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Abstract

Background: Oxidative stress and reduced antioxidants may be a trigger for liver fibrogenesis. Reducing oxidative stress

through higher antioxidant concentration may be a potential antifibrotic target.

Objective: We aimed to investigate longitudinally whether plasma zinc, an antioxidant, is related to mitochondrial

oxidative stress and the progression of liver fibrosis in the Miami Adult Studies in HIV (MASH) cohort.

Methods: A prospective observational cohort study was conducted in 487 predominantly African American HIV-

monoinfected and HIV/hepatitis C virus (HCV)–coinfected adults with a mean6 SD age of 47.086 7.67 y from the MASH

cohort and followed for a median of 34 mo. Blood was collected for plasma zinc and measures were used to calculate the

fibrosis-4 (FIB-4) score (aspartate amino transferase, alanine aminotransferase, and platelets). Plasma zinc deficiency was

defined as <0.75 mg/L. Total DNA was extracted from peripheral blood mononuclear cells and mitochondrial DNA

(mtDNA) 8-hydroxyguanosine (8-oxo-dG) was determined. Adjusted mixed models were used to assess the relations

between zinc, stage of liver disease, and oxidative stress over time and compared between HIV and HIV/HCV groups.

Results: Zinc concentrations (b:20.368, SE=0.172;P=0.033) and deficiencywere associatedwith lower FIB-4 scores over time

(b: 0.381, SE = 0.118; P = 0.001). Compared with those who were not zinc deficient, zinc-deficient participants had an increased

risk of having more-progressed liver disease (OR: 1.91; 95% CI: 1.15, 3.16; P = 0.012). Higher mtDNA 8-oxo-dG was associated

with zinc deficiency (b: 0.049, SE = 0.024; P = 0.044) and higher FIB-4 scores over time (b: 0.597, SE = 0.168, P < 0.001).

Conclusions: Lower plasma zinc concentrations were associated with liver fibrosis progression and mitochondrial

oxidative stress in the HIV and HIV/HCV groups. Zinc may play a role in the impact of liver disease outcomes. J Nutr

2017;147:556–62.
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Introduction

Liver disease in people living with HIV is a major public health
issue because it is one of the most common causes of non-AIDS–
related death (1). It is estimated that approximately one-quarter
of HIV-infected adults in the United States are coinfected with
hepatitis C virus (HCV)9 (2). HIV and HCV coinfection has been
associated with faster progression of liver disease to cirrhosis and

hepatocellular carcinoma (3, 4). Liver disease progression
includes fibrosis, which involves a process of accumulation of
collagen and other extracellular matrix proteins that eventually
weaken the structure of the liver and reduce the amount of
functional tissue (5). Liver fibrosis is a continuous process
marked by molecular-, tissue-, and cellular-level activities that
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are influenced by oxidative stress and lower antioxidant defenses
(6). HIV and HCV, in their destructive interaction with immune
mechanisms systemically and locally, greatly increase oxidative
stress, which contributes to liver fibrogenesis (7, 8).

Zinc is an essential nutrient and an antioxidant that is part of
>300 enzymes in the body. It is needed for proper immune
function, and its deficiency has been associated with oxidative
stress (9). A considerable amount of zinc is found in the nucleus,
where it plays a role in the stability of genes and their expression
(10). Studies have shown that >50% of people living with HIV
have low plasma zinc concentrations (11–13). We and others
have shown that zinc has been low not only in HIV-infected
cohorts, but also in those with HCV infections, as well as in
those with HIV/HCV coinfection (14–16). Zinc may directly
and indirectly affect liver fibrosis. Zinc affects the activity and
availability of proteins, including the enzymes needed for the
production and destruction of collagen, thus directly affecting
the process of fibrosis (17–20). Zinc administration during
in vitro and in vivo studies diminished the action of one of the
essential enzymes for collagen formation, prolyl hydroxylase
(17, 21). Zinc possesses anti-inflammatory and antioxidant
characteristics that may indirectly affect hepatic stellate cells
(22). In vitro zinc deficiency activated hepatic stellate cells to
form collagen (20) and augmented the oxidative stress stimu-
lated by hepatotoxins (23). Zinc therapy in both HIV and HCV
separately improved disease outcome measures (24, 25).

Oxidative stress may be generated through mitochondrial
alterations. Mitochondrial DNA (mtDNA) is more susceptible
to oxidative damage than is nuclear DNA because it lacks
introns, the structural protection and repairing capabilities of
nuclear DNA. The mtDNA position is contiguous to the electron
transport system, which is a major source of reactive oxygen
species (ROSs); in addition, it lacks protective histones and
nucleotide excision repair capacity (26, 27). 8-Hydroxyguanosine
(8-oxo-dG), a common DNA lesion, is considered to be a marker
of DNA damage (28, 29), and higher concentrations of mtDNA
8-oxo-dG have been associated with higher mutation, deletion,
fragmentation of DNA, and diminished mtDNA (30, 31). A
greater amount of 8-oxo-dG lesions has been shown to be produced
from mtDNA than from nuclear DNA (32, 33). Mitochondrial
dysfunction in HIV is commonly present as a result of both HIV
itself and antiretroviral therapy (34).

Although oxidative stress appears to be one of the triggers of
fibrogenesis, studies on the effect of antioxidants are lacking. To
our knowledge, most of the studies conducted on the relation
between zinc status and liver disease have been observational
and cross-sectional, and the majority of the zinc supplementa-
tion trials in HIV and HCV have been of too short a duration to
observe an effect on liver fibrosis. Therefore, long-term longi-
tudinal studies are needed to elucidate the role of zinc status in
generating excess oxidative stress and its effect on liver fibrosis.
Because the reduction of oxidative stress has the potential to be
an antifibrotic target for interventions, we longitudinally inves-
tigated the association between plasma zinc concentrations and
mitochondrial oxidative stress and liver fibrosis in those who
were HIV monoinfected and HIV/HCV coinfected in the Miami
Adult Studies in HIV cohort.

Methods

Study design
After we obtained informed consent, a total of 487 participants were

enrolled into observational studies from October 2009 through October

2012 and followed for a median of 34 mo. Participants were eligible if

they were HIV monoinfected or HIV/HCV coinfected by clinical

documentation; were >18–60 y of age; had a BMI (in kg/m2) >18 but

<40; had controlled comorbid diseases (diabetes, symptomatic cardio-
vascular disease, hyperlipidemia, and metabolic syndrome); were free of

hepatitis B virus and hepatic encephalopathy, carcinoma, or cirrhosis;

were not heavy tobacco smokers; and were not pregnant. The study

protocol was approved by the Florida International University Institu-
tional Review Board.

Assessments
Study visits were completed every 3 mo and data were collected on
demographics, medications, medical history, and alcohol and sub-

stance abuse. Alcohol use information was obtained with the use of

the validated and standardized Alcohol Use Disorders Identification

Test questionnaire that detects frequency of use, hazardous and
dependent drinking, and binge drinking (35). Fasting blood was

collected at baseline and every 6 mo for metabolic panel, oxidative

stress (mtDNA 8-oxo-dG), and plasma zinc. Plasma samples for zinc

concentrations and peripheral mononuclear cells (PBMCs) for
mtDNA 8-oxo-dG were stored in a 280�C freezer for batch analysis.

Fibrosis-4 (FIB-4), a noninvasive measure of liver fibrosis, was

calculated with the use of a formula that included participant age,
aspartate aminotransferase (AST) and alanine aminotransferase

(ALT) concentrations, and platelet counts, as follows: [age (years) 3
AST (U/L)]/[platelet counts (109 cells/L) 3 ALT1/2 (U/L)]. FIB-4, at a

cutoff of >1.45, has a negative predictive value to exclude advanced
fibrosis (stages 4–6 of the Ishak scale) of 90% with a sensitivity of

70%. A cutoff of >3.25 has a positive predictive value of 65% and a

specificity of 97% to predict advanced disease (36). CD4 cell counts

and HIV viral load were obtained through medical records with the
participant�s permission.

Laboratory assays

Plasma zinc concentrations. Determination of plasma zinc concen-

trations was obtained through venipuncture with the use of a BD trace-

element evacuated tube. The plasma sample was first digested with the
use of 0.2 mL + 0.2 mL HNO3 + 0.1 mL H2O2 in digestion tubes. The

solution was transferred to an inductively coupled plasma MS tube, to

which 20 mL yttrium and 9480 mL H2O was added, and it was then

analyzed via inductively coupled plasma MS. The cutoff for zinc
deficiency that was used for the analysis was <0.75 mg/L. Each

analytical batch included duplicate samples, $1 method blank, a

continuing calibration check sample, and a quality control sample. All
method blanks during analysis were below the method detection limits.

The readings of the continuing calibration check samples were always

within acceptable range (85–115% of initial calibration). A certified

reference material was used as the quality control sample throughout
the analysis, and the recoveries for these samples were always within

acceptable range (70–130%).

mtDNA 8-oxo-dG. Blood drawn into BD Vacutainer cell preparation
tubes was used to obtain PBMCs. This blood collection tube contains

sodium citrate anticoagulant and Ficoll-Paque density medium

separated by a gel barrier (37). Total DNA from the PBMCs was

obtained with the use of a QIAamp DNA blood mini kit (Qiagen).
The degree of oxidative damage was determined with the use of the

previously described quantitative real-time PCR method (38, 39).

Briefly, an iQ5 qPCR system (BioRad) was applied to detect the
amount of mtDNA damage caused by mutagenic 8-oxo-dG with the

use of 80 ng total genomic DNA extracted from PBMCs, and 1 of 2

samples was treated with human 8-oxoguanine glycosylase enzyme,

which acts as both an N-glycosylase and an apurinic lyase (40, 41).
Threshold cycle (Ct) values were obtained for both enzyme-treated

and enzyme-nontreated samples (Ct2 and Ct1, respectively). The

mean difference of Ct (Ct22Ct1 = DCt) was representative of the

amount of 8-oxo-dG and presented as DCt. Each analytical batch
included duplicate samples and a no-template control to detect

contaminating DNA. No significant amplifications were detected in

the no-template controls.
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Statistical analysis
Baseline demographics and characteristics of the cohort were reported

with the use of frequencies and means 6 SDs. Student�s t tests were
used to compare the HIV and HIV/HCV groups at baseline. A chi-

square test was used to compare the prevalence of zinc deficiency

between the HIV and HIV/HCV groups. Multivariable linear and

logistic regression analyses were used at baseline to examine the
relations and dose-response effects between plasma zinc status, FIB-4,

and mtDNA 8-oxo-dG in the entire cohort and separately by

HIV/HCV and HIV groups, while controlling for age, sex, markers

of HIV disease progression (HIV viral load and CD4 cell count),
substance abuse, and energy and zinc intake. In addition, separate

models were analyzed by sex. Mixed models were used to account for

repeated measures in order to assess zinc status, FIB-4, and mtDNA
8-oxo-dG over time in the entire cohort and separately by HIV/HCV

coinfection status, while adjusting for the variables of interest. The

mixed-models method is a flexible approach that allows a wide variety

of correlation patterns to be modeled. In addition, the model uses a
random intercept to account for correlation between study visits per

person and random slope based on time since baseline. The term

‘‘mixed’’ refers to both fixed and random effects in the same model.

Separate mixed models were also analyzed by sex. Zinc status was
analyzed as a continuous variable and a categorical variable for zinc

deficiency (1 = yes and 0 = no). The P values reported are 2 sided, and

P values of <0.05 were used to indicate statistical significance. SAS
version 9.3 was used for all statistical analysis.

Results

Characteristics of the study population. A total of 487
participants from the Miami Adult Studies in HIV cohort were
included in the analyses, and their characteristics are displayed
in Table 1. The majority of the participants were male (65.1%),
African American (68.1%), and taking antiretroviral therapy
(80.1%). Approximately 29% of the participants were coinfected
with HIV and HCV. The prevalence of zinc deficiency was high
in the entire cohort (70.16%) and significantly higher in the
HIV/HCV group (82.3%) than it was in the HIV group (65.3%)
(P < 0.001) (Figure 1). The mean plasma zinc concentration was
also significantly lower in the HIV/HCV group (0.626 0.17 mg/L)
than in the HIV group (0.73 6 0.28 mg/L; P = 0.001).

Relation between zinc status and liver fibrosis. Plasma
zinc concentrations were significantly related to FIB-4
(P = 0.011) in the entire cohort at baseline (Table 2). For every
unit decrease in plasma zinc, there was a 0.63-unit increase in
the FIB-4 score. Those with zinc deficiency had a 0.44-unit
increase in their FIB-4 scores compared with those without
zinc deficiency in the entire cohort (P = 0.002). When we
looked at the HIV group separately, there were no significant
associations between plasma zinc or zinc deficiency and FIB-4
in the monoinfected group at baseline. However, significant
associations were observed in the HIV/HCV participants
between plasma zinc and FIB-4 at baseline. Higher FIB-4
scores were associated with lower plasma zinc as a continuous
variable (P = 0.001) and with zinc deficiency (P = 0.031) in this
group. We observed similar findings in the coinfected group in
models analyzed by sex.

Participants with zinc deficiency compared with those without
zinc deficiency in the entire cohort were at a greater risk of having
an FIB-4 score of >1.45, indicative of mild liver disease (OR: 1.91;
95%CI: 1.15, 3.16; P = 0.012). TheHIV/HCV group had a 3 times
greater risk of having an FIB-4 score >1.45 (OR: 3.05; 95%CI: 1.05,
8.87; P = 0.041) after adjusting for race, BMI, CD4 cell count,
HIV viral load, and alcohol and tobacco use (results not shown
in the tables).

Longitudinal analyses that used mixed models examining the
relation between plasma zinc status and FIB-4 over time while
adjusting for the variables of interest are also displayed in Table
2. In the entire cohort, plasma zinc concentrations (P = 0.033)
and zinc deficiency (P = 0.001) were associated with lower FIB-4
scores over time. Thus, over a median of 24 mo, for every unit
decrease in plasma zinc, there was an increase of 0.37 units in
FIB-4, which shows increasing liver fibrosis occurring in
conjunction with zinc deficiency over time. Similarly, those
with zinc deficiency over time had an increase of 0.38 units of
FIB-4 compared with those who were not zinc deficient.
Longitudinal analyses indicated that in those who were HIV
positive, there was a significant association over time between

TABLE 1 Baseline characteristics of the cohort1

Variable Value

Sex

F 34.9 (170)

M 65.1 (317)

Age, y 47.1 6 7.67

Race/ethnicity

White non-Hispanic 6.79 (33)

White Hispanic 17.9 (87)

Black non-Hispanic 68.1 (331)

Black Hispanic 4.32 (21)

Other 2.80 (14)

HIV/HCV coinfected 28.8 (140)

CD4 cell count, cells/μL 502 6 347

HIV viral load, log10 copies/mL 2.75 6 1.34

BMI, kg/m2 27.4 6 5.18

ART 81.1 (391)

Plasma zinc, mg/L 0.70 6 0.26

Zinc deficiency2 70.2 (301)

FIB-4 score3 1.59 6 1.38

mtDNA 8-oxo-dG, DCt 0.36 6 0.31

1 Values are means 6 SDs or % (n), n = 487. ALT, alanine aminotransferase; ART,

antiretroviral therapy; AST, aspartate aminotransferase; Ct, threshold cycle; FIB-4,

fibrosis-4; HCV, hepatitis C virus; mtDNA, mitochondrial DNA; PLT, platelet count;

8-oxo-dG, 8-hydroxyguanosine.
2 Defined as plasma zinc concentration ,0.75 mg/L.
3 Calculated with the following formula: [age (years) 3 AST (U/L)]/[PLT (109 cells/L) 3

ALT1/2(U/L)].

FIGURE 1 Prevalence of zinc deficiency among the entire cohort

(n = 487) and HIV-monoinfected (347) and HIV/HCV-coinfected groups

(n = 140). Values are percentages (SDs) of those with zinc deficiency

(plasma zinc concentrations,0.75 mg/L). *Different from HIV, P, 0.05;

chi-square test used in the analysis. HCV, hepatitis C virus.
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zinc deficiency and FIB-4 (P = 0.038); however, continuous zinc
concentrations were not significantly associated with FIB-4. Both
continuous lower plasma zinc concentrations (P = 0.003) and zinc
deficiency were related to higher FIB-4 concentrations in the
HIV/HCVgroup (P=0.045).Whenmodelswere analyzed separately
by sex, only men in the HIV/HCV group were found to have plasma
zinc concentrations and zinc deficiency significantly associated with
FIB-4 over time (P = 0.0001 and P = 0.036, respectively).

Relation between zinc status and 8-oxo-dG. A dose-
response effect was also observed between 8-oxo-dG and
plasma zinc status at baseline in the entire cohort (Table 3).
For every unit decrease in plasma zinc there was an increase of
0.196 units in the 8-oxo-dG for the overall cohort (P < 0.001).
Those with zinc deficiency had higher 8-oxo-dG by 0.088 units
than did those who were not zinc deficient. Plasma zinc was
associated with 8-oxo-dG (Table 3) in the HIV group (P = 0.009),
and there was a trend toward significance between zinc de-
ficiency and 8-oxo-dG (P = 0.08). Similar findings were observed
in the regression models among men living with HIV, with
plasma zinc being associated with 8-oxo-dG (P = 0.037);
however, this relation with 8-oxo-dG as a marker of oxidative
stress was not observed when analyzed with the use of zinc
deficiency as a categorical variable. There were no significant
findings between plasma zinc and 8-oxo-dG at baseline in those
in theHIV/HCV group, in the entire cohort ormodels of coinfected
women; however, in men in the HIV/HCV group, there was a
significant relation between plasma zinc concentrations and 8-oxo-
dG at baseline (P = 0.037).

The relation between plasma zinc status and mtDNA 8-oxo-
dG when using mixed models longitudinally and controlling for
variables of interest is displayed in Table 3. Regardless of HCV
serostatus, zinc deficiency was associated with higher 8-oxo-dG
concentrations (P = 0.044), showing increasing oxidative stress
with increasing 8-oxo-dG concentrations over time. When the
analyses were conducted separately for the HIV and HIV/HCV
groups, there were no significant findings with plasma zinc and
8-oxo-dG over time; however, in men in the HIV/HCV group,
plasma zinc was significantly related to 8-oxo-dG over time

(P = 0.032). Models that included only women were not
significantly associated with 8-oxo-dG over time.

Relation between liver fibrosis and 8-oxo-dG. The relation
between FIB-4 scores and 8-oxo-dG at baseline and longitudinally is
shown in Table 4. At baseline, there was a significant relation
between FIB-4 and 8-oxo-dG in the entire cohort (P = 0.017) that
was strengthened when only men were considered in the model
(P = 0.004). Over time, FIB-4 scores were positively associated with
8-oxo-dG in the entire cohort (P < 0.001), showing that for every
1-unit increase of FIB-4 score, a 0.60-unit increase in 8-oxo-dG
occurred. Similar findings were observed in the HIV/HCV group
(P < 0.023). When only men were analyzed, FIB-4 was associated
with 8-oxo-dG longitudinally in the combined cohort (P < 0.001)
and in the HIV/HCV group (P = 0.023). When only the HIV group
or only women were considered, the relations between FIB-4 and
8-oxo-dG were not significant.

Discussion

The results of this study indicate that lower plasma concentrations
of zinc (an antioxidant) are associated with higher FIB-4 scores, a
marker of liver fibrosis, and that, over time, zinc concentrations
deteriorate as liver fibrosis increases in a cohort of adults with HIV
and HIV/HCV coinfection. Moreover, zinc deficiency compared
with no zinc deficiency increased the risk of havingmore progressed
liver disease. Plasma zinc concentrations were also longitudinally
associated with mtDNA 8-oxo-dG, a biomarker of oxidative stress
in themitochondria. These relations were alsomore prevalent in the
models that includedmen only, confirming previous reports of more
advanced fibrosis in men (42). To our knowledge, this is the first
study that shows a significant association between plasma zinc
concentrations and liver disease or FIB-4 index scores over time in
adults with HIVor HIV/HCV coinfection. Previously, we showed a
significant difference between zinc concentrations in people with
HIV and HIV/HCV coinfection; however, to our knowledge, a
relation between zinc status and a measure of liver fibrosis has
not been previously shown, which may have been due to a much
smaller sample size (14). In this study, we also showed that zinc

TABLE 2 Associations between plasma zinc and FIB-4 at baseline and longitudinally in the entire cohort and separated by sex among
HIV-monoinfected and HIV/HCV-coinfected groups1

Entire cohort Women Men

Baseline multivariate
analysis2

Longitudinal multivariate3

analysis
Baseline multivariate

analysis4
Longitudinal multivariate

analysis5
Baseline multivariate

analysis4
Longitudinal multivariate

analysis5

b P b P b P b P b P b P

Cohort

Zinc, mg/L 20.63 6 0.25 0.011 20.37 6 0.17 0.033 20.53 6 0.27 0.054 20.24 6 0.16 0.126 20.76 6 0.35 0.033 20.43 6 0.24 0.073

Zinc deficiency6 20.44 6 0.14 0.002 0.38 6 0.12 0.001 20.34 6 0.16 0.043 0.08 6 0.10 0.002 20.53 6 0.20 0.008 0.52 6 0.17 0.002

HIV monoinfected

Zinc, mg/L 20.01 6 0.202 0.98 20.06 6 0.16 0.70 20.06 6 0.17 0.72 20.11 6 0.10 0.29 0.05 6 0.29 0.87 20.07 6 0.22 0.76

Zinc deficiency6 20.01 6 0.125 0.97 0.27 6 0.13 0.038 20.01 6 0.11 0.96 0.07 6 0.07 0.34 20.02 6 0.18 0.93 0.33 6 0.18 0.066

HIV/HCV coinfected

Zinc, mg/L 22.38 6 0.72 0.001 21.79 6 0.58 0.003 21.17 6 0.82 0.16 20.36 6 0.56 0.53 23.62 6 1.17 0.003 23.23 6 0.94 0.001

Zinc deficiency6 20.70 6 0.32 0.031 0.53 6 0.26 0.045 20.44 6 0.38 0.25 20.03 6 0.25 0.92 20.84 6 0.48 0.086 0.90 6 0.42 0.036

1 Values are means 6 SEs, n = 487. FIB-4 was calculated with the use of the following formula: [age (years) 3 AST (U/L)]/[PLT (109 cells/L) 3 ALT1/2(U/L)]. ALT, alanine

aminotransferase; AST, aspartate aminotransferase; AUDIT, Adult Use Disorders Identification Test; FIB-4, fibrosis-4; HCV, hepatitis C virus; PLT, platelet count.
2 Analyses conducted with the use of linear and logistic regression. All models were adjusted for sex, race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
3 Analysis conducted with the use of mixed models. All models were adjusted for sex, race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
4 Analyses conducted with the use of linear and logistic regression. All models were adjusted for race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
5 Analysis conducted with the use of mixed models. All models were adjusted for race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
6 Defined as plasma zinc concentration ,0.75 mg/L.
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concentrations were lower in the HIV/HCV group and were
associated with faster liver disease progression than in the HIV
group.

Our data, consistent with our previous studies and those of
others in people living with HIV (11–13), demonstrated a high
prevalence of zinc deficiency (70.2%) or plasma zinc <0.75 mg/L
in HIV-infected adults (Table 1). Those who were in the
HIV/HCV coinfection group had an even higher prevalence of
zinc deficiency, 82.3%. We also demonstrated that there were
lower plasma zinc concentrations in HIV/HCV coinfection than
in HIV monoinfection (14). Lower plasma zinc concentrations
were also found in HCV-infected participants compared with
healthy controls in a study by Guo et al. (43). Moreover, low
plasma zinc concentrations were found in liver biopsy specimens
from patients with alcoholic liver disease and those with chronic
active hepatitis (44). In addition, a relation was previously found
between lower blood zinc concentrations and an increased
severity of liver fibrosis determined with liver biopsy in a cross-
sectional study (45).

HCV infection in an HIV-infected patient is associated with
accelerated progression to hepatic fibrosis compared with in
individuals with HCV infection alone (46). ROSs are key
contributors to hepatic fibrosis in HCVand HIV/HCV coinfection
(47).We previously showed that HIV/HCV-coinfected adults have
higher levels of oxidative stress, includingmtDNA8-oxo-dG, than
do those who are HIVmonoinfected (14, 39). In this study, 8-oxo-
dG was measured in the mitochondria as a measure of oxidative
stress because mitochondrial damage is increased during HIV
replication (48), and the mtDNA-to–nuclear DNA ratio is signif-
icantly lower in patients with selective antiretroviral combinations,
suggesting a more rapid decrease of mtDNA than nuclear DNA.
This condition is supported by the lack of protected introns in
mtDNA compared with nuclear DNA (49).

Several studies have provided evidence that plasma concentra-
tions of zinc are correlated with copper and zinc superoxide
dismutase (SOD) activity (50–52). A study in transgenic mice
suggested that the antioxidant enzyme mitochondrial manganese
SOD and the cytosolic isoenzyme copper and zinc SOD work in

TABLE 3 Associations between plasma zinc and mtDNA 8-oxo-dG at baseline and longitudinally in the entire cohort and separated by
sex among HIV-monoinfected and HIV/HCV-coinfected groups1

Entire cohort Women Men

Baseline multivariate
analysis2

Longitudinal multivariate
analysis3

Baseline multivariate
analysis4

Longitudinal multivariate
analysis5,6

Baseline multivariate
analysis4

Longitudinal multivariate
analysis5,7

b P b P b P b P b P b P

Cohort

Zinc, mg/L 20.20 6 0.05 ,0.001 20.04 6 0.03 0.12 20.14 6 0.09 0.11 20.06 6 0.06 0.37 20.21 6 0.07 0.003 20.03 6 0.03 0.22

Zinc deficiency8 20.09 6 0.03 0.011 0.05 6 0.02 0.044 20.05 6 0.06 0.34 0.05 6 0.04 0.27 20.11 6 0.04 0.017 0.04 6 0.03 0.16

HIV monoinfected

Zinc, mg/L 20.12 6 0.05 0.009 20.03 6 0.03 0.19 20.11 6 0.08 0.15 20.05 6 0.06 0.44 20.12 6 0.06 0.037 20.03 6 0.03 0.32

Zinc deficiency8 20.05 6 0.03 0.08 0.03 6 0.02 0.20 20.03 6 0.05 0.53 0.03 6 0.04 0.47 20.06 6 0.04 0.11 0.02 6 0.03 0.34

HIV/HCV coinfected

Zinc, mg/L 20.53 6 0.30 0.08 20.15 6 0.11 0.16 20.07 6 0.41 0.87 — — 21.11 6 0.49 0.037 20.47 6 0.21 0.032

Zinc deficiency8 20.13 6 0.13 0.32 0.04 6 0.05 0.44 20.18 6 0.20 0.37 — — 20.18 6 0.20 0.37 — —

1 Values are means 6 SEs, n = 487. AUDIT, Adult Use Disorders Identification Test; HCV, hepatitis C virus; mtDNA, mitochondrial DNA; 8-oxo-dG, 8-hydroxyguanosine.
2 Analyses conducted with the use of linear and logistic regression. All models were adjusted for sex, race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
3 Analysis conducted with the use of mixed models. All models were adjusted for sex, race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
4 Analyses conducted with the use of linear and logistic regression. All models were adjusted for race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
5 Analysis conducted with the use of mixed models. All models were adjusted for race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
6 Because of small sample size, longitudinal models in women in the HIV/HCV group did not converge.
7 Because of small sample size, longitudinal models in men in the HIV/HCV group with zinc deficiency did not converge.
8 Defined as plasma zinc concentration ,0.75 mg/L.

TABLE 4 Associations between FIB-4 and mtDNA 8-oxo-dG at baseline and longitudinally in the entire cohort and separated by sex
among HIV-monoinfected and HIV/HCV-coinfected groups1

FIB-4 score2

Entire cohort Women Men

Baseline multivariate
analysis3

Longitudinal multivariate
analysis4

Baseline multivariate
analysis5

Longitudinal multivariate
analysis6

Baseline multivariate
analysis5

Longitudinal multivariate
analysis6

b P b P b P b P b P b P

Cohort 0.42 6 0.17 0.017 0.60 6 0.17 ,0.001 0.20 6 0.19 0.29 0.08 6 0.12 0.51 0.76 6 0.26 0.004 0.75 6 0.23 0.001

HIV monoinfected 0.15 6 0.20 0.47 20.14 6 0.22 0.53 0.20 6 0.20 0.33 0.11 6 0.12 0.38 20.60 6 0.36 0.094 20.32 6 0.32 0.32

HIV/HCV coinfected 0.59 6 0.35 0.10 0.61 6 0.26 0.023 20.56 6 0.45 0.23 20.52 6 0.31 0.11 0.88 6 0.36 0.022 0.83 6 0.35 0.023

1 Values are means 6 SEs, n = 487. ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUDIT, Adult Use Disorders Identification Test; FIB-4, fibrosis-4; HCV,

hepatitis C virus; mtDNA, mitochondrial DNA; PLT, platelet count; 8-oxo-dG, 8-hydroxyguanosine.
2 Calculated with the use of the following formula: [age (years) 3 AST (U/L)]/[PLT (109 cells/L) 3 ALT1/2(U/L)].
3 Analyses conducted with the use of linear and logistic regression. All models were adjusted for sex, race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
4 Analysis conducted with the use of mixed models. All models were adjusted for sex, race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
5 Analyses conducted with the use of linear and logistic regression. All models were adjusted for race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
6 Analysis conducted with the use of mixed models. All models were adjusted for race, BMI, CD4 cell count, HIV viral load, AUDIT, and tobacco use.
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combination to decrease and block the release of cytochrome c
into the cytosol, which is a product of mitochondrial destruction,
and thereby reduce cellular apoptosis (53). This relation may
explain the damaging effect of zinc deficiency on the progression
of liver fibrosis and increased hepatocellular apoptosis.

In this study, we examined mitochondrial-specific oxidative
stress and found higher levels of oxidative stress to be associated
with liver disease progression as measured by liver fibrosis. It has
been observed that altered mitochondria are present in HCV-
infected individuals and in animalmodels. Specifically, the electron
transport chain has been shown to be amajor producer of ROSs in
HCV-infected hepatocytes, leading to liver injury (54). Mecha-
nisms for the increased pathogenesis seen in HIV/HCV coinfection
include ROS generation from both HIV and HCV in hepatic
stellate cells and hepatocytes, which stimulate phosphorylation of
proteins, leading to increased expression of fibrogenic genes (47).

The regulation of zinc homeostasis occurs in the liver (55), and if
zinc concentrations are deficient, the function of the liver may be
compromised (44). In fact, an improvement in ALTand ASTamong
participants who were supplemented with zinc was demonstrated
(25, 56). In another study, Kawaguchi et al. (57) showed that zinc-
supplemented HCV-infected patients decreased concentrations of
a-fetoprotein, which is considered to be a predictor of hepatocel-
lular carcinoma (58), indicating that there is a role for zinc in liver
disease. Himoto et al. (59) suggested that zinc deficiency may
escalate hepatic steatosis by encouraging iron accumulation and
lipid peroxidation in the liver of individuals with HCV-related liver
disease. Although themechanisms of lipid peroxidation (59) may be
independent of events occurring in the mitochondria (60), zinc
deficiency may increase their synergism, particularly when single
and multiple infections coincide.

Studies in animal models have demonstrated the mechanisms
for the increased DNA damage in the liver seen during zinc
deficiency. Kawasaki et al. (60), conducted a study in rats that
revealed an inverse relation between zinc deficiency and total
8-oxo-dG from the rat bone marrow. The investigators hypoth-
esized that the generation of 8-oxo-dGmay be due to an increase
in superoxide radicals because of lower concentrations of zinc and
copper SOD. DNA damage in the cell, however, may be prevented
or reduced by zinc because of its role as an antioxidant.

HIV/HCV coinfection is associated with greater oxidative stress
and lower antioxidant concentrations (14). In our previous study
that supplemented zinc to zinc-deficient HIV-positive adults in
Miami, we showed that zinc delayed immunologic failure, decreased
diarrhea, and was safe as an adjunct therapy in HIV disease (24).
Others have shown that zinc supplementation may be advanta-
geous in both HIVand HCV infections alone; however, the effects
of antioxidant supplementation on liver disease in HIV/HCV have
yet to be fully determined. Zinc is essential for liver function and
recuperation and, in this study, seemed to influence liver disease
outcomes. Future studies on zinc supplementation in this popu-
lation may elucidate the impact of these relations (55).

In conclusion, lower plasma zinc concentrations were associated
with faster progression of liver fibrosis and mitochondrial oxidative
stress, confirming the association between lower antioxidant defenses,
increased oxidative stress, and a faster rate of liver fibrosis. These
findings support future studies of zinc supplementation as a potential
antifibrotic adjuvant therapy to improve liver disease outcomes in
people living with HIV and at risk of liver diseases.
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34. Pérez-Matute P, Pérez-Martı́nez L, Blanco JR, Oteo JA. Role of mito-
chondria in HIV infection and associated metabolic disorders: focus on
nonalcoholic fatty liver disease and lipodystrophy syndrome. Oxid Med
Cell Longev 2013;2013:493413.

35. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. De-
velopment of the Alcohol Use Disorders Identification Test (AUDIT):
WHO collaborative project on early detection of persons with harmful
alcohol consumption. II. Addiction 1993;88:791–804.

36. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, S
Sulkowski M, Torriani FJ, Dieterich DT, Thomas DL, et al.; APRICOT
Clinical Investigators. Development of a simple noninvasive index to
predict significant fibrosis in patients with HIV/HCV coinfection. He-
patology 2006;43:1317–25.

37. Corkum CP, Ings DP, Burgess C, Karwowska S, Kroll W, Michalak TI.
Immune cell subsets and their gene expression profiles from human
PBMC isolated by vacutainer cell preparation tube (CPT�) and stan-
dard density gradient. BMC Immunol 2015;16:48.

38. Lin CS, Wang LS, Tsai CM, Wei YH. Low copy number and low oxi-
dative damage of mitochondrial DNA are associated with tumor pro-
gression in lung cancer tissues after neoadjuvant chemotherapy. Interact
Cardiovasc Thorac Surg 2008;7:954–8.

39. Shin D-H, Martinez SS, Parsons M, Jayaweera DT, Campa A,
Baum MK. Relationship of oxidative stress with HIV Disease Progres-
sion in HIV/HCV co-infected and HIV mono-infected adults in Miami.
Int J Biosci Biochem Bioinforma 2012;2:217–23.

40. van der Kemp PA, Thomas D, Barbey R, de Oliveira R, Boiteux S.
Cloning and expression in Escherichia coli of the OGG1 gene of Sac-
charomyces cerevisiae, which codes for a DNA glycosylase that excises
7,8-dihydro-8-oxoguanine and 2,6-diamino-4-hydroxy-5-N-methylfor-
mamidopyrimidine. Proc Natl Acad Sci USA 1996;93:5197–202.
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