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Abstract

Background—~People with HIVV (PWH) are more likely to experience depression, a highly
morbid disease. More evidence is needed to better understand mechanisms of depression in PWH.
We evaluated a panel of blood biomarkers in relation to depression symptoms in the Multicenter
AIDS Cohort Study (MACS).

Setting—Four sites in the United States

Methods—A cross-sectional analysis was performed within the MACS, a prospective study

of cisgender men with and without HIV. Depression was assessed with the Center for
Epidemiological Studies-Depression (CES-D) scale, and six blood biomarkers were measured:
GlycA, high sensitivity C-reactive protein (CRP), interleukin-6 (IL-6), CCL2, soluble CD14
(sCD14), and soluble CD163 (sCD163). Using univariable and multivariable logistic regression,
the biomarkers and other factors were evaluated in relation to significant depression symptoms
(SDS) by CES-D score =16.

Results—784 men were analyzed, the majority of whom (63%) were PWH. PWH were
more likely to have SDS (32% versus 21%). In univariable analysis, higher GlycA, CRP, and
sCD163 concentration were associated with SDS. In multivariable analysis, however, only higher
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sCD163 concentration was associated with SDS (OR=2.30, 95%Cl=1.11, 4.76). This relationship
was driven by the PWH group (OR=2.72, 95%CI=1.12, 6.58) and remained significant when
controlling for antidepressant use. Lack of college education was also associated with SDS.

Conclusions—Higher sCD163, a marker of macrophage activation, was significantly associated
with significant depression symptoms in the MACS. Further research on this biomarker and
macrophage activation in general is warranted to better understand and treat depression in PWH.
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HIV; Depression; sCD163; Antiretroviral Therapy

Introduction

While people with HIV (PWH) have experienced dramatic improvements in survival and
quality of life in the combination antiretroviral therapy (ART) era, end organ diseases
remain common, including those that involve the central nervous system (CNS). Among
these, depression is a condition that has long been recognized to be highly prevalent

among PWH.1 For instance, the Women’s Interagency HIV Study (WIHS) in the United
States found that 20% of women with HIV have Major Depressive Disorder (MDD)

based on structured diagnostic interview (compared to 10% nationally). Additionally, 32.4%
experienced MDD in their lifetime (versus 22.9% nationally).2 The medical monitoring
project found that depression prevalence is significantly higher in men with HIV (prevalence
ratio=3.1) compared to a cohort of individuals from the general population.# Depression in
PWH is associated with multiple adverse clinical outcomes, including worse ART adherence
and virologic control.>® PWH with chronic depression symptoms are approximately twice
as likely to die compared to PWH with few or no depression symptoms.” A stepwise
relationship between depression persistence and adverse outcomes has been demonstrated.
Specifically, each 25% increase in days with depression is associated with significant
increases in missed appointments, detectable plasma HIV RNA, and a 19% increase in
mortality hazard.8

A better understanding of the mechanisms that underpin depression in PWH is needed.

In people without HIV (PWOH), a significant association between inflammation and
depression has been identified. For example, individuals with MDD who do not have
significant medical comorbidities have higher plasma concentrations of tumor necrosis
factor alpha (TNFa) and interleukin 6 (1L-6) compared to individuals without MDD.®
Studies focusing on PWH have also shown a relationship between depression and higher
concentrations of inflammatory biomarkers, including TNFa, IL-6, and C-reactive protein
(CRP).10-12 | arger cohorts that involve both PWH and PWOH are needed to better
understand these relationships across both groups. Evaluation of newer biomarkers is
needed, including composite biomarkers that may reflect multiple physiologic processes. For
example, the composite marker GlycA reflects the enzymatic glycosylation of circulating
proteins.13 The proteins with the highest representation within the GlycA signal include a.1-
acid glycoprotein, haptoglobin, al-antitrypsin, al-antichymotrypsin, and transferrin. Given
that most of these molecules are acute phase reactants, GlycA appears to be a composite
biomarker of systemic inflammation. Outside of HIV, blood GlycA level has been associated
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with significant depression symptoms in multiple studies.1*15 Markers of monocyte and
macrophage activation which have been found to be important in HIV complications!6:17
also merit examination in relation to depression symptoms. For this analysis, we leveraged
GlycA and other inflammatory biomarker data within the Multicenter AIDS Cohort Study
(MACS) to evaluate a potential relationship with depression symptoms, which are regularly
assessed.

MACS, a multicenter prospective observational study of men who have sex with men
(including those with HIV and HIV-seronegatives at risk for HIV acquisition), has

been conducted at multiple cities across the U.S., including Pittsburgh, Pennsylvania;
Baltimore, Maryland; Chicago, Illinois; Los Angeles, California; Columbus, Ohio; and
Washington, DC. There were four enroliment waves, including two pre-ART (1984-1985
and 1987-1991) and two post-ART (2001-2003 and 2010-2018) time periods. The MACS
cardiovascular disease substudy took place between 2010 and 2013 (including Pittsburgh,
Baltimore, Chicago, and Los Angeles sites) and represents the period of time when the
blood draw for biomarkers and depression testing were performed.18.19 Participants were
excluded for a history of cardiac surgery or percutaneous coronary intervention. Depression
symptoms were assessed with the Center for Epidemiologic Studies Depression Scale (CES-
D), a widely used 20-item questionnaire that has been commonly used in HIV research,20:21
Previous research supports that a cutoff score of 16 or higher on the CES-D is reflective of
major depression,22:23 so this was used to define significant depression symptoms (SDS), the
primary outcome for our analysis. A supplementary analysis using the cutoff score of 20 or
higher was performed as well. For the purposes of the current analysis, we also excluded
individuals with CNS comorbidities that could predispose to depression symptoms,24:25
including stroke, traumatic brain injury, and a previous diagnosis of CNS opportunistic
infection.

Laboratory testing

GlycA from plasma was quantified using nuclear magnetic resonance as previously
described.13 A panel of other blood biomarkers was measured?6:27 including high sensitivity
C-reactive protein (hsCRP), IL-6, CCL2, soluble CD14 (sCD14), and soluble CD163
(sCD163). IL-6 was measured using chemiluminescent enzyme linked immunosorbent assay
(ELISA, R&D Systems), hsCRP was measured using the BNII Nephelometer (Siemens
Healthcare Diagnostics) and CCL2 was measured using Luminex-based singleplex cytokine
panel (Millipore). sCD14 and sCD163 were measured with ELISA (R&D systems).

Statistical analysis

Continuous and categorical baseline characteristics were reported for the whole study
population and by HIV serostatus using Wilcoxon and chi-square tests, respectively. Logistic
regressions were used to assess associations with CES-D (=16 versus <16). In addition to
biomarkers, covariates that were first evaluated in univariable analysis included: age, race,
education, pre-ART versus post-ART era MACS enrollment wave (wave 1 [1984-1985]

and 2 [1987-1991] versus wave 3 [2001-2003] and 4 [2010-2018]), current antidepressant
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therapy, active RNA-positive hepatitis C infection (HCV), heavy alcohol use in the last

six months (>13 alcoholic drinks/week), and cocaine use in the last six months. Other
substance use variables such as marijuana use, poppers, and injection drug use were

also evaluated independently with the outcome but were not statistically significant and
therefore not included in the multivariate analysis. Additionally, body mass index (BMI)
and estimated glomerular filtration rate (eGFR), two factors shown to be associated with
cognition in previous MACS studies,?8:2% were also evaluated as covariates. For the PWH
group, additional variables evaluated were nadir CD4, cumulative plasma HIV RNA (area
under the curve, log 10-transformed), currently suppressed plasma HIV RNA (<200 copies/
milliliter [ml]), history of AIDS-defining illness, and categories of CD4+ T cells by cells/
microliter (CD4<200, 200 <CD4<499, CD4=500). IL-6 and CCL2 were scaled to ng/dl and
sCD163 and sCD14 were scaled to ug/ml. Interaction terms were evaluated between HIV
status and biomarkers associated with SDS in multivariable analysis. Stratified analysis
was based on interactions and based on HIV status given the possibility that SDS in

PWH may be influenced by factors different from PWOH. As a supplementary analysis,

a SDS cutoff of CES-D =20 was used. A supplementary analysis was also performed that
included only PWH with undetectable plasma HIV RNA (<20 copies/ml) and accounted
for cumulative use of efavirenz, an antiretroviral with a significant signal with respect to
depression symptoms.30 Data management was done in SAS 9.4, and Statistical analysis was
done in STATA® Version 15.1

A total of 784 men were analyzed, with 493 (63%) being PWH (see Table 1). Hypertension
was present in 47%, 32% were on statin therapy, 28% were current smokers, and 13%

had diabetes. Fifty percent were college graduates. In the PWH group, 92% were on

ART and 87% had plasma HIV RNA < 200 copies/ml. 95.5% had CD4+ T cell count

> 200 cells/microliter. Multiple demographic and disease characteristics were significantly
different (P<0.05) by HIV serostatus. All inflammatory biomarkers were higher in the
PWH group, particularly CCL2, sCD14, and sCD163 (P<0.001 for each). The median
time between depression assessment and GlycA draw was 0 days (IQR=0-36.5) and the
median time between depression assessment and draw for other biomarkers was 36.5 days
(IQR=36.5-73.1). The PWH group had higher CES-D scores and were more likely to have
SDS by CES-D =16 compared to PWOH (32% versus 21%). See supplementary table 1
for participant data by SDS status. In univariable analysis (Table 2), lower age, white race,
MACS enrollment wave, and active HCV were associated with SDS. Additionally, lack

of college education, antidepressant therapy, and crack/cocaine use since last visit were
significantly associated with the presence of SDS. For the biomarkers, higher sCD163 was
significantly associated (P<0.001) with SDS, driven by the PWH group. Higher GlycA and
hsCRP were also associated (P<0.05) with SDS. In the PWH group specifically, currently
suppressed HIV RNA<200 copies/ml was associated with the absence of SDS.

In the multivariable analysis that included significant univariable associations, MACS
enrollment wave, race, and active HCV infection were no longer associated with SDS.
Antidepressant therapy (Odds ratio [OR]=2.25, 95% Confidence Interval [CI]=1.55,3.25)
and lack of college education (OR=1.73, 95% Cl=1.09,2.76) continued to be associated
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with SDS in the entire group. GlycA and hsCRP were no longer associated with SDS, but
the relationship between sCD163 and significant symptoms remained significant (OR=2.30,
95%Cl1=1.11, 4.76, see Figure 1 for forest plot of overall group). For the interaction analysis,
the first model used the main effects of HIV positive status, sSCD163, and the interaction
between sCD163 and HIV+. The interaction result was OR=2.58, 95% CI1=0.52,12.72. The
second interaction model included each of the same variables as well as the other medical
and demographic variables that were shown to be associated with SDS in univariable
analysis (age, MACS Enrollment cohort, Race, Education, Antidepressant therapy, HCV
status, Crack/cocaine since last visit, and CRP). For this model, the interaction between
HIV+ and sCD163 was OR=1.61, 95% CI=0.32,8.20. These two interaction results, while
associated with wide confidence intervals, were large enough (1.5-2.5 relative increase in
odds ratio), that stratified analysis based on HIV status was justified.

The relationship between SDS and sCD163 was driven by the PWH group (OR=2.72,
95%CI=1.12, 6.58) and was not statistically significant for PWOH (see Figure 2 for
stratification by HIV status). In the analysis using an SDS cutoff of CES-D =20, higher
sCD163 remained associated with significant depression symptoms in the whole study group
in multivariable regression (OR=2.41, 95% CI=1.08,5.37, see supplementary table 2). In the
analysis which only included PWH with plasma HIV RNA <20 copies/ml, 229 participants
remained. As seen in the supplementary table 3, only lower age was associated with SDS in
this subgroup.

Discussion

PWH have significantly higher rates of depression compared to individuals without HIV.2*4
Given that depression in PWH is associated with multiple adverse outcomes, including
lack of virologic suppression and higher mortality,>831 there is a pressing need to better
understand the mechanisms that may underlie depression in PWH. In the current study
nested within the MACS, we evaluated significant depression symptoms (SDS) in relation
to a panel of six blood biomarkers, including the novel inflammatory marker GlycA.

The biomarker that was associated with significant depression symptoms in multivariable
analysis was sCD163, even when controlling for current antidepressant therapy. This
relationship was particularly strong in the PWH group. The CD163 molecule is highly
expressed by macrophages and serves as a scavenger molecule to prevent hemoglobin
toxicity.32 sCD163 is the soluble form of this antigen and appears to reflect macrophage
activation during inflammatory disease states.33 This marker remains elevated in the blood
of PWH despite virologic suppression.34 For many years, there has been speculation of

a possible association between macrophage activity and depression.3® For example, the
cytokine interferon alpha (IFNa) is expressed by macrophages. This cytokine has a clear
link with depression based on studies showing that exogenous administration is commonly
associated with depression symptoms.36 Macrophages express several other inflammatory
markers including tumor necrosis factor alpha (TNFa), which also has been linked to
depression in PWH.10:12 Fyrther investigations should include markers such as IFNa

and TNFa to evaluate if these have a mediation effect between macrophage activation

and depression symptoms. Although a population of CD163+ macrophages resides in the
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CNS,37 peripheral macrophage activation may contribute to pathology based on the fact that
measurements were from blood in the study.

There is an established body of literature suggesting a link between reactivity of

monocyte lineage cells and depression in the general population.38:39 Depressed individuals
demonstrate a shift towards a pro-inflammatory phenotype characterized by higher
frequency and higher absolute numbers of non-classical monocytes.#0 However, other results
from our study suggest that some aspects of monocyte lineage activation may not be linked
with depression symptoms in PWH. The marker sCD14, which reflects monocyte activation,
was not associated with SDS. Additionally, we found that CCL2, a chemokine involved

in monocyte recruitment, was not associated with SDS. While we found a relationship
between significant depression symptoms and both higher GlycA and higher hsCRP in
univariable analysis, these relationships were not statistically significant in the multivariable
analysis. The lack of association with GlycA suggests that depression symptoms in PWH
may have a slightly different pathogenesis than in people without HIV.14.15 Given that
hsCRP is a relatively non-specific marker of inflammation, this may explain why it became
non-significant with the inclusion of more specific biomarkers. While we did not find

an association between IL-6 and depression, there were some methodologic differences
between our study and ones that have identified a relationship with this cytokine. In a

study of 102 PWH,*1 the patient health questionnaire (PHQ)-9 was used, which has half

the questions of the CES-D. Higher blood IL-6 concentration was associated with somatic
symptoms (but not cognitive-affective symptoms). In another study of 201 PWH, 10 higher
blood IL-6 concentration was associated with the presence of depression determined by
Mini International Neuropsychiatric Interview (MINI), a structured diagnostic interview
based on criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders
(DSM). However, participants in that study were ART-naive and 80% were women, meaning
that the study population was significantly different. Finally, the current analysis differs from
a previous MACS analysis utilizing data from a different period of time (1984-2010).42
That study utilized exploratory factor analysis to group biomarkers together and found that
one particular factor was associated with depression symptoms based on CES-D. The factor
included nine different biomarkers, making determination of the relative contribution of
individual biomarkers difficult. Additionally, less than 40% of participants with HIV had
virologic suppression, and the subgroup analysis limited to participants on ART yielded
statistically non-significant results.

We acknowledge the limitations of the current study. Only men were included in MACS, and
therefore our findings may not be generalizable to women. While HIV in the United States
is predominantly a disease of men,3 the population of PWH worldwide is approximately
50% women.** Also, given that women are particularly susceptible to depression,*® more
inclusion of women in studies of depression in PWH is needed. The newly unified
MACS-WIHS cohort (MWCCS) will allow for exploration of sex-based differences in the
depression in men and women with and without HIV. The association between depression
and certain aspects of inflammation in HIV may be stronger among men. For example, in

a study of 316 PWH, there was a stronger association between CRP and depression in men
compared to women. Specifically, a CRP concentration of >3mg/L was associated with a
3.6-fold higher odds of depression in men (p=0.002), but only 1.7-fold higher odds (p=0.33)
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in women.11 In another study that utilized factor analysis to group biomarkers in relation
to depression symptoms in PWH, a factor including CRP, IL-6, and d-dimer was associated
with increased depression symptoms. However, the finding was again only statistically
significant among the men in the study and not among the women.*® Collection of blood
for biomarker measurement was typically not performed on the same day as depression
assessment in this study.

We acknowledge that several potential biomarkers were not included in the present

study. There is literature suggesting a relationship between certain amino acids and
depression in PWH. Greater depression symptoms in PWH are associated with both lower
plasma tryptophan and higher plasma kynurenine/tryptophan ratio (indicating inflammation
associated tryptophan degradation).4”-48 Meanwhile, lower concentration of homovanillic
acid (the primary metabolic of dopamine) is associated with increased depression symptoms
in PWH. This may be from decreased turnover of phenylalanine (which is a precursor to
dopamine) during HIV.4° In one pilot study, PWH with at least mild symptoms of depression
had significantly higher plasma concentrations of CXCL10, IL-15, granulocyte colony
stimulation factor, and 1L-12 p40/p70.%0 In a Veterans Aging Cohort Study (VACS) analysis
from the United States, in which the vast majority of participants were male, higher D-dimer
concentration was associated with a slight increase in somatic depression symptoms among
PWH.31 However, this relationship became not statistically significant after incorporating
other factors such as alcohol and drug use into the models. Another recent pilot study
showed that plasma TNFa along with age, glucose levels, and glycosylated hemoglobin
most strongly predicted depression based on the Patient Health Questionnaire (PHQ)-9.12 A
larger study, which showed that PWH with markedly elevated blood TNFa concentrations
were more likely to have major depression, supported this finding.1? Therefore, future
studies should incorporate a broader panel of biomarkers. While this study suggests a
relationship between macrocyte activation and depressive symptoms in HIV, other processes
are likely to be involved. While our study did not find an association between depression
and CRP (a marker of general inflammation), other studies of PWH have.1252 The gut
microbiome may play a role, particularly in PWH who are co-infected with hepatitis C
virus.53:54 PWH with depression have lower neuroactive steroid levels.> Depression in
HIV is associated with decreased hippocampal volume, suggesting a possible structural
component.®8 Being an observational study, we cannot determine if there is a causal
relationship between sCD163 and depressive symptoms; residual confounding may in part
explain the associations found. We acknowledge that the study might have been stronger
with the including of cerebrospinal fluid (CSF) biomarkers. However, CSF collection is not
routinely performed in the MACS. Lastly, the association we found in this study was with
depression symptoms, not the clinical diagnosis of depression by structured interview.

In conclusion, higher blood concentration of sSCD163 was associated with significant
depression symptoms in a population of men, the majority of whom were PWH. This
suggests that depression symptoms and macrophage activation may be linked. Based on

our review of the literature, there are no published studies evaluating SCD163 in relation to
depression symptoms in PWH. This is a significant finding because it may reflect a different
part of the immune system than do markers of overall inflammation such as cytokines. This
is also significant because it sets the stage for the study of therapies that target macrophage
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activation to treat depression in PWH. Given the complexity of macrophage activation,>’
further investigation will be required to better define this relationship. More research is
clearly needed given the significant morbidity and mortality of the HIV and depression
combination.
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Figure 1:

Forest plot of multivariable odds ratios (OR) in association with significant depression

symptoms for overall group (n=784)

ug=micrograms; ml=milliliters; umol=micromoles; cl=centiliters; CRP=C-reactive protein
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Figure 2:
Forest plot of multivariable odds ratios (OR) in association with significant depression

symptoms stratified by HIVV+ group (n=493) and HIV- group (n=291)
ug=micrograms; ml=milliliters; umol=micromoles; cl=centiliters; CRP=C-reactive protein
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