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Abstract

Background—HIV-associated neurocognitive disorders (HAND) persist despite combination 

antiretroviral therapy (cART), supporting the need to better understand HIV neuropathogenesis. 

Magnetic resonance spectroscopy (MRS) of the brain has demonstrated abnormalities in HIV-

infected individuals despite cART. We examined the associations between MRS metabolites and 
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selected cerebrospinal fluid (CSF) biomarkers reflecting monocyte/macrophage activation and 

chemotaxis.

Methods—A multicenter cross-sectional study involving five sites in the United States was 

conducted. The following CSF biomarkers were measured: soluble CD14 (sCD14), monocyte 

chemotactic protein 1 (MCP-1), interferon inducible protein 10 (IP-10), and stromal cell derived 

growth factor 1 alpha (SDF-1α). The following MRS metabolites were measured from basal 

ganglia (BG), frontal white matter (FWM) and frontal gray matter (FGM): N-acetyl-aspartate 

(NAA), Myo-inositol (MI), Choline (Cho), and Creatine (Cr). CSF biomarkers were compared to 

absolute MRS metabolites as well as metabolite/Cr ratios using linear regression.

Results—83 HIV-infected individuals were included, 78% on cART and 37% with HAND. The 

most robust positive correlations were between MCP-1 and Cho in BG (R2 0.179, p<0.001) as 

well as MCP-1 and MI in FWM (R2 0.137, p=0.002). Higher Cr levels in FWM were associated 

with MCP-1 (R2 0. 075, p=0.01) and IP-10 (R2 0.106, p=0.003). Comparing biomarkers to MRS 

metabolite/Cr ratios impacted some relationships, e.g., higher sCD14 levels were associated with 

lower Cho/Cr ratios in FGM (R2 0.224, p<0.001), although higher MCP-1 levels remained 

associated with Cho/Cr in BG.

Conclusion—These findings provide evidence that monocyte activation and chemotaxis 

continue to contribute to HIV-associated brain abnormalities in cART-treated individuals.

Background

Over 30 million people are infected with Human Immunodeficiency Virus (HIV) worldwide 

and over 1 million of these people reside in the United States.(Fenton, 2007) While the 

incidence of HIV-associated dementia has declined with the use of combination 

antiretroviral therapy (cART), the milder forms of HIV-associated neurocognitive disorder 

(HAND) remain common with an overall frequency of approximately 50%.(Heaton et al, 
2010) HAND is associated with decreased quality of life and increased risk of mortality.

(Heaton et al, 1994; Tozzi et al, 2003; Vivithanaporn et al, 2010) Its persistence suggests that 

brain injury continues during cART treatment, at least in some individuals. Indeed, studies 

of cerebrospinal fluid (CSF) biomarkers and neuroimaging show persistent inflammation, 

neuronal injury, and disrupted connectivity in treated individuals.(Harezlak et al, 2011; 

Marcotte et al, 2013; Thomas et al, 2013) Further research is needed to better understand 

how the central nervous system is adversely affected during treated HIV disease.

Proton magnetic resonance spectroscopy (MRS) provides a sensitive and noninvasive in vivo 
method to detect metabolite changes in the brain.(Rosen and Lenkinski, 2007) MRS studies 

of HIV-infected individuals have shown higher levels of metabolites of membrane turnover 

(e.g., Choline or Cho) and glial activation (e.g., Myo-inositol or MI).(Chang et al, 2014; 

Harezlak et al, 2011) In addition, neuronal integrity (estimated by N-acetyl-aspartate or 

NAA) appears to be reduced in those with HAND.(Suwanwelaa et al, 2000; Yiannoutsos et 
al, 2004)

In parallel, multiple CSF biomarkers have been linked to HAND. These include markers of 

monocyte/macrophage activation such as soluble CD14 (sCD14) and chemokines such as 

monocyte chemotactic protein-1 (MCP-1), interferon inducible protein-10 (IP-10), and 
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stromal cell derived growth factor-1α (SDF-1α).(Kamat et al, 2012; Kelder et al, 1998; 

Kolb et al, 1999) A small number of studies involving individuals with chronic HIV disease 

have identified associations between CSF biomarkers and MRS metabolites.(Chang et al, 
2004; Cysique et al, 2013; Letendre et al, 2011; Vera et al, 2012) For example, higher 

concentrations of MCP-1 have been linked to higher MI and lower NAA/Cr in FWM. 

Findings from these studies have been somewhat restricted by small sample sizes or have yet 

to be independently confirmed. The purpose of this study was to investigate the associations 

of CSF biomarkers reflecting activation and chemotaxis of the monocyte/macrophage cell 

lineage with MRS metabolites in a robust sampling of HIV-infected individuals.

Methods

The CNS HIV Antiretroviral Effects Research (CHARTER) study is an observational cohort 

study of HIV-infected individuals in the United States. For this investigation, 83 HIV-

infected participants without significant CNS confounding conditions were included from 

five CHARTER sites (Galveston, Baltimore, New York, Seattle, and San Diego). CNS 

confounding conditions included history of AIDS-defining opportunistic infection of the 

CNS, ongoing substance abuse disorders, and other conditions as defined in the 2007 

nosology of HAND statement and used in previous studies.(Antinori et al, 2007; Heaton et 
al, 2010; Jernigan et al, 2011) The protocol was approved by the institutional review board 

at each location and written consent was obtained from subjects.

A cross-sectional analysis was performed of CSF and MRS data at baseline imaging 

assessments that occurred between May 2004 and July 2006.(Jernigan et al, 2011) CSF 

biomarkers were measured by immunoassay, either traditional plate-based (sCD14, R&D 

Systems, DC14) or bead suspension array-based (IP-10, MCP-1, SDF-1α, EMD Millipore) 

assays. HIV RNA levels in plasma and CSF were measured by RT-PCR (Amplicor v.1.5, 

Roche Diagnostics, lower limit of quantitation 50 copies/mL). MRS was performed using a 

standardized protocol.(Lin et al, 2011) Images were acquired with General Electric 1.5 Tesla 

scanners using point-resolved spectroscopy. Echo time (TE) was 35 milliseconds and 

relaxation time (TR) was 3000 milliseconds. Three regional voxels were acquired: frontal 

gray matter (FGM) at 20mm3 and 64 acquisitions, frontal white matter (FWM) at 20mm3 

and 64 acquisitions, and basal ganglia (BG) at 15mm3 and 96 acquisitions (See Figure 1 for 

voxel locations). For image processing, MRS concentrations of N-acetylaspartate (NAA), 

choline (Cho), myo-inositol (MI), and creatine (Cr) were quantified using LCModel with 

water suppression.(Provencher, 2001) Water suppression allows for the examination of 

absolute metabolites, our primary association of interest. Only metabolite estimates for 

appropriately placed voxels with adequate spectra (standard deviation <21) were used, 

therefore, sample size varied by MRS region or metabolite.

Linear regressions were used to investigate associations between biomarkers and MRS 

metabolites. Biomarker values were log-transformed prior to analyses to approximate 

normality necessary for parametric analyses (with the exception of IP-10, which had a 

normal distribution). Separate models were fitted for each biomarker-metabolite association. 

All models included scanner identifier (6 levels, one for each scanner at 5 sites, one site 

having two scanners) and the proportion of relevant tissue volume within each voxel (e.g., 
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amount of gray matter in FGM) to control for measurement error and individual variability 

in brain volumes. Since Cr, a measure of energy metabolism, is often used as a reference 

metabolite in MRS studies to reduce variability, we also explored the same associations with 

metabolite ratios, using Cr as the denominator (for example, NAA/Cr).(Jansen et al, 2006) 

We chose to emphasize the associations with absolute measures because we found 

significant associations between Cr and HIV RNA in this sample, violating the assumption 

that Cr is a relatively constant measure unaffected by disease. Specifically, Cr in FWM and 

FGM was associated with HIV RNA levels in CSF and plasma. For example, in FWM, 

higher HIV RNA levels in CSF correlated with higher Cr (β=0.326, p=0.01). Further 

supporting this approach, Cr levels also significantly correlated with nadir CD4+ T-cell 

counts, an indicator of severity of past immune suppression and a known correlate of 

HAND.

P-values for multiple analyses for associations between all considered biomarkers and each 

MRS metabolite were adjusted for multiple comparisons with false discovery rate, which 

was chosen for its gain in power over other methods like Bonferroni.(Bejamini, 1995) Only 

those associations that yielded a p-value less than 0.20 were pursued further in multivariable 

models that adjusted for covariates. In the final multivariable models, only p-values less than 

0.05 were considered as significant results. Age, hepatitis C virus (HCV) serostatus, nadir 

CD4+ T-cell count, plasma HIV RNA (<50 copies/ml, all of whom had CSF HIV RNA <50 

copies/ml), and estimated duration of HIV were included as covariates, if their effect was 

significant (p<0.05). All models included scanner identifier and the proportion of relevant 

tissue volume within each voxel, as described above. Interactions between these covariates 

and biomarkers were analyzed and included in models when significant (p<0.05). Effect 

sizes of associations between biomarkers and MRS metabolites were measured by R2 

values, which were estimated from multivariable models that accounted for the covariates 

described above. Metabolite/Cr ratios were analyzed using the same methods. To focus on 

the most clinically relevant subjects, we performed a series of subanalyses that sequentially 

eliminated participants who had three characteristics that might affect the findings: HCV 

seropositivity, detectable HIV RNA in plasma, and detectable HIV RNA in CSF (see Tables 

2 and 3). All tests were two-sided and considered significant at the 0.05 level, unless stated 

otherwise. All analyses were performed using R 3.0.1.(R Core Team; R Foundation for 

Statistical computing, 2013)

Results

Participants were mostly men (83%) on cART (78%) with a median age of 44 years (Table 

1). Median current CD4+ T-cell count was 462/mm3, and median nadir CD4+ T-cell count 

was 147/mm3. 49% had plasma HIV RNA ≥50 copies/mL and 32% had CSF HIV RNA ≥50 

copies/mL. 22% of subjects were HCV seropositive and 37% met criteria for HAND. The 

CSF collection occurred a mean of 7.3 days before the neuroimaging assessment (standard 

deviation 14.2 days). The median interval between these visits was 2 days (interquartile 

range 0-7 days).
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Associations between CSF biomarkers and absolute MRS metabolites

Depending on the individual model, the following covariates were found to be statistically 

significant and were incorporated: nadir CD4+, undetectable plasma HIV RNA, HCV 

serostatus, and age (see Table 2). Henceforth, higher levels of MCP-1 and IP-10 were each 

associated with higher levels of MI and Cr in FWM. A particularly strong association was 

found between higher MCP-1 and higher Cho in BG (R2 0.179, p<0.001) (figure 2) while a 

weaker association was found between higher IP-10 and higher NAA in FWM (R2 0.045, 

p=0.046). No statistically significant associations were present between sCD14 or SDF-1α 
and individual MRS metabolites after adjusting for scanner and imaging covariates.

Associations between CSF biomarkers and MRS metabolite/Cr ratios

Depending on the individual model, the following covariates were found to be statistically 

significant and were incorporated: undetectable plasma HIV RNA and estimated duration of 

HIV infection (see Table 3). Similar to the association found with absolute values, higher 

MCP-1 remained associated with higher Cho/Cr in BG (R2 0.055, p= 0.035). However, 

different associations were demonstrated in FWM and FGM. In FWM, lower NAA/Cr ratios 

correlated with higher MCP-1 (R2 0.102, p= 0.005) and lower SDF-1α (R2 0.056, p= 0.037) 

(figure 2). In FGM, higher sCD14 correlated with lower NAA/Cr (R2 0.068, p= 0.019) and 

lower Cho/Cr (R2 0.224, p<0.001).

Relationships in HCV seronegative subjects

Sixty-five subjects in the study were HCV seronegative. When limiting the analyses to these 

subjects, four direct relationships between CSF biomarkers and MRS absolute metabolites 

remained statistically significant (Table 2). Higher levels of IP-10 (R2 0.113, p=0.006) and 

MCP-1 (R2 0.069, p=0.032) were each associated with higher Cr in FWM. Associations 

appeared to strengthen between MCP-1 and both Cho in BG (R2 0.227, p<0.001) and MI in 

FWM (R2 0.151, p<0.001). When using MRS metabolite/Cr ratios, biomarker relationships 

remained similar in HCV seronegative subjects (Table 3), except for the correlation between 

sCD14 and NAA/Cr in FGM, which weakened below statistical significance.

Relationships in subjects with undetectable HIV RNA levels

To focus on the most clinically relevant subgroup, additional analyses were performed 

among the subgroups of subjects who had HIV RNA levels below 50 copies/mL in either 

CSF (n=56) or in plasma and CSF (n=42). In the subgroup with CSF HIV RNA below 50 

copies/ml, three positive correlations remained statistically significant: IP-10 with Cr in 

FWM (R2 0.076, p=0.044), MCP-1 with Cr in FWM (R2 0.076, p=0.046) and MCP-1 with 

Cho in BG (R2 0.158, p=0.005). When examining metabolite/Cr ratios in this subgroup, only 

the positive correlation between MCP-1 and Cho/Cr in BG (R2 0.066, p=0.047) and the 

negative correlation between sCD14 and Cho/Cr in FGM (R2 0.163, p=0.001) remained 

statistically significant. In the subgroup with concurrent undetectable CSF and plasma HIV 

RNA, positive correlations remained between IP-10 and Cr in FWM (R2 0.107, p=0.035) as 

well as between MCP-1 and Cho in BG (R2 0.195, p=0.007). In this same group of subjects, 

the only biomarker-metabolite/Cr relationship that remained significant was a negative 

correlation between sCD14 and Cho/Cr in FGM (R2 0.14, p=0.01). In the analysis of the 29 
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participants who were HCV seronegative and had both plasma and CSF HIV RNA below 50 

copies/mL, higher MCP-1 again correlated with higher Cho (R2 0.307, p=0.003) in BG. 

While the relationship between MCP-1 and Cho/Cr in BG weakened (R2 0.08, p=0.061), 

sCD14 again negatively correlated with Cho/Cr in FGM (R2 0.155, p=0.027).

Discussion

Given the relatively high prevalence of HAND and mounting evidence that brain 

inflammation and injury may persist despite cART, continued investigation is needed to 

better understand the effects of HIV on the central nervous system. MRS studies of HIV-

infected individuals demonstrate abnormalities despite cART, but the mechanisms by which 

these abnormalities occur are not fully understood.(Harezlak et al, 2011) In our study of 83 

HIV-infected adults without confounding CNS conditions, we identified several associations 

between CSF biomarkers and MRS metabolites in multivariable analysis. As with prior 

investigations, the associations were not similar across brain regions (FWM, FGM, and BG), 

suggesting that susceptibility to monocyte/macrophage-mediated injury may have regional 

variability.

We found that higher IP-10 and MCP-1 levels in CSF were associated with higher levels in 

FWM of Cr, an indicator of energy metabolism. These associations remained statistically 

significant even after eliminating potentially confounding conditions, such as HCV co-

infection and detectable HIV replication. Associations with Cr are rarely reported in part 

because MRS studies in HIV infected individuals typically focus on metabolite/Cr ratios. 

Our study demonstrated that Cr correlated with HIV RNA levels in two of three regions 

examined, supporting our secondary analyses which excluded subjects with detectable HIV 

RNA. This correlation should be considered in future analyses involving Cr in the setting of 

HIV infection. Our analyses of metabolite/Cr ratios identified shifts in several associations 

between CSF biomarkers and cerebral metabolites, supporting the possibility that 

biomarkers such as IP-10 and MCP-1 may influence Cr itself (or vice versa). These findings 

should be kept in mind when interpreting associations between these two biomarkers and 

MRS findings that involve Cr ratios in the setting of HIV. In other disease conditions such as 

epilepsy, Cr levels are not necessarily constant throughout brain regions(Lundbom et al, 
2001) and for this reason some authors suggest caution when interpreting MRS/Cr ratios.

(Jansen et al, 2006)

The strongest association, in the analyses of absolute metabolites, was the correlation 

between MCP-1 with Cho in BG. This association was particularly robust in the most 

clinically relevant subgroup, i.e., HCV seronegative participants who had undetectable 

plasma and CSF HIV RNA (R2= 0.307). These findings extend prior evidence of the 

association between CSF MCP-1 levels and a composite score of glial markers that included 

Cho in BG.(Chang et al, 2004) Thus, monocyte chemotaxis as indicated by MCP-1 may 

have a significant role in membrane turnover and inflammation in the basal ganglia, which is 

known to be particularly susceptible to injury during HIV disease.(Yiannoutsos et al, 2004) 

It is not clear why this association increased among individuals with suppressed HIV RNA, 

but may be indicative of more robust cellular immunity and monocyte recruitment in such 

individuals.
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There were two associations involving MCP-1 from this study that are concordant with 

findings from previously published studies. The correlation between MCP-1 and MI in 

FWM matches that of a study in the early cART era involving subjects three months after 

starting cART.(Chang et al, 2004) Our larger study provides further support for this 

association which links MCP-1 and glial activation during HIV disease. It should be noted 

that the presence of liver disease could confound this relationship based on existing 

literature. One study of HCV-infected subjects (HIV status not reported) showed increased 

MI/Cr in FWM compared to HCV-uninfected controls.(Forton et al, 2008) Conversely, 

multiple studies of cirrhotic individuals (not all of whom were HCV infected, and again HIV 

status was not reported) have shown that MI and MI/Cr is actually decreased in certain brain 

regions.(Bajaj et al, 2012; Long et al, 2009) In our study, the correlation between MCP-1 

and MI in FWM appeared to strengthen after eliminating HCV seropositive subjects and to 

weaken in the subgroup of subjects who had undetectable plasma and CSF HIV RNA. These 

findings support the possibility that the association between MCP-1 and MI in FWM may be 

driven by HIV. It is possible that HIV-infected microglia, which are one of the main cellular 

reservoirs of HIV in the brain, are attracted via MCP-1 to this region and that MI (a glial 

marker) reflects their activity. The correlation between MCP-1 and NAA/Cr in FWM 

confirms that of a prior study, in which the association also weakened when limiting the 

analysis to subjects with undetectable plasma and CSF HIV RNA.(Letendre et al, 2011) 

Although small sample size reduced the power of our subgroup analyses, the effect sizes 

were also reduced, suggesting that ongoing HIV replication may mediate this relationship.

Two biomarker associations were significant only in analyses of metabolite/Cr ratios. 

Soluble CD14, a marker of monocyte activation that has been implicated in other studies of 

the HIV-infected brain,(Kamat et al, 2012) negatively correlated with NAA/Cr in FGM. 

While this association weakened in subgroup analyses, the relationship may reflect a 

detrimental impact of monocyte activation on neuronal integrity. Somewhat 

counterintuitively, sCD14 also inversely correlated with Cho/Cr in FGM. We would expect 

that increased monocyte activation would instead be associated with increased inflammation 

and membrane turnover. While this relationship appeared to weaken in the multivariable 

analyses, we acknowledge that this finding is somewhat contrary and we did not find a direct 

correlation between sCD14 and Cr that could have contributed to the finding. One possible 

explanation relates to CD14 being a cellular receptor for bacterial lipopolysaccharide (LPS), 

a byproduct of microbial translocation across an HIV-damaged gut wall (Brenchley et al, 
2006). While higher sCD14 levels in blood have been linked to HAND, LPS has not been 

measured in CSF from HIV+ adults. Findings from an animal model support that LPS-

associated alterations in the immune response in the CNS (reduced IP-10 expression and T-

cell infiltration(Maingat et al, 2010)) could have neuroprotective properties, consistent with 

our findings between sCD14 and Cho/Cr.

Higher levels of SDF-1α (CXCL-12) correlated with higher NAA/Cr ratios, supporting a 

neuroprotective effect of this chemokine. SDF-1α is a ligand for CXCR4, one of the co-

receptors for HIV cell entry(Nagasawa, 2014), and has pleiotropic effects with evidence of 

involvement in multiple aspects of immune surveillance and tissue homeostasis.(Karin, 

2010) SDF-1α can also have antiviral effects, inhibiting HIV infection of peripheral blood 

mononuclear cells (PBMCs) in vitro.(Bleul et al, 1996) Our finding linking SDF-1α and 
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NAA/Cr (a marker of neuronal integrity) in FWM may reflect some degree of HIV entry 

blockade, resulting in an overall benefit. While sCD14 and SDF-1α were not found to be 

associated with Cr in the analyses of direct association (Table 2), these findings should be 

noted in the context of the significant underlying associations between other biomarkers 

(including plasma and CSF HIV RNA levels) and Cr.

The fact that the relationships found in our study were not exactly the same from region to 

region is not surprising. Other MRS studies have demonstrated that metabolic abnormalities 

may differ between basal ganglia, gray matter, and white matter regions in HIV-infected 

individuals.(Harezlak et al, 2011) One possible explanation for this is uneven distribution of 

microglia in the brain. Microglia are target cells for HIV in the brain with population sizes 

that differ by orders of magnitude between white and grey matter in individuals from general 

medical populations.(Mittelbronn et al, 2001) Differences across regions in the population 

size of microglia and other cells that reflect immune activation could affect MRS findings.

Our study is limited in the scope of CSF biomarkers and MRS metabolites examined. 

Additional biomarkers found to be salient to HIV neuropathogenesis, such as neopterin or 

neurofilament light chain, were not examined in this study, and thus our analysis did not 

address all potentially important associations.(Burdo et al, 2013; Hagberg et al, 2010; 

Valcour et al, 2012) Similarly, we did not examine MRS metabolites such as glutamate/

glutamine, which are markers of excitotoxicity.(Harezlak et al, 2011) Lastly, biomarkers in 

the CSF do not necessarily reflect biomarkers in the brain parenchyma and thus inferences 

based on CSF are indirect. Despite these limitations, the relatively large size of our study as 

well as subgroup analyses focusing on subjects with the clinically relevant subgroup of HCV 

seronegative subjects with suppressed plasma and CSF HIV RNA provide further insight 

into metabolic changes of the brain that are found in HIV-infected individuals during the 

cART era. Further investigations, including continued direct examination of HIV-infected 

brain specimens, are needed to better understand HIV neuropathogenesis.
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Figure 1. 
Representative Axial T1 sections with MRS voxels: Frontal Gray (FGM) & White (FWM) 

Matter; and Basal Ganglia (BG).

Anderson et al. Page 12

J Neurovirol. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Associations between selected CSF biomarkers and cerebral metabolites. Slopes, R-squared, 

and p-values were derived from multivariable models controlling for scanner, relevant 

imaging covariate, and significant medical covariates.
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Table 1

Demographic and medical characteristics of participants (n=83)

Variable Statistic

Age (years)
a 45 (7.7) [27-62]

Ethnicity

    Caucasian 52%

    African American 39%

    Other 9%

Sex (% Men) 83%

Self-Reported Duration of HIV Disease (months)
a 133 (74) [7-285]

Antiretroviral Therapy Use (% Currently Taking) 78%

AIDS (%) 67%

Current CD4+ T-cell Count (cells/mm3)
b 462 [339, 602]

Nadir CD4+ T-cell Count (cells/mm3)
b 147 [24, 256]

Plasma HIV RNA (% <50 c/mL) 51%

CSF HIV RNA (% <50 c/mL) 68%

HAND (%) 37%

    ANI 25%

    MND/HAD 12%

HCV seropositive 22%

AIDS = acquired immunodeficiency syndrome; ANI = asymptomatic neurocognitive impairment; CSF = cerebrospinal fluid; HAD = HIV-
associated dementia; HCV = hepatitis C virus; MND = mild neurocognitive disorder; RNA = ribonucleic acid.

a
mean (standard deviation) [range]

b
median [interquartile range]
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Table 2

Effects of CSF biomarkers on absolute MRS metabolites as measured by R-squared derived from 

multivariable models. All associations were positive. All analyses performed on the full sample (N=83, 

Column 2) were repeated on four clinically relevant subsets (Columns 3-6). Models that did not yield 

significant biomarker effect in the full sample analysis (N=83) are not shown.

MRS metabolite 
CSF Biomarker

Effect of Biomarker: R2 (p-value)

All (N=83) HCV-negative (N=65) Undetectable CSF (N=56) Undetectable 
Plasma and CSF 

(N=42)

HCV-negative 
Undetectable 

Plasma and CSF 
(N=29)

NAA FWM

IP-10 0.045 (0.046) 0.042 (0.074) 0.054 (0.079) 0.052 (0.115) 0.078 (0.057)

Cr FWM

IP-10
1 0.106 (0.003) 0.113 (0.006) 0.076 (0.044) 0.107 (0.035) 0.105 (0.094)

MCP-1
2 0.075 (0.01) 0.069 (0.032) 0.076 (0.046) 0.074 (0.085) 0.128 (0.062)

MI FWM

IP-10
3 0.05 (0.036) 0.056 (0.063) 0.01 (0.446) 0.021 (0.334) 0.125 (0.068)

MCP-1
3
,
4 0.137 (0.002) 0.151 (<0.001) 0.031 (0.159) 0.021 (0.313) 0.096 (0.125)

Cho BG

MCP-1 0.179 (<0.001) 0.227 (<0.001) 0.158 (0.005) 0.195 (0.007) 0.307 (0.003)

Models control for scanner, imaging covariate, and significant covariates (p<0.05)

1
nadir CD4

2
undetectable plasma HIV (except for the last two columns in which by definition Plasma HIV was undetectable)

3
HCV (except for the second and last columns, in which by definition HCV was negative)

4
age. Cho = choline; Cr = creatine; CSF = cerebrospinal fluid; FWM = frontal white matter; HCV = hepatitis C virus; MI = myo-inositol; MRS = 

magnetic resonance spectroscopy; NAA = N-acetylaspartate.
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Table 3

Effects of CSF biomarkers on MRS metabolite/creatine ratios as measured by R-squared derived from 

significant multivariable models. Associations were negative (in bold) between NAA/Cr FWM and MCP-1; 

NAA/Cr FGM and sCD14; and Cho/Cr FGM and sCD14. The remaining associations were positive. All 

analyses performed on the full sample (N=83, Column 2) were repeated on four clinically relevant subsets 

(Columns 3-6). Models that did not yield significant biomarker effect in the full sample analysis (N=83) are 

not shown.

MRS metabolite 
CSF Biomarker

Effect of Biomarker: R2 (p-value)

All (N=83) HCV-negative (N=65) Undetectable CSF (N=56) Undetectable 
Plasma and CSF 

(N=42)

HCV-negative 
Undetectable 

Plasma and CSF 
(N=29)

NAA/Cr FWM

MCP-1 0.102 (0.005) 0.107 (0.012) 0.04 (0.14) 0.048 (0.169) 0.089 (0.136)

SDF-1α1 0.056 (0.037) 0.092 (0.018) 0.057 (0.082) 0.071 (0.093) 0.081 (0.156)

NAA/Cr FGM

sCD14 0.068 (0.019) 0.047 (0.084) 0.063 (0.057) 0.048 (0.163) 0.004 (0.736)

Cho/Cr FGM

sCD14
2 0.224 (<0.001) 0.176 (0.001) 0.163 (0.001) 0.14 (0.01) 0.155 (0.027)

Cho/Cr BG

MCP-1
2 0.055 (0.035) 0.060 (0.042) 0.066 (0.047) 0.064 (0.083) 0.08 (0.061)

Models control for scanner, imaging covariate, and significant covariates (p<0.05)

1
undetectable plasma HIV (except for the last two columns in which by definition plasma HIV was undetectable)

2
estimated duration of HIV infection. Cho = choline; Cr = creatine; CSF = cerebrospinal fluid; FGM = frontal gray matter; FWM = frontal white 

matter; HCV = hepatitis C virus; MRS = magnetic resonance spectroscopy; NAA = N-acetylaspartate.

J Neurovirol. Author manuscript; available in PMC 2016 October 01.


	Abstract
	Background
	Methods
	Results
	Associations between CSF biomarkers and absolute MRS metabolites
	Associations between CSF biomarkers and MRS metabolite/Cr ratios
	Relationships in HCV seronegative subjects
	Relationships in subjects with undetectable HIV RNA levels

	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

