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Abstract 

The Roles of Loneliness, Social Isolation, and Inflammation in Risk of Cognitive Impairment among 

Older Adults Living with HIV 

Sarah Dobbins 

Background: Since the onset of the HIV epidemic, antiretroviral therapy (ART) has lengthened the lives 

of people living with HIV (PLWH). More than half of the population of PLWH are 50 years and older, 

and as the aging population of PLWH expands it is important to consider the environmental, socio-

structural, and biological factors and pathways that impact aging with HIV (Centers for Disease Control 

and Prevention [CDC], 2018). It is estimated that about a third to one half of HIV-seropositive individuals 

have some degree of cognitive impairment (Heaton et al., 2010), though prevalence may be lower 

in populations with sustained viral suppression (V. Valcour, personal communication, December 2018). 

Studies show that various measures of loneliness and social isolation are associated with risk for cognitive 

impairment and dementias among the general population (Kuiper et al., 2015, 2019). Literature also 

indicates that, on average, PLWH experience more loneliness and social isolation than HIV-seronegative 

individuals (Greene et al., 2018; Grov et al., 2010; Poindexter & Shippy, 2008). In addition to the 

environmental and social factors that impact risk for cognitive impairment among PLWH, the study of 

inflammatory processes and biomarkers—and whether these are important for the development of 

HAND—is an important area of current research (Office of AIDS Research [OAR] Working Group on 

HIV and Aging, 2012). Current evidence demonstrates an overall increased risk of morbidity and 

mortality in HIV-positive individuals whose CD4/CD8 ratio fails to normalize above 1.0 (Mussini et al., 

2015; Serrano-Villar et al., 2013, 2014). Additionally, a small number of studies show that inverted 

CD4/CD8 ratio is associated with the development of neurocognitive disorders (Correa et al., 2014; 

Grauer et al., 2015; Rawson et al., 2015; Vassallo et al., 2017).  

Problem Statement: The central hypotheses motivating this dissertation research is that loneliness and 

social isolation represent two distinct and uniquely important factors in the risk of cognitive impairment 
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among people aging with HIV, and that CD4/CD8 ratio is an endophenotype that may help elucidate the 

pathways by which physical health, mental health, and environmental factors impact cognitive 

impairment among PLWH. 

Chapter 2: The 2nd chapter of this dissertation systematically examined the current body of quantitative 

literature about social support and loneliness and cognitive impairment among PLWH. We used meta-

analysis to summarize the association of these variables and used meta-regression to identify moderating 

variables in N=11 studies. Among the 11 studies reviewed, many were limited by the use of un-validated 

measures of loneliness and/or social support as well as heterogeneous measures of cognitive symptoms 

and cognitive performance. The meta-analysis (n=10) showed a positive association between social 

isolation or loneliness and cognitive impairment. Though there was moderate heterogeneity among the 

studies analyzed, there was not substantial publication bias. Meta-regression showed moderation of the 

association by study quality, older age (≥55 years), and study country but not by sample mean CD4 cell 

count. This paper highlights knowledge gaps in the current body of research and reflects distinctions 

between performance-based and self-reported measures of cognitive impairment as well as various 

dimensions of social connectedness. 

Chapter 3: Building on the knowledge gaps identified in the second dissertation chapter, the 3rd chapter of 

this dissertation examined the association of both loneliness and social isolation with performance based 

cognitive impairment and subjective cognitive complaints in a sample of older adults living with HIV and 

confirmed HIV-Associated Neurocognitive Disorders (HAND). We performed a cross-sectional, 

secondary data analysis in a cohort of older adults living with HIV recruited at the Memory and Aging 

Center (N=171). This paper revealed that loneliness was correlated with mental health variables 

(depression, anxiety, and perceived stress) while social isolation was correlated with other marginalized 

conditions and socioeconomic factors (lower years of education, history of Hepatitis C (HCV), history of 

a substance use disorder, and Black/African American race, and area-level socioeconomic environment). 

This paper also showed that social isolation, but not loneliness, was associated with higher odds of 
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impairment in two cognitive domains (Attention and Executive function [ATT] and Speed of Processing 

[SPD]). We concluded that social isolation may be conceptualized as a pathway of embodiment, 

reflecting experiences of marginality that could impact risk of HAND. 

Chapter 4: The 4th chapter of the dissertation used an exploratory, cross-sectional secondary analysis of 

the the Hawaii Aging with HIV Cardiovascular Study (HAHCS) cohort-Public Data Set. We aimed to 

examine the relationships between CD4/CD8 and biomarkers of inflammation among middle-aged and 

older adults living with HIV (N=103). This study revealed that the lowest tertile of CD4/CD8 ratio 

(Median: 0.346, range 0.123-0.501) was associated with a higher inflammation profile and higher 

concentration of mature monocytes in the blood. In elucidating the CD4/CD8 cell ratio among PLWH, 

this paper contributes to the body of evidence that suggests a link between CD4/CD8 ratio and established 

risk factors for HAND among middle-aged and older adults with HIV. 

Chapter 5: The 5th chapter of the dissertation was a longitudinal study of the Women’s Interagency Health 

Study (WIHS) public data set to examine the intra-individual variability of the CD4/CD8 ratio over 10 

years as well as clinical and sociodemographic correlates of CD4/CD8 ratio among women living with 

HIV (n=1462). This study revealed that, over 10 years, the CD4/CD8 ratio remained relatively stable. 

Over time, decreased CD4/CD8 ratio was associated with higher age, detectable viral load, and sub-

optimal ART adherence. We then examined associations of clinical and sociodemographic with 

“inverted” CD4/CD8 ratio (≤ 1.0 versus >1.0) and “low” CD4/CD8 ratio (≤ 0.70 versus >0.70). This 

paper revealed that inverted and low CD4/CD8 ratio were both associated with detectable viral load and 

fewer years of educational attainment. Because much of the WIHS sample had a CD4/CD8 ratio that was 

below 0.50, in addition to the findings from chapter 4 that indicate inflammation is association with the 

lowest tertile of CD4/CD8 ratio (0.123-0.501), we subsequently performed a follow-up analysis to 

examine variables associated with “very low” CD4/CD8 ratio (≤0.50 versus >0.50). We found that very 

low CD4/CD8 ratio was associated with older age, detectable viral load, past/current Hepatitis C, white 

racial group, and lower educational attainment. Overall, the findings from this paper show that CD4/CD8 
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ratio was relatively stable over time, but was significantly influenced by age, viral load, and adherence to 

ART medications. We also found that inverted, low, and very CD4/CD8 ratio were all associated with 

fewer years of education. In linking CD4/CD8 ratio to lower educational attainment, our study implicates 

immune function as a pathway by which root causes and social determinants of health (SDOH) may 

impact risk of cognitive impairment among women with HIV.  
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Statement of Interest  

The circuitous path that led me to nursing was marked by various experiences working with 

marginalized adults. Through my work as a research assistant with the trauma surgery team at San 

Francisco General Hospital (SFGH), as a nurse at the San Francisco Department of Public Health, and 

through volunteering with Street Outreach Services (SOS) and Syringe Access Services at the San 

Francisco AIDS foundation I learned about the syndemics of HIV, substance use disorders, serious mental 

illness, and cognitive aging.  

In 2018 I graduated from the UCSF Masters Entry Program in Nursing program and became a 

psychiatric nurse practitioner. I joined the Street Medicine & Shelter Health team at San Francisco 

Department of Public Health. In this work, I provide psychiatric care for unhoused adults with complex 

trauma, mental health and substance use disorders, and chronic health conditions. I continuously struggle 

to support my clients with the overwhelming challenges of aging with marginalized conditions, 

particularly HIV and cognitive impairment. My clinical practice has directly informed and enriched my 

academic development and research activities as a doctoral student at UCSF. 

My mentors have all taught me to value critical scientific inquiry and translational science. My 

academic background in infectious disease bioscience, public health, and nursing science, as well as my 

professional experience as a psychiatric nurse practitioner, influenced all aspects of my dissertation work. 

The framework used for this research was developed to study the symptom of cognitive impairment 

among older adults with HIV, with a focus in two key areas of nursing research: First, the domain of 

environment and social conditions that impact health, and second, the domain of biomarkers, including 

inflammation and immunological characteristics.  
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Background and Significance  

Since the onset of the HIV epidemic, antiretroviral therapy (ART) has lengthened the lives of 

people living with HIV (PLWH). More than half of the population of PLWH are 50 years and older, and 

as the aging population of PLWH expands it is important to consider the factors that impact aging with 

HIV (Centers for Disease Control and Prevention, 2018). It is estimated that about a third to one half of 

HIV-seropositive individuals have some degree of cognitive impairment (Heaton et al., 2010). The 

manifestation of HIV-associated neurocognitive disorders (HAND) encompasses a wide range of 

symptoms including emotional/affective changes, behavioral changes, and cognitive changes in attention 

and executive function, motor function, and memory (Valcour et al., 2004). Environmental, social, and 

biological risk factors for developing HIV-associated cognitive impairment have been established, and 

they include lower education attainment, stigma and depression, certain substance use disorders, access to 

healthcare, trauma and violence, inflammation, neurotoxic effects of ART medication and of HIV itself, 

metabolic conditions, and co-occurring infections such as HCV (Winston & Spudich, 2020). 

Social isolation and loneliness are tightly linked to outcomes in geriatric medicine (Inouye et al., 

2007). Loneliness has been described and defined in different ways, including “a debilitating 

psychological condition characterized by a deep sense of emptiness, worthless ness, lack of control, and 

personal threat,” (Cacioppo et al., 2015) stress caused by the discordance between actual and desired 

relationships (Leigh-Hunt et al., 2017), and a negative emotion, distinct from depression, produced by 

unmet social and intimacy-related needs (Peplau & Perlman, 1982). Likewise, social isolation has been 

defined as an objective description of a lack of interactions with others or with a wider community 

(Berkman et al., 2000; Peplau & Perlman, 1982). Although there is still a general lack of consensus for 

the definitions of social isolation and loneliness, many studies show that various measures of loneliness 

and social isolation are associated with increased risk of all-cause mortality (Greysen et al., 2013; Holt-

Lunstad et al., 2010; Perissinotto et al., 2012) and meta-analyses of longitudinal studies confirm that 
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social connection and loneliness impact cognitive aging among the general population (Kuiper et al., 

2015). 

 Literature indicates that, on average, PLWH experience more loneliness and social isolation than 

HIV-seronegative individuals (Greene et al., 2018; Grov et al., 2010; Poindexter & Shippy, 2008). This 

may be attributed to the higher rates of stigma, depression, and marginalization among PLWH (Grov et 

al., 2010; Poindexter & Shippy, 2008). There is an abundance of research about the impact of social 

isolation and loneliness on cognitive impairment in the general population, however fewer studies about 

these relationships have been carried out among HIV-seropositive adults.  

HIV infection is associated with chronic, low-level inflammation throughout the body, which is 

in turn related to a number of health conditions. Additionally, virally mediated changes in the immune 

system can lead to acceleration of the aging process, resulting in earlier onset of age-related chronic 

disease and frailty (OAR Working Group on HIV and Aging, 2012). As such, the National Institute on 

Aging has called for research examining biomarkers at the cellular, organ, and system levels among older 

people with HIV. The Food and Drug Administration (FDA)-National Institutes of Health (NIH) 

Biomarker Working Group provides the following definition of a biomarker: “A defined characteristic 

that is measured as an indicator of normal biological processes, pathogenic processes, or responses to an 

exposure or intervention, including therapeutic interventions. Molecular, histologic, radiographic, or 

physiologic characteristics are types of biomarkers but a biomarker is not an assessment of how an 

individual feels, functions, or survives.” (FDA-NIH Biomarker Working Group, 2016).  

The CD4/CD8 cell ratio is a biomarker of inflammation and accelerated aging that has been 

gaining interest among those who study HIV and aging (Lu et al., 2015; McBride & Striker, 2017; 

Saracino et al., 2014; Serrano-Villar & Deeks, 2015) (Figure 1.1).  For some PLWH, despite treatment 

with ART medications and viral suppression, CD4/CD8 ratio fails to normalize above 1.0 even when 

CD4 cell count has recovered (Cao et al., 2016). Evidence demonstrates an overall increased risk of 

morbidity and mortality in HIV-positive individuals whose ratio fails to normalize (Mussini et al., 2015; 
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Serrano-Villar et al., 2013, 2014). Additionally, lower CD4/CD8 ratio may be associated with the 

development of neurocognitive disorders (Correa et al., 2014; Grauer et al., 2015; Rawson et al., 2015; 

Vassallo et al., 2017) (Table 1.1). To date, there remains a dearth of evidence about the role of CD4/CD8 

ratio in cognitive impairment among older adults with HIV. 

Theoretical Framework 

HIV is a stigmatized condition and disproportionately affects marginalized communities who 

have restricted access to socioeconomic resources, systematized barriers to healthcare, and premature 

morbidity and mortality (Farmer et al., 2006; Stonington et al., 2018). Cognitive impairment in the setting 

of HIV is known to have a multifactorial etiology and progression (Winston & Spudich, 2020). Therefore, 

the study of cognitive impairment among older adults with HIV requires particular attunement to 

environmental risk factors as well as socio-structural processes and determinants of health. The study of 

health status and symptoms among older adults with HIV is a priority for nursing research; However, the 

current theoretical model (Symptom Management Theory [SMT], Dodd et al., 2001 ) that guides 

symptom science lacks attention to the environment and social determinants of health. This theoretical 

gap has consequences for nursing research among PLWH. Therefore, for this dissertation work, I rely on 

a modified theoretical model of symptom science. This model, named the Ecosocial Model of Symptom 

Science, is adapted using propositions from Link & Phelan’s theory of fundamental causes of poor health 

(Link & Phelan, 1995; Phelan et al., 2004), the WHO Social Determinants of Health framework (World 

Health Organization, 2010), and Nancy Krieger’s Ecosocial Theory (Krieger, 1994, 2001). Below the 

major aspects of this modified theoretical model are described. Additionally, Table 1.1 provides the 

definitions for key terms relating to my adapted theoretical model and Figure 1.2 provides a visual 

depiction of the model and relationships between the premises.  
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Environment 

One of the core assumptions of SMT is that three key nursing domains influence symptoms: 

Person, Health/Illness, and Environment. A domain is considered to be the territory and central subject 

matter of a discipline (Meleis, 2017, p.26), and in the SMT these domains contextualize the core 

theoretical concepts. The domains of SMT have a heavy focus on the level of the individual with 

relatively little thought given to the concept of environment. For example, in the environment domain of 

SMT, “physical, social, and cultural factors”—which largely operate at the individual level—are  

highlighted. (Meleis, 2017, p.26). In 1989, Stevens proposed a re-conceptualization of ‘environment’ for 

nursing theory, which “involves uncovering and critiquing oppressive social structures that constrain 

persons’ health, constrain their life possibilities, and restrict their equal and fully conscious participation 

in society” (Stevens, 1989, p.59). In the Ecosocial Model of Symptom Science, the environment is a 

relatively abstract and is one of the most important concepts in the model, encircling and overlaying each 

aspect of the Ecosocial Model of Symptom Science. It impacts health and patterns of disease, including 

health disparities, and includes broad socioeconomic & political systems, ecological conditions, and the 

contingencies of history. 

Root causes 

The concept of a root cause, also known as a fundamental cause, was established by Link and 

Phelan in 1995 (Link & Phelan, 1995). Root causes are defined as social conditions that are not 

modifiable at the individual level. According to Link and Phelan (1995), these social conditions include 

factors that manifest in differences in socioeconomic position (SEP) and social hierarchies falling along 

the lines of knowledge, power, prestige, and access to resources (Phelan et al., 2004). These authors state 

that root causes drive health disparities, in part, because people of higher SEP have access to a “wide 

range of broadly serviceable resources, including money, knowledge, prestige, power, and beneficial 

social connections, that can be used to one’s health advantage” (Phelan et al., 2004). There is substantial 

overlap between root causes and Social Determinants of Health (SDOH), as defined by the World Health 
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Organization (WHO) in their framework (2010). Therefore, root causes can be conceptualized as social 

determinants of health at the structural level. Examples include educational attainment, social class, 

poverty/income, racism, social capital, and public health and public safety policies.  

Pathways of Embodiment 

One of the most critical aspects of the Ecosocial Model of Symptom Science is the concept of 

embodiment, which has been developed by Nancy Kreiger since 1994. In Kreiger’s Ecosocial Theory 

(1994), embodiment is defined as “how we literally embody, biologically, our lived experience, in 

societal and ecological context, thereby creating population patterns of health and disease” (Krieger, 

2001, p.670). Pathways of embodiment are the trajectories of the biological and social development of a 

body (Krieger, 2005, p.352). In this sense, biological phenomena and aspects of health, such as 

symptoms, are seen as embodied phenomenon. The Ecosocial Model for Symptom Science relies heavily 

on Krieger’s theory and borrows the language of embodiment to describe the pathways by which root 

causes may influence the health of people aging with HIV.    

Marginalized Conditions 

The term marginalize indicates the action of forcing a subject into a position of powerlessness 

(Baah et al., 2019; Hall, 1999). Marginalization has been defined for nursing science as “the process 

through which persons are peripheralized based on their identities, associations, experiences, and 

environment” (Hall et al., 1999, p.25). Those who are marginalized in society are thought to exist on the 

boundaries of a dominant social structure from a geographical or societal perspective (Hall et al., 1999). 

Importantly, processes of marginalization are rooted in socio-structural factors, access to resources 

fundamental to establishing SEP (root causes), and environment (Mathieson et al., n.d.; Popay, 2010).  

The effects of marginalization are socially and psychologically damaging, and can impact 

domains of health through multiple mechanisms (Braveman & Gruskin, 2003). As a result, marginalized 

populations are subjected to substantial health disparities/inequalities and a higher burden of symptom 
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morbidity and mortality (Hall, 1999; Marmot, 2005). Marginalized populations are comprised of diverse 

people with dynamic, intersecting experiences and identities. Therefore, it is a pragmatic approach to 

focus on marginalization both in terms of process attributes pertaining to health and healthcare systems as 

well as health outcomes. Using this approach, I identified a population characterized as people 

experiencing marginalized conditions (PEMC). Marginalized conditions can generally be characterized 

by stigma, criminalization, barriers to healthcare, trauma associated with healthcare systems, and 

premature aging, morbidity, and mortality. These conditions include HIV, substance use disorders 

(particularly illicit substances and injection drug use), serious mental illness (particularly psychotic 

disorders, personality disorders, PTSD, and mood disorders), homelessness, hepatitis C, and others. While 

this approach to defining a population provides a useful heuristic device that can be clearly defined and 

identified, it is important to note that marginalized conditions should not themselves be used to define the 

process of marginality as this logic would be teleological. Rather, we may define marginalized conditions 

by virtue of the socio-political, historical, and oppressive processes that restrict access to resources and 

shape root causes of health for the people who come to experience them. 

Symptoms, Signs, and Biomarkers 

Symptoms, defined as “an objective experience reflecting changes in the bio-psychosocial 

function, sensations, or cognition of an individual” (Bender et al., 2018; Dodd et al., 2001), are one 

primary focus of symptom science in nursing. In contrast to a symptom, a sign is considered observable 

rather than perceived and is defined as "as any abnormality indicative of disease that is detectable by the 

individual or by others” (Harver & Mahler, 1990 in Dodd et al., 2001). Similarly, it is explicit in the 

definition of a biomarker that it is not an “assessment of how an individual feels, functions, or survives” 

but rather a measure of a biological process (FDA-NIH Biomarker Working Group, 2016). In contrast to a 

symptom, which is experiential and subjective, signs and biomarkers are observable and relatively 

objective. Using Kreiger’s ecosocial theory, the core aspects of embodiment can be used to modify the 
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boundaries of SMT—in particular, the theoretical boundaries pertaining to the subject matter of 

symptoms. 

According to Kreiger, the construct and process of embodiment is based on three important 

tenants: “(1) bodies tell stories about—and cannot be studied divorced from—the conditions of our 

existence; (2) bodies tell stories that often—but not always—match people’s stated accounts; and (3) 

bodies tell stories that people cannot or will not tell, either because they are unable, forbidden, or choose 

not to tell.” (Krieger, 2001, p.350). These stories are not just told through the language of the subject 

(symptoms), but also through the language of biological and physical processes (biomarkers and signs). 

Nursing scientists fundamentally seek to understand that story of the body, which is inextricably linked to 

the environment and root causes. As such, the Ecosocial Model of Symptom Science incorporates 

additional concepts, which serve to extend the reach on nursing inquiry beyond the constraints of 

symptoms.  

This modification of SMT is also necessary because the prioritization of symptoms above signs 

and biomarkers constrains the utility of symptom science among PEMC. This is especially true among 

those who suffer from marginalized conditions that are often characterized by disordered subjectivity, 

including loss of insight, disorganized thought processes and behaviors, dissociation, emotional 

dysregulation, cognitive dysfunction, and poor awareness of one’s own symptoms. For many PEMC, as 

Krieger describes above, cognitive impairment is a story told by the body that may not match the one’s 

stated account. Therefore, in order to study of cognitive impairment among PLWH, the additional 

domains of sign and biomarker were added to the theoretical model (Figure 1.2). 
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Problem Statement 

An abundance of studies in HIV-seronegative populations show that measures of social 

connectedness are associated with poor physical, mental health, and cognitive outcomes in aging (Gerst-

Emerson & Jayawardhana, 2015; Luo et al., 2012). Meta-analyses of longitudinal studies among the 

general population confirm that social isolation and loneliness impact risk of neurocognitive disorders 

(Kuiper et al., 2015); however, these relationships are understudied in the population of PLHW. The 

CD4/CD8 cell ratio is an emerging biomarker of chronic inflammation and immune dysfunction among 

people aging with HIV (Lu et al., 2015), and a small number of studies suggest an association between 

CD4/CD8 and HAND (Correa et al., 2014; Grauer et al., 2015; Rawson et al., 2015; Vassallo et al., 

2017). The central hypothesis motivating this dissertation research is that loneliness and social isolation 

represent two distinct and uniquely important factors in the risk of cognitive impairment among people 

aging with HIV, and that CD4/CD8 ratio is an embodied endophenotype that may help elucidate the 

pathways by which physical health, mental health, and environmental factors impact cognitive 

impairment among PLWH. 
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Purpose and Specific Aims 

Aim 1: Systematically review and synthesize evidence on the association of cognitive impairment 

with social isolation and loneliness among adults living with HIV. Among the general population, 

meta-analyses of longitudinal studies confirm that social connection and loneliness impact risk of 

neurocognitive disorders (Kuiper et al., 2015); However, these relationships among PLWH have never 

been systematically synthesized nor examined using meta-analysis techniques.  

Objective 1: Systematically review and narratively synthesize the extant quantitative scientific literature 

about association between cognitive impairment and social isolation and/or loneliness among adult 

PLWH.   

Objective 2: Estimate the pooled association between cognitive impairment and social isolation & 

loneliness and among PLWH using meta-analysis.  

Objective 3: Perform sub-group comparisons to estimate the pooled association of social isolation and  

loneliness with cognitive performance and self-reported cognitive impairment.  

Objective 4: Perform a meta-regression to examine moderation of the association of social isolation and 

loneliness and cognitive impairment by age, study country, study quality, and mean CD4 cell count.   

 

Aim 2: Examine the association of cognitive impairment and social isolation/loneliness among older 

adults with symptomatic HIV-associated neurocognitive disorders (HAND). The impact of social 

isolation and loneliness on cognitive impairment in HIV-seronegative adult populations has been firmly 

established, but a knowledge gap concerning these relationships among older adults living with HIV  still 

exists.  

Objective 1: Explore the social network structure and degree of loneliness among older adults living with 

symptomatic HAND.   
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Objective 2: Examine the correlates of social isolation and loneliness among older adults living with 

symptomatic HAND.   

Objective 3: Examine the association of cognitive performance with social isolation and loneliness 

among older adults living with symptomatic HAND. 

Objective 4: Examine the association of self-reported cognitive impairment with social isolation and 

loneliness among older adults living with symptomatic HAND.  

 

Aim 3: Perform an exploratory analysis of the associations between CD4/CD8 cell ratio, 

immunologic biomarkers, and clinical characteristics among middle-aged and older adults with 

HIV. CD4/CD8 ratio is an emerging biomarker of inflammation and immune dysregulation in HIV. 

Evidence demonstrates an overall increased risk of morbidity and mortality in HIV-positive individuals 

whose ratio fails to normalize (Mussini et al., 2015; Serrano-Villar et al., 2014). In some, low ratio is 

associated with the development of neurocognitive disorders (Correa et al., 2014; Grauer et al., 2015; 

Rawson et al., 2015; Vassallo et al., 2017). A better understanding of the role this ratio plays in risk of 

HAND is still needed.  

Objective 1:  Explore the relationships between CD4/CD8 cell ratio with sociodemographic and clinical 

characteristics among adults 40 years and older in the HAHCS cohort.  

Objective 2:  Explore the relationships between CD4/CD8 cell ratio and peripheral inflammation among 

adults 40 years and older in the HAHCS cohort.  

Objective 3: Explore the relationships between CD4/CD8 cell ratio and peripheral blood monocyte 

subsets among adults 40 years and older in the HAHCS cohort.  
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Aim 4: Examine the intra-individual variability in CD4/CD8 ratio over time and the correlation of 

low CD4/CD8 ratio with clinical and sociodemographic characteristics among HIV+ women. 

CD4/CD8 ratio, an emerging biomarker in HIV, is thought to be a marker of chronic inflammation. The 

precise threshold for what to consider a low CD4/CD8 cell ratio among PLWH is still debated, and there 

is a paucity of studies that confirm the clinical and population health relevance of this biomarker at 

various cut-points. Similarly, there is little information about clinical and environmental factors 

associated with low CD4/CD8 cell ratio and the subject-specific variability of this ratio over time has not 

yet been established in the HIV literature. 

Objective 1: Examine the intra-individual variability of the CD4/CD8 cell ratio over 10 years among 

HIV+ women in the Women’s Interagency Health Study (WIHS). 

Objective 2: Examine the clinical and sociodemographic characteristics associated with change in the 

CD4/CD8 cell ratio over 10 years among HIV+ women in the WIHS. 

Objective 3: Examine the clinical and sociodemographic characteristics associated with very low 

(<0.50), low (<0.50), and inverted (<1.0) CD4/CD8 ratio among HIV+ women in the WIHS. 
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Overview of Papers 

 This dissertation is organized into four parts. The first study systematically examines the current 

body of quantitative literature on the association between loneliness, social isolation, and cognitive 

impairment among PLWH, and used meta-analysis to summarize the reported associations. The second 

study of this dissertation examines the association of loneliness and social isolation with performance 

based cognitive impairment and subjective cognitive complaints in a sample of older adults living with 

HIV and confirmed HAND. The third study of the dissertation explors the relationships between 

CD4/CD8 ratio and biomarkers of inflammation in a sample of middle-aged and older adults (40+ years) 

living with HIV. The fourth study in this dissertation focused on further understanding the CD4/CD8 

ratio. I examine the inter-individual variability of CD4/CD8 ratio as well as the associations of very low 

CD4/CD8 ratio (≤0.50 versus >0.50), low CD4/CD8 ratio (≤0.70 versus >0.70), and inverted CD4/CD8 

ratio (≤1.00 versus >1.00) with clinical and sociodemographic factors over 10 years among women living 

with HIV.  
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Table 1.1: Summary of Studies Examining Cognitive Impairment and CD4/CD8 Cell Ratio 
among PLWH 

Study CD4/CD8  
variable 

Cognitive assessment Findings 

Vassallo et al., 
2017 

Continuous Standard 
neuropsychological test 
battery over 3 years 

 

CD4/CD8 decreased in those with 
worsening HAND (60% vs 31%, p = 
0.008); Decreasing CD4/CD8 ratio & lower 
CSF-penetrating ART regimens 
independently associated with cognitive 
decline 

Correa et al., 2014  < 1.0 Brief Neuropsychological 
Assessment; Mini-Mental 
State Examination 
inventory 

The older adults with inverted CD4:CD8 
ratio had impairments in some cognitive 
dimensions and had more functional 
disability and dependency (p = 0.01)  

Rawson et al., 
2015 

< 1.0 Brief NeuroCognitive 
Screen 

Neurocognitive impairment subjects were 
8% more likely to have inversion of 
CD4:CD8 ratio and higher median peak 
CD8 cell counts reported compared to non-
impaired subjects 

Grauer et al., 
2015 

Continuous Standard 
neuropsychological test 
battery; MRI 

Degree of cognitive impairment severity 
and MRI signal abnormalities correlated 
with decreasing CD4/CD8-ratios 
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Table 1.2: Summary of Key Terms in the Ecosocial Model of Symptom Science 
Source Key Term Attribute Principle(s) and Definition(s) 
Link & Phelan, 
1995; Phelan, et 
al., 2004 

Root Cause 
(Also called a 
fundamental 
cause) 

Concept; 
Structural 
determinants of 
health 

Root causes “involve a person's 
relationships to other people. These 
include everything from relationships 
with intimates to positions occupied 
within the social and economic 
structures of society.” (Link & Phelan, 
1995, p.81). Root causes encompass 
factors that are fundamental to health 
and generate difference in SEP along 
the lines of knowledge, power, 
prestige, and access to resources 
(Phelan et al., 2004). 

WHO, 2010 
 

Socioeconomic 
position (SEP) 

Construct “People attain different positions in the 
social hierarchy according, mainly, to 
their social class, occupational status, 
educational achievement and income 
level. Their position in the social 
stratification system can be 
summarized as their socioeconomic 
position.” (WHO, 2010, p.27). Root 
causes are fundamental to establishing 
SEP.  

WHO, 2010 Social 
Determinants of 
Health (SDOH) 

Concepts; 
Conceptual 
Framework 

“The conditions in which people are 
born, grow, work, live, and age, and 
the wider set of forces and systems 
shaping the conditions of daily life.” 
(WHO, 2010, p.27). Refers to both the 
social factors that impact the health of 
individuals/ populations and to the 
“social processes underlying the 
unequal distribution of these factors 
between groups occupying unequal 
positions in society.”  (WHO, 2010, 
p.27) 

Braveman, 2006 
Braveman & 
gruskin 2003 

Health 
disparities/health 
inequalities  

Construct;  
Process 

A type of difference in health or 
influences on health. “Health 
disparities/inequalities are potentially 
avoidable differences in health (or in 
health risks that policy can influence) 
between groups of people who are 
more and less advantaged socially; 
these differences systematically place 
socially disadvantaged groups at 
further disadvantage on health” 
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Table 1.2: Summary of Key Terms in the Ecosocial Model of Symptom Science Continued 
WHO, 2003 Social Exclusion Process The “dynamic, multi-dimensional 

processes driven by unequal power 
relationships” that interact across 
various structural mechanisms and at 
different levels such as individual, 
group, community, country, and 
ecosystem 
 

Hall et al., 1994; 
Hall, 1999; Baah 
et al., 2019; Hall, 
Stevens, & 
Meleis, 1994, p. 
25). 
 

Marginalization Process;  
Construct 

A “process through which persons are 
peripheralized based on their identities, 
associations, experiences, and 
environment”  

Author-defined Marginalized 
conditions 

Heuristic device Generally characterized by social 
exclusion, stigmatization, 
criminalization, barriers to healthcare, 
trauma associated with healthcare 
systems and healthcare professionals, 
accelerated aging, increased burden of 
morbidity, and premature death 

Krieger, 1994, 
2001, 2001, 2005, 
2012  

Embodiment 
 
 
 
 
 
 
 
 
 
Pathways of 
embodiment 

Construct 
 
 
 
 
 
 
 
 
 
Processes 

A construct referring to how we 
“literally incorporate, biologically, the 
material and social world in which we 
live, from in utero to death; a corollary 
is that no aspect of our biology can be 
understood in the absence of 
knowledge of history and individual 
and societal ways of living.” (Krieger, 
2005, p.352).  
 
Pathways of embodiment are 
“structured simultaneously by (a) 
societal arrangements of power, 
property, and contingent patterns of 
production, consumption, and 
reproduction, and (b) constraints and 
possibilities of our biology, as shaped 
by our species’ evolutionary history, 
our ecological context, and individual 
histories—that is, trajectories of 
biological and social development.” 
(Krieger, 2005, p.352). 

 

 

 



	 23	

 

Figure 1.1: Visual Depiction of a Normalized and Inverted CD4/CD8 Cell Ratio in HIV Infection 

Upon HIV seroconversion, HIV virus infects human CD4 T-cells (line in blue). As HIV kills CD4 T-cells, 
CD8 T-cells (line in red), which are a key part of the cellular immune response, simultaneously expand in 
response to the virus. If a person with HIV is treated with ART medications, they may restore/normalize their 
CD4 counts and CD8 count will decline, leading to normalization of the CD4/CD8 cell ratio (upper panel). For 
some, despite ART medications and viral suppression, CD4/CD8 ratios fail to improve even when CD4 cell 
count has recovered (lower panel) (Cao et al., 2016). 
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Figure 1.2: Visual Depiction of the Ecosocial Model of Symptom Science 

The environment overlays each dimension of the EMSS model. Environment denotes the broad context in 
which root causes, pathways of embodiment, and the symptoms, signs and biomarkers of marginalized 
conditions interact. It includes broad socioeconomic & political systems, ecological conditions, and historical 
contingencies. Root causes are social conditions, not modifiable at the individual level, that “involve a person's 
relationships to other people.” (Link & Phelan, 1995, p.81). They encompass many SDOH and factors that are 
fundamental to health, which manifest in differences in SEP and social hierarchies along the lines of 
knowledge, power, prestige, and access to resources. Root causes include educational attainment, social class, 
poverty/income, racism, social capital, and public health, public safety, and healthcare systems, policies, and 
infrastructures. Embodiment describes “how we literally embody, biologically, our lived experience, in societal 
and ecological context, thereby creating population patterns of health and disease” (Krieger, 2001, p.670). 
Marginalized conditions can generally be characterized by stigma, criminalization, barriers to healthcare, 
trauma associated with healthcare systems, and premature aging, morbidity, and mortality. These conditions 
include HIV, substance use disorders (particularly illicit substances and injection drug use), serious mental 
illness (particularly psychotic disorders, personality disorders, PTSD, and mood disorders), homelessness, and 
hepatitis C. Symptoms, signs, and biomarkers reflect critical domains of nursing scientific inquiry; Though 
often measured at the individual level, and they are inextricably linked to the environment and to root causes of 
health.  
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Abstract 

 It is estimated that about a one third to one half of people living with HIV (PLWH) have 

some degree of cognitive impairment (Heaton et al., 2010). Literature indicates that, on average, PLWH 

experience more loneliness and social isolation than HIV-seronegative individuals (Greene et al., 2018a; 

Grov et al., 2010; Poindexter & Shippy, 2008; Shippy & Karpiak, 2005). There is an abundance of 

research about the impact of social isolation/social support and loneliness on cognitive impairment in the 

general population, however fewer studies about these relationships have been carried out among HIV-

seropositive adults. The purpose of this review and meta-analysis is to evaluate and synthesize existing 

scientific evidence concerning the extent to which social isolation and loneliness are associated with 

cognitive impairment in adults living with HIV. Using PRISMA guidelines, a systematic review of 

manuscripts indexed by Medline and Embase was conducted (Welch et al., 2012). We then performed a 

meta-analysis and meta-regression on the selected studies to estimate the pooled association of social 

isolation and loneliness on cognitive impairment among PLWH. Our review and analyses suggest an 

association between increased social connectedness and more cognitive impairment among PLWH across 

the globe. The eleven studies reviewed used diverse measures of cognitive symptoms and cognitive 

status, which varied in their established construct validity and overall reliability. Additionally, the studies 

were limited by the use of un-validated scales and measures of loneliness and social support. 

Nevertheless, the meta-analysis showed a positive association between social connectedness (social 

isolation or loneliness) and cognitive impairment. Though there was moderate heterogeneity, there was 

not substantial publication bias. In sub-group analyses, there was a significant positive association 

between a) self-reported cognitive impairment and loneliness or social isolation, b) performance based 

cognitive impairment and either loneliness or social isolation, and c) social isolation and either self-report 

or performance based cognitive impairment. There was not a significant association between loneliness 

and either self-report or performance based cognitive impairment. Meta-regression showed that the 
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estimated effect was moderated by study quality, older age (≥55 years), and study country but not by 

mean CD4 cell count of the study sample. 
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Introduction 

Since the onset of the HIV epidemic, antiretroviral therapy (ART) has lengthened the lives of 

people living with HIV (PLWH). More than half of the population of PLWH are 50 years and older, and 

as the aging population of PLWH expands it is important to consider the factors that impact aging with 

HIV (Centers for Disease Control and Prevention, 2018). It is estimated that about a one third to one half 

of HIV-seropositive individuals have some degree of cognitive impairment (Heaton et al., 

2010). These prevalence estimates vary based on population and assessment methods, and are likely 

lower in populations with sustained viral suppression.  

Neurocognitive disorders in the setting of HIV have a multifactorial etiology and progression 

(Winston & Spudich, 2020). Furthermore, HIV is a marginalized condition and PLWH experience stigma 

and substantial health disparities and inequities (Farmer et al., 2006; Rhodes et al., 2005). Therefore, 

it is important to understand the environmental and psychosocial impacts on cognitive symptoms and 

cognitive status among older PLWH.  

Social Connectedness and Cognitive Impairment 

Social isolation and loneliness are tightly linked to outcomes in geriatric medicine (Inouye et al., 

2007). However, these constructs are not always closely correlated with one another (Golden et al., 2009; 

McHugh et al., 2017; Perissinotto & Covinsky, 2014), suggesting that social isolation and loneliness may 

reflect distinct experiences that affect health through different pathways. Social isolation and lack of 

social support has been defined as an objective description of a lack of interactions with others or with 

a wider community (Berkman et al., 2000). It has also been described as a key component of social 

capital, a social determinant of health (World Health Organization, 2010). In contrast, loneliness has been 

described and defined as a “debilitating psychological condition characterized by a deep sense of 

emptiness, worthlessness, lack of control, and personal threat,” (Cacioppo et al., 2014), stress caused by 

the discordance between actual and desired relationships (Leigh-Hunt et al., 2017), and 
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a negative emotion, distinct from depression, produced by unmet social and intimacy-related needs 

(Peplau & Perlman, 1982). Although there is still a general lack of consensus for the definitions of social 

isolation and loneliness, many studies show that various measures of loneliness and social isolation are 

associated with increased risk of all-cause mortality (Greysen et al., 2013; Holt-Lunstad et al., 2010; 

Perissinotto et al., 2012) and meta-analyses of longitudinal studies confirm that social connection and 

loneliness are associated with incident dementia among the general population (Kuiper et al., 2015). 

Literature indicates that, on average, PLWH experience more loneliness and social isolation than 

HIV-seronegative individuals (Greene et al., 2018a; Grov et al., 2010; Poindexter & Shippy, 2008, 2008; 

Shippy & Karpiak, 2005). This may be attributed due to the higher rates of stigma, depression or 

marginalization among PLWH (Grov et al., 2010; Poindexter & Shippy, 2008). Social support and 

loneliness influence health-related outcomes among PLWH. For example, increased social support is 

associated with viral load suppression (Burgoyne, 2005) and decreased HIV-related physical health 

symptoms (Ashton et al., 2005). Among PLWH, loneliness is associated with depression and HIV 

symptoms (Fekete et al., 2018), CD4-cell count (Miller et al., 1997), sexual behaviors (Hubach et al., 

2015), and substance use (Greene et al., 2018b; Mannes et al., 2016, 2017). Furthermore, it is thought that 

loneliness as well as depression, stress, and anxiety may contribute to dysregulated inflammatory 

processes in both HIV- and HIV+ populations (Cole et al., 2011; Hackett et al., 2012; Miller et al., 1997; 

Schutter et al., 2017).  

There is an abundance of research about the impact of social isolation/social support and 

loneliness on cognitive impairment in the general population, however fewer studies about these 

relationships have been carried out among HIV-seropositive adults. The purpose of this review and meta-

analysis is to evaluate and synthesize existing scientific evidence concerning the extent to which social 

isolation and loneliness are associated with cognitive impairment in adults living with HIV. 
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Methods 

Using PRISMA guidelines, a systematic review of manuscripts indexed by Medline and Embase 

will be conducted (Welch et al., 2012). These bibliographic databases will be queried for relevant 

literature published between January 1st, 1996 until December 31st, 2021. First an initial search was 

made in Pubmed using the Medical Subject Heading (MESH) terms “HIV,” “neurocognitive disorders,” 

“Cognitive Dysfunction,” “social isolation,” “social support,” and “loneliness.” Several additional MESH 

terms, synonyms, and keywords were identified and included in the final search syntax (Appendix 2.1). 

Complementary search strategies included: 1) Conferring with an expert in the field of HAND (V. 

Valcour); 2) A citation chaining search method from the bibliographies of key publications. 

Subsequently, we performed a meta-analysis and meta-regression on studies meeting inclusion and 

exclusion criteria to estimate the pooled association of social isolation and loneliness on cognitive 

impairment among PLWH.  

Studies in the systematic review were included in the meta-analysis and meta-regression if they 

reported effect sizes for the association between cognitive impairment and social isolation or loneliness. 

Studies with both HIV-seropositive and seronegative samples were included in the review, but only effect 

sizes from analyses in HIV-seropositive samples were included in the meta-analysis and meta-regression.  

Measures/Variables 

The following data elements were gathered from each study included in the systematic review: 

Country in which the sample was recruited, year of publication, study approach, sample size, sample 

demographics, ART medication status of the baseline sample, study hypotheses or aims, type of social 

connectedness variable and measurement instrument, type of cognitive variable and measurement 

instrument, depression variable and measurement instrument, other variables examined, analysis method, 

and relevant study findings.  
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The crucial role of inflammation in the etiology of HAND has been firmly established 

(Kallianpur et al., 2013; Sharma et al., 2020; Valcour et al., 2011). Social support has also been linked to 

faster progression to AIDS (Leserman et al., 2000) and increased inflammation (Ellis et al., 2021). 

Therefore, biomarkers that have been associated with loneliness and/or social isolation as well as 

cognitive impairment/HAND is an important component of this systematic review. Based on literature in 

the general population and OAR working group, biomarkers were also identified as an important variable 

for extraction as a data item (OAR Working Group on HIV and Aging, 2012). We defined a biomarker 

using the FDA/NIH Biomarker Working Group definition: “A defined characteristic that is measured as 

an indicator of normal biological processes, pathogenic processes, or responses to an exposure or 

intervention, including therapeutic interventions. Molecular, histologic, radiographic, or physiologic 

characteristics are types of biomarkers but a biomarker is not an assessment of how an individual feels, 

functions, or survives.” (FDA-NIH Biomarker Working Group, 2016). The biomarkers included in our 

review include CD4 T-cell count, nadir CD4 T-cell count, viral load, HCV antibodies, C-reactive protein, 

gait speed and the Veterans Aging Cohort Study (VACS) index, which is comprised of age, sex, race, 

CD4 count, HIV viral load, liver fibrosis-4 score, hemoglobin, renal function, and hepatitis C co-

infection.   

For our meta-analysis, the following additional variables were collected: Effect size and study 

quality/risk of bias. To determine risk of bias, we reviewed each article for methodological quality using 

the NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (NIH, 2021). A 

quality rating was assigned based on the NIH framework and included in the meta-analysis and meta-

regression. In the framework of this tool, bias is assigned based on the internal validity of the study. For 

example, was the exposure assessed prior to outcome measurement? Were different levels of the exposure 

and outcome of interest measured? Were the exposure and outcome measurement tools or methods used 

to measure exposure accurate and reliable, and have they been validated? Were key potential confounding 
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variables measured and adjusted for, such as by statistical adjustment for baseline differences? (NIH, 

2021). The details of the framework are provided in the Appendix (2.3).  

Statistical Methods 

The optimal estimator of association for our meta-analysis is Cohen’s d, a measure of the 

standardized mean difference (SMD). Since studies in our review reported different effect size measures 

(e.g., odds ratio, correlation coefficients, or regression coefficients), we derived Cohen’s d as a common 

outcome measure for our meta-analysis. Cohen’s d was derived for each study using the formulae 

published in the literature (Thalheimer & Cook, 2002). The precision of effect size was estimated 

deriving a standard error (SE) of Cohen’s d using the formulas recommended by Borenstein et al (2009), 

Thalheimer & Cook (2002), and Friendman, 1968 (Appendix 2.2).  

 Using Cohen’s d and the variance of d, procedures for meta-analysis in Stata 15 were 

implemented (StataCorp, 2017). We chose to use random effects models for statistical analysis of pooled 

associations along with forest plots and measures of heterogeneity. The random-effects meta-analysis 

model results represent the average intervention effect. The random effects model, in contrast to a fixed 

effects model, relies on the assumption that observed differences among study results are due to a 

combination of both random chance and heterogeneity. To examine statistical heterogeneity among the 

studies, Cochran’s Q (a Chi2 statistic) and the I2 statistic were computed and assessed for the pooled 

model and for sub-analyses. Cochran’s Q statistic indicates whether or not heterogeneity exists, and the I2 

statistic measures of the proportion of variability between studies that is due to heterogeneity rather than 

random chance (Higgins & Thomas, 2021). Following standard the approach: Mild heterogeneity if I2 is 

less than 30%, moderate heterogeneity if I2 is between 30% to 50%, and high heterogeneity if I2 is greater 

than 50% (Higgins & Thomas, 2021). Publication bias was assessed with a funnel plot and the Egger’s 

weighted regression test.  
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We implemented random-effects meta-regression to examine whether the overall effect estimate 

could be explained by one or more explanatory variables. We carried out models to test the effect of the 

following explanatory variables: Country, study quality/risk of bias, mean CD4 cell count, and age of 

study samples (mean sample age ≥55 years versus <55 mean age) on cognitive impairment. The statistical 

significance of the regression coefficient indicates whether there is a relationship between the outcome 

variable and the explanatory variables. For the purposes of interpretation, the regression coefficient 

describes how the outcome variable of cognitive impairment (Pooled d) varies with the explanatory 

variables.   

Results 

Figure 2.1 shows a PRISMA flowchart describing the algorithm used to select studies for this 

review. Initially 329 records were identified for review using search criteria and citation chaining. Of 

these, 230 were unique records. After initial screening, 204 were excluded because they did not meet one 

or more inclusion criteria (Table 2.1). Twenty-six full text articles were left to review based on inclusion 

and exclusion criteria. Of these, 11 were excluded after the full text screening and 4 studies were 

excluded in the data abstract phase because the variables not meet inclusion criteria. This left 11 studies to 

be included in this systematic review (Figure 2.1).   

Summary of Data Elements 

In the following section, we review eleven (11) research studies among adults with HIV that 

examined associations between loneliness or social isolation and cognitive impairment in older adults 

living with HIV (Atkins et al., 2010; Bourgeois et al., 2020; Chan et al., 2007; Eaton et al., 2020; S. Han 

et al., 2021; S. D. Han et al., 2017; Harris et al., 2020; Moore et al., 2018; Subramanian et al., 2020; 

Wubetu et al., 2021; Zhu et al., 2019). Of these, over half (6/11) were published in 2020 and 2021, which 

highlights the increased interest in the influence of social connectedness on cognitive impairment among 

older adults with HIV. Every study included in the final review was a cross-sectional study.  
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Table 2.2 summarizes the study characteristics, hypotheses/study aims, and sample demographics 

in the eleven studies reviewed. One study was carried out in Hong Kong, two in China, three in the 

United States, two in Canada, two in Africa, and one in India. In the eleven studies reviewed, the sample 

sizes ranged from 90 to 856 participants. The majority (7/11) studies included primarily male participants 

(ranging from 27.7% to 100% male), and no studies reported gender groups other than male or female. 

The pooled mean age of the participants in the nine studies was 59.47 years, with age means ranging from 

35 to 58.8 years among the studies. One study did not report a mean age, and is not included in the pooled 

mean. Six of the eleven studies had a mean age above 55 years or above. Wubetu et al., 2021 did not 

report a mean age, but 92.4% of their participants were 60 years or younger and were therefore 

categorized as having a mean age ≤ 55 years. Racial or ethnic groups were reported in most (9/11) 

studies, but groups were categorized in various ways. Participants in the studies had a range of 

educational attainment, with the lowest among the Tanzanian sample, in which 77% had less than 8 years 

of formal education (Eaton et al., 2020), and the highest in the study sample from San Francisco, CA, 

USA in which 71.7% had some college or more (Bourgeois et al., 2020). Most (9/11) studies reported 

some measure of ART medication use in their sample. The reported measures included ART prescription 

or treatment, ART adherence in the past 30 days, and taking ART by self-report. Viral load was reported 

in less than half (4/11) studies (Bourgeois et al., 2020; Chan et al., 2007; Han et al., 2017; Moore et al., 

2018) while a recent or baseline CD4+ T-cell count was reported by most (9/11) studies (Bourgeois et al., 

2020; Chan et al., 2007; Eaton et al., 2020; Han et al., 2017; Moore et al., 2018; Subramanian et al., 2020; 

Zhu et al., 2019).  

The study hypotheses or study aims and statistical approaches are also summarized in Table 2.2. 

Most studies examined adjusted regression models or analysis of covariance to test hypotheses, except 

one study that carried out descriptive analysis and unadjusted tests for associations. Table 2.3 

summarizes the key variables, measurement tools and instruments, and findings of the nine studies 

reviewed. These results are presented in detail below. This table also includes which biomarkers were 
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examined, if any. Findings listed in this table are limited to those relevant and pertaining to social 

connectedness and cognitive variables. Table 2.4 includes data summarizing the overall risk of bias 

according to the NIH study quality assessment tool. Overall, the studies ranged from moderate to high 

risk of bias.  

Narrative Review of Studies 

Chan et al (2007) performed a cross sectional study of PLWH 18 to 50 years old in Hong Kong 

(n=90). They used path analysis to examine the relationships between social support, depression, and 

cognitive impairment among a sample of middle-aged PLWH. They had four hypotheses, including that 

depressive mood is a mediator between subjective memory complaints and the variables of social support 

and medical symptoms. The sample had a mean age of 39 years, and 82% were male. Social support was 

measured by the Social Provisions Scale (Cutrona & Russell, 1987), memory impairment measured with 

the Hong Kong List Learning Test for verbal memory (a performance based measure), memory 

complaints were measured with the Patient’s Assessment of Own Functioning (PAOFI) (a self-report 

measure) (Chelune et al., 1986), depression measured by the Beck Depression Inventory (BDI) (Beck et 

al., 1988), and physical symptoms measured by the Adherence Baseline Questionnaire developed by the 

Adult AIDS Clinical Trials Group (Chesney et al., 2000). The authors concluded depression mediated the 

relationship between social support and subjective memory complaints, but not performance based 

memory impairment. The correlation between social support and performance based memory impairment 

was evaluated and the result was not significant (r= 0.16). Overall, this study reflects the important 

interrelationships of depression and memory impairment symptoms and highlights the difficulty in 

phenotyping cognitive symptoms among PLWH (Chan et al., 2007). Because the measurements in this 

sample were taken at the same time point, the interpretation of mediation is not valid (VanderWeele, 

2016). This study had a high risk of bias due to statistical conclusion validity, construct validity and 

reliability of their measures, and lack of adjustment for age in their final models.  
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Atkins et al (2010) performed a cross sectional study of men 18 years and older living HIV in 

Toronto, Canada (n=357). They used linear regression analyses to examine the relationship between 

cognitive symptom burden an social support among middle-aged males with HIV. They had a number of 

hypotheses, including increased social support for people with neuropsychological impairment is 

associated with lower cognitive symptom burden, and that higher levels of social support reduces the 

association between depression and cognitive symptom burden. The sample had a mean age of 1.54 years, 

and 100% were male. Depression was measured with the BDI (Beck et al., 1988) and social support was 

measured by an investigator-constructed single item question: “Identify whether participant had people in 

their lives they could turn to for social support” (Atkins et al., 2010). Cognitive symptom burden 

measured by the PAOFI (Chelune et al., 1986), and neuropsychological/cognitive status measured by a 

battery of neuropsychological tests based on the guidelines from the National Institute of Mental Health 

Workshop on Neuropsychological Assessment Approaches of AIDS-related Cognitive Changes (Butters 

et al., 2011). Despite over a third of sample meeting criteria for AIDS, only approximately half (51.5%) 

were classified as cognitively normal, which may reflect their relatively younger sample. The authors had 

a number of findings that showed significant relationships between their variables. First, higher mean 

cognitive symptom burden score was associated with depression and less social support (!=-9.213 (SE 

3.500, p=0.009). Second, there was an interaction by both neuropsychological status and social support: 

Those with higher depression and higher neuropsychological impairment were more more likely to report 

more cognitive symptoms, and those with low levels of depression and greater social support were less 

likely to have cognitive symptoms. The authors concluded that that higher levels of social support may 

have a buffering effect on cognitive symptoms among those with depression. This study used an un-

validated measure of social support comprised of one question, therefore the extent to which they were 

able to truly measure the construct of social support is unknown. We determined that the study by Atkins 

et al. (2010) had moderate risk of bias due to validity issues with their social support measure, lack of age 

adjustment in their model, and data granularity that may have been lost when continuous variables were 

dichotomized.  
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Han et al. (2017) performed a cross-sectional study of HIV+ and HIV- controls in Chicago, 

Illinois. They used linear regression models with interaction effects to examine the association of 

loneliness and cognitive impairment in older black adults with HIV (Han et al, 2017). They hypothesized 

that older Black adults with HIV have greater loneliness than older white adults with HIV, and that more 

loneliness among older Black adults with HIV is associated with poorer cognitive function. The sample 

had a mean age of 58 years, and 73.5% were male. They measured cognitive status with a battery of 19 

cognitive measures and they measured loneliness with a modified version of the De Jong-Gierveld 

Loneliness Scale (Gierveld & Van Tilburg, 2010). Overall, they found that older Black participants had 

lower loneliness score than older white participants (2.44 [SD 0.77] versus 2.68 [SD 0.77]), which was 

contrary to their hypothesis and expectations. In linear regression models adjusting for the effects of age, 

education, sex, income, and race there were no associations between loneliness and a global measure of 

cognition in the HIV-seropositive sample (!= 0.0369, SE 0.1761, p=0.8344). However, there was an 

interaction between race and loneliness such that greater loneliness was associated with lower global 

cognition in older Black PLWH (r=−0.2413, p=0.0069) but not White PLWH (r=0.1971, p=0.1573). The 

significant three-way interaction between race, loneliness, and HIV status indicated that higher loneliness 

in older Black adults with HIV was associated with lower cognitive function (!loneliness*race= -0.274, SE 

0.114, p=0.017). In order to test the generalizability of their findings, the authors separately analyzed 

n=1,180 HIV-seronegative, older participants without dementia from separate cohort studies. We did not 

report these results in this review, as our research question pertains to HIV-seropositive adults only (Han 

et al., 2017). Important threats to the validity of the study by Han et al (2017) include the lack of 

measurement of depression or other mental health disorders. Additionally, the reliability and validity of 

the modified loneliness measure for Han et al.’s study may be in question because of the modifications 

made, and no psychometrics for the scale were reported for the modified version (Han et al, 2017). The 

notable interaction of Black race reflects the possibility that racism influences effects of loneliness on 

cognition among PLWH. We determined that this study had low-to-moderate risk of bias due to the 

validity of the loneliness measure and lack of depression variable in the models.  
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Moore et al. (2018) conducted a Cross sectional analysis older adults living with HIV+ and HIV- 

in Southern California (n=145). They used ANCOVA to examine the outcome termed successful 

cognitive aging (SCA). SCA was defined as: a) no cognitive impairment, b) no functional impairment, 

and c) no major depressive disorder. They sought to examine differences in SCA between HIV+ and 

HIV− subjects, but we restricted our review to results in the HIV-seropositive sample only. The sample 

had a mean age of 59 years, and 79% were male. Moore et al. measured cognitive status with a 

comprehensive neurocognitive test battery. They measured instrumental activities of daily living (IADLs) 

with the commonly used Lawton and Brody tool (Edwards, 1990) and they measured depression was 

diagnosed with the Composite International Diagnostic Interview (CIDI) according to Diagnostic and 

Statistical Manual of Mental Disorders (DSM)-IV diagnostic criteria (American Psychiatric Association, 

2013). One of the ten positive psychological factors measured social support using a 4-item sub-scale 

from the Duke Social Support Index (DSSI) (Koenig et al., 2016). While the DSSI has been validated, the 

reliability and validity of the use of the sub-scales has not. The authors found that those who had HIV and 

SCA had higher scores on 8 out of 10 measures of positive psychological factors as well as better health 

related quality of life. Twenty-nine percent (29/99) of the HIV seropositive sample met criteria for SCA. 

The authors determined that social support was not significantly associated with SCA groups at the 

omnibus level (p=0.06). Social support on the DSSI did not differ between HIV+/SCA−, HIV+/SCA+ 

groups (Mean 8.83 [SD 1.85] versus mean 8.33 [SD 1.82]). We determined that this study had moderate 

risk of bias due to the validity of the DSSI and unclear explanation of covariates in the model.  

Zhu et al. (2019) performed a Cross sectional analysis of survey data among PLWH ages 45 or 

older in China (n=324). They used linear and ordinal regression to examine the association of self-

reported cognitive abilities with discrimination, social support, depressive symptoms, psychological 

function, and health behaviors. The sample had a mean age of 56 years, and 65% were male. They 

measured cognitive impairment with 5 items from the AIDS Health Assessment Questionnaire (AIDS-

HAQ) (Lubeck & Fries, 1997), which they analyzed as a summed total score ranging from m 0 to 15. This 
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subscale asks about slow reactions, being confused, forgetting things that occurred recently, having 

difficulty concentrating, and having difficulty reasoning during the past 4 weeks. They measured social 

support with 3 social support domain items in the same AIDS-HAQ (Lubeck & Fries, 1997). These 3 

questions ask about the intensity and frequency with which health problems interfered with social 

activities and how much time respondents spent talking with others during the past 4 months. They 

measured depression with the Chinese version of the PHQ-2 (Kroenke et al., 2003) and included this 

variable as a covariate in their adjusted regression models. Zhu et al. (2019) found that perceived 

discrimination was associated with more severe difficulty in cognitive ability (β=−0.121, p=0.036). They 

report no association of social support with self-reported cognitive ability (β= 0.064, p=0.234). However, 

this association does not match the findings reported in their tables: They report a significant association 

between social support and ‘difficulty reasoning’ in their multivariate regression model (β=0.114, 

p=0.048), and this finding was not discussed by the authors. Domains of the AIDS-HAQ were used as 

both outcome and exposure variables. In the original publication about the AIDS-HAQ, this tool was 

noted to have high internal consistency, which is a determination of the extent to which the items are 

correlated and how well they predict each other. Indeed, Lubeck & Fries (1997) showed that the social 

functioning sub-scale and the cognitive functioning sub-scale had a strong, positive correlation (r=0.53). 

Without examining the crude models, which are not presented in the paper, the use of AIDS-HAQ as both 

outcome and exposure variables poses a threat to the statistical conclusions of this study. We determined 

this study to have high risk of bias due to statistical conclusions and construct validity of scales used.  

Harris et al. (2020) performed a cross-sectional study among adults living with HIV in four 

Canadian cities (n=856). They used proportional odds regression models to examine the association of 

cognition, mental health, quality of life, and loneliness. They hypothesized that cognition, mental health, 

and quality of life are consequences of loneliness. In the sample from the Positive Brain Health Now 

cohort, the mean age was 53 and 85% were male. The authors measured objective cognitive status with 

five cognitive tests comprising the Brief Cognitive Ability (B-CAM) computerized NP test battery 
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(Brouillette et al., 2019). Subjective cognitive status was measured by the Perceived Deficit Questionnaire 

(PDQ). Loneliness and social support were both measured using items from the Older Americans 

Resources and Services Social Resource (OARS) Scale (Burholt et al., 2007). Loneliness was assessed 

with one item from the OARS and social support was measured with another item from the OARS. 

Depression was measured with the RAND SF-36 Mental Health Inventory (Hays et al., 1998) depression 

subscale and was included in the proportional odds regression examining contributors to loneliness. They 

found that so-called “lifestyle factors” (physical activity, smoking, and other substance use) were 

consequences of loneliness. In their final statistical model, cognitive ability, cognitive symptoms, stress, 

depression, anxiety, health-related quality of life, and overall quality of life were associated with 

loneliness (Harris et al., 2020). We included only results pertaining to cognitive symptoms in our meta-

analysis and meta-regression. Harris et al. (2020) found that more loneliness increased the odds of 

cognitive symptoms (Quite often lonely versus almost never lonely proportional odds ratio (POR)=5.62, 

95% CI:[3.82, 8.27]; Sometimes lonely versus almost never lonely POR= 2.35, 95% CI:[1.77, 3.11]). 

Likewise, more loneliness increased the odds of worse performance on cognitive tests (Quite often lonely 

versus almost never lonely POR=2.38, 95% CI:[1.62, 3.51]; Sometimes lonely versus almost never lonely 

POR= 1.80, 95% CI:[1.34-3.51]). The authors aimed to assess “consequences” of loneliness, but their 

data was collected at one time-point, therefore claims about temporality cannot be supported by their data 

structure. This issue was not addressed in the paper, nor was possible collinearity of related variables (e.g. 

depression, anxiety, loneliness), which may have affected their models. Additionally, they did not state 

why data on social support and stigma, which were both collected, were omitted from the analysis. We 

determined this study to have moderate risk of bias due to unknown reliability and validity of the OARS 

items measuring social support and loneliness, lack of adjustment for age, and issues with interpretation 

of antecedents and consequences.  

Eaton, et al. (2020) performed a cross sectional study of PLWH aged 50 years and over in Moshi, 

Tanzania, Africa (n=253). They used regression analysis to identify factors independently associated with 
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symptomatic HAND. In the sample, the mean age was 58 years and 85% were male. They measured 

HAND according to the Frascati criteria (Antinori et al., 2007) and comprehensive neurocognitive 

assessment battery adapted for low-literacy settings and with normative controls from a similar 

population. A binary response variable for living alone represented the construct of social support. 

Depression was measured with the 15-item Geriatric Depression Scale (GDS) (Sheikh & Yesavage, 

1986). They found that 28.3% of participants living alone had symptomatic HAND and 13.8% of those 

living alone had no symptomatic HAND. The authors then constructed a multivariable regression model 

for symptomatic HAND vs no symptomatic HAND by including any independent variable that had a 

significance value α < 0.10 in their initial unadjusted tests of association (aged over 65 years, illiteracy, 

living alone, and greater age at diagnosis). Accordingly, depression was not included in their final model. 

They found that symptomatic HAND was independently associated with living alone (OR=2.566, 95% 

CI: [1.202, 5.479]). An important aspect of this study was the use of locally validated cognitive test 

battery and local normative data to avoid exaggerating the magnitude of impairment through bias. 

However, the authors interpreted living alone as a reflection of social support and loneliness. Literature in 

both seronegative and seropositive populations of older adults show that living alone is not necessarily 

indicative of social isolation or of loneliness (Perissinotto et al., 2012; Perissinotto & Covinsky, 2014; 

Steptoe et al., 2013), therefore there may be threats to the construct validity of the study. We determined 

this study to have low-to-moderate risk of bias, primarily because of the construct validity and 

interpretation.  

Bourgeois et al. (2020) performed a cross sectional study of HIV+ patients ages 50 or older in 

San Francisco, California (n=359). They used Poisson regression to calculate prevalence ratios (PRs) for 

each covariate and its association with abnormal MoCA scores (< 26). In this sample from the Silver 

Project cohort, the mean age was 57 years and 85% were male. The authors hypothesized that participants 

with lower scores on geriatric social, physical, functional, and psychiatric assessments would be more 

likely to experience cognitive impairment. They measured cognitive status with the Montreal Cognitive 
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Assessment (MoCA) (Nasreddine et al., 2005), using the standard cutoff of ≤26. They measured 

loneliness with the UCLA 8-item Loneliness Scale (Hays and DiMatteo, 1987), physical social support 

with the Lubben Social Network Scale (Lubben et al., 2006) and perceived support with the Social 

Provisions Scale (Cutrona et al., 1986). Depressive symptoms were measured with the Patient Health 

Questionnaire (PHQ-9) (Kocalevent et al., 2013) and were not included in the final model because there 

was no association between depression and MoCA in the unadjusted analysis. They calculated unadjusted 

prevalence ratios for each covariate and its association with abnormal MoCA scores, and adjusted 

prevalence ratios are reported for variables in the final model. In their final model, less social support was 

associated with an increased risk of abnormal MoCA score (Social support abnormal versus normal 

prevalence ratio [PR]=1.72, 95% CI: [1.16–2.57]). Although the MoCA was originally developed as a 

screening tool for dementia the general population, this measure has not been validated for diagnosis of 

HAND and is not considered a reliable measure of cognitive status (Milanini et al., 2014; Rosca et al., 

2019). We determined this study to have low to moderate risk of bias, primarily due to the validity and 

reliability of the MoCA as a measure of cognitive impairment among older adults with HIV.  

Wubetu et al., 2021 performed a cross sectional study of adult PLWH on ART in public hospitals 

in Ethiopia (n=422). They used bivariate and multivariable binary logistic regression to identify factors 

associated with HIV-associated neurocognitive deficits. In the sample, 45.7% were ages 30-39.9 years, 

46.7% were ages 40-59.9 years, 7.6% were age 60 years and older and 39.8% were male. They aimed to 

determine the prevalence of HIV-associated neurocognitive impairment among the sample and  identify 

factors associated with HAND. The authors measured social support with the Oslo-3 item Social Support 

(OSS-3) scale, which they report is widely used in Ethiopia. The OSS-3 was scored according to total 

points ranging from 3–14; “poor support” 3–8, “moderate support” 9–11, and “strong support.” No 

validation studies of the OPSS-3 in Ethiopian populations could be found, but in a study of the OSS-3 in 

Nigeria, the scale had a low Cronbach’s alpha coefficient (α=0.50) and females were found to have higher 

mean scores than males (Abiola et al., 2013). However, the scale performed somewhat better in a German 
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sample (α=0.64, no difference in gender groups), indicating unexplained population-specific variability in 

its psychometric properties (Kocalevent et al., 2018). Additionally, Wubetu did not report the Cronbach’s 

alpha value of the OSS-3 to support its use in their sample. They measured cognitive impairment with the 

Mini-Mental State Examination (MMSE) (Nakazato et al., 2014). The MMSE is an interviewer-

administered questionnaire that tests five cognitive domains (orientation, memory registration, attention 

and calculation, memory recall, and language). The cutoff score used by the authors was 25/30, and 

scores <13, 14–19, 21–24 were labeled with severe, moderate, and mild neurocognitive impairment 

respectively. They found that 50%, 20.1%, and 29.9% had poor, moderate, and strong social support, 

respectively. Those with poor social support had 3.65 higher odds of impairment when compared with 

those who had strong social support (95% CI: 1.86, 7.17). The biomarker in their study was CD4 cell 

count, which was not associated with neurocognitive impairment. We determined this study to have 

moderate risk of bias, primarily due to the reliability of the MMSE as a measure of cognitive impairment 

among older adults with HIV and the unknown validity of the OSS-3.  

Han et al., 2021 performed a cross sectional study of PLWH 45 years and older in China (n=321). 

They used structural equation models (SEM) to examine paths among perceived discrimination, 

symptoms of cognitive dysfunction (SOCD), mental health symptoms, and social isolation. Social support 

was a secondary variable of interest. In the sample, the mean age was 55.7 and 64.8% were male. The 

authors hypothesized that perceived discrimination may influence SOCD through social isolation. Their 

other hypotheses did not concern social isolation and so are not reviewed here. They used SEM path 

analysis to test their hypotheses. They examined SCOD in four domains: difficulty in concentrating, 

forgetting things that occurred recently, difficulty in thinking and solving problems, and difficulty in 

learning new knowledge and skills. SCOD was measured by the subscale of the World Health 

Organization Quality of Life HIV Instrument (WHO-QOL HIV Group, 2004; Fang et al., 2002). They 

conceptualized “participation in social activities” as a behavioral implication of social isolation and 

measured this variable with the 3-item social functioning subscale of the AIDS Health Assessment 
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Questionnaire (Lubeck & Fries, 1997). They found that increased SOCD score was associated with 

increased social isolation score (ß=0.219, p=0.001, no SE or CI reported). Similar to other studies 

reviewed, the only biomarker used was CD4 cell count, which was non-significant in their models. We 

determined this study by Han et al. (2021) to have moderate risk of bias, primarily due to the reliability of 

using a QoL sub-scale to represent cognitive impairment and another sub-scale measure to determine 

social support.   

Subramanian et al. (2020) performed a cross-sectional study of HIV+ adults in New Delhi, India 

(n=109). They used descriptive analysis and unadjusted measures of association to examine self-reported 

cognitive functioning as a dimension of quality of life (QOL). In the sample, the mean age was 35 and 

57% were male. They aimed to assess how social support influences QoL. Subjective cognitive 

functioning, a dimension of QoL, was measured by the Medical Outcomes Study HIV Health Survey 

(MOS- HIV) (Wu et al., 1997). The MOS-HIV contains 35 items representing various dimensions of QoL 

including general health, physical functional status, pain, role function, social function, mental health, 

energy/vitality, cognitive function, health-related distress, and overall quality of life. Social support was 

measured by the Multidimensional Scale of Perceived Social Support (MSPSS) tool, which consists of 12 

items about the perception of support from family, friends, and a significant other (Zimet et al., 1988). 

Depression was measured with the BDI and was found to be associated with less overall social support. 

This study did not examine an adjusted model to test their study aims, and therefore we cannot make 

inference about the independent association between variables. In their results, better cognitive function 

was associated with overall social support, support from friends, and support from significant others, but 

not from family. However, only the p-values were reported so the effect size of the association is 

unknown. The authors measured perceived cognitive function as a dimension of quality of life. In order to 

avoid threats to construct validity, the interpretation of the data should center on perceived quality of life 

rather than symptoms of underlying cognitive dysfunction.  We determined this study to have high risk of 

bias based on the lack of clear study hypotheses, lack of details about recruitment and sampling, threats to 
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construct validity, and lack of adjustment for confounding by age or depression. Furthermore, because no 

effect sizes were reported, we did not include this study results in the meta-analysis or meta-regression.   

Meta-Analysis 

Pooled meta-analysis. Ten (10) studies were included in the full meta-analysis, as we excluded 

the study by Subramanian et al. (2020) because they did not report effect sizes in their manuscript. We 

included only the effect size estimates and corresponding sample sizes among the HIV-seropositive 

participants reported in two studies that enrolled both HIV-seronegative and HIV-seropositive 

participants (Han, et al., 2017; Moore et al., 2018). For our pooled, all study analysis we included 

prioritized adjusted regression results (n=10 studies). In the pooled analysis of all eligible studies, the 

pooled d =0.365 (95% CI: 0.247, 0.482). This indicates that across studies, increased cognitive 

impairment was associated with increased social isolation or loneliness. We found moderate 

heterogeneity (I2=41.6%) for the pooled model (Table 2.5, Figure 2.2). We found little evidence for 

publication bias, both through use of a funnel plot (Figure 2.7) and statistical testing for funnel 

asymmetry. We observed a generally symmetrical plot, with two studies falling on the funnel line (Han et 

al., 2017 & Zhu et al., 2019). The Egger test for small-study effects was non-significant (z=-0.39, 

p=0.7000). 

Sub-Group Analyses. In several studies, there were multiple relationships tested and therefore 

several different effect size estimates. Accordingly, we performed four sub-analyses that included 

relevant relationships and effect size estimates. We examined the following relationships through these 

sub-analyses: a) Self-report cognitive impairment and either loneliness or social isolation (n=5 studies); b) 

Performance based cognitive impairment and either loneliness or social isolation (n=7 studies); c) 

Loneliness and either self-report or performance based cognitive impairment (n=3 studies); d) Social 

isolation and either self-report or performance based cognitive impairment (n=8 studies) (Table 2.5, 

Figures 2.3-2.6). There was a significant positive association between self-report cognitive impairment 

and either loneliness or social isolation (dpooled=0.463, 95% CI: 0.175, 0.752, I2=85.3%). This indicates 
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that increases in self-reported cognitive impairment are associated with increased loneliness or social 

isolation. There was also a significant positive association between performance based cognitive 

impairment and either loneliness or social isolation (dpooled=0.374, 95% CI: 0.216, 0.532, I2=36.6%). 

There was not a significant association between loneliness and either self-report or performance based 

cognitive impairment (dpooled=0.263, 95% CI: -0.046, 0.571, I2=59.7%). Lastly, there was a significant 

positive association between social isolation and either self-report or performance based cognitive 

impairment, such that increased social isolation associated with increased cognitive impairment 

(dpooled=0.380, 95% CI: 0.253, 0.507, I2=34.1%).  

Meta-Regression. In our meta-regression, we found evidence for moderation by study quality/risk 

of bias (β=0.265, 95% CI: 0.014, 0.515, p=0.038). This indicates that studies with high compared to 

moderate/low risk of bias showed an increased association between cognitive impairment and social 

isolation or loneliness. We found that studies from Africa and Canada were significant moderators, both 

showing increased association with cognitive impairment (β=0.384, 95% CI: [0.037, 0.730] and β=0.277 

95% CI: [0.015, 0.539], I2=19.43%). In a post-hoc sub-group analysis, we pooled studies into North 

America (USA and Canada, n=5) versus all other countries (n=5). We found similar estimates for pooled 

d and degree of heterogeneity, and there was no significant difference between groups (p=0.848) (North 

America dpooled=0.355, 95% CI: [0.196, 0.514], I2=45.24%; All other countries dpooled=0.380, 95% CI: 

[0.177, 0.584], I2=51.65%). This suggests that moderation seen in the meta-regression may be impacted 

by low precision due to the small number of studies in each country. Lastly, we found statistically 

significant moderation by older age (≥55 years) on the association between cognitive impairment and 

social isolation and loneliness, such that those in the older age group have an attenuated association of 

social connectedness and cognitive impairment in pooled models (β=-0.208, 95% CI:[-0.399, -0.018], 

p=0.032, I2=12.4%). In a follow-up analysis, we used mean age of study sample as a continuous variable 

and excluded the results from the study by Wubetu et al. (2020), in which mean age was not reported. The 
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results from this analysis showed a non-significant moderation effect of age (β =-0.009, 95% CI:[-0.025, 

0.008]) (Table 2.6).   

Discussion 

We performed a systematic review and meta-analysis of studies examining the relationship 

between cognitive impairment and social isolation and loneliness among adults living with HIV. Our 

review and analyses suggest a general association between social connectedness on cognitive impairment. 

Overall, the eleven studies were reviewed were limited by the use of un-validated scales and measures of 

loneliness and social support as well as heterogeneous measures of cognitive symptoms and cognitive 

status. Of the eleven studies reviewed, eight supported a relationship between social support or loneliness 

and performance based measures of neuropsychiatric status (Chan et al., 2007; Harris et al., 2020; 

Subramanian et al., 2020; Zhu et al., 2019; Moore et al., 2018; Bourgeois, et al., 2020; Wubetu et al., 

2021). This includes the study by Han et al., (2017), which did not find this relationship in pooled models 

but rather only in interaction of loneliness by race (Han et al., 2017). In our meta-analysis of ten studies in 

the review, there was evidence for a significant association of social connectedness, measured by social 

isolation and loneliness, with cognitive impairment, measured by both self-report and performance based 

measures.  

The eleven studies included in the systematic review used diverse measures of cognitive 

symptoms and cognitive status, which varied in their established construct validity and overall reliability. 

Our meta-analyses indicated that there is a significant association of increased loneliness and social 

isolation with worse self-reported and performance based cognitive impairment. The estimated effect was 

stronger for self-reported cognitive impairment, although the corresponding measure of heterogeneity in 

this sub-group was also substantially higher.  

Previous studies among PLWH show that “spotty” impairments in different cognitive domains 

are common and that fluctuation in level of impairments is common, therefore a full battery of cognitive 
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tests is the gold standard for evaluating cognitive impairments (Antinori et al., 2007). Of the seven studies 

that included performance-based testing to assess cognitive status, all but Chan et al. (2007), Bourgeois et 

al. (2020), and Wubetu et al. (2021) used a neurocognitive test battery. Chan et al. (2007) used the Hong 

Kong List Learning Test (HKLLT), a test of verbal memory, which is validated in the general Hong Kong 

population but has not been examined in PLWH in Hong Kong or elsewhere. Of note, Chan did not find a 

significant relationship of the HKLLT with their measure of social support. Bourgeois et al. (2020) used 

the MoCA, a single instrument testing nine cognitive domains, which has been determined to have limited 

reliability in screening for cognitive impairment in populations of older adults with HIV (Rosca et al., 

2019; V. Valcour, Paul, et al., 2011). Likewise, Wubetu used the MMSE, which has been shown to be a 

less robust instrument to detect HAND (Oshinaike et al., 2012; Skinner et al., 2009). One study reported a 

sensitivity of 23.81% at the cutoff score of 24 to detect normal cognition versus HAND (Joska et al., 

2016), which is lower than reported sensitivity of the MoCA to detect HAND (Nasreddine et al., 2005). 

Although the MoCA and MMSE are not robust instruments for detecting HAND, their implementation is 

more straightforward and these tests are feasible to administer in clinical settings compared to 

neuropsychological test batteries, therefore they may retain some value as a tool in translational research 

studies. 

Six (6) studies examined self-reported cognitive impairment symptoms and all analyzed the 

relationship of self-reported symptoms and a social connection variable (Atkins et al., 2010; Chan et al., 

2007; Harris et al., 2020; Subramanian et al., 2020; Zhu et al., 2019; Han et al., 2021). The PAOFI, a 

widely used scale to assess subjective cognitive complaints, was used by Atkins et al (2010) and Chan et 

al (2007). However, the PAOFI has not been validated to detect cognitive impairment in PLWH (Rourke 

et al., 1999). Atkins et al (2010) and Chan et al (2007) studies showed that more subjective cognitive 

symptoms on the PAOFI were associated with increased depressive symptoms, and this aligns with other 

literature in this area (Thames, Kim, et al., 2011). The Perceived Deficit Questionnaire (PDQ) is another 

commonly used instrument to assess subjective cognitive symptom burden (Brouillette et al., 2015). 
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Harris et al (2020) used this instrument in their study and found that PDQ score increased with loneliness 

in adjusted models, although the contribution of age, education, substance use, and clinical factors were 

not included in their model for this relationship. Subramanian et al. (2020), Zhu et al. (2019), and Han et 

al. (2021) assessed subjective cognitive function variables with a sub-domains of existing tools measuring 

other constructs. None of these studies strongly supported the reliability of the sub-domain measures in 

their populations, which threatens construct validity and poses more risk of bias in these studies.  

Cognitive impairment among PLWH, which is measured by neuropsychological test batteries as a 

gold standard, often does not closely associate with self-reported cognitive complaints in the same 

individual. This is observed in in both the general population as well as HIV seropositive populations 

(Caracciolo et al., 2012; Thames, Becker, et al., 2011). Additionally, depression, anxiety, and other 

mental health symptoms are often closely related to self-reported cognitive functioning rather than 

objective cognitive status (Laverick et al., 2017). This is an important consideration when assessing 

confounding between social connection variables and cognitive impairment.  

In our sub-analyses, there was a significant pooled effect of social isolation, but not of loneliness, 

on degree of cognitive impairment. While this may be impacted by the sample size and weight of the 

studies that examined loneliness, it suggests that social isolation and loneliness may represent distinct 

constructs that may influence cognitive health in different ways (Berkman, 2000; McHugh et al., 2017; 

Perissinotto & Covinsky, 2014). As knowledge in this area develops, particular attention should be paid 

to these separate constructs and the social experiences they reflect.  

Eight of the eleven (8/11) studies examined a measure of social isolation/support, three (3/11) 

examined a measure of loneliness, and two (2/11) studies measured both variables. The methods for 

assessing loneliness and social isolation varied among the studies, ranging from validated scales or sub-

scales to a single investigator-constructed question. Additionally, one study examined status of living 

alone, which was framed by the authors as a reflection of social support (Eaton et al., 2020). The 

variability in measures of social connection reflects a crucial lack of consistency and reliability in the 
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approach to measurement of this variable. One recent review of the reliability of social support scales 

among PLWH excluded studies that relied on sub-scales due to issues with validation and construct 

validity (Wallace et al., 2019).  Social connection is complex with a variety of theoretical underpinnings, 

therefore understanding the distinctions between these constructs, and how they impact cognitive 

function, is an important area of future research.  

In addition to the issues with construct validity and measurement of social connection variables, 

there are also factors that may influence the generalizability of these results. For example, social support 

may differ across countries and cultures with different levels of social capital, cultural norms of social 

caretaking, and access to government or state support. The varying degrees of marginalization, 

stigmatization, and criminalization of PLWH and associated identities among countries represented—and 

the degree to which these factors impact social capital, social connectedness, and determinants of brain 

health—may limit the generalizability of these findings to a global population of PLWH (Baghaei Lakeh 

& Ghaffarzadegan, 2017; Marmot, 2005).  

As PLWH age, social connectedness decreases as the burden of loss and chronic health 

conditions impacts social network size (Wallach & Brotman, 2013). On average, older people living with 

HIV experience more loneliness and social isolation than their HIV-seronegative counterparts (Greene et 

al., 2018; Grov et al., 2010a; Poindexter & Shippy, 2008). The Research on Older Adults with HIV 

(ROAH) study described loneliness among older HIV-positive adults as “fragile,” and found loneliness to 

be correlated with depression and stigma (Shippy & Karpiak, 2005). Older adults with HIV who are 

socially isolated report getting less assistance, less support availability and adequacy, more stigma and 

psychological distress, and decreased well-being compared to people who were more socially integrated 

(DeMarco & Cao, 2015). In the general population and among PLWH, those in older age groups are 

therefore considered to be at higher risk of isolation and loneliness, as well as cognitive impairment. Our 

hypothesis that these variables would moderated by age was not supported by our meta-analysis findings; 

However, the meta-regression was underpowered and also relied on a dichotomous variable for age, 
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which may not provide information on the nuanced relationship between age, cognitive impairment, and 

social isolation or loneliness. Indeed, our follow-up meta-regression analysis of age showed non-

significant moderation by age. As this body of literature continues to expand, age effects should be further 

examined. 

We chose to examine a biomarker in our meta-regression based on the crucial role of 

inflammation and immune system status in the etiology of HAND (Kallianpur et al., 2013; Sharma et al., 

2020; Valcour et al., 2011). CD4 cell count is a marker of immune function among PLWH and generally 

correlates with other markers of overall and general health. There was not moderation of the association 

between cognitive impairment and loneliness or social isolation by mean CD4-cell count of the study 

samples. The lack of association may have been due to the dichotomization of CD4 cell count, which was 

necessary because of the varied ways CD4 cell count was reported in the included studies, or due to the 

lack of heterogeneity in mean CD4 cell count among the 10 study samples. There remains a role for the 

study of biomarkers in future research about HAND and social connectedness, as well the inter-related 

symptoms of depression, stress and stigma, among PLWH. 

Limitations 

This study has several limitations, including the review of only English-language papers and that 

human error may be introduced during the study screening and inclusion phase and the data extraction 

phase. The nascence of this area of study poses a limitation in the number of articles eligible for inclusion, 

though this area is growing at a rapid pace. Additionally, there was low power for the meta-regression and 

certain assumptions for conversions to Cohen’s d may not be verifiable by the information given in the 

studies. Because all studies included in the meta-analysis were cross sectional, the temporal sequence 

between loneliness and social support and cognitive impairment is unknown and no causal inferences can 

be made. Although certain studies reviewed referred to mediation or “consequences” in their results, 

implying possible causality, the assumptions for this interpretation are not met by the available data. 

Future studies should examine longitudinal data to consider both temporality and cognitive changes over 
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time. When examining these studies in this review in terms of the threats to validity, reliability, and bias 

we found that most studies had at least moderate, if not more, risk of bias on the NIH study quality 

assessment tool. Furthermore, our meta-regression showed significant moderation study quality. The most 

common threats to internal validity of the studies include use of un-validated or unreliable measures of 

exposure and/or outcome variables and lack of adjustment for confounding by depression and age. While 

some studies made a choice to exclude depression or age from final effect estimates, others did not 

explain the exclusion of these variables. However, when we used only the studies with low-moderate risk 

of bias in the meta-analysis, we found a stronger overall effect (n=8, Pooled d=0.414, 95% CI: [0.302, 

0.525]) and heterogeneity was reduced (I2=23.53%). While this bias analysis lends credence to our 

results, it also indicates that further, rigorous research in this area of inquiry is needed. Future research in 

this area would benefit from the use of consistent, reliable, validated scales for social support or 

loneliness and “gold standard” measures of cognitive status and symptoms. 

Conclusions 

Our review and analyses suggest an association between increased social connectedness and more 

cognitive impairment among PLWH across the globe. The eleven studies reviewed used diverse measures 

of cognitive symptoms and cognitive status, which varied in their established construct validity and 

overall reliability. Additionally, the studies were limited by the use of un-validated scales and measures of 

loneliness and social support. The meta-analysis showed a positive association between social 

connectedness (social isolation or loneliness) on cognitive impairment. Though there was moderate 

heterogeneity, there was not substantial publication bias. In sub-group analyses, there was a significant 

positive association between a) self-reported cognitive impairment and loneliness or social isolation, b) 

performance based cognitive impairment and either loneliness or social isolation, and c) social isolation 

and either self-report or performance based cognitive impairment. Overall, our results point to the 

potential impacts of marginalized conditions, such as HIV, on neurocognitive health and risk for cognitive 

impairment. Although more research is needed, our review suggests that interventions targeting social 
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connectedness and social integration at various levels—including structural, environmental, and 

individual—may result in improved health outcomes among aging PLWH.  
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e 

pa
pe

r. 
M

os
t c

oh
or

t s
tu

di
es

 b
eg

in
 w

ith
 th

e 
se

le
ct

io
n 

of
 th

e 
co

ho
rt;

 p
ar

tic
ip

an
ts

 in
 th

is
 c

oh
or

t a
re

 th
en

 m
ea

su
re

d 
or

 e
va

lu
at

ed
 to

 
de

te
rm

in
e 

th
ei

r e
xp

os
ur

e 
st

at
us

. H
ow

ev
er

, s
om

e 
co

ho
rt 

st
ud

ie
s m

ay
 re

cr
ui

t o
r s

el
ec

t e
xp

os
ed

 p
ar

tic
ip

an
ts

 in
 a

 d
iff

er
en

t t
im

e 
or

 p
la

ce
 th

an
 u

ne
xp

os
ed

 
pa

rti
ci

pa
nt

s, 
es

pe
ci

al
ly

 re
tro

sp
ec

tiv
e 

co
ho

rt 
st

ud
ie

s–
w

hi
ch

 is
 w

he
n 

da
ta

 a
re

 o
bt

ai
ne

d 
fr

om
 th

e 
pa

st
 (r

et
ro

sp
ec

tiv
el

y)
, b

ut
 th

e 
an

al
ys

is
 e

xa
m

in
es

 e
xp

os
ur

es
 p

rio
r 

to
 o

ut
co

m
es

. F
or

 e
xa

m
pl

e,
 o

ne
 re

se
ar

ch
 q

ue
st

io
n 

co
ul

d 
be

 w
he

th
er

 d
ia

be
tic

 m
en

 w
ith

 c
lin

ic
al

 d
ep

re
ss

io
n 

ar
e 

at
 h

ig
he

r r
is

k 
fo

r c
ar

di
ov

as
cu

la
r d

is
ea

se
 th

an
 

th
os

e 
w

ith
ou

t c
lin

ic
al

 d
ep

re
ss

io
n.

 S
o,

 d
ia

be
tic

 m
en

 w
ith

 d
ep

re
ss

io
n 

m
ig

ht
 b

e 
se

le
ct

ed
 fr

om
 a

 m
en

ta
l h

ea
lth

 c
lin

ic
, w

hi
le

 d
ia

be
tic

 m
en

 w
ith

ou
t d

ep
re

ss
io

n 
m

ig
ht

 
be

 se
le

ct
ed

 fr
om

 a
n 

in
te

rn
al

 m
ed

ic
in

e 
or

 e
nd

oc
rin

ol
og

y 
cl

in
ic

. T
hi

s s
tu

dy
 re

cr
ui

ts
 g

ro
up

s f
ro

m
 d

iff
er

en
t c

lin
ic

 p
op

ul
at

io
ns

, s
o 

th
is

 e
xa

m
pl

e 
w

ou
ld

 g
et

 a
 "

no
."

 
H

ow
ev

er
, t

he
 w

om
en

 n
ur

se
s d

es
cr

ib
ed

 in
 th

e 
qu

es
tio

n 
ab

ov
e 

w
er

e 
se

le
ct

ed
 b

as
ed

 o
n 

th
e 

sa
m

e 
in

cl
us

io
n/

ex
cl

us
io

n 
cr

ite
ria

, s
o 

th
at

 e
xa

m
pl

e 
w

ou
ld

 g
et

 a
 "

ye
s."
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1)
 C
on
tin
ue
d 

Q
ue

st
io

n 
5.

 S
am

pl
e 

si
ze

 ju
st

ifi
ca

tio
n 

D
id

 th
e 

au
th

or
s p

re
se

nt
 th

ei
r r

ea
so

ns
 fo

r s
el

ec
tin

g 
or

 re
cr

ui
tin

g 
th

e 
nu

m
be

r o
f p

eo
pl

e 
in

cl
ud

ed
 o

r a
na

ly
ze

d?
 D

o 
th

ey
 n

ot
e 

or
 d

is
cu

ss
 th

e 
st

at
is

tic
al

 p
ow

er
 o

f t
he

 
st

ud
y?

 T
hi

s q
ue

st
io

n 
is

 a
bo

ut
 w

he
th

er
 o

r n
ot

 th
e 

st
ud

y 
ha

d 
en

ou
gh

 p
ar

tic
ip

an
ts

 to
 d

et
ec

t a
n 

as
so

ci
at

io
n 

if 
on

e 
tru

ly
 e

xi
st

ed
. 

A
 p

ar
ag

ra
ph

 in
 th

e 
m

et
ho

ds
 se

ct
io

n 
of

 th
e 

ar
tic

le
 m

ay
 e

xp
la

in
 th

e 
sa

m
pl

e 
si

ze
 n

ee
de

d 
to

 d
et

ec
t a

 h
yp

ot
he

si
ze

d 
di

ff
er

en
ce

 in
 o

ut
co

m
es

. Y
ou

 m
ay

 a
ls

o 
fin

d 
a 

di
sc

us
si

on
 o

f p
ow

er
 in

 th
e 

di
sc

us
si

on
 se

ct
io

n 
(s

uc
h 

as
 th

e 
st

ud
y 

ha
d 

85
 p

er
ce

nt
 p

ow
er

 to
 d

et
ec

t a
 2

0 
pe

rc
en

t i
nc

re
as

e 
in

 th
e 

ra
te

 o
f a

n 
ou

tc
om

e 
of

 in
te

re
st

, w
ith

 
a 

2-
si

de
d 

al
ph

a 
of

 0
.0

5)
. S

om
et

im
es

 e
st

im
at

es
 o

f v
ar

ia
nc

e 
an

d/
or

 e
st

im
at

es
 o

f e
ff

ec
t s

iz
e 

ar
e 

gi
ve

n,
 in

st
ea

d 
of

 sa
m

pl
e 

si
ze

 c
al

cu
la

tio
ns

. I
n 

an
y 

of
 th

es
e 

ca
se

s, 
th

e 
an

sw
er

 w
ou

ld
 b

e 
"y

es
."

 

H
ow

ev
er

, o
bs

er
va

tio
na

l c
oh

or
t s

tu
di

es
 o

fte
n 

do
 n

ot
 re

po
rt 

an
yt

hi
ng

 a
bo

ut
 p

ow
er

 o
r s

am
pl

e 
si

ze
s b

ec
au

se
 th

e 
an

al
ys

es
 a

re
 e

xp
lo

ra
to

ry
 in

 n
at

ur
e.

 In
 th

is
 c

as
e,

 
th

e 
an

sw
er

 w
ou

ld
 b

e 
"n

o.
" 

Th
is

 is
 n

ot
 a

 "
fa

ta
l f

la
w

."
 It

 ju
st

 m
ay

 in
di

ca
te

 th
at

 a
tte

nt
io

n 
w

as
 n

ot
 p

ai
d 

to
 w

he
th

er
 th

e 
st

ud
y 

w
as

 su
ff

ic
ie

nt
ly

 si
ze

d 
to

 a
ns

w
er

 a
 

pr
es

pe
ci

fie
d 

qu
es

tio
n–

i.e
., 

it 
m

ay
 h

av
e 

be
en

 a
n 

ex
pl

or
at

or
y,

 h
yp

ot
he

si
s-

ge
ne

ra
tin

g 
st

ud
y.

 

Q
ue

st
io

n 
6.

 E
xp

os
ur

e 
as

se
ss

ed
 p

ri
or

 to
 o

ut
co

m
e 

m
ea

su
re

m
en

t 

Th
is

 q
ue

st
io

n 
is

 im
po

rta
nt

 b
ec

au
se

, i
n 

or
de

r t
o 

de
te

rm
in

e 
w

he
th

er
 a

n 
ex

po
su

re
 c

au
se

s a
n 

ou
tc

om
e,

 th
e 

ex
po

su
re

 m
us

t c
om

e 
be

fo
re

 th
e 

ou
tc

om
e.

 

Fo
r s

om
e 

pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
ie

s, 
th

e 
in

ve
st

ig
at

or
 e

nr
ol

ls
 th

e 
co

ho
rt 

an
d 

th
en

 d
et

er
m

in
es

 th
e 

ex
po

su
re

 st
at

us
 o

f v
ar

io
us

 m
em

be
rs

 o
f t

he
 c

oh
or

t (
la

rg
e 

ep
id

em
io

lo
gi

ca
l s

tu
di

es
 li

ke
 F

ra
m

in
gh

am
 u

se
d 

th
is

 a
pp

ro
ac

h)
. H

ow
ev

er
, f

or
 o

th
er

 c
oh

or
t s

tu
di

es
, t

he
 c

oh
or

t i
s s

el
ec

te
d 

ba
se

d 
on

 it
s e

xp
os

ur
e 

st
at

us
, a

s i
n 

th
e 

ex
am

pl
e 

ab
ov

e 
of

 d
ep

re
ss

ed
 d

ia
be

tic
 m

en
 (t

he
 e

xp
os

ur
e 

be
in

g 
de

pr
es

si
on

). 
O

th
er

 e
xa

m
pl

es
 in

cl
ud

e 
a 

co
ho

rt 
id

en
tif

ie
d 

by
 it

s e
xp

os
ur

e 
to

 fl
uo

rid
at

ed
 d

rin
ki

ng
 

w
at

er
 a

nd
 th

en
 c

om
pa

re
d 

to
 a

 c
oh

or
t l

iv
in

g 
in

 a
n 

ar
ea

 w
ith

ou
t f

lu
or

id
at

ed
 w

at
er

, o
r a

 c
oh

or
t o

f m
ili

ta
ry

 p
er

so
nn

el
 e

xp
os

ed
 to

 c
om

ba
t i

n 
th

e 
G

ul
f W

ar
 c

om
pa

re
d 

to
 a

 c
oh

or
t o

f m
ili

ta
ry

 p
er

so
nn

el
 n

ot
 d

ep
lo

ye
d 

in
 a

 c
om

ba
t z

on
e.

 W
ith

 e
ith

er
 o

f t
he

se
 ty

pe
s o

f c
oh

or
t s

tu
di

es
, t

he
 c

oh
or

t i
s f

ol
lo

w
ed

 fo
rw

ar
d 

in
 ti

m
e 

(i.
e.

, 
pr

os
pe

ct
iv

el
y)

 to
 a

ss
es

s t
he

 o
ut

co
m

es
 th

at
 o

cc
ur

re
d 

in
 th

e 
ex

po
se

d 
m

em
be

rs
 c

om
pa

re
d 

to
 n

on
ex

po
se

d 
m

em
be

rs
 o

f t
he

 c
oh

or
t. 

Th
er

ef
or

e,
 y

ou
 b

eg
in

 th
e 

st
ud

y 
in

 th
e 

pr
es

en
t b

y 
lo

ok
in

g 
at

 g
ro

up
s t

ha
t w

er
e 

ex
po

se
d 

(o
r n

ot
) t

o 
so

m
e 

bi
ol

og
ic

al
 o

r b
eh

av
io

ra
l f

ac
to

r, 
in

te
rv

en
tio

n,
 e

tc
., 

an
d 

th
en

 y
ou

 fo
llo

w
 th

em
 fo

rw
ar

d 
in

 
tim

e 
to

 e
xa

m
in

e 
ou

tc
om

es
. I

f a
 c

oh
or

t s
tu

dy
 is

 c
on

du
ct

ed
 p

ro
pe

rly
, t

he
 a

ns
w

er
 to

 th
is

 q
ue

st
io

n 
sh

ou
ld

 b
e 

"y
es

,"
 si

nc
e 

th
e 

ex
po

su
re

 st
at

us
 o

f m
em

be
rs

 o
f t

he
 

co
ho

rt 
w

as
 d

et
er

m
in

ed
 a

t t
he

 b
eg

in
ni

ng
 o

f t
he

 st
ud

y 
be

fo
re

 th
e 

ou
tc

om
es

 o
cc

ur
re

d.
 F

or
 re

tro
sp

ec
tiv

e 
co

ho
rt 

st
ud

ie
s, 

th
e 

sa
m

e 
pr

in
ci

pa
l a

pp
lie

s. 
Th

e 
di

ff
er

en
ce

 
is

 th
at

, r
at

he
r t

ha
n 

id
en

tif
yi

ng
 a

 c
oh

or
t i

n 
th

e 
pr

es
en

t a
nd

 fo
llo

w
in

g 
th

em
 fo

rw
ar

d 
in

 ti
m

e,
 th

e 
in

ve
st

ig
at

or
s g

o 
ba

ck
 in

 ti
m

e 
(i.

e.
, r

et
ro

sp
ec

tiv
el

y)
 a

nd
 se

le
ct

 a
 

co
ho

rt 
ba

se
d 

on
 th

ei
r e

xp
os

ur
e 

st
at

us
 in

 th
e 

pa
st

 a
nd

 th
en

 fo
llo

w
 th

em
 fo

rw
ar

d 
to

 a
ss

es
s t

he
 o

ut
co

m
es

 th
at

 o
cc

ur
re

d 
in

 th
e 

ex
po

se
d 

an
d 

no
ne

xp
os

ed
 c

oh
or

t 
m

em
be

rs
. B

ec
au

se
 in

 re
tro

sp
ec

tiv
e 

co
ho

rt 
st

ud
ie

s t
he

 e
xp

os
ur

e 
an

d 
ou

tc
om

es
 m

ay
 h

av
e 

al
re

ad
y 

oc
cu

rr
ed

 (i
t d

ep
en

ds
 o

n 
ho

w
 lo

ng
 th

ey
 fo

llo
w

 th
e 

co
ho

rt)
, i

t i
s 

im
po

rta
nt

 to
 m

ak
e 

su
re

 th
at

 th
e 

ex
po

su
re

 p
re

ce
de

d 
th

e 
ou

tc
om

e.
So

m
et

im
es

 c
ro

ss
-s

ec
tio

na
l s

tu
di

es
 a

re
 c

on
du

ct
ed

 (o
r c

ro
ss

-s
ec

tio
na

l a
na

ly
se

s o
f c

oh
or

t-s
tu

dy
 

da
ta

), 
w

he
re

 th
e 

ex
po

su
re

s a
nd

 o
ut

co
m

es
 a

re
 m

ea
su

re
d 

du
rin

g 
th

e 
sa

m
e 

tim
ef

ra
m

e.
 A

s a
 re

su
lt,

 c
ro

ss
-s

ec
tio

na
l a

na
ly

se
s p

ro
vi

de
 w

ea
ke

r e
vi

de
nc

e 
th

an
 re

gu
la

r 
co

ho
rt 

st
ud

ie
s r

eg
ar

di
ng

 a
 p

ot
en

tia
l c

au
sa

l r
el

at
io

ns
hi

p 
be

tw
ee

n 
ex

po
su

re
s a

nd
 o

ut
co

m
es

. F
or

 c
ro

ss
-s

ec
tio

na
l a

na
ly

se
s, 

th
e 

an
sw

er
 to

 Q
ue

st
io

n 
6 

sh
ou

ld
 b

e 
"n

o.
" 

 



	
	

	
	 	

94	

T
ab

le
 2

.8
: N

IH
 Q

ua
lit

y 
A

ss
es

sm
en

t T
oo

l f
or

 O
bs

er
va

tio
na

l C
oh

or
t a

nd
 C

ro
ss

-S
ec

tio
na

l S
tu

di
es

 (2
02

1)
 C
on
tin
ue
d 

Q
ue

st
io

n 
7.

 S
uf

fic
ie

nt
 ti

m
ef

ra
m

e 
to

 se
e 

an
 e

ff
ec

t 

D
id

 th
e 

st
ud

y 
al

lo
w

 e
no

ug
h 

tim
e 

fo
r a

 su
ff

ic
ie

nt
 n

um
be

r o
f o

ut
co

m
es

 to
 o

cc
ur

 o
r b

e 
ob

se
rv

ed
, o

r e
no

ug
h 

tim
e 

fo
r a

n 
ex

po
su

re
 to

 h
av

e 
a 

bi
ol

og
ic

al
 e

ff
ec

t o
n 

an
 

ou
tc

om
e?

 In
 th

e 
ex

am
pl

es
 g

iv
en

 a
bo

ve
, i

f c
lin

ic
al

 d
ep

re
ss

io
n 

ha
s a

 b
io

lo
gi

ca
l e

ff
ec

t o
n 

in
cr

ea
si

ng
 ri

sk
 fo

r C
V

D
, s

uc
h 

an
 e

ff
ec

t m
ay

 ta
ke

 y
ea

rs
. I

n 
th

e 
ot

he
r 

ex
am

pl
e,

 if
 h

ig
he

r d
ie

ta
ry

 so
di

um
 in

cr
ea

se
s B

P,
 a

 sh
or

t t
im

ef
ra

m
e 

m
ay

 b
e 

su
ff

ic
ie

nt
 to

 a
ss

es
s i

ts
 a

ss
oc

ia
tio

n 
w

ith
 B

P,
 b

ut
 a

 lo
ng

er
 ti

m
ef

ra
m

e 
w

ou
ld

 b
e 

ne
ed

ed
 

to
 e

xa
m

in
e 

its
 a

ss
oc

ia
tio

n 
w

ith
 h

ea
rt 

at
ta

ck
s. 

Th
e 

is
su

e 
of

 ti
m

ef
ra

m
e 

is
 im

po
rta

nt
 to

 e
na

bl
e 

m
ea

ni
ng

fu
l a

na
ly

si
s o

f t
he

 re
la

tio
ns

hi
ps

 b
et

w
ee

n 
ex

po
su

re
s a

nd
 

ou
tc

om
es

 to
 b

e 
co

nd
uc

te
d.

 T
hi

s o
fte

n 
re

qu
ire

s a
t l

ea
st

 se
ve

ra
l y

ea
rs

, e
sp

ec
ia

lly
 w

he
n 

lo
ok

in
g 

at
 h

ea
lth

 o
ut

co
m

es
, b

ut
 it

 d
ep

en
ds

 o
n 

th
e 

re
se

ar
ch

 q
ue

st
io

n 
an

d 
ou

tc
om

es
 b

ei
ng

 e
xa

m
in

ed
. C

ro
ss

-s
ec

tio
na

l a
na

ly
se

s a
llo

w
 n

o 
tim

e 
to

 se
e 

an
 e

ff
ec

t, 
si

nc
e 

th
e 

ex
po

su
re

s a
nd

 o
ut

co
m

es
 a

re
 a

ss
es

se
d 

at
 th

e 
sa

m
e 

tim
e,

 so
 th

os
e 

w
ou

ld
 g

et
 a

 "
no

" 
re

sp
on

se
. 

Q
ue

st
io

n 
8.

 D
iff

er
en

t l
ev

el
s o

f t
he

 e
xp

os
ur

e 
of

 in
te

re
st

 

If
 th

e 
ex

po
su

re
 c

an
 b

e 
de

fin
ed

 a
s a

 ra
ng

e 
(e

xa
m

pl
es

: d
ru

g 
do

sa
ge

, a
m

ou
nt

 o
f p

hy
si

ca
l a

ct
iv

ity
, a

m
ou

nt
 o

f s
od

iu
m

 c
on

su
m

ed
), 

w
er

e 
m

ul
tip

le
 c

at
eg

or
ie

s o
f t

ha
t 

ex
po

su
re

 a
ss

es
se

d?
 (f

or
 e

xa
m

pl
e,

 fo
r d

ru
gs

: n
ot

 o
n 

th
e 

m
ed

ic
at

io
n,

 o
n 

a 
lo

w
 d

os
e,

 m
ed

iu
m

 d
os

e,
 h

ig
h 

do
se

; f
or

 d
ie

ta
ry

 so
di

um
, h

ig
he

r t
ha

n 
av

er
ag

e 
U

.S
. 

co
ns

um
pt

io
n,

 lo
w

er
 th

an
 re

co
m

m
en

de
d 

co
ns

um
pt

io
n,

 b
et

w
ee

n 
th

e 
tw

o)
. S

om
et

im
es

 d
is

cr
et

e 
ca

te
go

rie
s o

f e
xp

os
ur

e 
ar

e 
no

t u
se

d,
 b

ut
 in

st
ea

d 
ex

po
su

re
s a

re
 

m
ea

su
re

d 
as

 c
on

tin
uo

us
 v

ar
ia

bl
es

 (f
or

 e
xa

m
pl

e,
 m

g/
da

y 
of

 d
ie

ta
ry

 so
di

um
 o

r B
P 

va
lu

es
). 

In
 a

ny
 c

as
e,

 st
ud

yi
ng

 d
iff

er
en

t l
ev

el
s o

f e
xp

os
ur

e 
(w

he
re

 p
os

si
bl

e)
 

en
ab

le
s i

nv
es

tig
at

or
s t

o 
as

se
ss

 tr
en

ds
 o

r d
os

e-
re

sp
on

se
 re

la
tio

ns
hi

ps
 b

et
w

ee
n 

ex
po

su
re

s a
nd

 o
ut

co
m

es
–e

.g
., 

th
e 

hi
gh

er
 th

e 
ex

po
su

re
, t

he
 g

re
at

er
 th

e 
ra

te
 o

f t
he

 
he

al
th

 o
ut

co
m

e.
 T

he
 p

re
se

nc
e 

of
 tr

en
ds

 o
r d

os
e-

re
sp

on
se

 re
la

tio
ns

hi
ps

 le
nd

s c
re

di
bi

lit
y 

to
 th

e 
hy

po
th

es
is

 o
f c

au
sa

lit
y 

be
tw

ee
n 

ex
po

su
re

 a
nd

 o
ut

co
m

e.
Fo

r s
om

e 
ex

po
su

re
s, 

ho
w

ev
er

, t
hi

s q
ue

st
io

n 
m

ay
 n

ot
 b

e 
ap

pl
ic

ab
le

 (e
.g

., 
th

e 
ex

po
su

re
 m

ay
 b

e 
a 

di
ch

ot
om

ou
s v

ar
ia

bl
e 

lik
e 

liv
in

g 
in

 a
 ru

ra
l s

et
tin

g 
ve

rs
us

 a
n 

ur
ba

n 
se

tti
ng

, o
r v

ac
ci

na
te

d/
no

t v
ac

ci
na

te
d 

w
ith

 a
 o

ne
-ti

m
e 

va
cc

in
e)

. I
f t

he
re

 a
re

 o
nl

y 
tw

o 
po

ss
ib

le
 e

xp
os

ur
es

 (y
es

/n
o)

, t
he

n 
th

is
 q

ue
st

io
n 

sh
ou

ld
 b

e 
gi

ve
n 

an
 "

N
A

,"
 

an
d 

it 
sh

ou
ld

 n
ot

 c
ou

nt
 n

eg
at

iv
el

y 
to

w
ar

ds
 th

e 
qu

al
ity

 ra
tin

g.
 

Q
ue

st
io

n 
9.

 E
xp

os
ur

e 
m

ea
su

re
s a

nd
 a

ss
es

sm
en

t 

W
er

e 
th

e 
ex

po
su

re
 m

ea
su

re
s d

ef
in

ed
 in

 d
et

ai
l?

 W
er

e 
th

e 
to

ol
s o

r m
et

ho
ds

 u
se

d 
to

 m
ea

su
re

 e
xp

os
ur

e 
ac

cu
ra

te
 a

nd
 re

lia
bl

e–
fo

r e
xa

m
pl

e,
 h

av
e 

th
ey

 b
ee

n 
va

lid
at

ed
 o

r a
re

 th
ey

 o
bj

ec
tiv

e?
 T

hi
s i

ss
ue

 is
 im

po
rta

nt
 a

s i
t i

nf
lu

en
ce

s c
on

fid
en

ce
 in

 th
e 

re
po

rte
d 

ex
po

su
re

s. 
W

he
n 

ex
po

su
re

s a
re

 m
ea

su
re

d 
w

ith
 le

ss
 a

cc
ur

ac
y 

or
 v

al
id

ity
, i

t i
s h

ar
de

r t
o 

se
e 

an
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
ex

po
su

re
 a

nd
 o

ut
co

m
e 

ev
en

 if
 o

ne
 e

xi
st

s. 
A

ls
o 

as
 im

po
rta

nt
 is

 w
he

th
er

 th
e 

ex
po

su
re

s w
er

e 
as

se
ss

ed
 in

 th
e 

sa
m

e 
m

an
ne

r w
ith

in
 g

ro
up

s a
nd

 b
et

w
ee

n 
gr

ou
ps

; i
f n

ot
, b

ia
s m

ay
 re

su
lt.

 F
or

 e
xa

m
pl

e,
 re

tro
sp

ec
tiv

e 
se

lf-
re

po
rt 

of
 d

ie
ta

ry
 sa

lt 
in

ta
ke

 is
 n

ot
 a

s v
al

id
 a

nd
 re

lia
bl

e 
as

 p
ro

sp
ec

tiv
el

y 
us

in
g 

a 
st

an
da

rd
iz

ed
 d

ie
ta

ry
 lo

g 
pl

us
 te

st
in

g 
pa

rti
ci

pa
nt

s' 
ur

in
e 

fo
r s

od
iu

m
 c

on
te

nt
. A

no
th

er
 e

xa
m

pl
e 

is
 m

ea
su

re
m

en
t o

f B
P,

 w
he

re
 th

er
e 

m
ay

 
be

 q
ui

te
 a

 d
iff

er
en

ce
 b

et
w

ee
n 

us
ua

l c
ar

e,
 w

he
re

 c
lin

ic
ia

ns
 m

ea
su

re
 B

P 
ho

w
ev

er
 it

 is
 d

on
e 

in
 th

ei
r p

ra
ct

ic
e 

se
tti

ng
 (w

hi
ch

 c
an

 v
ar

y 
co

ns
id

er
ab

ly
), 

an
d 

us
e 

of
 

tra
in

ed
 B

P 
as

se
ss

or
s u

si
ng

 st
an

da
rd

iz
ed

 e
qu

ip
m

en
t (

e.
g.

, t
he

 sa
m

e 
B

P 
de

vi
ce

 w
hi

ch
 h

as
 b

ee
n 

te
st

ed
 a

nd
 c

al
ib

ra
te

d)
 a

nd
 a

 st
an

da
rd

iz
ed

 p
ro

to
co

l (
e.

g.
, p

at
ie

nt
 is

 
se

at
ed

 fo
r 5

 m
in

ut
es

 w
ith

 fe
et

 fl
at

 o
n 

th
e 

flo
or

, B
P 

is
 ta

ke
n 

tw
ic

e 
in

 e
ac

h 
ar

m
, a

nd
 a

ll 
fo

ur
 m

ea
su

re
m

en
ts

 a
re

 a
ve

ra
ge

d)
. I

n 
ea

ch
 o

f t
he

se
 c

as
es

, t
he

 fo
rm

er
 

w
ou

ld
 g

et
 a

 "
no

" 
an

d 
th

e 
la

tte
r a

 "
ye

s."
 H

er
e 

is
 a

 fi
na

l e
xa

m
pl

e 
th

at
 il

lu
st

ra
te

s t
he

 p
oi

nt
 a

bo
ut

 w
hy

 it
 is

 im
po

rta
nt

 to
 a

ss
es

s e
xp

os
ur

es
 c

on
si

st
en

tly
 a

cr
os

s a
ll 

gr
ou

ps
: I

f p
eo

pl
e 

w
ith

 h
ig

he
r B

P 
(e

xp
os

ed
 c

oh
or

t) 
ar

e 
se

en
 b

y 
th

ei
r p

ro
vi

de
rs

 m
or

e 
fr

eq
ue

nt
ly

 th
an

 th
os

e 
w

ith
ou

t e
le

va
te

d 
B

P 
(n

on
ex

po
se

d 
gr

ou
p)

, i
t a

ls
o 

in
cr

ea
se

s t
he

 c
ha

nc
es

 o
f d

et
ec

tin
g 

an
d 

do
cu

m
en

tin
g 

ch
an

ge
s i

n 
he

al
th

 o
ut

co
m

es
, i

nc
lu

di
ng

 C
V

D
-r

el
at

ed
 e

ve
nt

s. 
Th

er
ef

or
e,

 it
 m

ay
 le

ad
 to

 th
e 

co
nc

lu
si

on
 th

at
 

hi
gh

er
 B

P 
le

ad
s t

o 
m

or
e 

C
V

D
 e

ve
nt

s. 
Th

is
 m

ay
 b

e 
tru

e,
 b

ut
 it

 c
ou

ld
 a

ls
o 

be
 d

ue
 to

 th
e 

fa
ct

 th
at

 th
e 

su
bj

ec
ts

 w
ith

 h
ig

he
r B

P 
w

er
e 

se
en

 m
or

e 
of

te
n;

 th
us

, m
or

e 
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C
V

D
-r

el
at

ed
 e

ve
nt

s w
er

e 
de

te
ct

ed
 a

nd
 d

oc
um

en
te

d 
si

m
pl

y 
be

ca
us

e 
th

ey
 h

ad
 m

or
e 

en
co

un
te

rs
 w

ith
 th

e 
he

al
th

 c
ar

e 
sy

st
em

. T
hu

s, 
it 

co
ul

d 
bi

as
 th

e 
re

su
lts

 a
nd

 
le

ad
 to

 a
n 

er
ro

ne
ou

s c
on

cl
us

io
n.

 

T
ab

le
 2

.8
: N

IH
 Q

ua
lit

y 
A

ss
es

sm
en

t T
oo

l f
or

 O
bs

er
va

tio
na

l C
oh

or
t a

nd
 C

ro
ss

-S
ec

tio
na

l S
tu

di
es

 (2
02

1)
 C
on
tin
ue
d 

Q
ue

st
io

n 
10

. R
ep

ea
te

d 
ex

po
su

re
 a

ss
es

sm
en

t 

W
as

 th
e 

ex
po

su
re

 fo
r e

ac
h 

pe
rs

on
 m

ea
su

re
d 

m
or

e 
th

an
 o

nc
e 

du
rin

g 
th

e 
co

ur
se

 o
f t

he
 st

ud
y 

pe
rio

d?
 M

ul
tip

le
 m

ea
su

re
m

en
ts

 w
ith

 th
e 

sa
m

e 
re

su
lt 

in
cr

ea
se

 o
ur

 
co

nf
id

en
ce

 th
at

 th
e 

ex
po

su
re

 st
at

us
 w

as
 c

or
re

ct
ly

 c
la

ss
ifi

ed
. A

ls
o,

 m
ul

tip
le

 m
ea

su
re

m
en

ts
 e

na
bl

e 
in

ve
st

ig
at

or
s t

o 
lo

ok
 a

t c
ha

ng
es

 in
 e

xp
os

ur
e 

ov
er

 ti
m

e,
 fo

r 
ex

am
pl

e,
 p

eo
pl

e 
w

ho
 a

te
 h

ig
h 

di
et

ar
y 

so
di

um
 th

ro
ug

ho
ut

 th
e 

fo
llo

w
up

 p
er

io
d,

 c
om

pa
re

d 
to

 th
os

e 
w

ho
 st

ar
te

d 
ou

t h
ig

h 
th

en
 re

du
ce

d 
th

ei
r i

nt
ak

e,
 c

om
pa

re
d 

to
 

th
os

e 
w

ho
 a

te
 lo

w
 so

di
um

 th
ro

ug
ho

ut
. O

nc
e 

ag
ai

n,
 th

is
 m

ay
 n

ot
 b

e 
ap

pl
ic

ab
le

 in
 a

ll 
ca

se
s. 

In
 m

an
y 

ol
de

r s
tu

di
es

, e
xp

os
ur

e 
w

as
 m

ea
su

re
d 

on
ly

 a
t b

as
el

in
e.

 
H

ow
ev

er
, m

ul
tip

le
 e

xp
os

ur
e 

m
ea

su
re

m
en

ts
 d

o 
re

su
lt 

in
 a

 st
ro

ng
er

 st
ud

y 
de

si
gn

. 

Q
ue

st
io

n 
11

. O
ut

co
m

e 
m

ea
su

re
s 

W
er

e 
th

e 
ou

tc
om

es
 d

ef
in

ed
 in

 d
et

ai
l?

 W
er

e 
th

e 
to

ol
s o

r m
et

ho
ds

 fo
r m

ea
su

rin
g 

ou
tc

om
es

 a
cc

ur
at

e 
an

d 
re

lia
bl

e–
fo

r e
xa

m
pl

e,
 h

av
e 

th
ey

 b
ee

n 
va

lid
at

ed
 o

r a
re

 
th

ey
 o

bj
ec

tiv
e?

 T
hi

s i
ss

ue
 is

 im
po

rta
nt

 b
ec

au
se

 it
 in

flu
en

ce
s c

on
fid

en
ce

 in
 th

e 
va

lid
ity

 o
f s

tu
dy

 re
su

lts
. A

ls
o 

im
po

rta
nt

 is
 w

he
th

er
 th

e 
ou

tc
om

es
 w

er
e 

as
se

ss
ed

 
in

 th
e 

sa
m

e 
m

an
ne

r w
ith

in
 g

ro
up

s a
nd

 b
et

w
ee

n 
gr

ou
ps

. A
n 

ex
am

pl
e 

of
 a

n 
ou

tc
om

e 
m

ea
su

re
 th

at
 is

 o
bj

ec
tiv

e,
 a

cc
ur

at
e,

 a
nd

 re
lia

bl
e 

is
 d

ea
th

–t
he

 o
ut

co
m

e 
m

ea
su

re
d 

w
ith

 m
or

e 
ac

cu
ra

cy
 th

an
 a

ny
 o

th
er

. B
ut

 e
ve

n 
w

ith
 a

 m
ea

su
re

 a
s o

bj
ec

tiv
e 

as
 d

ea
th

, t
he

re
 c

an
 b

e 
di

ff
er

en
ce

s i
n 

th
e 

ac
cu

ra
cy

 a
nd

 re
lia

bi
lit

y 
of

 h
ow

 
de

at
h 

w
as

 a
ss

es
se

d 
by

 th
e 

in
ve

st
ig

at
or

s. 
D

id
 th

ey
 b

as
e 

it 
on

 a
n 

au
to

ps
y 

re
po

rt,
 d

ea
th

 c
er

tif
ic

at
e,

 d
ea

th
 re

gi
st

ry
, o

r r
ep

or
t f

ro
m

 a
 fa

m
ily

 m
em

be
r?

 A
no

th
er

 
ex

am
pl

e 
is

 a
 st

ud
y 

of
 w

he
th

er
 d

ie
ta

ry
 fa

t i
nt

ak
e 

is
 re

la
te

d 
to

 b
lo

od
 c

ho
le

st
er

ol
 le

ve
l (

ch
ol

es
te

ro
l l

ev
el

 b
ei

ng
 th

e 
ou

tc
om

e)
, a

nd
 th

e 
ch

ol
es

te
ro

l l
ev

el
 is

 m
ea

su
re

d 
fr

om
 fa

st
in

g 
bl

oo
d 

sa
m

pl
es

 th
at

 a
re

 a
ll 

se
nt

 to
 th

e 
sa

m
e 

la
bo

ra
to

ry
. T

he
se

 e
xa

m
pl

es
 w

ou
ld

 g
et

 a
 "

ye
s."

 A
n 

ex
am

pl
e 

of
 a

 "
no

" 
w

ou
ld

 b
e 

se
lf-

re
po

rt 
by

 su
bj

ec
ts

 
th

at
 th

ey
 h

ad
 a

 h
ea

rt 
at

ta
ck

, o
r s

el
f-

re
po

rt 
of

 h
ow

 m
uc

h 
th

ey
 w

ei
gh

 (i
f b

od
y 

w
ei

gh
t i

s t
he

 o
ut

co
m

e 
of

 in
te

re
st

). 
Si

m
ila

r t
o 

th
e 

ex
am

pl
e 

in
 Q

ue
st

io
n 

9,
 re

su
lts

 
m

ay
 b

e 
bi

as
ed

 if
 o

ne
 g

ro
up

 (e
.g

., 
pe

op
le

 w
ith

 h
ig

h 
B

P)
 is

 se
en

 m
or

e 
fr

eq
ue

nt
ly

 th
an

 a
no

th
er

 g
ro

up
 (p

eo
pl

e 
w

ith
 n

or
m

al
 B

P)
 b

ec
au

se
 m

or
e 

fr
eq

ue
nt

 e
nc

ou
nt

er
s 

w
ith

 th
e 

he
al

th
 c

ar
e 

sy
st

em
 in

cr
ea

se
s t

he
 c

ha
nc

es
 o

f o
ut

co
m

es
 b

ei
ng

 d
et

ec
te

d 
an

d 
do

cu
m

en
te

d.
 

Q
ue

st
io

n 
12

. B
lin

di
ng

 o
f o

ut
co

m
e 

as
se

ss
or

s 

B
lin

di
ng

 m
ea

ns
 th

at
 o

ut
co

m
e 

as
se

ss
or

s d
id

 n
ot

 k
no

w
 w

he
th

er
 th

e 
pa

rti
ci

pa
nt

 w
as

 e
xp

os
ed

 o
r u

ne
xp

os
ed

. I
t i

s a
ls

o 
so

m
et

im
es

 c
al

le
d 

"m
as

ki
ng

."
 T

he
 o

bj
ec

tiv
e 

is
 to

 lo
ok

 fo
r e

vi
de

nc
e 

in
 th

e 
ar

tic
le

 th
at

 th
e 

pe
rs

on
(s

) a
ss

es
si

ng
 th

e 
ou

tc
om

e(
s)

 fo
r t

he
 st

ud
y 

(f
or

 e
xa

m
pl

e,
 e

xa
m

in
in

g 
m

ed
ic

al
 re

co
rd

s t
o 

de
te

rm
in

e 
th

e 
ou

tc
om

es
 th

at
 o

cc
ur

re
d 

in
 th

e 
ex

po
se

d 
an

d 
co

m
pa

ris
on

 g
ro

up
s)

 is
 m

as
ke

d 
to

 th
e 

ex
po

su
re

 st
at

us
 o

f t
he

 p
ar

tic
ip

an
t. 

So
m

et
im

es
 th

e 
pe

rs
on

 m
ea

su
rin

g 
th

e 
ex

po
su

re
 is

 th
e 

sa
m

e 
pe

rs
on

 c
on

du
ct

in
g 

th
e 

ou
tc

om
e 

as
se

ss
m

en
t. 

In
 th

is
 c

as
e,

 th
e 

ou
tc

om
e 

as
se

ss
or

 w
ou

ld
 m

os
t l

ik
el

y 
no

t b
e 

bl
in

de
d 

to
 e

xp
os

ur
e 

st
at

us
 

be
ca

us
e 

th
ey

 a
ls

o 
to

ok
 m

ea
su

re
m

en
ts

 o
f e

xp
os

ur
es

. I
f s

o,
 m

ak
e 

a 
no

te
 o

f t
ha

t i
n 

th
e 

co
m

m
en

ts
 se

ct
io

n.
  A

s y
ou

 a
ss

es
s t

hi
s c

rit
er

io
n,

 th
in

k 
ab

ou
t w

he
th

er
 it

 is
 

lik
el

y 
th

at
 th

e 
pe

rs
on

(s
) d

oi
ng

 th
e 

ou
tc

om
e 

as
se

ss
m

en
t w

ou
ld

 k
no

w
 (o

r b
e 

ab
le

 to
 fi

gu
re

 o
ut

) t
he

 e
xp

os
ur

e 
st

at
us

 o
f t

he
 st

ud
y 

pa
rti

ci
pa

nt
s. 

If
 th

e 
an

sw
er

 is
 n

o,
 

th
en

 b
lin

di
ng

 is
 a

de
qu

at
e.

 A
n 

ex
am

pl
e 

of
 a

de
qu

at
e 

bl
in

di
ng

 o
f t

he
 o

ut
co

m
e 

as
se

ss
or

s i
s t

o 
cr

ea
te

 a
 se

pa
ra

te
 c

om
m

itt
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Abstract 

More than half of the population of people living with HIV (PLWH) are 50 years and older, and 

cognitive impairment is prevalent among aging PLWH. PLWH experience more loneliness and social 

isolation than the general population, yet it is unknown if these factors are associated with cognitive 

impairment among older PLWH. The objective of our analysis was to examine the social network 

structure and to test the associations of loneliness and social isolation with degree of cognitive 

impairment among n=170 older PLWH age 55 and older with confirmed HIV-Associated Neurocognitive 

Disorders (HAND). Our results show that loneliness is correlated with mental health variables 

(depression, anxiety, and perceived stress) while social isolation is correlated with other marginalized 

conditions and socioeconomic factors (lower years of education, history of HCV, substance use disorder, 

and Black/African American race) and area-level socioeconomic environment. We also found that social 

isolation, but not loneliness or self-reported cognitive symptoms, was associated with higher odds of 

impairment in two cognitive domains (attention & working memory [ATT], and speed of processing 

[SPD]). These associations signal unique relationships between various aspects of social connectedness 

and neurocognitive disorders among older adults with HIV. 
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Introduction 

Since the onset of the HIV epidemic, antiretroviral therapy (ART) has lengthened the lives of 

people living with HIV (PLWH). More than half of the population of PLWH are 50 years and older, and 

as the aging population of PLWH expands it is important to consider the factors that impact aging with 

HIV (Centers for Disease Control and Prevention, 2018). Literature indicates that, on average, PLWH 

experience more loneliness and social isolation than HIV-seronegative individuals (Greene et al., 2018; 

Grov et al., 2010; Poindexter & Shippy, 2008). An abundance of studies in seronegative populations show 

that measures of social connectedness such as isolation and loneliness are associated with poor physical, 

mental health, and cognitive outcomes in aging (Kuiper et al., 2015; Leigh-Hunt et al., 2017). However, 

these variables are understudied in the context of HIV-related health outcomes.  

The manifestation of HIV-associated neurocognitive disorders (HAND), the term used for 

cognitive impairment in the setting of HIV, encompasses a wide range of emotional/affective changes, 

changes in both self-reported and observed attention and executive function, motor function, and memory 

(Winston & Spudich, 2020). It is estimated that about one third to one half of HIV-seropositive 

individuals have some degree of cognitive impairment (Heaton et al., 2010). These prevalence estimates 

vary based on population and assessment methods, and are likely lower in populations with sustained 

viral suppression (V. Valcour, personal communication, December 2018). Cognitive impairment in the 

setting of HIV is conceptualized as having a multifactorial etiology and progression (Winston & Spudich, 

2020). Much is known about the biological basis and clinical risk for HAND, but less is known about the 

psychosocial factors involved in cognitive impairment among older PLWH.  

Social isolation and loneliness are tightly linked to outcomes in geriatric medicine. However, 

these constructs are not always closely correlated with one another (Perissinotto & Covinsky, 2014), 

suggesting that social isolation and loneliness may reflect distinct experiences that affect brain health 

through different pathways. Loneliness has been described and defined in different ways, including “a 

debilitating psychological condition characterized by a deep sense of emptiness, worthlessness, lack of 
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control, and personal threat,” (Cacioppo et al., 2014) stress caused by the discordance between actual and 

desired relationships (Leigh-Hunt et al., 2017), and a negative emotion, distinct from depression, 

produced by unmet social and intimacy-related needs (Peplau & Perlman, 1982). Likewise, social 

isolation has been defined as an objective description of a lack of interactions with others or with a wider 

community (Berkman et al., 2000).  Despite the lack of definitional consensus for social isolation and 

loneliness, studies show that differing measures of loneliness and social isolation are associated with 

increased risk of all-cause mortality (Holt-Lunstad et al., 2010), and meta-analyses of longitudinal studies 

confirm that social connection and loneliness impact cognitive aging among the general population 

(Kuiper et al., 2015). Studies among PLWH indicate that loneliness, depression, social isolation, and 

stigma are highly interconnected (Grov et al., 2010; Poindexter & Shippy, 2008).  

Although the influence of social isolation and loneliness on cognitive impairment in seronegative 

populations is well-established, these variables are understudied in the context of HIV-related health 

outcomes. A limited number of studies have examined correlations of loneliness or social isolation 

variables with cognitive impairment among PLWH and they show mixed findings (Atkins et al., 2010a; 

Harris et al., 2020; Moore et al., 2018). The approach to this paper is to examine the associations of 

loneliness and social isolation with cognitive impairment among older PLWH with symptomatic 

neurocognitive disorder. We used a cross-sectional, secondary data-analysis of a sample recruited at the 

UCSF Memory and Aging Center (MAC). First, we examined the social network structure of the sample. 

Second, we examined the clinical and sociodemographic correlates of social isolation and loneliness in 

the sample. Third, we examined the association of cognitive impairment measured by both performance 

based and self-report measures with loneliness and social isolation using multivariate models. 
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Methods 

Sample 

This study is a cross sectional, secondary data analysis of baseline data for N=170 individuals 

recruited in the San Francisco Bay Area for a Mindfulness Based Stress Reduction (MBSR) randomized 

control trial at the UCSF Memory and Aging Center. The study protocol and recruitment procedures have 

been published (Addington et al., 2020). This trial was approved by the Institutional Review Board at the 

University of California, San Francisco. The trial was conducted from March 2015 through September 

2019.  

Potential participants underwent a two-tiered screening process, with primary screen administered 

by phone to assess key exclusions (e.g. unsuppressed plasma viral load, not on ART) and to assure the 

presence of cognitive symptoms. Participants who passed the primary screen then completed a secondary 

screen including 90 minute neuropsychological testing conducted in person. 

Inclusion criteria. Age ≥55 years, HIV-seropositive, undetectable plasma viral load, cognitively 

symptomatic and sufficient neuropsychological testing abnormality to be rated as having impairment by 

consensus conference due to HIV, but deficits in everyday functioning that would rate them as having no 

more than moderate disease. The first 122 participants were enrolled under the eligibility criteria of being 

60 years or older, which was later changed to 55 years and older in order to improve generalizability. 

Assessment and testing data were reviewed at consensus conference, attended by a neurologist and 

neuropsychologist, who used utilize clinical acumen to determine the subject’s cognitive diagnosis. 

Consensus conference diagnosis were guided by the 2007 Frascati criteria (Antinori et al., 2007). All 

participants were determined to have MND.  

Exclusion criteria. Failure to attend two screening visits, unwillingness to participate in 8-week 

intervention, endorsement of illicit drug use in the past 6 months, current or extensive previous 

mindfulness practice, detectable plasma HIV RNA >100 copies/ml in the previous 6 months, the presence 
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of cognitive, neurological or psychiatric conditions where treatment options exist (e.g. obstructive sleep 

apnea, active hepatitis C, untreated depression), inability to provide informed consent, significant 

systemic medical illness such as cancer requiring chemotherapy or end-stage cardiac or renal 

insufficiency. 

Confounding & contributing conditions. Following the Frascati criteria, individuals with 

substantial co-existing conditions that interfered with the interpretation of the neuropsychological data 

were considered to be confounded (Antinori et al., 2007). To improve generalizability of the results of the 

study, these individuals were allowed to enroll and, contrary to Frascati criteria, a HAND category was 

assigned based on interpretation of all data. Individuals with co-existing conditions that could have 

influenced testing but did not meet criteria for confounding were enrolled and provided HAND diagnosis 

with a qualifier of having potentially contributing conditions. 

Determination of HAND status. When available, functioning was assessed by subject and proxy 

interview at screening, capturing impairment in memory, orientation, judgment, community affairs, 

home/hobbies, and personal care; the Katz & Lawton Activities of Daily Living (ADL) and Instrumental 

Activities of Daily Living  (IADL) scales; and by an objective assessment of everyday functioning using 

the N:A:B, including objective measures of map reading, financial management, medication instructions, 

and employing judgment in decision-making. These functioning measurements help to ensure the correct 

outcome classification for HAND. The neurological examination is comprehensive (cranial nerves, 

strength, sensation, coordination, & extrapyramidal findings).  

HAND classification requires consensus diagnosis with neuropsychologists who have expertise in 

applying such criteria within ethnically diverse populations. Data from the secondary screening visit were 

reviewed at consensus conference attended by a physician and neuropsychologist each trained in HAND 

(V.Valcour) who use clinical acumen to determine the participant’s cognitive diagnosis. Consensus 

conference diagnoses for study participants were guided by the 2007 Frascati criteria (Antinori et al., 
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2007). The Wide Range Achievement Test-4 (WRAT-4) was integrated into the consensus diagnosis to 

facilitate consideration of cultural and educational influence on test performance. 

Statistical Analysis  

Measures/Variables 

Dependent variables. The primary dependent variables are degree of cognitive impairment based 

on standardized neuropsychological (NP) tests, summarized in Table 3.1, and self-reported cognitive 

symptoms on the Patients Assessment of Own Functioning Inventory (PAOFI). The PAOFI, a widely 

used instrument to assess self-reported cognitive functioning (Chelune et al., 1986), is a 41-item, 

multidimensional measurement tool in which higher scores indicate less cognitive impairment. NP 

performance variables are recorded in units of standard deviations (SD) and reflect the degree of 

cognitive impairment based on age-education-appropriate norms on standardized neuropsychological 

tests. The calculation of the Z-score is as follows, 

 

Mild-moderate cognitive symptoms include Z-scores ranging from -1 ≤  z > -2 standard 

deviations below the mean, and severe symptoms include scores ≤ -2 SD below the mean. We compared 

those with mild-moderate symptoms to those with severe symptoms in five cognitive domains: 1) 

Attention and working memory (ATT), 2) Abstraction and executive function (ABS), 3) Speed of 

information processing (SPD), 4) Verbal Memory (VER), 5) Memory and Recall (MEM). Domain 

specific ORs are reported due to the phenomenon of “spotty impairments” in MND, in which cognitive 

domains may differ in degree of impairment in earlier phases of HAND.  

Independent variables. The focal independent variables are loneliness and social isolation. 

Social isolation was measured with the Norbeck Social Support (NSS) scale (Norbeck et al., 1983). The 

NSS scale includes three domains: Total Functional Support (comprised of emotional support and 
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tangible support), Total Network Properties (comprised of the total number of people listed, duration 

known, and frequency of contact), and Total Loss (comprised of the number of people lost in the past year 

and amount of support they provided). This variable will be operationalized using scores reflecting total 

functional support and total network support, with higher scores indicating more support.  

Loneliness was measured with the UCLA-20 item loneliness scale, with higher scores indicating 

more loneliness (Russell et al., 1980). Neither instrument has published, validated cutoff scores. Both 

social isolation and loneliness were divided into quartiles for our analysis to aid in the interpretability of 

regression parameters from the skewed variable distributions.  

Covariates. Sociodemographic, clinical, and socioeconomic variables examined included age, 

gender, racial group, past drug and alcohol use meeting Diagnostic and Statistical Manual of Mental 

Disorders (DSM)-III criteria for either abuse or dependence, years of education, smoking (>100 cigarettes 

in lifetime), HIV clinical data (number of years living with HIV, nadir CD4 cell count, CD4/CD8 cell 

ratio, and past Hepatitis C infection), mental health measures (depression, anxiety, and stress), 

pharmacological treatment for depression, and area level measures of socioeconomic status. Depression 

was measured with the Geriatric Depression Scale (GDS) scale, with a cutoff score of > 9 indicating 

clinically significant depressive symptoms (Yesavage et al., 1982). Anxiety was measured with the State 

and Trait Anxiety Scales, with higher scores indicating more anxiety (Barnes et al., 2002). Perceived 

stress was measured with the Perceived Stress Scale (Cohen, 1988), with higher score indicating more 

stress. Depressive episode in the past two years and lifetime history of anxiety disorder were self-reported 

in a clinical interview. ZIP-code level socioeconomic data from the American Community Survey 2013-

2017 census data for ZIP code was used to calculate area-level SEP variables (US Census Bureau, 2019). 

We examined the proportion of people in the participants’ ZIP code living below poverty line, monthly 

median income, monthly median housing costs, and the proportion of residents with cost-burden (defined 

as paying more than 30% of income toward housing (Kimberlin, 2019)). Contributing and confounding 
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condition qualifiers, listed in Figure 3.2, contributing and confounding conditions, were collapsed into 

one variable for the purposes of bias analyses.  

Statistical Methods 

We first describe the social isolation and the social network of our sample and their degree of 

loneliness. We then examine these variables in terms of their association with sociodemographic, clinical, 

and socioeconomic variables using t-tests, rank sum tests for variables without normal distributions, and 

Pearson correlation coefficients with transformed variables where necessary. We investigated crude 

associations between loneliness, social isolation, and degree of cognitive impairment in the six cognitive 

domains and self-reported impairment. Domains that showed a statistically significant relationship 

(α=0.10) with loneliness or social isolation were subsequently examined with adjusted logistic regression 

using robust standard errors. In accordance with our findings and the current body of literature that 

indicate loneliness and social isolation reflect distinct constructs in terms of health and HIV, separate 

models for social isolation and loneliness were examined. Covariates for adjusted regression analyses 

were chosen a priori based on current evidence and taking into account the correlates of loneliness and 

social isolation from study Aim 1. To account for possible bias from confounding and contributing 

conditions, we adjusted for contributing conditions and also examined models that exclude all confounded 

participants.  

Results  

Sample Description  

Our sample is described in Table 3.2. Participants were predominantly male (93%), white (72%), 

and had a mean age of 64.3 years (SD 5.3). More than half the sample reported living alone (54%) and the 

majority were able to live independently (96%). The mean CD4 cell count was 611.66 (SD 279.15). The 

sample participants had a mean 26 years (SD 6.8) living with HIV. Sixty-one (61.2%) had a nadir CD4 

cell count less than 200 cells/µL. Less than one-fourth (23.5%) had a history of Hepatitis C. Over half 
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(57.1%) were current smokers and 48.2% had a history of substance use or dependence. The sample had a 

mean of 15.6 years of education (SD 2.3).  

Psychometric instruments 

In internal consistency of the instruments used in this study ranged from moderate to high 

(Tavakol & Dennick, 2011). The UCLA had a Cronbach’s alpha of 0.8429, the GDS depression scale had 

an alpha of 0.8867, the PAOFI had an alpha of 0.9405, and the perceived stress scale had an alpha of 

0.8636. The internal consistency of the dimensions of the NSS had an alpha of 0.9304.  

Social Network Structure   

The social networks of the participants are described in Table 3.3 and Figure 3.1. A median of 7 

people were listed in participants social networks (IQR 4 – 24) and 3% of the sample listed nobody in the 

social network. The NSS does not provide cut-offs or ranges for social network size, but in validation 

samples the mean network size ranged from 10.45 to 11.38 people (Gigliotti & Samuels, 2011). The most 

common sources listed in the social networks were: Friends (mean 4.8 listed), family (mean 2.9 listed), 

healthcare providers such as nurses or providers (mean 1.2 listed), partner or spouse (mean 1.0 listed), 

counselors/therapists (mean 1.4 listed), neighbors (mean 1.6 listed), work or school associates (mean 1.8 

listed), and romantic partners (mean 1.2 listed) (Figure 3.1). Nearly a third (n=48, 31.8%) reported loss 

of an important relationship in the past year (Table 3.3).   

Loneliness and Social Isolation  

UCLA Loneliness and Norbeck Social Support (NSS) Scale scores are summarized in Table 3.3. 

Three participants did not fill out these measures and have missing data. The UCLA Loneliness scale had 

a mean score of 44.4 (SD 11.7). On the NSS Scale, Total Functional Support (median 116, IQR: 63 – 

426) is comprised of emotional support and tangible support and Total Network Support (median 49.5, 

IQR: 28.5 – 167) is comprised of number of people listed, duration known, and frequency of contact.   
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Loneliness was correlated to both total network support and functional support (r=-0.37, p=0.000 

and r=-0.43, p=0.00 respectively) such that increased loneliness is correlated with more social isolation. 

More loneliness, total network support, and total functional support were each significantly associated 

with living alone (t=-2.604, p= 0.010; z=2.119, p= 0.034, and z=2.249, p= 0.025, respectively). Increased 

loneliness was significantly associated with depressive episode in the last 2 years (t=-3.322, p=0.001), 

more depressive symptoms on the GDS (r=0.521, p=0.000), higher perceived stress (r=0.376, p=0.000), 

and higher state and trait anxiety scores (r=0.262, p=0.000 and r= 0.502, p=0.000, respectively) (Table 

3.4).  

Less total network support, indicated by lower NSS scores, was significantly associated with 

smoking (t=-1.945, p=0.026), fewer years of education (r=0.2763, p=0.0003), history of substance use 

(z=2.645, p= 0.0082), and the ZIP-code level proportion of people living in poverty (r=-0.222, p=0.006) 

and ratio of median monthly costs to median monthly income greater than 0.30 (z=2.527, p=0.012). Less 

functional social support was significantly associated with history of substance use disorder (z=2.322, 

p=0.020), fewer years of education (r=0.2697, p=0.0004), and ZIP-code level poverty rate (r=-0.206, 

p=0.010) and ratio of median monthly costs to median monthly income greater than 0.30 (z=2.043, 

p=0.041) (Table 3.5).    

Self-Reported Cognitive Impairment 

The mean PAOFI score was 143.46 (SD 25.03). We observed no significant correlation between 

self-reported cognitive impairment and loneliness or social isolation (Table 3.4). We did not observe 

significant  differences in mean PAOFI score by degree of cognitive impairment, as measured by 

performance based testing, in any domain (Table 3.6). Furthermore, it did not appear that self-reported 

cognitive impairment (PAOFI) varied by contributing or confounding conditions. 
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Performance Based Cognitive Impairment  

Thirty-nine percent (39%) of participants had a severe rating in the domain of attention and 

working memory (ATT), 25% had a severe score in the abstraction and executive function domain (ABS), 

and 27% had a severe score in the speed of processing domain (SPD). For cognitive domains with an 

apparent association with loneliness or social isolation in crude analyses (Table 3.6), we examined 

adjusted models for the association of loneliness and social isolation with cognitive impairment 

(Appendix 1, Tables 3.8-3.23). In adjusted regression analyses, we found that more functional social 

support was associated with lower odds of severe cognitive impairment in attention and working memory 

(AORATT= 0.5756, 95% CI: [0.3917, 0.8460]). Similarly, more total network support was associated with 

lower odds of impairment in speed of processing (AORSPD= 0.702, 95% CI: [0.511, 0.965]). However, the 

association of functional social support and cognitive impairment in ATT, ABS, and SPD were not 

significant in adjusted models. We observed a relations between loneliness and verbal memory 

(AORVER=0.694, 95% CI: [0.472, 1.022]) but not with any other cognitive domain (Summary Table 3.7; 

Appendix 1, Tables 3.8-3.23).  

Contributing & Confounding Conditions 

To assess the impact of contributing and confounding conditions, we examined the association of 

social support and having one or more of these conditions. We saw a positive relationship between  

functional support as well as total network support increased with odds of having a confounding or 

contributing condition, but no significant association with loneliness. Therefore, in order to address 

statistical bias caused by having one or more contributing or confounding conditions, we report estimates 

adjusted for contributing conditions as well as models that exclude confounded participants (n=22) 

(Table 3.7, Figure 3.3).  
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Discussion  

This study sought to investigate the relationship between cognitive impairment and two 

constructs of social connectedness: loneliness and social isolation. The results from our study helps to 

distinguish the constructs of social isolation and loneliness. Loneliness was closely linked to mental 

health variables, particularly depression, whereas social isolation was correlated to various factors 

reflecting socially patterned determinants of health, including years of education, hepatitis C history, 

history of a substance use disorder, black/African American race, area-level measures of socioeconomic 

status as well as impairment in certain cognitive domains. Among PLWH age 55 and older who have 

symptomatic HIV-associated neurocognitive disorder, increased total social support was associated with 

decreased odds of severe cognitive impairment (compared to mild-moderate impairment) in the cognitive 

domains of attention & working memory (ATT) and speed of information processing (SPD). However, 

loneliness and functional support alone were not associated with degree of impairment. Self-reported 

cognitive functioning on the PAOFI was not associated with social isolation nor loneliness. Taken 

together, these results suggest that social factors may impact brain health among older adults living with 

HIV through various pathways. This is an important distinction in the light of increased attention to the 

study of social connectedness and cognitive aging in aging populations. 

The body of literature about loneliness, social support, and cognitive impairment among PLWH, 

though small, is expanding as the importance of social connectedness and cognition among PLWH is 

increasingly recognized. Loneliness, social support, and living alone continue to be recognized as distinct 

constructs among older adults with HIV (Perissinotto & Covinsky, 2014). Additionally, previous research 

suggests that older adults living with HIV have distinct social experiences that uniquely impact their 

health and wellbeing (Brennan-Ing et al., 2017; Shippy & Karpiak, 2005). This was also reflected in our 

sample. For example, 43.5% of participants listed a healthcare provider, distinct from a social worker or 

therapist, in their perceived social support networks. Any reported loss of a social support person in the 

past year, reported by nearly a third (32.2%) of the sample, corresponded to more social isolation but not 
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to loneliness. In the ROAH study, one of the most robust sources of information about social 

connectedness among aging PLWH, loss was characterized by some as part of the cost of social 

connections with other HIV-seropositive adults and contributes to the fragility of social networks in this 

community (Shippy & Karpiak, 2005). Additionally, the results from our first study aim, in which we saw 

that characteristics of the socioeconomic environment were correlated to social isolation, highlight social 

isolation as a construct aligned with marginalization, which disproportionately affect PLWH and may 

impact cognitive aging outcomes. However, there is little scientific study of these relationships among 

HIV seropositive populations. The various dimensions of social support among people aging with HIV, 

such as socioeconomic status, loss, and access to healthcare, could represent targets for improving 

cognitive outcomes in this population. 

The current literature examining the relationship between social isolation and/or loneliness with 

cognitive functioning has mixed results. The only other study to date examining both loneliness and 

social isolation with cognitive status in the same sample showed that poor social support, but not 

loneliness, was associated with worse neuropsychiatric status when measured by the MoCA (Bourgeois et 

al., 2020). Similar to that study, our findings showed that social isolation, but not loneliness, was 

associated with higher odds of worse cognitive impairment status in some cognitive domains. Four other 

studies to date have examined social connectedness variables with cognitive status as measured by a full 

battery of NP tests (Atkins et al., 2010b; Han et al., 2017; Harris et al., 2020; Moore et al., 2018). In 

contrast to our results, one of these studies found a relationship between more loneliness and worse 

cognitive status (Harris et al., 2020). However, Harris et al. (2020) measured loneliness with a single item 

question from the OARS scale, which has not been validated and may therefore suffer from low construct 

validity and unknown reliability. Han et al. (2017) only found a relationship between cognitive 

impairment and loneliness when they looked at interaction by race, suggesting that our results may have 

been affected by having a predominantly White sample. Our study contributes to this literature through 

the use of validated instruments for social isolation and loneliness as well as use of a neuropsychological 
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test battery for cognitive status, which is the gold standard for measurement of cognitive impairment in 

this population.  

Our study indicates that some cognitive domains may be more substantially affected by isolation 

than others. Among those with lower social support, there were decreased odds of impairment in attention 

and working memory and speed of processing, but not the other three cognitive domains. Even in 

stratified analysis, the there was a lower odds of impairment in attention and working memory among 

those with more total network support. Though lack of precision in the estimated odds ratios may have 

introduced bias in the stratified results, “spotty” impairments are a noted clinical manifestation in HAND. 

Future research about these relationships may benefit from examining the impact of social connectedness 

on both global cognitive changes as well as domain based changes. 

The impact of confounding and contributing conditions to risk of HAND are important to 

consider in the association between social connection and cognitive outcomes. In one of the largest papers 

examining risk for HAND, those who had confounding conditions had a substantially higher probability 

of cognitive impairment (Heaton et al., 2010). These conditions, which include substance use, mental 

health, psychoactive medications, and other chronic health conditions reflect many of the health 

disparities/inequalities experienced by PLWH. The sample used in the present study included participants 

with these conditions to more closely reflect the population of PLWH. Further investigation is needed to 

discern the particular cognitive effects of social connectedness among those with contributing and 

confounding conditions. 

Limitations  

This study is limited in some ways. First, this is a cross-sectional secondary data analysis of a 

sample recruited for a mindfulness based randomized control trial to address symptoms of cognitive 

impairment. Therefore, no elements of causality or temporality could be assessed. Additionally, this may 

have introduced selection bias, which may limit external validity. However, the flexible enrollment 
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criteria regarding contributing and confounding conditions likely improved the overall generalizability of 

the sample. Additionally, Second, there may be issues with bias inherent in self-report instruments. Third, 

we noted a reduction in statistical power, and the precision of effect estimates, in our stratified analyses. 

This research merits replication in larger, more diverse cohorts.   

Summary and Conclusions  

In this study, we found that among older adults with HIV-associated neurocognitive disorders, 

loneliness and social isolation are constructs with different dimensions. Loneliness was correlated with 

mental health measures such as stress, anxiety, and depression. In contrast, social isolation was correlated 

with other conditions and experiences reflecting marginalization, such as history of substance use 

disorder, Hepatitis C, lower educational attainment, and area level poverty. Neither isolation nor 

loneliness were associated with self-reported cognitive symptoms. After adjustment for contributing and 

confounding conditions and other covariates, we found that social isolation was associated with worse 

impairment in two cognitive domains (ATT and SPD). Loneliness was not associated with cognitive 

impairment. These associations signal unique relationships between cognitive aging among PLWH and 

various aspects of social connectedness and social context. Nursing research should prioritize future 

research to examine the risk of social isolation and loneliness in neurocognitive and other health 

outcomes among aging PLWH.  
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Abstract 

Chronic inflammation in HIV has been linked to increased morbidity and mortality among 

PLWH. The CD4/CD8 ratio is an emerging biomarker of inflammation and immune dysregulation in 

HIV. Though CD4/CD8 ratio is thought to represent a marker of chronic inflammation, it has not been 

thoroughly investigated and debate remains as to the clinical and biological relevance of a low/inverted 

CD4/CD8. We explored the association of CD4/CD8 cell ratio with clinical characteristics and other 

biomarkers of inflammation associated with HIV infection (IL-1b, IL-6, IL-8. IL-10, CRP, INF!	, TNF#	, 

MPO, SAA, and SAP, and monocyte subsets) through latent profile analysis and logistic regression. We 

found that low CD4/CD8 ratio was associated with Hepatitis C, years living with HIV, and low nadir 

CD4 T-cell count (≤200 cells/uL). Adjusted regression analysis showed that the lowest CD4/CD8 tertile 

was associated with high inflammation profile, as measured by established pro-inflammatory serum 

biomarkers (AOR=1.265, 95% CI: [-0.020, 2.551]). Additionally, the lowest CD4/CD8 tertile was 

associated with an expanded subset of mature monocytes compared to the highest tertile (β= 0.197, 95% 

CI: [0.010, 0.384]). The results of this study suggest a mechanistic link between CD4/CD8 ratio, chronic 

inflammation, and peripheral blood monocytes that may increase risk of HAND and other health 

outcomes in aging populations of PLWH.   
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Background 

Even when HIV is well-managed, people living with HIV (PLWH) commonly develop aging-

related conditions such as cardiovascular disease, cancers, liver disease, and HIV-Associated 

Neurocognitive Disorders (HAND) decades ahead of their HIV-negative counterparts, and their life 

expectancy is significantly reduced (Miller et al., 2014). It is thought that virally mediated changes in the 

immune system can lead to a compression of the aging process, resulting in earlier onset of age-related 

chronic disease and frailty (OAR Working Group on HIV and Aging, 2012). Additionally, HIV infection 

is associated with chronic, low-level inflammation throughout the body, which is in turn related to a 

number of health conditions (Deeks et al., 2013).  

Inflammation in HIV-1 infection is marked by certain biomarkers that are activated by HIV-1 in 

the central nervous system (CNS) and in the periphery. A biomarker is defined by the Food and Drug 

Administration (FDA)/National Institutes of Health (NIH) Biomarker Working Group as “A defined 

characteristic that is measured as an indicator of normal biological processes, pathogenic processes, or 

responses to an exposure or intervention, including therapeutic interventions. Molecular, histologic, 

radiographic, or physiologic characteristics are types of biomarkers but a biomarker is not an assessment 

of how an individual feels, functions, or survives.” (FDA-NIH Biomarker Working Group, 2016). For 

example, middle to older adults (45–76 years of age) on combination ART have been found to have 40–

60% higher concentrations of interleukin (IL)-6, a strongly pro-inflammatory cytokine, in circulation 

compared to age-matched controls (Neuhaus et al., 2010). The authors of this study also found that 

PLWH had increased high sensitivity C-reactive protein (hsCRP), which is another indicator of systemic 

inflammation (Deeks, 2011). Another example of biomarkers with links to disease in PLWH is the 

expansion of mature HIV-infected monocytes (CD14+ CD16+), which preferentially transmigrate across 

the blood-brain barrier and mediate neuroinflammation in the CNS, contributing to neurocognitive 

impairment (Veenstra et al., 2017). 
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The CD4/CD8 cell ratio is another emerging biomarker of chronic inflammation and immune 

dysfunction among people aging with HIV (Lu et al., 2015). Low CD4/CD8 cell ratio (≤ 1.0) is thought to 

reflect chronic inflammation in PLWH, even when HIV is treated with ART medications (Lu et al., 2015; 

McBride & Striker, 2017; Saracino et al., 2014; Serrano-Villar & Deeks, 2015). As the HIV virus infects 

and destroys CD4 T-cells, CD8 T-cells expand in response to the virus. If a person with HIV is treated 

with ART, they may restore/normalize their CD4 counts and CD8 count declines in response, leading to 

normalization of the CD4/CD8 cell ratio (Serrano-Villar & Deeks, 2015). For some, despite ART 

medications and viral suppression, CD8 cells remain elevated and the CD4/CD8 ratios fail to improve 

even when CD4 cell count has recovered (Cao et al., 2016) (Figure 4.1). Evidence demonstrates an 

overall increased risk of morbidity and mortality in HIV-positive individuals whose ratio fails to 

normalize (Mussini et al., 2015; Serrano-Villar et al., 2014). In a small number of studies, lower or 

inverted CD4/CD8 ratio was associated with the development of neurocognitive disorders (Correa et al., 

2014; Grauer et al., 2015; Rawson et al., 2015; Vassallo et al., 2017). 

Recent studies have identified the following factors may contribute to lower CD4/CD8 ratio: 

Older age, lower nadir CD4 cell count, detectable HIV viremia, cytomegalovirus (CMV) co-infection, 

duration of HIV viral suppression, and certain inflammatory biomarkers (hs-CRP, IL-6) (Mussini et al., 

2015; Serrano-Villar et al., 2014; Lu et al., 2015). A better understanding of the relationship of this ratio 

to inflammation and other immunologic biomarkers as well as clinical characteristics will help to guide 

further research on the role of CD4/CD8 in HIV health outcomes in aging populations and possibly lead 

to targeted interventions.   

In this study, we have three primary objectives: 1) Explore the clinical correlates of varying levels 

of CD4/CD8 T-cell ratio; 2) Explore the associations of CD4/CD8 T-cell ratio and established pro-

inflammatory biomarkers (IL-1b, IL-6, IL-8, IL-10, CRP, INFy, TNFa, MPO, SAP, and SAA); and, 3) 

Examine the associations of CD4/CD8 T-cell ratio and peripheral blood monocyte concentration. We 

approach these objectives through an exploratory analysis of adults with HIV in the Public Dataset for the 
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Hawaii Aging with HIV Cardiovascular Study cohort (HAHCS-PDS), a natural history longitudinal study 

comprised of PLWH ages 40 and over. Key terms and concepts for this paper are summarized in the 

glossary (Table 4.9).  

Methods 

Sample 

The HAHCS was designed to capture a representative set of individuals in Hawaii living with 

HIV-1. The sample used for this study aim is the HAHCS-PDS, which is restricted to the older age group 

(age 40+ years, n=103) from the baseline cohort of the HAHCS. This dataset was made publicly available 

by the authors at the University of Hawaii at Manoa (Shikuma & Chow, 2016). Participants had 

evaluations of their medical history, medication/adherence history, a Diagnostic and Statistical Manual of 

Mental Disorders (DSM)–IV-based substance abuse/dependence inventory, and immunologic and 

virologic laboratory tests. Recruitment, enrollment, and study procedures have been published in detail 

elsewhere (V. Valcour, Shikuma, Shiramizu, Watters, Poff, Selnes, Holck, et al., 2004; V. Valcour, 

Shikuma, Shiramizu, Watters, Poff, Selnes, Grove, et al., 2004). 

Inclusion & exclusion criteria. This cohort includes participants living with HIV-1 in Hawaii, 

USA, age 40 and over and receiving stable antiretroviral therapy (ART) enrolled in 2009. All participants 

enrolled had demonstrated viral suppression for at least 3 consecutive months. Exclusion criteria include: 

1) Diagnosed major psychiatric disorder including bipolar illness, schizophrenia, or active major 

depression, 2) Head injury with loss of consciousness greater than 1 hour, 3) Opportunistic brain 

infection, 4) Learning disability, and 5) Major neurologic disease such as multiple sclerosis, major stroke, 

or current delirium. Certain variables included in original study protocol are not included in the publicly 

available data (Shikuma & Chow, 2016).  
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Measures/Variables 

 Dependent variables. CD4 and CD8 T-cell lymphocyte counts were obtained by standard 

technique from a local certified reference laboratory. The CD4/CD8 ratio was calculated as the ratio of 

the absolute count of CD4 T-cells to CD8 T-cells measured at baseline. HIV literature has examined the 

CD4/CD8 in heterogeneous ways, and there is not yet definitive clinical or population health evidence as 

to what should be considered a “low ratio.” Therefore, we first explored the clinical correlates of ratio 

cut-points ranging from 0.50 to 1.10. We then operationalized the CD4/CD8 ratio into teriles: 1st tertile 

was called “low ratio” (Range: 0.129-0.501), the 2nd tertile was called “middle/low ratio” (Range: 0.512-

0.837), and the 3rd tertile was called “high/normalized” (Range: 0.838-2.041).  

Independent variables. Inflammatory biomarker data is available for n=87 participants in the 

HAHCS-PDS. The inflammatory biomarkers in this analysis include acute phase reactants and cytokines 

that play a role in the complex process of inflammation in those with HIV. To measure these proteins, 

plasma was assayed for biomarkers of systemic inflammation including C-reactive protein (CRP), 

interleukin (IL)-6, IL-8, IL-10, IL-1b, tumor necrosis factor (TNF)-α, serum amyloid A (SAA), serum 

amyloid P (SAP), myeloperoxidase (MPO), interferon (IFN)-!	. Antibody-coated beads were used in a 

high sensitivity Milliplex Human cardiovascular disease biomarker panel (Millipore, Billerica, 

Massachusetts). The minimum detectable concentration of CRP of this assay is 0.001 ng/ml−1. Samples 

were acquired on a Labscan 200 analyzer (Luminex, Austin, Texas) using Bio-Plex manager software 

(Bio-Rad, Hercules, California). The average coefficient of variation of all biomarker measurements was 

less than 10% (Shikuma & Chow, 2016).  

Monocyte data was available for n=75 participants in the HAHCS-PDS. Monocytes were 

measured from frozen peripheral blood mononuclear cell (PBMCs) and then separated into monocyte and 

non-monocyte fractions, using the Human Monocyte Enrichment Kit without CD16 Depletion (StemCell 

Technologies, Vancouver, BC, Canada) as per manufacturer's guidelines, which is a negative selection, 

leaving the CD14 cells untouched. The CD14 monocyte fractions were then separated into CD16+ 
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(activated) and CD16− (non-activated fractions). Activated monocytes (CD14+CD16+) were labeled with 

the alpha CD16-biotin antibody (BioLegend, San Diego, CA) and magnetically separated by streptavidin 

magnetic particles (Chemicell). Percentages of classical, intermediate, non-classical, and transitional 

monocyte subsets were determined based on CD14 and CD16 staining and absolute numbers of each 

subset were calculated from white blood cells and monocyte percent obtained from available clinical 

labs performed on each participant. 

Covariates. Baseline sociodemographic and clinical variables were collected in a structured 

interview with each participant or from laboratory tests. Current or past substance dependence was 

defined as meeting DSM-IV criteria. Medical history was obtained through chart review and self-report. 

Current and past smoking status was taken from patient report as yes or no responses. Height, weight, 

systolic and diastolic blood pressure, waist and hip circumference were measured by trained staff. 

Hepatitis antibodies were tested via standard assays using peripheral blood draw. Duration of HIV 

infection was defined as elapsed time since first HIV positive test. Reporting of nadir CD4 lymphocyte 

count, date of first HIV positive test, and risk for HIV were obtained by a structured interview. Plasma 

viral loads were assessed using Amplicor HIV Monitor Ultrasensitive Assay (Roche Molecular System, 

Branchburg, NJ).  

Statistical Analysis 

Sociodemographic and clinical characteristics are reported to describe the cohort. Immunological 

biomarkers are described using the mean or median and interquartile range for continuous variables, 

depending on the skewedness of the distribution. Frequency in percentage is used to describe categorical 

variables. Prior to the proposed analyses, we explored the distribution of the data both qualitatively and 

statistically. Concentrations of all inflammatory biomarker and monocyte variables were significantly 

right skewed and violated assumptions of normality on Shapiro–Wilk tests and Q–Q plots. These skewed 

distributions were therefore transformed to create normally distributed data. Crude (unadjusted) 



	 	 	
	

	 	 	
	

154	

relationships between the dependent and independent variables were evaluated using chi-squared tests, t-

tests, and rank sum tests as appropriate to the data structure. We used an alpha of 0.10 for this exploratory 

analysis (M. Rubin, 2017). Analyses were completed with Stata (StataCorp, 2017). 

Latent Profile Analysis. The target markers for this analysis were those with prior evidence of 

an association with inflammation in chronic HIV infection and/or HAND (Appay & Sauce, 2008; Aratani, 

2018; Deeks, 2011; Pedersen et al., 2013; Subramanian et al., 2012). Latent profile analysis (LPA) was 

used to examine latent subgroups among nine inflammatory biomarkers. This method provides a person-

centered approach to mixture modeling to identify latent subgroups or profiles within a study sample 

based on patterns of responses to observed variables, or in our case inflammatory biomarkers (Weller et 

al., 2020). These groups are unobserved but inferred from a set of continuous variables and predictors. 

We reported on key aspects of our data that may influence power due to low sample size, and took steps 

to improve the solution and model selection. Using more indicators can help to improve model accuracy 

with sparse data (Wurpts & Geiser, 2014), therefore we included 10 indicators in the LPA. Furthermore, 

sample size has been shown to have little effect on the goodness of fit tests when the degree of separation 

between classes is high (Tein et al., 2013). We calculated and reported the degree of separation 

(Mahalanobis distance [D] and Entropy) in our data, which supports the validity of our findings. 

We estimated latent profile groups using generalized structural equation modeling (GSEM) with 

three covariates: Undetectable viral load status, Hepatitis C antibody reactivity, and Hepatitis B antibody 

reactivity. These covariates were chosen because they may influence the degree of inflammation in the 

body. Additionally, simulation studies have shown that adding such predictors may improve the fit of the 

model because the covariates provide more information for the estimation process (Wurpts & Geiser, 

2014).  

LPA is based on a probabilistic model, which means that it models the probability of each 

participant belonging to a certain latent profile/class. The LPA model with the most parsimonious 

solution is chosen based on fit indicators of interest: the Akaike information criterion (AIC), the Bayesian 
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information criterion (BIC), entropy, and the likelihood ratio test (LRT) (Conley, 2017). AIC and BIC are 

indications of model fit, with smaller values indicating better fit. Some consider BIC to be the superior 

criterion (Nylund et al., 2007). The LRT is used to statistically compare the fit of the k cluster solution 

with that of the k − 1 class solution. When fit no longer statistically improves (p> 0.05) with the addition 

of a new class, the solution with the smaller number of classes is generally accepted. Entropy is an 

estimate of how distinct each profile is from one another. Entropy values over 0.8 indicate a good 

separate of the latent classes (Celeux & Soromenho, 1996). Though no preset criteria exist for deeming 

model fit acceptable, the cluster solution that provides the lowest AIC and BIC and the highest entropy 

value that also conforms to scientific theory is generally considered the best solution (Weller et al., 2020). 

After LPA model selection, using predicted marginal probabilities, each participant was assigned to one 

of the identified inflammation profiles.  

Regression Analysis. The predicted profile groups from the LPA were used in logistic regression 

models to test the association of the identified profiles with CD4/CD8 cell ratio at given levels (0.50 - 

1.10) while adjusting for covariates. At each level, the marginal probability of being in the high 

inflammation vs low inflammation group is reported.  

We also examined the association between CD4/CD8 and concentration of four peripheral blood 

monocyte subsets: 1) Classical monocytes (CD14++CD16-), 2) Intermediate monocytes 

(CD14++CD16+), 3) “Transitional” monocytes (CD14dimCD16-); 4) Non-classical/mature monocytes 

(CD14low/+CD16++). We operationalized CD4/CD8 using the tertiles because we could not verify the 

assumptions for linear regression (treating both variables as continuous). For our regression analysis, we 

estimated the coefficient for change in log monocyte concentration using the highest (3rd) tertile as the 

referent. Therefore, we report the following parameters: Lowest (1st) versus highest/normalized (3rd) 

tertile and middle (2nd) versus highest/normalized (3rd) tertile (Figure 4.2). We also report the marginal 

mean of the log monocyte subset concentration in each CD4/CD8 tertile. 
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Confounders for regression were chosen using a combination of a priori selection from current 

scientific evidence and selection based on bivariate analysis of our sample. For regression analysis of high 

and low inflammation profiles, confounders included age, male gender, and BMI. For regression analysis 

of monocyte concentration, confounders included age, years living with HIV, undetectable viral load 

status, male gender, and smoking status. We excluded nadir CD4 count as a covariate from regression 

models to avoid risk of bias from co-linearity, as nadir CD4 cell count has a strong correlation with 

current CD4 cell count in our data (r=0.56) and in extant literature (Lu et al., 2015). To address issues 

related to bias by HIV treatment era, we examined differences in CD4/CD8 ratio by era of HIV 

seroconversion. We found no differences in mean CD4 or CD8 cell count by treatment era (Appendix 

4.B, Figure 4.9-4.10). Therefore, no adjustment was made for HIV treatment era in our final analyses.  

Results 

The average age of the sample was 51.5 years (SD 7.4), 85.5% were male and 58.65% were white. 

Eighty-four percent (84%) of the sample reported a substance use history, though substance use data was 

missing for nearly a third (31.1%) of the sample. The majority (72.46%) had been living with HIV for 10 

or more years or longer, and 37.27% of data was missing for this variable. Though 64.1% reported ever 

smoking, only 24.3% reported current smoking. Almost 15% had a history of Hepatitis C infection and 

66.4% had a nadir CD4 cell count below 200 cells/uL. Eighty-six percent (86.0%) had an undetectable 

viral load. Additional sample characteristics are summarized in Table 4.1.  

Figure 4.3 shows the relationship between absolute CD4 and CD8 T-cells and log CD4/CD8 

ratio, plotted as a quadratic function. The median CD4/CD8 cell count of the sample was 0.686, with an 

IQR of 0.471 to 1.742. Because there remains debate about what CD4/CD8 cut-points are clinically 

and/or biologically most relevant (Bruno et al., 2017), we explored sample characteristics using CD4/CD8 

cut-points from 0.50 to 1.10 by tenths. In looking at Figures 4.4 and 4.5 qualitatively, we saw little 

variation between cut-points in the mean age, proportion with an undetectable viral load, and proportion 

with history of Hepatitis C infection; However, did we did observe lower proportions of people who ever 
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smoked at CD4/CD8 ratio cut-points of 0.8 and above. Additionally, the proportion of people with a low 

nadir CD4 cell count (≤200 cells/uL) decreased as ratio cut-point increased (Figures 4.4-4.5).  

We then explored clinical and sociodemographic variables with CD4/CD8 ratio by tertile, with 

the highest (3rd) tertile as the referent group. CD4/CD8 ratio ranged from 0.129 to 0.501 in the lowest (1st) 

tertile, 0.512 to 0.837 in the middle (2nd) tertile, and 0.838 to 2.041 in the highest (3rd) tertile (Figure 4.2). 

There was a higher odds of nadir CD4 cell count ≤200 cells/uL in the lowest compared to the highest 

tertile (OR: 1.803, 95% CI: [0.523, 3.082]). Additionally, those with CD4/CD8 ratio in the lowest (1st) 

tertile had significantly more years living with HIV (β=5.407, 95% CI: [1.024, 9.791]). Notably, smoking 

status, past or current Hepatitis C, and viral load was not statistically significant between tertiles.  

Latent Profiles of Inflammation 

Results from the LPA supported the finding of two distinct profiles of inflammatory biomarkers 

among the HAHCS-PDS cohort. Table 4.4 presents LPA model fit indices for different profile models. 

As shown in Table 4.4, the BIC and Entropy values suggested a two- profile solution provided the best 

fit. The AIC did not align with these indices, but because the BIC is considered a more reliable fit statistic 

in LPA, we selected a two-profile model. Furthermore, the Mahalanobis distance (D) for the three profile 

model suggested low degree of separation between classes 2 and 3 (D2,3= 1.03; D1,2= 3.74). In contrast, the 

distance between the two-profile solution showed a very large degree of separation between profiles (D1,2 

= 2.133).  

After we identified the best fitting solution as that with two-profiles, we then assigned each case 

to a specific profile based on their posterior profile membership probabilities. 23.2% of the sample was 

predicted to be in the first profile and the rest were in the second profile (Table 4.5). We then began to 

interpret the two profiles in the context of scientific theory. For each biomarker, higher values were noted 

to be in the second profile, which we named the “high-inflammation” profile. Likewise, the first profile 

was named the “low inflammation” profile to indicate the relatively lower values of each biomarker. 
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Figure 4.6 graphically represents the marginal means of each biomarker in the high and low profiles. In 

unadjusted analysis, we found that high inflammation profile was associated with older age, male gender, 

higher BMI, and higher CD8 T-Cell count. High inflammation was also associated with HCV history, 

however this was likely because HCV status used as a covariate for the LPA (Table 4.3). 

We then began to explore the relationship of CD4/CD8 ratio to the inflammation profiles. Figure 

4.7 displays the proportion of the sample below each CD4/CD8 ratio threshold in the low and high 

inflammation profile groups. Among those in the high inflammation group, there is a consistently higher 

proportion of the sample below each CD4/CD8 cut-point. For example, 81.7% (CI: 69.6% - 89.6%) of 

those with high inflammation had an inverted ratio, whereas only 65.2% (CI: 44.0% - 81.8%) of those 

with low inflammation had an inverted ratio. Similarly, 61.7% (CI: 48.7%-73.2%) of those with high 

inflammation had a low ratio compared to just 26.1% (CI: 12.1% - 47.6%) of those with low 

inflammation. When we examined inflammation profiles by CD4/CD8 tertile, adjusting for age, gender, 

and BMI, we found increased odds of high inflammation among those in  the (1st) tertile versus the 

highest (3rd) tertile (AOR=1.248, 95% CI: -0.020, 2.551). There was not a significant difference in odds 

of high inflammation profile for those in the middle (2nd) tertile versus the highest (3rd) tertile (Table 4.6).  

Peripheral Monocyte Subsets 

We examined the change in monocyte concentration that corresponded to increasing CD4/CD8 

ratio tertiles. In the lowest (1st) compared to the highest (3rd) tertile, there was a 0.197 higher log 

concentration of mature monocytes (95% CI: 0.010, 0.384). The difference in mature monocytes between 

the highest (3rd) and middle (2nd) tertile was not significant. We did not see significant differences by 

tertile in any other peripheral blood monocyte subsets (Table 4.7).  

Discussion 

This study was an exploratory analysis of CD4/CD8 in a cohort of PLWH ages 40 and over. We 

sought to investigate the association of CD4/CD8 with biomarkers of inflammation, monocytes subsets, 
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and other clinical characteristics and conditions. Adjusted regression analyses showed that participants in 

the lowest (1st) CD4/CD8 tertile (Median 0.3458, Range: 0.129 - 0.501) had increased odds of being in 

the high inflammation profile. Additionally, in this cohort, CD4/CD8 ratio the lowest (1st) tertile was 

associated with an expanded subset of mature monocytes. Markers of chronic inflammation in HIV have 

been linked to increased morbidity and mortality among PLWH (Serrano-Villar & Deeks, 2015) and is 

considered an accurate predictor of non-AIDS events (Bruno et al., 2017). Though CD4/CD8 is thought 

to represent a marker of chronic inflammation, this is still an emerging area of scientific investigation. 

Our study adds to the literature with the finding that low CD4/CD8 is associated with higher levels of 

soluble pro-inflammatory biomarkers and an expanded subset of mature monocytes in a cohort of PLWH 

ages 40 and over.  

In the general population, inverted CD4/CD8 is considered a surrogate marker of immune 

senescence and is found in approximately 5% of the healthy, age-adjusted population (Amadori et al., 

1995); However, among PLWH, an inverted CD4/CD8 (<1.0) is much more prevalent. This has led to an 

ongoing debate about whether there may be a more informative and/or clinically relevant threshold for 

CD4/CD8 among PLWH (Bruno et al., 2017; Saracino et al., 2014). For example, in a large prospective 

Canadian study, only 7.2% of participants achieved a normalized (>1.0) CD4/ CD8 ratio within a median 

of three years after ART initiation (Leung et al., 2013). In our analysis of middle-aged and older adults 

who had been living with HIV for a mean of 14.9 years, CD4/CD8 was operationalized into tertiles to 

explore the clinical correlates of this biomarker. We found low (1st tertile) CD4/CD8 ratio, which ranged 

from 0.129 to 0.501, was associated with more years living with HIV and low nadir CD4 T-cell count; 

however, those in the middle tertile, which ranged from 0.512 to 0.837, did not show this association. 

Similarly, we saw that the lowest (1st) tertile, but not the middle (2nd) tertile, to be associated with higher 

concentration of mature monocyte as well as increased odds of having a high inflammation profile. Taken 

together, this evidence suggests that CD4/CD8 ratio less than 0.50 may provide additional clinically 

relevant information about risk of health outcomes among middle-aged adults living with HIV.  
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In this study, we used LPA to assess soluble biomarkers of inflammation and found that our 

sample fell into two distinct profiles: those with lower and higher levels of inflammatory biomarkers. 

These inflammation profiles reflect the concentration of peripheral pro-inflammatory cytokines, with 

particularly high concentrations of SAP, SAA, and CRP. Additionally, when we looked at these 

biomarkers in single, pairwise analyses we saw that TNFα, MPO, and SAP were significantly associated 

with CD4/CD8 cell ratio (Appendix 4.A, Table 4.10). These findings link a higher inflammation profile 

among middle-aged and older PLWH to certain cytokines with a known role in the etiology of HAND. 

TNFα has been implicated in risk for HAND due to its role in neuronal cell death (Bortolato et al., 2015; 

Brabers & Nottet, 2006). Additionally, TNFα co-operates with several other pro-inflammatory mediators 

to enhance toxic effects and enhances permeability if the blood brain barrier (Brabers & Nottet, 2006). 

Serum amyloid A (SAA, serum amyloid P (SAP) and CRP are considered acute phase reactants and 

markers of active inflammation (Lau et al., 2006). While serum amyloid has not been extensively studied 

in connection neuroinflammation in HIV, CRP has been linked to HIV-associated cognitive impairment 

(Rubin et al., 2018). One study (Rubin 2020) examined the peripheral immune responses implicated in 

neuroinflammatory processes among women living with HIV. They identified IL-6 and SAA (among 

others) in a neuroinflammatory profile, characterized by leukocyte recruitment to the brain, while CRP 

and IL-10 (among others) was linked to T-cell recruitment to the brain. This study determined that a 

leukocyte migration immune profile may be a major contributor to immune dysfunction in HIV, and is 

known to contribute to chronic neuroinflammation during HIV infection despite viral suppression with 

ART . (Rubin 2020) 

We found that higher inflammation profile was associated with increased age, male gender, 

higher BMI, and the lowest CD4/CD8 ratio tertile. In a study by Saracino et al. (2014), CD4/CD8 cell 

ratio <0.90 was not associated with chronic inflammation measured by IL-6, high-sensitivity (hs)CRP, 

and D-dimer levels. These authors state that their chosen biomarkers may not accurately reflect the 

concept of inflammation. Furthermore, Saracino et al. (2014) suggest that lower cutoffs, such as those 
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used in the present study, may be more discriminative in the population of PLWH. Our study examined 

IL-6, CRP, and several other markers of inflammation in pairwise analyses (Appendix 4.A, Table 4.10, 

Figure 4.8), and found that only TNF# and SAP were correlated on CD4/CD8 ratio. In this study, when 

biomarkers were examined as latent profiles, rather than stand-alone cytokines, the lowest tertile of 

CD4/CD8 ratio was associated with a profile signaling higher peripheral inflammation. While certain 

biomarkers may have driven this relationship, the use of LPA shows that inflammation may be seen as a 

complex and dynamic system, and the CD4/CD8 ratio may be a useful indicator of the overall state of 

these inflammatory biomarkers.  

In PLWH, monocytes are composed of three distinct phenotypic subsets based on CD14 and 

CD16 expression: Classical (CD14++CD16−), Intermediate (CD14++CD16+), and mature/non-classical 

(CD14+CD16++ and CD14+CD16+) subsets. Classical monocytes are the first subset to appear in 

peripheral blood, followed by intermediate, and then they develop into non-classical and mature 

monocytes (Valcour et al., 2010). Monocytes are noted to be chronically activated during HIV infection.  

Mature HIV-infected monocytes (CD14+ CD16+) preferentially transmigrate across the blood-brain 

barrier. These mature monocytes mediate neuroinflammation in the CNS and can cause neuronal damage, 

contributing to neurocognitive impairment regardless of ART status (Veenstra et al., 2017). The current 

body of evidence has established that activated monocytes in HIV infection are some of the main factors 

in the development of cardiovascular disease, neurocognitive disorders, and overall aging of the innate 

immune system. Specifically, a previous study in the HAHCS cohort found mature monocytes were 

associated with neurocognitive deficits (Valcour, Shikuma, Watters, & Sacktor, 2004).  

A small number of studies have linked the CD4/CD8 ratio biomarker to risk of HAND (Correa et 

al., 2014; Grauer et al., 2015; Rawson et al., 2015; Vassallo et al., 2017), but none have provided specific 

evidence about potential biological pathways or mechanisms for this risk. Our study suggests a link 

between CD4/CD8 ratio and systemic inflammation—particularly with inflammatory biomarkers that are 

associated with neurocognitive disorders, such as TNF#	and mature monocytes. The results of this study 
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suggest a mechanistic link between CD4/CD8 ratio, chronic inflammation, and PBMCs that may increase 

risk of HAND. 

Limitations 

Limitations to the internal validity of this study include the use of secondary data, in which the 

data collection was not designed to answer our particular research questions. Additionally, the data do not 

allow us to estimate causal relationships. Data on the relationship of inflammation and cognition could 

not be tested because there were no neurocognitive variables included in the PDS. The validity of the 

statistical conclusions in this study were impacted by the sample size. We may have low power due to the 

sample size for our latent profile analysis; However, we report on key aspects of our data that may 

influence power and take steps to improve the solution and model selection. We calculated and reported 

the degree of separation in our data, which supports the validity of our findings. We were not able to 

control for the effect of CMV exposure or genetic factors on the CD4/CD8 ratio, therefore this should be 

explored in future research. The external validity of this study may be limited, as this sample excluded 

those diagnosed major psychiatric disorder and anyone who was not virally suppressed. Additionally, 

65.4% of the sample was diagnosed in the pre-ART era. We examined the possibility of bias by ART-era 

in the dependent variable in a bias analysis, and found this to be less likely.  

Summary and Conclusions  

CD4/CD8 ratio likely reflects a complex phenotype, and more information is needed about how 

and why CD4/CD8 impacts risk for morbidity and mortality in aging and HIV. Our exploratory analysis 

examined the association of the CD4/CD8 ratio with inflammation profile and monocyte subsets among 

adults living with HIV 40 and older. We found that CD4/CD8 ratio in the lowest tertile (range: 0.129 to 

0.501), but not the middle tertile, was associated with a higher inflammation profile and expanded subset 

of peripheral mature monocytes. The results of this study suggest a mechanistic link between CD4/CD8 

ratio, chronic inflammation, and peripheral blood monocytes that may increase risk of HAND and other 
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health outcomes in aging populations of PLWH. We concluded that the relationships between these 

biomarkers of inflammation remains an important subject for further investigation, and the particular 

utility of low CD4/CD8 ratio (≤0.50) should be considered for future clinical and population health 

research.  
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Abstract 

Inverted CD4/CD8 ratio (≤1.0) is a marker of chronic inflammation in people living with HIV 

(PLWH). To date, there is little known about the individual-level characteristics and correlates of 

CD4/CD8 cell ratio among PLWH. The aim of this study is to examine the intra-individual variability and 

determinants of CD4/CD8 cell ratio over 10 years among women living with HIV in the WIHS study. 

Methods: We estimated the intra-individual variability and change in CD4/CD8 ratio among HIV+ 

women over 10 years with linear mixed effects regression models. Subsequently, we examined the 

average associations of CD4/CD8 ratio with HIV-related variables, sociodemographic characteristics, and 

health conditions over 10 years of follow-up time. We operationalized CD4/CD8 ratio in two ways: 1) 

“Low” CD4/CD8 ratio (≤ 0.70 versus >0.70), and 2) “Inverted” CD4/CD8 ratio (≤1.00 versus >1.00). We 

used random-effects logistic regression, and all models were weighed for inverse probability of censoring 

to account for potential bias. Results: When we examined the intra-individual variability in log CD4/CD8 

ratio over 10 years (n=1,462), there was no significant time trend and the ratio was relatively stable over 

the study period (ICC=0.895). Log CD4/CD8 ratio decreased with age, and detectable viral load and 

increased with ART adherence. Both inverted and low CD4/CD8 ratio were associated with detectable 

viral load and years of educational attainment. In a follow-up analysis to examine “very low” CD4/CD8 

ratio (≤0.50 versus >0.50), this variable was associated with age, detectable viral load, Hepatitis C, and 

lower educational attainment. Conclusion: Among women with HIV, CD4/CD8 ratio is associated with 

both individual and sociodemographic factors, many of which are also implicated in age-related 

conditions among PLWH.   
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Background 

Even when HIV is well-managed, people living with HIV (PLWH) commonly develop aging-

related conditions such as cardiovascular disease, cancers, liver disease, and HIV Associated 

Neurocognitive Disorders (HAND) decades ahead of their HIV-negative counterparts, and their life 

expectancy is significantly reduced (Miller et al., 2014). It is thought that virally mediated changes in the 

immune system can lead to a compression of the aging process, resulting in earlier onset of age-related 

chronic disease and frailty (OAR Working Group on HIV and Aging, 2012). Low CD4/CD8 cell ratio is 

thought to be a biomarker of chronic inflammation and aging of the immune system (Lu et al., 2015; 

McBride & Striker, 2017; Saracino et al., 2014; Serrano-Villar & Deeks, 2015) (Figure 5.1). Studies have 

identified the factors that may be associated with low CD4/CD8 ratio among PLWH: Older age, lower 

nadir CD4 cell count, detectable HIV viremia, cytomegalovirus (CMV) co-infection, duration of HIV 

viral suppression, and certain inflammatory biomarkers (hs-CRP, IL-6) (Lu et al., 2015; Serrano-Villar & 

Deeks, 2015). The precise threshold for what to consider a low CD4/CD8 cell ratio among PLWH is still 

debated and there is a paucity of studies that confirm the clinical and population health relevance of this 

biomarker at various cut-points. Similarly, there is little information about clinical and sociodemographic 

factors associated with CD4/CD8 cell ratio, and the subject-specific variability of this ratio over time has 

not yet been established in the HIV literature. 

Study Rationale and Objectives 

The overall objective of this study is to examine the CD4/CD8 ratio over 10 years among women 

living with HIV. The aims of this study are: 1) Examine intra-individual variability in the CD4/CD8 ratio 

change over time, and investigate which sociodemographic and clinical characteristics are associated with 

this variability; and, 2) Examine the sociodemographic and clinical characteristics associated with low 

and inverted CD4/CD8 ratio among a population of women living with HIV.  
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Methods 

 Sample 

In this study, to examine the intra-individual variability of CD4/CD8 ratio as well as the 

association of sociodemographic and clinical characteristics low CD4/CD8 ratio, we designed a 

secondary data analysis for a 10-year window of the Women’s Interagency HIV Study Public Data Set 

cohort (WIHS-PDS). The Women’s Interagency HIV Study (WIHS) is a multicenter longitudinal cohort 

study comprised of both HIV-infected women and at-risk HIV-uninfected women (Barkan et al., 1998). 

There are six WIHS consortia, each made up of multiple clinical subsites, located in Bronx/Manhattan, 

NY; Brooklyn, NY; Los Angeles/Southern California/Hawaii; San Francisco/Bay Area, CA; Chicago, IL; 

and Washington, DC. Each consortium represents the population of HIV+ women in its metropolitan 

area. A detailed account of the cohort, recruitment ,and retention have been published (Adimora et al., 

2018; Bacon et al., 2005). The WIHS Public Data Set (WIHS-PDS) provides de-identified data meeting 

HIPAA criteria. Data from HIV-seropositive and HIV-seronegative women are made publicly available 

by the Johns Hopkins School of Public Health. Our data time frame covers the 10 years between 

10/01/1998 (visit 9) through 09/30/2008. We chose this narrow time frame to 10 years to avoid excessive 

bias from cohort effects, while allowing enough time for potential changes in the CD4/CD8 ratio to 

manifest. All participants in the final sample reported seroconversion in the pre-ART era, defined as 1996 

or earlier.  The study sample selection is described in Figure 5.2. 

WIHS Inclusion and Exclusion Criteria 

At the time of the original WIHS recruitment, there were few inclusion and exclusion criteria. 

Adult women able and willing to consent to participation in the study, complete the interview in English 

or Spanish, travel to the research site for an interview and physical examination every six months, and 

have blood drawn for laboratory testing by venous or arterial access were enrolled into one of two groups: 

HIV positive or HIV negative. Women are never withdrawn from the study due to missed visits. 
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Abbreviated visits were conducted over the phone for ill or incarcerated participants, with data collection 

limited to the participant’s medical and therapeutic history for the preceding 6 months and less than 1.0% 

(n=69) were done as abbreviated visits. A detailed description of the original recruitment was published 

elsewhere (Barkan et al., 1998).  

Measures and Variables 

The WIHS is structured with a 6-calendar-month period for visit windows. Centrally scripted 

interviews were conducted at each 6-month WIHS visit. Self-reported data include general medical 

history, antiretroviral therapy, use of drugs, alcohol, and cigarettes, and psychological status. To ensure 

the highest-quality data, centralized training was conducted for all study interviewers at the start of the 

WIHS and again prior to its expansion. A designated interviewer from each consortium completed 

additional training that enabled them to orient new staff and evaluate all interviewers at their sites on an 

annual basis. Additionally, question-by-question guidance forms are distributed at the start of each visit to 

assist interviewers with new questions and their abilities to objectively prompt participants to clarify 

answers when needed. All WIHS participants had blood, and urine specimens taken at each 6-month visit. 

Sociodemographic data was collected through interviewer assessment. Clinical variables were collected 

from serum blood draw or from medical record review.  

Dependent Variable. The dependent variable is the CD4/CD8 cell ratio. CD lymphocyte subsets 

were quantified with standard flow cytometric methods in laboratories participating in the National 

Institutes of Health/National Institute of Allergy and Infectious Disease Flow Cytometry Quality 

Assessment Program. The CD4/CD8 cell ratio is created by taking the ratio of absolute counts of plasma 

CD lymphocytes at each study time point. This variable is available for participants at all time points. We 

examine the CD4/CD8 cell ratio as a continuous, log transformed variable in our analysis of intra-

individual variability. In subsequent analyses of the correlates of CD4/CD8 ratio, we operationalized the 

variable as binary using three separate cut-points: a) Inverted ratio (CD4/CD8 between 0 to 1.0, 
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inclusive); b) Inverted/Low ratio (CD4/CD8 between 0 to 0.70, inclusive); and, c) Inverted/Very low ratio 

(CD4/CD8 between 0 to 0.50, inclusive). 

Independent Variables. Reporting of cytomegalovirus (CMV) infection, and date of first HIV 

positive test were obtained by a structured interview and confirmed by medical record review, when 

available (Barkan et al., 1998). The HIV RNA viral load in plasma was measured with the isothermal 

nucleic acid sequence–based amplification (Nuclisens) method (bioMérieux, Boxtel, Netherlands). Viral 

load levels less than 80 copies/mL were reported as undetectable. Years living with HIV was obtained by 

self-report. Among those in the HIV+ WIHS-PDS cohort at our baseline (visit 9), n=66 (5.1%) did not 

know when their first seropositive test date was. For these participants, the year of the last negative HIV 

test was used in lieu of the first HIV+ test. ART adherence of participants was classified according to 

whether they reported taking all drugs as prescribed at least 95% of the time since the previous 6-month 

visit. This adherence measure was introduced to WIHS instruments in October 1998 (visit 9). On the 

basis of these self-reports, a covariate, measured biannually, that reflected those taking ART 95% of the 

time in the past 6 months was created. We chose to exclude the variable of nadir CD4 cell count due to 

the high amount of missing data, which was only available for 489 (33.44%) participants.  

Participants were asked about smoking habits, and anyone reporting smoking since the last study 

visit (i.e. the past 6 months) was considered a current smoker. Participants self-reporting having smoked 

at least 100 cigarettes in their lifetime were considered positive for lifetime smoking status. A positive 

response to any illicit substance use (cocaine/crack, hallucinogen, speed/methamphetamine, or opioids 

[heroin or non-prescription methadone]) since the last study visit was recorded. 

Certain sociodemographic variables were collected at study baseline (visit 1) only: Monthly 

average income, years of education attained, mother’s educational attainment, and residential status. 

Monthly average income was measured using a response card and the question: “What is the current 

average monthly income, before taxes, of your household. Remember, your household includes family 

members or other people who live with you and depend on that money. Include pay or money from all 
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sources such as wages, salaries, tips, Social Security, Aid for Dependent Children (AFDC), pension or 

retirement, and any other kind of support.” Years education and mother’s years of education was recorded 

during patient interview. This was categorized as no school, grades 1-6, grades 7-11, high school or 

equivalent, some college, 4 years of college, and some/complete graduate school. Residential status was 

categorized as living in one’s own residence, marginally housed (living with family or someone else’s 

home, residential treatment or boarding house, jail) and homeless (living in a shelter, single room 

occupancy [SRO]/ “welfare hotel”, or on the street). 

Social support was measured using the following three yes or no questions: 1) “At times people 

may need help with caring for children, getting a ride somewhere or we may need to borrow something. 

Within the past month did you get this kind of help from family, friends and/or your partner?” 2) “Within 

the past month, have family, friends, and/or your partner given you comfort and encouragement?” 3) 

“During the past month, did family, friends, and/or your partner listen and/or try to understand your 

concerns (worries/troubles)?” The available answers were yes (1), and no (0). These three questions were 

asked yearly from visit 10-20. Thus, the social support scores used for this analysis range from 0-3, with 

higher scores indicating more support. This variable was operationalized as an ordinal variable (0=low 

support, 1=moderate-low support, 2= moderate-high support, and 3=high support). This is not a validated 

scale.  

Depression was represented by a validated measure of depressive symptomology, the CES-D 

scale (González et al., 2017; Long Foley et al., 2002; Zhang et al., 2012). The CES-D is a short scale of 

20 self-report items intended to measure the level of depressive symptomatology in the past week. 

Response options vary from 0 to 3 and refer to frequency of the symptoms, with higher scores indicating 

more severe symptoms. The CES-D literacy level has been defined as easy, and it takes between 2 and 5 

minutes to complete. This scale has been validated in diverse populations (Mueses-Marín et al., 2019). 

Among PLWH, the CES-D is a validated instrument, and when the cut-off score of  ≥16 is used to define 

depression the scale has a sensitivity of 72.7%-79.8% and a specificity of 78.5%-83.0% in different 
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studies (Ranganathan & Pramesh, 2012). In this analysis, we examined CES-D as both a continuous 

variable and as a binary variable using a cutoff score of ≥16.  

Statistical Methods 

All analyses in the WIHS-PDS are restricted to the HIV+ serostatus group (n=3,685). Those who 

started the study as HIV-seronegative but subsequently seroconverted (n=24) were excluded. Those with 

self-reported past CMV infection (n=11) were excluded from the analyses of CD4/CD8 ratio because of 

its well-established, strong effect on the CD4/CD8 ratio (Caby et al., 2016). Because the ART adherence 

measure was not introduced until visit 9 (three years after baseline), we defined visit 9 as our analytic 

baseline. Thus, for this analysis, we include data from the WIHS-PDS (version P15), collected from visit 

9 (10/01/1998) through visit 28 (09/30/2008) (N=1,462) (Figure 5.2). We present the distribution of 

variables at study baseline (visit 1) in the Supplemental Information section. Analyses were conducted in 

Stata (StataCorp, 2017). While we defined alpha at a threshold of 0.05. Other guidance that p-values 

alone should not be used to summarily reject hypotheses (Gelman & Stern, 2006; Greenland et al., 2016; 

Wasserstein & Lazar, 2016), led us to considered the threshold of alpha of 0.10 as indicating potentially 

important relationships between variables. 

We first examine the independent and dependent variables. Sample sociodemographic and 

clinical characteristics were described with means and standard deviations or median and interquartile 

range for continuous variables, and frequency in percentage for binary and categorical variables (Tables 

5.1-5.2). Shapiro–Wilk test, Q–Q plot, and box plot were used to test the data normality. CD lymphocyte 

subsets and CD4/CD8 cell ratio were described using standard deviations or median and interquartile 

range for continuous variables. Shapiro–Wilk test, Q–Q plot, and box plot were used to test the data 

normality, and non-symmetrically distributed variables were transformed. The internal consistency and 

reliability of the CES-D scale is examined using Cronbach’s alpha, which relies on internal consistency to 

evaluate reliability (Tavakol & Dennick, 2011). We then examined the differences in sociodemographic 

and clinical characteristics by inverted and low CD4/CD8 ratio (Table 5.3). 
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To address study aim 1, we examine the intra-individual variability in CD4/CD8 ratio among 

HIV+ women and the effects of co-variates on CD4/CD8 ratio variation over time. We used the log-

transformed CD4/CD8 ratio as a dependent variable in linear mixed effects models with both random 

intercepts and random slopes with an exchangeable covariance structure. This method uses all available 

data for follow-up and takes into account the fact that repeated measures on the same individual are 

correlated with each other. When both the intercept and the slope are fitted as random effects, it allows 

individuals to have different CD4/CD8 ratio at baseline and different rates of change over the follow-up 

period. We then added independent variables as covariates if they were significant in unadjusted analyses 

or previously established factors in CD4/CD8 ratio, and we report both fixed and random effects of the 

model (Table 5.4). Time-invariant covariates in the final model include: Age at recruitment, lifetime 

smoking status, and years living with HIV at recruitment. Time-varying covariates include: Detectable 

viral load, ART adherence, Hepatitis C, and any illicit substance use. Time-varying covariates reflect 

exposures the prior 6-month period of time. To exclude outliers, the values at the highest and lowest 2.5% 

of the distribution of the log CD4/CD8 were truncated to create the trimmed distribution (Figure 5.5). We 

parallel test the full distribution of log CD4/CD8 ratio and an outlier-excluded distribution of log 

CD4/CD8 ratio to avoid bias from extreme values/outliers (Laird & Ware, 1982) (Table 5.4). In Table 

5.4, we report results that are weighted for censoring bias (unweighted results are reported in Appendix B 

(Table 5.8).  

To address study aim 2, we examined the average association of low and inverted CD4/CD8 ratio 

with independent variables over 10 years of follow-up time. We first tested the crude, unadjusted and 

unweighted relationships of low and inverted CD4/CD8 ratio with independent variables using logistic 

regression with random effects for repeated measures in individuals. Second, we selected independent 

variables that were significant in crude analyses to be entered into adjusted and weighted logistic 

regression models. These results are presented in Table 5.5. Third, we perform a follow-up analysis to 

examine “inverted/very-low” CD4/CD8 ratio, defined using the cut-off of CD4/CD8 ≤0.50, as the 
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dependent variable (Table 5.6). This follow-up analysis was developed after examining the distribution of 

the CD4/CD8 in the sample. In Tables 5.5-5.6, we report unadjusted results that are weighted for 

censoring bias. Unweighted results are reported in Appendix B (Table 5.9). 

 Censoring Bias. Bias due to selective mortality and attrition is a potential concern in longitudinal 

studies and is especially relevant in HIV research because HIV predicts subsequent mortality, and it is 

difficult to anticipate the magnitude of bias (Ranganathan & Pramesh, 2012). We assess censorship bias 

through stratification of independent variables by censoring during study period (Appendix C, Table 

5.10) and examining differences in CD4/CD8 ratio by censorship while adjusting for independent 

variables. We determined that bias due to censorship was likely a threat to the validity of the analysis, so 

we constructed a censoring weight using inverse probability weighting methods (Austin & Stuart, 2015). 

The inverse probability of censoring weight (IPCW) was conditioned on age, detectable viral load, ART 

adherence, Hepatitis C, CES-D depression score, smoking status, white racial group, residential status, 

and monthly income. The weight was then trimmed to the central 95% of its distribution to minimize 

issue from very large weights (Figure 5.6). We used the trimmed IPCW in our fully adjusted models 

examining the intra-variability in CD4/CD8 ratio over time and low and inverted CD4/CD8 cell ratio, and 

unweighted models are reported in supplemental information (Austin & Stuart, 2015).  

Results 

All participants were cis-female (n=1,462). The mean age at time of recruitment was 36.18 years 

(SD 7.82) and the majority of the sample (56.40%) was Black or African American and 24.81% reported 

Latinx ethnicity. In the baseline sample, 70.43% had a detectable viral load and 53.75% reported ART 

adherence of 95% or better in the past 6 months. The mean number of years living with HIV at 

recruitment was 3.68 (SD 2.66). Approximately two-thirds (73.02%) of the sample endorsed illicit 

substance use in the past 6 months and 56.05% had smoked cigarettes in last 6 months. A larger 

proportion (73.02%) reported smoking more than 100 cigarettes in their lifetime. At baseline, forty-one 

percent (41.17%) had serum antibodies to hepatitis C, and less than one percent (0.68%) reported 
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exposure to CMV in the past. The largest proportion of the sample reported less than high school 

education (31.73%), followed by high school completion (31.34%) and some college (28.4%). The largest 

portion of the sample reported their mother’s education was high school completion (36.96%), followed 

by grades 7-11 (21.67%); however, about a third (29.64%) of people had missing data for this variable. 

The majority reported an average monthly income of 501$ to $1000 dollars per month (28.87%), 

followed by 500$/month or less (22.52%). At recruitment, 69.2% of the sample was housed in their own 

residence, 26.3% was marginally or transitionally housed, and 4.02% was homeless (Table 1). 

The mean baseline CD4 T-cell count was 404 (SD 268) and the median baseline CD8 cell count 

was 785 (IQR 528-3791). The median baseline CD4/CD8 cell ratio was 0.45 (IQR: 0.25-0.70). A large 

majority (83.44%) of the sample had an inverted CD4/CD8 cell ratio (≤ 1.0) while 69.04% had a low 

CD4/CD8 cell ratio (≤ 0.70). Social isolation in the sample was high, with 61.1% of the sample reporting 

high isolation, and 23.87% reporting moderate-high isolation. Similarly, depressive symptoms were 

prevalent in the sample. Fifty-nine percent (59%) has a CES-D score ≥16 and the mean baseline score 

was 19.21 (7.80). The internal consistency (Cronbach’s alpha) of the CES-D scale was 92.0%.  

Censoring Bias. A total of 400 (27.35%) participants in the study sample died during the 10-year 

follow-up period. None disenrolled during the 10 period of our analysis. There were differences in the 

proportion of those who were censored during the study period due to death by CD4/CD8 ratio, detectable 

viral load, ART adherence, hepatitis C, age, racial group, lifetime smoking, depressive symptom score, 

baseline monthly income, and baseline residential status (Appendices C, Table 5.10). After adjusting for 

covariates, censorship was still associated with increased odds of low and inverted CD4/CD8 ratio by 

censorship (Appendix D, Tables 5.11-5.12). Therefore, we included a censoring weight all our mixed 

effects models account for possible bias from censoring in the data.  

Change in CD4/CD8 over time. We examined the change of the log CD4/CD8 ratio over 10 

years of follow-up time. We examined both the full distribution of CD4/CD8 ratio as well as an outlier-

excluded distribution of log CD4/CD8 ratio, which we included to avoid potential bias from the influence 
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of extreme outliers. The slope for time had a non-significant coefficient of β=0.0041 (95% CI:[-0.001, 

0.009]) when censoring weight outliers at the top and bottom 2.5% of the distribution were excluded. The 

intra-class correlation coefficient (ICC) was 0.826 (95% CI: 0.755, 0.880) in the full distribution IPCW 

model and 0.895 (95% CI: [0.881, 0.908]) in the trimmed IPCW model. We found that CD4/CD8 ratio 

decreased as age increased (β=-0.006, 95% CI: [-0.012, 0.000]). CD4/CD8 ratio was higher when ART 

adherence was reported to be 95% or better in the past 6 months (β=0.056, 95% CI:[0.037, 0.076]). 

CD4/CD8 ratio was lower when there was a detectable viral load (β=-0.229, 95% CI:[-0.251, -0.208]).  

Average Association with Low and Inverted CD4/CD8. We tested the average association of 

low and inverted CD4/CD8 ratio with clinical and sociodemographic variables over time. In unadjusted 

analyses that were weighted to account for censoring bias, inverted CD4/CD8 was associated with higher 

odds of detectable viral load, past 6-month illicit drug use, lifetime smoking, and higher depressive 

symptom score. Inverted CD4/CD8 was associated with lower odds of ART adherence and White racial 

group (versus all other racial groups). Odds of inverted CD4/CD8 decreased as age increased and as 

education level increased. 

In unadjusted analyses that were weighted to account for censoring bias, inverted CD4/CD8 ratio 

was associated with higher odds of detectable viral load (OR=4.764, 95% CI: [4.438, 5.116]), serum HCV 

antibodies (OR=1.867, 95% CI: [1.515, 2.302]), past 6-month drug use (OR=1.490, 95% CI: [1.342, 

1.654]), and lifetime smoking (OR=1.392, 95% CI: 1.050, 1.844). Inverted CD4/CD8 ratio was associated 

with lower odds of ART adherence (OR=0.399, 95% CI: [0.377, 0.421]) and white (vs non-white) racial 

group (OR=0.361, 95% CI: [0.233, 0.560]). For each year increase in age, there was a 0.987 lower odds 

of inverted CD4/CD8 cell ratio (95% CI: [0.977, 0.996]). For each increase in level of educational 

attainment, there was a 0.809 decreased odds of inverted CD4/CD8 ratio (95% CI: [0.736, 0.889]).  

In unadjusted analyses that were weighted to account for censoring bias, detectable viral load 

(OR=4.814, 95% CI: [4.482, 5.171]), serum HCV antibodies (OR=2.447, 95% CI: [1.984, 3.018]), past 6-

month drug use (OR=1.428, 95% CI: [1.304, 1.564]), and lifetime smoking (OR=1.668, 95% CI: [1.223, 
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2.275]) were associated with higher odds of having low CD4/CD8 ratio. White (versus all non-white) 

racial group (OR=0.293, 95% CI: [0.198, 0.433]) and ART adherence (OR=0.399, 95% CI: [0.377, 

0.421]) were associated with lower odds of low CD4/CD8 ratio. For each increase in level of educational 

attainment, there was a 0.796 decrease in odds of inverted CD4/CD8 ratio (95% CI: [0.720, 0.881]).   

In fully adjusted analyses that were weighted to account for censoring bias, detectable viral load 

remained associated with higher odds of inverted (AOR=4.276, 95% CI: [3.245, 5.634]) and low 

(AOR=5.146, 95% CI: [4.186, 6.328]) CD4/CD8 ratio. Increasing level of educational attainment also 

remained significantly associated with inverted (AOR=0.830, 95% CI: [0.716, 0.962]) and low 

(AOR=0.702, 95% CI: [0.599, 0.823]) CD4/CD8 ratio (Figure 5.7).   

Based on these results, a subsequent analysis was performed to examine a “very-low" CD4/CD8 

ratio at the cut-off of ≤0.50. Over ¾ of the sample ever had a CD4/CD8 ≤0.50 in the study period 

(n=1184, 81.71%) and more than half (n=682, 57.65%) had a ratio ≤0.50 at baseline (visit 9) (Figure 

5.3). In our analysis of very low ratio as the dependent variable, we found that detectable viral load 

(AOR=7.898, 95% CI: [6.340, 9.835]), HCV serum antibodies (AOR=1.584, 95% CI: [1.093, 2.296]), age 

(AOR=1.068, 95% CI:1.043, 1.093), and educational attainment (AOR=0.740, 95% CI: [0.632, 0.865]) 

were each associated with very low CD4/CD8 ratio (Table 5.6, Figure 5.7).  

Discussion 

The results obtained from this study links intra-individual changes over 10 years in CD4/CD8 

ratio, an emerging biomarker of chronic inflammation and mortality risk, with related health indicators 

including age, ART adherence and detectable viral load, and years of educational attainment among 

women with HIV. There was not a significant effect of time on CD4/CD8 ratio. The ICC, which 

represents that proportion of the total variance in CD4/CD8 ratio that is accounted for by the clustering at 

the individual level, was 0.895 (95% CI: 0.881, 0.908). Rather, we found that clinical and 

sociodemographic characteristics were associated with intra-individual change.  
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Over 10 years of observation, inverted and low CD4/CD8 ratio were associated with detectable 

viral load and years of educational attainment. We also chose to examine “very low” CD4/CD8 ratio 

because over half of the WIHS-PDS cohort had a “very low” CD4/CD8 ratio of ≤0.50 at baseline, and the 

sample had median CD4/CD8 ratio of 0.45 (IQR: 0.25 - 0.70) at baseline. When “very low” CD4/CD8 

ratio of ≤0.50 was used as the dependent variable, detectable viral load and educational attainment 

remained significant. Additionally, age and Hepatitis C were associated very low CD4/CD8 ratio. 

Furthermore, white racial group showed itself as a variable of interest in this analysis though it was not 

statistically significant.  

Though CD4/CD8 is thought to represent a marker of chronic inflammation, this is still an 

emerging area of scientific investigation. Indeed, there is an ongoing debate about what threshold for the 

CD4/CD8 is most informative and clinically relevant. Pertinent to this debate is the intra-individual 

variability of the CD4/CD8, which no published studies have examined to date. Pertinent to the 

discussion of the CD4/CD8 threshold are our results for the population average associations of inverted, 

low, and very low CD4/CD8 ratio. Both inverted (≤1.0) and low (≤0.70) thresholds had similar results, 

with detectable viral load and years of educational attainment remaining significant in fully adjusted and 

weighted analyses. In follow-up analysis of very low ratio (<=0.50) the additional variables of age and 

Hepatitis C were associated very low CD4/CD8 ratio. Taken together, these results suggest that CD4/CD8 

ratio values less than 0.50 may reflect a population experiencing more marginalization and/or racial 

disparities. If we continue to use a threshold of 1.0 to apprise risks associated with CD4/CD8, we may be 

missing important information about health risks in marginalized populations and people experiencing 

marginalized conditions.  

HIV is a marginalized condition and PLWH experience substantial health disparities and 

inequities(Farmer et al., 2006; Rhodes et al., 2005). Therefore, it is important to 

understand the environmental and psychosocial impacts on aging with HIV. The WIHS cohort is 

especially unique in its racial/ethnic diversity and inclusion of large numbers of women of color and 
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women of lower socioeconomic status, which mirrors HIV prevalence in the US. The WHIS cohort is 

comprised of women living with HIV who have experienced, on average, more social marginalization 

than other samples of PLWH. For example, 73.3% of the sample reported an average monthly income of 

less than $1,000, and only 69.4% reported having their own home at baseline. Additionally, prior to 1996, 

HAART exposure was limited to early clinical trials, therefore many enrollees were naıve to HAART and 

many had already been diagnosed with an AIDS-defining illness. Therefore, this sample represents a 

representative population of PLWH with a high risk of HAND and other poor health outcomes in aging. 

As such, the evaluation of low and very low CD4/CD8 ratios is particularly relevant in this sample and 

strengthens the generalizability of our results.   

Our study included variables to indicate socioeconomic position, including monthly income, 

educational attainment, residential status, and social support. At all CD4/CD8 thresholds tested in 

adjusted analyses, educational attainment emerged as a significant variable. Education can be 

conceptualized as a social determinant of health and one aspect of the domain of environment. In their 

conceptual framework of the SDOH, the WHO position education as a component of both socioeconomic 

position and socioeconomic/political context (World Health Organization, 2010). As the WHO states, 

“Circumstances in early life are seen as the initial stage in the pathway to adult health but with an indirect 

effect, influencing adult health through social trajectories, such as restricting educational opportunities, 

thus influencing socioeconomic circumstances and health in later life... People attain different positions in 

the social hierarchy according, mainly, to their social class, occupational status, educational achievement 

and income level.” (WHO, 2010, pp. 18-28). Our study adds to a growing body of evidence on the 

correlates of CD4/CD8 ratio in adults living with HIV and indicates a potential link between educational 

attainment, a social determinant of health, and CD4/CD8 ratio. 

Past evidence has suggested a link between CD4/CD8 ratio and aging among PLWH, including 

risk for neurocognitive disorders in the setting of HIV. These disorders are known to have a multifactorial 

etiology and progression (Winston & Spudich, 2020). In addition to established clinical imaging studies 
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and neuropsychiatric testing that aid in the diagnosis of neurocognitive disorders, immune dysfunction 

and inflammation are thought to be a core component of HAND etiology (Chan et al., 2016; Kusao et al., 

2012; Valcour et al., 2011). Although the CD4/CD8 cell ratio has been studied in connection to HAND 

(Lu et al., 2015), this area of inquiry is still nascent as only four studies have looked at the relationship 

between HAND and CD4/CD8 cell ratio (Correa et al., 2014; Grauer et al., 2015; Rawson et al., 2015; 

Vassallo et al., 2017). Although our study did not examine this association, we did find notable results 

suggesting inverted, low, and very low CD4/CD8 ratio is associated with educational attainment. It is 

well established that level of education contributes to risk of cognitive impairment among both 

seropositive (De Ronchi et al., 2002; Foley et al., 2012) and seronegative populations (Glymour et al., 

2012; Weuve et al., 2018). Indeed, it has been shown that education may serve as a critical mediator of 

racial inequities and risk of cognitive impairment. Notably, our models indicate a potentially important 

relationship between white racial group and very low CD4/CD8 ratio, which may reflect racial disparities 

and inequities in education and/or other factors impacting CD4/CD8 ratio among HIV+ women.  

Our study found evidence that detectable viral load is strongly associated with inverted, low, and 

very low CD4/CD8 ratio, which aligns with the current literature (Lu et al., 2015). The expansion of CD8 

cells caused by increased viral load can manifest in lower CD4/CD8 cell ratios (Figure 5.1), therefore this 

finding is not surprising. It is important to note that HIV viremia is also a well-known component of the 

etiology of HAND, which suggests potential utility of CD4/CD8 as a biomarker of HAND risk. Lastly, 

Hepatitis C exposure and age were associated with very low CD4/CD8 in our analysis. Hepatitis C is 

considered a contributing condition for HAND and confers increased risk of cognitive impairment, as 

does age (Heaton et al., 2010). Taken together, our results suggest that CD4/CD8 ratio, depending on 

threshold used, may reflects a constellation of factors that impact risk of cognitive impairment among 

PLWH at both the biological level and also the environmental level.  
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Limitations 

Limitations to this study include the use of secondary data, in which the data collection was not 

designed to answer our particular research questions. Additionally, the data do not allow us to estimate 

causal relationships. Other limitations include possible bias in health status, as participants in clinical 

trials and other studies sometimes experience improved outcomes compared with non-participants due to 

better care, behavioral changes and/or possibly other unknown factors. IPCWs can only address 

confounding caused by measured covariates and are equally prone to bias due to unmeasured 

confounders. Lastly, this dataset did not contain data about CMV serostatus, which is known to influence 

CD4/CD8. Although we excluded all participants with a known history of CMV infection, this is likely an 

under-representation of the true CMV seroprevalence. 

Summary and Conclusions 

Our study did not confirm an independent effect of time on intra-individual changes in CD4/CD8 

among HIV+ women over 10 years, and the CD4.CD8 showed relatively mild variability over time. 

Variables impacting intra-individual change in CD4/CD8 over time were: Age, ART adherence, 

detectable viral load, and years of educational attainment. Over 10 years of observation, inverted and low 

CD4/CD8 ratio were associated with detectable viral load and years of educational attainment. 

Additionally, very low CD4/CD8 ratio, which we defined as ≤0.50, was associated with detectable viral 

load, educational attainment, age, and Hepatitis C exposure. Our results suggest that CD4/CD8 ratio, 

depending on threshold used, reflects both individual and environmental factors in age-related conditions 

among PLWH.  
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The purpose of the synthesis of papers is to summarize and tie together the dissertation results. 

First, each of the study results will be summarized and discussed within the theoretical context of the 

dissertation work. Second, key themes and implications for nursing praxis that emerged across studies 

will be synthesized. Third, the overall limitations and directions for future research are discussed.  

In seronegative populations, cognitive impairment and dementia is consistently associated with 

aspects of social connectedness—particularly loneliness, social isolation/support, and social networks 

(Kuiper et al., 2015). This association has not been firmly established among PLWH, although on average 

PLWH experience more loneliness and isolation than the general population. The 2nd chapter of this 

dissertation systematically examined the current body of quantitative literature examining the relationship 

between cognitive impairment, loneliness, and social isolation among adults living with HIV. This study 

used meta-analysis and meta-regression to summarize the associations of these variables in the literature. 

Overall, eleven (11) studies were reviewed, but were limited by the use of un-validated scales and 

measures of loneliness and social support as well as heterogeneous measures of cognitive symptoms and 

cognitive status. Across studies reviewed, increased cognitive impairment was associated with increased 

social isolation or loneliness. We found moderate heterogeneity for the pooled model, and there was not 

substantial publication bias. Meta-regression showed moderation by study quality, older age (≥55 years), 

and study country but not by CD4 cell count.  

Current literature shows poor concordance between self-reported cognitive symptoms and 

performance based cognitive impairment measured by neuropsychological testing. This is seen in the 

general population (Brailean et al., 2019; Caracciolo et al., 2012; Reid et al., 2012; Slavin et al., 2010) as 

well as HIV-seropositive populations (Laverick et al., 2017; Thames et al., 2011). Because of this 

delineation between self-reported cognitive issues (symptoms) and cognitive performance (signs), we 

chose to examine four sub-group analyses in the meta-analysis. In these sub-group analyses, there was a 

significant positive association between a) self-reported cognitive impairment and loneliness or social 

isolation, b) performance based cognitive impairment and either loneliness or social isolation, and c) 
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social isolation and either self-report or performance based cognitive impairment. These sub-group 

analyses reflect distinctions between symptom and sign as well as various dimensions of social 

connectedness. Further research in this area is needed to more fully understand these complex 

relationships. 

Chapter 3 examined the association of loneliness and social isolation with cognitive impairment 

among older adults (55 years and older) with confirmed HAND. Cognitive impairment was assessed with 

performance-based testing (NP testing battery) as well as a measure of subjective cognitive complaints 

(POAFI). The results of this study revealed that loneliness was correlated with mental health variables 

(depression, anxiety, and perceived stress) while social isolation was correlated with other marginalized 

conditions (history of HCV and history of substance use disorder) and socioeconomic factors (less 

education and area-level socioeconomic environment). This study also found that social isolation, but not 

loneliness, was associated with higher odds of impairment in certain cognitive domains (ATT and SPD).  

Chapters 2 and 3 help elucidate aspects of social connectedness as a risk for cognitive impairment 

among PLWH. In chapter 2, across studies reviewed, increased cognitive impairment was associated with 

increased social isolation and loneliness. When examined separately, social isolation—but not 

loneliness—was associated with increased cognitive imapirment. In chapter 3, social isolation was 

associated with history of HCV, history of substance use disorders, lower years of education, area-level 

socioeconomic environment, and more severe cognitive impairment in two domains. In contrast, 

loneliness more closely aligned with psychosocial experiences and mental health symptoms and did not 

have a clear association with neurocognitive disorders among those with HIV. Using our theoretical 

model to interpret these results in concert, I surmise that social isolation is a particular pathway of 

embodiment, reflecting experiences of marginality that could have an impact on risk of HIV-associated 

cognitive impairment.  

 Chapter 4 was an exploratory analysis of biomarkers with clinical and sociodemographic 

characteristics among middle-aged and older adults 40 years and older living with HIV. In this paper, I 
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focused on the relationships between CD4/CD8 and pro-inflammatory serum biomarkers, including 

cytokines and monocyte subsets. I found that the lowest CD4/CD8 ratio tertile was associated with 

Hepatitis C, years living with HIV, and low nadir CD4 T-cell count (≤200 cells/uL). Adjusted regression 

analysis showed that the lowest CD4/CD8 tertile was associated with the higher inflammation profile, as 

measured by pro-inflammatory serum biomarkers. Additionally, the lowest CD4/CD8 tertile was 

associated with an expanded subset of mature monocytes. These findings suggest that lower CD4/CD8 

ratios (<0.50) may provide clinically relevant information about chronic inflammation, which may impact 

risk for neurocognitive impairment and other health conditions among aging PLWH.  

As Nancy Krieger states, embodiment is all at once an abstract idea, a concrete reality, and a 

process that is “contingent upon bodily existence” (Krieger, 2005, p.351). Using our modified theoretical 

model, I therefore view the CD4/CD8 as an embodied biomarker, shaped by the existence and “story” of 

the body living with HIV. Among middle aged adults with HIV, keys parts of this story were revealed in 

chapter 4. I found that Hepatitis C, the number of years living with HIV, and having a low nadir CD4 T-

cell count (≤200 cells/uL) were associated with CD4/CD8 ratio. The link between these factors and 

HAND have been previously established in the literature (Winston & Spudich, 2020). Although we were 

not able to test the specific relationship of CD4/CD8 ratio with neurocognitive impairment in this study, 

our evidence suggests that CD4/CD8 ratio reflects systemic inflammation and the expansion of mature 

monocytes that can cross the blood brain barrier and produce neuroinflammation, all of which could 

impact brain health among those aging with HIV. Therefore low CD4/CD8 ratio should be further 

investigated as a biomarker of risk for cognitive impairment among PLWH.   

In chapter 5, I incorporated findings from chapter 4 to develop additional research questions 

about the CD4/CD8 ratio in a representative sample of women living with HIV (n=1,462). This study 

examined the intra-individual variability of the CD4/CD8 ratio over 10 years as well as the clinical and 

sociodemographic correlates of inverted (≤1.0) and low (≤0.70) CD4/CD8 ratio among women living 

with HIV. The results showed that, over 10 years, CD4/CD8 ratio was relatively stable (ICC=89.5%) and 
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there was no significant trend for time. CD4/CD8 ratio decreased with age and detectable viral load and 

increased with ART adherence. Inverted ratio (≤1.0) and low ratio (≤0.70) CD4/CD8 ratio were 

associated with detectable viral load and fewer years of educational attainment. Because much of 

(81.71%) the WIHS sample ever had a CD4/CD8 ratio that was below 0.50, in addition to findings from 

chapter 4 that indicate CD4/CD8 ratio less than 0.501 is associated with inflammation, I performed a 

follow-up analysis on the binary variable of “very low” CD4/CD8 ratio (≤0.50 versus > 0.50). I saw that 

very low CD4/CD8 ratio was associated with increased age, detectable viral load, past or present 

Hepatitis C, white (versus non-white) racial group, and lower educational attainment. Notably, I did not 

see an association between social support and CD4/CD8 ratio at any threshold, though the validity and 

reliability of the social support measure is unknown. Overall, this study suggests that, among women with 

HIV, the CD4/CD8 ratio is associated with both individual and environmental factors, many of which are 

also implicated in cognitive impairment among PLWH.   

 In chapter 5, I found additional evidence to suggest that the CD4/CD8 biomarker covaried with 

certain sociodemographic and clinical characteristics. I also found that lower educational attainment, a 

fundamental/root cause of poor health, was associated with low as well as very low CD4/CD8 ratio. This 

reflects a key aspect of the embodiment construct—that the environment and root causes actively shape 

living beings, and are then in turn expressed in biological characteristics (Kreiger, 2005, p. 351). In HIV-

seronegative populations, low educational attainment is a strong predictor of cognitive impairment and 

dementia (Glymour et al., 2008, 2012; Glymour & Manly, 2008; Weuve et al., 2018). Educational 

attainment is also known to be a racialized exposure in America society, which is to say that there are 

racial inequities and disparities in nearly all facets of the United States’ education systems and 

educational outcomes. In linking CD4/CD8 ratio to lower educational attainment, chapter 5 implicates 

immune function and inflammation as embodied pathways by which root causes may impact risk of 

cognitive impairment. Although I was not able to test the specific relationship of educational attainment 
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and CD4/CD8 ratio with cognitive impairment in this study, this biomarker appears to be shaped by the 

existence and “stories” of the body living with HIV that impact on brain health in aging.  

 Another key finding in this dissertation research is the distinction between CD4/CD8 ratio cut-

points and what may be considered clinically relevant for aging PLWH and risk of cognitive impairment. 

Bruno et al. (2017) states that there is still debate about thresholds for CD4/CD8 ratio among PLWH. In 

one prospective study of 4,206 PLWH, CD4/CD8 ratio only normalized (>1.0) in 7.2% of subjects after a 

median of 3 years (Leung et al., 2013). Though this was a cohort with relatively low nadir CD4 cell 

counts, it agrees with findings from the study by Mussini et al. (2015), which showed that in a sample of 

3,236 PLWH only 12% achieved normalization after 2 years. Additionally, in a study with 15 years of 

follow-up, the authors showed that only 37% eventually achieved CD4/CD8 normalization despite most 

showing recovered CD4 T-cell counts (Saracino et al., 2014). Overall, CD4/CD8 ratio normalization to 

1.0, appears to occur in relatively few PLWH and is commonly associated with ART and HIV viral 

suppression, nadir CD4 cell count, and age (Bruno et al., 2017). In each of the papers in this dissertation, 

when “very low”/first tertile (<0.50) CD4/CD8 ratio was examined, key relationships emerged that were 

not appreciated when higher thresholds under 1.0 were used.  The results of these studies suggest that 

very low CD4/CD8 ratio may be conceptualized as an embodied pathway, reflecting both social and 

biological risks that have established links to cognitive impairment.  

Limitations and Directions for Future Research 

 Although the particular limitations of each study are outlined in the respective limitation sections, 

there are important limitations of the overall dissertation. These overall limitations will be discussed 

below in terms of four types of validity outlines by Shadish, Cook, and Campbell (Shadish et al., 2002): 

Internal validity, statistical conclusion validity, construct validity, and external validity. Validity refers to 

the “approximate truth” of an inference made on the basis of scientific evidence (Shadish et al., 2002, 

p.34). A threat to validly is a reason why our inference or conclusion may be partially or completely 

wrong (Shadish et al., 2002, p.39). 
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 Internal Validity 

  Internal validity refers to the question of whether the independent and dependent variables 

covary and whether other explanations for the covariation may have been excluded or accounted for. 

According to Shadish, Cook & Campbell, interval validity is not simply a matter of reproducibility or the 

notion of “measuring what one thinks they are measuring.” Rather, it is about whether a “complex and 

inevitability multivariate treatment [exposure] caused a difference to some variable-as-it-was-measured 

within the particular setting, time frames, and kinds of units that were sampled in the study” (p.54). The 

studies in chapters 2, 3 and 4 were all cross sectional, which necessitates the threat of ambiguous 

temporal precedence. The study in chapter 5 examined a series of cross-sectional associations, averaged 

over time, and therefore cannot claim to have established temporal precedence. Therefore, this 

dissertation is limited in any inference about causality. Other threats to internal validity include possible 

issues of attrition/loss-to-follow-up or additive and interactive effects. Wherever possible, these threats 

were evaluated and accounted for in our data analyses.  

Selection, or systematic differences of respondents, is also a threat to the internal validity of these 

studies. The characteristics of the three samples in chapters 3-5 were different in key ways, including 

gender, age, and co-occurring marginalized conditions. Additionally, the sample used in chapter 3 and 

many samples in chapter 2 excluded participants with a current substance use disorder or 

untreated/undertreated psychiatric disorders, which is a common exclusion criteria in studies of cognitive 

impairment. Overall, these sample differences may lead to selection bias and limit our ability to consider 

these studies in concert. Rather, we must acknowledge that the validity of the results is particular to the 

population from which the sample was drawn.  

Another threat to the internal validity in this body of research is that of history, wherein events 

occurring concurrently with an exposure could cause an observed effect (p.55). For example, both 

cognitive impairment and CD4/CD8 ratio are known to be highly influenced by HIV viral suppression, 

nadir CD4 cell count, and ART treatment (Serrano-Villar & Deeks, 2015; Valcour et al., 2011). All of 
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these are impacted by community access to HIV screening, prevention, and treatment. Historical events 

that restrict or increase community access to screening prevention efforts commonly occur at the local 

and federal levels. Additionally, funding for access to healthcare and ART for PLWH, as well as changes 

to HIV standards of care, have continued to change since the onset of the HIV epidemic (CDC, 2020). As 

such, historical or cohort effects may cause bias in these studies (CDC, 2020).  

 Statistical Conclusion Validity 

 Statistical conclusion validity refers to the appropriateness of statistics to infer what the 

independent and dependent variables convey. In this dissertation, threats to statistical conclusion validity 

include low statistical power in some key analyses, including sub-group comparisons in the meta-analysis 

and a small number of studies included meta-regression in chapter 2, and small sample sizes in our 

exploratory analyses and latent profile analyses in chapter 4. The secondary data analysis approach 

threatens internal validity due to the increased likelihood of unmeasured confounding. Some have 

criticized statistical approaches that separately examine cognitive domains, as I did in chapter 3, as 

artificially inflating statistical significance; However, alternative approaches to analysis are not yet 

recommended, and many suggest that cognitive domains are not so similar as to produce multiple testing 

error (Gelman et al., 2012). A major threat to statistical conclusion validity in the extant literature was 

revealed in chapter 2—the use of heterogeneous, un-validated measures of social isolation, loneliness, and 

cognitive impairment. I aimed to minimize measurement error in chapter 3 with the use of a validated 

measures of loneliness and social isolation as well as use of NP test battery for cognitive impairment, 

which is considered gold-standard in determination of HAND. Lastly, I could not control for the effect of 

CMV exposure in any study, as this data was not available.  

 Construct Validity 

 Construct validity refers to the generalizability of study constructs, both in our understanding of 

them and measurement of them (Shadish, Cook, and Campbell, 2002, p.65). The constructs used in this 
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research are particularly important to our final results and conclusions. In chapters 2 and 3, the constructs 

of loneliness and social isolation are thought to be distinct and were measured and analyzed in different 

ways. Chapter 2 revealed substantial heterogeneity in the construct of social connectedness, with varied 

measures and interpretations of social isolation and loneliness among the studies. This chapter in 

particular may suffer from threat due to the inadequate explication of constructs across the studies 

reviewed. In chapter 3, the experience of loneliness, when measured with the UCLA, was more reflective 

of other mental health constructs (anxiety, depression, and stress). In contrast, the experience of social 

isolation, when measured with the NSS, reflected other marginalized conditions (hepatitis C, substance 

use disorder) as well as environmental measures of SEP. Our confidence in the validity of these 

constructs in chapter 3 is increased by a) use of validated measures for loneliness and social isolation, and 

b) the distinction between social isolation and loneliness in chapter 3 generally aligned with the findings 

from chapter 2. In chapter 5, social isolation was measured with an un-validated scale, which may have 

impacted by the validity of the findings. Because chapters 2, 3, and 5 rely on several self-report 

instruments, the results of these studies may be impacted by self-report changes, in which participants 

change their response on self-report instruments due to extraneous factors, reactivity to other elements of 

being the study, or expectancies of the interviewer/assessor. However, these threats to validity are 

unlikely to be consistent across our studies, which all used different recruitment methods, sampling 

strategies, and study procedures.  

 External Validity 

 External validity refers to the question of generalizability—of whether relationships are 

consistent across populations, settings, treatments, and variables (Shadish, Cook, and Campbell, 2002, 

p.83). One threat to the external validity of these findings is that relationships seen in the study samples 

may not hold if other populations had been studied. For example, as mentioned above, it is common 

practice to exclude people with active substance use disorders from research on neurocognitive 

conditions. Because substance use disproportionately impacts PLWH, the relationships seen in chapters 2 
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and 3 may not hold true in other populations of PLWH, such as the population from which the sample in 

chapter 5 was drawn. Similarly, the samples in chapters 3 and 4 were majority white (72.4% and 58.6%, 

respectively) and male (92.9% and 87.5%, respectively), therefore the results from these studies may not 

be generalizable to those from chapter 5 (18.4% white and 100% female). Additionally, there may be bias 

from interactive or additive effects by HIV treatment era in the external validly of our studies about the 

CD4/CD8 ratio.  

Directions for Future Research 

This dissertation research should be used to inform future nursing research in representative 

samples of PLWH as further evidence will help to clarify the relationships between biomarkers, 

environmental factors, and cognitive impairment among people aging with HIV. Inclusion of PEMC in 

studies about HAND and self-reported cognitive impairment will improve generalizability of results. The 

use of validated scales for measuring the distinct concepts of loneliness and social isolation will help to 

elucidate unique risk factors for HAND that are attributable to these experiences. Furthermore, social 

isolation among PLWH may be considered an area of interest for future nursing interventions.   

Literature about the concept of the CD4/CD8 ratio biomarker is continuing to emerge, though this 

ratio is not commonly examined in clinical nursing practice. In general, CD4/CD8 ratio below 1.0 is 

thought to reflect risk of morbidity and mortality; however, the studies in this dissertation studies suggest 

that much lower thresholds should also be considered for translational and clinical nursing research. The 

CD4/CD8 ratio should continue to be explored as a biomarker as a risk factor for hand. Lower CD4/CD8 

(≤0.50) may reveal an embodied endophenotype that indicates increased screening for HAND in clinical 

practice, particularly among people who experienced HIV and other marginalized conditions. 	  

Though research in marginalized populations is often approach from a disease-specific lens, it is 

important to recognize that PLWH have intersecting experiences environments and health conditions that 

interact and amplify risk of cognitive impairment. Kreiger states that the construct of embodiment stands 
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in contrast to “disembodied notions of ‘behaviours’ and ‘exposures’” (Kreiger, 2005, p. 350). The 

challenge for future research in this area is to engage with the meaning of embodiment in the intersecting 

domains of nursing science. 
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