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Studies suggest that inflammation might be involved in the pathogenesis of depression. Individuals with human
immunodeficiency virus (HIV) have a higher risk of depression and elevated inflammatory profiles. Despite this,
research on the link between inflammation and depression among this high-risk population is limited. We examined
a sample of men who have sex with men from the Multicenter AIDS Cohort Study in prospective analyses of the
association between inflammation and clinically relevant depression symptoms, defined as scores >20 on Center
for Epidemiological Studies Depression Scale. We included 1,727 participants who contributed 9,287 person-visits
from 1984 to 2010 (8,218 with HIV (HIV+) and 1,069 without (HIV-)). Exploratory factor analysis (EFA) was used
to characterize underlying inflammatory processes from 19 immune markers. Logistic regression with generalized
estimating equations was used to evaluate associations between inflammatory processes and depressive symp-
toms stratified by HIV serostatus. Three EFA-identified inflammatory processes (EIPs) were identified. EIP-1
scores—described by soluble tumor necrosis factor receptor 2 (sTNF-R2), soluble interleukin-2 receptor a (slL-
2Ra), sCD27, B-cell activating factor, interferon y-induced protein 10 (IP-10), soluble interleukin-6 receptor (slL-
6R), sCD14, and sGP130—were significantly associated with 9% higher odds of depressive symptoms in HIV+
participants (odds ratio = 1.09; 95% confidence interval: 1.03, 1.16) and 33% higher odds in HIV— participants
(odds ratio = 1.33; 95% confidence interval: 1.09, 1.61). Findings suggest that immune activation might be
involved in depression risk among both HIV+ and HIV— men who have sex with men.

biomarkers; depression; HIV; immune activation; inflammation

ART, antiretroviral therapy; cART, combination antiretroviral therapy; CES-D, Center for Epidemiologic Studies Depression Scale; Cl,
confidence interval; CRP, C-reactive protein; EFA, exploratory factor analysis; EIP, EFA-based inflammatory process; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; MACS, the Multicenter AIDS Cohort Study; MSM, men who have sex with men; OR, odds
ratio; STNF-R2, soluble tumor necrosis factor receptor 2.

Depression occurs in nearly 1 in 4 women and 1 in 6 men dur-
ing their lifetimes (1, 2), with the majority of individuals having
recurrent episodes of depression. Furthermore, many people
with depression never receive diagnoses or treatment, and only
about 30%—35% of adults achieve remission using current thera-
peutic approaches, which leaves nearly two-thirds of the disease
burden remaining (3-6). Hence, taken together, depression is
estimated to be the fourth-leading cause of overall disease burden
and the leading cause of nonfatal disease burden worldwide (7).

A heightened risk of depression is associated with the presence
of somatic or physical disease conditions, and this elevated risk is

especially evident in persons infected with human immunodefi-
ciency virus (HIV). Indeed, major depression is more than 34
times more prevalent in HIV-positive (HIV+) persons than in per-
sons who are not infected with HIV (HIV—), with an estimated
lifetime prevalence as high as 22%-45% in persons with HIV (8,
9). Given that an estimated 37.9 million people worldwide are in-
fected with HIV (10), and that treatment with antiretroviral therapy
(ART) (11) and control of HIV replication and reductions in HIV
viral load (12) does not diminish the risk of depression in persons
with HIV, there is an urgent need to identify factors that might be
targeted to prevent and treat depression in persons who are HIV+.
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Inflammation, as indexed by circulating markers such as
C-reactive protein (CRP), is elevated in persons with HIV,
and this increase in systemic inflammation occurs even in
HIV+ persons whose viral loads are well suppressed (13, 14).
Whether inflammation is associated with heightened risk of
depression in persons who are HIV+ is not known, although
patients with major depressive disorder exhibit increased
expression of proinflammatory cytokines and their receptors,
as well as increases in acute phase reactants such as CRP.
Furthermore, experimental data show that acute activation
of inflammatory signaling and the induction of inflammatory
cytokines causes depressive symptoms in otherwise nonde-
pressed adults (15—18). Moreover, a blockade of inflammatory
pathways reduces depressive symptoms in patients with inflam-
matory disorders such as rheumatoid arthritis, psoriasis,
and cancer, as well as in patients with major depressive disor-
der who have high levels of inflammation prior to treatment
(19). Together, these findings raise the possibility that increases
in inflammation are involved in the pathogenesis of depression,
and epidemiologic studies demonstrate that higher levels of mar-
kers of systemic inflammation such as interleukin-6 and CRP
prospectively predict the development of depressive symptoms
in otherwise healthy adults (20-22). Despite the increased
prevalence of depression, and of inflammation, in HIV+ per-
sons, there is limited research that has interrogated this link,
and no study to our knowledge has examined whether under-
lying inflammatory processes correlate with depressive symp-
toms in HIV+ persons.

To address this gap, we examined men who have sex with
men (MSM), a population at heightened risk of depression (23),
who are also at substantial risk of HIV infection. MSM account
for more than half of all new HIV infections in the United States
annually (24). In this study, we examined the prevalence of
depressive symptoms and heightened inflammation between
HIV+ and HIV—- MSM, as well as the prospective associ-
ation between inflammation and depression among HIV+
MSM as compared with HIV— MSM.

METHODS
Study design and population

The Multicenter AIDS Cohort Study (MACS) is an ongo-
ing prospective study, established in 1984, of HIV+ and
HIV— MSM from 4 US sites (Baltimore, Maryland/Washing-
ton, DC; Chicago, Illinois; Los Angeles, California; and Pitts-
burgh, Pennsylvania). Details of the MACS design have been
described elsewhere (25). Briefly, data are collected semian-
nually using standardized questionnaires, physical exami-
nations, and blood samples for laboratory testing and
storage. MACS is approved by the institutional review
boards at the 4 study sites, and each participant provided
informed consent.

For the current study, MACS participants were included
if they completed at least 1 study visit at which depressive
symptoms and proximate inflammatory biomarkers were
available. All person-visits were used after enrollment that
had both inflammatory measures and depression symptom
assessment.
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Measurement of inflammatory markers

Twenty-four inflammatory markers were available that were
measured at selected study visits from 1984 through 2010 from
an inflammatory biomarker substudy (26-28). Of these, 19 mar-
kers with <10% of samples below the lower limit of detection
were included in the analyses. The excluded markers (granular-
macrophage colony-stimulating factor, interferon-y, interleukin-
2, interleukin-1p, and interleukin-12p70) had high levels of
missingness that could bias final results. The remaining 19 mar-
kers were CRP, soluble tumor necrosis factor receptor 2 (STNF-
R2), soluble interleukin-2 receptor a (sIL-2Ra), sGP130,
sCD27, B-cell activating factor, interferon y-induced protein
10 (IP-10), soluble interleukin-6 receptor (sIL-6R), sCD14,
interleukin-6, interleukin-8, tumor necrosis factor-o, macro-
phage inflammatory protein 1 § (MIP-1), monocyte chemoat-
tractant protein 1 (MCP-1), MCP-4, eotaxin, B-lymphocyte
chemoattractant/B-cell-attracting chemokine 1 (BLC/BCA-1),
interleukin-10, and thymus and activation-regulated chemokine.

As previously described (26), serum concentrations of
sCD14, sCD27, sGP130, soluble interleukin-6 receptor alpha,
soluble interleukin-6 receptor, soluble tumor necrosis factor
receptor 2, B-cell activating factor, and BLC/BCA-1 were mea-
sured using the multiplexed Luminex platform with a single lot
of assay kits (R&D Systems, Minneapolis, Minnesota). Con-
centrations of interleukin-6, interleukin-8, interleukin-10, tumor
necrosis factor-o, MCP-1, macrophage inflammatory protein 1
B (MIP-1p), eotaxin, MCP-4, thymus and activation-regulated
chemokine, and interferon y-induced protein 10 (IP-10) were
assessed using an electrochemiluminescence-based multi-
plexed Meso Scale Discovery (Meso Scale Diagnostics LLC,
Rockville, Maryland) assay system. For each plate of serum
samples tested, a plate-specific lower limit of detection was
defined for each biomarker. An additional biomarker, CRP,
was measured by Quest Diagnostics laboratory (Secaucus,
New Jersey).

Assessment of depressive symptoms

Depressive symptoms were measured at every study visit
using the Center for Epidemiology Studies Depression Scale
(CES-D), a 20-item scale designed to assess the frequency of
self-reported depressive symptoms experienced over the past
week (29). The scale, ranging from 0 to 60, is a valid and reli-
able instrument, and it has been widely used in studies of MSM
and HIV-infected populations (30, 31). Higher scores indicate
higher severity of depressive symptoms. For the present study,
CES-D responses with at least 16 nonmissing items were
included, with score summaries up-weighted to reflect a full
20-item scale. We categorized the total CES-D score at each
visit into 3 categories: CES-D >20 represented evidence of clin-
ically relevant depressive symptoms; a score of 12-20 repre-
sented milder or domain-specific symptoms; and a score of <12
represented evidence of no depressive symptoms. Whereas a
threshold of 16 is generally considered to be indicative of
depressive symptomatology, these thresholds were chosen to
improve sensitivity and specificity in an MSM cohort (32, 33).

Because depressive symptoms could be mitigated with anti-
depressant treatment without necessarily affecting an underlying
inflammatory mechanism, an alternative definition of depression
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considered either current antidepressant use or CES-D >20, to
capture both current and a recent history of depressive symptoms.
A CES-D score of <12 and no antidepressant use was considered
evidence of no current or recent depressive symptoms.

Covariate measurements

Age, race/ethnicity, educational level, height, weight, smok-
ing status, alcohol intake, and cocaine use since last visit were
self-reported at each visit. Body mass index was calculated as
weight (kilograms) divided by height (meters) squared. Hepati-
tis C virus (HCV) infection was defined by a positive HCV
RNA test at each visit. In statistical analysis, we considered age
(continuous), black race (versus nonblack), college education
(any versus none), obesity (body mass index: >30 versus <30),
hepatitis C infection (current positive versus negative HCV
RNA), current smoking (versus former/never), an alcohol intake
indicator (none, 1-3 drinks/week, 4-13 drinks/week, and more
than 13 drinks/week), and cocaine use (yes versus no) as poten-
tial confounders. HIV-related factors included ART use and
viral suppression (HIV RNA <50 copies/mL). Covariate val-
ues including HIV serostatus were treated as time-varying and
assessed at each included visit.

Statistical analysis

Imputation below the lower limit of detection. Biomarker
values from the full study sample were natural log-transformed.
Among the 19 markers retained in analyses with detectability
>90%, 11 had at least 1 value below the lower limit of detection
across the included person-visits. We imputed values for the
1,392 missing values of these 11 markers (0.8% of the total
number of biomarker values) using a single stochastic imputa-
tion from truncated log-normal distributions fitted to the data
for each marker. Specifically, we fitted a normal distribution
to the log-transformed data, extrapolated to the tail of the dis-
tribution below the limit of detection, and drew values ran-
domly to impute missingness below the limit of detection.
This method maintained the distributional shape of the data
for exploratory factor analysis (EFA).

Exploratory factor analysis. EFA was used to identify pat-
terns of covariance between the set of 19 inflammatory biomar-
kers that might signify involvement in similar underlying
processes (34). First, we standardized all biomarker values
across all visits (on the log scale) to a mean of 0 and a standard
deviation of 1. Maximum likelihood estimation was used to
estimate correlations (referred to as factor loadings) between
each inflammatory biomarker and underlying inflammatory
processes. Orthogonal rotation was used to optimize separation
between highly correlated and poorly correlated markers to dis-
criminate primary contributors to each inflammatory process
from biomarkers minimally involved. Inflammatory biomar-
kers with low factor loadings (<0.4) on all EFA-identified
inflammatory processes (EIPs) were removed from the final
EFA analysis. For each visit, the factor loadings were used as
weights in weighted linear combinations of the biomarkers to
estimate the magnitude of each inflammatory process (referred
to as factor scores) for each individual, creating new composite
variables representing underlying inflammatory processes. Thus
the individual inflammatory marker levels were replaced as

exposures by a smaller number of composite variables repre-
senting underlying inflammatory processes (e.g., immune acti-
vation, proinflammation, and cell recruitment and migration).

Regression analysis of inflammatory processes and
depressive symptoms. The estimated standardized continu-
ous factor scores from each EIP were used as independent vari-
ables in logistic regressions to evaluate associations between
inflammatory processes and depressive symptoms over time,
stratified by HIV serostatus. Models adjusted for age, black
race, college education, current smoking, obesity, HCV infec-
tion, alcohol intake, and cocaine use. Generalized estimating
equations (GEE) were used to account for multiple contribut-
ing observations from each participant. The primary estimate
of interest was the relative odds of having clinically relevant
depressive symptoms compared with having no depressive
symptoms per standard-deviation increase in EIP scores. Terms
for interaction between HIV serostatus and the EIPs were tested
using Wald tests. We refitted models evaluating the relative odds
of having mild depressive symptoms per standard-deviation
increase in EIP scores, and we repeated the analysis using a
standard CES-D threshold of 16 to allow for comparison with
other literature.

Among HIV+ men, the impact of ART use and HIV viral
suppression on the association between inflammation and clini-
cally relevant depressive symptoms was evaluated using interac-
tion terms and stratified logistic regression models.

To evaluate the consistency of the relationship between inflam-
matory marker and depressive symptoms with those reported in
the literature, we also examined the association between CRP
and depressive symptoms in our data.

Sensitivity analyses

We conducted sensitivity analyses to evaluate the assump-
tion of a linear relationship between the log odds of depressive
symptoms and the degree of inflammation. The continuous EIP
scores were categorized into tertiles and used as indicator vari-
ables in place of continuous scores in logistic models. Given
the long duration of follow-up, spanning across eras before and
after combination ART (cART) (35, 36), separate analyses strat-
ified by calendar time (before and after July 1, 1996, for before
cART and the cART era, respectively) to evaluate the presence
of heterogeneity of effect. We also examined a more homoge-
neous group of ART-naive participants at baseline.

All analyses were performed using SAS, version 9.3 (SAS
Institute, Inc., Cary, North Carolina).

RESULTS
Description of the study sample

There were 1,727 participants with 9,287 person-visits
(1,069 HIV— and 8,218 HIV+) at which both CES-D and
measurements of inflammation markers were available.
There were 147 seroconverters who contributed both HIV+
and HIV— person-visits. Across visits, the CES-D score was
internally consistent (Cronbach’s o = 0.93). Table 1 presents
characteristics of MACS participants in the full study sample.
There was a median of 4 visits (interquartile range, 3—6) per
participant. HIV— and HIV+ individuals over time had similar
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Table 1. Demographic and Other Characteristics of the Full Sample of 1,727 Participants With 9,287 Person-Visits for a Study of Inflammation
and Risk of Depression, Multicenter AIDS Cohort Study, United States, 1984—2010

HIV-Positive® HIV-Negative® Total
Characteristic
No. % Median (IQR) No. % Median (IQR) No. % Median (IQR)

Number of individuals contributing visits® 1,476 398 1,727
CES-D score of >20 1,450 18 180 17 1,630 18
CES-D score of >20 or antidepressantuse 2,636 32 277 26 2,913 31
Age at visit, years 44 (38-50) 44 (38-51) 44 (38-50)
Black race 1,628 20 373 35 2,001 22
BMI at visit® 24.4(22.4-27.1) 25.2(23.1-28.0) 24.5(22.5-27.1)
At least some college education 7,007 85 859 80 7,866 85
Current smoking 2,582 31 426 40 3,008 32
Alcohol use since last visit, drinks per week

0 1,613 20 204 19 1,817 19

1-3 3,839 47 449 42 4,288 46

4-13 2,173 26 308 29 2,481 27

>13 593 7 108 10 701 8
Cocaine use since last visit 1,155 14 212 20 1,367 15
HCV-positive at visit 592 7 201 19 793 9
Social support at visit® 7,869 96 999 93 8,868 95

HIV-related factors
CD4+ T-cell count (cells/uL)

HIV RNA <50 copies/mL® 3,115 39
In cART era’ 5922 72
ART use? 5,884 75

506 (331-710)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; cART, combination antiretroviral therapy; CES-D, Center for Epidemiologic
Studies Depression Scale; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IQR, interquartile range.

2 All characteristics except for number of individuals contributing visits were calculated on the basis of total person-visits. There were 8,218 person-
visits among HIV-positive participants and 1,069 person-visits among HIV-negative participants.

b There were 147 seroconverters who contributed both HIV-seropositive and -seronegative person-visits.

©Weight (kg)/height (m)>2.

9 Social support was assessed using 1-item question at each visit “Is there someone you can talk to about things that are important to you—
someone you can count on for understanding or support” (yes (1 or more) versus no (none)).
¢ Among 8,218 HIV-seropositive person-visits, 7,907 (96%) had HIV viral load available.

fThe cART era was defined as time after July 1, 1996.

9 Among 8,218 HIV seropositive person-visits, 7,800 (95%) had nonmissing ART use report.

age distributions, with a median of 44 years. However, HIV—
individuals were more likely to be black, current smokers, or
HCV-infected.

Inflammation and depression among HIV+
and HIV— MSM

Depression according to HIV status. Antidepressant use
was more prevalent in HIV+ individuals over time, at 21%
compared with 13% for HIV— individuals (P < 0.0001). The
prevalence of clinically relevant depressive symptoms was
18% among HIV+ and 17% among HIV— individuals (Table 1).
When treatment for depression was considered in the definition
of clinically relevant depressive symptoms, the prevalence rose
to 32% among HIV+ participants and 26% among HIV— par-
ticipants (Table 1).
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Underlying inflammatory processes in MSM. The EFA re-
sults are presented in Web Table 1 (available at https://academic.
oup.com/aje). The repeatability of EFA biomarker results across
samples and time points in the MACS has been examined previ-
ously and found to be high (26, 37). Utilizing all person-visits
from the full study sample, 3 EIPs were identified, accounting for
57% of the total variance in the biomarker data. EIP-1 was char-
acterized by markers of immune activation including sTNF-R2,
soluble interleukin-2 receptor o (sIL-2ra), sCD27, B-cell acti-
vating factor, interferon y-induced protein 10 (IP-10), sIL-
6R, sCD14, and sGP130; EIP-2 was characterized by markers
of proinflammation including interleukin-6, interleukin-8,
tumor necrosis factor-a, and macrophage inflammatory pro-
tein 1 p (MIP-1p) levels; EIP-3 was characterized markers of
cell recruitment, migration, and infiltration, including MCP-
1, eotaxin, and MCP-4 levels (38). The distributions of esti-
mated EIP scores are presented in Figure 1, stratified by HIV
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Figure 1. Factor score distribution for each exploratory factor analysis—
identified inflammatory process (EIP) according to HIV serostatus, using
person-visits in the Multicenter AIDS Cohort Study, United States,
1984-2010. A) Factor score distribution of EIP-1, which was characterized
mainly by soluble tumor necrosis factor receptor 2 (STNFR2), soluble
interleukin-2 receptor a (sIL-2Ra), sCD27, B-cell activating factor, interferon
y-induced protein 10, soluble interleukin-6 receptor (sIL-6R), sCD14, and
sGP130; B) factor score distribution of EIP-2, characterized by interleukin-
6, interleukin-8, tumor necrosis factor-o, and macrophage inflammatory
protein 1 g (MIP-1p); C) factor score distribution of EIP-3, characterized
by monocyte chemoattractant protein 1 (MCP-1), eotaxin, and MCP-4.

serostatus. Biomarker levels were generally higher among HIV+
individuals, particularly for EIP-1 (Figure 1 and Web Table 2).

Relationship between inflammatory processes and
depressive symptoms

Markers of immune activation and clinically relevant
depressive symptoms. Among HIV+ participants, 1 standard-
deviation higher EIP-1 was significantly associated with a 9%
higher odds of depressive symptoms (odds ratio (OR) = 1.09,
95% confidence interval (CI): 1.03, 1.16). Among HIV— partici-
pants, 1 standard-deviation increase in EIP-1 scores was signifi-
cantly associated with a 33% higher odds of clinically relevant
depressive symptoms (OR = 1.33, 95% CI: 1.09, 1.61). Asso-
ciations between EIP-2 and EIP-3 and clinically relevant depres-
sive symptoms were weaker and not statistically significant.
Results are shown in Table 2, stratified by HIV serostatus.
Although the magnitude of the difference in effect size between
HIV+ and HIV— participants was large, the P for interaction
was >0.05. Inclusion of self-reported antidepressant use in the
definition of clinically relevant depressive symptoms did not
substantially change the results.

Proinflammatory markers and mild depressive symptoms
in HIV+. In contrast to analyses of those experiencing clini-
cally relevant depressive symptoms, both EIP-1 and EIP-2
were associated with higher odds of having mild depressive
symptoms (i.e., CES-D 12-20). One standard-deviation increase
in EIP-1 scores was significantly associated with a 9% higher
odds of mild depressive symptoms among HIV+ participants
(OR =1.09, 95% CI: 1.03, 1.16), while EIP-2 scores were
significantly associated with an 11% higher odds of mild
depressive symptoms among HIV+ participants (OR =
1.11,95% CI: 1.05, 1.18) (Web Figure 1). These relationships
were approximately null among HIV— participants (OR =
1.01,95% CI: 0.83, 1.23; and OR = 0.97,95% CI: 0.81, 1.15,
respectively).

In secondary analyses, using a traditional threshold of 16 to
define the presence of depressive symptoms yielded results simi-
lar to that found for mild depressive symptoms (Table 3). Stratifi-
cation by current ART use and HIV suppression status did not
indicate important subgroups (Table 4). Finally, analysis of the
single inflammatory marker CRP—which has been previously
found associated with depressive symptoms (20, 39-41)—
resulted in weak associations with clinically relevant depres-
sive symptoms among both HIV+ and HIV— participants
(OR =1.04, 95% CI: 1.00, 1.09; and OR = 1.10, 95% CI:
0.98, 1.25, respectively).

Sensitivity analyses. Replacing continuous factor scores
with tertiles of factor scores resulted in associations with the
highest tertile of EIP-1 among HIV+ persons. Participants in
the highest tertile of EIP-1 had 21% higher odds of clinically
relevant depressive symptoms in HIV+ person-visits (Web
Table 3). Results of stratified analyses based on calendar time
showed similar associations in the cART era and in the pre-
cART era (Web Table 4). Last, analysis was restricted to a more
homogeneous group of 740 HIV+ ART-naive participants at
baseline, and results were similar, with 1 standard-deviation
higher EIP-1 significantly associated with a 13% higher odds of
depressive symptoms (OR = 1.13,95% CI: 1.05, 1.21).

Am J Epidemiol. 2019;188(11):1994—2003
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Table2. Adjusted Logistic Regression® of Depressive Symptoms on Continuous Estimates of Exploratory Factor
Analysis—Identified Inflammatory Processes Among Person-Visits in the Multicenter AIDS Cohort Study, Baltimore,
Maryland, 1984—2010

Clinically Relevant Depressive Symptoms

EIP and Definition of Depression HIV-Positive HIV-Negative
OR® 95% Cl OR 95% Cl

EIP-1

CES-D only® 1.09 1.03,1.16 1.33 1.09,1.61

CES-D + antidepressant use® 1.11 1.05,1.18 1.25 1.05,1.49
EIP-2

CES-D only 1.04 0.99,1.10 1.09 0.95,1.26

CES-D + antidepressant use 1.02 0.97,1.08 1.04 0.91,1.18
EIP-3

CES-D only 0.96 0.88,1.04 1.10 0.90,1.35

CES-D + antidepressant use 1.03 0.96,1.10 1.07 0.89,1.30

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval; EIP, explor-
atory factor analysis—identified inflammatory process; GEE, generalized estimating equations; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; OR, odds ratio.

@ Adjusted for age, black race, college education, current smoking, obesity, HCV infection, alcohol intake, and
cocaine use since last visit; GEE used for analyses.

® Estimate for 1 standard-deviation increase in standardized EIP factor scores.

¢ Clinically relevant depressive symptoms defined as CES-D >20 compared with having not depressive symp-
toms defined as CES-D <12.

d Clinically relevant depressive symptoms defined as CES-D >20 or having antidepressant use compared with
having not depressive symptoms defined as CES-D <12 and having no antidepressant use.

Table3. Adjusted Logistic Regression® of Depressive Symptoms, Using a Standard Depression Score Threshold
of 16, on Continuous Estimates of Exploratory Factor Analysis—Identified Inflammatory Processes in Person-Visits
in the Multicenter AIDS Cohort Study, United States, 1984-2010

Depressive Symptoms Using CES-D Score of >16

EIP and Definition of Depression HIV-Positive HIV-Negative
OR" 95% Cl OR 95% CI

EIP-1

CES-D only® 1.08 1.02,1.14 1.15 0.97,1.38

CES-D + antidepressant use® 1.09 1.03,1.16 1.20 1.01,1.42
EIP-2

CES-Donly 1.07 1.01,1.13 1.14 1.00,1.31

CES-D + antidepressant use 1.04 0.99,1.09 1.13 0.99,1.30
EIP-3

CES-D only 1.00 0.92,1.09 1.04 0.86, 1.25

CES-D + antidepressant use 1.05 0.98,1.13 1.06 0.88,1.26

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval; EIP, explor-
atory factor analysis—identified inflammatory process; GEE, generalized estimating equations; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; OR, odds ratio.

@ Adjusted for age, black race, college education, current smoking, obesity, HCV infection, alcohol intake, and
cocaine use since last visit; GEE used for analyses.

® Estimate for 1 standard-deviation increase in standardized EIP factor scores.

¢ Depressive symptoms defined as CES-D >16 compared with having not depressive symptoms defined as
CES-D <16.

9 Depressive symptoms defined as CES-D >16 or having antidepressant use compared with having not depres-
sive symptoms defined as CES-D <16 and having no antidepressant use.

Am J Epidemiol. 2019;188(11):1994—2003
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Table4. Adjusted Logistic Regression® of Depressive Symptoms on Continuous Estimates of Exploratory Factor
Analysis—Identified Inflammatory Processes Among Seropositive Men Stratified by Antiretroviral Therapy Use and
Viral Suppression in the Multicenter AIDS Cohort Study, United States, 1984-2010

Clinically Relevant Depressive Symptoms, HIV-Positive Person-Visits

EIP and Definition of Depression

Not on ART, HIV Virally

On ART, HIV Virally On ART, HIV Virally

Unsuppressed Suppressed Unsuppressed
OR® 95% CI OR 95% CI OR 95% CI

EIP-1

CES-D only® 1.12 1.01,1.24 1.04 0.94,1.14 1.05 0.97,1.15

CES-D + antidepressant use® 1.19 1.04,1.35 1.09 0.98,1.21 1.09 1.00,1.19
EIP-2

CES-D only 1.10 0.94,1.28 0.99 0.91,1.08 1.05 0.98,1.13

CES-D + antidepressant use 1.05 0.90,1.23 0.99 0.92,1.07 1.02 0.94,1.10
EIP-3

CES-Donly 0.94 0.84,1.05 0.97 0.85,1.11 0.94 0.84,1.06

CES-D + antidepressant use 1.01 0.90,1.14 1.02 0.95,1.09 1.01 0.90,1.13

Abbreviations: ART, Antiretroviral Therapy; CES-D, Center for Epidemiologic Studies Depression Scale; Cl, con-
fidence interval; EIP, exploratory factor analysis—identified inflammatory process; GEE, generalized estimating
equations; HCV, hepatitis C virus; HIV, human immunodeficiency virus; OR, odds ratio.

@ Adjusted for age, black race, college education, current smoking, obesity, HCV infection, alcohol intake, and

cocaine use since last visit; GEE used for analyses.

® Estimate for 1 standard-deviation increase in standardized EIP factor scores.
¢ Current depressive symptoms defined as CES-D >20 compared with having not depressive symptoms defined

as CES-D «12.

9 Current depressive symptoms defined as CES-D >20 or having antidepressant use compared with having not
depressive symptoms defined as CES-D <12 and having no antidepressant use.

DISCUSSION

Depression is a complex and multifaceted disorder. The fact
that one-third of patients remain treatment-refractory (42), with
the mechanism of action of nearly all of currently prescribed
antidepressants being monoamine pathways, strongly suggests
that other pathways to depression exist, including the possibility
of an inflammatory subtype (43, 44). To our knowledge, this
study is the first to broadly examine inflammation and depres-
sive symptom relationships in an MSM population. Here we
found that markers of immune activation were associated with
clinically relevant depressive symptoms in both HIV+ and HIV—
MSM, suggesting a positive relationship between T- and B-cell
activation and the occurrence of depressive symptoms. Proinflam-
matory markers were associated with milder depression symp-
toms in HIV+ but not HIV— MSM, which might simply reflect
the much higher levels of these markers in HIV+ MSM. While
HIV+ persons appear to experience a higher burden of depressive
symptoms compared with their HIV— counterparts, they are also
more aggressively treated with antidepressants, resulting in similar
burden of untreated or undertreated depressive symptoms.

Understanding how inflammation could affect the manifesta-
tion of depressive symptoms could have broad implications for
our understanding of mechanisms of depression and the poten-
tial for treatment. HIV infection represents a context of height-
ened inflammation as noted in the present study. Higher levels
of inflammatory markers in HIV+ individuals predict mortality
(45) and are thought to be the link to the higher rates of age-
related comorbidity observed among HIV+ participants (46).

Similarly, an inflammatory depressive subtype could explain the
noted high burden of depressive symptoms in HIV+, and our re-
sults provide some evidence that such a subtype might exist.
While cytokine pathways are complex, this study examined a
large number of markers representing several domains of func-
tion in more than 9,000 study visits from HIV+ and HIV— men.

Our results support prior suggestions of cell-mediated immune
activation as a key feature of depression, and prior studies have
found increased serum levels of sIL2r and sTNFr accompanying
depressive symptoms (47). The immune marker sCD14, which
contributed to EIP-1, is a macrophage activation marker that is
thought to act as a coreceptor of the bacterial product lipopoly-
saccharides (LPS) (48). Microbial translocation has been posited
to contribute to inflammation-related depressive symptoms (49,
50), consistent with the emerging concept of the microbiota-
gut-brain axis (51-53). Proinflammatory markers such as
interleukin-6, interleukin-8, and tumor necrosis factor-a have
also been found to increase risk of depressive symptoms in the
general population (39, 54, 55) and were associated with milder
symptoms among HIV+ persons in the present study but not
with more severe symptoms or more generally across MSM.
Markers of cell recruitment, migration, and infiltration were not
associated with depressive symptoms in MSM, but this EIP has
been found to be less stable across samples in MACS (37)
and might not well characterize an underlying inflammatory
construct.

Inflammation in the context of HIV infection arises as a result
of exposure to HIV viremia and can persist after effective anti-
retroviral therapy initiation. Controlling for ART use regardless
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of viral suppression status appeared to attenuate associations
between markers of immune activation and clinically relevant
depressive symptoms among HIV+ participants, as would be
expected given that ART use is the primary driver of viral sup-
pression, which can dampen viremia-induced immune activa-
tion (13). However, substantial differences in psychosocial and
other factors also exist between ART users and nonusers (56),
which makes comparisons across ART treatment groups chal-
lenging. Depression has been found to predict more rapid
decline in CD4 counts in some studies of HIV-infected indivi-
duals (57), although this relationship has not been consistently
demonstrated (58).

The strengths of our analysis include the broad panel of
immune markers and large number of individual study visits,
which allowed us to better describe complex inflammatory pro-
cesses and their associations with depressive symptoms. Inflam-
matory marker measurements were available only through
2010; however, relationships between inflammatory mar-
kers and depressive symptoms are unlikely to have changed in
subsequent years. We included all person-visits in the EFA,
assuming measurement invariance across time; it is unlikely that
the underlying biology of inflammatory processes would change
over the duration of the study. The CES-D is not considered a
clinical tool for diagnosing depression but has been consistently
used in research to identify individuals experiencing depressive
symptoms. However, thresholds for classifying levels of clini-
cally relevant depressive symptoms using the CES-D are not
clear for vulnerable populations such as MSM (59). It is also
worth noting that our sample consisted of urban and mostly
white men, and the number of HIV-seronegative men contribut-
ing HIV— visits was relatively small, increasing the variability
in estimates, which might contribute to apparent differences in
estimates between HIV+ and HIV— men.

In conclusion, our findings further support a role of inflamma-
tion and immune activation markers in the occurrence of depres-
sive symptoms among MSM, a population with a high burden
of depression and HIV infection. Subsequent studies should
examine subgroups of treatment-refractory individuals with
depression to understand whether inflammation might contrib-
ute to symptomology in this group—a finding that could pave
the way for novel treatment approaches. Focused studies on
novel markers of cellular immune response and bacterial infiltra-
tion such as kynurenine/tryptophan ratio and lipopolysacchar-
ides would be key for understanding underlying mechanisms.
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