
Serum Zinc Deficiency and its Relation to Liver
Fibrosis in Chronic HCV: a Real-Life Egyptian Study

Dalia A. Omran1
& Samar Kamal Darweesh1

& Hanan Fouad2,3
&

Mohamed Mahmoud1
& Sameh Saif4 & Azza Fared4

& Mohamed Hassany4 &

Lamiaa Mobarak4
& Mahmoud A. El-Tahawy5 & Ayman Yosry1

Received: 15 November 2016 /Accepted: 10 January 2017
# Springer Science+Business Media New York 2017

Abstract Zinc is essential for the activation of approximately
300 metallo-enzymes. Serum and hepatic zinc is decreased in
chronic liver disease patients, and zinc depletion has been
suggested to accelerate liver fibrosis. The study was designed
to assess Zinc status in chronic HCV Egyptian patients and its
relationship to fibrosis stage diagnosed by FibroScan. This
was a cross-sectional study on 297 Egyptian patients with
naïve chronic HCV. All patients underwent laboratory tests
(including assessment of serum Zinc) and liver stiffness mea-
surement (LSM) by Transient Elastography (FibroScan®).
The study included 170 (57.2%) females and 127 (42.8%)
males with a mean age 52.4 ± 10.2 years. Most of the patients
had zinc deficiency as the mean zinc level was 55.5 ± 30.7 μg/
dl. The FibroScan scores showed that 97 patients had mild to
moderate fibrosis (≤F2), while 200 patients had advanced to
severe fibrosis ( F2). Zinc level was significantly lower in
patients with F2 than those with ≤F2 (52 ± 30.7 vs
62.5 ± 29.7, p value: 0.005), as the zinc values decreased with
the progression of liver fibrosis. Serum zinc level had a

negative significant correlation with INR and negative
significant correlation with FibroScan score but no correla-
tion to bilirubin, ALT, AST, or albumin. Most of Egyptian
chronic liver disease patients had zinc deficiency. Zinc
level gets significantly lower with progression of fibrosis.
Zinc supplementation is essential before and during antivi-
ral therapy for HCV.
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Abbreviations
Zn Zinc
Fe Iron
Mn Manganese
Cu Copper
Th T helper
STAT Signal transducer and activator of transcription 3
LSM Liver stiffness measurement
AUROC Area under the receiver-operating characteristics
NAFLD Non-alcoholic fatty liver disease
IFN Interferon

Introduction

Abnormal metal metabolism, which is related to liver disease,
has long been a subject of study, particularly storage diseases
such as iron metabolism in hemochromatosis [1] and copper
metabolism in Wilson’s disease [2].

Zinc is an essential trace element in the human body, with
approximately 2 g distributed throughout the body of a
healthy adult, including many organs [3–5]. In vivo, this

* Samar Kamal Darweesh
samarkad@hotmail.com

1 Hepato-gastroenterology and Endemic Medicine Department, Cairo
University, Cairo, Egypt

2 Medical Biochemistry Department, Faculty of Medicine, Cairo
University, Cairo, Egypt

3 Pharmacology Department, Faculty of Pharmacy, Hail University,
Hail, Kingdom of Saudi Arabia

4 National Hepatology and Tropical Medicine Research Institute
(NHTMRI), Cairo University, Cairo, Egypt

5 Internal Medicine and Hepatology department, National Liver
Institute, Menoufya University, Menoufya Governorate, Egypt

Biol Trace Elem Res
DOI 10.1007/s12011-017-0938-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s12011-017-0938-x&domain=pdf


element stimulates the activity of as many as 300 metallo-
enzymes and metal-activated enzymes, and is crucial for
nucleic acids and protein metabolism. Thus, deficiency of zinc
causes various pathologic disorders in the human body.

In 1951, Vikbladh pointed out that the zinc content in se-
rum was low in patients with various liver diseases [6]. In
chronic HCV patients, serum and hepatic zinc concentrations
were decreased, and zinc depletion was suggested to be relat-
ed to liver fibrosis [7, 8]. Caseswith liver failure [9] or cases of
HCC [10, 11] were reported to have conspicuous hypo-
zincemia, and zinc supplementation therapy was reported to
improve liver disease.

The main zinc metabolism occurs in the liver hepatocytes.
In patients with Zn deficiency, reduced Zn concentrations in
the liver are one of the causes of impaired hepatocyte regen-
eration [12]. It has been demonstrated that Zn may play an
important role as a negative regulator of HCV replication in
genome length RNA-replicating cells. Thus, zinc supplemen-
tations appear to offer a novel approach for further strategies
in treatment of intractable chronic hepatitis C [13]. Zinc uses
are claimed to suppress Th17-mediated autoimmune diseases
at least in part by inhibiting the development of Th17 cells via
attenuating signal transducer and activator of transcription 3
(STAT3) activation [14].

Study Outcomes

Therefore, this study was designed to evaluate Zinc status in
chronic HCV Egyptian patients and its relationship to liver
fibrosis stage diagnosed by FibroScan.

Patients and Methods

Study Population

This was a cross-sectional study on 297 Egyptian patients
with naïve chronic HCV infection diagnosed by positive
PCR and HCV antibodies by enzyme-linked immunosorbent
assay (ELISA). They were selected from outpatients and in-
patients of Hepato-gastroenterology and Endemic Medicine
Department, Faculty of Medicine and National Hepatology
and Tropical Medicine Research Institute (NHTMRI), Cairo
University.

Patients were excluded when they had (1) previous history
of antiviral therapy; (2) presence or history of HCC; (3) ma-
lignancy other than HCC before the study, (4) co-infection
with HBV; (5) FibroScan failure or invalid liver stiffness
(LS) values with fewer than ten successful acquisitions, a suc-
cess rate of less than 60%, or interquartile range (IQR)/median
value ratio (IQR/M) greater than 0.3; (6) presence or history of
alcohol ingestion; (7) having criteria suggestive of fatty liver:
body mass index (BMI) > 35, uncontrolled DM (HbA1c > 7);

(8) history of hepatotoxic drugs for the previous 6 months; (9)
previous or current Zinc supplementation; and (10) right-sided
heart failure.

This study was approved by the Department committee
(institution review board) and the institution ethics committee.
This study was performed in accordance with the ethics guide-
lines of the 1975 Declaration of Helsinki. Informed consent
was obtained from each participant after explanation of diag-
nostic procedures.

Study Protocol

After informed consent, all included patients underwent (1)
laboratory tests for liver biochemical profile (ALT, AST, bili-
rubin, prothrombin time, and INR), CBC, serum AFP, assess-
ment of HCV PCR, and antibodies; (2) assessment of serum
Zinc level; (3) abdominal ultrasonography; and (4) liver stiff-
ness measurement (LSM) by Transient elastography
(FibroScan®). Based on FibroScan results, patients were di-
vided into mild to moderate fibrosis (≤F2, ≤7.3 kPa) and
marked to advanced fibrosis (cirrhosis) (>F2, >7.3 kPa).

Liver FibroScan

Liver FibroScan® (Echosens, France) was performed by a
single well-trained operator blinded to patients’ clinical and
laboratory data on the same day of the laboratory studies,
including serum zinc test. Details of the technique and exam-
ination procedure have been published previously [15, 16].

The results were expressed in kilopascals (kPa). IQR was
defined as an index of intrinsic variability of LS values corre-
sponding to the interval of the LS results containing 50% of
the valid measurements between the 25th and 75th percentiles.

As suggested by the manufacturer, ten successful acquisi-
tions were performed on each patient. The median value was
considered a representative of the elastic modulus of the liver.
Only procedures with at least 10 valid measurements, a suc-
cess rate of at least 60%, and an interquartile range (IQR/
M) < 30% were considered reliable. FibroScan failure is de-
fined when less than 10 valid measurements are obtained.

Assessment of Serum Zinc

Venous blood samples (5 mL) obtained (after overnight
fasting) were allowed to clot, and sera were then separated
by centrifugation (3500 rpm, 20 min, 25 °C), and then stored
at −20 °C until used. Determination of zinc level was done by
zinc colorimetric method; the assay was conducted according
to the manufacturer specifications (kit supplied from Química
Clínica Aplicada S. A, Ref. 99 28 14), references values:
Serum/Plasma: 60–110 μg/dl.
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Statistical Analyses

Statistical analyses were performed using SPSS software.
Numerical data were presented as means ± standard deviation
(SD), while categorical data were presented as number (per-
cent). The Mann-Whitney U test and the chi-square test are
used when appropriate. Statistical significance is considered if
p value is less than or equal to 0.05. The performance of serum
zinc was assessed by measuring the area under the receiver-
operating characteristics (AUROC). Diagnostic accuracy was
also evaluated by comparing the sensitivity, specificity, posi-
tive and negative predictive values (PPV and NPV,
respectively).

Results

Basic Characteristics

Based on the exclusion criteria, a total of 297 patients (mean
age 52.4 ± 10.2 years, 170 females, 57.2%) were included.
The patients’ characteristics were summarized in (Table 1).
All patients had adequate liver functions with AFP values less
than 150 μg/dl.

Most of the patients had zinc deficiency as the mean zinc
level was 55.5 ± 30.7 μg/dl (Table 1).

The FibroScan scores showed that 97 patients had a mild to
moderate fibrosis stage (≤F2, ≤7.3 kPa), while 200 patients
had an advanced to severe fibrosis stage ( F2, 7.3 kPa).

Correlation Between Variable Factors and Fibrosis Stage
(by FibroScan):

From the different variables, age significantly increased, while
serum albumin and platelet count significantly decreased in
relation to fibrosis stage by FibroScan.While other parameters
did not show significant difference between fibrosis stage F2
and stage ≤F2 Table 2.

Serum Zinc in Relation to Fibrosis Stage (by FibroScan)
and Other Factors:

Serum zinc level had significant negative correlations with
INR and FibroScan scores but no correlation to other lab
values (Table 3), (Fig. 1).

The serum zinc level differed significantly between pa-
tients with fibrosis stage F2 and those with fibrosis stage
≤F2 (p value: 0.005), as the zinc values progressively de-
creased with the progression of liver fibrosis (Table 4).

In relation to factors associated with hepatopathy, serum
zinc values did not show a significant difference between fe-
males and males or patients with low or high HCV viral load
(Table 4).

Discussion

Zinc is required for the activation of approximately 300 dif-
ferent metallo-enzymes and metal-activated enzymes, and is
therefore considered to be one of the most important trace
elements [17, 18]. Deficiency of Zinc reduces various impor-
tant vital functions, including protein synthesis, immunologi-
cal reactions, skeletal growth and maturation, gonadalTable 1 Demographic and laboratory features of included patients

Characteristic HCV patients n = 297
(mean ± SD)

Age, years 52.4 ± 10.2

Male 127 (42.8%)

Female 170 (57.2%)

BMI 30.3 ± 11.9

ALT (IU/ml) 62.9 ± 39.2

AST (IU/ml) 63.4 ± 34.4

Albumin (g/dl) 3.8 ± 0.5

T. Bil (mg/dl) 0.8 ± 0.3

INR 1.09 ± 0.1

AFP (μg/dl) 9 (1 – 121)

Hb (g/dl) 13.5 ± 5.7

WBC (cell/ml) 5.3 ± 2

Platelet count (cell/ml) 169.4 × 105 ± 70.7 × 105

Viral load (IU/ml) 3.6 × 105

Median (range) (27 – 6 × 108)

Serum zinc μg/dl 55.5 ± 30.7

Table 2 Relation between variable factors and fibrosis stage (by
FibroScan)

Item F2 (n = 200) ≤F2 (n = 97) p value

Age 53.9 ± 9.4 50 ± 9.7 0.01a

BMI 31.6 ± 13.2 26.3 ± 4.2 0.06

PCR 3 × 105 (27 − 1 × 107) 4.1 × 105 (200 − 6 × 108) 0.3

BIL 0.9 ± 0.3 0.8 ± 0.4 0.8

AST 64.5 ± 38.8 61.8 ± 34.3 0.6

ALT 61.3 ± 38.9 61.8 ± 41.1 0.5

ALB 3.8 ± 0.5 4 ± 0.5 0.005a

INR 1.1 ± 0.1 1.07 ± 0.1 0.04a

WBC 5.3 ± 1.8 5.9 ± 2.3 0.4

HB 13.3 ± 5.1 14.3 ± 10.9 0.4

PLT 161.4 ± 68 200 ± 72 0.001a

AFP 9 (1 – 121) 8.5 (1 – 82) 0.2

a p value ≤ 0.05 is significant; data are expressed as mean; and SD,
median (range)
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development, pregnancy, and appetite [19]. The serum and
hepatic zinc concentrations are decreased in patients with
chronic liver diseases, and zinc depletion has been suggested
to accelerate the liver fibrosis process [20].

Interestingly, supplementation with zinc has been shown to
improve the prognosis of cirrhotic patients, as well as the
cirrhosis-related symptoms [17–20]. In patients receiving oral
zinc supplementation, maintenance of serum zinc concentra-
tion at more than 80 μg/dl was the most important factor
associated with cancer-free survival [20].

Recently, Zhu et al. [21] indicated that 12 gene groups may be
related to both HCVand trace element metabolic processes, further
confirming the associations between HCVand trace elements. All of
thenewly found12genegroupshavebeen confirmed tobedefinitely
associated with HCV infection and trace elements metabolism and
may reveal the potential roles of trace elements in the biological
infectious process of such a virus.

In Zhu et al. [21] study, More than 30 genes have been
predicted to be associated with both zinc metabolism and
HCV infection. Among them, HLA-C encodes a specific ma-
jor histocompatibility complex that contributes to specific in-
terferon (IFN)-α associated pathways and mediates the cyto-
toxic effect against infected cells in liver tissues. Considering
that HLA-C contributes to HCVinfection partially via specific
IFN-α-associated pathways, while zinc has also been reported
to be associated with the immune response of HLA-C associ-
ated NK cells against HCVinfection, therefore, the underlying
mechanism of zinc-mediated immune responses against HCV
may partially depend on the HLA-C-mediated identification
processes, validating the accuracy of prediction method.

In our study, most of the Egyptian patients had zinc defi-
ciency as the mean zinc level was 55.5 ± 30.7. Mohammed
et al. [22] studied trace elements as (Zn, Fe, Mn, and Cu) in 42
Egyptian patients with chronic hepatitis C. There results
showed that the levels of Zinc and Manganese in HCV-
infected patients were decreased compared to the healthy
group, and this decrement became more after Peg/Riba treat-
ment. As in the control group, the Zinc level was 83.6 ± 1.96,
whereas Zinc values were 71.1 ± 3.38 and 50.5 ± 3.43 before
and after Peg/Riba treatment in HCV group, respectively. The
explanation of the decrease in serum zinc after Peg/Riba treat-
ment is not clear.

This was in accordance with the result of Qasim et al. [23]
who compared serum zinc and copper concentrations in 100
chronic hepatitis C patients with 50 healthy controls, they
found that serum copper concentration was higher in HCV
patients as compared to controls, while zinc concentrations
were significantly lower in HCV patients than controls.
Marchesini [24] found that Zinc deficiency is common in
patients with advanced cirrhosis when there is a liver damage.

Fig. 1 Relation between zinc
level and degree of fibrosis by
FibroScan

Table 3 Correlation
between serum zinc and
laboratory findings in the
studied patients

Correlation p value

Bil 0.09 0.1

AST 0.03 0.6

ALT 0.01 0.8

ALB −0.04 0.4

INR −0.2 0.001a

Hb 0.03 0.5

WBC −0.02 0.6

PLT 0.006 0.9

AFP 0.05 0.3

HCV PCR 0.07 0.2

Fibroscan score −0.2 0.001a

a p value ≤ 0.05 is significant
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Similarly, Pramoolsinsap et al. [25] found that serum Zn levels
decreased significantly in patients with chronic active hepati-
tis, cirrhosis, and hepatocellular carcinoma. Kalkan et al. [26]
and Czuczejko et al. [27] also reported that there was a de-
crease in the levels of Zn and Cu and an increase in the levels
of Fe and Mn in sera of hepatitis cases.

However, Cesur et al. [28] compared serum zinc and cop-
per concentrations in chronic HCV patients (n = 17) and
healthy controls (n = 17), they did not find any significant
difference between healthy individuals and patients with
chronic hepatitis C. This could be related to the small number
included in each group.

The zinc values, in our study, decreased with the progres-
sion of liver fibrosis. Zinc level was significantly lower in
patients with fibrosis stage F2 than those with fibrosis stage
≤F2. Laguercia et al. [29] found that as the disease progresses
from chronic hepatitis to liver cirrhosis, serum Zn, magne-
sium, phosphorus, and calcium concentrations decrease while
the Cu concentration increases.

More recently, Kang et al. [30] stated that Zinc with a
concentration of 200 μM could significantly inhibit the pro-
liferation and the activity of hepatic stellate cell line, LX-2
which is responsible for hepatic collagen synthesis and subse-
quently liver fibrosis. Zinc was found to inhibit the TGFβ
profibrotic signaling pathway as well as the Zinc increased
expression of MMP-13 in LX-2 cells. Subsequently, Zn sig-
nificantly inhibited the expression of αSMA and type I colla-
gen in LX-2 cells.

Iwata et al. [31] evaluated the association of zinc level with
the severity of liver fibrosis and esophageal varices. The mean
zinc values decreased with the progression of fibrosis
(METAVIR score: F0–1: 71.3 ± 11.3, F2: 68.9 ± 11.7, F3:
66.3 ± 11.8, F4: 63.9 ± 15.0). Also, zinc level was significant-
ly lower in patients with varices than in those without varices
(59.3 ± 13.6 vs 66.3 ± 12.6, p < 0.05). Moreover, zinc level
was significantly lower in the patients with a high risk of
bleeding than in those with a low risk (55.6 ± 13.0 vs
64.6 ± 13.1, p < 0.01).

These findings suggest that zinc level is not only an indi-
cator of an abnormal metal metabolism, but is also a simple
parameter associated with hepatitis virus-related various con-
ditions, including the degree of liver fibrosis.

Similarly, in Anber et al. [32] study, there was a progressive
decrease of zinc level with progression of HCV disease, as the
zinc levels were (103.8 ± 9.7) in early cirrhosis, (94.0 ± 12.7)
in late cirrhosis, and (94.0 ± 12.7) in HCC; these values were
significantly different (p < 0.001) when compared to controls
(122.4 ± 7.1).

Guo et al. [33] studied zinc levels in hepatitis C patients
without non-alcoholic fatty liver disease (NAFLD) (HCV
group, n = 30) and with NAFLD (HCV-NAFLD group,
n = 32), and a group of 30 healthy, non-obese, non-diabetic
participants (CNL group). Plasma concentrations of Zn were
lower in HCV patients than controls. Moreover, Zn levels
were the lowest in the HCV-NAFLD group than the HCV
group.

This can be explained by the fact that Zn is a structural
component of peroxisome proliferator-activated receptors,
and Zn deficiency can thus interfere with lipid metabolism
[34]. NAFLD patients have been shown to have a lower die-
tary intake of Zn, suggesting that inadequate Zn intake is as-
sociated with the development and progression of NAFLD
[35]. Excessive lipid accumulation in the liver is associated
with the formation of ROS and consequently increased expres-
sion of Zn-finger protein ZNF267 mRNA [36]. Upregulation
of Zn importing proteins by pro-inflammatory cytokines and
oxidative stress reduces plasma Zn concentrations [37].

Lin et al. [38] found that Cu/Zn ratio might serve as a
biomarker for the increased severity of viral hepatic damage.
Compared with copper, the decrease of serum zinc is more
closely related with the development of disease from the view
of the ratio of copper to zinc (the normal value is 1). The ratio
increased gradually in chronic hepatitis infection.

Moreover, it appears that the nutritional status of zinc in-
fluences the effect of IFN in hepatitis C patients. This fact is
supported by the study of Nagamine et al. [39] who observed
that basal zinc levels are significantly lower in chronic HCV
patients and administration of IFN-a to hepatitis C patients
augments serum zinc reductions up to 40% in 8 h. Serum zinc
level and zinc/copper ratio were significantly higher in com-
plete responders than in non-responders to IFN therapy at each
time point (before and after treatment).

Therefore, Nagamine advised Zn administration as an ad-
junct to interferon therapy in chronic HCV infections, they
proposed that Zn-increased antiviral effect and in turns re-
sponse to interferon therapy, thus, zinc has an important role
in pharmacotherapy of viral hepatitis.

Similarly, Mohammed et al. [22] found that serum level of
Zn was significantly higher among responders compared to
the non-responder patients (56.4 ± 20.6 vs 37.5 ± 12.5,
p < 0.05).

Table 4 Relation between serum zinc and gender, HCV load, and
fibrosis score

Serum zinc p value

Male 53.6 ± 30.8 0.4

Female 56.9 ± 30.7

HCV RNA PCR

Low PCR (<1 × 106) 54.9 ± 30.4 0.6
High PCR (>1 × 106) 57 ± 31.8

FibroScan score

F2 52 ± 30.7 0.005a

≤ F2 62.5 ± 29.7

a p value ≤ 0.05 is significant
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Ko et al. [40] also reported that serum zinc levels were
significantly lower in chronic hepatitis C patients than in
healthy controls and further depressed by IFN/ribavirin
treatment.

In our study, serum zinc level had a positive significant
relation with INR and a negative significant relation with
FibroScan score but significance was not found in relation to
bilirubin, ALT, AST, or albumin. Anber et al. [32] also found
that there were insignificant correlations between ALT, AST,
bilirubin, albumin, and serum zinc level.

Also, Mohammed et al. [22] reported no correlations be-
tween ALT and each of Zn, Fe, Cu, Cu/Zn, Mn, and Zn/Mn
before treatment or after treatment, (r = 0.12, 0.11, −0.05,
0.19, 0.03, 0.11, respectively, p > 0.05).

The FibroScan examination for assessment of liver fibrosis
is a valid and reliable method for the diagnosis and staging of
liver fibrosis—this was proven in comparison to liver biopsy
by many studies [41]. However, we recommend that our con-
clusions should be further confirmed in vivo by studying the
liver fibrosis in mice models in the laboratory.

In conclusion, most of chronic liver disease patients had a
significant zinc deficiency. Zinc level gets significantly lower
with progression of fibrosis.

Our study raises the concerns of the potential importance of
Zn as an adjunct antifibrotic therapy and novel strategy in
chronic HCV treatment; it may be worthwhile exploring the
benefit of zinc supplementation even with the advent of novel
direct antiviral agents.
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