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Abstract

Purpose of Review—Cognitive impairment and depression continue to be common among 

people with HIV (PWH) in the combination antiretroviral therapy (ART) era. A better 

understanding of the biological mechanisms that may underpin these disorders is needed. The 

purpose of this review is to describe published findings on soluble biomarkers from blood and 

cerebrospinal fluid (CSF) that have been associated with either cognition or depression among 

PWH in the setting of ART.

Recent Findings—Several biomarkers, including those that reflect viral persistence, monocyte/

macrophage activation, and other processes, are associated with cognition and depressive 

symptoms. Some but not all results have been consistent across multiple studies. More research 

has been published on biomarkers of cognition relative to biomarkers of depression (particularly 

from CSF).

Summary—More studies are needed that investigate multiple biomarkers to understand the role 

of distinct but additive pathways in these disorders and to guide the development of new therapies.
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Introduction

While people with HIV (PWH) are surviving significantly longer in the combination 

antiretroviral therapy (ART) era, end organ diseases including central nervous system (CNS) 

complications remain common. Specifically, both HIV-associated neurocognitive disorder 

(HAND) and HIV-associated depression are prevalent. HAND encompasses three different 
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categories: HIV-associated dementia (HAD), minor neurocognitive disorder (MND), and 

asymptomatic neurocognitive impairment (NCI). Large cohort studies demonstrate that 

HAND rates continue to be high in PWH on ART even when confounding comorbidities are 

excluded [1, 2]. A recently published meta-analysis found a worldwide HAND prevalence 

in the ART era of 42.6% (95% Confidence Interval [CI] 39.7–45.5%) [3]. In a subset 

of 51 studies in which greater than 90% of participants were on ART, the prevalence 

of HAND remained essentially constant at 43.1% (95% CI 38.1–48.2%). Another recent 

meta-analysis similarly showed a global HAND prevalence among PWH of greater than 

40% [4]. Diminished cognition has been associated with multiple adverse outcomes in the 

setting of HIV. Worse cognition can predict worse ART medication adherence [5], which is 

known to place PWH at higher risk for clinical complications as well as HIV transmission 

[6, 7]. Cognitive impairment in the setting of HIV is associated with worse quality of life [8] 

and increased mortality [9, 10].

Similarly, heightened risk for depression in PWH has also been recognized for decades [11, 

12]. The Women’s Interagency HIV Study (WIHS) in the USA, for instance, found that 20% 

of women with HIV have major depressive disorder (MDD) based on diagnostic interview 

(compared to 10% nationally), and 32.4% experience MDD in their lifetime (versus 22.9% 

nationally) [13, 14]. The medical monitoring project also 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 [15]. Like HAND, depression in PWH is associated 

with multiple adverse clinical outcomes, including worse ART adherence and virologic 

control [16, 17]. PWH with chronic depression symptoms are approximately twice as likely 

to die compared to PWH with few or no depression symptoms [18].

More research is needed to better understand the pathogenesis of both HAND and 

depression in PWH. If a better understanding of these disorders is established, targeted 

treatments and preventions could be evaluated more effectively. In this review, we examine 

published evidence on soluble biomarkers from both blood and cerebrospinal fluid (CSF) 

in relation to cognition and depressive symptoms in PWH. Because of the established 

relationship between uncontrolled HIV replication and HAND as well as the pressing 

need to better understand the pathogenesis of HIV CNS complications despite virologic 

suppression, this review is limited to studies in which the majority of PWH were receiving 

ART. We have also limited the review to studies that reported domain scores or global 

performance (studies that only reported associations with individual test scores were not 

included). While cognitive impairment and depression can be concurrent and can influence 

each other’s course, for the purpose of this review, we will discuss them as separate entities. 

Lastly, this review will be limited to a discussion of adults. While cognitive impairment 

is also problematic among children with HIV [19], discussion of the pediatric literature is 

beyond the scope of this review.

Soluble Biomarkers of Cognition During HIV Infection (Table 1)

Biomarkers of HIV Persistence and Co-infection with Other Pathogens

HIV eradication has proven to be extremely elusive because the virus establishes latent 

reservoirs in long-lived immune cells, some of which have the ability to clonally expand 
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[20]. Growing evidence supports the hypothesis that magnitude of HIV reservoir is linked 

to cognitive impairment. HIV DNA levels from peripheral blood mononuclear cells (PBMC) 

were significantly higher among individuals with HIV-associated dementia (HAD) in a 

study of 49 PWH by Shiramizu et al., even after taking into account virologic suppression 

with ART [21]. The relationship between higher HIV DNA from PBMC and cognitive 

impairment was later confirmed in an analysis that included participants with milder 

impairment forms [22]. The same group also evaluated the relationship between cognition 

and HIV DNA in a longitudinal study of 27 individuals starting ART in Thailand [23]. 

At 48 weeks after ART initiation, the median HIV DNA level remained elevated among 

individuals with HAD compared to adults who were not demented, despite suppression of 

plasma HIV RNA. Additionally, decline in monocyte HIV DNA over time was associated 

with cognitive improvement. These studies suggest that the size of the peripheral HIV 

reservoir (particularly from cells of the monocyte lineage which potentially traffic to the 

CNS) may influence cognitive health, and that improvement on ART may be dependent 

on reduction of this reservoir. Moving to the CNS compartment, a study by Spudich et 

al. produced congruent findings. Specifically, a group of 69 participants on suppressive 

ART underwent CSF sampling as well as comprehensive cognitive testing* [24]. HIV DNA 

was detected from CSF cell pellets in 48% of participants, and cognitive performance was 

significantly worse in those with detectable CSF HIV DNA. This strengthens the possibility 

of a relationship between the HIV reservoir on ART and cognition. Interestingly, detection 

of CSF HIV DNA was not associated with blood PBMC HIV DNA levels in the study by 

Spudich et al., which raises the possibility that the peripheral reservoir affects cognition by 

mechanisms that are independent of the CNS reservoir. From a longitudinal perspective, 

a study from Australia found that increase in PBMC HIV DNA over time was associated 

with decline in motor skill and verbal fluency despite effective ART among 80 PWH [25]. 

However, this study did not find an association between baseline PBMC HIV DNA and 

cognition, which contrasts with the other studies. Peripheral HIV DNA levels continue to 

decay during ART over the first 4 years of therapy [26]. Therefore, the HIV DNA reservoirs 

of the participants in the Australian study may have decayed to a point that the contribution 

of this factor to cognition was too small to be detected. The relationship between HIV DNA 

from blood cells and cognition appears to be consistent across HIV clades. Specifically, a 

recently published study from South Africa with clade C-infected individuals showed that 

lymphocyte HIV DNA level was higher among participants with cognitive impairment [27].

HIV RNA can be detected at low levels by single copy assay (SCA) while being 

undetectable with commercially available assays. The presence of HIV RNA by SCA could 

indicate replication-competent virus in the setting of ART (though HIV RNA released from 

infected cells without production of intact virions is another explanation). In a study of 220 

PWH on suppressive ART who also underwent comprehensive cognitive testing, 42% had 

detectable CSF HIV RNA by SCA despite having undetectable plasma and CSF HIV RNA 

by commercially available assay [28]. At baseline, having a detectable CSF HIV RNA at the 

same time as having an undetectable plasma HIV RNA (CNS discordance) was associated 

with worse cognitive performance (see Fig. 1). Among participants followed longitudinally, 

a persistently undetectable CSF HIV RNA by SCA during the study was associated with 

cognitive improvement (see Fig. 2). These findings again support the concept that a 
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larger CNS HIV reservoir is detrimental to cognition in the setting of ART. Somewhat 

counterintuitively, this study showed that when analyzed as a continuous outcome, higher 

CSF HIV RNA was associated with better cognition. However, a significant change in HIV 

RNA is generally considered to be at least 0.3–0.5 log10 copies/milliliter (mL), meaning that 

small numerical changes in the absolute copies/mL may not be meaningful [29].

HIV protein production also reflects the viral reservoir. These proteins are sometimes 

detected in the CNS despite ART. Most notably, the transactivator of transcription (Tat) 
enhances the efficiency for HIV transcription and in one study was found to be detectable 

from CSF in 36.8% of 68 individuals on ART [30]. While the relationship with global 

cognitive function was not significant in this study, individuals with detectable CSF Tat had 

significantly worse performance in the cognitive domains of information processing and 

motor speed.

Taken together, these studies of HIV persistence biomarkers during ART appear to 

demonstrate a relationship between greater magnitude of viral persistence (particularly in 

the CNS) and worse cognition. While these markers are often not detectable in the setting of 

ART, assays that are more sensitive to their presence continue to be refined [31], and in the 

future may provide even greater understanding of the relationship between viral persistence 

and cognition. Other pathogens may also play a role in cognitive impairment during HIV. 

While invasive disease from cytomegalovirus (CMV) has become rare in the ART era, the 

majority of PWH have CMV infection in a latent state. This low level CMV may increase 

inflammation and endothelial activation and may trigger adverse consequences. Higher 

anti-CMV IgG level in CSF is associated with worse cognition in PWH on suppressive 

ART [32]. Another common co-infection in PWH is with the parasite Toxoplasma gondii. 
While known for causing encephalitis in PWH with low CD4 + T-cell counts, it appears 

that latent Toxoplasma infection has detrimental cognitive consequences among PWH with 

higher CD4 + T-cell counts. In a study of 263 PWH mostly on ART, latent Toxoplasma 
infection (defined by blood IgG positivity) was associated with cognitive impairment [33]. 

Additionally, higher quantitative anti-Toxoplasma IgG level from blood was associated with 

worse cognitive performance.

Biomarkers of Monocyte/Macrophage Activation

The presence of activated monocytes in blood was found to be related to HAD in the 

pre-ART era [34], inspiring continued investigations of monocyte activation in the ART era. 

Soluble CD14 (sCD14) represents the soluble form of the 53 kilodalton (KD) membrane 

antigen CD14, a glycosyl-phosphatidylinositol-anchored cell surface molecule expressed 

primarily on monocytes and macrophages [35]. This molecule amplifies cytokine release 

[36]. In a mostly ART-treated cohort (n = 97), Lyons et al. found that plasma sCD14 

concentrations were higher in impaired individuals (particularly learning and attention 

domains) and negatively correlated with cognitive performance as a continuous variable 

(Spearman’s rho = −0.21, p = 0.036) [37]. Using the same cohort, this group also found 

a significant relationship between higher CSF sCD14 and worse cognition [38]. However, 

the relationship in that analysis was driven by participants who did not have virologic 

suppression despite ART. A relationship between higher plasma sCD14 and decreased 
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cognition was also found in the WIHS. In a study of 253 women participants (74% of whom 

were PWH), higher plasma sCD14 concentration was associated with significantly worse 

performance in verbal learning, executive function, and psychomotor speed (p < 0.01), 

as well as verbal memory (p = 0.04) [39]. When limiting the analysis to HIV + women 

with full virologic suppression, higher sCD14 was associated with worse performance 

only in the executive function domain. Since lipopolysaccharide (LPS) binds to CD14 and 

causes its shedding [35], sCD14 concentrations may also reflect the increased microbial gut 

translocation that occurs during HIV infection, and therefore may not be exactly specific to 

monocyte activation [40].

Neopterin is a biochemical product of the guanosine triphosphate pathway and is excreted 

by activated monocytes and macrophages [41]. With the intrinsic immune cells of the CNS 

being of the monocyte lineage, increased neopterin concentrations may reflect increased 

activity of these cells in the setting of HIV. This is evidenced by the fact that CSF neopterin 

concentrations from PWH remain elevated despite long-term virologic suppression on ART 

[41, 42]. In the ART era, a study of 99 PWH (90% male), all on suppressive ART, 

evaluated the relationship between CSF neopterin and cognition [43]. Among participants 

with impairment, CSF neopterin concentrations were 33% higher than participants without 

impairment, a statistically significant difference. A relationship between higher CSF 

neopterin concentration and cognitive impairment was also shown in a small substudy of 

the CNS HIV Anti-Retroviral Therapy Effects Research (CHARTER) cohort in the USA 

[44]. Plasma concentrations of neopterin also remain elevated in PWH despite ART, and 

a small study from Thailand found that plasma neopterin concentration was significantly 

higher in women with HIV on ART who had cognitive impairment compared to those who 

were not impaired [45]. Like the studies on sCD14, the neopterin studies suggest that both 

peripheral and CNS monocyte activation may be related to cognition. However, it is also 

possible that these biomarkers, when observed in different compartments, simply reflect 

global burden (though some studies propose that CSF neopterin is mostly brain derived and 

should be thought of separately from plasma neopterin) [46].

Another biomarker of monocyte/macrophage activation is CD163, which is expressed highly 

by macrophages and serves as a scavenger molecule to prevent hemoglobin toxicity. sCD163 
is the soluble form of this antigen and is elevated in inflammatory disease states [44]. Within 

the CHARTER cohort, Burdo et al. found that plasma concentrations of sCD163 were higher 

among participants with impairment in both learning and executive function domains [44]. 

Plasma sCD163 concentration also remained high in participants with impairment over time. 

In contrast, no relationship was found between CSF sCD163 concentration and cognition. 

This could have been a function of the relatively small sample size (n = 34) that limited 

statistical power. Additionally, the CSF may reflect monocyte activation (cells which are 

abundant in CSF but have relatively low expression of CD163) but may not necessarily 

reflect macrophage activation (cells which are not abundant in CSF, but are abundant in 

actual brain tissue and have high expression of CD163). While this study involved a cohort 

that was over 80% men, a similar relationship between plasma sCD163 and cognition was 

identified in the same WIHS study that evaluated sCD14 in women [39]. Specifically, higher 

plasma sCD163 concentration was associated with worse overall cognitive performance (p 
< 0.001) that was driven by worse performance in the domains of verbal learning, verbal 
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memory, executive function, and psychomotor speed (p < 0.001 for all comparisons), plus 

fine motor skills (p = 0.01). When limiting the analysis to HIV + women with virologic 

suppression, higher plasma concentration of sCD163 was associated with worse overall 

cognitive performance (p = 0.04) and worse performance in the domains of verbal memory 

(p = 0.003), psychomotor speed (p = 0.01), and fine motor skills (p = 0.004).

Inflammatory Cytokines and Other Biomarkers of Acute Inflammation

Tumor necrosis factor alpha (TNFα) is an inflammatory cytokine that is persistently 

elevated in the blood of PWH despite ART [47], and is associated with oligodendrocyte 

necrosis and neurotoxicity [48]. In a study from Romania of 144 young adults who were 

infected with HIV as children (with HIV clade F), higher plasma TNFα concentration was 

associated with cognitive impairment in multivariable analyses that controlled for HIV RNA 

[49]. In a US study, higher plasma TNFα was associated with the development of HAD 

over time [50]. Interleukin 6 (IL-6) is another pro-inflammatory cytokine that has been 

implicated in inflammatory neuropathology [51]. In another CHARTER substudy, Sattler 

et al. found a relationship between higher plasma IL-6 and worse cognition, a finding that 

was driven by individuals with higher waist circumference. This raises the possibility that 

some biomarkers are associated with cognition through interactions with comorbidities. In 

the study from Romania, higher plasma IL-6 was also associated with cognitive impairment 

in multivariable analysis [49]. Increased interferon alpha (IFNα) concentration has been 

observed during HIV infection, and this cytokine has a direct neurotoxic role in both 

animal models and in humans [52, 53]. Among PWH without virologic suppression, higher 

CSF IFNα concentration has been associated with worse cognitive performance [54, 55]. 

While research involving this cytokine is limited among PWH with virologic suppression, 

a small study by Cassol et al. involving 22 inflammatory biomarkers showed that plasma 

concentrations of IFNα 2b (the predominant IFNα subtype expressed in PWH) [56] was 

most predictive of cognitive impairment over time in the setting of virologic suppression 

[57]. In a study from WIHS that incorporated longitudinal visits, Rubin et al. showed 

that variability of C-reactive protein (CRP), an acute phase reactant, was most predictive 

of cognitive impairment in women with HIV [58]. This variability was associated most 

strongly with worse performance in executive function, attention/working memory, and 

psychomotor speed domains.

Chemokines

Chemokines recruit leukocytes, and in so doing may cause inflammatory damage or attract 

cells which are latently infected with HIV that have the potential to reactivate. In a study 

from Thailand involving stimulated CD14 + PBMC from PWH on suppressive ART, higher 

levels of IL-8 and CCL2 (also known as MCP-1, linked to HAD in the pre-ART era [59]) 

observed after stimulation were each associated with the presence of HAND [60]. CXCL10 
(also known as IP-10) is a chemokine induced by IFNγ and produced by macrophages, 

astrocytes, and other cells [61]. This chemokine is one of the first inflammatory biomarkers 

to become elevated in acute HIV and thus its production is very sensitive to the presence 

of HIV [62]. In the study from Romania, higher plasma CXCL10 was associated with 

an increase in cognitive impairment, but interestingly this relationship was limited to the 

subgroup of study participants who were women [49].
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Immune Cell Characteristics

A study of peripheral monocyte subtypes from Italy found that while none was associated 

with cross-sectional NP performance in 54 PWH, greater levels of CD14 + CD38 + cells and 

lower levels of CD14 + + CD16 + CD163 + cells were each associated with a significant 

decrease in memory performance over time [63]. In another study, a significant correlation 

was found between higher percentage of CD4 + CD16 + + in blood and worse cognitive 

performance in PWH after 48 weeks of ART [64]. In a study of 86 PWH in Germany, 

Grauer et al. found that lower CD4 + /CD8 + ratio in both blood and CSF correlated with 

increasing cognitive impairment, and that the presence of HLA-DR on both CD4 + and 

CD8 +cells in blood and CSF was also associated with higher grade of impairment [65]. 

This group also found relationships with cognition based on effector-memory lymphocyte 

status and lymphocyte programmed death (PD)-1 expression. Other studies suggest that the 

relationship between certain cytokines and cognition stems from the extent of cytokine 

production by CSF CD8 + T cells. Specifically, CSF CD8 +T cells from PWH with 

cognitive impairment express higher levels of TNFα, IFNγ, and IL-2 [66].

Neuronal Markers

Neurofilaments are highly phosphorylated proteins that are integral elements of the 

neuronal cytoskeleton [67]. The expression of these proteins is particularly high in large 

myelinated axons, where they comprise approximately 85% of cytoskeleton proteins [68]. 

Neurofilaments consist of three subunits with different molecular weights: light (68 kDa), 

medium (150 kDa), and heavy (190–210 kDa). Of these three subunits, neurofilament light 

(NfL) is the most abundant and the most soluble. NFL was first characterized in CSF [69], 

and higher CSF NFL concentration is associated with the presence of cognitive impairment 

among PWH in both univariable and multivariable models* [70]. Using single molecule 

digital enzyme-linked immunosorbent assay (simoa), NfL can now be reliably quantified 

from blood [71]. Similar to CSF NfL concentration, higher plasma NfL concentration is 

associated with worse global cognitive performance in PWH [72]. Exosomes are small 

extracellular vesicles that are shed from all cells. They are important in normal cell to 

cell communication as they contain cellular proteins, mRNA transcripts, and miRNAs [73]. 

Neuron-derived exosomes (NDEs) are specific to the CNS and are enriched with CNS-

derived proteins, including NfL. A study characterizing NDE from blood showed that NfL 

levels from NDE were higher in PWH who had cognitive impairment [74]. These studies 

provide examples of the emerging technologies that may allow for a better understanding of 

CNS pathologies through blood samples.

Microtubules are also crucial elements of the neuronal cytoskeleton [75]. Microtubules 

additionally serve as high-ways for axonal transport, and microtubule-associated proteins 

(MAPs) are needed to maintain their organization. MAP2 specifically forms cross-bridges 

between microtubules, participates in organelle transport, and is a critical stabilizer of 

microtubules in mature dendrites [76, 77]. In a group of 27 PWH mostly on ART, Avdoshina 

et al. showed that CSF MAP2 concentration was significantly higher among individuals with 

cognitive impairment. This again suggests that HAND is linked at least in part to neuronal 

degeneration [78]. This study also showed that blockage of interaction between HIV gp120 
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and microtubules in vitro serves to limit neurotoxicity and could represent a future treatment 

approach for HAND.

Markers of Intestinal Microbial Translocation

With the gut dysbiosis and altered gut permeability that occurs in PWH [79], biomarkers 

of microbial translocation are associated with inflammation and inflammation-associated 

disorders, including HAND. (1 → 3)-β-D-Glucan (BDG) is a polysaccharide cell 

wall component of most fungal species (including Candida), and thus is a marker of 

microbial translocation. Higher blood concentration of BDG correlates with worse global 

neurocognitive performance among PWH on ART [80]. Increased blood concentrations of 

intestinal fatty acid-binding protein (I-FABP), another marker of microbial gut translocation, 

was similarly found to be associated with worse cognitive performance among PWH 

with virologic suppression in East Africa [81]. Interestingly, the investigation of the same 

relationship was found to be insignificant among women with HIV in the USA in WIHS 

[39]. The high prevalence of diarrheal diseases among PWH in sub-Saharan Africa [82] 

could lead to altered gut permeability in this population and may be a factor in these 

discrepant findings.

Other Biomarkers

Galectin-9 is a β-galactoside-binding animal lectin of the galectin family that is expressed 

ubiquitously in tissues and cells. Galectin-9 is a key immune regulatory molecule that 

maintains the stability of the CNS under normal physiological conditions [83]. In a subset 

of older PWH, higher CSF Galectin-9 concentration was shown to negatively correlate with 

cognitive performance [84]. Discovery studies of similar molecules (using the techniques 

of lipidomics, metabolomics, and proteomics) have shown promise for the identification of 

novel biomarkers of cognition in PWH [85-87]. There is also building evidence of a vascular 

component of cognitive impairment during HIV via soluble biomarkers including those 

that are vascular growth factors [88-90], though imaging measures may be more suited to 

measure vascular disease. Other blood biomarkers that have been associated with cognition 

in the setting of ART include cystatin B, cystatin C, cathepsin B, citrate, and succinate 

[91-93]. Other CSF molecules that have been associated with cognition in the setting of 

ART include biomarkers of iron status [89].

Combinations of Biomarkers

The diversity of biomarkers linked to cognition in PWH suggests that multiple pathologic 

pathways may be involved. More research is needed to test if combinations of these 

biomarkers may be even more informative as a means to understand cognition. A 

study of 98 PWH used multiple biomarkers with both a mixed modeling and recursive 

partitioning approach to predict cognition change over time [94]. While only CSF CCL2 

was predictive of cognitive change over time with the mixed modeling approach, recursive 

partitioning identified several biomarkers (including sCD14, TNFα, CCL2, and CXCL12) 

that contributed to either improvement or worsening of cognition. A WIHS analysis of 

combination biomarker signatures also found significant relationships with cognitive change 

over time. Four combinatory signatures were distinct in HIV + women with virologic 

suppression. Three of these combinations (which included biomarkers associated with 
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chemotaxis and inflammation) were associated with overall and domain-specific cognitive 

worsening over time [95]. More research that incorporates multiple biomarkers is needed to 

evaluate the relative contribution of different pathways to cognition in PWH.

Soluble Biomarkers of Depression During HIV (Table 2)

Biomarkers of HIV Persistence

Similar to HAND, evidence has also emerged that greater HIV persistence in the CNS 

is associated with depressive symptoms. Also from the CHARTER cohort, an analysis 

of longitudinal visits was undertaken to evaluate the relationship of CSF or plasma HIV 

RNA detectability and development of moderate-severe depressive symptoms despite ART. 

Detectable CSF HIV RNA (at a level of ≥ 50 copies/mL) was associated with a 4.7-fold 

increase in new onset depression, while detectable plasma HIV RNA was not significantly 

associated with new onset depression [96]. This study indicates that, as with cognition, 

depression symptoms are related to higher levels of HIV in the CNS despite ART.

Cytokines, Chemokines, and Other Markers of Acute Inflammation

In a recent pilot study from the USA, 32 PWH were evaluated with a panel of biomarkers 

for inflammation, coagulation, and vascular function in relation to depression. Plasma 

TNFα along with age, glucose levels, and glycosylated hemoglobin were identified as 

the biomarkers that most strongly predicted depression based on the Patient Health 

Questionnaire (PHQ)-9 [97]. In a study from Puerto Rico, PWH with at least mild symptoms 

of depression based on the PHQ-9 had significantly higher plasma concentrations of 

CXCL10, IL-15, GCSF, and IL-12 p40/p70, which is notable considering the small sample 

size of the study (n = 23) [98]. In a larger study from Italy, 102 PWH were grouped 

by depression symptoms with latent class analysis [99]. Higher IL-6 concentration in 

blood was characteristic of participants in the class marked by moderate/severe somatic 

symptoms (but less severe cognitive-affective symptoms). This suggests that different 

symptoms of depression during HIV might be influenced by different biological pathways. 

In a cross-sectional study of 201 PWH in Uganda, plasma IL-6 and TNFα were both 

significantly associated with major depressive disorder (MDD) as identified by Mini 

International Neuropsychiatric Interview [100]. IL-6 concentration was significantly higher 

among participants with MDD compared to those without (median 22.4 vs. 5.8 pg/mL; 

p < 0.0001). The group then tested associations with depression by multivariable logistic 

regression. The odds of MDD increased with increasing levels of IL-6 with an adjusted odds 

ratio of 0.98 (95% CI, 0.97–0.99, p < 0.001). Meanwhile, participants with very high levels 

of TNFα (> 500 pg/mL) had a markedly increased risk of MDD (aOR = 3.98, 95% CI, 

1.29–12.33).

A study of 316 PWH from Nepal evaluated the relationship between C-reactive protein 

(CRP) and depression symptoms via BDI-I [101]. In multivariable linear regression that 

accounted for demographic and disease characteristics, the relationship between increasing 

log serum CRP concentrations and increasing depression symptom score was linear and 

significant (B = 1.13, p = 0.001). In a multivariable logistic regression analysis from the 

same study, participants with a serum CRP level of > 3 mg/L had 2.3-fold higher odds of 
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depression compared to those with serum CRP level of ≤ 3 mg/L (p = 0.005). A small 

but significant relationship between higher serum CRP and clinically significant depression 

symptoms was also found among PWH in an analysis from the Multicenter AIDS Cohort 

Study (MACS, which was limited to men) in the USA [102].

Biomarkers of Monocyte Activation

In the military Veterans Aging Cohort Study (VACS) in the USA that included 1546 

participants (with the vast majority of participants being male), higher plasma sCD14 
concentration was associated with a slight increase in PHQ-9 somatic depression symptoms 

among PWH [103]. This relationship remained significant when incorporating other factors 

that influence depression symptoms including alcohol and drug use.

Coagulation Markers

In the same VACS analysis [103], plasma D-dimer was investigated. Similarly to sCD14, 

higher D-dimer concentration was associated with a slight increase in PHQ-9 somatic 

symptoms among PWH. However, this relationship became not statistically significant after 

incorporating other factors such as alcohol and drug use into the models.

Neurotransmitters

Studies on CSF biomarkers of depression in HIV are sparse, highlighting an important need 

for more research. However, Saloner et al. recently published an analysis of 225 adults 

(123 of whom were PWH) in which they investigated CSF concentrations of dopamine 
and its metabolite homovanillic acid (HVA) in relation to depression symptoms using the 

Beck Depression Inventory-(BDI) II* [104]. Correlational analyses between dopaminergic 

biomarkers and individual BDI-II domains revealed significant associations between higher 

cognitive symptoms of depression and lower HVA (r = −0.22, p = 0.016) and dopamine (r 
= −0.20, p = 0.025) z-scores among PWH. In multivariable models, there were significant 

interactions between both HIV and dopamine as well as HIV and HVA in relation to 

depression symptoms. Specifically, lower HVA z-scores significantly related to higher BDI-

II scores in HIV + (b = −2.14, r = −0.19, p = 0.034), yet did not significantly relate to 

BDI-II scores in people without HIV (b = 1.55, r = 0.14, p 0.146). A significant interaction 

in the same direction was also present between HIV status and dopamine in association with 

BDI-II scores (b = −3.15, p = 0.033). These relationships were present when accounting for 

lifetime methamphetamine use disorder, which while not common (5–10% of participants), 

was associated with higher BDI-II scores.

Combinations of Biomarkers

An analysis of 1727 participants from the MACS in the USA included 19 plasma markers 

of inflammation and then performed exploratory factor analysis in relationship to Center for 

Epidemiological Studies Depression (CES-D) scores (with score > 20 representing clinically 

relevant depression symptoms)* [102]. A factor that included plasma concentrations of 

soluble TNFα receptor 2, soluble interleukin-2 receptor α, soluble CD27, B-cell activating 
factor, CXCL10, soluble IL6 receptor, sCD14, and sGP130 was associated with 9% 

higher odds of CES-D > 20 among PWH (OR = 1.09, 95% CI, 1.03–1.16) with each 
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standard deviation increase. The significant association with depression remained even when 

changing the CES-D cutoff to > 16. Factor analysis was also employed in a CHARTER 

substudy of depressive symptoms using BDI-II scores as the outcome [105]. The factor 

that included IL-6, D-dimer, and CRP was associated with increasing depressive symptoms. 

Interestingly, this finding was limited to the men in the study.

Conclusions

With cognitive impairment and depression continuing to be significant challenges for 

PWH, a better understanding of these disorders is needed in order to design more 

effective treatments. Viral persistence, inflammation, microbial translocation, and neuronal 

injury appear to all have some role based on current soluble biomarker evidence (though 

significantly more evidence exists related to cognition compared to depression). A 

significant challenge for the field is to understand whether the pathways represented by 

the biomarkers are distinct and additive, or if they are all part of one complicated pathway. 

Because cognitive impairment and depression often co-occur, more research is also needed 

to disentangle how these pathways contribute to each disorder and how the disorders 

contribute to each other, as suggested by recent studies [106]. Given the lack of cure for 

HIV, the onus is on the field to elucidate these pathways and their interactions in order to 

move towards treatments that will improve quality of life for individuals with HIV.
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Fig. 1. 
CSF-plasma HIV discordance is associated with worse cognitive performance
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Fig. 2. 
A persistently undetectable CSF HIV RNA was associated with cognitive improvement
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Table 2

Selected biomarkers of depression during HIV in setting of ART

Category Biomarker Fluid

HIV persistence HIV RNA CSF

Monocyte/macrophage activation Soluble CD14 Blood

Inflammatory cytokines Interleukin 6 Blood

Tumor Necrosis Factor Blood

Interleukin 15 Blood

Interleukin 12 p40/p70 Blood

Granulocyte Colony Stimulating Factor Blood

Chemokines CXCL10 Blood

Coagulation D-dimer Blood

Neurotransmitters Dopamine CSF

Homovanillic acid CSF

Acute phase reactants C-reactive Protein Blood
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