER registries. The prescription date of first 

oral HT was defined as the index date. Based on the clinical guideline for breast cancer 

treatment, HT starts without or after surgery to eliminate disease progression and prevent 

cancer reoccurrence.74 To get a longer follow-up period for a larger sample size, this study only 

included patients who initiated HT within 12 months after breast cancer diagnoses as suggested 

by previous studies.138 Selected patients were followed from the index date until the end of the 

observation period. A patient was marked as censoring if her record showed death, dropping 

out, reaching the end of the study period, or after the follow-up time elapsed. To allow a 

homogenized time interval for measuring the predictor and outcome variables, only patients with 

a full year enrollment (year 1, 2, 3, or 4) of each survival year were included. Within this 

longitudinal study, the predictor and outcome variables were Continuity of Care (COC) Index 

and Proportion of Days Covered (PDC), which were measured cross-sectionally within each 

time interval (yearly after the index date).  

 We limited the study population to female breast cancer patients who (1) were older than 

66; (2) were diagnosed with positive estrogen receptor; (3) continuously enrolled in Medicare 

Part A, B and D for a 12-month baseline period before their initial breast cancer diagnoses; (4) 

received at least one prescription of oral HT within one year after breast cancer diagnosis; (5) 

continuously enrolled in Medicare Part A, B, and D until the end of the observation period 
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(Figure 3.3). Patients were excluded if they did not have breast cancer as their primary cancer 

(n=4,262) and were eligible for managed care program (n=75,840). The eligible patients were 

followed for up to 1, 2, 3, or 4 years after HT initiation. Thus, a total of 8,414 patients with 

18,203 person-years of observation were included in the aim 3 study. The aim 2 studied 

medication adherence. A requirement of more than 2 prescriptions of HT within each 

observation year was applied. The observation would be considered missing for that 

observation year if the patient had less than 2 prescriptions of HT during that time interval. 

Finally, the aim 2 study included a total of 8,081 patients with 16,080 person-years of 

observation. The diagnosis of breast cancer (ICD-O-3 C500-509) and status of estrogen 

receptor (ER) were identified in SEER registry data.187 Cardiometabolic diseases were identified 

as the patient had at least one inpatient visit or two outpatient visits during the baseline period of 

cardiometabolic diseases in her Medicare claims (hypertension ICD-9 401-405, hyperlipidemia 

ICD-9 272, and diabetes ICD-9 250).106,188-190  

The aim 2 study focused on medication utilization. According to patients’ HT and 

cardiometabolic medication treatments, the therapeutic groups in this study were: HT, 

antihypertensives, hyperlipidemia medications, and diabetes medications. Since this study used 

prevalent cohort for cardiometabolic treatment groups, the measurement of all selected 

medication usage started from the HT initiation date. Oral HT included tamoxifen, aromatase 

inhibitors (AI) (anastrozole, letrozole, and exemestane).119,138,191 For antihypertensives, this 

study selected the most frequently prescribed drugs, which included diuretics, β-blockers, 

calcium-channel blockers, angiotensin-converting enzyme inhibitors, and angiotensin receptor 

blockers.106 Hyperlipidemia medications included statins.101,106 For diabetes medications, this 

study focused on all oral medication treatment of type II diabetes (metformin, sulfonylureas, 

thiazolidinediones, and all others).106 The selected medications were identified by the National 

Drug Code (NDC) codes from the Medicare Part D data. 
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Figure 3.2 Study Design for Aim 2&3 
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Figure 3.3 Study Sample Flow Chart 
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3.3 Measurements 

 We have three specific aims in this study. Aim 1 examined patterns of continuity of care 

and the risk of mortality for breast cancer patients with comorbidities for up to five years of 

cancer survival. Aim 2 determined HT adherence, cardiometabolic medication adherence, and 

the association of medication adherence and continuity of care among breast cancer patients 

with cardiometabolic diseases. Aim 3 examined the associations between continuity of care with 

patients’ outcomes including health care service utilization and costs. We identified the 

information for data analyses of our three aims from the SEER-Medicare-linked database. The 

study variables were classified into three groups: predictors, covariables, and outcome 

variables.  

3.3.1 Predictor 

Continuity of Care 

 Continuity of care indicates the degree of continuity of discrete health care elements 

during the health care process, which includes information continuity, relational continuity, and 

management continuity.23 Several indices were developed to estimate continuity of care 

quantitatively.26,125,192 This study chose the Bice-Boxerman COC Index,25 because it was a 

commonly used empirical measurement for continuity of care, which could enable researchers 

to obtain timely estimations.18,54,55,125,193 The COC Index measures continuity of care based on 

individuals’ utilization of different providers, which includes an individual’s total number of visits 

for one episode of disease or a certain period to a single provider or a group of specific 

providers.25 Thus, the COC Index counts for both the frequency of visits to each provider and 

the dispersion of visits between providers. In this study, the COC Index was measured based on 

every single provider (Individual, PCP, Oncologist, Other COC Indices) and each provider 

specialty group (Specialty COC Index). The Individual COC Index reflects the extent of 
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continuity of care to which a patient visits a single provider. Similarly, the Specialty COC Index 

indicates the degree of continuity of care to which a patient visits one type of physician 

specialist. 

The general equation (equation 3.1) to calculate the COC Index is25:  

𝐶𝐶𝐶𝐶𝐶𝐶 =
∑ 𝑛𝑛𝑗𝑗

2−𝑁𝑁𝑠𝑠
𝑗𝑗=1

𝑁𝑁(𝑁𝑁−1)         (equation 3.1) 

 To estimate the Specialty COC Index: 𝑁𝑁 = the total number of visits; 𝑛𝑛 = the number of 

visits to provider specialty 𝑗𝑗; 𝑠𝑠 = the number of provider specialties. To estimate the Individual 

COC Index: 𝑁𝑁 = the total number of visits; 𝑛𝑛 = the number of visits to provider 𝑗𝑗; 𝑠𝑠 = the number 

of providers. To get a stable COC Index, this study required 𝑁𝑁 ≥ 4.194   

In this study, the COC was measured for each patient within each observation year in 

two different ways including the Specialty COC Index and Individual COC Index. The Specialty 

COC Index was calculated based on three health care specialty groups: PCP, Oncologist, and 

Other (ex. Cardiology, Endocrinology), which indicated the degree of continuity of care to which 

a patient visits one group of physician specialists. The Individual COC Index was calculated 

based on each health care provider who involved in patients’ care after breast cancer 

diagnoses. The Individual COC Index reflected the extent of continuity of care to which a patient 

visits a single health care provider. The COC Index has a scale of 0 (maximum dispersion) to 1 

(maximum concentration). For example, if a patient visited a different health care provider (a 

single provider for the Individual COC and one provider specialty type for the Specialty COC) for 

each of her visit, the COC Index of this patient was 0. If a patient visited the same health care 

provider (a single provider for the Individual COC; one provider specialty type for the Specialty 

COC) for all her visits, the COC Index of this patient was 1. Another example, if a patient had a 

total of 12 visits to health care providers, within which she had 4 visits to 4 different PCPs, 4 

visits to 4 different Oncologists, and 4 visits to 4 different Other specialists, then her Specialty 
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COC and Individual COC Indices were 0.27 and 0 respectively. Table 3.1 demonstrates a few 

examples of different COC Indices. 

The COC Indices of this study only counted for health care providers visits from 

outpatient records, which were further limited to all outpatient visits with the diagnoses of breast 

cancer and cardiometabolic diseases (hypertension, hyperlipidemia, or diabetes). Provider 

specialties included in this study were: primary care provider (PCP), Oncologist, and other 

specialties (Other). Health care provider specialties were identified from outpatient records by 

variable HCFASPEC. PCP included family practice, general practice, internal medicine, 

obstetrics and gynecology, and geriatrics (HCFASPEC= 01, 08, 11, 16, and 38).121,195 

Oncologist included radiation oncologist, medical oncologist, surgeon, and surgical oncologist 

(HCFASPEC= 02, 24, 36, 83, 90, 91, 92, and 98).121,195 Other specialist included all other 

physician specialists Variable RFR_UPIN from the outpatient records was used to identify single 

health care providers. Since breast cancer patients with cardiometabolic diseases have several 

disease conditions than others, these patients have more frequent visits to physicians than non-

physicians. Thus, we only included physicians in our study. Records without valid HCFASPEC 

values or RFR_UPIN values were excluded from the calculations of the COC Indices. In the aim 

1 study, COC Indices were measured for each survival year after the primary breast cancer 

diagnosis. In the aim 2 and 3 study, COC Indices were measured for each observation year 

after HT initiation.  

Table 3.1 Continuity of Care Index Calculation 
  

 Variables P1* P2* P3* 
Total 
Visit 

COC 
Index 

 1 1 1 3 0.000 
 0 1 2 3 0.333 
 0 0 3 3 1.000 
      

 6 1 1 8 0.536 
 5 2 1 8 0.393 
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 4 3 1 8 0.321 
 4 2 2 8 0.286 
 3 3 2 8 0.250 
 4 4 0 8 0.429 
 3 5 0 8 0.464 
 2 6 0 8 0.571 

  1 7 0 8 0.750 
 

*P1/P2/P3 could be provider specialty groups or each provider. For the Specialty COC, 

P1/P2/P3 would be PCP/Oncologist/Other group. For the Individual COC, P1/P2/P3 would be 

three different providers. 

3.3.2 Covariables  

 In this study, the measurements of covariables and predictors were based on the 

patient’s baseline information during the 12-month washout period before the index date.   

(a) Patient demographic information  

Age of diagnosis: The age of diagnosis in years for each patient was included in the 

study as a continuous variable. To better describe the cohort, patients were categorized 

into age groups: 66-70, 71-75, 76-80, and >80 years.196 Variable ‘age_dx’ indicates age 

and can be retrieved from the SEER-Medicare Patient Entitlement and Diagnosis 

Summary File (PEDSF) data. 

Race: In the aim 1 study, patients were classified into five groups according to race: 

White, Black, Hispanic, Asian, and Other. In the aim 2&3 study, patients were classified 

into three groups according to race: White, Black, and Other. The variable ‘napiia’ 

indicates race and could be retrieved from the SEER-Medicare PEDSF data.  

Poverty level: Patients’ poverty levels were categorized into five levels: 0-5%, 5-10%, 

10-20%, 20-100%, and unknown.42 The variable ‘census_pov_ind’ indicates poverty 

level and can be retrieved from the SEER-Medicare PEDSF data.  
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Marital status: Patients’ marital status (variable ‘mar_stat’) can be found in the SEER-

Medicare PEDSF data. In this study, the marital status of patients can be classified into 

married and unmarried.42  

Region: The state-level geographic information of patients (variable ‘REG’) can be 

retrieved from the SEER-Medicare PEDSF data. The regions of practice (Northeast, 

Midwest, South, and West) were defined based on the state-level geographic information. 

(b) Patient breast cancer status 

Tumor stage: Patient’s tumor stage (variable ‘adjajccstg’) can be categorized into I, II, III 

and IV. The SEER-Medicare PEDSF data includes variable ‘adjajccstg’. 

Survival time: Survival time in years after breast cancer diagnosis for each patient was 

included in the study as a continuous variable. A patient’s survival time was calculated 

by subtracting the time of first breast cancer diagnosis from the time of claim. The 

variable ‘ddxflag’ in the SEER-Medicare PEDSF data can be retrieved to estimate 

survival time. 

(c) Patient comorbidities status 

The Charlson Comorbidity Index (CCI): We used a modified CCI (the National Cancer 

Institute (NCI) Comorbidity Index) in this study. The comorbidity score for each patient 

was calculated by the NCI comorbidity index, which is a modified Charlson Comorbidity 

Index (CCI) and suggested for use by the NCI.84,190,197,198 The NCI index was developed 

by Klabunde in 2000 and was specifically used for measurement of comorbidities in 

cancer patients.84,190,198 The information can be extracted from the hospital (Medicare 

Part A) and the physician (Medicare Part B) claims data a year before the date of cancer 

diagnosis excluding the month of diagnosis.190 To avoid false positives, for physician 

claims, the same condition needed to appear twice in a patient’s diagnoses more than 

30 days apart.190 The NCI index is constructed by two steps.84 First, the estimated 
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coefficient for each condition was multiplied with the corresponding condition indicators 

identified from hospital or physician claims. Second, the products of these multiplications 

of all conditions were summarized to create a single score. The NCI index includes 16 

comorbidities, which are identified by specific ICD-9 codes (listed in Table 3.3).190 

However, our research focused on breast cancer patients with cardiometabolic diseases. 

Therefore, we excluded conditions that are related to hypertension, hyperlipidemia, and 

diabetes (listed in Table 3.3) when we calculated the NCI Comorbidity index.  

Hypertension (0/1): The diagnosis of hypertension can be identified by ICD-9 codes 

(401.x, 402.x, 403.x, 404.x, and 405.x; details are listed in Table 3.2) in hospital 

(Medicare Part A, variable ‘dgn_cd1-25’’) or physician (Medicare Part B, variable 

‘dgn_cd1-25’’) claims data. The patient was be marked as having hypertension when 

she had one hospital claim or two separate physician claims in a period greater than 30 

days.190    

Hyperlipidemia (0/1): The diagnosis of hyperlipidemia can be identified by ICD-9 codes 

(272.x; details are listed in Table 3.2) in hospital (Medicare Part A, variable ‘dgn_cd1-

25’) or physician (Medicare Part B, variable ‘dgn_cd1-25’) claims data. The patient was 

marked as having hyperlipidemia when she had one hospital claim or two separate 

physician claims in a period greater than 30 days.190 

Diabetes (0/1): The diagnosis of type 2 diabetes can be identified by ICD-9 codes 

(250.x; details are listed in Table 3.2) in hospital (Medicare Part A, variable ‘dgn_cd1-

25’) or physician (Medicare Part B, variable ‘dgn_cd1-25’’) claims data. The patient was 

marked as having diabetes mellitus when she had one hospital claim or two separate 

physician claims in a period greater than 30 days.190 

Number of comorbidities (0, 1, 2, and 3): The definition of the number of comorbidities is 

the summary of the number of comorbidities that a patient had (hypertension, 

hyperlipidemia, or diabetes) during the baseline period. 
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(d) Breast cancer treatment 

Hormone therapy (HT) (0/1): The exposure of HT was defined by whether a patient 

received at least one prescription of oral HT within 12 months of first breast cancer 

diagnosis before recurrence.42 The patient also had a clinical record of positive estrogen 

or progesterone receptors.42 In the aim 1 study, the binary variable ‘HT’ was identified 

yearly after breast cancer diagnosis by the NDC codes from the Medicare Part D data 

(Table 3.4), including oral tamoxifen and aromatase inhibitors (AI) (anastrozole, 

letrozole, and exemestane).119,138,191 In the aim 2&3 study, the binary variable ‘HT’ was 

identified yearly after HT initiation. 

Chemotherapy (0/1): Chemotherapy was defined by the Current Procedural Terminology 

(CPT) billing codes (ICD-9 codes: V58.1, V66.2, V67.2) from the Medicare claims data 

Part A and B (listed in Table 3.5).42,199 In the aim 1 study, the binary variable 

‘Chemotherapy’ was identified yearly after breast cancer diagnosis. In the aim 2&3 

study, the binary variable ‘Chemotherapy’ was identified yearly after HT initiation. 

Surgery (0/1): Surgery was defined by the ICD-9 codes: 85.2-85.4 from the Medicare 

claims data after a patient’s first breast cancer diagnosis before recurrence (listed in 

Table 3.5).42,199 In the aim 1 study, the binary variable ‘Surgery’ was identified yearly 

after breast cancer diagnosis. In the aim 2&3 study, the binary variable ‘Surgery’ was 

identified yearly after HT initiation. 

Radiation therapy (0/1): Patients were assigned to exposed or non-exposed groups. 

Radiation therapy was defined by the ICD-9 codes: V58.0; V66.1; V67.1 from the 

Medicare claims data after a patient’s first breast cancer diagnosis before recurrence 

(listed in Table 3.5).42,199 In the aim 1 study, the binary variable ‘Radiation therapy’ was 

identified yearly after breast cancer diagnosis. In the aim 2&3 study, the binary variable 

‘Radiation therapy’ was identified yearly after HT initiation. 
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3.3.3 Outcome variables 

Aim 1: To examine patterns of continuity of care and the risk of mortality for 

breast cancer patients with comorbidities for up to five years of cancer survival. 

Time to mortality: A patient’s date of death was identified from the SEER’s registry and 

observed for up to 5 years after her initial breast cancer diagnosis. The patient’s survival 

time was the time interval between the date of initial breast cancer diagnosis and date of 

death. An observation was censored at the date of dropping out, by the end of the study 

period, or after the follow-up time elapsed. 

 

Aim 2: To determine hormone therapy adherence, cardiometabolic medication 

adherence, and the association of medication adherence and continuity of care 

among breast cancer patients with cardiometabolic diseases. 

Proportion of Days Covered (PDC): Patients’ adherence to oral HT, antihypertensives, 

hyperlipidemia medications, and diabetes medications were measured separately by 

Proportion of Days Covered (PDC) using the Medicare claims part D data. PDC was 

widely used by previous studies to measure medication adherence of a class of drugs 

which were used for concomitant therapy or had switches of medications within the 

class.106,200 To reduce the underestimation of medication adherence caused by patients’ 

inpatient visits, this study used an adjusted PDC excluding the days of inpatient stays 

from the observation period.201 The PDCs for each therapeutic groups were measured 

yearly after patients’ HT initiation. 

The PDC was measured based on the Medicare claims part D data of each 

patient annually within each therapeutic group (HT, antihypertensives, hyperlipidemia 

medications, and diabetes medications) after the index date (HT initiation) (Figure 3.4, 
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equation 3.2). Since this study used a prevalent cohort for cardiometabolic treatments, 

the measurement of all selected medication usage started from the HT initiation date. 

First, a supply-matrix was built for each patient. The matrix recorded the supply of each 

medication class for each day of the whole study period within therapeutic groups. Next, 

the days of supply for each prescription were added to the prescription filling date. If the 

days covered by the prescriptions were overlapped, the next prescription filling date 

would be adjusted to the next date of the previous prescription running out. Then, the 

supply-matrix was partitioned into submatrices for each observation year. Fourth, within 

each observation year, the days covered were estimated by adding the days of supply 

which had at least one medication within the therapeutic group from the first prescription 

observed date until the end of that year. Then, PDC was calculated by dividing the days 

covered by the days evaluated adjusted for hospital stays within that year(equation 

3.2).118,202 To get a reliable measurement of medication adherence, only patients who 

filled more than two prescriptions within the same therapeutic group were included in the 

study. This medication class based PDC calculation might cause potential 

overestimation of medication adherence. Still, it could accommodate the complications 

of measuring adherence to concomitant therapy or switching of medications within the 

class.118,202  

Medication adherence: Patients were classified as adherent when PDC ≥ 80% or non-

adherent when PDC < 80%.106,135,201,203,204   
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Figure 3.4 Measuring Medication Adherence to Different Medication Classes within the Same 
Therapeutic Group 

 

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷,𝑤𝑤𝑤𝑤𝑤𝑤ℎ≥1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑒𝑒𝑒𝑒𝑒𝑒−ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

                   (equation 3.2) 

 

Aim 3: To examine the associations between continuity of care with patients’ 

outcomes including health care service utilization and costs. 

Since the continuity of care was estimated using COC Indices based on patients’ 

provider office visits in outpatient record, this study excludes the measurements of 

outpatient visits and outpatient costs to avoid collinear effects. 

Health care service utilization was determined by whether a patient had an ED visit or an 

inpatient visit during each follow-up year of the study period. In this study, a patient’s ED 

visits and inpatient visits were measured per observation year based on each related 

condition (breast-cancer-related, hypertension-related, hyperlipidemia-related, and 

diabetes-related) as well as all conditions (all-cause) using the Medicare part A and B 

data. ED visits and inpatient visits were measured from the Medicare inpatient and 

outpatient files. ED visits included the emergency department visits during inpatient and 

outpatient visits. Inpatient visits only included the inpatient stays excluding emergency 

department visits. 
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Health care costs were estimated by the Medicare costs per patient per year and were 

adjusted to reflect 2014 dollars using the consumer price index.205 In this study, a 

patient’s ED costs, and inpatient costs were measured per observation year based on 

each related condition (breast-cancer-related, hypertension-related, hyperlipidemia-

related, and diabetes-related) as well as all conditions (all-cause) using the Medicare 

part A and B data. 

 All files from the SEER-Medicare data were linked by a unique patient identification 

number (patient_id). 

3.4 Data analysis by aims 

Aim 1: To examine patterns of continuity of care and the risk of mortality for breast 

cancer patients with comorbidities for up to five years of cancer survival. 

 Descriptive analyses summarized patients’ characteristics for each comorbidity group (0, 

1, 2, and 3 comorbidities). Chi-Square tests were used to compare categorical variables. The 

average COC Indices (Specialty COC Index and Individual COC Index) were calculated 

annually through 1 to 5 survival years after breast cancer diagnoses. ANCOVA tests were used 

to compare average COC Indices among different tumor stages or numbers of comorbidities for 

different years. The Kaplan-Meier curves for the survival rates of breast cancer patients with 

different numbers of comorbidities and tumor stages were also plotted.    

Cox Proportional-Hazard Models were used to estimate the association of COC Indices 

with patients’ survival. This study selected the most representative patients’ characteristics as 

the covariates for statistic models to avoid over-adjustment. Specifically, the models controlled 

for demographic information (age, race, marriage, poverty level, and region), comorbidity 

(hypertension, hyperlipidemia, diabetes, and CCI), breast cancer stage, and breast cancer 

treatment. The effects of the Specialty COC Index and Individual COC Index on patients’ 
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survival were modeled separately. This study divided COC Indices into four levels (1st quartile: 

0-25%, 2nd quartile: 26-50%, 3rd quartile:51-75%, and 4th quartile: 76-100%) based on the 

quartiles of their distributions to present a more intuitive Hazard Ratio (HR). The Specialty COC 

Index range for each quartile is: 1st quartile: 0-0.33, 2nd quartile: 0.33-0.41, 3rd quartile:0.41-

0.52, and 4th quartile: 0.52-1. The Individual COC Index range for each quartile is: 1st quartile: 

0-0.20, 2nd quartile: 0.20-0.33, 3rd quartile:0.33-0.52, and 4th quartile: 0.52-1. Since cancer 

patient might use highly intensive or dispersed care during the end-of-life, there might be 

concerns of ambiguous causal ordering.125,126 This study used lagged effects models to avoid 

the uncontrollable changes in COC Indices due to the end-of-life. 125,126 Within the lagged effects 

models, the COC Index from the previous observation year was added as a control variable for 

the COC Index from the current observation year. The lagged effects models were adjusted for 

patients’ characteristics as well as the COC Index from the previous survival year. 

The Cox Proportional Hazard Model looks like: 

(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡), 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)) ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐶𝐶𝐶𝐶𝐶𝐶 (𝑡𝑡) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +

𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  

  (equation 3.3) 

The lagged effects Cox Proportional Hazard Model looks like: 

(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡), 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)) ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐶𝐶𝐶𝐶𝐶𝐶 (𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 − 1) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 +

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 +

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑐𝑐ℎ𝑒𝑒𝑚𝑚𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  

  (equation 3.4) 
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Since patients’ characteristics may contribute to their mortality, we conducted sensitivity 

analyses to test the robustness of this study. Three types of models were conducted for the 

sensitivity analyses: unadjusted models, partially adjusted models, and models using the first 

year COC Indices as predictors. Patients with different demographic backgrounds, 

comorbidities, and cancer treatments may have different risks of mortality. We used unadjusted 

models which only controlled for survival year to test the models’ sensitivity to these covariates. 

Also, different cancer treatment strategies might contribute to patients’ risks of mortality. We 

used partially adjusted models to determine if the types of cancer treatment undertook by 

patients contributed to patients’ survival. In the partially adjusted models, all covariates from the 

fully adjusted models in the main analyses were controlled except variables of cancer 

treatments. Besides these analyses, we also conducted analyses using the first year COC 

Indices to predict patients’ probabilities of survival. These models were used to test the 

association of COC and mortality’s sensitivity to different analysis methods. 

Aim 2: To determine hormone therapy adherence, cardiometabolic medication 

adherence, and the association of medication adherence and continuity of care among 

breast cancer patients with cardiometabolic diseases. 

 Descriptive statistics summarized patients' characteristics for each medication theraputic 

group. The average COC Index scores (Specialty COC Index and Individual COC Index) of 

each year after HT initiation were also calculated. Patients’ adherence to HT, antihypertensives, 

hyperlipidemia medications and diabetes medications were estimated yearly by patients’ 

medication records through the study period.  

 Mixed-effects logistic regression models controlled for the random effect of individuals 

were used to estimate the association of the COC Index and the likelihood of adherence, where 

the Specialty COC Index and the Individual COC Index were modeled separately. The analyses 

were adjusted for demographic characteristics (age group, race, marriage, poverty level, and 
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region), tumor stages, existing cardiometabolic diseases (hypertension, hyperlipidemia, and 

diabetes), CCI, and other cancer treatments. To avoid unbalanced covariates caused by a very 

small proportion of observations in surgery, chemotherapy, and radiation therapy (Table 4.2.1), 

we grouped these treatments as one variable called other cancer treatment in the regression 

models. To better interpret the clinical meaning of COC Indices and their associations with 

medication adherence, we divided COC Indices into quartiles (0-25% 1st quarter, 26-50% 2nd 

quarter, 51-75% 3rd quarter, and 76-100% 4th quarter) for logistic regression analyses. The 

Specialty COC Index range for each quartile is: 1st quartile: 0-0.33, 2nd quartile: 0.33-0.40, 3rd 

quartile:0.40-0.49, and 4th quartile: 0.49-1. The Individual COC Index range for each quartile is: 

1st quartile: 0-0.20, 2nd quartile: 0.20-0.32, 3rd quartile:0.32-0.50, and 4th quartile: 0.50-1. 

Since the continuity of care has more influence on patients’ medication adherence of the current 

year, this study did not control for the lagged effects of the COC Index in regression models. 

The fully adjusted logistic regression model looks like: 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑎𝑎𝑎𝑎ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒)

= 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

+ 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑖𝑖𝑎𝑎 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶

+ 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

                (equation 3.5) 

Sensitivity analyses were performed to test the robustness of the models. We used 

models with fewer covariates to check the models’ covariates sensitivity. First, patients’ 

demographic backgrounds, comorbidities, and cancer treatments might be associated with their 

medication adherence. Thus, the unadjusted logistic regression was conducted, within which 

the analysis was only adjusted for years after HT initiation. Second, patients might discontinue 

their concurrent medications when a new cancer treatment was started. Therefore, to test the 

model’s sensitivity of patients’ cancer treatment other than HT, the partially adjusted logistic 
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regression model was built, controlling for all covariates in the fully adjusted models except for 

the other cancer treatment. All analyses were performed in SAS 9.4 (SAS Institute, Inc., Cary 

NC). 

Aim 3: To examine the associations between continuity of care with patients’ outcomes 

including health care service utilization and costs. 

Descriptive analyses were conducted to summarize patients’ characteristics, health care 

service utilization, and COC Indices. Patient characteristics included: age groups, race groups, 

marriage status, poverty levels, regions, tumor stages, other cancer treatments, existing 

cardiometabolic diseases (hypertension, hyperlipidemia, and diabetes), and CCI. Health care 

service utilization included ED visit and inpatient visit.  

This study used mixed-effects logistic regression models to estimate the associations of 

COC Indices and the likelihood of ED visit or inpatient visit separately for each related condition 

(all-cause, breast-cancer-related, hypertension-related, hyperlipidemia-related, and diabetes-

related). Each COC Index (Specialty COC and Individual COC) was independently served as 

the primary predictor of the logistic regression models. Mixed-effects models were used to 

control the randomized effects caused by repeated measurement of each patient in the 

analyses. 

 Based on previous studies, two-stage models were recommended to estimate the health 

care cost with a gamma distribution.206,207 In this study, the distribution of ED cost and inpatient 

cost both followed gamma distribution (data not shown). Thus, we used two-stage models to 

estimate the association of COC Indices (Specialty COC and Individual COC) and health care 

costs for each service type (ED or inpatient) under each related condition (all-cause, breast-

cancer-related, hypertension-related, hyperlipidemia-related, and diabetes-related) 

separately.206,207 Random effects caused by individual patients was controlled in the mixed 
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effects models. The first part of the models was a mixed-effects logistic regression model 

estimating the probability of positive health care cost. The second part of the models was a 

mixed-effects linear regression model with a gamma distribution and log link function estimating 

the distribution of positive health care cost.206,207 Then the predicted health care cost of each 

observation was generated by multiplying the probability from the first part of the models and 

the predicted positive costs from the second part of the models. The 1000 bootstrap samples 

were used to estimate the effect of the COC Index on the mean and 95% Confident Interval (CI) 

of health care cost for each health care service type at each condition. The 2-stage models look 

like: 

Logistic regression 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣(0/1))

= 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

+ ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

+ 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  

   (equation 3.6) 

Linear regression with gamma distribution and log link function: 

𝑙𝑙𝑙𝑙𝑙𝑙(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) = 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

+ ℎ𝑦𝑦𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

+ 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  

   (equation 3.7) 

To better interpret COC Indices with clinical meanings, we divided these COC Indices 

into quartile levels (0-25% 1st quarter, 26-50% 2nd quarter, 51-75% 3rd quarter, and 76-100% 

4th quarter) in regression analyses. The range for each quartile for Specialty COC Index is: 1st 

quartile: 0-0.33, 2nd quartile: 0.33-0.40, 3rd quartile:0.40-0.49, and 4th quartile: 0.49-1. The 
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range for each quartile for Individual COC Index is: 1st quartile: 0-0.20, 2nd quartile: 0.20-0.32, 

3rd quartile:0.32-0.50, and 4th quartile: 0.50-1. Since only a very small percentage of patients 

had surgery, chemotherapy, and radiation therapy in the cohort, we grouped these variables as 

one (other cancer treatment) in the regression models. All models were adjusted for patients’ 

demographic information (age, race, marriage status, poverty level, region), tumor stage, 

existing diseases (hypertension, hyperlipidemia, and diabetes), CCI, other cancer treatment, 

and years after HT initiation. 

Sensitivity analyses were used to test the robustness of this study. To estimate whether 

our findings were sensitive to our choice of covariates, we conducted sensitivity analyses using 

models with reduced numbers of variables as well as lagged effect models. First, patients’ 

characteristics, comorbidities, and cancer treatments might influence their health care service 

utilization and costs. Thus, we used unadjusted models, which only adjusted for the years after 

HT initiation. Second, out of all covariates, cancer treatments could greatly contribute to 

patients’ health care service utilization and costs. Therefore, we used partially adjusted models, 

which controlled for all covariates from the fully adjusted models except for the variable ‘other 

cancer treatment’. Third, there might be uncontrollable changes in COC Indices due to 

spillover.125,126 Thus, lagged effects models were used to test models’ sensitivity to COC Indices 

spillover. In the lagged effects models, we added COC Indices from the previous observation 

year as an additional control variable to baseline characteristics as covariates to the COC 

Indices from the current observation year. The lagged effect 2-stage models look like: 

Logistic regression 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣(0/1)) = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 − 1) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 +

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 +

𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡           (equation 3.8) 

Linear regression with gamma distribution and log link function: 
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𝑙𝑙𝑙𝑙𝑙𝑙(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 − 1) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 +

𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡          (equation 3.9) 

All analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary NC). 
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Table 3.2 The ICD-9 codes for breast cancer, hypertension, hyperlipidemia, and diabetes 
diagnoses 
 

Diseases ICD-9 codes Reference 
Breast Cancer 174 Malignant neoplasm of female breast 189,208 
 174.0 Malignant neoplasm of nipple and areola of female breast   
 174.1 Malignant neoplasm of central portion of female breast   

 
174.2 Malignant neoplasm of upper-inner quadrant of female 
breast  

 
174.3 Malignant neoplasm of lower-inner quadrant of female 
breast   

 
174.4 Malignant neoplasm of upper-outer quadrant of female 
breast   

 
174.5 Malignant neoplasm of lower-outer quadrant of female 
breast   

 174.6 Malignant neoplasm of axillary tail of female breast   

 
174.8 Malignant neoplasm of other specified sites of female 
breast   

 174.9 Malignant neoplasm of breast (female)  
 175 Malignant neoplasm of male breast  
 175.0 Malignant neoplasm of nipple and areola of male breast   

 
175.9 Malignant neoplasm of other and unspecified sites of male 
breast   

  233.0 Carcinoma in situ of breast    
Hypertension 401 Essential hypertension 106,188,189 
 401.0 Malignant essential hypertension   
 401.1 Benign essential hypertension   
 401.9 Unspecified essential hypertension   
 402 Hypertensive heart disease  
 402.0 Malignant hypertensive heart disease  

 
402.00 Malignant hypertensive heart disease without heart 
failure   

 402.01 Malignant hypertensive heart disease with heart failure  
 402.1 Benign hypertensive heart disease  
 402.10 Benign hypertensive heart disease without heart failure   
 402.11 Benign hypertensive heart disease with heart failure  
 402.9 Unspecified hypertensive heart disease  

 
402.90 Unspecified hypertensive heart disease without heart 
failure  

 402.91 Unspecified hypertensive heart disease with heart failure  
 403 Hypertensive chronic kidney disease  
 403.0 Malignant hypertensive renal disease  

 
403.00 Hypertensive chronic kidney disease, malignant, with 
chronic kidney disease stage I through stage IV, or unspecified   
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403.01 Hypertensive chronic kidney disease, malignant, with 
chronic kidney disease stage V or end-stage renal disease  

 403.1 Benign hypertensive renal disease  

 
403.10 Hypertensive chronic kidney disease, benign, with 
chronic kidney disease stage I through stage IV, or unspecified  

 
403.11 Hypertensive chronic kidney disease, benign, with 
chronic kidney disease stage V or end-stage renal disease  

 403.9 Unspecified hypertensive renal disease  

 
403.90 Hypertensive chronic kidney disease, unspecified, with 
chronic kidney disease stage I through stage IV, or unspecified  

 
403.91 Hypertensive chronic kidney disease, unspecified, with 
chronic kidney disease stage V or end-stage renal disease  

 404 Hypertensive heart and chronic kidney disease  
 404.0 Malignant hypertensive heart and renal disease  

 

404.00 Hypertensive heart and chronic kidney disease, 
malignant, without heart failure and with chronic kidney disease 
stage I through stage IV, or unspecified   

 

404.01 Hypertensive heart and chronic kidney disease, 
malignant, with heart failure and with chronic kidney disease 
stage I through stage IV, or unspecified  

 

404.02 Hypertensive heart and chronic kidney disease, 
malignant, without heart failure and with chronic kidney disease 
stage V or end-stage renal disease  

 

404.03 Hypertensive heart and chronic kidney disease, 
malignant, with heart failure and with chronic kidney disease 
stage V or end-stage renal disease  

 404.1 Benign hypertensive heart and renal disease  

 

404.10 Hypertensive heart and chronic kidney disease, benign, 
without heart failure and with chronic kidney disease stage I 
through stage IV, or unspecified  

 

404.11 Hypertensive heart and chronic kidney disease, benign, 
with heart failure and with chronic kidney disease stage I through 
stage IV, or unspecified   

 

404.12 Hypertensive heart and chronic kidney disease, benign, 
without heart failure and with chronic kidney disease stage V or 
end-stage renal disease  

 

404.13 Hypertensive heart and chronic kidney disease, benign, 
with heart failure and chronic kidney disease stage V or end-
stage renal disease  

 404.9 Unspecified hypertensive heart and renal disease  

 

490.90 Hypertensive heart and chronic kidney disease, 
unspecified, without heart failure and with chronic kidney disease 
stage I through stage IV, or unspecified  
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404.91 Hypertensive heart and chronic kidney disease, 
unspecified, with heart failure and with chronic kidney disease 
stage I through stage IV, or unspecified   

 

404.92 Hypertensive heart and chronic kidney disease, 
unspecified, without heart failure and with chronic kidney disease 
stage V or end-stage renal disease   

 

404.93 Hypertensive heart and chronic kidney disease, 
unspecified, with heart failure and chronic kidney disease stage 
V or end-stage renal disease  

 405 Secondary hypertension  
 405.0 Malignant secondary hypertension  
 405.01 Malignant renovascular hypertension   
 405.09 Other malignant secondary hypertension   
 405.1 Benign secondary hypertension  
 405.11 Benign renovascular hypertension   
 405.19 Other benign secondary hypertension  
 405.9 Unspecified secondary hypertension  
 405.91 Unspecified renovascular hypertension  
  405.99 Other unspecified secondary hypertension    
Hyperlipidemia 272 Disorders of lipid metabolism 106,188,189 
 272.0 Pure hypercholesterolemia   
 272.1 Pure hyperglyceridemia   
 272.2 Mixed hyperlipidemia   
 272.3 Hyperchylomicronemia  
 272.4 Other and unspecified hyperlipidemia   
 272.5 Lipoprotein deficiencies   
 272.6 Lipodystrophy  
 272.7 Lipidoses  
 272.8 Other disorders of lipid metabolism   
  272.9 Unspecified disorder of lipid metabolism    
Diabetes 
mellitus 250 Diabetes mellitus 106,188,189 
 250.0 Diabetes mellitus without mention of complication  

 
250.00 Diabetes mellitus without mention of complication, type II 
or unspecified type, not stated as uncontrolled  

 
250.01 Diabetes mellitus without mention of complication, type I 
[juvenile type], not stated as uncontrolled  

 
250.02 Diabetes mellitus without mention of complication, type II 
or unspecified type, uncontrolled  

 
250.03 Diabetes mellitus without mention of complication, type I 
[juvenile type], uncontrolled  

 250.1 Diabetes with ketoacidosis  

 
250.10 Diabetes with ketoacidosis, type II or unspecified type, 
not stated as uncontrolled  
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250.11 Diabetes with ketoacidosis, type I [juvenile type], not 
stated as uncontrolled   

 
250.12 Diabetes with ketoacidosis, type II or unspecified type, 
uncontrolled   

 
250.13 Diabetes with ketoacidosis, type I [juvenile type], 
uncontrolled   

 250.2 Diabetes with hyperosmolarity  

 
250.20 Diabetes with hyperosmolarity, type II or unspecified type, 
not stated as uncontrolled   

 
250.21 Diabetes with hyperosmolarity, type I [juvenile type], not 
stated as uncontrolled  

 
250.22 Diabetes with hyperosmolarity, type II or unspecified type, 
uncontrolled  

 
250.23 Diabetes with hyperosmolarity, type I [juvenile type], 
uncontrolled  

 250.3 Diabetes with other coma  

 
250.30 Diabetes with other coma, type II or unspecified type, not 
stated as uncontrolled   

 
250.31 Diabetes with other coma, type I [juvenile type], not 
stated as uncontrolled   

 
250.32 Diabetes with other coma, type II or unspecified type, 
uncontrolled  

 
250.33 Diabetes with other coma, type I [juvenile type], 
uncontrolled  

 250.4 Diabetes with renal manifestations  

 
250.40 Diabetes with renal manifestations, type II or unspecified 
type, not stated as uncontrolled  

 
250.41 Diabetes with renal manifestations, type I [juvenile type], 
not stated as uncontrolled  

 
250.42 Diabetes with renal manifestations, type II or unspecified 
type, uncontrolled  

 
250.43 Diabetes with renal manifestations, type I [juvenile type], 
uncontrolled   

 250.5 Diabetes with ophthalmic manifestations  

 
250.50 Diabetes with ophthalmic manifestations, type II or 
unspecified type, not stated as uncontrolled  

 
250.51 Diabetes with ophthalmic manifestations, type I [juvenile 
type], not stated as uncontrolled  

 
250.52 Diabetes with ophthalmic manifestations, type II or 
unspecified type, uncontrolled  

 
250.53 Diabetes with ophthalmic manifestations, type I [juvenile 
type], uncontrolled   

 250.6 Diabetes with neurological manifestations  
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250.60 Diabetes with neurological manifestations, type II or 
unspecified type, not stated as uncontrolled   

 
250.61 Diabetes with neurological manifestations, type I [juvenile 
type], not stated as uncontrolled  

 
250.62 Diabetes with neurological manifestations, type II or 
unspecified type, uncontrolled  

 
250.63 Diabetes with neurological manifestations, type I [juvenile 
type], uncontrolled  

 250.7 Diabetes with peripheral circulatory disorders  

 
250.70 Diabetes with peripheral circulatory disorders, type II or 
unspecified type, not stated as uncontrolled   

 
250.71 Diabetes with peripheral circulatory disorders, type I 
[juvenile type], not stated as uncontrolled  

 
250.72 Diabetes with peripheral circulatory disorders, type II or 
unspecified type, uncontrolled   

 
250.73 Diabetes with peripheral circulatory disorders, type I 
[juvenile type], uncontrolled  

 250.8 Diabetes with other specified manifestations  

 
250.80 Diabetes with other specified manifestations, type II or 
unspecified type, not stated as uncontrolled   

 
250.81 Diabetes with other specified manifestations, type I 
[juvenile type], not stated as uncontrolled  

 
250.82 Diabetes with other specified manifestations, type II or 
unspecified type, uncontrolled   

 
250.83 Diabetes with other specified manifestations, type I 
[juvenile type], uncontrolled   

 250.9 Diabetes with unspecified complication  

 
250.90 Diabetes with unspecified complication, type II or 
unspecified type, not stated as uncontrolled  

 
250.91 Diabetes with unspecified complication, type I [juvenile 
type], not stated as uncontrolled  

 
250.92 Diabetes with unspecified complication, type II or 
unspecified type, uncontrolled   

  
250.93 Diabetes with unspecified complication, type I [juvenile 
type], uncontrolled   
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Table 3.3 The ICD-9 codes for the NCI index definition190 

Condition Definition by ICD-9 Code  

Acute Myocardial Infarction ICD-9 Diagnosis: 410.xx with inpatient length of stay >2 
days 

History of Myocardial Infarction ICD-9 Diagnosis: 412.bb 

Congestive Heart Failure ICD-9 Diagnosis: 398.91, 425.4x-425.5x, 425.7x-425.9x, 
428.xx 

Peripheral Vascular Disease ICD-9 Diagnosis: 093.0x, 440.xx-441.xx, 442.0x-442.8x, 
443.1x-443.9x, 447.70-447.73, 785.4x, V43.4x;  
ICD-9 Procedure: 00.60, 38.13, 38.14, 38.15, 38.16, 
38.18, 38.33, 38.34, 38.36, 38.38, 38.43, 38.44, 38.46, 
38.48, 38.68, 39.25, 39.29 

Cerebrovascular Disease (CVD) ICD-9 Diagnosis: 430.xx- 438.xx;  
ICD-9 Procedure: 00.61, 00.62, 00.63, 00.65, 38.12, 
38.32, 38.42, 39.22, 39.28, 39.74 

Chronic Obstructive Pulmonary 
Disease (COPD) 

ICD-9 Diagnosis: 416.8x-416.9x, 490.xx-496.xx, 500.xx-
505.xx, 506.4x, 519.1x 

Dementia ICD-9 Diagnosis: 290.xx, 291.0x-291.2x, 292.82, 294.1x, 
331.0x-331.2x, 331.82 

Paralysis (Hemiplegia or 
Paraplegia) 

ICD-9 Diagnosis: 342.xx, 344.0x-344.6x, 344.9x 

Diabetes ICD-9 Diagnosis: 250.bb, 250.0x-250.3x 
Diabetes with Complications ICD-9 Diagnosis: 250.4x-250.9x, 362.0x 
Renal Disease ICD-9 Diagnosis: 403.01, 403.11, 403.91, 404.02, 404.03, 

404.12, 404.13, 404.92, 404.93, 582.xx-583.xx, 585.xx-
586.xx, 588.xx, V42.0x, V45.1x, V56.xx; 
ICD-9 Procedure: 39.27, 39.42, 39.95, 54.98, 55.69 

Mild Liver Disease ICD-9 Diagnosis: 070.32-070.33, 070.54, 571.2x, 571.4x-
571.6x 

Moderate/Severe Liver Disease ICD-9 Diagnosis: 070.22-070.23, 070.44, 456.0x-456.2x, 
572.2x-572.8x, V42.7x; 
ICD-9 Procedure: 39.1b, 42.91, 50.5x 

Peptic Ulcer Disease ICD-9 Diagnosis: 531.xx-534.xx 
Rheumatologic Disease ICD-9 Diagnosis: 710.0x, 710.1x, 710.4x, 714.0x-714.2x, 

714.81, 725.bb 
AIDS ICD-9 Diagnosis: 042.xx-044.x, V08.bb, 795.71 

 
b: denotes blank; x: denotes any character including blank. 
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Table 3.4 The NDC codes for hormone therapy medications209 
Class Drug NDC 
Anti-estrogen 
therapy 

  

 
Tamoxifen* N021807; A070929; A090878; A075797; A074732; A206694; 

A070929; A090878; A075797; A074732; A206694; N017970; 
N017970; A076179; A076398; A075740; A074539; A076027; 
A074504; A076179; A076398; A075740; A076027; A074504 

 
Toremifene N020497 

 
Fulvestrant N021344 

Aromatase 
inhibitors (AI) 

  

 
Anastrozole* A090568; A200654; A091164; A090732; A090088; A091051; 

A079220; A078944; A078058; A078485; A078921; N020541; 
A091242; A091331; A079007; A091177; A078322; A078984 

 
Letrozole* N020726; A090934; A091303; A091191; A090491; A203796; 

A201804; A202716; A078190; A200161; A090289; A090789; 
A090838; N209935; A090292; A091638; A091098; A202048; 
A091466; A090196 

 
Exemestane* N020753; A200898; A203315; A209208; A077431 

  Aminoglutethimide N018202 

Anti-androgen 
therapy 

  

 Goserelin Acetate N019726; N020578 

  Leuprolide A074728; A078885; A075471; N020011; N019732; N020708; 
N020517; N020517; N020517; N020263; N020263; N020263; 
N020263; N020263; N021343; N021379; N021488; N021731; 
N203696; N203696; N021088; A075721; N019010; N020011; 
N020263; N020263 

Other Megestrol N021778; A203960; A075671; A075681; A075997; A076721; 
A204688; A203139; A074621; A072422; A074458; A074621; 
A072423; A074458; N020264; A077404; N016979; N016979; 
A070646; A074745; A070647 

* hormone therapy was used for aim 2 and aim 3.  
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Table 3.5 The ICD-9 codes and CPT codes for breast cancer treatments identification199 

Breast cancer 
treatment 

ICD-9 codes CPT codes Revenue center 
codes 

SEER radiation delivery 
variables and codes 

Surgery 85.2; 85.20-22; 
85.33-36; 85.23; 
85.4; 85.41-48;  

19160; 19162; 19120; 
19125; 19126; 19180; 
19182; 19200; 19220; 
19240; 19260; 19271; 
19272; 19301-19307 

  

Radiation 92.21-29; V580; 
V661; V671 

77261-77263; 77280; 
77285; 77290; 77295; 
77299; 77300; 77301; 
77305; 77310; 77315; 
77321; 77331-77334; 
77336; 77338; 77370-
77373; 77399; 77300-
77419; 77421-77423; 
77427; 77435; 77465; 
77470; 77499; 77600; 
77605; 77610; 77615; 
77260; 77750; 77761-
77762; 77776-77778; 
77789; 77790; G0173; 
G0174; G0178; G0242; 
G0243; G0251; G0338-
G0340; 61770; 61793; 
S8049; G8378; G8379; 
C9726; C9728; D5984-
D5985; A4650;  

radiation oncology 
indicator switch 
(0280; 0289); 
therapeutic 
radiology indicator 
switch (0330; 0333) 

rad1-rad10 (1-6: yes; 0,7-
9: no); radsurg1-radsurg10 
(2-6,9: yes; 0: no) 

Chemotherapy   C1167; C9115; C9120; 
C9127; C9214; C9399; 
C9411; C9415; C9420; 
C9421; C9430-C9432; 
C9440; G0356; G8371; 
G8373; G8374; J0270; 
J0640; J1950; J7150; 
J8520; J8521; J8530; 
J8610; J8700; J8999-
J9001; J9035; J9045; 
J9070; J9080; J9090; 
J9093-J9097; J9170; 
J9175; J9178; J9180; 
J9190; J9200; J9202; 
J9217-J9219; J9250; 
J9260; J9264; J9265; 
J9280; J9291; J9293; 
J9295; J9355; J9357; 
J9390; J9395; J9999; 
C8953-C8955; G0355; 
G0359; G0359; G0359; 
G0361; G8371; G8374; 
Q0081; Q0083-Q0085 
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CHAPTER 4 RESULTS 

4.1 Aim 1 Results 

4.1.1 Abstract 

Background: Breast cancer patients with comorbidities have high mortality risk and need to see 

multiple healthcare providers. 

Objective: To examine the association of continuity of care (COC) and the risk of mortality for 

breast cancer patients with comorbidities.  

Methods: A retrospective cohort study of newly diagnosed female breast cancer patients 

(n=57,578) with comorbidities (hypertension, hyperlipidemia, and diabetes) was conducted 

using the 2006-2014 SEER-Medicare data. The primary outcome was all-cause mortality 

(assessed annually for up to 5 years). The COC index, a validated measure accounting for both 

the frequency and dispersion of healthcare provider visits, was measured yearly with a scale of 

0 (dispersed) to 1 (concentrated) and in two ways: Specialty (unique specialist groups: Primary 

Care Physicians (PCP), Oncologists, and Other specialists (Other)), Individual (all individual 

providers regardless of specialty) COC Indices. Descriptive analysis and Chi-Square test were 

used for patients’ characteristics. ANCOVA analysis was used for COC Indices comparison. 

Kaplan-Meier Curves were plotted for patients’ crude mortality rate. Cox proportional hazards 

models estimated the hazard ratio (HR) of all-cause mortality associated with the quartile of the 

COC Index. 

Results: The average scores increased slightly across the entire study period for both COC 

Indices (p<0.05). Patients with stage IV breast cancer had the highest Specialty COC and 

Individual COC Indices than others (p<0.05). Patients’ crude mortality rate decreased with 

survival time and positively associated with advanced tumor stages and more comorbidities 

(p<0.05). Patients who received high continuity of care based on the Specialty COC Index (4th 
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vs. 1st quartile, HR 1.34, 95%CI 1.29-1.40) had higher risks of mortality compared with those 

who received low continuity of care. However, patients who received high continuity of care 

based on the Individual COC Index (4th vs. 1st quartile, HR 0.53, 95%CI 0.51-0.54) had lower 

risks of mortality compared to those who received low continuity of care. 

Conclusion: This study examined the association between COC and mortality risk for breast 

cancer patients. Higher levels of Individual COC were related to lower mortality risk. Higher 

levels of Specialty COC were related to higher mortality risk, which might be confounded by 

uncontrolled factors. It is necessary to better understand the relationship between continuity and 

the risk of mortality in different study settings when developing interventions to improve cancer 

survivorship care.  
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4.1.2 Introduction 

The United States has a high prevalence of Breast cancer with an estimated 12% of 

women developing breast cancer during their lifetime.58 In 2016, 246,660 women were 

diagnosed with breast cancer.27 Although the survival rate for breast cancer patients has 

increased from 75% in 1978 to 89% in 2012, breast cancer is still the second most deadly 

cancer in women.27,28,63 Previous research found that 32.2% of breast cancer patients have 

comorbidities, and 10% of breast cancer patients have two or more comorbidities.82 Cancer 

patients with comorbidities have higher risks of mortality than those without comorbidities.30,31,82 

In fact, a randomized clinical trial showed that 60% of breast cancer survivors died from 

comorbidities unrelated to cancer.32 Several studies found that patients with comorbidities were 

under-treated for their comorbidities following cancer diagnoses, which can cause high 

mortality.10-14  

Cancer patients with multiple comorbidities are often faced with the need to see multiple 

health care specialists.1 The distribution of patients’ visits to different specialists was reported as 

32% to primary care physicians (PCPs), 18% to oncologists, 13% to surgeons, and 36% to 

other specialists.1 However, these specialists might not communicate adequately during the 

follow-up care of cancer patients with comorbidities.1 Thus, health care providers are challenged 

with the need for communication and coordination of patients treatments across different 

providers.1,6 Surgeons and oncologists are less likely to recommend curative cancer treatment 

for cancer patients with comorbidities than for cancer patients without comorbidities regardless 

of clinical guidelines.1,6,7 These complications were often associated with poor continuity and 

coordination of care.4,8,9 Although strategies were developed to promote communication and 

coordination among health providers for cancer survivorship,115 only limited effects of these 

strategies were found on cancer survivorship care.57 

Continuity of care (COC) is essential to the health care system since it indicates 

physicians’ continuity of knowledge about patients’ medical conditions, service provision for 
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patients, and the health care management by multiple providers to the same patient.23,107 

Likewise, COC could reflect the cooperation of one patient and his/her physician or care team 

during the process of health care management aiming at delivering high quality and cost-

effective medical care to the patient.24,25 The definition of COC is the “degree to which a series 

of discrete healthcare events are experienced as coherent and connected and consistent with 

the patient ’s medical needs and personal context”.23 COC is significantly associated with 

patients’ satisfaction, quality of care, and their health care outcomes including medication 

adherence, health care service utilization, health care costs, and mortality.16-22  

Previous studies found patients with higher COC were more likely to have a lower risk of 

mortality.16,34-36 For example, elderly adults who had continuity of care based on percent of 

follow up days with a primary care physician (PCP) had lower mortality risk (HR=0.84, 95%CI 

0.77-0.91) compared with those who didn’t.34 A study focused on elderly diabetes patients found 

that patients with higher COC with PCPs resulted in a 10% reduction in mortality risk compared 

to those with lower COC.16 Besides, one study showed different associations of COC and the 

risk of mortality when different medical disciplines were taken into account for COC 

measurements.127 However, these studies only focused on non-cancer patients. Still, less is 

known about the association between COC and the risk of mortality within cancer patients who 

have comorbidities. 

This study focused on the association of COC and the risk of mortality within breast 

cancer patients with cardiometabolic diseases (hypertension, hyperlipidemia, and diabetes). It 

was reported that about 28% of breast cancer patients have cardiometabolic diseases who have 

a prevalence of hypertension, hyperlipidemia, and diabetes estimated at 44%,73%, and 30% 

respectively.87 Breast cancer patients with cardiometabolic diseases have a higher risk of 

mortality than those without cardiometabolic diseases.32 These patients were more likely to visit 

multiple health care providers with more diverse specialties but receive poor continuity of care 

during their follow-up care after cancer diagnoses.1,57 In the U.S. health care system, specialists 
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and PCPs have different roles and responsibilities for the follow-up care of cancer patients with 

comorbidities.1 Specialists most often focus on providing patients with guidance and treatments 

in their areas of expertise.1 PCPs provide general as well as cancer-related health care services 

to patients, often covering all aspects of patient care.1 However, limited research has been done 

for the continuity of care during breast cancer survivorship. We are not clear about the continuity 

of care for breast patients under the scopes of health care provider specialties and individual 

providers. Therefore, the objectives of this research are to 1) measure the continuity of care 

based on health care provider specialties and individual providers and 2) examine the 

association of continuity of care and the risk of mortality for breast cancer patients with 

cardiometabolic comorbidities for up to five years of cancer survival. The finding of this study 

could provide strong evidence to policymakers and others helping them guide future changes in 

the healthcare delivery system and promoting the survivorship care for breast cancer patients.   
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4.1.3 Methodology 

Data Source and Participants 

This study used the linkage of the Surveillance, Epidemiology and End Results (SEER) 

and Medicare claims (SEER-Medicare) data from 2006 to 2014. The SEER data provided high-

quality information about patients’ electronic health records including tumor diagnosis, tumor 

pathology, tumor histology, tumor stage, mortality, and demographic characteristic. The 

Medicare claims data includes the Medicare Part A (hospital visit), Part B (outpatient, physician 

office visit, clinic visit, and other health facility utilization), and Part D (prescription drug 

usage).186   

A retrospective cohort study was conducted to identify eligible breast cancer patients 

who were 1) newly diagnosed with breast cancer as their primary cancer; 2) 66 years or older at 

the time of breast cancer diagnoses; 3) continuously enrolled in Medicare Part A and B for at 

least 12 months before breast cancer diagnoses; and 4) continuously enrolled in Medicare Part 

A, B, and D after diagnoses until the end of following up period. Patients’ breast cancer 

diagnoses ( ICD-O-3 C500-509) were identified in the SEER registry data.187 Patients were 

excluded from the study if they were enrolled in Managed Care (n=75,840) or if their information 

about cancer diagnoses was missing (n=4262). A 12-month baseline period before breast 

cancer diagnosis was used to identify a patient’s comorbidities (hypertension, hyperlipidemia, 

and diabetes) and calculate the Charlson Comorbidity Index (CCI). Finally, a total of 59,742 

female breast cancer patients were included in the study (Figure 4.1.1). A patient’s first breast 

cancer diagnosis date was the index date of the study. After the index date, the patient was 

followed for up to 5 years of survival. Censoring included death, dropping out, reaching the end 

of the study period, or elapsing of the follow-up time (Figure 4.1.2). 
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Figure 4.1.1 Sample Flow Chart 
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Figure 4.1.2 Study Design 
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Measurement of Continuity of Care  

Several indices have been developed to estimate continuity of care quantitatively.26,125,192 

This study utilized the Bice-Boxerman COC Index,25 because it was a commonly used empirical 

measurement for continuity of care, which could enable researchers to obtain timely 

estimations.18,54,55,125,193 COC Index measures continuity of care based on individuals’ utilization 

of different providers, which includes an individual’s total number of visits for one episode of 

disease or a certain time period to a single provider or a group of specific providers.25 Thus, the 

COC Index counts for both the frequency of visits to each provider and the dispersion of visits 

between providers.      

The general equation to calculate the COC Index is25:  

𝐶𝐶𝐶𝐶𝐶𝐶 =
∑ 𝑛𝑛𝑗𝑗2 − 𝑁𝑁𝑠𝑠
𝑗𝑗=1

𝑁𝑁(𝑁𝑁 − 1)  

 To estimate Specialty COC Index: 𝑁𝑁 =  the total number of visits; 𝑛𝑛 = the number of 

visits to provider specialty 𝑗𝑗; 𝑠𝑠 = the number of provider specialties. To estimate Individual COC 

Index: 𝑁𝑁 = the total number of visits; 𝑛𝑛 = the number of visits to provider 𝑗𝑗; 𝑠𝑠 = the number of 

providers. To get a stable COC Index, this study required 𝑁𝑁 ≥ 4.194    

In this study, the COC was measured for each patient within each observation year in 

two different ways including a Specialty COC Index and an Individual COC Index. Specialty 

COC Index was calculated based on three health care specialty groups: PCP, Oncologist, and 

Other (e.g. Cardiology, Endocrinology), which indicated the degree of continuity of care to which 

a patient visits one group of physician specialists. Individual COC Index was calculated based 

on each health care provider who involved in patients’ care after breast cancer diagnoses. The 

Individual COC Index reflected the extent of continuity of care to which a patient visits a single 

health care provider. The COC Index has a scale of 0 (maximum dispersion) to 1 (maximum 
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concentration). For example, if a patient visited a different health care provider (a single provider 

for Individual COC, and one provider specialty type for Specialty COC) for each of her visit, the 

COC Index of this patient was 0. If a patient visited the same health care provider (a single 

provider for Individual COC, and one provider specialty type for Specialty COC) for all her visits, 

the COC Index of this patient was 1. Table 4.1.1 demonstrates a few examples of different COC 

Indices.  

In this study, the calculations of COC Indices were only based on outpatient health care 

providers visits, which were further limited to all outpatient visits with the diagnoses of  breast 

cancer and cardiometabolic diseases (hypertension, hyperlipidemia, or diabetes).19 Provider 

specialties included in this study were: primary care provider (PCP), Oncologist, and other 

specialist (Other). Health care provider specialties were identified from outpatient claims using 

variable HCFASPEC in outpatient files. PCP included family practice, general practice, internal 

medicine, obstetrics and gynecology, and geriatrics (HCFASPEC= 01, 08, 11, 16, and 38).121,195 

Oncologist included radiation oncologist, medical oncologist, surgeon, and surgical oncologist 

(HCFASPEC= 02, 24, 36, 83, 90, 91, 92, and 98).121,195 Other specialist included all other 

physician specialists. Variable RFR_UPIN from the outpatient records was used to identify 

single health care providers. Since cancer patients with cardiometabolic diseases had more 

frequently visits to physicians than non-physicians, this study only included patients visits to 

physicians.  

Outcome Variables and Covariates 

 The primary outcome variable was all-cause mortality. A patient’s date of death was 

identified from the SEER’s registry and observed for up to 5 years after her initial breast cancer 

diagnosis. A patient’s survival time was the time interval between the date of her initial breast 

cancer diagnosis and her date of death. An observation was censored at the date of dropping 

out, reaching the end of the study period, or elapsing of the follow-up time.  
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 A patient’s baseline characteristics were obtained from the SEER’s registry, and the 

Medicare claims data. Age groups (66-70, 71-75, 76-80, and >80), race groups (Asian, Black, 

White, and Other), marriage status (yes and no), poverty levels (0-5%, 5-10%, 10-20%, and 20-

100%), regions (Midwest, Northeast, South, and West), and tumor stages (0, I, II, III, and IV) 

were obtained at the time of the patient’s cancer diagnosis. Hypertension (0/1, ICD-9 codes: 

401-405), hyperlipidemia (0/1, ICD-9 codes: 272), diabetes (0/1, ICD-9 codes: 250), number of 

comorbidities (0, 1, 2, and 3), and the Charlson Comorbidity Index (CCI) were identified during 

the 12-month baseline period. A modified CCI suggested by the NCI was calculated in this 

study.84,190,197,198 To avoid the collinear effect, the CCI was adjusted to exclude hypertension, 

hyperlipidemia, and diabetes.210 This study also measured breast cancer treatments (surgery, 

chemotherapy, radiation therapy, and hormone therapy) as individual binary variables which 

were received by a patient during the entire follow up period. ICD-9 codes from a patient’s 

Medicare claims data were used to identify types of cancer treatment (surgery, ICD-9 codes: 

85.2-85.4; chemotherapy, ICD-9 codes: V58.1, V66.2, V67.2; radiation therapy, ICD-9 codes: 

V58.0; V66.1; V67.1).42,199 Hormone therapy was identified by NDC codes from the Medicare 

Part D prescription claims data, including tamoxifen and aromatase inhibitors (AI) (anastrozole, 

letrozole, and exemestane).119,138,191       

Statistical Analysis 

 Descriptive analyses summarized patients’ baseline characteristics of each comorbidity 

groups (0, 1, 2, and 3 comorbidities). Chi-Square tests were used to compare categorical 

variables. The average COC Indices (Specialty COC Index and Individual COC Index) were 

calculated annually through 1 to 5 survival years after breast cancer diagnoses. ANCOVA tests 

were used to compare average COC Indices among different tumor stages or numbers of 

comorbidities for different years. The Kaplan-Meier curves for the Survival rates of breast 

cancer patients with different numbers of comorbidities and tumor stages were also plotted.      
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Cox Proportional-Hazard Models were used to estimate the association of COC Indices 

with patients’ survival. This study selected the most representative baseline characteristics as 

the covariates for statistical models to avoid over-adjustment. Specifically, the models controlled 

for demographic information (age, race, marriage, poverty level, and region), comorbidity 

(hypertension, hyperlipidemia, diabetes, and CCI), breast cancer stage, and breast cancer 

treatment. The effects of the Specialty COC Index and Individual COC Index on patients’ 

survival were modeled separately. This study divided COC Indices into four levels (1st quartile: 

0-25%, 2nd quartile: 26-50%, 3rd quartile:51-75%, and 4th quartile: 76-100%) based on the 

quartiles of their distributions to present a more intuitive Hazard Ratio (HR). The Specialty COC 

Index range for each quartile is: 1st quartile: 0-0.33, 2nd quartile: 0.33-0.41, 3rd quartile:0.41-

0.52, and 4th quartile: 0.52-1. The Individual COC Index range for each quartile is: 1st quartile: 

0-0.20, 2nd quartile: 0.20-0.33, 3rd quartile:0.33-0.52, and 4th quartile: 0.52-1. Since cancer 

patient might use highly intensive or dispersed care during the end-of-life, there might be 

concerns of ambiguous causal ordering.125,126 This study used lagged effects models to avoid 

the uncontrollable changes in COC Indices due to the end-of-life.125,126 Within the lagged effects 

models, the COC Index from the previous observation year was added as a control variable for 

the COC Index from the current observation year. The lagged effects models were adjusted for 

baseline characteristics as well as the COC Index from the previous survival year. 

The Cox Proportional-Hazard Model looks like:  

(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡), 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)) ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐶𝐶𝐶𝐶𝐶𝐶 (𝑡𝑡) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +

𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒   

The lagged effects Cox Proportional-Hazard Model looks like: 
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(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡), 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)) ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐶𝐶𝐶𝐶𝐶𝐶 (𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 − 1) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 +

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 +

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒   

Since patients’ characteristics may contribute to their mortality, we conducted sensitivity 

analyses to test the robustness of this study. Three types of models were conducted for the 

sensitivity analyses: unadjusted models, partially adjusted models, and models using the first 

year COC Indices as predictors. Patients with different demographic backgrounds, 

comorbidities, and cancer treatments may have different risks of mortality. We used unadjusted 

models which only controlled for survival year to test the models’ sensitivity to these covariates. 

Also, different cancer treatment strategies might contribute to patients’ risks of mortality. We 

used partially adjusted models to determine if the types of cancer treatment undertook by 

patients contributed to patients’ survival. In the partially adjusted models, all covariates from the 

fully adjusted models in the main analyses were controlled except variables of cancer 

treatments. Besides these analyses, we also conducted analyses using the first year COC 

Indices to predict patients’ probabilities of survival. These models were used to test the 

association of COC and mortality’s sensitivity to different analysis methods.  
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4.1.4 Result 

Patients’ baseline characteristics by the numbers of comorbidities at baseline are 

presented in Table 4.1.2. The numbers of patients diagnosed with 0, 1, 2, and 3 comorbidities 

were 15,768 (26%), 16,448 (28%), 19,088 (32%), and 8,168 (13%). The number of patients with 

each cardiometabolic disease was: Hypertension, 36,603 (62%); Hyperlipidemia, 30,409 (51%); 

and Diabetes, 12,116 (20%). The percentages of patients diagnosed with stages 0, I, II, III, and 

IV breast cancer were 17%, 44%, 24%, 7%, and 5%.  

To verify whether the COC Index could represent the frequency of visits to each provider 

and the dispersion of visits between providers within this study cohort, we plotted the changes 

of total number of visits to each provider type and number of visits to different providers in each 

type over time (Appendix Figure Aim1.1) as well as the changes of COC Indices over time 

(Figure 4.1.3). From these plots, COC Indices decreased as the numbers of visits to each 

provider type increased. However, COC Indices only slightly decreased as the number of visits 

to different providers increased. Total number of visits to each provider type (PCP, Oncologist, 

and Other) decreased as survival years increased. Total number of visits to each provider type 

(PCP, Oncologist, and Other) also decreased as survival years increased. Within these plots, 

patients’ visits to Oncologist decreased the most from year 1 to year 2 after breast cancer 

diagnoses compared to their visits to PCP or Other. 

To explain the details of patients’ specialty group visits, we listed out the percentage of 

visits to each provider specialty group by different Specialty COC Index levels across survival 

years in Appendix Table Aim 1.8. Patients with the first quartile of Specialty COC Index had 

equal proportions of visits to PCP, Oncologist, and Other. Patients with the fourth quartile of 

Specialty COC Index had more concentrated visits to one specific specialty group than others. 

For example, in the first year, patients with high levels of Specialty COC Index had high 
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percentages of Oncologist visits. From the second year, patients with high levels of Specialty 

COC Index had high percentages of Other specialist visits. 

  Figure 4.1.3 shows the changes of COC Indices over time. All COC Indices increased 

slightly over time (p<0.05). For example, the Specialty COC Index increased from 0.44±0.14 in 

year 1 to 0.47±0.18 in year 5. The Individual COC Index increased from 0.37±0.21 in year 1 to 

0.40±0.25 in year 5. Patients with stage IV breast cancer had the highest average Specialty 

COC and Individual COC during the entire study period compared to others (p<0.05) (Appendix 

Table Aim1.1).  

 The Kaplan-Meier curves for survival rates are shown in Figure 4.1.4. The probability of 

survival decreased with advanced breast cancer stages. Patients with stages I, II, III, and IV 

breast cancer had significantly lower probabilities of survival compared to patients with stage 0 

breast cancer (p<0.001). For example, patients with stage IV breast cancer had the lowest 

survival probability during the whole study period compared to others. The survival probability 

for these patients declined from 95% to 46% during the entire study period. However, the 

probability of survival for patients with stage 0 breast cancer remained above 90% during the 

whole study period. Similarly, the overall survival probability decreased with the numbers of 

comorbidities(p<0.001). Patients with 3 comorbidities had the lowest survival probability while 

patients with 0 comorbidity had the highest survival probability during the entire study period.     

 The adjusted Hazard Ratios (HRs) of mortality with and without lagged effects control 

are presented in Figure 4.1.5 and Figure 4.1.6 respectively. Given the temporal precedence 

established with the lagged model, we have more confidence in the results of this model than 

the contemporaneous model(Figure 4.1.5). Patients with high levels of Specialty COC Index 

(4th vs 1st quartile, HR:1.34, 95%CI 1.29-1.40; 3rd vs 1st quartile, HR:1.59, 95%CI 1.52-1.65; 

2nd vs 1st quartile, HR:1.34, 95%CI 1.28-1.39) had higher risks of mortality than those with the 

lowest level of Specialty COC Index. However, patients with high levels of Individual COC Index 
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(4th vs 1st quartile, HR:0.53, 95%CI 0.51-0.54; 3rd vs 1st quartile, HR:0.57, 95%CI 0.55-0.59; 

2nd vs 1st quartile, HR:0.67, 95%CI 0.64-0.69) had lower risks of mortality than those with the 

lowest level of Individual COC Index. Sensitivity analyses by unadjusted models and partially 

adjusted models found similar results with the fully adjusted models (Figure 4.1.5 and 4.1.6). 

Models using the first year COC Indices to predict patients’ probabilities of survival also got 

similar results (Appendix Table Aim1.6-7). 
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4.1.5 Discussion 

 To our knowledge, this is the first longitudinal study that analyzed the association 

between continuity of care and the risk of mortality within breast cancer patients who had 

cardiometabolic comorbidities. After controlling for a number of potential confounding 

characteristics, we found significant associations between continuity of care and the risk of 

mortality based on two types of COC Indices. These associations were consistent in all 

sensitivity analyses with or without lagged effects. The lagged effects models avoid the 

ambiguous causal ordering caused by the increased need for specialist care at the end-of-

life.125,126. However, the results were contradictory among different types of COC Indices. Even 

though higher continuity of care to an individual provider was significantly associated with 

reduced mortality risks, higher continuity of care to a specialty group was significantly 

associated with increased mortality risks.   

Our findings of Individual COC inversely associated with the risks of mortality were 

consistent with most previous studies. For example, one study found that patients with mental 

disorders had a lower mortality risk (HR=0.83, 95%CI: 0.83-0.83) when they had a higher 

psychiatrists continuity of care.126 Another study found that patients had a lower mortality risk 

(HR=0.96, 95%CI: 0.95–0.96) when they had a higher PCP continuity of care.36 Similarly, 

studies that did not use the COC Index also found that continuity visits to an individual provider 

was associated with a lower mortality risk.16,34 The protective effect of high continuity of care to 

an individual provider on patients’ mortality risk could be explained by their effects of reducing 

incomplete information, preventing overlapping or contradictory care, and improving the quality 

of care during health care management. Cancer patients with multiple comorbidities need to see 

various health care specialists. However, these specialists might not communicate adequately 

during the follow-up care of cancer patients with comorbidities.1 Consequently, health care 

providers often faced challenges from incomplete information, overlapping or contradictory care 
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when making treatment decisions for cancer patients with comorbidities.1,6 Also, continuity of 

care is an important prerequisite for the quality of care during health care management.21,22 

Patients with high continuity of care to an individual provider were more focused on visiting one 

health care provider and had continuity of care from the provider. Therefore, the treatment 

barriers caused by poor coordination between multiple health care providers could be reduced. 

Thus, patients could receive better quality of care and result in a lower risk of mortality.  

However, our findings of Specialty COC proportionally associated with the risks of 

mortality were different from our findings of Individual COC models. Unfortunately, only limited 

studies reported similar results. For example, two previous studies both found increased COC 

linked with increased risks of mortality based on all physician visits.127,211  

The first explanation of the associations of high continuity of care (Specialty COC) and 

high risks of mortality might be the types of medical disciplines involved in the analysis. Due to 

the definition, the Specialty COC Index was calculated based on specialty groups (PCP, 

Oncologist, or Other) and measured the continuity of care based on a patient’s utilization of 

different specialty groups. Whereas, the Individual COC Index were calculated based on 

individual health care providers and measured the continuity of care based on a patient’s 

utilization of individual providers. Thus, even though a patient visited providers within the same 

specialty group, she might still visit multiple individual providers. For example, if a patient only 

visited different PCPs, she would have a high Specialty COC Index and a low Individual COC 

Index. Thus, patients with high mortality risk could have high continuity of care to a specialty 

group while still have low continuity of care to an individual provider.  

The second explanation of these associations may be the uncontrolled confounding 

factors due to the unmeasured disease severity of breast cancer and comorbidities. For 

instance, patients who had severe side effects from cancer treatments or patients with slow 

recovery processes from their breast cancer might need to have frequent visits to oncologists. 
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Then, these patients would have high continuity of care to a specialty group. A previous study 

found that breast cancer patients with undetected comorbidities had a higher mortality rate than 

others.196 Therefore, although these patients had high continuity of care based on specialty 

groups, their heavy disease burdens would still cause a high risk of mortality.  

The third explanation of these associations could be patients’ behavior which includes 

patients’ care-seeking behavior and lifestyle modification. For example, patients who followed 

medical instructions and paid regular visits to their health care providers might have low 

continuity of care to a specialty group if they were suggested to visit multiple specialty groups. 

These patients would benefit from visiting multiple specialty groups and might have a low risk of 

mortality. However, the referral to multiple providers might cause less continuous care. Since 

these providers are more likely to be temporary providers that step in when there is a high risk 

to the patient. Plus, lifestyle modification is very important for patients with cardiometabolic 

diseases. However, it is hard to control for lifestyle modification in claims data analyses. 

Patients with poor lifestyle modifications might have a higher risk of mortality although they 

might have better continuity of care to a specialty group.   

Our research is subject to several limitations. First, we included female breast cancer 

patients older than 66 who did not enroll in managed care. Thus, our results might not be 

generalizable to breast cancer patients who are male, younger than 66 or have other health 

insurance. Second, we were not able to control for all confounding factors related to disease 

severity. For instance, cancer treatment could get different responses and cause varieties of 

serious adverse events. Plus, patients’ disease severities of their cardiometabolic diseases are 

hard to control. Previous research found undetected comorbidities could cause higher mortality 

risk.36,196 In this study, we did our best to control for cancer stage, cancer treatment, 

comorbidities, and the CCI. Third, we could not detect patients’ behavior by using claims data. 

Patients’ care seeking behavior is closely related to their health care outcomes. Also, lifestyle 
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modification is an important treatment strategy for patients with cardiometabolic diseases.63,93 

Unfortunately, the SEER-Medicare data does not include information about patients’ behavior.  

The limitation of the data set prevented us from controlling for patients’ care-seeking behavior 

and lifestyle modification in our study. Fourth, patients’ visits to other health care providers (e.g., 

nurse practitioners or physician assistants) were not included in the study. Therefore, the 

findings of our study only reflect the continuity of care based on patients’ visits to physicians. 

Future studies including non-physician providers are needed. Fifth, our study only used the 

records of patients’ visits to outpatient physician offices for the calculations of COC Indices. 

Thus, we could not detect the influence of continuity of care on the risk of mortality during 

inpatient stays, which might cause biased results. Sixth, the calculation of the COC Index has 

limitations. To get a stable COC Index, we followed the suggestion by previous research, which 

only includes patients who had the records of more than 4 visits to a specific provider or a 

specialty group per time interval.194 Therefore, patients with less than 4 visits were excluded 

from the study. These patients might have less disease burden compared with patients with 

more than 4 visits. Plus, we excluded the records without valid HCFASPEC values or 

RFR_UPIN values during the calculations of the COC Indices. Thus, the health care services 

provided by these physicians were missed in our study.  

In addition, the Bice-Boxerman COC Index measures the continuity of care that a patient 

had with her health care provider during the process of health care management.24 Therefore, 

the COC Index reflects the continuity of care but not the coordination of health care providers.23 

Previous studies proved that the COC Index is sensitive to the concentration of unique provider 

visits but not sensitive to patients’ total health care provider visits.24,194 Unfortunately, the COC 

Index could only show patients’ overall provider visits without the details regarding the 

interactions between patients and providers. These details of interactions could be studied 

through patient and provider surveys.125 However, the COC Index is a convenient assessment 
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for continuity of care, which could be obtained from medical claims data. Thus, studying the 

association of the COC Index and health outcome could get a timely estimation of the effect of 

continuity of care on health outcome. Also, we could ensure the robustness of our study with the 

help of multiple sensitivity analyses.  

This study provided empirical evidence of the associations of continuity of care with 

mortality risk within breast cancer patients who had cardiometabolic comorbidities. We found 

mixed associations of COC Indices and mortality risks. Better continuity of care to an individual 

provider was significantly related to lower risks of mortality. However, better continuity of care to 

a specialty group was significantly related to higher risks of mortality. The mixed associations 

might be caused by types of medical disciplines, patient subgroups, uncontrolled disease 

severities, patients’ behavior, and treatment processes. These results indicated that 

concentrated individual provider visits could protect patients from all-cause mortality. Whereas, 

concentrated specialties visits could cause a high risk of mortality in patients. The contradictory 

results of different COC models provoked the needs for further studies. In the future, better 

understandings of the continuity of care based on different medical disciplines are needed. 

These future studies should be conducted in different care settings for different cancer types 

within wide varieties of patient populations. Also, the evidence provided by this study should be 

considered carefully by policymakers and others when guiding future changes in the health care 

delivery system. Notably, it is essential to building the models of continuous and coordinated 

care and helping improve the quality of care for cancer survivorship.    
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Table 4.1.1 Continuity of Care Index Calculation 
 

 Variables P1* P2* P3* Total Visit COC Index 

 1 1 1 3 0.000 
 0 1 2 3 0.333 
 0 0 3 3 1.000 
      
 6 1 1 8 0.536 
 5 2 1 8 0.393 
 4 3 1 8 0.321 
 4 2 2 8 0.286 
 3 3 2 8 0.250 
 4 4 0 8 0.429 
 3 5 0 8 0.464 
 2 6 0 8 0.571 
 1 7 0 8 0.750 

 

*P1/P2/P3 could be provider specialty groups or each provider. For the Specialty COC Index, 
P1/P2/P3 would be PCP/Oncologist/Other group. For the Individual COC Index, P1/P2/P3 
would be three different providers. 
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Table 4.1.2 Baseline Characteristics of Breast Cancer Patients with Different Numbers of Comorbidities 
 

  Number of Comorbidities  
Characteristics Level 0 1 2 3 All 
N(%)       
All  15768 16448 19088 8168 59472 
Age* 66-70 4937(31.31%) 3745(22.77%) 3620(18.96%) 1664(20.37%) 13966(23.48%) 
 71-75 4417(28.01%) 4037(24.54%) 4695(24.60%) 2194(26.86%) 15343(25.80%) 
 76-80 2910(18.46%) 3374(20.51%) 4363(22.86%) 1923(23.54%) 12570(21.14%) 
 >80 3504(22.22%) 5292(32.17%) 6410(33.58%) 2387(29.22%) 17593(29.58%) 
       
Race* Asian 170(1.08%) 185(1.12%) 292(1.53%) 158(1.93%) 805(1.35%) 
 Black 514(3.26%) 734(4.46%) 1033(5.41%) 858(10.50%) 3139(5.28%) 
 Other 390(2.47%) 391(2.38%) 515(2.70%) 302(3.70%) 1598(2.69%) 
 White 14694(93.19%) 15138(92.04%) 17248(90.36%) 6850(83.86%) 53930(90.68%) 
       
Marriage* Yes 8188(51.93%) 7952(48.35%) 9028(47.30%) 3750(45.91%) 28918(48.62%) 
 No 7580(48.07%) 8496(51.65%) 10060(52.70%) 4418(54.09%) 30554(51.38%) 
       
Region* Midwest 2605(16.52%) 2672(16.25%) 2777(14.55%) 1124(13.76%) 9178(15.43%) 
 Northeast 6741(42.75%) 7063(42.94%) 7708(40.38%) 3134(38.37%) 24646(41.44%) 
 South 5088(32.27%) 5368(32.64%) 6953(36.43%) 3289(40.27%) 20698(34.80%) 
 West 1334(8.46%) 1345(8.18%) 1650(8.64%) 621(7.60%) 4950(8.32%) 
       
Poverty* 0-5% 4585(29.08%) 4648(28.26%) 5376(28.16%) 1996(24.44%) 16605(27.92%) 
 5-10% 4831(30.64%) 4815(29.27%) 5598(29.33%) 2334(28.57%) 17578(29.56%) 
 10-20% 4164(26.41%) 4399(26.74%) 5066(26.54%) 2279(27.90%) 15908(26.75%) 
 20-100% 2022(12.82%) 2379(14.46%) 2798(14.66%) 1422(17.41%) 8621(14.50%) 
 Unknown 166(1.05%) 207(1.26%) 250(1.31%) 137(1.68%) 760(1.28%) 
       
Hypertension 0 15768(100.00%) 6112(37.16%) 989(5.18%) - 22870(38.45%) 
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 1 - 10336(62.84%) 18099(94.82%) 8168(100.00%) 36603(61.55%) 
       
Hyperlipidemia 0 15768(100.00%) 11202(68.11%) 2093(10.97%) - 29064(48.87%) 
 1 - 5246(31.89%) 16995(89.03%) 8168(100.00%) 30409(51.13%) 
       
Diabetes 0 15768(100.00%) 15582(94.73%) 16006(83.85%) - 47357(79.63%) 
 1 - 866(5.27%) 3082(16.15%) 8168(100.00%) 12116(20.37%) 
       
Tumor Stage* 0 2357(14.95%) 2803(17.04%) 3352(17.56%) 1352(16.55%) 9864(16.59%) 
 I 6572(41.68%) 7235(43.99%) 8656(45.35%) 3415(41.81%) 25878(43.51%) 
 II 3724(23.62%) 3868(23.52%) 4357(22.83%) 2049(25.09%) 13998(23.54%) 
 III 1189(7.54%) 1087(6.61%) 1215(6.37%) 621(7.60%) 4112(6.91%) 
 IV 1148(7.28%) 651(3.96%) 743(3.89%) 369(4.52%) 2911(4.89%) 
 Unknown 778(4.93%) 804(4.89%) 765(4.01%) 362(4.43%) 2709(4.56%) 
       
Surgery* 0 12907(80.43%) 13200(79.74%) 15245(79.62%) 6277(76.72%) 47629(79.47%) 
 1 3140(19.57%) 3354(20.26%) 3903(20.38%) 1905(23.28%) 12302(20.53%) 
       
Chemotherapy* 0 14027(87.41%) 14788(89.33%) 17197(89.81%) 7248(88.58%) 53260(88.87%) 
 1 2020(12.59%) 1766(10.67%) 1951(10.19%) 934(11.42%) 6671(11.13%) 
       
Radiation 
Therapy 0 12190(75.96%) 12505(75.54%) 14527(75.87%) 6293(76.91%) 45515(75.95%) 
 1 3857(24.04%) 4049(24.46%) 4621(24.13%) 1889(23.09%) 14416(24.05%) 
       
Hormone 
Therapy* 0 13758(85.74%) 13965(84.36%) 15919(83.14%) 6758(82.60%) 50400(84.10%) 
 1 2289(14.26%) 2589(15.64%) 3229(16.86%) 1424(17.40%) 9531(15.90%) 
       
CCI (mean ± std)  0.16±0.48 0.41±0.80 0.60±1.01 0.87±1.29 0.47±0.92 

 

* Chi Square test, P-value<0.05. 
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Table 4.1.2 showed patients’ characteristics of the study population for patients with different numbers of comorbidities. Number and 
percentage of patients in each level of covariates were counted and compared by Chi-square distribution. 
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Figure 4.1.3 Average Continuity of Care Index among Breast Cancer Patients during the whole 
study period.  
 

              

 

Figure 4.1.3 illustrated the COC Index change during the whole study period for each type of 
COC Index (Specialty, Individual). ANCOVA analyses were applied to compare the average 
COC among different years.            
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Figure 4.1.4 Kaplan-Meier Curve for the Survival Rate of Breast Cancer Patients  
A. Tumor Stage (tumor stage I vs. 0, HR=1.32; tumor stage II vs. 0, HR=2.18; tumor stage 

III vs. 0, HR=4.11; tumor stage IV vs. 0, HR=12.52; p<0.001) 

 

B. Numbers of Comorbidities (comorbidities 1 vs. 0, HR=1.25; comorbidities 2 vs. 0, 
HR=1.25; comorbidities 3 vs. 0, HR=1.52; p<0.001) 

 

 

Figure 4.1.4 illustrated the Kaplan-Meier curves for the survival rates of breast cancer 
patients with different numbers of comorbidities and tumor stages   



118 
 

Figure 4.1.5 Effect of Continuity of Care on the Hazard Ratio of Mortality, with lagged effects. 
 

A. Specialty COC 

 
 

B. Individual COC 

 
 

Figure 4.1.5 showed the forest plots for the effect of continuity of care on the Hazard Ratio of 
mortality, with lagged effects. Cox Hazard models generated the results adjusting for the lagged 
COC Indices from the previous year. The unadjusted models used the COC indices as the 
predictor. The partially adjusted models were adjusted for age group, race, marriage, poverty 
level, region, tumor stage, hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, 
hypertension, hyperlipidemia, diabetes, cancer treatments, and CCI.
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Figure 4.1.6 Effect of Continuity of Care on the Hazard Ratio of Mortality. 

 
A. Specialty COC 

 
 

B. Individual COC 

 
 

Figure 4.1.6 showed the forest plots for the effect of continuity of care on the Hazard Ratio 
of mortality. Cox Hazard models generated the results. The unadjusted models used the 
COC indices as the predictor. The partially adjusted models were adjusted for age group, 
race, marriage, poverty level, region, tumor stage, hypertension, hyperlipidemia, diabetes, 
and CCI. The fully adjusted models were adjusted for age group, race, marriage, poverty 
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level, region, tumor stage, hypertension, hyperlipidemia, diabetes, cancer treatments, and 
CCI.  
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4.2 Aim 2 Results 

4.2.1 Abstract 

Background: Breast cancer patients with comorbidities need to take multiple medications and 

see multiple healthcare providers. Continuity of care across these providers may influence 

patients’ medication taking behavior. 

Objective: To determine hormone therapy adherence, cardiometabolic medication adherence, 

and the association of medication adherence and continuity of care (COC) among breast cancer 

patients with cardiometabolic diseases. 

Methods: Female breast cancer patients who had hormone therapy prescriptions within 12-

month of cancer diagnoses were identified from the SEER-Medicare data (2006-2014). Patients 

were followed for up to four years after hormone therapy initiation. The Yearly COC Index was 

measured with a scale of 0 (dispersed) to 1 (concentrated) reflecting the frequency and 

dispersion of healthcare provider visits. The Specialty COC Index was measured based on 

unique specialist groups (Primary Care Physicians (PCP), Oncologists, and Other specialists 

(Other)). The Individual COC Index was measured based on each healthcare provider. The 

primary outcome was medication adherence, defined as the proportion of days coverage 

(PDC)≥80% and PDC<80%. Mixed-effect logistic regression models analyzed the associations 

of the COC Index and medication adherence to hormone therapy, antihypertensives, 

hyperlipidemia medications, and diabetes medications.  

Results: A total of 8,081 breast cancer patients who took hormone therapy and cardiometabolic 

medications (antihypertensives: 5,817; hyperlipidemia medications: 3,767; diabetes 

medications: 1,082) were eligible for the study. The adherence rates for Hormone Therapy from 

year 1 to year 4 decreased from 74.48% to 64.40%. Patients with higher levels of Specialty 

COC Index were less likely to adhere to antihypertensives (4th vs. 1st quartile, Odd Ratio (OR) 
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0.86, 95%CI 0.76-0.96) and hyperlipidemia medications (4th vs. 1st quartile, OR 0.81, 95%CI 

0.70-0.94). Patients with higher levels of Individual COC Index were more likely to adhere to 

hyperlipidemia (4th vs. 1st quartile, OR 1.17, 95%CI 1.01-1.36) and diabetes medications (4th vs. 

1st quartile, OR 1.51, 95%CI 1.12-2.00). 

Conclusion: A high percentage of breast cancer patients didn’t adhere to their long-term 

Hormone Therapy. The increased Individual COC Index and the decreased Specialty COC 

Index were associated with better medication adherence to cardiometabolic medications. The 

associations found in our study should be considered carefully by policymakers when 

developing the interventions of improving medication therapy for cancer patients with 

cardiometabolic diseases. These interventions could be adjusting the current health care 

service to a more individual provider concentrated and specialties coordinated format, such as 

locking into a practice or promoting cancer related medical home model.     
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4.2.2 Introduction 

 Close to 70% of breast cancer patients are estrogen receptor-positive (ER+).64,71 Plus, 

about 28% of breast cancer patients have cardiometabolic diseases including hypertension, 

hyperlipidemia, and diabetes.87,88 According to clinical practice guidelines, a minimum of five 

years of hormone therapy has been recommended for ER+ breast cancer patients.40 Thus, most 

breast cancer patients with cardiometabolic comorbidities may need long term treatments for 

breast cancer as well as comorbidities.69,130 Previous research found that five years of adjuvant 

tamoxifen treatment significantly reduced patients’ mortality rate by 31%.41 Besides, medication 

treatment of cardiometabolic diseases could significantly reduce cardiovascular morbidity and 

mortality rates (p<0.05).96-98 However, many breast cancer patients with comorbidities failed to 

adhere to their medications.37,42,136,137 For example, only 40-70% of breast cancer patients could 

finish their five-year hormone therapy (HT).42,136,137 By the end of their second-year hormone 

therapy, patients’ adherence rates for antihypertensives, statins, and oral diabetes medications 

were 62%, 61%, and 24% respectively.37 Multiple factors contribute to nonadherence, one of 

them is the fragmented health care system in the United States.46  

Within the fragmented health care system, cancer patients with comorbidities often need 

to visit different health care providers for their cancer and comorbidities.3,33 A previous study 

found, for cancer patients, the proportion of physician office visits to primary care providers 

(PCP), oncologists, and other specialists were 32%, 18%, and 50% respectively.1 Patients with 

multiple health care provider visits were more likely to have poor medication adherence.15 In 

fact, the risks of discontinuing hormone therapy were 23-41% higher in breast cancer patients 

with comorbidities than in those without comorbidities.42-45 Although strategies were developed 

to promote communication and coordination among health providers for cancer survivorship,115 

previous studies did not report significant effects of these strategies on medication adherence.57 

The highly dispersed health care provider visits could lead to poor continuity of care.23 



124 
 

Therefore, concerns regarding the association of medication adherence and continuity of care 

were raised by researchers.4,8,9,150 

 Continuity of care (COC) is the degree to which one patient and his/her health care 

provider cooperated and connected during the process of health care management, which 

includes information continuity, relational continuity, and management continuity.23-25 Continuity 

of care could be measured by Bice-Boxerman COC Index, which measures management 

continuity and counts for patients’ discrete and concentrated provider visits.26. COC could affect 

patients’ medication adherence.18,47-49 Limited studies have been done for the association of 

COC and cardiometabolic medications adherence. Mixed effects of COC on medication 

adherence were reported. For example, patients with higher COC had higher adherence to 

diabetes medication (OR=3.37, 95%CI 3.15-3.60)18 and statins (OR=6.10, 95%CI: 5.90-6.30)47. 

However, no significant association of COC and medication adherence were found in the usage 

of antihypertensives.48,49 In the U.S. health care system, specialists and PCPs have different 

roles and responsibilities for the follow-up care of cancer patients with comorbidities.1 Therefore, 

cancer patients with comorbidities were more likely to receive poor continuity of care after their 

cancer diagnoses.1 The situation is even worse for ER+ breast cancer patients who have 

cardiometabolic comorbidities. Previous studies found breast cancer patients with 

cardiometabolic diseases had poor medication adherence to their HT and cardiometabolic 

medications.37,42,136,137 To the best of our knowledge, no research has been done for the 

association of COC and medication adherence within breast cancer patients who had 

cardiometabolic comorbidities. Plus, it is not clear about the different roles of continuity of care 

in medication adherence based on health care provider specialties and individual providers 

respectively. Thus, studies are needed to help to understand the association of COC and 

medication adherence within these patients.      
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 The purpose of this study was to determine the association of COC and medication 

adherence to hormone therapy and cardiometabolic medications in breast cancer patients with 

cardiometabolic comorbidities. The medications in this study included oral hormone therapy 

medications, antihypertensives, hyperlipidemia medications, and oral diabetes medications.   
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4.2.3 Method 

Study Design and Sample  

 This study used the Surveillance, Epidemiology and End Results (SEER) linked 

Medicare Claims data from 2006 to 2014. The linkage of SEER-Medicare data is supported by 

the SEER registry, the National Cancer Institution (NCI), and the Centers for Medicare and 

Medicaid Services (CMS). The SEER registry data contained clinical records, demographic 

information, and mortality information for cancer patients. Medicare claims data included 

medication records, health care service utilizations, and costs. 

A longitudinal study was conducted within a group of SEER-Medicare patients who had 

estrogen receptor-positive breast cancer and cardiometabolic diseases from 2006 to 2014. This 

study used a new user design to identify patients who initiated hormone therapy (HT) within one 

year after their first breast cancer diagnoses. A prevalent cohort was used for cardiometabolic 

medication treatments. The follow up of this cohort started from the date of HT initiation. We 

limited the study population to female breast cancer patients who (1) were older than 66; (2) 

were diagnosed with positive estrogen receptor forms of breast cancer; (3) continuously 

enrolled in Medicare Part A, B, and D for a 12-month baseline period before their initial breast 

cancer diagnoses; (4) received at least one prescription of oral HT within one year after breast 

cancer diagnosis; (5) continuously enrolled in Medicare Part A, B, and D until the end of the 

observation period; and (6) received at least two prescriptions of HT during each observation 

year. The date of first HT prescription was defined as the Index date of the study. Patients were 

excluded if they did not have breast cancer as their primary cancer (n=4,262). Patients were 

also excluded if they were enrolled in a managed care program (n=75,840), since managed 

care program contained medical claims which were undetectable in Medicare data. The 

selected patients were followed for up to 1, 2, 3, or 4 full years after HT initiation. Within each 

observation year, eligible patients should have at least 2 prescriptions of HT. The observation 
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would be considered missing for that observation year if a patient had less than 2 prescriptions 

of HT during that time interval. The resulting cohort included a total of 8,081 patients with 

16,080 person-years of observation (Figure 4.2.1). The diagnosis of breast cancer ( ICD-O-3 

C500-509) and status of estrogen receptor (ER) were identified in SEER registry data.187 

Cardiometabolic diseases were identified as a patient with at least one inpatient visit or two 

outpatient visits during the baseline period of cardiometabolic diseases in her Medicare claims 

(hypertension ICD-9 401-405, hyperlipidemia ICD-9 272, and diabetes ICD-9 250).106,188-190 The 

predictor (Continuity of Care (COC)) and outcome variable (medication adherence) of this study 

were measured cross-sectionally within each observation year after HT initiation.  
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Figure 4.2.1 Study Sample Flow Chart 
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Measurement of Continuity of Care 

 The Bice-Boxerman Continuity of Care (COC) Index was calculated to measure 

continuity of care, which could be applied based on individual providers or provider specialty 

groups 25 The COC Index reflects a patient’s concentration of visiting one provider or one 

specialty group during a specific period.25 This Index has been commonly used in previous 

studies to measure the continuity of care for patients who had multiple comorbidities.125  

In this study, two types of COC Indices were calculated separately based on patients’ 

visits to groups of health care provider specialties (Specialty COC Index) and a single health 

care provider of all specialties (Individual COC Index). The health care provider specialties 

included in this study were: PCP, Oncologist, and Other specialties. When constructing the 

COC Indices, only conditions (breast cancer, hypertension, hyperlipidemia, and diabetes19) 

related provider visits in outpatient claims were included in the study and the COC Indices were 

measured yearly after patients’ HT initiation. According to the suggestion from previous 

research, this study required at least 4 total provider visits to calculate a stable COC Index.194 

The COC Index has a range of 0 to 1. A high COC Index score stands for concentrated 

continuity of care, while a low COC Index score stands for dispersed continuity of care.  

Measurement of Medication Adherence  

According to patients’ HT and cardiometabolic medication treatments, the therapeutic 

groups in this study were: HT, antihypertensives, hyperlipidemia medications, and diabetes 

medications. Since this study used a prevalent cohort for cardiometabolic medication 

treatments, the measurement of all selected medication usages started from the date of HT 

initiation. Oral HT included tamoxifen and aromatase inhibitors (AI) (anastrozole, letrozole, and 

exemestane).119,138,191 For antihypertensives, this study selected the most frequently prescribed 

drugs included diuretics, β-blockers, calcium-channel blockers, angiotensin-converting enzyme 
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inhibitors, and angiotensin receptor blockers.106 Hyperlipidemia medications included 

statins.101,106 For diabetes medications, this study focused on all oral medication treatment of 

type II diabetes (metformin, sulfonylureas, thiazolidinediones, and all others).106 The selected 

medications were identified by the National Drug Code (NDC) codes from the Medicare Part D 

data. 

Patients’ adherence to oral HT, antihypertensives, hyperlipidemia medications, and 

diabetes medications were measured separately by using Proportion of Days Coverage (PDC) 

based on the Medicare Part D claims data. PDC was widely used by previous studies to 

measure medication adherence of a class of drugs which were used for concomitant therapy or 

had switches of medications within the class.106,200 To reduce the underestimation of medication 

adherence caused by patients’ inpatient visits, this study used an adjusted PDC excluding the 

days of inpatient stays from the observation period.201 

The PDC was measured for each patient annually within each therapeutic group (HT, 

antihypertensives, hyperlipidemia medications, and diabetes medications) after the index date 

(HT initiation) (equation 1). First, a supply-matrix was built for each patient. The matrix recorded 

the supply of each medication class for each day of the whole study period within therapeutic 

groups. Next, the days of supply for each prescription were added to the prescription filling date. 

If the days covered by the prescriptions were overlapped, the next prescription filling date would 

be adjusted to the next date of the previous prescription running out. Then, the supply-matrix 

was partitioned into submatrices for each observation year. Fourth, within each observation 

year, the days covered were estimated by adding the days of supply which had at least one 

medication within the therapeutic group from the first prescription observed date until the end of 

that year. Then, PDC was calculated by dividing the days covered by the days evaluated 

adjusted for hospital stays within that year(equation 1).118,202 To get a reliable measurement of 

medication adherence, only patients who filled more than two prescriptions within the same 
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therapeutic group were included in the study. This medication class based PDC calculation 

might cause potential overestimation of medication adherence. Still, it could accommodate the 

complications of measuring adherence for concomitant therapy or switching of medications 

within the class.118,202 Patients were classified as adherent when PDC ≥ 80% and non-adherent 

when PDC < 80%.106,135,201,203,204     

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷,𝑤𝑤𝑤𝑤𝑤𝑤ℎ≥1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑒𝑒𝑒𝑒𝑒𝑒−ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

                                       (equation 1) 

Covariates 

Covariates of this study were identified from the SEER registry data and the Medicare 

claims data. Patients’  characteristics were identified from SEER registry data during the 

baseline period, which included age group (66-70, 71-75, 76-80, and >80), race (Black, White, 

and Other), marriage status (Yes and No), poverty level (0-5%, 5-10%, 10-20%, 20-100%), 

region (Midwest, Northeast, South, West), and tumor stage (0, I, II, III, and IV). Patients’ existing 

cardiometabolic diseases (hypertension (Yes/No), hyperlipidemia (Yes/No), and diabetes 

(Yes/No)) were identified from the Medicare claims data during the baseline period. 

Comorbidities were measured by the NCI Charlson Comorbidity Index (CCI) using patients’ 

Medical claims during the baseline period.84,190,197,198 To avoid collinear effects, this study 

excluded conditions that are related to hypertension, hyperlipidemia, and diabetes from the 

calculation of the CCI.210 Breast cancer treatments (including surgery, chemotherapy, radiation 

therapy, and hormone therapy) were identified for each patient yearly after HT initiation. Due to 

the small proportions of patients using surgery (2%), chemotherapy (6%), and radiation therapy 

(19%), this study combined these cancer treatments together as one binary covariate. ICD-9 

codes from patients’ Medicare claims identified surgery, chemotherapy, and radiation therapy 

(surgery, ICD-9 codes: 85.2-85.4; chemotherapy, ICD-9 codes: V58.1, V66.2, V67.2; radiation 
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therapy, ICD-9 codes: V58.0; V66.1; V67.1).42,199 Hormone therapy (tamoxifen and AI) was 

identified by the NDC codes from the Medicare Part D data.119,138,191 

Statistical Analysis 

 Descriptive statistics summarized patients' baseline characteristics for each medication 

theraputic group. The average COC Index scores (Specialty COC Index and Individual COC 

Index) of each year after HT initiation were also calculated. Patients’ adherence to HT, 

antihypertensives, hyperlipidemia medications and diabetes medications were estimated yearly 

by patients’ medication records through the study period.  

Mixed effects logistic regression models controlling for the random effect of individuals 

were used to estimate the association of the COC Index and the likelihood of adherence, where 

the Specialty COC Index and the Individual COC Index were modeled separately. The analyses 

were adjusted for demographic characteristics (age group, race, marriage, poverty level, and 

region), tumor stages, existing cardiometabolic diseases (hypertension, hyperlipidemia, and 

diabetes), CCI, and other cancer treatments. To avoid unbalanced covariates caused by a very 

small proportion of observations in surgery, chemotherapy, and radiation therapy (Table 4.2.1), 

we grouped these treatments as one variable called other cancer treatment in the regression 

models. To better interpret the clinical meaning of COC Indices and their associations with 

medication adherence, we divided COC Indices into quartiles (0-25% as 1st quarter, 26-50% as 

2nd quarter, 51-75% as 3rd quarter, and 76-100% as 4th quarter) based on the COC Index 

distributions for mixed-effect logistic regression analyses. The Specialty COC Index range for 

each quartile is: 1st quartile: 0-0.33, 2nd quartile: 0.33-0.40, 3rd quartile:0.40-0.49, and 4th 

quartile: 0.49-1. The Individual COC Index range for each quartile is: 1st quartile: 0-0.20, 2nd 

quartile: 0.20-0.32, 3rd quartile:0.32-0.50, and 4th quartile: 0.50-1. Since the continuity of care 

has more influence on patients’ medication adherence during the current year, this study did not 



133 
 

control for the lagged effect of the COC Index in regression models. The fully adjusted mixed-

effect logistic regression model looks like (equation 2): 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑎𝑎𝑎𝑎ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) = 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +

𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦  

                                                                   (equation 2) 

Sensitivity analyses were performed to test the robustness of the models. We used 

models with fewer covariates to check the models’ covariates sensitivity. First, patients’ 

demographic backgrounds, comorbidities, and cancer treatments might associate with their 

medication adherence. Thus, the unadjusted logistic regression was conducted, within which 

the analysis was only adjusted for years after HT initiation. Second, patients might discontinue 

their concurrent medications when a new cancer treatment was started. Therefore, to test the 

model’s sensitivity of patients’ cancer treatment other than HT, the partially adjusted logistic 

regression model was built, controlling for all covariates in the fully adjusted models except for 

the other cancer treatment. All analyses were performed in SAS 9.4 (SAS Institute, Inc., Cary 

NC) 
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4.2.4 Result 

 This study identified 8,081 female hormone-receptor-positive breast cancer patients in 

the SEER-Medicare data between January 2006 and December 2014. These patients started 

hormone therapy within 12 months after breast cancer diagnoses. The baseline characteristics 

of patients in therapeutic groups of hormone therapy (HT) (n=8,081), HT plus antihypertensives 

(n=5,817), HT plus hyperlipidemia medications (n=3,767), and HT plus diabetes medications 

(n=1,082) are presented in Table 4.2.1. The population contained 3% Black, 4% Other, and 

93% White. For different age groups, the population distributions were 26% (age 66-70), 29% 

(age 71-75), 21% (age 76-80), and 24% (age >80). The percentage of patients had stage 0, I, II, 

III, and IV breast cancer at diagnoses were 1.79%, 55.96%, 29.74%, 6.66%, and 3.38%. The 

percentage of patients from Midwest, Northeast, South, and West were 14.18%, 41.65%, 

35.97%, and 8.19%. 

 Figure 4.2.2 shows the average COC Index scores for each therapeutic group during the 

whole study period. The average scores of the Specialty COC Index were slightly lower in 

patients who adhered to antihypertensives and hyperlipidemia medication than in those who did 

not. For example, the average scores of the Specialty COC Index of patients taking 

antihypertensives ranged from 0.43 (year 1) to 0.43 (year 4) for the adherence group but ranged 

from 0.43 (year 1) to 0.45 (year 4) for the non-adherence group. The average scores of the 

Individual COC Index were slightly higher in patients who adhered to their medications than in 

those who did not adhere to their medications. For example, the average scores of the 

Individual COC Index ranged from 0.41 (year 1) to 0.49 (year 4) for the adherence group of 

diabetes medications but ranged from 0.39 (year 1) to 0.39 (year 4) for the non-adherence 

group.  

Figure 4.2.3 illustrates the proportions of patients who adhered and did not adhere to 

their medications (HT, antihypertensives, hyperlipidemia medications, and diabetes 
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medications) at each year after HT initiation. The numbers of patients who had HT were 8,081 

(year 1), 4,555 (year 2), 2,444 (year 3), and 1,000 (year 4). During the four years follow-up 

period after HT initiation, the percentage of patients who adhered to HT decreased by 10% 

(74.48% to 64.40%, year 1 to year 4). Similarly, the proportions of patients who adhered to 

antihypertensives, hyperlipidemia medications, and diabetes medications decreased by 6% 

(75.43% to 69.82%, year 1 to year 4), 3% (64.40% to 61.72%, year 1 to year 4), and 12% 

(66.08% to 53.97%, year 1 to year 4) respectively.   

 Patients’ likelihood of adherence to medication therapy was estimated by mixed-effect 

logistic regression models and illustrated in forest plots (Figure 4.2.4 and 4.2.5, full models in 

appendix table Aim 2.2-5). In the fully adjusted models, patients were less likely to adhere to all 

medications when their levels of Specialty COC Index were higher. The associations were not 

significant in HT adherence with ORs of 0.92 (2nd vs. 1st quartile, 95%CI 0.83-1.01), 0.91 (3rd vs. 

1st quartile, 95%CI 0.82-1.01), and 0.97 (4th vs. 1st quartile, 95%CI 0.87-1.08). However, the 

associations were significant in antihypertensives adherence (3rd vs. 1st quartile, OR: 0.86, 

95%CI 0.76-0.97; 4th vs. 1st quartile, OR: 0.86, 95%CI 0.76-0.98) and hyperlipidemia 

medications adherence (4th vs. 1st quartile, OR: 0.81, 95%CI 0.70-0.94). Patients were more 

likely to adhere to cardiometabolic medications when their levels of Individual COC Index were 

higher. The associations were not significant in HT adherence with OR of 1.03 (4th vs. 1st 

quartile, 95%CI 0.92-1.15). However, the associations were significant in the adherence of 

hyperlipidemia medications (3rd vs. 1st quartile, OR=1.16, 95%CI 1.01-1.34; 4th vs. 1st quartile, 

OR=1.17, 95%CI 1.01-1.36) and the adherence of diabetes medications (2nd vs. 1st quartile, 

OR=1.40, 95%CI 1.04-1.87; 4th vs. 1st quartile, OR=1.50, 95%CI 1.12-2.00).   

Similar results were obtained in the sensitivity analyses using the unadjusted and 

partially adjusted models. The results of the unadjusted and partially adjusted models are 
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presented in Figure 4.2.4 and 4.2.5. The results of the full models of fully adjusted and partially 

adjusted models are presented in Appendix Table Aim 2.2 to Appendix Table Aim 2.5.  
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4.2.5 Discussion 

 This study estimated the association of continuity of care and medication adherence in 

8,081 breast cancer patients who had cardiometabolic comorbidities. We compare the effect of 

two types of COC Indices (Specialty COC Index and Individual COC Index) on four therapeutic 

groups separately (HT, antihypertensives, hyperlipidemia medications, and diabetes 

medications). After controlling for patients’ characteristics, our fully adjusted models found 

significant associations among COC and medication adherence (Figure 4.2.3, Appendix Table 

Aim 2.2-11). High continuity of care to a specialty group was associated with low medication 

adherence however high continuity of care to an individual provider was associated with high 

medication adherence. Similar results were obtained in the sensitivity analyses using 

unadjusted models and partially adjusted models. To our knowledge, the present study is 

among the first that focused on the association of continuity of care and medication adherence 

in breast cancer patients with cardiometabolic comorbidities. 

Our study showed high individual continuity of care was associated with high medication 

adherence to medications for hyperlipidemia and diabetes. The positive associations agreed 

with the findings of previous studies. These studies suggested continuity of care and access to 

care are very critical to medication adherence.150,175 Poor coordination and continuity of care can 

lead to low medication adherence.179 Warren et al. found patients with a high COC Index level 

had more likelihood of adherence to statins (RR=1.05, 95%CI 1.04-1.07).17 Chen et al. reported 

patients with a high COC Index level had more likelihood of adherence to diabetes medications 

(RR=3.37, 95%CI 3.15-3.60).18 Our findings suggested that the concentrated visits to individual 

health care providers could have positive effects on medication adherence. Future studies in 

different study settings are needed to provide more evidence in the research area.   

However, our study also showed, high continuity of care to a specialty group resulted in 

lower adherence to medications for hypertension and hyperlipidemia. Since very little research 
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has been done for the association of COC and Medication adherence, no published results 

showed the inverse associations between high COC and low medication adherence. Still, 

studies did acknowledge that they could not find clear evidence of the association between 

COC and medication adherence.48,212 For example, Uijen et al. found, for heart failure patients, 

the continuity of care based on Specialty groups had no significant impact on patients’ 

medication adherence.48 Robles et al. acknowledged that there was no significant association 

between continuity of care based on all provider visits and antihypertensive adherence.212 The 

results of the Specialty COC models suggested that the dispersed visiting of multiple health 

care specialties could have a positive influence on medication adherence. The different results 

between the Individual COC and the Specialty COC models provoked the needs of future 

studies. The future studies should estimate the impact of continuity of care to a specialty group 

as well as to an individual provider of various medical disciplines in patients within different 

settings.  

The mixed findings in our study could be interpreted in several alternative ways. First, 

we included different medical disciplines in this study for different COC Indices. Since the COC 

Index could be applied based on an individual provider or provider specialty groups,25 the 

Specialty COC Index in this study was calculated based on provider specialty groups (PCP, 

Oncologist, and Other) and measured patients’ continuity visiting of health care specialty 

groups. In contrast, the Individual COC Index was calculated based on a patient’s visits to 

individual providers and measured patients’ continuity visiting of individual providers. Therefore, 

the patient might have different continuity of care according to the definitions of different COC 

Indices. For example, if a patient had a total of four visits to four individual PCP during a time 

interval, her Individual and Specialty COC Indices could be 0 (low continuity of care based on 

each individual providers) and 1 (high continuity of care based on specialty groups) respectively. 

Plus, a previous study showed that COC Indices calculated based on different medical 
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disciplines could have different effects on patients’ mortality.127 Thus, the mixed associations 

between COC Indices and medication adherence found in our study are understandable.  

Second, there might be uncontrollable confounding factors that could affect our results. 

Medication adherence can be influenced by patient-related factors, condition-related factors, 

therapy-related factors, socioeconomic factors, and health system factors.46 Patients’ 

characteristics like younger age, ethnic minority, and lower education level were found to be 

significantly associated with medication non-adherence in patients with cardiometabolic 

diseases or breast cancer.151-155 Actually, we found similar results in our study (Appendix Table 

2-6). The findings of our study showed patients who were older, or Black were less likely to 

adhere to their HT. Patients who were married or had higher CCIs were less likely to adhere to 

their antihypertensives. Patients who were younger or minorities (Black or Other) were less 

likely to adhere to their hyperlipidemia medication. Patients who were minorities (Black or Other) 

or had higher CCIs were less likely to adhere to their diabetes medication. Condition-related and 

therapy-related factors could also influence medication adherence. Previous studies suggested 

that depression and adverse drug events could significantly reduce patients’ HT adherence 

despite the recommendations of cancer treatment.161,162,164 Therefore, these uncontrollable 

confounding factors could affect patients’ medication adherence regardless of their continuity of 

care.  

Third, patients’ behavior is essential to their medication adherence. Patients who follow 

the instructions from their health care providers are more likely to adhere to their medication 

treatments. Also, these patients might be more likely to pay regular visits focused on specific 

health care providers and have high continuity of care to an individual provider. However, 

cancer patients with comorbidities might have to visit multiple health care specialties.3,33 

Therefore, these patients could also have low continuity of care to a specialty group. Thus, 
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patients with high continuity of care to an individual provider and low continuity of care to a 

specialty group are more likely to adhere to their medications.  

We observed decreased medication adherence rates in all four therapeutic groups over 

the follow-up period (Figure 4.2.2), which is consistent with some previous studies. For 

example, Hershman studied HT adherence in breast cancer patients and found the adherence 

rate decreased from 63% to 59% from year 1 to year 4.42 Similarly, the HT adherence rate 

change in our study was 74% to 64% from year 1 to year 4. Vrijens et al. found the probability of 

adherence to antihypertensives decreased 50% during a one-year observation period within 

hypertension patients.213 Our study found a 6% decrease in antihypertensive adherence during 

the 4-year observation period within breast cancer patients who had hypertension. However, our 

observations of patients’ adherence to hyperlipidemia and diabetes medications overtime were 

different from previous studies. We found decreased medication adherence to hyperlipidemia 

and diabetes medications over the follow-up period. Previous studies found increased 

medication adherence to statins and diabetes medications within their longitudinal 

analyses.18,214 These differences might be caused by different settings between their studies 

and our study. Their studies focused on the adherence to cardiometabolic medications within 

non-cancer patients. However, our study focused on medication adherence within breast cancer 

patients with cardiometabolic comorbidities. The barriers of medication adherence within cancer 

patients are even more complicated than others.164 For example, breast cancer patients might 

experience serious adverse drug events or severe drug-drug interactions during their treatment 

processes which might affect their medication adherence.164 As a previous study showed, after 

two-year HT, patients’ adherence rates for antihypertensives, statins, and oral diabetes 

medications were 62%, 61%, and 24% respectively.37 

This study has several limitations. First, we only included breast cancer patients older 

than 66, since SEER-Medicare data only included the records of elderly cancer patients. 
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Previous research showed breast cancer patients within younger age groups might have 

different HT adherence.42 Therefore, in future research, it could be helpful to study the 

association of continuity of care and medication adherence within breast cancer patients who 

had younger ages. Second, we were unable to address all potential confounding factors, which 

included undetected comorbidities, care-seeking behavior, lifestyle, drug-drug interaction, and 

adverse drug event. Previous studies found these confounding factors had significant effects on 

patients’ medication adherence and health outcomes. 46,161,162,164,196 We did not control for the 

number of medications in our study. However, since the number of medications correlated with 

the number of comorbidities and disease severity, we controlled for patients’ comorbidities and 

CCI Index in our study. Previous research also found low-income subsidy for Medicare part D 

might affect patients’ medication adherence.215 However, we did not directly control for patients’ 

eligibility of low-income subsidy. Instead, we controlled for patients’ poverty levels, since 

patients’ poverty levels could decide their eligibility for the low-income subsidy.216 Third, our 

study only included patients who had more than 4 provider visits per year to get stable COC 

Indices.194 Thus, medication adherence in patients who had less than 4 provider visits remains 

unknown. Fourth, the measurement we used for medication adherence might cause 

overestimation. To get a reliable measurement, we only included patients with more than 2 

prescriptions within the same therapeutic group of that time interval when calculated medication 

adherence. These patients could have higher PDC than patients with less than 2 prescriptions 

of that year. Also, the medication adherence in our study was estimated based on medication 

class to accommodate the complication of switching and concomitant therapy within the same 

class.118,202. Thus, we overestimate medication adherence by considering switching and 

concomitant therapy within the same class as continued treatment. Plus, we used adjusted PDC 

excluding patients’ hospital stays for each time interval.201 Therefore, patients’ PDC estimation 

would be higher than their actual PDC. Fifth, there was missing data due to the prerequisites of 

PDC and the COC Index calculations in our longitudinal study. A patient with less than 2 
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prescriptions did not have a valid PDC of that year. A patient with less than 4 provider visits did 

not have a valid COC Index of that year. However, a reliable imputation method was applied for 

the missing data during our statistical analysis.217. Sixth, the application of the COC Index might 

not be able to reflect the details of patient-provider interaction and provider-provider 

cooperation. However, the COC Index could allow us to get timely estimations of continuity of 

care and patients’ health outcomes. Seventh, the calculation of COC Indices did not include 

patients’ all health care provider visits. For example, patients’ visits to non-physicians (e.g., 

nurse practitioners or physician assistants) were not included. Patients’ visits to providers 

without valid HCFASPEC or RFR_UPIN values were also excluded from the calculations of 

COC Indices. Thus, the continuity of care based on these provider visits was not included in our 

study and needed further investigation.      

The present study examined the association of COC and medication adherence. Our 

findings contributed to the growing research interest of cancer survivorship care by providing 

empirical evidence of the association of continuity of care and medication adherence. The result 

of this study showed that high percentages of breast cancer patients didn’t adhere to their long-

term HT. Increased continuity of care to an individual provider was associated with patients’ 

better medication adherence to cardiometabolic medications, which indicated the protective 

effect of the concentrated visiting to individual providers on medication adherence. However, 

increased continuity of care to a specialty group was associated with patients’ lower medication 

adherence to medications, which indicated the negative effect of concentrated visiting to 

provider specialties on medication adherence. Thus, the findings in our study should be 

considered carefully by policymakers when developing the interventions of improving 

medication therapy for cancer patients with cardiometabolic diseases. These interventions could 

be adjusting the current health care service to a more individual provider concentrated and 
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specialties coordinated format, such as locking into a practice, or promoting cancer related 

medical home model.  
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Table 4.2.1 Baseline Characteristics of Breast Cancer Patients, who Receive Hormone Therapy, Antihypertensives, Hyperlipidemia 
Medications, and Diabetes Medications  
 

Characteristics Level Hormone Therapy  
Hormone Therapy & 
Antihypertensives 

Hormone Therapy & 
Hyperlipidemia 

Medications 

Hormone Therapy 
& Diabetes 
Medications 

N(%)      
All  8081 5817 3767 1082 
Age 66-70 2063 (25.53%) 1298 (22.31%) 893 (23.71%) 297 (27.45%) 

 71-75 2321 (28.72%) 1623 (27.90%) 1093 (29.02%) 333 (30.78%) 
 76-80 1717 (21.25%) 1298 (22.31%) 850 (22.56%) 228 (21.07%) 
 >80 1980 (24.50%) 1598 (27.47%) 931 (24.71%) 224 (20.70%) 
      

Race Black 218 (2.70%) 194 (3.34%) 108 (2.87%) 50 (4.62%) 
 Other 317 (3.92%) 218 (3.75%) 141 (3.74%) 52 (4.81%) 
 White 7546 (93.38%) 5405 (92.92%) 3518 (93.39%) 980 (90.57%) 
      

Marriage marriage 4032 (49.89%) 2767 (47.57%) 1879 (49.88%) 525 (48.52%) 
 other 4049 (50.11%) 3050 (52.43%) 1888 (50.12%) 557 (51.48%) 
      

Poverty 0-5% 2297 (28.42%) 1595 (27.42%) 1054 (27.98%) 257 (23.75%) 
 5-10% 2417 (29.91%) 1727 (29.69%) 1139 (30.24%) 280 (25.88%) 
 10-20% 2096 (25.94%) 1514 (26.03%) 980 (26.02%) 320 (29.57%) 
 20-100% 1086 (13.44%) 837 (14.39%) 504 (13.38%) 188 (17.38%) 
 unknown 185 (2.29%) 144 (2.48%) 90 (2.39%) 37 (3.42%) 
      

Region Midwest 1146 (14.18%) 829 (14.25%) 550 (14.60%) 149 (13.77%) 
 Northeast 3366 (41.65%) 2366 (40.67%) 1530 (40.62%) 456 (42.14%) 
 South 2907 (35.97%) 2131 (36.63%) 1373 (36.45%) 406 (37.52%) 
 West 662 (8.19%) 491 (8.44%) 314 (8.34%) 71 (6.56%) 
      

Tumor Stage 0 145 (1.79%) 102 (1.75%) 89 (2.36%) 580 (53.60%) 
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 I 4522 (55.96%) 3222 (55.39%) 2187 (58.06%) 329 (30.41%) 
 II 2403 (29.74%) 1738 (29.88%) 1080 (28.67%) 84 (7.76%) 
 III 538 (6.66%) 412 (7.08%) 225 (5.97%) 41 (3.79%) 
 IV 273 (3.38%) 199 (3.42%) 97 (2.57%) 21 (1.94%) 
 unknown 200 (2.47%) 144 (2.48%) 89 (2.36%) 14 (2.23%) 

Hypertension      
 0 2924 (36.42%) 1251 (21.61%) 997 (26.53%) 194 (17.98%) 
 1 5104 (63.58%) 4538 (78.39%) 2761 (73.47%) 885 (82.02%) 

Hyperlipidemia      
 0 3498 (43.57%) 2238 (38.66%) 842 (22.41%) 284 (26.32%) 
 1 4530 (56.43%) 3551 (61.34%) 2916 (77.59%) 795 (73.68%) 

Diabetes      
 0 6300 (78.48%) 4304 (74.35%) 2667 (70.97%) 972 (90.08%) 
 1 1728 (21.52%) 1485 (25.65%) 1091 (29.03%) 104 (16.67%) 

Surgery      
 0 8008 (98.35%) 6045 (98.36%) 4083 (98.55%) 1213 (98.46%) 
 1 134 (1.65%) 101 (1.64%) 60 (1.45%) 19 (1.54%) 

Chemotherapy      
 0 7634 (93.76%) 5770 (93.88%) 3923 (94.69%) 1149 (93.26%) 
 1 508 (6.24%) 376 (6.12%) 220 (5.31%) 83 (6.74%) 

Radiation Therapy     
 0 6597 (81.02%) 5012 (81.55%) 3392 (81.87%) 1009 (81.90%) 
 1 1545 (18.98%) 1134 (18.45%) 751 (18.13%) 223 (18.10%) 

CCI (mean(std))     
    0.45 (0.87) 0.52 (0.94) 0.53 (0.96) 0.54 (0.98) 

 

Table 4.2.1 showed patients’ characteristics of the study of each therapeutic group. Number and percentage of patients in each level 
of covariates were counted. 
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Figure 4.2.2 The COC Index of Breast Cancer Patients, who Receive Hormone Therapy, 
Antihypertensives, Hyperlipidemia Medications, and Diabetes Medications 
 

A. Specialty COC 
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Figure 4.2.2 showed the mean (std) COC Index (Specialty and Individual) change during the 
whole study period for each therapeutic group (HT, antihypertensives, hyperlipidemia 
medications, and diabetes medications). 
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Figure 4.2.3 Proportion of Adherent and Non-adherent Breast Cancer Patients on Medication 
Therapy by Therapeutic Class, with time intervals of 1 year during the whole study period  
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C. Hyperlipidemia Medications 
 

 
 
 

D. Diabetes Medications 
 

 
 

Figure 4.2.3 showed the raw medication adherence and non-adherence rates change during the 
whole study period for each therapeutic group (HT, antihypertensives, hyperlipidemia 
medications, and diabetes medications). 
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Figure 4.2.4 Forest Plot Showing the Association Between Medication Adherence and the 
Specialty COC Index for Breast Cancer Patients after hormone therapy initiation 

A. Fully Adjusted Models 

 

B. Partially Adjusted Models 
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C. Unadjusted Models 

 

 

Figure 4.2.4 showed the results of logistic regression for the association of the Specialty COC 
Index and medication adherence (HT, antihypertensives, hyperlipidemia medications, and 
diabetes medications). Mix-effect logistic regressions generated the results. The fully adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, 
hypertension, hyperlipidemia, diabetes, other cancer treatments, and CCI. The partially adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, 
hypertension, hyperlipidemia, diabetes, and CCI. The unadjusted models were adjusted for time 
only. 
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Figure 4.2.5 Forest Plot Showing the Association Between Medication Adherence and the 
Individual COC Index for Breast Cancer Patients after hormone therapy initiation 

A. Fully Adjusted Models  

 

B. Partially Adjusted Models 
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C. Unadjusted Models 

 
 

Figure 4.2.5 showed the results of logistic regression for the association of the Individual COC 
Index and medication adherence (HT, antihypertensives, hyperlipidemia medications, and 
diabetes medications). Mix-effect logistic regressions generated the results. The fully adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, 
hypertension, hyperlipidemia, diabetes, other cancer treatments, and CCI. The partially adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, 
hypertension, hyperlipidemia, diabetes, and CCI. The unadjusted models were adjusted for time 
only. 
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4.3 Aim 3 Results  

4.3.1 Abstract 

Objective: To examine the associations between continuity of care (COC) with patient’s 

outcomes including health care service utilization and costs 

Methods: A retrospective cohort study identified 8,414 newly diagnosed breast cancer patients 

with hormone therapy (HT), using the Surveillance, Epidemiology, and End Results-Medicare 

linked database (2007-2014). Health care service utilization and costs were examined for up to 

four years after HT initiation. COC Indices were calculated based on provider specialty groups 

(Specialty COC Index) and individual providers (Individual COC Index) with a scale of 0 

(dispersed) to 1 (concentrated), which indicated the frequency and dispersion of patients’ 

healthcare provider visits. Two-stage models including a mixed-effect logistic regression model 

and a mixed-effect linear regression model (with a log link and a gamma distribution) were used 

to determine the association between COC indices and health care service (emergency 

department (ED), inpatient) utilization and costs after HT initiation.  

Results: The average COC Indices were lower in patients who had ED or inpatient visits than in 

the overall population. After controlling for patients’ characteristics, patients with intermediate 

levels of Specialty COC Index were more likely to have ED or inpatient visits (significant in 2nd 

vs. 1st and 3rd vs. 1st quartile) for all conditions. However, patients with high levels of Individual 

COC Index were less likely to have ED or inpatient visits (significant in 2nd vs. 1st, 3rd vs. 1st, 

and 4th vs. 1st quartile) for all conditions. Accordingly, high levels of Specialty COC Index were 

associated with increased inpatient costs (all-cause, hypertension, hyperlipidemia, and diabetes 

related p<0.05). High levels of Individual COC Index were associated with reduced ED (all-

cause related p<0.05) and inpatient costs (all-cause, hypertension, and diabetes related 

p<0.05). 
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Conclusion: High levels of Individual COC Index and intermediate levels of Specialty COC Index 

were significantly associated with less health care service utilization and costs. The findings of 

this study provoke the need to optimize continuity of care during the survivorship care for cancer 

patients with cardiometabolic comorbidities. Strategies for improving the continuity of care could 

be promoting concentrated individual provider visits and coordinated specialties visits by 

increasing patients’ awareness and improving long term medical facility-based care.  
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4.3.2 Introduction 

The Medicare cost of Breast cancer was $16.5 billion in 2010 and will increase to $20.5 

billion in 2020.183 About 28% of breast cancer patients have cardiometabolic comorbidities.87,88 

Cancer patients with comorbidities have higher health care expenditures and more health care 

service utilization than those without comorbidities, which places a heavy burden on the health 

care system.105 For example, within Medicaid beneficiaries, the additional medical cost for 

cancer survivors during the 6-month follow-up were $4,584, $13,369, and $25,739 for patients 

with one, two, and more than three comorbidities.52 The percentages of Medicare beneficiaries 

who had at least one inpatient admission were 13%, 30%, and 63% for patients with two to 

three, four to five, and more than six comorbidities.51  

Cancer patients with comorbidities need to visit different health care specialists and 

undertake cancer treatment as well as treatments for their comorbidities.3,33 In addition, poor 

coordination and continuity of care have been observed between primary care providers (PCP) 

and oncologists along the spectrum of acute cancer treatment and survivorship care.4,8,9 

Therefore, cancer patients with comorbidities are often under-treated for their comorbidities 

following cancer diagnoses,4,8,9 which can negatively influence cancer patients’ health outcomes 

including costs and service utilization.10-14 For example, in 2010, 70.4% of health care service 

utilization were inpatient stays of patients with multiple chronic conditions.122 Although strategies 

were developed to promote communication and coordination among health providers for cancer 

survivorship,115 limited effects of these strategies on reducing health service utilization and cost 

were found by researchers.57 Strategies are needed to address these problematic issues during 

cancer survivorship care. 

Continuity of care indicates the degree of continuity of discrete health care elements 

during the health care process, which include information continuity, relational continuity, and 

management continuity.23In this study, we measured management continuity by using the Bice-



157 
 

Boxerman COC Index, which was widely used by previous studies.25 26 COC Index reflects 

patients’ visit to all providers and is sensitive to the distribution of visits to individual 

providers.25,26 Patients with concentrated health care provider visits would have high COC 

whereas patients with dispersed health care provider visits would have low COC.125 COC is 

closely related to patients’ satisfaction and their health outcomes.16,18,19,54 Actually, higher COC 

would significantly reduce health care cost and service utilization in patients with chronic 

conditions.18,19,54,55 For example, a study of elderly adult patients with multiple comorbidities 

found high COC Index was associated with less inpatient (Hazard Ratio (HR) 0.97 95%CI 0.96-

0.99) and ED visits (HR 0.97 95%CI 0.96-0.98).54 Another study of patients with diabetes found, 

for every 0.1-unit increase in the COC Index, patients had significantly lower chances of 

inpatient (Odds Ratio (OR) 0.95 95%CI 0.95-0.96) and ED visit (OR 0.94 95%CI 0.93-0.94), and 

lower health care cost (p<0.05).19 However, these studies were focused on non-cancer patients. 

Cancer patients with comorbidities often receive poor continuity of care after cancer diagnoses1 

and have more health care service utilization and costs105. This situation is even worse for ER+ 

breast cancer patients with cardiometabolic comorbidities since they have to undertake long 

term treatments for cancer and cardiometabolic diseases.3,33 To our knowledge, very few 

research studied the relationship between COC and health care expenditures and service 

utilization for cancer patients.  

In this study, we focused on the association between COC and health care service 

utilization and cost within ER+ breast cancer patients who had cardiometabolic comorbidities. 

ER+ breast cancer patients with cardiometabolic comorbidities were recommended to take at 

least five years of hormone therapy and long term cardiometabolic medication 

treatments.3,4,8,9,33,40 These patients had to visit multiple provider specialties for their cancer and 

other chronic conditions.3,4,8,9,33 The complicated provider visits could be associated with poor 

continuity of care and negatively influence patients’ health care costs and service utilization.1,4,8-
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14 Studies found, continuity of care to different scopes of medical disciplines would be 

associated with health outcomes differently.127,128 However, only limited research focused on 

this problem. Therefore, the objective of this research is to examine the associations between 

individual providers and specialty groups based continuity of care (COC) with ER+ breast 

cancer patient’s health outcomes including health care service utilization and costs.   
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4.3.3 Method 

Data sources 

 This study used the 2006-2014 Surveillance, Epidemiology and End Results (SEER) 

Program and Medicare claims data. The SEER data includes clinical record (tumor diagnosis, 

tumor pathology, tumor histology, tumor stage), demographic, and cause of death for cancer 

patients.186 The Medicare claims provide information about patients’ covered health care 

services (hospital visit, outpatient, physician office visit, clinic visit, and other health facility 

utilization, prescription drug usage) from the start of Medicare enrollment until death.186 The 

linkage of these two data sources identifies the records of a population subgroup which can be 

used for epidemiological and healthcare-related research.  

Participants and Study Design 

 We used a new user cohort design to identify female breast cancer patients with 

hormone therapy (HT) if they: (1) were older than 66 years at their breast cancer diagnoses; (2) 

were estrogen receptor-positive; (3) started hormone therapy (HT) within 12 months after 

cancer diagnoses; (4) continuously enrolled in Medicare Part A, B, and D for 12 months before 

breast cancer diagnoses; (5) continuously enrolled in Medicare Part A, B, and D after breast 

cancer diagnoses until the end of the study period (Figure 4.3.1). A patient was excluded from 

the study if her primary cancer was not breast cancer (n=4,262) or she enrolled in managed 

care (n=75,840). The index date of this study was the date of HT initiation. After HT initiation, 

each eligible patient was followed for up to 1, 2, 3, or 4 years. Thus, a total of 8,414 patients 

with 18,203 person-years of observation were included in this study. To allow a homogenized 

time interval for measuring related variables, this study only included patients with a full year 

enrollment of each observation year (year 1, 2, 3, or 4). In this longitudinal study, the Continuity 

of Care (COC) Index, the risk of health care service utilization (Emergency Department (ED) 
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visit and Inpatient visit), and health care costs (ED costs and Inpatient costs) were measured 

cross-sectionally within each observation year after the index date.       

 Breast cancer diagnosis and estrogen receptor status were identified from the SEER 

registry data using ICD-O-3 codes C500-509.187 Patients’ cardiometabolic diseases were 

identified from the Medicare claims data as they should have the record of at least one inpatient 

visit or two outpatient visits during the baseline period. 106,188-190 The ICD-9 codes for identifying 

breast cancer, hypertension, hyperlipidemia, and diabetes were ICD-9 174-175, 401-405, ICD-9 

272, and ICD-9 250 respectively.106,188-190 The usage of HT was identified from Medicare Part D 

data using corresponding National Drug Code (NDC) codes.119,138,191 Medications for HT include 

oral tamoxifen and aromatase inhibitors (AI) (anastrozole, letrozole, and exemestane).119,138,191 

Measurement of Continuity of Care  

 The Continuity of Care (COC) of this study were measured by the Bice-Boxerman COC 

Index, which is a dispersion measurement with a scale of 0 to 1 and reflects the distribution of 

visits to different individual providers (or provider groups) during a specified period.25 The COC 

Index has been commonly used by previous studies for patients with multiple comorbidities.125 A 

COC score of 1 means perfect care continuity. This reflects that across all visits, there is one 

provider. A COC score of 0 means no care continuity. This reflects a patient that sees a different 

provider at each visit. The lower COC Index score a patient had, the more dispersed continuity 

of care that patient might have been received.  

 In this study, the COC Index was measured based on provider specialty groups and 

individual providers that a patient visited during each observation year after the index date. 

Specialty COC Index was calculated based on provider specialty groups. These groups were 

Primary Care Providers (PCP), Oncologists, and Other specialties. Individual COC Index was 

calculated based on the overall individual health care providers a patient visited, including PCP, 
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Oncologists, and Other specialists. The COC Indices were estimated from a patient’s annual 

outpatient records of disease-related (breast cancer, hypertension, hyperlipidemia, and 

diabetes) health care provider visits. Variable RFR_UPIN in the outpatient file was used to 

identify individual health care provider. Variable HCFASPEC in the outpatient file was used to 

determine health care provider specialty. The health care provider specialties included in this 

study were: Primary Care Provider (PCP) (HCFASPEC: 01, 08, 11, 16, and 38), Oncologist 

(HCFASPEC: 02, 24, 36, 83, 90, 91, 92, and 98), and all other physician specialists (Other) that  

a patient visited for conditions related to breast cancer, hypertension, hyperlipidemia, and 

diabetes in outpatient records.121,195 According to the suggestion from previous research, a 

threshold of at least four total visits during the measurement time interval was applied in this 

study to calculate a stable COC Index.194                   

Covariates 

 Patients’ demographic information (age group, race, marriage status, poverty level, 

region), and tumor stage were identified from the SEER’s registries as of their breast cancer 

diagnosis. Patients’ existing cardiometabolic diseases (hypertension, hyperlipidemia, and 

diabetes), and disease burden (Charlson Comorbidity Index (CCI)) were identified from a 12-

month baseline period from the Medicare claims. This study used the modified CCI 

recommended by the National Cancer Institute (NCI) to measure patients’ disease burdens, 

which excluded patients’ existing cardiometabolic diseases (hypertension, hyperlipidemia, and 

diabetes) during the calculation. 84,190,197,198,210 Breast cancer treatments (hormone therapy, 

surgery, chemotherapy, and radiation therapy) were measured yearly after HT initiation. Since a 

small group of patients had surgery (1.43%), chemotherapy (4.67%), and radiation therapy 

(17.59%) after hormone therapy initiation (Table 4.3.1), we grouped these other treatments into 

one covariate variable (other cancer treatment). We used ICD-9 codes (surgery, ICD-9 85.2-
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85.4; chemotherapy, ICD-9 V58.1, V66.2, V67.2; radiation therapy, ICD-9 V58.0; V66.1; V67.1) 

to identify other cancer treatments from the Medicare claims data.42,199  

Outcome Variables 

Patients’ health outcomes after HT initiation were measured yearly after the index date 

by health care service utilization and costs. Health care service utilization was determined by 

whether a patient had an ED visit or an inpatient visit during each follow-up year of the study 

period. Health care costs were estimated by Medicare costs per patient per year and were 

adjusted to reflect 2014 dollars using the consumer price index.205 This study excludes the 

measurements of outpatient visits and costs to avoid collinear effects between predictor and 

outcomes, since the COC Indices was estimated by patients’ outpatient visits. The health care 

service utilization (ED visits and inpatient visits) and costs (ED costs and inpatient costs) were 

measured based on each related condition (breast-cancer-related, hypertension-related, 

hyperlipidemia-related, and diabetes-related) as well as all conditions (all-cause) using the 

Medicare part A and B data. ED visits and inpatient visits were measured from the Medicare 

inpatient and outpatient files. ED visits included the emergency department visits during 

inpatient and outpatient visits. Inpatient visits only included the inpatient stays excluding 

emergency department visits.  

Statistical Analysis 

 Descriptive analyses were conducted to summarize patients’ baseline characteristics, 

health care service utilization, and COC Indices. Patient characteristics included: age groups, 

race groups, marriage status, poverty levels, regions, tumor stages, other cancer treatments, 

existing cardiometabolic diseases (hypertension, hyperlipidemia, and diabetes), and CCI. Health 

care service utilization overtime included ED visit and inpatient visit.  
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This study used mixed-effect logistic regression models to estimate the associations of 

COC Indices and the likelihood of ED visit or inpatient visit separately for each related condition 

(all-cause, breast-cancer-related, hypertension-related, hyperlipidemia-related, and diabetes-

related). Each COC Index (Specialty COC and Individual COC) was independently served as 

the primary predictor of the mixed-effect logistic regression models. The random effects caused 

by repeated measurements of each individual patient were controlled by conducting the mixed-

effect models in the analyses. The model looks like equation 1. 

 Based on previous studies, two-stage models were recommended to estimate the health 

care cost with a gamma distribution.206,207 In this study, the distribution of ED cost and inpatient 

cost both followed gamma distribution (data not shown). Thus, we used two-stage models to 

estimate the association of COC Indices (Specialty COC and Individual COC) and health care 

costs for each service type (ED or inpatient) under each related condition (all-cause, breast-

cancer-related, hypertension-related, hyperlipidemia-related, and diabetes-related) 

separately.206,207 Random effects caused by repeated measurement of each individual patient 

was controlled in the mixed effect models. The first part of the models was a logistic regression 

model estimating the probability of positive health care cost, which was the probability of health 

care service utilization (equation 1). The second part of the models was a linear regression 

model with a gamma distribution and log link function estimating the distribution of positive 

health care cost (equation 2).206,207 Then the predicted health care cost of each observation was 

generated by multiplying the probability from the first part of the models and the predicted 

positive costs from the second part of the models. The 1000 bootstrap samples were used to 

estimate the effect of The COC Index on the mean and 95% Confident Interval (CI) of health 

care cost for each health care service type at each condition. The 2-stage models look like: 

(1) Logistic regression 
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𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣(0/1)) = 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 +

𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑟𝑟 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡           (equation 1) 

(2) Linear regression with gamma distribution and log link function: 

𝑙𝑙𝑙𝑙𝑙𝑙(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) = 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +

ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡          

(equation 2) 

To better interpret COC Indices with clinical meanings, we divided these COC Indices 

into quartile levels (0-25% as 1st quarter, 26-50% as 2nd quarter, 51-75% as 3rd quarter, and 

76-100% as 4th quarter) in regression analyses. The range for each quartile for Specialty COC 

Index is: 1st quartile: 0-0.33, 2nd quartile: 0.33-0.40, 3rd quartile:0.40-0.49, and 4th quartile: 

0.49-1. The range for each quartile for Individual COC Index is: 1st quartile: 0-0.20, 2nd quartile: 

0.20-0.32, 3rd quartile:0.32-0.50, and 4th quartile: 0.50-1. All models were adjusted for patients’ 

demographic information (age, race, marriage status, poverty level, region), tumor stage, 

existing diseases (hypertension, hyperlipidemia, and diabetes), CCI, other cancer treatment, 

and years after HT initiation. 

Sensitivity analyses were used to test the robustness of this study. To estimate whether 

our findings were sensitive to our choice of covariates, we conducted sensitivity analyses using 

models with reduced numbers of variables. First, patients’ characteristics, comorbidities, and 

cancer treatments might influence their health care service utilization and costs. Thus, we used 

unadjusted models, which only adjusted for the years after HT initiation. Second, out of all 

covariates, cancer treatments could greatly contribute to patients’ health care service utilization 

and costs. Therefore, we used partially adjusted models, which controlled for all covariates from 

the fully adjusted models except for the variable ‘other cancer treatment’. Third, there might be 
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uncontrollable changes in COC Indices due to spillover.125,126 Thus, lagged effects models were 

used to test models’ sensitivity to COC Indices spillover. In the lagged effects models, we added 

COC Indices from the previous observation year as an additional control variable to baseline 

characteristics as covariates to the COC Indices from the current observation year. The lagged 

effect 2-stage models look like: 

(3) Logistic regression 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑡𝑡(0/1)) = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 − 1) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 +

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 +

𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡           (equation 3) 

(4) Linear regression with gamma distribution and log link function: 

𝑙𝑙𝑙𝑙𝑙𝑙(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 − 1) + 𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 +

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 +

𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡          (equation 4) 

All analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary NC). 
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Figure 4.3.1 Study Sample Flow Chart and Study Design 
 

A. Study sample flow chart 
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B. Study design 
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4.3.4 Result 

 The study sample consisted of 8,414 Medicare beneficiaries diagnosed with estrogen 

receptor-positive breast cancer and initiated HT within 12 months after cancer diagnoses 

between 2006 and 2014 (Table 4.3.1). Within the select cohort, 5,309 (63.50%) patients were 

also diagnosed with hypertension, 4,705 (56.28%) with hyperlipidemia, and 1,779 (21.28%) with 

diabetes. The numbers and percentages of patients with stage I, II, III, and IV breast cancer 

were 4,742 (56.36%), 2,478 (29.45%), 558 (6.63%), and 277 (3.29%). The average CCI was 

0.44 (Std=0.87) for the whole cohort. 

 Table 4.3.2 demonstrates the annual health care service utilization and the yearly 

average COC Indices for breast cancer patients with up to 4 years of HT. The percentage of 

patients who had at least one all-cause ED visit changed slightly from 25.85% (year 1) to 

27.65% (year 4) and the percent of patients who had at least one all-cause inpatient visit 

changed slightly from 16.50% (year 1) to 15.26% (year 4). All COC Indices had stable average 

scores during the whole study period. Patients with ED or inpatient visits had lower average 

scores of Specialty COC Index in year 1 and higher average scores of Specialty COC Index in 

year 3 and year 4 comparing to overall patients. Patients with ED or inpatient visits had lower 

average scores of Individual COC Index than total patients during the entire observation period. 

Total patients included all HT patients with or without visits of ED and inpatient. For example, in 

year 1, the average scores of Specialty COC Index for patients with ED visits (0.41) and 

inpatient visits (0.42) were lower than total patients (0.43). However, in year 4, the average 

scores of Specialty COC Index for patients with ED visits (0.45) and inpatient visits (0.45) were 

higher than total patients (0.44). From year 1 to year 4, the average scores of Individual COC 

Index remained 0.38 for total patients but were lower in patients with ED visits (ranged from 

0.31 to 0.34) and inpatient visits (ranged from 0.31 to 0.33).  
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 The Odds Ratios (ORs) of health care service utilization (ED visit and inpatient visit) 

after HT initiation were estimated separately for each condition (all-cause, breast-cancer-

related, hypertension-related, hyperlipidemia-related, and diabetes-related) after adjusting for 

patients’ characteristics and years after HT initiation (Figure 4.3.2). In Specialty COC models, 

the Odds of ED visit (2nd vs. 1st and 3rd vs. 1st quartile) or inpatient visit (2nd vs. 1st, 3rd vs. 1st, 4th 

vs. 1st quartile) increased significantly at intermediate levels (2nd quartile and 3rd quartile) of 

Specialty COC Index for all-cause, hypertension, hyperlipidemia, and diabetes related 

conditions. For example, the ORs for all-cause ED visit were 1.21 (95%CI: 1.10-1.33) at 2nd vs. 

1st quartile and 1.30 (95%CI: 1.18-1.43) at 3rd vs. 1st quartile. The ORs for all-cause inpatient 

visit were 1.56 (95%CI: 1.39-1.76) at 2nd vs. 1st quartile and 1.60 (95%CI: 1.42-1.29) at 3rd vs. 1st 

quartile. In the Individual COC Index models, the Odds of ED and inpatient visits decreased at 

higher levels of COC Index (2nd vs. 1st, 3rd vs. 1st, 4th vs. 1st quartile) for all-cause, breast cancer, 

hypertension, hyperlipidemia, and diabetes related conditions. As Individual COC level 

increased, the Odds of ED and inpatient visits decreased. For example, the ORs for all-cause 

ED visit were 0.73 (95%CI 0.66-0.80) at 2nd vs. 1st quartile, 0.50 (95%CI 0.45-0.56) at 3rd vs. 1st 

quartile, and 0.47 (95%CI 0.42-0.52) at 4th vs. 1st quartile. The ORs for all-cause inpatient visit 

were 0.79 (95%CI 0.71-0.88) at 2nd vs. 1st quartile, 0.50 (95%CI 0.45-0.56) at 3rd vs. 1st quartile, 

and 0.43 (95%CI 0.38-0.49) at 3rd vs. 1st quartile.  

 The associations of COC Indices with ED cost of each related condition are presented in 

Table 4.3.3. The increased levels of Individual Index (2nd vs. 1st, 3rd vs. 1st, 4th vs. 1st quartile) 

were significantly associated with reduced all-cause ED cost (p<0.05). For example, with the 

mean cost of $4,473.07, as the levels of Individual COC Index increased, all-cause ED cost 

reduced from $765.14(95%CI -$1251.96 to -$204.74) at 3rd vs. 1st quartile to $874.00 (95%CI -

$1379.87 to -$285.40) at 4th vs. 1st quartile. The Specialty COC Index did not have a significant 

effect on ED cost.  
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 The associations of COC Indices with inpatient cost for each related condition are 

presented in Table 4.3.4. The increased levels of Specialty COC Index were significantly 

associated with increased inpatient costs related to all-cause, hypertension, hyperlipidemia, and 

diabetes (p<0.05). For example, with the mean cost of $13,513.44, all-cause inpatient cost 

could increase $3,841.63 (95%CI $1,886.51 to $6,044.97) at 2nd vs. 1st quartile, $6,718.95 

(95%CI $4,416.31 to $9,321.13) at 3rd vs. 1st quartile, and $5,142.88 (95%CI $2,809.82 to -

$7809.39) at 4th vs. 1st quartile. On the contrary, the increased levels of Individual COC Index 

were significantly associated with reduced inpatient costs related to all-cause, hypertension, and 

diabetes (p<0.05). For instance, with the mean cost of $14,938.73, all-cause inpatient cost 

decreased from $1,727.63 (95%CI -$3,193.38 to -$78.97) at 3rd vs. 1st quartile to $3,290.47 

(95%CI -$4,710.71 to -$1,673.01) at 4th vs. 1st quartile. More details of the models are 

presented in Table 4.3.4.  

 The lagged effect service utilization models (Appendix Figure Aim 3.3) got similar results 

to the original models. The lagged effect costs models (Appendix Table Aim 3.9-10) also got 

similar results as the original cost models except for hyperlipidemia-related ED cost model. Due 

to the small sample size, the ED cost model could not be applied for hyperlipidemia-related 

cohort.  

 In the sensitivity analyses, the unadjusted models and partially adjusted models got 

similar results for health care service utilization (Appendix Figure Aim 3.1-2) and health care 

costs (Appendix Table Aim 3.1-4) of all related conditions.   
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4.3.5 Discussion 

 This study analyzed the associations between COC Indices and health care service 

utilization and cost of breast cancer patients with cardiometabolic diseases. Our longitudinal 

analyses found significant associations between continuity of care and selected health 

outcomes. These results differed between the models predicting health service utilization 

resulting from Individual COC and Specialty COC. High continuity of care to an individual 

provider was significantly associated with less health care service utilization and costs. 

However, intermediate continuity of care to a specialty group was significantly associated with 

more health care service utilization and costs. To the best of our knowledge, this is the first 

study that analyzed the link between the COC Index and health outcome within breast cancer 

patients who have cardiometabolic diseases.  

In our findings, patients with higher continuity of care to an individual provider had lower 

likelihoods of ED and inpatient visits for conditions related to all-cause, breast cancer, 

hypertension, hyperlipidemia, and diabetes. Similarly, these patients had reduced inpatient cost 

for conditions related to all-cause, hypertension, and diabetes. They also had reduced ED cost 

for all-cause conditions. These inverse associations between high continuity of care and low 

health service utilization and cost are consistent with several previous studies within non-cancer 

patients.19,54,55,218-221 For instance, Barker et al. found a high level of COC Index could 

significantly reduce hospital admission by 12.49% compared to a low level of COC Index.55 

Hussey et al. reported that with every 0.1-unit increase in the COC Index, patients with multiple 

chronic conditions had a significantly lower likelihood of ED or inpatient visits and costs.19 Chu 

et al. also found, after controlling for improper medications, patients with high levels of COC 

Index had lower Odds of ED or inpatient visits and costs.221 Likewise, our descriptive analyses 

showed patients with ED or inpatient visits had lower continuity of care to an individual provider 

than overall patients during the whole observation period.  
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These inverse associations between high continuity of care to an individual provider and 

low health service utilization and costs could be explained in different ways. First, continuity of 

care would reduce the challenges for cancer survivorship care caused by poor coordination. 

Specialists and PCPs have different roles and responsibilities for the follow-up care of cancer 

patients with comorbidities.1 However, they might not share their own treatment decisions.110 A 

study found that only 7% of physicians routinely communicated with other physicians in the 

United States.112 The poor coordination and information discontinuity could cause challenges for 

physicians when they prescribed medications to cancer patients with comorbidities.5-7 Within the 

health care system, a patient who had a high COC Index would have concentrated visits to one 

health care provider. Previous research suggested that the individual provider centered care 

would help to reduce health care providers’ concerns during treatment decision making,109 and 

help to improve the undertreatment of cancer patients’ comorbidities.4,8,9 Therefore, continuity of 

care could help to avoid the challenges caused by poor provider coordination and reduce health 

care service utilization and costs. Second, continuity of care would improve patients’ quality of 

care during cancer survivorship. Continuity of care is an important prerequisite for the quality of 

care for cancer survivorship care.21,22 Snyder et al. found cancer patients with more 

concentrated PCP visits were more likely to receive recommended care during their 

survivorship.222,223 Chin et al. also suggested that improving the quality of care would 

significantly reduce patients’ health care service utilization and costs.224 Thus, continuity of care 

would reduce patients’ health care service utilization and cost by improving the quality of care.  

Our findings of continuity of care to a specialty group got different results. Patients with 

high specialty groups continuity of care had high likelihoods of ED and inpatient visits for 

conditions related to all-cause, breast cancer, hypertension, hyperlipidemia, and diabetes. 

Similarly, patients with high specialty groups continuity of care had increased inpatient costs for 

conditions related to all-cause, hypertension, hyperlipidemia, and diabetes. These proportional 
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associations found in models of Specialty COC are different from the inverse associations found 

in models of Individual COC. The controversial results might relate to the various medical 

disciplines included in the calculations of each COC Index. According to the definition, the COC 

Index could be calculated based on practice groups or individual providers.25 Our study 

estimated the Specialty COC Index based on each patient’s visit to three specialty groups (PCP, 

Oncologist, and Other) which reflected the continuity of care in provider specialties. However, 

we estimated the Individual COC Index based on each patient’s visits to individual health care 

providers which reflected the continuity of care in individual providers regardless of their 

specialties. Thus, a patient could have a high Specialty COC Index but a low Individual COC 

Index at the same time. For example, if a patient visited four different PCP for one year, she 

would have a high Specialty COC Index (=1), and a low Individual COC Index (=0). Therefore, 

with the same health outcome, a patient could have different scores of Specialty and Individual 

COC Indices. Previous studies showed that COC Indices defined by different medical 

disciplines would have different effects on patients’ health outcome.127,128 For example, Chan et 

al. found the COC Index based on facility-level and the COC Index based on individual provider 

level had opposite effects on patients’ ED or inpatient visits.128  

We also observed higher ORs of ED and inpatient visits for the Specialty COC Index at 

intermediate levels (2nd vs. 1st and 3rd vs. 1st). This could be explained by patients’ continuity of 

care based on specialty groups. Patients with cardiometabolic diseases were more likely to visit 

multiple specialties and had a low or intermediate specialty groups continuity of care. Therefore, 

if patients had a more concentrated health care specialty visits to one specialty (e.g. 

Oncologist), their cardiometabolic diseases might get undertreated. Thus, these patients might 

have a higher chance to have ED or inpatient visits for their undertreated cardiometabolic 

diseases. Patients with 4th quartile of Specialty COC Index had the most concentrated health 

care specialties visits but had slightly lower OR of ED and inpatient visits than patients with 2nd 
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or 3rd quartile of Specialty COC Index. This might be caused by patients’ uncontrollable disease 

severity. For example, patients with less severe comorbidities only needed to visit their 

oncologists regularly. Therefore, they would have a higher continuity of care to a specialty group 

and less likelihood of ED or Inpatient visits.  

Our study has several limitations. First, we could not include patients younger than 66 

using SEER-Medicare data. Patients in younger age groups might have different associations 

between COC and health outcome.42 Future studies need to use alternative medical claims data 

to include these patients. Second, we could not control for patients’ health-seeking behavior. 

Previous research found patients’ health-seeking behavior was closely related to their health 

care service utilization and costs.225 Also, patients’ preference of health care provider visiting 

was linked to continuity of care.125 However, SEER-Medicare data does not have the 

information for us to control for patients’ health-seeking behavior. Future studies could use 

patients’ surveys to study their health-seeking behavior and continuity of care. Third, our study 

had several uncontrollable confounding factors which could contribute to health care service 

utilization and costs. These confounding factors were lifestyle modifications, undetected 

comorbidities, medication adherence, improper medications, adverse drug events, and the 

Affordable Care Act (ACA). Previous studies proved that these confounding factors had 

significant influences on patients’ health outcomes. 46,161,162,164,196 However, due to the limitations 

of SEER-Medicare data, we did not control for these factors in our study. Fourth, missing data 

existed in our longitudinal analyses. However, we applied a reliable imputation method for the 

missing data during our statistical analyses.217 Fifth, the COC Index has its limitations. To 

calculate stable COC Indices, we did not include individuals who had less than four provider 

visits within that observation year .194 Also, COC Indices could not provide details of patients’ 

satisfaction and provider coordination. However, measuring the COC Index is a straight forward 

way to get a timely evaluation of continuity of care at the real-world settings. Thus, this study 
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used the COC Index to measure the continuity of care. Six, selecting ED and inpatient visits as 

health outcomes might cause potential bias. On the one hand, some patients might use ED or 

hospitalization as their source of non-urgent care. Thus, measuring ED or inpatient visits might 

not reflect the actual disease progress or severe health outcomes. On the other hand, patients 

who had ED or inpatient visits might already have severe disease conditions than others. Thus, 

it is no surprise that these patients had more ED or inpatient visits regardless of their COC 

Indices. To control the bias caused by the uncertain visits of ED and inpatient, in this study, we 

controlled for patients’ breast cancer stage and comorbidities in the analyses. Seven, we did not 

include patients’ health care provider visits to all health care providers. Cancer patients had 

more severe disease conditions than others and need to have more visits to physicians. Thus, 

we did not include their visits to non-physicians (e.g., nurse practitioners or physician 

assistants). Also, we did not include visits to providers without valid HCFASPEC values during 

the calculations of COC Indices. Therefore, our findings could not reflect the continuity of care 

based on these providers. Although there are limitations in our study, it provided useful 

information on continuity of care in a timely way for patients based on the national population. 

The cohort of our study included a group of breast cancer patients with cardiometabolic 

diseases who need multiple treatments and faced challenges during their health care 

management.   

This study focused on the association of continuity of care and health outcome within 

breast cancer patients who had HT and comorbidities. We found high levels of Individual COC 

was significantly associated with less health care service utilization and costs. However, 

intermediate levels of Specialty COC was significantly associated with more health care service 

utilization and costs. These results indicated the protective effects of concentrated individual 

provider visits and dispersed specialties’ visits on health care service utilization and costs. The 

findings of this study fulfilled a knowledge gap and provided empirical evidence for future 
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studies. These findings provoke the need to optimize continuity of care during the survivorship 

care for cancer patients with cardiometabolic comorbidities. Strategies for improving the 

continuity of care could be promoting concentrated provider visits by increasing patients’ 

awareness and supporting long term individual provider concentrated care. Meanwhile, these 

strategies should also enhance the coordination among multiple specialties by improving 

medical faciltiy-based care to patients.  
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Table 4.3.1 Baseline Characteristics of Breast Cancer Patients with Hormone Therapy 
 

Characteristics Level Breast 
N (%)   

All  8414 (46.20%) 
Age 66-70 2121 (25.21%) 

 71-75 2418 (28.74%) 
 76-80 1801 (21.40%) 
 >80 2074 (24.65%) 
   

Race Black 224 (2.66%) 
 Other 326 (3.87%) 
 White 7864 (93.46%) 
   

Marriage Marriage 4185 (49.74%) 
 Other 4229 (50.26%) 
   

Poverty 0-5% 2379 (28.27%) 
 5-10% 2547 (30.27%) 
 10-20% 2170 (25.79%) 
 20-100% 1132 (13.45%) 
 unknow 186 (2.21%) 
   

Region Midwest 1203 (14.30%) 
 Northeast 3512 (41.74%) 
 South 3011 (35.79%) 
 West 688 (8.18%) 
   

Tumor Stage 0 151 (1.79%) 
 I 4742 (56.36%) 
 II 2478 (29.45%) 
 III 558 (6.63%) 
 IV 277 (3.29%) 
 unknow 208 (2.47%) 

Hypertension   
 0 3051 (36.50%) 
 1 5309 (63.50%) 

Hyperlipidemia   
 0 3655 (43.72%) 
 1 4705 (56.28%) 

Diabetes   
 0 6581 (78.72%) 
 1 1779 (21.28%) 

Surgery   
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 0 8294 (98.57%) 
 1 120 (1.43%) 

Chemotherapy   
 0 8021 (95.33%) 
 1 393 (4.67%) 

Radiationtherapy  
 0 6934 (82.41%) 
 1 1480 (17.59%) 
   

CCI (mean(std)) 0.44 (0.87) 
 

Table 4.3.1 showed patients’ characteristics of the study. Number and percentage of patients in 
each level of covariates were counted. 
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Table 4.3.2 Yearly Health Care Service Utilization and the COC Index of Breast Cancer Patients 
with Hormone Therapy 
 

    Year 1 Year 2 Year 3 Year 4 
Number of Patients      
N (%) All  8414 5447 3058 1284 

 ED Visit 2175 (25.85%) 
1510 

(27.72%) 869 (28.42%) 355 (27.65%) 
 Inpatient Visit 1388 (16.50%) 888 (16.30%) 518 (16.94%) 196 (15.26%) 

Specialty COC Index     
Mean (Std) All  0.43(0.15) 0.43(0.15) 0.43(0.15) 0.44(0.16) 

 ED Visit 0.41(0.11) 0.42(0.12) 0.45(0.13) 0.45(0.14) 
 Inpatient Visit 0.42(0.11) 0.43(0.11) 0.44(0.12) 0.45(0.12) 

Individual COC Index     
Mean (Std) All  0.38(0.22) 0.38(0.23) 0.38(0.24) 0.38(0.24) 

 ED Visit 0.34(0.21) 0.33(0.21) 0.34(0.22) 0.31(0.20) 
  Inpatient Visit 0.33(0.20) 0.31(0.20) 0.32(0.20) 0.31(0.20) 

 

Table 4.3.2 showed the number (percent) of patients change for different types of health care 
service (ED and inpatient) utilization. The table also showed the mean (std) COC Index 
(Specialty, Individual, PCP, Oncologist, and Other) change during the whole study period for 
different types of health care service (ED and inpatient) utilization.  
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Table 4.3.3 The Association Between the COC Index and Yearly ED Cost Change after 
Hormone Therapy Initiation 
 

      
Mean 
Cost ($) 

Estimated 
Cost 
Change 
(percent) 

Estimated 
Cost 
Change 
($) 

95%CI 
Low 

95%CI 
High Pr > |t| 

Specialty COC       
 All-cause       
  2nd qt vs 1st qt 4107.52 12.24% 502.90 -111.66 1211.98 0.0866 
  3rd qt vs 1st qt  18.07% 742.19 92.52 1492.35  
  4th qt vs 1st qt  19.93% 818.44 87.66 1676.52  
 Breastcancer-related       
  2nd qt vs 1st qt 508.43 -20.09% -102.16 -202.84 31.70 0.4076 
  3rd qt vs 1st qt  -15.11% -76.82 -186.38 70.02  
  4th qt vs 1st qt  -21.69% -110.28 -219.78 40.77  
 Hypertension-related       
  2nd qt vs 1st qt 2413.59 6.14% 148.30 -295.14 684.56 0.4982 
  3rd qt vs 1st qt  10.87% 262.39 -202.71 825.33  
  4th qt vs 1st qt  17.42% 420.48 -126.92 1098.94  
 Hyperlipidemia-related       
  2nd qt vs 1st qt 1246.04 -11.44% -142.56 -411.95 213.85 0.2654 
  3rd qt vs 1st qt  -8.11% -101.08 -381.79 270.80  
  4th qt vs 1st qt  17.33% 215.91 -188.67 775.30  
 Diabetes-related       
  2nd qt vs 1st qt 824.50 -10.22% -84.26 -330.94 285.71 0.5533 
  3rd qt vs 1st qt  15.27% 125.89 -193.42 606.78  
  4th qt vs 1st qt  8.99% 74.14 -253.97 590.97  

Individual COC      
 All-cause       
  2nd qt vs 1st qt 4473.07 -0.12% -5.19 -568.20 639.01 0.0029 
  3rd qt vs 1st qt  -17.11% -765.14 -1251.96 -204.74  
  4th qt vs 1st qt  -19.54% -874.00 -1379.87 -285.40  
 Breastcancer-related       
  2nd qt vs 1st qt 557.89 20.01% 111.63 -49.43 323.72 0.3759 
  3rd qt vs 1st qt  -6.71% -37.41 -163.70 129.35  
  4th qt vs 1st qt  6.67% 37.19 -121.98 254.47  
 Hypertension-related       
  2nd qt vs 1st qt 2646.53 -4.27% -113.14 -516.29 366.31 0.0930 
  3rd qt vs 1st qt  -19.05% -504.30 -862.28 -74.49  
  4th qt vs 1st qt  -15.49% -409.95 -823.46 97.36  
 Hyperlipidemia-related       
  2nd qt vs 1st qt 1367.78 25.37% 347.01 -44.42 854.21 0.1889 
  3rd qt vs 1st qt  -5.02% -68.66 -383.31 346.56  
  4th qt vs 1st qt  -4.04% -55.27 -408.02 427.12  
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 Diabetes-related       
  2nd qt vs 1st qt 906.73 -19.08% -173.00 -394.05 143.36 0.2330 
  3rd qt vs 1st qt  -32.95% -298.81 -490.61 -18.61  
  4th qt vs 1st qt  -19.01% -172.41 -417.02 194.38  

 

qt, quartile. 

Bold, P-value < 0.05 

Table 4.3.3 showed the results of two stage models for the association of COC Indices 
(Specialty and Individual COC) and ED cost. Two-stage models were conducted for the 
analyses, which include a logistic regression model for the risk of ED visit and a linear 
regression model for the cost of ED visit. The analyses were adjusted for age group, race, 
marriage, poverty level, region, tumor stage, time, hypertension, hyperlipidemia, diabetes, other 
cancer treatments, and CCI.  
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Table 4.3.4 The Association Between the COC Index and Yearly Inpatient Cost Change after 
Hormone Therapy Initiation 
 

      
Mean 

Cost ($) 

Estimated 
Cost 

Change 
(percent) 

Estimated 
Cost 

Change 
($) 

95%CI 
Low 

95%CI 
High Pr > |t| 

Specialty COC       
 All-cause       
  2nd qt vs 1st qt 13513.44 28.43% 3841.63 1886.51 6044.97 <.0001 
  3rd qt vs 1st qt  49.72% 6718.95 4413.31 9321.13  
  4th qt vs 1st qt  38.06% 5142.88 2809.82 7809.39  
 Breastcancer-related       
  2nd qt vs 1st qt 2471.49 5.70% 140.89 -354.59 752.34 0.7555 
  3rd qt vs 1st qt  12.21% 301.76 -232.58 963.63  
  4th qt vs 1st qt  4.60% 113.68 -429.74 801.73  
 Hypertension-related       
  2nd qt vs 1st qt 9751.81 32.91% 3209.29 1562.25 5096.10 <.0001 
  3rd qt vs 1st qt  46.64% 4548.10 2711.37 6655.51  
  4th qt vs 1st qt  42.22% 4117.15 2154.01 6403.97  
 Hyperlipidemia-related       
  2nd qt vs 1st qt 5567.77 28.36% 1579.24 472.50 2888.78 0.0003 
  3rd qt vs 1st qt  38.53% 2145.13 935.70 3579.48  
  4th qt vs 1st qt  50.89% 2833.60 1364.70 4613.73  
 Diabetes-related       
  2nd qt vs 1st qt 3128.79 37.12% 1161.47 221.32 2365.44 0.0171 
  3rd qt vs 1st qt  47.09% 1473.46 467.07 2761.53  
  4th qt vs 1st qt  19.99% 625.30 -249.17 1765.33  

Individual COC       
 All-cause       
  2nd qt vs 1st qt 14938.73 -9.12% -1362.27 -2758.05 193.44 0.0026 
  3rd qt vs 1st qt  -11.56% -1727.63 -3193.38 -78.97  
  4th qt vs 1st qt  -22.03% -3290.47 -4710.71 -1673.01  
 Breastcancer-related       
  2nd qt vs 1st qt 2735.79 8.14% 222.59 -286.80 837.92 0.8236 
  3rd qt vs 1st qt  8.33% 227.77 -306.39 879.36  
  4th qt vs 1st qt  6.96% 190.46 -388.14 911.65  
 Hypertension-related       
  2nd qt vs 1st qt 10779.26 -9.53% -1027.73 -2147.97 237.89 0.0036 
  3rd qt vs 1st qt  -13.39% -1443.76 -2601.92 -121.58  
  4th qt vs 1st qt  -24.08% -2595.73 -3725.26 -1285.33  
 Hyperlipidemia-related       
  2nd qt vs 1st qt 6145.35 -3.77% -231.86 -1051.67 719.88 0.2707 
  3rd qt vs 1st qt  1.67% 102.93 -836.52 1208.62  
  4th qt vs 1st qt  -15.38% -945.16 -1816.18 101.11  
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 Diabetes-related       
  2nd qt vs 1st qt 3474.38 -22.14% -769.07 -1262.75 -165.19 0.0090 
  3rd qt vs 1st qt  -27.95% -971.06 -1462.49 -359.61  
  4th qt vs 1st qt  -29.55% -1026.52 -1550.52 -359.78  

 

qt, quartile. 

Bold, P-value < 0.05 

Table 4.3.4 showed the results of two stage models for the association of COC Indices 
(Specialty and Individual COC) and inpatient cost. Two-stage models were conducted for the 
analyses, which include a logistic regression model for the risk of inpatient visit and a linear 
regression model for the cost of inpatient visit. The analyses were adjusted for age group, race, 
marriage, poverty level, region, tumor stage, time, hypertension, hyperlipidemia, diabetes, other 
cancer treatments, and CCI.  
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Figure 4.3.2 Odds of Incidence of Emergency Department visit and Hospitalization among 
Breast Cancer Patients with Comorbidities Associated with the COC Index, after Hormone 
Therapy Initiation 

A. Specialty COC Index 

 
B. Individual COC Index 
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qt, quartile.  
 
Figure 4.3.2 showed the results of logistic regression for the association of COC Indices 
(Specialty and Individual COC) and health care service utilization (ED and inpatient). Logistic 
regressions generated the results. The analyses were adjusted for age group, race, marriage, 
poverty level, region, tumor stage, time, hypertension, hyperlipidemia, diabetes, other cancer 
treatments, and CCI.  
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CHAPTER 5 DISCUSSION AND CONCLUSIONS 

Although the five-year survival rate for female breast cancer patients reached 89% in 

2012, breast cancer is still the second deadliest cancer for women in the U.S.27,28 Approximately 

68.7% of cancer patients have at least one chronic comorbidity,29 and 60% of breast cancer 

survivors die from causes unrelated to cancer.32 Breast cancer patients with multiple 

comorbidities are often faced with the need to see multiple health care providers in different 

specialties.1 Consequently, health care management for breast cancer survivors with 

comorbidities can be complicated.1 Poor continuity of care and coordination among providers 

have been observed between primary care providers (PCP) and oncologists along the spectrum 

of acute cancer treatment and survivorship care.3,4 To promote communication and coordination 

among health providers for cancer survivorship, the American Society of Clinical Oncology 

(ASCO) developed cancer survivorship care plan (SCP).115 However, only limited effects of SCP 

on health outcomes were found by researchers.57 The suboptimal comorbidity management 

following a cancer diagnosis may lead to high mortality risk and increased costs.10-14 Strategies 

are needed to address these problematic issues during breast cancer survivorship care.  

The definition of Continuity of Care (COC) is the “degree to which a series of discrete 

healthcare events are experienced as coherent and connected and consistent with the patient ’s 

medical needs and personal context”.23 And according to American Academy of Family 

Physicians, the definition of COC is the cooperation of one patient and his/her physician or care 

team during the process of health care management aiming at delivering high quality and cost-

effective medical care to the patient.24,25 COC is essential to the health care system since it 

indicates physicians’ continuity of knowledge about patients’ medical conditions, service 

provision for patients, and the health care management by multiple providers to the same 

patient.23,107 Consequesntly, COC is significantly associated with patients’ satisfaction, quality of 

care, and their health outcomes including mortality, medication adherence, health care service 
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utilization, and health care costs.16-22 Previous research has demonstrated that patients with 

higher COC were more likely to have a lower risk of mortality.16,34-36 Patients were more likely to 

adhere to diabetes medication and statins when they had higher COC.18,47 In patients with 

chronic conditions, those with higher COC had significantly less health care cost and service 

utilization.18,19,54,55 However, these studies were focused on non-cancer patients. Research is 

needed to understand the association of COC and health outcomes within breast cancer 

patients who had comorbidities.  

This study focused on breast cancer patients with cardiometabolic diseases 

(hypertension, hyperlipidemia, and diabetes) since a large proportion of these patients had poor 

health outcomes32,37,42,105,136,137 and they were more likely to receive poor continuity of care 

during their follow-up care after their cancer diagnoses.1 This situation is even worse for ER+ 

breast cancer patients who have cardiometabolic comorbidities. The objective of this research is 

to measure the continuity of care received by breast cancer patients with cardiometabolic 

comorbidities and the corresponding health outcomes. We included three major aspects of 

health outcomes for breast cancer patients: (1) mortality, (2) medication adherence, (3) health 

care service utilization and health care costs. The findings of this research and the implications 

of the findings are summarized in this chapter.  

Aim 1, The Risk of Mortality 

The aim 1 study examined the association of continuity of care and the risk of mortality 

for breast cancer patients with cardiometabolic comorbidities for up to five years of cancer 

survival. We found that the average scores of the COC Index increased slightly across the 

entire study period for two COC Indices (Specialty and Individual COC). Patients with stage IV 

breast cancer had the highest Specialty and Individual COC Indices than others. Patients with 

advanced cancer stages and more comorbidities had lower survival rates during the whole 

study period. After controlling for patients’ characteristics, we found significant associations 

between continuity of care and the risk of mortality. These associations were consistent in all 



188 
 

sensitivity analyses with or without lagged effects. However, the results were contradictory 

among different types of COC. Patients who received high continuity of care to an individual 

provider had lower risks of mortality compared to those who received low continuity of care. 

Patients who received high continuity of care to a specialty group had higher risks of mortality 

compared with those who received low continuity of care. 

Aim 2, Mediation adherence 

The aim 2 study estimated the association of continuity of care and medication 

adherence in 8,081 breast cancer patients who had cardiometabolic comorbidities. We 

compared the effect of two types of COC Indices (Specialty COC and Individual COC) on four 

therapeutic groups separately (HT, antihypertensives, hyperlipidemia medications, and diabetes 

medications). The adherence rates for Hormone Therapy from year 1 to year 4 decreased by 

10%. The adherence rates for antihypertensives, hyperlipidemia, and diabetes medications from 

year 1 to year 4 decreased by 6%, 3%, and 12% respectively. Patients who adhered to their 

medications had a slightly higher continuity of care to an individual provider than those who did 

not. For the adherence to antihypertensives and hyperlipidemia medication, patients who 

adhered had a slightly lower continuity of care to a specialty group than patients who did not. 

After controlling for patients’ characteristics, our fully adjusted models found significant 

associations among COC and medication adherence. Patients with higher continuity of care to a 

specialty group were less likely to adhere to antihypertensives and hyperlipidemia medications. 

Patients with higher continuity of care to an individual provider were more likely to adhere to 

hyperlipidemia and diabetes medications. Similar results were obtained in the sensitivity 

analyses using unadjusted models and partially adjusted models.  

Aim 3, Health care service utilization and costs 
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The aim 3 study analyzed the associations between continuity of care and health care 

service utilization and costs of breast cancer patients with cardiometabolic diseases. We found 

that the average COC Indices were lower in patients who had ED or inpatient visits than in the 

overall population. After controlling for patients’ characteristics, our longitudinal analyses found 

significant associations between continuity of care and selected health outcomes. These 

associations were controversial between the Individual COC models and the Specialty COC 

models. Patients with intermediate continuity of care to a specialty group were more likely to 

have ED or inpatient visits for all conditions. However, patients with high continuity of care to an 

individual provider were less likely to have ED or inpatient visits for all conditions. Accordingly, 

high continuity of care to a specialty group were associated with increased inpatient costs (all-

cause, hypertension, hyperlipidemia, and diabetes related). High continuity of care to an 

individual were associated with reduced ED (all-cause related) and inpatient costs (all-cause, 

hypertension, and diabetes related). 

Conclusions and Implications 

To our knowledge, the present study is among the first that focused on the association of 

continuity of care and health outcomes in breast cancer patients with cardiometabolic 

comorbidities. This study provided empirical evidence of the associations of continuity of care 

with selected health outcomes (mortality, medication adherence, and health care service 

utilization and health care costs) within breast cancer patients who had cardiometabolic 

comorbidities. We found mixed associations of continuity of care and health outcomes based on 

different scopes of medical disciplines. These results indicated that concentrated individual 

provider visits could protect patients from all-cause mortality, medication non-adherence, and 

health service utilization and costs. In contrast, concentrated visits to specialties could be 

associated with a high risk of mortality, non-adherence to medication, and more health service 
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utilization and higher costs in patients. The findings of this study provoked the needs for further 

research.  

First, the contradictory results of different models of COC prompted the necessity of 

better understanding of the continuity of care based on different medical disciplines. According 

to the definition, the COC Index could be calculated based on patients’ visits to individual health 

care providers or provider groups. As described by our study (in Chapter 4), breast cancer 

patients with the same health outcome could have a high Specialty COC Index while still having 

a low Individual COC Index. Plus, previous studies found strategies of promoting 

communication and coordination among health providers for cancer survivorship only had 

limited effects on health outcomes.57,113,114 Therefore, it could be helpful for future studies to 

provide more evidence of the association of the COC and health outcomes based on different 

medical disciplines for breast cancer patients with comorbidities. One way is to investigate the 

details of visiting patterns to each provider specialty group and the related health outcomes for 

these patients. Another way is to include multiple types of health care providers (e.g., nurse 

practitioners, physician assistants, or pharmacists) when estimating continuity of care during 

cancer patients’ survivorship care.   

Second, future studies conducted in different settings are needed. Our study provided 

evidence of the association of continuity of care and health outcomes based on Medicare 

patients’ outpatient physician office visits. Patients from various study settings might have 

different patterns of visits to health care providers and different continuity of care. For example, 

patients under different insurance coverage (e.g. private insurance vs. Medicare or Medicaid) or 

within different health care systems (e.g. European countries vs. the United States) might have 

different patterns of visits to health care providers due to their access to care. Likewise, patients 

getting care from medical facilities such as nursing homes might have different continuity of care 

than patients without nursing home stay. The continuity of care during hospice care for cancer 
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patients might be different if patients stay at home, or in nursing homes, or assisted living 

facilities. Further, patients with different diseases might have different patterns of visits to health 

care providers according to the treatment requirements of each disease type. Thus, it is 

important to conduct future research under multiple settings for multiple population groups.   

Third, it will be helpful to study the association of COC and other aspects of health care 

management in cancer patients, since our study showed significant associations of COC and 

health outcomes. These aspects include patients’ satisfaction, quality of care, and other types of 

health care utilization and cost. For example, COC could relate to the quality of care during a 

patient’s survivorship (e.g., hemoglobin A1c test or eye examination for diabetes patients, lipid 

profile for patients with angina diagnoses). In addition, a patient’s home health service, nursing 

home stay, and assisted living facility utilization and costs might be affected by her COC. 

Therefore, studies are needed to provide more evidence in these aspects of health care 

management.  

Fourth, the evidence provided by this study should be considered carefully by 

policymakers and others when guiding future changes in the health care delivery system. Since 

2010, policymakers launched multiple renovations to improve coordination and communication 

of care in the U.S. health care system. For example, from 2010, Medicare fee-for-service 

beneficiaries could get coordinated care by groups of health care providers through Accountable 

Care Organizations (ACO).113 In 2014, the American Society of Clinical Oncology (ASCO) 

developed a new cancer survivorship care plan (SCP) to promote communication and 

coordination among health providers for cancer survivorship.115 Since 2016, the CMS issued 

new nursing home regulations, which enhanced physician service and promoted communication 

between pharmacists and physicians.116 However, limited improvements were found for the 

health outcomes of cancer patients, and the element of continuity of care was not emphasized 

in these policy changes.57,113,114 Our study found that concentrated individual provider visits 
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could protect patients from all-cause mortality, medication non-adherence, and health service 

utilization and costs. Whereas, concentrated visits to specialties could be associated with a high 

risk of mortality, non-adherence to medication, and more health service utilization and higher 

costs in patients. Therefore, strategies for improving the continuity of care were needed. These 

strategies include promoting concentrated provider visits by increasing patients’ awareness and 

supporting long term individual provider concentrated care. Meanwhile, these strategies should 

also optimize the coordination among multiple specialties by providing cancer specified medical 

facility-based care to patients. For example, build cancer-related medical homes and include 

patient navigators during survivorship care. The findings of this study could be applied to the 

health care management of patients with other types of cancers or chronic diseases. 
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APPENDIX 

Appendix for Aim 1  
Appendix Figure Aim 1.1 Number of Visits During the Whole Study Period for Each Provider 
Specialty. 
 

A. Total number of visits to each provider type 

 
 

B. Number of visits to different providers in each type  

 
 

Appendix Figure Aim 1.1 illustrated the number of provider visits change during the whole study 
period for each specialty groups (PCP, Oncologist, and Other). Numbers of 1) total visits and 2) 
unique provider visits were counted and plotted. 
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Appendix Table Aim 1.1 Average Continuity of Care Index among Breast Cancer Patients at 
Different Tumor Stage and Numbers of Comorbidities, during the whole study period. 
 

 Year 1 2 3 4 5 
Specialty COC Index (mean±std)    

 Tumor Stage*     
 0 0.41±0.13 0.45±0.16 0.46±0.17 0.48±0.18 0.48±0.18 
 I 0.42±0.13 0.43±0.15 0.44±0.16 0.45±0.17 0.46±0.17 
 II 0.46±0.15 0.44±0.16 0.44±0.16 0.45±0.17 0.46±0.18 
 III 0.51±0.16 0.47±0.17 0.46±0.17 0.45±0.17 0.44±0.17 
 IV 0.48±0.16 0.54±0.20 0.54±0.21 0.53±0.21 0.54±0.23 
       
 Number of Comorbidities*    
 0 0.47±0.17 0.46±0.18 0.45±0.18 0.45±0.19 0.46±0.19 
 1 0.44±0.14 0.44±0.16 0.45±0.16 0.46±0.17 0.47±0.18 
 2 0.43±0.13 0.44±0.15 0.45±0.16 0.46±0.17 0.47±0.17 
 3 0.42±0.12 0.44±0.15 0.46±0.16 0.46±0.17 0.47±0.17 
       
 All 0.44±0.14 0.44±0.16 0.45±0.17 0.46±0.17 0.47±0.18 
       
Individual COC Index (mean±std)    
 Tumor Stage*     
 0 0.36±0.21 0.40±0.25 0.41±0.26 0.41±0.26 0.42±0.26 
 I 0.36±0.20 0.38±0.23 0.39±0.24 0.39±0.25 0.40±0.25 
 II 0.38±0.21 0.39±0.24 0.39±0.24 0.39±0.25 0.39±0.25 
 III 0.40±0.22 0.40±0.23 0.40±0.24 0.41±0.25 0.40±0.24 
 IV 0.40±0.24 0.48±0.27 0.49±0.26 0.50±0.26 0.52±0.27 
       
 Number of Comorbidities*    
 0 0.38±0.21 0.39±0.24 0.38±0.25 0.38±0.25 0.39±0.26 
 1 0.37±0.21 0.39±0.24 0.39±0.25 0.40±0.25 0.40±0.25 
 2 0.37±0.20 0.39±0.24 0.40±0.25 0.41±0.25 0.41±0.25 
 3 0.37±0.20 0.40±0.24 0.41±0.25 0.42±0.25 0.41±0.25 
       
 All 0.37±0.21 0.39±0.24 0.40±0.25 0.40±0.25 0.40±0.25 

 

*, p<0.05 

Appendix Table Aim 1.1 showed the average COC Indices changes during the whole study 
period (Specialty and Individual COC). ANCOVA analyses were applied to compare the average 
COC Indices among patients with different tumor stage or number of comorbidities among 
different years.
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Appendix Table Aim 1.2 Full Cox Hazard Model for the Specialty COC Index 
 

    Specialty COC, HR (95%CI) 

    
Adjusted model with 
treatment Adjusted model  

Unadjusted 
model 

COC 2ndqt vs 1stqt 1.22 (1.18-1.25) 1.23 (1.19-1.27) 1.40 (1.35-1.44) 
 3rdqt vs 1stqt 1.38 (1.34-1.42) 1.41 (1.36-1.45) 1.70 (1.65-1.75) 
 4thqt vs 1stqt 1.17 (1.14-1.21) 1.22 (1.18-1.25) 1.57 (1.52-1.62) 
Age group 66-70 vs >80 0.32 (0.31-0.33) 0.32 (0.31-0.33)  
 71-75 vs >80 0.39 (0.38-0.40) 0.38 (0.37-0.40)  
 76-80 vs >80 0.55 (0.54-0.57) 0.55 (0.53-0.56)  
Race group Asian vs Other 1.04 (0.91-1.19) 1.02 (0.89-1.17)  
 Black vs Other 1.11 (1.01-1.21) 1.16 (1.06-1.27)  
 White vs Other 1.20 (1.10-1.30) 1.19 (1.10-1.29)  
Poverty level 5-10% vs 0-5% 1.10 (1.07-1.14) 1.11 (1.07-1.14)  
 10-20% vs 0-5% 1.18 (1.14-1.21) 1.18 (1.15-1.22)  
 20-100% vs 0-5% 1.30 (1.25-1.34) 1.29 (1.25-1.34)  
Marriage Yes vs Other 0.83 (0.81-0.85) 0.83 (0.81-0.85)  
Tumor Stage I vs 0 1.43 (1.37-1.50) 1.32 (1.27-1.38)  
 II vs 0 2.47 (2.36-2.59) 2.28 (2.18-2.38)  
 III vs 0 5.02 (4.78-5.28) 4.62 (4.40-4.85)  
 IV vs 0 15.86 (15.12-16.63) 15.83 (15.10-16.59) 
Hypertension 1 vs 0 1.12 (1.09-1.14) 1.11 (1.08-1.14)  
Hyperlipidemia 1 vs 0 0.72 (0.70-0.73) 0.71 (0.69-0.73)  
Diabetes 1 vs 0 1.30 (1.27-1.33) 1.29 (1.26-1.33)  
Region Midwest vs West 0.95 (0.91-1.00) 0.96 (0.92-1.00)  
 Northeast vs West 0.93 (0.89-0.97) 0.94 (0.90-0.98)  
 South vs West 0.92 (0.89-0.96) 0.94 (0.90-0.97)  
Surgery 1 vs 0 0.76 (0.72-0.79)   
Chemotherapy 1 vs 0 1.46 (1.41-1.52)   
Radiation 1 vs 0 0.70 (0.67-0.73)   
Hormone 1 vs 0 0.38 (0.37-0.40)   

Charlson Index 
1 unit change from 
mean 1.35 (1.34-1.36) 1.35 (1.34-1.36)   

 

Appendix Table Aim 1.2 showed the full Cox Hazard models of the association of the Specialty 
COC Index with patients’ mortality risk. The unadjusted models used the COC indices as the 
predictor. The partially adjusted models were adjusted for age group, race, marriage, poverty 
level, region, tumor stage, hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, 
hypertension, hyperlipidemia, diabetes, cancer treatments, and CCI.  
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Appendix Table Aim 1.3 Full Cox Hazard Model for the Individual COC Index 
 

    Individual COC, HR (95%CI) 

    
Adjusted model with 
treatment Adjusted model  

Unadjusted 
model 

COC 2ndqt vs 1stqt 0.65 (0.63-0.67) 0.65 (0.63-0.67) 0.67 (0.65-0.69) 
 3rdqt vs 1stqt 0.57 (0.55-0.59) 0.58 (0.56-0.59) 0.63 (0.61-0.65) 
 4thqt vs 1stqt 0.55 (0.53-0.56) 0.56 (0.54-0.58) 0.68 (0.66-0.70) 
Age group 66-70 vs >81 0.32 (0.31-0.33) 0.32 (0.31-0.33)  
 71-75 vs >81 0.40 (0.38-0.41) 0.39 (0.38-0.41)  
 76-80 vs >81 0.55 (0.53-0.57) 0.55 (0.53-0.56)  
Race group Asian vs Other 1.05 (0.90-1.22) 1.05 (0.90-1.21)  
 Black vs Other 1.07 (0.97-1.19) 1.13 (1.02-1.24)  
 White vs Other 1.18 (1.08-1.28) 1.17 (1.07-1.27)  
Poverty level 5-10% vs 0-5% 1.12 (1.09-1.15) 1.13 (1.09-1.16)  
 10-20% vs 0-5% 1.21 (1.17-1.25) 1.22 (1.18-1.26)  
 20-100% vs 0-5% 1.34 (1.29-1.39) 1.33 (1.28-1.38)  
Marriage Yes vs Other 0.83 (0.81-0.85) 0.84 (0.82-0.86)  
Tumor Stage I vs 1 1.44 (1.37-1.51) 1.32 (1.26-1.39)  
 II vs 1 2.47 (2.36-2.60) 2.28 (2.17-2.39)  
 III vs 1 5.03 (4.77-5.31) 4.65 (4.41-4.90)  
 IV vs 1 16.75 (15.91-17.63) 16.81 (15.99-17.68) 
Hypertension 1 vs 0 1.13 (1.10-1.16) 1.12 (1.09-1.15)  
Hyperlipidemia 1 vs 0 0.73 (0.71-0.75) 0.72 (0.70-0.74)  
Diabetes 1 vs 0 1.31 (1.27-1.34) 1.30 (1.27-1.33)  
Region Midwest vs West 0.94 (0.90-0.99) 0.95 (0.90-0.99)  
 Northeast vs West 0.92 (0.88-0.96) 0.92 (0.88-0.96)  
 South vs West 0.92 (0.88-0.96) 0.94 (0.90-0.98)  
Surgery 1 vs 0 0.80 (0.77-0.84)   
Chemotherapy 1 vs 0 1.53 (1.47-1.59)   
Radiation 1 vs 0 0.70 (0.67-0.73)   
Hormone 1 vs 0 0.38 (0.36-0.40)   

Charlson Index 
1 unit change from 
mean 1.35 (1.34-1.36) 1.35 (1.34-1.36)   

 

Appendix Table Aim 1.3 showed the full Cox Hazard models of the association of the Individual 
COC Index with patients’ mortality risk. The unadjusted models used the COC indices as the 
predictor. The partially adjusted models were adjusted for age group, race, marriage, poverty 
level, region, tumor stage, hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted 
models were adjusted for age group, race, marriage, poverty level, region, tumor stage, 
hypertension, hyperlipidemia, diabetes, cancer treatments, and CCI. 
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Appendix Table Aim 1.4 Full Cox Hazard Model for the Specialty COC Index, with lagged 
effects  
 

  Specialty COC, HR (95%CI) 

    
Adjusted model with 
treatment Adjusted model  

Unadjusted 
model 

COC 2ndqt vs 1stqt 1.34 (1.28-1.39) 1.37 (1.31-1.42) 1.54 (1.48-1.60) 
 3rdqt vs 1stqt 1.59 (1.52-1.65) 1.61 (1.54-1.67) 1.91 (1.84-1.99) 
 4thqt vs 1stqt 1.34 (1.29-1.40) 1.37 (1.31-1.43) 1.70 (1.63-1.77) 
COC_lag 2ndqt vs 1stqt 1.18 (1.14-1.23) 1.19 (1.15-1.24) 1.32 (1.27-1.37) 
 3rdqt vs 1stqt 1.39 (1.34-1.45) 1.40 (1.34-1.46) 1.61 (1.55-1.67) 
 4thqt vs 1stqt 1.43 (1.37-1.49) 1.48 (1.41-1.54) 1.78 (1.71-1.86) 
Age group 66-70 vs >80 0.31 (0.30-0.33) 0.33 (0.31-0.34)  
 71-75 vs >80 0.37 (0.35-0.38) 0.38 (0.36-0.39)  
 76-80 vs >80 0.53 (0.51-0.54) 0.54 (0.52-0.56)  
Race group Asian vs Other 1.07 (0.91-1.26) 1.06 (0.90-1.25)  
 Black vs Other 1.14 (1.02-1.28) 1.18 (1.05-1.32)  
 White vs Other 1.20 (1.09-1.32) 1.20 (1.08-1.32)  
Poverty level 5-10% vs 0-5% 1.11 (1.07-1.15) 1.11 (1.07-1.15)  
 10-20% vs 0-5% 1.18 (1.13-1.22) 1.18 (1.14-1.22)  
 20-100% vs 0-5% 1.25 (1.20-1.31) 1.26 (1.20-1.31)  
Marriage Yes vs Other 0.85 (0.83-0.87) 0.86 (0.84-0.89)  
Tumor Stage I vs 0 1.33 (1.27-1.40) 1.30 (1.23-1.36)  
 II vs 0 2.13 (2.03-2.24) 2.11 (2.01-2.22)  
 III vs 0 3.88 (3.67-4.11) 4.01 (3.79-4.24)  
 IV vs 0 8.02 (7.54-8.53) 9.52 (8.97-10.11)  
Hypertension 1 vs 0 1.14 (1.10-1.18) 1.14 (1.10-1.18)  
Hyperlipidemia 1 vs 0 0.72 (0.70-0.75) 0.72 (0.70-0.74)  
Diabetes 1 vs 0 1.35 (1.31-1.40) 1.34 (1.30-1.38)  
Region Midwest vs West 0.99 (0.94-1.05) 1.00 (0.94-1.06)  
 Northeast vs West 0.96 (0.91-1.01) 0.95 (0.91-1.00)  
 South vs West 0.96 (0.91-1.01) 0.97 (0.92-1.02)  
Surgery 1 vs 0 1.00 (0.82-1.22)   
Chemotherapy 1 vs 0 2.27 (2.16-2.38)   
Radiation 1 vs 0 1.16 (1.09-1.23)   
Hormone 1 vs 0 0.63 (0.60-0.66)   

Charlson Index 
1 unit change 
from mean 1.34 (1.33-1.36) 1.34 (1.32-1.35)   

 

Appendix Table Aim 1.4 showed the full Cox Hazard models of the association of the Specialty 
COC Index with patients’ mortality risk, adjusting for the lagged COC Index from the previous 
year. The unadjusted models used the COC indices as the predictor. The partially adjusted 
models were also adjusted for age group, race, marriage, poverty level, region, tumor stage, 
hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted models were also adjusted 
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for age group, race, marriage, poverty level, region, tumor stage, hypertension, hyperlipidemia, 
diabetes, cancer treatments, and CCI.  
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Appendix Table Aim 1.5 Full Cox Hazard Model for the Individual COC Index, with lagged 
effects  
 

    Individual COC, HR (95%CI) 

    
Adjusted model with 
treatment Adjusted model  

Unadjusted 
model 

COC 2ndqt vs 1stqt 0.67 (0.64-0.69) 0.67 (0.65-0.69) 0.68 (0.66-0.71) 
 3rdqt vs 1stqt 0.57 (0.55-0.59) 0.57 (0.55-0.59) 0.63 (0.60-0.65) 
 4thqt vs 1stqt 0.53 (0.51-0.54) 0.54 (0.52-0.56) 0.63 (0.61-0.65) 
COC_lag 2ndqt vs 1stqt 0.98 (0.94-1.01) 0.99 (0.95-1.02) 1.03 (1.00-1.07) 
 3rdqt vs 1stqt 1.10 (1.06-1.14) 1.10 (1.06-1.14) 1.17 (1.13-1.21) 
 4thqt vs 1stqt 1.22 (1.17-1.26) 1.23 (1.18-1.27) 1.42 (1.37-1.48) 
Age group 66-70 vs >80 0.32 (0.31-0.33) 0.33 (0.31-0.34)  
 71-75 vs >80 0.39 (0.38-0.41) 0.40 (0.38-0.41)  
 76-80 vs >80 0.54 (0.53-0.56) 0.55 (0.53-0.57)  
Race group Asian vs Other 0.97 (0.82-1.14) 0.96 (0.81-1.13)  
 Black vs Other 1.01 (0.91-1.13) 1.06 (0.95-1.18)  
 White vs Other 1.10 (1.00-1.21) 1.09 (1.00-1.20)  
Poverty level 5-10% vs 0-5% 1.13 (1.09-1.17) 1.14 (1.10-1.17)  
 10-20% vs 0-5% 1.20 (1.16-1.24) 1.21 (1.17-1.25)  
 20-100% vs 0-5% 1.31 (1.26-1.37) 1.31 (1.25-1.36)  
Marriage Yes vs Other 0.84 (0.81-0.86) 0.84 (0.82-0.86)  
Tumor Stage I vs 0 1.42 (1.35-1.50) 1.33 (1.26-1.40)  
 II vs 0 2.38 (2.26-2.50) 2.23 (2.11-2.34)  
 III vs 0 4.72 (4.46-5.00) 4.47 (4.22-4.72)  
 IV vs 0 14.67 (13.87-15.53) 15.16 (14.35-16.02) 
Hypertension 1 vs 0 1.14 (1.10-1.17) 1.14 (1.10-1.17)  
Hyperlipidemia 1 vs 0 0.72 (0.70-0.74) 0.71 (0.69-0.73)  
Diabetes 1 vs 0 1.34 (1.30-1.38) 1.33 (1.29-1.37)  
Region Midwest vs West 0.99 (0.94-1.04) 0.99 (0.94-1.05)  

 
Northeast vs 
West 0.97 (0.92-1.01) 0.97 (0.92-1.01)  

 South vs West 0.98 (0.93-1.03) 0.99 (0.95-1.04)  
Surgery 1 vs 0 0.77 (0.72-0.81)   
Chemotherapy 1 vs 0 1.72 (1.64-1.79)   
Radiation 1 vs 0 0.76 (0.72-0.80)   
Hormone 1 vs 0 0.43 (0.41-0.45)   

Charlson Index 
1 unit change 
from mean 1.35 (1.34-1.37) 1.35 (1.34-1.36)   

 

Appendix Table Aim 1.5 showed the full Cox Hazard models of the association of the Individual 
COC Index with patients’ mortality risk, adjusting for the lagged COC Index from the previous 
year. The unadjusted models used the COC indices as the predictor. The partially adjusted 
models were also adjusted for age group, race, marriage, poverty level, region, tumor stage, 
hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted models were also adjusted 
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for age group, race, marriage, poverty level, region, tumor stage, hypertension, hyperlipidemia, 
diabetes, cancer treatments, and CCI.  
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Appendix Table Aim 1.6 Cox Hazard Ratio for Mortality, predicted by the first year Specialty 
COC Index.  
 

    Specialty COC, HR (95%CI) 

    
Adjusted model with 
treatment Adjusted model  Unadjusted model 

COC 2ndqt vs 1stqt 1.10 (1.08-1.12) 1.10 (1.08-1.11) 1.18 (1.16-1.19) 
 3rdqt vs 1stqt 1.15 (1.13-1.17) 1.16 (1.14-1.17) 1.28 (1.26-1.30) 
 4thqt vs 1stqt 1.16 (1.14-1.18) 1.19 (1.17-1.21) 1.31 (1.29-1.33) 
Age group 66-70 vs >80 0.26 (0.26-0.27) 0.27 (0.26-0.27)  
 71-75 vs >80 0.33 (0.32-0.33) 0.33 (0.32-0.33)  
 76-80 vs >80 0.51 (0.50-0.51) 0.50 (0.50-0.51)  
Race group Asian vs Other 1.14 (1.07-1.21) 1.12 (1.05-1.19)  
 Black vs Other 1.13 (1.08-1.18) 1.18 (1.12-1.23)  
 White vs Other 1.26 (1.21-1.31) 1.24 (1.20-1.29)  

Poverty level 
5-10% vs 0-
5% 1.07 (1.05-1.08) 1.07 (1.05-1.08)  

 
10-20% vs 0-
5% 1.16 (1.14-1.17) 1.16 (1.14-1.17)  

 
20-100% vs 0-
5% 1.17 (1.15-1.19) 1.17 (1.15-1.19)  

Marriage Yes vs Other 0.82 (0.81-0.83) 0.82 (0.81-0.83)  
Tumor Stage I vs 0 1.28 (1.25-1.30) 1.20 (1.18-1.22)  
 II vs 0 1.91 (1.88-1.95) 1.84 (1.80-1.87)  
 III vs 0 3.45 (3.38-3.53) 3.45 (3.38-3.53)  
 IV vs 0 10.17 (9.93-10.42) 10.12 (9.89-10.36)  
Hypertension 1 vs 0 1.17 (1.15-1.18) 1.17 (1.15-1.18)  
Hyperlipidemia 1 vs 0 0.74 (0.73-0.75) 0.74 (0.73-0.74)  
Diabetes 1 vs 0 1.28 (1.26-1.30) 1.28 (1.26-1.29)  

Region 
Midwest vs 
West 1.03 (1.01-1.05) 1.05 (1.02-1.07)  

 
Northeast vs 
West 0.99 (0.97-1.01) 0.99 (0.97-1.01)  

 South vs West 0.98 (0.96-1.00) 0.99 (0.97-1.01)  
Surgery 1 vs 0 1.47 (1.44-1.49)   
Chemotherapy 1 vs 0 1.43 (1.40-1.46)   
Radiation 1 vs 0 0.94 (0.92-0.95)   
Hormone 1 vs 0 0.50 (0.49-0.51)   

Charlson Index 
1 unit change 
from mean 1.36 (1.35-1.36) 1.36 (1.35-1.37)   

 

Appendix Table Aim 1.6 showed the result of Cox Hazard models of the association of the 
Specialty COC Index with patients’ mortality, using the first year Specialty COC Index as the 
primary predictor for each model. The unadjusted models used the COC Index as the predictor. 
The partially adjusted models were adjusted for age group, race, marriage, poverty level, region, 
tumor stage, hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted models were 
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adjusted for age group, race, marriage, poverty level, region, tumor stage, hypertension, 
hyperlipidemia, diabetes, cancer treatments, and CCI. 
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Appendix Table Aim 1.7 Cox Hazard Ratio for Mortality, predicted by the first year Individual 
COC Index.  
 

    Individual COC, HR (95%CI) 

    
Adjusted model 
with treatment Adjusted model  Unadjusted model 

COC 2ndqt vs 1stqt 0.88 (0.87-0.90) 0.88 (0.86-0.89) 0.92 (0.91-0.93) 
 3rdqt vs 1stqt 0.91 (0.89-0.92) 0.91 (0.89-0.92) 0.94 (0.92-0.95) 
 4thqt vs 1stqt 1.02 (1.00-1.03) 1.04 (1.02-1.05) 1.16 (1.14-1.17) 
Age group 66-70 vs >81 0.27 (0.27-0.28) 0.27 (0.27-0.28)  
 71-75 vs >81 0.34 (0.33-0.34) 0.34 (0.33-0.34)  
 76-80 vs >81 0.52 (0.51-0.52) 0.52 (0.51-0.53)  
Race group Asian vs Other 1.16 (1.09-1.24) 1.14 (1.07-1.22)  
 Black vs Other 1.12 (1.06-1.17) 1.16 (1.11-1.22)  
 White vs Other 1.25 (1.20-1.30) 1.24 (1.19-1.29)  
Poverty level 5-10% vs 0-5% 1.17 (1.15-1.18) 1.17 (1.15-1.18)  
 10-20% vs 0-5% 1.18 (1.16-1.21) 1.18 (1.16-1.20)  
 20-100% vs 0-5% 1.08 (1.06-1.09) 1.08 (1.06-1.09)  
Marriage Yes vs Other 0.82 (0.81-0.83) 0.83 (0.82-0.83)  
Tumor Stage I vs 1 1.27 (1.25-1.30) 1.20 (1.17-1.22)  
 II vs 1 1.92 (1.88-1.95) 1.84 (1.81-1.88)  
 III vs 1 3.48 (3.40-3.56) 3.51 (3.43-3.59)  
 IV vs 1 10.16 (9.91-10.41) 10.23 (9.99-10.48)  
Hypertension 1 vs 0 1.16 (1.15-1.18) 1.16 (1.15-1.18)  
Hyperlipidemia 1 vs 0 0.74 (0.73-0.75) 0.74 (0.73-0.74)  
Diabetes 1 vs 0 1.29 (1.27-1.30) 1.28 (1.27-1.30)  
Region Midwest vs West 1.05 (1.02-1.07) 1.07 (1.04-1.09)  
 Northeast vs West 1.00 (0.98-1.02) 1.01 (0.99-1.03)  
 South vs West 0.99 (0.97-1.01) 1.00 (0.98-1.02)  
Surgery 1 vs 0 1.48 (1.45-1.51)   
Chemotherapy 1 vs 0 1.47 (1.44-1.50)   
Radiation 1 vs 0 0.95 (0.93-0.96)   
Hormone 1 vs 0 0.51 (0.50-0.52)   

Charlson Index 
1 unit change from 
mean 1.36 (1.35-1.37) 1.36 (1.35-1.37)   

 

Appendix Table Aim 1.7 showed the result of Cox Hazard models of the association of the 
Individual COC Index with patients’ mortality, using the first year Individual COC Index as the 
primary predictor for each model. The unadjusted models used the COC Index as the predictor. 
The partially adjusted models were adjusted for age group, race, marriage, poverty level, region, 
tumor stage, hypertension, hyperlipidemia, diabetes, and CCI. The fully adjusted models were 
adjusted for age group, race, marriage, poverty level, region, tumor stage, hypertension, 
hyperlipidemia, diabetes, cancer treatments, and CCI. 
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Appendix Table Aim 1.8 Percentage of visits to each provider type by Specialty COC Index 
levels across survival years.  
 

  Specialty COC Index  
  total visit% 1st qt 2nd qt 3rd qt 4th qt All 
1styear PCP 32% 31% 29% 21% 29% 

 Oncologist 35% 36% 40% 55% 40% 
 Other 32% 33% 31% 24% 31% 
       

2ndyear PCP 34% 34% 34% 28% 33% 
 Oncologist 34% 30% 25% 27% 30% 
 Other 33% 36% 41% 45% 37% 
       

3rdyear PCP 35% 36% 36% 28% 35% 
 Oncologist 33% 27% 20% 22% 27% 
 Other 33% 38% 44% 49% 39% 
       

4thyear PCP 35% 37% 35% 29% 35% 
 Oncologist 32% 25% 19% 20% 25% 
 Other 33% 39% 46% 51% 40% 
       

5thyear PCP 35% 37% 36% 27% 35% 
 Oncologist 32% 24% 18% 20% 25% 

  Other 33% 40% 46% 53% 40% 
 

Appendix Table Aim 1.8 showed the average percentage of visits to each provider type by 
Specialty COC Index levels across survival years. 
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Appendix for Aim 2  
Appendix Table Aim 2.1 The COC Index of Breast Cancer Patients, who Receive Hormone 
Therapy, Antihypertensives, Hyperlipidemia Medications, and Diabetes Medications 
 

  
Mean 
(Std) Year 

Hormone 
Therapy only Antihypertensives 

Hyperlipidemia 
Medications 

Diabetes 
Medications 

Specialty COC Index     
 adherence      
  Year1 0.44 (0.15) 0.43 (0.14) 0.42 (0.13) 0.43 (0.14) 
  Year2 0.42 (0.15) 0.42 (0.14) 0.42 (0.14) 0.43 (0.15) 
  Year3 0.42 (0.15) 0.42 (0.14) 0.42 (0.14) 0.44 (0.14) 
  Year4 0.43 (0.15) 0.43 (0.15) 0.45 (0.17) 0.49 (0.18) 
 nonadherence     
  Year1 0.44 (0.14) 0.43 (0.14) 0.43 (0.13) 0.42 (0.13) 
  Year2 0.42 (0.14) 0.42 (0.13) 0.42 (0.14) 0.43 (0.13) 
  Year3 0.42 (0.15) 0.43 (0.14) 0.43 (0.14) 0.44 (0.14) 
  Year4 0.43 (0.16) 0.45 (0.15) 0.44 (0.15) 0.42 (0.12) 
Individual COC Index     
 adherence      
  Year1 0.38 (0.22) 0.38 (0.22) 0.38 (0.21) 0.41 (0.23) 
  Year2 0.37 (0.23) 0.37 (0.23) 0.37 (0.23) 0.41 (0.23) 
  Year3 0.37 (0.23) 0.38 (0.23) 0.37 (0.23) 0.43 (0.25) 
  Year4 0.38 (0.24) 0.39 (0.24) 0.39 (0.24) 0.49 (0.29) 
 nonadherence     
  Year1 0.38 (0.22) 0.37 (0.21) 0.37 (0.22) 0.39 (0.22) 
  Year2 0.38 (0.24) 0.37 (0.22) 0.38 (0.24) 0.39 (0.24) 
  Year3 0.37 (0.24) 0.38 (0.24) 0.36 (0.21) 0.41 (0.25) 
    Year4 0.38 (0.23) 0.36 (0.21) 0.34 (0.21) 0.39 (0.25) 

 

Appendix Table Aim 2.1 showed the mean (std) COC Index (Specialty and Individual COC 
Indices) change during the whole study period for each therapeutic group (HT, 
antihypertensives, hyperlipidemia medications, and diabetes medications). 
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Appendix Table Aim 2.2 Full Model of Logistic Regression Showing the Association Between Medication Adherence and the 
Specialty COC Index for Breast Cancer Patients after hormone therapy initiated, fully adjusted model. 
 

OR (95% CI) Level Hormone Therapy Antihypertensives 
Hyperlipidemia 
Medications 

Diabetes 
Medications 

Specialty COC  2ndqt vs 1stqt 0.92(0.83-1.01) 0.89(0.79-1.01) 0.89(0.78-1.01) 0.90(0.70-1.16) 
 3rdqt vs 1stqt 0.91(0.82-1.01) 0.86(0.76-0.97) 0.91(0.79-1.04) 0.94(0.72-1.22) 
 4thqt vs 1stqt 0.97(0.87-1.08) 0.86(0.76-0.98) 0.81(0.70-0.94) 1.07(0.80-1.43) 
Year 2 vs 1 1.21(1.10-1.32) 1.05(0.94-1.16) 1.19(1.06-1.34) 0.83(0.67-1.04) 
 3 vs 1 0.96(0.86-1.07) 0.85(0.75-0.96) 1.00(0.87-1.15) 0.65(0.50-0.85) 
 4 vs 1 0.60(0.52-0.70) 0.71(0.59-0.84) 0.93(0.76-1.14) 0.58(0.39-0.86) 
Other cancer 
treatment  1 vs 0 0.96(0.86-1.07) 0.85(0.75-0.96) 1.01(0.88-1.16) 0.93(0.71-1.21) 
Region Midwest vs West 1.05(0.89-1.24) 0.88(0.73-1.07) 1.08(0.87-1.34) 0.37(0.23-0.58) 
 Northeast vs West 0.98(0.85-1.13) 0.97(0.82-1.15) 0.90(0.74-1.08) 0.66(0.44-0.98) 
 South vs West 1.02(0.88-1.18) 1.01(0.85-1.20) 0.95(0.78-1.15) 0.64(0.43-0.97) 
Age group 66-70 vs >80 1.25(1.12-1.39) 0.97(0.85-1.10) 0.75(0.64-0.86) 0.80(0.61-1.06) 
 71-75 vs >80 1.22(1.10-1.35) 1.07(0.95-1.21) 0.81(0.70-0.93) 1.01(0.77-1.33) 
 76-80 vs >80 1.07(0.96-1.20) 1.21(1.06-1.37) 0.77(0.67-0.90) 1.07(0.80-1.44) 
Race group Black vs Other 0.63(0.51-0.78) 0.86(0.67-1.09) 0.63(0.48-0.84) 0.47(0.30-0.73) 
 White vs Other 0.97(0.80-1.17) 0.85(0.68-1.05) 0.74(0.57-0.94) 0.63(0.42-0.95) 
Poverty level 5-10% vs 0-5% 0.97(0.87-1.07) 1.04(0.92-1.17) 1.07(0.93-1.22) 0.98(0.75-1.27) 
 10-20% vs 0-5% 0.88(0.77-0.99) 0.93(0.80-1.07) 1.07(0.91-1.27) 1.00(0.74-1.34) 
 20-100% vs 0-5% 0.89(0.81-0.98) 1.04(0.93-1.17) 1.14(1.00-1.29) 0.80(0.62-1.04) 
Marriage Yes vs Other 1.05(0.97-1.13) 0.81(0.74-0.88) 0.96(0.87-1.06) 1.07(0.88-1.29) 
Tumor Stage I vs 0 1.18(0.88-1.58) 0.91(0.63-1.32) 0.87(0.61-1.23) 1.25(0.67-2.34) 
 II vs 0 1.16(0.86-1.56) 0.77(0.53-1.12) 0.76(0.53-1.08) 1.07(0.56-2.03) 
 III vs 0 0.98(0.71-1.36) 0.75(0.50-1.13) 0.85(0.57-1.27) 0.72(0.36-1.45) 
 IV vs 0 0.80(0.56-1.15) 0.69(0.44-1.09) 0.55(0.35-0.89) 0.82(0.36-1.85) 
Hypertension 1 vs 0 0.98(0.90-1.07) 0.00(0.00-0.00) 1.15(1.02-1.28) 1.04(0.81-1.35) 
Hyperlipidemia 1 vs 0 1.17(1.08-1.26) 1.15(1.05-1.26) 0.00(0.00-0.00) 1.13(0.90-1.41) 
Diabetes 1 vs 0 0.97(0.89-1.07) 1.16(1.05-1.29) 0.96(0.86-1.08) 0.00(0.00-0.00) 
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CCI 1 unit change from mean 0.97(0.93-1.02) 0.92(0.88-0.97) 0.97(0.92-1.02) 0.89(0.80-0.98) 
 

Appendix Table Aim 2.2 showed the full models of logistic regression for the association of the Specialty COC Index and medication 
adherence (HT, antihypertensives, hyperlipidemia medications, and diabetes medications). Mix-effect logistic regressions generated 
the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, other cancer treatments, and CCI. 

  



220 
 

Appendix Table Aim 2.3 Full Model of Logistic Regression Showing the Association Between Medication Adherence and the 
Individual COC Index for Breast Cancer Patients after hormone therapy initiated, fully adjusted model. 
 

OR (95% CI) Level Hormone Therapy Antihypertensives 
Hyperlipidemia 
Medications 

Diabetes 
Medications 

Individual COC  2ndqt vs 1stqt 0.97(0.87-1.09) 1.08(0.95-1.22) 1.11(0.96-1.27) 1.40(1.04-1.87) 
 3rdqt vs 1stqt 0.99(0.89-1.11) 1.06(0.94-1.21) 1.16(1.01-1.34) 1.17(0.89-1.55) 
 4thqt vs 1stqt 1.03(0.92-1.15) 1.08(0.94-1.23) 1.17(1.01-1.36) 1.50(1.12-2.00) 
Year 2 vs 1 1.21(1.10-1.33) 1.01(0.91-1.13) 1.25(1.11-1.41) 0.82(0.65-1.04) 
 3 vs 1 0.98(0.87-1.10) 0.83(0.73-0.95) 1.04(0.89-1.21) 0.66(0.50-0.88) 
 4 vs 1 0.59(0.50-0.69) 0.68(0.56-0.82) 0.96(0.77-1.19) 0.51(0.33-0.81) 
Other cancer 
treatment  1 vs 0 0.96(0.86-1.07) 0.83(0.73-0.94) 1.05(0.91-1.22) 0.93(0.71-1.23) 
Region Midwest vs West 1.04(0.88-1.24) 0.84(0.69-1.03) 1.01(0.81-1.27) 0.37(0.23-0.61) 
 Northeast vs West 0.97(0.84-1.13) 0.94(0.78-1.12) 0.82(0.67-1.00) 0.69(0.45-1.06) 
 South vs West 1.03(0.89-1.20) 0.93(0.78-1.12) 0.89(0.73-1.09) 0.65(0.42-1.01) 
Age group 66-70 vs >80 1.27(1.13-1.43) 0.92(0.81-1.06) 0.75(0.64-0.87) 0.90(0.67-1.20) 
 71-75 vs >80 1.19(1.06-1.32) 1.05(0.93-1.20) 0.80(0.69-0.93) 1.04(0.78-1.39) 
 76-80 vs >80 1.07(0.95-1.20) 1.16(1.02-1.33) 0.78(0.67-0.91) 1.19(0.87-1.62) 
Race group Black vs Other 0.70(0.55-0.89) 0.99(0.75-1.30) 0.68(0.50-0.92) 0.46(0.27-0.76) 
 White vs Other 0.94(0.77-1.16) 0.89(0.70-1.13) 0.71(0.54-0.93) 0.68(0.44-1.05) 
Poverty level 5-10% vs 0-5% 0.99(0.89-1.11) 1.04(0.92-1.19) 1.05(0.91-1.21) 1.01(0.77-1.34) 
 10-20% vs 0-5% 0.88(0.77-1.00) 0.96(0.82-1.11) 1.06(0.89-1.27) 0.99(0.72-1.36) 
 20-100% vs 0-5% 0.90(0.81-1.00) 1.01(0.90-1.14) 1.17(1.02-1.34) 0.76(0.58-1.00) 
Marriage Yes vs Other 1.07(0.99-1.16) 0.85(0.77-0.93) 1.00(0.90-1.11) 1.07(0.88-1.31) 
Tumor Stage I vs 0 1.13(0.83-1.55) 0.89(0.60-1.32) 0.97(0.67-1.40) 1.25(0.63-2.48) 
 II vs 0 1.11(0.81-1.53) 0.73(0.49-1.08) 0.83(0.57-1.21) 1.04(0.52-2.10) 
 III vs 0 0.94(0.67-1.33) 0.72(0.47-1.10) 0.94(0.62-1.43) 0.72(0.34-1.55) 
 IV vs 0 0.78(0.53-1.15) 0.64(0.40-1.02) 0.60(0.37-0.98) 0.97(0.40-2.32) 
Hypertension 1 vs 0 0.95(0.87-1.04) 0.00(0.00-0.00) 1.13(1.00-1.28) 1.07(0.82-1.40) 
Hyperlipidemia 1 vs 0 1.17(1.07-1.27) 1.19(1.08-1.31) 0.00(0.00-0.00) 1.16(0.92-1.47) 
Diabetes 1 vs 0 0.97(0.88-1.07) 1.15(1.03-1.29) 0.91(0.81-1.03) 0.00(0.00-0.00) 
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CCI 1 unit change from mean 0.98(0.94-1.03) 0.93(0.88-0.97) 0.97(0.92-1.03) 0.88(0.79-0.98) 
 

Appendix Table Aim 2.3 showed the full models of logistic regression for the association of the Individual COC Index and medication 
adherence (HT, antihypertensives, hyperlipidemia medications, and diabetes medications). Mix-effect logistic regressions generated 
the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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Appendix Table Aim 2.4 Full Model of Logistic Regression Showing the Association Between Medication Adherence and the 
Specialty COC Index for Breast Cancer Patients after hormone therapy initiated, partially adjusted model 
 

 Specialty COC Index HT Antihypertensives 
Hyperlipidemia 
Medications 

Diabetes 
Medications 

    OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
COC 2ndqt vs 1stqt 0.92(0.83-1.01) 0.89(0.79-1.00) 0.89(0.78-1.01) 0.90(0.69-1.16) 
 3rdqt vs 1stqt 0.91(0.82-1.01) 0.86(0.76-0.97) 0.91(0.79-1.04) 0.94(0.72-1.22) 
 4thqt vs 1stqt 0.97(0.87-1.08) 0.86(0.75-0.98) 0.81(0.70-0.94) 1.07(0.80-1.42) 
Year 2 vs 1 1.21(1.11-1.32) 1.07(0.97-1.19) 1.19(1.06-1.33) 0.84(0.68-1.04) 
 3 vs 1 0.97(0.87-1.07) 0.87(0.77-0.99) 1.00(0.87-1.15) 0.66(0.51-0.86) 
 4 vs 1 0.61(0.53-0.70) 0.72(0.61-0.86) 0.93(0.76-1.14) 0.59(0.40-0.87) 
Region Midwest vs West 1.05(0.89-1.24) 0.88(0.72-1.06) 1.08(0.87-1.34) 0.37(0.23-0.58) 
 Northeast vs West 0.98(0.85-1.13) 0.96(0.81-1.14) 0.90(0.74-1.08) 0.66(0.44-0.99) 
 South vs West 1.02(0.88-1.18) 1.00(0.85-1.19) 0.95(0.78-1.15) 0.65(0.43-0.97) 
Age group 66-70 vs >80 1.24(1.12-1.39) 0.95(0.84-1.08) 0.75(0.64-0.86) 0.79(0.60-1.05) 
 71-75 vs >80 1.21(1.09-1.35) 1.06(0.94-1.20) 0.81(0.70-0.93) 1.01(0.77-1.32) 
 76-80 vs >80 1.07(0.96-1.19) 1.20(1.05-1.36) 0.77(0.67-0.90) 1.06(0.79-1.43) 
Race group Black vs Other 0.63(0.50-0.78) 0.86(0.67-1.10) 0.63(0.48-0.84) 0.47(0.30-0.73) 
 White vs Other 0.97(0.80-1.17) 0.85(0.68-1.06) 0.74(0.57-0.94) 0.63(0.42-0.95) 
Poverty level 5-10% vs 0-5% 0.96(0.87-1.07) 1.04(0.92-1.17) 1.07(0.93-1.22) 0.98(0.75-1.27) 
 10-20% vs 0-5% 0.88(0.77-0.99) 0.93(0.80-1.07) 1.07(0.91-1.27) 1.00(0.74-1.35) 
 20-100% vs 0-5% 0.89(0.81-0.98) 1.04(0.93-1.17) 1.14(1.00-1.29) 0.80(0.62-1.04) 
Marriage Yes vs Other 1.05(0.97-1.13) 0.81(0.74-0.88) 0.96(0.87-1.06) 1.07(0.88-1.29) 
Tumor Stage I vs 0 1.18(0.88-1.58) 0.91(0.62-1.31) 0.87(0.61-1.23) 1.24(0.66-2.33) 
 II vs 0 1.16(0.86-1.56) 0.76(0.52-1.11) 0.76(0.53-1.08) 1.06(0.56-2.01) 
 III vs 0 0.98(0.71-1.35) 0.74(0.49-1.10) 0.85(0.57-1.27) 0.71(0.36-1.43) 
 IV vs 0 0.79(0.56-1.14) 0.66(0.42-1.03) 0.56(0.35-0.89) 0.80(0.36-1.80) 
Hypertension 1 vs 0 0.98(0.90-1.07) 0.00(0.00-0.00) 1.15(1.02-1.28) 1.04(0.81-1.34) 
Hyperlipidemia 1 vs 0 1.17(1.08-1.26) 1.16(1.06-1.27) 0.00(0.00-0.00) 1.13(0.91-1.41) 
Diabetes 1 vs 0 0.97(0.89-1.07) 1.16(1.04-1.29) 0.96(0.86-1.08) 0.00(0.00-0.00) 
CCI 1 unit change from mean 0.98(0.93-1.02) 0.92(0.88-0.97) 0.97(0.92-1.02) 0.89(0.80-0.98) 
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Appendix Table Aim 2.4 showed the full models of logistic regression for the association of the Specialty COC Index and medication 
adherence (HT, antihypertensives, hyperlipidemia medications, and diabetes medications). Mix-effect logistic regressions generated 
the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, and CCI. 
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Appendix Table Aim 2.5 Full Model of Logistic Regression Showing the Association Between Medication Adherence and the 
Individual COC Index for Breast Cancer Patients after hormone therapy initiated, partially adjusted model. 
 

 Individual COC Index HT Antihypertensives 
Hyperlipidemia 
Medications 

Diabetes 
Medications 

COC 2ndqt vs 1stqt 0.97(0.87-1.09) 1.08(0.95-1.22) 1.11(0.96-1.28) 1.40(1.05-1.88) 
 3rdqt vs 1stqt 0.99(0.89-1.11) 1.06(0.94-1.21) 1.16(1.01-1.34) 1.17(0.89-1.55) 
 4thqt vs 1stqt 1.03(0.92-1.15) 1.08(0.95-1.24) 1.17(1.01-1.36) 1.50(1.12-2.01) 
Year 2 vs 1 1.21(1.10-1.33) 1.04(0.93-1.16) 1.24(1.10-1.40) 0.83(0.66-1.04) 
 3 vs 1 0.98(0.88-1.10) 0.86(0.75-0.98) 1.03(0.89-1.20) 0.67(0.50-0.89) 
 4 vs 1 0.59(0.51-0.70) 0.70(0.58-0.84) 0.95(0.76-1.18) 0.52(0.33-0.82) 
Region Midwest vs West 1.04(0.88-1.24) 0.84(0.68-1.03) 1.01(0.81-1.28) 0.37(0.23-0.61) 
 Northeast vs West 0.97(0.84-1.13) 0.93(0.78-1.12) 0.82(0.67-1.00) 0.69(0.45-1.06) 
 South vs West 1.03(0.88-1.20) 0.93(0.77-1.11) 0.89(0.73-1.09) 0.65(0.43-1.01) 
Age group 66-70 vs >80 1.26(1.12-1.42) 0.91(0.79-1.04) 0.75(0.64-0.87) 0.89(0.67-1.19) 
 71-75 vs >80 1.18(1.06-1.32) 1.04(0.92-1.18) 0.80(0.69-0.93) 1.03(0.78-1.38) 
 76-80 vs >80 1.07(0.95-1.20) 1.15(1.01-1.32) 0.78(0.67-0.91) 1.18(0.86-1.61) 
Race group Black vs Other 0.70(0.55-0.89) 0.99(0.75-1.30) 0.68(0.50-0.92) 0.45(0.27-0.76) 
 White vs Other 0.94(0.77-1.16) 0.89(0.70-1.13) 0.71(0.54-0.92) 0.69(0.45-1.05) 
Poverty level 5-10% vs 0-5% 0.99(0.89-1.11) 1.04(0.92-1.18) 1.05(0.91-1.21) 1.01(0.77-1.34) 
 10-20% vs 0-5% 0.87(0.77-1.00) 0.95(0.82-1.11) 1.06(0.89-1.27) 1.00(0.72-1.37) 
 20-100% vs 0-5% 0.90(0.81-1.00) 1.02(0.90-1.15) 1.17(1.02-1.34) 0.76(0.58-1.00) 
Marriage Yes vs Other 1.07(0.99-1.16) 0.85(0.77-0.93) 1.00(0.90-1.11) 1.07(0.88-1.31) 
Tumor Stage I vs 0 1.13(0.83-1.55) 0.89(0.60-1.32) 0.97(0.67-1.40) 1.25(0.63-2.48) 
 II vs 0 1.11(0.80-1.52) 0.72(0.48-1.08) 0.83(0.57-1.21) 1.04(0.52-2.09) 
 III vs 0 0.93(0.66-1.32) 0.70(0.46-1.07) 0.95(0.62-1.44) 0.71(0.33-1.53) 
 IV vs 0 0.77(0.53-1.13) 0.60(0.38-0.97) 0.61(0.37-0.99) 0.95(0.40-2.26) 
Hypertension 1 vs 0 0.95(0.87-1.04) 0.00(0.00-0.00) 1.13(1.00-1.28) 1.07(0.82-1.40) 
Hyperlipidemia 1 vs 0 1.17(1.07-1.27) 1.19(1.08-1.31) 0.00(0.00-0.00) 1.16(0.92-1.47) 
Diabetes 1 vs 0 0.97(0.88-1.07) 1.15(1.03-1.28) 0.91(0.81-1.03) 0.00(0.00-0.00) 
CCI 1 unit change from mean 0.98(0.94-1.03) 0.93(0.88-0.97) 0.97(0.92-1.03) 0.88(0.79-0.98) 
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Appendix Table Aim 2.5 showed the full models of logistic regression for the association of the Individual COC Index and medication 
adherence (HT, antihypertensives, hyperlipidemia medications, and diabetes medications). Mix-effect logistic regressions generated 
the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, and CCI. 
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Appendix for Aim 3  
Appendix Figure Aim 3.1 Odds of Incidence of Emergency Department visit and Hospitalization 
among Breast Cancer Patients with Comorbidities Associated with the COC Index, after 
Hormone Therapy Initiation, unadjusted models. 

A. Specialty COC Index 

 
B. Individual COC Index 
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Appendix Figure Aim 3.1 showed the results of logistic regression for the association of COC 
Indices (Specialty and Individual COC) and health care service utilization (ED and inpatient). 
Logistic regressions generated the results. The analyses were adjusted for time. 
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Appendix Figure Aim 3.2 Odds of Incidence of Emergency Department visit and Hospitalization 
among Breast Cancer Patients with Comorbidities Associated with The COC Index, after 
Hormone Therapy Initiation, partially adjusted models. 

A. Specialty COC Index 

 
B. Individual COC Index 
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Appendix Figure Aim 3.2 showed the results of logistic regression for the association of COC 
Indices (Specialty and Individual COC) and health care service utilization (ED and inpatient). 
Logistic regressions generated the results. The analyses were adjusted for age group, race, 
marriage, poverty level, region, tumor stage, time, hypertension, hyperlipidemia, diabetes, and 
CCI. 
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Appendix Figure Aim 3.3 Odds of Incidence of Emergency Department visit and Hospitalization 
among Breast Cancer Patients with Comorbidities Associated with The COC Index, after 
Hormone Therapy Initiation, lagged effect fully adjusted models. 

A. Specialty COC Index 

 
B. Individual COC Index 
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Appendix Figure Aim 3.3 showed the results of logistic regression for the association of COC 
Indices (Specialty and Individual COC) and health care service utilization (ED and inpatient). 
Logistic regressions generated the results. The analyses were adjusted for lagged COC Index, 
age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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Appendix Table Aim 3.1 The Association Between the COC Index and Yearly ED Cost Change 
after Hormone Therapy Initiation, unadjusted models. 
 

      
Mean Cost 
($) 

Estimated 
Cost 
Change 
(percent) 

Estimated 
Cost 
Change 
($) 

95%CI 
Low 

95%CI 
High Pr > |t| 

Specialty 
COC        
 All-cause       
  2nd qt vs 1st qt 4118.44 15.20% 626.00 -144.76 1546.27 0.0463 
  3rd qt vs 1st qt  22.86% 941.60 119.48 1923.20  
  4th qt vs 1st qt  30.15% 1241.62 278.96 2415.01  
 Breast cancer-related       
  2nd qt vs 1st qt 507.43 -18.56% -94.18 -206.96 60.93 0.5439 
  3rd qt vs 1st qt  -14.50% -73.55 -193.81 92.81  
  4th qt vs 1st qt  -21.35% -108.31 -227.62 61.87  
 Hypertension-related       
  2nd qt vs 1st qt 2435.19 8.66% 210.80 -392.38 992.08 0.2262 
  3rd qt vs 1st qt  16.28% 396.36 -247.84 1230.28  
  4th qt vs 1st qt  34.59% 842.45 15.23 1948.93  
 Hyperlipidemia-related       
  2nd qt vs 1st qt 1275.44 -4.78% -60.99 -481.41 582.04 0.1894 
  3rd qt vs 1st qt  -0.67% -8.52 -445.97 659.64  
  4th qt vs 1st qt  52.04% 663.79 -88.35 1892.48  
 Diabetes-related       
  2nd qt vs 1st qt 853.37 1.92% 16.42 -386.64 767.55 0.5033 
  3rd qt vs 1st qt  30.42% 259.61 -258.01 1227.25  
  4th qt vs 1st qt  53.20% 454.02 -200.12 1763.23  
Individual COC       
 All-cause       
  2nd qt vs 1st qt 4495.44 -2.41% -108.19 -798.17 710.56 0.0207 
  3rd qt vs 1st qt  -18.80% -845.31 -1442.01 -132.00  
  4th qt vs 1st qt  -21.16% -951.06 -1568.81 -202.91  
 Breast cancer-related       
  2nd qt vs 1st qt 558.16 15.70% 87.61 -81.11 316.00 0.3920 
  3rd qt vs 1st qt  -12.58% -70.24 -198.14 103.10  
  4th qt vs 1st qt  4.64% 25.89 -141.90 261.32  
 Hypertension-related       
  2nd qt vs 1st qt 2677.62 -8.86% -237.30 -770.94 445.69 0.1913 
  3rd qt vs 1st qt  -23.44% -627.64 -1096.82 -19.22  
  4th qt vs 1st qt  -19.30% -516.71 -1059.87 208.81  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 1403.90 16.88% 237.02 -340.88 1129.07 0.5221 
  3rd qt vs 1st qt  -17.12% -240.38 -673.27 449.01  
  4th qt vs 1st qt  -12.93% -181.58 -678.33 655.28  
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 Diabetes-related      
  2nd qt vs 1st qt 946.75 -14.96% -141.68 -498.18 498.15 0.4112 
  3rd qt vs 1st qt  -40.36% -382.08 -641.84 98.97  
  4th qt vs 1st qt  -26.97% -255.34 -590.07 393.52  

 
Bold, P-value < 0.05 
Appendix Table Aim 3.1 showed the results of two stage models for the association of the COC 
Indices (Specialty and Individual COC) and ED cost. Two-stage models were conducted for the 
analyses, which include a logistic regression model for the risk of ED visit and a linear 
regression model for the cost of ED visit. The analyses were adjusted for time.  
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Appendix Table Aim 3.2 The Association Between the COC Index and Yearly Inpatient Cost 
Change after Hormone Therapy Initiation, unadjusted models. 
 

      
Mean 

Cost ($) 

Estimated 
Cost 

Change 
(percent) 

Estimated 
Cost 

Change ($) 
95%CI 

Low 
95%CI 
High Pr > |t| 

Specialty COC      
 All-cause      
  2nd qt vs 1st qt 13506.48 30.75% 4152.94 2149.41 6412.88 <.0001 
  3rd qt vs 1st qt  52.56% 7099.26 4750.00 9750.82  
  4th qt vs 1st qt  41.95% 5665.88 3261.06 8415.60  
 Breast cancer-related      
  2nd qt vs 1st qt 2482.83 13.88% 344.69 -231.66 1068.59 0.5682 
  3rd qt vs 1st qt  18.06% 448.33 -160.09 1216.13  
  4th qt vs 1st qt  12.14% 301.48 -322.25 1105.27  
 Hypertension-related      
  2nd qt vs 1st qt 9746.47 32.76% 3193.30 1540.56 5088.04 <.0001 
  3rd qt vs 1st qt  45.31% 4416.14 2602.13 6496.63  
  4th qt vs 1st qt  43.36% 4226.23 2245.83 6533.67  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 5544.72 28.49% 1579.83 440.08 2936.62 0.0008 
  3rd qt vs 1st qt  34.51% 1913.72 714.92 3342.11  
  4th qt vs 1st qt  51.26% 2841.97 1334.40 4679.94  
 Diabetes-related      
  2nd qt vs 1st qt 3105.88 34.86% 1082.85 181.02 2232.11 0.0284 
  3rd qt vs 1st qt  44.82% 1391.96 427.04 2620.42  
  4th qt vs 1st qt  24.06% 747.29 -132.25 1886.98  
Individual COC      
 All-cause      
  2nd qt vs 1st qt 14938.43 -8.20% -1224.84 -2658.33 375.97 0.0058 
  3rd qt vs 1st qt  -12.26% -1831.55 -3300.80 -176.81  
  4th qt vs 1st qt  -20.60% -3077.65 -4540.13 -1409.48  
 Breast cancer-related      
  2nd qt vs 1st qt 2748.52 11.65% 320.21 -254.99 1028.09 0.7589 
  3rd qt vs 1st qt  7.87% 216.29 -356.84 926.76  
  4th qt vs 1st qt  8.43% 231.84 -405.24 1042.12  
 Hypertension-related      
  2nd qt vs 1st qt 10784.41 -8.72% -940.12 -2081.42 350.85 0.0032 
  3rd qt vs 1st qt  -13.83% -1491.04 -2647.63 -170.04  
  4th qt vs 1st qt  -24.22% -2611.69 -3746.77 -1293.54  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 6127.18 -4.13% -253.13 -1097.92 733.56 0.2625 
  3rd qt vs 1st qt  0.58% 35.43 -922.45 1169.60  
  4th qt vs 1st qt  -16.50% -1010.86 -1894.71 57.56  
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 Diabetes-related      
  2nd qt vs 1st qt 3455.23 -21.62% -747.02 -1239.93 -144.43 0.0173 
  3rd qt vs 1st qt  -26.32% -909.32 -1403.88 -295.52  
  4th qt vs 1st qt  -26.61% -919.48 -1458.78 -234.50  

 
Bold, P-value < 0.05 
Appendix Table Aim 3.2 showed the results of two stage models for the association of the COC 
Indices (Specialty and Individual COC) and inpatient cost. Two-stage models were conducted 
for the analyses, which include a logistic regression model for the risk of inpatient visit and a 
linear regression model for the cost of inpatient visit. The analyses were adjusted for time.  
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Appendix Table Aim 3.3 The Association Between the COC Index and Yearly ED Cost Change 
after Hormone Therapy Initiation, partially adjusted models. 
 

      
Mean 
Cost ($) 

Estimate
d Cost 
Change 
(percent) 

Estimated 
Cost 
Change ($) 95%CI Low 

95%CI 
High Pr > |t| 

Specialty COC      
 All-cause      
  2nd qt vs 1st qt 4088.14 12.24% 500.53 -110.82 1205.85 0.0875 
  3rd qt vs 1st qt  18.05% 737.73 91.58 1483.76  
  4th qt vs 1st qt  19.84% 811.15 84.74 1664.02  
 Breast cancer-related      
  2nd qt vs 1st qt 507.53 -19.97% -101.37 -201.90 32.24 0.4129 
  3rd qt vs 1st qt  -14.92% -75.73 -185.21 70.94  
  4th qt vs 1st qt  -21.54% -109.33 -218.79 41.63  
 Hypertension-related      
  2nd qt vs 1st qt 2400.80 6.08% 145.96 -296.22 681.05 0.4709 
  3rd qt vs 1st qt  10.90% 261.80 -202.31 823.88  
  4th qt vs 1st qt  18.10% 434.65 -114.81 1116.19  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 1239.95 -11.57% -143.51 -412.00 212.05 0.2460 
  3rd qt vs 1st qt  -8.43% -104.58 -383.94 265.96  
  4th qt vs 1st qt  17.90% 222.00 -183.62 783.37  
 Diabetes-related      
  2nd qt vs 1st qt 813.98 -10.15% -82.60 -326.23 282.73 0.5515 
  3rd qt vs 1st qt  15.35% 124.95 -189.90 598.64  
  4th qt vs 1st qt  9.23% 75.17 -248.93 585.16  
Individual COC      
 All-cause      
  2nd qt vs 1st qt 4447.10 -0.06% -2.58 -561.97 637.35 0.0028 
  3rd qt vs 1st qt  -17.08% -759.59 -1243.47 -202.61  
  4th qt vs 1st qt  -19.55% -869.29 -1371.93 -284.49  
 Breast cancer-related      
  2nd qt vs 1st qt 551.59 20.24% 111.63 -47.43 320.86 0.3701 
  3rd qt vs 1st qt  -6.59% -36.36 -161.23 128.44  
  4th qt vs 1st qt  6.72% 37.08 -120.20 251.70  
 Hypertension-related      
  2nd qt vs 1st qt 2628.19 -4.75% -124.95 -524.87 351.00 0.0913 
  3rd qt vs 1st qt  -19.47% -511.83 -866.91 -85.18  
  4th qt vs 1st qt  -15.30% -401.99 -815.36 105.64  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 1352.87 24.41% 330.21 -55.50 830.60 0.1992 
  3rd qt vs 1st qt  -6.05% -81.92 -391.07 326.60  
  4th qt vs 1st qt  -4.26% -57.63 -407.40 421.55  
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 Diabetes-related      
  2nd qt vs 1st qt 888.64 -19.05% -169.26 -386.08 141.11 0.2328 
  3rd qt vs 1st qt  -32.99% -293.15 -481.10 -18.50  
  4th qt vs 1st qt  -18.93% -168.25 -408.22 191.59  

 
Bold, P-value < 0.05 
Appendix Table Aim 3.3 showed the results of two stage models for the association of the COC 
Indices (Specialty and Individual COC) and ED cost. Two-stage models were conducted for the 
analyses, which include a logistic regression model for the risk of ED visit and a linear 
regression model for the cost of ED visit. The analyses were adjusted for age group, race, 
marriage, poverty level, region, tumor stage, time, hypertension, hyperlipidemia, diabetes, and 
CCI.  
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Appendix Table Aim 3.4 The Association Between the COC Index and Yearly Inpatient Cost 
Change after Hormone Therapy Initiation, partially adjusted models. 
 

      Mean Cost ($) 

Estimate
d Cost 

Change 
(percent) 

Estimated 
Cost 

Change 
($) 

95%CI 
Low 

95%CI 
High Pr > |t| 

Specialty COC      
 All-cause      
  2nd qt vs 1st qt 13650.67 28.52% 3892.92 1914.73 6122.52 <.0001 
  3rd qt vs 1st qt  49.63% 6774.92 4445.14 9404.66  
  4th qt vs 1st qt  37.84% 5164.97 2810.06 7856.79  
 Breast cancer-related      
  2nd qt vs 1st qt 2478.04 5.91% 146.48 -351.72 761.40 0.7416 
  3rd qt vs 1st qt  12.60% 312.31 -225.77 978.94  
  4th qt vs 1st qt  4.99% 123.75 -423.97 817.51  
 Hypertension-related      
  2nd qt vs 1st qt 9791.92 32.94% 3225.10 1570.51 5120.63 <.0001 
  3rd qt vs 1st qt  46.57% 4559.62 2716.26 6674.64  
  4th qt vs 1st qt  42.08% 4120.16 2150.69 6414.42  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 5646.07 29.02% 1638.51 508.17 2976.46 0.0003 
  3rd qt vs 1st qt  39.25% 2216.08 980.64 3681.84  
  4th qt vs 1st qt  50.65% 2859.83 1369.91 4666.15  
 Diabetes-related      
  2nd qt vs 1st qt 3192.37 37.12% 1185.07 227.16 2411.31 0.0157 
  3rd qt vs 1st qt  47.92% 1529.78 501.50 2844.29  
  4th qt vs 1st qt  20.70% 660.67 -235.11 1827.80  
Individual COC      
 All-cause      
  2nd qt vs 1st qt 15087.02 -9.14% -1378.54 -2788.61 193.21 0.0025 
  3rd qt vs 1st qt  -11.55% -1742.11 -3222.71 -76.75  
  4th qt vs 1st qt  -22.12% -3337.24 -4770.47 -1704.89  
 Breast cancer-related      
  2nd qt vs 1st qt 2742.09 7.41% 203.18 -303.66 815.37 0.8540 
  3rd qt vs 1st qt  7.67% 210.29 -320.90 858.01  
  4th qt vs 1st qt  6.68% 183.28 -395.60 904.97  
 Hypertension-related      
  2nd qt vs 1st qt 10827.05 -9.54% -1033.27 -2158.53 238.06 0.0035 
  3rd qt vs 1st qt  -13.33% -1443.60 -2607.38 -115.04  
  4th qt vs 1st qt  -24.14% -2613.81 -3747.44 -1298.65  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 6236.28 -3.76% -234.69 -1068.43 733.55 0.2399 
  3rd qt vs 1st qt  2.19% 136.36 -823.06 1265.83  
  4th qt vs 1st qt  -15.75% -982.31 -1864.31 77.62  
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 Diabetes-related      
  2nd qt vs 1st qt 3546.59 -21.85% -774.82 -1279.74 -157.43 0.0094 
  3rd qt vs 1st qt  -28.09% -996.35 -1496.18 -374.68  
  4th qt vs 1st qt  -29.14% -1033.57 -1570.75 -350.34  

 

Bold, P-value < 0.05 
Appendix Table Aim 3.4 showed the results of two stage models for the association of the COC 
Indices (Specialty and Individual COC) and inpatient cost. Two-stage models were conducted 
for the analyses, which include a logistic regression model for the risk of inpatient visit and a 
linear regression model for the cost of inpatient visit. The analyses were adjusted for age group, 
race, marriage, poverty level, region, tumor stage, time, hypertension, hyperlipidemia, diabetes, 
and CCI.  
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Appendix Table Aim 3.5 The Association Between the Specialty COC Index and ED Visit after Hormone Therapy Initiation, full model 
of fully adjusted models 
 

Specialty COC All-cause  
Breast cancer-
related  

Hypertension-
related  

Hyperlipidemia-
related  Diabetes-related  

    OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) 
COC Index      
 2ndqt vs 1stqt 1.21(1.10-1.33) 1.21(0.98-1.48) 1.24(1.11-1.39) 1.32(1.14-1.53) 1.41(1.16-1.72) 
 3rdqt vs 1stqt 1.30(1.18-1.43) 1.08(0.87-1.33) 1.34(1.19-1.50) 1.41(1.21-1.64) 1.41(1.15-1.71) 
 4thqt vs 1stqt 0.91(0.82-1.01) 0.81(0.64-1.02) 0.92(0.81-1.04) 0.91(0.77-1.08) 1.09(0.88-1.36) 
Year       
 2 vs 1 1.20(1.10-1.30) 0.73(0.61-0.86) 1.21(1.10-1.34) 1.18(1.04-1.34) 1.09(0.93-1.29) 
 3 vs 1 1.32(1.20-1.46) 0.63(0.50-0.80) 1.44(1.28-1.61) 1.31(1.13-1.53) 1.34(1.10-1.62) 
 4 vs 1 1.31(1.14-1.51) 0.51(0.35-0.76) 1.53(1.31-1.80) 1.52(1.24-1.87) 1.42(1.09-1.86) 
Treatment      
 1 vs 0 1.11(1.01-1.23) 1.67(1.39-1.99) 1.23(1.09-1.38) 1.32(1.14-1.53) 1.38(1.15-1.65) 
Region       
 Midwest vs West 0.78(0.67-0.90) 0.94(0.69-1.30) 0.94(0.79-1.13) 0.74(0.59-0.93) 1.21(0.88-1.67) 

 
Northeast vs 
West 0.83(0.73-0.95) 0.92(0.70-1.22) 0.92(0.78-1.07) 0.82(0.68-1.00) 1.03(0.77-1.37) 

 South vs West 0.83(0.72-0.95) 0.92(0.70-1.22) 0.97(0.82-1.13) 0.80(0.66-0.98) 1.15(0.86-1.54) 
Age 
group       
 66-70 vs >80 0.52(0.47-0.58) 0.70(0.56-0.87) 0.46(0.41-0.52) 0.62(0.53-0.73) 1.03(0.84-1.27) 
 71-75 vs >80 0.58(0.52-0.63) 0.65(0.53-0.80) 0.53(0.48-0.60) 0.68(0.59-0.79) 0.93(0.77-1.13) 
 76-80 vs >80 0.71(0.65-0.79) 0.90(0.73-1.09) 0.72(0.65-0.81) 0.88(0.76-1.02) 1.16(0.96-1.40) 
Race group      
 Black vs Other 1.20(0.90-1.61) 1.64(0.93-2.91) 1.51(1.09-2.10) 0.93(0.62-1.41) 1.47(0.93-2.34) 
 White vs Other 1.29(1.06-1.56) 1.16(0.76-1.77) 1.25(0.99-1.57) 0.94(0.72-1.25) 0.89(0.63-1.26) 
Poverty level      
 5-10% vs 0-5% 1.09(1.00-1.20) 0.85(0.70-1.04) 1.00(0.89-1.11) 1.05(0.91-1.21) 1.06(0.87-1.29) 
 10-20% vs 0-5% 1.19(1.08-1.31) 1.09(0.89-1.33) 1.18(1.05-1.32) 1.14(0.99-1.32) 1.55(1.28-1.89) 
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20-100% vs 0-
5% 1.25(1.11-1.40) 0.90(0.70-1.16) 1.23(1.08-1.41) 0.96(0.80-1.15) 1.78(1.43-2.22) 

Marriage       
 Yes vs Other 0.92(0.86-0.99) 0.88(0.76-1.03) 0.89(0.82-0.97) 0.89(0.80-0.99) 0.98(0.85-1.13) 
Tumor Stage      
 I vs 0 1.25(0.91-1.71) 0.91(0.45-1.86) 1.03(0.72-1.48) 0.84(0.55-1.30) 0.58(0.36-0.93) 
 II vs 0 1.35(0.99-1.86) 1.49(0.73-3.05) 1.16(0.80-1.67) 0.96(0.62-1.49) 0.70(0.43-1.14) 
 III vs 0 1.63(1.17-2.28) 2.24(1.07-4.69) 1.38(0.94-2.03) 1.03(0.64-1.65) 1.05(0.62-1.78) 
 IV vs 0 2.21(1.53-3.19) 8.93(4.25-18.74) 1.73(1.14-2.64) 1.52(0.91-2.52) 1.43(0.81-2.52) 
Hypertension      
 1 vs 0 1.25(1.15-1.35) 1.36(1.13-1.63) - 1.85(1.62-2.12) 2.25(1.85-2.75) 
Hyperlipidemia      
 1 vs 0 0.87(0.80-0.94) 0.79(0.67-0.93) 1.08(0.99-1.18) - 1.56(1.33-1.83) 
Diabetes       
 1 vs 0 1.23(1.13-1.34) 1.22(1.02-1.45) 1.47(1.34-1.62) 1.42(1.26-1.60) - 
CCI      

  
1 unit change 
from mean 1.39(1.34-1.45) 1.35(1.27-1.45) 1.43(1.37-1.49) 1.38(1.31-1.45) 1.50(1.42-1.59) 

 

Appendix Table Aim 3.5 showed the results of logistic regression for the association of the Specialty COC Index and ED visit. 
Logistic regressions generated the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor 
stage, time, hypertension, hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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Appendix Table Aim 3.6 The Association Between the Individual COC Index and ED Visit after Hormone Therapy Initiation, full model 
of fully adjusted models 
 

Individual COC All-cause  
Breast cancer-
related  

Hypertension-
related  

Hyperlipidemia-
related  Diabetes-related  

    OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) 
COC Index      
 2ndqt vs 1stqt 0.73(0.66-0.80) 0.72(0.59-0.88) 0.78(0.69-0.87) 0.71(0.61-0.82) 0.85(0.71-1.03) 
 3rdqt vs 1stqt 0.50(0.45-0.56) 0.61(0.50-0.75) 0.54(0.48-0.60) 0.48(0.41-0.56) 0.61(0.50-0.74) 
 4thqt vs 1stqt 0.47(0.42-0.52) 0.48(0.38-0.60) 0.43(0.38-0.49) 0.40(0.33-0.47) 0.58(0.47-0.71) 
Year       
 2 vs 1 1.21(1.11-1.32) 0.74(0.62-0.89) 1.23(1.11-1.37) 1.18(1.04-1.35) 1.11(0.94-1.31) 
 3 vs 1 1.37(1.23-1.52) 0.64(0.50-0.82) 1.51(1.34-1.71) 1.34(1.14-1.57) 1.36(1.12-1.67) 
 4 vs 1 1.37(1.18-1.60) 0.56(0.38-0.83) 1.62(1.37-1.92) 1.53(1.23-1.90) 1.42(1.07-1.88) 
Treatment      
 1 vs 0 1.11(1.00-1.23) 1.70(1.41-2.04) 1.23(1.09-1.39) 1.33(1.14-1.55) 1.38(1.14-1.66) 
Region       
 Midwest vs West 0.72(0.62-0.85) 0.91(0.65-1.26) 0.89(0.74-1.07) 0.66(0.52-0.84) 1.16(0.84-1.61) 

 
Northeast vs 
West 0.79(0.69-0.90) 0.88(0.66-1.17) 0.88(0.75-1.04) 0.77(0.63-0.95) 1.02(0.76-1.38) 

 South vs West 0.80(0.70-0.92) 0.91(0.68-1.22) 0.95(0.81-1.12) 0.77(0.62-0.94) 1.12(0.83-1.52) 
Age 
group       
 66-70 vs >80 0.51(0.46-0.57) 0.69(0.55-0.86) 0.44(0.39-0.50) 0.63(0.53-0.74) 1.04(0.84-1.28) 
 71-75 vs >80 0.57(0.51-0.63) 0.65(0.53-0.81) 0.51(0.46-0.58) 0.69(0.59-0.80) 0.90(0.74-1.10) 
 76-80 vs >80 0.71(0.64-0.79) 0.88(0.71-1.08) 0.72(0.64-0.81) 0.91(0.78-1.05) 1.17(0.96-1.42) 
Race group      
 Black vs Other 1.07(0.78-1.46) 1.47(0.81-2.67) 1.31(0.93-1.86) 0.79(0.51-1.23) 1.49(0.92-2.42) 
 White vs Other 1.16(0.95-1.43) 1.05(0.67-1.62) 1.09(0.85-1.39) 0.84(0.63-1.13) 0.84(0.58-1.21) 
Poverty level      
 5-10% vs 0-5% 1.25(1.13-1.39) 1.15(0.94-1.42) 1.22(1.09-1.38) 1.18(1.01-1.37) 1.59(1.30-1.94) 
 10-20% vs 0-5% 1.33(1.18-1.51) 0.92(0.71-1.19) 1.32(1.14-1.52) 1.04(0.86-1.26) 1.87(1.49-2.35) 
 20-100% vs 0-5% 1.11(1.01-1.23) 0.88(0.71-1.08) 1.01(0.90-1.13) 1.09(0.94-1.26) 1.08(0.88-1.33) 
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Marriage       
 Yes vs Other 0.90(0.83-0.97) 0.85(0.72-0.99) 0.86(0.79-0.94) 0.84(0.75-0.94) 0.94(0.82-1.09) 
Tumor Stage      
 I vs 0 1.12(0.81-1.55) 0.85(0.41-1.75) 0.91(0.63-1.32) 0.74(0.48-1.16) 0.52(0.32-0.84) 
 II vs 0 1.24(0.89-1.71) 1.36(0.66-2.81) 1.03(0.71-1.49) 0.86(0.55-1.35) 0.64(0.39-1.04) 
 III vs 0 1.52(1.07-2.15) 2.04(0.96-4.31) 1.23(0.83-1.82) 0.92(0.57-1.49) 0.98(0.58-1.66) 
 IV vs 0 2.13(1.46-3.12) 8.81(4.16-18.65) 1.65(1.07-2.55) 1.54(0.92-2.59) 1.42(0.80-2.52) 
Hypertension      
 1 vs 0 1.26(1.16-1.38) 1.38(1.15-1.67) - 1.85(1.61-2.13) 2.20(1.79-2.69) 
Hyperlipidemia      
 1 vs 0 0.85(0.79-0.92) 0.77(0.65-0.91) 1.04(0.95-1.14) - 1.57(1.33-1.85) 
Diabetes       
 1 vs 0 1.27(1.16-1.39) 1.25(1.05-1.50) 1.53(1.38-1.69) 1.49(1.32-1.69) - 
CCI      

  
1 unit change 
from mean 1.38(1.32-1.44) 1.32(1.23-1.41) 1.42(1.36-1.48) 1.38(1.31-1.45) 1.48(1.39-1.57) 

 

Appendix Table Aim 3.6 showed the results of logistic regression for the association of the Individual COC Index and ED visit. 
Logistic regressions generated the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor 
stage, time, hypertension, hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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Appendix Table Aim 3.7 The Association Between the Specialty COC Index and Inpatient Visit after Hormone Therapy Initiation, full 
model of fully adjusted models 
 

Specialty COC All-cause  
Breast cancer-
related  

Hypertension-
related  

Hyperlipidemia-
related  Diabetes-related  

    OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) 
COC Index      
 2ndqt vs 1stqt 1.56(1.39-1.76) 1.41(1.14-1.75) 1.56(1.37-1.78) 1.70(1.45-1.99) 1.65(1.31-2.09) 
 3rdqt vs 1stqt 1.60(1.42-1.80) 1.26(1.01-1.56) 1.63(1.43-1.86) 1.74(1.48-2.04) 1.80(1.43-2.27) 
 4thqt vs 1stqt 1.13(0.99-1.29) 0.88(0.69-1.12) 1.13(0.97-1.30) 1.17(0.97-1.40) 1.53(1.19-1.97) 
Year       
 2 vs 1 1.13(1.02-1.24) 0.74(0.62-0.89) 1.17(1.05-1.30) 1.21(1.06-1.37) 1.05(0.88-1.26) 
 3 vs 1 1.28(1.14-1.43) 0.70(0.55-0.89) 1.31(1.16-1.50) 1.34(1.15-1.56) 1.17(0.94-1.46) 
 4 vs 1 1.13(0.95-1.34) 0.49(0.32-0.74) 1.29(1.07-1.55) 1.31(1.05-1.63) 1.04(0.75-1.44) 
Treatment      
 1 vs 0 1.52(1.36-1.70) 3.11(2.64-3.68) 1.52(1.34-1.72) 1.42(1.23-1.65) 1.61(1.32-1.95) 
Region       
 Midwest vs West 1.09(0.91-1.31) 1.02(0.74-1.40) 1.07(0.88-1.31) 0.98(0.77-1.25) 1.29(0.89-1.87) 
 Northeast vs West 1.02(0.87-1.20) 0.89(0.67-1.18) 0.97(0.82-1.16) 0.96(0.78-1.19) 1.26(0.90-1.76) 
 South vs West 0.96(0.82-1.13) 0.99(0.74-1.31) 0.94(0.78-1.12) 0.90(0.73-1.11) 1.23(0.88-1.72) 
Age 
group       
 66-70 vs >80 0.68(0.60-0.77) 0.56(0.45-0.70) 0.58(0.51-0.66) 0.74(0.63-0.87) 1.11(0.88-1.40) 
 71-75 vs >80 0.75(0.67-0.84) 0.66(0.54-0.81) 0.72(0.64-0.81) 0.81(0.70-0.94) 1.03(0.83-1.27) 
 76-80 vs >80 0.83(0.74-0.93) 0.73(0.59-0.90) 0.82(0.72-0.93) 0.90(0.77-1.05) 1.17(0.94-1.45) 
Race group      
 Black vs Other 1.17(0.82-1.68) 1.76(0.90-3.44) 1.31(0.89-1.93) 1.31(0.81-2.11) 1.27(0.75-2.16) 
 White vs Other 1.49(1.16-1.90) 1.73(1.05-2.86) 1.44(1.10-1.90) 1.55(1.10-2.18) 0.91(0.61-1.35) 
Poverty level      
 5-10% vs 0-5% 0.95(0.85-1.06) 0.89(0.73-1.09) 0.98(0.86-1.11) 0.97(0.84-1.12) 0.87(0.69-1.08) 
 10-20% vs 0-5% 1.12(1.00-1.25) 0.99(0.81-1.22) 1.13(1.00-1.28) 1.02(0.88-1.19) 1.32(1.07-1.63) 
 20-100% vs 0-5% 1.18(1.03-1.36) 0.96(0.75-1.23) 1.27(1.09-1.47) 0.96(0.80-1.16) 1.56(1.23-1.98) 
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Marriage       
 Yes vs Other 0.88(0.81-0.95) 0.88(0.76-1.03) 0.88(0.80-0.97) 0.90(0.80-1.00) 0.94(0.80-1.10) 
Tumor Stage      
 I vs 0 1.12(0.77-1.62) 0.98(0.45-2.10) 1.07(0.71-1.60) 0.99(0.62-1.59) 0.87(0.47-1.61) 
 II vs 0 1.27(0.87-1.85) 1.39(0.65-3.01) 1.21(0.80-1.82) 1.07(0.66-1.71) 1.09(0.58-2.03) 
 III vs 0 1.62(1.09-2.41) 2.55(1.16-5.61) 1.54(1.00-2.37) 1.28(0.78-2.13) 1.58(0.81-3.05) 
 IV vs 0 2.50(1.64-3.82) 8.36(3.79-18.45) 1.87(1.18-2.99) 1.52(0.88-2.63) 1.71(0.84-3.48) 
Hypertension      
 1 vs 0 1.19(1.08-1.31) 1.26(1.05-1.52) - 1.75(1.53-2.01) 2.31(1.85-2.88) 
Hyperlipidemia      
 1 vs 0 0.93(0.85-1.02) 0.79(0.67-0.93) 1.10(1.00-1.21) - 1.51(1.27-1.81) 
Diabetes       
 1 vs 0 1.13(1.02-1.25) 1.15(0.96-1.38) 1.33(1.19-1.47) 1.31(1.15-1.48) - 
CCI      

  
1 unit change from 
mean 1.42(1.37-1.49) 1.38(1.29-1.48) 1.45(1.39-1.52) 1.36(1.29-1.43) 1.50(1.41-1.60) 

 

Appendix Table Aim 3.7 showed the results of logistic regression for the association of the Specialty COC Index and inpatient visit. 
Logistic regressions generated the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor 
stage, time, hypertension, hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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Appendix Table Aim 3.8 The Association Between the Individual COC Index and Inpatient Visit after Hormone Therapy Initiation, full 
model of fully adjusted models 
 

Individual COC All-cause  
Breast cancer-
related  

Hypertension-
related  

Hyperlipidemia-
related  Diabetes-related  

    OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) 
COC Index      
 2ndqt vs 1stqt 0.79(0.71-0.88) 0.73(0.60-0.90) 0.82(0.73-0.93) 0.76(0.66-0.88) 0.86(0.70-1.05) 
 3rdqt vs 1stqt 0.50(0.45-0.56) 0.56(0.45-0.69) 0.53(0.46-0.60) 0.50(0.43-0.58) 0.58(0.47-0.72) 
 4thqt vs 1stqt 0.43(0.38-0.49) 0.43(0.34-0.55) 0.43(0.37-0.49) 0.42(0.35-0.50) 0.51(0.40-0.65) 
Year       
 2 vs 1 1.16(1.05-1.28) 0.76(0.63-0.91) 1.19(1.07-1.33) 1.20(1.05-1.38) 1.07(0.89-1.29) 
 3 vs 1 1.32(1.17-1.49) 0.74(0.58-0.95) 1.35(1.18-1.55) 1.36(1.16-1.60) 1.22(0.98-1.53) 
 4 vs 1 1.22(1.02-1.46) 0.54(0.35-0.83) 1.39(1.15-1.68) 1.38(1.10-1.73) 1.11(0.80-1.56) 
Treatment      
 1 vs 0 1.52(1.35-1.70) 3.14(2.64-3.73) 1.49(1.31-1.69) 1.40(1.20-1.63) 1.58(1.29-1.93) 
Region       
 Midwest vs West 0.99(0.82-1.19) 0.88(0.63-1.24) 0.98(0.80-1.21) 0.87(0.68-1.11) 1.22(0.83-1.79) 

 
Northeast vs 
West 0.97(0.82-1.15) 0.82(0.61-1.11) 0.93(0.78-1.12) 0.90(0.73-1.12) 1.25(0.88-1.76) 

 South vs West 0.95(0.80-1.13) 0.98(0.73-1.32) 0.95(0.79-1.14) 0.88(0.71-1.10) 1.25(0.88-1.78) 
Age group       
 66-70 vs >80 0.66(0.58-0.75) 0.56(0.44-0.71) 0.56(0.48-0.64) 0.74(0.62-0.88) 1.12(0.89-1.42) 
 71-75 vs >80 0.72(0.64-0.81) 0.62(0.51-0.77) 0.69(0.60-0.78) 0.78(0.67-0.91) 0.97(0.78-1.22) 
 76-80 vs >80 0.83(0.74-0.94) 0.71(0.57-0.89) 0.81(0.71-0.92) 0.90(0.77-1.05) 1.19(0.95-1.48) 
Race group      
 Black vs Other 1.10(0.75-1.62) 1.78(0.89-3.56) 1.22(0.81-1.84) 1.15(0.69-1.93) 1.23(0.71-2.13) 
 White vs Other 1.40(1.07-1.82) 1.57(0.93-2.65) 1.36(1.01-1.82) 1.49(1.03-2.15) 0.82(0.54-1.25) 
Poverty level      
 5-10% vs 0-5% 0.98(0.87-1.10) 0.91(0.74-1.12) 1.02(0.90-1.16) 1.02(0.88-1.18) 0.94(0.75-1.18) 
 10-20% vs 0-5% 1.18(1.05-1.33) 1.04(0.84-1.29) 1.20(1.06-1.37) 1.08(0.93-1.27) 1.39(1.12-1.74) 
 20-100% vs 0-5% 1.33(1.15-1.53) 1.02(0.79-1.32) 1.43(1.22-1.66) 1.09(0.91-1.32) 1.73(1.35-2.22) 
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Marriage       
 Yes vs Other 0.85(0.77-0.92) 0.86(0.73-1.01) 0.86(0.78-0.95) 0.86(0.77-0.97) 0.88(0.75-1.04) 
Tumor Stage      
 I vs 0 1.00(0.68-1.46) 0.89(0.41-1.93) 0.96(0.64-1.44) 0.88(0.55-1.42) 0.78(0.42-1.45) 
 II vs 0 1.14(0.78-1.66) 1.30(0.59-2.83) 1.07(0.71-1.63) 0.93(0.58-1.51) 0.98(0.52-1.83) 
 III vs 0 1.51(1.01-2.25) 2.45(1.10-5.46) 1.42(0.92-2.21) 1.16(0.70-1.94) 1.46(0.75-2.85) 
 IV vs 0 2.52(1.64-3.89) 8.75(3.91-19.61) 1.81(1.12-2.91) 1.55(0.89-2.70) 1.76(0.86-3.63) 
Hypertension      
 1 vs 0 1.18(1.07-1.31) 1.30(1.08-1.58) - 1.74(1.51-2.00) 2.22(1.77-2.78) 
Hyperlipidemia      
 1 vs 0 0.91(0.83-1.00) 0.77(0.65-0.92) 1.07(0.97-1.18) - 1.49(1.24-1.79) 
Diabetes       
 1 vs 0 1.16(1.04-1.28) 1.16(0.96-1.40) 1.36(1.22-1.52) 1.34(1.18-1.53) - 
CCI      

  
1 unit change 
from mean 1.41(1.35-1.47) 1.34(1.25-1.44) 1.44(1.37-1.51) 1.36(1.29-1.44) 1.48(1.39-1.58) 

 

Appendix Table Aim 3.8 showed the results of logistic regression for the association of the Individual COC Index and inpatient visit. 
Logistic regressions generated the results. The analyses were adjusted for age group, race, marriage, poverty level, region, tumor 
stage, time, hypertension, hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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Appendix Table Aim 3.9 The Association Between the COC Index and Yearly ED Cost Change 
after Hormone Therapy Initiation, lagged effect fully adjusted models. 
 

      
Mean 
Cost ($) 

Estimated 
Cost 
Change 
(percent) 

Estimated 
Cost 
Change 
($) 

95%CI 
Low 

95%CI 
High Pr > |t| 

Specialty COC      
 All-cause      
  2nd qt vs 1st qt 4446.63 25.28% 1124.21 135.99 2325.54 0.0235 
  3rd qt vs 1st qt  33.38% 1484.10 429.36 2766.98  
  4th qt vs 1st qt  32.84% 1460.42 299.88 2904.71  
 Breast cancer-related      
  2nd qt vs 1st qt 410.23 22.37% 91.78 -105.51 416.79 0.5353 
  3rd qt vs 1st qt  42.29% 173.49 -60.12 562.96  
  4th qt vs 1st qt  5.36% 22.01 -161.96 342.31  
 Hypertension-related      
  2nd qt vs 1st qt 2648.21 20.57% 544.86 -197.48 1512.08 0.1870 
  3rd qt vs 1st qt  26.01% 688.83 -82.47 1691.99  
  4th qt vs 1st qt  37.69% 997.98 70.28 2242.28  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 1391.88 5.21% 72.58 -442.80 867.82 0.6266 
  3rd qt vs 1st qt  -10.86% -151.21 -580.07 504.22  
  4th qt vs 1st qt  14.98% 208.52 -399.83 1189.94  
 Diabetes-related      
  2nd qt vs 1st qt 958.11 18.42% 176.52 -302.18 1004.59 0.4675 
  3rd qt vs 1st qt  51.97% 497.91 -113.75 1552.65  
  4th qt vs 1st qt  25.65% 245.72 -296.76 1233.16  
Individual COC      
 All-cause      
  2nd qt vs 1st qt 4917.80 -9.53% -468.88 -1221.68 437.24 0.0175 
  3rd qt vs 1st qt  -14.45% -710.75 -1470.38 216.26  
  4th qt vs 1st qt  -30.40% -1494.99 -2177.14 -643.05  
 Breast cancer-related      
  2nd qt vs 1st qt 458.97 30.41% 139.56 -77.78 480.84 0.6504 
  3rd qt vs 1st qt  18.21% 83.58 -109.28 382.81  
  4th qt vs 1st qt  -1.78% -8.17 -200.04 325.90  
 Hypertension-related      
  2nd qt vs 1st qt 2950.37 -12.81% -377.99 -915.14 300.92 0.1042 
  3rd qt vs 1st qt  -15.15% -447.02 -1008.19 276.30  
  4th qt vs 1st qt  -31.30% -923.42 -1440.92 -228.51  
 Hyperlipidemia-related      
  2nd qt vs 1st qt - - - - - - 
  3rd qt vs 1st qt  - - - -  
  4th qt vs 1st qt  - - - -  
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 Diabetes-related      
  2nd qt vs 1st qt 1083.01 -35.31% -382.44 -631.29 3.52 0.2427 
  3rd qt vs 1st qt  -28.23% -305.73 -600.06 167.98  
   4th qt vs 1st qt   -32.09% -347.55 -648.49 161.83   

 
Bold, P-value < 0.05 
Appendix Table Aim 3.9 showed the results of two stage models for the association of the COC 
Indices (Specialty and Individual COC) and ED cost. Two-stage models were conducted for the 
analyses, which include a logistic regression model for the risk of ED visit and a linear 
regression model for the cost of ED visit. The analyses were adjusted for lagged COC Index, 
age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, other cancer treatments, and CCI. 

 

  



250 
 

Appendix Table Aim 3.10 The Association Between the COC Index and Yearly Inpatient Cost 
Change after Hormone Therapy Initiation, lagged effect fully adjusted models. 
 

      
Mean Cost 

($) 

Estimated 
Cost 

Change 
(percent) 

Estimated 
Cost 

Change 
($) 

95%CI 
Low 

95%CI 
High Pr > |t| 

Specialty COC      
 All-cause      
  2nd qt vs 1st qt 14102.54 28.44% 4010.91 1246.83 7272.75 <.0001 
  3rd qt vs 1st qt  65.50% 9237.14 5677.86 13436.87  
  4th qt vs 1st qt  48.48% 6837.33 3409.41 10936.26  
 Breast cancer-related      
  2nd qt vs 1st qt 1654.75 3.63% 60.02 -472.91 833.26 0.9778 
  3rd qt vs 1st qt  7.65% 126.56 -427.29 930.31  
  4th qt vs 1st qt  2.64% 43.66 -517.88 882.54  
 Hypertension-related      
  2nd qt vs 1st qt 10500.07 30.38% 3190.15 887.48 5958.45 <.0001 
  3rd qt vs 1st qt  55.16% 5792.06 3097.24 9020.95  
  4th qt vs 1st qt  57.43% 6030.01 3071.89 9632.88  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 6081.64 30.70% 1866.79 276.47 3854.90 0.0091 
  3rd qt vs 1st qt  42.86% 2606.63 886.01 4752.15  
  4th qt vs 1st qt  51.35% 3122.69 1138.18 5652.69  
 Diabetes-related      
  2nd qt vs 1st qt 3182.04 13.80% 439.22 -755.67 2222.56 0.4108 
  3rd qt vs 1st qt  35.08% 1116.27 -261.10 3143.14  
  4th qt vs 1st qt  12.04% 383.17 -845.56 2258.07  
Individual COC      
 All-cause      
  2nd qt vs 1st qt 15704.75 -9.92% -1558.31 -3527.59 729.44 0.0902 
  3rd qt vs 1st qt  -14.96% -2348.78 -4420.33 103.05  
  4th qt vs 1st qt  -20.36% -3196.82 -5350.27 -595.50  
 Breast cancer-related      
  2nd qt vs 1st qt 1822.01 20.80% 379.05 -215.02 1192.75 0.4580 
  3rd qt vs 1st qt  25.65% 467.28 -154.87 1321.59  
  4th qt vs 1st qt  44.01% 801.83 -44.54 2051.23  
 Hypertension-related      
  2nd qt vs 1st qt 11706.73 -10.84% -1268.62 -2862.50 612.51 0.0466 
  3rd qt vs 1st qt  -19.94% -2334.38 -3916.45 -431.02  
  4th qt vs 1st qt  -23.52% -2753.06 -4466.88 -633.53  
 Hyperlipidemia-related      
  2nd qt vs 1st qt 6670.73 -5.11% -340.99 -1474.74 1040.14 0.5122 
  3rd qt vs 1st qt  4.89% 326.25 -1104.34 2124.52  
  4th qt vs 1st qt  -14.23% -949.24 -2236.17 711.16  
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 Diabetes-related      
  2nd qt vs 1st qt 3626.65 -20.37% -738.81 -1496.23 287.90 0.0621 
  3rd qt vs 1st qt  -28.79% -1044.28 -1798.05 20.21  
    4th qt vs 1st qt   -43.71% -1585.10 -2246.63 -606.47   

 
Bold, P-value < 0.05 
Appendix Table Aim 3.10 showed the results of two stage models for the association of the 
COC Indices (Specialty and Individual) and inpatient cost. Two-stage models were conducted 
for the analyses, which include a logistic regression model for the risk of inpatient visit and a 
linear regression model for the cost of inpatient visit. The analyses were adjusted for lagged 
COC Index, age group, race, marriage, poverty level, region, tumor stage, time, hypertension, 
hyperlipidemia, diabetes, other cancer treatments, and CCI. 
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