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Women living with HIV (WLWH) in the U.S. are more than twice as likely to die 

of breast cancer compared to women without HIV. Although WLWH are less likely to 

obtain mammography than women without HIV, research examining risk factors for non-

adherence to screening among WLWH is limited, particularly among those aged 50-74 



 xi 

years for whom biennial screening is currently recommended. This project examined risk 

factors for non-adherence to screening mammography among WLWH aged 50-74 

receiving primary care at UC San Diego and UC San Francisco between 2016 and 2018. 

This study used electronic medical record data to compare rates of adherence to 

mammography guidelines between WLWH and the general population of women in 

California (Aim 1). Logistic regression analyses were conducted to evaluate individual 

(i.e., age, race/ethnicity, medical and psychiatric co-morbidities, smoking status, HIV-

related medical characteristics), interpersonal (i.e., marital status, PCP department, PCP 

relationship length, number of office visits), and organizational (i.e., insurance, healthcare 

site) factors associated with non-adherence to recommended mammography screening 

among WLWH (Aims 2, 3, 4). Multiple logistic regression was used to identify the unique 

contribution of variables identified in Aims 2, 3, and 4 in predicting non-adherence to 

screening mammography and to determine the influence of individual, interpersonal, and 

organizational variable(s) on model fit (Aim 5). WLWH (N = 293, mean age = 57.4, 

36.2% non-Hispanic White) were significantly less likely to obtain mammography 

screening than the general population. WLWH at greatest risk for non-adherence to 

mammography screening included those with mental health or substance use diagnoses, 

Hispanic women, and women who engaged in fewer office visits. In adjusted analyses, 

WLWH with a mental health diagnosis were more than twice as likely to be non-adherent 

with screening recommendations than their peers, and Hispanic women were twice as 

likely to be non-adherent than non-Hispanic White women. The inclusion of interpersonal, 

but not organizational, variables significantly improved model fit.  Evidence-based 
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interventions are needed to increase adherence to mammography screening among 

WLWH. Such interventions have the potential to increase the uptake of timely breast 

cancer screening and decrease breast-cancer related morbidity and mortality among this 

medically vulnerable population. 
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Introduction 

Exploring risk factors for non-adherence to screening mammography recommendations 

among women living with human immunodeficiency syndrome (HIV) 

Human Immunodeficiency Virus (HIV) 

Approximately 1.1 million individuals were estimated to be living with HIV in the 

United States (U.S.) in 2015 (Dailey et al., 2017). At one time a fatal disease, HIV has 

evolved into a chronic illness given satisfactory adherence to antiretroviral therapy (ART). 

Introduced in the mid 1990s, ART suppresses the level of HIV virus in the blood, also 

known as the viral load, and prevents the virus from weakening the body’s immune system 

and its ability to fight infection. Prior to the ART era, individuals diagnosed with HIV 

developed numerous opportunistic illnesses, with a mean survival time of three years 

(Centers for Disease Control and Prevention, 2018a). After the advent of ART, the 

mortality rate due to HIV declined significantly in the U.S., from approximately 500,000 

deaths in 1987 to 6,500 deaths in 2015 (Centers for Disease Control and Prevention, 2018f; 

Crum et al., 2006). Due to substantive prevention efforts, the incidence of HIV has been 

also been declining among the overall U.S. population, with an estimated 5% reduction in 

new HIV diagnoses between 2011 and 2015 (Centers for Disease Control and Prevention, 

2018c). However, despite successes in preventing and treating HIV in the U.S., the virus 

and its medical management remain a significant public health concern. People living with 

HIV (PLWH) often experience considerable psychosocial stressors and co-morbidities 

(e.g., Psaros, Israel, O’Cleirigh, Bedoya, & Safren, 2011) and are now increasingly 
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experiencing distinctive challenges associated with aging (National Institutes of Health, 

2013).  

Aging and HIV 

 Due to the success of ART, PLWH in the U.S. are now an aging population. As of 

2014, nearly half of all PLWH in the U.S. were over the age of 50 (Centers for Disease 

Control and Prevention, 2018d). Between 2010 and 2014 alone, the number of PLWH who 

were aged 65 and older increased nearly 60% (Centers for Disease Control and Prevention, 

2016), and by 2030, it is expected that 21.4% of PLWH in the U.S. will be above the age 

of 65 (Shiels et al., 2011). Individuals over the age of 50 comprise a substantial percentage 

of new HIV infections, accounting for an estimated 17% of all new diagnoses in 2015 

(Centers for Disease Control and Prevention, 2018d). PLWH over the age of 50 represent 

an emerging population with unique needs and concerns relative to the general population. 

For example, older PLWH report experiencing greater social isolation relative to HIV-

uninfected individuals, as well as uncertainty about the future, concerns about the ability of 

their healthcare providers to care for them, and experiences with HIV-related stigma 

(Rueda, Law, & Rourke, 2014). In addition, PLWH are at risk for developing HIV-

associated neurocognitive impairments and disorders (HAND), including difficulties with 

memory and executive functioning (Heaton et al., 2011). It is estimated that between 36 

and 45% of PLWH have some degree of neurocognitive impairment, with risk for HAND 

particularly heightened in those who begin ART with a lower baseline CD4 count, a 

marker of immune functioning (Heaton et al., 2011).  
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In addition to being at greater risk for psychosocial stressors and neurocognitive 

impairment than the general population, older PLWH also frequently experience numerous 

physical co-morbidities in addition to HIV (Guaraldi et al., 2011; Rodriguez-Penney et al., 

2013). PLWH have historically been susceptible to HIV-related malignancies and 

opportunistic diseases such as pneumonia, Kaposi sarcoma, non-Hodgkin lymphoma, and 

invasive cervical cancer (Centers for Disease Control and Prevention, 2018b; National 

Cancer Institute, 2017). However, there is now mounting evidence that PLWH are at 

greater risk for the early development of certain medical co-morbidities traditionally 

associated not with HIV but with aging, including diabetes mellitus, cardiovascular 

disease, kidney disease, bone fractures, and some non-HIV related cancers (Deeks, 2011; 

Guaraldi et al., 2011; National Institutes of Health, 2013). The increased prevalence of 

medical co-morbidities among older PLWH may be related to persistent inflammation that 

contributes to the aging of the immune system and corresponding morbidity and mortality, 

even among PLWH taking ART (Deeks, 2011). Recent research also suggests that 

increased age-related morbidity among PLWH may also be partially linked with the 

cumulative toxicity of long-term ART regimens (Chawla et al., 2018). Consequently, there 

is a growing need to identify the unique vulnerabilities and needs of PLWH to enhance 

prevention of age-related illnesses in this population. 

Women and HIV 

 According to the Centers for Disease Control and Prevention (CDC), 

approximately one-quarter of PLWH in the U.S. are women, with women at greatest risk 

for acquiring HIV (Centers for Disease Control and Prevention, 2018e). In 2014, 60% of 
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women living with HIV (WLWH) in the U.S. were African-American, followed by White 

(17%) and Hispanic/Latina (17%). The greatest risk factors for HIV acquisition among 

women are heterosexual sex followed by injection drug use (IDU), with 87% of new 

diagnoses in 2016 among women occurring due to transmission during heterosexual sex 

(Centers for Disease Control and Prevention, 2018e). Research suggests that WLWH often 

experience psychosocial challenges that can negatively impact their well-being and health 

behaviors. For example, WLWH are more likely to be living in poverty compared to HIV-

negative women and to men living with HIV, have greater difficulty accessing 

transportation, and experience disproportionate rates of interpersonal violence (Bogardus, 

2018; U.S. Department of Health and Human Services Health Resources and Services, 

2013). Furthermore, WLWH commonly experience poor mental health, including mood 

disorders such as depression, anxiety disorders such as panic disorder and post-traumatic 

stress disorder (PTSD), and substance abuse disorders (Morrison et al., 2002; Psaros et al., 

2011; Squires et al., 2011; U.S. Department of Health and Human Services Health 

Resources and Services, 2013). For example, one study found that WLWH were four times 

more likely to meet criteria for major depressive disorder than women without HIV 

(Morrison et al., 2002). Importantly, mental health disorders and psychosocial stressors, 

such as depression and domestic abuse, can jeopardize the engagement and retention of 

WLWH in healthcare and hinder adequate adherence to the ART medications required to 

control replication of the HIV virus (Ickovics et al., 2001; Toth, Messer, & Quinlivan, 

2013; U.S. Department of Health and Human Services Health Resources and Services, 

2013). Furthermore, WLWH worldwide frequently report additional barriers to accessing 
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healthcare such as HIV-related stigma, financial difficulties, difficulty finding 

employment, and lack of supportive work environments (Johnson et al., 2015).  

Unfortunately, the experiences of WLWH over the age of 50 have been largely 

understudied to date (Durvasula, 2014; Rubtsova et al., 2017). It is unclear the extent to 

which studies assessing psychosocial health and healthcare engagement among samples 

comprised of WLWH of all ages generalize to the specific population of WLWH over the 

age of 50. Older WLWH may experience unique stressors associated with aging such as 

increasing co-morbidity, disability, social isolation, and loss of loved ones (Rueda et al., 

2014). One recent study published in 2018 using a nationally representative sample 

compared the characteristics of WLWH over the age of 50 with those younger than 50 

years of age (Frazier, Sutton, Tie, Collison, & Do, 2018). They found that WLWH over the 

age of 50 were less likely to be uninsured, less likely to be living in poverty, and less likely 

to report depression symptoms compared to WLWH under the age of 50, and were more 

likely to be adherent to ART. These findings suggest that WLWH over the age of 50 have 

characteristics distinct from younger WLWH and should be studied as a distinct population 

rather than combined with women belonging to younger age groups. 

Breast Cancer among Women Living with HIV 

 As the number of WLWH over the age of 50 increases, this group will become 

more susceptible to conditions associated with aging (Guaraldi et al., 2011; National 

Institutes of Health, 2013). Age is the greatest risk factor for developing cancer among 

adults overall, including breast cancer (National Cancer Institute, 2015). Breast cancer is 

the most common cancer diagnosed among U.S. women, with the exception of non-
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melanoma skin cancer (Centers for Disease Control and Prevention, 2017). Nearly 30% of 

all cancers diagnosed among women are breast cancers, and it is estimated that 12.4% of 

all women in the U.S. will be diagnosed with breast cancer in their lives (National Cancer 

Institute, 2018a).  Although breast cancer incidence and mortality has declined between 

1999 to 2015 in the general population (U.S. Cancer Statistics Working Group, 2018), it is 

anticipated that the incidence of breast cancer among WLWH may increase over time 

(Shiels et al., 2011). Furthermore, while rates of breast cancer incidence among WLWH 

have been found to be lower than those of women without HIV (Coghill, Engels, 

Schymura, Mahale, & Shiels, 2018; Hernández-Ramírez, Shiels, Dubrow, & Engels, 

2017), possibly due to HIV’s interactions with hormone receptors in breast epithelial tissue 

(Coghill et al., 2018), research nonetheless indicates that WLWH who are diagnosed with 

breast cancer are more than twice as likely to die from breast cancer than are HIV-negative 

women who are diagnosed with breast cancer (Coghill, Shiels, Suneja, & Engels, 2015; 

Coghill, Suneja, Rositch, Shiels, & Engels, 2019).   

 Although early research suggested that disparities in cancer-related mortality 

among WLWH relative to HIV-negative women may be driven by disparities in access to 

appropriate cancer treatment (Suneja et al., 2014; Suneja et al., 2013), this finding has only 

been established among individuals diagnosed with lung cancer, lymphomas, prostate 

cancer, and colorectal cancer. Rather, studies have found that WLWH with breast cancer 

receive similar cancer treatments to HIV-negative women (Suneja et al., 2014), and have 

similar treatment rates and time to initiation of cancer treatment following diagnosis 

(Rositch, Jiang, Coghill, Suneja, & Engels, 2018). However, there is emerging evidence 
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that the elevated breast-cancer mortality of WLWH may be influenced by factors above 

and beyond demographic factors and cancer treatment, such as immunosuppression 

associated with the HIV virus itself (Coghill, Han, Suneja, Lin, & Jemal, 2019; Coghill, 

Suneja, et al., 2019).  

Greater tumor aggression has been previously demonstrated among other 

immunosuppressed populations, such as organ transplant recipients (D'Arcy et al., 2019); 

thus, it is plausible that WLWH diagnosed with breast cancer may similarly experience 

increased tumor aggression and faster disease progression compared with HIV-negative 

women, contributing to elevated mortality rates in this population (Coghill, Han, et al., 

2019). This theory is supported by two recent studies by Coghill and colleagues. In one 

study, Coghill, Suneja, et al. (2019) used Surveillance, Epidemiology, and End Results 

(SEER)-Medicare data to compare mortality following cancer diagnosis among patients 

over the age of 65 with and without HIV, matched for comparable staging at cancer 

diagnosis and receipt of stage-appropriate treatment. They found that WLWH with breast 

cancer had significantly elevated cancer-related mortality and all-cause mortality compared 

with HIV-negative women. This disparity was particularly large for WLWH diagnosed 

with regional-stage cancer, who were nearly three times more likely to die from breast 

cancer than women without HIV, controlling for time to surgery, receipt of adjuvant 

treatment, age, race/ethnicity, and census tract income. Similarly, Coghill, Han, et al. 

(2019) analyzed data from the National Cancer Database and found that WLWH diagnosed 

with stage 1-3 breast cancer were nearly twice as likely to die as HIV-negative women, 

even after adjusting for stage of diagnosis, first-course cancer treatment, type of treatment 
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facility, and type of health insurance.  Furthermore, they found that WLWH were twice as 

likely as HIV-negative women to be diagnosed with metastatic breast cancer compared 

with stage 1 disease, controlling for type of treating health facility and health insurance 

status. Altogether, WLWH appear to experience more aggressive breast cancer tumors than 

women living without HIV, with comparatively higher mortality rates, controlling for 

demographic, treatment, and insurance-related variables. This heightened vulnerability 

highlights the need for routine breast cancer screening among WLWH.  

Unfortunately, disparities in breast cancer mortality and stage of diagnosis among 

WLWH may be exacerbated in part due to disparities in breast cancer screening among 

WLWH. Routine breast cancer screening using mammography, an x-ray imaging of the 

breast tissue, can identify tumors at an early stage before they can be detected on a clinical 

breast exam. Biennial screening mammography among women between 50-69 years of age 

has been found to decrease breast cancer mortality 15% - 23% compared to no screening 

(Mandelblatt et al., 2009). The U.S. Preventive Services Taskforce (USPSTF) recommends 

that women between the ages of 50-74 obtain screening mammography every two years, 

with guidelines for cancer screening among PLWH upholding these recommendations for 

WLWH (Goedert, Hosgood, Biggar, Strickler, & Rabkin, 2016; Sigel et al., 2011; U.S. 

Preventive Services Task Force, 2016). However, available research indicates that WLWH 

are significantly less likely to receive breast cancer screening compared to women without 

HIV (Kendall et al., 2017; Momplaisir, Mounzer, & Long, 2014; Preston-Martin et al., 

2002). Early research conducted in the mid-1990s compared screening mammography 

rates among WLWH enrolled in the Women’s Interagency HIV Study (WIHS) and women 
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in the general population completing the National Health Interview Survey (NHIS; 

Preston-Martin et al., 2002). This study found that WLWH were significantly less likely to 

have received mammography than the general population (67% vs. 79%, respectively). 

This disparity appears to have persisted in the decades following the study, with one study 

conducted in 2014 in the Northeastern U.S. (Momplaisir et al., 2014) finding that only 

42.0% of WLWH (n = 181) had received a screening mammogram in the past five years 

compared to 86.7% screening coverage in the past five years among women without HIV 

(n = 249). In Ontario, Canada, a city with single-payer, universal healthcare coverage, rates 

of screening among WLWH aged 50-74 were found to be 50.1% in the past year, 

compared with 63.4% in the general population (Kendall et al., 2017).  

Failure to adhere to guidelines for screening mammography can have life-

threatening consequences as it may reduce the likelihood that cancerous cells in the breast 

are detected and treated early, thus increasing the risk for invasive cancer. Among WLWH, 

this may contribute to greater morbidity and mortality, with studies finding that WLWH 

were approximately twice as likely as HIV-negative women to be diagnosed at an 

advanced stage of breast cancer (Shiels et al., 2015). Late diagnosis of cancer leads to 

further disparities, requiring more invasive surgeries, costly treatments, and contributing to 

poorer prognosis. Thus, identifying ways to increase the uptake of breast cancer screening 

among WLWH is crucial to reducing premature mortality among this population. 

Furthermore, given that WLWH may be getting more aggressive tumors than WLWH 

(Coghill, Han, et al., 2019), they are arguably in even greater need of timely 

mammography screening than women without HIV. Unfortunately, there has been little 
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research conducted to date on factors that contribute to non-adherence to breast cancer 

screening guidelines among WLWH in the U.S. 

The Social Ecological Model (SEM) of Health Promotion 

 The current study will assess predictors of screening mammography among 

WLWH through the theoretical lens of the SEM of Health Promotion (see Figure 1; 

Stokols, 1996). The SEM approach to understanding health behaviors or outcomes 

recognizes that individuals’ behaviors are influenced by the cumulative impact of 

numerous layers of personal and contextual factors, such as one’s social, cultural, and 

physical environment. A primary feature of SEMs is that they analyze multiple levels of 

influence on behavior (e.g., individual characteristics, institutional characteristics, 

community characteristics) rather than operating exclusively within a single level (e.g., 

individual characteristics). SEMs also explore the joint influences and interactions between 

different levels in shaping individuals’ health. Using SEMs to understand how multiple 

factors influence health and health behavior also facilitates the development of 

multidisciplinary, multi-level interventions that are equipped to address multiple layers of 

disease risk or barriers to health (Stokols, 1996). 

 The SEM approach has been tailored for use in research developing comprehensive 

cancer screening programs in colorectal cancer, cervical cancer, and breast cancer (Centers 

for Disease Control and Prevention, 2013, 2015). Within the context of cancer control and 

prevention, the CDC has identified five levels of influence theorized to impact the 

likelihood that an individual will obtain cancer screening. This includes the individual-

level (e.g., personal characteristics, knowledge), interpersonal-level (e.g., family 
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influences, provider influences), organizational-level (e.g., health plans and insurance 

companies, healthcare systems), community-level (e.g., the media, community-based 

organizations), and the policy-level (e.g., federal and state laws, professional guidelines or 

recommendations). Thus, the SEM posits that a behavioral outcome, such as receipt of 

breast cancer screening, is affected both directly, and through the interaction of, these 

multiple overlapping factors. These levels of influence will be utilized henceforth to 

summarize and organize the current body of literature examining known barriers and 

facilitators of breast cancer screening to date.  

Barriers and Facilitators of Breast Cancer Screening in the U.S. 

Many studies have examined predictors of breast cancer screening among women 

living in the U.S., including individual-level, interpersonal-level, organizational-level, 

community-level, and policy-level influences. These studies have been conducted in the 

general population of women, which presumably includes women with and without HIV. 

Individual-level factors. To date, most research assessing factors associated with 

receipt of recommended mammography has focused on individual-level predictors of 

breast cancer screening. These studies have identified numerous variables associated with 

receipt of screening mammography, including cognitive, health, and socio-economic 

factors. Cognitive characteristics associated with non-adherence to screening 

mammography guidelines include lower self-efficacy for obtaining mammography 

(Gierisch, Earp, Brewer, & Rimer, 2010; Melvin, Jefferson, Rice, Cartmell, & Halbert, 

2016), lower perceived risk of developing breast cancer (Katapodi, Lee, Facione, & Dodd, 

2004; Magai, Consedine, Neugut, & Hershman, 2007), greater reported religiosity or 
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spirituality (Melvin et al., 2016), lack of knowledge about breast cancer and breast cancer 

screening guidelines (Davis et al., 2017; Katapodi et al., 2004), and the belief that cancer 

treatments do not work (Magai et al., 2007). 

The physical health and health behaviors of women have also been linked to 

adherence with breast cancer screening across a number of studies. For example, studies 

have found that women who rated themselves as having “poor” or “fair” health were less 

likely to receive consecutive screening mammograms than those who rated their health as 

“good” or “excellent” (Gierisch et al., 2010), women with higher body mass index (BMI) 

were less likely to receive screening mammography than those with lower BMI (Carney, 

Harwood, Weiss, Eliassen, & Goodrich, 2002), and past or current smokers were more 

than twice as likely to be non-adherent to screening mammography recommendations 

compared to women who reported they had never smoked (Khaliq, Aamar, & Wright, 

2016). Furthermore, a recent meta-analysis found that women with a medical co-morbidity 

are less likely to receive breast cancer screening compared to women without medical co-

morbidities (Diaz et al., 2017). 

 Research assessing the relationship between mental health concerns and receipt of 

screening mammography has revealed inconsistent findings. One study in Boston found no 

difference in mammography uptake between those who screened positive for a mental 

disorder in a primary care setting and those who had a negative screen (Lasser et al., 2003), 

whereas a study in Iowa found that women with any mental health diagnosis (e.g., mood 

disorder, anxiety disorder, psychosis, alcohol and substance abuse) were significantly less 

likely to receive screening mammography than those without a mental health diagnosis 
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(Carney & Jones, 2006). This study also found that greater severity of mood or anxiety 

disorder was associated with lower receipt of screening mammography. In addition, a 

study of women aged 50-80 years in Los Angeles found that psychological distress was 

inversely associated with receipt of screening mammography (O'Donnell et al., 2010). 

Psychological distress in this study was measured with items assessing sadness, 

depression, and loss of interest in activities usually enjoyed.  

With respect to demographic and socio-economic predictors of mammography, 

greater educational attainment and increased income have both been linked with improved 

adherence to breast cancer screening (Khaliq et al., 2016; Narayan et al., 2017; Rahman, 

Dignan, & Shelton, 2003). Studies have yielded inconsistent findings regarding the 

influence of patient age on receipt of screening, with some studies finding no association 

between age and receipt of screening (Khaliq et al., 2016; O'Donnell et al., 2010) and 

others identifying greater adherence to screening among older women (Kempe, Larson, 

Shetterley, & Wilkinson, 2013; Narayan et al., 2017; Vyas et al., 2014). One factor that 

complicates interpretation of these findings is that USPSTF guidelines for screening 

changed in 2009 to no longer uniformly recommend mammography for women under the 

age of 50. Prior to 2009, the USPSTF recommended that women aged 40 and older receive 

mammography every one to two years. Thus, some of the participants in these studies 

would not currently be recommended for routine screening mammography based on the 

revised guideline (U.S. Preventive Services Task Force, 2016).  

Research has also identified inconsistent findings regarding racial and ethnic 

disparities in breast cancer screening. Previous studies have found lower rates of screening 
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mammography among African-American women compared to White women (Bynum, 

Braunstein, Sharkey, Haddad, & Wu, 2005; Rahman et al., 2003). Among women 

receiving Medi-Cal services in California in 2011, Asian/Pacific Islander women were 

most likely to have received breast cancer screening (54%), followed by Hispanic/Latina 

(52%), White (44%), African American/Black (39%), and American Indian/Alaskan 

Native (37%) women (California Department of Healthcare Services, 2015). However, 

several subsequent studies found that African-American women are more likely to be 

adherent to screening mammography guidelines than White women, potentially reflecting 

the success of recent efforts to reduce breast cancer disparities among African-American 

women or increased access to screening services due to nationwide health policy changes 

(Davis et al., 2017; Melvin et al., 2016; Narayan et al., 2017)  

 Interpersonal-level factors. The positive effect of social support on adherence to 

medical treatment has been well-established (DiMatteo, 2004). This effect has also been 

identified in the cancer screening literature, with multiple studies finding that greater social 

support is associated with better adherence to breast cancer screening recommendations 

(Katapodi, Facione, Miaskowski, Dodd, & Waters, 2002; Magai et al., 2007). Similarly, 

marital status has been linked with cancer screening practices, with a nationally 

representative survey finding that married women were more likely to utilize 

mammography screening than unmarried women (Hanske et al., 2016). Among the 

138,921 women eligible for breast cancer screening in the study, nearly 82% of married 

women obtained breast cancer screening in the past two years, compared with 

approximately 74% of unmarried women. In addition, level of perceived spousal support 
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has been linked with receipt of mammography in a study of Korean-American women, 

with those reporting higher perceived spousal support being twice as likely to receive 

breast cancer screening compared to those with low perceived spousal support (Lee et al., 

2016). Social influence has been found to be associated with breast cancer screening 

adherence as well, with one study finding that women over the age of 52 years who 

perceived breast cancer screening as normative were more likely receive a mammogram 

within the two year follow-up period (Allen, Stoddard, & Sorensen, 2008).  

In addition to research finding that women’s personal relationships impact their 

likelihood of screening, there is also evidence that women’s relationships with healthcare 

providers influences screening mammography adherence. Research exploring provider-

level factors influencing receipt of breast cancer screening have examined a number of 

variables, including satisfaction and length of relationship with primary care providers, 

number of encounters with providers, physician recommendations, and physician 

specialties. In one study, Hispanic/Latina women who rated themselves as moderately to 

highly satisfied with their relationship with their healthcare provider were more than three 

times as likely to have obtained mammography screening within the past two years 

compared to those who reported having low satisfaction with their healthcare provider 

(Sheppard et al., 2008). Another study of Medicaid recipients found that length of the 

physician-provider relationship was significantly related to receipt of screening 

mammography (DuBard, Schmid, Yow, Rogers, & Lawrence, 2008). Number of physician 

visits to a primary care physician (PCP) or non-primary care physician in a two year period 

has also been associated with greater rates of breast cancer screening in a retrospective 
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cohort study of Medicare beneficiaries (Roetzheim et al., 2012). In addition, physician 

recommendation of mammography has been associated with greater likelihood of patients 

receiving a mammogram (Bazargan, Bazargan, Calderón, Husaini, & Baker, 2003; 

Plourde, Brown, Vigod, & Cobigo, 2016), with one study reporting that women whose 

physicians had recommended that they receive a mammogram were approximately five 

times more likely to have obtained a mammogram in the last two years than those who did 

not receive a recommendation from their physician (González & Borrayo, 2011). Finally, 

there is evidence that certain types of physicians are more likely to follow breast cancer 

screening guidelines and refer patients for mammography within the recommended 

timeframe (Plourde et al., 2016). For example, a national retrospective cohort study in the 

U.S. found that gynecologists were more than twice as likely to follow breast cancer 

screening guidelines than internal medicine doctors or family practitioners (Wallace, 

MacKenzie, & Weeks, 2006). In addition, this study found that mid-level providers (e.g., 

nurse practitioners and physician assistants) were almost twice as likely to refer patients 

for mammography according to breast cancer screening guidelines than physicians.  

Organizational-level factors. A recent systematic review of contextual factors 

associated with receipt of breast cancer screening identified a number of health-systems 

level variables that influence the uptake of screening mammography (Plourde et al., 2016). 

Organizational characteristics associated with higher uptake of mammography screening 

within healthcare facilities include offering flexible office hours and weekend or evening 

appointments, having a group practice or greater number of healthcare personnel, and 

having flow sheets available in the electronic medical record (EMR). In addition, one study 
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included in the review found that greater perceived organizational commitment to quality 

by staff members (e.g., recognition for staff providing high quality patient care) was 

associated with higher rates of breast cancer screening on the organizational-level 

(Goldzweig, Parkerton, Washington, Lanto, & Yano, 2004). 

Insurance coverage is another organizational factor theorized in the SEM to 

influence breast cancer screening behavior (Centers for Disease Control and Prevention, 

2013). Insurance has been found to be strongly associated with receipt of breast cancer 

screening (Melvin et al., 2016; Narayan et al., 2017; Rahman et al., 2003; Smith, 

Hochhalter, Ahn, Wernicke, & Ory, 2011). To date, most studies have utilized insurance 

coverage as a binary variable (any insurance vs. no insurance) rather than examining the 

influence of types of coverage (e.g., private vs. public). In one study, women without 

health insurance coverage were three times less likely to have received screening in the 

past year than insured women (Melvin et al., 2016). Another study found that women who 

had experienced a lapse of insurance in the past three years were almost three times as 

likely to have missed screening in the past two years compared to those with continuous 

insurance coverage during this time (Smith et al., 2011).  

 Community-level factors. Research on factors associated with uptake of breast 

cancer screening has increasingly been taking individuals’ geographic and community 

environment into consideration, including characteristics such as county size, population 

density, public transit availability, and availability of medical providers and screening 

facilities (Heller, Rosenkrantz, Gao, & Moy, 2018; Rosenkrantz, Moy, Fleming, & 

Duszak, 2018; Smith et al., 2011). For example, a recent study investigating county-level 
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geographic patterns of screening mammography uptake among Medicare beneficiaries 

aged 67-69 years during 2012 and 2013 identified differences in screening uptake in urban 

vs. rural locations (Heller et al., 2018). In 25 of the 26 states included in the study, receipt 

of mammography screening was significantly higher for women living in metropolitan and 

large urban counties than rural counties and small urban counties. In addition, screening 

coverage was lower for high poverty counties and counties with a lower ratio of PCPs to 

residents. These disparities were theorized to be in part due to longer travel distances to 

screening clinics, more limited clinic hours, and fewer PCPs available to inform and 

remind patients about the need for screening. Similarly, a study in Texas found that women 

living in a U.S. Department of Health and Human Services' Health Resources and Services 

Administration-designated “health provider shortage area” were significantly less likely to 

report having received screening in the past two years (Smith et al., 2011). However, 

another recent study found that the supply of mammography facilities and number of 

mammography-interpreting radiologists in an area were negligibly related with rates of 

mammography receipt among Medicare beneficiaries, concluding that “demand-side 

factors,” such as patient knowledge and relationships with PCPs, may be more influential 

on screening rates than supply-side factors (Rosenkrantz et al., 2018).  

Policy-level factors. A number of recent studies have been conducted to assess the 

effect of state and nation-wide policy changes on rates of mammography screening.  For 

example, research has compared population rates of screening mammography before and 

after the implementation of the Affordable Care Act (ACA) in 2010, which eliminated co-

payments and out-of-pocket costs for recommended cancer screening services such as 
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screening mammography. Studies have found that rates of screening mammography 

increased in the years following the implementation of the ACA among fee-for-service 

Medicare beneficiaries aged 70 or older and that mammography screening disparities 

among beneficiaries of lower socio-economic status were reduced (Cooper, Kou, Dor, 

Koroukian, & Schluchter, 2017; Cooper, Kou, Schluchter, Dor, & Koroukian, 2016). 

These data suggest that removing co-payments for screening mammography significantly 

improved the uptake of breast cancer screening among this group. In addition, data from a 

nationwide survey conducted in 2012 found that women who were living in states that 

opted out of expanding Medicaid under the ACA had significantly lower odds of receiving 

mammography than women living in states that expanded Medicaid coverage under ACA 

(Sabik, Tarazi, & Bradley, 2015).  

Barriers and Facilitators of Breast Cancer Screening among WLWH in the U.S.   

As described in the preceding sections, there are numerous personal, interpersonal, 

organizational, community, and policy-level factors that have been found to influence the 

receipt of breast cancer screening in the general population of women whose HIV status 

was unspecified. To date, however, few studies have examined factors that impact receipt 

of preventive care, such as cancer screening, among older WLWH (Rubtsova et al., 2017). 

Only three known studies to date have examined risk factors for non-adherence to cancer 

screening among WLWH in the U.S. in the ART era. These studies are summarized below. 

 One study was designed to evaluate cancer screening practices, specifically breast 

and colorectal cancer screening, among 401 PLWH attending three different medical 

clinics in Philadelphia (Momplaisir et al., 2014). A total of 181 WLWH over the age of 40 
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were included in this study, although it is unclear which, if any, breast cancer screening 

guidelines were utilized in determining participants’ adherence. The study used survey 

items from the National Health Interview Survey (NHIS) and assessed mammography 

receipt within the past year and past five years. The authors found that WLWH who 

received care at an integrated clinic employing both PCPs and infectious disease specialists 

were significantly less likely to have received screening mammography in the past five 

years than women who were seen at either a non-integrated infectious disease clinic or a 

general internal medicine clinic. The study did not provide additional information about 

the clinics, but noted that the integrated clinic largely functioned as a safety net clinic for 

uninsured individuals, which may have influenced their findings. In addition, the study 

found that the odds of WLWH receiving a mammogram in the last year increased with the 

number of PCP visits in the past year. This study did not assess any additional factors 

contributing to healthcare utilization or receipt of mammography in WLWH.  

A second study used electronic medical record (EMR) data to identify psychosocial 

predictors of mammography among 292 WLWH receiving care at a large, urban safety-net 

HIV clinic in Boston between 2003 and 2008 (Weinstein, Battaglia, & Baranoski, 2016). 

This study found that only half of the women had received a screening mammogram 

within the past two years. In multiple logistic regression analyses, the study found that 

women born outside of the U.S., women who had not completed high school, and women 

with undetectable HIV viral load were most likely to have received screening 

mammography. This study was the first to examine the influence of multiple demographic 

and psychosocial factors on receipt of breast cancer screening among WLWH in the ART 
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era; however, this study was limited to a sample from a single clinic, with 75% of 

participants between 40-50 years of age. Of note, both of these studies (Momplaisir et al., 

2014; Weinstein et al., 2016) heavily sampled women younger than 50 years of age. This 

is a limitation given that as of 2009, women 40-49 years of age are no longer 

recommended by the USPSTF to receive routine mammography screening unless they 

decide individually that the benefits of screening outweigh the risks (U.S. Preventive 

Services Task Force, 2016). Furthermore, recent research indicates that WLWH over the 

age of 50 have psychosocial characteristics that are distinct from younger women with 

HIV (Frazier et al., 2018). Thus, studies exploring factors associated with mammography 

screening specifically among WLWH 50-74 years of age are critical to meet the needs of 

this overlooked group.  

 Only one published study to date has assessed factors associated with breast cancer 

screening among WLWH over the age of 50 (Simonsen et al., 2014). This study was a 

retrospective cohort study that assessed utilization of preventive health services among 192 

WLWH receiving care at the University of Utah Infectious Disease Clinic, including 

breast, cervical, and colorectal cancer screening, vaccinations, STI testing, and safe sex 

counseling. The study had limited power to assess factors associated with mammography 

screening, as only 40 participants in the overall sample were eligible for breast cancer 

screening and only 26 of those had complete demographic data available for analyses. The 

study did not detect any between-group differences in demographic or insurance variables 

(e.g. race, ethnicity, immigration status, housing status, language, insurance) between those 
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who had received breast cancer screening in the past year and those who had not received 

breast cancer screening in the past year. 

Although research has begun to identify factors that contribute to the 

underutilization of mammography among WLWH, there remains a scarcity of studies that 

comprehensively assess risk factors for non-adherence to current screening mammography 

guidelines (U.S. Preventive Services Task Force, 2016) among WLWH age 50-74 years in 

the U.S. Existing studies sampled WLWH younger than 50 years of age (Momplaisir et al., 

2014; Weinstein et al., 2016), did not utilize guidelines to classify adherence status 

(Momplaisir et al., 2014), or were not sufficiently powered to allow for appropriate 

analysis of potential risk factors (Simonsen et al., 2014). Furthermore, none of the studies 

utilized a theoretical model to inform variable selection and data analyses. The proposed 

project intends to expand upon the prior studies by utilizing the SEM to explore risk 

factors for non-adherence to screening mammography in a larger sample of WLWH who 

are within the recommended screening age bracket (i.e., between 50-74 years of age), and 

thus at greatest age-related risk for breast cancer (U.S. Preventive Services Task Force, 

2016).  

 In conducting a study of risk factors for non-adherence to screening 

recommendations among WLHW, it is critical to consider HIV-specific characteristics that 

may be associated with receipt of mammography screening. To date, only one study 

(Weinstein et al., 2016) has assessed how HIV-specific factors are related to receipt of 

screening, specifically CD4 count and viral load. In unadjusted analyses, both undetectable 

viral load (< 75 copies per mL) and CD4 > 200 (cells per mL) were related to 
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mammography adherence; however, CD4 was later dropped from adjusted analyses due to 

high collinearity with viral load. In adjusted analyses, undetectable viral load remained 

significant, with women with a viral load < 75 copies per mL having nearly 2.5 greater 

odds of receiving a mammogram compared to women with a detectable viral load. 

Currently, there is no evidence that any class of ART drugs used to manage HIV confers 

increased risk for breast cancer (Chao et al., 2012; Krishnan et al., 2011).  

Finally, a small amount of research has examined predictors of other forms of 

cancer screening among WLWH. Most studies have focused on adherence to cervical 

cancer screening, as WLWH are at higher risk for cervical cancer than women without 

HIV (Abraham et al., 2012; Ellerbrock et al., 2015; Nappi et al., 2005). Studies assessing 

predictors of cervical cancer screening among WLWH have somewhat replicated the 

findings of studies assessing predictors of breast cancer screening in the general 

population. For example, in line with inconsistent findings regarding the relationships 

between demographic characteristics and breast cancer screening among the general 

population, Fletcher et al. (2014) found that younger age and African-American racial 

identity were associated with non-adherence to cervical cancer screening among WLWH 

in Texas, while Peprah et al. (2018) found that older age and White racial identity were 

longitudinally associated with lower utilization of cervical cancer screening among 

WLWH in Baltimore. Similar to the breast cancer screening literature, both studies found 

that substance use, including hazardous drinking and cigarette use (Fletcher et al., 2014), 

and injection drug use (Peprah et al., 2018), were associated with lower uptake of cervical 

cancer screening. In addition, greater perceived health risk of smoking was associated with 
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receipt of cervical cancer screening (Fletcher et al., 2014), consistent with findings that 

perceived susceptibility to breast cancer is associated with breast cancer screening among 

the general population (Katapodi et al., 2004; Magai et al., 2007). In contrast to the 

findings of studies conducted assessing breast cancer-screening adherence among the 

general population (Melvin et al., 2016; Narayan et al., 2017; Rahman et al., 2003; Smith 

et al., 2011), insurance status was not associated with receipt of cervical cancer screening 

among WLWH (Peprah et al., 2018). Furthermore, although previous research indicated 

that WLWH with low CD4 counts were less likely to have received cervical cancer 

screening than WLWH with higher CD4 counts, (Oster, Sullivan, & Blair, 2009) a more 

recent, but considerably smaller, study found no relationship between CD4 count and 

receipt of cervical cancer screening (Peprah et al., 2018). 

Summary and Aims 

WLWH over the age of 50 are a rapidly growing but understudied population with 

significant risks for breast cancer mortality (Coghill et al., 2015; Durvasula, 2014; 

Rubtsova et al., 2017). WLWH are more than twice as likely to die from breast cancer 

compared to women without HIV (Coghill et al., 2015), despite similar or lower incidence 

rates of breast cancer (Coghill et al., 2018; Silverberg et al., 2009). As this population 

continues to live longer, it is expected that they will be at increased risk for cancers 

associated with aging, including breast cancer (Shiels et al., 2011). Thus, addressing 

disparities in cancer screening among WLWH will be increasingly important to reduce 

treatment costs and premature mortality among this group. Although recent studies have 

identified disparities in breast cancer screening and stage of breast cancer at diagnosis 



 25 

among WLWH (Kendall et al., 2017; Momplaisir et al., 2014; Shiels et al., 2015), research 

into risk factors of non-adherence to screening mammography is limited, particularly 

among women aged 50-74, the target of current USPSTF recommendations for breast 

cancer screening (U.S. Preventive Services Task Force, 2016). The objective of this study 

was to identify whether predictors of screening mammography in the general population 

extend to WLWH and assess the association of HIV-specific characteristics (e.g., viral 

load) with receipt of screening mammography. This study also expands upon the literature 

exploring predictors of mammography in WLWH by utilizing a theoretical framework, the 

SEM, to identify potential variables of interest and specific analytic strategies. 

 The current study used EMR data to describe uptake of screening mammography 

and examine predictors of screening among women aged 50-74 with a charted diagnosis of 

HIV receiving primary care at two large healthcare centers within the University of 

California (UC) Healthcare System, UC San Diego (UCSD) and UC San Francisco 

(UCSF) between 2016 and 2018. The project utilized the SEM to identify independent 

variables available in the EMR that may predict whether WLWH receive breast cancer 

screening, including individual, interpersonal, and organizational factors. Adherence to 

mammography recommendations was assessed by extracting medical encounters captured 

in the EMR that utilize Current Procedural Terminology (CPT) billing codes indicative of 

screening, as well as receipt of breast cancer screening documented by medical providers 

in the Health Maintenance section of the EMR. Women in the study were classified as 

“adherent” if they received a screening mammogram within the two-year study period as 

assessed by CPT billing codes or the Health Maintenance record. Following preliminary 
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analyses, a series of multivariable logistic regression analyses were conducted to identify 

variables associated with receipt of mammography during the two-year study period, as 

well as the contribution of each level of the SEM in predicting mammography screening.  

Specific Aim 1:  To determine rates of adherence to recommended screening 

mammography among WLWH receiving primary care services within the UCSD and 

UCSF healthcare systems. Rates of adherence among WLWH in the study were compared 

with best available estimates of rates of screening mammography in a two year period 

among the general population of women aged 50-74 living in California (National Cancer 

Institute, 2018b).  

Specific Aim 2: To evaluate individual factors associated with receipt of recommended 

breast cancer screening among WLWH, such as demographic characteristics, medical and 

psychiatric co-morbidities, current smoking status, and HIV-related medical 

characteristics. 

Specific Aim 3: To evaluate interpersonal factors associated with receipt of recommended 

breast cancer screening among WLWH, including marital status, primary care provider 

department, length of relationship with primary care provider, and number of office visits 

during the study period. 

Specific Aim 4: To evaluate organizational factors associated with receipt of recommended 

breast cancer screening among WLWH, such as healthcare site and insurance status.  

Specific Aim 5: To identify the unique contribution of variables identified in Specific 

Aims 2, 3, and 4 in predicting non-adherence to screening mammography guidelines, as 

well as the unique contribution of each level of the SEM. 



 27 

 Chapter 1, in part, is currently being prepared for submission for publication of the 

material. Gordon, Janna R.; Rutledge, Thomas R.; Helm, Jonathan L.; Moore, David J.; 

Malcarne, Vanessa L.; Wells, Kristen J. The dissertation author was the primary 

investigator and author of this material.
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Method 

Overview 

 The current retrospective cohort study utilized existing EMR data to examine risk 

factors associated with non-adherence to USPSTF recommendations for breast cancer 

screening among WLWH aged 50-74 receiving medical care in the UC Health system. 

EMR data were extracted from two academic healthcare systems in the UC system 

reflecting care provided between January 1, 2016 through January 1, 2018. Data were 

abstracted from records of women with a charted diagnosis of HIV and who had a PCP 

listed at UC Health as of January 1, 2016. A series of logistic regression analyses were 

conducted to examine relationships among patient characteristics and likelihood of 

receiving screening mammography within the two-year study period. No patient contact 

occurred, and all data obtained were de-identified; thus, this study was identified by the 

San Diego State University Institutional Review Board as exempt from board review. 

Setting 

 Patient data were obtained from two sites, the UCSD and UCSF Health systems, in 

collaboration with the Altman Clinical and Translational Research Institution (CTRI) at 

UCSD and the Clinical and Translational Science Institute (CTSI) at UCSF. The UCSD 

CTRI and UCSF CTSI are part of a national consortium that received Clinical and 

Translational Science Awards (CTSAs) from the National Institutes of Health (NIH). Their 

mission is to improve the translational research process and patient health by promoting 

professional training, innovative research, and increased collaboration between academic 

groups, industry, non-profit organizations, the government, and the community. It is 
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estimated that approximately 13,600 PLWH were living in San Diego County, California 

in 2016, of whom 10% were women (County of San Diego Health and Human Services 

Agency, 2018). It is estimated that approximately 16,000 PLWH were living in San 

Francisco County, California in 2016, of whom 6% were women (San Francisco 

Department of Public Health, 2017). Together, these two counties accounted for 

approximately 15% of the total HIV burden among women living in California in 2016 

(California Department of Public Health, 2018).  

UC San Diego Health. UCSD Health is an academic medical center providing 

primary and specialty care services. It is one of five academic medical centers within the 

10-campus UC system. UCSD Health maintains two medical complexes in La Jolla and 

Hillcrest, as well as multiple ambulatory clinics located throughout San Diego County. 

Each medical complex provides outpatient primary and specialty medical and surgical 

services, as well as acute inpatient care and emergency patient care. Services include a 

Burn Center, Level 1 Trauma Center, Comprehensive Stroke Center, a National Cancer 

Institute-designated Comprehensive Cancer Center, and a Neonatal Intensive Care Unit, 

among others. In 2018, UCSD Health provided approximately 835,000 outpatient visits, 

78,000 emergency visits, and 31,700 inpatient discharges (UC San Diego Health, 2019). 

The UCSD Medical Center in Hillcrest houses the Owen Clinic, a dedicated HIV/AIDs 

care program. The Owen Clinic is a comprehensive, multidisciplinary HIV primary care 

clinic that also provides mental health services, nutrition services, drug and alcohol 

counseling, case management support, financial counseling, patient education, and 

additional in-house specialty care for HIV-related conditions such as anal dysplasia, 
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Hepatitis B and C, and cancer. Patients at the Owen Clinic are assigned a single PCP who 

coordinates their care. The Owen clinic sees more than 3,000 patients each year. UCSD 

Health accepts numerous insurance plans, including private insurance programs and public 

insurance coverage such as Medicare and Medi-Cal.  

UC San Francisco Health. UCSF Health is a multi-site academic medical center 

providing primary and specialized care across multiple medical centers throughout San 

Francisco, including the UCSF Medical Centers at Parnassus Heights, Mission Bay, and 

Mount Zion. Facilities include inpatient and outpatient medical services, surgery facilities, 

specialized children’s hospitals and practices, Centers for Integrative Medicine and 

Women’s Health, a National Cancer Institute-designated Comprehensive Cancer Center, 

and psychiatric hospitals and clinics. UCSF also has primary care and specialty clinics 

located throughout San Francisco and Northern California. UCSF Health is part of UCSF, 

the only campus in the UC system that is exclusively focused on the health sciences. In 

2017, UCSF Health provided approximately 1,839,000 outpatient visits and 45,800 

inpatient discharges (UCSF Health, 2018). UCSF’s HIV/AIDS program, the 360: Positive 

Care Center, is a comprehensive, multidisciplinary clinic that provides primary care to 

PLWH as well as medication and pain management services, patient education, nutrition 

counseling, laboratory services, outpatient surgical services, physical therapy, sleep 

management, smoking cessation and support groups. There are four specialized programs 

at the Center, including the HIV Women’s Program and the HIV and Aging Program. 

Providers in the multidisciplinary Center include experts in infectious disease, obstetrics, 

gynecology, psychology, nutrition, pharmacy, and social work. The Center also provides 
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access to social, legal, and housing services. UCSF Health contracts with multiple 

insurance companies and accepts Medicare and Medi-Cal.  

Participants 

 Participants in this study were women between the ages of 50-74 years diagnosed 

with HIV and receiving healthcare services at one of two UC academic medical centers, 

UCSD or UCSF. Both the UCSD and UCSF sites utilize Epic EMR systems for patient 

care. At each site, the CTRI and CTSI allow for the extraction of patient data for research 

purposes. At UCSD, the CTRI provides the Patient Information Extract Service (PIES), 

which identifies patients meeting pre-specified inclusion/exclusion criteria and extracts 

identified, de-identified, or limited patient-level data from the EMR for clinical research 

projects. At UCSF, the CTSI allows for the extraction of Advanced Patient-Centered 

Excellence (APeX) data from the Epic EMR following analogous procedures. 

Programmers and data analysts within the CTRI and CTSI extracted de-identified patient 

data from patient EMRs for the study and stored them in electronic databases for analyses 

by the researcher. Participants in this analysis included all women at both UCSD and 

UCSF Health that met the inclusion and exclusion criteria described below. 

Inclusion criteria. Records from each of the healthcare centers meeting the 

following criteria as of January 1, 2016 were extracted: 1) patient sex was female, 2) 

patient diagnosis list contained ICD-10 codes and subcodes under B20, B21, B22, B23, 

B24, and Z21 (referring to HIV diagnosis), 3) patient was assigned a PCP within the UC 

Healthcare system, and 4) patient was age 50-72 years. This age range was chosen for 

inclusion given USPSTF guidelines recommending that women aged 50-74 receive 
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screening every two years (U.S. Preventive Services Task Force, 2016). Seventy-two was 

used as the cut-off for age for inclusion at baseline (January 1, 2016) because the study 

tracked mammography adherence over the subsequent two years, and women who were 

already 73-74 years of age at baseline would not be recommended for mammography over 

the entire subsequent two year period according to USPSTF guidelines (U.S. Preventive 

Services Task Force, 2016). 

Exclusion criteria.  Women who were age 73 or older as of baseline (January 1, 

2016) were excluded from the analysis, as were women who were previously diagnosed 

with breast cancer (ICD-10 code C50 and all subcodes within) or received mastectomy 

(ICD-10 codes Z90.10, Z901.11, Z90.12, and Z90.13) prior to January 1, 2016. Women 

who did not have at least one medical visit with UCSD or UCSF documented during the 

study period were excluded to prevent the likelihood of including patients who primarily 

received care outside of UC Health.  

In addition, after receiving the de-identified data files from the analysts at UCSD 

and UCSF, the study author identified seven patients at UCSD who had one of the 

following diagnoses in their problem lists: “male-to-female transgender person,” 

“transgender,” “hormonal imbalance in transgender patient,” and “transsexualism with 

unspecified sexual history.” These seven cases were excluded from the cohort for analyses 

because guidelines for screening mammography are not currently available for transgender 

individuals. In addition, based on the scope of the data obtained from the EMR, there was 

no way to discern whether these individuals had received hormone treatment or gender 
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affirmation surgery, which may have influenced their risk for breast cancer and consequent 

screening recommendations (Deutsch, 2016).  

Variables Extracted from the EMR 

The identification of variables assessed in the proposed project was guided by the 

SEM. A list of variables is provided in Table 1.  

 Individual characteristics. The following individual-level characteristics were 

extracted from the EMR as of January 1, 2016: patient age, race and ethnicity, smoking 

status, medical and mental health diagnoses listed in the problem list of the EMR, and HIV 

medical characteristics such as baseline viral load and CD4 count (based on closest 

laboratory report released within four months of January 1, 2016).  

Interpersonal characteristics. The following interpersonal-level characteristics 

were extracted from the EMR: marital status at baseline, year of earliest recorded visit with 

PCP, PCP specialty, and number of office visits attended within the healthcare system in 

the two-year study period. 

 Organizational characteristics. The following organization-level characteristics 

were extracted from the EMR: healthcare system where the patient obtained care (UCSD, 

UCSF) and patient’s insurance at baseline.  

 Receipt of mammogram.  Adherence with guidelines for screening 

mammography was based on the USPSTF Final Recommendation Statement for Breast 

Cancer Screening, originally published on November 30, 2009 and finalized on January 

12, 2016. Both the 2009 and 2016 versions state that women between the ages of 50-74 

should obtain screening mammography biennially, and that women between 40-49 years of 
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age should individually decide whether they wish to receive mammography based on their 

personal perceptions of the relative benefits and risks (U.S. Preventive Services Task 

Force, 2016). In the current study, the outcome variable, receipt of a mammogram, was 

assessed by extracting medical encounters captured in the chart that utilize the following 

CPT billing codes indicative of screening mammography: 77052, 77056, 77057, 77067, 

G0202; as well as data captured by medical providers in the EMR as “Health 

Maintenance,” which include cancer screening services and year service was received. 

Women who have a charted mammogram discerned via either method were coded as 

adherent (1), and those without a mammogram captured either in billing codes or 

preventive care summaries were coded as non-adherent to breast cancer screening (0).  

Variables Included in Analyses 

Using the data extracted from the EMR, the following variables were included in 

analyses to assess relationships with the dichotomous outcome of interest, receipt of 

mammography within the study period (adherent vs. non-adherent): age (continuous 

variable); race/ethnicity (Hispanic/Latina vs. non-Hispanic White vs. Black/African-

American vs. Other/Mixed Race); presence of a mental health diagnosis including mood 

disorders, anxiety and anxiety-related disorders, and psychotic disorders (yes/no); presence 

of a substance abuse diagnosis (yes/no); Charlson co-morbidity index score (a continuous 

variable signifying co-morbidity severity, weighted based on the recommendations of 

Quan et al.]); current smoker (yes/no); viral load (not detectable vs. detectable); CD4 count 

(continuous); marital status (married or living with a domestic partner vs. unmarried); 

number of office visits during the two year period (continuous); insurance status (private 
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coverage vs. public coverage vs. no insurance); and healthcare system (UCSD vs. UCSF). 

Although the analysis plan initially proposed including length of patients’ relationships 

with their PCP as a continuous variable (based on the earliest recorded visit with that 

provider), this was not possible due to limitations within the APeX data system at UCSF. 

Based on available EMR data within APeX, the earliest possible visit date listed among 

patients with a PCP at UCSF was 2011 (i.e., five years prior to baseline), which 

contributed to an artificially restricted range of PCP relationship length among individuals 

receiving care at UCSF. Thus, instead of being included as a continuous variable, length of 

relationship with PCP was categorized into “five or more years” or “less than five years” 

after inspecting the distribution of the variable. In addition, although the analysis plan 

initially proposed including PCP specialty (e.g., family medicine, internist, 

obstetrician/gynecologist (OB/GYN)) as a categorical interpersonal variable, these data 

were not available within the confines of obtaining a de-identified dataset that was exempt 

from IRB review. Thus, the author instead obtained a variable that represented PCPs’ 

departmental affiliations (general/internal medicine, HIV clinic/infectious disease clinic, or 

other specialty clinic). 

Data Cleaning and Analyses 

 Data were provided to the researcher by the CTRI and CTSI in Excel spreadsheets 

containing study ID numbers as well as the corresponding values for each variable 

requested. The programming and statistical computing software “R for Mac OS X” was 

used to clean each dataset, including reshaping data, merging Excel tabs, transforming raw 

variables for analysis, and identifying and specifying codes for missing values. After 
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ensuring that all variable names, codes, and classes matched across the UCSD and UCSF 

databases, the data were merged using R into one unified database for analyses. All 

dichotomous categorical variables were dummy coded into numeric variables (0/1). 

Categorical variables with three or more levels were dummy coded into n – 1 numeric 

variables (0/1). The weighted Charlson comorbidity score was calculated using the “icd” 

package in R (Wasey et al., 2019). 

In addition, data were evaluated to ensure that the basic assumptions for conducting 

logistic regression analyses were met. Crosstabs were run for each explanatory variable 

and the outcome variable to obtain contingency tables and ensure there were no cells 

without observations. Outliers were detected by identifying values that were greater than 

the third quartile plus the interquartile range (IRQ) multiplied by 1.5, or less than the first 

quartile minus the IRQ multiplied by 1.5. Outliers in the high end of the distribution were 

capped with values equal to the IQR multiplied by 1.5, plus the 75th percentile. Outliers in 

the low end of the distribution were replaced with values equal to the IQR multiplied by 

1.5, minus the 25th percentile (Tabachnick & Fidell, 2007). Multi-collinearity was assessed 

by obtaining Variance Inflation Factor (VIF) statistics for each independent variable. VIF 

statistics ranged from 1.28-2.75, indicating that variables were not highly correlated or 

redundant (UCLA Institute for Digital Research & Education Statistical Consulting, 2019). 

Lastly, the Box-Tidwell Test was used to assess the linearity of the logit for continuous 

explanatory variables (Tabachnick & Fidell, 2007). No violations to this assumption were 

identified.  
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Patterns of missing data were also analyzed. Eleven out of the fourteen independent 

variables had little or no missing data (range: 0% to 3.4%). However, there was a large 

amount of missing data for PCP department (12.6% missing), CD4 lab value (33.1% 

missing), and HIV Viral Load lab value (41.3% missing).  For these variables, a 

missingness dummy variable was created to determine whether missingness on this 

variable was associated with the outcome measure. Chi-square analyses determined that 

missingness in PCP department and HIV Viral Load was not significantly related to receipt 

of breast cancer screening. Similarly, an independent t-test similarly revealed that 

missingness on the CD4 lab data was not significantly related to the outcome variable. 

Thus, missingness on these variables did not appear to be related to whether or not patients 

were listed as receiving mammography in their EMRs, which suggests that these data were 

not Missing Not at Random (Tabachnick & Fidell, 2007). Logistic regression analyses 

were then conducted to determine whether missingness on these variables was associated 

with other explanatory variables in the data set. (e.g., Missing at Random). These analyses 

indicated that missingness on PCP department was significantly associated with the length 

of relationship with one’s PCP, missingness on Viral Load was significantly associated 

with being uninsured and receiving care at UCSD, and missingness on CD4 value was 

significantly associated with total number of office visits in the study period and receiving 

care at UCSD. Based on these analyses, data were assumed to be Missing at Random 

(Tabachnick & Fidell, 2007). Accordingly, missing patient data were imputed using the 

Multiple Imputation by Chained Equation (MICE) procedure in R (van Buuren et al., 

2020).  
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Descriptive statistics (i.e., frequencies, measures of central tendency) of 

demographic and medical characteristics of patients were conducted for the overall study 

sample, as well as by UC site and by adherence status. Differences between UCSD and 

UCSF samples and adherent vs. non-adherent patients were detected using t-tests and chi-

square tests. Specific analyses are described below for each of the study aims. All 

statistical analyses were conducted in R. Of note, although the proposal indicated that 

analyses would be conducted to determine risk factors for non-adherence to mammography 

screening, for ease of interpretation, all analyses were conducted with adherence coded as 

“1” and non-adherence coded as “0,” rather than using the inverse coding scheme. Thus, 

for the results provided, odds ratios (ORs) should be interpreted as the change in the “odds 

of obtaining screening” for a given variable rather than “odds of non-adherence.” Given 

that the outcome variable is dichotomous, the OR for non-adherence can be determined for 

any independent variable by dividing 1 by the OR for adherence. For example, if the odds 

of obtaining screening were 0.5 for any given variable, then the odds of non-adherence 

would be 2 for that variable. Consistent with the stated purpose of the current project, the 

discussion will frame the findings in terms of risk factors associated with non-adherence to 

recommended mammography screening among WLWH.  

Analyses for Specific Aim 1.  The first aim was to determine rates of adherence to 

recommended screening mammography among WLWH aged 50-74 years receiving 

primary care services at UCSD or UCSF between 2016-2018. Rates of adherence among 

WLWH in the study were compared with best available estimates of rates of screening 

mammography in a two year period among the general population of women aged 50-74 
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years living in California (National Cancer Institute, 2018b). Descriptive analyses were 

conducted to ascertain the percentage of women included in the sample who were 

documented as having received a screening mammogram in the two-year study period. 

Chi-square analysis was used to determine whether the uptake of screening mammography 

in this sample was significantly different than that of the general population of women in 

California. It was hypothesized that rates of adherence to screening mammography among 

WLWH would be lower than estimates of mammography receipt among the general 

population of women in California based on prior findings that WLWH are less likely to 

receive mammography screening (Kendall et al., 2017; Momplaisir et al., 2014). 

Analyses for Specific Aim 2. The goal of Aim 2 was to evaluate individual-level 

factors associated with non-adherence to recommended breast cancer screening among 

WLWH, such as demographic characteristics, medical and psychiatric comorbidities, 

current smoking, and HIV-related medical characteristics. Simple logistic regression 

analyses were performed to evaluate the unadjusted ORs between each variable and receipt 

of screening mammography. Based on the proposed analysis, variables that were found to 

be significantly associated with the odds of adherence to mammography screening in 

unadjusted analyses (p < .05) were entered simultaneously into a multivariable logistic 

regression model to ascertain which variables maintained significance, as indicated by the 

Wald test, OR, and 95% Confidence Interval (CI). Furthermore, based on 

recommendations to use a less stringent alpha value (α = 0.25) for variable selection in 

exploratory bivariate models to preclude premature exclusion of potentially important 

explanatory variables in multivariable models (Hosmer & Lemeshow, 2000; Stoltzfus, 
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2011), the author also conducted all analyses for the current aim using this alternative 

variable selection criteria.  

Based on the literature review of previous research in the general population, it was 

hypothesized that individual-level factors associated with higher odds of non-adherence to 

mammography would include: decreased age (Kempe et al., 2013; Narayan et al., 2017; 

Vyas et al., 2014); White race or Hispanic/Latina ethnicity (Davis et al., 2017; Melvin et 

al., 2016; Narayan et al., 2017); presence of any mental health diagnoses (Carney & Jones, 

2006); higher comorbidity severity (Diaz et al., 2017); current smoking (Khaliq et al., 

2016); detectable viral load (Weinstein et al., 2016); and lower CD4 count (Weinstein et 

al., 2016).  

Analyses for Specific Aim 3. The goal of Aim 3 was to evaluate interpersonal-

level factors associated with receipt of recommended breast cancer screening among 

WLWH, including marital status, PCP department, length of relationship with PCP, and 

number of office visits in the study period. As in Aim 2, simple logistic regression analyses 

were first conducted to evaluate the unadjusted ORs between each variable and non-

adherence to screening mammography. Next, multiple logistic regression was conducted 

using significant predictors (p < .05) identified in the unadjusted analyses to ascertain 

which interpersonal-level variables maintained significance in a multivariable context and 

obtain adjusted ORs controlling for other variables in the level. The Wald statistic, 

adjusted OR, and 95% CI were used to assess the significance of the individual 

explanatory variables associated with the odds of obtaining mammography.  Furthermore, 

as in Aim 2, the author also conducted multiple logistic regression analyses using 
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predictors found to be significant at α = 0.25 in the simple logistic regression analyses 

(Hosmer & Lemeshow, 2000; Stoltzfus, 2011).  

Based on the literature review, it was hypothesized that the following interpersonal-

level factors would be related to higher non-adherence to breast cancer screening in 

unadjusted analyses: being unmarried (Hanske et al., 2016); having a shorter relationship 

with a PCP (DuBard et al., 2008); and lower number of office visits over the study period 

(Roetzheim et al., 2012). 

Analyses for Specific Aim 4. The goal of Aim 4 was to evaluate organizational 

factors associated with non-adherence to recommended breast cancer screening among 

WLWH, such as healthcare site and insurance status. First, unadjusted ORs were obtained 

for the relationships between each variable and the receipt of screening mammography 

using simple logistic regression. If both variables were significantly related to the outcome 

measure in preliminary analyses (p < .05 or p ≤ 0.25, using both conservative and 

alternative selection criteria), multiple logistic regression analysis was conducted to 

explore if both variables maintained significance in adjusted analyses. As in prior analyses, 

the Wald statistic, adjusted OR, and 95% CI were used to assess the significance of the 

individual variables. 

It was hypothesized that not having any health insurance coverage during the study 

period would associated with increased odds of non-adherence to screening mammography 

(Melvin et al., 2016; Narayan et al., 2017). It was not anticipated that study site (UCSD vs. 

UCSF) would impact receipt of screening.  
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Analyses for Specific Aim 5. The goal of Aim 5 was to assess the unique 

contribution of variables identified in Specific Aims 2, 3, and 4 in predicting receipt of 

adherence to screening mammography guidelines, as well as the unique contribution of 

each level of the SEM in predicting mammography adherence. For Aim 5, multiple logistic 

regression analysis was conducted that included all relevant predictor variables identified 

in previous within-level analyses (i.e., the final logistic regression performed within Aims 

2, 3, and 4) with each SEM level entered into the analysis hierarchically, starting with 

individual variables in the first step, interpersonal variables in the second step, and 

organizational variables in the third step. It was anticipated that three separate models 

would be tested in this multiple logistic regression analysis: 1) individual predictors only, 

2) individual + interpersonal predictors, and 3) individual + interpersonal + organizational 

predictors. The significance of each individual predictor was assessed using the Wald test 

statistic, OR, and 95% CI. McFadden Pseudo-R2 values were also obtained for each 

successive model to assess how including variables from each level of the SEM impacted 

model fit. Higher pseudo-R2 values represent greater ability of the model to predict receipt 

of screening mammography. Differences in fit across the three models were statistically 

assessed using the log-likelihood ratio test to assess the unique contribution of each level 

of the SEM in predicting whether women obtained recommended screening.  

To the researcher’s best knowledge, this analytic approach has not been used in 

previous studies exploring predictors of mammography in the general population; thus, 

hypotheses were unable to be derived from the prior literature. However, it was expected 

that each level of the SEM would significantly and independently contribute to the odds of 



 43 

an individual being adherent to screening mammography recommendations. All analyses 

were conducted twice, the first time utilizing variables found to be significant in Aims 2-4 

using the traditional significant-testing criteria (α = 0.05), and again utilizing variables 

found to be significant in Aims 2-4 using the alternative criteria (α = 0.25).  

Power Analysis 

Prior to proposing the current study, the researcher obtained preliminary data from 

the CTRI at UCSD Health indicating that there would be 259 records at the UCSD site that 

met inclusion/exclusion criteria, thus demonstrating the feasibility of abstracting data from 

the EMR. G*Power 3.1 statistical software (Faul, Erdfelder, Lang, & Buchner, 2007) was 

used to conduct sensitivity analyses to estimate the minimum effect size that could be 

detected using the anticipated UCSD sample only (N = 259). Sensitivity analyses estimated 

that this sample size would be sufficient to detect a significant difference for an effect 

(OR) of 1.43 for a continuous independent variable and OR = 2.03 for a dichotomous 

independent variable in a 2-tailed logistic regression assuming power of .8, alpha of .05, 

and a 50% likelihood that a study participant received a mammogram (based on the 

findings of Weinstein et al., 2016). Although the final sample obtained from UCSD was 

somewhat less than anticipated once final inclusion/exclusion criteria were applied (N = 

189), data from UCSD was combined with data from UCSF (N = 104) to increase the 

sample size, geographic diversity of the study, and statistical power, yielding a final 

sample (N = 293) that was greater than the sample used to initially conduct the power 

analysis and determine study feasibility. 
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Chapter 2, in part, is currently being prepared for submission for publication of the 

material. Gordon, Janna R.; Rutledge, Thomas R.; Helm, Jonathan L.; Moore, David J.; 

Malcarne, Vanessa L.; Wells, Kristen J. The dissertation author was the primary 

investigator and author of this material.
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Results 

Sample Characteristics 

On average, participants were 57.43 years of age (SD = 5.26) and attended 17.79 

office visits within the healthcare system over the two-year study period (SD = 13.80). 

Most participants were single (49.8%), divorced (14.0%), or widowed (12.3%); only 

18.4% were married. Most participants were either non-Hispanic White (36.2%) or 

Black/African-American (35.2%), nonsmokers (69.3%), and had a mental health diagnosis 

listed in their EMR (56.7%). The majority had a PCP who was part of an HIV clinic or 

Infectious Diseases clinic (59.4%), and were covered through public insurance (57.0%). 

Patients from UCSD and UCSF significantly varied on a number of characteristics, 

including race/ethnicity (p < .001), Charlson comorbidity score (p < .001), mental health 

diagnosis (p < .001), substance use disorder diagnosis (p < .001), viral load (p < .001), 

length of relationship with PCP (p < .001), PCP department type (p < .001), insurance 

coverage (p <. 001), and the outcome variable, receipt of screening mammography (p = 

.02). UCSD patients had higher comorbidity scores (M = 7.34, SD = 1.43) than UCSF 

patients (M = 6.64, SD = 0.91), and were more likely to have a mental health diagnosis 

(64.6%) or substance use diagnosis (36.0%) listed in their medical records than UCSF 

patients (42.3% and 20.2%, respectively). However, UCSD patients were also more likely 

to have had their PCP for 5 years or more compared with UCSF patients (78.8% vs. 

22.1%), more likely to have an undetectable HIV viral load (52.9% vs. 16.3%), and more 

likely to be insured than UCSF patients (84.1% vs. 59.6%). In addition, UCSD patients 

were less likely to receive primary care from a PCP in an HIV/Infectious Diseases clinic 
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than UCSF patients (46.0% vs. 83.7%), and had fewer total office visits, on average (M = 

15.25, SD = 12.24), than UCSF patients (M = 22.40, SD = 15.27). UCSF patients were 

more likely to have obtained screening mammography (62.5%) than UCSD patients 

(47.1%). Please see Table 2 for more detailed information about sample characteristics.  

Sample Characteristics by Adherence Status 

Sample characteristics organized by adherence status are provided in Table 3. 

Women who were non-adherent to screening recommendations during the study period 

were significantly different than adherent women on multiple characteristics, including 

diagnosis of a mental health condition (p = .002), diagnosis of a substance abuse disorder 

(p = .03), and the number of office visits during the study period (p < .001). Non-adherent 

women were more likely to have a mental health diagnosis (66.2%) listed in their medical 

records than adherent women (24.7%), although they were less likely than adherent women 

to have a substance use disorder listed in their medical records (48.1% vs. 36.7%, 

respectively). Non-adherent women had fewer office visits during the study period (M = 

14.43, SD = 13.00) than adherent women (M = 20.82, SD = 13.84). Finally, as noted 

above, non-adherent women were significantly more likely to have received care through 

UCSD (71.9%) than adherent women (57.8%). 

Specific Aim 1: Characterization of Sample Mammography Adherence 

The first aim was to 1) determine rates of adherence to recommended screening 

mammography among WLWH 50-74 years of age receiving primary care services at 

UCSD or UCSF between 2016-2018, and 2) compare these rates with best available 

estimates of rates of screening mammography in a two year period among the general 
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population of women aged 50-74 living in California. Only 52.6% of women in the sample 

were adherent with recommendations for screening mammography, compared with an 

adherence rate of 82.4% among women in the general population in California based on 

2016 Behavioral Risk Factor Surveillance System data (National Cancer Institute, 2018b). 

A chi-square test of independence demonstrated that WLWH in the study sample were 

significantly less likely than women in the comparison sample to have received a 

mammogram in the past two years, χ2  (1, N = 293) = 61.47, p < .001. Furthermore, 

although WLWH who received care at UCSF had higher rates of adherence to screening 

mammography (62.5%) than those receiving care at UCSD (47.1%), they were still 

significantly less likely to have received a mammogram compared with the general 

population of women in California, χ2  (1, N = 293) = 27.35, p < .001. 

Specific Aim 2: Individual-level Characteristics and Odds of Obtaining Screening 

Mammography  

The goal of Aim 2 was to evaluate individual-level factors associated with receipt 

of recommended breast cancer screening among WLWH, such as demographic 

characteristics, medical and psychiatric comorbidities, current smoking, and HIV-related 

medical characteristics. Simple regression analyses were conducted to obtain unadjusted 

ORs demonstrating the relationships between individual-level factors and the outcome 

variable. As described above, models were created first using conservative selection of 

variables significantly associated with the outcome variable at the p = .05 level, then at the 

level of p = .25 to preclude premature exclusion of possible explanatory variables of 

importance. Please see Table 4 for all unadjusted ORs, 95% CIs, and Wald chi-square test 
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statistics of simple logistic regression models. Please see Table 5 for all adjusted ORs, 

95% CIs, and Wald chi-square test statistics of multiple logistic regression models.  

Analyses conducted using conservative variable selection criteria. Unadjusted 

analyses revealed that patients who had a mental health diagnosis or substance use 

diagnoses were significantly more likely to be non-adherent with mammography 

recommendations than women without a mental health diagnosis. WLWH with mental 

health diagnoses had less than half the odds of obtaining mammography during the study 

period than women without mental health diagnoses (OR 0.46 [95% CI 0.28-0.74], p = 

.001). Women with substance use disorders had approximately half the odds of obtaining 

mammography during the study period than women without substance use disorders (OR 

0.55 [95% CI 0.33-0.92], p = .02). Age, race/ethnicity, smoking status, Charlson 

comorbidity score, HIV viral load, and CD4 values were not significantly associated with 

receipt of mammography screening in unadjusted analyses. When presence of mental 

health diagnoses and substance use diagnoses were both included in a logistic regression 

model, only mental health diagnosis remained significantly associated with the outcome 

(OR 0.51 [95% CI 0.31 – 0.85], p = .009).  When accounting for mental health diagnoses, 

the relationship between having a substance use disorder and receiving mammography 

screening was attenuated (OR 0.71 [95% CI 0.41 – 1.21], p = 0.21). Thus, presence of a 

mental health diagnosis was the only individual variable retained for inclusion in further 

analyses using the conservative variable selection criteria.  

Analyses conducted using alternative variable selection. Unadjusted analyses 

identified five variables that were related with odds of adhering to screening 
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mammography recommendations at the level of p ≤ 0.25: age, race/ethnicity, smoking 

status, substance use diagnosis, and mental health diagnosis. As above, WLWH with 

mental health diagnoses had less than half the odds of obtaining mammography during the 

study period than women without mental health diagnoses (OR 0.46 [95% CI 0.28-0.74], p 

= .001), whereas WLWH with substance use disorders had approximately half the odds of 

obtaining mammography during the study period than women without substance use 

disorders (OR 0.55 [95% CI 0.33-0.92], p = .02). Furthermore, older women had higher 

odds of obtaining screening (OR 1.04 [95% CI 0.99-1.08], p = .13) than younger women. 

Hispanic/Latina women had approximately half the odds of obtaining screening compared 

to White women (OR 0.54 [95% CI 0.27-1.07], p = .08), while Black WLWH and WLWH 

who were mixed race or of another race did not differ from White WLWH in their odds of 

obtaining screening (Black vs. non-Hispanic White: OR 1.29 [95% CI 0.75-2.24], p = .36; 

Other/Mixed race vs. non-Hispanic White: OR 1.42 [95% CI 0.57-3.54], p = .45). In 

addition, current smokers had lower odds of screening than nonsmokers (OR 0.74 [95% CI 

0.45-1.24], p = .25). Charlson comorbidity score, HIV viral load, and CD4 values were not 

related to the odds of having received breast cancer screening in the unadjusted analyses.  

In a multiple logistic regression model containing age, race/ethnicity, smoking 

status, mental health, and substance use, only race/ethnicity and mental health diagnoses 

were significantly associated with the odds of obtaining mammography screening. 

Hispanic/Latina women were less than half as likely to have received screening 

mammography compared with non-Hispanic White women accounting for all other 

variables in the model (OR 0.42 [95% CI 0.20-0.87], p = .02), although Black women and 
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Other/Mixed race women had similar odds of obtaining mammography compared to non-

Hispanic White women (Black vs. non-Hispanic White: OR 1.16 [95% CI 0.65-2.05], p = 

.62; Other/Mixed race vs. non-Hispanic White: OR 1.19 [95% CI 0.46-3.10], p = .72). 

WLWH with mental health diagnoses were half as likely to have received screening as 

women without mental health diagnoses, controlling for the other variables in the model 

(OR 0.51[95% CI 0.30-0.86], p = 0.01.) Age, smoking status, and substance use were not 

statistically associated with the odds of obtaining mammography screening. Thus, only 

race/ethnicity and mental health diagnosis were retained for further analyses using the 

alternative variable selection criteria. Please see Table 5 for the adjusted ORs, 95% CI, and 

Wald chi-square test statistics of this multiple logistic regression model. 

Specific Aim 3. Interpersonal-level Characteristics and Odds of Obtaining Screening 

Mammography  

The goal of Aim 3 was to evaluate interpersonal-level factors associated with 

receipt of recommended breast cancer screening among WLWH, including marital status, 

PCP department, length of relationship with PCP, and number of office visits in the study 

period. Simple regression analyses were conducted to obtain unadjusted ORs 

demonstrating the relationships between interpersonal-level factors and the outcome 

variable. All unadjusted ORs, 95% CI, and Wald chi-square test statistics are included in 

Table 4. In unadjusted analyses, only number of office visits during the study period was 

associated with receipt of mammography screening (OR 1.04 [95% CI 1.02-1.06], p < 

.001), with a higher number of office visits being associated with receipt of 

mammography. Marital status, PCP, department, and PCP relationship length were not 
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associated with receipt of mammography at either the p = .05 or p = .25 level.  Thus, 

number of office visits was the only interpersonal-level variable retained for further 

analyses. 

Specific Aim 4. Organizational-level Characteristics and Odds of Obtaining 

Screening Mammography  

The goal of Aim 4 was to evaluate organizational factors associated with receipt of 

recommended breast cancer screening among WLWH, such as healthcare site and 

insurance status. Simple regression analyses were conducted to obtain unadjusted ORs 

demonstrating the relationships between interpersonal-level factors and the outcome 

variable. Please see Table 4 for all unadjusted ORs, 95% CI, and Wald chi-square test 

statistics of simple logistic regression models.  

Analyses conducted using conservative variable selection criteria. In unadjusted 

analyses, only UC site was significantly associated with the outcome variable. WLWH 

receiving care at UCSD were approximately half as likely to obtain mammography 

screening as WLWH receiving care at UCSF (OR 0.53 [95% CI 0.32-0.87], p  = .01). 

Insurance coverage was not significantly associated with the odds of obtaining screening 

mammography among WLWH. Thus, only healthcare site was retained as a variable for 

further analysis using conservative variable selection criteria as initially proposed.  

Analyses conducted using alternative variable selection criteria. In unadjusted 

analyses, both UC site and insurance were associated with odds of obtaining 

mammography screening at α = .25. As previously mentioned, WLWH receiving care at 

UCSD were approximately half as likely to obtain mammography screening as WLWH 
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receiving care at UCSF (OR 0.53 [95% CI 0.32-0.87], p = .01). In addition, individuals 

with private insurance were more likely to obtain screening than individuals with public 

insurance (OR 1.58 [95% CI 0.85-2.95], p  = .15), as were individuals who were not 

insured (OR 1.52 [95% CI 0.87-2.67], p = .14). However, in multiple logistic regression 

analysis including both healthcare site and insurance type in the model, only healthcare site 

was associated was significantly associated with odds of obtaining screening 

mammography. UCSD participants remained approximately half as likely to obtain 

screening relative to UCSF participants (OR 0.54[95% CI 0.32 -0.90], p  = .02). Insurance 

type was not significantly associated with the outcome variable. Thus, healthcare site was 

the only organizational variable retained for further analyses. Please see Table 6 for the 

adjusted ORs, 95% CI, and Wald chi-square test statistics of this multiple logistic 

regression model. 

Specific Aim 5: Relative Contributions of Individual, Interpersonal, and 

Organizational Factors in Predicting Odds of Obtaining Mammography Screening 

The goal of Aim 5 was to assess the unique contribution of variables identified in 

Specific Aims 2, 3, and 4 in predicting receipt of adherence to screening mammography 

guidelines, as well as the unique contribution of each level of the SEM in predicting 

mammography adherence. For Aim 5, multiple logistic regression analysis was conducted 

including all relevant predictor variables identified in previous within-level analyses, with 

each level entered into the analysis hierarchically, starting with the individual variable(s) in 

the first step, the interpersonal variable(s) in the second step, and the organizational 

variable(s) in the third step. This analysis process was conducted twice, first using 
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variables selected using the conservative variable selection criteria, then using variables 

selected using the alternative variable selection criteria recommended by Hosmer and 

Lemeshow (2000).  

 Analyses using variables identified with conservative variable selection 

criteria. Please see Table 7 for all ORs, test statistics, and pseudo-R2 values associated 

with the models tested in this aim.  The first logistic regression model, representing 

individual-level factors associated with odds of adhering to recommended mammography 

screening, contained mental health diagnoses only, based on the model building process 

described above. The McFadden Pseudo-R2 of this model was .03.  

Next, a second model was tested, which included individual and interpersonal-level 

variables identified in prior analyses. This model contained mental health (individual 

factor) and number of office visits (interpersonal factor) during the study period. Both 

mental health and number of study visits remained significantly related to receipt of 

mammography when accounting for the other in the model. The McFadden Pseudo-R2 of 

this model was .08. A log-likelihood ratio test was used to compare the goodness of fit 

between Model 2 and Model 1 and determine whether inclusion of interpersonal-level 

variables significantly improved model predictions. The likelihood ratio test was 

statistically significant (χ2 [1, 1214790] = 20.23, p < .001), indicating that including 

number of office visits along with mental health diagnoses significantly improved model 

fit.  

 Finally, a third logistic regression model was tested, which included the variables 

included in Model 2 along with healthcare site, which was identified as a salient 
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organizational variable in Aim 4. Although mental health and office visits remained 

significantly associated with the outcome variable, UC site was not significantly associated 

with receipt of mammography. The McFadden Pseudo-R2 for this model was .08. A log-

likelihood ratio test was used to compare the goodness of fit between Model 3 and Model 

2. The likelihood ratio test was not statistically significant (χ2 [1, 239026578] = 0.53, p = 

.46), indicating that including healthcare site along with mental health diagnoses and office 

visits did not significantly improve model fit. Thus, Model 2, including both mental health 

diagnosis and total number of office visits, appeared to best predict receipt of 

mammography among the study sample. Specifically, patients with a mental health 

diagnosis were less than half as likely to have received mammography screening than 

individuals without a mental health diagnosis, accounting for total visits (OR = 0.40 [95% 

CI 0.24-0.65], p < .001). In addition, for every one additional visit a patient made to the 

healthcare system during the two-year study period, their odds of receiving mammography 

multiplied by 1.04, controlling for mental health (OR = 1.04 [95% CI 1.02-1.06], p < 

.001). 

Analyses using variables identified with alternative variable selection criteria. 

Please see Table 8 for ORs, test statistics, and pseudo-R2 values for the models described 

below. The first logistic regression model, representing individual factors associated with 

odds of adhering to recommended mammography screening, contained race/ethnicity and 

mental health diagnoses, based on the model building process described in Aim 2. Both 

race/ethnicity and mental health were significantly associated with receipt of 

mammography screening in this model. The McFadden Pseudo-R2 of this model was .05.  
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Next, a second model was tested, which contained race/ethnicity, mental health 

diagnoses, and number of office visits during the study period. Both mental health and 

study visits remained significantly related to receipt of mammography; however, 

race/ethnicity was no longer statistically associated with the outcome when accounting for 

these other variables in the model. The McFadden Pseudo-R2 of this model was .09. A log-

likelihood ratio test was used to compare the goodness of fit between Model 2 and Model 1 

and determine whether inclusion of office visits, an interpersonal variable, significantly 

improved model predictions. The likelihood ratio test was statistically significant (χ2 [1, 

25124] = 17.05, p < .001), indicating that including number of office visits along with 

race/ethnicity and mental health diagnoses significantly improved model fit.  

 Finally, a third logistic regression model was tested, which included the variables 

included in Model 2 along with healthcare site, which was identified as a salient 

organizational variable in Aim 4. Although mental health and office visits remained 

significantly associated with the outcome variable, neither race/ethnicity nor healthcare site 

were significantly associated with receipt of mammography controlling for the other 

explanatory variables in the model. The McFadden Pseudo-R2 for this model was .09. A 

likelihood ratio test was used to compare the goodness of fit between Model 3 and Model 2 

and determine whether inclusion of healthcare site, an organizational-level variable, 

significantly improved model predictions. The likelihood ratio test was not statistically 

significant (χ2 [1, 2765887] = 0.05, p = .83), indicating that the inclusion of healthcare site 

did not significantly improve the model. Thus, Model 2, including race/ethnicity, mental 

health diagnosis and total number of office visits, appeared to best predict receipt of 
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mammography. Patients with a mental health diagnosis were nearly a third as likely to 

have received mammography screening than individuals without a mental health diagnosis, 

accounting for race/ethnicity and total visits (OR = 0.38 [95% CI 0.23-0.63], p < .001. 

Moreover, for every one additional visit a patient made to the healthcare system during the 

study period, their odds of receiving mammography multiplied by 1.04, controlling for 

race/ethnicity and mental health (OR = 1.04 [95% CI 1.02-1.06, p < .001).  Additionally, 

Hispanic/Latina patients were about half as likely to have received mammography 

screening than non-Hispanic White patients, although this finding was only marginally 

statistically significant controlling for mental health diagnosis and number of office visits 

(OR = 0.52 [95% CI 0.25-1.07], p = .08). 

 

Chapter 3, in part, is currently being prepared for submission for publication of the 

material. Gordon, Janna R.; Rutledge, Thomas R.; Helm, Jonathan L.; Moore, David J.; 

Malcarne, Vanessa L.; Wells, Kristen J. The dissertation author was the primary 

investigator and author of this material.
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Discussion 

 The purpose of the present study was to identify individual, interpersonal, and 

organizational-level factors associated with non-adherence to breast cancer screening 

recommendations among WLWH, aged 50-74 years, who obtained primary care at two 

major healthcare systems in California. Although the USPSTF recommends that women 

aged 50-74 years obtain screening mammography every two years (U.S. Preventive 

Services Task Force, 2016), recent evidence suggests that WLWH are significantly less 

likely to obtain timely mammography screening compared with HIV-negative women 

(Kendall et al., 2017; Momplaisir et al., 2014), despite increased risk for aggressive tumors 

and advanced cancer (Coghill, Han, et al., 2019) and greater breast-cancer related mortality 

(Coghill et al., 2015; Coghill, Suneja, et al., 2019). Understanding factors that predispose 

WLWH to missing this crucial preventive health practice can inform interventions that 

identify and assist WLWH at risk for screening non-adherence, thereby reducing breast 

cancer-related morbidity and mortality in this population.  

Consistent with the findings of Weinstein et al. (2016), the rate of mammography 

adherence in the current sample of WLWH was low, with only 52.6% of women receiving 

mammography during the two-year study period. This adherence rate is significantly lower 

than the best available estimate of two-year screening mammography adherence among the 

general population of women in California aged 50-74 years in 2016 (National Cancer 

Institute, 2018b). Furthermore, although WLWH receiving care at UCSF were 

significantly more likely to have obtained mammography screening than women at UCSD, 

they were still less likely to have received breast cancer screening compared to the general 
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population of women in California. These findings lend further support to existing 

literature suggesting that WLWH are less likely to obtain potentially life-saving breast 

cancer screening compared with HIV-negative women (Momplaisir et al., 2014). 

Simple logistic regression analyses conducted within each level of the SEM 

identified multiple potential predictors of non-adherence to recommended mammography 

screening among the sample. For individual-level factors tested, specifically age, 

race/ethnicity, comorbidity severity, current smoking status, presence of a documented 

mental health or substance use diagnosis, viral load, and CD4 count, only presence of a 

mental health or substance use diagnosis was statistically significantly associated with 

odds of obtaining screening mammography. As expected, WLWH with a mental health or 

substance use diagnosis were more likely to be non-adherent to mammography screening 

recommendations than WLWH without these diagnoses. However, only the relationship 

between mental health diagnosis and mammography screening remained significant when 

mental health and substance use diagnoses were included together in a multivariable 

logistic regression model. Furthermore, although the relationship between race/ethnicity 

and mammography screening was not statistically significant in unadjusted analyses, the 

effect size of the comparison between Hispanic/Latina and non-Hispanic White WLWH 

was notable and clinically relevant. Specifically, unadjusted analyses revealed that 

Hispanic/Latina WLWH were approximately twice as likely to be non-adherent with breast 

cancer screening recommendations than non-Hispanic White WLWH. Furthermore, when 

included in a model that also accounted for the presence of a mental health diagnosis, 

race/ethnicity was statistically significantly related to receipt of mammography screening, 
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with Hispanic/Latina patients approximately 2.2 times more likely to be non-adherent with 

screening recommendations compared with non-Hispanic White patients. Post hoc 

analyses suggest that the prevalence of documented mental health disorders in the sample 

was higher among non-Hispanic White women (67%) compared with Hispanic/Latina 

women (51%); thus, the multivariable logistic regression model controlled for these group 

differences in mental health when describing the relationship between race/ethnicity and 

odds of receiving breast cancer screening. Although it was anticipated that decreased age, 

increased comorbidity severity, detectable viral load, and lower CD4 count would be 

associated with higher odds of non-adherence to breast cancer screening among WLWH, 

these hypotheses were not supported. There was no relationship between these factors and 

receipt of breast cancer screening in the current study.  

Among interpersonal factors tested, including marital status, PCP department, 

length of relationship with PCP, and number of office visits during the study period, only 

number of office visits during the study period was significantly associated with receipt of 

screening in unadjusted analyses. For every one additional visit during the two-year study 

period, a patient’s odds of obtaining mammography screening multiplied by 1.04. In terms 

of clinical relevance, post hoc analyses suggested that for every one-unit increase in mean 

number of office visits per year, a patient’s odds of obtaining mammography screening 

multiplied by 1.07. For every five additional office visits per year, a patient’s odds of 

obtaining mammography screening multiplied by 1.44, and for every ten additional office 

visits per year, a patient’s odds of obtaining mammography screening doubled. Thus, 

having fewer visits to the healthcare system is associated with greater risk of non-
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adherence to breast cancer screening among WLWH. Contrary to expectations, being 

married, receiving primary care at a specialty clinic, and having a shorter relationship with 

one’s PCP were not associated with higher risk of non-adherence to breast cancer 

screening in the current study.  

Among organizational characteristics examined, including insurance type and 

healthcare site, only UC Health site was associated with receipt of mammography in 

unadjusted analyses, contrary to expectations. Patients receiving care at UCSD were 

approximately twice as likely to be non-adherent with mammography recommendations 

compared with patients receiving care at UCSF. This finding may be linked with other 

between-group differences identified between the UCSD and UCSF samples, including a 

significantly greater burden of mental health and substance use diagnoses among patients 

at UCSD, as well as greater number of medical visits during the study period among 

patients receiving care at UCSF. Contrary to expectations, insurance type did not influence 

adherence with breast cancer screening recommendations. Individuals with public 

insurance had similar odds of obtaining breast cancer screening compared with those who 

had private insurance and those without insurance coverage. In post hoc analyses, 

insurance status was dichotomized into “insured” vs. “not insured” in a simple logistic 

regression analysis with the outcome variable; however, there was no significant difference 

between insured and non-insured WLWH with regard to receipt of mammography 

screening during the study period. 

Model building for the multivariable logistic regression analysis was conducted 

using two sets of criteria, the conservative criteria as initially proposed, as well as 
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alternative criteria used to preclude premature exclusion of relevant variables (Hosmer & 

Lemeshow, 2000). Both model-building processes indicated that, of all the individual, 

interpersonal, and organizational factors tested in the analysis, only mental health 

diagnoses and number of office visits during the study period remained significantly 

related to receipt of mammography adherence in a series of models that introduced each 

level of the SEM in a stepwise fashion. As in unadjusted analyses, patients with a mental 

health diagnosis had more than double the risk of non-adherence to screening 

mammography compared with patients that had no charted mental health diagnosis, and 

WLWH with fewer visits to the healthcare system were incrementally less likely to be 

adherent to mammography screening. As expected, including the interpersonal-level 

variable in the analysis along with individual-level variables significantly improved model 

fit. However, including the organizational-level variable did not significantly improve 

model fit. Furthermore, none of the models tested had an adequate pseudo-R2 value (all < 

.09), indicating that these identified variables provide relatively little explanatory power, 

and that there are likely other characteristics not identified in the current study that predict 

risk of breast cancer screening non-adherence among WLWH.  

Although few of the study variables were ultimately related to risk of non-

adherence to screening mammography among WLWH, the current project nonetheless 

provides valuable information that augments that previously available by studies 

examining breast cancer screening among WLWH (Momplaisir et al., 2014; Simonsen et 

al., 2014; Weinstein et al., 2016). Notably, previous studies conducted among WLWH did 

not investigate the role of mental health or substance use conditions in predicting risk for 
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mammography non-adherence. The current finding that WLWH with a documented mental 

health diagnosis were more than twice as likely to be non-adherent with screening 

recommendations is consistent with literature examining factors associated with receipt of 

breast cancer screening among the general population (Carney & Jones, 2006; O'Donnell et 

al., 2010). In addition, the relationship between substance use and mammography 

screening in unadjusted analyses replicates similar findings identified in studies examining 

receipt of cervical cancer screening among WLWH (Fletcher et al., 2014; Peprah et al., 

2018).  

The findings of this study further support some of the existing literature examining 

mammography screening behavior among WLWH in the U.S. For example, the present 

findings are consistent with those of Momplaisir et al. (2014), who found that the odds of 

WLWH obtaining mammography screening in the past year were associated with greater 

number of PCP visits during that year. Although the current study included all office visits 

rather than solely PCP visits, this supports the notion that having a greater number of 

outpatient contacts with the health system, and thus, greater engagement with the 

healthcare system and healthcare providers, increases the likelihood that WLWH will be 

screened for breast cancer. This is also consistent with studies conducted among the 

general population, which have similarly found that increased office visits were associated 

with higher likelihood of women obtaining mammography screening (e.g., Roetzheim et 

al., 2012). Furthermore, although it was anticipated that CD4 count would be significantly 

associated with receipt of mammography based on prior research conducted with WLWH 

(Weinstein et al., 2016), the current results rather support the findings of Peprah et al. 
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(2018), who found no relationship between CD4 count and receipt of cervical cancer 

screening among WLWH. However, it should be noted that there was a large proportion of 

missing data for CD4 lab results in the current study, which may have affected the study’s 

findings.  

In addition, consistent with the findings of previous studies examining cancer 

screening behaviors among WLWH (Peprah et al., 2018; Simonsen et al., 2014), this study 

found no significant relationship between insurance status and receipt of cancer screening 

among this population. Studies conducted with the general population have established that 

uninsured women are less likely to access screening mammography than women with 

insurance (Melvin et al., 2016; Narayan et al., 2017); however, low-income and uninsured 

WLWH are eligible for HIV primary medical care through the Health Resources and 

Services Administration’s (HRSA) Ryan White HIV/AIDs program (Health Resources and 

Services Administration, 2020). This program currently serves more than half of all PLWH 

in the U.S. and provides funding to states, cities, and community-based organizations to 

increase access to primary medical care services for PLWH, including services specific to 

women, infants, children, and youth living with HIV (Health Resources and Services 

Administration, 2019). Thus, it is possible that some of the women in the current sample 

were able to obtain mammography screening through this program, even in the absence of 

formal insurance coverage.  

The current findings diverge from the existing literature on breast cancer screening 

among WLWH in a number of ways. For example, although Simonsen et al. (2014) 

previously found that race and ethnicity did not differ between screening adherent and non-
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adherent WLWH in their sample, the current study identified potential disparities in breast 

cancer screening among Hispanic/Latina and non-Hispanic White WLWH. Of note, 

Simonsen’s sample was very small (N = 40) and may not have been adequately powered to 

detect significant differences based on demographic variables. Previous studies conducted 

among the general population have resulted in mixed findings, with some indicating that 

Black/African-American women are less likely to receive breast cancer screening than 

white women (Bynum et al., 2005; Rahman et al., 2003), and other, more recent, studies 

finding that they are more likely to receive breast cancer screening than White women 

(Davis et al., 2017; Melvin et al., 2016; Narayan et al., 2017). The current study did not 

find any differences in screening uptake between Black/African-American and non-

Hispanic White WLWH. In addition, this study did not replicate findings that type of 

primary care received (e.g., seeing a PCP affiliated with an HIV or Infectious Disease 

department versus a General/Internal Medicine department) impacted receipt of 

mammography among WLWH (Momplaisir et al., 2014). In addition, this study did not 

replicate previous findings that WLWH with an undetectable viral load were more likely to 

have obtained screening mammography than those with a detectable viral load (Weinstein 

et al., 2016). In the current sample, receipt of mammography appeared to be independent 

of both HIV viral load and CD4 laboratory test values measured within four months of 

baseline.  

The findings of this study also diverge somewhat from those identified in previous 

research conducted with the general population of women. Contrary to expectations, this 

study did not support the hypothesis that current smokers would be at higher risk for non-
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adherence for screening mammography, as has been found in the general population 

(Khaliq et al., 2016). Furthermore, it did not support the hypothesized relationships 

between non-adherence to breast cancer screening and: 1) severity of medical 

comorbidities (Diaz et al., 2017); 2) marital status (Hanske et al., 2016); or 3) relationship 

duration with PCP (DuBard et al., 2008), all of which had previously been documented in 

the general population. Previous research exploring the relationship between age and 

mammography screening has been inconsistent in the general population, with some 

studies finding no relationship between age and receipt of screening (Khaliq et al., 2016; 

O'Donnell et al., 2010) and others identifying greater adherence to screening among older 

women (Kempe et al., 2013; Narayan et al., 2017; Vyas et al., 2014). These inconsistent 

findings are likely partially related to the changes in mammography screening guidelines 

that took place in 2009, when the USPSTF stopped recommending that women aged 40-49 

years uniformly receive mammography screening. The findings of the current study 

suggest that mammography screening adherence did not differ by age among WLWH 

when all study participants were within the recommended age bracket for screening 

according to current breast cancer screening guidelines (U.S. Preventive Services Task 

Force, 2016).  

Limitations 

It should be noted that the null findings reported in the current study do not 

necessarily reflect a lack of a relationship between variables tested and receipt of 

mammography screening among WLWH; rather, the current study may not have had 

adequate power to detect certain effects. Although preliminary power analyses indicated 
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that the sample size obtained from the EMR would be sufficient to detect significant 

differences for both continuous and dichotomous explanatory variables, a number of the 

categorical variables had multiple levels, such as PCP department type, which had three 

levels, and race/ethnicity, which had four levels. Although all cell sizes were confirmed to 

be nonzero prior to analysis, and variables were coded based on meaningful distinctions 

between groups and guided by the distribution of observed values, some of the cells had 

relatively few observations, which may have limited the power of specific comparisons. 

For example, although the effect size of the specific comparison between non-Hispanic 

White and Hispanic/Latina WLWH was notable, with Hispanic/Latina women at double 

the risk for mammography non-adherence, this was not technically a significant finding 

using traditional significance testing, possibly due to small cell sizes dispersed across the 

four-level race/ethnicity categorical variable.  

The current study has other limitations as well. First, findings may be limited by 

the accuracy of EMR data and the completeness of information captured in the EMR at 

each healthcare site. It is possible that some women may have received a mammogram 

outside of the UC system, and that healthcare providers may not have captured this 

screening in the EMR Health Maintenance section. In addition, as women who do not 

receive mammograms appear to be less likely to attend medical appointments, they may 

have less complete data in their EMR relative to other women. However, the study 

attempted to minimize this possibility by exclusively sampling women who had an 

established PCP within the UC system and who were thus more likely to receive HIV 

primary care and screening mammography within the UC system and have these 



 67 

encounters documented in the EMR. PCPs are responsible for referring and documenting 

whether patients have received recommended primary care, such as mammography, as 

described in the USPSTF guidelines for breast cancer screening (U.S. Preventive Services 

Task Force, 2016). In addition, the number of office visits each participant had over the 

two-year time period was included as a covariate in analyses, and was not related to 

missingness on PCP department or HIV viral load, two of the three variables with the 

highest proportion of missing values. Although missingness on CD4 count was found to be 

associated with the number of total office visits, multiple imputation was used to minimize 

the bias associated with analyses using missing data. Given preliminary analyses 

suggesting that data were Missing At Random rather than Missing Not At Random, the use 

of multiple imputation by chained equation was the most appropriate technique for 

handling missingness of variables in the EMR. In addition, missingness was minimal for 

most of the variables, aside from PCP department and laboratory tests, as described above. 

Furthermore, the use of EMR data and billing claims to assess receipt of breast cancer 

screening in the current study is a strength of the study. The use of such data increases the 

validity of the outcome measure compared to self-report survey data, as self-report data has 

been associated with over-reporting of utilization of cancer screening services (Ferrante et 

al., 2008).  

In addition, due to limitations in procedures for EMR data extraction, the study 

could not be conducted precisely as proposed. For example, although it was planned that 

the variable representing length of relationship with one’s PCP would be a continuous 

variable, this variable was instead included as a categorical variable based on an artificial 
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cut-off value because the UCSF APeX procedures restricted the range of this variable 

among this subsample. However, in post hoc analyses conducted solely with the UCSD 

sample, PCP relationship length was not associated with receipt of mammography 

screening when included as a continuous variable. In addition, although it was anticipated 

that PCP type would be extracted from the EMR for analyses (e.g., OB/GYN, Family 

Medicine, Nurse Practitioner), only the department of the PCP could be obtained from the 

EMR. Thus, it was not possible to run analyses replicating previous research finding that 

patients who see gynecologists or mid-level providers (e.g., nurse practitioners and 

physician assistants) for their primary care services may be more likely to obtain screening 

than those who see family medicine or internal medicine physicians (Wallace et al., 2006). 

Furthermore, although demographic, clinical, and insurance characteristics were 

obtained at baseline, this study did not account for changes in these characteristics during 

the two-year study period. For example, although a woman may have been uninsured at 

baseline, it is possible that she may have obtained insurance thereafter, or vice versa. In 

addition, this study only obtained total number of patient visits to the healthcare system, 

without differentiating between types of office visits (e.g., primary care, specialty care, 

mental health, physical/occupational therapy, etc.). The inability to disaggregate office 

visits limits further analysis and identification of how specific types of healthcare contacts 

or patterns of healthcare engagement influence breast cancer screening practices among 

WLWH. 

Moreover, although this research was guided by the SEM, there were a number of 

socio-ecological factors that could not be investigated due to the study’s reliance on data 
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extracted from the EMR. For example, although previous research has described cognitive 

and attitudinal factors that influence receipt of breast cancer screening among the general 

population, such as perceived risk for cancer (Magai et al., 2007) and knowledge about 

breast cancer (Davis et al., 2017), these data are not available as part of the EMR, and 

would have required that supplementary self-report surveys to be administered to patients, 

which was outside the scope of the current project. In addition, although the study 

extracted numerous individual and interpersonal-level characteristics from the EMR, the 

inclusion of organization-level factors was limited, and there were no community-level or 

policy-level factors included in the study. Further research conducted with WLWH to 

identify risk factors for breast cancer screening non-adherence should seek to include these 

important variables to obtain a greater understanding of the multiple environmental and 

contextual factors (e.g., clinic office hours, public transit availability, ratio of PCPs to 

residents) that influence the health and health behaviors of WLWH.  

Another limitation of the study is that of external validity. The study was conducted 

with a group of WLWH who live in California and have a PCP established within one of 

two major academic medical centers in the UC Health system, UCSD and UCSF. 

Accordingly, the findings from this study may not generalize to other WLWH, particularly 

those living in more rural areas, states without Medicaid expansion as part of the ACA, and 

those receiving care at a federally qualified or safety net clinic. However, this study 

nonetheless represents a substantial contribution to the literature, as prior research 

assessing factors associated with mammography screening among WLWH in the U.S. has 

been somewhat limited. Past studies have sampled women younger than 50 years of age 
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who are outside of the current screening recommendations (Momplaisir et al., 2014; 

Weinstein et al., 2016), neglected to use national screening guidelines when classifying 

adherence status (Momplaisir et al., 2014) or had very small participant sample sizes 

(Simonsen et al., 2014), limiting statistical power to detect group differences. This is the 

first known study of risk factors for breast cancer screening non-adherence among WLWH 

using up-to-date screening guidelines, focusing on women within the recommended age 

bracket for screening, with adequate sample size for multivariable analyses, and guided by 

a theoretical model of health behavior such as the SEM. 

Implications and Recommendations for Further Research  

The findings of the present study have substantial clinical implications for 

healthcare providers and healthcare institutions. Given that WLWH are already 

significantly less likely to obtain breast cancer screening compared with HIV-negative 

women, the finding that WLWH with documented mental health diagnoses are more than 

twice as likely to miss recommended breast cancer screening compared to WLWH without 

these diagnoses suggests that WLWH with mental health diagnoses are particularly at risk 

for missing recommended mammography screenings compared with the general 

population. Post hoc analyses indicated that although 64% of WLWH in the sample 

without a documented mental health diagnosis obtained mammography screening during 

the study period, only 44% of WLWH in the sample with a documented mental health 

diagnosis did so. According to a recent systematic review and meta-analysis, disparities in 

cancer screening among people living with mental illness have been demonstrated across 

multiple cancer types, among dozens of different samples worldwide (Solmi et al., 2020). 
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One systematic review specifically examining breast and cervical cancer screening among 

women with mental illness identified numerous barriers to screening among this 

population, including severity of depression symptoms, transportation difficulties, medical 

comorbidities, embarrassment, fear or discomfort associated with the screening process, 

and fear or discomfort associated with receiving care from male primary care physicians or 

male mammography technologists (Aggarwal, Pandurangi, & Smith, 2013). Primary care 

providers caring for WLWH should be aware that WLWH with mental health concerns 

may experience difficulty with preventive and self-care activities as a result of the 

aforementioned barriers, as well as feelings of helplessness, low motivation, and feelings 

of lack of control common among those experiencing mental health difficulties. However, 

Aggarwal et al. (2013) also highlight the crucial role that primary care providers can play 

in assisting women with mental illness to obtain necessary cancer screening. For example, 

primary care provider recommendations and/or referrals for screening are major facilitators 

of cancer screening among women living with mental illness.   

Healthcare providers should also be mindful of the relationship between 

race/ethnicity and breast cancer screening among WLWH. Post hoc analyses demonstrated 

that only 38% of Hispanic/Latina women in the current sample obtained breast cancer 

screening during the two-year study period. Among the general population, CDC data 

indicate that two-year rates of mammography screening among Hispanic/Latina women 

aged 50-64 years have historically been somewhat lower than non-Hispanic White women, 

although this gap appears to have disappeared in 2015, with 71.6% of Hispanic/Latina 

women aged 50-64 years nationwide obtaining this screening, compared with 71.4% of 
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non-Hispanic White women (Centers for Disease Control and Prevention, 2018g). 

However, the current study indicates that disparities in breast cancer screening continue to 

persist among some Hispanic/Latina women, such as the WLWH in California included in 

this sample. Importantly, it must be noted that Hispanic/Latina women are a heterogeneous 

group originating from multiple countries, and that the demographic label of “Hispanic” or 

“Latina” collapses individuals from diverse heritage groups into one singular unit. Some 

research has sought to examine differences in breast cancer screening among diffierent 

heritage groups of Hispanic/Latina women; for example, one study used nationally 

representative probability sample data from the Medical Expenditure Panel Survey to 

determine rates of adherence to mammography screening guidelines among women aged 

40-75 years from diverse ethnic groups, including non-Hispanic white women, Mexican 

women, Puerto Rican women, Cuban women, and other Hispanic/Latina women (Miranda, 

Tarraf, González, Johnson-Jennings, & González, 2012). Puerto Rican women in this study 

were most likely to obtain mammography per screening guidelines (72.5% adherence). 

Mexican women were least likely to obtain mammography out of all the the groups (59.4% 

adherence) and were half as likely to have obtained mammography relative to non-

Hispanic white women. Mexican women with lower education, household income, and 

lack of insurance coverage were particulary likely to be non-adherent with mammography 

screening guidelines compared with their peers.   

The Hispanic/Latinx population in California is predominantly comprised of 

Mexican and Mexican-American individuals (Pew Research Center, 2013), which may 

partially explain the disparity in cancer screening rates found in the current study. In 2011, 
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it was estimated that 83% of Calfornia’s Hispanic/Latinx population originated from 

Mexico, with Mexican and Mexican-American individuals comprising 32% of the state’s 

population that year. Of those individuals, an estimated 37% were immigrants from 

Mexico. Unfortunately, Mexican and Mexican-Americans in the U.S. have been found to 

have lower rates of insurance coverage compared with Hispanic/Latinx individuals from 

other countries of origin (U.S. Department of Health and Human Services Office of 

Minority Health, 2019). Indeed, in the current study, 34% of the Hispanic/Latina women in 

the sample were uninsured, compared with 18% of non-Hispanic White women and 25% 

of Black/African-American women. Furthermore, post hoc analyses demonstrated that 

Hispanic/Latina individuals in the current study had the fewest number of medical office 

visits over the study period of all groups (M = 12.8, SD = 9.8), which was significantly less 

than Black/African-American women (M = 20.7, SD =14.2), and lower, although not 

statistically significantly different than, non-Hispanic White women (M = 17.3, SD = 12.9). 

Future research should explore the moderating effects of country of origin, immigrant 

status, and primary language on receipt of breast cancer screening among WLWH.  

In addition to increasing provider-level awareness of disparities in cancer screening 

among WLWH, healthcare practices and institutions should implement clinic and systems-

level interventions to better meet the cancer care needs of WLWH. The U.S. Community 

Preventive Services Task Force (CPSTF) recommends a number of community and 

systems-level approaches to improving rates of breast cancer screening among the general 

population (Community Preventive Services Task Force, n.d.) that may be beneficial for 

WLWH. Systems-level interventions with strong evidence of effectiveness include: 1) 
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provision of client reminders (e.g., letters, postcards, e-mails, and/or telephone messages) 

that inform patients they are due for cancer screening (Community Preventive Services 

Task Force, 2010a); 2) provider reminders (i.e. notifications via the patient EMR or 

institutional e-mail) that inform healthcare providers that specific patients are due or 

overdue for screening (Community Preventive Services Task Force, 2006); 3) provision of 

small media (e.g., letters, brochures, and newsletters) used to inform and motivate patients 

to engage in cancer screening and which can be tailored for specific populations 

(Community Preventive Services Task Force, 2005); and 4) one-on-one education about 

the need for, and benefits of, breast cancer screening, provided by healthcare workers, lay 

health advisors, or volunteers via telephone or in-person (Community Preventive Services 

Task Force, 2010b). Instituting automated provider reminders, particularly in clinics 

serving PLWH, may be particularly effective given the strong relationship between 

physician recommendation and receipt of mammography screening observed in the general 

population (Bazargan et al., 2003; Plourde et al., 2016). In addition, these EMR alerts may 

remind HIV providers of the need for preventive cancer screening among WLWH more 

generally. To the author’s best knowledge, these interventions have not been widely 

implemented or tested among WLWH. Thus, further research is needed to study whether 

these interventions are appropriate for WLWH and effective in increasing rates of breast 

cancer screening among this medically vulnerable population. 

Another systems-level intervention recommended by the CPSTF is identifying 

ways to mitigate structural barriers that often make it difficult for patients to obtain breast 

cancer screening (Community Preventive Services Task Force, 2010c), such as by 
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simplifying or eliminating administrative procedures and other obstacles to care. One 

established intervention specifically designed to assist medically underserved patients in 

overcoming barriers to timely cancer-related care is known as patient navigation (Wells et 

al., 2008). Patient navigators tailor their interventions to patients’ needs, and may provide 

services such as patient education, assistance with appointment scheduling, appointment 

reminders, translation services, assistance with medical or financial paperwork, arranging 

childcare, assistance with transportation to appointments, linking patients with community 

resources, and accompaniment to visits. Patient navigators embedded in healthcare 

practices that provide primary services to WLWH could assist WLWH at risk for screening 

non-adherence in obtaining necessary cancer screenings, including mammography 

screening. Patient navigation programs have previously been found to improve rates of 

breast cancer screening among medically underserved and racially diverse communities 

(Paskett, Harrop, & Wells, 2011). Although studies have described peer, nurse, and case-

manager-led navigation programs to enhance retention in HIV care (Genberg et al., 2016; 

Metsch et al., 2016; Myers et al., 2018; Sullivan et al., 2015), to this author’s best 

knowledge, patient navigation programs have not been widely implemented to assist 

WLWH in obtaining recommended cancer screening services.  

In addition to research assessessing the feasibility and effectiveness of 

interventions to increase breast cancer screening among WLWH in the U.S., more research 

is needed to assess factors associated with risk for screening non-adherence among this 

population. All studies conducted to date, including the current study, have used 

geographically restricted samples of WLWH (e.g., limited to one clinic or one healthcare 
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system), the findings of which may not generalize to all WLWH in the U.S. To improve 

external validity, large scale, nationally representative research is needed to better 

understand the risks for breast cancer and breast cancer screening needs of WLWH across 

the U.S., including individual, interpersonal, community, and policy-level factors. The 

Behavioral Risk Factor Surveillance System (BRFSS), a national survey administered by 

the CDC in all 50 states as well as three U.S. territories, may provide one avenue for this 

needed research (Centers for Disease Control and Prevention, 2019). The BRFSS collects 

data about demographics, chronic health conditions, health-related perceptions and risk 

behaviors, and use of preventive health services. As the BRFSS is conducted each year, 

prospective research can be conducted to understand the longitudinal relationships between 

patient and community characteristics and preventive health behaviors such as breast 

cancer screening. In addition, research conducted with a large, nationally-representative 

sample would be well positioned to determine interactions between factors both within and 

across levels of the SEM. For example, such research could explore the degree to which 

mental health impacts receipt of mammography depending on state-wide policies 

governing insurance availability, or community characteristics such as population density 

or ratio of mental health and healthcare providers to residents. To date, no known studies 

have examined how different layers of the SEM interact to influence mammography 

screening practices among WLWH.   

Conclusion 

This retrospective cohort study utilized the EMR data of WLWH who obtained 

primary care at UCSD and UCSF to characterize rates of adherence to USPSTF screening 
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mammography guidelines among WLWH in the sample, compare the rates of adherence 

with the best available estimates of rates of screening mammography among the general 

population of women living in California, and identify predictors of non-adherence to 

screening mammography among WLWH in the sample. Consistent with expectations, 

WLWH in the sample had low rates of adherence with breast cancer screening 

recommendations and were significantly less likely to obtain mammography screening 

than a normative sample comprised of the general population of women in California. In 

addition, this study found that specific groups of WLWH may be at greater risk for non-

adherence to breast cancer screening, including women with mental health or substance 

use diagnoses, Hispanic/Latina women, and women with lower rates of healthcare 

engagement. These findings underscore the need for evidence-based interventions designed 

to increase adherence to breast cancer screening recommendations and decrease breast 

cancer disparities among WLWH, such as patient and/or provider reminders, the use of 

targeted small media, patient navigation, or other systems-based interventions (Community 

Preventive Services Task Force, n.d.). Given that WLWH are at higher risk for advanced 

breast cancer and more likely to be diagnosed with metastatic breast cancer compared with 

the general population (Coghill, Han, et al., 2019; Coghill, Suneja, et al., 2019), such 

interventions have the potential to increase the uptake of timely breast cancer screening 

among WLWH, enhance early detection of breast cancer, and decrease breast-cancer 

related morbidity and mortality among this medically vulnerable population. Additional 

research is needed to assess the effectiveness of these interventions among WLWH. In 

addition, larger longitudinal studies are needed to examine additional individual, 



 78 

interpersonal, community, organizational, and public policy factors associated with cancer 

screening among WLWH and explore interactions between variables at different levels of 

the SEM.  

 

Chapter 4, in part, is currently being prepared for submission for publication of the 

material. Gordon, Janna R.; Rutledge, Thomas R.; Helm, Jonathan L.; Moore, David J.; 

Malcarne, Vanessa L.; Wells, Kristen J. The dissertation author was the primary 

investigator and author of this material. 
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Figure 1: The Social Ecological Model 
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Table 1: Data Extracted From the Electronic Medical Record (EMR) and Included in 
Analyses 
 
Level of Social 
Ecological Model 
(SEM) 

Data from EMR Variables Used in Analyses 

Individual 
  

At baseline: 
• Age 
• Race/ethnicity 
• Medical and mental health 

conditions (ICD-10 codes)  
• Smoking status  
• HIV Viral Load result 

(closest within 4 months of 
baseline)  

• CD4 result (closest within 4 
months of baseline)  

• Age (continuous variable) 
• Race/ethnicity (Hispanic/Latina 

vs. non-Hispanic White vs. 
Black/African-American vs. 
Other) 

• Mental health diagnosis (yes/no) 
• Substance use diagnosis (yes/no) 
• Current smoking status (yes/no) 
• Medical comorbidity severity 

(Charlson score, continuous) 
• VL (detectable vs. undetectable) 
• CD4 (continuous) 

Interpersonal  At baseline: 
• Marital status 
• Primary care provider 

(PCP) department  
• Year relationship with 

current PCP established 
 
During study period: 
• Number of office visits & 

year 

• Marital status 
(single/divorced/separated/ 
widowed vs. married/living with 
a domestic partner) 

• Length of relationship with PCP 
(5 years or more vs. less than 5 
years) 

• PCP department 
(general/internal medicine vs. 
HIV/Infectious Disease clinic vs. 
other specialty clinic) 

• Number of office visits within 
study period 

Organizational At baseline: 
• Healthcare system 
• Type of insurance  

• Healthcare system (UCSD vs. 
UCSF) 

• Insurance type (private vs. 
public vs. none) 

Target Health 
Behavior (outcome 
variable) 

Within study period: 
• Current Procedural 

Terminology codes 
indicative of screening 
mammography & year 

• Screening mammography 
captured in Health 
Maintenance record & year 

• Adherence to screening 
mammography in 2 year study 
period (yes/no) 
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Table 2: Sample Characteristics for Total Sample and UCSD and UCSF Subsamples 
 

 UCSD 
(n =189) 

UCSF 
(n = 104) 

Combined 
Sample 

(n = 293) 
Age in Years (M, SD) 57.43(5.53) 57.44(4.77) 57.43(5.26) 
Marital Status    

Single 91(48.1%) 54(51.9%) 145(49.8%) 
Married/In a domestic partnership 37(19.6%) 17(16.3%) 54(18.4%) 
Divorced 29(15.3%) 12(11.5%) 41(14.0%) 
Widowed 23(12.2%) 13(12.5%) 36(12.3%) 
Separated 9(4.8%) 6(5.8%) 15(5.1%) 
Missing/Not Available 0(0.0%) 2(1.9%) 2(0.7%) 

Race/Ethnicity***    
Non-Hispanic White 70(37.0%) 36(34.6%) 106(36.2%) 
Black or African American 55(29.1%) 48(46.2%) 103(35.2%) 
Hispanic/Latina 45(23.8%) 5(4.8%) 50(17.1%) 
Other or Mixed Race 12(6.3%) 12(11.5%) 24(8.2%) 
Missing/Not Available 7(3.7%) 3(2.9%) 10(3.4%) 

Current Smoking Status    
Nonsmoker 135(71.4%) 68(65.4%) 203(69.3%) 
Smoker 50(26.5%) 36(34.6%) 86(29.4%) 
Missing/Not Available 4(2.1%) 0.0(0.0%) 4(1.4%) 

Charlson Comorbidity Score (M, 
SD)*** 

7.34(1.43) 6.64(0.91) 7.09(1.31) 

Mental Health Diagnosis*** 122(64.6%) 44(42.3%) 166(56.7%) 
Substance Use Disorder*** 68(36.0%) 21(20.2%) 89(30.4%) 
CD4 T-Cells per/µL (M, SD) 655.25(337.00) 665.81(326.70) 658.05(333.49) 
HIV Viral Load***    

Undetectable 100(52.9%) 17(16.3%) 117(39.9%) 
Detectable 28(14.8%) 27(26.0%) 55(18.8%) 
Missing/Not Available 61(32.3%) 60(57.7%) 121(41.3%) 

Office visits during study (M, SD)***       15.25(12.24) 22.40(15.27) 17.79(13.80) 
Length of Relationship with PCP***    

Five or more years 149(78.8%) 23(22.1%) 172 (58.7%) 
Less than five years 38(20.1%) 81(77.9%) 119 (40.6%) 
Missing/Not Available 2(1.1%) 0.0(0.0%) 2(0.7%) 

PCP Department Type***    
HIV Care or Infectious Diseases 87(46.0%) 87(83.7%) 174 (59.4%) 
General Internal Medicine  55(29.1%) 16(15.4%) 71(24.2%) 
 Other Specialty 10(5.3%) 1(1.0%) 11(3.8%) 

    Missing/Not Available  37(19.6%) 0.0(0.0%) 37(12.6%) 
Type of Insurance***    

Public 118(62.4%) 49 (47.1%) 167(57.0%) 
Not Insured 30(15.9%) 42(40.4%) 72(24.6%) 
Private 41(21.7%) 13(12.5%) 54(18.4%) 

Obtained Screening Mammography* 89(47.1%) 65(62.5%) 154(52.6%) 
*p < .05; **p < .01; ***p < .001 
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Table 3: Sample Characteristics by Mammography Adherence Status   
 

 Adherent 
(n =154) 

Non-Adherent 
(n = 139) 

Age in Years (M, SD) 57.88 (5.25) 56.94(5.25) 
Marital Status    

Single 72(46.8%) 73(52.5%) 
Married/In a domestic partnership 32(20.8%) 22(15.8% 
Divorced 20(13.0%) 21(15.1%) 
Widowed 21(13.6%) 15(10.8%) 
Separated 8(5.2%) 7(5.0%) 
Missing/Not Available 1(0.6%) 1(0.7%) 

Race/Ethnicity   
Non-Hispanic White 56(36.4%) 50(36.0%) 
Black or African American 61(39.6%) 42(30.2%) 
Hispanic/Latina 19(12.3%) 31(22.3%) 
Other or Mixed Race 15(9.7%) 9(6.5%) 
Missing/Not Available 3(1.9%) 7(5.0%) 

Current Smoking Status   
Nonsmoker 111(72.1%) 92(66.2%) 
Smoker 41(26.6%) 45(32.4%) 
Missing/Not Available 2(1.3%) 2(1.4%) 

Charlson Comorbidity Score (M, SD) 7.01(1.18) 7.18(1.44) 
Mental Health Diagnosis** 38(24.7%) 92(66.2%) 
Substance Use Disorder* 74(48.1%) 51(36.7%) 
CD4 Value (M, SD)  683.83(323.96) 628.31(344.63) 
HIV Viral Load   

Undetectable 64(41.6%) 53(38.1%) 
Detectable 30(19.5%) 25(18.0%) 
Missing/Not Available 60(39.0%) 61(43.9%) 

Office visits during study period (M, SD)***      20.82(13.84) 14.43(13.00) 
Length of Relationship with PCP   

Five or more years 87(56.5%) 85(61.2%) 
Less than five years 66(42.9%) 53(38.1%) 
Missing/Not Available 1(0.6%) 1(0.7%) 

PCP Department Type   
HIV Care or Infectious Diseases 92(59.7%) 82(59.0%) 
General Internal Medicine  39(25.3%) 32(23.0%) 
Other Specialty 5(3.2%) 6(4.3%) 
Missing/Not Available  18(11.7%) 19(13.7%) 

*p < .05; **p < .01; ***p < .001 
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Table 3: Sample Characteristics by Mammography Adherence Status   
 

 Adherent 
(n =154) 

Non-Adherent 
(n = 139) 

Type of Insurance   
Public 80(51.9%) 87(62.6%) 
Not Insured 42(27.3%) 30(21.6%) 
Private 32(20.8%) 22(15.8%) 

UC Site*   
UCSD 89(57.8%) 100(71.9%) 
UCSF 65(42.2%) 39(28.1%) 

*p < .05; **p < .01; ***p < .001 
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Table 4: Unadjusted Analyses of Individual, Interpersonal, and Organizational 
Characteristics Associated with Receipt of Mammography Screening 
 

Characteristic Unadjusted 
OR 

95% CI for OR Wald 
χ2test 

p 
Lower Upper 

Individual Characteristics      
Age 1.04 0.99 1.08 2.36 .13 
Race/ethnicity      

Hispanic/Latina vs. non-
Hispanic White 

0.54 0.27 1.07 3.15 .08 

Black vs. non-Hispanic White 1.29 0.75 2.24 0.85 .36 
Other/Mixed Race vs. non-
Hispanic White 

1.42 0.57 3.54 0.56 .45 

Current Smoker 0.74 0.45 1.24 1.32 .25 
Charlson Comorbidity Score 0.92 0.77 1.11 0.77 .38 
Detectable HIV Viral Load 1.15 0.63 2.09 0.22 .64 
CD4 Value 1.00 1.00 1.00 1.31 .26 
Mental Health Diagnosis 0.46 0.28 0.74 10.43** .001 
Substance Use Diagnosis 0.55 0.33 0.92 5.27* .02 
Interpersonal Characteristics      
Married vs. Unmarried 1.40 0.76 2.54 1.16 .28 
PCP department      

HIV/Infectious Disease vs. 
General/Internal Medicine 

0.87 0.50 1.52 0.23 .63 

Other Specialty vs. 
General/Internal Medicine 

0.79 0.23 2.70 0.15 .70 

Length of relationship with PCP      
≥5 years vs. <5 years 0.82 0.51 1.31 0.69 .41 

Number of Office Visits during 
Study Period  

1.04 1.02 1.06 15.37*** <.001 

Organizational Characteristics      
UC Health Site      

UCSD vs. UCSF 0.53 0.33 0.87 6.32* .01 
Type of Insurance       

Private vs. Public 1.58 0.85 2.95 2.10 .15 
None vs. Public 1.52 0.87 2.67 2.18 .14 

*p < 0.05; **p < 0.01; ***p < 0.001 
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Table 5: Multiple Logistic Regression Analyses of Individual Factors Associated with 
Mammography Screening Tested in Aim 2 

 
Model OR 95% CI for OR Wald 

χ2test 
p 

Lower Upper 
Variables Selected Using Conservative 
Selection Criteria (α = .05) 

     

Substance Use Diagnosis 0.71 0.41   1.21 1.59 .21 
Mental Health Diagnosis 0.51 0.31   0.85 6.87**  .009 
Variables Selected Using Alternative 
Selection Criteria (α = .25) 

     

Age 1.03 0.98   1.08 1.64 .20 
Race/ethnicity      

Hispanic/Latina vs. non-Hispanic 
White 

0.42 0.20   0.87 5.51* .02 

Black vs. non-Hispanic White 1.16 0.65   2.05 0.25 .62 
Other/Mixed Race vs. non-
Hispanic White 

1.19 0.46   3.10 0.13 .72 

Current Smoker 1.00 0.56  1.79 0.00 .99 
Substance Use Diagnosis 0.62 0.34   1.12 2.58 .11 
Mental Health Diagnosis 0.51 0.30  0.86 6.49* .01 
*p < 0.05; **p < 0.01; ***p < 0.001 
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Table 6: Multiple Logistic Regression Analyses of Organizational Factors Associated   
with Mammography Screening Tested in Aim 4 

 
Model OR 95% CI for OR Wald 

χ2test 
p 

Lower Upper 
Variables Selected Using Alternative  
Selection Criteria (α = .25) 

     

Type of Insurance      
Private vs. Public 1.65 0.88 3.10 2.42 .12 
None vs. Public 1.28 0.72 2.30 0.70 .40 

UC Health Site  (UCSD vs. UCSF) 0.54 0.32 0.90 5.63* .02 
*p < 0.05; **p < 0.01; ***p < 0.001 
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Table 7: Logistic Regression Models of Receipt of Mammography Screening for 
Individual, Interpersonal, and Organizational Factors Using Variable Selection Criteria 
Based on α < 0.05 in Unadjusted Analyses  

 
Model OR 95% CI for OR Wald 

χ2test 
p Model 

Pseudo-R2 Lower Upper 

Model 1: Individual Factors      .026 
Mental Health Diagnosis 0.46a 0.28 0.74 10.43** .001  
Model 2: Individual + 
Interpersonal Factors  

     .076 

Mental Health Diagnosis 0.40b 0.24 0.65 13.30*** <.001  
Number of Office Visits during 
Study Period 

1.04b 1.02 1.06 17.94*** <.001  

Model 3: Individual + 
Interpersonal + Organizational 
Factors  

     .076 

Mental Health Diagnosis 0.41b 0.25  0.69 13.30*** <.001  
Number of Office Visits during 
Study Period 

1.04b 1.02  1.06 17.94*** <.001  

UC Health Site   
(UCSD vs. UCSF) 

0.82b 0.48   1.40 0.53 .47  

aunadjusted Odds Ratio; badjusted Odds Ratio; *p < 0.05; **p < 0.01; ***p < 0.001 
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Table 8: Logistic Regression Models of Receipt of Mammography Screening for 
Individual, Interpersonal, and Organizational Factors Using Variable Selection Criteria 
Based on α ≤ 0.25 in Unadjusted Analyses 

 
Model OR 95% CI for OR Wald 

χ2test 
p Model 

Pseudo-R2 
Lower Upper 

Model 1: Individual Factors      .047 
Race/ethnicity       

Hispanic/Latina vs.            
non-Hispanic White 

0.46 0.22 0.93 4.74* .03  

Black vs. non-Hispanic White 1.16 0.66 2.04 0.27 .61  
Other/Mixed Race vs.        
non-Hispanic White 

1.29 0.51 3.29 0.29 .59  

Mental Health Diagnosis 0.43 0.26 0.71 11.14*** <.001  
Model 2: Individual + 
Interpersonal Factors  

     .088 

Race/ethnicity       
Hispanic/Latina vs.  
non-Hispanic White 

0.52 0.25 1.07 3.17 .08  

Black vs. non-Hispanic White 1.01 0.56 1.81 0.00 .98  
Other/Mixed Race vs.  
non-Hispanic White 

1.21 0.46 3.15 0.15 .70  

Mental Health Diagnosis 0.38 0.23 0.63 13.82*** <.001  
Number of Office Visits during 
Study Period 

1.04 1.02 1.06 14.88*** <.001  

Model 3: Individual + 
Interpersonal + Organizational 
Factors  

     .088 

Race/ethnicity       
Hispanic/Latina vs.  
non-Hispanic White 

0.53 0.25 1.11 2.89 .09  

Black vs. non-Hispanic White 1.01 0.56 1.81 0.00 .98  
Other/Mixed Race vs.  
Non-Hispanic White 

1.20 0.46 3.14 0.14 .71  

Mental Health Diagnosis 0.39 0.23 0.65 12.58*** <.001  
Number of Office Visits during 
Study Period 

1.04 1.02 1.06 13.88*** <.001  

UC Health Site   
(UCSD vs. UCSF) 

0.94 0.54 1.65 0.05 .83  

*p < 0.05; **p < 0.01; ***p < 0.001 
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