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Abstract

supplementation on serum adipokines levels.

were used as effect size.

used for supplementation.

Background: Zinc as one of the important trace elements in human health has been suggested to be a supplement
for modifying the level of adipokines, whereas findings from studies have been inconsistent. This study aimed to
systematically review the evidence provided by randomized controlled trials (RCTs) regarding the effect of zinc

Methods: PubMed, Google Scholar, Web of Science, and Scopus were systematically searched up to June 2019.
The mean differences and their corresponding standard deviations (SDs) of changes in serum adipokines levels

Results: Eight eligible RCTs (leptin n=0, adiponectin n=3) were included in the current study. There were no
significant changes in serum leptin levels [weighted mean difference (WMD) =0.60 ng/ml, 95% confidence in-
terval (CI): -1.78, 2.99; I-squared (I2) = 64.3%)] and adiponectin levels (WMD = 1.09 ng/ml, 95% CI: -0.76, 3.18,
12 = 78.8%) following zinc supplementation compared to placebo group. These findings did not change after
considering several subgroups including gender, study duration, health status, body weight and the type of zinc

Conclusion: No evidence was found to support the efficacy of dietary zinc supplements on serum levels of
adipokines. Further, high-quality, long-term controlled clinical trials are warranted to confirm these findings.
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Introduction

Obesity is one of the most common nutritional
problems that lead to other life-threatening
chronic disorders, such as hypertension (1), diabe-
tes (2, 3), dyslipidemia (4), cardiovascular diseases
(5), and some types of cancer (6-8). Based on

WHO reports, more than 650 million and 1.9 bil-
lion people are obese and overweight around the
world, respectively (9).

Adipose tissue is a dynamic endocrine organ own-
ing to secretes a series of bioactive peptides so-
called adipokines, such as adiponectin and leptin
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(10) which regulating energy balance and creating
a balance between food intake and energy ex-
penditure as the major contributors to obesity
(11). Leptin through changing the neuropeptide
concentration in the hypothalamus, not only leads
to a reduced appetite but also increases energy ex-
penditure (12-17), thus the anti-obesity properties
has been attributed to leptin (18). Adiponectin is
another adipokines demonstrated to be negatively
correlated with body fat and weight (19). Adi-
ponectin has a remarkable role in glucose and lipid
homeostasis (20).

The trace elements like zinc are proposed to be
associated with the regulations of adipokines ho-
meostasis (21). Zinc has an important role in many
metabolic pathways including fat metabolism,
controlled enzymatic system like adipokines and
insulin (22-24), and some chronic situations like
obesity, diabetes, and kidney disease (25-27). The
lower levels of micronutrients like zinc was re-
ported in overweight and obese individuals and
also hemodialysis patients when compared to the
rest of the population (27, 28). Zinc deficiency is
associated with decreased appetite (29, 30) and al-
terations in circulating or local neurotransmitters
concentrations in the hypothalamus (31). Zinc de-
ficiency was linked to lower serum levels of adi-
ponectin (32). Zinc directly affect serum leptin
and adiponectin levels by increasing activation of
PPAR-Y in both mRNA and protein levels, cyto-
kine production (IL-2, TNF-a) (33-35) and hypo-
thalamic leptin receptor (Ob-R) mRNA expres-
sion; and also indirect stimulation of leptin synthe-
sis by increasing the consumption of glucose in the
adipose tissue (29, 36, 37).

The findings from RCT's showed controversial re-
sults about the effect of zinc supplementation on
serum levels of adipokines. For example, zinc sup-
plementation led to reduced serum leptin levels
(27, 38), and rest of them did not found any sig-
nificant change in serum adipokines levels (26, 39-
41).

A recent meta-analysis included only studies that
evaluated the effect of zinc supplementation on
serum leptin levels and did not investigate the ef-
fect of zinc supplementation on serum level of ad-
iponectin (42).
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The present meta-analysis was conducted to
gather the maximum number of controlled clinical
trials that considered the effect of zinc supplemen-
tation on serum levels of adipokines, summarized
their results and if possible explored the possible
sources of heterogeneity between the studies pub-
lished in this regard.

Materials and Methods

The present study followed the guidelines of the
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement (43).
The study protocol has been registered in the
international prospective register of systematic re-
views (PROSPERO); the registration code is
CRD42018089735.

Search strategy

The online databases including PubMed, Google
Scholar, Web of Science, and Scopus were
searched up to Jun 2019 without any limitation in
time or language to obtain all relevant articles.
Medical subject headings (MeSH) and text words
were both used. The keywords were: “Zinc” AND
“Adipokines” OR “Leptin” OR “Adiponectin”
OR “Resistin” OR “Visfatin” OR “Vaspin” OR
“Apelin” OR “Chemerin” OR “Omentin” AND
“clinical trials” OR “randomized”. A Robust
search strategy was designed to identify all RCT's
examining the effect of zinc supplementation on
serum adipokines irrespective of considering adi-
pokines as a primary or secondary outcome.

Eligibility criteria

The studies were included in the present study if:
They reported the effect of zinc supplementation
on serum adipokines levels, were published as the
original article, their designs were randomized
controlled clinical trial (RCT) and compared only
zinc supplement without any other vitamins or
food, had a control group, were conducted in adult
population (aged >18 yr), and dietary zinc supple-
ment was consumed. Any limitation in terms of
follow-up duration and serum zinc level was con-
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sidered. The studies in children, pregnant and lac-
tating women; and the review and duplicate stud-
ies were excluded.

Study selection process and quality assess-
ment

The titles and abstracts of all records identified
through database and searching were screened by
two authors (MT, SS) independently to retrieve
relevant studies based on eligibility criteria. The
quality of included articles was assessed using the
Cochrane collaboration's tools for clinical trials
(44). The following domains were assessed in each
study: selection bias (random sequence generation
and allocation concealment), performance bias
(blinding of participants and personnel), detection
bias (blinding of outcome assessment), attrition
bias (incomplete outcome data), and reporting
bias (selective reporting). Studies unknown risk for
one domain or more were regarded as unclear and
those with at least one high-risk domain were cat-
egorized as high risk. Any disagreement was
solved after discussion by ASA.

Data Extraction

The following data were extracted and recorded
from the eligible articles: the first author's last
name, publication year, study location, study de-
sign (parallel/crossover), participants’ health status
(healthy/ diabetic/ obesity/ kidney disease), the
type and the dose of zinc supplementation, the
method used for zinc-supplementation (single
dose, daily, weekly, and monthly doses), partici-
pants’ gender, total number of the participants,
duration of the study, mean and standard devia-
tion of adipokines at baseline and after study pe-
riod in the intervention and control groups.

Statistical analysis

The difference in mean change of serum adi-
pokines between the zinc supplemented and the
control groups were used as effect size for the
meta-analysis. In the studies that the mean differ-
ence in serum adipokines was not reported, this
value was calculated according to the Cochrane

247

Handbook for Systematic Review (45); also we
computed standard deviations (SDs) for mean
changes by using correlation r between the base-
line and after intervention values [for leptin
r=0.536 (39, 40) and for adiponectin r=0.631
(40)]. The weighted mean difference (WMD) was
estimated following DerSimonian and Laird ran-
dom-effects model which considers the between-
study variability (46). The heterogeneity between
studies results was evaluated using I-squared and
Cochran’s Q test. I-squared > 50% was indicates
substantial heterogeneity (44). Subgroup analysis
based on the following variables were undertaken
to investigate the possible sources of between-
study variations: 1) gender, 2) study duration, 3)
participants’ health status, and 4) the type of zinc
(zinc sulfate/zinc gluconate/zinc amino che-
late/zinc elemental) used for supplementation.
The publication bias was evaluated by visual in-
spection of the Begg’s funnel plots (47) and by us-
ing Egger’s regression test (48). The influence
analysis was carried out to test the robustness of
the overall analysis by removing the eligible studies
one by one from the meta-analyses. Statistical
analyses were performed by using STATA soft-
ware (version 11; StataCorp, College station. TX).
P-values <0.05 were considered as statistically sig-
nificant.

Results

Included studies

Implementing the search strategy in different da-
tabases retrieved 2,311 articles; after removing du-
plicate articles, and screening titles and abstracts,
105 articles were identified for full-text assess-
ment. Of these, 97 articles were excluded after ap-
plying the inclusion and exclusion criteria. Eight
randomized controlled clinical trials with 362 par-
ticipants were included in the systematic review
and meta-analysis [leptin (n=0) (26, 27, 39-41, 49),
adiponectin (n=3) (25, 40, 50)] (Fig. 1).

The main characteristics of RCTs included in the
systematic review are presented in Table 1.
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Fig. 1: Flow diagram for study selection process

Briefly, most of the studies were conducted in Asia
(n=5)(25-27, 40, 50), and others were conducted
in South America (n=2)(39, 41), and Europe
(n=1)(49). All studies had a parallel design. Of 8
articles; 2 were conducted only in males (39, 49),
two were conducted in females (40, 41) and the
remaining studies included both genders. Only in
three studies, the participants had zinc deficiency
(27, 41, 49) and the other studies did not mention
the zinc status level at baseline. The studies were

Available at:  http://ijph.tums.ac.ir

conducted in participants with different health sta-
tus: obese (n=4), diabetic (n=2), healthy (n=1) and
kidney disease (n=1). The study duration in these
RCTs ranged between 1-12 weeks. Zinc supple-
mentation ranged from 30 to 100 mg/day and dif-
ferent types of zinc-supplemented were used: zinc
gluconate (n=4), zinc sulfate (n=3), and elemental
zinc (n=1). The type of intervention which used
for the control groups were placebo (n=7), and no
intervention (n=1).
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Table 1: Randomized controlled trials which were eligible to be included in the systematic review and meta-analysis

Author Partici- Mean Cou  De- Hea Zinc dose Dura- Con- Results
Or) pants, age ntry  sign  Ith (mg /day) tion trol
Gender sta- (week  groups
tus s)
Bribiescas 14, Male 47.2 Para- Par- Heal Zinc gluconate 1 Placebo Leptin level was not changed in the
2003 (39) (int) guay  allel thy (50) intervention and control groups
31.3
Garcia 14, Male  (cont) 4 Placebo  Serum leptin level increased after the
2006 (49) Franc Par-  Obe Zinc sulfate intervention
21.8 e allel  sity (100)
Marreiro 56, Fe- (int) 4 Placebo
2006 (41) male 25.1 Leptin level did not change in the in-
(cont) Bra-  Par-  Obe Zinc amino- tervention and control groups
Asghari zil allel sity chelate (30) 12 Placebo
2011(50) 60, Both 355 The level of adiponectin increased sig-
Soheilykh (int) nificantly in the intervention group
ah 33.9 Iran  Par- Dia- Zinc gluconate 12 No in-
2012 (25) 58, Both  (cont) allel be- (30 mg ele- terven- The level of adiponectin was signifi-
tes mental zinc) tion cantly increased in the intervention
Kim 45.8 Iran 8 group
2014 (40) 40, Fe- (int) Par- 220mg Zinc Placebo
male 45.8 allel  Dia- sulfate Serum leptin and plasma adiponectin
Argani (con) Sout be- (50 mg ele- 8 were not changed significantly in the
2014 (27) h tes mental zinc) Placebo intervention and control groups.
60, Both 37.6 Ko- Par-
Payahoo (int) rea allel Zinc gluconate 4 Serum leptin level decreased after the
2014 (26) 37.6 Obe (30 mg ele- Placebo  intervention in women significantly.
60, Both  (cont) Iran sity mental zinc)
Par- Serum leptin level was significantly in-
20.8 allel 440 mg Zinc creased in the intervention group
(int) Iran Kid- sulfate
20.8 ney (100 mg ele-
(cont) Par-  dis- mental zinc)
allel  case
55.6
(int) Obe Zinc (30)
55.6 sity
(cont)
31 (int)
33
(cont)

Assessment of the risk of bias in included
studies

Overall, all studies were categorized as unknown
risk of bias. Seven studies did not mention enough
information regarding the random sequence gen-
eration (25, 27, 39-41, 49, 50). One study only rep-
resented complete outcome information to con-
ceal the allocation of participants (49) and was
considered as low risk for this domain. Blinding of
participants and personnel and outcome
assessment was unclear in two studies (25, 39) (Ta-
ble 2).
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Meta-analysis

Overall result (244 participants) indicated no sig-
nificant effect of zinc supplementation on serum
leptin levels (WMD=0.60, 95% CI: -1.78, 2.99, P
effect=0.620, number of studies=6). The hetero-
geneity was evident and significant between the in-
cluded studies reported data for serum leptin (Q
statistic=14.02, P for heterogeneity=0.015, 1> =
64.3%) (Fig. 2).
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Table 2: Study quality and risk of bias assessment by Cochrane Collaboration's tool

NOTE: Weights are from random effects analysis

First author ( year) Random se- Allocation Blinding o1 Blinding Incomplete Selec- Qual- Overall
quence gen- conceal- participants  of out- outcome tivere- Ity quality
eration ment and per-  come as- data port-  score
sonal sessment ing
Bribieacas (2003) (39) ?l ? ? ? + + 2 Unclear
Garcia (20006) (49) ? + + + + + 5 Unclear
Marreiro (20006) (41) ? ? + + + + 4 Unclear
Asghari (2011) (50) ? ? + + + + 4 Unclear
SoheilyKhah  (2012) ? ? ? ? + + 2 Unclear
(25)
Kim (2014) (40) ? ? + + + + 4 Unclear
Argani (2014) (27) ? ? + + + + Unclear
Payaho (2014) (26) +2 ? + + + + 5 Unclear
! Unknown risk for each domain
2 Low risk for each domain
Author (Year) ES (95% CI) Weight %
Argani (2014) —_—— -0.90 (-4.43, 2.63) 19.07
Bribiescas (2003) * -0.23 (-0.72, 0.26) 32.23
Gomez-Garcia (2006) %——0—— 3.40(0.41, 6.39) 21.58
Marreiro (2006) _ 2.30 (-4.73, 9.33) 8.52
Payahoo (2014) : * 14.60 (2.20, 27.00) 3.33
kim (2014) —o—-; -3.70 (-8.15, 0.75) 15.28
Overall (I-squared = 64.3%, P =0.015) <> 0.60 (-1.78, 2.99) 100.00

|
-27

(=]

27

Fig. 2: Forest plot illustrating the weighted mean difference in leptin change between the zinc-supplemented and

control groups

The meta-analysis on serum adiponectin levels in- moreover, high heterogeneity for serum adiponec-
cluded 158 participants. Overall result showed no tin was found (Q statistic =9.45, P for heterogene-
significant effect (WMD=1.09, 95% CI: -0.70, ity=0.009, I* = 78.8%) (Fig. 3).

294, P effect = 0.246, number of studies=3);
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The findings of analysis did not change based on significant heterogeneity between included studies
different subgroups: gender, duration of interven- was associated with the zinc type used for supple-
tion, healthy status (health, obese, diabetes, kidney mentation (Table 3).

disease) and the types of zinc supplementation;

Table 3: Meta-analysis showing the effect of zinc supplementation on the serum leptin level based on several sub-

groups
Study group Num-  Num- Meta-analysis Heterogeneity
berof  ber of WMD Pef- Q p F%)  Pbe-
studies partici-  (95% CI) fect statistic ~ within tween
pants group group
Overall 6 244 0.60(- 0.620 14.02 0.015 0643
1.78,2.99)
Gender 0.613
Female 3 150 -1.58(- 0.309 2.10 0.350 4.6
4.607,1.40)
Male 3 94 0.69(- 0.571 5.61 0.061 0643
1.69,3.05)
Both 2 60 5.66(- 0.460 5.55 0.018  82.0
9.35,20.68)
Duration 0.190
Short period(< 4 4 144 2.48(- 0.184 11.37 0.010  73.6
weeks) 1.18,6.13)
Long period(> 4 2 100 -1.98(- 0.161 0.93 0.334  0.00
weeks) 4.75,0.79)
Disease status 0.677
Patients on he- 1 60 -0.90 (- 0.617 0.00 -- --
modialysis 4.43,2.63)
No hemodialy- 5 184 1.13 (- 0.475 13.85 0.008  71.1
sis 1.96,4.22)
Obesity 0.093
Obesity 4 170 2.407(- 0.38 11.07 0.011 729
2.96,7.77)
Non-obesity 2 74 -0.24(- 0.324 0.14 0.712 0.0
0.725,0.24)
Zinc type 0.083
Zinc gluconate 3 110 -1.23(- 0.434 2.30 0.129  56.6
4.31,1.85)
Zinc sulfate 2 74 1.356(- 0.528 3.32 0.068  69.9
2.85,5.50)
Zinc elemental 1 60 14.6 (2.196,  0.021 0.00 -- --
27.0)
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Author (Year) ES (95% CI) Weight %
1
|
.
Asghari (2011) —a— 0.80 (-0.83, 2.43) 3227
Kim (2014) —a— -0.20 (-1.09, 0.69) 39.13

Soheilykhah (2012) & 320 (1.20, 5.20) 28.60

Overall (I-squared = 78 8%, p = 0.009) <i> 1.10 (-0.76, 2.95) 100.00

NOTE: Weights are from random effects analvsis

T T
-5.2 0

w
(S

Fig. 3: Forest plot illustrating the weighted mean difference in adiponectin change between the zinc-supplemented
and control groups

Sensitivity analysis and publication bias was no evidence for publication bias in the in-
Sensitivity analysis showed that excluding a certain cluded studies after checking this point by using
study might not alter the effect of zinc supplemen- funnel plots and asymmetry tests (Begg's
tation on serum leptin or adiponectin levels. There test=0.707, Egger's test=0.400) (Fig. 4).

Begg's funnel plot with pseudo 95% confidence limits

20

10 —

Mean_Diff

-10

-20
4 6
s.e. of: Mean_Diff

9

Fig. 4: Begg's funnel plot ( with pseudo 95% Cis) depicting the difference in means versus the standard error of the
mean differences for studies that assessed the effect of zinc supplementation on serum level of leptin. The historical
line shows the weighted mean difference calculated using the DerSimonian and Laird random-effects model
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Discussion

The present systematic review and meta-analysis
of 8 RCTs demonstrated that zinc supplementa-
tion has no significant effect on serum leptin and
adiponectin levels. This finding was consistent
across several subgroups such as gender, obesity
status, study duration, kidney disease, and the type
of zinc supplementation.

These results are consistent with the findings from
recent meta-analysis that the serum leptin level did
not influence by zinc supplementation (42). The
significant decrease in the serum leptin level fol-
lowing zinc supplementation when their analyses
were restricted to female participants (42). This
discrepancy is probably attributed to difference in
method of calculating effect size. Present meta-
analysis estimating mean difference and its SE us-
ing coefficient r retrieved from studies that re-
ported baseline, after intervention and change val-
ues (39, 40); however, the previous meta-analysis
did not mention any method for estimating effect
size when eligible original studies did not provide
change values. Moreover, zinc supplementation
led to a decrease in the serum leptin levels in RCT's
longer than 6 wk duration. It is not clear why 6 wk
was considered as a cut-off to categorize studies
based on their duration.

There are some reasonable explanations for the
null effect of zinc supplementation on serum adi-
pokines in the present study. First, the effect of
zinc supplementation on serum levels of adi-
pokines might be influenced by the serum zinc sta-
tus. Zinc supplementation could be influenced on
serum level of leptin in zinc deficiency status in-
cluding hemodialysis or diabetes (23, 27, 50).
However, all of the included trials did not describe
the baseline zinc status of their participants.
Second, the effect of zinc supplementation on se-
rum adipokines has been shown in a time-depend-
ent manner. The dietary zinc supplementation (30
mg/day) showed its clinical effects on serum adi-
pokines in studies extended more than 8 wk (40),
while the effect of pharmacological zinc doses
(more than 40 mg/day) might become apparent in
4 weeks (29). Third, the serum level of adipokines
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was not considered as a primary outcome for the
estimation of the sample size. The sample size was
small to detect the effect of zinc supplementation
on serum level of adipokines.

The present study has some strong points. To the
best of our knowledge, this study is the first meta-
analysis on the effect of zinc supplementation on
serum adiponectin levels. A robust search strategy
was adopted to find all RCTs examining the effect
of zinc supplementation on serum adipokines ir-
respective of considering adipokines as a primary
or secondary outcome. The meta-analysis was
conducted on RCTs that are considered as a gold
standard study design to identify the clinical effec-
tiveness of dietary supplementations. However,
some limitations should be noted. A major con-
cern is the small number of included trials that
their quality was unknown based on Cochrane col-
laboration’s tool; therefore, the present findings
should be interpreted with caution. Moreover,
there was significant heterogeneity across the stud-
ies that were not disappeared after several sub-
group analyses; this suggests unmeasured con-
founders including zinc bioavailability, medica-
tions, and physical activity. Most of trials included
in present meta-analysis used only zinc tablet
counting to measure the adherence, while the se-
rum zinc level as reliable surrogate biomarkers of
zinc status was not chacked at the end of the fol-
low-up. Future RCTSs should use validated mark-
ers to demonstrate the participants’ compliance to
the intervention. In addition, the difference in the
intake of zinc absorption inhibitors like dietary
phytate and oxalate at least partly reduce the zinc
bioavailability; however, this was not addressed in
all trials.

Conclusion

Zinc supplementation has no significant effect on
the serum level of leptin and adiponectin in the
adults’ population. However, several methodolog-
ical limitations do not allow us to provide definite
conclusion about the effect of zinc supplementa-
tion on the serum levels of adipokines. Further;
high-quality, long-term, large-scale, randomized
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clinical trials are warranted to provide a more de-
cisive document of the effect of zinc supplemen-
tation on serum adipokines.
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