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Abstract

IMPORTANCE Zinc supplementation can reduce alcohol-related microbial translocation and
inflammation.

OBJECTIVE To assess whether zinc supplementation reduces markers of mortality and risk of
cardiovascular disease, reduces levels of inflammation and microbial translocation, and slows HIV
disease progression in people with heavy alcohol use who are living with HIV/AIDS.

DESIGN, SETTING, AND PARTICIPANTS This study is a double-blinded placebo-controlled
randomized clinical trial of zinc supplementation among participants recruited from 2013 to 2015.
Participants were recruited from HIV and addiction clinical and nonclinical care sites in St Petersburg,
Russia. Participants were adults (aged 18-70 years) with documented HIV infection who were
antiretroviral therapy–naive at baseline and had past 30-day heavy alcohol consumption. Data
analysis was performed from February 2017 to February 2020.

INTERVENTION Pharmacy-grade zinc gluconate supplementation (15 mg for men and 12 mg for
women, taken daily by mouth for 18 months) was compared with a placebo.

MAIN OUTCOMES AND MEASURES The primary outcome was mortality risk measured as a change
in Veterans Aging Cohort Study (VACS) Index score between baseline and 18 months. The VACS Index
scores range from 0 to 164, with higher scores indicating higher mortality risk. Secondary outcomes
were change in CD4 cell count between baseline and 18 months, the assessment of cardiovascular
disease risk (Reynolds Risk Score, which ranges from 0% to 100%, with higher scores indicating
higher risk), and changes in inflammatory or microbial translocation biomarkers at 18 months.
Adjusted linear regression analyses were performed.

RESULTS A total of 254 participants (184 men [72%]; mean [SD] age, 34 [6] years) were enrolled in
the trial; 126 were randomized to receive zinc, and 128 were randomized to receive placebo.
Participants had high CD4 cell counts (mean [SD], 521 [292] cells/mm3), and 188 (74%) reported
heavy drinking in the past week. In the main analyses, zinc supplementation did not affect changes
in the VACS Index score at 18 months (change for zinc, mean [SD], 0.49 [14.6]; median [interquartile
range], 0.0 [−7.0 to 6.0]; change for placebo, mean [SD], 5.5 [17.2]; median [interquartile range], 6.0
[−6.0 to 14.0]; adjusted mean difference [AMD], −4.68; 95% CI, −9.62 to 0.25; P = .06) or any
secondary outcomes, including change in CD4 cell count (AMD, 41.8 cells/mm3; 95% CI, −20.3 to
103.8 cells/mm3; P = .19), Reynolds Risk Score (AMD, −0.014; 95% CI, −0.167 to 0.139; P = .85),
interleukin-6 level (AMD, −0.13 pg/mL; 95% CI, −0.38 to 0.11 pg/mL; P = .30), dimerized plasmin
fragment D level (AMD, −0.21 μg/mL fibrinogen equivalent units; 95% CI, −0.48 to 0.07 μg/mL
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fibrinogen equivalent units; P = .14), soluble CD14 level (AMD, −38.01 ng/mL; 95% CI, −166.90 to
90.88 ng/mL; P = .56), intestinal fatty acid binding protein level (AMD, 0.08 pg/mL; 95% CI, −0.07
to 0.22 pg/mL; P = .32), and lipopolysaccharide binding protein level (AMD, −0.09 ng/mL; 95%
CI, −0.23 to 0.06 ng/mL; P = .24). In the per-protocol analyses, zinc supplementation statistically
significantly affected changes in the VACS Index score at 18 months (AMD, −7.49; 95% CI, −13.74 to
−1.23; P = .02); however, the adherence rate to zinc supplementation was 51%.

CONCLUSIONS AND RELEVANCE Zinc supplementation did not reduce mortality risk, CD4 cell
counts, cardiovascular disease risk, and levels of inflammation or microbial translocation in people
with heavy alcohol use who are living with HIV/AIDS. Zinc supplementation did not change the VACS
Index score but may have been limited by low adherence.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01934803
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Introduction

Alcohol consumption and HIV infection are important causes of microbial translocation and
inflammation.1,2 These biological processes contribute to end organ damage and mortality among
people living with HIV/AIDS (PLWHA).3 Heavy alcohol use is common among PLWHA.4 Despite
known associations between heavy alcohol use and microbial translocation and inflammation,
researchers have primarily focused on mitigating adverse consequences of heavy alcohol use in
PLWHA by promoting alcohol cessation.5 However, interventions to address unhealthy alcohol use
are not uniformly effective.6 Thus, alternative treatment strategies that mitigate the negative health
impacts of alcohol use without solely relying on reduction in alcohol use are needed.

Zinc deficiency is a common condition among PLWHA and those with alcohol use disorders.7-9

Any benefit from addressing this deficiency in PLWHA who are heavy users of alcohol is not clear,
despite zinc supplementation being available and well tolerated.8,10 Infection with HIV, heavy alcohol
use, and zinc deficiency are associated with negative health outcomes via mechanisms involving
reductions in intestinal wall integrity and subsequent microbial translocation and inflammation.1,2

Zinc supplementation is associated with reduced ethanol-associated microbial translocation in
animal models,11,12 reduced serum biomarker levels of inflammation in HIV-uninfected people,7 and
delayed immunologic failure among PLWHA.13 More recently, a pilot randomized clinical trial (RCT)14

among PLWHA reported that zinc supplementation was associated with lower biomarker levels of
inflammation and indirect measures of microbial translocation. Thus, we conducted a double-
blinded, placebo-controlled RCT to assess the efficacy of zinc supplementation for reducing risk of
mortality and cardiovascular disease (CVD), slowing HIV disease progression, and decreasing levels
of biomarkers of inflammation and microbial translocation among PLWHA who have recent history of
heavy alcohol use.

Methods

Objective and Study Design
The institutional review boards of Boston University Medical Campus and First St Petersburg Pavlov
State Medical University approved this study. All study participants provided written informed
consent. An independent data and safety monitoring board monitored both study conduct and
participant safety. This study follows the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.
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The protocol for the Zinc for Inflammation and Chronic disease in HIV (ZINC) trial has been
previously described and is available in Supplement 1.15 Briefly, ZINC was a double-blinded, placebo-
controlled RCT among PLWHA with heavy alcohol use in Russia that evaluated the efficacy of zinc
supplementation to (1) lower mortality risk as measured by change in Veterans Aging Cohort Study
(VACS) Index (primary outcome; the VACS Index scores range from 0 to 164, with higher scores
indicating higher mortality risk),16 (2) lower CVD risk as measured by the Reynolds Risk Score (the
Reynolds Risk Score ranges from 0% to 100%, with higher scores indicating higher CVD risk),17 (3)
slow HIV disease progression as measured by change in CD4 cell count, and (4) reduce biomarker
levels of inflammation as measured by interleukin-6 (IL-6), dimerized plasmin fragment D (D-dimer),
soluble CD14 (sCD14), and indirect measures of microbial translocation as measured by intestinal
fatty acid binding protein (IFABP) and lipopolysaccharide binding protein (LBP).16,18

Participants
We recruited 254 participants between October 2013 and June 2015 from HIV and addiction clinical
and nonclinical care sites and through snowball recruitment in St Petersburg, Russia. We conducted
this trial at the Laboratory of Clinical Pharmacology of Addictions at the First St Petersburg Pavlov
State Medical University. The ZINC trial inclusion criteria were as follows: (1) age 18 to 70 years old; (2)
documented HIV infection; (3) past 30-day heavy alcohol consumption, as defined by National
Institute on Alcohol Abuse and Alcoholism risky alcohol use criteria (>4 standard drinks per day [or
>14 standard drinks per week] for men and >3 drinks per day [or >7 drinks per week] for women)19;
(4) willingness to provide 2 contacts to assist with follow-up; (5) stable address within St Petersburg
or districts within 100 km of St Petersburg; (6) possession of a telephone; and (7) documentation of
being antiretroviral therapy (ART)–naive at the time of enrollment. Importantly, trial participation did
not preclude participants from initiating ART if prescribed by their physician during the course of
follow-up. Study exclusion criteria were as follows: (1) not fluent in Russian, (2) cognitive impairment
precluding informed consent, and (3) breastfeeding or being pregnant. Pregnant women were
excluded because of the possible negative effects of zinc supplementation during pregnancy.20

Randomization
Participants were randomized in a 1:1 ratio to zinc supplementation or placebo using block
randomization stratified by sex and past 7-day heavy alcohol consumption. As a double-blinded
study, all participants and clinical investigators and study personnel were unaware of participant
group assignment.

Intervention
Participants were randomly assigned to zinc supplementation or placebo. For those receiving zinc
supplementation, the capsules were compounded using pharmacy-grade zinc gluconate and 50 mg
of riboflavin (adherence measure). On the basis of prior work,13 we instructed men to take 15 mg of
elemental zinc gluconate and women to take 12 mg daily by mouth with a full glass of water for
18 months.

Control Group
Control group participants followed the same study procedures and instructions as the intervention
group. Participants received a sucrose placebo with riboflavin that was identical to the zinc
medication in appearance and taste.

Participant Assessment
Participants were interviewed at 4 main study visits—baseline and 6, 12, and 18 months after
enrollment—and completed shorter medication visits at 6 and 12 weeks and at 9 and 15 months after
enrollment. Blood was collected for testing and storage at all 4 main study visits. Participants were
assessed for possible medication adverse effects at all visits. We compensated participants for their
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time with 1250 rubles (approximately US $22; as of April 7, 2020, US $1 = 75.5 rubles) for the main
study visits and 500 rubles (approximately US $9) for the medication visits.

Data collected during the main study visits included the following: demographic characteristics
and comorbidities,21 the Fagerström Test for Nicotine Dependence,22 ART use (follow-up only),23

and the alcohol 30-Day Timeline Follow Back.24 Blood specimens were tested for the following at
each study visit: hemoglobin, platelets, CD4 cell count, HIV load, high sensitivity C-reactive protein,
creatinine, aspartate aminotransferase, alanine aminotransferase, and 5 circulating biomarkers
(sCD14, D-dimer, IL-6, IFABP, and LBP). The following laboratory testing was conducted at baseline
and 18 months only: hepatitis C virus antibody and qualitative viral load, total and high-density
lipoprotein cholesterol, and zinc levels. Zinc levels were tested in batches; thus, the study team was
not aware of zinc level results in real time.

With regard to the 5 circulating biomarkers, all samples were measured in duplicate, and
coefficients of variations (CVs) greater than 15% were not reported. Kit controls and in-house plasma
controls were measured, and assay-specific CVs are described here. Soluble CD14 was measured
using an enzyme-linked immunosorbent assay (ELISA) (catalog no. DC140; R&D Systems Inc) with a
detectable range of 10 to 3200 ng/mL, using a standard 200-fold sample dilution. Samples with high
values were diluted 400-fold and reanalyzed. Three controls were used, with interassay CVs ranging
from 6.1% to 6.6%. Interleukin-6 was measured using the MSD Human IL-6 Ultra-sensitive Single-
Plex kit (catalog no. K151QXG-2; MesoScale Diagnostics) which uses a sandwich ELISA technique and
an electrochemiluminescent detection method, with a working range of 0.05 to 1310 pg/mL. Three
controls, with interassay CVs ranging from 4.2% to 11.1%, were used. Lipopolysaccharide binding
protein was measured using the MSD Human LBP Assay (catalog no. K151IYC; MesoScale
Diagnostics), which also uses a sandwich ELISA technique and an electrochemiluminescent
detection method, with a working range of 0.085 to 1000 ng/mL. Four controls were used for
quality control, with CVs ranging from 4.4% to 4.6%. D-dimer was measured using the STAR
automated coagulation analyzer (catalog no. 00515; Diagnostica Stago) using an immuno-
turbidometric assay (Liatest D-DI; Diagnostica Stago). Two controls, with interassay CVs ranging from
1.6% to 23.9%, were used. Intestinal fatty acid binding protein was measured using an ELISA (catalog
no. DFBP20; R&D Systems Inc), with a detectable range of 156 to 10 000 pg/mL, using a standard
5-fold dilution. Four controls were used, with interassay CVs ranging from 3.4% to 5.1%.

Adherence
Adherence to study medication was assessed at each study visit. Our primary measure of adherence
(self-report) was assessed using a visual analog scale to capture proportion of daily study medication
taken in the past 6 weeks.23 We also assessed adherence using pill counts. Riboflavin, compounded
with the zinc or placebo, was a biologic measure to capture adherence. We informed participants of
the riboflavin in their pills and that its presence would be checked in their urine.25 Because riboflavin
is not a measure of long-term adherence, it was not used as our primary adherence measure.

Primary Outcomes
The ZINC trial’s primary outcome was a change in VACS Index score, a validated surrogate measure
of mortality in PLWHA and uninfected people, between baseline and 18 months.16,18 A higher VACS
Index score conveys a higher mortality risk. The following are the components of the VACS Index:
age, CD4 cell count, HIV-1 RNA level, hemoglobin level, fibrosis-4 score, estimated glomerular
filtration rate, and hepatitis C virus coinfection status. We assessed the VACS Index score at baseline
and at 6, 12, and 18 months.

Secondary Outcomes
The ZINC trial had the following secondary outcomes: (1) CVD risk as assessed by the validated
Reynolds Risk Score at 18 months17; (2) HIV disease progression, as measured by change in CD4 cell
count between baseline and 18 months; and (3) biomarker levels of inflammation, altered
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coagulation, monocyte activation, intestinal permeability, and microbial translocation as measured
by IL-6, D-dimer, sCD14, IFABP, and LBP, respectively, at 18 months.

Statistical Analysis
The ZINC trial was conducted and analyzed according to the intention-to-treat principle. The primary
analysis used adjusted linear regression controlling for the 2 randomization stratification factors: sex
and past-week heavy alcohol use. We assessed model fit using model diagnostics including residual
plots. To account for skewed distributions, we used the natural log transformation for the Reynolds
Risk Score, IL-6, and D-dimer. We performed multiple imputation using the iterative Markov Chain
Monte Carlo technique to account for missing data in the following outcomes: VACS Index score (2
participants), CD4 cell count (1 participants), Reynolds Risk Score (4 participants), IL-6 level (3
participants), D-dimer level (3 participants), sCD14 level (3 participants), IFABP level (4 participants),
and LBP level (5 participants). Variables used for imputation were sex, past-week heavy alcohol use,
age, and prior data on outcome variables from baseline and 6 and 12 months.

We conducted secondary analyses to assess potential effect modification by baseline past-week
heavy alcohol use and zinc deficiency (zinc level <0.75 mg/L).13 We also conducted secondary
per-protocol analyses restricting analyses to participants who were adherent (ie, self-reporting
�80% on the visual analog scale for �3 study visits). We performed post-hoc analyses to test
differences in mortality between groups. Time to death was initially analyzed using the log-rank test.
Cox proportional hazards models adjusted for stratification factors were used to estimate hazard
ratios and 95% CIs. P values are 2-tailed with a significance level of less than .05 unless otherwise
specified. We designed ZINC to have 80% power to detect a 10-point difference in change in VACS
Index score (eg, a 5-point increase in VACS Index corresponds to a 20% relative risk increase in
mortality) from baseline to 18 months, assuming an SD of 25 (based on data from the VACS study)
and 20% loss to follow-up. We analyzed the data with SAS statistical software version 9.4 (SAS
Institute). Data analysis was performed from February 2017 to February 2020.

Results

In the ZINC trial, participants were young (mean [SD] age, 34 [6] years), mostly male (184
participants [72%]), regular smokers (219 participants [86%]), recent heavy alcohol users (188
participants [74%] with past 7-day heavy alcohol use), and coinfected with hepatitis C virus (224
participants [88%]), with low CVD risk (10 participants [4%] self-reported increased CVD risk) and
high CD4 cell counts (mean [SD], 521 [292] cells/mm3) (Table 1). The mean (SD) baseline VACS Index
score was 27 (16), which translates into an approximately 10% risk of mortality in 5 years.

After enrollment, 254 participants were randomized to receive either zinc supplementation
(126 participants) or placebo (128 participants) for 18 months (Figure). At the 18-month follow-up
visit, 69% of participants were assessed. Compared with the placebo group, those randomized to the
zinc group had a smaller, but not statistically significant, increase in VACS Index score at 18 months
(mean [SD] change for zinc, 0.49 [14.6]; median [interquartile range], 0 [−7.0 to 6.0]; mean [SD]
change for placebo, 5.5 [17.2]; median [interquartile range], 6.0 [−6.0 to 14.0]; adjusted mean
difference [AMD], −4.68; 95% CI, −9.62 to 0.25; P = .06) (Table 2). There was no statistically
significant difference in CD4 cell counts (median [interquartile range], −116.9 [−242.3 to
39.9cells/mm3 for zinc vs −135.6 [−283.9 to −48.6] cells/mm3 for placebo; AMD, 41.8 cells/mm3; 95%
CI, −20.3 to 103.8 cells/mm3; P = .19) or Reynolds Risk Score (median [interquartile range], −0.17
[−0.75 to 0.38] for zinc vs −0.14 [−0.95 to 0.55] for placebo; AMD, −0.014; 95% CI, −0.167 to 0.139;
P = .85) between participants in the zinc and placebo groups (Table 2). The participants in the zinc
group had reductions in all biomarker levels except IFABP compared with participants in the placebo
group (Table 2).

In the ZINC trial, adherence did not vary by intervention group. In prespecified secondary
per-protocol analyses, including only participants who were adherent to the study medication,
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participants in the zinc group (64 of 126 [51%]) compared with placebo group (63 of 128 [49%]) had
a statistically significant lower AMD in the VACS Index score at 18 months (−7.49; 95% CI, −13.74 to
−1.23; P = .02) (Table 3). Of note, there was no difference in adherence by intervention group when
we substituted our primary adherence measure (visual analog scale) for riboflavin (70% adherent in
the zinc vs 68% in the placebo groups; difference, 2.1%; 95% CI, −11.6% to 15.8%; P = .76). In
contrast, there were no statistically significant differences in CD4 cell count (AMD, 47.4 cells/mm3;
95% CI, −32.9 to 127.8 cells/mm3; P = .25), Reynolds Risk Score (AMD, −0.083; 95% CI, −0.282 to
0.116; P = .41), or other biomarkers, including IL-6 level (AMD, −0.13 pg/mL; 95% CI, −0.38 to 0.11
pg/mL; P = .30), D-dimer level (AMD, −0.21 μg/mL fibrinogen equivalent units; 95% CI, −0.48 to 0.07
μg/mL fibrinogen equivalent units; P = .14), soluble CD14 level (AMD, −38.01 ng/mL; 95% CI, −166.90
to 90.88 ng/mL; P = .56), intestinal fatty acid binding protein (AMD, 0.08 pg/mL; 95% CI, −0.07 to
0.22 pg/mL; P = .32), and lipopolysaccharide binding protein (AMD, −0.09 ng/mL; 95% CI, −0.23 to
0.06 ng/mL; P = .24) (Table 3).

In ZINC, 33 participants (13%) died before the end of the study. In post-hoc analyses, we found
no statistically significant difference in mortality by zinc vs placebo study group (adjusted hazard
ratio, 1.80; 95% CI, 0.88-3.65; P = .10). Please see the eTable in Supplement 2 for cause of death
information for each study group.

Notably, no important differences in ART initiation occurred in the zinc (25.4%) vs placebo
(29.7%) group (difference, 4.3%; 95% CI, −6.7% to 15.3%; P = .44); therefore, we do not think that

Table 1. Baseline Characteristics of Zinc for Inflammation and Chronic Disease in HIV Trial Participants

Characteristic

Value, mean (SD)

P value
Total
(N = 254)

Zinc group
(n = 126)

Placebo group
(n = 128)

Male, No. (%) 184 (72) 92 (73) 92 (72) .84

Age, y 34 (6) 34 (5) 34 (6) .83

Education (≥9 grades), No. (%) 208 (82) 101 (80) 107 (84) .48

Family history of heart disease, No. (%) 56 (25) 24 (21) 32 (28) .25

Self-reported cardiovascular disease, No. (%) 10 (4) 5 (4) 5 (4) .98

Regular smoker, No. (%) 219 (86) 106 (84) 113 (88) .34

Blood pressure, mm Hg

Systolic 125 (13) 125 (13) 126 (12) .64

Diastolic 80 (9) 80 (9) 80 (8) .59

Cholesterol, mg/dL

Total 138 (36) 137 (36) 138 (35) .84

High-density lipoprotein 45 (17) 45 (18) 45 (16) .99

Creatinine, mg/dL 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) .61

Fibrosis-4 score 2.4 (6) 2.0 (2) 2.8 (7) .25

Hepatitis C virus antibody positive, No. (%) 224 (88) 109 (87) 115 (90) .41

Illicit substance use, No. (%) 105 (41) 52 (41) 53 (41) .98

Hepatitis B (self-reported), No. (%) 80 (31.5) 44 (34.9) 36 (28.1) .24

HIV viral load, median, copies/mL 25 499 19 201 33 291 .37

CD4 cell count, cells/mm3 521 (292) 511 (296) 530 (288) .62

Body mass indexa 23 (3) 23 (3) 23 (3) .24

Heavy alcohol use (past 7 d), No. (%)b 188 (74) 94 (75) 94 (73) .83

Veterans Aging Cohort Study Index score 27 (16) 27 (17) 26 (14) .52

Reynolds Risk Score 1 (1) 1 (1) 1 (1) .49

Interleukin-6, pg/mL 2.3 (9) 2.8 (12) 1.9 (4) .45

Dimerized plasmin fragment D, μg/mL fibrinogen
equivalent units

0.7 (1) 0.7 (1) 0.6 (1) .27

Soluble CD14, ng/mL 2099 (592) 2092 (601) 2106 (585) .85

Intestinal fatty acid binding protein, pg/mL 1494 (1126) 1473 (889) 1515 (1320) .77

Lipopolysaccharide binding protein, ng/mL 4161 (2037) 4080 (1858) 4240 (2200) .54

SI conversion factors: To convert cholesterol to
mmol/L, multiply by 0.0259; creatinine to μmol/L,
multiply by 88.4; dimerized plasmin fragment D to
nmol/L, multiply by 5.476.
a Body mass index is calculated as weight in kilograms

divided by height in meters squared.
b National Institute on Alcohol Abuse and Alcoholism

risky alcohol use criteria: more than 4 standard
drinks per day (or >14 standard drinks per week) for
men and more than 3 standard drinks per day (or >7
standard drinks per week) for women.
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ART affected the results of the trial. At the conclusion of the study, we measured zinc levels to assess
zinc deficiency (ie, zinc level <0.75 mg/L) from the baseline examination, which did not vary by study
group (zinc vs placebo group, 31% vs 29%; difference, 1.4%; 95% CI, −10.2% to 13.1%; P = .81), nor
did it significantly modify the association between zinc supplementation and any of our study
outcomes. Similarly, heavy alcohol use in the prior 7 days did not significantly modify the association

Figure. Flow of Participants Through Trial

427 Patients assessed for eligibility 

258 Enrolled 

126 Randomized zinc  

84 Completed the 18-mo interview (67%) 91 Completed the 18-mo interview (71%)

126 Included in intention-to-treat analysis 128 Included in intention-to-treat analysis

128 Randomized placebo 

169 Ineligible 

254 Randomized

42 Discontinued treatment 
21 Deaths 

2 Investigators' decision

3 Withdrew
6 Lost to follow-up

9 Incarceration 
1 Other

37 Discontinued treatment 
12 Deaths 

2 Investigators' decision

4 Withdrew
10 Lost to follow-up

9 Incarceration 

Table 2. Primary and Key Secondary Outcomes: Effect of Zinc vs Placebo on Markers of Mortality, HIV Progression, Cardiovascular Disease Risk and Inflammation

Marker Zinc group (n = 126) Placebo group (n = 128) Adjusted mean difference (95% CI) P value
Change from baseline to 18 mo

Veterans Aging Cohort Study Index score

Mean (SD) 0.49 (14.6) 5.5 (17.2)
−4.68 (−9.62 to 0.25) .06

Median (IQR) 0 (−7.0 to 6.0) 6.0 (−6.0 to 14.0)

CD4 cell count, cells/mm3

Mean (SD) −128.8 (232.9) −176.2 (220.6)
41.8 (−20.3 to 103.8) .19

Median (IQR) −116.9 (−242.3 to 39.9) −135.6 (−283.9 to −48.6)

At 18 mo

Reynolds Risk Scorea

Mean (SD) −0.17 (0.8) −0.19 (0.9)
−0.014 (−0.167 to 0.139) .85

Median (IQR) 0.17 (−0.75 to 0.38) −0.14 (−0.95 to 0.55)

Interleukin-6, pg/mLa

Mean (SD) −0.03 (0.9) 0.17 (0.9)
−0.13 (−0.38 to 0.11) .30

Median (IQR) −0.02 (−0.75 to 0.41) 0.13 (−0.43 to 0.67)

Dimerized plasmin fragment D, μg/mL fibrinogen
equivalent unitsa

Mean (SD) −0.94 (1.0) −0.80 (1.0)
−0.21 (−0.48 to 0.07) .14

Median (IQR) −0.97 (−1.56 to −0.27) −0.84 (−1.43 to −0.14)

Soluble CD14, mean (SD), ng/mL 2086.26 (445.7) 2099.61 (491.8) −38.01 (−166.90 to 90.88) .56

Intestinal fatty acid binding protein, mean (SD), pg/mLa 7.19 (0.4) 7.09 (0.5) 0.08 (−0.07 to 0.22) .32

Lipopolysaccharide binding protein, mean (SD), ng/mLa 8.07 (0.5) 8.20 (0.5) −0.09 (−0.23 to 0.06) .24

Abbreviation: IQR, interquartile range.

SI conversion factor: To convert dimerized plasmin fragment D to nmol/L, multiply
by 5.476.

a Natural log-transformation.
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between zinc supplementation and any of our outcomes. There were no serious adverse events that
were related to study medication. Study participants reported minimal adverse effects with
gastrointestinal events being most common (27 participants in total; 11 in the zinc group and 16 in the
placebo group).

Discussion

Among PLWHA with recent heavy alcohol use in the ZINC trial, participants randomized to the zinc
supplementation group had a smaller mean increases in VACS Index scores between baseline and 18
months. Although this difference in change in VACS Index scores between the 2 groups was not
statistically significant, it was clinically meaningful, because participants in the zinc group had a mean
change of just 0.49 (corresponding to a 2% increase in mortality risk over 18 months) compared with
5.5 (corresponding to a 20% increase in mortality risk over 18 months) in the placebo group. When
restricting analyses to those who were adherent to the protocol, participants in the zinc group had
statistically significantly smaller increases in VACS Index scores. Although more deaths occurred in
the zinc group, the difference in mortality by study group was not statistically significant. We did not
detect statistically significant differences between zinc and placebo groups for CD4 cell count,
Reynolds Risk Score, and IL-6, D-dimer, sCD14, IFABP, or LBP levels at 18 months.

Although prior trials have examined the potential health benefits of zinc supplementation in
PLWHA, this study has multiple innovations. It is relatively large compared with previous trials of
zinc9 and simultaneously evaluates the effects of zinc supplementation on mortality and CVD risk, as
well as biomarkers reflecting disease activity. It also targets those with heavy alcohol use who may

Table 3. Secondary Per-Protocol Results: Effect of Zinc vs Placebo on Markers of Mortality, HIV Progression,
Cardiovascular Disease Risk and Inflammation

Marker
Zinc group
(n = 64)

Placebo group
(n = 63)

Adjusted mean difference
(95% CI) P value

Change from baseline to 18 mo

Veterans Aging Cohort Study
Index score

Mean (SD) 0.22 (15.2) 7.72 (16.9)
−7.49 (−13.74 to
−1.23) .02Median (IQR) 0 (−7.0 to

6.0)
7.0 (−6.0 to
17.0)

CD4 cell count, cells/mm3

Mean (SD) −129.5 (222.0) −188.9 (225.0)
47.4 (−32.9 to
127.8) .25Median (IQR) −90.4 (−242.3 to

12.3)
−146.2 (−295.4 to
−51.0)

At 18 mo

Reynolds Risk Scorea

Mean (SD) −0.21 (0.8) −0.12 (0.8)
−0.083 (−0.282 to
0.116) .41Median (IQR) −0.25 (−0.70 to

0.30)
−0.11 (−0.62 to
0.54)

Interleukin-6, pg/mLa

Mean (SD) −0.02 (0.9) 0.20 (0.8)
0.012 (−0.25 to
0.28) .93Median (IQR) 0.06 (−0.83 to

0.57)
0.20 (−0.43 to
0.72)

Dimerized plasmin fragment D,
μg/mL fibrinogen equivalent
unitsa

Mean (SD) −0.97 (1.0) −0.71 (1.1)
−0.31 (−0.65 to
0.04) .08Median (IQR) −0.93 (−1.56 to

−0.27)
−0.71 (−1.47 to
0.06)

Soluble CD14, mean (SD),
ng/mL

2092.08 (464.2) 2149.46 (507.2) −6.03 (−162.31 to
150.25)

.95

Intestinal fatty acid binding
protein, mean (SD), pg/mLa

7.17 (0.4) 7.03 (0.5) 0.11 (−0.06 to
0.28)

.21

Lipopolysaccharide binding
protein, mean (SD), ng/mLa

8.12 (0.5) 8.21 (0.5) −0.10 (−0.27 to
0.07)

.24

Abbreviation: IQR, interquartile range.

SI conversion factor: To convert dimerized plasmin
fragment D to nmol/L, multiply by 5.476.
a Natural log-transformation.
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be particularly amenable to zinc’s possible beneficial effects. A recent Cochrane Review article9

noted 3 prior trials that included PLWHA who received zinc supplements weekly or daily and
captured mortality outcomes. The authors’ conclusion was that it remains unknown “if zinc
supplements have any effect on mortality” in PLWHA.9 Our findings in secondary analyses involving
participants who were adherent, although not definitive, suggest a benefit to the VACS Index score,
a surrogate measure of mortality.

Although the mechanisms for health benefits associated with zinc supplementation remain
unclear, prior work suggests that zinc acts on signaling pathways involving oxidative stress and
cytokine production.26 Among alcohol users, one hypothesis involves the oxidative stress associated
with alcohol consumption and metabolism that leads to zinc deficiency by mobilizing intracellular
zinc with subsequent dysfunction of tight junction proteins (eg, Z0-1 proteins) and gastrointestinal
epithelial barrier dysfunction.2 This dysfunction, in turn, leads to microbial translocation of
endotoxin, which then results in liver injury, inflammation, end organ damage, and potentially
death.2 Our analyses involving biomarkers of inflammation and microbial translocation do not
support this hypothesis. However, a recent pilot RCT of PLWHA,14 which did not focus on heavy
alcohol users, did report that zinc supplementation was associated with lower biomarker levels of
inflammation and indirect measures of microbial translocation.

Limitations
This study has limitations that warrant discussion. First, we did not assess zinc levels before
enrollment into the study because such a protocol could not be implemented practically in a real-
world, resource-constrained clinical setting, and prior studies have already established that zinc
deficiency is common among PLWHA and those with alcohol use disorder. Second, we could not
power our trial on mortality and CVD events given our planned sample size; however, we did use
validated surrogate measures of risk for mortality (VACS Index) and CVD (Reynolds Risk Score). Third,
although initiation of ART could have a profound impact on all of our trial outcomes, few participants
initiated ART and there was no difference in ART initiation by study group.

Conclusions

In the ZINC trial, participants randomized to zinc supplementation had clinically meaningful, but not
statistically significant, improvements in VACS Index score, a marker of mortality risk, at 18 months
compared with the placebo group. Zinc supplementation did not slow HIV disease progression or
reduce the risk of CVD or levels of markers of inflammation and microbial translocation. Among
participants who were adherent to the study protocol, zinc supplementation statistically significantly
reduced the VACS Index score, suggesting that zinc, if taken as prescribed, may reduce mortality risk
in this population. On the basis of our findings as well as a recent pilot RCT that reported
improvements in biomarker levels of inflammation and microbial translocation among PLWHA taking
zinc supplementation, we believe that a larger trial, with greater statistical power, is warranted to
determine whether zinc supplementation, a readily available, inexpensive therapy, improves health
outcomes among PLWHA who are heavy alcohol users.
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