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Abstract:
Background: Zinc (Zn) is a trace metal that is considered to have an impact on chronic
inflammation. However, findings of clinical trials have been inconsistent. The present systematic
review and meta-analysis aimed to provide a more robust examination of the evidence on the
effectiveness of Zn supplements on markers of inflammation and oxidative stress.
Methods: A systematic search in PubMed, Scopus, Web of Science and Cochrane Library was
undertaken to identify relevant randomized controlled trials (RCTs) assessing the impact of Zn on
inflammation and oxidative stress until 17 August 2020. We applied a random-effects method to
obtain effect sizes (ES) and 95 % confidence intervals (CIs). Meta-regression was used to detect
the potential source of between-study heterogeneity.
Results: Twenty-one eligible RCTs comprising 1321 participants were included in the metaanalysis. In comparison with the control groups, serum C-reactive protein (CRP) (ES = -0.92 mg/L,
95 % CI = [-1.36, -0.48], P < 0.001, I2 = 90.2 %), tumor necrosis factor-alpha (TNF-α) (ES = 0.49 pg/mL, 95 % CI = [-084, -0.14], P = 0.006, I2 = 34.6 %) and malondialdehyde (MDA) (ES =
-0.42, 95 % CI = [-083, -0.01], P = 0.04, I2 = 76.1 %) were significantly reduced in the groups
receiving Zn. Serum interleukin 6 (ES = -1.02 pg/mL, 95 % CI = [-2.06, 0.02], P = 0.05, I2 = 92.3
%) was marginally reduced following Zn supplementation. Moreover, treatment duration was
found as the source of inter-study heterogeneity.
Conclusion: This meta-analysis suggests that Zn supplements reduce serum concentrations of
markers of inflammation and oxidation: CRP, TNF-α and MDA.
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Introduction:
Prasad et al. first noted the importance of zinc (Zn) on human health in the 1960s. Zn is a
nutritionally crucial trace element and is the second most plentiful trace metal in the human body
after iron (1). Zn has been reported to attenuate chronic inflammatory responses through reduction
of serum inflammatory cytokines. It is also reported to reduce oxidative stress by its role as a
cofactor of antioxidant enzymes and as an enzyme catalyst, participating in the metabolism of
lipids, carbohydrates, and proteins (2). Zn is one of the key elements involved in the activities of
more than 300 enzymes and 2800 macromolecules (3). The total Zn content in the average human
body has been estimated to be 2–4 g, with a normal plasma concentration of 12–16 μmol/L (4).
Zn status appears to have an impact on many metabolic and chronic diseases, which include cancer
(esophageal, breast cancer, lung carcinoma), neurodegenerative diseases, and diabetes. There is
also a strong association between Zn deficiency and susceptibility to various infectious diseases
such as tuberculosis, measles, HIV, malaria, and pneumonia (5). The Zn2+ ion has a vital function
in the differentiation, apoptosis, and cell proliferation. In addition, it is involved in metabolism,
DNA synthesis, reproduction, and neurophysiological processes. Studies have demonstrated that
Zn preserves DNA integrity and its deficiency can inhibit the function of the Zn-dependent
proteins participating in the response to DNA damage (6).
Inflammatory processes involve several pathways. Modulation of these pathways is important to
provide an adequate response to various stimuli such as free radicals, stress, cytokines, oxidized
low-density lipoprotein-cholesterol (LDL) or bacterial/viral pathogens. The nuclear factor kappalight-chain-enhancer of activated B cells (NFκB) is one of the key inflammatory mediators that
impacts cellular apoptosis, proliferation and adhesion, tissue remodeling, innate and adaptive
immune reactions, inflammatory processes, and cellular stress reactions. NFκB, regulates the
expression of proinﬂammatory cytokines (e.g., IL-6, IL-1b, IL-8, MCP-1, and TNF-α),
chemokines, acute phase proteins (ﬁbrinogen and CRP), matrix metalloproteinases (MMPs),
adhesion molecules and growth factors (7, 8). Zn status determines the activation of NFκB
activation is enhanced or inhibited (9). These data illustrate the impact of Zn on normal
metabolism, inflammation and oxidative stress, indicating that Zn supplementation can have
important effects on endocrine outcomes, inflammatory biomarkers, and oxidative stress. Several
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studies have assessed the effects of Zn supplementation on inflammatory markers and oxidative
stress. However, randomized controlled trials (RCTs) have been inconsistent. Moreover, to date,
no systematic review, nor meta-analysis have been published speciﬁcally on the effects of Zn
supplementation on inflammation and oxidative stress in adults. In the present study, a systematic
review and meta-analysis of RCTs was conducted to summarize the evidence on the effects of Zn
supplementation on inflammatory mediators and oxidative stress in subjects over the age of 18
years.

Methods:
We designed our study according to the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines (10).
Search strategy:
We conducted our systematic search of the following online databases: PubMed, Scopus, Web of
Science and Cochrane Library to identify any relevant clinical trial published up to 17 August
2020 and investigated the efficacy of Zn supplementation on inflammatory meditators and
oxidative stress. Two authors gathered the primary search terms independently and then the
corresponding author reviewed and improved them. At end, our search strategy was contained of
the combination of terms, which searched in titles and abstracts and shown in supplementary data.
To supplement our search process and to avoid missing any relevant article, reference lists of
related reviews, Google Scholar and ClinicalTrials.gov were hand-scanned by two authors,
independently and double-checked by the corresponding author.
Inclusion and exclusion criteria:
At the initial stage, we selected any parallel randomized controlled trials (RCTs) reporting the
effects of Zn supplementation on at least one of our specified outcomes (e.g. CRP, TNF-α, IL-6
and MDA). At next, we excluded any study if it was dissertation, brief reports, editorials, reviews,
letters, and non-randomized, non-English language, animal- or observational-designed. Then,
studies which were conducted on children or adolescents (< 18 years old), reported insufficient
data (e.g. for calculating standard deviation (SD), standard error (SE), 95 % confidence intervals
(CI) or interquartile (IQR)) or non-extractable data were omitted. Finally, studies were checked
for the use of an appropriate control and intervention group. We excluded studies if their control
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group was not clinically comparable with the intervention, and therefore inclusion would have
biased the results. These steps were undertaken by two authors with attention to both clinical and
statistical views and cross-checked by corresponding author. Given any doubts about the data, we
at first tried to resolve them by group discussion. If there was a disagreement, or key information
were ambiguous, we contacted corresponding authors of the relevant articles.
Data extraction:
After selecting eligible articles, two authors extracted the following data: first authors last name,
corresponding author’s e-mail, publication year, country, population, subject’s characteristics,
intervention and control type, dose and type of supplement, treatment duration, sample size,
methodological quality, mean change of interested outcome from baseline at the end of trial,
related SD, SE, 95% CI or IQR. In the cases that reported SE, 95% CI or IQR, appropriate formulas
were used to obtain the SD (11). Units of interested outcomes were converted to the globally most
commons. Given the inconsistencies in the converted units, we saved them as each unit reported
in the related article. When the data were presented as a graph, WebPlotDigitizer
(https://automeris.io/WebPlotDigitizer/) was used to extract mean change and related SD.
Methodological quality appraisal was performed by two authors based on Cochrane Collaboration
Tools (12), which contained domains such as selection bias, performance bias, detection bias,
attrition bias, reporting bias and other sources of bias (e.g. bias of study design, trial stopped early,
extreme baseline imbalance and fraudulent). Each domain scored by “Low”, “High” or “Unclear”
risk of bias. The corresponding author re-checked these analyses.
Statistical analysis:
Effect sizes (ES) and corresponding 95% CIs were obtained applying a random-effects model (13).
As suggested by the Cochrane guidelines (14), standardized mean difference (SMD) was used as
summary measure, which is applicable for interpretation as the ES. We did I2 test to determine the
among-study heterogeneity, which was considered as moderate to high with values greater than 50
% (13, 15). Given the presence of high inter-study heterogeneity, a random-effects meta-regression
was used to determine if the mean age of the treatment group, dose of Zn or intervention duration
could be as its potential sources (13). Subgroup analysis was run for any outcome with more than
ten effect sizes based on region, mean age, type of Zn supplement and duration. Moreover, to
assess the dependency of pooled results from each trials, we undertook a sensitivity analysis (13).
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Egger’s and Begg’s tests were used to assess the publication bias in significant results (16). If
potential publication bias was identified (P < 0.05), we applied a “trim and fill” approach to adjust
the analysis (17). Net changes were calculated using following procedure: (mean-post – meanpre). Also, (√ ([(SD pre)2 + (SD post)2] – [2r × SD pre × SD post])) was used to obtain SD for
changes, assuming coefficient correlation (r) = 0.5, as it is a conservative estimate for an expected
range of 0-1 (18). SE or IQR, SD were calculated by using the following formulas, respectively:
SD = SE × √n, SD = IQR / 1.35 (19). Two authors performed the analyses followed by a final
revision by the corresponding author. We used Stata v.13 to analyze all data. P values < 0.05
regarded the statistical significance.

Results:
Systematic review:
A total of 8692 articles were identified by searching the online databases (Figure 1). Duplicate
records (n = 3339) were excluded, and the remaining 5353 citations were assessed by screening
the titles and abstracts, and this resulted in excluding another 5300 records. A total of 53 full text
articles remained for eligibility assessment, of which 32 were excluded for being ineligible.
Finally, 21 full-text papers were used for the meta-analysis, which resulted in the estimation of 23
separate effect sizes. The selected papers were published between 2007 and 2020 (Table 1). Of
the papers, 16 studies were conducted in Asia (20-35), four in America (36-39), and one in Europe
(40). The mean age of subjects in the intervention groups ranged from 20.7 to 75.1 years, and a
total of 1321 participants were enrolled into the included studies. Minimum and maximum dosage
of Zn were 30 and 528 mg / day, respectively. Gluconate (23, 25, 30, 33, 35-37, 40) and sulfate
(20-22, 24, 26-29, 31, 32, 34, 38, 39) were used as the formulation of supplemental Zn in 8 and 13
studies, respectively. Controls received placebo in most of the studies (9, 20-22, 25-36, 38-40).
Pakasi et al, reported two effect sizes for having two control groups receiving placebo and vitamin
A (21). In addition, in the study of Khan et al, control subjects received oral hypoglycemic agents
(24), and in another study by Guo et al. no placebo was used (23). Treatment duration lasted
between 2-48 weeks. The results of quality assessment are shown in Table 2.
Meta-analysis:
Pooling trial data, to examine the effects of Zn supplementation, showed a significant reduction in
serum concentration of CRP (ES = -0.92 mg/L, 95 % CI = [-1.36, -0.48], P < 0.001, I2 = 90.2 %),
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TNF-α (ES = -0.49 pg/mL, 95 % CI = [-084, -0.14], P = 0.006, I2 = 34.6 %) and MDA (ES = 0.42, 95 % CI = [-083, -0.01], P = 0.04, I2 = 76.1 %) in comparison with controls (Figure 2).
On the other hand, serum IL-6 (ES = -1.02 pg/mL, 95 % CI = [-2.06, 0.02], P = 0.05, I2 = 92.3 %)
was marginally reduced for the groups receiving Zn supplement, compared to controls (Figure 2).
Meta-regression:
As inter-trial heterogeneity was high in the assessment of the effects on serum CRP, IL-6 and
MDA, we used a random-effects meta-regression by age, dose and duration to assess the potential
sources of heterogeneity. For serum CRP and IL-6, there was a non significant correlation with
the potential moderators. However, serum MDA was significantly correlated with the treatment
duration (coefficient = 0.05, 95% CI = [0.001, 0.010], P = 0.04).
Subgroup analysis:
Table 3 outlines the details of subgroup analysis, which categorized based on region, age, type of
Zn supplement and duration. Zn supplementation did not significantly affect serum CRP when
treatment lasts more than 20 weeks (P = 0.21). In addition, we observed the greater clinical effect
of Zn sulfate (ES = -1.14 mg/L) than Zn gluconate (ES = -0.51 mg/L).
Sensitivity analysis:
The sensitivity analysis was applied using “one-study-removed” strategy to assess the impact of
each study on the effect size. The results of sensitivity analysis indicated that the pooled results of
interested outcomes were not sensitive to each study.
Publication bias:
Regarding the effects of Zn on serum CRP, both Egger’s (P = 0.002) and Begg’s (P = 0.006)
regression tests indicated a significant publication bias. Hence, we conducted a “trim and fill”
analysis to resolve this, and this did not affect the results, suggesting that the publication bias did
not significantly affect the results. Moreover, there was no significant publication bias for either
TNF-α (Egger = 0.68, Begg = 0.62) or MDA (Egger = 0.37, Begg = 0.32).

Discussion:
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To the best of our knowledge, the present study is the most recent systematic review and metaanalysis speciﬁcally on the effects of Zn supplementation on inflammatory markers and oxidative
stress in adults.
Our findings indicated that the consumption of Zn significantly reduced serum concentration of
CRP, TNF-α and MDA in comparison with controls. This has been shown in other studies.
Karamali et al., demonstrated that taking Zn supplements for 6 weeks in women with gestational
diabetes resulted in a significant reduction in serum CRP concentrations (30). In addition,
Khazdouz et al. (32) reported that inflammatory markers were significantly lower in the Znsupplemented group (120 mg Zn via a nasogastric tube for 15 days) compared to the placebo group
among patients with severe head trauma, which is consistent with the study conducted by
Khorsandi et al.,(34) in obese subjects. The referred study found that Zn supplementation (30
mg/day for 15 weeks) with a restricted calorie diet (~ 300 kcal lower than the estimated energy
requirement) reduced CRP levels compared to the control group. Jamilian et al., found that patients
who received Zn supplements had significantly lower MDA levels compared with the placebo.
However, no significant effect of Zn supplementation was observed on inflammatory cytokines
and biomarkers of oxidative stress (29). Likewise, another study by Dias et al. in patients with
atherosclerosis demonstrated that Zn supplements (30 mg/day) and rosuvastatin had no impact on
hs-CRP concentration after 4 months (41). The discrepancy of the results in these RCTs may be
due to several confounding variables, which include: study population size, Zn intervention dose,
duration of supplementation and baseline serum CRP level. The mechanism by which Zn has its
anti-inflammatory effect is likely to be mediated by NF-κB reduction, which is regulated by the
peroxisome proliferator-activated receptor (PPAR-α) and the A20 protein signaling pathway,
leading to a decrease in serum concentrations of inflammatory markers including CRP and TNFα (42). Zn supplements have an influence on immune cell function, such as macrophages,
monocytes, neutrophils, natural killer cells, and T and B cells, which play a significant role in the
response to inflammation (37, 43). Kim et al., (25) showed that Zn supplementation markedly
decreased the serum levels of IL-6 and hs-CRP after 8 weeks in obese women. Nonetheless, our
results indicate that serum IL-6 was marginally reduced in the group receiving Zn supplement,
compared to controls. It was reported that cytokines such as IL-1β , IL-6, IL-2 and TNF-α are
affected in a dose-dependent way in Zn deficiency (44). In addition, in subgroup analysis we found
that Zn supplementation changed the concentration of serum CRP in studies that lasted less than
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20 weeks. So based on our results, long-term use of Zn may not be associated with reduced
inflammation.
Age-related Zn deficiency can play an important role in age-related immune function
dysregulation, and can contribute to age-related inflammation and associated morbidities (45, 46).
Recent studies suggest that intracellular Zn homeostasis is involved in signaling in immune cells,
and cellular Zn control in these immune cells is mediated by alterations in the expression of
different Zn transporters (47, 48). Among the studies included in this meta-analysis, there were
only two studies that were performed on the elderly, which were conducted in the United States
and Italy. The first study conducted by Venneria et al. (40) provided two effect sizes, in which
ones received placebo and other groups received 15 mg/day and 30 mg/day of Zn for 6 months
among elderly Italian population. Their results did not show significant changes in serum MDA
levels with respect to baseline values. However, Bao et al., (37) reported a reduction in serum hsCRP, IL-6 and MDA among elderly American subjects as result of Zn supplementation (45 mg Zn
/ d) after 6 months. Although Zn is known to function as an anti-inflammatory agent, the specific
mechanisms that link Zn, age and inflammation remain unclear to date .Therefore, further studies
are required to determine causes of the link between Zn deficiency and inflammation in the elderly
(49).
The results of subgroup analyses further revealed that the mean difference of variables in the Zn
sulfate group showed a greater decrease than the Zn gluconate group. Therefore, it can be
concluded that Zn sulfate is clinically more effective in reducing inflammation than Zn gluconate
based on our results. It is noteworthy that, Zn sulfate preserved epithelial and tissue integrity by
boosting cell development, suppressing apoptosis and acting as an antioxidant that protects against
free radical damage during inflammatory process (50). Although, Zhang et al., demonstrated that
Zn sulfate and Zn gluconate had equivalent bioavailability based on plasma and tissues Zn levels
in rats (51). Moreover, from the limited evidence released on the absorption of Zn from
supplements fed to humans, it appears that Zn sulfate and Zn gluconate are absorbed to a similar
size (52). To the best of our knowledge, there was no study comparing these supplements in terms
of clinical efficacy. Also, due to the higher cost of Zn gluconate than Zn sulfate (53), it could be
suggested that future clinical studies consider this issue.
Strength and weakness:
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In this study, we have comprehensively reviewed the RCTs that have investigated the effects of
Zn supplementation on inflammatory mediators and oxidative stress in subjects over the age of 18
years. To our knowledge, except one previous meta-analysis by Mousavi et al. (54) on the effect
of Zn supplementation on CRP, no other systematic review or meta-analysis has been published
speciﬁcally on the eﬀects of Zn supplementation on other clinical inflammatory mediators and
oxidative stress in adults. In addition, compared with the mentioned meta-analysis (54), we have
included additional studies on CRP (21, 30-32, 34, 35) and inflammatory factors such as TNF-α
and IL-6. Moreover, MDA was included in the current study to evaluate the status of oxidative
stress. We also applied meta-regression, which led to detecting treatment duration as a source of
inter-study heterogeneity. However, the current meta-analysis has some limitations. First,
participants were not restricted to the special disease, and because of the variety of these
conditions, we were not able to conduct sub-analysis. Second, we did not register our study
protocol on PROSPERO registry system due to the delay in processing the submitted protocols for
studies outside the UK. Third, the number of included studies was not sufficiently large to be allow
robust subgroup analyses on outcomes with less than ten effect sizes (55). Fourth, the skewed
distribution of CRP might have introduced some error to the analysis, which calls for future
attempts with individual patient data. Finally, one issue that could affect the between-study
heterogeneity is that the serum Zn concentration may have a circadian alteration (higher in the
morning and lower in the afternoon time) (56). In order to clarify the relationship between Zn
concentration and disease progression, it is suggested that more studies are needed to better define
the mean Zn concentration in healthy and unhealthy populations from different geographical
regions.
Conclusion:
In conclusion, the present meta-analysis revealed that Zn supplementation significantly reduced
serum CRP, TNF-α, and MDA levels. However, IL-6 was marginally reduced in the group
receiving Zn as supplement, compared to controls. Further RCTs with larger sample are required
to determine the effective dose and duration of Zn supplementation on inflammatory and oxidative
stress markers in different demographic groups.
Author contribution:

10

RH and MJ contributed to study design and concept. RH, MAM and MJ contributed to literature
search, data extraction, and analysis. RH, GAF, AS and MJ contributed to drafting and reviewing
the final manuscript. All authors read and approved the paper for publication.
Funding:
None.
Competing interest:
None declared.
Acknowledgements:
We thank all the participants of the study.
Ethics approval and consent to participate:
Not applicable.

References:
1.
Prasad AS, Miale Jr A, Farid Z, Sandstead H, Schulert A. Zinc metabolism in patients with the
syndrome of iron deficiency anemia, hepatosplenomegaly, dwarfism, and hypogonadism. Journal of
Laboratory and Clinical Medicine. 1963;61(4):537-49.
2.
Olechnowicz J, Tinkov A, Skalny A, Suliburska J. Zinc status is associated with inflammation,
oxidative stress, lipid, and glucose metabolism. The Journal of Physiological Sciences. 2018;68(1):19-31.
3.
Mariani E, Neri S, Cattini L, Mocchegiani E, Malavolta M, Dedoussis GV, et al. Effect of zinc
supplementation on plasma IL-6 and MCP-1 production and NK cell function in healthy elderly:
interactive influence of+ 647 MT1a and− 174 IL-6 polymorphic alleles. Experimental gerontology.
2008;43(5):462-71.
4.
Rink L, Gabriel P. Zinc and the immune system. Proc Nutr Soc. 2000;59(4):541-52.
5.
Maret W. Zinc and human disease. Interrelations between essential metal ions and human
diseases: Springer; 2013. p. 389-414.
6.
Yan M, Song Y, Wong CP, Hardin K, Ho E. Zinc deficiency alters DNA damage response genes in
normal human prostate epithelial cells. J Nutr. 2008;138(4):667-73.
7.
Lawrence T. The nuclear factor NF-κB pathway in inflammation. Cold Spring Harbor perspectives
in biology. 2009;1(6):a001651.
8.
Prasad AS. Zinc is an antioxidant and anti-inflammatory agent: its role in human health. Frontiers
in nutrition. 2014;1:14.

11

9.
Bao S, Liu M-J, Lee B, Besecker B, Lai J-P, Guttridge DC, et al. Zinc modulates the innate immune
response in vivo to polymicrobial sepsis through regulation of NF-κB. American Journal of PhysiologyLung Cellular and Molecular Physiology. 2010;298(6):L744-L54.
10.
Moher D, Liberati A, Tetzlaff J, Altman DGJAoim. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. 2009;151(4):264-9.
11.
Follmann D, Elliott P, Suh I, Cutler J. Variance imputation for overviews of clinical trials with
continuous response. J Clin Epidemiol. 1992;45(7):769-73.
12.
Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials. 2011;343:d5928.
13.
Higgins JP, Green S, Higgins G. Cochrane handbook for systematic reviews of interventions,
version 5.1. 0. 2011.
14.
Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane handbook for
systematic reviews of interventions version 6.0 (updated July 2019). Cochrane. 2019.
15.
Sedgwick P. Meta-analyses: what is heterogeneity? BMJ. 2015;350:h1435.
16.
Rothstein H, Sutton A, Borenstein M. Publication bias in meta-analysis. Publication bias in metaanalysis-prevention, assessment and adjustment. 2005. John Wiley & Sons, Chichester.
17.
Duval S, Tweedie RJB. Trim and fill: a simple funnel‐plot–based method of testing and adjusting
for publication bias in meta‐analysis. 2000;56(2):455-63.
18.
Borenstein M, Hedges LV, Higgins JP, Rothstein HR. Introduction to meta-analysis: John Wiley &
Sons; 2011.
19.
Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median, range, and
the size of a sample. BMC Med Res Methodol. 2005;5(1):13.
20.
Rashidi AA, Salehi M, Piroozmand A, Sagheb MM. Effects of zinc supplementation on serum zinc
and C-reactive protein concentrations in hemodialysis patients. J Ren Nutr. 2009;19(6):475-8.
21.
Pakasi TA, Karyadi E, Suratih NM, Salean M, Darmawidjaja N, Bor H, et al. Zinc and vitamin A
supplementation fails to reduce sputum conversion time in severely malnourished pulmonary
tuberculosis patients in Indonesia. Nutr J. 2010;9(1):41.
22.
Pourteymour Fard Tabrizi F, Alipoor B, Ostadrahimi AR, Mehrzad Sadagiani M. Effect of zinc
supplementation on inflammatory markers in women with polycystic ovary syndrome. Shiraz E Medical
Journal. 2011;12(1):30-8.
23.
Guo CH, Wang CL. Effects of zinc supplementation on plasma copper/zinc ratios, oxidative
stress, and immunological status in hemodialysis patients. Int J Med Sci. 2013;10(1):79-89.
24.
Khan MI, Siddique KU, Ashfaq F, Ali W, Reddy HD, Mishra A. Effect of high-dose zinc
supplementation with oral hypoglycemic agents on glycemic control and inflammation in type-2 diabetic
nephropathy patients. J Nat Sci Biol Med. 2013;4(2):336-40.
25.
Kim J, Ahn J. Effect of zinc supplementation on inflammatory markers and adipokines in young
obese women. Biol Trace Elem Res. 2014;157(2):101-6.
26.
Meksawan K, Sermsri U, Chanvorachote P. Zinc supplementation improves anticancer activity of
monocytes in type-2 diabetic patients with metabolic syndrome. Anticancer Res. 2014;34(1):295-9.
27.
Ranjbar E, Shams J, Sabetkasaei M, M MS, Rashidkhani B, Mostafavi A, et al. Effects of zinc
supplementation on efficacy of antidepressant therapy, inflammatory cytokines, and brain-derived
neurotrophic factor in patients with major depression. Nutr Neurosci. 2014;17(2):65-71.
28.
Islam MR, Attia J, Ali L, McEvoy M, Selim S, Sibbritt D, et al. Zinc supplementation for improving
glucose handling in pre-diabetes: A double blind randomized placebo controlled pilot study. Diabetes
Res Clin Pract. 2016;115:39-46.
29.
Jamilian M, Foroozanfard F, Bahmani F, Talaee R, Monavari M, Asemi Z. Effects of Zinc
Supplementation on Endocrine Outcomes in Women with Polycystic Ovary Syndrome: a Randomized,
Double-Blind, Placebo-Controlled Trial. Biol Trace Elem Res. 2016;170(2):271-8.

12

30.
Karamali M, Heidarzadeh Z, Seifati SM, Samimi M, Tabassi Z, Talaee N, et al. Zinc
Supplementation and the Effects on Pregnancy Outcomes in Gestational Diabetes: a Randomized,
Double-blind, Placebo-controlled Trial. Exp Clin Endocrinol Diabetes. 2016;124(1):28-33.
31.
Momen-Heravi M, Barahimi E, Razzaghi R, Bahmani F, Gilasi HR, Asemi Z. The effects of zinc
supplementation on wound healing and metabolic status in patients with diabetic foot ulcer: A
randomized, double-blind, placebo-controlled trial. Wound Repair Regen. 2017;25(3):512-20.
32.
Khazdouz M, Mazidi M, Ehsaei MR, Ferns G, Kengne AP, Norouzy AR. Impact of Zinc
Supplementation on the Clinical Outcomes of Patients with Severe Head Trauma: A Double-Blind
Randomized Clinical Trial. J Diet Suppl. 2018;15(1):1-10.
33.
Roshanravan N, Tarighat-Esfanjani A, Alamdari NM, Kheirouri S, Mousavi R, Alizadeh M. The
effects of zinc supplementation on inflammatory parameters in pregnant women with impaired glucose
tolerance: A randomized placebo controlled clinical trial. Progress in Nutrition. 2018;20:330-6.
34.
Khorsandi H, Nikpayam O, Yousefi R, Parandoosh M, Hosseinzadeh N, Saidpour A, et al. Zinc
supplementation improves body weight management, inflammatory biomarkers and insulin resistance
in individuals with obesity: a randomized, placebo-controlled, double-blind trial. Diabetol Metab Syndr.
2019;11(1):101.
35.
Jafari F, Amani R, Tarrahi MJ. Effect of Zinc Supplementation on Physical and Psychological
Symptoms, Biomarkers of Inflammation, Oxidative Stress, and Brain-Derived Neurotrophic Factor in
Young Women with Premenstrual Syndrome: a Randomized, Double-Blind, Placebo-Controlled Trial. Biol
Trace Elem Res. 2020;194(1):89-95.
36.
Prasad AS, Beck FW, Bao B, Fitzgerald JT, Snell DC, Steinberg JD, et al. Zinc supplementation
decreases incidence of infections in the elderly: effect of zinc on generation of cytokines and oxidative
stress. Am J Clin Nutr. 2007;85(3):837-44.
37.
Bao B, Prasad AS, Beck FW, Fitzgerald JT, Snell D, Bao GW, et al. Zinc decreases C-reactive
protein, lipid peroxidation, and inflammatory cytokines in elderly subjects: a potential implication of zinc
as an atheroprotective agent. 2010;91(6):1634-41.
38.
Velazquez-Perez L, Rodriguez-Chanfrau J, Garcia-Rodriguez JC, Sanchez-Cruz G, AguileraRodriguez R, Rodriguez-Labrada R, et al. Oral zinc sulphate supplementation for six months in SCA2
patients: a randomized, double-blind, placebo-controlled trial. Neurochem Res. 2011;36(10):1793-800.
39.
Ribeiro SM, Braga CB, Peria FM, Domenici FA, Martinez EZ, Feres O, et al. Effect of Zinc
Supplementation on Antioxidant Defenses and Oxidative Stress Markers in Patients Undergoing
Chemotherapy for Colorectal Cancer: a Placebo-Controlled, Prospective Randomized Trial. Biol Trace
Elem Res. 2016;169(1):8-16.
40.
Venneria E, Intorre F, Foddai MS, Azzini E, Palomba L, Raguzzini A, et al. Antioxidant effect of
zinc supplementation on both plasma and cellular red-ox status markers in a group of elderly Italian
population. The journal of nutrition, health & aging. 2014;18(4):345-50.
41.
Dias PCS, Sena-Evangelista KCM, Paiva M, Ferreira DQC, Ururahy MAG, Rezende AA, et al. The
beneficial effects of rosuvastatin are independent of zinc supplementation in patients with
atherosclerosis. J Trace Elem Med Biol. 2014;28(2):194-9.
42.
De Martin R, Hoeth M, Hofer-Warbinek R, Schmid JA. The transcription factor NF-κB and the
regulation of vascular cell function. Arteriosclerosis, thrombosis, and vascular biology. 2000;20(11):e83e8.
43.
Prasad AS, Bao B, Beck FW, Sarkar FH. Correction of interleukin-2 gene expression by in vitro
zinc addition to mononuclear cells from zinc-deficient human subjects: a specific test for zinc deficiency
in humans. Transl Res. 2006;148(6):325-33.
44.
Foster M, Samman S. Zinc and regulation of inflammatory cytokines: implications for
cardiometabolic disease. Nutrients. 2012;4(7):676-94.
45.
Haase H, Rink L. The immune system and the impact of zinc during aging. Immun Ageing.
2009;6(1):9.
13

46.
Mocchegiani E, Costarelli L, Giacconi R, Piacenza F, Basso A, Malavolta M. Micronutrient (Zn, Cu,
Fe)–gene interactions in ageing and inflammatory age-related diseases: implications for treatments.
Ageing research reviews. 2012;11(2):297-319.
47.
Giacconi R, Malavolta M, Costarelli L, Busco F, Galeazzi R, Bernardini G, et al. Comparison of
intracellular zinc signals in nonadherent lymphocytes from young-adult and elderly donors: role of zinc
transporters (Zip family) and proinflammatory cytokines. J Nutr Biochem. 2012;23(10):1256-63.
48.
Yu M, Lee WW, Tomar D, Pryshchep S, Czesnikiewicz-Guzik M, Lamar DL, et al. Regulation of T
cell receptor signaling by activation-induced zinc influx. J Exp Med. 2011;208(4):775-85.
49.
Wong CP, Magnusson KR, Ho E. Increased inflammatory response in aged mice is associated
with age-related zinc deficiency and zinc transporter dysregulation. The Journal of nutritional
biochemistry. 2013;24(1):353-9.
50.
Rambod M, Pasyar N, Ramzi M. The effect of zinc sulfate on prevention, incidence, and severity
of mucositis in leukemia patients undergoing chemotherapy. Eur J Oncol Nurs. 2018;33:14-21.
51.
Zhang SQ, Yu XF, Zhang HB, Peng N, Chen ZX, Cheng Q, et al. Comparison of the Oral Absorption,
Distribution, Excretion, and Bioavailability of Zinc Sulfate, Zinc Gluconate, and Zinc-Enriched Yeast in
Rats. Mol Nutr Food Res. 2018;62(7):e1700981.
52.
Wegmüller R, Tay F, Zeder C, Brnić M, Hurrell RF. Zinc absorption by young adults from
supplemental zinc citrate is comparable with that from zinc gluconate and higher than from zinc oxide.
The Journal of nutrition. 2014;144(2):132-6.
53.
Hotz C, Brown KH. Assessment of the risk of zinc deficiency in populations and options for its
control. 2004.
54.
Mousavi SM, Djafarian K, Mojtahed A, Varkaneh HK, Shab-Bidar S. The effect of zinc
supplementation on plasma C-reactive protein concentrations: A systematic review and meta-analysis of
randomized controlled trials. Eur J Pharmacol. 2018;834:10-6.
55.
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003;327(7414):557-60.
56.
Schneider JM, Fujii ML, Lamp CL, Lönnerdal B, Zidenberg-Cherr S. The prevalence of low serum
zinc and copper levels and dietary habits associated with serum zinc and copper in 12-to 36-month-old
children from low-income families at risk for iron deficiency. Journal of the American Dietetic
Association. 2007;107(11):1924-9.

14

Table 1. Main demographic characteristics of the included RCTs
First author

Publication
year

Population

Country

Mean

Dose (mg /

Type of

Control

Duration

Sample

age

day)

supplement

group

(Weeks)

size

Prasad et al.

2007

Healthy elderly

USA

32

45

Zn gluconate

Placebo

48

49

Rashidi et al.

2009

Hemodialysis patients

Iran

56.4

220

Zn sulfate

Placebo

6

55

Bao et al.

2010

Healthy elderly

USA

65

45

Zn gluconate

Placebo

24

40

Indonesia

30.9

30

Zn sulfate

Placebo

24

140

Indonesia

30.1

30

Vitamin A

24

115

Iran

27.17

50

Zn sulfate

Placebo

8

60

Cuba

42.35

50

Zn sulfate

Placebo

24

33

China

59

78

Zn gluconate

Nothing

8

65

12

44

8

40

Severely malnourished
Pakasi 1 et al.

2010

pulmonary tuberculosis
patients
Severely malnourished

Pakasi 2 et al.

2010

pulmonary tuberculosis
patients

Pourteymour
Fard et al.
VelázquezPérez et al.
Gou et al.

2011

2011
2013

PCOS
Spinocerebellar Ataxia
type 2
Hemodialysis patients

Zn sulfate +
Vitamin A

Zn sulfate +
Khan et al.

2013

Type-2 diabetic patients
with microalbuminuria

India

56.3

50

Oral
hypoglycemic
agents

Kim et al.

2014

Young Obese Women

Korea

20.7

15

30

Zn gluconate

Oral
hypoglycemic
agents
Placebo

Meksawan et
al.
Ranjbar et al.

2014

Type 2 DM and
metabolic syndrome

Thailand

58.75

132

Zn sulfate

Placebo

8

17

2014

Depressed outpatient

Iran

37

110

Zn sulfate

Placebo

12

44

2014

Healthy elderly

Italy

74.5

15

Zn gluconate

Placebo

24

73

2014

Healthy elderly

Italy

75.1

30

Zn gluconate

Placebo

24

71

2015

Gestational diabetes

Iran

34

233

Zn gluconate

Placebo

6

50

Islam et al.

2016

Pre-diabetics

Bangladesh

42.1

30

Zn sulfate

Placebo

24

55

Jamilian et al.

2016

PCOS

Iran

34

220

Zn sulfate

Placebo

8

48

Ribeiro et al.

2016

Colorectal cancer

Brazil

62.5

308

Zn sulfate

Placebo

16

24

Iran

58.3

220

Zn sulfate

Placebo

12

60

Iran

32

528

Zn sulfate

Placebo

2

94

Iran

29.45

30

Zn gluconate

Placebo

8

44

Venneria 1 et
al.
Venneria 2 et
al.
Karamali et
al.

MomenHeravi et al.
Khazdouz et
al.
Roshanravan
et al.
Khorsandi et
al.
Jafari et al.

2017

2018

Patients with diabetic
foot ulcer
Severe head trauma
Pregnant women with

2018

impaired glucose
tolerance

2019

Obese adults

Iran

35.63

30

Zn sulfate

Placebo

15

40

2020

Premenstrual Syndrome

Iran

23.04

30

Zn gluconate

Placebo

12

60
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Table 2. Methodological quality assessment based on authors’ Cochrane Collaboration Tool

Study

Sequence
Allocation
Blinding
generation concealment

Prasad
Rashidi
Bao
Pakasi
Pourteymour Fard
Velázquez-Pérez
Guo
Khan
Kim
Meksawan
Ranjbar
Venneria
Karamali
Islam
Jamilian
Ribeiro
Momen-Heravi
Khazdouz
Roshanravan
Khorsandi
Jafari

: Low risk,

: High risk and

: Unclear
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Blinding of
outcome
assessment

Incomplete
outcome
data

Selective
reporting

Other
bias

Table 3. Subgroup analysis regarding the effects of Zn supplementation on serum CRP by region,
age, type of Zn and duration

Subgroup

Number of

ES

trials

(95 % CI)

P

I2

< 0.001

90.9 %

-

-

< 0.001

77.1 %

0.01

92.6 %

< 0.001

93.0 %

0.02

65.7 %

0.21

71.9 %

< 0.001

89.4 %

CRP

Region

Asia

14

America

1

More than 40

6

Less than 40

9

Zn sulfate

9

Zn gluconate

5

-0.94 (-1.41, 0.47)
-1.09 (-1.59, 0.59)

Age

Type of Zn
supplement

More than 20
Duration

weeks
Less than 20
weeks

-0.82 (-1.44, 0.20)
-1.14 (-1.76, 0.52)
-0.51 (0.95, 0.08)
-0.27 (-0.69,

5

0.16)
-1.16 (-1.71, -

9

0.62)

ES: effect size, CI: confidence intervals, CRP: C-reactive protein
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Figure legends:
Figure 1. The process of study selection
Figure 2. The effects of Zn supplementation on serum CRP (A), TNFα (B), IL-6 (C) and MDA
(D); CRP: C-reactive protein; TNF-α: Tumor necrosis factor-alpha; MDA: Malondialdehyde
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