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Abstract

Background: HIV infection and heavy drinking independently promote microbial translocation 

and inflammation. However, it is not known how alcohol use may affect these processes in people 

living with HIV (PLWH). This study tested the hypothesis that alcohol exacerbates innate immune 

dysfunction in PLWH.

Methods: Participants were 75 PLWH and 34 uninfected controls. Groups were recruited to have 

similar proportions of non-drinkers, moderate drinkers, and heavy drinkers. Substance use data 

and plasma samples were collected at up to three visits over a five-year study period. Recent 

alcohol use was assessed with the Timeline Followback Interview. Biomarkers of microbial 

translocation (lipopolysaccharide, LPS) and immune activation (lipopolysaccharide binding 

protein, LBP; soluble CD14, sCD14; soluble CD163, sCD163) were quantified using ELISA. 

Analyses tested two hypotheses: 1) that biomarker levels would be significantly higher in PLWH 

than controls with comparable alcohol use; 2) that current alcohol use would exacerbate biomarker 

elevations in PLWH. The second analysis included the interaction of alcohol use with hepatitis C 

virus (HCV) co-infection.

Results: Groups were matched on alcohol use, smoking, and other drug use. All biomarkers were 

significantly higher in PLWH relative to controls (LBP: p=.005; LPS: p=.014; sCD14: p<.001; 

sCD163: p<.001). In PLWH, alcohol use showed a significant, positive association with sCD163, 

but not with other biomarkers. However, the interaction of alcohol use with HCV co-infection was 

significant for all biomarkers (LBP: p=.002; LPS: p=.026; sCD14: p=.0004; sCD163: p=.001). In 

pairwise tests with sequential Bonferroni correction, HIV/HCV co-infected individuals who drank 

heavily had significantly higher sCD163 compared to co-infected non-drinkers and to HIV mono-

infected non-drinkers, moderate drinkers, and heavy drinkers (p’s<.005). Co-infected moderate 
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drinkers had significantly higher sCD163 than each mono-infected group (p’s<.003). In addition, 

sCD14 was significantly higher in co-infected moderate drinkers than co-infected non-drinkers 

(p=.027).

Conclusions: As predicted, PLWH had higher levels of LBP, LPS, sCD14, and sCD163 than 

uninfected individuals with similar alcohol use. In PLWH, alcohol by itself was significantly 

associated only with higher sCD163. However, heavy or moderate alcohol use was associated with 

elevations in macrophage activation (sCD163) and monocyte activation (sCD14) in HIV/HCV co-

infected individuals.
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Introduction

Chronic immune activation and inflammation are hallmarks of human immunodeficiency 

virus (HIV) infection, even with viral suppression on combination antiretroviral therapy 

(ART) (Appay and Kelleher, 2016). Translocation of gut bacteria into the systemic 

circulation is a driver of chronic inflammation in people living with HIV infection (PLWH) 

(Brenchley et al., 2006, Zevin et al., 2016). At the same time, mounting evidence implicates 

heavy alcohol use as a cause of microbial translocation and immune dysregulation in the 

general population. Because 47% of PLWH in the United States reported alcohol use and 

15% reported heavy drinking in the past 30 days (Centers for Disease Control and 

Prevention, 2016), there is clear potential for alcohol to exacerbate immune dysfunction in 

the context of HIV. A recent study showed that even moderate drinking, averaging one drink 

per day, was associated with significantly increased mortality in men living with HIV 

(Justice et al., 2016). Some harmful effects of alcohol in PLWH may be mediated by 

behavioral factors such as decreased adherence to ART (Kalichman et al., 2013). However, 

the biological bases of alcohol-HIV interactions remain incompletely understood (Hahn and 

Samet, 2010). The objective of the current study was to investigate associations of alcohol 

use with systemic markers of microbial translocation and innate immune activation in HIV 

infection.

A widely used marker of microbial translocation is plasma concentration of 

lipopolysaccharide (LPS), a component of cell walls of Gram-negative bacteria and a ligand 

for toll-like receptor 4 (TLR4) (Park and Lee, 2013). Monocyte recognition of LPS by TLR4 

requires facilitation by co-receptor cluster of differentiation 14 (CD14) and 

lipopolysaccharide binding protein (LBP). Binding of LPS to TLR4 induces pro-

inflammatory cytokine production and shedding of CD14 from the cellular membrane, 

leading to elevated plasma levels of soluble CD14 (sCD14). sCD14 is an acute phase protein 

that modulates monocyte response by either presenting LPS to the TLR4-CD14 receptor 

complex or diverting it to non-immunoreactive lipoproteins (Landmann et al., 1996, Lu et 

al., 2008, Kitchens and Thompson, 2005). A related protein, soluble CD163 (sCD163), also 

is induced by LPS and is a marker of macrophage activation (Moller, 2012).
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Numerous clinical studies have reported elevated levels of LPS, LBP, sCD14, and sCD163 

in PLWH relative to uninfected individuals, providing strong evidence of microbial 

translocation and associated immune activation in this population [e.g., (Brenchley et al., 

2006, Ancuta et al., 2008, Dinh et al., 2014, Balagopal et al., 2008, Burdo et al., 2011, Royal 

et al., 2016, Sandler et al., 2011)]. These biomarkers tend not to normalize in ART-treated 

PLWH, suggesting that viral replication is not the primary driver of chronic inflammation in 

PLWH (Marchetti et al., 2013). Co-infection with HIV and hepatitis C virus (HCV) leads to 

greater elevation in sCD163 than HIV mono-infection, consistent with the role of sCD163 in 

hepatic inflammation (Shmagel et al., 2016, Lidofsky et al., 2018, Mascia et al., 2017). 

Clinical utility of these biomarkers, particularly sCD14 and sCD163, derives from their 

ability to predict cognitive impairment, morbidity, and all-cause mortality in PLWH, 

independent of clinical factors (Ancuta et al., 2008, Burdo et al., 2013, Royal et al., 2016, 

Knudsen et al., 2016, Sandler et al., 2011, Imp et al., 2016, Hunt et al., 2014, Monnig et al., 

2017).

HIV-associated biomarker perturbations described above are paralleled in chronic heavy 

drinking, presumably due to the shared factor of microbial translocation (Monnig, 2016). 

Like HIV infection, heavy drinking alters the composition of the intestinal microbiome, 

depletes gut lymphocytes, and induces intestinal hyperpermeability via disruption of tight 

junction proteins (Dinh et al., 2015, Mutlu et al., 2014, Vazquez-Castellanos et al., 2015, 

Nazli et al., 2010, Brenchley et al., 2004, Keshavarzian et al., 2009, Asquith et al., 2014). 

Individuals in early alcohol withdrawal, with or without liver disease, have elevated plasma 

LPS, LBP, sCD14, and sCD163 levels (Leclercq et al., 2012, Parlesak et al., 2002, Schafer et 

al., 2002, Urbaschek et al., 2001, Frank et al., 2004, Sandahl et al., 2014, Liangpunsakul et 

al., 2017). Experimental evidence in humans is sparse to date but supports a causal role of 

alcohol: a controlled alcohol administration trial in healthy individuals demonstrated 

elevations in LPS, LBP, and sCD14 within 30 minutes of consumption (Bala et al., 2014).

Although few previous studies have examined the possible contribution of alcohol use to 

microbial translocation in PLWH, early evidence suggests that alcohol may exacerbate this 

phenomenon. One study in untreated PLWH found that those reporting heavy drinking in the 

past three months had significantly higher plasma sCD14 than non-drinkers (Carrico et al., 

2015). Another study reported that PLWH with alcohol use disorder had higher LPS and 

LBP compared to PLWH without a substance use disorder (Ancuta et al., 2008). In a 

longitudinal study of PLWH on ART, greater past-week alcohol consumption was associated 

with higher LBP and sCD14 (Webel et al., 2017). Recently, our group reported that severity 

of heavy drinking was associated with higher sCD14 in virally suppressed men living with 

HIV (Monnig et al., 2016). Moreover, sCD14 levels decreased significantly in individuals 

who reduced heavy drinking over a 3-month period, but not in those who maintained heavy 

drinking (Monnig et al., 2016).

This study examined effects of HIV status, alcohol use, and HCV co-infection on 

biomarkers of microbial translocation and innate immune activation. LPS, LBP, sCD14, and 

sCD163 were quantified in plasma samples collected in a longitudinal study of PLWH in 

care and uninfected controls. HIV-infected and uninfected groups were recruited to have 

similar proportions of non-drinkers, moderate drinkers, and heavy drinkers. We tested two a 
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priori hypotheses: 1) that PLWH would have higher levels of these biomarkers than 

uninfected controls with comparable alcohol use; 2) that alcohol use would exacerbate 

biomarker elevations in PLWH.

Materials and Methods

Study Design

This study utilized behavioral data and bioreposited plasma samples from a longitudinal 

study on biobehavioral interactions of alcohol use and HIV infection conducted by the 

Alcohol Research Center on HIV (ARCH; P01AA019072, PI: Monti). HIV-infected 

individuals and uninfected controls were assessed at up to 3 visits over a 5-year period, with 

an average of 18 months between assessments (range = 8.2–27.8 months). All participants 

with available plasma samples and behavioral data were included in the current study. A 

total of 167 plasma samples collected from 109 individuals (75 HIV-infected, 34 uninfected) 

were available for analysis. The most common reasons for missing samples were participant 

attrition and sample storage in cryovials not designated endotoxin-free by the manufacturer.

Participants

Recruitment.—Participants were recruited from an immunology clinic specializing in 

treatment of HIV. Prospective participants underwent chart review, screening, and review by 

the study physician (Dr. Tashima). Individuals with a full range of drinking behavior (i.e., 

heavy drinkers, moderate drinkers, and non-drinkers) were approached for participation, 

based on review of medical records and clinical interviews with the study staff. Other 

individuals treated at the clinic were recruited to comprise an uninfected control group with 

similar sociodemographic characteristics. Participants provided informed consent prior to 

participation. All study procedures were reviewed and approved by the Institutional Review 

Boards of Brown University and The Miriam Hospital/Lifespan.

Inclusion Criteria:  1) age 21–70 years; 2) HIV serostatus documented by enzyme-linked 

immunosorbent assay (ELISA) and confirmed by Western blot and plasma HIV RNA.

Exclusion Criteria:  1) history of significant pre-existing neurological disease, including 

dementia, stroke, seizure disorder, or traumatic brain injury with loss of consciousness >10 

minutes; 2) severe psychiatric illness; 3) end-stage disease (life expectancy <12 months); 4) 

pregnancy; 5) evidence of opportunistic central nervous system infections (e.g., 

toxoplasmosis) or neoplasm; 6) history of ascites, encephalopathy, esophageal variceal 

bleeding, or hepatorenal syndrome, or evidence of severe liver disease; 7) current substance 

use disorder for cocaine, stimulants, heroin, opioids, or any intravenous drug use; 8) any 

contraindication for magnetic resonance imaging (e.g., ferromagnetic implant, 

claustrophobia), which was a component of the parent study.

Procedures

Assessment.—Past 90-day alcohol and drug use was assessed with the Timeline 

Followback Interview (TLFB) (Sobell and Sobell, 1992). The TLFB asked participants to 

report the number of standard alcoholic drinks (12 oz. of beer, 5 oz. of wine, or 1.5 oz. 80-
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proof liquor) consumed each day, as well as use of marijuana, opioids, cocaine, 

hallucinogens, stimulants, and sedatives. Alcohol use disorder (AUD) diagnoses were 

determined using the Mini-International Neuropsychiatric Interview [MINI (Sheehan et al., 

1998)]. Remote AUD was defined as meeting criteria for lifetime but not current AUD. The 

MINI also was used to assess current drug use disorder as an exclusion criterion (see above). 

Cigarette smoking was determined by self-report.

Immunoassays.—Plasma was isolated from blood samples collected into BD Vacutainer 

tubes and stored in endotoxin-free cryovials at −80°C. Behavioral data and blood samples 

typically were collected on the same day (range=0–17 intervening days). Enzyme-linked 

immunosorbent assays (ELISA) were used to quantify LPS (MyBioSource, San Diego, CA), 

LBP (Hycult Biotech, Wayne, PA), sCD14, and sCD163 (R&D Systems, Minneapolis, MN) 

following manufacturer instructions. ELISA tests were performed in duplicate, and samples 

with coefficient of variation ≥ 20% were excluded from further analysis. Percentages of 

samples exceeding this threshold by biomarker were as follows: 0% for LPS; 8% for LBP; 

6% for sCD14; and 6% for sCD163. For HIV-infected participants, HCV status was 

determined at baseline by antibody test followed by HCV RNA testing for confirmation of 

reactive antibody results. HCV testing was not performed in controls due to resource 

limitations.

Statistical Analysis

Differences in demographics and substance use between PLWH and controls were assessed 

using t-tests on continuous variables and Pearson chi-square tests on categorical variables. 

Differences in baseline characteristics also were tested between participants with available 

plasma samples versus those without available samples (n=41).

Given the nature of the sample and our research questions, we examined potential for a so-

called “sick quitter” effect by testing whether the prevalence of remote AUD (i.e., lifetime 

but not current AUD diagnosis on the MINI) differed according to current drinking status, 

HIV status, or HCV coinfection status. Differences in prevalence of remote AUD across the 

relevant groups were tested using the Pearson chi-square test.

Generalized estimating equation (GEE) models in SPSS v.24 were used to test the two 

primary hypotheses. GEE models estimate the population-based effect of regressors of 

interest while accounting for repeated observations of individuals in longitudinal designs 

(Zeger et al., 1988). Biomarker distributions did not deviate markedly from normality with 

the exception of LPS, which was log-transformed for GEE analyses. In the first set of GEE 

models, we tested the association of HIV status with biomarker concentrations, using age, 

sex, smoking (number of cigarettes per day), and current alcohol use as covariates. Current 

alcohol use was a categorical variable coded to reflect drinking behavior on the 90-day 

TLFB, with groups defined as follows: 1) non-drinkers reported zero drinks; 2) moderate 

drinkers reported alcohol intake at non-hazardous levels, i.e., ≤7 drinks/week for women, 

≤14 drinks/week for men; 3) heavy drinkers exceeded these thresholds. We repeated this 

analysis with PLWH divided into suppressed and non-suppressed groups, examining 

pairwise differences using sequential Bonferroni-corrected pairwise tests. This analysis was 
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exploratory given the small number of non-suppressed individuals. In the second set of GEE 

models, we examined associations of current alcohol use, HCV co-infection, and their 

interaction with biomarker concentrations in PLWH. Sex, age, or smoking was included as a 

covariate in the second set of models if the p-value for its association with a specific 

biomarker in the first set of models was <.10. We followed up on significant interactions 

with sequential Bonferroni-corrected pairwise tests on the six subgroups (i.e., HIV mono-

infected non-drinker, 18% of total samples; HIV mono-infected moderate drinker, 40%; HIV 

mono-infected heavy drinker, 18%; HIV/HCV co-infected non-drinker, 8.5%; HIV/HCV co-

infected moderate drinker, 9.5%; HIV/HCV co-infected heavy drinker, 6%).

Results

Participant Characteristics

Participant characteristics are shown in Table 1. The HIV-infected group was older than the 

uninfected control group and had a smaller percentage of females. Groups did not differ on 

education, racial composition, body mass index, smoking status, or number of cigarettes per 

day. Importantly, alcohol use, whether characterized by group status or quantified by average 

weekly drinks, percent drinking days, or percent heavy drinking days, did not differ between 

groups. Frequency of marijuana use also was comparable between groups, and other drug 

use was minimal (<1% days; data not shown). The majority of PLWH were taking ART and 

were virally suppressed, and average CD4 count (M±SD = 549.7 ± 277.5) was in the normal 

range.

Compared to participants with available plasma samples, those without samples were 

significantly younger (p = .017), more likely to be female (p = .049), and more likely to be 

HIV-seronegative (p = .0003). Participants with and without available samples did not differ 

on cigarettes per day (p = .477) or current alcohol use (p = .736).

Remote AUD Diagnosis.—As a whole, the sample had a high rate of remote (i.e., 

lifetime but not current) AUD diagnosis on the MINI, at 47%. Rates of never AUD and 

current AUD were 33.5% and 19.5%, respectively. Chi-square tests evaluated whether 

individuals with remote AUD were over-represented among current non-drinkers, PLWH, or 

PLWH with HCV co-infection, in order to evaluate the likelihood of a “sick quitter” effect. 

First, rates of remote AUD were comparable in current non-drinkers and moderate drinkers, 

at 55% and 50%, respectively [χ2(2) = .728, p = .695], indicating that non-drinkers were not 

more likely to have a history of heavy drinking. (Current heavy drinkers were not included 

in this comparison because, as would be expected, the majority had current AUD.) Second, 

rates of remote AUD did not differ in non-drinking controls (55%) versus non-drinking 

PLWH (55%), suggesting that PLWH were not more likely than controls to have quit heavy 

drinking [χ2(2) = .872, p = .647]. Third, rates of remote AUD were similar in mono-infected 

PLWH (44%) and HCV co-infected PLWH (48%), suggesting that co-infected individuals 

were not more likely to have quit heavy drinking [χ2(2) = 1.997, p = .368]. In summary, 

prevalence rates of remote AUD in various non-drinker subgroups did not give evidence of a 

sick quitter bias in this sample.
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Biomarker Values by HIV Status

Biomarker concentrations by HIV status are shown in Table 2. GEE model results for group 

differences by HIV status, adjusting for age, sex, smoking, and alcohol use, are shown in 

Table 3. As expected, HIV infection was associated with significant elevations on all 

biomarkers (LBP, p = .005; LPS, p = .014; sCD14, p < .001; sCD163, p < .001). Sex was 

associated with LBP (p = .001) and sCD14 (p = .003), with women having significantly 

higher concentrations than men. Women also had higher LPS (p = .072) and sCD163 (p = .

067) at the trend level. Age showed a significant inverse association with LPS (p = .002), 

such that older age was associated with lower LPS. Cigarettes per day showed a positive 

association with LBP (p = .046). Current level of alcohol use did not exhibit a significant 

association with any biomarker in the full sample.

When analyses were repeated with the HIV group divided by viral load status, all 

biomarkers remained significantly higher in suppressed PLWH relative to controls (p’s < .

05). Non-suppressed PLWH did not differ significantly from suppressed PLWH or from 

controls on LBP (non-suppressed vs. suppressed, p = .996; non-suppressed vs. control, p = .

162) or LPS (non-suppressed vs. suppressed, p = .412; non-suppressed vs. control, p = .350). 

Non-suppressed PLWH had significantly higher sCD14 than controls (p < .001) and did not 

differ from suppressed PLWH (p = .229). Non-suppressed PLWH showed a trend toward 

higher sCD163 than suppressed PLWH (p = .080) and had significantly higher sCD163 than 

controls (p = .002).

Associations of Alcohol Use and HCV Status with Biomarkers in PLWH

Results of GEE models testing associations of current alcohol use group (non-drinker, 

moderate drinker, heavy drinker), HCV co-infection, and their interaction with each 

biomarker are presented in Table 4 and Figure 1. Main effects of alcohol use and HCV co-

infection are discussed first, followed by interactions of alcohol with HCV.

Main Effect of Alcohol Use.—The main effect of alcohol was significant for sCD163 (p 

= .011), with greater alcohol use associated with higher sCD163. The main effect of alcohol 

was not significant for LBP, LPS, or sCD14.

Main Effect of HCV Co-Infection.—The main effect of HCV co-infection was 

significant for sCD163 (p < .0001), with HCV associated with higher sCD163. The main 

effect of HCV was not significant for LBP, LPS, or sCD14.

Interaction of Alcohol Use with HCV Co-Infection.—The interaction of alcohol use 

with HCV co-infection was significant for each biomarker (LBP, p = .002; LPS, p = .026; 

sCD14, p = .0004; sCD163, p = .001). Follow-up tests with sequential Bonferroni correction 

for multiple comparisons examined pairwise differences by alcohol use group and HCV 

status. For LBP, levels were lowest in HIV mono-infected heavy drinkers. This group had 

significantly lower LBP than two other groups: HIV/HCV co-infected moderate drinkers (p 

= .001) and HIV mono-infected non-drinkers (p = .040). For LPS, HIV/HCV co-infected 

non-drinkers had significantly higher levels than HIV mono-infected non-drinkers (p = .
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004). For sCD14, levels were significantly higher in HIV/HCV co-infected moderate 

drinkers compared to co-infected non-drinkers (p = .027).

For sCD163, numerous significant pairwise differences emerged. Within co-infected 

individuals, heavy drinkers had significantly higher sCD163 than non-drinkers (p = .004). In 

comparisons to mono-infected groups, HIV/HCV co-infected heavy drinkers had 

significantly elevated sCD163 relative to each group [i.e., mono-infected heavy drinkers (p 

< .0001), mono-infected moderate drinkers (p < .0001), and mono-infected non-drinkers (p 

< .0001)]. HIV/HCV co-infected moderate drinkers did not differ from the other co-infected 

groups. However, co-infected moderate drinkers showed elevated sCD163 relative to every 

mono-infected group [i.e., mono-infected heavy drinkers (p < .0001), mono-infected 

moderate drinkers (p < .0001), and mono-infected non-drinkers (p = .002)]. As is evident 

from Figure 1, the alcohol main effect for sCD163 was fully accounted for by the co-

infected subgroup, and the HCV main effect was driven largely by heavy and moderate 

drinkers. Therefore, main effects described above for sCD163 should be interpreted in the 

context of the alcohol-HCV interaction.

Discussion

Consistent with prior research, we found that plasma biomarkers of microbial translocation 

(LPS) and innate immune activation (LBP, sCD14, sCD163) were significantly higher in 

PLWH compared to uninfected controls. Few previous studies have matched HIV-infected 

and uninfected groups on substance use characteristics. In the current study, HIV-infected 

and uninfected groups were well matched in that each had a full range of alcohol use, high 

prevalence of cigarette smoking, and minimal use of drugs other than marijuana. In addition, 

we did not find evidence for a so-called “sick quitter” bias in this sample, as rates of remote 

AUD were similar across various subgroups formed according to current drinking and health 

status. As a result, we can conclude that biomarker differences by HIV status were not 

confounded by substance use.

The study also provides novel evidence for our hypothesis that alcohol use in the context of 

HIV infection exacerbates inflammation and immune activation. Support for this hypothesis 

was qualified by the interaction of current drinking with HCV co-infection. Although 

alcohol use by itself was not significantly associated with most biomarkers in PLWH, the 

interaction of alcohol use with HCV co-infection was associated with significant elevations 

on all biomarkers. For example, HIV/HCV co-infected participants who drank heavily had 

markedly higher sCD163, a marker of monocyte activation, than every other group except 

co-infected moderate drinkers. Further, co-infected participants who drank moderately had 

significantly higher sCD163 than all mono-infected groups, regardless of drinking status. 

Although significant main effects of HCV and alcohol on sCD163 in the current study are 

consistent with previous research (Shmagel et al., 2016, Lidofsky et al., 2018, 

Liangpunsakul et al., 2017), these effects should be interpreted in the context of the observed 

interaction.

Findings for LPS and LBP also reflect multifactorial influences. First, the HCV-associated 

elevation in LPS was significant only within non-drinkers. This finding is consistent with 
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exacerbated microbial translocation due to the “double hit” of HIV and HCV but is 

inconclusive with respect to hypothesized alcohol effects. For LBP, co-infected drinkers had 

the highest levels, as expected, yet mono-infected heavy drinkers unexpectedly had the 

lowest LBP. LBP modulates host response to LPS by transferring LPS either to lipoproteins 

or to the TLR4 complex (Kitchens and Thompson, 2005) and plays a mechanistic role in 

development of alcoholic liver damage through the pro-inflammatory LPS-TLR4 pathway 

(Uesugi et al., 2002). Because chronic heavy drinking is associated with elevated LBP in 

uninfected individuals (e.g., Schafer et al., 2002), low levels of this acute phase protein in 

mono-infected heavy drinkers is a novel finding that could represent a shift in its complex 

immunomodulatory activity and/or impaired host defense. At present, this premise is 

speculative and will require further investigation. Interesting to note, number of cigarettes 

per day was positively associated with LBP in the overall sample and in PLWH, giving 

broad evidence of substance-related inflammation.

Although this study did not examine associations of biomarker elevations with clinical 

outcomes, sCD163 and sCD14 have proven to be robust predictors of morbidity and 

mortality in PLWH in previous research (Hunt et al., 2014, Knudsen et al., 2016). Our 

findings of alcohol-related elevations in these biomarkers are consistent with a recent report 

linking moderate drinking to increased risk of mortality in PLWH (Justice et al., 2016). 

Results for sCD163 also are consistent with a previous finding that any alcohol use by 

HIV/HCV co-infected individuals was associated with a dramatically increased prevalence 

of advanced liver fibrosis (Lim et al., 2014). Plasma sCD163 has been identified as a 

candidate marker of active liver fibrogenesis in HIV/HCV co-infection (Lidofsky et al., 

2018) and predicts mortality in alcoholic liver disease (Sandahl et al., 2014). Given 

associations of sCD163 and sCD14 with all-cause mortality in PLWH, our findings of 

alcohol-related elevations in these biomarkers support strong initiatives to reduce alcohol use 

in PLWH, particularly those with HCV co-infection.

Pending further research, a similar precaution about alcohol use may pertain to PLWH with 

non-suppressed viral load, as we observed a trend toward higher sCD163 in this group 

compared to suppressed individuals. Suppressed and non-suppressed groups did not differ 

significantly on LPS, LBP, or sCD14 levels. It is likely that the small number of non-

suppressed PLWH limited our ability to detect biomarker differences by viral load status. 

Important to note, virally suppressed PLWH had significantly higher levels of all biomarkers 

than controls, demonstrating that the main effect of HIV was not driven by the small group 

of non-suppressed individuals. These results are consistent with previous research showing 

that biomarker levels typically decrease but do not fully normalize with viral suppression 

(Vassallo et al., 2012, Wada et al., 2015, Hileman and Funderburg, 2017).

Significant limitations include the lack of HCV testing in uninfected controls and absence of 

objective data (i.e., lab tests) on liver function in all participants. Prevalence of HCV co-

infection in this sample (20%) was slightly lower than national rates (~25%), and so the 

number of samples from HIV/HCV co-infected participants was small. Future studies may 

benefit from oversampling co-infected individuals. Strengths include a representative sample 

of PLWH in care, the majority of whom were virally suppressed on ART; careful assessment 

of alcohol and drug use; and absence of confounds related to smoking status or drug use. In 
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future studies, it would be helpful to use continuous measures of alcohol use in order to 

examine linear relationships with immune biomarkers. In sum, this study offers preliminary 

evidence that alcohol may interact with HCV co-infection to drive inflammation in PLWH, 

highlighting the need to better understand mechanisms and to reduce alcohol-related health 

harms in PLWH.
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Figure 1: Interaction of alcohol use and HCV status on biomarker outcomes in PLWH
Biomarker concentrations (M ± 1 standard error) are shown in gray for non-drinkers, green 

for moderate drinkers, and blue for heavy drinkers. The interaction of HCV co-infection 

with alcohol use was significant for all biomarkers. Brackets indicate that group means 

differed significantly on follow-up pairwise tests after sequential Bonferroni correction for 

multiple comparisons (see also Table 4).
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Table 1.

Participant baseline demographic and clinical characteristics (N=109)

HIV-seronegative controls (n=34) Individuals living with HIV (n=75) Test of group difference

Age 39.4 ± 12.7 48.3 ± 9.1 p < .001

Education (years) 14.5 ± 2.8 13.5 ± 3.0 p = .083

Sex (% female) 50% 27% p = .017

Racial background 68% White
29% African-American

3% Latino

61% White
24% African-American

12% Latino
3% Other

p = .332

Body mass index 28.1 ± 6.5 26.4 ± 5.6 p = .183

Current smoker 44% 47% p = .907

Number of cigarettes per day 4.0 ± 6.2 4.6 ± 6.5 p = .659

Hepatitis C co-infection --- 69% uninfected
20% infected

11% missing data

---

Years since HIV diagnosis --- 17.3 ± 8.9 ---

Prescribed ART --- 96% ---

HIV RNA viral load --- 72% ≤ 75 copies/ml
24% ≥ 75 copies/ml

4% missing data

---

Current CD4 count --- 549.7 ± 277.5 ---

Nadir CD4 count --- 222.9 ± 179.6 ---

Current alcohol use 26.5% non-drinker
47% moderate drinker
26.5% heavy drinker

24% non-drinker
57% moderate drinker

19% heavy drinker

p = .552

Average weekly drinks 11.5 ± 20.8 8.1 ± 14.8 p = .343

Percent drinking days 25.7 ± 27.6 26.1 ± 34.9 p = .942

Percent heavy drinking days 13.5 ± 21.3 9.5 ± 23.5 p = .399

Percent days using marijuana 12.9 ± 30.4 15.0 ± 31.1 p = .745

Values are reported as M ± SD except where expressed as percentages. Data were missing for 1–3 participants on smoking status, body mass index, 
CD4 nadir, and current CD4. For current level of alcohol use, non-drinkers reported zero drinks; moderate drinkers drank at non-hazardous levels 
(≤7 drinks/week for women, ≤14 drinks/week for men); and heavy drinkers exceeded moderate drinking thresholds.
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Table 2.

Immune biomarker concentrations

Control
(n=34)

All PLWH
(n=75)

Virally Suppressed PLWH
(n=54)

Non-Suppressed PLWH
(n=18)

LBP (ng/ml) 10027 (7131, 14491) 13998 (7857, 20851) 14893 (7856, 22003) 12588 (6451, 17515)

LPS (pg/ml) 79 (60, 135) 98 (70, 137) 102 (70, 141) 86 (69, 126)

sCD14 (ng/ml) 1639 (1471, 1847) 2081 (1667, 2478) 2119 (1766, 2552) 1967 (1639, 2308)

sCD163 (ng/ml) 399 (275, 493) 620 (390, 851) 606 (419, 770) 740 (375, 1267)

Values are reported as median (interquartile range)

Note: n’s indicate the number of individuals in each group, with each individual contributing 1–3 plasma samples. Details on sample size are as 
follows: controls, 51 samples from 34 individuals; all PLWH, 116 samples from 75 individuals; suppressed PLWH, 85 samples from 54 
individuals; non-suppressed PLWH, 27 samples from 18 individuals. Data on viral load were missing for 3 individuals.
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Table 3.

Associations of biomarker concentrations with HIV status, demographics, smoking and alcohol use in the full 

sample

B 95% CI p-value

LBP (ng/ml)

    HIV infection
a 4304.9 1293.3, 7316.4 .005

    Sex
b 5574.2 2250.6, 8897.8 .001

    Age 66.8 −61.7, 195.2 .308

    Cigarettes/day 209.1 3.7, 414.5 .046

    Current alcohol use
c .

       Moderate drinking −30.3 −3089.6, 3029.0 .985

       Heavy drinking −1771.0 −5960.1, 2418.2 .407

LPS (pg/ml, log10 transformed)

    HIV infection .123 .025, .221 .014

    Sex .085 -.008, .179 .072

    Age −.006 -.009, −.002 .002

    Cigarettes/day −.002 -.007, .003 .364

    Current alcohol use

       Moderate drinking −.025 -.134, .083 .647

       Heavy drinking −.010 -.137, .116 .871

sCD14 (ng/ml)

    HIV infection 538.1 349.0, 727.3 < .001

    Sex 298.9 103.6, 494.2 .003

    Age 2.7 -7.2, 12.5 .598

    Cigarettes/day 4.5 -8.0, 17.0 .482

    Current alcohol use

       Moderate drinking −26.3 -238.5, 185.9 .808

       Heavy drinking −128.1 -408.2, 152.0 .370

sCD163 (ng/ml)

    HIV infection 237.8 109.8, 365.8 < .001

    Sex 118.0 −8.3, 244.3 .067

    Age 1.1 −4.5, 6.8 .693

    Cigarettes/day −12.4 −27.4, 2.5 .103

    Current alcohol use

       Moderate drinking 29.3 −281.4, 340.0 .853

       Heavy drinking 103.2 −166.0, 372.5 .452

a
Coded to indicate biomarker values in HIV-infected participants relative to uninfected participants.

b
Coded to indicate biomarker values in women relative to men.

c
Comparisons are to non-drinking group.
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Table 4.

Associations of biomarkers with alcohol use, HCV co-infection, and their interaction in PLWH

HCV
p-value

Alcohol
p-value

HCV x Alcohol
p-value

Sex
p-value

Age
p-value

Cig/day
p-value

Pairwise Tests of
HCV x Alcohol Interaction with

Sequential Bonferroni-Correction

LBP .057 .193 .002 .039 ---- .003 HIV/HCV moderate drinker > HIV-only heavy drinker 
(p = .001)
HIV-only non-drinker > HIV-only heavy drinker (p = .
040)

LPS .077 .530 .026 .206 .001 ---- HIV/HCV non-drinker > HIV-only non-drinker (p = .
004)

sCD14 .350 .169 .0004 .053 ---- ---- HIV/HCV moderate drinker > HIV/HCV non-drinker (p 
= .027)

sCD163 < .0001 .011 .001 .864 ---- ---- HIV/HCV heavy drinker > HIV/HCV non-drinker (p = .
004)
HIV/HCV heavy drinker > HIV-only heavy drinker (p 
< .0001)
HIV/HCV heavy drinker > HIV-only moderate drinker 
(p < .0001)
HIV/HCV heavy drinker > HIV-only non-drinker (p < .
0001)
HIV/HCV moderate drinker > HIV-only heavy drinker 
(p < .0001)
HIV/HCV moderate drinker > HIV-only moderate 
drinker (p < .0001)
HIV/HCV moderate drinker > HIV-only non-drinker (p 
= .002)
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