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ABSTRACT

There is some evidence indicating that nutrition may have the ability to prevent, treat, and/or influence the severity of depression. The aims of this
evidence gap map (EGM) are to provide an overview and to determine evidence gaps in the existing research on micronutrients and their impact
on depression among children and adolescents. We conducted a comprehensive search in multiple databases of primary and secondary literature
assessing the impact of micronutrients on depression-related outcomes such as unipolar depression, major depressive disorders, dysthymia, acute
depression, and mood disorders. Abstracts and full-text articles were dual-screened based on predefined eligibility criteria. A total of 30 primary
research publications were included in the EGM. About 47% of included studies focused on late adolescents (15–19 y), ∼40% on early adolescents
(10–14 y), and ∼13% on children aged 6–9 y. Among the included studies, 8 studies examined a single micronutrient intervention and 22 studies
examined micronutrient concentrations (either intake or serum), and their impact on depression. The most frequently studied micronutrients were
vitamin D (n = 8), zinc (n = 8), iron (n = 6), folate (n = 7), and vitamin B-12 (n = 5). More longitudinal studies and trials are needed to determine the
role of micronutrients in the etiology and treatment of depression among children and adolescents. Adv Nutr 2020;11:908–927.
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Introduction
Globally, depression is a leading cause of illness and disability
among adolescents (1). Mental health conditions account for
16% of the global burden of disease and injury in people
aged 10–19 y (2). Most mental illnesses start by the age
of 14 y and the majority of cases are undiagnosed (3).
In the course of symptom management, some parents and
clinicians turn to the rapidly emerging field of nutritional
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psychiatry, which examines the association between men-
tal health and nutrition, seeking a role for food and/or
nutritional supplementation in depression treatment (4).
The physiological impact of suboptimal nutrition on brain
function is not fully understood but adequate concentra-
tions of both macro- and micronutrients are needed for
optimal brain function (5). Nutritional interventions may
also broaden the accessibility of treatment options since
they are lower in cost, easily accessible, and associated with
few side effects when taken appropriately. This may be of
particular importance in many low- and middle-income
countries (LMIC) where micronutrient deficiencies like iron
are common and supplementation may be a cost-effective
public health intervention (6). Before determining a role for
nutrition interventions in psychiatry, current research on
the potential for micronutrients to impact depression needs
a comprehensive evidence synthesis. Evidence gap maps
(EGM) are particularly useful in this context (7). EGM are a
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FIGURE 1 Conceptual framework for the impact of nutrient deficiency on depression. Source: developed by the authors from the
literature (13, 26–44).

relatively new addition to the evidence synthesis toolbox; the
aim of an EGM is to identify areas with a paucity of evidence
or “gaps” as well as areas of abundant or sufficient evidence.
The resulting collection of evidence related to a broad theme
in a sector or subsector is determined through a systematic
approach similar to those used in scoping and systematic
review methodology. The outcome of an EGM is to present
a visual overview as well as user-friendly summaries with
the intention of facilitating an understanding of where future
research should be directed.

The field of nutritional psychiatry is currently limited in
scope as the majority of research focuses on the adult popula-
tion. Epidemiological evidence in adults demonstrates an as-
sociation between depression as well as other mental illnesses
and micronutrient deficiencies (8–10). For example, there
have been associations between deficiencies of B vitamins
(e.g., riboflavin, folate, and B-12), vitamin E, and vitamin D
and the prevalence of depression in the adult population (11–
16). These data also suggest some value in conducting clinical
trials to determine if improving the deficiency alleviates
some or all symptoms of depression. Here, the possible
mechanisms by which nutrient deficiencies might negatively
impact depression include, but are not limited to, mitochon-
drial function (including inadequate energy), disturbances
in normal metabolism, genetic polymorphisms requiring
increased or atypical nutrient requirements, increased in-
flammation, and oxidative stress (17–20). Additionally,
emerging evidence implicates a role for the microbiome in
the etiology of depression which may be due to its influ-
ences in modulating the hypothalamic pituitary adrenal-axis
(HPA-axis) and nervous system function through neuronal
activation of stress circuits (21). These factors may directly or
indirectly result in improper neurotransmission (membrane

reception and neurotransmitter synthesis) and/or HPA-axis
dysfunction.

Adolescence is a period of intensive brain remodeling
(22) and increased linear growth (23, 24). To achieve this
development and growth, nutritional requirements increase
relative to childhood (25). Mental health illnesses commonly
emerge during the second decade of life, making this age
group inherently important to study especially due to their
increased need for adequate nutrition.

Micronutrients are vitamins and minerals needed in trace
amounts for normal metabolism, organ function (including
the brain), and maintenance. This EGM included only
the following micronutrients: vitamins B, A, C, D, E,
and K, and calcium, copper, chromium, iron, magnesium,
manganese, phosphate, potassium, selenium, and zinc. These
micronutrients were selected based on indications in the
current literature as being the most potentially impactful
micronutrients on depression and were organized into a con-
ceptual framework (Figure 1) (13, 26–44). Micronutrients
are crucial for various processes including neurotransmis-
sion and neuronal growth and repair, along with preventing
oxidative damage and inflammation, all of which may play a
role in the pathogenesis of depression (17, 45). For example,
selenium and vitamins C and E are powerful antioxidants;
B vitamins, especially folate, along with minerals such as
copper are needed in the synthesis of neurotransmitters; fi-
nally, nutrients such as iron and zinc are crucial to the energy
metabolism of the brain (46–49). Hence, micronutrients offer
a wide range of potential benefits. The lack of clarity on
the efficacy of nutritional intake and/or supplementation for
the prevention and treatment of depression highlights the
importance of collating evidence in this area. Micronutrients
do not encompass other molecules, such as amino acids,
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fatty acids, plant extracts, etc. There is some evidence
that molecules such as tryptophan, S-adenosylmethionine
(SAMe), 5-hydroxytryptophan (5-HTP), acetyl-L-carnitine,
and essential fatty acids (EPA/DHA) may have some role
in the treatment and prevention of mental illness. However,
these are not micronutrients and thus are also outside of the
scope of this EGM.

The aim of this EGM is to provide an overview of the
existing evidence of selected micronutrients on depression
among children and adolescents. Specifically, the objectives
of the EGM are to: 1) provide a structured and accessible
guide for users to identify what has been published on
micronutrients and depression by summarizing the findings
of such studies, 2) identify gaps in the evidence, and 3)
identify collections of studies suitable for a meta-analysis.
This review serves as a fundamental step in evaluating
the effectiveness of micronutrients in the prevention and
treatment of depression among children and adolescents.

Methods
Search strategy
We identified human studies that assessed the association of
micronutrients and depression in all settings among children
and adolescents. Systematic searches were constructed by
an academic health sciences librarian (GB-R) using 3
concepts: depression, selected micronutrients, and children.
The children concept was based on a modified version
of a search strategy published by Desmeules et al. (50).
Searches were executed in May 2019 in 7 electronic databases:
Child Development and Adolescent Studies (EBSCOhost),
Ovid MEDLINE (1946–present including ePub ahead of
print, in-process, and other unindexed citations), Ovid
EMBASE (1947–present), Ovid PsycINFO (1806–present),
EBSCO CINAHL Plus with Full Text (1981–present), Scopus
(Elsevier), and the Cochrane CENTRAL. The OVID Medline
search was peer-reviewed by a second academic health
sciences librarian prior to translation (Supplementary Table
1). The search strategy was translated into each database
using that platform’s command language, including text
words, controlled vocabulary, and subject headings when
possible.

To supplement the database searches, a gray literature
search was conducted by the authors (SCC, SS) from
the following sources: Dissertation Abstracts (ProQuest),
OpenGrey.eu, and greylit.org. Relevant conference proceed-
ings were identified and reviewed. Furthermore, completed
and ongoing studies were identified using clinicaltrials.
gov and the WHO International Clinical Trials Registry
Platform. Campbell Systematic Reviews, Systematic Reviews
(3ie repository), and JoAnna Briggs Institute were searched
to identify any additional systematic review publications. No
date, language, or study design limits were imposed during
the search process.

All references were deduplicated by EndNote X7 (Thomp-
son Reuters) reference management software using the
methodology developed by Bramer et al. (51). We imported

all citations into Covidence (Veritas Health Innovation)
online systematic review software, where 2 reviewers inde-
pendently screened potentially relevant articles for eligibility
based on titles and abstracts (52). If they met the eligibility
criteria, the full-text publication was retrieved and reviewed
independently by 2 reviewers. Any dispute between the
reviewers was resolved by a third reviewer. Lastly, references
of included articles were checked after the full-text screening
stage and any additional studies that met the inclusion
criteria were included. The study protocol is published on the
Open Science Framework (53).

Inclusion and exclusion criteria
Human studies from any setting that assessed the impact of
interventions or deficiencies of micronutrients—identified in
the conceptual framework (Figure 1)—on depression were
included in the EGM. Potential micronutrients included:
the B vitamins, vitamin C, vitamin A, vitamin K, vitamin
D, and vitamin E, and calcium, copper, chromium, iron,
magnesium, manganese, phosphate, potassium, selenium,
and zinc (13, 26–44). We restricted the age bounds to 6.0–
19.9 y. Age was divided into 3 groups consistent with the
most recent nomenclature regarding age outlined in the
3rd Edition of Disease Control Priorities and the WHO: 1)
school-aged children 6.0–9.9 y; 2) early adolescence aged
between 10.0 and 14.9 y, and 3) late adolescence aged between
15.0 and 19.9 y (54, 55). To account for variation in studies
that straddled the child, adolescent, and youth age groups, it
was decided to include all studies where 50% of the sample’s
target age range fell within the EGM age range and those
where the average age of the sample fell within the EGM age
range. All types of primary and secondary research except
for qualitative research, opinion literature, guidelines, case
series, and case reports were included.

For this EGM, the definition of depression was consistent
with that used in the Patient Health Questionnaire (PHQ)-
2 and PHQ-9 measurement tools (56). We included studies
that reported symptoms described above and refer to
“depression,” “depressive mood,” “depression symptoms,” as
well as studies that reported clinically diagnosed unipolar de-
pression and major depressive disorder. Persistent depression
including those described as dysthymia and short-term or
situational depression were included. Studies that assessed
depressive mood were also included if the assessment tools
used by the studies included aspects of the aforementioned
criteria. Atypical depression, a signifier that has been applied
to major depressive disorder, was included and is defined as
depression characterized mainly by hypersomnia (sleeping
too much), hyperphagia (eating too much), and increased
sensitivity to interpersonal rejection (57).

Studies that reported more complex depression classifica-
tions and depression with comorbidities such as depression
associated with physical disease (aside from micronutrient
deficiency related), bipolar disorder, postpartum depression,
seasonal affective disorder, premenstrual dysphoric disorder,
posttraumatic stress disorder, and psychotic depression were
not included. Finally, studies of mental illnesses that included
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TABLE 1 Evidence matrix of micronutrient interventions for depression among included studies stratified by study design and age group

Study design

Randomized controlled trial (n = 5) Cohort (n = 2) Case series (n = 1)

6.0–9.9 y 10.0–14.9 y 15.0–19.9 y 6.0–9.9 y 10.0–14.9 y 15.0–19.9 y 6.0–9.9 y 10.0–14.9 y 15.0–19.9 y

Iron — � — — — — — — —
Folate — — � — — � — — —
Vitamin C — � — — — — — — —
Vitamin D — — — — � — — — �
Zinc � — � — — — — — —
Each circle represents 1 study. Symbols indicate the following: � improved depression symptoms following micronutrient supplementation, � no effect of micronutrient
supplementation on depressive symptoms.

depression as a secondary symptom were excluded. Due to
limited capacity within the study for a translator, non-English
titles were excluded at the title and abstract screening stage.

Data extraction
We extracted all relevant qualitative and quantitative data
from included publications using a prior designed struc-
tured pilot-tested data abstraction tool. Two reviewers (CZ,
AS) extracted data from each publication independently
and then matched data onto a single data extraction
form. Discrepancies between reviewers’ data were resolved
via discussion, or by a third reviewer (SCC or SS) if
necessary.

Quality assessment
The aim of this EGM was to provide an overview of
existing evidence as opposed to seeking only the best

available evidence to answer a particular question; therefore,
a formal assessment of the methodological quality (i.e.,
Cochrane Risk of Bias) of the included studies was not
performed.

Data synthesis
The impact of micronutrients on depression by age group
(6.0–9.9 y, 10.0–14.9 y, and 15.0–19.9 y) for each study
is displayed in the evidence matrices (Tables 1 and 2).
Table 1 is the evidence matrix for supplementation studies
and Table 2 for observational studies. Absences of evidence
or gaps can be visualized within each matrix. Key study
characteristics include: country, WHO geographical regions,
World Bank income groups, sample size, setting, mean
age, micronutrient(s), tools used to assess depression, and
outcomes (Table 3).

TABLE 2 Evidence matrix of the association between micronutrients and depression among included studies stratified by study design
and age group

Study design

Cohort (n = 3) Case-control (n = 3) Cross-sectional (n = 16)

6.0–9.9 y 10.0–14.9 y 15.0–19.9 y 6.0–9.9 y 10.0–14.9 y 15.0–19.9 y 6.0–9.9 y 10.0–14.9 y 15.0–19.9 y

Calcium — — — — — — — ⊕ —
Copper — — — — — � � � —
Iron ⊕ — — — ⊕ � � ⊕� ⊕
Magnesium — — — — — — — �⊕ �
Manganese — — — — — — ⊕ — —
Potassium — — — — — � — — —
Vitamin A ⊕ � — — — — — — —
Thiamine — — — — — — � — �
Riboflavin — — — — — — — — �
Niacin — — — — — — — — �
Pantothenic acid — — — — — — — — �
Vitamin B-6 — — — — — � � — ⊕
Biotin — — — — — — ⊕ — �
Folate — — — — — ⊕� — �⊕ ⊕
Vitamin B-12 � — — — — — ⊕ ⊕ ⊕ �
Vitamin C — — — — — � — — —
Vitamin D — �⊕ — — — — — ⊕⊕�⊕⊕ �⊕⊕
Vitamin E — � — — — � ⊕ — —
Zinc — — — — — � ⊕ ⊕ ⊕�� ��
Each circle represents 1 study. Symbols indicate the following: ⊕ depression with micronutrient deficiency/low levels/intake, � improved depression symptoms with higher
level/intake of micronutrient, � no depression with low levels/intake of micronutrient, � increased depression with high levels/intake of micronutrient.
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Results
Our searches identified 7479 unique citations. After the
full-text screening, 30 publications were included in this
EGM (Figure 2) representing a total of 17,906 participants
(58.8% female). Reporting of micronutrients among the
age groups was as follows: 4 (13.3%) studies were among
children (aged 6–9 y), 12 (40.0%) studies were among
early adolescents (aged 10–14 y), and 14 (46.7%) studies
were among late adolescents (aged 15–19 y). After puberty,
girls and boys have been shown to have a significantly
different risk of depression (girls have been shown to be
at higher risk) and it is thus important to make note of
which sex (or gender) is being studied (88). Twenty-two
studies (73%) were conducted among both boys and girls;
7 studies (23.3%) focused exclusively on girls and 1 (3%)
study examined only boys. Among the younger age group
of children aged 6 to 9 y, all 4 studies included boys and
girls.

Geographically, according to WHO regions, 9 studies
(30%) were from the region of the Americas, 8 studies (27%)
were from the Western Pacific region, 8 studies (27%) were
from the Eastern Mediterranean region, and 5 were (17%)
from the European region (Supplementary Figure 1). Coun-
try economic status according to World Bank groupings
was distributed as follows: 18 (60%) studies were conducted
in high-income countries; 10 (33%) were conducted in
upper-middle-income countries, and 2 (7%) were conducted
in LMIC. Additionally, the majority of studies were pub-
lished after 2010 within this demographic (Supplementary
Figure 2).

With respect to study design, 8 studies were exper-
imental involving supplementation and 22 studies were
observational. Among the supplementation studies, 5 were
randomized controlled trials (RCTs), 2 studies were cohort
studies, and 1 was a case series. Among the observational
studies, 3 were cohort studies, 3 were case-control studies,
and 16 were cross-sectional. Micronutrients were measured
as serum concentrations (n = 21) or estimated using
dietary intake (3-d or 24-h food records) (n = 5), FFQ
(n = 3), or intake of supplement recorded (n = 3). Two
studies measured dietary intake and serum concentrations.
Regarding study setting, 9 studies took place in a clinic (30%),
7 in a community setting (23%), 6 in a school (20%), 6
in a hospital (20%), 1 using a digital platform (3%), and 1
study did not report the setting (3%). Our search revealed
no systematic reviews with or without a meta-analysis that
examined the effect of micronutrients on depression among
children and/or adolescents.

The most frequently studied micronutrients were vitamin
D (n = 8), zinc (n = 8), iron (n = 6), folate (n = 7),
vitamin B-12 (n = 5), magnesium (n = 3), vitamin B-6
(n = 3), vitamin C (n = 3), vitamin E (n = 3), followed
by copper (n = 2), biotin (n = 2), vitamin A (n = 2),
manganese (n = 1), potassium (n = 1), thiamine (n = 1),
niacin (n = 1), pantothenic acid (n = 1), and calcium (n = 1).
All supplementation studies (n = 8) consisted of a single
micronutrient supplement (Table 1). Supplementation with

vitamin D (n = 2), zinc (n = 2), vitamin C (n = 1), and
iron (n = 1) improved depression whereas the impact of
supplementation with folate (n = 2) on depression was
mixed; 1 study showed no effect on depression whereas
1 showed improved depression in children or adolescents.
Among the remaining 22 observational studies that exam-
ined micronutrient concentrations (either intake or serum),
and their association with depression, 13 studies examined
single micronutrients and 9 studies examined >1 micronu-
trient (Table 3). Among these, decreased micronutrient
concentrations were associated with increased depressive
symptoms for iron, calcium, manganese, potassium, vitamin
D, vitamin E, zinc, vitamin B-6, folate, vitamin B-12, and
vitamin C. Conflicting associations with depression were
observed for copper, magnesium, vitamin A, and biotin.
No association with depression was observed for thiamine,
riboflavin, niacin, and pantothenic acid. Although other
micronutrients were identified in our conceptual framework
(Figure 1) to potentially impact depression, our search did
not reveal any studies examining the role of chromium,
phosphate, and selenium on depression among children or
adolescents.

Discussion
To our knowledge, this EGM is the first review to map
current evidence regarding micronutrients and depression
in this age demographic. This EGM offers insights into the
potential role for micronutrients in depression treatment and
prevention, highlights important gaps in the literature where
knowledge is scarce or nonexistent, and assists in prioritizing
future primary research. Since 2010, the trend of publications
has been growing, thus improving the understanding of
the relation between nutrition and pediatric depression. We
included 30 studies that examined the role of micronu-
trients on depression specifically targeted to children and
adolescents.

The first gaps we highlight are related to age and
geographic setting. It was not surprising to find the majority
of studies focusing on the second decade of life as the onset
of many mental health illnesses occurs during this time. With
only 4 studies conducted among children aged under 10 y, it
is obvious that additional study is warranted among this age
group. When considering geographic setting, studies were
fairly evenly distributed among WHO regions, making these
results globally relevant; however, most studies (93%) were
conducted in either high-income countries or upper-middle-
income countries, and very few (7%) in LMIC, thereby
limiting their relevance within the context of LMIC. More
studies are needed in LMIC to fill this evidence gap.

Gaps regarding study design are important in the evolu-
tion of micronutrient effectiveness on depression. Observa-
tional studies are vital as they point to possible associations;
however, RCTs are considered to be the gold standard for
determining causation (89). As almost 75% of the included
studies were observational, major gaps regarding RCTs and
intervention research become apparent through the evidence
matrices. The current EGM uncovered RCTs for only 5
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Duplicate studies removed 
(n = 4044)

Studies screened against title 
and abstract 
(n = 7479)

Studies excluded 
(n = 7304)

Full-text studies assessed 
for eligibility 

(n = 175)

Studies identified through database 
searching (n = 11,488)

Full-text studies excluded (n = 145)
Reasons for exclusion:

Wrong population (n = 55)
Wrong topic (n = 28)
Wrong study design (n = 21) 
Wrong definition of depression (n = 12)
Wrong intervention (n = 12 )
Wrong outcome (n = 6)
Insufficient information (n = 5)
Duplicate (n = 4)
Full text not found (n = 2)

Studies included in review 
(n = 30)

Studies identified through gray 
literature (n = 35) 

FIGURE 2 The PRISMA flow diagram illustrates the flow of the number of articles identified, included, and excluded through the different
phases of the evidence gap map.

micronutrients (Table 1) and the greatest number of RCTs
on a single micronutrient was 2 for zinc. The existence of
few RCTs limits the ability to conduct perform evidence
synthesis until more RCTs are conducted. The importance of
RCTs cannot be understated and we believe that more RCTs
are needed for zinc but also for promising micronutrients
like folate, iron, along with calcium, manganese, potassium,
and biotin as these nutrients showed an inverse association
between nutrient status and depression. Nevertheless, an in-
adequate number of RCTs currently exist to draw meaningful
conclusions about causation for any micronutrient.

The evidence matrices also allow gaps regarding micronu-
trients to be highlighted. Despite evidence from the literature
for a potential role for chromium, phosphate, or selenium, no
citations were identified as part of this EGM on the impact
of these micronutrients on depression among children
and adolescents. Likewise, no citations were identified that
examined multiple-micronutrient supplementation.

High levels of heterogeneity among settings, the mea-
surement of micronutrients (serum concentrations, food

intake records, or FFQs), depression assessment tools, and
study design became apparent in this evidence synthesis.
Dietary factors impact micronutrient absorption leaving
much uncertainty regarding the micronutrient status and
concentrations needed to achieve decreases in depression.
Alternatively, serum concentrations reflect actual micronu-
trient status and were reported in the majority of studies.
Diverse assessment tools, as well as methods (self-assessment
or clinician assessment) of depression and depression symp-
toms, were reported which impact the comparability of
studies assessing the same micronutrients. Future studies
should aim to incorporate dietary intake along with serum
measures for micronutrients and consistent depression as-
sessment tools in their study designs. Finally, the biological
pathways by which micronutrients are metabolized should
also be considered (i.e., the administering of vitamin B-12
parentally).

Apart from gaps, the evidence matrices also allow us
to highlight trends observed for micronutrients with both
supplementation and observational studies. Zinc had the
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most citations supporting decreasing depression symptoms
as a result of supplementation or increased dietary/serum
concentrations. Studies that involved supplementation of
zinc showed an association between decreased depression
symptoms and increased serum concentrations following
supplementation (n = 2). A similar inverse association was
observed in 3 of the 4 observational studies between serum
zinc and depressive symptoms. Vitamin D supplementation
also improved depressive symptoms (n = 2). However, there
was conflicting evidence for the association of serum or
intake of vitamin D with depressive symptoms (4 out of
6 studies showed an inverse relation among observational
studies). Iron deficiency anemia (IDA) was the most studied
clinical deficiency (n = 3) (as opposed to simply low
serum concentrations) in relation to depressive symptoms.
Although 1 study showed no impact, an association between
IDA and depressive symptoms was shown in 4 observational
studies as well as in 1 supplementation study. Interestingly,
supplementation in response to iron deficiency in childhood
was associated with improved depressive symptoms during
adolescence. Despite an inverse association between low
serum folate/intake concentrations in 4 out of 5 observational
studies with depression, folate supplementation showed no
clear effect on depressive symptoms as 1 study showed
improvement and a second did not. An inverse association
between supplementation of vitamin C as adjunctive therapy
with fluoxetine and depressive symptoms was reported in
1 study. Improved depressive symptoms were also reported
in the 1 association study with higher intake of vitamin C-
containing foods.

Several findings of the EGM mirror those found in studies
conducted among adults or on animals. Among adults, zinc
supplementation was effective as a stand-alone intervention
or as an adjunct to conventional antidepressant drug therapy
for depression in an RCT and depression was also found
to be associated with a lower concentration of zinc in
peripheral blood in an RCT (90, 91). The link between zinc
supplementation and depression has been explored in animal
studies and has shown possible antidepressant properties of
supplementation and that a deficiency may cause depression-
like behavior (92). Our EGM had conflicting results for
vitamin D, unlike adult and animal studies. Vitamin D
status has also been inversely associated with depression
in observational studies and meta-analyses among adults
(93). Additionally, animal studies have elucidated some of
the mechanisms underlying the link between vitamin D
and depression including the protection of neurons and
alterations in brain development (94, 95). Our results showed
that iron deficiency may be associated with depression which
is consistent with adult observational studies (39). However,
there is less evidence that iron supplementation in adults may
alleviate depressive symptoms in adults and, in fact, high
iron status may be associated with depression in men (96).
Similar to the trend observed in the EGM, an inverse relation
for vitamin C has been reported in adults (97). Unlike the
inverse association of folate supplementation seen in adults,
there was no clear association among adolescents with folate

supplementation, but folate was associated with depression
among adolescents with low intakes or serum concentrations.
Animal studies have determined that folate is important in
the formation of neurotransmitters as a methyl donor and
thus is crucial for neural circuits related to the development
of depression (98).

The strength of this gap map lies with the matrix as
a user-friendly tool. The evidence matrices highlight areas
of research that have been explored and those that require
further study to contribute to an understanding of the role
of micronutrients in pediatric depression. Limitations related
to the roles of certain symptoms of depression like fatigue,
which can be the result of nutritional deficiency such as iron
(99), limit the inferential power of this gap map.

EGMs are relatively underutilized tools which illustrate
gaps in the available evidence of interest. Due to the
increasing trend of publications on this topic, it is important
to direct future research towards meaningful discoveries
in the area of adolescent mental health. By publishing the
comprehensive search strategy, ours can be duplicated as new
research is published in order to track the progress in the
area of child and adolescent nutritional psychiatry. Although
much work remains to be done, this EGM highlights the
intersection of nutrition and psychiatry among children and
adolescents. As this body of research continues to grow,
researchers are urged to use this EGM as a guide for areas
of future research.

In conclusion, despite several cross-sectional studies
examining the association of micronutrients such as vitamin
D, iron, and zinc with depression among children and
adolescents, there was an overwhelming lack of RCTs
for all micronutrients, which are an essential foundation
for clinical implementation. Currently, there is insufficient
evidence to support recommendations for micronutrient
supplementation in the management of depression among
children and adolescents. As the interest in an association
between micronutrients and depression grows, it is impor-
tant to use the results of this EGM as guidance for the
allocation of precious research resources. Accordingly, future
research should include longitudinal studies and clinical
trials, and should report the micronutrient status of the study
population at each timepoint. Such trials are needed prior
to conducting any systematic reviews with meta-analyses.
In addition, studies examining plausible biological pathways
of effect are needed to elucidate potential mediating mech-
anisms of association. Nevertheless, there remains much
work to be done before the results can be applied to clinical
settings.
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