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Abstract

Background: Low serum zinc level is associated with hepatic encephalopathy (HE), but the efficacy of zinc
supplementation remains uncertain. This study aimed to investigate the effects of zinc supplementation on HE
treatment in patients with cirrhosis.

Methods: We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (Cochrane CENTRAL) and
Scopus from inception to December 2018; without publication date or language restrictions. Randomized controlled
trials of zinc supplementation versus placebo or other treatment for the management of HE in adult patients with
cirrhosis were selected. The primary outcome was the degree of HE as assessed by clinical signs or specialized
psychometric tests. The secondary outcomes included serum ammonia levels, adverse events, or the length of hospital
stay and costs. We carried out a meta-analysis with random effects model and summarized continuous outcomes
using standardized mean differences (SMD) or mean differences (MD) with 95% confidence intervals (95% Cl). The risk
of bias was assessed using the Cochrane risk of bias tool, and the certainty of evidence for each outcome was
evaluated with the Grading of Recommendations, Assessment, Development, and Evaluation approach.

Results: Four trials with 247 patients were included. In patients with cirrhosis who had mild HE (< grade Il), the
available evidence suggested that the combination treatment of zinc supplementation and lactulose over 3 to 6
months significantly improved performance in the number connection test (SMD: -0.97; 95% Cl: — 1.75 to — 0.19; P=
0.01; moderate certainty), reported in three trials (n = 227). However, compared with lactulose therapy alone, additional
zinc supplementation demonstrated no significant difference in the digit symbol test (SMD: 0.44; 95% Cl: — 0.12 to 1.00;
P=0.12; very low certainty) or serum ammonia levels (MD: -10.86; 95% Cl: — 25.73 to 401; P=0.15; very low certainty),
reported in two trials (n = 137). None of the included trials reported adverse events or effects on hospitalization.

Conclusions: In conclusion, a combination of zinc supplementation and lactulose over 3 to 6 months may improve
the number connection test in cirrhotic patients with low grade HE, compared with lactulose only.

Trial registration: PROSPERO: CRD42017080955. Registered 23 November 2017
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Background

Hepatic encephalopathy (HE), which develops in 50-70%
of patients with cirrhosis [1], is a serious complication of
chronic liver diseases. Based on the severity of manifest-
ation, HE can be categorized as overt HE (OHE) and min-
imal HE (MHE). OHE, which is graded from I to IV using
the West Haven Criteria [2], can be diagnosed by apparent
impairment in cognitive or neuromuscular function, while
MHE usually requires specialized psychometric or neuro-
psychological tests for its diagnosis [3]. It is more practical
for clinical use, to combine MHE and HE grade I into cov-
ert HE (CHE) because of the challenges with diagnoses of
these two entities [4].

Although the pathophysiology of HE is not fully
understood, hyperammonemia is detected in most pa-
tients with HE [5]. Therefore, therapy aimed at ammonia
level reduction contributes to HE resolution. Non-
absorbable disaccharides, lactulose, and lactitol, which
may reduce plasma ammonia levels, are considered to
be the standard therapy for episodic OHE [6]. However,
despite treatment with disaccharides, HE persists in 20—
30% of cirrhotic patients [7, 8]. Several studies [9-11]
have shown that nutritional supplementation may be ef-
fective for liver cirrhosis. It has been demonstrated that
zinc deficiency is common in patients with liver cirrhosis
[10-12]. Lower serum zinc level has also been seen as a
precipitating factor for HE [12]. Several studies [13-15]
investigated the link between zinc and HE, but the over-
all evidence regarding the effects of zinc therapy for HE
remains inconsistent.

A previous meta-analysis conducted by Chavez-Tapia
et al. in 2013 [16] included four trials and 233 partici-
pants who were diagnosed with cirrhosis and HE. Find-
ings of this previous study indicated that oral zinc
supplementation was associated with a significant im-
provement in performance on the number connection
test (NCT) but did not affect HE recurrence. However,
Chavez-Tapia et al. compared zinc groups with both pla-
cebo and standard lactulose therapy; they also did not
identify the MHE in participants in each selected trial.
Moreover, a well-designed randomized controlled trials
(RCT) [17] which investigated the effectiveness of anti-
oxidants and zinc gluconate on MHE versus lactulose,
was published thereafter.

Therefore, we performed an updated systematic review
and meta-analysis based on current evidence to estimate
the effects of zinc supplementation in patients with cir-
rhosis and HE.

Methods

The systematic review was registered in the International
Prospective Register of Ongoing Systematic Reviews of the
National Institutes of Health Research (CRD42017080955).
We performed a systematic review with meta-analysis
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according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) Statement [18] and
completed the PRISMA checklist as seen in Additional file 1.

Data sources and search strategy

A medical librarian (C] F) at the teaching hospital con-
ducted a comprehensive computerized search of relevant
literature in the following electronic databases: MED-
LINE, Embase, Cochrane CENTRAL, and Scopus, from
inception to December 2018, without publication date
or language restrictions. Unpublished articles were iden-
tified through searching of the WHO International Clin-
ical Trials Registry Platform (ICTRP). Auto-alerts were
established to identify newly released studies. We also
hand-searched the reference lists of selected articles to
find additional studies. The main keywords used in the
search were as follows: hepatic encephalopathy, liver cir-
rhosis, and zinc, including their controlled vocabularies
(MeSH and Emtree terms) and synonyms (text words).
Our search terms and strategy were described in
Additional file 2.

Study selection

Studies meeting the following criteria were included: (1)
study design: RCTs; (2) population: adults (> 18 years
old) with established liver cirrhosis and a history of HE;
(3) interventions: oral or parenteral zinc supplementa-
tion, regardless of the dose, frequency, or duration; (4)
comparators: placebo or other intervention; and (5) pri-
mary outcomes: the degree of HE or mental status
assessed by clinical signs or specialized psychometric
tests [19]; secondary outcomes: serum ammonia levels,
adverse events, or hospitalization.

The exclusion criteria were as follows: (1) population:
pregnancy, congenital liver diseases or autoimmune liver
diseases; (2) studies comparing different doses of the
same medication only; and (3) studies without a desig-
nated intervention or comparator.

Data extraction and quality assessment

Two reviewers (YC S and YH C) independently screened
the titles and abstracts to identify potentially relevant ar-
ticles, conducted full-text reviews of eligible studies, per-
formed data extraction, and assessed the quality of each
study. Disagreements between reviewers were resolved
by discussion with a third reviewer (YS L). The following
data were extracted from each selected study: the first
author’s name and year of publication, trial design, coun-
try, sex, age, etiology of cirrhosis, serum zinc levels, HE
grades, Child-Pugh (CP) score or classification, interven-
tion, comparison, and treatment duration. When data
were not provided in publications, we attempted con-
tacting the authors for further information.
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The methodological quality of the studies was evaluated
using the Cochrane Risk of Bias Tool [20]. For each eli-
gible trial, we judged articles as having a low, unclear, or
high risk of bias for the following domains: random se-
quence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and
other sources of bias. For a trial to be categorized as hav-
ing a low risk of bias, all domains had to be judged as low
risk. If at least one domain was classified as unclear or
with no high risk of bias domain, the overall risk of bias
for the trial was classified as unclear. Similarly, if at least
one domain was assessed as having a high risk of bias, the
overall risk of bias for the trial was also regarded as high.

Data synthesis and statistical analysis

Computations for the meta-analysis were conducted
using the RevMan 5.3 software (The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). Continuous
outcomes were presented as mean differences (MD) if
they were measured on the same scale; otherwise, they
were presented as standardized mean differences (SMD).
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Corresponding 95% confidence intervals (95% CI) were
calculated for all estimates. We used Hedges’ g score for
individual studies as a measure of effect sizes, which was
determined by calculating the SMD between groups
(SMD: 0.2- < 0.5 =small effect, 0.5- < 0.8 = moderate ef-
fect, 0.8 = large effect) [21]. In view of the significant
heterogeneity, we used the random effects model with
the DerSimonian and Laird estimate [22] for pooling.
Statistical heterogeneity between studies was assessed
using both the chi-squared test and the I? statistics. Ei-
ther P<0.10 or I* > 50% indicated substantial heterogen-
eity [23]. We tabulated the summary of the findings and
certainty of evidence for each outcome (classification as
high, moderate, low, and very low) using the online soft-
ware GRADEpro GDT [24] according to the Grading of
Recommendation, Assessment, Development, and Evalu-
ation (GRADE) approach [25].

Results

Search results

The full details of the search results were summarized in
Fig. 1. The initial search algorithm identified 1296 articles;
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1139 studies remained after 157 duplicates were removed.
Following the screening of titles and abstracts, 1078 studies
were eliminated for not meeting the eligibility criteria. A total
of 61 studies were retrieved for full-text reviewing; of these,
54 were excluded for not reporting the relevant outcome
data or for being non-RCTs. Ultimately, seven studies were
identified for the qualitative synthesis [13-15, 17, 26-28];
three studies [15, 26, 27] among those were excluded from
the quantitative synthesis because the results were provided
as figures only and the primary data could not be obtained.

Study characteristics

The characteristics of the eligible studies are described
in Table 1. We included a total of 7 trials with 316 pa-
tients (162 cases and 154 controls) in the qualitative syn-
thesis. The trials included a small number of subjects
each; mean age ranged from 40 to 70 years. Six studies
were parallel RCTs [13, 14, 17, 26-28] and one was a
crossover study [15]. The studies originated in four
countries, including one from Belgium [14], two from
Italy [13, 15], three from Japan [26-28], and one from
Egypt [17]. From the 6 studies (276 patients) [13-15, 17,
27, 28] that reported the grading of HE at baseline, 244
(88%) patients were diagnosed with CHE and 13 (12%)
with HE grade II. All patients in the included studies
had cirrhosis and most were classified as CP class B (CP
score 7-9 points) [29]. Furthermore, all patients were
found to have zinc deficiency at baseline, but there was
no statistically significant difference between the zinc
and control groups in each trial. As for the intervention,
four studies used combination therapy, including lactu-
lose plus zinc supplementation [13, 17, 28] or branched-
chain amino acid (BCAA) granules plus zinc sulfate [26];
while three studies used monotherapy treatment, such
as zinc acetate [14, 27] or zinc sulfate [15]. The dose of
zinc supplements varied between 50 mg and 600 mg per
day. The treatment duration was less than 2 weeks in
two studies [14, 15], and lasted for 6 months in five stud-
ies [13, 17, 26-28].

Quality assessment

Using the Cochrane Risk of Bias Tool, the methodo-
logical quality assessment of the seven selected trials
were presented in the Additional file 3. Overall, the risk
of bias was low or unclear for most items, but high for
participants and personnel that were not blinded, in one
study [28]. We were not able to comprehensively assess
the risk of bias in five studies due to the lack of detailed
information reported in the publication [13-15, 17, 26].

Synthesis of results

Primary outcomes: psychometric tests

A total of four included studies reported the NCT re-
sults. Three studies [13, 17, 28], with a total of 227
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patients comparing zinc supplementation plus lactulose
versus lactulose alone, were included in the meta-
analysis (Fig. 2). Pooled analysis showed that compared
with the lactulose group, there was a significantly better
performance on the NCT in the zinc supplementation
plus lactulose group (SMD: -0.97; 95% CI - 1.75 to — 0.19,
P =0.01). However, a significantly considerable heterogen-
eity across the studies (P = 0.0005, I = 87%) was observed,
but all studies showed the same direction of effect. We
did not perform subgroup analysis due to the small num-
ber of studies.

Two studies [17, 28] with 137 patients, using the
digital symbol test (DST) [30] as outcome, were com-
bined in the meta-analysis (Fig. 3). There was a non-
significant improvement in the DST results with com-
bination of zinc supplementation and lactulose when
compared with lactulose therapy alone. (SMD: 0.44; 95%
CI -0.12 to 1.00; P=0.12; I* = 62%).

In addition, there were two trials [14, 15] comparing
short-term oral zinc supplementation to placebo in the
NCT results. Reding et al. [14] showed that zinc supple-
mentation administered orally for 1 week improved cir-
rhotic patients with HE grade I assessed by the NCT.
Riggio et al. [15], who presented the contradictory re-
sults as figures only without the original data obtained,
found no significant differences in NCT either during
zinc or placebo administration. The treatment duration
in both studies was too short to assess the efficacy of
zinc supplementation, and was not appropriate to be
pooled in our meta-analysis as well.

Secondary outcomes

Two studies [17, 28] evaluating serum ammonia levels
as outcome were pooled in the meta-analysis (Fig. 4).
There was a non-significant reduction in serum ammo-
nia levels in zinc supplementation plus lactulose group
compared with lactulose group (MD - 10.86 pg/dL; 95%
CI -25.73 to 4.01 pg/dL; P =0.15; I* = 50%). No adverse
events or hospitalization attributable to zinc supplemen-
tation were noted in any of the included trials.

Besides, three studies using plasma ammonia as an
outcome measure were not pooled in the meta-analysis
due to lack of raw data obtained. Hayashi et al. [26] re-
ported that combination therapy of BCAA and zinc sul-
fate significantly decreased the post/pre-treatment
change ratio in blood ammonia levels more than BCAA
treatment alone in liver cirrhosis (0.87 + 0.26 vs. 1.22 +
0.38, P =0.0033). Katayama et al. [27] showed that blood
ammonia levels significantly decreased in the zinc group
(P =0.0114) compared with the placebo group. However,
Riggio et al. [15] reported a conflicting result in that no
significant difference was observed in serum ammonia
levels between cirrhotic patients receiving zinc and those
receiving placebo.
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P
Zinc Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Bresci et al. 40 g 46 50 12 44 34.4% -0.98 [-1.41,-0.54] 1993 &
Takuma et al. 636 224 39 706 297 40 34.3% -0.26 [-0.71,0.18] 2010 =
Mousa et al. 56.8 3.07 31 643 53 27 31.2% -1.74[-2.35,-1.13] 2016 =
Total (95% Cl) 116 111 100.0%  -0.97 [-1.75,-0.19] et E—
Heterageneity: Tau?= 0.41; Chi*= 15.16, df= 2 (P = 0.0005); F= 87% + y : 1 ]
Testfor overall effect Z=2.43 (P = 0.01) Favors Zn plus lactulose Favors lactulose
Fig. 2 The NCT results of combination therapy of zinc supplementation and lactulose compared with only lactulose use

Summary of the findings

The estimates of the effect and the GRADE assessments
for individual outcomes are presented in (Table 2). Over-
all, zinc supplementation has a large significant effect on
improvement of NCT, while there was only a non-
significant small effect on improvement of DST. The
certainty of evidence was moderate for the NCT out-
comes and very low for the others. All outcomes were
downgraded because of the serious risk of bias from the
lack of blinding in one study [28]. The DST and serum
ammonia levels were downgraded because of serious im-
precision of the 95% CI. The potential publication bias
may be present for each outcome due to the limited
number of included trials.

Discussion

In this meta-analysis, we demonstrated that additional
zinc supplementation may have a significant effect on
the performance of NCT when compared with lactulose
therapy alone in cirrhotic patients with mild HE. In
addition, although our study found that there was no
statistically significant difference in the DST results and
serum ammonia levels between paired groups, the direc-
tion of effect remained the same in each trial. This result
was possibly due to the small sample size, causing inad-
equate statistical power to detect differences in the treat-
ment effect.

It has been reported that approximately 30-80% of pa-
tients with cirrhosis have evidence of CHE, depending
on the criteria used for the diagnosis and the study
population [31, 32]. Patients with CHE often have abnor-
malities on psychometric testing, especially in domains
of attention, motor speed and accuracy, and visuo-
spatial coordination [33]. As a result, patients with CHE
tend to have impairments in their daily function

including driving and working capabilities [34—36], with
an adverse impact on their quality of life [37]. Further-
more, CHE is associated with a higher risk of
hospitalization, OHE development, and death [38].

The management of HE depends on its severity. How-
ever, compared with OHE, current evidence for the
management of CHE is limited. Several controlled trials
[39-41] have shown that lactulose improved the psycho-
metric tests and health-related quality of life (HRQOL)
in patients with CHE compared with placebo or no
intervention. One meta-analysis [42] included nine RCTs
showed that compared with placebo or no intervention,
lactulose significantly improved the neuropsychological
testing, prevented the progression to OHE, and im-
proved HRQOL, but with no significant difference in the
mortality and an increased risk of diarrhea. Although
lactulose may have significant beneficial effects for pa-
tients with CHE, routine treatment for CHE is not rec-
ommended except on a case-by-case basis until further
large, blinded studies prove its effectiveness [43]. Rifaxi-
min may also have beneficial effects in the management
of CHE. Sidhu et al. [44] reported that rifaximin signifi-
cantly improved both cognitive function and HRQOL in
patients with MHE. However, a cost-effectiveness ana-
lysis [45] concluded that rifaximin was not a cost-saving
therapy for CHE at the current prices unless the
monthly cost was less than $353. Probiotics may have a
potential in the treatment of CHE [46]. One meta-
analysis [47] that included 14 RCTs showed that com-
pared to no treatment or placebo, the use of probiotic
significantly improved MHE, decreased hospitalization
rates, and prevented progression to OHE. However, pro-
biotic is also not recommended as a therapeutic option
for CHE because of its open-label nature, varying types,
and doses [43].

P
Zinc Control

Study or Subgrou Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI _Year

Std. Mean Difference
IV, Random, 95% CI

Takuma et al. 114 28 39 108 39 40 53.6%
Mousa etal. 12.36 0.87 31 1158 119 27 46.4%
Total (95% Cl) 70 67 100.0%

Heterogeneity: Tau®= 0.10; Chi*= 2.61, df=1 (P=0.11); F=62%
Testfor overall effect: Z=1.54 (P=0.12)

017 [-0.27,0.62] 2010
0.75[0.21,1.28] 2016

0.44[-0.12, 1.00]

Fig. 3 The DST results of combination therapy of zinc supplementation and lactulose compared with only lactulose use

—

-2 -1 0 1 2
Favors lactulose Favors Zn plus lactuose
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P
Zinc Control Mean Difference Mean Difference
Study or Subgroup __Mean _SD _Total Mean _SD Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
Takuma et al. 904 334 38 112 563 40 33.3% -21.60[-41.95-1.25] 2010 =
Mousa et al. 504 183 31 559 167 27 B6.7% -5.50[14.51,3.51] 2016
Total (95% Cl) 70 67 100.0% -10.86[-25.73, 4.01]
it 12— . 2= - - R = : : T : :
_Il-_lettta;ogenellynT?ru t—gflzﬁt‘:h; _—02.10;, df=1(P=0.16); F=50% 50 25 0 25 50
estfor overall effect Z=1.43 (P=0.15) Favors Zn plus lactulose Favors lactulose
Fig. 4 The serum ammonia levels of combination therapy of zinc supplementation and lactulose compared with only lactulose use

Zinc is an essential cofactor in enzymatic reactions re-
sponsible for converting ammonia to urea via ornithine
transcarbamylase in the liver and metabolizing ammonia
to glutamine via glutamine synthetase in the skeletal
muscle [48]. Zinc deficiency may impair both ammonia-
reduction pathways and thus results in elevated ammo-
nia levels, which is common in advanced cirrhosis [28].
Treatment with long-term oral zinc in patients with ad-
vanced cirrhosis has been shown to increase the forma-
tion of urea from amino acids [11]. Oral zinc
supplementation is relatively well-tolerated with rare
side effects of dyspepsia, copper deficiency (with long-
term high dose use), and an interfering effect on quin-
olone or tetracycline antibiotics [49]. It is worthy of note
that all included articles used zinc compounds as supple-
ments, not elemental zinc. The maximum adult dose of
elemental zinc is 40 mg daily [50]. Since different types
of supplements contain various percentages of elemental
zinc, it is warned that patients should follow the

Table 2 GRADE assessment of the outcomes

healthcare professionals’ instructions when receiving
zinc supplements for medical treatment.

Our study is the first to investigate the effects of com-
bination therapy of zinc supplementation and lactulose
in cirrhotic patients with low grade HE (< grade II). We
reported a larger significant effect (SMD = - 0.97%) in
favor of additional zinc supplementation on the NCT re-
sults compared with lactulose alone than the previous
meta-analysis (SMD = - 0.62%). Moreover, apart from
the NST, we investigated different endpoints including
DST, which was primarily used for assessing psycho-
motor speed and attention in cognitive function, as well
as serum ammonia levels. Furthermore, we used the
GRADE methodology to evaluate our confidence in the
estimates of the treatment effect.

Some limitations still existed in our meta-analysis.
First, we included small number of studies, which lim-
ited the population with HE of less than grade II. As
such, we were unable to explore the validity of zinc

Certainty assessment Ne of Effect Certainty
patients
No. of ~ Study Risk of  Inconsistency Indirectness Imprecision Other Zn Placebo Absolute
studies design bias considerations (95% Cl)
Number connection test
3 randomized  serious® not serious  not serious not serious  publication bias 116 111 SMD 0.97 lower @@@OMODER/-\TE
trials strongly (1.75 lower
suspected to 0.19 lower)
strong
association®
Digital symbol test
2 randomized  serious® not serious  not serious  serious” publication bias 70 67 SMD 044 @YY VERY LOW
trials strongly higher (0.12
suspected lower to 1
strong higher)
association®
Serum ammonia lev
2 randomized serious® not serious  not serious  serious” publication bias 70 67 MD 10.86 @V 1) VERY LOW
trials strongly lower (25.73
suspected lower to 4.01
strong higher)

association”

Cl Confidence interval, SMD Standardized mean difference, MD Mean difference

Explanations

“We downgraded by one level for serious risk of bias: one study was unblinded
PPublication bias was not assessed due to the limited numbers of included trials
“‘We downgraded by one level for serious imprecision: the wide confidence interval contains significant benefits and harm
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supplementation to patients with more advanced HE.
Secondly, there was some clinical heterogeneity in our
study. This may be attributed to one trial [17] using con-
comitant therapies of zinc plus antioxidants and lactu-
lose, which demonstrated a much better performance in
the NCT compared with the lactulose therapy alone. An-
other heterogeneity may have resulted from variations in
the grade of HE. It seemed that cirrhotic patients with a
lower grade of HE (and in particular MHE) at baseline,
were affected more by zinc supplementation than those
with a higher grade of HE. Besides, the formulation,
dose, or duration of zinc supplements varied remarkably
across the studies, which may have led to subgroup dif-
ferences. Finally, our study assessed the effect of zinc
supplementation on cognitive functions only by two
tests (NCT and DST), which were mainly involved in
psychomotor speed and attention. We could not deter-
mine whether zinc supplementation has beneficial effects
on different cognitive domains, including visuospatial per-
ception, memory, executive function, language, and praxis.
Therefore, future high-quality RCTs with a large sample
size encompassing all degrees of HE with the evaluation of
other psychometric or neuro-physiologic testing are war-
ranted to further elucidate our findings.

Conclusions

In conclusion, we found moderate certainty of evidence
supporting the fact that the combination of zinc supple-
mentation and lactulose over 3 to 6 months may im-
prove the NCT in cirrhotic patients with low grade HE,
compared with lactulose only. Recognition of this associ-
ation may have implications in zinc supplementation
usage as an adjuvant agent to treat patients with low
grade HE.
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