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Abstract

Depression and cardiovascular disease are common and associated with one another in HIV 

disease. This study aimed to determine the frequency and everyday functioning implications of the 

clinical syndrome of vascular depression among people living with HIV (PLWH). Participants in 

this cross-sectional study included 536 PLWH and 272 seronegative individuals who completed 

a biomedical and psychiatric research evaluation. Vascular depression was operationalized as the 

current presence of: 1) two or more vascular conditions; and 2) depression as determined by 

a normative elevation on the Depression/Dejection subscale of the Profile of Mood States or 

a diagnosis of Major Depressive Disorder per the International Diagnostic Interview. Everyday 

functioning was measured by both self- and clinician-rated activities of daily living. A logistic 

regression model showed that HIV was associated with a three-fold increased risk of vascular 

depression, independent of potential confounding factors. A second logistic regression model 

within the PLWH sample showed that PLWH with vascular depression had significantly greater 

odds of dependence in everyday functioning as compared to PLWH with either vascular disease 

or depression alone. The elevated frequency of vascular depression in PLWH is consistent with 

the vascular depression hypothesis from the late-life depression literature. The high rate of 

functional dependence among PLWH with vascular depression highlights the clinical importance 

of prospective work on this syndrome in the context of HIV disease.
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Depression is among the most common neuropsychiatric disorders in people living with HIV 

(PLWH; Chichetto et al., 2021; Dew et al., 1997; Rabkin, 2008). The prevalence and severity 

of depressive symptoms is higher among PLWH than in seronegative individuals (Ciesla and 

Roberts, 2001; Sherr et al., 2011) and PLWH are significantly more likely to meet criteria 

for Major Depressive Disorder (Bryant et al., 2015; Dew et al., 1997). Depression is a risk 

factor for HIV infection due to increased HIV risk behavior (Armstrong et al., 2013) and 

can occur in the early stages of HIV disease (Weber et al., 2013). There are a variety of 

potential contributors to depression in PLWH, including socioenvironmental factors (e.g., 

limited access to care, isolation), neurobiology (e.g., impaired neurogenesis, dopamine 

dysregulation; Matt and Gaskill, 2019), and both positive (e.g., resilience; Rooney et al., 

2019) and negative (e.g., stigma, coping, and life stress; Amare et al., 2018) psychological 

influences (Arseniou et al., 2014). Among PLWH, the presence of depression is associated 

with poorer health behaviors and worse outcomes, such as suboptimal medication adherence 

(Gonzalez et al., 2011; Wagner et al., 2011), lower health-related quality of life (Nanni et al., 

2015), and greater disease progression and mortality (So-Armah et al., 2019).

Cardiovascular disease (CVD) may be an important element in understanding the etiology of 

depression among PLWH (Sico et al., 2021). CVD is one of the leading causes of morbidity 

and mortality in PLWH (Miller et al., 2014). Some of the most common CVDs experienced 

among PLWH are heart failure, myocardial infarction, and stroke (Alonso et al., 2019; 

Triant, 2013). Potential risk factors for CVD in PLWH appear to involve an interplay of the 

high prevalence of modifiable behaviors and health conditions (e.g., smoking, hypertension, 

type 2 diabetes, dyslipidemia; Hemkens and Bucher, 2014) and non-modifiable CVD-related 

changes that occur during the progression of the disease (e.g., abnormal fat distribution, 

chronic inflammation; Friis-Moller et al., 2003). Furthermore, tobacco and heavy alcohol 

use among PLWH has been associated with coronary artery plaque, myocardial infarction, 

and general vascular dysfunction (Feinstein et al., 2019). The downstream effects of CVD 

on the brain in PLWH can promote neurobehavioral changes (e.g., bradyphrenia, executive 

dysfunction), perhaps by way of immune activation, endothelial cell dysregulation, and 

chronic inflammation (Boerwinkle et al., 2020; Cysique and Brew, 2019).

As such, it is plausible that CVD plays a role in depression among PLWH. However, to our 

knowledge, only a few studies have directly examined the complex interplay of depression 

and CVD in the context of HIV disease (Abou Hassan et al., 2022; Castilho et al., 2020; 

Chichetto et al., 2021; Horvat Davey et al., 2020; Levy et al., 2020; Park et al., 2021; Parruti 

et al., 2013; Sico et al., 2021; Stewart et al., 2020; Zuniga et al., 2020). For example, Park et 

al. (2021) found that higher levels of depressive symptoms were associated with a three-fold 

increased risk of CVD among a large sample of Korean adults with HIV. Biomarkers of 

vascular disease, including glucose, hemoglobin A1C, and soluble CD14 are associated with 

depression among PLWH (Stewart et al., 2020; Zuniga et al., 2020). PLWH with depression 

Beltran-Najera et al. Page 2

J Psychiatr Res. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



tend to show increased carotid plaques (Levy et al., 2020; cf. Parruti et al., 2013) and a 

higher rate of hypertension (Castilho et al., 2020). Importantly, PLWH with depression are 

also at higher risk of incident stroke (Sico et al., 2021), suggesting a connection between 

depression and cerebrovascular injury in HIV disease.

The association of CVD with depression in PLWH mirrors the late-life depression literature. 

The frequent co-occurrence of CVD and depression in older adults led to the vascular 

depression (VasDep) hypothesis, which posits that vascular disease may “predispose, 

precipitate, or perpetuate” late-life depression (Alexopoulos et al., 1997). Because chronic 

CVD can eventually impact the brain, particularly the accumulation of white matter lesions, 

it is thought that vascular depression is caused by disruption of mood-related brain networks 

in people with a history of CVD. Krishnan et al. (1997) proposed an imaging-based 

definition that uses the presence of deep white matter lesions as evidence of cerebrovascular 

disease, which are also common in HIV (Mina et al., 2021). Although the hypothesis 

infers that vascular disease precedes depression, evidence suggests that depression may also 

predispose individuals to vascular disease or exacerbate pre-existing conditions (Baldwin, 

2005; Dotson et al., 2013; Kirton et al., 2014).

According to a national probability sample of 16,423 adults, the population prevalence of 

VasDep in adults over the age of 50 is 3.4%, compared to 12.2% for major depression 

without CVD (Gonzalez et al., 2012). The same study found that of those with a lifetime 

history of major depression, 22.1% met study criteria for VasDep. Although the prevalence 

of VasDep in older adults is lower than that of non-vascular depression, the consequences 

of the former appear to be greater than the latter (Aizenstein et al., 2016). VasDep is 

associated with greater cognitive impairment than depression without comorbid CVD. This 

is particularly true for executive functions, which in turn contributes to disproportionate 

functional disability in VasDep. These sequelae are not surprising considering evidence 

that the clinical presentation of VasDep includes key symptoms of diminished energy, 

processing speed, and self-initiation; anhedonia; psychomotor retardation; and lack of 

insight (Aizenstein et al., 2016). VasDep also tends to respond poorly to antidepressant 

treatment.

VasDep has traditionally been considered a subtype of late-life depression due to the 

increasing rates of chronic CVD at older ages. Less work has examined VasDep in medical 

populations that are characterized by high rates of CVD, such as PLWH. The current study 

addressed this gap in the literature by determining the prevalence of operationally defined 

VasDep in HIV seropositive and seronegative individuals and examining associations of 

VasDep with functional impairment in this sample.

Materials and Methods

Participants

Participants included 536 HIV seropositive and 272 seronegative individuals who were 

enrolled in a study of prospective memory (Woods et al., 2008; Woods et al., 2020) 

or internet navigation skills (Woods et al., 2017) at an HIV research center in urban 

Southern California. Participants were recruited from local clinics, community-based 
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organizations, public fliers, and word-of-mouth and were evaluated between July 2005 and 

June 2018. HIV serostatus was confirmed via MedMira rapid test or Western blot/ELISA. 

Potential participants were excluded if they endorsed a history of (1) neurological disorders 

(e.g., seizure disorder, stroke with neurological sequelae), (2) head injury with loss of 

consciousness for more than 30 mins, (3) central nervous system opportunistic infection, 

(4) severe psychiatric diagnosis (e.g., schizophrenia), or (5) current substance dependence. 

Likewise, individuals with a positive breathalyzer or urine toxicology screen for illicit 

drugs (except marijuana) on the day of testing were excluded. See Table 1 for participant 

characteristics.

Materials and Procedure

All participants provided written, informed consent prior to completing a comprehensive 

medical, psychiatric, and neuropsychological evaluation.

Operationalizing Vascular Disease and Depression

Vascular Disease.: Presence of current and historical vascular conditions was determined 

by research nurse interview. Participants were specifically asked about their histories 

of chronic pulmonary disease, congestive heart failure, transient ischemic attack, type 

2 diabetes mellitus, hyperlipidemia, hypertension, myocardial infarction, and peripheral 

vascular disease. Participants were assigned a score of one for each historical vascular 

condition endorsed (sample range = 0–2) and a score of two for a current vascular condition 

(sample range = 0–4). Consistent with prior research in vascular depression (see Bogoian & 

Dotson (2022) for a review), participants with a total weighted score (range = 0–10) of two 

or more were assigned to the vascular group (n = 198).

Depression.: Depression was operationalized using two well-validated indicators. 

Participants completed the Composite International Diagnostic Interview (CIDI version 

2.128; World Health Organization, 1998), a structured lay interview for major depressive 

disorder (MDD). Participants were also administered the 15-item Depression/Dejection scale 

of the Profile of Mood States (POMS; McNair et al., 1981), on which they indicated how 

they have been feeling over the past week (e.g., unhappy, sorry for things done) using a 

five-point Likert-type scale ranging from zero (“not at all”) to four (“extremely”). Possible 

scores ranged from zero to 60 (Cronbach’s alpha = 0.952, sample range = 0–59). POMS 

scores were transformed into z-scores (range = −0.9 to 5.6) using age- and sex-based 

normative data (Nyenhuis et al., 1999), such that higher z-scores reflected worse depressive 

symptoms. Individuals who obtained a score of 1.5 or higher on the POMS (n = 113) or 

met criteria for current Major Depressive Disorder (MDD) based on the CIDI (n = 75) were 

classified as depressed (Patterson et al., 2006). We used a multimodal operationalization of 

depression for two reasons. First, the frequency of current MDD diagnoses per the CIDI 

was fairly low, which diminishes both power and reliability. Second, the inclusion of both 

self-report and interview-based indicators of depression arguably increases the robustness 

of our measurement of the construct. Consistent with prior studies (Patterson et al., 2006; 

Woods et al., 2021), individuals with elevated POMS scores were more than six times likely 

to meet current criteria for depression on the CIDI (odds ratio = 6.9 [4.1, 11.4]). A total of 

35.1% of participants with depression were prescribed antidepressant medication.
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Vascular Depression.: Participants were stratified based on vascular factors and depression 

status, which produced a factorial classification that included persons: (1) without vascular 

disease or depression (V−D−) (n = 330), (2) with vascular disease, but without depression 

(V+D−) (n = 324), (3) with depression, but without vascular disease (V−D+) (n = 57), and 

(4) with both vascular disease and depression (V+D+) (n = 97).

Everyday Functioning—Everyday functioning was assessed using a combination of 

two well-validated measures of self- and clinician rating of activities of daily living 

(ADLs). All participants completed the Heaton et al. (2004) version of the Lawton 

Instrumental Activities of Daily Living Scale, which examines basic and instrumental 

ADLs such as finance management, grocery shopping, cooking, transportation, shopping, 

medication management, social activity planning, housekeeping,/cleaning, laundry, home 

repairs, bathing, and dressing. This scale requires participants to rate their current and 

best levels of functioning on each item with a “1” denoting they have experienced decline 

from “best” to “now” and a “0” indicating no observable decline. Scores were calculated 

by summing the number of items with decline out of 16, whereby higher values denote 

poorer functioning (sample range = 0–6, Cronbach’s alpha = 0.848). Furthermore, ADLs 

were assessed by a certified nurse using the Karnofsky Scale of Performance Status (KPS; 

Karnofsky, 1949) which ranges from 100 (i.e., able to carry out normal activity) to zero (i.e., 

dead; sample range = 50–100). Consistent with prior work in HIV (Casaletto et al., 2017), 

participants who endorsed two or more ADL domain declines or who were rated as < 90 per 

the clinician were classified as ADL dependent.

Covariates.: We also measured a variety of potential covariates that are relevant to HIV 

disease, vascular disease, and depression. A blood draw and research nurse interview 

provided information about common clinical HIV disease and treatment factors, as well 

as the frequency of non-vascular medical conditions (e.g., hepatitis C, renal disease, liver 

disease). Lifetime diagnoses of generalized anxiety disorder (GAD) and substance use 

disorders (SUD) were obtained from the CIDI. Antidepressant use was not considered as 

a covariate since use did not differ significantly between V−D+ and V+D+ groups and 

was not associated with ADLs in PLWH with depression (ps > 0.05). See Table 1 for a 

comprehensive list of covariates.

Data Analysis

A series of t-tests and chi-square tests were used to determine potential covariates, which 

were selected using a confound approach (Field-Fote, 2019). Specifically, any variables 

listed in Tables 1 and 2 that significantly related to both the independent and dependent 

variables were included in the statistical models. The primary hypotheses were tested by 

logistic regression. Planned post-hoc analyses consisted of 1) pair-wise odds ratios, which 

were focused specifically on the V+D+ study cell to reduce Type I error risk, and 2) analyses 

to determine the impact of antiretroviral therapy (ART) and viral suppression at the time of 

assessment on the results. A critical alpha was set at 0.05 and all analyses were conducted in 

JMP 16.0 (SAS, Cary, NC).
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Results

Estimated Frequency of Vascular Depression by HIV Serostatus

As shown in Table 1, sex, education, non-vascular medical conditions, GAD, and SUD 

were all significantly associated with HIV serostatus in the expected directions (ps < 0.05). 

Of these five potential covariates, only non-vascular medical conditions, GAD, and SUD 

were also significantly associated with VasDep (ps < 0.05) and were therefore included as 

covariates. The overall logistic regression model with HIV as a predictor of VasDep was 

significant (df = 12, χ2 = 1171.6, p < 0.0001). All predictor variables within this model 

were significant contributors, including HIV serostatus (df = 3, χ2 = 37.0, p < 0.0001), 

GAD (df = 3, χ2 = 25.0, p < 0.0001), SUD (df = 3, χ2 = 9.3, p = 0.025), and non-vascular 

medical conditions (df = 3, χ2 = 8.4, p = 0.038). Figure 1 shows that 86.6% of the V+D+ 

cases were among PLWH; in other words, the frequency of VasDep was three times higher 

among PLWH (15.7%) versus those without HIV (4.8%). Results were similar in pattern 

and significance when depression was defined only using the CIDI or only using the POMS. 

Follow-up post-hoc comparisons showed that positive HIV serostatus was associated with 

higher odds of V+D+ versus V−D− (odds ratio [OR] = 5.7, 95% confidence interval = 3.1, 

10.7), V+D− (OR = 2.5 [1.3, 4.8]), and V−D+ (OR = 1.9 [0.8, 4.5]).

Vascular Depression and Everyday Functioning in PLWH

Table 2 shows that VasDep was associated with older age, GAD, AIDS, longer estimated 

duration of HIV, and lower nadir CD4 count within the PLWH sample (ps < 0.05). All 

five of these variables were also associated with ADL dependence (ps < 0.05) and were 

therefore included as covariates in a logistic regression in which VasDep was a predictor of 

ADL status in PLWH. The overall model was significant (df = 8, χ2 = 77.7, p < 0.0001) 

and showed independent contributions of both VasDep (df = 3, χ2 = 44.5, p < 0.0001) and 

GAD (df = 1, χ2 = 7.9, p = 0.005) in the expected directions. No other covariate made 

a significant contribution to this model (all ps > 0.10). Follow-up post-hoc comparisons 

showed that VasDep was associated with higher odds of ADL dependence versus V−D− 

(OR = 9.6 [5.1, 17.9]), V+D− (OR = 7.1 [4.0, 12.6]) and V−D+ (OR = 5.4 [2.6, 11.5]).

Effect of ART with Viral Suppression

To examine the role of ART and viral suppression in the findings, we replicated the logistic 

regression models in the subset of 383 PLWH who were on ART and virally suppressed at 

the time of assessment. HIV serostatus was a strong, independent predictor of VasDep in this 

subset of participants (df = 3, χ2 = 28.9, p < 0.0001), and VasDep significantly predicted 

ADL dependence (df = 3, χ2 = 25.7, p < 0.001). We also conducted a one-sample χ2 test 

and confirmed that the frequencies of V+D−, V−D+, and V+D+ in this subset of PLWH did 

not differ from the full sample of PLWH (df = 3, χ2 = 1.0, p = 0.789).

Discussion

Depression and vascular disease commonly co-occur among PLWH, but we know little 

about the specific frequency of VasDep in the context of HIV disease. Findings from this 

retrospective clinical study are the first to suggest that HIV is associated with an increased 
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risk of VasDep. HIV disease was associated with a three-fold increased rate of VasDep 

as compared to the seronegative sample, whose rates were broadly comparable to national 

prevalence estimates (Gonzalez et al., 2012). The association between HIV and VasDep 

was not confounded by sociodemographics, medical comorbidities, or other psychiatric 

factors measured in this sample, and findings remained significant in a subsample of 

PLWH who were on ART and virally suppressed at the time of assessment. These findings 

extend prior work on the association between vascular disease and depression in HIV 

(e.g., Horvat Davey et al., 2020) by specifically highlighting their convergence in the 

clinically relevant neuropsychiatric syndrome of VasDep (Alexopoulos et al., 1997). This 

preliminary finding generates numerous important questions about the neuropathogenesis, 

course, clinical features (e.g., neuroimaging and neurocognitive correlates), and mediating/

moderating factors (e.g., race, age) of VasDep in PLWH.

Findings from this study also support the clinical relevance of the increased frequency of 

VasDep in HIV. Specifically, 80% of the PLWH with VasDep were functionally dependent, 

nearly double the rates of dependence observed in persons with either depression or vascular 

disease alone. Moreover, PLWH with VasDep were more than nine times more likely to be 

functionally dependent as compared to PLWH with neither depression nor vascular disease. 

Importantly, the higher frequency of functional dependence among PLWH with VasDep was 

not better explained by sociodemographics, HIV disease severity, or other comorbidities. 

Thus, a majority of PLWH with VasDep experience greater dependence in their activities 

of daily living. Functional dependence was operationalized using both clinician- and self-

rated declines in ADLs, so future work is needed to examine the effects of VasDep on 

performance-based measures of functional capacity (e.g., medication management) and 

objective behavioral indicators (e.g., pharmacy refills, retention in healthcare). It will also 

be important determine risk (e.g., executive dysfunction) and protective (e.g., environmental 

supports) factors for functional dependence among PLWH with VasDep.

VasDep is generally considered a subtype of late-life depression, largely due to the strong 

association between older age and higher risk of cardiovascular and cerebrovascular diseases 

(Dai et al., 2015). Even though VasDep research has generally been limited to older adults, 

older age is not a prerequisite for the condition since the presumed mechanism is not 

age per se, but rather, disruption of mood networks in the brain due to chronic vascular 

disease. Vascular risk factors (e.g., high blood pressure, obesity) and vascular diseases (e.g., 

coronary artery disease, chronic heart failure) are associated with white matter lesions in 

the brain (Wang et al., 2021), seen as white matter hyperintensities (WMH) on magnetic 

resonance imaging scans. More severe WMH have been reported in individuals with late-life 

depression and vascular complaints (Tamura and Araki, 2015; van Dijk et al., 2004). In 

particular, WMH within mood related fasciculi that connect fronto-striatal and limbic areas 

have been linked to increased depressive symptoms (Aizenstein et al., 2016; Steffens et 

al., 2011; Taylor et al., 2013). The presence of WMH is a necessary condition for MRI-

defined VasDep (Krishnan et al., 1997) and is presumed to be the underlying mechanism 

in clinically defined VasDep, which bases the diagnosis on the presence of vascular risk 

factors. As such, individuals with any condition associated with chronic vascular disease 

could be at increased risk for VasDep. Since WMH are a common finding in PLWH 

(Mina et al., 2021) and have been shown to be correlated with the presence of vascular 
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conditions (Mina et al., 2021; Wu et al., 2018), our finding of higher VasDep risk in 

PLWH is consistent with the VasDep hypothesis that has traditionally been tested in late-life 

depression. In light of evidence that vascular conditions differ in the strength of their 

relationship with WMH (Alber et al., 2019), our understanding of VasDep in PLWH and 

other populations could be enhanced by studies that examine the link between individual 

conditions and depression. The low frequency of several vascular conditions precluded such 

an examination in the current study.

The functional deficits related to VasDep in the current study parallel consistent findings 

in the VasDep literature. Both clinically-defined and MRI-defined VasDep predict greater 

functional disability (Chang et al., 2016). In fact, there is evidence that VasDep is a 

prodrome of frailty, a condition marked by pronounced difficulty performing instrumental 

activities of daily living (Paulson and Lichtenberg, 2013). Frailty data are not available 

for the current sample, but previous work in PLWH found that out of 12 medical and 

neuropsychiatric comorbidities, elevated depressive symptoms conferred the highest risk for 

frailty, with the comorbidity of depression with either diabetes, hypertension, or obesity—all 

vascular risk factors—predicting the highest risk of frailty (Lorenz et al., 2021). Future work 

should examine the links between clinically or MRI-defined VasDep, functional disability, 

and frailty in PLWH. Functional deficits in late-life VasDep are associated with executive 

dysfunction, similar to what has been shown in the larger aging literature (McAlister et al., 

2016). WMHs likely underly the interrelationships amongst vascular burden, depression, 

cognitive deficits, and functional dependence, as WMHs have been associated with each 

of these variables (Puzo et al., 2019). WMHs predict worse cognitive outcomes in PLWH 

(Mina et al., 2021; Wu et al., 2018), but thus far, no work has linked WMHs and cognitive 

outcomes to VasDep in PLWH. This will be an important focus of future research. Future 

work in PLWH should focus not just on WMH volume, but on the associations between 

regional WMH volume in mood networks in the brain and depressive symptoms, and 

whether serostatus modifies this relationship. Also important will be studies that examine 

demographic (e.g., age, race, socioeconomic status) and clinical (e.g., comorbid conditions, 

depression severity) factors that may moderate the risk for VasDep in PLWH as well as the 

cognitive and functional correlates of VasDep.

A few additional limitations to this study deserve consideration in interpreting the findings. 

First, neuroimaging data were not available, thus we were not able to confirm the presence 

of WMHs that are the presumed cause of VasDep. Second, the sample was predominantly 

White, male, and had post-high school education levels; thus, the generalizability of 

these data to other sociodemographic groups remains to be determined. Similarly, the low 

frequency of many of the vascular and non-vascular conditions in the sample could impact 

external validity of the current findings. Third, the study design was observational and 

cross-sectional. Nonetheless, this study provides initial evidence that PLWH are vulnerable 

to VasDep, a disorder that has traditionally been studied only in older adults. The increased 

risk of VasDep in PLWH supports previous assertions that HIV contributes to accelerated 

aging (e.g., Sheppard et al., 2017). The demonstration of a vulnerability to VasDep and 

an association between VasDep and functional dependence in the total sample, which 

includes include persons not on ART and who have detectable viral load, increases the 

generalizability of the findings to the most vulnerable PLWH. The replication of the findings 
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in the subsample of virally suppressed PLWH on ART suggests the observed findings are 

not attributable to HIV viral load.

Considering that VasDep in older adults is associated with greater cognitive deficits, 

functional disability, and treatment resistance than non-vascular depression, these results 

highlight a critical need for more research on VasDep in PLWH as well as other medical 

populations that are marked by high vascular burden. Clinically, results suggest depressed 

PLWH may benefit from adjunctive treatments that target vascular health. For example, 

lifestyle interventions such as exercise and nutritional changes may be combined with 

pharmacotherapy or psychotherapy to improve outcomes in VasDep (Jellinger, 2021; Taylor 

et al., 2018). Lifestyle interventions may also provide effective prevention strategies for 

PLWH to reduce the risk of developing VasDep.
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Figure 1. 
Frequency of vascular depression in persons with and without HIV disease. V−D− without 

vascular disease or depression, V+D− with vascular disease but without depression, V−D+ 
with depression but without vascular disease, V+D+ with both vascular disease and 

depression.
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Figure 2. 
Frequency of dependence in activities of daily living in 536 persons living with HIV disease. 

V−D− without vascular disease or depression, V+D− with vascular disease but without 

depression, V−D+ with depression but without vascular disease, V+D+ with both vascular 

disease and depression.
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Table 1.

Demographic and clinical characteristics of the study participants.

HIV Serostatus HIV+ HIV−

N 536 272

Demographics

  Sex (% women) 13.8 36.4

  Race/ethnicity (%)

 Black 22.0 19.9

 Hispanic/Latin@ 16.8 16.9

 White 59.0 58.5

 Other 2.1 4.4

  Age 47.8 (11.3) 46.1 (15.05)

 Education 13.6 (2.6) 14.22 (2.53)

Psychiatric (%)

  Substance Use Disorder 73.3 55.5

  Generalized Anxiety Disorder 14.0 5.1

Medical

  Non-vascular conditions 0.4 (0.6) 0.2 (0.4)

  Estimated HIV duration (years) 14.6 (8.9)

  Plasma RNA Detectable (%) 24.1%

  Current CD4 count (cells/μL)2 601.5 (306.2)

  Nadir CD4 count (cells/μL) 2 a 208.7 (182.6) 924.34 (302.0)

  AIDS (%) 57.8

  Prescribed ART (%) 86.8

 NNRTI 30.1

 NRTI 12.6

 PI 42.3

 Other 15.0

Note. Values are means (standard deviation) or valid sample % values. HIV = human immunodeficiency virus; RNA = ribonucleic acid; CD4 = 
cluster of differentiation 4 cell; AIDS = acquired immune deficiency syndrome; ART = antiretroviral therapy; NNRTI = non-nucleoside reverse 
transcriptase inhibitors; NRTI = nucleoside reverse transcriptase inhibitor; PI = protease inhibitor.

a
Research in the era of antiretroviral therapies shows that nadir (i.e., the lowest historically reported) CD4 count relates to brain structure and 

function at broadly small-to-medium effect sizes (e.g., Everall et al., 2009; Jernigan et al., 2011; Walker and Brown, 2018).
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Table 2.

Vascular and depression characteristics of the study participants.

HIV Serostatus HIV+ HIV−

N 536 272

Total Vascular Conditions
a 2.1 (2.2) 1.2 (1.8)

  Hypertension (%) 37.1 22.4

  Hyperlipidemia (%) 35.6 17.6

  Chronic pulmonary disease (%) 20.0 15.1

  Type 2 diabetes mellitus (%) 10.3 7.7

  TIA (%) 2.6 1.1

  Myocardial infarction (%) 1.7 0.4

  Congestive heart failure (%) 0.8 0.7

  Peripheral vascular disease (%) 0.6 0

Depression

  Current MDD (%) 12.1 3.7

  Recency

 < 2 weeks 76.9 60.0

 < 4 weeks 23.1 40.0

  Age at first depressive episode 32.1 (15.2) 33.7 (20.5)

  POMS current depressed (%) 17.4 7.4

  POMS depression z-scores 0.4 (1.4) −0.1 (1.0)

Note. Values are means (standard deviation) or valid sample % values. HIV = human immunodeficiency virus; y = current or past history; n = no 
current or past history; TIA = transient ischemic attack; MDD = major depressive disorder; POMS = Profile of Mood States

a
Vascular conditions include vascular risk factors (e.g., hypertension, hyperlipidemia) in addition to vascular diseases (e.g., congestive heart failure, 

peripheral artery disease).
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Table 3.

Demographic and clinical characteristics of PLWH with and without vascular disease and depression (N=536).

Va− Dep− Va− Dep+ Va+ Dep− Va+ Dep+

N 175 44 233 84

Demographics

  Sex (% women) 10.9 13.6 15.0 16.7

  Race/ethnicity (%)

 Black 20.6 27.3 22.8 20.2

 Hispanic/Latin@ 23.4 22.7 13.7 8.3

 White 54.2 47.7 60.5 70.2

 Other 1.7 2.3 3.0 1.2

  Age 43.1 (9.8) 40.7 (12.7) 51.5 (10.6) 50.9 (10.1)

  Education 13.4 (2.6) 13.2 (2.2) 13.9 (2.5) 13.5 (2.8)

Psychiatric (%)

  Substance use 70.3 75.0 72.5 81.0

  Generalized anxiety 8.0 29.5 10.3 28.6

Medical

  Non-vascular conditions 0.3 (0.6) 0.2 (0.4) 0.4 (0.6) 0.4 (0.6)

  Est. HIV duration (years) 12.39 (8.6) 9.6 (8.3) 16.3 (8.5) 17.0 (8.6)

  Plasma RNA (% detectable) 23.8% 31.8% 21.3% 28.0%

  Current CD4 (cells/μL) 565.1 (303.1) 598.0 (265.8) 623.0 (307.8) 620.9 (325.8)

  Nadir CD4 (cells/μL) 2 226.1 (183.0) 252.0 (191.0) 185.5 (168.5) 214.1 (208.1)

  AIDS (%) 49.1 47.7 62.7 67.9

  Prescribed ART (%) 86.7 81.8 88.7 84.3

Note. Values are means (standard deviation) or valid sample % values. HIV = human immunodeficiency virus; RNA = ribonucleic acid; CD4 = 
cluster of differentiation 4 cell; AIDS = acquired immune deficiency syndrome; ART = antiretroviral therapy; PLWH = persons living with hiv 
disease; Va = vascular; Dep = depression.
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