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Abstract

In developing countries, micronutrient deficiencies are of major impact on children development. Zinc is among the micronutrient 
which is supposed to play an important role in children development, including both growth and cognitive performance. Although 
the evidence for the role of zinc in cognitive development though animals’ studies is proved, evidence from human studies is still not con-
clusive. The association between dietary zinc status and cognitive functions through epidemiological studies, remains elusive. This 
review is summarizing current literature and epidemiological studies that investigated the association between zinc intake, through 
diet or supplement, zinc status (plasma/serum zinc concentration), and the different domains of cognitive functions in school-aged 
children.
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Introduction

The scientific understanding for the exact role of zinc as an im-
portant micronutrient in many biological processes as well as the 
significance of zinc deficiency in public health has been intensively 
well-established through the past few decades. It was not until 
1960 since zinc was recognized as an essential micronutrient of 
unique biological functions in human’s physiology. Nowadays, it is 
confirmed that zinc plays an important role in number of physio-
logical activities in the body, including gene expression, enzymatic 
reaction, protein and DNA synthesis, cell development, immune 
function, as well as cellular metabolism. Zinc is important for the 
activity of over 300 enzymes that aid in metabolism, digestion, 
nerve function and many other processes. Owing to its unique role, 
zinc is thus essential for optimal growth, immunocompetence, as 
well as visual acuity [1,2]. 

It has been estimated that 30% of the world population are 
zinc deficient. Zinc deficiency occurs in individuals and popula-
tions whose diets are low in sources of bioavailable zinc (such as 
red meat products and seafood) and high in unrefined cereals (rich 
in phytate and dietary fiber). These dietary patterns are widely 
common in developing countries. That is why zinc deficient, as a 
public health issue, is well demonstrated in developing countries, 
affecting growth and development of children [3]. Zinc is present 
in many organs and body fluids, including the brain, where it con-
tributes to its structure and function [1]. Evidence from animal and 
human studies suggests that its deficiency may lead to impaired 
cognitive development.

The objective of this narrative review is to (1) summarize cur-
rent epidemiological studies, both Observational and intervention-
al, that investigated the association between zinc intake, through 
diet and/or supplementation, zinc status (plasma/serum zinc 
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concentration), and the different domains of cognitive functions in 
school-aged children. (2) The review also aims to highlight the gaps 
in current literature and suggest avenues for future research to be 
fulfilled. This article is organized as follows: The next section pres-
ents the methodology adopted to conduct this narrative literature 
review, followed by the sections summarizing the outcome of lit-
erature review; and the last section concludes the paper with sug-
gestions on potential avenues for future research.

Research Methodology
Inclusion criteria

Author included manuscripts for observational studies (cross 
sectional studies) that tackled the association between zinc status 
(in the form of plasma/serum zinc concentration) and any of the 
three domains for cognitive performance (motor, intelligence, mo-
tor skills and executive functions) Also, the author included ran-
domized clinical trials that studied the effect of zinc intervention 
(through diet or supplementation) on the domains of cognitive 
functions. The inclusion criteria were limited to cross sectional and 
randomized clinical trial done cross the world. Also, the popula-
tion of interest was limited to school-age children, were studies re-
lated to infants were excluded. The author also included narrative 
review articles. 

Literature identification

Author started the literature search by searching for the key 
words “zinc status in children”, “Zinc status and cognitive perfor-
mance”, “zinc deficiency and cognitive performance”, “zinc defi-
ciency in children”, “zinc supplementation in children” “zinc ob-
servational studies in children”. For each manuscript, preliminary 
relevance was determined by title. From the title if the content 
seemed to discuss the association between zinc status and cogni-
tive performance in children, then the author obtained its full refer-
ence (author, year, title, and abstract, for further evaluation). The 
author searched Google scholar, web of science, Science direct and 
ProQuest. The search was limited for the publication date between 
1998 and 2020. (Manuscript published in the past 22 years), to 
build the review on the recent literature. After initial screening of 
the titles, a total of 35 studies were identified as potential studies 
relevant to the research topic. 

Screening for inclusion

The author read the abstracts of the studies to further identify 
their relevance to the research Topic. A total of 25 studies were 

considered relevant and author obtained the full-text article for 
quality assessment.

Quality and eligibility assessment

The author went through the full-text articles to further evalu-
ate the quality and eligibility of the studies. The author considered 
journal articles published by reputable publishers as high-quality 
research, and therefore, included them in the review. On-line pre-
sentations and reports were excluded from the review due to lack 
of peer-review process. After careful review, a total of 8 studies 
were excluded because they tackled children with special needs, 
where 7 studies were tackling zinc deficiency in school aged chil-
dren with attention deficit hyperactivity disorder (ADHD), and One 
study explored zinc deficiency in lead-exposed schoolchildren.

Definition of cognitive development

Cognition is a complex model that consists of a sequence of pro-
cesses through which person can registers, encodes, selects, main-
tains, transforms, stores, and retrieves information. Such processes 
include visual and sensorial aspects as well as thinking, memory, 
and learning. The cognitive performance can be sub divided into do-
mains, according to the type of processes it includes. Such domains 
are intelligence, motor skills and executive functions. The later do-
main is further subdivided into memory, attention, language, and 
global cognitive function [2-4]. In the first year of human life, child 
learns to construct mental structures. Such structures greatly de-
pend on child’s body movements. As the infant grow with time, he 
continuously develops his attention skills by exploring and focus-
ing on the new aspects of his environment. Later, in his pre-school 
years, he extends his skills to further concentrate on testing and 
organizing the information [2,4,5].

Cognitive function in children and adolescence

Throughout the school years, cognition continues to develop 
and mature as a set of solid operations, including skills like thought, 
memory, and language development. During this time of growth, 
multiple stimuli can be understood simultaneously, and attention 
abilities increase, reflected in greater learning and memory. By the 
time of adolescence, adult intelligence and hypothetical thinking 
are fully developed. Assessment of cognitive development would 
include evaluation of perception, thought, attention, memory, lan-
guage, and activity, such concepts which reflect the three main do-
mains of cognition [2-4].
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Biological mechanisms of zinc deficiency on cognitive devel-
opment

Zinc is abundant in brain tissues, particularly the hippocampus, 
the area participating in learning and memory, in addition to the 
amygdala, striatum and neocortex. Zinc is not only important for 
the function of the brain, but being pounded to brain’s protein, re-
flect that it is also important for the brain structure as well [1,2]. 
Evidence indicates that there are number of mechanisms by which 
zinc deficiency can affect with development including, (1) zinc is 
a key modulator of intracellular and intercellular neuronal signal-
ing. This function is supported by that fact that zinc is presence in 
high concentrations in the synaptic vesicles of the special neurons, 
called the ̀ zinc containing' neurons, in the forebrain. During synap-
tic events, zinc act as a neurotransmitter, released and diffuses into 
postsynaptic neurons. Zinc as well function in biochemical pro-
cesses like myelination and release of other neurotransmitters like 
g-amino butyric acid [GABA] and glutamate [2,3,5]. (2) Since Zinc 
is essential for the activity of many metalloenzymes, cellular func-
tions including protein, and DNA synthesis, cellular growth, differ-
entiation, and metabolism, thus zinc deficiency may hinder these 
processes and thus alter subsequent development [3,5], (3) There 
is also some evidence to suggest that zinc deficiency results in low-
ered levels of long omega-3 and omega-6 fatty acid chains, which 
may cause impaired fatty acid metabolism in the neurons [2], (4) In 
addition, zinc is involved in the metabolism of thyroid hormones, 
receptor function and transport of other hormones that could af-
fect the central nervous system [2]. All these evidences support 
that zinc is important for neurogenesis, neuronal migration, and 
synaptogenesis. Consequently, zinc deficiency could alter the pro-
cess of neurotransmission and all the subsequent neurophysiologi-
cal development depending on it [2]. Most of the evidence for the 
effect of zinc deficiency on the central nervous system are acquired 
mainly from animal studies. Experimental Studies in rats have 
showed that zinc deficiency is associated with structural malfor-
mations of the brain, such as reduced cerebellum size, anencephaly, 
microcephaly, and hydrocephaly, during the early stages of brain 
development. In the later stages of brain development, results 
have showed that zinc deficiency causes behavioral disorders and 
reduced brain functions, such as reduced activity, deficits in short 
term memory, poor attention, and spatial learning. Also, studies 
showed that zinc deficiency had a negative impact on motor activi-
ties. When it comes to human, Evidence is less clear [1,3].

Evidence linking zinc status and cognitive performance in 
school aged children
Observational studies

The current scientific research revealed the positive impact of 
zinc through the preschool years of children, however, the evidence 
from studies in school-age children is controversial [6,7]. some ob-
servational studies among elementary school-age children showed 
that there is a positive correlation between hair zinc and reading 
ability, suggesting that zinc deficiency has a role in academic per-
formance [6]. In India, a cross-sectional observational study was 
done to evaluate the effect of zinc and Iron deficiency on short term 
memory of children in the age (6-11 years), from an urban corpo-
ration school. All children with iron and zinc deficiency showed 
memory deficits [7]. On the other hand, in a cross-sectional study 
conducted in school-age, stunted children in Guatemala, it was re-
ported that there were no differences in attention span based on 
zinc status of children, as measured by subtests of the Detroit Tests 
of Learning Aptitudes [6]. When it comes to adolescence, A cross-
sectional study was conducted to examine the association between 
plasma zinc (PZ) and erythrocyte zinc (EZ) levels with cognitive 
performance in Indian adolescent girls. Cognitive performance was 
assessed by simple-reaction-time (SRT), recognition-reaction-time 
(RRT), visual-memory, Raven’s Progressive Matrices (RPM) test. 
Results showed that Zinc deficiency in adolescent girls was associ-
ated with poor cognition performance, demonstrated by the neg-
atively associated between PZ and EZ with SRT and RRT, and the 
positively association with Memory and RPM [8]. The same conclu-
sion has been obtained in a similar study done on high school fe-
male students in Iran. In this cross-sectional study, each participant 
completed a 3 day 24-h food recall questionnaire to assess the daily 
zinc intake. Also, zinc status was assessed by measuring serum zinc 
level. Cognitive function was obtained by summing the scores of five 
tests including Raven’s Standard Progressive Matrices test (RPM) 
on non-verbal intelligence, Benton visual retention test, Wechsler 
memory scale, Bonnardel accuracy test and letter eliminating test. 
Results showed that there is a strong positive association between 
serum zinc level and Raven’s, memory, Bonnardel’s and letter elimi-
nating scores, however, there was no association with dietary zinc 
intake [9].

Experimental studies

Although observational studies can provide useful information 
about zinc deficiency, results are more susceptible to confounding 
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by other factors that can occur along with zinc deficiency and are 
also associated with impaired cognitive functions in children, such 
as poverty and other nutritional deficiencies. Thus, RCTs are im-
portant to identify the exact effect of zinc deficiency on children’s 
cognitive performance [5]. The RCTs related to the effect of zinc 
supplementation, on cognitive development among school-age 
children, can be divided according to the cognitive domain (execu-
tive functions, motor skills, and intelligence) under evaluation.

Zinc intervention and executive function in children

The executive domain of cognitive function mainly refers to the 
attention, inhibitory control, memory, and language. A randomized 
clinical study was done on adolescence girls in India to test the effi-
cacy of zinc supplementation on cognitive function. Zinc was inter-
vened through diet (zinc-rich food), or ayurvedic zinc tablet. Cogni-
tive assessment used in evaluation was the simple reaction time 
(SRT), recognition reaction time (RRT), visual memory, and Raven's 
Progressive Matrices (RPM). It was reported in this study that Sup-
plementation of ayurvedic zinc and zinc-rich foods was effective 
in improving cognitive performance in adolescence girls. This was 
reflected in the significant increase in the scores for memory and 
RPM for the intervened groups vs control as well as a significant 
decrease in the Mean SRT and RRT [10]. In contrast, Gibson., et 
al. conducted a zinc supplementation study in stunted school-age 
boys, within 5-7 years of age, In Canada. Cognitive assessment used 
in evaluation was the 4 subtests from the Detroit Tests of Learning 
Abilities The study extended for 12 months, at the end of the which 
it was reported that zinc supplementation had no significant im-
pact on attention span [11].

Zinc intervention and intelligence in children

A randomized, double-blind, placebo-controlled field trial was 
carried out in public elementary school in Mashhad- Iran to inves-
tigate the effect of Zinc intervention on cognition performance of 
45 healthy children, aged 6-8 years. The cognitive test used in the 
trial was Raven IQ (Intelligence Quotient) test. The study extended 
for 6 months at the end of which it was reported that the intellec-
tual development in the intervened groups was significantly higher 
as compared to the control [12]. On the other hand, Cavan., et al. 
reported that zinc supplementation in children had no significant 
effect on the general mental abilities, confirmed by the cognitive 
score of the Detroit tests of learning aptitude, although children 
did respond to zinc supplementation with significant changes such 

cognitive scores. This result agrees with the results of the study by 
Gewa., et al. conducted in children in Kenya in which children’s diets 
were supplemented with meat in order to increase their bioavail-
able zinc intake. The cognitive assessment used in the trial was Ra-
ven IQ test (Intelligence Quotient). The study extended for 2 years, 
at the end of which, there were no significant differences in Raven 
test scores between the children consuming intervention diet with 
meat, compared with control participant (consuming the control 
diets) [3]. In Indonesia, similar conclusion was obtained by Retno., 
et al. who reported that Zinc supplementation produced highly 
positive responses in weight for age and height for age increments 
in children with zinc deficiency compared with placebo. However, 
there was no significant impact on cognition measured by intelli-
gence quotient (IQ) [13]. 

A number of follow up studies was investigating the impact of 
zinc supplementation during infancy on the intelligence indices 
during childhood. One of these follow-up studies reported that 
zinc supplementation for infants from 12 to 35 months, resulted 
in no significant improvements in intellectual function scores in 
the zinc supplemented group compared with the placebo control 
group, when children were followed up at 7-9 years of age. A study 
of similar design was conducted in India, at which zinc supple-
mentation was given to infants from 4-6 month for 6 months. The 
cognitive assessment test used in the study was the Wechsler In-
telligence Scale for Children, the Raven’s Colored Progressive Matrices 
(CPM), and school performance tests. The study participants were 
assessed 8 years later, in terms of the intelligence indices, and the 
results showed that there were no long-term effects of zinc supple-
mentation given for infants, on their intelligence indices during 
their childhood [3,14].

Zinc intervention and motor skills in children

In an evaluation of 372 children (ages 6-9) from low-income 
families in China, Penland., et al. reported that children who re-
ceived zinc intervention with or without other micronutrients 
for 10 weeks, functioned better on all subtests of the CPAS-R bat-
tery (Cognition Psychomotor Assessment-Revised battery) than 
did those who were intervened with micronutrients only. These 
results are agreeing with the results obtained by Sandstead., et 
al. who showed that zinc intervention with other micronutrients 
significantly improved neuropsychologic performance including 
the tasks of tapping, circular tracking (motor) and oddity (concept 
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formation) compared with micronutrients alone [3]. Another trail 
that was done in Chinese children and Mexican American children 
from Texas have found that children who received zinc interven-
tion proved superior neuropsychological performance, particu-
larly in reasoning, when compared with controls [5]. In contrast, 
Hubbs-Tait., et al. reported a negative association between plasma 
zinc concentration and motor scores of the motor subset within the 
McCarthy scales of children’s ability test [3].

Based on current literature, evidence is suggesting that zinc 
supplementation is having a significant positive impact on the cog-
nitive performance in school-aged children that is mainly dominant 
on specific neuropsychological processes that include time-depen-
dent challenging tasks, such as attention and reasoning. However, it 
could be of limited impact on the general performance tasks [5,6]. 
However, more studies are needed to replicate existing data [5].

Prenatal zinc intervention and cognitive performance

Some studies have investigated the effect of zinc supplementa-
tion during pregnancy (prenatal) on the cognitive performance of 
the off springs during childhood. Most of the reported studies did 
not show a significant impact for prenatal intervention on the cog-
nitive performance during childhood. Laura., et al. reported that 
maternal gestational zinc supplementation was having no effect of 
different aspects of child development at 54 months of age in Peru 
[15]. The same conclusion has been obtained by parul., et al. in-co-
hort study that took place in Nepal. In such study, the intellectual 
and motor functions of 676 children, whose mother participated 
in an RCT of micronutrient supplementation during pregnancy, in-
cluding zinc, was assessed. It was reported that for the group inter-
vened with zinc the difference across outcomes was not significant 
[16]. Furthermore, Tsunenobu., et al. also evaluated the effect of 
prenatal zinc supplementation on neurological development, main-
ly mental and psychomotor development, of 355 children whose 
mothers participated in an RCT of zinc supplementation, received 
in the latter half of pregnancy period. Results showed that the in-
tervention had no effect on the neurologic development of such 
children at age 5 years [17].

Meta-analysis and systematic reviews

In 2015, a systematic review and A meta-analysis study was 
performed to examine the association between zinc intake and/or 
zinc status with cognitive function domains in children and adults 

[3]. Of all the potentially available studies, a meta-analysis study 
was conducted for six RCTs (that were eligible for meta-analysis) 
done in children that examined the effect of zinc supplementation 
either pre- or post-nataly. The analysis revealed that the overall 
pooled standard mean difference of the impact of zinc intake on 
the three domains of cognitive functions (intelligence, executive 
function, and motor skills) was not significant. The authors have 
interpretated the lack of significant effect due to: (1) The sample 
size was considerably small. Only a small number (n = 6) of studies 
was eligible to be included in this meta-analysis. This is because of 
the lack of data that could be included because of the difference in 
the study design and the type of cognitive test applied per each cog-
nitive domain. In other words, heterogeneity in the study designs 
was the main constraint for including more studies in the analysis. 
(2) Another reason is that many of the studies included in this me-
ta-analysis were assessed as having moderate-to-high risk of bias, 
which may have impacted pooled results outcome. Authors were 
unable to restrict meta-analyses to studies at low (or lower) risk of 
bias, or to stratify studies according to risk of bias because of the 
limited number of studies eligible for meta-analysis [3].

Inspite of the fact that the presented Meta-analysis failed to 
show a significant effect of zinc supplementation on cognitive do-
mains in children, taken as a whole, there were some small indi-
cators of improvement on some aspects of executive function and 
motor development associated with zinc supplementations [3].

A very important conclusion obtained for the meta-analysis is 
that when the data was Stratified by subgroups based on whether 
the child was given the intervention directly or given prenatally to 
the mother, results revealed that prenatal supplementation (ma-
ternal supplementation during pregnancy), did not have a long-
term impact on cognitive performance of the offspring during their 
childhood. On the other hand, RCTs at which the supplementation 
was given directly to the child, showed that there is a significant 
effect of zinc intake on some aspects of executive function and mo-
tor development. However, this must be interpreted with caution 
because of the limited number of studies included in these analyses 
[3].

Conclusion and Future Perspective
A considerable number of studies have been done in different 

regions across the world to assess the effect of zinc status and/or 
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zinc supplementation on school-aged children’s cognitive perfor-
mance. However, the outcome of this studies has yielded inconsis-
tent conclusions about the impact of zinc deficiency. Some studies 
have reported a positive effect of zinc intake/ status on different 
cognitive domains, other studies have reported inconsistent or 
mixed results. This can be attributed to number of factors. Some of 
these factors could be related to the individual subjects recruited in 
the studies, such as (1) differences in the pre-existing zinc status 
of the study participant, (2) the current content and bioavailability 
of zinc in their local diets, (3) and in the incidence of common in-
fections that can affect children growth independently of the zinc 
status. Other factors could be related to the methodological aspects 
and study designs, such as differences in the dose, in the method of 
administration, or in the duration of supplementation (in RCTs). All 
these factors could have affected their results. Also, in some cas-
es, the sample sizes may have been insufficient to identify signifi-
cant differences with statistical confidence [1]. Inspite of the facts 
that the current meta-analysis conducted on some of these stud-
ies showed no significant overall effect of zinc supplementation 
on any of the assigned cognitive aspects, a positive effect of zinc 
supplementation on cognitive function cannot be ignored [3]. The 
meta-analysis reported and highlighted the differences between 
the studies available, to declare that it is not possible to compare 
what is very different. It also highlighted the fact that there is lim-
ited number of standardized studies that eligibility criteria to be 
included in the meta- analysis [1,3]. Consequently, the insufficient 
evidence is mainly because of the lack of well-designed and care-
fully controlled long-term RCTs that can deeply investigate the rela-
tionship between zinc intake and/or status, and cognitive functions 
in school-aged children. Studies should be reported in a consistent 
and standardized manner as well as in a comparable measuring 
unit to enable future and accurate comparisons of the outcome 
data with other studies [3]. Another point that needs to be tackled 
in future research is the combined role of zinc and other micronu-
trient in enhancing cognitive performance in school-aged children. 
Most of the current studies that are linking zinc to child develop-
ment has not addressed the possibility of interactions with other 
micronutrient deficiencies. Such hypothesis is supported by the 
fact that animal products, which are the primary source of zinc, are 
also important sources of other micronutrients including iron and 
vitamin B-12, which suggests that children who are zinc deficient 
are most probability deficient in iron and vitamin B-12. At the same 

time, the three micronutrients have been associated with deficits 
in cognitive performance. Thus, additional studies are required to 
address the effects of zinc status/zinc intake in combination with 
other micronutrients to identify the possibility of synergetic Inter-
action between micronutrients [2]. Another point that needs to be 
tackled also in future research is the sex differentiation with zinc 
deficiency. Sex differences have been found in several studies, as-
suming that males are more vulnerable to zinc deficiency than fe-
males. However, additional research is needed to confirm and this 
finding and to examine the hypothetical mechanisms for such sex 
differences [6]. Last but not least, Additional research is required 
to determine the exact biological mechanisms, the critical periods 
in children life at which they could be more vulnerable to the nega-
tive effect of zinc deficiency, the threshold of severity as well as the 
long- term effects of zinc deficiency on cognitive development [3].
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