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ARTICLE INFO ABSTRACT
Keywords: Background and objectives: People with HIV (PWH) often suffer from depressive symptoms which have a delete-
Depression

rious impact on numerous domains including antiretroviral adherence and quality of life. In the general popu-
lation, a treatment-resistant phenotype of depression is associated with systemic inflammation, which is of
considerable importance as it responds favorably to anti-inflammatory medications. Aging PWH experience
increasing inflammation. We sought to evaluate the impact of chronic inflammation in aging PWH on depressed
mood.

Methods: PWH were recruited at 6 U.S. academic medical centers. Depressed mood was assessed using the Beck
Depression Inventory (BDI)-II. Inflammatory biomarkers measured at the 12-year follow-up visit in blood plasma
using immunoassays were neopterin, STNFRII, d-dimer, IL-6, CRP, MCP-1, sCD14 and sCD40L. Factor analyses
with oblique Equamax rotation were employed to reduce the dimensionality of the biomarkers.

Results: Participants were 78 PWH, 14 (17.9%) women, 40 (51.3%) non-White, mean age 55.3 (+SD 8.29), with a
nadir and current CD4 of 134 (IQR 36, 204) and 567 (316, 797), respectively. 80.5% were virally suppressed. A
factor analysis of the eight inflammatory biomarkers in plasma at the 12-year follow-up visit yielded 3 Factors,
with Factor 1 loading on neopterin and sTNFRII, Factor 2 loading on d-dimer, IL-6 and CRP, and Factor 3 loading
on sCD40L (MCP-1 and sCD14 did not appear in any of the factors). Univariate regressions of each factor vs BDI-IT
scores yielded significance only for Factor 2 (r = 0.295; p = 0.0083 (Bonferroni-adjusted p = 0.0261). Of the
Factor 2 component biomarkers, BDI-II scores correlated significantly with d-dimer and IL-6, but not CRP. Women
had worse BDI-II scores (p = 0.0127). In a logistic regression with sex and Factor 2, both variables were sig-
nificant (sex p = 0.0246, Factor 2 p = 0.0168). The relationship between Factor 2 and BDI was significant for men
(r = 0.348 [95% CI 0.111, 0.547]; p = 0.0049), but not women (r = 0.0580 95% CI -0.488, 0.571]; p = 0.844).
Viral suppression was not significant in the multivariate model.

Conclusions: Some PWH with depressed mood have elevated markers of inflammation in blood. Men showed this
relationship, while women did not. Together with previous findings that an inflammatory depression phenotype
responds to treatment with anti-inflammatory medications, our findings suggest that treatment with anti-
inflammatory medications might benefit at least a subset of depressed PWH who have a high inflammatory
biomarker profile, as well as poor response to antidepressant medications alone, and that the pathophysiology of
depression in men and women with HIV may differ.
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1. Introduction

Despite viral suppression on combination antiretroviral therapy
(ART), people with HIV (PWH) suffer from depressed mood and chronic
inflammation. Depression is the most common psychiatric comorbidity in
HIV (Antelman et al., 2007; Bing et al., 2001; Ciesla and Roberts, 2001).
Depressed PWH show poorer medication adherence (Gonzalez et al.,
2011), lower rates of viral suppression (Ickovics et al., 2001; Ironson
et al., 2005), greater polypharmacy (refs), poorer quality of life (Bengt-
son et al., 2015; Zimpel and Fleck, 2014) and shorter survival (French
et al., 2009; Villes et al., 2007).

A subtype of treatment-resistant depression in the general population
is associated with chronic inflammation (Haroon et al., 2018; Jha, 2019).
The potential clinical significance of this is high, since the
anti-inflammatory TNF-alpha blocker tocilizumab and other drugs such
as the antibiotic minocycline, the interleukin 17 (IL-17) receptor anti-
body, brodalumab, and the monoclonal antibody, sirukumab, have been
shown to be effective treatment for this depression subtype (Khandaker
et al., 2018), but these have not been studied in the context of HIV.
Inflammation is associated with greater symptom severity, differential
response to treatment, and greater odds of hospitalization in patients
with major depressive disorder (MDD).

Chronic inflammation persists in virally suppressed PWH and predicts
morbidity and mortality (Tenorio et al., 2014). There also is an extensive
literature on showing that depression correlates with markers of
inflammation and immune activation in PWH (e.g., elevated levels of I1-6
and TNF-a) (Norcini Pala et al., 2016; Hellmuth et al., 2017; Musinguzi
et al., 2018; Rivera-Rivera et al., 2014), but most of these studies were
performed in individuals who were not virally suppressed. We hypoth-
esized that inflammation in virally suppressed PWH would be associated
with poorer mood.

2. Methods

Participants underwent standardized clinical and laboratory evalua-
tions at 6 U.S. academic centers in the CHARTER study at baseline and 12
years later at follow-up. Inclusion criteria included HIV seropositivity by
Western blot. Exclusion criteria were active neurological illnesses other
than HIV, visible intoxication as determined by clinicians trained to
recognize signs of this and active psychiatric or substance use disorder
(eg, psychosis) that might interfere with completing study evaluations.
All participants signed an IRB-approved informed consent document.

2.1. Laboratory evaluations

HIV disease was diagnosed by enzyme-linked immunosorbent assay
with Western blot confirmation. HIV viral load in plasma was measured
using commercial assays and deemed undetectable at a lower limit of
quantitation (LLQ) of 50 copies/ml. CD4 T cells were measured by flow
cytometry and nadir CD4 was assessed by self-report. Inflammatory
biomarkers measured in blood plasma at the 12-year follow-up visit using
immunoassays were neopterin, soluble tumor necrosis factor alpha type
II (sTNFRII), d-dimer, interleukin-6 (IL-6), C-reactive protein (CRP),
monocyte chemoattractant protein type I (MCP-1), soluble CD14 (sCD14)
and soluble CD40 ligand (sCD40L). We selected these markers based on
previous studies linking them to depressed mood (Celik et al., 2010;
Grassi-Oliveira et al., 2009; Anderson et al., 2013; von Kanel et al., 2009;
Kiecolt-Glaser et al., 2018; Leo et al., 2006). Biomarkers were measured
only at the 12-year follow-up visit, and correlations were assessed with
BDI-II at the same visit, and secondary at the initial visit.

2.2. Clinical evaluations
Current mood at baseline and 12-year follow-up was assessed using

the Beck Depression Inventory (BDI)-II (Beck et al., 1996). Lifetime major
depressive disorder (MDD) and substance use disorders were assessed
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using the computer-assisted Composite International Diagnostic Inter-
view (CIDI) (Nelson, 1999), a structured instrument widely used in
psychiatric research. The CIDI classifies current and lifetime diagnoses of
mood disorders and substance use disorders, as well as other mental
disorders. Additional assessments measured activities of daily living,
disability, employment and quality of life. Quality of life was assessed
using the Medical Outcomes Study HIV Health Survey Short Form 36
(MOS-HIV SF-36), a reliable and valid tool for assessing overall quality of
life, daily functioning, and physical health (Wachtel et al., 1992; Wu
et al., 1997). The MOS-HIV contains 36 questions that assess various
physical and mental dimensions of health. Items are grouped into two
overall categories (Physical and Mental Health), with 11 subcategories
(Physical functioning, Role functioning, Pain, Social functioning,
Emotional well-being, Energy/fatigue, Cognitive functioning, General
health, Health distress, Overall QoL, Health transition). These are scored
as summary percentile scales ranging from 0 to 100, with higher scores
indicating better health. Disability was assessed using the Karnofsy Scale
(Mor et al., 1984). Dependence in instrumental activities of daily living
(IADLs) was assessed with a modified version of the Lawton and Brody
Scale (Lawton and Brody, 1969) that asks participants to rate their cur-
rent and best lifetime levels of independence for 13 major IADLs such as
shopping, financial management, transportation, and medication man-
agement (Heaton et al., 2004). An employment questionnaire asked
about job loss, decreases in work productivity, accuracy, and quality;
increased effort required to do one’s usual job; and increased fatigue with
the usual workload. Neurocognitive function was assessed using a
comprehensive, standardized battery described in detail previously
(Heaton et al., 2010). The battery covered 7 cognitive domains known to
be commonly affected by HIV-associated CNS dysfunction. The best
available normative standards were used, which correct for effects of age,
education, sex, and ethnicity, as appropriate. Test scores were automat-
ically converted to demographically corrected standard scores (t scores)
using available computer programs.

2.3. Statistical analyses

Demographic and clinical characteristics were summarized using
means and standard deviations, median and interquartile ranges or
percentages, as appropriate. Log; o transformation was used to normalize
the biomarker distributions for parametric analysis. Factor analyses with
oblique Equamax rotation were employed to reduce the dimensionality
of the biomarkers. Factor analysis is a statistical method used to describe
variability among observed, correlated variables in terms of a potentially
lower number of unobserved variables called factors. Thus, factor anal-
ysis is a method for dimensionality reduction and can help control false
discovery. It is important to check the identified factors against known
physiological relationships. To validate the factors, we examined in-
tercorrelations between the biomarkers assigned to each factor. Pear-
son’s r and Spearman’s rho were calculated to compare factors with BDI-
II scores. Secondary analyses evaluated correlations with quality of life
(MOS-HIV), neurocognitive function, and employment status. We used
multivariable linear regression models to test interaction effects. In the
absence of an interaction, additive effects were tested. Analyses were
conducted using JMP Pro® version 15.0.0 (SAS Institute Inc., Cary, NC,
2018).

3. Results

Participants were 78 PWH, 14 (17.9%) women, 40 (51.3%) non-
White, mean age 55.3 (8.29), with a nadir and current CD4 of 134
(IQR 36, 204) and 567 (316, 797), respectively. 80.5% were virally
suppressed on ART. The median interval between baseline and follow-up
was 12.3 years [IQR 12.1, 12.7]. 26 participants 33.3% took antide-
pressant medications, and those on antidepressants had marginally
higher BDI-II scores (12.7 + 8.54 versus 8.23 + 10.3; p = 0.0607). No
participants met criteria for current DSM substance use disorder based on
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structured psychodiagnostic interview (Composite International Diag-
nostic Interview) and none were visibly intoxicated during evaluations.

A factor analysis with Equamax rotation and a loading value cutoff of
0.4 for the eight inflammatory biomarkers in plasma at the 12-year
follow-up visit yielded 3 Factors, with Factor 1 loading on neopterin
and sTNFRII, Factor 2 loading on d-dimer, IL-6 and CRP, and Factor 3
loading on sCD40L (MCP-1 and sCD14 did not appear in any of the fac-
tors). Univariate regressions of each factor vs BDI-II scores yielded sig-
nificance only for Factor 2 (r = 0.295; p = 0.0083 (Bonferroni-adjusted p
= 0.0261; Spearman rho 0.309; p = 0.003). Of the Factor 2 component
biomarkers, BDI-II scores correlated significantly with d-dimer and IL-6,
but not CRP (Fig. 1), though the direction of the latter correlation was
consistent with those of the other biomarkers. Higher Factor 2 scores
correlated with worse scores on the Apathy (r = 0.355; p = 0.0014),
Somatic (r = 0.302; p = 0.0071) and Affective (r = 0.341; p = 0.0023)
subscales of the BDI-II, but not with the Cognitive subscale (r = 0.18; p =
0.121). BDI-II scores at baseline and 12-year follow-up were highly
correlated (r = 0.653; p < 0.0001). Factor 2 (at 12-years) was related to
the total BDI-II at the baseline visit 12 years earlier as well (r = 0.257; p
= 0.0234).

Women had worse BDI-II scores (p = 0.0127) and non-significantly
higher values on Factor 2 than men (0.241 + 1.22 vs —0.0527 +
0.771; p = 0.253). In a multivariable regression with sex and Factor 2
predicting BDI-II scores, both variables were significant (sex p = 0.0246,
Factor 2 p = 0.0168). As shown in Fig. 2 The relationship between Factor
2 and BDI was significant for men (r = 0.348 [95% CI 0.111, 0.547];p =
0.0049), but not women (r = 0.0580 95% CI -0.488, 0.5711; p = 0.844).
Factor 2 scores were not influenced by age (p = 0.097), sex (p = 0.253) or
ethnicity (p = 0.115), and did not associate with lifetime MDD. Non-
Hispanic whites had higher BDI-II scores than other ethnicities com-
bined (12.5 + 11.2 vs 7.1 + 7.85; p = 0.0158). In a multivariable
regression, both ethnicity and Factor 2 values remained significant (p =
0.00202 and 0.00114, respectively). No interaction between ethnicity
and Factor 2 values was found. Plasma viral suppression was not related
to Factor 2 (detectable vs undetectable, mean 4 SD, 0.00585 + 0.696 vs
0.0158 + 0.905; p = 0.9685) and viral suppression was not significant in
the multivariate model. BDI-II scores were not influenced by viral sup-
pression (p = 0.674), nadir (p = 0.539) or current CD4 (p = 0.337) or
ART use (p = 0.995). BDI-II scores were not related to age (p = 0.516).

3.1. Impact of depressed mood and factor 2 scores on quality of life,
disability, activities of daily living and cognitive complaints

Higher BDI-II scores were strongly associated with poorer overall
physical and mental quality of life as measured by the HIV-MOS (r =
—0.535, p < 0.0001; r = —0.839, p < 0.0001, respectively). Among the
MOS subscales, higher Factor 2 scores were significantly associated with
worse Physical functioning, Role functioning, Pain, Social functioning,
General health, Health distress and Overall QoL, but not with Cognitive
function, Mental health, Energy/fatigue, Quality of life and Health
transition. For every 10-point increase in BDI-II, the odds of being
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dependent in instrumental activities of daily living increased by 2.85
(95% CI 1.62, 5.62). Worse disability as measured by the Karnofsy index
were correlated with both Factor 2 scores were (r = —0.300; p = 0.0077)
and worse BD-II scores (r = —0.50866; p < 0.0001). Individuals who
used opiates as assessed by urine toxicology had marginally higher Factor
2 scores than those with negative urine toxicology (0.478 + 0.824 versus
—0.0859 + 0.832 p = 0.0738). Inclusion of urine toxicology in a multi-
variable model did not alter the significance of the relationship between
Factor 2 scores and BDI-II (p = 0.0321). On neurocognitive testing,
higher Factor 2 scores were significantly associated with worse motor
mean T score, but not with the following mean T scores: Global, Verbal,
Executive, Speeded information processing, Learning, Recall and Work-
ing Memory.

3.2. Substance use disorders

Rates of lifetime substance use disorders were as follows: alcohol
abuse, 29.5%; alcohol dependence, 35.9%; cannabis abuse, 35.9%,
cannabis dependence, 17.9%; cocaine abuse, 5.13%; cocaine depen-
dence, 29.5%; methamphetamine abuse, 5.13%; methamphetamine
dependence, 15.4%; opioid abuse, 12.8%; opioid dependence, 11.5%;
any substance disorder, 73.1%. None of the substance use disorders was
associated with higher Factor 2 levels; lifetime cannabis abuse was
associated with lower Factor 2 levels (0.392 + 1.032 - versus 0.101 +
0.797 p = 0.0416). Participants with a lifetime history methamphet-
amine abuse ever had higher BDI-II scores than those without (14.3 +
14.7 versus 8.879 =+ 8.68); none of the other substance use disorders was
associated with BDI-IL.

4. Discussion

We found that higher concentrations of a specific panel of markers of
inflammation (see below) in blood were seen in PWH with worse
depression. Additionally, PWH with depressed mood had markedly
reduced quality of life and were more dependent in IADLs. In addition,
higher inflammation associated with worse scores on numerous life
quality indicators. Chronic HIV-associated inflammation and immune
dysfunction have emerged as key factors that are strongly linked to non-
AIDS complications (Hsue et al., 2012; Deeks, 2011). Our findings
confirm those of previous investigations (Norcini Pala et al., 2016;
Hellmuth et al., 2017; Musinguzi et al., 2018; McIntosh et al., 2018;
Bekhbat et al., 2018), and extend them by evaluating a more compre-
hensive panel of biomarkers and more extensive evaluation of impact on
daily functioning and quality of life. If the link between inflammation
and depression is causal, our results suggest that treatment with selected
anti-inflammatory medications might benefit mood and life quality in
some PWH.

Depressed mood was specifically associated with a factor loading on
d-dimer, IL-6 and CRP. Factor analysis is a statistical method used to
describe variability among observed, correlated variables in terms of a
potentially lower number of unobserved variables called factors. Thus,
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Fig. 1. Correlations of individual biomarker components of Factor 2 with BDI-II scores. Red points, women; black points, men. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. Higher Factor 2 scores, loading on d-dimer, IL-6 and CRP, were associated with worse depression in men (panel A), but not women (panel B). Red points,
women; black points, men. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

factor analysis is a method for dimensionality reduction and can help
control false discovery. Additionally, however, it is important to check
the identified factors against known physiological relationships. Several
prior reports link these specific markers with each other, particularly in
the context of HIV, suggesting that they represent a physiologically
congruent aspect of the inflammatory cascade. For example, the pro-
inflammatory cytokine IL-6 stimulates the production of C-reactive pro-
tein in the liver (Gabay and Kushner, 1999). In one study, higher pre-ART
CRP, D-dimer, and IL-6 levels were associated with new AIDS events or
death (Boulware et al., 2011). Also, in HIV patients, IL-6, hsCRP and
D-dimer were intercorrelated and each was associated with an increased
risk of cardiovascular disease (CVD) independent of other CVD risk fac-
tors (Reinfuss, 1987). In another report, baseline IL-6 and D-dimer were
strong predictors of coronary risk in non-HIV-infected individuals and
were associated with each other and with CRP (Lowe et al., 2004).
Additional support for the coherence of Factor 2 is that its components in
this dataset demonstrate robust and statistically significant in-
tercorrelations, while their correlations with other biomarkers are typi-
cally weaker and not statistically significant (Table 1).

Previous studies have demonstrated the importance for depression of
the specific biomarkers identified in Factor 2. Thus, cognitive symptoms
of depression at follow-up were associated with higher baseline plasma
levels of CRP and IL-6 at baseline (Gimeno et al., 2009; Dinan, 2009). In
depressed patients, increased d-dimer, has been documented{Geiser,
2008 #39}{von Kanel et al., 2009 #26}. In two studies, individuals with
a CRP >1 mg/L, the cut off for moderate inflammation, were less likely to
respond to SSRIs (Jha et al., 2017; Uher et al., 2014). In a clinical, high
CRP was also shown to predict response to the anti-inflammatory drug
infliximab, an inhibitor of TNF (Raison et al., 2013).

BDI-II scores at baseline and follow-up were highly correlated.
Together with the finding that higher inflammatory markers at 12-year
follow-up also were associated with depressed mood at baseline, these
findings suggest that depressed mood is an enduring phenotype.

A novel finding in this study was that although women had worse
depressive symptoms, the association with inflammatory markers was
seen only in men. While perhaps reflecting limited power due to the small
number of women, this suggests that the underlying pathophysiology of
depression is different in men and women with HIV. Of note, women
tended to have higher markers of inflammation than men, consistent
with a previous report (Wachtel et al., 1992).

We found worse depression in non-Hispanic whites than in other
ethnicities. This is consonant with higher rates of depressive disorders in
whites in previous studies (Watkins et al., 2015; Assari and
Moazen-Zadeh, 2016). The relationship between inflammation and
depressive mood remained after accounting for ethnicity. Inflammation
was not related to CD4 or viral load in this cohort of mostly virally
suppressed PWH. Unlike other studies, elevations in inflammatory bio-
markers were not associated with substance use disorders.

Higher inflammatory biomarkers also were associated with greater

Table 1

Biomarker intercorrelations showing that components of Factor 2 (d-dimer, IL-6,
CRP; bold typeface) demonstrate robust and statistically significant correlations
with each other. Similarly, components of Factor 1 (STNFR-II, italicized) are
highly intercorrelated.

r P
d-dimer CRP 0.3336 0.0028
1L-6 CRP 0.5163 <.0001
1L-6 d-dimer 0.3472 0.0018
MCP-1 CRP 0.0934 0.4161
MCP-1 d-dimer 0.0990 0.3884
MCP-1 IL-6 0.1002 0.3826
neopterin CRP 0.3593 0.0012
neopterin d-dimer 0.4986 <.0001
neopterin IL-6 0.1836 0.1075
neopterin MCP-1 0.2966 0.0084
sCD14 CRP 0.0073 0.9491
sCD14 d-dimer —0.0389 0.7351
sCD14 IL-6 0.0266 0.8171
sCD14 MCP-1 —0.1086 0.3439
sCD14 neopterin —0.0976 0.3952
sCD40L CRP 0.1058 0.3564
sCD40L d-dimer 0.2376 0.0362
sCD40L IL-6 —0.0022 0.9846
sCD40L MCP-1 0.2816 0.0125
sCD40L neopterin 0.0117 0.9192
sCD40L sCD14 —0.0783 0.4958
sTNFR-II CRP 0.3542 0.0015
STNFR-II d-dimer 0.4197 0.0001
STNFR-II IL-6 0.2637 0.0197
sTNFR-II MCP-1 0.1284 0.2625
STNFR-II neopterin 0.6706 <.0001
STNFR-II sCD14 0.0422 0.7140
STNFR-II sCD40L —0.1111 0.3328

disability (Karnofsky), motor impairment, poor physical health (MOS),
poorer general health, physical function, role function, social function,
pain function, and worse health distress, emphasizing the importance of
this phenotype.

Inferences are limited by several factors in this study. There were
relatively few women, However, inspection of the scatterplot reveals that
there was no suggestion of a trend for an association between inflam-
mation and depression in women. The panel of soluble biomarkers
studied was limited, and important associations may have been missed.
We did not characterize cellular markers of inflammation in these par-
ticipants. The absence of a control group precludes consideration of
whether effects of inflammation on depression are mediated or otherwise
influenced by HIV infection itself.

As noted previously, anti-inflammatory medications have shown
promise for treatment-resistance depression. Future studies might eval-
uate the effectiveness of anti-inflammatory medications for the treatment
of depression in PWH selected for the presence of inflammation and
treatment resistance.
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