
UC San Diego
UC San Diego Previously Published Works

Title

Combined effects of loneliness and inflammation on depression in people with HIV

Permalink

https://escholarship.org/uc/item/679823jf

Journal

Journal of NeuroVirology, 29(5)

ISSN

1355-0284

Authors

Hussain, Mariam A
Watson, C Wei-Ming
Morgan, Erin E
et al.

Publication Date

2023-10-01

DOI

10.1007/s13365-023-01145-z
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/679823jf
https://escholarship.org/uc/item/679823jf#author
https://escholarship.org
http://www.cdlib.org/


Vol:.(1234567890)

Journal of NeuroVirology (2023) 29:538–554
https://doi.org/10.1007/s13365-023-01145-z

1 3

Combined effects of loneliness and inflammation on depression 
in people with HIV

Mariam A. Hussain1,2,3   · C. Wei‑Ming Watson1,2,3 · Erin E. Morgan2,3 · Robert K. Heaton2,3 · Scott L. Letendre2,3 · 
Dilip V. Jeste2,4,5 · David J. Moore2,3 · Jennifer E. Iudicello2,3

Received: 17 June 2022 / Revised: 17 April 2023 / Accepted: 24 April 2023 / Published online: 31 August 2023 
© The Author(s) 2023

Abstract
Objective  Loneliness is prevalent in people with HIV (PWH) and associated with adverse health-related consequences, 
including depression. Chronic inflammation has been linked to depression in PWH, though its association with loneliness 
is less well established. Simultaneous examination of inflammation, loneliness and depression is needed to clarify these 
relationships. This study investigated the relationship between loneliness and inflammation, and the effects of loneliness and 
inflammation on depression in PWH. 
Methods  82 PWH who were on suppressive ART (mean age [SD] = 53.2 [9.0]) completed the UCLA Loneliness Scale-
Version 3 and the Center for Epidemiologic Studies Depression Scale as part of a comprehensive evaluation. Biomarkers 
of systemic inflammation (CRP, IL-6, CCL2/MCP-1, sCD14) and coagulation (D-dimer) were measured in blood using 
commercial immunoassays.
Results  Multivariable linear regression analyses revealed that higher D-dimer, CCL2/MCP-1, and sCD14 were significant 
predictors of loneliness (ps < .05) while accounting for relevant covariates. Stepwise multiple linear regression models that 
included loneliness, biomarkers, and their interactions as predictors of depressive symptoms revealed significant main effects 
of loneliness and CCL2/MCP-1 levels (ps < .05), and a significant loneliness by D-dimer interaction (p < .05) whereby higher 
D-dimer was associated with increased depressive symptoms only at higher levels of loneliness. 
Conclusions  Increased coagulation activity is associated with loneliness, and in the context of loneliness, may increase 
risk for depression. Increased inflammation was associated with depression suggesting potentially dissociable underlying 
biological processes. To the extent that these processes are modifiable, such findings could have important implications in 
the treatment of loneliness and depression in PWH.

Keywords  (4–6): Social determinants of health · Psychological distress · Coagulation · D-dimer · Monocyte 
chemoattractant protein-1

Introduction

Loneliness, an aversive emotional experience tied to the dis-
crepancy between one’s desired and experienced social rela-
tions (Perlman and Peplau 1981), is common among peo-
ple with HIV (PWH) and is increasingly recognized as an 
important and understudied health determinant (Grov et al. 
2010; Holt-Lunstad et al. 2015; Luo et al. 2012). Loneli-
ness (or perceived social isolation) is distinct from objective 
social isolation (e.g., a lack of contact between an individual 
and society), or limited social interactions, in that it captures 
the extent to which an individual feels meaningfully con-
nected to their social world (Hawkley and Cacioppo 2010). 
For example, some individuals may feel lonely despite 
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having many social contacts and/or interactions; on the other 
hand, those who prefer to live solitary lives may not nec-
essarily feel lonely. Studies in the general population have 
linked loneliness to a host of adverse medical (e.g., cardio-
vascular disease), psychiatric (e.g., depression, substance 
use), and neurocognitive (e.g., dementia) consequences (Luo 
et al. 2012). In older adults, loneliness has also been linked 
to elevated use of medications such as opioids and benzo-
diazepines (Vyas et al. 2021). Additionally, loneliness is a 
risk factor for mortality (Holt-Lunstad et al. 2015; Rico-
Uribe et al. 2018) and is a major contributor to the escalating 
rates of suicides and opioid-related deaths that have led to 
a reduction in average lifespan in the US over the past two 
decades (Jeste et al. 2020).

Loneliness is more common in individuals with chronic 
illnesses relative to the general population (Pyle and Evans 
2018). In addition to living with a chronic illness, PWH may 
be even more vulnerable to loneliness due to factors such as 
stigma, substance use, psychiatric disorders, and lower socio-
economic status (Grov et al. 2010). Studies on loneliness 
in PWH have found evidence of greater loneliness (Vance 
2006) relative to people without HIV (PWoH). Prevalence 
estimates of loneliness in PWH vary across the literature 
depending on the method of assessment and/or specific 
operational definition of loneliness used (including differ-
ent cutoffs on measures of loneliness), as well as differences 
in sample characteristics (e.g., age, race/ethnicity, psychi-
atric, and/or substance use characteristics). Studies gener-
ally suggest that about 36–58% of PWH report at least one 
symptom of loneliness (Greene 2018; Nachega et al. 2012; 
Rodkjaer et al. 2010). Rates of loneliness have been found 
to be higher in older PWH (≥ 50 years old; 46–64%) com-
pared to younger (< 50 years) PWH (Mazonson et al. 2020; 
Yoo-Jeong et al. 2019). Greene (2018) evaluated the preva-
lence of loneliness in n = 356 PWH over age 50 using the 
UCLA 8-item loneliness scale (scores range from 8–32) and 
found that 58% reported at least one symptom of loneliness, 
with 24%, 22%, and 12% reporting mild (17–20), moderate 
(21–24), and severe (> 24) loneliness, respectively. In this 
study (Greene 2018), lonely PWH reported fewer relation-
ships and were more likely to report depression and sub-
stance use (e.g., alcohol, tobacco). Common predictors of 
loneliness in PWH include social support, network size, and 
stigma/discrimination, which can be elevated among PWH 
(Harris et al. 2020). Although factors such as loneliness and 
social support are closely linked, and both are supported by 
cognitive theory that relies heavily on perceived, subjec-
tive evaluation of social networks (Zhang and Dong 2022), 
the biological processes between these factors appear to be 
distinct. For example, aspects of social engagement such as 
objective social isolation and social support have been asso-
ciated with lower inflammation, such as lower CRP, while 
loneliness has been associated with poorer regulation of 

inflammatory processes, such as lower insulin like growth 
factor-1 (Walker et al. 2019). Importantly, loneliness has 
been linked to a range of negative health outcomes in PWH, 
including poorer sleep, less physical activity, increased stress, 
more risky sexual and drug use behaviors, increased risk of 
neurocognitive impairment, and poorer overall quality of life 
(Bryant et al. 2018; Fekete et al. 2018; Golub et al. 2010; 
Greene 2018; Han et al. 2017; Harris et al. 2020; Hussain 
et al. 2022; Mannes et al. 2016).

Large-scale studies in the general population across the 
adult lifespan have shown a significant association between 
loneliness and depression (Erzen and Cikrikci 2018). This 
relationship also has been demonstrated in PWH (Fekete 
et  al. 2018; Grov et  al. 2010; Rodkjaer et  al. 2010). In 
one study of older PWH, increased loneliness explained 
an additional 8% of the variance in depression symptoms, 
after accounting for HIV-associated stigma, neurocognitive 
impairment, fatigue, and age (Grov et al. 2010). Longitudi-
nal research examining the relationship between loneliness 
and depression in PWH is limited. Studies in the general 
population have suggested that there are likely bidirectional 
relationships between loneliness and depression, such that 
while loneliness often precedes onset of depression, loneli-
ness and depression can exacerbate each other in a cyclical 
manner (Nuyen et al. 2020). The co-occurrence of loneliness 
and depression is also problematic and has been associated 
with increased sexual and drug risk-taking behaviors in PWH 
(Siconolfi et al. 2013; Su et al. 2018; Wang et al. 2017).

Despite its high prevalence and clinical consequences, 
little is known about biological processes associated with 
loneliness in PWH. Chronic inflammation, which persists 
even in the context of viral suppression on ART, has been 
linked to several adverse health outcomes in PWH (Deeks 
et al. 2013; Fukui et al. 2018; Nordell et al. 2014). The 
biopsychosocial relationships between inflammation and 
its consequences such as loneliness are complex. Inflam-
mation can cause significant changes in social behavior 
(Eisenberger et al. 2017). For example, it is suggested  
that increased inflammation can lead to heightened  
sensitivity to negative, threatening social experiences 
(Moieni and Eisenberger 2018). Inflammation can also 
be a physiological response to loneliness. While acute 
loneliness may serve adaptive functions such as pursuit 
of meaningful social interactions, chronic loneliness may 
increase perception of social threat and hypervigilance 
that activates a chronic inflammatory response (Cacioppo 
et al. 2011), which can have adverse downstream health 
effects (Hawkley et al. 2003; Kiecolt-Glaser et al. 2010). 
Consistent with these notions, a recent review and meta-
analyses conducted in individuals aged 16 or older from 
the general population found evidence supporting the link 
between inflammation and loneliness, though this publi-
cation noted limitations with regards to methodological 
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heterogeneity across studies (Smith et al. 2020). Many 
of the available loneliness studies examined biomarkers 
of systemic inflammation that have been linked to down-
stream health-related consequences such as increased car-
diovascular risk (Hawkley et al. 2010); these inflammatory 
processes include cytokines (e.g., interleukin-6 [IL-6]), 
chemokines (e.g., chemokine (C–C motif) ligand 2/mono-
cyte chemoattractant protein-1 [CCL2/MCP-1]) and acute 
phase proteins (e.g., C-reactive protein [CRP]; Hackett 
et al. 2012; Leschak and Eisenberger 2019; Nersesian et al. 
2018; Smith et al. 2020).

Pro-inflammatory and immune activation markers are 
elevated in PWH, and chronic inflammation is common 
even among PWH who are on suppressive ART. Research 
in PWH has also demonstrated links between inflamma-
tion and psychosocial disturbances. For example, Ellis 
et  al. (2021) and Sun-Suslow et  al. (2020) found that 
poorer social support was associated with higher inflam-
matory biomarkers in plasma and CSF in PWH. Literature 
in PWoH suggests that the link between social support 
and inflammation may be mediated through depressive 
symptoms (Santini et al. 2015). To our knowledge, only 
one study has examined the relationship between loneli-
ness (specifically, as opposed to social isolation or social 
support) and inflammation in PWH. Derry et al. (2021) 
examined cross-sectional associations between psychoso-
cial factors and inflammatory markers (IL-6, interferon-
gamma [IFN-γ], tumor necrosis factor-alpha [TNF-α], and 
CRP) in older PWH (aged 54–78; n = 143), 93% of whom 
had a viral load < 200 copies/mL; the authors of this study 
did not find significant associations between loneliness  
and biomarker levels. Future research is needed to deter-
mine possible explanations for the discrepant findings 
between this study and research in PWoH. The authors 
suggested that the link between inflammation and loneli-
ness could perhaps be stronger in younger PWH. Another 
possibility is that, in the context of chronic inflammatory 
conditions such as HIV, other unmeasured inflammation-
related processes may be involved. For example, studies 
have found associations between greater coagulation activ-
ity (e.g., higher levels of fibrinogen and/or D-dimer) and 
poorer perceived social support in both PWoH (Wirtz et al. 
2009) and PWH (Sun-Suslow et al. 2020). Since D-dimer 
is associated with similar health-related outcomes as lone-
liness such as cardiovascular disease (Leigh-Hunt et al. 
2017; Valtorta et al. 2016), it is possible that coagula-
tion activity may be another biological process related to 
loneliness. Thus, in addition to examining the relation-
ship between biomarkers of inflammation and loneliness 
in PWH, the current study also sought to investigate the 
relationship between loneliness and D-dimer, a marker of 
coagulation activation and chronic inflammation, which 
is elevated and associated with adverse outcomes (e.g., 

cardiovascular disease, mortality) in PWH (Ford et al. 
2010; Kuller et al. 2008).

Inflammation also has been implicated in the pathogen-
esis of depression in the general population (Kiecolt-Glaser 
et al. 2015; Miller et al. 2009), and in individuals at risk for 
HIV (Lu et al. 2019). In PWH, a number of studies have 
found associations between depression and biomarkers of 
immune activation and inflammation such as CRP, IL-6, and 
soluble cluster of differentiation-14 (sCD14; Lu et al. 2019; 
Norcini Pala et al. 2016; Rivera-Rivera et al. 2016; Stewart 
et al. 2020), even in PWH who are virally suppressed (Ellis 
et al. 2020). Moreover, inflammation-related vascular bio-
markers also have been linked to depressive symptoms in 
PWH such as D-dimer (Norcini Pala et al. 2016; Stewart 
et al. 2020).

Despite the above referenced studies, there remains a lim-
ited understanding of the complex biopsychosocial relation-
ships between loneliness and inflammation in PWH, as well 
as the complex biopsychosocial relationships between lone-
liness, inflammation, and depression. Our study sought to 
contribute knowledge to this area of research by examining: 
(1) the relationships between loneliness and biomarkers of 
systemic inflammation (CRP, IL-6, CCL2/MCP-1, sCD14) 
and related processes (e.g., coagulation; D-dimer), and (2) 
the combined influence of loneliness and inflammation on 
depressive symptoms.

Methods

Participants and Study Design

This cross-sectional study included 82 PWH from the 
NIMH-funded Multi-Dimensional Successful Aging among 
Adults living with HIV study, which was conducted at the 
University of California San Diego (UCSD) HIV Neurobe-
havioral Research Program (HNRP) and Sam and Rose Stein 
Institute for Research on Aging (SIRA). IRB approval was 
obtained from the UCSD Human Research Protections Pro-
gram, and written consent was obtained from participants 
after they were informed of the design and purpose of the 
study, risk and benefits to participation, compensation, data 
sharing, confidentiality, and participant rights. Visits for 
the current study took place between November 2015 and 
December 2018.

Inclusion/Exclusion Criteria

To enroll a representative cohort of participants, the par-
ent study (i.e., the Multi-Dimensional Successful Aging 
Among Adults living with HIV study) applied minimal over-
all exclusion criteria. These were: 1) neurologic condition 
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(not attributable to HIV) known to impact neurobehavioral 
functioning (e.g., Alzheimer's disease, stroke, traumatic 
brain injury), 2) psychotic disorders (e.g., schizophrenia), 
and 3) positive urine toxicology on the day of testing (except 
for cannabis). Inclusion criteria for the parent study were: 
1) aged 36–65 years, 2) fluent in English, and 3) ability to 
provide informed consent. This study included all PWH 
from the parent study who completed the UCLA Loneli-
ness Scale—Version 3 and the Center for Epidemiological 
Studies Depression Scale (CES-D), had complete biomarker 
data, were currently taking antiretroviral therapy (ART), and 
were virally suppressed (undetectable plasma HIV RNA 
viral load [< 50 copies/mL]).

Assessments

Loneliness

Loneliness was measured using the revised UCLA Lone-
liness Scale – Version 3 (UCLA-3), a self-report measure 
that assesses the degree to which one perceives themselves 
to be socially disconnected or isolated from others (Russell 
1996). The UCLA-3 is comprised of 20-items that required a 
Likert-type response from 1 (Never) to 4 (Always). Example 
items include, “How often do you feel that people are around 
you but not with you?” and “How often do you feel that your 
relationships with others are not meaningful?” Notably, no 
item explicitly uses the word “lonely.” The UCLA-3 revi-
sions incorporated ten reverse-scored items and simplified 
the language from previous versions to make it more eas-
ily comprehensible to people of all education levels. After 
reverse-scoring, item responses are summed to provide a 
total score ranging from 20 to 80, with higher scores reflect-
ing more loneliness. A cut off ≥ 44 on the UCLA-3 is indica-
tive of high loneliness (Lee et al. 2019). This scale has pre-
viously been used to assess loneliness in PWH (Grov et al. 
2010), and had excellent internal consistency in our sample 
(Cronbach’s α = 0.94).

Depressive Symptoms

Depressive symptoms were measured using the Center 
for Epidemiological Studies Depression Scale (CES-D). 
This 20-item self-report measure assesses the frequency of 
depressive symptoms, such as dysphoria, anhedonia, poor 
appetite, sleep disturbance, difficulty in thinking/concen-
tration, worthlessness, fatigue, or suicidal ideation, that are 
experienced by the participant over the past week (Radloff 
1977). Participants’ responses on each item can range from 

0 to 3 (0=Rarely or none of the time [< 1 day in the past 
week]; 1=Some or a little of the time [1-2 days]; 2=Occa-
sionally or a moderate amount of time [3-4 days]; 3=All of 
the time [5-7 days]). After reverse-scoring appropriate items, 
a total score is derived by summing item responses. The total 
score can range from 0 to 60, with higher scores reflecting 
a greater frequency of depressive symptoms, and a score of 
≥16 suggestive of clinically significant depressive symptoms 
(Lewinsohn et al. 1997). The CES-D has good sensitivity 
and specificity in identifying Major Depressive Disorder, has  
been used extensively across many research and clinical pop-
ulations including PWH (Chenneville et al. 2019; Lewinsohn  
et al. 1997; Marando et al. 2016), and showed good internal 
consistency in our sample (Cronbach’s α = 0.80).

Psychosocial Assessment

Participants were also administered a comprehensive 
neurobehavioral evaluation, which included collection of 
demographic data as well as psychiatric, substance use, and 
social characteristics. Psychiatric histories such as current 
and lifetime Major Depressive Disorder (MDD), as well as 
current and lifetime histories of substance use disorders, 
were assessed using the Composite International Diagnos-
tic Interview (CIDI) version 2.1 (Kessler and Ustun 2004; 
Wittchen 1994), which follows Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV) cri-
teria (APA 1994), consistent with other ongoing research 
studies at our center. The 4-item Duke Social Support Index 
(Koenig et al. 1993) and the MacArthur Health Aging ques-
tionnaire (Seeman et al. 1994) were administered to col-
lect information regarding social interactions and perceived 
emotional support, respectively. Social interactions, a proxy 
for measuring objective social isolation, was indexed by 
summing two items from the Duke Social Support Index 
that ask participants to indicate how many times in the past 
week they either spent time with, or spoke on the phone with 
someone who did not live with them. Responses for each 
item were coded as 0 (“none”) to 7 (“seven or more times”; 
possible range of scores=0-14). Two items from the Mac-
arthur Health Aging questionnaire were used as an index 
of perceived emotional support. These items asked partici-
pants to rate on a 4-point scale ranging from 1 (“Never”) 
to 4 (“Frequently") how often their spouse, children, close 
friends and/or relatives: 1) make them feel loved and cared 
for, and 2) are willing to listen when they need to talk about 
worries and problems. These two items were summed for 
an index of perceived emotional support (possible range of 
scores=0-8) and showed good internal consistency in our 
sample (Cronbach’s α = 0.83).
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Neuromedical Assessment

The neuromedical assessment included a clinical interview to 
gather a comprehensive medical history (e.g., medical condi-
tions, medications, etc.) as well as a blood draw, breathalyzer 
and urine drug screen, and self-report questionnaires (e.g., 
AIDS Clinical Trials Group [ACTG] Adherence Questionnaire 
[4-day adherence of > 90%]; Chesney et al. 2000). HIV status 
was determined by standard enzyme-linked immunosorbent 
assay (ELISA) and a confirmatory Western blot. HIV RNA was 
quantified in plasma by reverse transcriptase-polymerase chain 
reaction using a commercial assay with lower limit of quanti-
fication of 50 copies/mL. Hepatitis C Virus (HCV) serostatus 
was determined by commercial immunoassay.

Plasma levels of CRP, IL-6, CCL2/MCP-1, sCD14, and 
D-dimer were measured by the parent study using commer-
cial enzyme-linked immunosorbent assay kits. Specifically, 
CRP was assayed by Lab Corp, IL-6 and CCL2/MCP-1 were 
run on a Mesoscale Discovery Imager 2400, and sCD14 and 
D-dimer were measured on a Molecular Devices ELISA 
microplate reader.

We considered each of these biomarkers of inflammation 
(CRP, IL-6, CCL2/MCP-1, sCD14; Kuller et al. 2008; Lau 
et al. 2006; Lien et al. 1998; Sevigny et al. 2007) and asso-
ciated processes (e.g., coagulation; D-dimer; Freiberg et al. 
2016; Kuller et al. 2008; Montoya et al. 2019) given their 
relevance to HIV disease. Additionally, these biomarkers 
are linked to psychosocial disturbances in PWoH such as 
social isolation and poor social support (Hackett et al. 2012; 
Leschak and Eisenberger 2019; Smith et al. 2020) and PWH 
(Ellis et al. 2021; Sun-Suslow et al. 2020), as well as their 
associations with loneliness in people without HIV (Cole 
et al. 2007).

Statistical Analyses

Variables of interest were checked for normality and skew-
ness. Biomarkers were log-transformed to better improve 
fit, and outliers were removed if they were > 4 SDs from 
the mean. UCLA-3 total scores were normally distrib-
uted. CES-D total scores were skewed towards the lower 
range. However, these values were still acceptable based 
on absolute-value cutoffs for skewness and Kurtosis (3 and 
10, respectively) that have been previously established by 
Kline (2011). Given that both outcome variables (loneliness 
and depressive symptoms) were not significantly skewed, 
multivariable regression were appropriate for use. Biomark-
ers were log-transformed given their significant skewness. 
CRP and D-dimer remained skewed after log transforma-
tions; therefore, non-parametric approaches (e.g., Spear-
man’s ρ) were utilized for bivariate analyses that included 
biomarkers. Cohen’s d was calculated to estimate effect size 
(Cohen 1988). The assumption of linearity was checked by 

examining linear and nonlinear relationships between each 
biomarker (CRP, IL-6, CCL2/MCP-1, sCD14, and D-dimer) 
and each dependent variable (loneliness symptoms and 
depressive symptoms) using bivariate and residual analyses 
(i.e., diagnostic residual plots such as Response Residual by 
Response Predicted Plots, Residual Normal Quantile Plots, 
Response Actual by Response Predicted Plots, Residual by 
Row Plots, and Residual by X Plots). There were no sig-
nificant nonlinear associations between independent and 
dependent variables, and residual analyses confirmed lin-
earity between these associations. Therefore, the assumption 
of linearity was satisfied in order to use multiple regression 
analysis. In addition, multicollinearity between our variables 
were checked first by analyzing the bivariate correlations 
between measures, then by calculating the variance inflation 
factor (VIF). Bivariate correlations between measures all fell 
below the threshold for multicollinearity (r = 0.7) suggested 
by Pallant (2020). Additionally, the VIF for all variables was 
less than 2.0, which was well below the suggested cutoff of 
10 (Hair et al. 2014). Thus, multicollinearity did not exist 
in this study. All analyses were conducted with JMP Pro 16 
statistical software.

First, Spearman’s rank-order correlation (ρ) tests were 
conducted to examine bivariate associations between bio-
markers of systemic inflammation and coagulation (CRP, 
IL-6, sCD14, CCL2/MCP-1, and D-dimer) with loneliness 
(i.e., UCLA-3 total loneliness score) and depressive symp-
toms (i.e., CES-D Total Score). Two separate multivariable 
regressions were then conducted, one with loneliness as 
the outcome variable and the other with depressive symp-
toms as the outcome variable and loneliness as a predictor. 
All biomarkers were considered in multivariable analyses 
to examine their independent influences, after accounting 
for the relative variance predicted by other biomarkers on 
the outcome variables. Other candidate covariates from 
Table 1 (i.e., demographic, medical, psychiatric, social, and 
HIV disease characteristics) were included in multivariable 
regression models if they demonstrated bivariate trend-level 
associations (p < 0.10) with the outcome variable (i.e., lone-
liness or depressive symptoms). Age was considered a priori 
for inclusion in multivariable analyses predicting loneliness 
given its association with loneliness in the literature (Dyal 
and Valente 2015) and associations with systemic inflam-
matory biomarkers (Fukui et al. 2018). Interactions between 
loneliness and biomarkers of systemic inflammation were 
also included in the second model predicting depressive 
symptoms to evaluate whether loneliness may moderate 
the relationship between inflammation and depression in 
PWH. Backwards stepwise regression was conducted for 
each outcome and a minimal Akaike information criterion 
(AIC; Akaike 1974) was used to reduce the model. The AIC 
method was preferred over the coefficient-based stepwise 
regression because AIC is a more data-driven approach, 
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which balances goodness of fit and model complexity while 
the coefficient-based approach relies more on theoretical 
framework for the regression model. Given that loneliness, 
inflammation, and depression literature in PWH is still 
limited and somewhat inconsistent, AIC was chosen as the 
appropriate method to use for our more exploratory aims.

Results

Participant Characteristics

Participant characteristics are presented in Table 1. The study 
sample was 87% male and 59% non-Hispanic White with 
a mean age of 53.2 years (range: 36–69 years) and mean 
education of 14.5 years. Participants’ median estimated dura-
tion of HIV disease was 16.3 years (interquartile range [IQR] 
= [4.0, 25.5]). All participants were currently on ART and 
were virally suppressed (plasma HIV viral load ≤ 50 cop-
ies/mL). Median nadir and current CD4+ T-cell counts were 
188.5 (IQR = [53.8, 353.0]) and 678.0 (IQR = [524.5, 911.0]), 
respectively. About 60% of our sample met criteria for life-
time substance use disorder with alcohol use disorder being 
the most prevalent (40.2%). Table 1 provides additional par-
ticipant characteristics such as current and lifetime psychiat-
ric and substance use histories, common comorbid medical 
conditions, social interaction and support characteristics, 
total loneliness scores (i.e., Total UCLA-3 Score), depres-
sive symptoms (i.e., Total CES-D Score), and distributions of 
biomarkers in our sample. Approximately 34.2% and 57.3% 
reported elevated loneliness and depression, respectively.

Bivariate and multivariable analyses examining 
associations between loneliness and inflammation

At the bivariate level, loneliness was significantly associ-
ated with higher levels of D-dimer (Spearman’s ρ = 0.26; 
p = 0.02), but not with the remaining biomarkers (CRP, IL-6, 

Table 1   Participant Characteristics

Mean (SD) or Median [IQR];
a Race/ethnicity other than White, Black, or Hispanic;  bplasma HIV 

PWH (N = 82)

Demographics
  Age (years) 53.2 (9.0)
  Education (years) 14.5 (2.8)
  Sex/gender (% male) 86.6%
  Race/ethnicity –
   White, non-Hispanic (%) 58.5%
   Hispanic (%) 19.5%
   Black (%) 13.4%
   Othera (%) 8.5%

HIV Disease Characteristics
  Estimated duration of HIV disease (years) 16.3 [4.0, 25.5]
  AIDS Status (%) 58.5%
  Nadir CD4 count 188.5 [53.8, 353.0]
  Current CD4 + T-cell count 678.0 [524.5, 911.0]
  Taking ART (% currently on ART) 100.0%
  Duration of current ART regimen (years) 1.1 [0.4, 2.4]
  Plasma HIV viral load (% undetectableb) 100.0%

Psychiatric Diagnoses
  Current Major Depressive Disorder (% yes) 7.4%
  Lifetime Major Depressive Disorder (% yes) 50.0%
  Current Substance Abuse Diagnosis (% yes) 7.4%
  Lifetime Substance Use Disorderc (% yes) 59.8%
     Lifetime Alcohol Use Disorder (% yes) 40.2%
     Lifetime Cannabis Use Disorder (% yes) 24.4%
     Lifetime Otherd Substance Use Disorder 

(% yes)
43.9%

Medical Comorbidities
  Obesity (% Body Mass Index ≥ 30) 28.4%
  Hepatitis C Virus (% yes) 15.9%
  Diabetes (% yes) 12.2%
  Hypertension (% yes) 46.3%
  Hyperlipidemia (% yes) 43.9%

Social Resources
  Social Interactions (# in past week)e 6.0 [3.0, 9.3]
  Perceived Emotional Support (Total)f 3.4 (0.9)
  Perceived Emotional Support (% Frequent 

Support)
54.9%

Primary Study Variables
  Loneliness Total (UCLA-3g total score) 40.6 (12.0)
  Loneliness Elevatedh (%) 34.2%
  Depressive Symptoms Total (CES-Di total 

score)
19.4 (8.3)

  Depressive Symptoms Elevatedj (%) 57.3%
Plasma Biomarkers
  Log10(CRP) 0.08 [-0.22, 0.41]
  Log10(D-dimer) 2.67 [2.58, 2.82]
  Log10(IL-6) -0.16 [-0.05, -0.28]
  Log10(CCL2/MCP-1) 2.26 [2.22, 2.32]
  Log10(sCD14) 6.06 [5.75, 6.18]

RNA viral load ≤ 50 copies/mL; cSubstance Use Disorder = DSM-IV 
lifetime substance abuse and/or dependence diagnosis; dOther = illicit 
substances of abuse (most prevalent = methamphetamine, cocaine, 
and opioid);  eTotal number of social interactions in the past week 
determined using items from the 4-item Duke Social Support 
Index;  fFrequency of perceived emotional support using items from 
the MacArthur Healthy Aging Questionnaire;  gRevised UCLA 
Loneliness Scale – Version 3 (UCLA-3); hUCLA-3 ≥ 44; iCenter 
for Epidemiological Studies Depression Scale (CES-D);  jCES-
D ≥ 16; CRP = C-reactive protein; IL-6 = Interleukin-6; CCL2/
MCP-1 = Chemokine (C–C motif) ligand 2/ monocyte chemoattract-
ant protein-1; sCD14 = soluble cluster of differentiation 14

Table 1   (continued)
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CCL2/MCP-1, and sCD14; Spearman’s ρs range 0.06–0.14; 
ps > 0.10). Table 2 displays the predictors identified as can-
didates for multivariable modelling. Predictors included 
all biomarkers (rationale stated above), age given its asso-
ciations with loneliness and biomarkers in the literature, 
and variables from Table 1 that were associated (p < 0.10) 
with loneliness at the bivariate level (i.e., race/ethnicity, 
social interactions and perceived emotional support, nadir 
CD4+, and lifetime illicit [i.e., other than alcohol or can-
nabis] substance use disorder). The final model selected 
by AIC accounted for 49.3% of the variance in loneliness 
(F(7,74) = 10.3, p < 0.0001; See Table 2). D-dimer, sCD14, 
and CCL2/MCP-1 were significant independent predictors 
of loneliness in the multivariable model, which also included 
less frequent emotional support (B = 0.45, 95% CI = [0.38, 
1.62], p < 0.001), higher nadir CD+ T-cell count (B = 0.35, 
95% CI = [0.10, 1.87] p < 0.001), and presence of lifetime 

substance use disorder (B = 0.24, 95% CI = [0.036, 2.68], 
p = 0.007). Younger age was associated with loneliness at the 
trend level (B = -0.24, 95% CI = [-0.36, 0.41], p = 0.083). To 
ensure these findings were not better explained by vascular 
risk factors (e.g., smoking, hypertension, obesity), which 
are common in PWH and associated with inflammation and 
coagulation in the literature, we added these variables to 
the model but their addition did not weaken the association 
between the significant biomarkers (CCL2/MCP-1, sCD14, 
and D-dimer) and loneliness.

Bivariate and multivariable analyses examining 
the relationships between loneliness, inflammation, 
and depressive symptoms

At the bivariate level, increased frequency of depressive 
symptoms (i.e., higher Total CES-D scores) was associated 

Table 2   Summary of bivariate and multivariable analyses when loneliness is the outcome (as measured by UCLA-3 Total scores)

In multivariable analyses, the final model was established using backwards stepwise regression using the Akaike information criterion (AIC); 
UCLA-3 = UCLA Loneliness Scale-Version 3; CRP = C-Reactive Protein; IL-6 = Interleukin-6; CCL2/MCP-1 = Chemokine (C–C motif) ligand 
2/monocyte chemoattractant protein-1; sCD14 = soluble cluster of differentiation 14
a log transformed;  bSelf-reported race/ethnicity as other than White, Black, or Hispanic (e.g., more than one race);  csquare root trans-
formed; dLifetime abuse or dependence on substances other than alcohol or cannabis

Variable Risk Direction
(Lonelier)

Bivariate
Analyses

Multivariable Analyses:
Final AIC Model

Statistic value p-value B 95% CI p-value

CRPa – ρ 0.12 0.278 – – –
IL-6a – ρ 0.10 0.355 – – –
CCL2/MCP-1a – ρ 0.06 0.568 0.20 [0.11, 2.56] 0.029
sCD14a – ρ 0.14 0.211 0.19 [0.09, 1.84] 0.033
D-dimera Higher ρ 0.26 0.017 0.32 [0.21, 2.0]  < 0.001
Age Younger ρ -0.12 0.294 -0.24 [-0.36, 0.41] 0.083
Social Interactions Fewer ρ 0.26 0.016 – – –
Emotional Support Less often t 4.25  < 0.001 0.45 [0.38, 1.62]  < 0.001
Race/ethnicity
  White, non-Hispanic – t 0.14 0.887 – – –
  Hispanic Non-Hispanic t 2.24 0.028 – – –
  Black – t 0.82 0.416 – – –
  Otherb Otherb t 2.43 0.018 – – –

Nadir CD4+ T-cell countc Higher ρ 0.30 0.005 0.35 [0.10, 1.87]  < 0.001
Lifetime substance use disorderd Present t 2.15 0.034 0.24 [0.06, 2.68] 0.007
Model Statistics
F-ratio 10.3
df (7,74)
R2 0.49
p-value  < 0.001
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with greater loneliness (ρ = 0.53; p < 0.0001), as well as with 
higher levels of IL-6 (ρ = 0.23; p = 0.04) and CCL2/MCP-1 
(ρ = 0.24; p = 0.03). To examine biomarkers that impact 
depression in the context of loneliness, and to test whether 
loneliness moderates the relationship between depressive 
symptoms and inflammation, a second stepwise regression 
was conducted. Table 3 displays the predictors identified as 
candidates for multivariable modelling, including loneliness, 
all biomarkers, and variables from Table 1 that were associ-
ated (p < 0.10) with depressive symptoms at the bivariate 
level (i.e., race/ethnicity, current CD4+ T-cell count, life-
time substance use disorder, and hypertension). The final 
model selected by AIC accounted for 54.4% of the vari-
ance in depressive symptoms (F(8, 73) = 10.9, p < 0.0001; 
See Table 3). Loneliness (B = 0.31, 95% CI = [0.19, 0.43], 
p < 0.0001) and higher CCL2/MCP-1 (B = 25.53, 95% 
CI = [11.58, 39.48], p = 0.0005) emerged as significant 
independent predictors of depressive symptoms. A signifi-
cant interaction of loneliness by D-dimer was also found 

(B = 0.59, 95% CI = [0.01, 1.17], p = 0.0497) whereby a posi-
tive relationship between D-dimer and increased frequency 
of depressive symptoms only emerged at higher levels of 
loneliness. This finding is depicted graphically in Fig. 1. 
Race/ethnicity was the only other covariate associated with 
depressive symptoms (Black race/ethnicity was associated 
with a higher frequency of depressive symptoms, while His-
panic race/ethnicity and those identifying with a race/ethnic-
ity other than White, Hispanic, or Black was associated with 
less frequent depressive symptoms).

To ensure these relationships were not better explained 
by factors associated with inflammation and/or coagulation 
(e.g., age, acute/early HIV infection, or vascular risk fac-
tors such as hyperlipidemia and smoking status), these addi-
tional variables were considered alongside age, ethnicity, 
lifetime substance use disorder, loneliness, and biomarkers 
of inflammation in a follow-up stepwise regression analysis. 
Despite accounting for these risk factors, results remained 
unchanged.

Table 3   Summary of bivariate and multivariable analyses when depression is the outcome (as measured by CES-D Total Scores)

In multivariable analyses, the final model was established using backwards stepwise regression using the Akaike information criterion (AIC); 
UCLA-3 = UCLA Loneliness Scale-Version 3; CES-D = Center for Epidemiologic Studies Depression Scale; CRP = C-Reactive Protein; 
IL-6 = Interleukin-6, CCL2/MCP-1 = Chemokine (C–C motif) ligand 2/monocyte chemoattractant protein-1; sCD14 = soluble cluster of differen-
tiation 14
a log transformed;  bSelf-reported race/ethnicity as other than White, Black, or Hispanic (e.g., more than one race);  csquare root trans-
formed; dLifetime abuse or dependence on substances other than alcohol or cannabis

Variable Risk Direction
(More depression)

Bivariate
Analyses

Multivariable Analyses:
Final AIC Model

Statistic value p-value B 95% CI p-value

Loneliness (UCLA-3 Total) Lonelier ρ 0.53  < .0001 0.31 [0.19, 0.43]  < 0.0001
CRPa – ρ 0.10 0.36 – – –
IL-6a Higher ρ 0.23 0.04 3.59 [-3.07, 10.24] 0.29
CCL2/MCP-1a Higher ρ 0.24 0.03 25.53 [11.58, 39.48] 0.0005
sCD14a – ρ 0.03 0.76 – – –
D-dimera – ρ 0.15 0.17 3.39 [-4.58, 11.35] 0.40
Race/ethnicity
  White, non-Hispanic – t 0.51 0.61 – – –
  Hispanic Non-Hispanic t 3.25 0.002 -3.40 [-6.24, -0.55] .02
  Black Black t 3.28 0.002 8.06 [4.88, 11.24]  < .0001
  Otherb – t 0.33 0.75 -5.35 [-9.12, -1.58] .006

Current CD4+ T-cell countc Higher ρ 0.23 0.04 – – –
Lifetime substance use disorderd – t 1.96 0.05 – – –
Hypertension Present t 2.01 0.047 – – –
Loneliness x D-dimer – – – – 0.59 [0.01, 1.17] .0497
Model Statistics
F-ratio 10.9
df (8,73)
R2 0.54
p-value  < 0.001
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Discussion

Loneliness is common among PWH and is associated with 
depression and other adverse health-related consequences, 
including non-AIDS-associated comorbidities (e.g., car-
diovascular disease; CVD) and increased risk of mortality. 
However, the biological processes associated with loneliness 
in PWH are not well understood. Moreover, the biopsycho-
social relationships between loneliness, inflammation, and 
depression in PWH are complex, and research examining 
these relationships simultaneously in PWH is sparse. Our 
results suggest that loneliness is associated with increased 
coagulation activity (D-dimer) and monocyte activation 
(sCD14, CCL2/MCP-1) in virally suppressed PWH while 
accounting for demographics (e.g., age, race/ethnicity), and 
relevant psychosocial covariates (e.g., social interactions, 
perceived emotional support). Loneliness was, as expected, 
associated with depressive symptoms, as were higher lev-
els of CCL2/MCP-1, though D-dimer was only associated 
with more frequent depressive symptoms at higher levels of 
loneliness. These findings provide insight into the potential 
biological processes associated with loneliness in virally 
suppressed PWH that may be, to some extent, dissociable 
from those of depressive symptoms. This knowledge may 
help improve treatment efforts aimed at remediating these 
highly prevalent conditions and reducing their impact on 
health-related outcomes in PWH.

Regarding our first aim, to our knowledge, this study is 
the first to report significant associations between loneli-
ness and biomarkers of systemic inflammation (sCD14, 
CCL2/MCP-1) and coagulation (D-dimer) in ART-treated 
and virally suppressed PWH, providing valuable insight into 
the biological mechanisms by which loneliness may impact 
health in this population. Increased coagulation activity 
(as indexed by higher levels of D-dimer) was associated 
with loneliness in both unadjusted (i.e., bivariate correla-
tions) and adjusted analyses (i.e., stepwise backwards AIC 

multivariable regression), and biomarkers of monocyte acti-
vation and microbial translocation (CCL2/MCP-1, sCD14) 
were associated with loneliness in adjusted models. Other 
significant predictors of loneliness included lower emotional 
support, higher nadir CD4+ T-cell count, and lifetime sub-
stance use disorder. Importantly, these results appear to be 
independent of relevant comorbidities since we adjusted 
final models for common cardiovascular risk factors (e.g., 
smoking status, hypertension, hypercholesterolemia, diabe-
tes) and hepatitis C virus to ensure our findings were not 
better explained by these factors.

D-dimer is a fibrin degradation product that reflects  
ongoing activation of the coagulation system. Higher levels 
of D-dimer are indicative of coagulation imbalance, which 
can be both a cause and amplifier of the inflammatory 
response (Funderburg and Lederman 2014). CCL2/MCP-1 
is a chemokine produced constitutively or in response to 
proinflammatory stimuli that is involved in the recruit-
ment of monocytes, lymphocytes, and other cells to sites 
of infection and inflammation peripherally and in the CNS 
(Gu et al. 1997). Soluble CD14 is released from monocytes 
and macrophages following stimulation by proinflammatory 
cytokines, bacterial lipopolysaccharide (LPS), and other 
ligands (Shive et al. 2015). Previous studies have linked 
loneliness to elevated levels of CCL2/MCP-1 in PWoH 
(Hackett et al. 2012, 2019), though to our knowledge no 
studies have examined associations between loneliness and 
D-dimer or sCD14. Nersesian et al. (2018) found an associa-
tion between levels of fibrinogen, which, with D-dimer can 
lead to a hypercoagulable state, and loneliness in PWoH. 
Associations between loneliness and social support, as 
well as with comorbid substance use disorders, has been 
reliably demonstrated in the literature (Greene et al. 2018; 
Stanton et al. 2015). In PWH, studies have linked poorer 
social support, which is related to, but independent of lone-
liness, with CCL2/MCP-1 in PWH (Ellis et al. 2020), as 
well as with D-dimer in PWH (Sun-Suslow et al. 2020), and 

Fig. 1   Higher loneliness 
scores (UCLA-3 Total scores), 
in conjunction with high 
D-dimer values, contributed to 
an additive effect on depressive 
symptoms (CES-D Total scores) 
in PWH
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with D-dimer and fibrinogen levels after acute psychosocial 
stress (Wirtz et al. 2009). Our findings extend these results 
to demonstrate effects of systemic inflammation on loneli-
ness independent of social support, though additional stud-
ies are needed to further examine these interrelationships. 
Importantly, higher levels of D-dimer, CCL2/MCP-1, and 
sCD14 are observed even in treated and virally suppressed 
PWH (Mendez-Lagares et al. 2013) and have been linked to 
CVD (Joven et al. 2006; Kelesidis et al. 2012; Longenecker 
et al. 2014; Zungsontiporn et al. 2016) and increased risk for 
mortality (Duprez et al. 2012).

As expected, loneliness was associated with higher 
frequency of depressive symptoms in both adjusted and 
unadjusted analyses, which is consistent with existing lit-
erature in PWH (Grov et al. 2010) and PWoH (Lee et al. 
2019). The robustness and strength of the loneliness main 
effect in explaining variance in depressive symptoms above 
and beyond inflammation and immune health was notable 
given the extensive evidence supporting the role of inflam-
mation in depression (Osimo et al. 2020). Higher levels of 
monocyte activation marker CCL2/MCP-1 also were inde-
pendently associated with increased depressive symptoms at 
the bivariate and multivariable levels, highlighting CCL2/
MCP-1 as a biomarker sensitive of depressed mood inde-
pendent of loneliness. This finding is consistent with studies 
that have observed higher CCL2/MCP-1 levels in individuals 
with major depressive disorder (Rajagopalan et al. 2001), as 
well as in individuals reporting even mild depressive symp-
toms (Suarez et al. 2003). Novel findings in the current study 
also demonstrated that the relationship between D-dimer and 
depressive symptoms was only present at higher levels of 
loneliness. This requires replication but provides further 
support for the specificity of the association between coagu-
lation and loneliness, and suggests that if both are elevated, 
this could lead to combined adverse effects on depressive 
symptoms. Race/ethnicity was another significant predic-
tor of increased depressive symptoms, whereby PWH who 
self-identified as Black reported greater depressive symp-
toms relative to those who self-reported as non-Black race/
ethnicities. This race/ethnicity effect may reflect the impact 
of lifetime(s) of racial discrimination and systemic socioeco-
nomic disadvantages, which were not directly measured in 
the current study, on increased risk for depression. Finally, 
higher nadir CD+ T-cell count was independently associated 
with loneliness, which was unexpected based on prior lit-
erature (Brouillette et al. 2022). Perhaps those with higher 
nadir CD+ T-cell counts represent an HIV survivor bias of 
those who may have experienced more HIV stigma/discrimi-
nation, thereby contributing to more feelings of loneliness. 
Future studies should investigate the links between elevated 
psychosocial disturbance with higher nadir CD+ T-cell count 
in more detail.

Our overall findings suggest that activation of inflam-
matory and/or coagulation pathways may be mechanisms 
associated with loneliness and depression within virally sup-
pressed PWH. Feelings of loneliness can be both a cause of 
inflammation (e.g., via dysregulation of neuroendocrine and 
immune pathways) and a consequence of inflammation. For 
example, loneliness can be conceptualized as a threat to our 
social well-being, which activates the body’s stress-response 
(Hawkley and Cacioppo 2003). In the general population, 
chronic loneliness and subsequent heightened sensitivity 
to social threats have been shown to activate similar neu-
roendocrine pathways involved in chronic stress, releasing 
epinephrine, cortisol, and glucocorticoids, which can hinder 
immune function and amplify peripheral and central inflam-
mation (Hackett et al. 2012). Research in healthy adults and 
clinical populations have demonstrated that lonelier peo-
ple are more psychologically reactive to stress than those 
who are less lonely, and their responses to acute laboratory 
stressors are characterized by enhanced concentrations of 
inflammatory biomarkers, including CCL2/MCP-1 (Hackett 
et al. 2012, 2019). In addition, reliable increases in D-dimer 
levels have been observed in response to acute psychoso-
cial stressors across clinical populations (Wirtz et al. 2006, 
2008), highlighting the role of enhanced stress response in 
both inflammatory and coagulation pathways that may result 
from loneliness. Loneliness is also associated with difficul-
ties in cognitive-behavioral processing such as a tendency 
to engage in negative appraisals (i.e., perceived poorer emo-
tional support) and poorer health behaviors (i.e., substance 
use disorders), which may have downstream consequences 
on vascular and immune regulation (Cacioppo et al. 2000). 
Moreover, an association between stress-induced D-dimer 
levels and depression has been observed in PWoH (von 
Känel et al. 2008), which could help explain the relevance of 
loneliness in the relationship between D-dimer and depres-
sive symptoms in our study. Given evidence that stress 
causes changes in gut microbiota and may play a role in 
gut dysbiosis (Mackos et al. 2017), it also is possible that 
psychosocial stress associated with loneliness may have 
similar effects that may explain, in part, the association we 
observed between elevated sCD14 and loneliness. In addi-
tion to enhanced inflammatory responses, loneliness is asso-
ciated with reduced immune function and antiviral immunity 
(Jaremka et al. 2013; Leschak and Eisenberger 2019; Steptoe 
et al. 2004). Indeed, people who are lonely have been shown 
to be more susceptible to viral infections such as the com-
mon cold (LeRoy et al. 2017), and are more vulnerable to 
chronic diseases such as metabolic syndrome (Henriksen 
et al. 2019), heart disease (Valtorta et al. 2016) and even 
all-cause mortality risk (Holt-Lunstad et al. 2015). The 
dysregulation of immune and inflammatory response sys-
tems resulting from loneliness can have further downstream 
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consequences on D-dimer, a measure of coagulation imbal-
ance and a proxy for systemic inflammation within the body.

As noted above, multiple factors contribute to activation 
of inflammatory and coagulation pathways in PWH such 
as ongoing viral replication and co-infections (Deeks et al. 
2013), which may help explain our loneliness and biomarker 
findings. Chronic immune activation also is associated with 
microbial translocation in both acute and chronic HIV infec-
tion (Brenchley et al. 2006; Somsouk et al. 2015) and in 
treated PWH (Cassol et al. 2010). In virally suppressed 
PWH, chronic monocyte activation and damage to the gut 
mucosa and associated microbial translocation are consid-
ered prominent drivers of persistent inflammation (Deeks 
et al. 2013; Godfrey et al. 2019). Microbial translocation 
causes an increase in circulating microbial products such as 
lipopolysaccharide (LPS) which activates monocytes lead-
ing to the production of sCD14 (Sandler and Douek 2012). 
Elevated levels of sCD14 and LPS can persist despite ART 
(Mendez-Lagares et al. 2013; Villanueva-Millan et al. 2017) 
and both have been associated with subclinical atheroscle-
rosis (Longenecker et al. 2014). LPS-stimulated monocyte 
activation also leads to increased tissue factor expression 
which activates the coagulation cascade on the surface of 
monocytes (Funderburg et al. 2010). As a result, HIV causes 
direct and indirect activation of both the adaptive and innate 
immune systems, leading to a state of chronic low-level 
inflammation that persists in PWH despite viral suppres-
sion on ART. Over time, the combined persistent, chronic 
low-level inflammation may lead to other consequences 
including vascular dysfunction and coagulation imbalance, 
as well as atherosclerosis, CVD and other adverse health-
related outcomes. In PWH, increased sCD14 and elevated 
tissue factor expression have been associated with D-dimer 
levels in PWH (Funderburg et al. 2010). Thus, there may 
be overlapping etiologies contributing to the associations 
observed in this study. Future research is needed to explore 
these bidirectional links and between loneliness and inflam-
mation in PWH and the underlying biological pathways.

To our knowledge, only one other study has examined 
associations between inflammation and loneliness in PWH 
(Derry et al. 2021). This study also investigated associations 
between inflammation and depressive symptoms, though in 
separate analyses. They did not find significant associations 
between loneliness and inflammatory biomarkers in their 
sample of older PWH (aged 54–78). Interestingly, the only 
overlap in biomarkers investigated between our study and 
Derry et al. (2021) were IL-6 and CRP, neither of which 
reached significance in bivariate or multivariable analyses 
in our study as well. Some studies in PWoH have found posi-
tive associations between these biomarkers and loneliness, 
though the evidence is mixed (Smith et al. 2020). One pos-
sible explanation for the lack of associations in the current 
study, and in Derry et al. (2021), is that IL-6 and CRP may 

not be as sensitive to loneliness in the context of viral sup-
pression. All or most participants in our studies were virally 
suppressed (100% ≤ 50 copies/mL in the current study and 
93% < 200 copies/mL in Derry et al. (2021)). Another pos-
sibility is that the associations between some inflammatory 
processes and loneliness may be stronger in women, a find-
ing that has been demonstrated in the literature in PWoH 
(Hackett et al. 2012). Given the limited number of females 
in our study (n = 11), we were unable to examine this pos-
sibility, but it should be considered for future studies.

By contrast, higher IL-6 levels were associated with 
depressive symptoms in PWH, which is consistent with 
other studies in PWH (Derry et al. 2021; Ellis et al. 2020) 
and PWoH (Yuan et al. 2019), though in our study this asso-
ciation did not remain significant in multivariable modelling. 
One possibility is that this association was influenced more 
strongly by other factors, such as race/ethnicity, which was 
also a significant predictor of depressive symptoms (i.e., 
more frequent depressive symptoms reported by Black 
PWH relative to other race/ethnicities). Post-hoc bivariate 
associations conducted to explore this possibility provided 
preliminary support for an association between higher IL-6 
levels and depressive symptoms in Black PWH (ρ = 0.58, 
p = 0.059) that was not observed in the combined non-Black 
race/ethnicity groups (ρ = 0.14, p > 0.10). While our sample 
size of Black PWH in this study is quite small (n = 11), this 
possible association is consistent with findings linking IL-6 
to depressive symptoms in a sample of PWH where 50% 
of participants self-reported as Black (Derry et al. 2021). 
Future studies are needed to further determine race/ethnic-
ity-specific associations between systemic inflammation and 
depressive symptoms in virally suppressed PWH. We also 
did not find associations between CRP and depressive symp-
toms, which runs contrary to other studies in PWH (Ellis 
et al. 2020), though the evidence is mixed and other studies 
have not observed significant associations (Derry et al. 2021; 
Irwin et al. 2018). Additionally, Poudel-Tandukar et al. 
(2014) found an association between CRP and depressive 
symptoms only in PWH with higher levels of inflammation 
(CRP > 3 mg/L). Using this threshold, 21.4% of our sam-
ple (n = 19) had high CRP levels, although post hoc analy-
ses did not reveal any significant associations between the 
dichotomous CRP variable and either loneliness or depres-
sive symptoms (Cohen’s ds = 0.38 and 0.30, ps > 0.10). As 
with loneliness, other research suggests that the relationship 
between CRP and depression may be influenced by race/
ethnicity and sex (Morris et al. 2011), which as mentioned 
above would be an important avenue for future research.

There are limitations to note regarding this study. First, 
our data were cross-sectional, which precludes making 
determinations regarding the directionality of associations. 
As noted in the introduction, there may be bidirectional  
relationships between loneliness, systemic inflammation, 
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and depression that were unable to be fully examined given 
the cross-sectional nature of our study. Therefore, longitu-
dinal follow-up studies are necessary to further elucidate the 
directionality of these findings. Second, our findings were 
derived from a relatively small sample size, and our sample 
was mostly male with approximately 58% being White and 
middle-to-older adults. In the future, efforts to expand the 
subject pool to include women (in order to better under-
stand potential sex differences on loneliness, biomarkers, 
and depression), those across different age ranges (given 
that loneliness may be experienced differently across the 
lifespan including in critical periods of young adulthood 
and higher ends of older age [i.e., > 85 years]), and racially/
ethnically underrepresented participants (who may experi-
ence more systemic challenges than others) are important to 
better improve generalizability of findings. Furthermore, our 
study lacked a comparison group of PWoH. However, the 
primary aim of this investigation was to examine inflam-
mation as a mechanism underlying loneliness in HIV given 
that very limited work has been published to-date filling 
this gap in literature. By contrast, the links between loneli-
ness and inflammation in people without HIV (PWoH) have 
been much more extensively studied. Also, the biomarker 
values in our PWH sample were comparable to other val-
ues in other published studies (Sun-Suslow et al. 2020) that 
had a PWoH comparison group, suggesting that our results 
are consistent and reliable despite the lack of control group. 
Additionally, biomarkers in this present study were selected 
based on their association with HIV-disease processes and 
prior reports of relationships with psychosocial outcomes, 
but by no means are all-inclusive. Is it possible that other 
biomarkers (e.g., microbiome, EEG, cardiovascular injury, 
fMRI) not examined in this study may have associations 
with loneliness and/or depression, which further highlights 
the need to continue growing this area of research. Finally, 
HIV-specific variables such as HIV-related stigma and dis-
crimination, which has been associated with elevated lone-
liness in PWH, was not examined in the current study and 
would be important to include in future investigations to 
further explain HIV and loneliness findings (e.g., the posi-
tive relationship between loneliness and nadir CD + T-cell 
count observed in our study).

Despite these limitations, this study provides unique con-
tributions to the literature that could have significant clini-
cal implications. To our knowledge, this study is the first to 
demonstrate associations between loneliness and systemic 
inflammation and coagulation in PWH, and to show that 
there were both independent and combined influences of 
these factors on depressive symptoms. Ongoing research 
examining the efficacy of interventions for loneliness across 
many populations is promising, including among  both 
younger and older adults without HIV, and in people with 
psychotic disorders such as schizophrenia (Masi et al. 2011; 

Shah et al. 2019, 2021). Given the compounding effect of 
loneliness and systemic inflammation on depressive symp-
toms, it may be possible to simultaneously target loneli-
ness through social and cognitive-behavioral interventions, 
as well as by screening for and reducing elevated levels of 
loneliness and inflammation, when treating depression in 
PWH. Pharmacological interventions targeting the reduc-
tion of systemic inflammation and/or coagulation (e.g., 
anti-inflammatory medications, probiotics; Gori et al. 2011; 
Villar-Garcia et al. 2015) may be useful as potentially inde-
pendent treatments for loneliness and/or depression, or as 
adjuncts to non-pharmacological interventions.

Acknowledgements  The primary source of data for the present study 
came from The Multi-Dimensional Successful Aging Among HIV-
Infected Adults study, which was supported by the National Institute of 
Mental Health (NIMH) award R01MH099987 (DVJ and DJM, multiple 
PIs). M.A.H. and C.W-M.W. were supported by the National Institute 
on Drug Abuse (NIDA) training award T32-DA031098. This work 
was supported by The Sam and Rose Stein Institute for Research on 
Aging and the HIV Neurobehavioral Research Center (HNRC), which 
is supported by Center award P30MH062512 from NIMH. The Sam 
and Rose Stein Institute for Research on Aging is affiliated with the 
University of California, San Diego. The San Diego HIV Neurobe-
havioral Research Center [HNRC] group is affiliated with the Univer-
sity of California, San Diego, the Naval Hospital, San Diego, and the 
Veterans Affairs San Diego Healthcare System, and includes: Direc-
tor: Robert K. Heaton, Ph.D., Co-Director: Igor Grant, M.D.; Associ-
ate Directors: Ronald J. Ellis, M.D., Ph.D., and Scott Letendre, M.D.; 
Center Manager: Jennifer Iudicello, Ph.D.; Donald Franklin, Jr.; Melanie 
Sherman, Cheryl Kelley; NeuroMedical Core: Ronald J. Ellis, M.D., 
Ph.D. (Director/NeuroMedical Unit Head), Scott Letendre, M.D. (Co-
I./Laboratory Unit Head), Christine Fennema-Notestine, Ph.D., (Co-I./
Neuroimaging Unit Head); Debra Rosario, M.P.H., Neurobehavioral 
& Psychiatry Core: David J. Moore, Ph.D. (Co-Director/Neurobe-
havioral Unit Head), Murray B. Stein, M.D. (Co-Director/Psychiatry 
Unit Head), Erin E. Morgan, Ph.D. (Co-I./Psychiatric Coordinator), 
Andrew H. Miller, Matthew Dawson, NeuroVirology & Biology Core: 
Sara Gianella Weibel, M.D. (Co-Director/NeuroVirology Unit Head), 
Sarah A. LaMere, D.V.M., Ph.D. (Associate Unit Head, NeuroVirol-
ogy Unit), Cristian Achim, M.D., Ph.D. (Co-Director/Neurobiology 
Unit Head), Ana Sanchez, Ph.D. (Co-I./Neurobiology Unit), Adam 
Fields, Ph.D.(Associate Unit Head, Neurobiology Unit); Microbiome 
Core: Rob Knight, Ph.D. (Co-Director), Pieter Dorrestein, Ph.D. (Co-
Director); Developmental Core: Scott Letendre, M.D. (Director), Ajay 
Bharti, M.D. (Co-I.), J. Allen McCutchan, M.D., Christine Fennema-
Notestine, Ph.D.; Administrative Core: Robert K. Heaton, Ph.D.  
(Director/Coordinating Unit Head), Participant Accrual and Retention Unit: 
 J. Hampton Atkinson, M.D. (Unit Head), Jennifer Marquie-Beck, 
M.P.H.; Data Management and Information Systems Unit: Ian Abramson,  
Ph.D. (Unit Head), Clint Cushman; Statistics Unit: Florin Vaida,  
Ph.D. (Unit Head), Anya Umlauf, M.S., Bin Tang, Ph.D. The views 
expressed in this article are those of the authors and do not reflect the 
official policy or position of the Department of the Navy, Department  
of Defense, nor the United States Government.

Data availability  Data cannot be shared publicly to maintain full par-
ticipant confidentiality as there is a substantial risk of reidentification  
of study participants. Data were obtained from a specific and vulnerable  
population in a specific city in the USA that could become identifying 
despite efforts to anonymize data. However, data are available from 
the HIV Neurobehavioral Research Center’s Data Management and 
Information System (DMIS) Committee (contact: hnrpresource@ucsd.



550	 Journal of NeuroVirology (2023) 29:538–554

1 3

edu) to researchers who meet the criteria for access to confidential 
deidentified data.

Declarations 

Conflict of interest  M.A.H. declares that they have no conflict of inter-
est. C.W-M.W. declares that they have no conflict of interest. E.E.M. 
declares that they have no conflict of interest. R.K.H. declares that they 
have no conflict of interest. S.L.L. declares that they have no conflict 
of interest. D.V.J. declares that they have no conflict of interest. D.J.M. 
declares that they have no conflict of interest. J.E.I. declares that they 
have no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Akaike H (1974) A new look at the statistical model identification. 
IEEE Trans Autom Control 19:716–723

Apa APA (1994) Diagnostic and statistical manual of mental disorders, 
4th edn. Arlington, VA, US, American Psychiatric Publishing Inc

Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao 
S, Kazzaz Z, Bornstein E, Lambotte O, Altmann D, Blazar BR, 
Rodriguez B, Teixeira-Johnson L, Landay A, Martin JN, Hecht 
FM, Picker LJ, Lederman MM, Deeks SG, Douek DC (2006) 
Microbial translocation is a cause of systemic immune activation 
in chronic HIV infection. Nat Med 12:1365–1371. https://​doi.​
org/​10.​1038/​nm1511

Brouillette M-J, Koski L, Scott S, Austin-Keiller A, Fellows LK, Mayo 
NE (2022) Factors influencing psychological distress during the 
COVID-19 pandemic in people aging with HIV. AIDS Res Hum 
Retroviruses 38:421–430

Bryant J, Hopwood M, Dowsett GW, Aggleton P, Holt M, Lea T, Drysdale 
K, Treloar C (2018) The rush to risk when interrogating the relation-
ship between methamphetamine use and sexual practice among gay 
and bisexual men. Int J Drug Policy 55:242–248. https://​doi.​org/​10.​
1016/j.​drugpo.​2017.​12.​010

Cacioppo JT, Ernst JM, Burleson MH, McClintock MK, Malarkey WB, 
Hawkley LC, Kowalewski RB, Paulsen A, Hobson JA, Hugdahl 
K, Spiegel D, Berntson GG (2000) Lonely traits and concomi-
tant physiological processes: the MacArthur social neuroscience 
studies. Int J Psychophysiol 35:143–154. https://​doi.​org/​10.​1016/​
s0167-​8760(99)​00049-5

Cacioppo JT, Hawkley LC, Norman GJ, Berntson GG (2011) Social 
isolation. Ann N Y Acad Sci 1231:17–22. https://​doi.​org/​10.​
1111/j.​1749-​6632.​2011.​06028.x

Cassol E, Malfeld S, Mahasha P, van der Merwe S, Cassol S, Seebregts 
C, Alfano M, Poli G, Rossouw T (2010) Persistent microbial 
translocation and immune activation in HIV-1-infected South 
Africans receiving combination antiretroviral therapy. J Infect 
Dis 202:723–733. https://​doi.​org/​10.​1086/​655229

Chenneville T, Gabbidon K, Drake H, Rodriguez C (2019) Comparison 
of the utility of the PHQ and CES-D for depression screening 

among youth with HIV in an integrated care setting. J Affect 
Disord 250:140–144. https://​doi.​org/​10.​1016/j.​jad.​2019.​03.​023

Chesney MA, Ickovics JR, Chambers DB, Gifford AL, Neidig J, Zwickl 
B, Wu AW, Patient Care Committee & Adherence Working 
Group of the Outcomes Committee of the Adult AIDS Clini-
cal Trials Group (AACTG) (2000) Self-reported adherence to 
antiretroviral medications among participants in HIV clinical tri-
als: the AACTG adherence instruments. AIDS care 12(3):255-
66. https://​doi.​org/​10.​1080/​09540​12005​00428​91

Cohen J (1988) Statistical power analysis for the social sciences
Cole MA, Castellon SA, Perkins AC, Ureno OS, Robinet MB, Reinhard 

MJ, Barclay TR, Hinkin CH (2007) Relationship between psychiat-
ric status and frontal-subcortical systems in HIV-infected individu-
als. J Int Neuropsychol Soc 13:549–554. https://​doi.​org/​10.​1017/​
S1355​61770​70706​6X

Deeks SG, Tracy R, Douek DC (2013) Systemic effects of inflamma-
tion on health during chronic HIV infection. Immunity 39:633–
645. https://​doi.​org/​10.​1016/j.​immuni.​2013.​10.​001

Derry HM, Johnston CD, Burchett CO, Brennan-Ing M, Karpiak S, 
Zhu Y-S, Siegler EL, Glesby MJ (2021) Links Between Inflam-
mation, Mood, and Physical Function Among Older Adults With 
HIV. The Journals of Gerontology: Series B. https://​doi.​org/​10.​
1093/​geronb/​gbab0​27

Duprez DA, Neuhaus J, Kuller LH, Tracy R, Belloso W, De Wit S, 
Drummond F, Lane HC, Ledergerber B, Lundgren J, Nixon D, 
Paton NI, Prineas RJ, Neaton JD, Group ISS (2012) Inflamma-
tion, coagulation and cardiovascular disease in HIV-infected 
individuals. PLoS One 7: e44454. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00444​54

Dyal SR, Valente TW (2015) A Systematic Review of Loneliness and 
Smoking: Small Effects, Big Implications. Subst Use Misuse 
50:1697–1716. https://​doi.​org/​10.​3109/​10826​084.​2015.​10279​33

Eisenberger NI, Moieni M, Inagaki TK, Muscatell KA, Irwin MR 
(2017) In Sickness and in Health: The Co-Regulation of Inflam-
mation and Social Behavior. Neuropsychopharmacology 42:242–
253. https://​doi.​org/​10.​1038/​npp.​2016.​141

Ellis RJ, Iudicello J, Sun-Suslow N, Grelotti D, Cherner M, Morgan 
E, Letendre SL, Heaton RK (2021) Social Isolation Is Linked to 
Inflammation in Aging People With HIV and Uninfected Individ-
uals. Jaids-Journal of Acquired Immune Deficiency Syndromes 
86:600–606. https://​doi.​org/​10.​1097/​Qai.​00000​00000​002596

Ellis RJ, Letendre SL, Atkinson JH, Clifford D, Collier AC, Gelman 
BB, Marra C, McCutchan JA, Morgello S, Sacktor N (2020) 
Higher levels of plasma inflammation biomarkers are associ-
ated with depressed mood and quality of life in aging, virally 
suppressed men, but not women, with HIV. Brain, Behavior, & 
Immunity-Health 7:100121

Erzen E, Cikrikci O (2018) The effect of loneliness on depression: A 
meta-analysis. Int J Soc Psychiatry 64:427–435. https://​doi.​org/​
10.​1177/​00207​64018​776349

Fekete EM, Williams SL, Skinta MD (2018) Internalised HIV-stigma, 
loneliness, depressive symptoms and sleep quality in people liv-
ing with HIV. Psychol Health 33:398–415. https://​doi.​org/​10.​
1080/​08870​446.​2017.​13578​16

Ford ES, Greenwald JH, Richterman AG, Rupert A, Dutcher L, Badralmaa 
Y, Natarajan V, Rehm C, Hadigan C, Sereti I (2010) Traditional risk 
factors and D-dimer predict incident cardiovascular disease events in 
chronic HIV infection. AIDS 24:1509–1517. https://​doi.​org/​10.​1097/​
QAD.​0b013​e3283​3ad914

Freiberg MS, Bebu I, Tracy R, So-Armah K, Okulicz J, Ganesan A, 
Armstrong A, O'Bryan T, Rimland D, Justice AC, Agan BK, 
Infectious Disease Clinical Research Program HIVWG (2016) 
D-Dimer Levels before HIV Seroconversion Remain Elevated 
Even after Viral Suppression and Are Associated with an 
Increased Risk of Non-AIDS Events. PLoS One 11: e0152588. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01525​88

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nm1511
https://doi.org/10.1038/nm1511
https://doi.org/10.1016/j.drugpo.2017.12.010
https://doi.org/10.1016/j.drugpo.2017.12.010
https://doi.org/10.1016/s0167-8760(99)00049-5
https://doi.org/10.1016/s0167-8760(99)00049-5
https://doi.org/10.1111/j.1749-6632.2011.06028.x
https://doi.org/10.1111/j.1749-6632.2011.06028.x
https://doi.org/10.1086/655229
https://doi.org/10.1016/j.jad.2019.03.023
https://doi.org/10.1080/09540120050042891
https://doi.org/10.1017/S135561770707066X
https://doi.org/10.1017/S135561770707066X
https://doi.org/10.1016/j.immuni.2013.10.001
https://doi.org/10.1093/geronb/gbab027
https://doi.org/10.1093/geronb/gbab027
https://doi.org/10.1371/journal.pone.0044454
https://doi.org/10.1371/journal.pone.0044454
https://doi.org/10.3109/10826084.2015.1027933
https://doi.org/10.1038/npp.2016.141
https://doi.org/10.1097/Qai.0000000000002596
https://doi.org/10.1177/0020764018776349
https://doi.org/10.1177/0020764018776349
https://doi.org/10.1080/08870446.2017.1357816
https://doi.org/10.1080/08870446.2017.1357816
https://doi.org/10.1097/QAD.0b013e32833ad914
https://doi.org/10.1097/QAD.0b013e32833ad914
https://doi.org/10.1371/journal.pone.0152588


551Journal of NeuroVirology (2023) 29:538–554	

1 3

Fukui SM, Piggott DA, Erlandson KM (2018) Inflammation Strikes 
Again: Frailty and HIV. Curr HIV/AIDS Rep 15:20–29. https://​
doi.​org/​10.​1007/​s11904-​018-​0372-5

Funderburg NT, Lederman MM (2014) Coagulation and morbidity 
in treated HIV infection. Thromb Res 133(Suppl 1):S21–S24. 
https://​doi.​org/​10.​1016/j.​throm​res.​2014.​03.​012

Funderburg NT, Mayne E, Sieg SF, Asaad R, Jiang W, Kalinowska M, 
Luciano AA, Stevens W, Rodriguez B, Brenchley JM, Douek 
DC, Lederman MM (2010) Increased tissue factor expression on 
circulating monocytes in chronic HIV infection: relationship to 
in vivo coagulation and immune activation. Blood 115:161–167. 
https://​doi.​org/​10.​1182/​blood-​2009-​03-​210179

Godfrey C, Bremer A, Alba D, Apovian C, Koethe JR, Koliwad S, 
Lewis D, Lo J, McComsey GA, Eckard A, Srinivasa S, Trevillyan 
J, Palmer C, Grinspoon S (2019) Obesity and Fat Metabolism 
in Human Immunodeficiency Virus-Infected Individuals: Immu-
nopathogenic Mechanisms and Clinical Implications. J Infect Dis 
220:420–431. https://​doi.​org/​10.​1093/​infdis/​jiz118

Golub SA, Tomassilli JC, Pantalone DW, Brennan M, Karpiak SE, 
Parsons JT (2010) Prevalence and correlates of sexual behavior 
and risk management among HIV-positive adults over 50. Sex 
Transm Dis 37:615–620

Gori A, Rizzardini G, Van’t Land B, Amor KB, van Schaik J, Torti C, 
Quirino T, Tincati C, Bandera A, Knol J, Benlhassan-Chahour 
K, Trabattoni D, Bray D, Vriesema A, Welling G, Garssen J, 
Clerici M (2011) Specific prebiotics modulate gut microbiota 
and immune activation in HAART-naive HIV-infected adults: 
results of the “COPA” pilot randomized trial. Mucosal Immunol 
4:554–563. https://​doi.​org/​10.​1038/​mi.​2011.​15

Greene M (2018) Loneliness in Older Adults Living with HIV. In: HIV 
Endgame Conference. Ontario HIV Treatment Network (OHTN): 
Toronto, Canada.

Greene M, Hessol NA, Perissinotto C, Zepf R, Hutton Parrott A, Foreman 
C, Whirry R, Gandhi M, John M (2018) Loneliness in Older Adults 
Living with HIV. AIDS Behav 22:1475–1484. https://​doi.​org/​10.​
1007/​s10461-​017-​1985-1

Grov C, Golub SA, Parsons JT, Brennan M, Karpiak SE (2010) Lone-
liness and HIV-related stigma explain depression among older 
HIV-positive adults. AIDS Care 22:630–639. https://​doi.​org/​10.​
1080/​09540​12090​32809​01

Gu L, Rutledge B, Fiorillo J, Ernst C, Grewal I, Flavell R, Gladue R, 
Rollins B (1997) In vivo properties of monocyte chemoattractant 
protein-1. J Leukoc Biol 62:577–580. https://​doi.​org/​10.​1002/​
jlb.​62.5.​577

Hackett RA, Hamer M, Endrighi R, Brydon L, Steptoe A (2012) 
Loneliness and stress-related inflammatory and neuroendocrine 
responses in older men and women. Psychoneuroendocrinology 
37:1801–1809. https://​doi.​org/​10.​1016/j.​psyne​uen.​2012.​03.​016

Hackett RA, Poole L, Hunt E, Panagi L, Steptoe A (2019) Loneliness 
and biological responses to acute stress in people with Type 2 
diabetes. Psychophysiology 56: e13341. https://​doi.​org/​10.​1111/​
psyp.​13341

Hair JF, Black WC, Babin BJ, Anderson RE (2014) Multivariate data 
analysis: Pearson new international edition. Essex: Pearson Edu-
cation Limited 1.

Han SD, Adeyemi O, Wilson RS, Leurgans S, Jimenez A, Oullet L, 
Shah R, Landay A, Bennett DA, Barnes LL (2017) Loneliness 
in Older Black Adults with Human Immunodeficiency Virus Is 
Associated with Poorer Cognition. Gerontology 63:253–262. 
https://​doi.​org/​10.​1159/​00045​5253

Harris M, Brouillette MJ, Scott SC, Smaill F, Smith G, Thomas R, 
Fellows LK, Mayo NE (2020) Impact of Loneliness on Brain 
Health and Quality of Life Among Adults Living With HIV in 
Canada. J Acquir Immune Defic Syndr 84:336–344. https://​doi.​
org/​10.​1097/​qai.​00000​00000​002355

Hawkley LC, Burleson MH, Berntson GG, Cacioppo JT (2003) Lone-
liness in everyday life: cardiovascular activity, psychosocial 
context, and health behaviors. J Pers Soc Psychol 85:105–120. 
https://​doi.​org/​10.​1037/​0022-​3514.​85.1.​105

Hawkley LC, Cacioppo JT (2003) Loneliness and pathways to dis-
ease. Brain Behav Immun 17(Suppl 1):S98-105. https://​doi.​org/​
10.​1016/​s0889-​1591(02)​00073-9

Hawkley LC, Cacioppo JT (2010) Loneliness matters: a theoretical and 
empirical review of consequences and mechanisms. Ann Behav 
Med 40:218–227. https://​doi.​org/​10.​1007/​s12160-​010-​9210-8

Hawkley LC, Thisted RA, Masi CM, Cacioppo JT (2010) Loneliness 
predicts increased blood pressure: 5-year cross-lagged analyses 
in middle-aged and older adults. Psychol Aging 25:132–141. 
https://​doi.​org/​10.​1037/​a0017​805

Henriksen RE, Nilsen RM, Strandberg RB (2019) Loneliness as a risk 
factor for metabolic syndrome: results from the HUNT study. J 
Epidemiol Community Health 73:941–946. https://​doi.​org/​10.​
1136/​jech-​2019-​212335

Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D (2015) 
Loneliness and social isolation as risk factors for mortality: a 
meta-analytic review. Perspect Psychol Sci 10:227–237. https://​
doi.​org/​10.​1177/​17456​91614​568352

Hussain MA, Sun-Suslow N, Montoya JL, Iudicello JE, Heaton RK, 
Grant I, Morgan EE, Group T (2022) Loneliness, Risky Beliefs 
and Intentions about Practicing Safer Sex among Methampheta-
mine Dependent Individuals. Subst Use Misuse 57:295–307. 
https://​doi.​org/​10.​1080/​10826​084.​2021.​20034​04

Irwin MR, Archer G, Olmstead R, Brown TT, Teplin LA, Patel SR, 
Abraham AG, Breen EC (2018) Increased risk of depression in 
non-depressed HIV infected men with sleep disturbance: Pro-
spective findings from the Multicenter AIDS Cohort Study. 
EBioMedicine 36:454–460. https://​doi.​org/​10.​1016/j.​ebiom.​
2018.​09.​028

Jaremka LM, Fagundes CP, Glaser R, Bennett JM, Malarkey WB, 
Kiecolt-Glaser JK (2013) Loneliness predicts pain, depression, 
and fatigue: understanding the role of immune dysregulation. 
Psychoneuroendocrinology 38:1310–1317. https://​doi.​org/​10.​
1016/j.​psyne​uen.​2012.​11.​016

Jeste DV, Lee EE, Cacioppo S (2020) Battling the Modern Behavioral 
Epidemic of Loneliness: Suggestions for Research and Interven-
tions. JAMA Psychiat. https://​doi.​org/​10.​1001/​jamap​sychi​atry.​
2020.​0027

Joven J, Coll B, Tous M, Ferre N, Alonso-Villaverde C, Parra S, 
Camps J (2006) The influence of HIV infection on the correla-
tion between plasma concentrations of monocyte chemoattractant 
protein-1 and carotid atherosclerosis. Clin Chim Acta 368:114–
119. https://​doi.​org/​10.​1016/j.​cca.​2005.​12.​014

Kelesidis T, Kendall MA, Yang OO, Hodis HN, Currier JS (2012) 
Biomarkers of microbial translocation and macrophage activa-
tion: association with progression of subclinical atherosclerosis 
in HIV-1 infection. J Infect Dis 206:1558–1567. https://​doi.​org/​
10.​1093/​infdis/​jis545

Kessler RC, Ustun TB (2004) The World Mental Health (WMH) Sur-
vey Initiative Version of the World Health Organization (WHO) 
Composite International Diagnostic Interview (CIDI). Int J 
Methods Psychiatr Res 13:93–121. https://​doi.​org/​10.​1002/​mpr.​
168

Kiecolt-Glaser JK, Derry HM, Fagundes CP (2015) Inflammation: 
depression fans the flames and feasts on the heat. Am J Psy-
chiatry 172:1075–1091. https://​doi.​org/​10.​1176/​appi.​ajp.​2015.​
15020​152

Kiecolt-Glaser JK, Gouin JP, Hantsoo L (2010) Close relationships, 
inflammation, and health. Neurosci Biobehav Rev 35:33–38. 
https://​doi.​org/​10.​1016/j.​neubi​orev.​2009.​09.​003

https://doi.org/10.1007/s11904-018-0372-5
https://doi.org/10.1007/s11904-018-0372-5
https://doi.org/10.1016/j.thromres.2014.03.012
https://doi.org/10.1182/blood-2009-03-210179
https://doi.org/10.1093/infdis/jiz118
https://doi.org/10.1038/mi.2011.15
https://doi.org/10.1007/s10461-017-1985-1
https://doi.org/10.1007/s10461-017-1985-1
https://doi.org/10.1080/09540120903280901
https://doi.org/10.1080/09540120903280901
https://doi.org/10.1002/jlb.62.5.577
https://doi.org/10.1002/jlb.62.5.577
https://doi.org/10.1016/j.psyneuen.2012.03.016
https://doi.org/10.1111/psyp.13341
https://doi.org/10.1111/psyp.13341
https://doi.org/10.1159/000455253
https://doi.org/10.1097/qai.0000000000002355
https://doi.org/10.1097/qai.0000000000002355
https://doi.org/10.1037/0022-3514.85.1.105
https://doi.org/10.1016/s0889-1591(02)00073-9
https://doi.org/10.1016/s0889-1591(02)00073-9
https://doi.org/10.1007/s12160-010-9210-8
https://doi.org/10.1037/a0017805
https://doi.org/10.1136/jech-2019-212335
https://doi.org/10.1136/jech-2019-212335
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1080/10826084.2021.2003404
https://doi.org/10.1016/j.ebiom.2018.09.028
https://doi.org/10.1016/j.ebiom.2018.09.028
https://doi.org/10.1016/j.psyneuen.2012.11.016
https://doi.org/10.1016/j.psyneuen.2012.11.016
https://doi.org/10.1001/jamapsychiatry.2020.0027
https://doi.org/10.1001/jamapsychiatry.2020.0027
https://doi.org/10.1016/j.cca.2005.12.014
https://doi.org/10.1093/infdis/jis545
https://doi.org/10.1093/infdis/jis545
https://doi.org/10.1002/mpr.168
https://doi.org/10.1002/mpr.168
https://doi.org/10.1176/appi.ajp.2015.15020152
https://doi.org/10.1176/appi.ajp.2015.15020152
https://doi.org/10.1016/j.neubiorev.2009.09.003


552	 Journal of NeuroVirology (2023) 29:538–554

1 3

Kline RB (2011) Principles and practice of structural equation mod-
eling, 3rd edn. New York, Guilford Press

Koenig HG, Westlund RE, George LK, Hughes DC, Blazer DG, Hybels 
C (1993) Abbreviating the Duke Social Support Index for use 
in chronically ill elderly individuals. Psychosomatics 34:61–69. 
https://​doi.​org/​10.​1016/​S0033-​3182(93)​71928-3

Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, Lane HC, 
Ledergerber B, Lundgren J, Neuhaus J, Nixon D, Paton NI, 
Neaton JD, Group ISS (2008) Inflammatory and coagulation 
biomarkers and mortality in patients with HIV infection. PLoS 
Med 5: e203. https://​doi.​org/​10.​1371/​journ​al.​pmed.​00502​03

Lau B, Sharrett AR, Kingsley LA, Post W, Palella FJ, Visscher B, 
Gange SJ (2006) C-reactive protein is a marker for human 
immunodeficiency virus disease progression. Arch Intern Med 
166:64–70. https://​doi.​org/​10.​1001/​archi​nte.​166.1.​64

Lee EE, Depp C, Palmer BW, Glorioso D, Daly R, Liu J, Tu XM, Kim HC, 
Tarr P, Yamada Y, Jeste DV (2019) High prevalence and adverse 
health effects of loneliness in community-dwelling adults across 
the lifespan: role of wisdom as a protective factor. Int Psychogeriatr 
31:1447–1462. https://​doi.​org/​10.​1017/​S1041​61021​80021​20

Leigh-Hunt N, Bagguley D, Bash K, Turner V, Turnbull S, Valtorta N, 
Caan W (2017) An overview of systematic reviews on the public 
health consequences of social isolation and loneliness. Public 
Health 152:157–171. https://​doi.​org/​10.​1016/j.​puhe.​2017.​07.​035

LeRoy AS, Murdock KW, Jaremka LM, Loya A, Fagundes CP (2017) Lone-
liness predicts self-reported cold symptoms after a viral challenge. 
Health Psychol 36:512–520. https://​doi.​org/​10.​1037/​hea00​00467

Leschak CJ, Eisenberger NI (2019) Two Distinct Immune Pathways 
Linking Social Relationships With Health: Inflammatory and 
Antiviral Processes. Psychosom Med 81:711–719. https://​doi.​
org/​10.​1097/​PSY.​00000​00000​000685

Lewinsohn PM, Seeley JR, Roberts RE, Allen NB (1997) Center for Epi-
demiologic Studies Depression Scale (CES-D) as a screening instru-
ment for depression among community-residing older adults. Psychol 
Aging 12:277–287. https://​doi.​org/​10.​1037//​0882-​7974.​12.2.​277

Lien E, Aukrust P, Sundan A, Muller F, Froland SS, Espevik T (1998) 
Elevated levels of serum-soluble CD14 in human immunode-
ficiency virus type 1 (HIV-1) infection: correlation to disease 
progression and clinical events. Blood 92:2084–2092

Longenecker CT, Jiang Y, Orringer CE, Gilkeson RC, Debanne 
S, Funderburg NT, Lederman MM, Storer N, Labbato DE, 
McComsey GA (2014) Soluble CD14 is independently associ-
ated with coronary calcification and extent of subclinical vascu-
lar disease in treated HIV infection. AIDS 28:969–977. https://​
doi.​org/​10.​1097/​QAD.​00000​00000​000158

Lu HD, Surkan PJ, Irwin MR, Treisman GJ, Breen EC, Sacktor N, Stall 
R, Wolinsky SM, Jacobson LP, Abraham AG (2019) Inflamma-
tion and Risk of Depression in HIV: Prospective Findings From 
the Multicenter AIDS Cohort Study. Am J Epidemiol 188:1994–
2003. https://​doi.​org/​10.​1093/​aje/​kwz190

Luo Y, Hawkley LC, Waite LJ, Cacioppo JT (2012) Loneliness, health, 
and mortality in old age: a national longitudinal study. Soc Sci 
Med 74:907–914. https://​doi.​org/​10.​1016/j.​socsc​imed.​2011.​11.​028

Mackos AR, Maltz R, Bailey MT (2017) The role of the commensal 
microbiota in adaptive and maladaptive stressor-induced immu-
nomodulation. Horm Behav 88:70–78

Mannes ZL, Burrell LE, Bryant VE, Dunne EM, Hearn LE, Whitehead 
NE (2016) Loneliness and substance use: the influence of gender 
among HIV+ Black/African American adults 50+. AIDS Care 
28:598–602. https://​doi.​org/​10.​1080/​09540​121.​2015.​11202​69

Marando F, Gualberti G, Costanzo AM, di Luzio PU, Franzetti M, 
Ammassari A, Antinori A, Galli M (2016) Discrepancies between 
physician’s perception of depression in HIV patients and self-
reported CES-D-20 assessment: the DHIVA study. AIDS Care 
28:147–159. https://​doi.​org/​10.​1080/​09540​121.​2015.​10807​94

Masi CM, Chen HY, Hawkley LC, Cacioppo JT (2011) A meta-analysis 
of interventions to reduce loneliness. Pers Soc Psychol Rev 15:219–
266. https://​doi.​org/​10.​1177/​10888​68310​377394

Mazonson P, Berko J, Loo T, Kane M, Zolopa A, Spinelli F, Karris M, 
Shalit P (2020) Loneliness among older adults living with HIV: 
the "older old" may be less lonely than the "younger old". AIDS 
Care: 1–8. https://​doi.​org/​10.​1080/​09540​121.​2020.​17223​11

Mendez-Lagares G, Romero-Sanchez MC, Ruiz-Mateos E, Genebat 
M, Ferrando-Martinez S, Munoz-Fernandez MA, Pacheco YM, 
Leal M (2013) Long-term suppressive combined antiretroviral 
treatment does not normalize the serum level of soluble CD14. J 
Infect Dis 207:1221–1225. https://​doi.​org/​10.​1093/​infdis/​jit025

Miller AH, Maletic V, Raison CL (2009) Inflammation and its dis-
contents: the role of cytokines in the pathophysiology of major 
depression. Biol Psychiatry 65:732–741. https://​doi.​org/​10.​
1016/j.​biops​ych.​2008.​11.​029

Moieni M, Eisenberger NI (2018) Effects of inflammation on social 
processes and implications for health. Ann N Y Acad Sci 
1428:5–13. https://​doi.​org/​10.​1111/​nyas.​13864

Montoya JL, Campbell LM, Paolillo EW, Ellis RJ, Letendre SL, Jeste 
DV, Moore DJ (2019) Inflammation Relates to Poorer Complex 
Motor Performance Among Adults Living With HIV on Sup-
pressive Antiretroviral Therapy. J Acquir Immune Defic Syndr 
80:15–23. https://​doi.​org/​10.​1097/​QAI.​00000​00000​001881

Morris AA, Zhao L, Ahmed Y, Stoyanova N, De Staercke C, 
Hooper WC, Gibbons G, Din-Dzietham R, Quyyumi A, 
Vaccarino V (2011) Association between depression and 
inf lammation–differences by race and sex: the META-
Health study. Psychosom Med 73:462–468. https://​doi.​org/​
10.​1097/​PSY.​0b013​e3182​22379c

Nachega JB, Morroni C, Zuniga JM, Sherer R, Beyrer C, Solomon S, 
Schechter M, Rockstroh J (2012) HIV-related stigma, isolation, 
discrimination, and serostatus disclosure: a global survey of 2035 
HIV-infected adults. J Int Assoc Physicians AIDS Care (chic) 
11:172–178. https://​doi.​org/​10.​1177/​15451​09712​436723

Nersesian PV, Han HR, Yenokyan G, Blumenthal RS, Nolan MT, 
Hladek MD, Szanton SL (2018) Loneliness in middle age and 
biomarkers of systemic inflammation: Findings from Midlife in 
the United States. Soc Sci Med 209:174–181. https://​doi.​org/​10.​
1016/j.​socsc​imed.​2018.​04.​007

Norcini Pala A, Steca P, Bagrodia R, Helpman L, Colangeli V, Viale 
P, Wainberg ML (2016) Subtypes of depressive symptoms and 
inflammatory biomarkers: An exploratory study on a sample of 
HIV-positive patients. Brain Behav Immun 56:105–113. https://​
doi.​org/​10.​1016/j.​bbi.​2016.​02.​013

Nordell AD, McKenna M, Borges AH, Duprez D, Neuhaus J, Neaton 
JD, Insight Smart ESG, Committee SS (2014) Severity of cardio-
vascular disease outcomes among patients with HIV is related to 
markers of inflammation and coagulation. J Am Heart Assoc 3: 
e000844. https://​doi.​org/​10.​1161/​JAHA.​114.​000844

Nuyen J, Tuithof M, de Graaf R, van Dorsselaer S, Kleinjan M, 
Have MT (2020) The bidirectional relationship between lone-
liness and common mental disorders in adults: findings from 
a longitudinal population-based cohort study. Soc Psychiatry 
Psychiatr Epidemiol 55:1297–1310. https://​doi.​org/​10.​1007/​
s00127-​019-​01778-8

Osimo EF, Pillinger T, Rodriguez IM, Khandaker GM, Pariante CM, 
Howes OD (2020) Inflammatory markers in depression: A meta-
analysis of mean differences and variability in 5,166 patients and 
5,083 controls. Brain Behav Immun 87:901–909. https://​doi.​org/​
10.​1016/j.​bbi.​2020.​02.​010

Pallant J (2020) SPSS survival manual: A step by step guide to data 
analysis using IBM SPSS. Routledge

Perlman D, Peplau LA (1981) Toward a social psychology of loneli-
ness. Pers Relat 3:31–56

https://doi.org/10.1016/S0033-3182(93)71928-3
https://doi.org/10.1371/journal.pmed.0050203
https://doi.org/10.1001/archinte.166.1.64
https://doi.org/10.1017/S1041610218002120
https://doi.org/10.1016/j.puhe.2017.07.035
https://doi.org/10.1037/hea0000467
https://doi.org/10.1097/PSY.0000000000000685
https://doi.org/10.1097/PSY.0000000000000685
https://doi.org/10.1037//0882-7974.12.2.277
https://doi.org/10.1097/QAD.0000000000000158
https://doi.org/10.1097/QAD.0000000000000158
https://doi.org/10.1093/aje/kwz190
https://doi.org/10.1016/j.socscimed.2011.11.028
https://doi.org/10.1080/09540121.2015.1120269
https://doi.org/10.1080/09540121.2015.1080794
https://doi.org/10.1177/1088868310377394
https://doi.org/10.1080/09540121.2020.1722311
https://doi.org/10.1093/infdis/jit025
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1111/nyas.13864
https://doi.org/10.1097/QAI.0000000000001881
https://doi.org/10.1097/PSY.0b013e318222379c
https://doi.org/10.1097/PSY.0b013e318222379c
https://doi.org/10.1177/1545109712436723
https://doi.org/10.1016/j.socscimed.2018.04.007
https://doi.org/10.1016/j.socscimed.2018.04.007
https://doi.org/10.1016/j.bbi.2016.02.013
https://doi.org/10.1016/j.bbi.2016.02.013
https://doi.org/10.1161/JAHA.114.000844
https://doi.org/10.1007/s00127-019-01778-8
https://doi.org/10.1007/s00127-019-01778-8
https://doi.org/10.1016/j.bbi.2020.02.010
https://doi.org/10.1016/j.bbi.2020.02.010


553Journal of NeuroVirology (2023) 29:538–554	

1 3

Poudel-Tandukar K, Bertone-Johnson ER, Palmer PH, Poudel KC 
(2014) C-reactive protein and depression in persons with Human 
Immunodeficiency Virus infection: the Positive Living with HIV 
(POLH) Study. Brain Behav Immun 42:89–95. https://​doi.​org/​10.​
1016/j.​bbi.​2014.​06.​004

Pyle E, Evans D (2018) Loneliness-what characteristics and circumstances 
are associated with feeling lonely. Office for National Statistics

Radloff LS (1977) The CES-D scale: A self-report depression scale 
for research in the general population. Appl Psychol Meas 
1:385–401

Rajagopalan S, Brook R, Rubenfire M, Pitt E, Young E, Pitt B (2001) 
Abnormal brachial artery flow-mediated vasodilation in young 
adults with major depression. Am J Cardiol 88:196–198

Rico-Uribe LA, Caballero FF, Martin-Maria N, Cabello M, Ayuso-
Mateos JL, Miret M (2018) Association of loneliness with all-
cause mortality: A meta-analysis. PLoS One 13: e0190033. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01900​33

Rivera-Rivera Y, Vazquez-Santiago FJ, Albino E, Sanchez MD, Rivera-
Amill V (2016) Impact of Depression and Inflammation on the 
Progression of HIV Disease. J Clin Cell Immunol 7. https://​doi.​
org/​10.​4172/​2155-​9899.​10004​23

Rodkjaer L, Laursen T, Balle N, Sodemann M (2010) Depression in 
patients with HIV is under-diagnosed: a cross-sectional study in 
Denmark. HIV Med 11:46–53. https://​doi.​org/​10.​1111/j.​1468-​
1293.​2009.​00741.x

Russell DW (1996) UCLA Loneliness Scale (Version 3): reliability, 
validity, and factor structure. J Pers Assess 66:20–40. https://​doi.​
org/​10.​1207/​s1532​7752j​pa6601_2

Sandler NG, Douek DC (2012) Microbial translocation in HIV infec-
tion: causes, consequences and treatment opportunities. Nat Rev 
Microbiol 10:655–666

Santini ZI, Koyanagi A, Tyrovolas S, Mason C, Haro JM (2015) The 
association between social relationships and depression: a sys-
tematic review. J Affect Disord 175:53–65. https://​doi.​org/​10.​
1016/j.​jad.​2014.​12.​049

Seeman TE, Berkman LF, Blazer D, Rowe JW (1994) Social Ties and 
Support and Neuroendocrine Function: the MacArthur Studies 
of Successful Aging2. Ann Behav Med 16:95–106. https://​doi.​
org/​10.​1093/​abm/​16.2.​95

Sevigny JJ, Albert SM, McDermott MP, Schifitto G, McArthur JC, 
Sacktor N, Conant K, Selnes OA, Stern Y, McClernon DR, 
Palumbo D, Kieburtz K, Riggs G, Cohen B, Marder K, Epstein 
LG (2007) An evaluation of neurocognitive status and markers 
of immune activation as predictors of time to death in advanced 
HIV infection. Arch Neurol 64:97–102. https://​doi.​org/​10.​1001/​
archn​eur.​64.1.​97

Shah SGS, Nogueras D, van Woerden H, Kiparoglou V (2019) Effective-
ness of digital technology interventions to reduce loneliness in adults: 
a protocol for a systematic review and meta-analysis. BMJ Open 9: 
e032455. https://​doi.​org/​10.​1136/​bmjop​en-​2019-​032455

Shah SGS, Nogueras D, van Woerden HC, Kiparoglou V (2021) Evalu-
ation of the Effectiveness of Digital Technology Interventions 
to Reduce Loneliness in Older Adults: Systematic Review and 
Meta-analysis. J Med Internet Res 23: e24712. https://​doi.​org/​
10.​2196/​24712

Shive CL, Jiang W, Anthony DD, Lederman MM (2015) Soluble CD14 
is a nonspecific marker of monocyte activation. AIDS 29:1263–
1265. https://​doi.​org/​10.​1097/​QAD.​00000​00000​000735

Siconolfi DE, Halkitis PN, Barton SC, Kingdon MJ, Perez-Figueroa 
RE, Arias-Martinez V, Karpiak S, Brennan-Ing M (2013) Psy-
chosocial and Demographic Correlates of Drug Use in a Sample 
of HIV-Positive Adults Ages 50 and Older. Prev Sci 14:618–627. 
https://​doi.​org/​10.​1007/​s11121-​012-​0338-6

Smith KJ, Gavey S, NE RI, Kontari P, Victor C (2020) The associa-
tion between loneliness, social isolation and inflammation: A 

systematic review and meta-analysis. Neurosci Biobehav Rev 
112:519–541. https://​doi.​org/​10.​1016/j.​neubi​orev.​2020.​02.​002

Somsouk M, Estes JD, Deleage C, Dunham RM, Albright R, 
Inadomi JM, Martin JN, Deeks SG, McCune JM, Hunt PW 
(2015) Gut epithelial barrier and systemic inflammation dur-
ing chronic HIV infection. AIDS 29:43–51. https://​doi.​org/​
10.​1097/​QAD.​00000​00000​000511

Stanton CA, Moadel AB, Kim RS, Weinberger AH, Shuter J (2015) 
Loneliness in HIV-infected smokers. AIDS Care 27:268–272. 
https://​doi.​org/​10.​1080/​09540​121.​2014.​963017

Steptoe A, Owen N, Kunz-Ebrecht SR, Brydon L (2004) Loneliness 
and neuroendocrine, cardiovascular, and inflammatory stress 
responses in middle-aged men and women. Psychoneuroendo-
crinology 29:593–611. https://​doi.​org/​10.​1016/​S0306-​4530(03)​
00086-6

Stewart JC, Polanka BM, So-Armah KA, White JR, Gupta SK, 
Kundu S, Chang CCH, Freiberg MS (2020) Associations of 
Total, Cognitive/Affective, and Somatic Depressive Symp-
toms and Antidepressant Use With Cardiovascular Disease-
Relevant Biomarkers in HIV: Veterans Aging Cohort Study. 
Psychosom Med 82:461–470. https://​doi.​org/​10.​1097/​Psy.​
00000​00000​000808

Su XY, Zhou AN, Li JJ, Shi LE, Huan XP, Yan HJ, Wei CY (2018) 
Depression, Loneliness, and Sexual Risk-Taking Among HIV-
Negative/Unknown Men Who Have Sex with Men in China. 
Arch Sex Behav 47:1959–1968. https://​doi.​org/​10.​1007/​
s10508-​017-​1061-y

Suarez EC, Krishnan RR, Lewis JG (2003) The relation of severity 
of depressive symptoms to monocyte-associated proinflam-
matory cytokines and chemokines in apparently healthy men. 
Psychosom Med 65(3):362–368. https://​doi.​org/​10.​1097/​01.​
psy.​00000​35719.​79068.​2b

Sun-Suslow N, Pasipanodya E, Morgan E, Kohli M, Serrano V, Letendre  
S, Jeste DV, Moore DJ (2020) Social support moderates 
D-dimer and self-rated successful aging within people with 
HIV and older adults. J Behav Med. https://​doi.​org/​10.​1007/​
s10865-​020-​00141-6

Valtorta NK, Kanaan M, Gilbody S, Ronzi S, Hanratty B (2016) Lone-
liness and social isolation as risk factors for coronary heart dis-
ease and stroke: systematic review and meta-analysis of longi-
tudinal observational studies. Heart 102:1009–1016. https://​doi.​
org/​10.​1136/​heart​jnl-​2015-​308790

Vance D (2006) Relationship between duration of HIV disease and 
diagnostic history. Psychol Rep 98:536–540

Villanueva-Millan MJ, Perez-Matute P, Recio-Fernandez E, Lezana 
Rosales JM, Oteo JA (2017) Differential effects of antiretrovirals 
on microbial translocation and gut microbiota composition of 
HIV-infected patients. J Int AIDS Soc 20:21526. https://​doi.​org/​
10.​7448/​IAS.​20.1.​21526

Villar-Garcia J, Hernandez JJ, Guerri-Fernandez R, Gonzalez A, Lerma 
E, Guelar A, Saenz D, Sorli L, Montero M, Horcajada JP, Knobel 
Freud H (2015) Effect of probiotics (Saccharomyces boulardii) 
on microbial translocation and inflammation in HIV-treated 
patients: a double-blind, randomized, placebo-controlled trial. 
J Acquir Immune Defic Syndr 68:256–263. https://​doi.​org/​10.​
1097/​QAI.​00000​00000​000468

von Känel R, Bellingrath S, Kudielka BM (2008) Association between 
burnout and circulating levels of pro-and anti-inflammatory 
cytokines in schoolteachers. J Psychosom Res 65:51–59

Vyas MV, Watt JA, Yu AYX, Straus SE, Kapral MK (2021) The asso-
ciation between loneliness and medication use in older adults. 
Age Ageing 50:587–591. https://​doi.​org/​10.​1093/​ageing/​afaa1​77

Walker E, Ploubidis G, Fancourt D (2019) Social engagement and 
loneliness are differentially associated with neuro-immune mark-
ers in older age: Time-varying associations from the English 

https://doi.org/10.1016/j.bbi.2014.06.004
https://doi.org/10.1016/j.bbi.2014.06.004
https://doi.org/10.1371/journal.pone.0190033
https://doi.org/10.4172/2155-9899.1000423
https://doi.org/10.4172/2155-9899.1000423
https://doi.org/10.1111/j.1468-1293.2009.00741.x
https://doi.org/10.1111/j.1468-1293.2009.00741.x
https://doi.org/10.1207/s15327752jpa6601_2
https://doi.org/10.1207/s15327752jpa6601_2
https://doi.org/10.1016/j.jad.2014.12.049
https://doi.org/10.1016/j.jad.2014.12.049
https://doi.org/10.1093/abm/16.2.95
https://doi.org/10.1093/abm/16.2.95
https://doi.org/10.1001/archneur.64.1.97
https://doi.org/10.1001/archneur.64.1.97
https://doi.org/10.1136/bmjopen-2019-032455
https://doi.org/10.2196/24712
https://doi.org/10.2196/24712
https://doi.org/10.1097/QAD.0000000000000735
https://doi.org/10.1007/s11121-012-0338-6
https://doi.org/10.1016/j.neubiorev.2020.02.002
https://doi.org/10.1097/QAD.0000000000000511
https://doi.org/10.1097/QAD.0000000000000511
https://doi.org/10.1080/09540121.2014.963017
https://doi.org/10.1016/S0306-4530(03)00086-6
https://doi.org/10.1016/S0306-4530(03)00086-6
https://doi.org/10.1097/Psy.0000000000000808
https://doi.org/10.1097/Psy.0000000000000808
https://doi.org/10.1007/s10508-017-1061-y
https://doi.org/10.1007/s10508-017-1061-y
https://doi.org/10.1097/01.psy.0000035719.79068.2b
https://doi.org/10.1097/01.psy.0000035719.79068.2b
https://doi.org/10.1007/s10865-020-00141-6
https://doi.org/10.1007/s10865-020-00141-6
https://doi.org/10.1136/heartjnl-2015-308790
https://doi.org/10.1136/heartjnl-2015-308790
https://doi.org/10.7448/IAS.20.1.21526
https://doi.org/10.7448/IAS.20.1.21526
https://doi.org/10.1097/QAI.0000000000000468
https://doi.org/10.1097/QAI.0000000000000468
https://doi.org/10.1093/ageing/afaa177


554	 Journal of NeuroVirology (2023) 29:538–554

1 3

Longitudinal Study of Ageing. Brain Behav Immun 82:224–229. 
https://​doi.​org/​10.​1016/j.​bbi.​2019.​08.​189

Wang Y, Wang ZZ, Jia MM, Liang AJ, Yuan D, Sun Z, Gan F, 
Wang YC, Cai Y, Zhang ZR (2017) Association between a 
syndemic of psychosocial problems and unprotected anal 
intercourse among men who have sex with men in Shanghai, 
China. Bmc Infectious Diseases 17. https://​doi.​org/​10.​1186/​
s12879-​016-​2132-8

Wirtz PH, Ehlert U, Emini L, Rudisuli K, Groessbauer S, Gaab J, 
Elsenbruch S, von Kanel R (2006) Anticipatory cognitive stress 
appraisal and the acute procoagulant stress response in men. 
Psychosom Med 68:851–858. https://​doi.​org/​10.​1097/​01.​psy.​
00002​45866.​03456.​aa

Wirtz PH, Redwine LS, Baertschi C, Spillmann M, Ehlert U, von Kanel R 
(2008) Coagulation activity before and after acute psychosocial stress 
increases with age. Psychosom Med 70:476–481. https://​doi.​org/​10.​
1097/​PSY.​0b013​e3181​6e03a5

Wirtz PH, Redwine LS, Ehlert U, von Kanel R (2009) Independ-
ent association between lower level of social support and 
higher coagulation activity before and after acute psycho-
social stress. Psychosom Med 71:30–37. https://​doi.​org/​10.​
1097/​PSY.​0b013​e3181​8f6868

Wittchen HU (1994) Reliability and validity studies of the WHO–
Composite International Diagnostic Interview (CIDI): a critical 
review. J Psychiatr Res 28:57–84. https://​doi.​org/​10.​1016/​0022-​
3956(94)​90036-1

Yoo-Jeong M, Hepburn K, Holstad M, Haardorfer R, Waldrop-Valverde 
D (2019) Correlates of loneliness in older persons living with 
HIV. AIDS Care: 1–8. https://​doi.​org/​10.​1080/​09540​121.​2019.​
16599​19

Yuan N, Chen Y, Xia Y, Dai JC, Liu CY (2019 Inflammation-related 
biomarkers in major psychiatric disorders: a cross-disorder 
assessment of reproducibility and specificity in 43 meta-
analyses. Translational Psychiatry 9. https://​doi.​org/​10.​1038/​
s41398-​019-​0570-y

Zhang X, Dong S (2022) The relationships between social support 
and loneliness: A meta-analysis and review. Acta Psycho-
logica 227: 103616. https://​doi.​org/​10.​1016/j.​actpsy.​2022.​
103616

Zungsontiporn N, Tello RR, Zhang G, Mitchell BI, Budoff M, Kallianpur  
KJ, Nakamoto BK, Keating SM, Norris PJ, Ndhlovu LC,  
Souza SA, Shikuma CM, Chow DC (2016) Non-Classical Mono-
cytes and Monocyte Chemoattractant Protein-1 (MCP-1) Cor-
relate with Coronary Artery Calcium Progression in Chronically 
HIV-1 Infected Adults on Stable Antiretroviral Therapy. PLoS 
One 11: e0149143. https://​doi.​org/​10.​1371/​journ​al.​pone.​01491​43

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.bbi.2019.08.189
https://doi.org/10.1186/s12879-016-2132-8
https://doi.org/10.1186/s12879-016-2132-8
https://doi.org/10.1097/01.psy.0000245866.03456.aa
https://doi.org/10.1097/01.psy.0000245866.03456.aa
https://doi.org/10.1097/PSY.0b013e31816e03a5
https://doi.org/10.1097/PSY.0b013e31816e03a5
https://doi.org/10.1097/PSY.0b013e31818f6868
https://doi.org/10.1097/PSY.0b013e31818f6868
https://doi.org/10.1016/0022-3956(94)90036-1
https://doi.org/10.1016/0022-3956(94)90036-1
https://doi.org/10.1080/09540121.2019.1659919
https://doi.org/10.1080/09540121.2019.1659919
https://doi.org/10.1038/s41398-019-0570-y
https://doi.org/10.1038/s41398-019-0570-y
https://doi.org/10.1016/j.actpsy.2022.103616
https://doi.org/10.1016/j.actpsy.2022.103616
https://doi.org/10.1371/journal.pone.0149143

	Combined effects of loneliness and inflammation on depression in people with HIV
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants and Study Design
	InclusionExclusion Criteria
	Assessments
	Loneliness
	Depressive Symptoms
	Psychosocial Assessment
	Neuromedical Assessment
	Statistical Analyses


	Results
	Participant Characteristics
	Bivariate and multivariable analyses examining associations between loneliness and inflammation
	Bivariate and multivariable analyses examining the relationships between loneliness, inflammation, and depressive symptoms

	Discussion
	Acknowledgements 
	References




