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CARDIOVASCULAR DISEASE RISK AMONG BREAST CANCER SURVIVORS 
 

JACQUELINE B. VO 
 

PHD IN NURSING 
 

ABSTRACT 
 

Background: There are nearly 3.5 million breast cancer survivors in the U.S., and 

approximately 10% are diagnosed prior to age 45 and considered “young.” The overall 

five-year survival rate for breast cancer survivors is approaching 90%. Living longer, 

many breast cancer survivors are at risk for developing cardiovascular disease due to 

cancer treatment, such as anthracyclines and/or trastuzumab. This study’s purpose was to 

examine cardiovascular disease risk, measured using excess heart age, among young 

breast cancer survivors. 

Methods: A retrospective, two-year longitudinal design was used to review electronic 

medical records of breast cancer survivors diagnosed between 30 and 44 years of age and 

treated at UAB Hospital. Heart age was calculated using chronological age, systolic 

blood pressure, antihypertensive medication use, body mass index, diabetes status, and 

smoking status. Excess heart age is the difference between heart age and chronological 

age. Excess heart age was examined at two time points: diagnosis and two-year follow-

up. Statistical analyses included between-group and within-group mean comparison tests, 

linear regression modeling, and cluster analyses, conducted using R v3.2.2. 

Results: Records were reviewed for 152 young breast cancer survivors; 95 were treated 

with anthracyclines and/or trastuzumab (Group A/T) and 57 were not (Group No-A/T). 

Overall excess heart age was 4.2 to 5.4 years from diagnosis to follow-up (p = .08). 
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Group A/T did not have a statistically significant difference in excess heart age from 

diagnosis to two-year follow-up (4.3 to 4.4 years, p = .93), whereas Group No-A/T had a 

significant increase (4 to 7.1 years, p <. 01). Factors that predicted excess heart age 

included hormone therapy and change in menopause status from premenopausal to 

postmenopausal. 

Conclusions: Overall, excess heart age increased 1.2 years and may be clinically 

relevant. Records of young breast cancer survivors treated with anthracyclines and/or 

trastuzumab did not indicate increased excess heart age at follow-up. Group No-A/T had 

a significant increase of 3.1 years, which may be related to hormone therapy and/or 

treatment-induced menopause. Future research should evaluate cardiovascular disease 

risk over longer follow-up, consider incorporating cancer treatment risk factors into heart 

age, and develop a cancer-specific heart age measure. 
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CHAPTER ONE 

INTRODUCTION 

 Greater than 3.5 million breast cancer survivors live in the United States, 

comprising the largest group of cancer survivors in the nation (American Cancer Society, 

2017). Approximately one in eight women will be diagnosed with breast cancer during 

her lifetime. However, advances in breast cancer treatment and early detection have 

contributed to a nearly 40% decline in mortality rates since 1975 (American Cancer 

Society, 2017; Berry et al., 2005). Women are living longer after breast cancer diagnoses, 

with five-year survival rates approaching 90% (American Cancer Society, 2017). Among 

breast cancer survivors, approximately 10% were diagnosed before 45 years of age and 

are considered “young” (Centers for Disease Control and Prevention, 2016). Despite the 

longer survival rates, many breast cancer treatments have potential side effects such as 

cardiotoxicity, constituting a continuing threat to the health of survivors.  

Cardiotoxicity is defined by the National Cancer Institute (NCI) as “toxicity that 

affects the heart” (National Cancer Institute, 2015) and may occur as a result of various 

treatment regimens (Florescu, Cinteza, & Vinereanu, 2013). Anthracyclines and 

trastuzumab are two frequently used systemic cancer treatments associated with increased 

risk of cardiovascular disease (Appel et al., 2012; Bradshaw et al., 2016; Doyle, Neugut, 

Jacobson, Grann, & Hershman, 2005). Cardiovascular disease is defined by the American 

Heart Association as the development of coronary artery disease, cerebrovascular disease, 
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peripheral artery disease, and/or heart failure (D’Agostino, Wolf, Belanger, & Kannel, 

1994). Anthracyclines and trastuzumab are most commonly associated with heart failure 

(Appel et al., 2012; Bowles et al., 2012; Feola et al., 2011; Narayan et al., 2017; Qin, 

Thompson, & Silverman, 2015; Rayson et al., 2012; Yood et al., 2012).  

While anthracyclines and trastuzumab are the most common breast cancer 

treatments associated with heart failure, radiation to the breast and hormone therapy are 

associated with cardiovascular disease as well. Radiation to the left breast often leads to 

exposure of the heart and chest wall, increasing risk for coronary artery disease (Darby et 

al., 2013; Haque et al., 2011; Hooning et al., 2007). Hormone therapy including 

tamoxifen and aromatase inhibitors are associated with stroke (Amir et al., 2011; Mehta 

et al., 2018).  

The risk for cardiovascular disease increases with age, and young breast cancer 

survivors are expected to be healthier, have longer survivorship periods, and less likely to 

have comorbidities compared with older women (Piccirillo et al., 2008). The lifetime risk 

for developing heart failure is 20% for Americans older than 40 years of age, and the 

highest prevalence of heart failure is in adults older than 65 years of age (Yancy et al., 

2013). Young breast cancer survivors who are treated with anthracyclines and/or 

trastuzumab may be placed at higher risk for developing premature heart failure due to 

potential cardiotoxicity.  

In addition to cancer treatment risk factors, modifiable and non-modifiable risk 

factors can also contribute to cardiovascular disease risk. Modifiable risk factors include 

smoking, obesity, physical inactivity, and poor diet. Non-modifiable risk factors include 

age, race, family history, and menopause status. Cardiovascular disease and breast cancer 
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have many similar contributing risk factors (Mehta et al., 2018), including these 

modifiable and non-modifiable risk factors.  

Currently, there is no tool that incorporates cancer treatment risk factors to 

estimate cardiovascular disease risk. However, there are tools that incorporate modifiable 

and non-modifiable risk factors. Heart age is a tool that estimates the risk of developing 

cardiovascular disease, expressed as an age (D’Agostino et al., 2008). Heart age uses 

chronological age, systolic blood pressure, antihypertensive medication use, smoking 

status, diabetes status, and body mass index to estimate the risk of developing 

cardiovascular disease (D’Agostino et al., 2008).   

The cardiotoxic side effects of anthracyclines and trastuzumab are well 

documented (Appel et al., 2012; Bowles et al., 2012;  Feola et al., 2011; Narayan et al., 

2017; Qin et al., 2015; Rayson et al., 2012; Yood et al., 2012). However, the 

cardiovascular disease risk of young breast cancer survivors is unknown. Research is 

needed to establish cardiovascular disease risk among young breast cancer survivors and 

understand how cancer treatment in addition to modifiable and non-modifiable factors 

contribute to increased cardiovascular disease risk. The purpose of this chapter is to 

describe the 1) background and significance of cardiovascular disease risk among young 

breast cancer survivors, 2) study purpose, 3) study aims and research questions, 4) 

theoretical framework, and 5) definitions of key terminology. 

 

Background and Significance 

The American Cancer Society estimates there will be greater than 250,000 new 

cases of breast cancer in 2018, and more than 40,000 women will die from breast cancer 
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(American Cancer Society, 2017). Approximately 23,000 women are diagnosed with 

breast cancer before 45 years of age each year (U.S. Cancer Statistics Working Group, 

2017). The incidence of breast cancer is increasing, and the American Cancer Society 

expects the number of breast cancer survivors to increase from 3.5 to 4.5 million by 2026 

(American Cancer Society, 2016). At the same time, survival rates increased nearly 15% 

over the past 40 years (American Cancer Society, 2017), contributing to longer life 

expectancies in breast cancer survivors. 

The term “survivor” has evolved over the past decades. The NCI adopted the 

National Coalition for Cancer Survivorship definition and defines a cancer survivor 

“from the time of diagnosis, through the balance of his or her life” (Institute of Medicine 

and National Research Council, 2006; National Coalition for Cancer Survivorship, 1986). 

This dissertation adheres to this definition and defines breast cancer survivor as one 

diagnosed with breast cancer from the time of diagnosis forward.  

Survivorship care is increasingly important with the great declines in mortality 

and longer life expectancies (American Cancer Society, 2017). Components of 

survivorship care include preventing and assessing for late physical effects (Institute of 

Medicine and National Research Council, 2006). Specifically, essential topics in 

survivorship care include cancer treatment-related cardiotoxicity and the risk for 

developing cardiovascular disease after breast cancer. Cancer treatments have contributed 

to declines in mortality rates, yet longer life expectancies have allowed time for negative 

consequences of cancer treatment, such as cardiotoxicity, to emerge (Berry et al., 2005; 

Patnaik, Byers, DiGuiseppi, Dabelea, & Denberg, 2011). The National Comprehensive 

Cancer Network (2018) reported the estimated incidence of anthracycline-induced heart 
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failure for survivors of adult cancers as less than 5%. The incidence of trastuzumab-

related heart failure is estimated to be 2-7% (Curigliano et al., 2012; National 

Comprehensive Cancer Network, 2018). It is unknown what proportion of breast cancer 

survivors develop cardiovascular disease (Shelburne et al., 2014); however, cancer 

treatment-related cardiotoxicity is among the leading non-cancerous causes of death 

among pediatric cancer survivors (Mertens et al., 2001). Furthermore, cardiovascular 

disease is the leading cause of death among older breast cancer survivors (aged 65 years 

and older) (Patnaik et al., 2011).  

In the emerging field of cardio-oncology, research institutions are targeting 

studies of cardiovascular disease among cancer survivors. In 2013, NCI joined forces 

with the National Heart, Lung, and Blood Institute (NHLBI) to gather experts in both 

cardiology and oncology to synthesize the state of the science in cardio-oncology and 

describe the need for future research (Shelburne et al., 2014). This workshop provided an 

opportunity for clinicians and researchers in both areas to describe the need for research 

to support clinical care of cancer survivors experiencing cardiotoxicity. Workshop 

recommendations suggested developing standards, exploring mechanisms of 

cardiotoxicity, preclinical and animal studies, early phase therapeutic studies, minimally 

invasive methods for diagnosis and monitoring, prevention, treatment of cardiotoxicity, 

and survivorship care (Shelburne et al., 2014).  

As a result of the NCI and NHLBI collaboration, NCI developed the Community 

Oncology Cardiotoxicity Task Force to coordinate studies and programs and identify 

priorities within cardiotoxicity. This task force collaborates and coordinates with several 

academic and research institutions nationally within the NCI Community Oncology 
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Research Program. Moreover, cancer treatment-related cardiotoxicity is a focus within 

the Division of Cancer Control and Population Sciences at the NCI, which supports their 

goal to reduce the burden of cancer diagnoses and outcomes related to cancer treatment 

(National Cancer Institute, 2018). Finally, the NCI sponsors funding related to improving 

outcomes in cancer treatment-related cardiotoxicity (National Cancer Institute, 2018). 

Both anthracyclines and trastuzumab can lead to permanent cardiac dysfunction 

(Florescu et al., 2013). The onset of cardiotoxicity may be acute, early chronic, or late 

chronic. Acute cardiotoxicity may occur during cancer treatment, early chronic occurs 

within one year after completion of cancer treatment, and late chronic occurs more than 

one year after completion of cancer treatment. Permanent, irreversible cardiac damage is 

most likely to occur in early or late chronic cardiotoxicity (Florescu et al., 2013). This 

dissertation does not look at the incidence of cardiotoxicity. Instead, the investigator 

examined the 10-year estimated risk of cardiovascular disease measured by heart age and 

subsequently estimated the risk for late chronic cardiotoxicity. 

Cardiovascular risk predictor tools are used to estimate the probability of 

developing a cardiovascular disease (Wilson et al., 1998). It is recommended that patients 

with pre-existing cardiac risk factors do not receive cardiotoxic cancer treatment or that 

they use it with caution (Armenian et al., 2017; National Comprehensive Cancer 

Network, 2018; Runowicz et al., 2016). While anthracyclines and trastuzumab are most 

commonly associated with heart failure, there are no existing risk models that estimate 

the risk of developing heart failure. Several tools estimate mortality in patients once 

diagnosed with heart failure (Levy et al., 2006). Heart age is a valid tool that estimates 

the probability of developing cardiovascular disease inclusive of but not specific to heart 
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failure. Heart age is the cumulative probability of developing cardiovascular disease 

based on risk factors including chronological age, body mass index, smoking, diabetes, 

systolic blood pressure, and blood pressure medication use (D’Agostino et al., 2008). 

Excess heart age is the difference between heart age and chronological age and is used to 

describe one’s cardiovascular disease risk (D’Agostino et al., 2008). This study used 

excess heart age to measure cardiovascular disease risk.  

The link between cancer and heart disease, or “cardio-oncology,” is increasingly 

important in survivorship care. Oncology organizations, such as American Cancer 

Society, American Society for Clinical Oncology, and the National Comprehensive 

Cancer Network, in addition to the American Heart Association, have developed 

guidelines for survivorship care that include treatment and management of cardiotoxicity 

(Armenian et al., 2017; Mehta et al., 2018; National Comprehensive Cancer Network, 

2018; Runowicz et al., 2016). Clinical practice guidelines are evidence-based and provide 

recommendations to survey for recurrence, monitor and prevent secondary cancers, and 

manage side effects such as cardiotoxicity (Institute of Medicine and National Research 

Council, 2006). Application of these guidelines in clinical practice may lead to earlier 

diagnoses and better prognoses of cardiovascular disease among breast cancer survivors. 

Young breast cancer survivors are living much longer, and their risk for 

developing subsequent cardiovascular disease heightens due to cancer treatment. 

Therefore, there is a need to examine cardiovascular disease risk in young breast cancer 

survivors. This study measured cardiovascular disease risk using excess heart age in 

young breast cancer survivors, compared heart age between young breast cancer 

survivors treated with anthracyclines and/or trastuzumab with young breast cancer 
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survivors not treated with anthracyclines and/or trastuzumab, and examined differences 

in excess heart age from diagnosis to two-year follow-up. Additionally, this study 

identified predictors of excess heart age in young breast cancer survivors. Understanding 

cardiovascular disease risk among young breast cancer survivors provided future 

implications for screening in women with excess heart age.  

 

Statement of the Problem 

 Breast cancer survivors are living longer due to advances in cancer treatment and 

earlier diagnoses (American Cancer Society, 2017; Berry et al., 2005). However, cancer 

treatment sequelae are increasingly evident with longer life expectancy. Young women 

diagnosed with breast cancer may often live long after diagnosis. Cardiotoxicity is a life-

threatening side effect of cancer treatment, particularly with anthracyclines and 

trastuzumab (Appel et al., 2012; Bowles et al., 2012; Feola et al., 2011; Narayan et al., 

2017; Qin et al., 2015; Rayson et al., 2012; Yood et al., 2012). The overall cardiovascular 

disease risk of young breast cancer survivors is currently not established. Understanding 

cardiovascular disease risk, measured by excess heart age, among young breast cancer 

survivors is crucial to provide clinicians and researchers a better understanding of 

cardiovascular risk profiles (D’Agostino et al., 2008). Furthermore, it is unknown if heart 

age changes between diagnosis and two-year follow-up (expected end of cancer 

treatment). Cancer treatment may influence several factors within heart age, such as body 

mass index via weight gain (Demark-Wahnefried, Winer, & Rimer, 1993) or hypertension 

(Enright & Krzyzanowska, 2010). Screening for cardiovascular disease is recommended 

at six months and/or one-year post completion of anthracyclines and/or trastuzumab 
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treatment (Armenian et al., 2017; Mehta et al., 2018; National Comprehensive Cancer 

Network, 2018; Runowicz et al., 2016), but there are no current U.S.-based 

recommendations for long-term screening in breast cancer survivors. Therefore, research 

is needed to examine differences in excess heart age from breast cancer diagnosis to 

treatment completion and identify risk factors associated with increased cardiovascular 

disease risk among young breast cancer survivors.  

 

Study Purpose 

The purpose of this study was to examine excess heart age among young breast 

cancer survivors treated with and without anthracyclines and/or trastuzumab from 

diagnosis to two-year follow-up and to identify factors associated with increased excess 

heart age.  

 

Specific Aims and Research Questions 

The specific aims and corresponding research questions of this study are listed 

below defined by time period or type of specific aim. 

 

Time 1 (Breast Cancer Diagnosis)  

1. To characterize excess heart age among young breast cancer survivors at 

diagnosis. 

a. What is the excess heart age among young breast cancer survivors at 

diagnosis? 
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b. What is the difference in excess heart age between young breast cancer 

survivors treated with anthracyclines and/or trastuzumab and young breast 

cancer survivors who did not receive treatment with anthracyclines or 

trastuzumab at diagnosis?  

 

Time 2 (24 ± 6 months Follow-up) 

2. To characterize excess heart age among young breast cancer survivors at two-year 

follow-up. 

a. What is the excess heart age among young breast cancer survivors at two-

year follow-up? 

b. What is the difference in excess heart age between young breast cancer 

survivors treated with anthracyclines and/or trastuzumab and young breast 

cancer survivors who did not receive treatment with anthracyclines or 

trastuzumab at two-year follow-up?  

 

Comparison of Time 1 and Time 2 

3. To examine differences in excess heart age among young breast cancer survivors 

from breast cancer diagnosis to two-year follow-up. 

a. What is the difference in excess heart age from breast cancer diagnosis to 

two-year follow-up in the total sample? 

b. What is the difference in excess heart age from diagnosis to two-year 

follow-up among young breast cancer survivors treated with 

anthracyclines and/or trastuzumab? 
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c. What is the difference in excess heart age from diagnosis to two-year 

follow-up among young breast cancer survivors who did not receive 

anthracyclines or trastuzumab? 

 

4. To identify predictors of excess heart age among young breast cancer survivors. 

a. What are predictors of excess heart age at diagnosis?  

b. What are predictors of excess heart age at two-year follow-up? 

c. What are predictors of the difference in excess heart age at diagnosis and 

two-year follow-up? 

 

Exploratory Aim 

5. To explore characteristics of excess heart age within clusters of young breast 

cancer survivors.  

 

Theoretical Framework 

The web of causation theory developed by MacMahon and Pugh in 1970 was 

selected to adapt a theoretical framework for assessing cardiovascular disease risk among 

breast cancer survivors and guide this study. The web of causation is often used to 

explain chronic diseases and describe complex interactions (MacMahon, Pugh, & Ipsen, 

1970). The web of causation supports the idea of multiple causation, in which one risk 

factor does not solely cause the disease (Krieger, 1994). Cardiovascular disease risk has 

multifactorial etiologies and is not a result of one risk factor; instead, multiple factors 

contribute to increased cardiovascular disease risk. Furthermore, interrelationships exist 
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between risk factors and other contributors of cardiovascular disease risk within the web. 

Thus, the web of causation theory was adapted using evidence-based literature (described 

further in Chapter 2) to depict the concept of cardiovascular disease risk among breast 

cancer survivors. Figure 1 is an adapted web of causation theoretical framework that was 

used to provide direction and context for the dissertation study.  

 

 

Figure 1. Adapted web of causation for cardiovascular disease risk among breast cancer 

survivors. © Vo, 2017 

 

In this theoretical framework, modifiable and non-modifiable risk factors can 

contribute to both the development of breast cancer and cardiovascular disease. Specific 

factors contribute to increased risk of breast cancer such as age, race, menopause, and 

obesity. Once a patient is diagnosed with breast cancer, hormone status and cancer stage 
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will help determine cancer treatment type. Anthracyclines, trastuzumab, hormone 

therapy, and radiation are types of cancer treatment that lead to increased cardiovascular 

disease risk. Moreover, interrelationships exist, including the following: 1) physical 

inactivity and poor diet contribute to obesity and can subsequently contribute to increased 

risk of cardiovascular disease and breast cancer, and 2) type of breast cancer determines 

cancer treatment, which can contribute to early menopause, also associated with 

increased cardiovascular disease risk.  

Several nursing studies have adapted the web of causation to develop 

interventions and/or strategies to address healthcare problems with multifactorial 

etiologies (Johnson, Giarelli, Lewis, & Rice, 2013; Matthews & Moore, 2013). 

Application of the web of causation in research on chronic diseases and beyond 

demonstrates the versatility of the theory and its appropriateness for explaining 

cardiovascular disease risk among breast cancer survivors. Furthermore, the web of 

causation may grow to include new risk factors or demonstrate novel interrelationships as 

newer research emerges. The adapted web of causation links different concepts derived 

from the literature to explain cardiovascular disease risk among breast cancer survivors 

and provides direction and context to the study. 

 

Definitions of Terms 

For the purpose of this dissertation, the following will define commonly used 

terms in this dissertation proposal: 

Breast cancer is a malignant tumor developed in the breast (Harris, Lippman, 

Morrow, & Osborne, 2014). 
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Cancer survivor is a person who has lived through cancer “from the time of 

diagnosis until the end of life” (National Cancer Institute, 2015). 

Cardiotoxicity is “toxicity that affects the heart” (National Cancer Institute, 2015) 

and damage to the cardiovascular system as a result of treatment (Harris et al., 2014). 

Cardiovascular disease is defined as encompassing one or more of the following 

diagnoses: coronary heart disease (i.e., coronary death, myocardial infarction, coronary 

insufficiency, and angina), cerebrovascular disease (i.e., ischemic stroke, hemorrhagic 

stroke, transient ischemic attack), peripheral artery disease (i.e., intermittent 

claudication), and/or heart failure (asymptomatic left ventricular ejection fraction below 

50% or symptomatic) (D’Agostino et al., 1994). 

Heart age is an adapted Framingham Risk Score that estimates the probability of 

developing cardiovascular disease in the next 10 years, expressed as an age. Heart age is 

chosen based on a match between the individual’s Framingham Risk Score and the age of 

an individual with a low to normal risk profile (D’Agostino et al., 2008). Excess heart 

age is the difference between heart age and the chronological age (D’Agostino et al., 

2008). 

Modifiable risk factors are risk factors that can be changed, including smoking, 

obesity, physical inactivity, and poor diet (Benjamin et al., 2018).  

Non-modifiable risk factors are risk factors that cannot be changed, including age, 

race, family history, and menopause status (Benjamin et al., 2018).  

Survivorship is the period after cancer diagnosis and focuses on “physical, 

psychosocial, and economic issues of cancer, beyond the diagnosis and treatment phases” 

(National Cancer Institute, 2015). 
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Young breast cancer survivors are women diagnosed with breast cancer prior to 

45 years of age (Centers for Disease Control and Prevention, 2016). 

 

Summary 

 There is a dearth of research in cardiovascular disease risk among young breast 

cancer survivors and a need to examine excess heart age to provide a greater 

understanding of risk factors that contribute to increased cardiovascular disease risk 

among the young breast cancer survivor population. This dissertation aimed to meet this 

need and propel the research toward the necessary step of understanding excess heart age 

among young breast cancer survivors. The study describes changes in excess heart age 

from breast cancer diagnosis to end of cancer treatment, the relationships between 

anthracyclines and/or trastuzumab use and excess heart age, and predictors of excess 

heart age in young breast cancer survivors. Chapter 2 will describe the current state of 

science of cardiovascular disease risk among young breast cancer survivors.   
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CHAPTER TWO 

REVIEW OF LITERATURE 

The purpose of this integrative review of literature was to synthesize the state of 

the science on cardiovascular disease risk among young breast cancer survivors. This 

review included studies retrieved from the following databases: PubMed, CINAHL, 

Scopus, and Embase. Search terms included: (cardiovascular disease, cardiovascular 

disease risk, or heart failure) and (breast cancer or breast neoplasm).  

This search yielded 8,006 articles. The researcher then filtered the articles that 

were published within the last 10 years, which reduced the articles to 4,955. An age filter 

was placed to include articles with ages 18-44 included in the sample, yielding 1,188 

articles. The investigator removed duplicates from the sample of articles (n = 190) and 

conducted a title review for 1,009 articles. Articles were included in the literature review 

if: 1) breast cancer survivors were in the sample, 2) cardiovascular disease and/or 

cardiovascular disease risk was the outcome, 3) breast cancer survivors were treated with 

anthracycline-based chemotherapy and/or trastuzumab, and 4) young survivors (< 45 

years) were included in the sample. Exclusion criteria for the literature search consisted 

of: 1) sample did not include young survivors (specific to older breast cancer survivors) 

and 2) sample did not include breast cancer survivors.  

Records were excluded if they did not meet inclusion/exclusion criteria. The 

investigator reviewed 108 articles, and 38 studies were included in this integrative 
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literature review. See Appendix A for the PRISMA diagram. In addition to the 38 studies, 

the investigator reviewed cancer practice guidelines, cancer survivorship guidelines, 

cardiac care guidelines, Federal Drug Administration medication guides, and other 

relevant non-journal articles. Furthermore, articles describing cardiotoxicity in pediatric 

cancer survivors were also included. 

 

Breast Cancer 

Epidemiology 

Breast cancer is the most common non-cutaneous cancer in women worldwide 

(American Cancer Society, 2016). In the United States, approximately 250,000 new cases 

of breast cancer will be diagnosed in women, and approximately 40,000 women will die 

from breast cancer each year (American Cancer Society, 2017). Nearly 10% of women 

with breast cancer, or 23,000 women, are diagnosed with breast cancer at a young age (< 

45 years) annually. Incidence rates of breast cancer at any age increased significantly 

between the 1980s and 1990s and have remained stagnant since 2005. However, in 

women under 50 years of age, incidence rates of breast cancer have steadily increased 

approximately 0.2% each year (American Cancer Society, 2017). 

Trends in survival have increased and mortality rates have decreased 

tremendously since 1975. In 1975, 75% of women diagnosed with breast cancer survived 

at least five years. In more recent years, the overall five-year survival rate has reached 

nearly 90%. Between 1975 and 1989, death rates from breast cancer increased 0.4% 

annually. Between 1990 and 2015, the mortality rate dropped rapidly to an almost 40% 

decline (American Cancer Society, 2017). Still, breast cancer is the second leading cause 
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of cancer death in women, resulting in nearly 40,000 deaths annually (American Cancer 

Society, 2017). In young women under 45 years of age, cancer is the leading cause of 

death (Centers for Disease Control and Prevention, 2016). 

Breast cancer commonly affects women who are older, with the average age of 

diagnosis at 62 years (Howlader et al., 2017). However, young breast cancer survivors are 

more likely to be diagnosed with aggressive cancers and have a 4.5-fold increased risk of 

breast cancer recurrence (American Cancer Society, 2017; Howlader et al., 2017). 

Further, women under 45 years of age are likely to be premenopausal at breast cancer 

diagnosis (The North American Menopause Society, 2017). 

 

Pathology 

Breast cancer is an abnormal growth of cells within breast tissue (American 

Cancer Society, 2017). Breast cancer may be localized to the breast (in situ) or spread to 

surrounding tissue (invasive). TNM staging is the most common staging system and 

classifies the disease based on distance of spread to adjacent tissue (T), extent to lymph 

nodes (N), and metastases spread (M) (Amin et al., 2017). The TNM then classifies 

diagnoses from Stage 0 – IV. Stage 0 is localized or in situ breast cancer. Stages I to IV 

are types of invasive breast cancer, and range from least invasive to advanced metastatic 

breast cancer (American Cancer Society, 2017; Amin et al., 2017). Breast cancer can 

further be classified as local, regional, or distant (Ruhl et al., 2018).  

Breast cancer is also distinguished by biological markers including hormone 

receptors (HR) such as estrogen (ER), progesterone (PR), and the human epidermal 

growth factor receptor 2 (HER2). The four most common breast cancer subtypes are: 1) 
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Luminal A (HR+/HER2-), 2) Luminal B (HR+/HER2+), 3) triple negative (ER-/PR-

/HER2-), and 4) HER2+enriched (HR-/HER2+) (American Cancer Society, 2017). 

Further, HR may be classified into ER+, ER-, PR+, and/or PR-.  

 

Risk Factors 

Risk factors for breast cancer include: obesity, physical inactivity, alcohol use, 

estrogen exposure, genetic predisposition, and reproductive factors (Tamimi et al., 2016). 

Many women who develop breast cancer at a young age may have mutations in BRCA1 

or BRCA2 genes (American Cancer Society, 2017; Turnbull & Rahman, 2008). Risk 

factors associated with increased risk of developing breast cancer at a young age include 

family history of breast or ovarian cancer at a young age, dense breasts on mammogram, 

and Ashkenazi Jewish ancestry (American Cancer Society, 2017; Turnbull & Rahman, 

2008). 

 

Screening 

Multiple organizations offer breast cancer screening guidelines, including the 

American Cancer Society and the U.S. Preventive Services Task Force. Mammography is 

the gold standard for screening for breast cancer. The American Cancer Society 

recommends screening annually with mammography beginning at age 45 years. Women 

between 40 to 45 years of age may start annual screening if they wish to do so (American 

Cancer Society, 2017). The U.S. Preventive Service Task Force recommends that 

decision-making for biennial mammography between the ages of 40 to 49 be done on a 



 

 20 

risk-benefit individual basis and recommends biennial screening after age 50 (U.S. 

Preventive Services Task Force, 2016). 

 

Treatment Types 

Treatment of breast cancer varies and depends on breast cancer subtype and other 

clinical features. Options for breast cancer treatment include: 1) surgery, 2) radiation 

therapy, and 3) systemic therapy (i.e., chemotherapy, targeted therapy, and hormone 

therapy). Surgery removes the cancer from the breast and/or surrounding tissue and may 

be localized (partial mastectomy/lumpectomy) or remove the entire breast (total 

mastectomy). Women may opt to have reconstruction following breast surgery. Radiation 

therapy is the application of high energy beams to kill the cancerous cells. Radiation is 

often administered in combination with surgery for maximum anti-cancer effect. 

Radiation may be delivered internally or externally to the breast or chest area (American 

Cancer Society, 2017).  

Systemic therapy travels through the bloodstream and includes chemotherapy, 

hormone therapy, and targeted therapy (American Cancer Society, 2017). Different 

combinations of chemotherapy can be used to treat breast cancer. Common chemotherapy 

regimens include: 1) doxorubicin and cyclophosphamide (AC), 2) AC followed by 

paclitaxel, and 3) docetaxel plus cyclophosphamide (TC) (National Comprehensive 

Cancer Network, 2017). Targeted therapy will target specific hormone receptors (i.e., 

HER2) to prevent uptake or increase uptake of specific hormones (American Cancer 

Society, 2017). Trastuzumab is the most common type of targeted therapy for women 



 

 21 

who are HER2+ (Romond et al., 2005) and is administered over 52 weeks (Federal Drug 

Administration, 2010b).  

Hormone therapy blocks the uptake of estrogen into the cells and is used to treat 

women who are HR+. Hormone therapy including tamoxifen and aromatase inhibitors 

may be used for five to 10 years (Burstein et al., 2014). Tamoxifen blocks the effects of 

estrogen in HR+ breast cancer survivors who are overexpressing estrogen and 

progesterone levels. Tamoxifen is used in both pre- and postmenopausal breast cancer 

survivors, but is the treatment of choice for premenopausal women. Aromatase inhibitors 

include letrozole, anastrozole, and exemestane, and are given primarily to 

postmenopausal women, but may be given to premenopausal women who cannot tolerate 

tamoxifen (American Cancer Society, 2017). 

 

Survivorship 

Cancer survivorship is the period beginning at diagnosis of cancer to the end of 

life (Mullan, 1985; National Coalition for Cancer Survivorship, 1986). In 2006, the 

Institute of Medicine and the National Research Council published From Cancer Patient 

to Cancer Survivor, which focuses on cancer care after treatment completion. 

Survivorship care should be individualized and inclusive of physical and psychological 

effects as a result of cancer and/or cancer treatment (Institute of Medicine and National 

Research Council, 2006).  
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Cardiotoxicity 

As survival has increased for breast cancer survivors, their risk for developing 

comorbidities has also increased, including secondary cancers and cardiovascular disease. 

Older breast cancer survivors are at higher risk of dying from cardiovascular disease than 

breast cancer (Patnaik et al., 2011). Several cancer treatments have associations with 

cardiovascular disease, including chemotherapy, targeted therapy, radiation therapy, and 

hormone therapy. This integrative review focuses on cardiotoxicity as a result of 

treatment with anthracyclines and trastuzumab.  

 

Anthracyclines 

The two common anthracyclines used to treat breast cancer are doxorubicin and 

epirubicin. The chemical structure of doxorubicin is: 5,12-Naphthacenedione, 10-[(3- 

amino-2,3,6-trideoxy-α-L-lyxo­ hexopyranosyl)oxy]-7,8,9,10-tetrahydro- 6,8,11-

trihydroxy- 8-(hydroxylacetyl)-1- methoxy-, hydrochloride (8S-cis). It has a molecular 

weight of 579.99 (Federal Drug Administration, 2010a). The chemical structure of 

epirubicin is (8S- cis)-10-[(3-amino-2,3,6-trideoxy-α-L-arabino-hexopyranosyl)oxy]-

7,8,9,10-tetrahydro-6,8,11-trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12-

naphthacenedione hydrochloride (Federal Drug Administration, 2006). Doxorubicin is 

indicated for treatment of breast cancer, ovarian cancer, blood-based cancers, thyroid 

cancer, stomach cancer, and many more (Federal Drug Administration, 2010a). 

Doxorubicin may be used in adult or pediatric cancer patients, whereas epirubicin is 

indicated in adult breast cancer patients. Anthracyclines are delivered via intravenous 
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administration (Federal Drug Administration, 2006; Federal Drug Administration, 

2010a). 

The World Health Organization (WHO) lists doxorubicin as an imperative drug in 

healthcare in the WHO Model List of Essential Medicines (World Health Organization, 

2017). Despite their therapeutic benefit, anthracyclines may induce progressive cardiac 

complications. The Federal Drug Administration lists cardiotoxicity as a potential risk for 

the anthracyclines-based drugs (Federal Drug Administration, 2006; Federal Drug 

Administration, 2010a). The risk of cardiotoxicity increases with dose and pre-existing 

patient-level cardiac risk factors; however, cardiotoxicity may occur at the lowest dose 

even if no risk factors are present (Murtagh et al., 2016; Rayson et al., 2012).  

Research indicates multiple possible mechanisms as to how anthracyclines affect 

the cardiac system, although the exact molecular pathway to cardiac damage is not 

known (Franco & Lipshultz, 2015). The most commonly accepted mechanism is the 

oxidative stress hypothesis (Franco & Lipshultz, 2015; Simunek et al., 2009). This 

hypothesis suggests that anthracyclines promote the development of reactive oxygen 

species, which subsequently damage cardiomyocytes (cardiac muscle cells). A loss of 

cardiomyocytes leads to decreased muscle contractility (Franco & Lipshultz, 2015; 

Simunek et al., 2009). Ejection fraction measures cardiac contractility, or the heart’s 

ability to pump out blood. Lower ejection fraction indicates a poorer cardiac function. 

Decreased ejection fraction can lead to heart failure, which is a clinical diagnosis 

characterized by shortness of breath, fatigue, and edema (Hunt et al., 2009).  

Other mechanistic theories for anthracycline-induced cardiotoxicity include 

damage to the cardiac microvasculature, proteins, cardiac progenitor cells, and fibroblasts 
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(Sadurska, 2015). Damage to cardiac progenitor cells that produce cardiomyocytes may 

weaken the heart’s ability to recover from cardiac injury caused by anthracyclines and/or 

patient-level comorbidities. The multiple mechanistic actions of anthracyclines may not 

be mutually exclusive, as a combination of pathways may damage the cardiac system 

(Simunek et al., 2009).  

Anthracycline-induced cardiotoxicity may appear at any dose range but begins to 

increase rapidly after reaching the dose of 400 mg/m2 (Federal Drug Administration, 

2010a). Recommendations to limit dose may help mitigate cardiotoxicity. The 

recommended lifetime dose is no more than 450 to 550 mg/m2 for doxorubicin (Federal 

Drug Administration, 2010a) and 900 mg/m2 for epirubicin (Federal Drug Administration, 

2006). Increasing doses of anthracycline-based chemotherapy are associated with higher 

risk of cardiovascular disease (Murtagh et al., 2016; Rayson et al., 2012). 

Investigators reported incidence of heart failure from breast cancer survivors 

treated with anthracycline-based chemotherapy ranging from 3 to 24.5% (Appel et al., 

2012; Feola et al., 2011; Qin et al., 2015; Rayson et al., 2012; Yood et al., 2012). 

Numerous studies demonstrate that chemotherapy regimens that included anthracycline-

based chemotherapy were associated with decreases in left ventricular ejection fraction 

(Boerman et al., 2017; de Azambuja et al., 2015; Drafts et al., 2013; Feola et al., 2011; 

Gallucci et al., 2010; Jones et al., 2007; Murtagh et al., 2016; Narayan et al., 2017; 

Sulpher et al., 2015).  

Women treated with anthracycline-based chemotherapy were often younger than 

the average age of breast cancer survivors receiving treatment (Boerman et al., 2017). 

Anthracyclines (doxorubicin and/or epirubicin) were associated with abnormal resting 
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heart rate, peak oxygen consumption and workload, high triglycerides, increased high 

density protein, hypertension, aortic stiffness, increased pulse wave velocity, increased 

troponin and hyaluronan levels, poor mitral E/A ratios, decreased aortic expandability, 

higher heart rate, abnormal echocardiogram, and lower left ventricular ejection fraction 

(Chaosuwannakit et al., 2010; de Azambuja et al., 2015; Inanc et al., 2016; Jones et al., 

2007). Breast cancer survivors more commonly experience chronic cardiotoxicity than 

acute onset. Developing heart failure more than one year after treatment was associated 

with increased mortality (Qin et al., 2015).  

Anthracyclines are used in pediatric cancer patients and have contributed to the 

increase in the five-year survival rate from 58% in the 1970s to 80% in 2012 (Siegel, 

Miller, & Jemal, 2018). The extensive survivorship period experienced by pediatric 

cancer survivors has provided the opportunity for research to understand the late effects 

of cancer treatment. The Children’s Oncology Group is a worldwide consortium of 

institutions that conducts trials for pediatric cancer patients, supported by the National 

Cancer Institute (Children’s Oncology Group, 2018). Cardiovascular complications are 

among the leading causes of non-cancer-related deaths in pediatric cancer survivors 

(Reulen et al., 2010), and the risk is nearly 10-fold higher than in children who do not 

have cancer (Mertens et al., 2001; Shankar et al., 2008). Factors that increase risk of 

developing anthracycline-induced cardiotoxicity among pediatric cancer survivors 

include total cumulative dose of anthracyclines, time of survivorship (longer survivorship 

is associated with higher cardiovascular disease risk), female gender, black race, use in 

conjunction with radiation therapy, use in conjunction with other cardiotoxic therapies, 

and pre-existing cardiovascular risk factors (Sadurska, 2015).  
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Moreover, there is potential for a lifelong, anthracycline-induced cardiotoxicity 

risk. Researchers have documented cardiovascular events occurring 45 years after 

completion of cancer treatment; greater than 7% of pediatric cancer survivors will 

experience heart failure if they received more than 250 mg/m2 of anthracyclines treatment 

(Mulrooney et al., 2009). As a result, the Children’s Oncology Group developed 

survivorship guidelines to mitigate cardiotoxic effects in pediatric cancer survivors, 

recommending interval screening at one, two, or five years depending on the 

anthracyclines dose, age at treatment, and chest radiation (Children’s Oncology Group, 

2013; Landier et al., 2004). A cost-effectiveness analysis showed that screening 

frequency extended life expectancy by at least six months and led to an 18% reduction in 

risk of developing late chronic onset heart failure (Wong et al., 2014).  

 

Trastuzumab 

Trastuzumab is a form of targeted therapy also known as Herceptin. Trastuzumab 

is a humanized IgG1 kappa monoclonal antibody that binds to the HER2 hormone and is 

administered intravenously (Federal Drug Administration, 2010b). Trastuzumab is a 

standard treatment for breast cancer patients with overexpressed HER2 (Amerian Cancer 

Society, 2017; Romond et al., 2005) and for high-risk breast cancer patients who are ER-

/PR- (Federal Drug Administration, 2010b; Romond et al., 2005). Trastuzumab is also 

indicated for metastatic breast and gastric cancers. When trastuzumab is used in 

combination with anthracyclines, the recommended dose schedule is 8 mg/kg for the first 

dose, and 6 mg/kg every three weeks for a total of 52 weeks (Federal Drug 

Administration, 2010b). 
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Trastuzumab is associated with arrhythmias, hypertension, left ventricular 

dysfunction, cardiomyopathy, and heart failure (Bowles et al., 2012; Federal Drug 

Administration, 2010b; Narayan et al., 2017; Obi et al., 2014; Slamon et al., 2001). The 

incidence of trastuzumab-induced cardiotoxicity is approximately 2-7% and is often 

reversible. The incidence of heart failure may rise to 27% when used concurrently with 

anthracyclines (Curigliano et al., 2012). When trastuzumab is used with anthracyclines, 

breast cancer patients have an increased risk of developing heart failure or 

cardiomyopathy (Bowles et al., 2012; Narayan et al., 2017; Slamon et al., 2001). Breast 

cancer survivors treated with both drugs were at a seven-fold increased risk compared to 

those who did not receive chemotherapy (Bowles et al., 2012). This risk also increases as 

breast cancer survivors age. Women diagnosed with breast cancer prior to 55 years of age 

and treated with both anthracyclines and trastuzumab had a significant risk of developing 

cardiovascular disease (Bowles et al., 2012). In survivors who had a normal left 

ventricular ejection fraction after treatment with anthracycline-based chemotherapy and 

trastuzumab, cardiac adrenergic function decreased by 50%, compared to no change in 

survivors treated with anthracyclines only (Guimaraes et al., 2015).  

 

Symptoms of Cardiotoxicity 

The most commonly reported symptom of cardiotoxicity is a decrease in left 

ventricular ejection fraction (Boerman et al., 2017; Chaosuwannakit et al., 2010; de 

Azambuja et al., 2015; Drafts et al., 2013; Feola et al., 2011; Gallucci et al., 2010; 

Guimaraes et al., 2015; Ho et al., 2010; Inanc et al., 2016; Jones et al., 2007; Koelwyn et 

al. 2016; Murtagh et al., 2016; Narayan et al., 2017; Sulpher et al., 2015). Burnett, 
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Kluding, Porter, Fabian, and Klemp (2013) examined the left ventricular ejection fraction 

of breast cancer survivors during cardiorespiratory testing. Breast cancer survivors with 

at least two cardiovascular disease risk factors and at least one cancer treatment-related 

risk factor were likely to score below the 20th percentile of low cardiorespiratory fitness 

(Burnett et al., 2013). Additionally, studies demonstrated that breast cancer survivors had 

increased heart rate variability and reduced mitral E/A ratio (determinant of mitral valve 

dysfunction) than healthy controls (Caro-Moran et al., 2016; Ho et al., 2010; Inanc et al., 

2016).  

 

Measures of Cardiotoxicity 

Cardiac arrhythmias were measured using electrocardiograms (Ho et al., 2010; 

Inanc et al., 2016; Jones et al., 2007). Left ventricular ejection fraction was measured in 

the studies using echocardiograms (Appel et al., 2012; Boerman et al. 2017; de Azambuja 

et al., 2015; Feola et al., 2011; Gallucci et al., 2010; Guimaraes et al., 2015; Ho et al., 

2010; Inanc et al., 2016; Jones et al., 2007; Murtagh et al., 2016; Narayan et al., 2017; 

Rayson et al., 2012; Sulpher et al., 2015), multi-gated acquisition testing (Appel et al., 

2012; Feola et al., 2011; Jones et al., 2007; Rayson et al., 2012; Sulpher et al., 2015), 

and/or magnetic resonance imaging (Chaosuwannakit et al., 2010; Chotenimitkhun et al., 

2015; de Azambuja et al., 2015; Drafts et al., 2013).  

Heart failure may be asymptomatic with subclinical changes in left ventricular 

ejection fraction or may have symptoms such as fatigue and shortness of breath 

(Benjamin et al., 2018; Hunt et al., 2001). The American Heart Association and American 

College of Cardiology Foundation diagnose heart failure using Stage A (no structural 
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damage to the heart, but at risk for heart failure), Stage B (structural damage to the heart 

but no signs and symptoms of heart failure, Stage C (signs and symptoms of heart 

failure), and Stage D (advanced structural damage requiring end stage heart failure 

treatment) (Hunt et al., 2001; Yancy et al., 2013). Asymptomatic breast cancer survivors 

treated with anthracyclines who have no structural damage to the heart are classified 

under Stage A heart failure (Hunt et al., 2001; National Comprehensive Cancer Network, 

2018; Yancy et al., 2013).  

 

Treatment and Management of Cardiotoxicity  

Two studies examined statin therapy to combat cardiovascular disease risk 

(Chotenimitkhun et al., 2015; Shum et al., 2016). Statins were associated with increases 

in left ventricular ejection fraction post administration of anthracycline-based 

chemotherapy, suggesting potential mitigation of cardiac dysfunction (Chotenimitkhun et 

al., 2015; Shum et al., 2016). Despite many survivors reporting having cardiovascular 

risk factors, healthcare providers did not always educate patients on cardiovascular 

screening or teach methods to reduce cardiovascular disease risk (Christian et al., 2017; 

Enright & Krzyzanowska, 2010; Weaver et al., 2013). Additionally, many survivors did 

not have concerns regarding cardiovascular disease risk (Christian et al., 2017).  
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Risk Factors for Cardiovascular Disease Among Breast Cancer Survivors 

Cancer Treatment 

Sixteen studies reported cardiovascular disease risk among breast cancer 

survivors, but the research was not specific to anthracyclines and/or trastuzumab. Overall, 

breast cancer survivors had a higher risk for developing cardiovascular disease risk 

compared to controls (Armenian et al., 2016; Boekel et al., 2016; Boerman et al., 2014; 

Bradshaw et al., 2016; Shum et al., 2016). Breast cancer survivors treated with 

chemotherapy had an increased risk of cardiovascular disease compared to non-cancer 

controls (Boekel et al., 2016; Boerman et al., 2014; Hooning et al., 2007). Among 

postmenopausal breast cancer survivors, the risk for cardiovascular disease was higher 

than breast cancer recurrence risk. This sample had an excess heart age of seven years, 

indicating that predicted age of the heart was similar to that of an individual seven years 

their senior (Bardia et al., 2012). Furthermore, cardiovascular disease mortality rates 

were greatest at seven years follow-up (Bradshaw et al., 2016). Approximately 15 to 21% 

of breast cancer survivors (older than 45 years) reported diagnosis of cardiovascular 

disease prior to beginning cancer treatment (Bhatia, Lenihan, Sawyer, & Lenneman, 

2016; Enright & Krzyzanowska, 2010; Obi et al., 2014). 

Left-sided radiation therapy following mastectomy was associated with increased 

cardiovascular disease risk, which rose even higher among participants under age 50 

(Boekel et al., 2016). Radiation therapy was associated with myocardial infarction and 

heart failure (Hooning et al., 2007). Radiation to the left breast increases radiation 

exposure to the heart and is associated with increased risk of cardiovascular disease 

(Darby et al., 2013; Haque et al., 2011; Hooning et al., 2007). Both tamoxifen and 
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aromatase inhibitors (types of hormone therapy) are associated with increased risk of 

stroke. Due to their anti-estrogen properties, both tamoxifen and aromatase inhibitors can 

lead to clots in the blood and subsequently stroke (Amir et al., 2011; Mehta et al., 2018).   

 

Non-Modifiable Risk Factors 

Age, race, and family history are common non-modifiable risk factors for both 

breast cancer and cardiovascular disease. As one ages, the risk for developing cancer 

and/or cardiovascular disease increases (American Cancer Society, 2017; Benjamin et al., 

2018; Haque et al., 2014). In one study, older breast cancer survivors were at high risk for 

developing early onset heart failure (Patnaik et al., 2011). Further, breast cancer survivors 

diagnosed prior to 55 years, who were treated with cytotoxic chemotherapy and/or 

combination therapy, were more likely to develop cardiovascular disease than survivors 

who received surgery only. Specifically, cardiovascular disease risk was three-fold when 

survivors were treated with chemotherapy and four-fold when survivors were treated with 

combination therapy in comparison to those treated with surgery only (Tan et al., 2016). 

 African Americans have increased risk of developing both cancer and 

cardiovascular disease and often have multiple cardiovascular disease risk factors 

(American Cancer Society, 2017; Benjamin et al., 2018). Before the age of 45, black 

women are at higher risk for developing breast cancer and more likely to die from breast 

cancer at any age compared to white women (American Cancer Society, 2017). Family 

history corresponding to the disease increases risk of developing cancer and 

cardiovascular disease. In breast cancer, women with BRCA1 and BRCA2 gene 

mutations have a markedly increased risk of developing breast cancer (American Cancer 
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Society, 2017). Likewise, family history of coronary history or heart disease is associated 

with individual development of the disease (Benjamin et al., 2018). 

Menopause is also a non-modifiable risk factor that is specific to women and 

plays a role in both breast cancer and cardiovascular disease. Menopause is the cessation 

of menstrual periods for 12 consecutive months (The North American Menopause 

Society, 2017). Nearly 95% of women experience menopause between 45 and 55 years of 

age, with the average age of 51 years (The North American Menopause Society, 2017). 

Women who experience menopause at a later age are often at increased risk for 

developing breast cancer (American Cancer Society, 2017). However, women who are 

diagnosed with breast cancer prior to menopause are likely to enter premature menopause 

if treated with chemotherapy or hormone therapy (Goodwin, Ennis, Pritchard, Trudeau, & 

Hood, 1999). Approximately 33-73% of premenopausal breast cancer survivors will 

become menopausal after cancer treatment (National Comprehensive Cancer Network, 

2018). Menopause is also a risk factor for developing cardiovascular disease (Benjamin 

et al., 2018). Research examining the effects of premature or treatment-induced 

menopause on cardiovascular disease risk is lacking.  

 

Modifiable Risk Factors 

Smoking, obesity, physical inactivity, and poor diet are modifiable risk factors for 

both breast cancer and cardiovascular disease. Breast cancer survivors often reported 

having multiple cardiovascular risk factors (Christian et al., 2017; Enright & 

Krzyzanowska, 2010; Ho et al., 2010; Weaver et al., 2013). Cancer survivors were more 

likely to be smokers (Enright & Krzyzanowska, 2010). Limited evidence suggests that 
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smoking is associated with increasing risk of developing breast cancer (American Cancer 

Society, 2017). However, smoking is a known risk factor for cardiovascular disease. 

Overall, smoking contributes to greater than 480,000 premature deaths related to all 

causes annually (Benjamin et al., 2018).  

Obesity increases the risk of developing breast cancer among postmenopausal 

women (American Cancer Society, 2017). Increasing body mass index heightens the risk 

of developing breast cancer and cardiovascular disease. Weight gain is often a side effect 

of cancer treatment (Demark-Wahnefried et al., 1993), and uncontrolled weight gain may 

lead to overweight or obese body mass indexes. Obesity is also a risk factor for Type II 

diabetes and cardiovascular disease. Subsequently, Type II diabetes is a risk factor for 

both breast cancer and cardiovascular disease (American Cancer Society, 2017; Benjamin 

et al., 2018). In contrast, obesity is protective of breast cancer in premenopausal women 

(American Cancer Society, 2017), although obesity is associated with more aggressive 

breast cancer types in young women (Bandera et al., 2015). Obese breast cancer survivors 

had a 1.65 times increased risk of dying from cardiovascular disease. Each 5-kg weight 

gain was associated with 19% increased mortality from cardiovascular disease. 

Additionally, survivors who were obese prior to breast cancer diagnosis have a two-fold 

increased risk of cardiovascular disease mortality (Nichols et al., 2009). 

Poor diet increases the risk of developing breast cancer by 7-10% for every 10 

grams of alcohol consumed per day (American Cancer Society, 2017; Liu, Nguyen, & 

Colditz, 2015). Poor diet can influence multiple cardiovascular disease risk factors such 

as blood pressure, cholesterol, glucose levels, and obesity/weight gain (Benjamin et al., 
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2018). A combination of poor diet with other risk factors may increase the risk of breast 

cancer and cardiovascular disease.  

While physical inactivity does not directly impact breast cancer, in combination 

with poor diet, it may lead to weight gain and obesity and subsequently lead to breast 

cancer. Physical inactivity increases the risk for developing cardiovascular disease 

(Artinian et al., 2010; Benjamin et al., 2018). Women who are physically active have 

lower risk of developing both breast cancer and cardiovascular disease than women who 

are not physically active (American Cancer Society, 2017; Benjamin et al., 2018; Obi et 

al., 2014). 

  

Measures of Cardiovascular Disease Risk 

Commonly used tools to predict an individual’s risk for developing cardiovascular 

disease are the Framingham Risk Score, heart age, Atherosclerotic Cardiovascular 

Disease (ASCVD) Risk Estimator, and Life’s Simple 7. The Framingham Risk Score is a 

widely-used tool that estimates the probability of developing a cardiovascular disease 

within a 10-year time frame. The tool was developed from a large cohort study, the 

Framingham Heart Study (Dawber, Meadors, & Moore, 1951). Investigators have revised 

the Framingham Risk Score several times (D’Agostino et al., 1994; D’Agostino et al., 

2008; Dawber et al., 1951; Lloyd-Jones et al., 2004). One adaptation estimates the risk of 

developing coronary artery disease (Lloyd-Jones et al., 2004), and another estimates risk 

of stroke (D’Agostino et al., 1994). The most recent adaptation of the Framingham Risk 

Score is heart age (D’Agostino et al., 2008).  
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Heart age is interpreted by calculating the Framingham Risk Score and matching 

the 10-year cardiovascular disease probability with the age of the same gender with the 

same probability but with a low to normal risk factor profile (i.e., body mass index = 

22.5, systolic blood pressure = 125 mmHg, no diabetes, no smoking in the last year, no 

hypertensive medication use). Heart age may also be calculated with and without 

available cholesterol levels. Heart age is gender-specific and limited to ages 30 to 74 

years of age (D’Agostino et al., 2008).  

The ASCVD Risk Estimator is similar to the Framingham Risk Score and 

estimates 10-year and lifetime risks of developing an atherosclerotic or cardiovascular 

event. The ASCVD Risk Estimator was established by the American College of 

Cardiology and the American Heart Association. Subscales of ASCVD include race and 

cholesterol (Goff et al., 2014). Life’s Simple 7 is another tool to estimate cardiovascular 

disease risk, established by the American Heart Association. The tool accounts for 

personal history of cardiovascular disease, systolic and diastolic blood pressure, and 

dietary patterns. The maximum score for Life’s Simple 7 is 10, indicating ideal health. 

The tool also has an online interactive platform that provides patient education on areas 

of improvement (Lloyd-Jones et al., 2010).  

 

Heart Age Using Framingham Risk Score 

The cardiovascular disease risk estimator of interest for this study is heart age 

because of its applicability to retrospective data and its focus on increasing understanding 

of cardiovascular disease risk. Heart age predicts the risk of developing a cardiovascular 

disease. Furthermore, heart age has an adapted model that estimates the probability of 
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developing a cardiovascular disease that is based on the body mass index and does not 

require cholesterol levels (D’Agostino et al., 2008). Increasing understanding of 

cardiovascular disease risk can lead to positive changes in modifiable risk factors 

including physical activity, smoking cessation, healthier diet, and improved body mass 

index (D’Agostino et al., 2008). For example, if a 35-year-old patient was told her heart 

age was 45, she may understand more clearly the risk of developing cardiovascular 

disease than if she was told she has a 15% increased risk of developing cardiovascular 

disease over the next 10 years.  

 

Clinical Practice Guidelines 

The American Heart Association provides recommendations for 

echocardiographic screening for breast cancer survivors who receive anthracyclines 

and/or trastuzumab treatment (Mehta et al., 2018). A baseline echocardiogram is 

recommended for any breast cancer survivor who receives either drug. For breast cancer 

survivors who receive a cumulative dose of anthracyclines of 240 mg/m2, additional 

echocardiograms are recommended prior to additional doses, at completion of therapy, 

and at six months post completion of treatment. For breast cancer survivors who receive 

HER2 targeted therapy (i.e., trastuzumab), echocardiograms are recommended every 

three months during treatment but not warranted after completion of treatment if the 

patient remains asymptomatic. For breast cancer survivors who receive anthracyclines 

therapy followed by HER2 targeted therapy, echocardiograms are recommended every 

three months during treatment and six months post treatment (Mehta et al, 2018). In 

addition to the recommended screenings, the American Heart Association recommends 
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that breast cancer survivors should be referred to a cardiologist if an ejection fraction 

drops below 53%. 

The American Cancer Society and American Society of Clinical Oncology 

collaboratively developed breast cancer survivorship care guidelines (Runowicz et al., 

2016). Recommendations for assessing/reducing cardiovascular disease risk among 

breast cancer survivors include: 1) monitoring serum lipid levels and providing 

cardiovascular monitoring as needed similarly to other high-risk populations, 2) 

encouraging lifestyle changes in regard to physical activity, nutrition, and smoking, and 

3) educating patients on symptoms of cardiotoxicities such as shortness of breath or 

fatigue. The guidelines do not recommend routine cardiovascular screening for 

asymptomatic breast cancer survivors and are not specific to cancer treatment types 

(Runowicz et al., 2016). 

The American Society of Clinical Oncology released cardiac-specific survivorship 

guidelines for adult cancer survivors in 2017 (Armenian et al., 2017). The guidelines 

describe in detail the effects of anthracycline-based chemotherapy on the heart. Further, 

the guidelines suggest that cancer survivors who are at increased risk for cardiovascular 

disease include survivors treated with high-dose anthracycline, high-dose radiation, or 

low-dose anthracyclines in combination with low-dose radiation. Recommendations for 

monitoring and screening of high-risk patients for cardiovascular disease include: 1) 

routine imaging during treatment for asymptomatic, high-risk patients, and 2) screening 

using cardiac imaging (e.g., echocardiogram) between six and 12 months after 

completion of treatment in asymptomatic patients who are considered at high risk. The 

American Society of Clinical Oncology states that there are no recommendations on 
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long-term monitoring or screening for cardiovascular disease if there is no presence of 

cardiac dysfunction during the six- to 12-month follow-up screening (Armenian et al., 

2017). 

The National Comprehensive Cancer Network includes specific guidelines for 

anthracycline-induced cardiac toxicity (2018). These guidelines state that cardiac toxicity 

after anthracycline-based chemotherapy may manifest years or decades after the 

treatment cessation. The National Comprehensive Cancer Network describes the 

American Heart Association/American College of Cardiology Guidelines for the 

Evaluation and Management of Heart Failure and discusses anthracycline-based 

chemotherapy use as a risk factor for heart failure (Hunt et al., 2001). Cancer survivors 

who were treated with anthracycline-based chemotherapy, but have not yet developed 

heart failure symptoms or structural damage to the heart, are classified as Stage A heart 

failure. Treatment of Stage A heart failure includes addressing underlying risk factors, 

recommending lifestyle changes (i.e., physical activity and healthy diet), and referring to 

a cardiologist for management. Stage B heart failure consists of patients who have 

structural damage to the heart but have not yet developed symptoms. Stages C and D both 

have signs and symptoms of heart failure. Further, the guidelines recommend monitoring 

and screening for heart failure within one year of completing anthracycline-based 

chemotherapy (National Comprehensive Cancer Network, 2018); however, these 

guidelines do not yet have recommendations for long-term screening.   

The Children’s Oncology Group developed guidelines for survivors of pediatric 

cancers. The guidelines recommend that frequency of cardiac imaging (i.e., 

echocardiogram or equivalent) for cardiovascular disease screening depends on the 
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patient’s age at the time of first administration of cardiotoxic treatment, use with 

radiation, and cumulative anthracyclines dosage. Recommendations include screening for 

cardiovascular disease every one, two, or five years depending on the cumulative risk 

factors (Children’s Oncology Group, 2013; Landier et al., 2004). The Children’s 

Oncology Group used clinical expertise to recommend interval screening since research 

examining cardiovascular disease risk for pediatric cancer survivors is limited (National 

Comprehensive Cancer Network, 2017).  

The European Society for Medical Oncology has specific cardiotoxicity 

guidelines for cancer survivors (Curigliano et al., 2012). These guidelines recommend 

monitoring and screening for cardiovascular disease four and 10 years after completion of 

anthracycline-based chemotherapy if a specified cumulative dose limit is reached (240 

mg/m2 for doxorubicin; 360 mg/m2  for epirubicin). For both anthracyclines and 

trastuzumab, echocardiograms should be given at before treatment; at three, six, and nine 

months during treatment; and at 12 and 18 months after treatment initiation. The 

guidelines also discuss other cancer treatment-related risk factors including radiation 

(Curigliano et al., 2012). 

Both the Children’s Oncology Group and the European Society for Medical 

Oncology recommend long-term screening dependent on additional risk factors. The 

applicable guidelines for breast cancer survivors in the United States have no 

recommendations on long-term screening, despite existing data that breast cancer 

survivors may develop anthracycline-induced cardiotoxicity years after treatment ends. 

See Table 1 for comparison of guidelines. 
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Table 1 
 
Comparison of Clinical Guidelines’ Recommendations 
 
Institution  Recommendation Short-term 

Screening 
Long-term 
Screening 

American Heart 
Association (2018) 

• Echocardiogram (echo) at baseline 
• If anthracyclines dose > 240 mg/m2, then 

echo prior to each additional dose of 50 
mg/m2, at completion of therapy, and 6 
months later 

• HER2 targeted therapy, echo every 3 
months during treatment 

• Anthracyclines, followed by HER2 targeted 
therapy, echo every 3 months during 
treatment, and 6 months post treatment 

x  

American Society 
for Clinical 
Oncology (2017) 

• Routine imaging during treatment 
• Screening using cardiac imaging between 

6-12 months after completion of treatment 

x  

American Society 
for Clinical 
Oncology/American 
Cancer Society 
(2016) 

• Monitoring lipid levels 
• Cardiac monitoring as needed 
• Cardiac education 

  

European Society 
for Medical 
Oncology (2012) 

• Screening for cardiovascular disease 4 and 
10 years after completion of anthracycline-
based chemotherapy if a specified 
cumulative dose limit is reached 
(> 240 mg/m2 for doxorubicin; > 360 mg/m2 
for epirubicin) 

• For anthracyclines and trastuzumab: 
echocardiogram before treatment; 3, 6, 9 
months after treatment; 12 and 18 months 
after treatment initiation 

x x 

Children’s 
Oncology Group 
(2013) 

• Screening for cardiovascular disease every 
1, 2, or 5 years depending on the 
cumulative risk factors 

x x 

National 
Comprehensive 
Cancer Network 
(2018) 

• Screening within 1 year of completing 
anthracyclines treatment 

 

x  

 
 
 

Gaps in the Literature 

This literature review revealed several gaps in current knowledge. First, no 

identified studies examined cardiovascular disease risk among young breast cancer 
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survivors only. The studies included in this analysis included young women diagnosed 

before 45 years of age but not solely young breast cancer survivors.  

Second, United States-based clinical practice guidelines do not have 

recommendations for long-term cardiovascular screening and monitoring for breast 

cancer survivors. In comparison, the European Society for Medical Oncology and the 

Children’s Oncology Group recommend screening at specific intervals depending on 

cancer treatment risk factors. The National Comprehensive Cancer Network 

acknowledges the difference and reports the absence of data regarding cardiovascular 

disease risk for cancer survivors that essentially would be used to inform guidelines.  

Third, there was a paucity in published behavioral interventions aimed to reduce 

cardiovascular disease among breast cancer survivors. Two studies examined medication 

as preventive measures for cardiovascular disease. The current state of the science for 

cardiovascular disease risk among breast cancer survivors would benefit from 

pharmacological and behavioral interventional studies. Increasingly, research is 

examining the effectiveness of cardiac medications as a preventive for high-risk patients. 

Particularly, studies examine statin medications as a potential option to mitigate 

cardiovascular disease risk.  

Non-pharmacological interventions that target behavioral risk factors may also be 

beneficial for breast cancer survivors. It is also very important for healthcare providers to 

heighten awareness of cardiovascular disease risk among breast cancer survivors. Many 

breast cancer survivors are not discussing with their healthcare providers (either 

oncologist or primary care) their risk of developing or methods to prevent cardiovascular 
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disease. As such, many breast cancer survivors are simply unaware of their risk of 

developing cardiovascular disease. 

Fourth, there were insufficient prospective studies. The prospective studies 

included in this analysis had small sample sizes, which limited generalizability and 

statistical inferences. Prospective studies will allow investigators to select variables to be 

examined. Thus, a detailed history, left ventricular ejection fraction testing, and risk 

factor assessment may provide further detail on which subsamples of breast cancer 

survivors are at increasing cardiovascular disease risk. However, prospective studies may 

be time consuming and costly. This area of research will benefit from additional 

retrospective studies examining the influence of cardiotoxic cancer treatment among 

young breast cancer survivors. This integrative review of literature identified the need for 

additional studies that use retrospective and prospective designs to further expand the 

knowledge of cardiovascular disease risk among breast cancer survivors.  

Fifth, limited studies used cardiovascular risk estimator tools to examine 

cardiovascular disease risk among breast cancer survivors. Predictive risk modeling is an 

easy, inexpensive, and effective way to identify individuals at increased risk for 

cardiovascular disease. This literature review identified models used to predict 

cardiovascular disease among cancer survivors: heart age and the Atherosclerotic 

Cardiovascular Disease Risk Estimator. Both of the tools are valid in estimating 

cardiovascular disease risk by incorporating modifiable and non-modifiable 

cardiovascular risk factors. While these models are sufficient for predicting risk in the 

general population, they may not be sufficient to predict risk for cancer survivors. Neither 

tool includes cancer treatment risk factors. Current data are not sufficient to inform such 
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models; however, future consideration should include adapting valid cardiovascular 

disease risk estimators and tailoring the tools to cancer survivors. 

 

Summary 

  Research regarding cardiovascular disease risk among breast cancer survivors is 

a growing body of literature. Data demonstrate the link between breast cancer and 

cardiovascular disease. As a result, national guidelines have recommendations for 

screening of cardiovascular disease in breast cancer survivors at one year after 

completion of cancer treatment. Heart failure secondary to anthracyclines and 

trastuzumab has been shown to appear well after the one-year mark, and therefore, there 

may be implications for long-term screening among high-risk breast cancer survivors.  

The integrative literature review identified a lack of studies focused on young 

breast cancer survivors. Therefore, there is a need to examine cardiovascular disease risk 

among young breast cancer survivors at breast cancer diagnosis and after treatment 

completion. Studies in this integrative literature review included women under 45 years 

of age in the samples but were not limited to only young breast cancer survivors due to 

lack of data. Young breast cancer survivors have longer life survivorship periods and, as 

they age, will be at risk for cardiovascular disease, which may be potentiated if the cancer 

is treated with anthracyclines and/or trastuzumab. Chapter 3 describes the methodology 

of this study to fill a gap in the literature regarding cardiovascular disease risk among 

young breast cancer survivors.  
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CHAPTER THREE 

METHODOLOGY 

This chapter describes the methodology of the dissertation proposal, examining 

excess heart age among young breast cancer survivors treated with and without 

anthracyclines and/or trastuzumab from diagnosis to two-year follow-up and identifying 

factors associated with increased excess heart age. This chapter describes the study 

design, access to data, sampling, data variables, data abstraction, sample selection, data 

analysis plan, validity, and ethical considerations. The specific aims and corresponding 

research questions are as follows: 

 

Time 1 (Breast Cancer Diagnosis)  

1. To characterize excess heart age among young breast cancer survivors at 

diagnosis. 

a. What is the excess heart age among young breast cancer survivors at 

diagnosis? 

b. What is the difference in excess heart age between young breast cancer 

survivors treated with anthracyclines and/or trastuzumab and young breast 

cancer survivors who did not receive treatment with anthracyclines or 

trastuzumab at diagnosis?  
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Time 2 (24 ± 6 months Follow-up) 

2. To characterize excess heart age among young breast cancer survivors at two-year 

follow-up. 

a. What is the excess heart age among young breast cancer survivors at two-

year follow-up? 

b. What is the difference in excess heart age between young breast cancer 

survivors treated with anthracyclines and/or trastuzumab and young breast 

cancer survivors who did not receive treatment with anthracyclines or 

trastuzumab at two-year follow-up?  

 

Comparison of Time 1 and Time 2 

3. To examine differences in excess heart age among young breast cancer survivors 

from diagnosis to two-year follow-up. 

a. What is the difference in excess heart age from breast cancer diagnosis to 

two-year follow-up in the total sample? 

b. What is the difference in excess heart age from diagnosis to two-year 

follow-up among young breast cancer survivors treated with 

anthracyclines and/or trastuzumab? 

c. What is the difference in excess heart age from diagnosis to two-year 

follow-up among young breast cancer survivors who did not receive 

anthracyclines or trastuzumab? 
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4. To identify predictors of excess heart age among young breast cancer survivors. 

a. What are predictors of excess heart age at diagnosis?  

b. What are predictors of excess heart age at two-year follow-up? 

c. What are predictors of the difference in excess heart age at diagnosis and 

two-year follow-up? 

 

Exploratory Aim 

5. To explore characteristics of excess heart age within clusters of young breast 

cancer survivors.  

 

Design 

 This study used a retrospective, two-year longitudinal design. The investigator 

used electronic medical records to review records of breast cancer patients who were 

treated at UAB Hospital and examine excess heart age among young breast cancer 

survivors who were 30 to 44 years of age at diagnosis. Two time points were examined: 

diagnosis (Time 1) and two-year follow-up (Time 2). 

 

Access to Data 

Approval from the UAB Institutional Review Board was required to conduct this 

study. The data for this study include patient identifiers derived from electronic medical 

records at the UAB Hospital. The investigator submitted an expedited Human Subjects 

Protocol Form 200, review level 5. Prior to submitting the Human Subjects Protocol 

Form, the research underwent three levels of review: Department of Cardiology, 
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Comprehensive Cancer Center, and School of Nursing. First, the investigator sought 

review from the Department of Cardiology and received approval from the Kirklin 

Institute for Research in Surgical Outcomes.  

Next, the Comprehensive Cancer Center review board required a review process 

that includes: 1) UAB Comprehensive Cancer Center, Cancer Control and Population 

Sciences, New Protocol Submission Form, 2) Institutional Review Board materials (i.e., 

Human Subjects Protocol, Waiver of Authorization and Informed Consent), and 3) 

Planned Enrollment Table form. The investigator scheduled time to present the proposed 

study to the Cancer Control and Population Sciences committee, a subcommittee of the 

Comprehensive Cancer Center. The committee reviewed and forwarded the protocol to 

the primary Comprehensive Cancer Center committee for final review and approval.  

After both the Department of Cardiology and Comprehensive Cancer Center 

reviewed and approved the protocol, the forms were forwarded to the School of Nursing 

for review. The investigator submitted the Protocol Oversight Review Form required for 

PhD students to the committee chair, program coordinator, and senior associate dean for 

academic affairs. Approvals from all three departments were sent to the UAB 

Institutional Review Board for final review. Since this study does not directly interact 

with patients and utilizes previously collected data, this study did not require an informed 

consent. The investigator submitted a waiver for authorization and informed consent. 

This study received expedited approval from the UAB Institutional Review Board 

(Protocol IRB-170328008). See Appendix B. 

To access UAB data, the investigator: 1) was listed as an investigator on the 

dissertation’s Institutional Review Board protocol, 2) obtained a UAB-MC account, 3) 
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installed Impact software on a UAB-secured computer, 4) installed RSA Token App on 

mobile device, and 5) attended Impact software training. To gain access to the specific 

data for the dissertation, the investigator obtained approval from the UAB Institutional 

Review Board. 

 

Sampling 

The study sample included records of women who were diagnosed with breast 

cancer between January 1, 2012, and December 31, 2015. The inclusion criteria for the 

study sample were: 1) female diagnosed with Stage I-III breast cancer between January 1, 

2012, and December 31, 2015, 2) diagnosed between 30 to 44 years of age, and 3) treated 

for breast cancer at UAB Health System.  

The exclusion criteria for the study sample included: 1) charted diagnosis of 

cardiovascular disease at time of breast cancer diagnosis, 2) diagnosis of stage 0 breast 

cancer, 3) diagnosis of Stage IV or metastatic breast cancer, 4) diagnosed with breast 

cancer outside of the time range (before January 1, 2012, or after December 31, 2015, 

and 5) potential out-migration (no record of treatment at UAB Health System). 

A consecutive sampling approach was used to select the study sample from the 

electronic medical records. This approach selected all participants who met the eligibility 

criteria over a time interval (Polit & Beck, 2017). For this study, all records of breast 

cancer survivors who met the inclusion and exclusion criteria were included in the 

sample. Given use of the consecutive sampling technique, a power calculation was not 

conducted.  
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Variables 

The variables collected included demographic variables, survivorship 

characteristics, and heart age variables. The data from two time points were described as 

Time 1 and Time 2. Time 1 was described as the visit closest to diagnosis. Time 2 was 

the two-year follow-up at an estimated 24 ± 6 months post diagnosis.  

 The demographic variables included gender, race, ethnicity, marital status, and 

employment. The survivorship variables included date of diagnosis (distinguished by 

affected breast), stage of initial diagnosis, type of breast cancer (ER, PR, HER2), genetics 

(BRCA1, BRCA2), first-degree family history of breast cancer or cardiovascular disease, 

cancer treatment types (chemotherapy, radiation, hormone therapy, and/or surgery), and 

cancer treatment data (e.g., dose, field, date initiated/completed).  

  The heart age variables include chronological age, systolic blood pressure, 

diabetes status, smoking status, antihypertensive medication use, and body mass index. 

The variables collected at each time point include: date of clinic visit, age at the time of 

visit, heart rate, blood pressure (systolic and diastolic), antihypertensive medication use 

(if yes, list type), body metrics (height, weight, and body mass index), smoking history 

(current, former, last date of smoking, or never), diabetes history (yes/no, Type I/II, 

medication), exercise (yes/no, type, duration, times per week), menopause status 

(premenopausal, postmenopausal, date of last menstrual period, or unknown), birth 

control (yes/no, type), other medication history, past medical history. Menopause was 

defined as not having a menstrual period for more than 12 months (The North American 

Menopause Society, 2017). At Time 2, the investigator recorded new medication and 

medical history since Time 1.  
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Data Abstraction 

The data derived from UAB Health System medical records through Tumor 

Registry data and electronic medical records. To access the data, the investigator 

collaborated with a UAB Health System Data Manager from the Informational 

Technology (IT) department to obtain Tumor Registry data. The Tumor Registry consists 

of patients who were diagnosed with cancer and includes limited treatment and diagnosis 

data. The investigator queried the Tumor Registry to select records of patients diagnosed 

with Stage I-III breast cancer between January 1, 2012, and December 31, 2015. The 

investigator then reviewed the electronic medical records for the selected sample and 

filtered the sample based on inclusion/exclusion criteria. The investigator used the data 

collection form to manually collect the data. Each medical record took approximately 30 

minutes to review, abstract data, and print on the form.  

The investigator obtained records of breast cancer patients who visited UAB 

Hospital at any time and were identified via the UAB Hospital Tumor Registry. The 

investigator first limited the records to patients diagnosed with Stage I through III breast 

cancer during 2012 through 2015. Further, the investigator filtered the records to identify 

breast cancer patients who were between the ages of 30 and 44 at the time of diagnosis. 

Then, the investigator reviewed the sample of records to identify breast cancer patients 

who were treated at UAB Hospital with records of before and after breast cancer 

treatment. The first breast cancer-related visit was defined as “Time 1.” The investigator 

defined “Time 2” as the clinic visit documented approximately 24 months (± 6 months) 

from the corresponding diagnosis. The investigator confirmed that the subsequent record 

occurred after conclusion of primary breast cancer treatment (i.e., radiation, surgery, 
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chemotherapy). If a record had multiple visits during the two-year follow-up time frame, 

the investigator selected the record closest to the 24-month date. If there were two dates 

equally close to the 24-month follow-up, the investigator used the latter record.  

For data abstraction, the investigator created a data abstraction form to ensure 

consistent data collection. The data abstraction form was created based on the variables 

of interest. See Appendix C for Form 101: Data Collection Form. The form was reviewed 

by the dissertation committee. The investigator collected the data on the form manually. 

Once data collection was complete, the investigator entered the data from the data 

abstraction forms into an Excel file. The investigator entered the data two times on two 

separate dates to ensure accuracy. If there were discrepencies in the data, the investigator 

returned to the electronic medical records to confirm data. 

 

Sample Selection 

There were 1,857 records of breast cancer survivors diagnosed between January 

1, 2012, and December 31, 2015. The investigator restricted records to include breast 

cancer survivors diagnosed between the age of 30 and 44 years and excluded 1,544 

records to a remaining 313. Finally, inclusion of records diagnosed at Stage I, II, or III 

resulted in 186 electronic medical records, excluding 127 who were diagnosed at Stage 0 

or Stage IV.  

The investigator reviewed 186 records over three weeks over an approximate 95 

hours (~32 hours per week). Through the medical record review, the investigator 

identified 34 records that did not meet the inclusion and exclusion criteria for a final 

sample size of 152 records. For the purpose of this dissertation, the term “record” was 
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used to describe a breast cancer survivor, as this was a retrospective review of electronic 

medical records and breast cancer survivors were not directly involved. 

 

Data Analysis Plan 

The investigator worked with a methodologist and a statistician (dissertation 

committee members) to complete data cleaning and manage potential missing data. Prior 

to conducting the analysis of each aim, the investigator calculated heart age of the 

sample. To calculate heart age, the investigator first calculated the Framingham Risk 

Score based on chronological age, systolic blood pressure, antihypertensive medication 

use, diabetes status, smoking status, and body mass index. The Framingham Risk Score is 

an estimated probability of developing cardiovascular disease over the next 10 years. 

Heart age was interpreted based on the 10-year cardiovascular disease probability 

corresponding with that of another individual of the same gender with the same 

probability but with a low to normal risk factor profile (i.e., body mass index = 22.5, 

systolic blood pressure = 125 mmHg, no diabetes, no smoking in the last year, no 

hypertensive medication use). The equation to calculate the 10-year probability of 

developing a cardiovascular disease for women on antihypertensive medication is as 

follows:  

 

The equation to calculate the 10-year probability of developing a cardiovascular 

disease for women not on antihypertensive medication is as follows: 
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To determine the heart age, the results from the previous equations were placed 

into the following equation (in “CVDRisk”): 

 

 Once the heart age was calculated, the excess heart age variable was created by 

subtracting the chronological age from the heart age (D’Agostino et al., 2008). 

 

Statistical Analysis Plan 

Preliminary Statistics 

Excess heart age was calculated for the entire sample by subtracting chronological 

age from heart age. Records were categorized into Group A/T (received anthracyclines 

and/or trastuzumab) and Group No-A/T (did not receive anthracyclines or trastuzumab). 

Parametric assumptions were tested. The investigator assessed for normality via Shapiro-

Wilk’s test and homogeneity of variance via Levene’s test for quantitative variables.  

The investigator assessed relationships (e.g., positive, negative, or none) between 

variables using Pearson’s and Spearman’s Rho correlations techniques and examined the 

correlation coefficient and p-values between Time 1 variables, Time 2 variables, and 

cross-correlations of Time 1 x Time 2 variables. For categorical variables, relationships 

were assessed using chi-squared test of independence (categories > 5) or Fisher’s exact 

test (categories ≤ 5) when appropriate.  

The investigator conducted descriptive statistics for the entire sample, and 

compared differences between Group A/T and Group No-A/T characteristics using chi-

squared test of independence or Fisher’s exact test for categorical variables and t-tests 
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and Mann-Whitney tests for quantitative variables. In addition, Time 1 and Time 2 were 

compared between-groups (at each time point), and within-group (from Time 1 to Time 2 

in Group A/T and Group No-A/T separately).  

 

Analyses Related to Specific Aims and Research Questions 

Specific Aim 1. To characterize excess heart age among young breast cancer 

survivors at diagnosis. Specific Aim 2. To characterize excess heart age among young 

breast cancer survivors at two-year follow-up. For Specific Aims 1 and 2 and their 

corresponding questions, the investigator examined excess heart age at diagnosis and 

two-year follow-up, respectively. The investigator conducted descriptive statistics 

including means, range, and standard deviations for quantitative variables, and 

frequencies and percent for categorical variables. The investigator also used frequency 

distributions to organize the numerical data to seek the distribution using histograms and 

understand the variability in the excess heart age.  

Research Question 1A. What is the excess heart age among young breast cancer 

survivors at diagnosis? Research Question 2A. What is the excess heart age among 

young breast cancer survivors at two-year follow-up? The investigator conducted 

descriptive statistics to examine excess heart age for the overall sample for Research 

Question 1A and 2A at diagnosis and two-year follow-up, respectively.  

Research Question 1B. What is the difference in excess heart age between young 

breast cancer survivors treated with anthracyclines and/or trastuzumab and young breast 

cancer survivors who did not receive treatment with anthracyclines or trastuzumab at 

diagnosis? Research Question 2B. What is the difference in excess heart age between 



 

 55 

young breast cancer survivors treated with anthracyclines and/or trastuzumab and young 

breast cancer survivors who did not receive treatment with anthracyclines or 

trastuzumab at two-year follow-up?  Research Questions 1B and 2B examined group 

differences by comparing the excess heart age between Group A/T and Group No-A/T. 

The investigator assessed assumptions (i.e., normality and homogeneity of variance) to 

determine appropriate tests. Appropriate tests were reported; however, the investigator 

conducted both parametric and nonparametric tests to ensure accurate estimates of p-

values.  

In addition to p-values resulting from the tests, the investigator assessed effect 

sizes. Cohen’s d and Cramer’s v determined effect size. The investigator used Cohen’s 

recommendations of small ~0.2, medium ~0.5, and large ~0.8 effect sizes (Cohen, 1988).  

Finally, the investigator used multiple testing to adjust p-values for significance with 

false discovery rate tests. The letter “e” was used to describe effect sizes using 

appropriate tests (Cohen’s d for quantitative variables and Cramer’s v for categorical 

variables).  

Specific Aim 3. To examine differences in excess heart age among young breast 

cancer survivors from diagnosis to two-year follow-up. Research Question 3A. What is 

the difference in excess heart age from breast cancer diagnosis to two-year follow-up in 

the total sample? Research Question 3B. What is the difference in excess heart age from 

breast cancer diagnosis to two-year follow-up among young breast cancer survivors 

treated with anthracyclines and/or trastuzumab? Research Question 3C. What is the 

difference in excess heart age from breast cancer diagnosis to two-year follow-up among 

young breast cancer survivors who did not receive anthracyclines or trastuzumab? For 
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Research Questions 3A, 3B, and 3C, the investigator conducted two sample t-tests and 

nonparametric Mann-Whitney tests examining within-group differences for the overall 

sample, Group No-A/T, and Group A/T, respectively. The investigator reported p-values 

and effect sizes and used multiple testing to adjust p-values.   

Specific Aim 4. To identify predictors of excess heart age among young breast 

cancer survivors. Research Question 4A. What are predictors of excess heart age at 

diagnosis? Research Question 4B. What are predictors of excess heart age at two-year 

follow-up? Research Question 4C. What are predictors of the difference between excess 

heart age at diagnosis and two-year follow-up?  In preparation for Research Questions 

4A, 4B, and 4C, the investigator reviewed associations between all variables. Further, the 

investigator conducted univariate analysis for all variables to predict: 1) excess heart age 

at Time 1, 2) excess heart age at Time 2, and 3) the difference between excess heart age 

from Time 1 to Time 2. Preliminary univariate regression models for the variables 

determined their correlation with the outcome and determined positive and negative 

relationships of the variables with the outcome. The investigator set alpha at 0.2, and all 

variables that had a p ≤ 0.2 when tested in the univariate model were used in the 

multivariable linear regression model. 

The investigator conducted three multivariable linear regression models. In the 

linear regression models, the outcomes were: 1) excess heart age at Time 1, 2) excess 

heart age at Time 2, and 3) the difference between excess heart age from Time 1 to Time 

2. The model examined the effects of selected variables based on the univariate analyses, 

correlations, and clinical relevance of each model. If two variables were highly 

correlated, the investigator determined which of the highly correlated variables was more 
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appropriate to place in the model. In addition to these variables, stage of breast cancer 

and Group A/T (yes/no) were forced into the model: Group A/T was the primary 

predictor, and stage was included in order to adjust for differences in severity of breast 

cancer. Further, heart age variables were grouped together (i.e., age, systolic blood 

pressure, anti-hypertensive medication use, body mass index, diabetes status, smoking 

status) and kept in the model. 

In order to determine which potential model was the best fit, the investigator 

conducted multiple models based on the potential variables, and compared model fit 

using coefficient of determination (r2). The closer the r2 is to 1, the better the model fits 

the data..  

Specific Aim 5. To explore characteristics of excess heart age within clusters of 

young breast cancer survivors. The investigator used exploratory analysis to explore 

characteristics of excess heart age among young breast cancer survivors. Specifically, the 

investigator employed cluster analyses to group clusters of records based on similar 

quantitative variables (e.g., excess heart age, body mass index). The investigator used k-

means cluster analysis techniques. First, the data were plotted on a graph based on the 

similar quantitative variables. Then, the elbow technique determined the appropriate 

number of clusters based on the “elbow” of the graph. Once the appropriate number of 

clusters was determined, the investigator examined the excess heart age, demographic 

data, and breast cancer treatment characteristics of each cluster.  
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Validity 

This quantitative study attempted to ensure rigor and credibility of findings via 

the following strategies. First, the investigator attempted to identify the appropriate 

measurements of identified constructs (such as cardiovascular disease). A review of 

literature described in Chapter 2 identified common operational definitions of 

cardiovascular disease risk. Excess heart age was selected to operationalize 

cardiovascular disease risk in this proposed study. Application of heart age and the 

Framingham Risk Score provided a unique perspective to understanding cardiovascular 

disease risk among young breast cancer survivors. 

 Second, the investigator attempted to increase external validity by excluding 

Stages 0 and IV breast cancer survivors. Stage 0 breast cancer survivors are not likely to 

receive systemic cancer treatment and may skew the results of the study. As mentioned in 

Chapter 2, the survival rate for Stage IV breast cancer was significantly lower than for 

Stage I, II, or III breast cancer. Thus, excluding Stage IV increased generalizability to 

breast cancer survivors, as Stage IV survivors are more likely to die of breast cancer-

related causes. Further, the investigator carefully generated inferences from the study 

results to ensure that the data were not inaccurately generalized.  

 Finally, the investigator attempted to ensure precision of results. The investigator 

worked closely with a methodologist and statistician to ensure that adequate methods and 

statistical analysis techniques were appropriately used and findings were appropriately 

interpreted. The investigator worked closely with the content experts to ensure that 

statistically significant results were clinically relevant. Further, to strengthen the results, 

effect sizes in addition to p-values were reported. P-values were adjusted for multiple 
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comparisons using the false discovery rate in order to strengthen the results and 

interpretation. Because healthcare professionals input data, the electronic medical records 

are subject to human error.  

 

Ethical Considerations 

According to the Belmont Report, a basic ethical principle is respect for persons 

(U.S. Department of Health & Human Service, 1979). Although participants did not 

provide consent to participate in the research process, respect for persons is important and 

was implemented by protecting participant privacy and confidentiality. The investigator 

attempted to protect patient privacy and confidentiality.  

The investigator took multiple steps to protect from breaches in privacy and 

confidentiality. Once all necessary data were collected, personal identifiers were removed 

and destroyed from the dataset, and future analyses cannot link back to the participants. 

Data remained confidential. Data were stored on a password-protected, encrypted, UAB-

secured computer. Further, the study has approval from the University of Alabama at 

Birmingham Institutional Review Board. At the completion of the study, all data will be 

destroyed.  

 

Summary 

 This study aimed to explore excess heart age among young breast cancer 

survivors and compared excess heart age between survivors treated with anthracyclines 

and/or trastuzumab and survivors who did not receive anthracyclines or trastuzumab. By 

researching this issue, this study provided a better understanding of cardiovascular 
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disease risk among breast cancer survivors. Chapter 4 will describe the results of the 

dissertation. 
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CHAPTER FOUR 

RESULTS 

This chapter describes the results of the dissertation study. There were 1,857 

records of breast cancer survivors treated between January 1, 2012, and December 31, 

2015. Among records of breast cancer survivors treated at UAB Hospital, 152 met the 

inclusion and exclusion criteria. Time 1 was the breast cancer diagnosis, and the two-year 

follow-up was referred to as Time 2. 

 

Description of the Sample 

Table 2 describes the sample characteristics. The mean age at diagnosis was 39.1 

± 3.7 years. Of these records, 73% were Non-Hispanic White, 21.1% were Non-Hispanic 

Black, and 5.9% were other race/ethnicity. Most were married (73.7%) and employed 

(71.7%).   

The majority of the sample had diagnoses of Stage I (41%) or Stage II (41%) 

breast cancer, with only 17% Stage III. Of the entire sample, 83% received 

chemotherapy, 75.7% had a mastectomy and 23% had a lumpectomy, 65% received 

radiation, and 68.4% received hormone therapy.  

The 95 records of breast cancer survivors who received anthracyclines and/or 

trastuzumab were categorized to “Group A/T.” The remaining 57 records consisted of 
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breast cancer survivors who did not receive anthracyclines or trastuzumab but were also 

treated at UAB Hospital. This group was categorized as “Group No-A/T.” 

 

Table 2 

Sample Characteristics (N = 152) 

Variable Total Sample 
(N = 152) 

Group A/T 
(n = 95) 

Group No-A/T 
(n = 57) p fdr e 

Age at diagnosis 
 

39.1 ± 3.7 years  
(range 30-44) 

38.4 ± 4 years  
(range 30-44) 

40.3 ± 3 years 
(range 33-44) 

<.01 <.01 
 

.53 

Race 
  NH White 
  NH Black 
  Other 

 
111 (73%) 
32 (21.1%) 
9 (5.9%) 

 
71 (74.7%) 
19 (20%) 
5 (5.3%) 

 
40 (70.2%) 
13 (22.8%) 
4 (7.1%) 

.80 .84 .05 

Marital Status 
  Single 
  Married 
  Divorced/Widowed 

 
29 (19.1%) 
112 (73.7%) 
11 (7.2%) 

 
16 (16.8%) 
71 (74.7%) 
8 (8.5%) 

 
13 (22.8%) 
41 (71.9%) 
3 (5.3%) 

.59 .67 .09 

Employment 
  Employed 
  Unemployed/Homemaker 
  Disabled/Retired   
  Missing 

 
109 (71.7%) 
33 (21.6%) 
7 (4.6%) 
3 (2%) 

 
70 (73.7%) 
21 (22.1%) 
3 (3.2%) 
1 (1%) 

 
39 (68.4%) 
12 (21.1%) 

4 (7%) 
2 (3.5%) 

.60 .67 .09 

Stage 
  I 
  II 
  III 

 
63 (41%) 
63 (41%) 
26 (17%) 

 
27 (28.4%) 
43 (45.3%) 
25 (26.3%) 

 
36 (63.2%) 
20 (35.1%) 
1 (1.8%) 

<.01 
 

<.01 
 

.40 
 

Breast Cancer Type 
  ER+ 
  PR+ 
  HER2+ 
  ER-/PR-/HER2- 

 
108 (71%) 
101 (66%) 
37 (24%) 
29 (19%) 

 
58 (61.1%) 
51 (53.7%) 
35 (36.8%) 
23 (24.2%) 

 
50 (87.7%) 
50 (87.7%) 
2 (3.5%) 

6 (10.5%) 

 
<.01 
<.01 
<.01 
.04 

 
<.01 
<.01 
<.01 
.08 

 
.27 
.33 
.36 
.17 

Treatment 
  Chemotherapy 
    Anthracyclines 
    Trastuzumab 
  Mastectomy 
    Reconstruction 
  Lumpectomy 
  Radiation 
  Hormone Therapy 

 
126 (83%) 
65 (42.8%) 
40 (26.3%) 
115 (75.7%) 
100 (65.8%) 

35 (23%) 
99 (65%) 

104 (68.4%) 

 
95 (100%) 
65 (68.4%) 
40 (42.1%) 
76 (80%) 

66 (69.5%) 
17 (17.9%) 
67 (70.5%) 
56 (58.9%) 

 
32 (56.1%) 
0 (0.0%) 
0 (0.0%) 

39 (68.4%) 
34 (59.6%) 
18 (31.6%) 
32 (56.1%) 
48 (84.2%) 

 
<.01 

 
 

.08 

.22 

.05 

.07 
<.01 

 

 
<.01 

 
 

.13 

.30 

.05 

.12 
<.01 

 
.57 

 
 

.11 

.15 

.16 

.15 

.26 

Genetic Testing 
  BRCA1 positive 
  BRCA2 positive 

 
8 (5.3%) 
7 (4.6%) 

 
5 (5.3%) 
7 (4.6%) 

 
3 (5.3%) 
0 (0.0%) 

 
.99 
.04 

 
.99 
.08 

 
.00 
.18 

First Degree 
Family History 
  Breast cancer 
  Cardiovascular disease 

 
 

21 (13.8%) 
25 (16.4%) 

 
 

11 (11.6%) 
12 (12.6%) 

 
 

10 (17.5%) 
13 (22.8%) 

 
 

.30 

.10 

 
 

.38 

.15 

 
 

.08 

.13 

*Bold indicative of significance set at 0.05.  
*e = effect size, Cohen’s D or Cramer’s V where appropriate 
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Group A/T and Group No-A/T Comparison 

The records in Group A/T were younger than those in Group No-A/T (38.4 years 

vs. 40.3 years, p < .01, e = .53). There were no differences in race, marital status, or 

employment status (all p ≥ .05). Group A/T had a higher proportion of Stage III diagnoses 

(26.3% vs. 10.5%, p = .04, e = .40). Records of Group A/T were more likely to have 

triple negative breast cancer (p = .04) and HER2+ (p < .01), while those in Group No-

A/T were more likely to have ER+ or PR+ breast cancer (p < .01). In regards to cancer 

treatment, Group A/T had higher proportions of records who received chemotherapy 

(100% vs. 56.1%, p < .01, e = .57) and fewer who received hormone therapy (58.9% vs. 

84.2%, p < .01, e = .26). There were no significant differences in receipt of mastectomy, 

reconstruction, lumpectomy, and/or radiation (p ≥ .05). Adjusting for p-values using false 

discovery rate (fdr) did not change statistical significance for any comparison between 

Group A/T and Group No-A/T except for lumpectomy, which changed from > .05 to 

< .05.  

Most of the records showed a history of genetic testing (n = 137, 90%). There was 

no difference in BRCA1 mutations (p = .99) between the groups; however, Group No-

A/T had more records with BRCA2 mutations (4.6% vs. 0%, p < .01, e = .18). Although 

not statistically significant, there was a higher proportion of first-degree family history of 

breast cancer (17.5% vs. 11.6%, p = .38, e = .08) and cardiovascular disease (22.8% vs. 

12.6%, p = .10, e = .13) in Group No-A/T compared to Group A/T. 

After adjusting for p-values post false discovery tests, p-values < .05 remained 

significant except for triple negative breast cancer (ER-, PR-, HER2-) and BRCA2 

positive, in which values became not statistically significant (p ≥ .05). 



 

 64 

Heart Age Analysis 

The heart age of the overall sample was 43.6 years at Time 1 and 46.7 years at 

Time 2. Further, there was an average excess heart age of 4.2 ± 9.2 years at Time 1, 

which had a non-statistically significant increase to an average of 5.4  ± 10.4 years at 

Time 2 (p = .08, e = .12). 

 

Preliminary Analyses 

Assumptions 

Normality and homogeneity testing were conducted on 20 quantitative variables. 

Only heart rate at Time 1 met parametric assumptions. The remaining variables met 

assumptions for homogeneity of variance between Time 1 and Time 2, but variables were 

not normally distributed. Both parametric and nonparametric were conducted, and results 

of appropriate tests were reported. 

 

Associations of Quantitative Variables 

Table 3 examines the correlations among Time 1 variables, while Table 4 shows 

the correlations among Time 2 variables. Table 5 displays the cross relationships between 

Time 1 and Time 2 variables. Correlation coefficients and Spearman’s Rho tests were 

reported. 

Age at diagnosis was associated with systolic blood pressure at both Time 1 and 

Time 2. Specifically, older age at diagnosis was associated with an increase in systolic 

blood pressure (p < .01). In addition to being associated with systolic blood pressure, age 

at diagnosis was also associated with diastolic blood pressure and excess heart age at 
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Time 2. Stage of breast cancer was associated with heart rate and decrease in systolic 

blood pressure. Body mass index at Time 2 was associated with increase in heart rate and 

weight gain at Time 2. Additionally, excess heart age at Time 1 was associated with Time 

2 heart age variables (i.e., systolic blood pressure, weight, body mass index, and excess 

heart age at Time 2). Excess heart age was significantly associated with systolic and 

diastolic blood pressure and body mass index at both time points. 

 

Table 3 

Spearman’s Rho Correlation for Time 1 x Time 1 Variables 

Variable 
Time 1 

Age Stage Heart 
Rate 

SYS 
BP 

DIA 
BP Height Weight BMI Excess 

HA 

T
im

e 
1 

Age at 
DX 

<.01 0.21 0.89 <.01 0.19 0.65 0.33 0.32 0.1 
1 -0.1 -0.01 0.21 0.11 0.04 0.08 0.08 0.13 

Stage 
0.21 <.01 0.95 0.45 0.53 0.06 0.3 0.09 0.6 
-0.1 1 0.01 -0.06 -0.05 -0.15 0.08 0.14 -0.04 

Heart 
Rate 

0.89 0.95 <.01 0.36 0.36 0.47 0.33 0.25 0.73 
-0.01 0.01 1 0.07 0.07 0.06 0.08 0.09 0.03 

SYS 
BP 

<.01 0.45 0.36 <.01 <.01 0.55 0.26 0.2 <.01 
0.21 -0.06 0.07 1 0.72 -0.05 0.09 0.11 0.69 

DIA 
BP 

0.19 0.53 0.36 <.01 <.01 0.24 0.23 0.08 <.01 
0.11 -0.05 0.07 0.72 1 -0.1 0.1 0.14 0.51 

Height 
0.65 0.06 0.47 0.55 0.24 <.01 0.08 0.04 0.22 
0.04 -0.15 0.06 -0.05 -0.1 1 0.14 -0.16 -0.1 

Weight 
0.33 0.3 0.33 0.26 0.23 0.08 <.01 <.01 <.01 
0.08 0.08 0.08 0.09 0.1 0.14 1 0.92 0.32 

BMI 
0.32 0.09 0.25 0.2 0.08 0.04 <.01 <.01 <.01 
0.08 0.14 0.09 0.11 0.14 -0.16 0.92 1 0.34 

Excess 
HA 

0.1 0.6 0.73 <.01 <.01 0.22 <.01 <.01 <.01 
0.13 -0.04 0.03 0.69 0.51 -0.1 0.32 0.34 1 

*Upper is p-value; lower is correlation coefficient. 
Abbreviations: DX = diagnosis, SYS BP = systolic blood pressure, DIA BP = diastolic blood 
pressure, BMI = body mass index, HA = heart age 
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Table 4 
 
Spearman’s Rho Correlation for Time 2 x Time 2 Variables 
 

*Upper is p-value; lower is correlation coefficient. 
Abbreviations: SYS BP = systolic blood pressure, DIA BP = diastolic blood pressure, BMI = 
body mass index, HA = heart age 
 
 
  

Variable 
Time 2 

Age Heart 
Rate 

SYS 
BP 

DIA 
BP Height Weight Weight 

Gain BMI Excess 
HA 

T
im

e 
2  

Age 
<.01 0.33 <.01 0.05 14 0.3 0.75 0.24 <.01 

1 0.08 0.23 0.16 0 0.08 -0.03 0.1 0.22 

Heart 
Rate 

0.33 <.01 0.73 0.79 0.27 0.13 0.78 0.03 0.06 
0.08 1 0.03 0.02 -0.09 0.12 0.02 0.17 0.15 

SYS 
BP 

<.01 0.73 <.01 <.01 0.24 0.13 0.42 0.35 <.01 
0.23 0.03 1 0.74 0.1 0.12 0.07 0.08 0.74 

DIA 
BP 

0.05 0.79 <.01 <.01 0.6 0.14 0.04 0.22 <.01 
0.16 0.02 0.74 1 -0.04 0.12 0.16 0.1 0.61 

Height 
1 0.27 0.24 0.6 <.01 0.07 0.8 0.04 0.47 
0 -0.09 0.1 -0.04 1 0.15 0.02 -0.17 -0.06 

Weight 
0.3 0.13 0.13 0.14 0.07 <.01 0.01 <.01 0.07 

0.08 0.12 0.12 0.12 0.15 1 0.21 0.24 0.15 

Weight 
Gain 

0.75 0.78 0.42 0.04 0.8 0.01 <.01 <.01 <.01 
-0.03 0.02 0.07 0.16 0.02 0.21 1 0.92 0.41 

BMI 
0.24 0.03 0.35 0.22 0.04 <.01 <.01 <.01 <.01 
0.1 0.17 0.08 0.1 -0.17 0.24 0.92 1 0.4 

Excess 
HA 

<.01 0.06 <.01 <.01 0.47 0.07 <.01 <.01 <.01 
0.22 0.15 0.74 0.61 -0.06 0.15 0.41 0.4 1 
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Table 5 
 
Spearman’s Rho Correlation for Time 1 x Time 2 Variables 
 

Variable 
Time 2 

Heart 
Rate SYS BP DIA BP Height Weight Weight 

Gain BMI Excess 
HA 

T
im

e 
1  

Stage 
0.01 0.03 0.19 0.03 0.64 0.11 0.29 0.18 

0.2 -0.17 -0.11 -0.18 0.04 -0.13 0.09 -0.11 

Heart 
Rate 

<.01 0.95 0.35 0.35 0.19 0.2 0.12 0.98 

0.35 0 -0.08 0.08 0.11 0.11 0.13 0 

SYS 
BP 

0.42 <.01 <.01 0.4 0.41 0.53 0.2 <.01 
0.07 0.41 0.42 -0.07 0.07 -0.05 0.1 0.34 

DIA 
BP 

0.42 0.01 <.01 0.25 0.12 0.41 0.03 <.01 

0.07 0.23 0.3 -0.09 0.13 0.07 0.18 0.3 

Height 
0.31 0.19 0.5 <.01 0.2 0.85 0.03 0.52 

-0.08 0.11 -0.05 1 0.1 -0.02 -0.18 -0.05 

Weight 
0.11 0.26 0.39 0.03 <.01 0.16 <.01 <.01 

0.13 0.09 0.07 0.18 0.93 -0.11 0.84 0.35 

BMI 
0.03 0.71 0.68 0.08 <.01 0.49 <.01 <.01 

0.18 0.03 0.04 -0.14 0.88 -0.06 0.93 0.36 

Excess 
HA 

0.01 <.01 <.01 0.12 <.01 0.25 <.01 <.01 

0.2 0.29 0.3 -0.13 0.27 -0.09 0.3 0.57 
*Upper is p-value; lower is correlation coefficient. 
Abbreviations: SYS BP = systolic blood pressure, DIA BP = diastolic blood pressure, BMI = 
body mass index, HA = heart age 
 

 

Associations of Categorical Variables 

Table 6 demonstrates the associations among categorical variables. This table was 

used to identify relationships between variables prior to creating a multivariable model.  
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Table 6 
 
Associations of Categorical Variables 
 

Note. P-values in bold indicative of significance at .05. Abbreviations: Mar = marital, Emp = employment, Lt. = left, Rt. = Right, Chem = chemotherapy, Chem-A= anthracyclines, Chem-T = trastuzumab, Chem-C = cyclophosphamide, Mast = 
mastectomy, Lump = lumpectomy, Rad = radiation, HT = hormone therapy, BC FHx = first-degree breast cancer family history, CVD FHx = first-degree cardiovascular disease family history, Meno Δ = menopause change.

  Race Mar Emp Stage Side Lt. 
Side 

Rt. 
Side ER+ PR+ HER

2+ Chem Chem-
A 

Chem-
T 

Chem-
C Mast Lump Rad HT BRC

A1 
BRC
A2 

BC 
FHx 

CVD 
Fhx 

Meno 
Δ 

Race <.01 <.01 0.18 0.1 0.82 0.68 0.6 0.07 0.1 0.84 1 0.96 0.64 0.26 0.02 <.01 0.06 0.04 0.18 0.31 0.71 0.5 0.13 

Mar <.01 <.01 0.19 0.1 0.38 0.33 0.46 0.29 0.73 0.61 0.64 0.72 0.39 0.61 0.85 0.79 0.43 0.35 1 0.23 0.36 0.15 0.28 

Emp 0.18 0.19 <.01 0.11 0.81 0.57 0.72 0.09 0.29 0.34 0.29 1 0.28 0.73 0.23 0.15 0.66 0.32 0.18 0.74 0.17 0.35 0.19 

Stage 0.1 0.1 0.11 <.01 0.02 0.02 0.03 1 1 0.25 <.01 <.01 0.02 0.12 0.59 0.58 <.01 0.97 0.45 0.87 0.49 0.38 0.05 

Side 0.82 0.38 0.81 0.02 <.01 <.01 <.01 0.68 0.5 0.26 0.77 0.87 0.49 0.82 0.69 0.67 0.21 0.82 0.08 1 1 0.01 0.2 

Lt. Side 0.68 0.33 0.57 0.02 <.01 <.01 <.01 0.72 0.49 0.13 0.83 0.74 0.36 1 0.57 0.56 1 0.73 0.28 1 1 0.01 0.2 

Rt. Side 0.6 0.46 0.72 0.03 <.01 <.01 <.01 0.86 0.5 0.19 0.66 0.75 0.46 1 0.45 0.44 0.87 0.86 0.72 1 1 0.03 0.14 

ER+ 0.07 0.29 0.09 1 0.68 0.72 0.86 <.01 <.01 0.21 <.01 0.03 0.22 0.85 0.84 1 0.71 <.01 <.01 1 0.19 1 0.07 

PR+ 0.1 0.73 0.29 1 0.5 0.49 0.5 <.01 <.01 0.07 <.01 <.01 0.08 0.72 0.42 0.54 0.37 <.01 0.02 1 0.63 1 0.03 

HER2 0.84 0.61 0.34 0.25 0.26 0.13 0.19 0.21 0.07 <.01 0.04 <.01 <.01 <.01 0.83 0.37 0.55 0.22 0.11 1 0.41 0.8 0.52 

Chem 1 0.64 0.29 <.01 0.77 0.83 0.66 <.01 <.01 0.04 <.01 <.01 <.01 <.01 0.62 0.6 <.01 0.02 0.35 0.6 1 0.57 0.62 

Chem-A 0.96 0.72 1 <.01 0.87 0.74 0.75 0.03 <.01 <.01 <.01 <.01 0.01 <.01 0.09 0.17 0.06 0.03 0.72 0.13 0.48 0.83 0.46 

Chem-T 0.64 0.39 0.28 0.02 0.49 0.36 0.46 0.22 0.08 <.01 <.01 0.01 <.01 <.01 0.83 0.39 0.57 0.23 0.44 1 0.59 0.32 0.68 

Chem-C 0.26 0.61 0.73 0.12 0.82 1 1 0.85 0.72 <.01 <.01 <.01 <.01 <.01 0.43 0.32 0.48 1 0.26 0.42 0.62 0.82 0.05 

Mast 0.02 0.85 0.23 0.59 0.69 0.57 0.45 0.84 0.42 0.83 0.62 0.09 0.83 0.43 <.01 <.01 <.01 0.84 0.2 1 0.29 0.8 0.13 

Lump <.01 0.79 0.15 0.58 0.67 0.56 0.44 1 0.54 0.37 0.6 0.17 0.39 0.32 <.01 <.01 <.01 1 0.2 0.2 0.58 0.8 0.08 

Rad 0.06 0.43 0.66 <.01 0.21 1 0.87 0.71 0.37 0.55 <.01 0.06 0.57 0.48 <.01 <.01 <.01 0.86 0.13 0.24 0.81 0.36 0.25 

HT 0.04 0.35 0.32 0.97 0.82 0.73 0.86 <.01 <.01 0.22 0.02 0.03 0.23 1 0.84 1 0.86 <.01 0.02 0.68 0.31 1 0.03 

BRCA1 0.18 1 0.18 0.45 0.08 0.28 0.72 <.01 0.02 0.11 0.35 0.72 0.44 0.26 0.2 0.2 0.13 0.02 <.01  1 <.01 0.35 0.41 

BRCA2 0.31 0.23 0.74 0.87 1 1 1 1 1 1 0.6 0.13 1 0.42 1 0.2 0.24 0.68  1 <.01 <.01 0.35 0.37 

BC FHx 0.71 0.36 0.17 0.49 1 1 1 0.19 0.63 0.41 1 0.48 0.59 0.62 0.29 0.58 0.81 0.31 <.01 <.01 <.01 0.34 0.59 

CVD 
FHx 0.5 0.15 0.35 0.38 0.01 0.01 0.03 1 1 0.8 0.57 0.83 0.32 0.82 0.8 0.8 0.36  .03 0.35 0.35 0.34 <.01 0.8 

Meno Δ 0.13 0.28 0.19 0.05 0.2 0.2 0.14 0.07 0.03 0.52 0.62 0.46 0.68 0.05 0.13 0.08 0.25 0.03 0.41 0.37 0.59 0.8 <.01 
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Time 1 to Time 2 Comparisons 

Table 7 demonstrates within-group differences. Heart rate, blood pressure 

(systolic and diastolic), smoking rates, and diabetes rates did not have a statistically 

significant change from Time 1 to Time 2 (all p ≥ .05) for the total sample, Group A/T, or 

Group No-A/T. Although blood pressure was similar, rates of blood pressure medication 

use increased significantly for both Group A/T (9.5% to 20%, p < .01, e = .60) and Group 

No-A/T (17.5% to 29.8%, p = .02, e =.66).  

Both groups increased in weight from Time 1 to Time 2 (p <.01). Average body 

mass index remained within the overweight category (25 – 29 kg/m2) at both time points. 

However, there were statistically significant increases in body mass index among both 

groups, with 33.6% classified as obese (≥30 kg/m2) at Time 1 and 43.4% obese at Time 2.  

At Time 1, 86.2% of the overall sample were premenopausal. At Time 2, only 

59.2% were premenopausal. This difference was also statistically significant among 

records of both Group A/T and Group No-A/T (p < .01). In Group A/T, many of those 

who were using hormonal birth control at Time 1 were not at Time 2 (14.7% vs. 5.3%, p 

= .02, e = .37). Yet, in Group No-A/T, two records were using hormonal birth control at 

both time points. 

Overall, at each time point, no statistically significant between-group differences 

were found between Group A/T and Group No-A/T, except for percentage of records with 

a medication history of hormonal birth control at Time 1. Group A/T had higher rates of 

hormonal birth control use than Group No-A/T (14.7% vs. 3.5%, p = .05, e = .15) at Time 

1, but rates were similar at Time 2 (p = .71).   
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Table 7 
 
Within-Group Differences from Time 1 to Time 2 
 

Variable Total Sample (N = 152) p e Group A/T (n = 95) p e Group No-A/T (n = 57) p e 
Time 1 Time 2 Time 1 Time 2 Time 1 Time 2 

Excess Heart Age 
(years) 4.2 ± 9.2 5.4 ± 10.4 0.08 0.12 4.3 ± 9.6 4.4 ± 9.7 0.93 0.01 4 ± 8.6 7.1 ± 11.3 <.01 0.31 

Heart Rate 
(beats per minute) 84.1 ± 11.9 81.8 ± 14.4 0.07 0.17 84.7 ± 12.4 81.8 ± 14.1 0.07 0.22 83 ± 11.1 81.8 ± 15 0.58 0.08 

Blood Pressure (mmHg)                       
  Systolic 124.1 ± 15.5 125 ± 15.6 0.56 0.05 123.3 ± 15.9 123.3 ± 14.3 0.98 0 125.6 ± 14.8 127.7 ± 17.4 0.33 0.13 
  Diastolic 80.6 ± 9.9 80.5 ± 10.8 0.92 0.01 79.6 ± 10.1 79.6 ± 10.1 0.74 0 82.1 ± 9.6 81.9 ± 11.9 0.89 0.02 

BP Medication 19 (12.5%) 36 (23.7%) <.01 0.66 9 (9.5%) 19 (20%) <.01 0.60 10 (17.5%) 17 (29.8%) 0.02 0.66 

Height (inches) 64.9 ± 2.7 64.9 ± 2.7 1 0 64.8 ± 2.8) 64.8 ± 2.8 1 0 65 ± 2.8) 65 ±  2.8 1 0 
Weight (lbs) 166 ± 41.5 173.2 ± 39.6 <.01 0.16 165.9 ± 40.1 171.3 ± 38.6 <.01 0.14 167.8 ± 41.1 176.4 ± 41.3 <.01 0.21 
10% Weight Gain    33 (21.7%)       17 (17.9%)     16 (28.1%)     

BMI (kg/m2) 27.9 ± 6.8 29.1 ± 7 <.01 0.18 27.8 ± 6.9 29 ± 7.2 <.01 0.17 28 ± 6.6) 29.4 ± 6.6 <.01 0.22 

BMI Categories                         
  Underweight 5 (3.3%) 3 (2%)     4 (4.2%) 2 (2.1%)     1 (1.8%) 1 (1.8%)     
  Normal 48 (31.6%) 42 (27.6%)     33 (34.7%) 28 (29.5%)     15 (26.3%) 14 (24.6%)     
  Overweight  48 (31.6%) 41 (27%)     25 (26.3%) 23 (24.2%)     23 (40.4%) 18 (31.6%)     
  Obese 51 (33.6%) 66 (43.4%)     33 (34.7%) 42 (44.2%)     18 (31.6%) 24 (42.1%)     
Smoking     0.39 .06     0.39 .08     1 0 
  Current 16 (10.5%) 14 (9.2%)     13 (13.7%) 11 (11.6%)     3 (5.3%) 3 (5.3%)     
  Former 17 (11.2%) 19 (12.5%)     13 (13.7%) 15 (15.8%)     4 (7%) 4 (7%)     
  Never 119 (78.3%) 119 (78.3%)     69 (72.6%) 69 (72.6%)     50 (87.7%) 50 (87.7%)     

Diabetes 7 (4.6%) 10 (6.6%) 0.37 0.64 5 (5.3%) 5 (5.3%) 1 0 2 (3.5%) 5 (8.8%) 0.25 0.46 
Menopause     <.01 0.47     <.01 0.42     <.01 0.49 
  Pre 131 (86.2%) 90 (59.2%)     84 (88.4%) 57 (60%)     47 (82.5%) 33 (57.9%)     
  Post  21 (13.8%) 61 (40.1%)     11 (11.6%) 37 (39%)     10 (17.5%) 24 (42.1%)     
  Missing   1 (<1%)                     
Hormonal Birth 
Control 16 (10.5%) 7 (4.6%) 0.04 0.28 14 (14.7%) 5 (5.3%) 0.02 0.37 2 (3.5%) 2 (3.5%) 1 0 

*Bold indicative of significance set at 0.05. 
BMI = body mass index 
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Results Related to Specific Aims and Research Questions 

Specific Aim 1 

The first specific aim was to characterize excess heart age among young breast 

cancer survivors at diagnosis, which consisted of two parts. The first part was to evaluate 

whether there was a difference in excess heart age among the records of young breast 

cancer survivors at diagnosis. Results showed that at Time 1, the overall sample had a 

mean excess heart age of 4.2 ± 9.2 years (range -8 to 40).  

The second part of this specific aim was to compare excess heart age at diagnosis 

between Group A/T and Group No-A/T. The results showed that Group A/T had a mean 

excess heart age of 4.3 ± 9.6 years (range -8 to 40) and Group No-A/T had a mean excess 

heart age of 4 ± 8.6 years (range -8 to 36) at diagnosis. There was no statistically 

significant between-group difference and very small effect size (p = .85, e = .03).   

 

Specific Aim 2 

The second specific aim was to characterize excess heart age among young breast 

cancer survivors at two-year follow-up. The first part of this aim was to examine the 

excess heart age among young breast cancer survivors at two-year follow-up. The results 

showed that at Time 2, the overall sample had a mean excess heart age of 5.4 ± 10.4 years 

(range -9 to 43).  

The second part of this aim was to compare excess heart age between Group A/T 

and Group No-A/T at two-year follow-up. At Time 2, the results showed the mean excess 

heart age of Group A/T was 4.4 ± 9.7 years (range -9 to 38), and the mean excess heart 
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age of Group No-A/T was 7.1 ± 11.3 years (range -9 to 43). The difference was 

statistically insignificant with a small effect size (p = .13, e = .27).  

 

Specific Aim 3 

 The third specific aim was to examine within-group differences in excess heart 

age among young breast cancer survivors from diagnosis to two-year follow-up. Table 7 

describes the within-group difference from Time 1 to Time 2, by total sample, Group A/T, 

and Group No-A/T. This specific aim has three parts. The first part of this aim was to 

evaluate the difference in excess heart age from diagnosis to two-year follow-up in the 

total sample. From Time 1 to Time 2, the overall sample had a non-statistically significant 

increase in excess heart age of 1.2 ± 8.4 years (p = .08, e = .12).  

The second part of this specific aim was to examine the difference in excess heart 

age from diagnosis to two-year follow-up among records of Group A/T. From Time 1 to 

Time 2, the results showed that Group A/T had a 0.1 ± 8.3 years increase of excess heart 

age (p = .93, e = .01).  

The third part of this specific aim was to examine the difference in excess heart 

age from diagnosis to two-year follow-up among the records of Group No-A/T. From 

Time 1 to Time 2, the results showed Group No-A/T had an increase of excess heart age 

of 3.1 ± 8.2 years with a small to medium effect size (p < .01, e = .31).  
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Specific Aim 4 

The fourth specific aim of this study was to identify predictors of excess heart age 

among young breast cancer survivors. The results of multivariable models were reported 

based on stepwise selection using univariate analyses ≤ .2. 

The first part of Specific Aim 4 was to identify predictors of excess heart age at 

Time 1. Univariate linear regression was conducted on 37 predictor variables. Based on 

associations and variables with p-values ≤ .2, the multivariable linear regression analyses 

included group, stage, Time 1 heart age variables (age, systolic blood pressure, 

antihypertensive medication use, smoking status, diabetes status, and body mass index), 

menopause (premenopausal/postmenopausal), mastectomy (yes/no), and lumpectomy 

(yes/no). The final multivariable model consisted of group, stage, and Time 1 heart age 

variables. The r2 was .9798. Stage of breast cancer was significant (p < .05); advancing 

stage was associated with higher excess heart age. Group A/T or No-A/T was statistically 

insignificant (p = .92). Heart age variables (except for age) were significant. See Table 8. 

Because stage was significant and correlated with treatment with anthracyclines and 

trastuzumab, variance inflation factor was checked to test for multicollinearity between 

stage and group to predict excess heart age. The variance inflation factor between stage 

and Group A/T was 1.19; therefore, the factor was low, and stage was left in the final 

model to predict excess heart age at Time 1.  
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Table 8 
 
Multivariable Linear Regression Model of Predicting Excess Heart Age at Breast Cancer  
 
Diagnosis  
 

Variable Estimate Standard 
Error p 

Group  -0.03 0.25 0.92 
Stage  0.32 0.16 0.05 

Time 1 – Age 0.01 0.02 0.64 

Time 1 – Systolic blood pressure 0.39 0.01 <.01 

Time 1 – Antihypertension medication 6.1 0.35 <.01 

Time 1 – Body mass index  0.29 0.02 <.01 

Time 1 – Smoking 10.96 0.29 <.01 

Time 1 – Diabetes  12.73 0.53 <.01 
*Bold indicative of significance at p-value <.05 

 

The second part of Specific Aim 4 was to identify predictors of excess heart age at 

Time 2. Univariate linear regression was conducted on 52 predictor variables (including 

Time 1 predictors). Variables found with p-values ≤ .2 included group status, Time 1 

heart age variables, Time 2 heart age variables, race (white/black/other), breast cancer 

side (left/right/both), ER+ status (yes/no), PR+ status (yes/no), HER2+ status (yes/no), 

hormone therapy (yes/no), menopause change (yes/no), and weight gain (yes/no).  

The final multivariable linear regression model to predict excess heart age at Time 

2 after stepwise elimination consisted of group, stage, Time 1 menopause status, Time 2 

heart age variables, hormone therapy, and menopause change. The r2 was .9803. See 

Table 9. Group A/T or No-A/T did not predict excess heart age at Time 2 (p = .38). Stage 

of breast cancer was also not a predictor (p = .97). All heart age variables predicted 

excess heart age at Time 2. Premenopausal status at diagnosis was associated with higher 

excess heart age at Time 2 (p =.04) compared to those who had already reached 

menopause at Time 1. Additionally, change in menopause status (from premenopausal at 
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diagnosis to menopausal at two-year follow-up) was a significant predictor of increased 

excess heart age. Finally, hormone therapy use was associated with higher excess heart 

age (p < .01).  

 

Table 9 
 
Multivariable Linear Regression Model of Predicting Excess Heart Age at Two-Year  
 
Follow-Up 
 

Variable Estimate Standard 
Error p 

Group  0.25 0.29 0.38 
Stage  0.01 0.19 0.97 
Time 1 Menopause -0.81 0.39 0.04 
Time 2 – Age  0.18 0.03 <.01 
Time 2 – Systolic blood pressure 0.39 0.01 <.01 
Time 2 – Antihypertension medication 6.32 0.3 <.01 
Time 2 – Body mass index  0.33 0.02 <.01 
Time 2 – Smoking 11.25 0.39 <.01 
Time 2 – Diabetes  15.87 0.49 <.01 
Hormone Therapy 0.83 0.28 <.01 
Menopause Change 0.77 0.28 <.01 

*Bold is indicative of significance at p-value <.05 
 

The third part of Specific Aim 4 was to identify predictors of the difference 

between Time 1 and Time 2 excess heart age. Univariate linear regression was conducted 

on 52 variables (including Time 1 predictors). Variables included in the multivariable 

analyses were group, Time 1 heart age variables, Time 2 heart age variables, race, breast 

cancer side, ER+ status, PR+ status, triple negative breast cancer status, hormone therapy, 

menopause change, weight gain, and breast cancer family history.  

 The final model consisted of group, stage, Time 1 heart age variables, Time 2 

heart age variables, PR+ status, hormone therapy, menopause change, and weight gain. 

The r2 was .9706. Group, stage of breast cancer, PR+ status, hormone therapy, and weight 
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gain were not statistically significant predictors (p ≥ .05). See Table 10. Statistically 

significant predictors included Time 1 and Time 2 heart age variables, and menopause 

change (p = .04).  

 

Table 10 

Multivariable Linear Regression Model of Predicting the Difference in Excess Heart Age 

at Breast Cancer Diagnosis and Two-Year Follow-Up 

 

Variable Estimate Standard 
Error p 

Group  0.002 0.3 0.99 
Stage  -0.13 0.19 0.49 
Time 1 – Age -0.06 0.03 0.03 
Time 1 – Systolic blood pressure -0.37 0.01 <.01 
Time 1 – Antihypertension medication -5.73 0.55 <.01 
Time 1 – Body mass index  -0.27 0.07 <.01 
Time 1 – Smoking -10.35 0.44 <.01 
Time 1 – Diabetes  -16.57 0.85 <.01 
Time 2 – Age  0.14 0.03 <.01 
Time 2 – Systolic blood pressure 0.39 0.01 <.01 
Time 2 – Antihypertension medication 5.65 0.4 <.01 
Time 2 – Body mass index  0.28 0.08 <.01 
Time 2 – Smoking 10.6 0.54 <.01 
Time 2 – Diabetes  18.2 0.75 <.01 
PR Positive 0.86 0.44 0.05 
Hormone Therapy -0.8 0.44 0.07 
Menopause Change 0.59 0.29 0.04 
Weight Gain 0.54 0.36 0.14 

*Bold is indicative of significance at p-value <.05 
 

Specific Aim 5 

The fifth specific aim was to use cluster analyses to explore characteristics of 

excess heart age of young breast cancer survivors. Three clusters were identified at Time 

1, and three clusters were identified separately at Time 2. Table 11 depicts the 

characteristics of clusters at each time point. 
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Table 11 
 
Description of Clusters  
 

Variable Time 1 

 

Time 2 
Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3 

Age at Diagnosis (years) 39.7 ± 3.8 38.8 ± 3.6 39 ± 3.8 39 ± 4 40.1 ± 3.1 38.7 ± 3.8 
Race       
  White/Caucasian 24 (77.4%) 25 (67.6%) 62 (73.8%) 43 (78.2%) 20 (69%) 48 (70.6%) 
  Black/African American 4 (12.9%) 8 (21.6%) 20 (23.8%) 8 (14.5%) 7 (24.1%) 17 (25%) 
  Other  3 (9.7%) 4 (10.8%) 2 (2.4%) 4 (7.3%) 2 (6.9%) 3 (4.4%) 
Stage at Diagnosis       
  I 15 (48.4%) 15 (40.5%) 33 (39.3%) 21 (28.2%) 8 (27.6%) 34 (50%) 
  II 12 (38.7%) 15 (40.5%) 36 (42.9%) 23 (41.8%) 15 (51.7%) 25 (36.8%) 
  III 4 (12.9) 7 (18.9%) 15 (17.9%) 11 (20%) 6 (20.7%) 9 (13.2%) 
Type of Breast Cancer       
  ER+ 20 (64.5%) 25 (67.6%) 63 (75%) 44 (80%) 16 (55.2%) 48 (70.6%) 
  PR+ 17 (54.8%) 25 (67.6%) 59 (70.2%) 44 (80%) 16 (55.2%) 41 (60.3%) 
  HER2+ 6 (19.4%) 4 (10.8%) 27 (32.1%) 16 (29.1%) 4 (13.8%) 17 (25%) 
  (ER-/PR-/HER2-) 8 (25.8%) 9 (24.3%) 12 (14.3%) 5 (9.1%) 10 (34.5%) 14 (20.6%) 
Cancer Treatment       
  Radiation  20 (64.5%) 25 (67.6%) 54 (64.3%) 40 (72.7%) 22 (75.9%) 37 (54.4%) 
  Surgery – Lumpectomy  6 (19.4%) 11 (29.7%) 18 (21.4%) 14 (25.5%) 9 (31%) 12 (17.6%) 
  Surgery – Mastectomy  25 (80.6%) 26 (70.3%) 64 (76.2%) 41 (74.5%) 20 (69%) 54 (79.4%) 
  Chemotherapy 26 (83.9%) 31 (83.8%) 70 (83.3%) 43 (78.2%) 26 (89.7%) 58 (85.3%) 
  Chemotherapy – A/T  22 (71%) 18 (48.6%) 55 (65.5%) 31 (56.4%) 19 (65.5%) 45 (66.2%) 
  Hormone Therapy 17 (54.8%) 25 (67.6%) 62 (73.8%) 43 (78.2%) 15 (51.7%) 46 (67.6%) 
Change in Menopause Status 9 (29%) 8 (21.6%) 23 (27.4%) 10 (18.2%) 8 (27.6%) 22 (32.4%) 
Heart Age Characteristics       
  Time 1 Body Mass Index (kg/m2) 29.7 ± 5.9 27.8 ± 6.3 27.2 ± 7.2 28 ±  6.6 28.9 ± 6.6 27.3 ± 7 
  Time 1 Heart Age (years) 45.9 ± 11.6 41.7 ± 8.2 43.7 ± 11.5 43.4 ± 10.1 44.2 ± 10.3 43.6 ± 11.8 
  Time 1 Excess Heart Age (years) 6.1 ± 11 2.8 ± 6.6 4.1 ± 9.3 4.3 ± 8.5 3.9 ± 9.6 4.2 ± 9.7 
  Time 2 Body Mass Index (kg/m2) 31.1 ± 6.4 29.2 ± 6.6 28.4 ± 7.4 29.6 ± 6.9 29.9 ± 6.4 28.5 ± 7.4 
  Time 2 Heart Age (years) 48.7 ± 13.9 45.4 ±  8.5 46.6 ± 13 46.9 ± 11.8 46.7 ± 8.2 46.6 ± 14 
  Time 2 Excess Heart Age (years)  6.1 ± 11 4.4 ± 7.2 5.6 ± 11.4 5.8 ± 10.1 4.6 ± 7.3 5.4 ± 11.7 
  Excess Heart Age Difference (years) 0 ± 11.7 1.7 ± 7.4 1.5 ± 7.3 1.5 ± 5.9 0.7 ± 9.5 1.2 ± 9.6 
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Time 1 clusters. Time 1 had three clusters based on selected Time 1 variables. 

Time 1 Cluster 1 comprised 31 records of young breast cancer survivors. The mean age 

was 39.7 ± 3.8 years. The average body mass index was 29.7  ± 5.9 years. The excess 

heart age was 6.1 years at Time 1 and Time 2, with no excess heart age change from time 

point to time point. Records indicated that 71% received anthracyclines and/or 

trastuzumab treatment.  

Time 1 Cluster 2 comprised 37 records of young breast cancer survivors. The 

mean age was 38.8 ± 3.6 years. The average body mass index was 27.8  ± 6.3 kg/m2. The 

excess heart age was 2.8 years at Time 1 and 4.4 years at Time 2, with an excess heart age 

difference of +1.6 years between time points. Records showed that 48.6% received 

anthracyclines and/or trastuzumab treatment. 

Time 1 Cluster 3 comprised 84 records of young breast cancer survivors. The 

mean age was 39  ± 3.8 years. The average body mass index was 27.2 ± 7.2 kg/m2. The 

excess heart age was 4.1 years at Time 1 and 5.6 years at Time 2, with an excess heart age 

difference of +1.5 years between time points. Records showed that 65.6% received 

anthracyclines and/or trastuzumab treatment. 

 

Time 2 clusters. Time 2 had three clusters based on selected Time 2 variables. 

Time 2 Cluster 1 comprised 55 records of young breast cancer survivors. The mean age at 

diagnosis was 39 ± 3.9 years. The average body mass index was 28 ± 6.6 kg/m2. The 

excess heart age was 4.3 years at Time 1 and 5.8 years at Time 2, with an excess heart age 

difference of +1.5 years between time points. Records documented that 56.4% received 

anthracyclines and/or trastuzumab treatment. 
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Time 2 Cluster 2 comprised 29 records of young breast cancer survivors. The 

mean age at diagnosis was 40.1 ± 3.1 years. The average body mass index was 28.9 ± 6.6 

years. The excess heart age was 3.9 years at Time 1 and 4.6 years at Time 2, with an 

excess heart age difference of +0.7 year between time points. Records showed that 65.5% 

received anthracyclines and/or trastuzumab treatment. 

Time 2 Cluster 3 comprised 68 records of young breast cancer survivors. The 

mean age at diagnosis was 38.7 ± 3.7 years. The average body mass index was 27.3 ± 7 

years. The excess heart age was 4.2 years at Time 1 and 5.4 years at Time 2, with an 

excess heart age difference of +1.2 years between time points. Records indicated that 

66.2% received anthracyclines and/or trastuzumab treatment. 

 

Summary 

Overall, young breast cancer survivors had an excess heart age of 4.2 years at 

diagnosis, which increased by 1.2 years at Time 2, although the increase was not 

statistically significant. Group A/T had an excess heart age of 4.3 years at diagnosis and 

similar excess heart age at two-year follow-up. Group No-A/T had an excess heart age of 

4 years at diagnosis and exhibited a statistically significant increase of 3.1 years excess 

heart age at two-year follow-up. There were no statistically significant between-group 

differences at Time 1 or Time 2. 

Multivariable linear regression identified factors that contribute to increase of 

excess heart age. At Time 1, stage was a predictor of increased excess heart age. 

Advancing age was associated with higher excess heart age at Time 1. At Time 2, 

hormone therapy and change in menopause status from premenopausal to 
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postmenopausal were predictors of excess heart age among young breast cancer 

survivors. Cluster analyses showed a distribution of excess heart age throughout clusters 

that were identified at Time 1 and Time 2. Percentage of breast cancer survivors receiving 

anthracyclines and/or trastuzumab varied across groups and characteristics were 

described. In summary, treatment with anthracyclines and/or trastuzumab did not 

influence excess heart age among this sample of young breast cancer survivors; however, 

hormone therapy and change in menopause status were significant predictors of increased 

excess heart age at two-year follow-up.  
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CHAPTER FIVE 

DISCUSSION 

This retrospective, two-year longitudinal study examined records of young breast 

cancer survivors for excess heart age at diagnosis and two-year follow-up and evaluated 

selected factors that contributed to increased excess heart age. To the investigator’s 

knowledge, this study is one of the first to report cardiovascular disease risk using heart 

age among young breast cancer survivors and sets the foundation for future research 

within this age group. A discussion of major findings is summarized in this chapter. 

Strengths and limitations of the study, implications for advancing knowledge and policy, 

and future directions for research in this area are also addressed. 

 

Summary of Major Findings 

Excess Heart Age Among Young Breast Cancer Survivors 

Overall sample. In this sample, records of young breast cancer survivors showed 

an average excess heart age of 4.2 years at diagnosis, which increased to 5.4 years at two-

year follow-up. Although this difference was not statistically significant, there was an 

increase of 1.2 years. Studies indicate that heart failure may occur many years after 

treatment completion (Appel et al., 2012; Feola et al., 2011; Qin et al., 2015; Rayson et 

al., 2012; Yood et al., 2012). A seminal study found that cardiovascular disease risk was 

highest at seven years post treatment (Bradshaw et al., 2016). Since heart age does not 
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include risk factors of cancer treatment, the risk of cardiovascular disease within heart 

age may obscure actual risk influenced by treatment, since treatment is not taken into 

account. Regardless, an increase of 1.2 excess heart age years within two years for the 

overall sample may be clinically significant.  

In comparison to cancer survivors from a representative sample in Alabama, the 

overall sample of young breast cancer survivors from this study had a similar body mass 

index (average of 28 kg/m2). Excess heart age among cancer survivors was 14 years, but 

the sample was older (mean age of 61), included all types of cancer survivors, and was 

not specific to breast cancer (Vo, Raju, Kenzik, Landier, Scarabelli, & Meneses, 2017). 

Lifestyle changes may be necessary to prevent a trend in increasing excess heart age for 

young breast cancer survivors. 

Group A/T. Group A/T had an average excess heart age of 4.3 years at diagnosis, 

which was slightly higher than the sample average. Notably, excess heart age did not 

increase at two-year follow-up. Prior research identified the risk of cardiovascular disease 

during treatment with anthracyclines and/or trastuzumab increased after one year post 

treatment completion (Appel et al., 2012; Bowles et al., 2012; Curigliano et al., 2012; 

Feola et al., 2011; Narayan et al., 2017; Qin et al., 2015; Rayson et al., 2012; Slamon et 

al., 2001; Yood et al., 2012). In examining the factors that comprise heart age, body mass 

index and blood pressure medication use had statistically significant increases. Yet, the 

culmination of factors calculated as heart age within Group A/T did not have a 

statistically significant increase from Time 1 to Time 2. While the overall excess heart 

age did not change, it is possible that damage to the heart was subclinical, as previous 
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research has demonstrated (Drafts et al., 2013), and the risk for cardiovascular disease 

could be much greater than excess heart age depicts.  

Group No-A/T. At diagnosis, Group No-A/T had a slightly lower excess heart 

age than the total sample and Group A/T with a total excess of four years. However, 

Group No-A/T had a significantly higher excess heart age than Group A/T at Time 2 and 

showed an increase of 3.1 years in excess heart age from Time 1 to Time 2. The excess 

heart age was significantly higher in Group No-A/T than Group A/T despite no 

significant between-group differences in clinical characteristics. Group No-A/T had 

slightly higher averages in blood pressure, body mass index, and percentage of blood 

pressure medication use. Although not statistically significant, the differences were 

relevant enough to make the calculated heart age score significantly higher.  

In comparison to Group A/T, records of Group No-A/T were older at diagnosis, 

had a higher percentage of hormone therapy use, and more ER+ and PR+ breast cancer 

types. The records of Group No-A/T were diagnosed with less advanced stages of breast 

cancer, with the majority diagnosed with Stage I (63%). Records of young breast cancer 

survivors who did not receive anthracyclines and/or trastuzumab within their cancer 

treatment regimen were more likely to be at higher risk for cardiovascular disease, as 

depicted by excess heart age. The between-group differences of excess heart age may not 

have been quite as large if heart age were able to capture treatment risk. Further 

exploration of excess heart age predictors was warranted, resulting in the identification of 

two significant predictors: hormone therapy and change in menopause status. 
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Impact of Hormone Therapy on Excess Heart Age 

Menopause status and its reduction in estrogen levels are associated with 

increased cardiovascular disease risk (Rosano, Vitale, Marazzi, & Volterrani, 2007). For 

postmenopausal women, exclusive of breast cancer diagnosis, hormone replacement 

therapy increases estrogen levels and has positive outcomes on cardiovascular disease 

risk (Mosca et al., 2001; Rosano et al., 2007). Estrogen is associated with increases in 

high-density lipoprotein cholesterol, decreases in low-density lipoprotein cholesterol, and 

promotes clot formation (Mosca et al., 2001). Reduction in estrogen at menopause can 

lead to loss of estrogen’s positive effects on the cardiovascular system. Hormone 

replacement therapy post natural menopause may improve the cardiovascular risk profile 

in women. However, hormone replacement therapy may have an inadvertent side effect 

with over-promotion of clot formation and may lead to stroke (Rosano et al., 2007).  

For breast cancer survivors, hormone therapy reduces estrogen levels as cancer 

treatment includes tamoxifen or aromatase inhibitors. Tamoxifen and aromatase 

inhibitors are used to treat ER or PR positive breast cancer and are associated with clot 

formation, which may lead to stroke (Mehta et al., 2018; Saphner, Tormey, & Gray, 

1991), similar to the aforementioned hormone replacement therapy post menopause. In 

this study, hormone therapy was a predictor of increased excess heart age. Since heart age 

is not specific to any one type of cardiovascular disease, the tool captured 10-year risk for 

developing the four major types of cardiovascular disease (i.e., coronary heart disease, 

cerebrovascular disease, peripheral artery disease, and heart failure). It is possible that 

heart age appropriately captured the 10-year risk for young breast cancer survivors to 

develop stroke, which is a type of cerebrovascular disease. A meta-analysis showed an 
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increased risk of stroke with tamoxifen (2.8%) compared to those treated with aromatase 

inhibitors (1.6%) (Amir et al., 2011). Yet, the benefits of tamoxifen often outweigh the 

risks because of its ability to successfully treat hormone-positive breast cancers and 

significantly reduce the risk of recurrence (Early Breast Cancer Trialists’ Collaborative 

Group, 2011).  

Hormone therapy is often given over an extended period of time (≥ 5 years). In 

this study, time points spanned two years. Therefore, many of the breast cancer survivors 

were likely still receiving hormone therapy and had not yet completed this treatment 

regimen. Breast cancer survivors are often considered to have “completed treatment” 

after primary regimens of chemotherapy, radiation, and/or surgery are complete, despite 

ongoing hormone therapy. With hormone therapy as a primary predictor of increased 

excess heart age, this risk may possibly increase at five years. Yet, national guidelines, 

including those developed by the National Comprehensive Cancer Network, American 

Cancer Society, American Society for Clinical Oncology, and American Heart 

Association, all recommend monitoring for cardiovascular disease risk at one-year post-

treatment completion, which is often at approximately two-year follow-up from 

diagnosis. Additionally, the national guidelines are applicable to those treated with 

anthracyclines and/or trastuzumab. Currently, there are no recommendations for 

screening of cardiovascular disease specific to hormone therapy. With insufficient data to 

support the need for increased screening, healthcare providers may not identify 

subclinical cardiac changes that are often detected via screening. Early identification of 

cardiovascular disease often leads to early implementation of interventions and 

subsequently better prognoses. 
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Impact of Menopause Change on Excess Heart Age  

Menopause has a different effect on breast cancer and cardiovascular disease risk 

(Mehta et al., 2018). Early menopause decreases the risk of developing breast cancer due 

to hormone changes and lower risk of developing hormone-dependent breast cancer. In 

contrast, early menopause is linked to increased risk of developing cardiovascular disease 

(Mehta et al., 2018). While research is limited on treatment-induced menopause, findings 

showed that records of young breast cancer survivors who entered early menopause had a 

higher excess heart age at two-year follow-up. Findings showed 14% of young breast 

cancer survivors were postmenopausal at diagnosis, which may be higher than the 

general population, as the average age of menopause is 51 years (The North American 

Menopause Society, 2017). The majority of the 14% postmenopausal women at breast 

cancer diagnosis were surgically-induced, which may or may not be related to patient’s 

decision to lower the risk of breast cancer.  

Approximately 27% of the sample changed from premenopausal to menopausal 

status at the time of two-year follow-up. This change in menopause status was a 

significant predictor of increased excess heart age. To examine this further, treatment was 

examined to determine any association with heightened risk for cardiovascular disease. 

Cyclophosphamide, which is an alkylating agent and common breast cancer treatment, is 

often associated with early menopause (Federal Drug Administration, 2013; Zhao et al., 

2014). Findings indicated that cyclophosphamide was associated with menopause 

change; however, cyclophosphamide was not shown to be associated with excess heart 

age. Research indicates that risk of developing cardiovascular disease as a result of 

treatment with cyclophosphamide is low (Curigliano et al., 2012; Goldberg et al., 1986). 
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Therefore, cyclophosphamide may have had an indirect effect on cardiovascular disease 

risk. For this sample of young breast cancer survivors, menopause change at an early age 

(≤ 47 at two-year follow-up) was associated with increased excess heart age and may lead 

to premature development of cardiovascular disease.  

 

Excess Heart Age 

Bardia and colleagues (2012) used excess heart age to demonstrate cardiovascular 

disease risk. The authors utilized a sample of postmenopausal older breast cancer 

survivors (mean age = 60 years), and results showed an average excess heart age of seven 

years. In comparison, Group No-A/T had a similar excess heart age of seven years but 

were an average of 20 years younger. This increased risk suggests that young breast 

cancer survivors in this sample may develop cardiovascular disease prematurely.  

Several studies in the literature review suggest that anthracyclines and/or 

trastuzumab were associated with increased cardiovascular disease risk (Appel et al., 

2012; Bowles et al., 2012; Curigliano et al., 2012; Feola et al., 2011; Narayan et al., 

2017; Qin et al., 2015; Rayson et al., 2012; Slamon et al., 2001; Yood et al., 2012). 

However, no identified study examined the association of excess heart age with cancer 

treatment. This study suggested that treatment with anthracyclines and/or trastuzumab did 

not increase excess heart age. However, there is a paucity of research examining the 

effects of anthracyclines and/or trastuzumab on cardiovascular disease risk in young 

breast cancer survivors. Pediatric literature shows that childhood cancer patients who 

receive anthracyclines treatment are at high risk for heart failure even up to 45 years after 

treatment completion (Mulrooney et al., 2009). Anthracyclines are used in both pediatric 



 

 88 

and breast cancer survivors. Young breast cancer survivors (compared to older) may be 

more likely to develop late effects due to the long periods of survivorship similar to those 

of pediatric cancer survivors.  

 

Risk Factors 

Although treatment with anthracyclines and/or trastuzumab did not increase 

excess heart age, this study did identify statistically significant increases in several risk 

factors for cardiovascular disease similar to those found in identified studies in the 

literature (Obi et al., 2014; Weaver et al., 2013). 

Weight gain. At breast cancer diagnosis, 65% of the sample were overweight or 

obese. At two-year follow-up, this percentage increased to 70%, with over 43% 

categorized as obese. Moreover, 22% of the entire sample had a weight gain of at least 

10% of their breast cancer diagnosis weight. Overweight at body mass index ≥ 25 or 

obesity at ≥ 30 are major risk factors for cardiovascular disease (Poirier et al., 2006). 

Among Group No-A/T, this percentage was higher; 28% of the records in Group No-A/T 

documented at least 10% weight gain. This study did not examine the association 

between chemotherapy and weight gain; however, weight gain is a well-documented side 

effect of chemotherapy (Demark-Wahnefried et al., 2001; Demark-Wahnefried et al., 

1993; Vance, Mourtzakis, McCargar, & Hanning, 2011) and more significant in 

premenopausal women with treatment-induced menopause (Goodwin et al., 1999; Vance 

et al., 2011).  

Body mass index increased significantly within two years for the entire sample 

and in both groups. Obesity is a major risk factor for cardiovascular disease because 
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obesity is associated with atherosclerosis and increased metabolic demand that 

subsequently increases cardiac workload. As with any overworked muscle, overworking 

the heart can increase muscle mass and subsequently lead to a multitude of cardiac 

problems associated with obesity such as cardiomegaly, cardiac hypertrophy, 

cardiomyopathy, and/or heart failure (Poirier et al., 2006).  

Blood pressure. The percentage of breast cancer survivors placed on 

antihypertensive medication nearly doubled for both groups at two-year follow-up. While 

blood pressure was not statistically different at the two time points, blood pressure 

medication likely disguised increases in blood pressure. Some studies have examined the 

use of blood pressure medication such as beta blockers or angiotensin-converting enzyme 

(ACE) inhibitors as methods to reduce the risk of anthracycline- and/or trastuzumab-

induced cardiotoxicity (Cardinale et al., 2010; Kalay et al., 2006; Kaya et al., 2013; 

Seicean et al., 2013), but data are not sufficient to suggest implementation of this medical 

intervention. Research is currently ongoing to further explore the impact of 

antihypertensive medication on lowering the risk of cardiovascular disease (National 

Cancer Institute, 2018). 

Use of dexrazoxane for prevention of anthracycline-induced cardiotoxicity is 

accepted and approved by the Federal Drug Administration (Bhave, Shah, Akhter, & 

Rosen, 2014; Federal Drug Administration, 2012; Kalam & Marwick, 2013). However, 

dexrazoxane is not recommended for all. It is recommended for women who receive at 

least 300 mg/m2 because of its potential to reduce the effectiveness of cancer treatment 

and to increase risk of secondary cancers (Federal Drug Administration, 2012). In this 

sample, there was no documented use of dexrazoxane, potentially due to the expected 
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lower risk of cardiovascular disease in young women. Further research on 

antihypertensive medication use in breast cancer survivors is ongoing (National Cancer 

Insitute, 2016). 

Diabetes.  The percentage of diabetes in both groups was relatively low. 

Approximately 5% of records documented a history of diabetes, and three more records 

showed diagnosis by two-year follow-up in this sample. Diabetes is a major risk factor 

for cardiovascular disease and is a component of the heart age calculations (Mehta et al., 

2018). While the percentage was low for this sample, risk factors for comorbidities such 

as obesity overlap with cancer diagnoses, and increasing body mass index also increases 

young breast cancer survivors’ risk for developing diabetes.  

Smoking. Smoking is a significant risk factor for cardiovascular disease 

(Benjamin et al., 2018). In this sample, the percentage of smokers was similar at Time 1 

and Time 2. Records suggested that those who were smokers at diagnosis did not quit by 

their follow-up visit. Weaver and colleages (2013) reported that 15-30% of cancer 

survivors who were at risk for cardiovascular disease did not discuss health promotion 

with their healthcare providers. Health promotion education often consists of smoking 

cessation. Smoking is a modifiable risk factor that contributes to more than 480,000 

deaths in the U.S. annually (Benjamin et al., 2018). Smoking cessation is warranted to 

reduce the risk of cardiovascular disease among young breast cancer survivors. 
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Limitations 

 Several limitations should be noted. First, the retrospective design limited data to 

medical records. The time period from 2012 to 2015 was selected due to the 

implementation of electronic medical records in the UAB Health System. Medical 

records first became electronic in 2011 (UAB Reporter, 2011). Therefore, data prior to 

this time were excluded due to lack of access to paper medical records. The time frame 

and the selection of young breast cancer survivors contributed to a small sample size of 

152 records.  

Second, due to the retrospective nature of this study, other variables of interest 

such as education were either not available or inconsistently charted. Other variables of 

interest such as dose of anthracyclines would have contributed to the study but were also 

inconsistently reported in the data. Large areas of missing data were noted for 

anthracyclines dose, radiation dose, and physical activity, and these variables were 

excluded. The researcher was unable to collect additional data related to these variables. 

Third, heart age does not directly measure the development of cardiovascular 

disease. The young breast cancer survivors in this sample did not have cardiovascular 

disease. Therefore, this study did not measure outcomes, rather an estimate or probability 

of developing cardiovascular disease.  

Fourth, there may be treatment selection bias. That is, the sample was divided into 

Group A/T and Group No-A/T based on treatment type. Findings showed that the group 

who received anthracyclines and/or trastuzumab had more advanced stages of breast 

cancer. Treatment selection bias may potentially have occurred, as women who receive 

anthracyclines at a young age are often diagnosed at later stages. However, Group A/T 
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did not have a change in excess heart age. Breast cancer survivors diagnosed with earlier 

stages may receive less aggressive forms of cancer treatment and may be at a lower risk 

for developing cardiovascular disease than women who have more advanced cancers and 

more aggressive treatments.  

Finally, generalization of the study is limited. This sample excluded young breast 

cancer survivors in the age range 18 to 29 because heart age is applicable to ≥ 30 years. 

While breast cancer diagnoses under age 30 are possible but rare, the range of age at 30 

to 44 years may be not be fully representative of young breast cancer survivors.  

 

Strengths 

Likewise, this dissertation has several potential strengths. This study is one of the 

first to measure excess heart age among young breast cancer survivors at two time points, 

before and after breast cancer treatment. Two-year follow-up after diagnosis is when 

national guidelines recommend that cancer survivors be screened for cardiovascular risk 

(one-year post-treatment completion). Therefore, this study was able to examine the 

cardiovascular disease risk at the estimated time when it is recommended that breast 

cancer survivors be screened per national guidelines.  

Further, this study examined treatment risk in relation to cancer treatment, 

specifically anthracyclines and trastuzumab, for which cardiovascular guidelines exist. 

Although it is known that anthracyclines and trastuzumab have potentially adverse effects 

of cardiotoxicity, not every patient treated with the drugs will develop a cardiovascular 

disease in their lifetime. The findings for this study provide a unique perspective for 

understanding cardiovascular disease risk. Comparing survivors treated with 
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anthracyclines and/or trastuzumab with those who did not receive anthracyclines and/or 

trastuzumab may lead to a better understanding of the cardiovascular risk profiles of 

patients who receive such drugs.  

The Framingham Risk Score is a well-established tool to estimate the 10-year 

probability of developing a cardiovascular disease. Heart age uses the Framingham Risk 

Score to put the probability estimation in context of age to facilitate communication 

between patients and healthcare providers. Use of heart age may be indicated for 

oncology patient care to increase patients’ and laypersons’ understanding of 

cardiovascular disease risk. Additionally, heart age may increase understanding of 

cardiovascular disease risk for investigators, possibly cancer researchers, who are 

unfamiliar with cardiovascular risk models. 

 

Implications 

This study has implications for clinical practice, potential health policy, and future 

research. 

 

Clinical Practice Implications 

Clinical implications from this study include increasing patient education on the 

potential cardiovascular effects of cancer treatment, including hormone therapy and early 

menopause. Young women under 45 years of age are expected to be healthier and have 

fewer comorbidities than older women (such as those greater than 65 years at diagnosis). 

The treatment decision-making process likely does not account for cardiovascular disease 

risk, as the major concern is to treat the breast cancer and prolong survival.  
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Without patient education, young women may not consider the late effects of 

cancer treatment at the beginning of this life-altering experience of diagnosis. This study 

suggests that many young breast cancer survivors have increased excess heart age, and 

therefore, implications for this research study may include testing the use of heart age to 

increase knowledge and understanding of cardiovascular disease risk and promote heart-

healthy lifestyles. Moreover, women who have high excess heart age at either diagnosis 

or at the follow-up period at the end of breast cancer treatment may require increased 

and/or regular long-term cardiovascular screening. 

A second clinical implication is the possible need for a cardio-oncology 

subspecialty across all disciplines. Greater numbers of cardio-oncology clinics across the 

United States show the need for cardiac care among cancer survivor populations. Cardio-

oncology organizations and research grants have become more prevalent, and cardio-

oncology physician training programs are growing (Johnson, Steingart, & Carver, 2017). 

These advances and the growing body of cardio-oncology research pose the question of 

need for a cardio-oncology nursing subspecialty, in which nurses can be trained to 

understand cardiac needs of cancer patients, within cardio-oncology clinics and also in 

traditional cardiology and oncology settings. To increase patient education on 

cardiovascular late effects, healthcare providers must be aware of these possible issues.  

 

Policy Implications 

National guidelines for cardiovascular disease risk among breast cancer survivors 

were described in Chapter 2. In summary, the three U.S.-based organizations that 

recommend short-term guidelines applicable for breast cancer survivors include the 
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American Society for Clinical Oncology, American Heart Association, and National 

Comprehensive Cancer Network (Mehta et al., 2018; National Comprehensive Cancer 

Network, 2018; Runowicz et al., 2016). These guidelines apply to breast cancer survivors 

treated with either anthracyclines or trastuzumab, and recommendations suggest 

screening at six months and/or one year post-treatment completion. Research is growing 

to support the guidelines; however, continuing cardio-oncology research would better 

inform guidelines. Policy implications from this study include developing guidelines that 

address the impact of 1) hormone therapy, 2) treatment-induced menopause, and 3) 

obesity on cardiovascular disease risk among young breast cancer survivors.  

 

Future Directions 

The next step to advance the field of cardio-oncology research is to examine long-

term risk for cardiovascular disease and incidence among young breast cancer survivors. 

Due to diagnosis at a young age and resulting longer potential survival than older women, 

young breast cancer survivors may have higher incidence of cardiovascular disease years 

or decades after treatment completion. Therefore, future research should apply similar 

methodological techniques in order to fully understand cardiovascular disease risk in 

young women. In this study, anthracyclines and trastuzumab were not associated with 

increased excess heart age at two-year follow-up after diagnosis. Examining long-term 

risk may provide context to other factors that influence cardiovascular disease risk in 

young women. 

Further research is warranted to identify whether 1) heart age adequately captures 

cardiovascular disease risk in young breast cancer survivors or 2) if young breast cancer 
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survivors may not be susceptible to or may have protective mechanisms against excess 

heart age as a result of anthracyclines and/or trastuzumab treatment. Further examination 

of factors that increase cardiovascular disease risk, particularly long-term, could inform a 

risk model that includes cancer treatment risk factors in order to better estimate 

cardiovascular disease risk in breast cancer survivors. For example, heart age uses 10-

year risk, and data from research that identifies incidence of cardiovascular disease at 10 

years post diagnosis in breast cancer survivors may be able to inform inclusion of 

treatment risk factors in heart age.  

 

Conclusions 

Cardiotoxicity as a result of cancer treatment has become a research priority for 

many organizations including funding agencies and the National Cancer Institute. 

Increasing research in this area has led to the development of clinical guidelines for short-

term screening for cardiovascular disease. Drugs such as anthracyclines and trastuzumab 

are commonly associated with cardiovascular disease, specifically heart failure. Research 

in this area of cardio-oncology has been primarily in older breast cancer survivors. 

Cancer treatment has advanced and leads to longer life expectancies. In young women, 

risk for cardiovascular disease may be higher than in older women because of potentially 

longer survivorship periods. Therefore, this study aimed to examine cardiovascular 

disease risk measured by excess heart age among young breast cancer survivors.   

Findings suggested that young breast cancer survivors in this sample have a high 

excess heart age, or 10-year cardiovascular disease risk, at two-year follow-up. An excess 

heart age of 5.4 years may be clinically relevant because this suggests that a breast cancer 
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survivor diagnosed at 40 years old has a heart similar to one of a 45-year-old. Although 

breast cancer diagnosis is the primary concern, late effects of cancer treatment should 

also be addressed. Findings showed that young breast cancer survivors treated with 

anthracyclines and trastuzumab did not have a significant increase in excess heart age at 

two-year follow-up. Rather, those who did not receive anthracyclines and/or trastuzumab 

showed an increase of 3.1 years for an excess heart age of 7.1 years at two-year follow-

up. Using multivariable linear regression, predictors of excess heart age at two-year 

follow-up included change in menopausal status and treatment with hormone therapy. 

The findings from this study were both comparable to and different from previous 

research. Although anthracyclines and trastuzumab were not predictors of increased 

excess heart age, it is possible that subclinical changes to the heart occurred. Heart age 

does not incorporate treatment-related risk factors and did not account for possible 

damage from anthracyclines and trastuzumab. Findings showed that young breast cancer 

survivors treated with hormone therapy or who experienced treatment-induced 

menopause were more likely to have a higher cardiovascular disease risk. Therefore, 

implications include the need for guidelines to address the cardiovascular disease risks of 

hormone therapy and treatment-induced menopause. 

 Progression of cardio-oncology research will ultimately lead to improving the 

lives of breast cancer survivors by reducing cardiovascular disease morbidity and 

mortality. Early identification of cardiovascular disease can lead to improved prognosis. 

Yet, additional long-term data are needed to support increased screening if warranted. 

This study has evaluated cardiovascular disease risk of young breast cancer survivors, 
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added new knowledge to the literature on this topic, and set the tone for future research to 

ultimately improve the lives of young women experiencing breast cancer. 
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FORM 101: Data Collection Form 
Dissertation Title: Cardiovascular disease risk among breast cancer survivors 

Initials of Person Collecting: Date completed:  
 

Date Amended: 

Patient DOB: 
 

Patient ID#:  MRN#: 

 

# Data Element  Value Instructions/Comments 
1 Gender [  ] Male 

[  ] Female 
 

 

2 Race 
 

[  ] White/Caucasian 
[  ] Black/African American 
[  ] American Indian/Alaska 
Native 
[  ] Native Hawaiian/Pacific 
Islander 
[  ] Asian 
[  ] Other 
(__________________) 
 

 

3 Ethnicity [  ] Hispanic 
[  ] Non-Hispanic 
 

 

4 Marital Status [  ] Never Married 
[  ] Married 
[  ] Separated 
[  ] Divorced  
[  ] Widowed 
[  ] Other 
(__________________) 
 

 

5 Employment [  ] Employed full time 
[  ] Employed part time 
[  ] Unemployed or seeking 
work 
[  ] Temporary medical leave 
[  ] Student 
[  ] Homemaker 
[  ] Disabled 
[  ] Retired 
[  ] Other (_________________) 
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# Data Element  Value Instructions/Comments 
6 Date of breast cancer 

diagnosis 
L ____ /____ /_______ 
R ____ /____ /_______ 
 

 

7 Stage of breast cancer 
at diagnosis 

[  ] Stage 1 
[  ] Stage 2 
[  ] Stage 3 
 

 

8 Type of breast Cancer [  ] ER + 
[  ] ER –  
[  ] PR + 
[  ] PR – 
[  ] HER2 + 
[  ] HER2 –  
 

 

9 Genetic Testing [  ] BRCA 1 + 
[  ] BRCA 2 + 
[  ] Negative for both 
 

 

10 First Degree Family 
History 

[  ] Breast Cancer 
[  ] Cardiovascular disease: 
    [  ] Stroke 
    [  ] Heart failure 
    [  ] Coronary artery disease 
    [  ] Peripheral disease 
[  ] Neither 
 

 

11 Treatment: 
Radiation 

[  ] Yes 
[  ] No 
 

If yes, answer #9 
If no, skip to #10 

12 Treatment:  
Radiation 
 

Date initiated: ____________ 
Date completed: ___________ 
Total dose (Gy): __________ 
Field: _____________ 
 

 

13 Treatment: 
Surgery 

[  ] Lumpectomy  
[  ] Mastectomy 
[  ] None 
 

 

14 Treatment: 
Surgery – 
Reconstruction  

[  ] Yes 
[  ] No 
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# Data Element  Value Instructions/Comments 
15 Treatment: 

Systemic Therapy 
[  ] Chemotherapy 
(_________________) 
[  ] Immunotherapy 
(_________________) 
[  ] None 
 

 

16 Treatment: 
Cardiotoxic Systemic 
therapy 

[  ] Anthracycline (dose 
_________) 
[  ] Trastuzumab (dose 
_________) 
[  ] None 
 

Duration? 

17 Treatment: 
Hormone Therapy  
 

[  ] Yes, Type 
(_______________) 
[  ] No 

Duration? 

18 Time 1 
 

Date: ___ /___ / ____  

19 Time 1: 
Age  
 

________ years  

20 Time 1: 
Heart rate 

_______bpm  

21 Time 1: 
Blood pressure 

Systolic: __________ 
Diastolic: __________ 
 

 

22 Time 1: 
Antihypertensive 
medication 
 

[  ] Yes (type: 
_______________) 
[  ] No 

 

23 Time 1: 
Body metrics 

Height: _________ ft 
Weight: ________ lbs 
BMI: ________kg/m2 

 

 

24 Time 1: 
Smoking history 
 

[  ] Current 
[  ] Former (Last __________) 
[  ] Never 
[  ] Unknown 
 

 

25 Time 1:  
Diabetes history 
 

[  ] Yes 
[  ] No 

If yes, complete #26 & #27 
If no, skip to #28 

26 Time 1: 
Diabetes history 
 

[  ] Type I  
[  ] Type II 
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# Data Element  Value Instructions/Comments 
27 Time 1:  

Diabetes history 
 

Medication: ______________  

28 Time 1:  
Exercise 

[  ] Yes 
[  ] No 
 

 

29 Time 1:  
Exercise 

Type: _____________ 
Duration: ___________ 
Times per week: ___________ 
 

 

30 Time 1:  
Alcohol 

[  ] Never 
[  ] Beer: (Amt ____________) 
[  ] Liquor: (Amt ____________) 
[  ] Wine: (Amt ____________) 
 

 

31 Time 1:  
Menopause 

[  ] Premenopausal  
[  ] Perimenopausal 
[  ] Postmenopausal 
[  ] Unknown  
 

 

32 Time 1: 
Last Menstrual Period  

___ /___ / ____  

33 Time 1: 
Birth Control 

[  ] Yes, type 
(_________________) 
[  ] No 
[  ] Unknown 
 

 

34 Time 1: 
Other medication 
history 
 

 
 
 
 
 
 
 

 

35 Time 1: 
Other medical history 
 

 
 
 
 
 
 
 

 

36 Time 2 
 

Date: ___ /___ / ____  

37 Time 2: 
Age  
 

________ years  
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# Data Element  Value Instructions/Comments 
38 Time 2: 

Heart rate  
 

________bpm 
 

 

39 Time 2: 
Blood pressure 

Systolic: __________ 
Diastolic: __________ 
 

 

40 Time 2: 
Antihypertensive 
medication 
 

[  ] Yes (type: 
_______________) 
[  ] No 

 

41 Time 2: 
Body metrics 

Height: _________ ft 
Weight: ________ lbs 
BMI: ________m2 

 

 

42 Time 2: 
Smoking history 
 

[  ] Current 
[  ] Former (Last __________) 
[  ] Never 
[  ] Unknown 
 

 

43 Time 2:  
Diabetes history 
 

[  ] Yes 
[  ] No 

If yes, complete #26 & #27 
If no, skip to #28 

44 Time 2: 
Diabetes history 

[  ] Type I 
[  ] Type II 
 

 

45 Time 2:  
Diabetes history 
 

Medication: ______________  

46 Time 2:  
Exercise 

[  ] Yes 
[  ] No 
 

 

47 Time 2:  
Exercise 

Type: _____________ 
Duration: ___________ 
Times per week: ___________ 
 

 

48 Time 2:  
Alcohol 

[  ] Never 
[  ] Beer: (Amt ____________) 
[  ] Liquor: (Amt ____________) 
[  ] Wine: (Amt ____________) 
 

 

49 Time 2:  
Menopause 

[  ] Premenopausal  
[  ] Perimenopausal 
[  ] Postmenopausal 
[  ] Unknown  
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# Data Element  Value Instructions/Comments 
50 Time 2: 

Last Menstrual Period  
___ /___ / ____  

51 Time 2: 
Birth Control 

[  ] Yes, type 
(_________________) 
[  ] No 
[  ] Unknown 
 

 

52 Time 2: 
Other medication 
history 
 

 
 
 
 
 
 

Any new since Time 1? 

53 Time 2: 
Other medical history 
 

 
 
 
 
 
 

Any new since Time 1? 
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