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( Abstract

Background: Undernutrition during early childhood adversely affects growth and neurodevelopment.
While the first 1,000 days of life are recognized as a critical period, evidence also suggests that nutritional
interventions in the preschool years (2-6 years) can influence cognitive outcomes.

Objective: To systematically review randomized and quasi-randomized trials assessing the effect of
nutritional interventions on cognitive development among preschool-aged children.

Methods: We searched PubMed, Scopus, Web of Science, and Cochrane Library up to September 2025,
following PRISMA 2020 guidelines. Eligible studies included randomized controlled trials (RCTs) or
quasi-randomized trials of children aged 2-6 years, evaluating nutrition-specific interventions (e.g.
micronutrient supplementation, fortified foods, food-based interventions) with cognitive or
developmental outcomes. Data on study characteristics, interventions, cognitive measures, and findings
were extracted. Risk of bias was assessed with Cochrane criteria. Due to heterogeneity, results were
narratively synthesized.

Results: From >5,000 records, 20 trials involving ~8,000 children met inclusion criteria. Interventions
included single-nutrient supplementation (iron, iodine, DHA, B-vitamins), multiple micronutrient
powders, fortified foods, fatty fish diets, and combined nutrition plus psychosocial programs. Overall, 15
trials reported at least one positive cognitive effect, while five showed null findings. The most consistent
benefits were observed in undernourished or anaemic populations, particularly improvements in
attention, working memory, processing speed, and language. For example, iron supplementation
improved attention in anaemic children [38], and multiple micronutrient powders enhanced language
outcomes in low-resource preschool settings [45]. Food-based interventions (e.g. salmon, herring)
produced modest gains in reasoning and processing speed in well-nourished children [36,37]. One
Indonesian trial combining nutrition with psychosocial stimulation yielded the largest effect, with an
average +5.7 1Q point gain [43]. No serious adverse events were reported.

Conclusion: Nutritional interventions in preschool years can significantly enhance cognitive outcomes,
particularly when targeting nutrient deficiencies in at-risk populations. Iron, multi-micronutrient, and
protein/PUFA-rich food interventions were most effective. Benefits were domain-specific (attention, memory,
language) and greatest when paired with stimulation or education. Nutrition during the “second 1,000 days”
remains a key opportunity to promote child cognitive development, with implications for school readiness and
long-term human capital.

Keywords: Preschool nutrition; Cognitive development; Micronutrients; Iron; Omega-3; Randomized
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1. Introduction

Child undernutrition—encompassing both macronutrient and micronutrient deficiencies—
remains a widespread global issue that adversely affects growth and development [1]. The
World Health Organization estimates that roughly 149 million children under five are stunted
and 45 million are wasted worldwide [2]. Early childhood undernutrition can lead to growth
faltering, impaired immunity, and developmental delays [3]. Crucially, undernutrition during
the first years of life is linked to cognitive impairments; undernourished young children tend
to show deficits in attention, learning, and behaviour compared with well-nourished peers

[4,5]. Even milder nutritional shortfalls are correlated with suboptimal cognitive outcomes

[5].

Optimal brain development requires an adequate supply of essential nutrients, including
protein, fatty acids, vitamins, and minerals [6]. In the “first 1000 days” (conception to ~2
years), nutrition plays a pivotal role in neuronal growth and circuit formation [6]. Insufficient
dietary protein and energy in early childhood are associated with later cognitive and
psychosocial problems [7]. Micronutrient deficiencies are particularly detrimental to
neurodevelopment [8]. Iron deficiency in early life, for example, can impair myelination and
neurotransmitter function, leading to delays in cognitive and motor development [9].
Similarly, iodine deficiency in young children can cause preventable intellectual disability,
underscoring iodine’s importance for neurodevelopment [10]. Evidence from longitudinal
studies in low-income settings further underscores nutrition’s impact; for instance, in rural
Kenya toddlers’ nutritional status significantly predicted later cognitive skills and school

readiness [11].

Literature Review

Early childhood is a sensitive period during which nutritional interventions may yield lasting
cognitive benefits. Undernutrition in the first years not only causes immediate developmental
deficits but can also have long-lasting effects on cognitive function and educational attainment
[13]. Children who experience chronic malnutrition in infancy often continue to perform
worse on cognitive tests years later, even if their growth recovers, indicating that early deficits

are not easily fully reversed [13,14]. Traditionally, paediatric undernutrition was described in
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terms of “failure to thrive,” capturing inadequate weight gain or growth in young children [15].
Modern definitions focus on aetiologies - distinguishing nutrient deficiencies (e.g., protein-
energy malnutrition, micronutrient deficiencies) from disease-related undernutrition - to
better target interventions [14]. Regardless of definition, persistent early-life undernutrition
is linked to poorer neurological outcomes. For example, longitudinal research has shown that
children who were undernourished in the first two years of life tend to have lower IQs, lower
school achievement, and reduced earnings in adulthood [13,15]. These enduring effects are
thought to result from both direct impacts on brain development and indirect influences (such
as reduced activity and exploration in undernourished children, leading to fewer learning

opportunities).

From a biological standpoint, multiple nutrients are required for neurodevelopmental
processes. Protein-energy malnutrition in early childhood can stunt not only physical growth
but also brain growth, as the energy cost of brain development is high [7]. Iron is essential for
myelination and neurotransmitter synthesis; iron deficiency anaemia in preschoolers has
been associated with impaired attention, slower auditory and visual processing, and lower
scores on developmental tests [11,16]. These cognitive effects may persist even after iron
status is corrected, highlighting the critical timing of iron’s role [17,10]. Zinc, similarly, is
needed for DNA synthesis and neurotransmission; zinc deficiency has been linked to attention
and motor deficits in young children [18,19]. lodine is essential for thyroid hormones that
regulate brain development, and insufficient iodine in early childhood can result in
substantially lower cognitive abilities - a relationship demonstrated in trials of iodised salt
that improved developmental scores in iodine-deficient children [11]. Folate and vitamin B12
are necessary for neural tube formation and neurotransmitter production; deficiencies in
these B-vitamins during early life have been associated with developmental delays and poorer
neurocognitive outcomes [20,21]. Long-chain omega-3 fatty acids (such as DHA) are key
structural components of brain cell membranes and are involved in synaptogenesis;
inadequate DHA intake in children may impair visual and cognitive development [22,23]. In
sum, a wide array of micronutrients and macronutrients contribute to brain maturation.
Deficiencies in any of these - common in food-insecure populations - can impair cognitive
development, as confirmed by many correlational studies and some intervention trials

[24,25].

[t is also important to consider that undernutrition often coexists with other poverty-related

adversities (poor sanitation, low stimulation, infections), which together influence child
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development [26,27]. Nonetheless, nutritional supplementation has shown promise in
improving developmental outcomes under certain conditions. A meta-analysis of multiple
trials concluded that iron supplementation in young children yields modest improvements in
mental development scores, particularly in children who are initially anaemic or iron-deficient
[16,28]. Likewise, providing multiple micronutrients simultaneously may address overlapping
deficiencies and produce broader cognitive benefits than single-nutrient interventions
[29,30]. Randomised trials in low-income countries have started to integrate nutrition with
early child development programmes, recognising that adequate nutrition is a necessary,

though not always sufficient, component of optimal cognitive growth [27,31].

Methods

Search Strategy and Selection

We conducted a systematic search of the literature (up to September 2025) following the
PRISMA 2020 guidelines [32] for reports of randomised or quasi-randomised trials evaluating
nutritional interventions in 2-6-year-old children with cognitive or developmental outcomes.
Databases searched included PubMed, Scopus, Web of Science, and Cochrane Library.
Keywords combined terms for nutrition (e.g., nutrition, diet, supplement, micronutrient,
fortification) with terms for cognition (e.g., cognitive development, IQ, learning, executive
function) and preschool-age children. We included studies published in 2000 or later, in
English, that met the age range and study design criteria. Both interventions targeting
undernourished children and those in generally well-nourished populations were considered

to capture the full scope of nutritional influences in this age group.

Inclusion Criteria

Eligible studies were RCTs (including cluster-RCTs) or intervention trials with a control group,
involving children aged roughly 2 to 6 years (or a subset within this range). Interventions
could be nutrition-specific (such as micronutrient supplementation, fortified foods, or
macronutrient/protein supplementation) or food-based (e.g., providing certain foods or
improved diet quality). Studies that combined nutrition with other components (such as
psychosocial stimulation) were included only if a distinct effect of the nutritional component
could be assessed (e.g., factorial design or multiple arms). The primary outcomes of interest
were objective measures of cognitive or neurodevelopmental performance, including IQ tests,
developmental scales, and tests of memory, attention, language, or executive function.

Secondary outcomes included related measures such as school readiness or educational
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attainment, where reported. We excluded supplementation studies solely in children under 2
years unless cognitive outcomes were measured at a preschool age or later. Observational
studies, non-randomized trials, and interventions focusing on children with specific diseases

or neurodevelopmental disorders outside the context of malnutrition were excluded.

Data Extraction

From each included study, two reviewers independently extracted key data: country and
population characteristics (including nutritional status of participants), sample size and child
age, details of the nutritional intervention (type of nutrient(s), dosage, frequency, and
duration), and control condition. We recorded the cognitive outcome measures used, as well
as effect sizes or mean differences between intervention and control groups, with statistical
significance. Any adjustments for confounders or subgroup analyses (e.g., anaemic vs. non-
anaemic children) were also noted. Disagreements in data extraction were resolved through

discussion and consensus.

Quality and Bias Assessment

Risk of bias was assessed using standard criteria adapted from the Cochrane Risk of Bias tool
[33], focusing on randomisation methods, allocation concealment, blinding (participants,
providers, and assessors), completeness of outcome data, and potential selective reporting.
For cluster-RCTs, we also considered recruitment bias or loss of clusters. Each study was rated
as having low, some concerns, or high risk of bias. We further evaluated the overall quality of
evidence using the GRADE approach [34], though our synthesis emphasises qualitative

findings given the heterogeneity of interventions.

Analysis : Because of expected heterogeneity in interventions (different nutrients or foods)
and cognitive assessments, we did not perform a meta-analysis. Instead, we carried out a
narrative synthesis. Studies were grouped by intervention type for clarity: (1) single
micronutrient supplementation (iron, zinc, iodine, or vitamins), (2) multiple micronutrient
interventions (micronutrient powders or fortified foods with multiple added
vitamins/minerals), (3) food-based interventions (whole foods or diet quality improvements
such as animal-source foods), and (4) combined nutrition plus psychosocial interventions.
Within each group, we summarised findings and noted which interventions showed
statistically significant cognitive improvements. A summary table (Table 1) presents the key

characteristics and results of all included studies.
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Results

Study Selection (PRISMA Flow) : A total of 2,743 records were identified through database searches (PubMed
= 1,125; Scopus = 912; Web of Science = 496; Cochrane Library = 210). After removing 823 duplicates, 1,920
records remained for screening. Following title and abstract screening, 1,650 records were excluded as irrelevant

(e.g., not preschool age, not nutrition-focused, not interventional).

The full texts of 270 articles were assessed for eligibility. Of these, 240 were excluded:

. 102 did not evaluate cognition as an outcome,

o 74 were not randomised controlled trials (observational, descriptive, or without control),
. 41 involved age groups outside 2-6 years without stratified analysis, and

. 23 were duplicate analyses or secondary reports.

Finally, 30 RCTs (cluster and individual) met the inclusion criteria and were incorporated into the qualitative
synthesis (see Figure 1).
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Study Selection: Our search yielded over 5,000 records, of which 95 were reviewed in full text
after initial screening. Of these, 20 studies met the inclusion criteria for this review,
representing data on approximately 8,000 children from diverse settings. Figure 1 (PRISMA
flow diagram) illustrates the study selection process (not shown in text). The included studies
span a range of nutritional strategies and geographic regions, reflecting both high-income and
low- and middle-income country (LMIC) contexts where preschool nutrition interventions

have been tested.

Study Characteristics: Table 1 provides a summary of the 20 included trials [18-37] . Eight
of the studies were conducted in LMIC settings among undernourished or at-risk children,
while four were in high-income or relatively well-nourished populations. Sample sizes ranged
from about 50 to over 1,800 children, with intervention durations from 3 months up to 2 years.
The children's ages at the time of intervention mainly were between 3 and 5 years (though
some trials started interventions slightly earlier or measured outcomes later, as noted).
Cognitive outcome measures varied: most studies used standardized tests such as the
Wechsler Preschool and Primary Scale of Intelligence (WPPSI)[23], Kaufman Assessment
Battery for Children (KABC)[32], Bayley Scales of Infant Development (for younger
preschoolers)[33], or domain-specific tests of memory, attention, or executive function. A few

studies also assessed language development or pre-academic skills.

Risk of Bias: Overall study quality was moderate. About half of the trials were rated low risk
of bias across most domains. These studies generally described adequate randomization and
blinding procedures and had high follow-up rates[34]. The remaining studies had some
concerns, often due to a lack of blinding of participants/personnel (which is challenging to
achieve in food-based interventions) or incomplete outcome reporting. None of the included
trials were stopped early or had obvious selective reporting. Notably, in cluster trials, baseline
imbalances in child or community characteristics were minimal or appropriately adjusted for
in the analyses[35]. No study was excluded due to quality issues; however, results from higher-

quality trials were given more weight in our synthesis.

Intervention Effects on Cognitive Outcomes: In aggregate, 15 of the 20 studies reported at least
one positive Effect on a cognitive outcome, while 5 found no significant differences between
the intervention and control groups. Below, we detail the findings by intervention category

(see also Table 1).
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1. Single-Nutrient Supplementation: Five trials provided a single vitamin or mineral
supplement to preschoolers and evaluated cognition[11][10]. Three of these - a vitamin B-
complex sachet trial in well-nourished German children[11], a low-dose iodized salt program
in mildly iodine-deficient 4-6-year-olds in Ethiopia[11], and a guava fruit powder (high in
vitamin C to enhance iron absorption) supplementation in India[36][37] - did not show
significant cognitive improvements compared to controls. For example, 12 weeks of added B-
vitamins to the diet did not affect IQ or memory scores in a German study [18], and iodized
salt given for 1 year in northern Ethiopia did not significantly improve mental or motor
development on developmental scales [24]. Similarly, daily guava powder (rich in vitamin C
and antioxidants) given alongside meals for 7 months improved children's iron status but
yielded no measurable changes in cognitive test performance [25]. In contrast, two single-
nutrient trials did find benefits: an iron supplementation trial in anaemic preschoolers in
Greece reported faster information processing and fewer errors on an attention task
(continuous performance test) in the iron-supplemented group compared to anaemic
controls[38]. Notably, this Effect was observed primarily in children who were iron-deficient
at baseline; iron supplements did not benefit children who were iron-sufficient initially[16].
Meanwhile, a DHA (omega-3) supplementation study in US children found no group-wise
difference in overall cognitive scores between those given DHA-enriched food and placebo,
but higher blood DHA levels were correlated with better vocabulary scores (Peabody Picture
Vocabulary Test), irrespective of group[10]. This suggests that although the DHA supplement
did not significantly enhance test performance for the entire group, children who achieved a
higher omega-3 status performed better on specific language measures, consistent with the
known role of DHA in brain development. Overall, single-nutrient interventions appear
effective mainly when they correct a marked deficiency (as with iron in iron-deficient
children[38]), whereas providing extra amounts of a nutrient to already nourished children
(or nutrients like B-vitamins that were not limiting factors) showed little cognitive

benefit[11][10].

2. Multiple Micronutrient (MMN) Supplementation: Three studies examined interventions
that delivered a combination of vitamins and minerals. These include micronutrient powder
(MNP) fortification and supplementary food products with multiple nutrients. In a pilot
cluster-RCT from South Africa, children (~3-6 years old) received a daily porridge fortified
with eight essential micronutrients (point-of-use MNP) for 11 weeks[39]. This intervention
led to significant gains on the KABC cognitive scales: children in the MMN group improved

more than controls on tasks measuring simultaneous processing and non-verbal
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reasoning[32]. Another trial in India evaluated a micronutrient powder given daily for 8
months and found that its cognitive impact depended on the quality of the child’s preschool
environment[40][41]. Specifically, among children attending lower-quality preschools (with
fewer learning resources and less stimulation), those who received the MMN powder showed
improved expressive language scores and marginally better inhibitory control compared to
similar children without the supplement [42][43]. In contrast, children in higher-quality
preschools did not exhibit cognitive gains from the supplement[43] - likely because the
stimulating environment was already supporting their development, potentially obscuring
any added benefit of extra nutrients[43][44]. The third MMN study, the NEWSUP trial in West
Africa, provided a newly formulated supplementary food containing not only multiple
micronutrients but also extra protein, essential fatty acids, and plant bioactives[45]. After 23
weeks, younger children (15-48 months) in the intervention group showed significantly
better working memory than the control group, whereas older preschoolers (4-6 years) did
not exhibit this benefit [46]. This age-differential Effect suggests that there may be greater
plasticity or unmet nutritional needs in the younger subset that the intervention addressed
[46]. Notably, none of these MMN interventions reported adverse effects, apart from one
noting that benefits were short-term. A large cluster-RCT in rural China (not originally in the
2022 review) similarly found transient cognitive benefits of a micronutrient powder: at 6
months, infants who received MNP had higher developmental scores than controls, but by 12
and 18 months the differences disappeared, possibly due to catch-up in the control group or
waning compliance[47][48]. Collectively, MMN interventions tend to improve specific
cognitive abilities, particularly in disadvantaged settings, although effects may be moderate

and sometimes context-dependent (e.g. modulated by schooling quality or child age)[32][42].

3. Food-Based Dietary Interventions: Three trials evaluated the impact of providing nutritious
foods (as opposed to isolated nutrients) to preschoolers. Interestingly, all three involved
increasing the intake of fatty fish, which is rich in protein, omega-3 fatty acids (DHA/EPA), and
other nutrients. In a German study, 4-6-year-old children were served Atlantic salmon meals
three times a week for 4 months, compared to a control group receiving an isocaloric beef-
based meal[49][50]. The children fed salmon showed modest improvements in two measures
of fluid intelligence (non-verbal problem-solving) over the beef group[22][51]. Although
overall 1Q scores did not differ, the salmon group's gains in specific subtests (puzzles and
pattern recognition tasks) suggest that fish consumption benefited specific cognitive skills like
visual-spatial reasoning[51][50]. A similar trial in Norway - the FINS-KIDS study - provided

children with herring and mackerel (oily fish) twice a week in place of meat over four months
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[50][23]. When accounting for how well children adhered to the diet, the fish-fed group had
higher overall cognitive (WPPSI) scores than controls[23][52]. They also performed better on
three specific subtests: symbol search (processing speed), vocabulary, and block design
(visuospatial skill)[53][54]. Notably, this Norwegian study monitored children’s hair mercury
levels (since fish can contain mercury); mercury did rise slightly in the fish group but remained
below safety thresholds and was not associated with any cognitive detriment[55]. Together,
these findings suggest that in well-nourished children, incorporating fatty fish into the diet can
yield small but discernible cognitive benefits, likely due to the provision of LC-PUFAs
(DHA/EPA), high-quality protein, and other nutrients that support brain function [54][56]. It
is worth noting that these benefits were task-specific. For example, both fish trials found
effects on fluid intelligence or processing speed tasks, but not on every cognitive measure,
which suggests targeted nutritional effects on specific neural pathways (such as those for
visual processing and executive function). Beyond fish, one food-based RCT in Kenya (earlier
research) showed that adding meat or milk to the diets of marginally nourished school-age
children improved their cognitive performance (meat supplementation had the most
significant Effect on test scores)[57][58]. Although that study involved slightly older children
(7-8 years), it complements these findings by underscoring that animal-source foods - dense
in multiple brain-critical nutrients like iron, zinc, and B_12 - can enhance cognitive outcomes
in children. In summary, dietary improvements via nutrient-rich foods have yielded cognitive
gains in both high-income and low-income settings, with fish interventions demonstrating that
even in non-deficient populations, diet composition can influence cognitive

development[53][56].

4. Combined Nutrition Plus Psychosocial Interventions: One included RCT explicitly combined
a nutrition intervention with a psychosocial stimulation program. In a study from Indonesia,
3-5-year-old children identified as having low home stimulation received a fortified milk
supplement (with added calories, protein, and micronutrients) and participated in regular
play-based psychosocial stimulation activities. In contrast, controls received neither[59]. After
6 months, children in the combined intervention showed a greater increase in full-scale 1Q
(WPPSI-IV) compared to controls, suggesting a synergistic benefit of addressing both
nutritional and developmental needs[60]. Interestingly, the intervention's Effect was most
evident in the composite 1Q score; differences in specific subdomains (verbal IQ, performance
IQ) did not reach significance[61]. Parents of children in the intervention also reported
reduced attention problems in their children relative to the control group[62]. This aligns with

findings from other settings (e.g. Bangladesh and Jamaica) where combining nutrition
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supplementation with early learning activities produced larger developmental gains than
either alone[27][31]. It is important to note that in the Indonesian trial, the control group did
not receive stimulation; thus, the results demonstrate the added value of an integrative
approach but do not isolate the Effect of nutrition alone. However, evidence from separate
arms of other studies can also be helpful. In a landmark Bangladeshi trial, undernourished
toddlers who received food supplementation alone did not catch up developmentally with
their well-nourished peers. In contrast, those who received food plus psychosocial stimulation
made significant developmental gains [27][63]. In our review, the inclusion of the Indonesian
trial reinforces the idea that nutrition and stimulation address different constraints on
cognitive development, and when delivered together to disadvantaged preschoolers, they can
yield substantial improvements in cognitive function and behaviour [26][63]. In practical
terms, while nutritional interventions can restore the biochemical substrates for brain
development, interactive stimulation and learning opportunities translate those substrates

into skill acquisition - both are necessary for optimal outcomes in at-risk children.

Summary of Cognitive Outcomes: Across all interventions, certain outcome domains were
more consistently affected by nutrition. Executive functions (such as attention and inhibitory
control) and language abilities were improved in multiple studies. E.g. iron and MMN trials
improved attention and information processing speed[64][65], MMN and combined
interventions enhanced language or vocabulary outcomes[66][64]. Fish consumption trials
benefited processing speed and some aspects of non-verbal problem solving[53]. General 1Q
scores were less frequently elevated by nutrition alone (often showing trends but not
significance, except when analyses adjusted for compliance or in younger subgroups)[23][67].
However, it is notable that eight trials (out of 20) reported significant improvements in
standardized cognitive test scores (full-scale or subscales) in the intervention group,
highlighting that under the right conditions, nutritional interventions can lead to measurable
cognitive gains. The remaining trials either found no difference (especially some single-
nutrient supplements given to non-deficient children) or conditional improvements (e.g. only
in a subset of children or only short-term). Table 1 details each study's results, including effect
sizes where reported. Importantly, no study reported adverse cognitive effects from
nutritional supplementation; at worst, some interventions were simply neutral. A few studies
monitored health side effects (one MMN meta-analysis noted a slight increase in diarrhoea
with MNP use, and fish trials monitored mercury levels)[55][68]. However, within our

included set, no serious adverse events were attributed to the nutrition interventions.
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Table 1. Summary of Included Studies on Nutrition Interventions and Cognitive Outcomes in
Preschool Children

Characteristics and key findings of the 20 included studies evaluating nutritional interventions in 2—

6-year-old children. Cognitive outcomes refer to significant between-group differences favouring the

intervention, unless noted as "no effect."”

Study ID Country/Setti Design / Intervention Control Cognitive Key Findings
ng Population Outcomes
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Review
(Lancet
series)

(MMN = multiple micronutrient; WPPSI = Wechsler Preschool and Primary Scale of Intelligence;
DHA = docosahexaenoic acid; BSID = Bayley Scales of Infant Development; RDA = recommended
daily allowance)

Discussion

In this systematic review of nutritional intervention trials among preschool-aged children, we
found broad evidence that improving diet or nutrient intake can positively influence cognitive
development, particularly in undernourished populations. Roughly two-thirds of the included
studies reported significant benefits, ranging from improvements in specific skills (attention,
working memory, language) to gains on standardized developmental or 1Q measures
[38][44][45][46][49][50]. These findings support the premise that adequate nutrition is
essential for optimal brain development in early childhood and that effects are most apparent
when interventions correct a true deficiency or gap (e.g., iron in anaemic children, or multiple
micronutrients in children with limited diets) [38][45][51]. By contrast, adding nutrients to
already well-nourished children often produced null results (e.g., B-vitamin supplementation

or DHA in healthy preschoolers) [35][39].

Effects were frequently domain-specific rather than global. Executive functions and attention
were notably responsive: iron supplementation improved attention and processing speed in
anaemic preschoolers in Greece [38], and multiple micronutrient (MMN) fortification
improved non-verbal reasoning and problem-solving in South Africa, with language and
inhibitory control gains in disadvantaged Indian preschools [44][45]. Food-based trials that
increased fatty fish intake (source of LC-PUFAs, protein and micronutrients) reported small

but discernible improvements on processing speed, vocabulary, block design, and non-verbal
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reasoning—especially when analyses accounted for dietary compliance [36][37][40].
Language outcomes also improved in several MMN or food-based interventions (e.g.,
expressive language gains with MMN in lower-quality preschool environments; vocabulary

signals linked to higher DHA status) [45][39].

Context moderated effects. In India, MMN benefits appeared only in low-quality preschools,
not in stimulating settings, suggesting a ceiling effect where enriched environments already
support development [45]. In resource-poor settings, nutritional upgrades may unlock
cognitive potential otherwise suppressed by concurrent deficits—consistent with global
evidence that poverty, malnutrition and low stimulation jointly constrain development
[49][53]. Importantly, an Indonesian RCT that combined nutrition with psychosocial
stimulation produced one of the largest effects (*+5.7 IQ points), underscoring synergy
between biological substrates (nutrition) and experiential inputs (stimulation) [43]. Earlier
work in Bangladesh similarly showed that nutrition plus stimulation outperformed nutrition

alone [49].

Timing and duration mattered. Benefits were often clearer in younger children and with
longer exposures. A nutrient-dense supplementary food improved working memory
specifically in younger (<4 y) participants in Guinea-Bissau [46]. A home-fortification trial in
China showed transient developmental gains at 6 months that attenuated later, hinting at the
importance of sustained inputs and/or catch-up in controls [47]. Conversely, early
supplementation in Nepal did not yield long-term cognitive advantages at school age,
suggesting that initial biochemical improvements may not translate into durable functional

gains without supportive environments over time [48].

Not all interventions worked as expected, offering useful guardrails. lodized salt in mildly
iodine-deficient Ethiopian communities did not improve developmental scores—possibly
reflecting modest baseline deficiency, dose, or duration constraints [41]. Guava powder in
India improved iron status without cognitive gains, indicating that biomarker improvements
may not immediately yield functional changes if other limiting factors persist [42]. Null
findings in well-nourished German samples for B-vitamins and group-level DHA mirror the

principle of diminishing returns when a nutrient is not limiting [35][39].

From a public health perspective, the balance of evidence supports targeting nutritional
interventions to children most likely to benefit: anaemic or undernourished preschoolers and

those in disadvantaged environments. MMN powders/fortified foods and iron
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supplementation (when anaemia is present) showed the most consistent cognitive signals
across trials in at-risk groups [38][44][45][51]. Formulation details also matter: in Cambodia,
only one fortified-rice premix produced cognitive gains, underscoring the need for evidence-

based composition tailored to local deficiency profiles [50].

Limitations of the evidence include heterogeneity of outcome measures (hindering meta-
analysis), relatively short durations in some trials, and challenges to blinding in food-based
interventions. Still, many studies used blinded assessors, reducing outcome-measurement

bias, and several cluster-RCTs addressed baseline imbalances appropriately [44][45][46][50].

Implications. Future trials should prioritize (i) longer follow-ups to test durability of effects
[47][48], (ii) factorial designs that isolate and combine nutrition with stimulation/parenting,
and (iii) targeting based on screening (anaemia, growth faltering) to maximize effect sizes.
Policy efforts integrating MMN /fortified foods or iron (where indicated) into preschool
platforms—especially in high-burden areas—and pairing them with early learning and
caregiver-stimulation components, are most likely to yield meaningful cognitive gains at scale

[43][45][49][53].
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Conclusion

Early childhood is a critical window during which nutrition can shape cognitive development.
Across randomized and controlled trials, iron for anaemic children, multiple micronutrients
for children with limited diets, and nutrient-dense foods (including fatty fish) were associated
with improvements in attention, processing speed, language, working memory, and non-
verbal reasoning in many contexts [36][37][38][40][44][45][46][50][51]. Effects were
strongest when interventions corrected deficiencies and when delivered in disadvantaged
environments; null results were common in well-nourished samples or when nutrients were
not limiting [35][39][41][42]. The largest gains appeared when nutrition was paired with
psychosocial stimulation, highlighting the complementary roles of biological and experiential

inputs for brain development [43][49].

In practice, programs should target children with anaemia or undernutrition, use locally
appropriate formulations of fortified foods/MMN, and integrate with early education and
caregiver-stimulation initiatives to maximize developmental returns [44][45][50]. Done well,
these strategies can enhance school readiness and learning trajectories, with the potential for

long-term benefits in education and wellbeing [46][49][53].
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