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ABSTRACT 

Zinc plays a central role in skin integrity via barrier and immune mechanisms and may also be 

relevant in the pathogenesis of atopic dermatitis (AD). However, little is known about the relationship 

between zinc and AD. We performed a systematic review to determine 1) the association between 

zinc levels or zinc deficiency and AD and 2) the efficacy of oral zinc supplementation in the treatment 

of AD. We searched PubMed, Scopus, Web of Science and article references for observational studies 

on zinc levels or zinc deficiency in participants with AD versus controls and for RCTs on zinc 

supplementation in AD. For observational studies, we calculated pooled standardised mean 

differences (SMDs) or odds ratios (ORs) along with 95% confidence intervals (CIs) using a random 

effects model. We included 14 observational studies and 2 RCTs. The pooled SMD demonstrated 
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significantly lower serum (SMD 0.66, 95% CI 0.21-1.10, p=0.004), hair (SMD 0.95, 95% CI 0.38-

1.52, p=0.001) and erythrocyte (SMD 0.95, 95% CI 0.38-1.52, p=0.001) zinc levels in participants 

with AD compared to controls. Pooled unadjusted data from 3 studies showed a non-significant 

increased odds of AD in those with zinc deficiency compared with those without zinc deficiency 

(OR=1.50, 95% CI 0.71-3.16, p=0.28). One RCT of oral zinc supplementation among AD patients 

with zinc deficiency showed improvement in extent and severity of AD, while another RCT among all 

AD patients showed no significant improvement. All the studies were of low or moderate quality. We 

conclude that low serum, hair, and erythrocyte zinc levels are associated with AD. However, the poor 

quality of included studies make interpretation of these results problematic. High quality 

observational studies are needed to confirm the association between low zinc levels and AD, and 

RCTs are required to evaluate the merit of zinc supplementation for the treatment or prevention of 

AD.   

Key words: zinc, micronutrients, trace elements, atopic dermatitis, eczema 

 

BACKGROUND 

Atopic dermatitis (AD) is a chronic, inflammatory, pruritic skin disease with a global prevalence 

ranging from 0.9 to 22.5%. It affects developing as well as developed countries,1 and is associated 

with significant morbidity, including a significantly higher prevalence of sleep and mood disorders.2 

Reduction in quality of life is associated with intractable pruritis and is proportional to disease 

severity.3, 4 Atopic dermatitis in infancy is also an independent risk factor for the development of other 

allergic diseases later in life, including food allergy, asthma, and allergic rhinitis.5  

 

Zinc is an essential micro-nutrient that catalyses enzyme activity, contributes to protein structure, and 

regulates gene expression.6 It is also essential for the functioning of the innate and adaptive immune 

systems.7, 8 Five percent of total body zinc is found in the skin, with epidermal concentrations highest 
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in the stratum spinosum.9 In fact, zinc has been shown to promote normal keratinocyte differentiation 

and reduce pro-inflammatory actions of keratinocytes.9 AD has a complex pathogenesis with barrier 

defects (‘outside-in’ hypothesis), immunologic alterations (‘inside-out’ hypothesis), and an altered 

microbiome with increased s.aureus colonisation playing a role.10-12 Although the exact nature of the 

relationship between zinc status and AD remains poorly understood, it is hypothesized that  low zinc 

concentrations may contribute to AD via all 3 mechanisms. First, zinc is a component of matrix 

metalloproteinases that are involved in epidermal remodelling, whereas zinc finger motifs play a role 

in expression of filaggrin, a key protein required for formation of the skin barrier.13 Second, 

application of topical zinc oxide particles in mechanically damaged mice skin has been 

shown to decrease pro-inflammatory cytokines such as IL-1 and IL-6 and increase anti-

inflammatory cytokines such as IL-10.
13

 Murine models have also shown that a zinc deficient diet 

results in several features of AD including increased skin dryness, itching, and transepidermal water 

loss, as well as elevated serum IgE, skin s.aureus, and mast and eosinophil cell counts on histology.14, 

15 Third, although the relationship between endogenous zinc status in humans and s.aureus 

colonisation remains unknown, zinc oxide particles have in vitro antimicrobial activity against 

s.aureus.16  

 

A regular dietary intake of zinc is needed as there is no storage form of zinc in the body, and children 

from low- middle- income countries are still vulnerable to zinc deficiency.17, 18 Despite the important 

role of zinc in the skin, little is known about the relationship between zinc deficiency and AD, and 

existing studies show conflicting results. This is in stark contrast to research regarding the role of zinc 

in intestinal epithelial disease.19 As a first step in addressing this gap in the literature, we performed a 

systematic review and meta-analysis to determine the relationship between zinc and AD. 
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METHODS 

This systematic review was conducted using a prospective protocol based on the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.20 Details of the protocol were 

registered on Prospero (CRD42018093560). Two authors (NG and AD) were independently involved 

in study selection, data extraction, and quality assessment, and disagreements were resolved by 

discussion with a third author (NK) if consensus could not be reached. 

 

Literature search strategy 

We searched PubMed, Scopus and Web of Science on 4th December 2017. The search strategy for 

each database is detailed in supplementary table 1. The reference lists of included articles were also 

reviewed for additional studies. 

 

Eligibility Criteria 

We included any peer-reviewed English language article that examined the relationship between zinc 

and AD and used a case-control, cross-sectional, cohort, or randomised control trial (RCT) study 

design. Studies that enrolled both children and/or adults were included. Any criteria for AD diagnosis 

was accepted. Included observational studies had to measure zinc levels and report mean differences 

or relative risks (RRs) [odds ratios (ORs) or hazard ratios (HRs)] with 95% confidence intervals (CIs), 

or have sufficient data to compute them. Studies were excluded if they did not contain objective data 

on zinc levels or used dietary assessments of zinc intake only. RCTs were included if there was a zinc 

intervention arm.  

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Study selection and data abstraction 

Titles and abstracts identified by the search were screened, and then full texts of selected articles were 

reviewed. We extracted information from each study using a pre-defined data extraction form 

designed for this review.  

 

Study quality assessments 

The Newcastle-Ottawa Scale was used to assess the quality of nonrandomised studies in the review.21, 

22 The Cochrane Risk of Bias Tool was used to assess quality of RCTs.23  

 

Statistical analysis 

We conducted meta-analyses using Stata, version 13, (StataCorp LP, College Station, TX).  There 

were sufficient data to perform four meta-analyses. The first three compared mean concentrations of 

serum, hair, and erythrocyte zinc between participants with AD and those without AD. Standardized 

mean difference (SMD) was chosen as the summary statistic rather than weighted mean difference 

because studies measured zinc levels on difference scales. The final meta-analysis examined the 

association between zinc deficiency and AD. Since no RR estimates were provided, crude ORs along 

with 95% CIs were calculated from 3 included studies. For all analyses, we chose a random effects 

model using the DerSimonian-Laird method24. To assess the degree of heterogeneity across studies, 

we used the I2 statistic and P-value of χ2 squared test. An I2  value of 25%, 50%, and 75% was 

considered low, moderate, and high heterogeneity, respectively.25 

The following additional tests were performed if 5 or more studies were present. Subgroup analysis 

using univariate meta-regression was performed to try and explain potential between-study 

heterogeneity. The following subgroups were chosen a priori: study quality (<6 vs ≥6 stars); region 

(Europe vs other); age and/or sex matched controls (yes vs no); age (children only vs other); total 
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study size (n<100 vs n≥100) and type of control group (healthy vs other). As a sensitivity analysis, a 

meta-influence plot was used to analyse the influence of individual studies on the overall effect size. 

We used a funnel plot and Egger’s linear regression test to assess publication bias. All p values were 

two sided and alpha was set at 0.05. 

 

RESULTS 

Study selection and characteristics 

Results of the study selection process and reasons for exclusion are summarised in Fig. 1. Fifteen 

studies were included in the review: 11 case-control26-36, 1 cross-sectional37, 1 cohort38, and 1 RCT,39 

as well as 1 study that combined a case-control study with a subsequent RCT.
40

 

The main characteristics of the 14 observational studies included in the review are summarised in 

Table 1. The two RCTs are discussed in a separate section below. Three studies were from the United 

Kingdom; 2 each from Hong Kong, South Korea, Turkey, and Japan; and one each from Bangladesh, 

Egypt, and Italy. Nine studies included only children,27-30, 32, 33, 35, 38, 40 3 included only adults,31, 36, 37 

and 2 included children and adults.26, 34 Only three studies included participants over the age of 35 

years,31, 36, 37 and only 2 studies focused on children aged under 5 years.27, 35 The proportion of male 

cases ranged from 35.6% to 66.7%, and male controls ranged from 49.0% to 65.9%. Eight of the 15 

included observational studies and RCTs used pre-defined criteria for AD: 5 used Hanifin and Rajka’s 

criteria,
32-34, 39, 40

 2 used the Japanese Dermatologic Society Diagnostic criteria,
37, 38

 and one used 

consensus conference criteria.35 No specific criteria were used in the remaining 7 studies with 1 study 

relying on self-report.37 Two studies also took IgE measurements into consideration.29, 30 
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Method of zinc determination 

Ten studies determined zinc concentration from serum,
26-30, 32-34, 36, 37

 3 from hair,
30, 38, 40

 2 from 

erythrocytes,34, 35 and 1 from leukocytes and plasma31. In terms of instruments, 7 studies used atomic 

absorption spectrophotometry (AAS),26-28, 30, 31, 34, 36 4 used inductively-coupled mass 

spectrophotometry (ICP-MS),32, 33, 37, 40 2 used proton-induced x-ray emission (PIXE),29, 38 and 1 used 

mass spectrophotometry but did not specify the type.35 

 

Study quality assessment 

Study quality assessment scores for observational studies are shown in Supplementary Table 2. All 

studies were judged to be of low to moderate quality. For participant selection, none of the 12 case 

control studies scored more than 2 out of 4 stars. None described the representativeness of cases, 4 

used hospital-based controls,27, 28, 32, 33 and 8 provided minimal or no description of where the controls 

were sourced from.26, 29-31, 34-36, 40 For comparability of groups, 5 studies did not match or adjust for 

any potential confounders, 28, 32, 33, 36, 37 and 3 studies matched or adjusted for only 1 factor.26, 27, 38 For 

ascertainment of exposure, all studies used an objective measure of zinc determination and the same 

method was used for cases and controls, but no studies provided non-response rates or described non-

respondents. For assessment of outcome, the cross-sectional study relied on self-report of AD,37 

whereas the cohort study used independent blind assessment but only followed participants up to 10 

months of age.38   

 

Supplementary Table 3 shows the risk of bias assessments for the 2 RCTs. None of the trials reported 

adequate random sequence generation or allocation concealment. Both trials reported adequate 

blinding of personnel and outcome assessors, although 1 trial did not report adequate blinding of 

participants. Finally, follow-up was adequate in one trial but unclear in the other.  
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Cross sectional and case control studies 

Eight case-control studies including 840 participants assessed mean serum zinc levels (Supplementary 

Table 4). Overall, serum zinc levels were significantly lower in participants with AD than in controls 

(SMD 0.66, 95% CI 0.21-1.10, p=0.004) (Fig. 2). Heterogeneity was high (p<0.00, I2=87.7%). 

Univariate meta-regression did not reveal significant heterogeneity by study characteristics 

(Supplementary Table 5). There was some evidence of funnel plot asymmetry, although Egger’s test 

was non-significant (p=0.47). In influence analysis, the pooled estimate remained significant and 

ranged from 0.43 (95% CI, 0.27-0.60) to 0.73 (95% CI, 0.57-0.90).One study assessed median serum 

zinc levels, finding no significant difference between participants with AD and controls (cases: 

median 11.5µmol/L; controls: median=11.5 µmol/L, p=0.29).28Three case-control studies including 

97 participants assessed mean hair zinc levels (Supplementary Table 4). Overall, hair zinc levels were 

significantly lower in participants with AD than in controls (SMD 0.95, 95% CI 0.38-1.52, p=0.001) 

(Fig. 3). Heterogeneity was high (p=0.06, I2=64.5%).Two case-control studies including 159 

participants assessed mean erythrocyte zinc levels. (Supplementary Table 4). Overall, serum zinc 

levels were significantly lower in participants with AD than in controls (SMD 1.21, 95% CI 0.90-

1.53, p<0.001) (Fig. 4). Heterogeneity was moderate (p=0.23, I2=30.6%). One study measured zinc 

concentrations in both plasma and leukocytes, but results were not significant (p>0.05).31 

 

Six studies analysed zinc levels by AD severity.27, 28, 31, 33-35 Two studies used the SCORing Atopic 

Dermatitis (SCORAD) index only,34, 35 1 used SCORAD, Nottingham Eczema Severity Score (NESS) 

AND Children’s Dermatology Life Quality Index (CDLQI),33 and the remaining 3 studies used non-

validated scoring systems. Four studies found no difference in zinc levels with increasing AD 

severity.27, 28, 31, 35 One study found that serum zinc levels were inversely related to long term disease 

severity as measured by NESS (r=-0.24, p<0.05), but found no correlation with SCORAD or 

CDLQI.33 Another study found that erythrocyte zinc levels were inversely related to SCORAD (r=-

0.791, p<0.001), but  not serum zinc.34   
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Zinc and incident AD 

A prospective mother child birth cohort assessed the association between infant or maternal hair 

mineral content at age 1 month and AD diagnosis at age 10 months after adjusting for family history 

of AD.38 Neither infant nor maternal hair zinc at age 1 month was related to AD status at 10 months 

(p>0.2).  

 

Zinc deficiency and AD 

Pooled unadjusted data from 3 studies of 2119 participants showed a non-significant increased odds 

of AD in those with zinc deficiency compared with those without zinc deficiency (RR=1.50, 95% CI 

0.71-3.16, p=0.28). Heterogeneity was high (χ- squared p=0.039; I-squared 69.3%). 

 

RCTs of zinc supplementation in AD 

Two RCTs of zinc supplementation in AD were identified but reported different outcome measures, 

precluding meta-analysis.39, 40 Ewing et al. published a randomised double-blind placebo controlled 

trial of oral zinc sulphate supplementation in children with AD.39 There was no significant difference 

between groups for several outcomes: weight of steroid or emollient used, surface area score, 

erythema score, or combined disease severity score. However, itch scores at 8 weeks were 

significantly higher in children receiving zinc supplementation (p=0.01). Kim et al. randomized 

children with AD and low hair zinc levels to receive oral zinc oxide supplementation or no zinc 

supplementation.40 Blinded independent dermatologists scored AD severity but participants were not 

blinded, and the control group did not receive a placebo. The zinc supplementation group had a 

significant increase in hair zinc levels, as well as significant improvement in extent and severity of 

AD (p=0.044), pruritus (p<0.001), and transepidermal water loss (p=0.015) compared with the group 

not receiving supplementation. However, differences in sleep scores were not significant(p>0.05). 
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DISCUSSION 

In this systematic review and meta-analysis of zinc and atopic dermatitis, we found significantly 

lower mean serum, hair, and erythrocyte zinc levels in participants with eczema compared with 

controls. Using unadjusted data, there was also a non-significantly increased odds of AD in those with 

zinc deficiency compared with those without zinc deficiency.  Finally, two RCTs of zinc 

supplementation among AD patients revealed significant improvements in extent and severity of 

disease only in patients with low zinc levels but not in all patients. However, the lack of high quality 

studies (both observational and interventional), and the high degree of between-study heterogeneity, 

makes interpretation of these results difficult.  

 

It is estimated that Africa has the highest rates of zinc deficiency globally, with pregnant women and 

children under 5 years most at risk globally.41 It is therefore notable that none of the studies identified 

for inclusion in this review were conducted in sub-Saharan Africa, and even among the studies from 

low- and middle-income countries there was a relative lack of data on children under 5 years of age. 

These under-represented groups are even more relevant considering the rising prevalence of AD in 

developing countries, and the high relative burden of AD in younger children.1, 42, 43 Therefore, 

observational studies and randomised trials in Africa are warranted. 

 

The lower mean zinc levels in AD patients compared with controls were consistent across all three 

substrates: serum, hair, and erythrocytes. However, as there is no storage form of zinc in the body, 

serum and erythrocyte zinc measurements reflect current, rather than medium- or long-term average 

zinc concentration. While dietary zinc intake (which was not included in this review) may provide 

helpful information on zinc status, it does not take into account zinc loss, which can occur via the 

skin,  urine, or stool.44 As hair grows at an average of 1cm per month, hair analysis may be a better 

indicator of average zinc levels rather than serum analysis which may be affected by acute 

fluctuations .45, 46 Interestingly, hair zinc has been shown to be a marker of marginal zinc deficiency 
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(MZD), as it has been used to detect subtle, asymptomatic zinc deficiency, which is reversible with 

zinc supplementation and which could not be detected using serum measurements.45 It is hypothesized 

that the slow uptake of zinc by hair is reduced in states of decreased zinc availability.45 Indeed, all of 

the individual studies using hair as a substrate for zinc analysis showed statistically significantly 

lower zinc concentrations in cases with AD compared with controls, whereas individual studies using 

serum zinc for analysis were not all significant. 

 

The relationship between zinc levels and other atopic diseases is also still unclear. Zinc deficiency 

may exacerbate airway inflammation in asthma.47 Some studies show an association between low zinc 

levels and asthma,48-52 while others contradict these findings,53-56 and systematic review evidence is 

lacking. One study found no relationship between allergic rhinitis and plasma zinc and another study 

found no relationship between allergic rhinitis and dietary zinc intake.57,58  

 

We performed a comprehensive review of zinc and atopic dermatitis with meta-analyses for several 

different zinc substrates (serum, hair and erythrocytes). The concordant and significant results were 

further interrogated by looking for small study bias, performing influence analysis, and subgroup 

analysis. However, there are also several limitations to this review. First, we only searched the 

English literature and did not consider articles in non-peer-reviewed journals, thereby potentially 

omitting relevant studies. Second, since the pooled analysis for the association between zinc 

deficiency and atopic dermatitis used unadjusted data calculated from three studies, confounding 

likely biased the observed association. Third, studies were heterogenous in several aspects, such as 

type of controls, method of zinc determination, diagnostic criteria for AD, and geographic location. 

However, we used a random-effects model in our analyses to account for this variation, and most 

summary estimates were qualitatively similar. Nevertheless, caution should be exercised when 

interpreting the summary estimates. Finally, all studies were of low or moderate quality.  
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CONCLUSIONS 

Our findings suggest that AD is associated with significantly lower serum, hair, and erythrocyte zinc 

levels. Additionally, there was a non-significant increased odds of AD among those with zinc 

deficiency compared with those without zinc deficiency, although the sample size for this comparison 

was small and only unadjusted data were available from individual studies. One RCT of oral zinc 

supplementation showed improvement in extent and severity of AD among AD patients with zinc 

deficiency, while another RCT showed no significant improvement among all AD patients. However, 

the low quality of included studies and high degree of heterogeneity mean that our findings must 

therefore be interpreted with caution, and, as such, the true relationship between zinc status and AD 

remains uncertain. High quality observational studies are needed to confirm the association between 

low zinc levels and AD, and RCTs are required to evaluate the merit of zinc supplementation for the 

treatment or prevention of AD. 
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Table 1. Main characteristics of observational studies included in the review 

Case control studies 

Author 

(year) 

Country of 

origin 

Children
1

, adults 

or both 

Mean age, 

years unless 

specified n, cases 

n, 

total Males (%) 

Type of 

control 

Method of zinc 

determination 

Method of AD 

determination 

Matching or 

adjustment 

factors 

 

Amin  

(2015) 

 

 

Bangladesh 

 

Both 

 

Cases: 28,33 

Controls: 28.86 

 

65 

 

130 

 

Cases: 46.2 

Controls: 61.5 

 

Healthy 

 

AAS2 

 

Dermatologist 

 

Age 

 

David  

(1984) 

United 

Kingdom 

 

Children - 65 144 - Hospital AAS - None 

David  

(1990) 

United 

Kingdom 

Children Cases: 3,14 

Controls: 9.78 

 

134 246 - Hospital AAS - None 

Di Toro  

(1987) 

Italy Children Cases:  

78 months 

Controls:  

92 months 

 

21 40 Cases: 66.7 

Controls: 63.2 

Healthy PIXE3 History, skin prick 

test, IgE levels  

Age; income 

el-Kholy 

(1990) 

Egypt Children - 18 38 Cases: 55.6 

Controls: 60.0 

Healthy AAS History, 

examination and 

IgE levels 

 

Age; 

sex; 

socio-economic 

status 
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Case control studies 

Author 

(year) 

Country of 

origin 

Children
1

, adults 

or both 

Mean age, 

years unless 

specified n, cases 

n, 

total Males (%) 

Type of 

control 

Method of zinc 

determination 

Method of AD 

determination 

Matching or 

adjustment 

factors 

Hinks  

(1986) 

United 

Kingdom 

Adults Cases: 39 

Controls: 38.9 

24 72 Cases: 50.0 

Controls: 50.0 

Healthy AAS - Age 

Sex 

Smoking 

 

Hon  

(2012) 

Hong Kong Children Cases: 9,9 

Controls: 11.6 

119 162 Cases: 52,9 

Controls: 65.1 

Hospital ICP-MS4 Hanifin and 

Rajka's criteria 

 

None 

Hon  

(2010) 

Hong Kong Children Cases: 9,9 

Controls: 11.5 

110 151 Cases: 51.8 

Controls: 65.9 

Hospital ICP-MS Hanifin and 

Rajka's criteria 

None 

 

Karabacak 

(2016) 

 

 

Turkey 

 

 

Both 

 

 

Cases: 17,9 

Controls: 16.7 

 

 

 

67 

 

 

116 

 

 

Cases: 49.3 

Controls: 49.0 

 

 

Healthy 

 

 

AAS 

 

Hanifin and 

Rajka's criteria 

 

 

None 

Kim  

(2014) 

South Korea Children Cases: 6,21 

Controls: 6.74 

58 101 Cases: 48.3 

Controls: 46.5 

 

Healthy ICP-MS Hanifin and 

Rajka's criteria 

Age 

Sex 

Tasaki  

(1993) 

Japan Adults Cases: - 

Controls 31.3 

 

11 59 - Healthy AAS - None 

Toyran  Turkey Children Cases: 27 92 162 Cases: 63.0 Healthy Randox kit 

spectro-

Consensus  
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Case control studies 

Author 

(year) 

Country of 

origin 

Children
1

, adults 

or both 

Mean age, 

years unless 

specified n, cases 

n, 

total Males (%) 

Type of 

control 

Method of zinc 

determination 

Method of AD 

determination 

Matching or 

adjustment 

factors 

(2012) months 

Controls: 22.7 

months 

Controls 52.9 photometry conference criteria Age 

Sex 

Cross sectional and cohort studies 

Study 

(year) 

Country of 

origin 

Children, 

adults or 

both 

Mean age, 

years unless 

specified 

n, 

exposed 

n, 

total 

Males (%) Definitio

n of 

exposure 

Method of zinc 

determination 

Method of AD 

determination 

Matching or 

adjustment 

factors 

Seo  

(2017) 

South Korea Adults Exposed 

(hypozincaemia)

: 44,8 

Unexposed: 

44.9 

554 1867 Exposed: 35,6 

Unexposed: 

54.9 

Serum 

zinc 

<120µg/

dL 

ICP-MS Japanese 

Dermatologic 

Society Diagnostic 

Criteria 

 

None 

Yamada 

(2013) 

Japan Infants 10 months - 834 - - PIXE Japanese 

Dermatologic 

Society Diagnostic 

Criteria 

Family history 

of AD 

 

1 Children defined as <18 years of age 

2AS: atomic absorption spectrometry 

3 PIXE: proton induced x-ray emission 

4 ICP-MS: inductively coupled plasma mass spectrometry 
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Supplementary Table 1. Systematic search strategy

1) PubMed:

("Dermatitis, Atopic"[Mesh] OR "Eczema"[Mesh] OR eczema*[tiab] OR atopic dermat*[tiab]) AND ("Zinc"[Mesh] OR zinc[tiab])

2) Scopus:

((TITLE-ABS-KEY(‘‘atopic dermat*’’)) OR (TITLE-ABS-KEY(‘‘eczema’’))) AND (TITLE-ABS-KEY(‘‘zinc’’))

3) Web of Science:

(TS=”atopic dermat*” OR TS=”eczema”) AND (TS=”zinc”)



Supplementary Table 2. Quality of observational studies

Study Selection Comparability Exposure/ Outcomea Total
Case control studiesb

Amin (2015) ** * ** 5

David (1984) * * ** 4

David (1990) * ** 3

Di Toro (1987) ** ** ** 6

el-Kholy (1990) ** ** ** 6

Hinks (1986) * ** ** 5

Hon (2012) ** ** 4

Hon (2010) ** ** 4

Karabacak (2016) ** ** ** 6

Kim (2014) ** ** ** 6

Tasaki (1993) * ** 3

Toyran (2012) ** ** ** 6

Cross sectional studiesc

Seo (2017) **** ** 6

Cohort studiesc

Yamada (2013) **** * ** 7

a The third category examines assessment of exposure for case control studies and assessment of outcome of cross sectional and cohort studies.

b Case control studies can obtain a maximum of 4, 2, and 3 stars for selection, comparability and exposure respectively. The maximum total score is thus 9.

c Cross sectional and cohort studies can obtain a maximum of 5, 2, and 3 stars for selection, comparability and exposure respectively. The maximum total score is thus 10.



Supplementary Table 3. Quality of RCTs

Quality domain Ewing (1991) Kim (2014)

Sequence generation high risk high risk

Allocation concealment high risk high risk

Blinding of participants low risk high risk

Blinding of personnel and outcome assessors low risk low risk

Incomplete outcome data low risk unclear

Selective outcome reporting low risk low risk



Supplementary Table 4. Results for studies comparing mean zinc concentrations between participants with AD and controls.

Study (year)
Substrate for zinc
measurement Units

n
cases n controls Zn cases; mean (SD) Zn controls; mean (SD)

Karabacak (2016) Erythrocyte µg/g 67 49 34,4 (6,1) 40,4 (5,3)

Toyran (2012) Erythrocyte µg/dL 92 70 823,9 (120,9) 1040,9 (199,7)

Di Toro (1987) Hair µg/g 21 19 99 (45,83)* 147 (39,23)*

el-Kholy (1990) Hair µg/g 18 20 164,8 (23.6) 194,5 (18.6)

Kim (2014) Hair µg/g 58 43 113,10 (33,36) 130,90 (36,63)

Hinks (1986) Plasma µmol/L 24 48 13,5 (1,8) 12,9 (1,9)

Amin (2015) Serum mg/L 65 65 0,30 (0,16)* 0,75 (0,48)*

David (1984) Serum µmol/L 65 79 11,4 (2,0) 13,7 (2,3)

Di Toro (1987) Serum µmol/L 21 19 14,8 (2,75)* 16,2 (3,49)*

el-Kholy (1990) Serum µg/100ml 18 20 65,9 (11,7) 88,4 (11,0)

Hon (2012) Serum µmol/L 119 43 9,0 (2,5) 8,5 (2,7)

Hon (2010) Serum µM 110 41 8,58 (2,78) 9,10 (2,55)

Karabacak (2016) Serum µg/g 67 49 89,9 (16,8) 96,1 (17,6)

Tasaki (1993) Serum -. 11 48 85,0 (8,5) 90,8 (15,5)

*Standard deviation calculated from standard error and sample size provided in original article



Supplementary Table 5. Meta-regression for mean serum zinc levels comparing participants with AD to controls.

Trial characteristic Number of studies SMD (95% CI) I2 (%) Pheterogeneity

Study quality
≥6 stars
<6 stars

3
5

0.88 (-0.00-1.76)
0.55 (-0.04-1.13)

85.5
90.7 0.56

Region
Other
Europe

5
3

0.69 (-0.01-1.39)
0.65 (0.15-1.14)

91.6
74.5 0.93

Matched
Yes
No

5
3

0.55 (-0.04-1.13)
0.88 (-0.00-1.76)

90.7
85.5 0.56

Age
Children
Other

5
3

0.65 (0.01-1.29)
0.69 (0.05-1.34)

90.3
83.7 0.95

Sample size
≥100
<100

5
3

0.53 (-0.00-1.07)
0.92 (-0.03-1.87)

90.9
82.4 0.50

Type of controls
Healthy
Other

5
3

0.86 (0.31 – 1.42)
0.35 (-0.38-1.09)

82.1%
92.3% 0.33
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