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Abstract

Interventions to improve nutritional status of young children in low- and middle-income countries (LMIC) may
have the added benefit of improving their mental and motor development. This meta-analysis updates and goes be-
yond previous ones by answering two important questions: (1) do prenatal and postnatal nutritional inputs improve
mental development, and (2) are effects on mental development associated with two theoretically interesting medi-
ators namely physical growth and motor development? The meta-analysis of articles on Medline, PsycINFO, Global
Health and Embase was limited to randomized trials in LMICs, with mental development of children from birth to
age two years as an outcome. The initial yield of 2689 studies was reduced to 33; 12 received a global quality rating of
strong. Of the 10 prenatal and 23 postnatal nutrition interventions, the majority used zinc, iron/folic acid, vitamin A
or multiple micronutrients, with a few evaluating macronutrients. The weighted mean effect size, Cohen’s d (95%
CI) for prenatal and postnatal nutrition interventions on mental development was 0.042 (—0.0084, 0.092) and
0.076 (0.019, 0.13), respectively. Postnatal supplements consisting of macronutrients yielded an effect size d (95%
CI) of 0.14 (0.0067, 0.27), multiple micronutrients 0.082 (—0.012, 0.18) and single micronutrients 0.058 (—0.0015,
0.12). Motor development, but not growth status, effect sizes were significantly associated with mental development
in postnatal interventions. In summary, nutrition interventions had small effects on mental development. Future
studies might have greater effect if they addressed macronutrient deficiencies combined with child stimulation
and hygiene and sanitation interventions.
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Introduction evidence for the effects of both macro and micronu-

trient supplements on mental development in young

Malnourished children consistently perform poorly on  children less than two years of age.

tests of mental development in both cross-sectional
and longitudinal studies (Grantham-McGregor et al.
2007). The impact of nutrition on cognitive and
language development is particularly important in
low- and middle-income countries (LMIC) where
many children are affected by both macronutrient
and micronutrient deficiencies. Consequently a num-
ber of recent nutrition interventions have examined
cognitive benefits along with physical growth. The first
objective of this review is to examine accumulating

The secondary aim is to examine the proposed
pathways by which nutrition may impact mental devel-
opment. It is critical to examine mediators in the path-
ways showing how nutritional status/physical growth
leads to mental development. Previous meta-analyses
have not examined these mediators. Postnatally, better
nutrition may influence mental development through
several pathways. In addition to direct effects on brain
development, another is through motor development:
children with better nutrition may walk at an earlier
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age (Dewey et al. 2001), leading to increased interac-
tion with, and exploration of, their environment.
Adolph and Tamis-LeMonda argue that infants
willingly abandon their status as expert crawlers to
become unsteady walkers, in part because it leads to
richer experiences, more ground to cover and objects
to play with, and a different type of interaction with
others (2014). Height and weight may also influence
the caregiver’s behaviour toward the child, such as
providing more sophisticated stimulation to a child
who appears more mature physically and less to a
malnourished child (Brown & Pollitt 1996). Both
pathways enhance stimulation and may in turn affect
children’s overall cognitive performance (Prado &
Dewey 2014). This review examines mental develop-
ment and motor development outcomes of children
under-24 months receiving a nutrition intervention. It
also investigates whether children’s mental develop-
ment (mainly cognitive) is associated with greater
growth and motor development, thus supporting
explanations of the link between nutrition and mental
development.

Two previous systematic reviews examined the ef-
fects of multiple micronutrients on cognitive outcomes
in children, together including only two randomized
controlled trials (RCT) of children under-two years
(Ramakrishnan et al. 2009; Eilander et al. 2010). Several
studies assessed motor development only. Eilander
et al. (2010) included one study on mental development
with no significant effects (Dhingra et al. 2004). Two
other trials included outcomes of motor development,
specifically the age of walking unassisted, where multi-
ple micronutrients had significantly positive effects
(Faber et al. 2005; Olney et al. 2006). In Ramakrishnan
et al’s review (2009) only one study, different than the

Key messages

one noted by Eilander and colleagues, looked at mental
development and found no significant effects because
of multiple micronutrients (Black et al. 2004a). These
reviews were limited to postnatal micronutrient
interventions only with few assessing child cognition
outcomes; therefore, the effect of micronutrient
supplementation on children’s cognition as well as the
comparison with macronutrient supplementation
requires further investigation.

A third systematic review examined the effects of a
single micronutrient, namely iron supplements, in
seven RCTs where there was a non-significant effect
on mental and motor development of children
under-24 months of age (Pasricha er al. 2013). The
effect of iron, a single micronutrient, compared with
multiple micronutrient supplementation can be
further analysed. Finally, a fourth systematic review
found a small effect of postnatal nutrition interven-
tions on mental development but was confined to
studies between 2000 and 2012, and so excluded
many studies conducted before that date when
macronutrients were more likely to be studied
(Aboud & Yousafzai 2015). Further, this review did
not examine possible explanations for the small
overall effect seen.

A systematic review looking at prenatal micronutri-
ent supplementation and its effect on children’s mental
development found no significant results (Leung et al.
2011). However, psychomotor outcomes improved in
two studies using multiple micronutrients and one study
using fish oil (Joos et al. 1983; Tofail et al. 2006; Li et al.
2009). Several other fatty acid reviews have been con-
ducted and found non-significant overall effects on
mental and motor development (Smithers et al. 2008;
Beyerlein et al. 2010; Qawasmi et al. 2012; Gould et al.

* Mental development is weakly affected by nutrition interventions in children under-two years of age in low- and

middle-income countries.

¢ There is a non-significant trend toward greater benefit on mental development from interventions using macronutri-
ents and multiple micronutrients as compared with single micronutrients.

¢ Nutrition interventions of adequate sample sizes for the outcome of interest (i.e. mental development) are needed.

® |Investigation of the mediating pathways to mental development, including stunting, illness, motor development and
temperament, is needed to create a stronger evidence base for their impact on early mental development in

resource-poor settings.
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2013; Qawasmi et al. 2013), but their findings are largely
from RCTs in high-income countries limiting the
interpretation of these data for LMICs where maternal
malnutrition is highly prevalent.

In recent years, the number of nutrition intervention
studies assessing development as a primary or second-
ary outcome has increased making it timely for current
review. The primary objective of this meta-analysis is to
examine the effect of nutrition supplementation on
mental development in LMICs. This meta-analysis
extends upon previous systematic reviews by address-
ing effects of pre and postnatal interventions, as well
as micro and macronutrition supplementation and their
effects on mental development. The secondary
objective is to examine the potential pathways by which
nutritional inputs may affect mental development,
namely nutritional status and motor development.
Motor development has been used to explain how
nutritional inputs affect mental development (Brown
& Pollitt 1996; Prado & Dewey 2014); for example, by
enhancing activity and exploration with length and
weight underpinning this explanation. We examine
these associations in order to identify key mediators,
but also potential barriers to why mental development
may not be affected. This review is limited to RCTs in
LMIC:s to study the effect of nutrition in resource-poor
settings and is also limited to children under the age of
two years. The first 1000 days is now of greatest concern
to nutritionists and is an age of rapid brain develop-
ment (Werker & Tees 2005). As a result, improved con-
ditions before the age of two years may have greater
benefits on mental and motor development than at a
later age. Therefore, this review looks at the effect of
nutrition interventions in pregnant and lactating
mothers on their children’s mental development before
the age of two years, and also the effect of nutrition
interventions in children on their mental development
until the age of two years.

Methods

Study search

A search of four databases, Global Health, Medline,
PsycINFO and Embase, was conducted to identify
articles on nutrition interventions and mental
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development. The search strategy included topics
related to nutrition, mental development, and evalu-
ated interventions, using the following terms: nutrient
requirements, infant foods, feeding behaviour, food
supplements, nutrients, micronutrient, diet, iodine, iron,
stunting, height, malnutrition, Bayley, PPVT, language,
cognitive, trial, intervention, programme and RCT. The
search was limited to years January 1970 to September
2014, and to English language publications. In Medline,
it was possible to limit the age from birth to 24 months.
The references from the identified articles were also
searched for any additional studies. The PRISMA
guidelines were followed (Moher et al. 2009). The
clinical trials registry (www.clinicaltrials.gov) was
searched for relevant trials in the same study period
that were not captured in the peer reviewed literature
search. However, no additional trials were found.

Inclusion and exclusion criteria

Inclusion criteria were listed as: LMIC, RCT, mental devel-
opment outcome measured in children from birth to
24 months and an empirical analysis of the data. Fine and
gross motor, morbidity, mortality, growth and other nutri-
tional outcomes were recorded if they were analysed in
the article. Authors were contacted to obtain outcome sta-
tistics if they were not included in the published article. Both
prenatal and postnatal nutritional supplementation trials
were included. Samples of preterm children were excluded
because the degree of prematurity cannot be reliably
assessed in many LMICs, particularly with home births.
Studies with supplementation periods shorter than two
months were excluded. Other exclusion criteria included:
no specific child- or prenatal-based intervention, such as
screening or cash transfer interventions; hospital-based
studies for children with a major disease or disorder, such
as cancer or diabetes; autistic children and reviews or
secondary analyses of studies that were already included.

Study selection and data extraction

A first pass of the articles yielded by the search strategy
examined the country of data, age of children and na-
ture of the sample. This yielded still a large number of
citations, which were further examined in a second pass
that considered all inclusion criteria. These two passes
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were done independently by two reviewers. Data ex-
traction was also completed independently by these
two reviewers. Discrepancies were resolved through
discussion. Data extraction tables were created with
the following information: (1) reference and country;
(2) sample size analysed, ages at baseline and endpoint,
baseline height-for-age z-score (HAZ) or body mass in-
dex (BMI); (3) study design; (4) intervention including
nutrients, duration; (5) main mental development out-
comes, nutritional outcomes, motor outcomes and
effect size Cohen’s d; and (6) quality assessment. The
effect size was the main summary measure. All mental
development test scores were retrieved, whether they
included separate or combined cognitive and language
subtest scores. Most studies had groups that were com-
parable at baseline on variables that correlated with the
outcome. For this reason, the outcome mean and stan-
dard deviation at the study endpoint were used to calcu-
late the effect size for each comparison. Effect sizes were
calculated for all group comparisons in a single study.

Quality assessment of RCTs

The Effective Public Health Practice Project (EPHPP)
quality assessment tool was used to assign a global rating
to each study (Jackson & Waters 2005). Quality is rated
according to selection bias, study design, confounders,
blinding, data collection methods, withdrawals and
dropouts, intervention integrity and analysis. Ratings of
prenatal and postnatal studies were assigned by two inde-
pendent reviewers to ensure reliability (kappa=0.69 for
prenatal studies and kappa=0.72 for postnatal studies).
We used funnel plots to assess potential publication bias.

Analysis

The effect size Cohen’s d for each group comparison
was calculated by dividing the difference in the mean
endpoint scores for the intervention and control group
by the pooled standard deviation. These effect sizes
were then weighted by the inverse variance of the end-
point scores. The overall effect size was calculated by
taking the mean of these weighted individual trial effect
sizes. In order to appropriately assess for statistical het-
erogeneity among trials, we ran a chi squared test on
the Cochrane’s heterogeneity statistic Q, and calculated

the I statistic (calculated as I*=(Q — df)/ Q, where df
is the degree of freedom). For prenatal trials, the Q-
statistic was 15.46 with a P-value of 0.22 and I* of
22.39; postnatal trials resulted in a Q-statistic of 41.39
with a P-value of 0.08 and I* of 25.11. These I values
represent moderate heterogeneity, and therefore ran-
dom effects models were used. The statistical software
SAS version 9.4 was used for the analysis.

Specific to our secondary objective, we used PROC
MIXED to run a random effects meta-regression
model to examine whether study quality (its global
rating), intervention type, sample size, baseline HAZ
(for postnatal studies) or baseline maternal BMI (for
prenatal studies), motor development effect size and
endline HAZ effect size were significantly associated
with mental development effect size. The study was
included in the model as a random effect and study
quality, intervention type, sample size, baseline HAZ
or BMI, motor development effect size and endline
HAZ effect size were used as fixed effects in the model.
We used the empirical sandwich estimator to account
for covariance correlation matrix between and within
studies. This analysis adjusts for correlations among
multiple effects derived from the different interven-
tions provided within specific studies.

Results
Search flow

The original search of all four databases yielded 2689
citations with 936 excluded because of duplicates. The
first pass reduced the number of studies to 188, and
the second pass left 33 RCTs of nutrition interventions
analysing mental development in children aged less
than two years in LMICs (Fig. 1). An additional 12
studies were identified from recent reviews that
appeared in the database search, of which none was
included in the final sample after full text review.

Study characteristics

The studies included in the current meta-analysis were
classified into two main categories (see Tables 1 and 2):
(1) those where nutrition was given prenatally and chil-
dren under the age of two were followed-up after birth
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Citations retrieved from
databases search (n=2689)

—

Excluded on the basis of repetition,
title and abstract (n=936)

Potentially relevant abstract
assessed for eligibility (n=1753)

Excluded full-text articles based
on first pass criteria. Eg. country

of data, age of children, nature of
sample. (n=1567)

pass criteria (n=188)

‘ Full-text articles meeting first |

Additional publications from recent
review references (n=12)

Excluded for not meeting inclusion

criteria [n=167)

!

!

POSTHNATAL INTERVENTIONS:
Full-text articles included in the
systematic review (n=23)

PRENTATAL INTERVENTIOMNS:
Full-text articles included in the
systematic review (n=10)

Fig. |. Selection of studies for the systematic review of the effect of nutritional interventions on child mental development.

to test mental development; and (2) those where
supplementation or some other type of nutrition inter-
vention was given to children under the age of two years
and their mental development was assessed shortly af-
ter. Ten studies fit the former category and 23 met the
latter category. All but one had samples that ranged
from well nourished to moderately malnourished on av-
erage. Prenatal interventions included 5352 children;
postnatal intervention included 6485 children.

Most studies were conducted in low-income coun-
tries from Africa and South Asia. Some were conducted
in Latin America, where countries have higher Human
Development Indexes; nonetheless samples included
malnourished children from urban slums or rural sites.

The prenatal studies used supplementation in the
second and/or third trimesters of pregnancy. Most of
the postnatal nutrition interventions started when the
child was six months of age. However, six trials began
within the first two months after birth. The duration
of the interventions ranged from two months to
24 months, with a mode of six months.

The majority of studies used zinc, iron/folic acid, vita-
min A, iodine or multiple micronutrients (r =24). Others
looked at the effect of supplementation with fatty acids or
food supplements (n=8), and one gave a calorie- and
protein-dense milk supplement. With respect to the com-
parison group, the majority of studies provided a placebo

© 2015 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, 12229

or nothing (n=19), and the remainder provided either
fewer micronutrients or lower energy supplements.

Mental development tests used

Almost all of the studies included in this meta-analysis
used a direct assessment of the child, where a sequence
of tasks, ordered in terms of level of difficulty, is given
to the child and scored as pass or fail. Items involve
measuring competencies related to cognition, expres-
sive and receptive language and fine motor skills.

Twenty-four studies used the Bayley Scales of Infant
Development (BSID-I, -II or -III)—Mental Scale
(Bayley 2006). Four studies instead administered the
Griffiths Mental Developmental Scale (Griffiths
1996), while single studies used the Fagan Test of Infant
Intelligence (Fagan & Shepard 1986), a language test
derived from BSID II, language milestones or a two-
item problem-solving test included in the BSID II.
Most studies were unable to separate language and
cognition subscores and so the effect of the interven-
tion on these distinct outcomes is not clear. When
language and cognition were measured separately,
cognition was used to calculate the effect size for
mental development. The Bayley, Griffith and
milestones were used to measure gross motor develop-
ment if included as an outcome in the study.
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Effects of nutrition interventions on mental
development

Regarding prenatal supplementation interventions, the
mean effect size for mental development was very
small and non-significant at 4=0.042 (95% CI:
—0.0084, 0.092) (n=10 studies, 5352 participants),
ranging from —0.31 to 0.57. The forest plot for mental
scores from prenatal supplementation interventions is
shown in Fig. 2. Most of the interventions had very lit-
tle positive effect on mental development, and some
even had significant negative effects. However, the 10
studies in this group were quite heterogeneous with re-
spect to intervention, preventing analysis of trends
among similar studies.

Looking next at postnatal trials, nutrition interven-
tions resulted in a significant mean effect size Cohen’s
d for mental development of d=0.076 (95% CI: 0.019,
0.13) (n=23 studies, 6485 participants) with a range
from —0.33 to 1.022. The forest plot for mental devel-
opment scores from postnatal supplementation trials
is shown in Fig. 3. Excluding the outlier, the study by
Idjradinata & Pollitt (1993), the effect size remained

similar at d =0.069 (95% CI: 0.021, 0.12) (n =22 studies,
6441 participants).

Positive outcomes on mental development in postna-
tal interventions are seen with the use of calorie- and
protein-dense milk, gangliosides added to milk and
the use of fortified porridge or a rice and lentil mixture
(Grantham-McGregor et al. 1991; Pollitt et al. 2000;
Gurnida et al. 2012; Manno et al. 2012; Nahar et al.
2012). Multiple micronutrients, iron and folic acid and
zinc interventions showed mixed results. Multiple mi-
cronutrient supplementation of children seems to have
a slightly higher positive effect on mental development
when compared with supplementation with only one
micronutrient. When stratified by supplementation
type, the weighted effect sizes for multiple micronutri-
ent interventions (Fig. 4) and for single micronutrient
interventions (Fig. 5) are d=0.082 (95% CI: —0.012,
0.18) (n=6 interventions, 1915 participants) and
d=0.058 (95% CI: —0.0015, 0.12) (n=19 interventions,
3803 participants), respectively.

There could be some added benefit from the provi-
sion of fats, energy and protein, When stratifying the
analysis by interventions with energy, fat or protein

Auther (year) Country Iatervention Weight (%)
Joos (1983) Taiwan Energy+protein 33 e
Tofail (2006) Bangladesh Omega-3 farry acid 4.1 -
Schmidi (2004) Indomesia MM 31 |l
MeGirath {2006) Tanzania MMM b .
Tofail (2008) Bangladesh MMM 133 =
Li (2009) China MMN 126 e
Chang (2013) China MMN 9.3 ™=
Hanich (2013) Viemam MMM 127 -
Hamadani (2002) Bangladesh In 2.7 = 1
MeGrath (2006) Tanzania Vitamin A 7 "
Thilly (1980} DR Congo lodine 1.2 =
Li (2009} China FeFA 134 ™
Chang (2013) China FeFA 89 -
Owverall EfMect 100 R
Random Effects Model (17=22 4%) o P i & o i

Mote: MM (multiple microputrient); Zn (zinc): Fe (iron): FA (folic acid)

Fig. 2. Forest plot for of mental development effect sizes for prenatal interventions.
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Author (vear) Country Intervention Welght (%o}
Grantham-McGregor (1991) Jamaica Energy+protein 0.9 b
Politt (2000) Indonesia MAMN+energy 1.0 L]
Rosado (2011) Mexico MMN +energy+protein 1.6 L
Gurmida (2012) Indonesia Gangliosides 0.8 -
Manno (2012) Zambia MAIN+energy 4.7 -
Phuka (2012) Malawi Energy 1.5 -
Nahar (2012) Bangladesh MMN+energy 1.9 -
Aboud (2011) Bmgludrsh MM 2.6 L
Yousafzai (2014) Pakistan MMN 2.5 &
Singla (2014) Bangladesh MMN 26 -
Black (2004) Bangladesh MMN 1.1 L
Amanasio (2014) Colombia MMN 88 -
Shegel (2001) Nepal MMN 23 L]
Black (2004) Bangladesh Fe/Zn 23 o
Lind (2004) Indonesia Felin 4.6 L
Idjradinata {1993) Indonesia Fe 0.5 L
Black (2004) Bangladesh Fe 0s -
Lind (2004} Indonesia Fe 46 =
Siegel (2001) Nepal FeFA 23 L
Surkan (2013) Nepal FeFA 8.0 -
Ashworth (1998) Brazil ImgZn L3 .
Ashworth (1998) Brazil SmgZn L3 L
Hamadani (2001} Bangladesh Zn 27 -
Castillo-Dasran (2001) Chile n 16 -
Lind (2004} Indonesia Zn 46 .
Black (2004) Bangladesh in 1.3 =
Black (2004) India MMN+Zn 23
Gardner (2005) Jamaica n 16 -
Taneja (2005) India Zn 8.0 L
Siegel (2011) Nepal Zn 23
Surkan (2013) Nepal In 8.0 -
Colombo (2014) Peru n ER] -
Overall Effect 100 .
Random Effects Model (I'=25.1%) 080 040 000 0.40 0.80 120 1.60

MNote: MMN (multiple micromutrient). Zn (zinc); Fe (iron); FA (folic acid)

Fig. 3. Forest plot for of mental development effect sizes for postnatal interventions.

compared with those
micronutrients, we see a slightly higher benefit from

giving one or more

the former. The weighted effect size for interventions
giving energy, fat, omega-3 fatty acid or protein
(Fig. 6) is d=0.14 (95% CI: 0.0067, 0.27) (n=7 inter-
ventions, 893 participants) and for interventions

© 2015 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, €12229

giving one or multiple micronutrients, it is d=0.066
(95% CI. 0.016, 0.12) (n=25 interventions, 5592
participants).

The funnel plot for postnatal interventions looks
symmetrical (Fig. 7). Consequently we ruled out bias
in publishing only studies with significant effects.
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Author (vear) Country Intervention Weight (%)
Black (2004) Bangladesh MMM 4.0 ' 1 -
Aboud (2011) Bangladesh MMN 9.6 ' .
Siegel (2011) Nepal MMN 8.4 ' =
Yousafzai (2014) Pakistan MMN 5.8 + -
Singla (2014) Bangladesh MAIN 9.7 ’ .
Ananasio (2014) Colombia MMN 328 L
Overall Effect 100 e
Random Effects Model (12=8.4%) 04 0o 0.4 08

Note: MMN (multiple micromutrient)

Fig. 4. Forest plot for of mental development effect sizes for postnatal multiple micronutrient interventions.

Author (year) Country Intervention Weight (%)
Black {2004) Bangladesh FelZn 2.0 L -
Lind (2004) Indonesia FelZn 7.5 ol m
Idjradinata (1993) Indonesia Fe 0.9 [ -
Black (2004) Bangladesh Fe 2.1 f -
Lind (2004) Indonesia Fe 1.5 .
Siegel (2011) Nepal FeFA 3.7 " .
Surkan (2013) Nepal FeFA 13.1 Lo
Ashworth (1998} Brazil ImgZn 2.1 ' ]
Ashworth (1998) Brazil SmgZn 2.1 [ -
Hamadani (2001) Bangladesh Zn 4.5 ; ]
Castillo-Druran (2001) Chile Zn 2.6 ! 'l
Lind (2004) Indonesia Zn 7.5 ]
Black (2004) Bangladesh in 22 ! -
Black (2004) India MMN<Zn 37 L -
Gardner (2005) Jamaica Zn 2.6 ' -
Taneja (2005) India Zn 13.2 qom
Siegel (2011) Nepal Zn 33 [ -
Surkan (2013) Nepal Zn 13.1 ™
Colombo (2014) Pemu Zn 57 -
Overall Effect 100 *
Random Effects Model (I’=38.9%) ag.  od ge ol 65 iz 1%

Note: MMN (multiple micronutrient); Zn (zinc); Fe (iron); FA (folic acid)
Fig. 5. Forest plot for of mental development effect sizes for postnatal single micronutrient interventions.
Publication bias seems to be more of an issue with pre- positive effect sizes. It should be noted that there are

natal supplementation interventions. The funnel plot fewer prenatal supplementation trials compared with
shown in Fig. 8 is asymmetrical, with more studies with postnatal supplementation trials.

© 2015 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, 12229
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Author (year) Country Intervention Weight (%)
Grantham-McGregor (1991) Jamaica Energy+protein 7.3 o)
Politt {20007 Indonesia MMM +energy 8.4 ; .
Rosado (2011) Mexico MMN+energy+protein 13.1 =
Gurnida (2012) Indonesia Gangliosides 6.4 i -
Manno (2012) Zambia MNN+energy 317 .
Phuka(2012) Malawi Energy 12.1 .
Nahar (2012) Bangladesh MMN-+energy 15.1 .
Overall Effect 100 *
Random Effects Model (I°=8.1%) 06 0.2 0.2 06 10
Note: MMN (multiple micromutrient)
Fig. 6. Forest plot for of mental development effect sizes for postnatal energy, protein and fat interventions.
0.35 4
@ .
0.3
*
0.25 - L
N‘ *
& &
> o . *
o o0 908
%
0.1 - -»
* o,
0.05 -
-0.8 0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
Effect Size

Fig. 7. Funnel plot for postnatal interventions.

Using the random effects meta-regression on mental
development, we found that quality of the study,
sample size and intervention type (micronutrient or
energy given) were not significant predictors of either
postnatal or prenatal effect size. Further, baseline
HAZ (n =19 interventions) was not a significant predic-
tor of postnatal effect size and baseline maternal BMI
(n=10 interventions) was not a significant predictor of
prenatal effect size. A random effects model was fit to
look at the association between motor and mental
development and found that motor development effect
size (n=11 prenatal interventions, n=22 postnatal
interventions) was significantly associated with mental

© 2015 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, 12229

development effect size (regression coefficient=0.32,
95% CI: 0.087, 0.54) in postnatal but not prenatal
interventions. End-line HAZ effect size (n=19
postnatal interventions), however, was not significantly
associated with mental development.

Discussion

Taken together, nutrition interventions did not
seem to have a significant effect on mental (cognitive)
development of children under-two years in
LMICs. The effect sizes were d=0.042 for prenatal
nutrition and d=0.076 for postnatal nutrition. This
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Fig. 8. Funnel plot for prenatal interventions.

meta-analysis comparing interventions between stud-
ies, although not statistically significant, showed a trend
toward more benefit on cognitive development from
the provision of postnatal multiple micronutrients
compared with a single micronutrient, and also for
provision of fats, energy and protein with
micronutrients compared with micronutrients alone.
This suggests that the most promising approach is a
combination of macro- and micronutrients; however,
future work would need to examine these approaches
further to determine significant benefits of combined
macro and micronutrient supplementation with single
approaches.

Several lines of evidence support the need for both
macro and micronutrients in brain development and
particularly in LMICs samples. For example, during
infancy 20% of the body’s energy is used to support
brain structure and function (Raichle 2010). Further-
more, specific macro- and micronutrients gain added
importance when considering how widespread is their
presence in the brain. Fats have important functions
in synaptogenesis, membrane function and the synthe-
sis of myelin that coats neurons and are thought to
speed processing (Georgieff 2007). Iron plays a role
in myelination, transmitter synthesis and hippocampal
energy metabolism in the neonatal period (Georgieff
2007). However, the relation between brain and
behaviour is not always straightforward; a lack of
correspondence may occur if secondary sites of the

brain compensate for deficits in the primary site. For
example, visual sites of the brain may compensate for
deficits in the more efficient language sites for reading
(Parviainen et al. 2006). The trend toward a larger
impact of fats, calories and protein could be a function
of the setting of these studies, all being in food insecure
areas where both macro and micronutrients are lacking
in diets. There is a need to explore the effect of fat,
energy and protein provision in addition to
micronutrients on cognitive outcomes of children in re-
source poor areas.

The effect sizes of motor development are signifi-
cantly associated with those of mental development
in postnatal interventions. One explanation offered
by Brown and Pollitt and elaborated by Prado and
Dewey is that better-nourished children’s motor
ability (fine and gross) to interact with and explore
their environment could positively affect their
cognitive development (Brown & Pollitt 1996; Prado
& Dewey 2014). Nutrition supplements did increase
exploration and activity in one study (Aburto et al.
2010) but not in another (Meeks Gardner et al.
1995). However, the benefits of exploration and
activity accrue only if they lead to mentally challen-
ging stimulation, which was the case in the Aburto
study when the
micronutrients enhanced exploration (fine motor

combination of macro and

manipulation of play objects) but not activity (gross
body movements) (2010). In sum, nutrition has the
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opportunity to enhance cognitive development when
it supports fine motor skills that can be applied to
stimulating play materials rather than gross motor
skills that generate activity (Aburto ez al. 2010). Motor
development as a mediator in the relationship
between nutrition and mental development cannot
be conclusively established in this review because of
their concurrent measurement, and future work would
need to examine the temporality of this relationship;
however, their significant relationship is indicative of
this possibility and should be further investigated in
appropriately designed interventions.

This review found no association between HAZ and
mental scores effect sizes in postnatal interventions.
However, a recent meta-analysis of 68 observational
studies in LMIC found an association of better HAZ
with earlier walking and better motor scores, and for
every unit increase of HAZ prior to two years of age,
an improved +0.22 standard deviation unit increase of
prospective mental development was observed
(Sudfeld et al. 2015). Therefore, despite common
cross-sectional findings that height and mental develop-
ment are strongly correlated (Grantham-McGregor
et al. 2007; Hadley et al. 2008; Olney et al. 2009; Barros
et al. 2010; Servili et al. 2010), there is no evidence from
these studies to explain why and the mechanisms war-
rant future investigation.

The degree of variation between studies and the
limited number of prenatal trials makes it difficult to
identify trends other than by intervention type. Out of
all the studies included, 36% had a quality rating of
strong. The majority of those rated as moderate or
weak decreased their quality by not reporting validity
and reliability of their developmental measure in their
context, not including study participation rates, and
because of high drop-out rates.

We have added to previous systematic reviews by
including more studies for pre- and postnatal nutri-
tion, and by examining evidence for two explanatory
variables, namely motor development and nutritional
outcomes. This is a comprehensive meta-analysis
that compiles studies using single and multiple
micronutrients, as well as various fats, energy and
protein. Mean effect sizes for these different nutrition
interventions could be calculated for only three cate-
gories (fats/energy/protein, multiple micronutrients

© 2015 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, 12229

and single micronutrient) and suggest a trend toward
greater benefit for multiple micronutrients and
fats/energy/protein.

There are a number of limitations to this analysis.
The control, or comparison, groups of these studies
did not all receive a placebo; some received calories,
multiple micronutrients or a single nutrient. The effect
size from the latter type of studies is likely smaller
than what it would be had the control group received
a placebo. Furthermore, not all studies looked at the
nutritional outcomes and motor development of the
children, so sufficient evidence for this explanation is
still lacking. To see an effect on mental development
in children aged under-two years, supplementation
may need to be provided over a longer duration.
Being restricted to LMICs only, the overall small
effect size could also be because of the children’s lack
of protein and energy, in general. This could influence
growth, which would affect motor development and
the children’s ability to explore their environment,
thus affecting their mental development (Prado &
Dewey 2014).

Previous reviews have likewise not identified signifi-
cant effects of nutrition interventions on mental
development in children aged under-two years
(Ramakrishnan et al. 2009; Eilander et al. 2010; Leung
et al. 2011; Pasricha et al. 2013; Aboud & Yousafzai
2015). Only two studies in this meta-analysis were ap-
propriately sampled for analysis of development out-
comes using the Bayley test (Attanasio et al. 2014;
Yousafzai et al. 2014); to detect an effect size of 0.25
or larger (a meaningful change in development scores),
a power of 0.8 and an alpha of 0.05, a sample size of 175
per group is required. Second, the tests used to measure
mental development in young children could be
insensitive to the changes observed through a nutrition
intervention and future studies could benefit from using
tests and instruments that measure brain development
and function on a finer scale (Cheatham et al. 2006;
Colombo & Carlson 2012), such as functional near-
infrared spectroscopy and event-related brain potential
(ERP). For example, one ERP study identified mem-
ory deficits specific to infants of diabetic mothers that
were not picked up by the Bayley mental test (Nelson
et al. 2000). A constraint in the current available data
from nutrition interventions in LMICs is the lack of
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outcome measures outside of the traditional cognitive
assessments (e.g. BSID or Griffiths Mental Develop-
ment Scales). Although we limited this meta-analysis
to studies in children under-two, measuring the longitu-
dinal effect of early nutrition intervention on mental
development in older ages may capture benefits not ob-
served earlier (Colombo & Carlson 2012). Only a few
studies such as the Jamaican and Guatemalan cohorts
have longitudinal measures of mental development
(Stein et al. 2008; Martorell et al. 2010; Walker et al.
2011). In the case of the Jamaican cohort, the high-
energy nutrition intervention in children under two
years did not confer a benefit on intelligence at 22 years
of age (Walker et al. 2011). However, in the Guatema-
lan cohort, those exposed to a high-energy intervention
in the prenatal period and the first two years of life
experienced improved intellectual functioning at 27 to
33 years of age (Stein et al. 2008). It would be important
for future studies to measure development over time
including after the age of two years, so that this data
can be included in other meta-analyses. In such stud-
ies, it would be important to do repeat measures to
analyse and understand the pathways between early
nutrition and subsequent development. Currently
these data are highly limited in the literature from
LMICs. There is also interest in combining nutrition
with stimulation interventions to see whether additive
or synergistic effects might be observed on mental
development. Only a few studies have been appropri-
ately designed to address this question and currently
there is limited evidence on additive benefits, but
more research is required on how to optimize
integrated nutrition and stimulation packages of in-
tervention (Grantham-McGregor et al. 2014). Other
combined packages of care with nutrition also
warrant further investigation (e.g. nutrition and
water, sanitation and hygiene).

This meta-analysis was done in response to the grow-
ing amount of literature and uncertainty around the
effect of nutrition supplementation interventions on
mental development in young children. Three promis-
ing avenues to pursue in terms of future research are
identified. First, the combination of micro and macro-
nutrients appear to be the most promising supplement
in terms of its effect on mental development of young
children, yet more needs to be done to investigate

how variations in the study design and implementation
influence the outcome. Second, the connection be-
tween nutrients and mediators of mental development,
such as length, illness, temperament and motor devel-
opment, needs to be examined more carefully. Third,
more prenatal supplementation trials are needed to es-
tablish the effect of in-utero nutritional gains on mental
development. In all cases, early nutrition interventions
warrant further investigation, beyond two years of
age, to identify whether there is an impact in later child-
hood or adult functioning.
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