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Abstract

Background and aims

Liver disease in people living with HIV co-infected with hepatitis C virus is a source of mor-

bidity and mortality in Russia. HIV accelerates liver fibrosis in the setting of HCV co-infection

and alcohol use. Zinc deficiency is common among people living with HIV and may be a fac-

tor that facilitates the underlying mechanisms of liver fibrosis. We investigated the associa-

tion between zinc deficiency and advanced liver fibrosis in a cohort of HIV/HCV co-infected

persons reporting heavy drinking in Russia.

Methods

This is a secondary data analysis of baseline data from 204 anti-retroviral treatment naïve

HIV/HCV co-infected Russians with heavy drinking that were recruited into a clinical trial of

zinc supplementation. The primary outcome of interest in this cross-sectional study was

advanced liver fibrosis. Zinc deficiency, the main independent variable, was defined as

plasma zinc <0.75 mg/L. Exploratory analyses were performed examining continuous zinc

levels and fibrosis scores. Analyses were conducted using multivariable regression models

adjusted for potential confounders.

Results

The prevalence of advanced liver fibrosis was similar for those with zinc deficiency com-

pared to those with normal zinc levels, (27.7% vs. 23.0%, respectively). We did not detect
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an association between zinc deficiency and advanced liver fibrosis in the adjusted regres-

sion model (aOR: 1.28, 95% CI: 0.62–2.61, p = 0.51) nor in exploratory analyses.

Conclusions

In this cohort of Russians with HIV/HCV co-infection, who are anti-retroviral treatment naïve

and have heavy alcohol use, we did not detect an association between zinc deficiency or

zinc levels and advanced liver fibrosis.

Background

Russia is currently experiencing converging epidemics of HIV, hepatitis C virus (HCV), and

alcohol use disorder [1]. Liver disease in people living with HIV (PLWH) is a common source

of morbidity and mortality in Russia [2]. Among Russians who are living with HIV and also

use alcohol, liver-related causes are the second most common cause of death, following HIV-

related diseases [3]. While HIV directly contributes to liver fibrosis, this effect is mitigated by

the use of anti-retroviral treatment (ART) and much of the advanced fibrosis progression and

liver-related death in this population is attributable to both alcohol as well as hepatotropic

viruses such as HCV [4–6]. Recent estimates of HCV prevalence in Russia suggest that 3–4%

of the general population is infected [7, 8]. Injection drug use accounts for most HIV and

HCV co-infection in Russia. Approximately 20–25% of people who inject drugs (PWID) have

HIV [9, 10] and more than two-thirds of PWID in Russia are infected with HCV [9, 11]. As a

result, HIV/HCV co-infected PWID in Russia, where alcohol use is also highly prevalent [12],

are at substantial risk of cirrhosis, hepatocellular carcinoma, and liver-related mortality.

Additionally, an estimated 8% of the Russian population is zinc deficient [13]. Zinc is an

easily supplemented, essential nutrient and an antioxidant that is needed for, among other

things, proper immune function [14]. Specifically, zinc deficiency reduces the generation of T

cells and depresses both humoral and cell-mediated immunity, thus, accelerating HIV disease

[15]. Notably, zinc deficiency has been found in greater than 50% of PLWH [16–18]. Zinc defi-

ciency may be an independent risk factor for fibrosis progression in HCV liver disease. Experi-

mental studies suggest that this association may be a consequence of zinc’s effects on the

activity and availability of proteins, including the enzymes needed for the production and

destruction of collagen [19–21]. Since collagen is a necessary component in liver fibrosis, zinc

deficiency may directly contribute to advancing fibrosis. Moreover, fibrosis progression is

influenced by oxidative stress and lower antioxidants. As an antioxidant, zinc has the capacity

to reduce oxidative stress and, thus, slow the rate of fibrosis progression. In fact, zinc supple-

mentation was found to reduce the incidence of hepatocellular carcinoma in persons with

chronic HCV infection [22].

The impact of zinc on liver fibrosis among HIV/HCV co-infected persons is not well under-

stood. One initial study demonstrated that low zinc levels are associated with increases in FIB-

4 scores in co-infected persons [23]. To date, no studies have assessed the association of zinc

deficiency and liver fibrosis outside of the U.S. among HIV/HCV co-infected persons. Given

the high prevalence of HIV, HCV, alcohol use, and zinc deficiency in Russia, this setting pres-

ents an opportunity to explore research in this domain. We, therefore, aimed to investigate

whether zinc deficiency is associated with advanced liver fibrosis in a cohort of HIV/HCV co-

infected persons with heavy drinking in Russia.
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Patients and methods

Study design

We conducted a cross-sectional analysis of data from the Zinc for INflammation and Chronic
disease in HIV (ZINC HIV) clinical trial to explore the association between zinc deficiency and

liver fibrosis.

Study participants

Participants were recruited for the ZINC HIV trial between October 2013 and June 2015 from

clinical HIV and addiction care sites, non-clinical sites and snowball recruitment to participate

in a double-blinded randomized controlled trial in St. Petersburg, Russia to assess the efficacy

of zinc supplementation vs. placebo on HIV morbidity [24]. This study recruited 254 individu-

als who met the following eligibility criteria: 1) age 18 to 70 years old; 2) HIV-seropositive; 3)

provided information for at least two contacts; 4) had a stable address within St. Petersburg or

districts within 100 kilometers of the city; 5) possessed a home or a mobile phone; 6) had

recent history of heavy alcohol consumption (i.e., National Institute on Alcohol Abuse and

Alcoholism [NIAAA] risky drinking criteria: > 4 standard drinks in a day [or > 14 standard

drinks/week] for men and > 3/day [or 7/week] for women); and 7) were anti-retroviral treat-

ment (ART) naïve at the time of enrollment. Participants were excluded if they were not fluent

in Russian; had a cognitive impairment resulting in inability to provide informed consent; or

were breastfeeding or pregnant. Not all individuals in the randomized controlled trial were

HCV-infected. For the current cross-sectional analysis, we included eligible participants who

also had a positive qualitative HCV RNA test at baseline.

The study was approved by the institutional review boards of Boston University School of

Medicine/Boston Medical Center and First St. Petersburg Pavlov State Medical University. All

participants provided written informed consent and were reimbursed the equivalent of USD

$33 for completion of the baseline visit.

Assessments

Data were collected through in-person interviews and blood collection. For this analysis, base-

line data were used. Most laboratory assays were performed at St. Petersburg Pasteur Institute

Central Clinical Diagnostic Laboratory except for zinc level testing, which was conducted at

the ImmunoBioService laboratory in St. Petersburg. For zinc level testing, blood was collected

in trace mineral free heparin tubes.

Outcomes

Advanced liver fibrosis at baseline was the primary outcome of interest. This was defined

using validated thresholds of Fibrosis-4 (FIB-4), aspartate aminotransferase (AST) to Platelet

Ratio Index (APRI) and elastography (Fibroscan). FIB-4 is calculated using age, AST, aspartate

aminotransferase (ALT), and platelet count. A FIB-4 score >3.25 has positive predictive value

of>80% with a specificity of>98% for predicting advanced fibrosis [25]. APRI is the ratio of

AST to platelets. APRI�1.5 has an 88% positive predictive value and 95% specificity for

predicting advanced fibrosis [26]. Elastography is an imaging technique to measure liver stiff-

ness. Elastography values�10.5 kPa have 95% sensitivity and 63% specificity for predicting

increased risk of clinical liver-related outcomes (i.e., decompensation) [27]. Only participants

with FIB-4 values in the indeterminate range (1.45–3.25) were further evaluated by elastogra-

phy. The final definition of the primary outcomes was FIB-4>3.25 or APRI�1.5 or elastogra-

phy�10.5kPa. A secondary analysis was conducted modeling FIB-4 as a continuous variable.

Zinc deficiency and liver fibrosis
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Main independent variable

The primary independent variable was zinc deficiency at baseline from the larger randomized

trial, therefore, data do not reflect the use of zinc supplementation or placebo in the larger

trial. We defined zinc deficiency as plasma zinc concentration <0.75 mg/L. This is consistent

with previous studies that have assessed the impact of zinc deficiency on FIB-4 (23). In second-

ary analyses, we categorized zinc concentration into tertiles. We performed additional explor-

atory analyses in which zinc concentration was treated as a continuous variable.

Covariates

Potential confounders were selected based on the literature and clinical knowledge. Confound-

ers included sociodemographic characteristics such as age, gender, and body mass index

(BMI); HIV disease characteristics such as HIV viral load, CD4 count, and self-reported time

since diagnosis; self-reported hepatitis B virus (HBV) status; past 30-day injection drug use;

and alcohol consumption [28]. Self-reported alcohol use was assessed to determine Diagnostic

and Statistical Manual of Mental Disorders, 4th Edition diagnoses of abuse or dependence in

the past year that was analyzed as a dichotomous variable.

Statistical analysis

We used descriptive statistics to characterize the demographic and clinical characteristics of

the analytic sample, overall and stratified by zinc deficiency. We compared groups using chi

square and Fisher’s exact tests for categorical variables and t-tests and Wilcoxon tests for con-

tinuous variables, as appropriate. We estimated the proportion with advanced fibrosis by zinc

deficiency status (<0.75 mg/L vs�0.75 mg/L). Correlations between independent variables

and covariates were assessed using Spearman correlation and no pair of variables included in

the regression models had a correlation > 0.40. We constructed a series of multivariable logis-

tic regression models to estimate the association between zinc level and the outcome of inter-

est, advanced liver fibrosis, controlling for potential confounding factors. We first fit a partially

adjusted model that included time since HIV diagnosis, alcohol abuse or dependence, log10

HIV viral load, and CD4 count. We then fit a fully adjusted model that additionally included

age, gender, hepatitis B co-infection, and body mass index. This fully adjusted model that

included all potential confounders was considered the final model.

Secondary analyses were conducted with zinc level categorized into tertiles (lowest tertile:

zinc concentration�0.7646 mg/L; middle tertile: zinc concentration >0.7646 mg/L and

�0.9754 mg/L; highest tertile: zinc concentration >0.9754 mg/L) and the effect on advanced

liver fibrosis was examined using the same approach described above. Lastly, we used general-

ized additive models (GAMs) [29] to explore modeling zinc concentrations and liver fibrosis

based on FIB-4 score as continuous variables. Based on the GAMs, we subsequently used mul-

tiple linear regression models to evaluate the relationship between zinc concentrations and

FIB-4 scores. Two-tailed tests and an alpha level of 0.05 were used for all tests. All analyses

were performed using SAS version 9.3 (SAS Institute, Inc, NC, USA).

Results

Participant characteristics

Among the 254 trial participants, 204 met inclusion criteria for the current study. Among the

204 participants included in the final analytic sample, 65 (32%) had a plasma zinc level

<0.75mg/L (Table 1). Among those with zinc deficiency, median zinc level was 0.6mg/L

(interquartile range (IQR) 0.5–0.7) and among those with normal zinc levels, median was

Zinc deficiency and liver fibrosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0218852 June 27, 2019 4 / 11

https://doi.org/10.1371/journal.pone.0218852


1.0mg/L (IQR 0.9–1.2). Overall, participants had the following characteristics: median age of

33 years; 25% female; diagnosed with HIV for a mean of 7.5 years; mean log10 HIV viral load

of 4.3; and mean BMI of 22.9 kg/m2. Injection drug use was reported in the past 30 days by

42% and 88% met criteria for alcohol abuse or dependence in the past year. Zinc supplementa-

tion or multivitamin use at baseline was reported by 9% (19/204) of participants, almost all

(17/19) endorsed multivitamin use without separate zinc supplements. Among those with and

without zinc deficiency, the following were common and similar: past 30-day injection drug

(41% vs. 42%, p = 1.0); heavy alcohol use (95% vs. 92%, p = 0.56); alcohol abuse or dependence

(88% vs 89%, p = 0.82); and self-reported HBV positivity (32% vs 36%, p = 0.54).

Zinc deficiency and advanced fibrosis

The prevalence of advanced liver fibrosis was similar (27.7% vs. 23.0%, p = 0.47) among those

with zinc deficiency compared to those with normal zinc levels. We did not detect an associa-

tion between zinc deficiency and advanced liver fibrosis in either the partially adjusted model

(adjusted odds ratio [aOR]: 1.25, 95% confidence interval [CI]: 0.62–2.53, p = 0.54) or the fully

adjusted final regression model (aOR: 1.28, 95% CI: 0.62–2.61, p = 0.51) (Table 2). Further-

more, no significant association was found between zinc level categorized by tertiles and

advanced liver fibrosis (lowest vs. highest zinc level tertile: aOR 1.32, 95% CI: 0.56–3.12,

p = 0.52; middle vs. highest zinc level tertile: aOR 1.29, 95% CI: 0.55–3.04, p = 0.56) (Table 3).

Table 1. Patient demographic and clinical characteristics of HIV and HCV co-infected ART naïve Russians.

Overall (n = 204) Zinc deficiency† (n = 65) Normal zinc levels (n = 139) p value

Age, mean (SD) 33.6 (5.2) 33.9 (5.5) 33.5 (5.0) 0.58

Gender, male, (%) 154 (75.5%) 48 (73.8%) 106 (76.3%) 0.71

Time since HIV diagnosis, years, mean (SD) 7.5 (4.8) 8.1 (4.6) 7.2 (4.9) 0.23

CD4 count, median (25th, 75th percentile) 463.7 (294.2, 700.1) 423.4 (256.8, 709.7) 471.2 (304.0, 697.5) 0.60

CD4 count (%)

<350 68 (33.3%) 25 (38.5%) 43 (30.9%) 0.31

350–500 48 (23.5%) 17 (26.2%) 31 (22.3%)

>500 88 (43.1%) 23 (35.4%) 65 (46.8%)

HIV viral load (Log10 IU/mL), median (25th, 75th percentile) 4.4 (3.6, 5.1) 4.4 (3.7, 4.8) 4.4 (3.4, 5.2) 0.52

Hepatitis B antibody positive, yes (%) 72 (35.3%) 21 (32.3%) 51 (36.7%) 0.54

Body Mass Index, mean (SD) 22.9 (3.1) 22.8 (3.1) 22.9 (3.1) 0.92

Alcohol abuse/dependence, yes (%) 179 (88.2%) 58 (89.2%) 121 (87.7%) 0.82

Alcohol consumption past 30 days‡

Heavy drinking 190 (93.1%) 62 (95.4%) 128 (92.1%) 0.56

Moderate drinking 14 (6.9%) 3 (4.6%) 11 (7.9%)

Current cocaine use, yes (%) 4 (2.0%) 1 (1.6%) 3 (2.2%) 1

Past 30-day injection drug use, yes (%) 84 (41.8%) 26 (41.3%) 58 (42.0%) 1

Advanced fibrosis§, yes (%) 50 (24.5%) 18 (27.7%) 32 (23.0%) 0.47

Zinc level (mg/L), median (25th, 75th percentile) 0.9 (0.7, 1.0) 0.6 (0.5, 0.7) 1.0 (0.9, 1.2) < .0001§§

SD, standard deviation
†Zinc deficiency defined as plasma Zinc <0.75 mg/L group
‡National Institute on Alcohol Abuse and Alcoholism heavy drinking defined as men >4 drinks on any day or 14 per week and women >3 drinks on any day or 7 per

week, assessed using the Timeline Followback Method [38]
§Advanced Fibrosis defined as defined as a dichotomous outcome with positive fibrosis as a Fibrosis-4 (FIB-4) score >3.25, or FIB-4�1.45 and�3.25 (consistent with

possible fibrosis) with one of the following: 1) elastography (Fibroscan) suggestive of advanced liver fibrosis (�10.5 kpa) or 2) AST to Platelet Ratio Index (APRI)�1.5
§§p<0.05

https://doi.org/10.1371/journal.pone.0218852.t001
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Table 2. Association between zinc deficiency and advanced liver fibrosis, logistic regression models.

Partially adjusted model† Fully adjusted model‡

Adjusted Odds ratio (95% CI) p value Adjusted Odds ratio (95% CI) p value

Zinc deficiency§ 1.25 (0.62–2.53) 0.54 1.28 (0.62–2.61) 0.51

Time (years) since HIV diagnosis¶ 1.02 (0.95–1.10) 0.57 1.02 (0.95–1.10) 0.61

Alcohol abuse or dependence 1.08 (0.37–3.22) 0.89 1.19 (0.37–3.85) 0.77

HIV viral load (Log10 IU/mL)¶ 1.15 (0.84–1.60) 0.39 1.14 (0.83–1.56) 0.41

CD4 count

<350 2.31 (1.11–4.80) 0.02 2.20 (1.05–4.62) 0.04

350–500 0.46 (0.16–1.33) 0.15 0.44 (0.15–1.30) 0.14

>500 (Reference Group) 1 — 1.00 —

Age¶ — — 0.98 (0.92–1.05) 0.61

Gender — — 0.70 (0.31–1.61) 0.40

Hepatitis B — — 1.42 (0.70–2.91) 0.33

BMI¶ — — 0.99 (0.88–1.10) 0.83

BMI, body mass index
†Adjusted for time since HIV diagnosis, alcohol abuse or dependence, log10 HIV viral load, and CD4 count.
‡Adjusted for age, gender, hepatitis B co-infection, BMI, time since HIV diagnosis, alcohol abuse or dependence, log10 HIV viral load, and CD4 count.
§Zinc deficiency defined as concentration <0.75 mg/L.
¶Results reported per 1-unit increase.

https://doi.org/10.1371/journal.pone.0218852.t002

Table 3. Association between zinc tertile level and advanced liver fibrosis, logistic regression models.

Partially adjusted model† Fully adjusted model‡

Adjusted odds ratio (95% CI) p value Adjusted odds ratio (95% CI) p value

Zinc level§

Lowest zinc level tertile 1.33 (0.57–3.11) 0.51 1.33 (0.56–3.12) 0.52

Middle zinc level tertile 1.37 (0.59–3.16) 0.47 1.29 (0.55–3.04) 0.56

Highest zinc level tertile (Reference) 1 — 1 —

Time (years) since HIV diagnosis¶ 1.02 (0.95–1.10) 0.55 1.02 (0.95–1.10) 0.59

Alcohol abuse or dependence 1.07 (0.36–3.19) 0.90 1.17 (0.36–3.80) 0.79

HIV viral load (Log10 IU/mL)¶ 1.14 (0.84–1.55) 0.41 1.13 (0.83–1.54) 0.44

CD4 count

<350 2.27 (1.09–4.74) 0.03 2.19 (1.05–4.60) 0.04

350–500 0.46 (0.16–1.36) 0.16 0.45 (0.15–1.33) 0.15

>500 (Reference) 1 — 1 —

Age¶ — — 0.982 (0.92–1.05) 0.60

Gender — — 0.72 (0.31–1.65) 0.43

Hepatitis B — — 1.38 (0.67–2.83) 0.38

BMI¶ — — 0.99 (0.88–1.10) 0.80

BMI, body mass index
†Adjusted for time since HIV diagnosis, alcohol abuse or dependence, log10 HIV viral load, and CD4 count.
‡Adjusted for age, gender, hepatitis B co-infection, BMI, time since HIV diagnosis, alcohol abuse or dependence, log10 HIV viral load, and CD4 count.
§ Lowest tertile: zinc concentration �0.7633 mg/L; middle tertile: zinc concentration�0.7646 mg/L and�0.9740 mg/L; highest tertile: zinc concentration>0.9740 mg/

L.
¶Results reported per 1-unit increase.

https://doi.org/10.1371/journal.pone.0218852.t003
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Among the covariates, only CD4 count<350 cells/μl was significantly associated with

advanced liver fibrosis (aOR, 2.2, 95% CI: 1.05–4.62, p = 0.04) in the fully adjusted model. No

significant association was found between continuous zinc level and FIB-4 score using either

the partially (adjusted mean difference (AMD) in FIB-4 score per 1 unit increase in zinc level:

-0.51, 95% CI: -3.20–2.18, p = 0.71) or fully adjusted linear regression models (AMD per 1 unit

increase in zinc level: -0.55, 95% CI: -3.24–2.13, p = 0.29).

Discussion

In this cross-sectional analysis of a cohort of ART-naïve HIV/HCV co-infected Russians with

heavy drinking, we did not detect an association between zinc deficiency and advanced liver

fibrosis. Zinc deficiency at baseline was noted in one-third of the participants and advanced

liver fibrosis was noted in approximately one-quarter of participants. Fibrosis was observed in

a slightly higher proportion of zinc deficient patients (28%) as compared to those with normal

zinc levels (23%).

Previous in vitro and in vivo studies demonstrate that zinc affects the process of fibrosis.

Zinc supplementation decreases the action of certain enzymes, specifically prolyl hydroxylase,

which is essential for collagen formation and, thus the development of fibrosis [19]. In addi-

tion, higher mitochondrial oxidative stress has been observed in studies of zinc deficiency [23].

These two factors along with increases in inflammation in the setting of zinc deficiency are

thought to explain, in part, the hypothesized association of zinc deficiency and advanced liver

fibrosis.

The present study’s findings differ from prior work. The present study’s findings differ

from prior work. For example, the mean zinc level in our study was 0.9mg/L ± 0.30 mg/L. This

is higher compared to an established cohort of HCV/HIV co-infected persons with and with-

out advanced liver disease (0.62 mg/L ± 0.17 mg/L) [23], but was similar to a Polish cohort

with alcoholic cirrhosis (0.96 mg/L ± 0.24 mg/L to 1.04 mg/L ± 0.34mg/L) [30]. Our study dif-

fered from others as well with regard to demographic characteristics. For example, Omran

et al found that lower zinc levels were associated with advanced liver fibrosis in an older cohort

(mean age 52) of HCV mono-infected Egyptian patients [31]. The serum zinc level among

those with>F2 fibrosis was 0.52 mg/L ± 0.31 mg/L versus 0.63 ± 0.30 mg/L among those with

�F2 fibrosis. Authors in that study used transient elastography and dichotomized patients

with either mild to moderate fibrosis (�F2,�7.3 kPa) or advanced fibrosis (>F2, >7.3 kPa),

whereas we defined advanced liver fibrosis as FIB-4>3.25 or APRI�1.5 or elastogra-

phy�10.5kPa. The two studies also differed in key demographic characteristics. Aside from

being conducted in two countries with ethnic differences, our cohort was younger (mean age

33 versus 52), majority male (76% versus 42%), and had a lower BMI (22 vs 30). All of these

factors have the potential to produce discrepant results.

Additionally, Martinez et al found that lower plasma zinc concentrations were associated

with increases in FIB-4 scores in a cohort of HIV mono-infected and HCV co-infected persons

[23]. Their longitudinal study (n = 487) analyzed zinc levels and FIB-4 scores over a median

follow up of 34 months in a predominantly older (mean age 47) African American male popu-

lation. Most participants were on ART with an undetectable HIV viral load and did not have

concomitant substance use disorders; no participants reported injection drug use. Their study

highlights the potential impact of zinc deficiency on liver fibrosis in the absence of multiple

other factors that contribute to the progression of fibrosis (i.e., untreated HIV infection, heavy

alcohol use), which were prevalent in our population. Also, this Russian study did not include

black participants. Previous research suggests that there may be a moderating effect of race on

the progression of fibrosis [32, 33]. Taken together, our results along with the findings of
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Martinez et al suggest that the protective effect of zinc is more prominent among persons with-

out multiple risk factors for liver fibrosis and potentially in African Americans.

Our study should be interpreted in the context of its limitations. First, this is a cross sec-

tional study so our knowledge of the duration of zinc deficiency is limited. For example, it is

plausible that our participants did not have longstanding zinc deficiency so the effects of

chronic deficiency would not have been captured. Future studies should longitudinally assess

the “dose effect” that duration of zinc deficiency may have on liver fibrosis. Additionally,

even if we had found an association between advanced fibrosis and zinc deficiency, the cross-

sectional design limits our ability to establish a causal direction. Second, this patient popula-

tion has many risk factors for liver fibrosis—untreated HIV, HCV, HBV, alcohol use and

injection drug use—which are all the most important factors in the development of fibrosis.

These other factors may limit our ability to detect a significant impact from zinc deficiency in

this exploratory analysis. Nevertheless, the results can be useful in the design of future studies

that are larger in scale. Third, as this is a younger study population, our results may not be

generalizable to older individuals. Since older populations likely have a longer duration of

HCV infection leading to an increased likelihood of advanced liver fibrosis [34, 35], those

with zinc deficiency may have even more pronounced fibrosis. Fourth, we used the FIB-4

scores coupled with elastography only when FIB-4 results were in the indeterminate range.

FIB-4 may lower accuracy for detecting liver fibrosis in alcoholic liver disease compared to

nonalcoholic liver disease [36]. Thus, future studies may consider using more accurate non-

invasive tests of fibrosis in this population. Fifth, this is a secondary data analysis that was not

designed to evaluate the relationship between zinc deficiency and advanced liver fibrosis.

Post-hoc power calculations indicate that with 23% of those with normal zinc levels having

advanced liver fibrosis, our study would have approximately 80% power to detect an odds

ratio as small as 2.6. It, therefore, appears that this study was underpowered to detect the

magnitudes of association that were observed. It, therefore, appears that this study was

underpowered to detect the magnitudes of association that were observed. To this end, even

the associations with HCV, HIV, and HBV—all independent determinants of fibrosis—do

not reach statistical significance, therefore it is difficult to detect the association with any

other exposure for which the magnitude of the effect may be smaller. Thus, we view our

study as exploratory in nature. Finally, we relied on self-reported history of alcohol use, time

since HIV diagnosis, and other important covariates (e.g. cocaine use), which may be under

reported but may have independent effects on either zinc concentration or liver fibrosis.

This is a problem that others have encountered during studies of liver fibrosis and alcohol-

induced liver disease among HCV/HIV-coinfected persons [37]. These limitations notwith-

standing, this study serves to expand the existing literature on the effects of zinc, an essential

nutrient, in a unique population.

In conclusion, in this study of young ART-naïve HIV/HCV co-infected Russians most

with heavy alcohol use, we did not detect an association between zinc deficiency and acceler-

ated onset of advanced liver fibrosis. Future studies with larger sample sizes that examine the

longitudinal association between chronic zinc deficiency and the rate of liver fibrosis pro-

gression among HCV-mono-infected and HIV/HCV co-infected persons would be of

interest.

Supporting information

S1 File. A limited dataset is available in the supporting file “plosone_20190503.csv”.

(CSV)

Zinc deficiency and liver fibrosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0218852 June 27, 2019 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218852.s001
https://doi.org/10.1371/journal.pone.0218852


Author Contributions

Conceptualization: Joshua A. Barocas, Kaku So-Armah, Daniel Fuster, Jeffrey H. Samet.

Data curation: Kerrin Gallagher.

Formal analysis: Joshua A. Barocas, Kaku So-Armah, Debbie M. Cheng, Kerrin Gallagher.

Funding acquisition: Jeffrey H. Samet.

Investigation: Dmitry Lioznov, Evgeny Krupitsky, Jeffrey H. Samet.

Methodology: Joshua A. Barocas, Kaku So-Armah, Marianna Baum, Evgeny Krupitsky, Jeffrey

H. Samet.

Project administration: Natalia Gnatienko.

Resources: Natalia Gnatienko.

Supervision: Marianna Baum, Evgeny Krupitsky, Matthew S. Freiberg, Jeffrey H. Samet.

Writing – original draft: Joshua A. Barocas.

Writing – review & editing: Joshua A. Barocas, Kaku So-Armah, Debbie M. Cheng, Dmitry

Lioznov, Marianna Baum, Kerrin Gallagher, Daniel Fuster, Natalia Gnatienko, Evgeny Kru-

pitsky, Matthew S. Freiberg, Jeffrey H. Samet.

References
1. Tsui JI, Ko SC, Krupitsky E, Lioznov D, Chaisson CE, Gnatienko N, et al. Insights on the Russian HCV

Care Cascade: Minimal HCV Treatment for HIV/HCV Co-infected PWID in St. Petersburg. Hepatol Med

Policy. 2016; 1. https://doi.org/10.1186/s41124-016-0020-x PMID: 28217368.

2. Global Burden of Disease 2015 Mortality and Causes of Death Collaborators. Global, regional, and

national age-sex specific all-cause and cause-specific mortality for 240 causes of death, 1990–2013: a

systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015; 385(9963):117–71.

https://doi.org/10.1016/S0140-6736(14)61682-2

3. Fairbairn NS, Walley AY, Cheng DM, Quinn E, Bridden C, Chaisson C, et al. Mortality in HIV-Infected

Alcohol and Drug Users in St. Petersburg, Russia. PLoS One. 2016; 11(11):e0166539. https://doi.org/

10.1371/journal.pone.0166539 PMID: 27898683.

4. Konerman MA, Mehta SH, Sutcliffe CG, Vu T, Higgins Y, Torbenson MS, et al. Fibrosis progression in

human immunodeficiency virus/hepatitis C virus coinfected adults: prospective analysis of 435 liver

biopsy pairs. Hepatology. 2014; 59(3):767–75. https://doi.org/10.1002/hep.26741 PMID: 24436062.

5. Castellares C, Barreiro P, Martin-Carbonero L, Labarga P, Vispo ME, Casado R, et al. Liver cirrhosis in

HIV-infected patients: prevalence, aetiology and clinical outcome. J Viral Hepat. 2008; 15(3):165–72.

https://doi.org/10.1111/j.1365-2893.2007.00903.x PMID: 18233989.

6. Rockstroh JK, Mohr R, Behrens G, Spengler U. Liver fibrosis in HIV: which role does HIV itself, long-

term drug toxicities and metabolic changes play? Curr Opin HIV AIDS. 2014; 9(4):365–70. https://doi.

org/10.1097/COH.0000000000000064 PMID: 24840057.

7. Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiology and genotype distribu-

tion of the hepatitis C virus infection. J Hepatol. 2014; 61(1 Suppl):S45–57. https://doi.org/10.1016/j.

jhep.2014.07.027 PMID: 25086286.

8. Wedemeyer H, Dore GJ, Ward JW. Estimates on HCV disease burden worldwide—filling the gaps. J

Viral Hepat. 2015; 22 Suppl 1:1–5. https://doi.org/10.1111/jvh.12371

9. Degenhardt L, Peacock A, Colledge S, Leung J, Grebely J, Vickerman P, et al. Global prevalence of

injecting drug use and sociodemographic characteristics and prevalence of HIV, HBV, and HCV in peo-

ple who inject drugs: a multistage systematic review. Lancet Glob Health. 2017; 5(12):e1192–e207.

https://doi.org/10.1016/S2214-109X(17)30375-3 PMID: 29074409.

10. Global Overview of Drug Demand and Supply: latest trends, cross-cutting issues. United Nations Office

of Drugs and Crime, 2017.

11. Heimer R, Eritsyan K, Barbour R, Levina OS. Hepatitis C virus seroprevalence among people who inject

drugs and factors associated with infection in eight Russian cities. BMC Infect Dis. 2014; 14 Suppl 6:

S12. https://doi.org/10.1186/1471-2334-14-S6-S12 PMID: 25253447.

Zinc deficiency and liver fibrosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0218852 June 27, 2019 9 / 11

https://doi.org/10.1186/s41124-016-0020-x
http://www.ncbi.nlm.nih.gov/pubmed/28217368
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1371/journal.pone.0166539
https://doi.org/10.1371/journal.pone.0166539
http://www.ncbi.nlm.nih.gov/pubmed/27898683
https://doi.org/10.1002/hep.26741
http://www.ncbi.nlm.nih.gov/pubmed/24436062
https://doi.org/10.1111/j.1365-2893.2007.00903.x
http://www.ncbi.nlm.nih.gov/pubmed/18233989
https://doi.org/10.1097/COH.0000000000000064
https://doi.org/10.1097/COH.0000000000000064
http://www.ncbi.nlm.nih.gov/pubmed/24840057
https://doi.org/10.1016/j.jhep.2014.07.027
https://doi.org/10.1016/j.jhep.2014.07.027
http://www.ncbi.nlm.nih.gov/pubmed/25086286
https://doi.org/10.1111/jvh.12371
https://doi.org/10.1016/S2214-109X(17)30375-3
http://www.ncbi.nlm.nih.gov/pubmed/29074409
https://doi.org/10.1186/1471-2334-14-S6-S12
http://www.ncbi.nlm.nih.gov/pubmed/25253447
https://doi.org/10.1371/journal.pone.0218852


12. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assess-

ment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,

1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012; 380

(9859):2224–60. https://doi.org/10.1016/S0140-6736(12)61766-8

13. Wessells KR, Brown KH. Estimating the global prevalence of zinc deficiency: results based on zinc

availability in national food supplies and the prevalence of stunting. PLoS One. 2012; 7(11):e50568.

https://doi.org/10.1371/journal.pone.0050568 PMID: 23209782.

14. Prasad AS. Impact of the discovery of human zinc deficiency on health. J Trace Elem Med Biol. 2014;

28(4):357–63. https://doi.org/10.1016/j.jtemb.2014.09.002 PMID: 25260885.

15. Baum MK, Shor-Posner G, Campa A. Zinc status in human immunodeficiency virus infection. J Nutr.

2000; 130(5S Suppl):1421S–3S. https://doi.org/10.1093/jn/130.5.1421S PMID: 10801954.

16. Baum MK, Shor-Posner G, Zhang G, Lai H, Quesada JA, Campa A, et al. HIV-1 infection in women is

associated with severe nutritional deficiencies. J Acquir Immune Defic Syndr Hum Retrovirol. 1997;

16(4):272–8. PMID: 9402074.

17. Beach RS, Mantero-Atienza E, Shor-Posner G, Javier JJ, Szapocznik J, Morgan R, et al. Specific nutri-

ent abnormalities in asymptomatic HIV-1 infection. AIDS. 1992; 6(7):701–8. PMID: 1503689.

18. Jones CY, Tang AM, Forrester JE, Huang J, Hendricks KM, Knox TA, et al. Micronutrient levels and

HIV disease status in HIV-infected patients on highly active antiretroviral therapy in the Nutrition for

Healthy Living cohort. J Acquir Immune Defic Syndr. 2006; 43(4):475–82. https://doi.org/10.1097/01.

qai.0000243096.27029.fe PMID: 17019373.

19. Camps J, Bargallo T, Gimenez A, Alie S, Caballeria J, Pares A, et al. Relationship between hepatic lipid

peroxidation and fibrogenesis in carbon tetrachloride-treated rats: effect of zinc administration. Clin Sci

(Lond). 1992; 83(6):695–700. PMID: 1336440.

20. Dashti HM, Mathew TC, Jadaon MM, Ashkanani E. Zinc and liver cirrhosis: biochemical and histopatho-

logic assessment. Nutrition. 1997; 13(3):206–12. PMID: 9131680.

21. Kojima-Yuasa A, Ohkita T, Yukami K, Ichikawa H, Takami N, Nakatani T, et al. Involvement of intracel-

lular glutathione in zinc deficiency-induced activation of hepatic stellate cells. Chem Biol Interact. 2003;

146(1):89–99. PMID: 12902156.

22. Matsumura H, Nirei K, Nakamura H, Arakawa Y, Higuchi T, Hayashi J, et al. Zinc supplementation ther-

apy improves the outcome of patients with chronic hepatitis C. J Clin Biochem Nutr. 2012; 51(3):178–

84. https://doi.org/10.3164/jcbn.12-11 PMID: 23170044.

23. Martinez SS, Campa A, Li Y, Fleetwood C, Stewart T, Ramamoorthy V, et al. Low Plasma Zinc Is Asso-

ciated with Higher Mitochondrial Oxidative Stress and Faster Liver Fibrosis Development in the Miami

Adult Studies in HIV Cohort. J Nutr. 2017; 147(4):556–62. https://doi.org/10.3945/jn.116.243832 PMID:

28228506.

24. Gnatienko N, Freiberg MS, Blokhina E, Yaroslavtseva T, Bridden C, Cheng DM, et al. Design of a ran-

domized controlled trial of zinc supplementation to improve markers of mortality and HIV disease pro-

gression in HIV-positive drinkers in St. Petersburg, Russia. HIV Clin Trials. 2018; 19(3):101–11. https://

doi.org/10.1080/15284336.2018.1459344 PMID: 29663871.

25. Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V, et al. FIB-4: an inexpen-

sive and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepa-

tology. 2007; 46(1):32–6. https://doi.org/10.1002/hep.21669 PMID: 17567829.

26. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, et al. A simple nonin-

vasive index can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepa-

tology. 2003; 38(2):518–26. https://doi.org/10.1053/jhep.2003.50346 PMID: 12883497.

27. Klibansky DA, Mehta SH, Curry M, Nasser I, Challies T, Afdhal NH. Transient elastography for predict-

ing clinical outcomes in patients with chronic liver disease. J Viral Hepat. 2012; 19(2):e184–93. https://

doi.org/10.1111/j.1365-2893.2011.01493.x PMID: 22239518.

28. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The Mini-International Neu-

ropsychiatric Interview (M.I.N.I.): the development and validation of a structured diagnostic psychiatric

interview for DSM-IV and ICD-10. J Clin Psychiatry. 1998; 59 Suppl 20:22–33;quiz 4–57. PMID: 9881538.

29. Hastie TJ & Tibshirani RJ. Generalized Additive Models. Vol 43. Boca Raton, FL: CRC Press; 1990.

30. Prystupa A, Blazewicz A, Kicinski P, Sak JJ, Niedzialek J, Zaluska W. Serum Concentrations of

Selected Heavy Metals in Patients with Alcoholic Liver Cirrhosis from the Lublin Region in Eastern

Poland. Int J Environ Res Public Health. 2016; 13(6). Epub 2016/06/16. https://doi.org/10.3390/

ijerph13060582 PMID: 27304961.

31. Omran DA, Darweesh SK, Fouad H, Mahmoud M, Saif S, Fared A, et al. Serum Zinc Deficiency and its

Relation to Liver Fibrosis in Chronic HCV: a Real-Life Egyptian Study. Biol Trace Elem Res. 2017;

179(1):1–7. https://doi.org/10.1007/s12011-017-0938-x PMID: 28093695.

Zinc deficiency and liver fibrosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0218852 June 27, 2019 10 / 11

https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1371/journal.pone.0050568
http://www.ncbi.nlm.nih.gov/pubmed/23209782
https://doi.org/10.1016/j.jtemb.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25260885
https://doi.org/10.1093/jn/130.5.1421S
http://www.ncbi.nlm.nih.gov/pubmed/10801954
http://www.ncbi.nlm.nih.gov/pubmed/9402074
http://www.ncbi.nlm.nih.gov/pubmed/1503689
https://doi.org/10.1097/01.qai.0000243096.27029.fe
https://doi.org/10.1097/01.qai.0000243096.27029.fe
http://www.ncbi.nlm.nih.gov/pubmed/17019373
http://www.ncbi.nlm.nih.gov/pubmed/1336440
http://www.ncbi.nlm.nih.gov/pubmed/9131680
http://www.ncbi.nlm.nih.gov/pubmed/12902156
https://doi.org/10.3164/jcbn.12-11
http://www.ncbi.nlm.nih.gov/pubmed/23170044
https://doi.org/10.3945/jn.116.243832
http://www.ncbi.nlm.nih.gov/pubmed/28228506
https://doi.org/10.1080/15284336.2018.1459344
https://doi.org/10.1080/15284336.2018.1459344
http://www.ncbi.nlm.nih.gov/pubmed/29663871
https://doi.org/10.1002/hep.21669
http://www.ncbi.nlm.nih.gov/pubmed/17567829
https://doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/12883497
https://doi.org/10.1111/j.1365-2893.2011.01493.x
https://doi.org/10.1111/j.1365-2893.2011.01493.x
http://www.ncbi.nlm.nih.gov/pubmed/22239518
http://www.ncbi.nlm.nih.gov/pubmed/9881538
https://doi.org/10.3390/ijerph13060582
https://doi.org/10.3390/ijerph13060582
http://www.ncbi.nlm.nih.gov/pubmed/27304961
https://doi.org/10.1007/s12011-017-0938-x
http://www.ncbi.nlm.nih.gov/pubmed/28093695
https://doi.org/10.1371/journal.pone.0218852


32. Crosse K, Umeadi OG, Anania FA, Laurin J, Papadimitriou J, Drachenberg C, et al. Racial differences

in liver inflammation and fibrosis related to chronic hepatitis C. Clin Gastroenterol Hepatol. 2004; 2

(6):463–8. PMID: 15181613.

33. Sterling RK, Stravitz RT, Luketic VA, Sanyal AJ, Contos MJ, Mills AS, et al. A comparison of the spec-

trum of chronic hepatitis C virus between Caucasians and African Americans. Clin Gastroenterol Hepa-

tol. 2004; 2(6):469–73. PMID: 15181614.

34. Benhamou Y, Bochet M, Di Martino V, Charlotte F, Azria F, Coutellier A, et al. Liver fibrosis progression

in human immunodeficiency virus and hepatitis C virus coinfected patients. The Multivirc Group. Hepa-

tology. 1999; 30(4):1054–8. PMID: 10498659.

35. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progression in patients with chronic hep-

atitis C. The OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups. Lancet. 1997; 349(9055):825–32.

https://doi.org/10.1016/s0140-6736(96)07642-8 PMID: 9121257.

36. Thiele M, Madsen BS, Hansen JF, Detlefsen S, Antonsen S, Krag A. Accuracy of the Enhanced Liver

Fibrosis Test vs FibroTest, Elastography, and Indirect Markers in Detection of Advanced Fibrosis in

Patients With Alcoholic Liver Disease. Gastroenterology. 2018; 154(5):1369–79. Epub 2018/01/11.

https://doi.org/10.1053/j.gastro.2018.01.005 PMID: 29317276.

37. Muga R, Sanvisens A, Fuster D, Tor J, Martinez E, Perez-Hoyos S, et al. Unhealthy alcohol use, HIV

infection and risk of liver fibrosis in drug users with hepatitis C. PLoS One. 2012; 7(10):e46810. https://

doi.org/10.1371/journal.pone.0046810 PMID: 23056462.

38. Sobell LC & Sobell MB. Alcohol Timeline Followback (TLFB) User’s Manual. Toronto, Canda: Addiction

Research Foundation; 1995.

Zinc deficiency and liver fibrosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0218852 June 27, 2019 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/15181613
http://www.ncbi.nlm.nih.gov/pubmed/15181614
http://www.ncbi.nlm.nih.gov/pubmed/10498659
https://doi.org/10.1016/s0140-6736(96)07642-8
http://www.ncbi.nlm.nih.gov/pubmed/9121257
https://doi.org/10.1053/j.gastro.2018.01.005
http://www.ncbi.nlm.nih.gov/pubmed/29317276
https://doi.org/10.1371/journal.pone.0046810
https://doi.org/10.1371/journal.pone.0046810
http://www.ncbi.nlm.nih.gov/pubmed/23056462
https://doi.org/10.1371/journal.pone.0218852

	Zinc deficiency and advanced liver fibrosis among HIV and hepatitis C co-infected anti-retroviral naïve persons with alcohol use in Russia
	Authors

	Zinc deficiency and advanced liver fibrosis among HIV and hepatitis C co-infected anti-retroviral naïve persons with alcohol use in Russia

