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ABSTRACT

Background Severe childhood malnutrition impairs
growth and development short-term, but current
understanding of long-term outcomes is limited. We
aimed to identify studies assessing neurodevelopmental,
cognitive, behavioural and mental health outcomes
following childhood malnutrition.

Methods We systematically searched MEDLINE, EMBASE,
Global Health and PsycINFO for studies assessing these
outcomes in those exposed to childhood malnutrition in
low-income and middle-income settings. We included
studies assessing undernutrition measured by low mid-
upper arm circumference, weight-for-height, weight-
for-age or nutritional oedema. We used guidelines for
synthesis of results without meta-analysis to analyse three
outcome areas: neurodevelopment, cognition/academic
achievement, behaviour/mental health.

Results We identified 30 studies, including some long-
term cohorts reporting outcomes through to adulthood.
There is strong evidence that malnutrition in childhood
negatively impacts neurodevelopment based on high-
quality studies using validated neurodevelopmental
assessment tools. There is also strong evidence that
malnutrition impairs academic achievement with
agreement across seven studies investigating this
outcome. Eight of 11 studies showed an association
between childhood malnutrition and impaired cognition.
This moderate evidence is limited by some studies failing
to measure important confounders such as socioeconomic
status. Five of 7 studies found a difference in behavioural
assessment scores in those exposed to childhood
malnutrition compared with controls but this moderate
evidence is similarly limited by unmeasured confounders.
Mental health impacts were difficult to ascertain due to
few studies with mixed results.

Conclusions Childhood malnutrition is associated with
impaired neurodevelopment, academic achievement,
cognition and behavioural problems but evidence regarding
possible mental health impacts is inconclusive. Future
research should explore the interplay of childhood and
later-life adversities on these outcomes. While evidence
on improving nutritional and clinical therapies to reduce
long-term risks is also needed, preventing and eliminating
child malnutrition is likely to be the best way of preventing
long-term neurocognitive harms.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= High mortality risk and impaired growth are
well-recognised short-term risks of childhood
malnutrition.

= While there is increasing appreciation of longer-term
risks for survivors, notably adult cardiometabolic
non-communicable disease, other longer-term risks
have been poorly described.

WHAT THIS STUDY ADDS

= There is strong evidence that malnutrition impairs
neurodevelopment and academic achievement in
childhood which has significant implications for fu-
ture well-being and prospects of those affected.

= Childhood malnutrition is associated with impaired
cognition and behavioural problems with evidence
of effects through to adolescence and adulthood but
the effect of nutritional treatment and interplay with
childhood adversity, coexisting illness such as HIV
and environmental factors in influencing these out-
comes is unclear.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY

= Study findings imply that there are likely to be long-
term effects of childhood malnutrition on cognition
and well-being lasting through adolescence and
adulthood.

= Long-term needs of malnutrition survivors need to
be carefully considered in treatment programmes.
Further research is needed on the effects of nutri-
tional therapy, adversity and environmental factors
to tailor future interventions, particularly with regard
to mental health which has been little researched.

PROSPERO registration number CRD42021260498.

INTRODUCTION

Severe childhood malnutrition is widespread
and has a high disease burden concentrated
in low-income and middle-income settings."
To date, most malnutrition policies and
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treatment programmes have focused on short-term risks,
notably infections and death.”® There is however growing
evidence of long-term risks for malnutrition survivors,
including that of later-life non-communicable disease.*
The prevalence of malnutrition has decreased in recent
years due to concerted global efforts.! However, there is a
risk of resurgence and perpetuation of childhood malnu-
trition due to climate change, conflict and food insecu-
rity in many settings with fragile food supply chains.’

Understanding long-term outcomes following child
malnutrition is especially important because improved
treatment has thankfully resulted in more children
with malnutrition surviving into adolescence and adult-
hood.” ® Most previous research and programmatic
investment have focused on child mortality rather
than thriving and long-term outcomes. Fewer studies
explore long-term impacts of malnutrition on cognitive,
behavioural and mental health outcomes in survivors.
Improved understanding of these outcomes can inform
disease burden estimates, support ongoing investment
and inform follow-up care for children with malnutrition.

Causal pathways linking malnutrition with neurode-
velopment, cognition, behaviour and mental health are
complex. Previous studies have found children admitted
to hospital with severe malnutrition often have severe
developmental delays with significant implications for
ongoing development, well-being and potential future
capital.” The interaction with HIV exposure in settings
where both malnutrition and HIV are highly prevalent is
also important given that both are associated, and both
can independently affect early childhood development.
Quantifying the association between malnutrition and
neurodevelopment is complicated by the fact that chil-
dren with neurodisability are inherently at higher risk
of becoming malnourished, potentially due to factors
such as poor feeding or differing treatment within family
groups with food scarcity.® Other factors may mediate
outcomes such as socioeconomic adversity, risk of infec-
tious disease, parental engagementand school attendance
which have been found to influence early childhood
development and are often associated with risk of devel-
oping severe malnutrition.” These mediating factors also
explain in part the difficulty in predicting developmental
trajectories after an episode of severe malnutrition and
why studies investigating outcomes are significantly influ-
enced by potential confounders affecting the internal
validity of results."’

A 1995 review found school-age children who suffered
from early childhood malnutrition generally had poorer
1Q levels, cognitive function, school achievement and
greater behavioural problems than matched controls
and, to a lesser extent, siblings."" Despite these associa-
tions, previous evidence of direct causal relationships is
limited due to a lack of long-term follow-up studies, retro-
spective study designs and few studies having investigated
behaviour and mental health. With this lack of up-to-
date evidence on an increasingly important topic we
aimed to identify studies reporting neurodevelopmental,

cognitive, behavioural and mental health outcomes for
children exposed to malnutrition in childhood.

METHODS

We searched MEDLINE, EMBASE, Global Health and
PsycINFO for studies published between 1 January 1995
and 6 January 2022 using Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.'?
Detailed search strategies are included in online supple-
mental appendix 1.

Selection criteria
We included studies from low-income and middle-income
countries reporting neurodevelopmental, cognitive,
school/academic achievement, mental health or behav-
ioural outcomes in children under five exposed to malnu-
trition compared with children without malnutrition (we
did not exclude studies that included small numbers
of children between the ages of 5 and 6years). We
defined childhood malnutrition as undernutrition using
standard definitions (definitions which are commonly
measured in research and often related to severe adverse
outcomes)"’: moderate or severe wasting defined by low
weight for height or low mid-upper arm circumference;
presence of nutritional oedema; low weight-for-age as
per older definitions of severe malnutrition. Despite
the overlap between those suffering from severe under-
nutrition and those with micronutrient deficiencies and
chronic malnutrition, we focus on acute undernutrition
in early childhood in this review. We, therefore, did not
include studies focusing solely on stunting (low height-
for-age), chronic malnutrition or micronutrient deficien-
cies which often have their own dedicated literature.'* °
We included cross-sectional, cohort, case-control
and controlled trial study designs which had a compar-
ator group not exposed to childhood malnutrition. We
excluded conference papers and reviews which did not
include original data. We excluded studies which failed
to define how malnutrition, child neurodevelopment,
cognition, school/academic achievement, mental health
or behaviour were measured. We also excluded studies
looking at specific sub-populations of children (eg, only
children with a specific medical condition). No language
restrictions were placed on studies.

Literature search

Titles and abstracts were screened by two independent
reviewers (two of AK, MGo, MKE and MC). The full texts
of titles and abstracts chosen by any reviewer were then
independently reviewed by two reviewers (two of AK,
MGo, MKE and MC) against our selection criteria. We
also screened reference lists of included studies. Data
extraction of included studies was done by one of AK or
MGo into a standard template (including study charac-
teristics, assessment tool, malnutrition definition, sample
size, results in cases and controls, reported effect sizes,
results of statistical significance tests, results of analyses
adjusted for confounding variables). Data extraction was
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10575 records identified from literature
searches

—

|

1923 duplicates removed

8652 titles and abstracts screened

; N

Reasons for full texts exclusion

- No data on children <5 years exposed to

8523 titles and abstracts
excluded

childhood malnutrition

- Outcome/outcome assessment tool not
defined

|

129 full texts reviewed

- No definition of malnutrition

- Conference paper or review

o /

99 full texts excluded

|

30 studies included

A

9 neurodevelopment studies

12 academic achievement/ cognition
studies

14 mental health/ behaviour studies

Figure 1 Flow chart of literature search.

subsequently checked by a second separate reviewer (one
of AK, MKE, MC). Disagreements regarding inclusion
of full texts and data extraction were resolved through
mutual discussion.

Quality assessment

We assessed study quality using the National Institute for
Health and Care Excellence (NICE) quality appraisal
checklist.'"® Studies were scored independently by two
reviewers (two of AK, MGo, MKE, MC) with scoring disa-
greements resolved through mutual discussion. Internal
and external validity were rated as poor, acceptable and
very good based on NICE quality appraisal checklist
results. We considered overall study quality to be high
quality when both internal and external validity scores
were rated as very good, adequate quality when either
score was rated as acceptable and poor quality when
either internal or external validity was rated as poor.

Synthesis of study results

We grouped studies into three outcome areas: neurode-
velopmental, cognition/academic achievement and
mental health/behavioural outcomes (with some studies
reporting outcomes from more than one category). We
differentiated tools which measured general neurode-
velopmental outcomes (and included a component of
cognition but also include motor and speech domains)
from those which specifically measured only cognition
or academic language tests. We undertook a narrative

synthesis of results within each of these areas as diverse
outcomes and measurement tools precluded meta-
analysis. We followed the Synthesis without meta-analysis
(SWiM) reporting guidelines for analysing and reporting
results.’

For neurodevelopmental studies we grouped studies
and compared results by neurodevelopmental assess-
ment tool used. For studies investigating cognition/
academic achievement, we grouped those that measured
IQ or executive function and those that measured either
school or language performance/assessment results. For
mental health/behaviour studies, we grouped studies
that used behavioural assessment tools and then into
groups by mental health condition or domain assessed.

For each study outcome where available, we recorded
the unadjusted and adjusted results in cases and controls,
reported effect sizes, and results from any statistical
significance tests. When synthesising results by the group-
ings described above, we used vote counting by direction
of effect to assess the number of studies which recorded
differences between cases and controls. We summarised
results in tables showing the number of studies with an
effect on each outcome area. We also recorded the age
group (childhood 0-10 years, adolescence 11-17 years,
adulthood 18+ years) at which outcomes were measured
to compare results between studies. Using SWiM guide-
lines we used vote counting in conjunction with study
quality scores (which accounted for sample size, use
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Table 2 Summary of results from studies assessing the effect of malnutrition on neurodevelopment

Study (quality)

Neurodevelopmental assessment tool

country

(outcome age) BSID

MICS ECDI

Denver IDI ICMR

Dwivedi et al 2018 (+)
India

(childhood)?’

Kang et al 2018 (+) multiple in
Asia

(childhood)??

Abessa et al 2017 (++)
Ethiopia

(childhood)?*

Sudfeld et al 2015 (++)
Tanzania

(childhood)?®

Malhi et al 2013 (-)
India

(childhood)?”
El-Khayat et al 2007 (+)
Egypt

(childhood)®?

Drewett et al 2001 (++)
Ethiopia

(childhood)®®

Vazir et al 1998 (+)
India

(childhood)®®

Kaul et al 1995 (+)
India

(childhood)®®

Effect
(unadjusted)*

Effect
(adjusted)

Effect
(unadjusted)

No effect
(adjusted)

Effect
(unadjusted)

No effect
(adjusted)

Effect
(adjusted)

No effect
(adjusted)

Effect
(unadjusted)

Effect (marked in green) —statistically significant difference in neurodevelopment between cases and controls.
No effect (marked in red)—no difference, or statistically insignificant difference, or statistically insignificant difference after adjusting for
confounding variables, in neurodevelopment between cases and controls.

Adjusted —results adjusted for confounding variables.
Unadjusted —results unadjusted for confounding variables.
++=high quality.

+=adequate quality.

-=poor quality.

*Indian modification of BSID.

BSID, Bayley Scales of Infant Development; ICMR, Indian Council Medical Research Psychosocial Developmental Screening Test; IDI,
Indian Developmental Inventory; MICS ECDI, Multiple Indicator Cluster Survey Early Child Development Index.

studies which found impaired neurodevelopment in
those with malnutrition unadjusted for confounding
variables such as socioeconomic status and family charac-
teristics.”’ *** Two high-quality studies using BSID found
impaired neurodevelopment in those with malnutrition
but one found that differences were no longer signifi-
cant when adjusting for differences in current weight
during follow-up at 2years old.”” ** These differences in
BSID scores where present across studies for both mental
and psychomotor subscales. A further high-quality study
using the Denver-II tool found children with malnutri-
tion had lower scores across fine motor, gross motor,
language and personal-social domains compared with
controls.”* One adequate-quality study using a neurode-
velopment tool developed in India (Indian Council
Medical Research Psychosocial Developmental Screening

Test) found poorer development outcomes for those with
malnutrition.”® Another adequate-quality study using
UNICEF Multiple Indicator Cluster Surveys (MICS)
Early Childhood Development Indicators (ECDI) did
not find an effect of malnutrition on learning-cognition
or socioemotional development.” This was carried out
on a large population sample from five country surveys
in Asia, but the MICS ECDI tool consists of few basic
developmental items which span a large age range. This
is notably different to the detailed neurodevelopmental
assessments by trained assessors used in most other
studies. A poor-quality study using an Indian specific
development tool (Indian Development Inventory),
found poorer neurodevelopment scores across social,
adaptive, motor, communication and cognitive subscales
in cases, but this was no longer significant when adjusted
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Table 3 Summary of results from studies assessing the effect of malnutrition on cognition and academic achievement

Study

(quality)

(outcome age) School, academic or language Executive function/intelligence

Country performance (assessment tool)

Chen et al 2021 (++) No effect

(childhood) (adjusted)

China'® (WPPSI-IV)

Mwene-Batu et al 2020 (+) Effect Effect

(adulthood) (unadjusted) (unadjusted)

DRC'® (MMSE)

Asiki et al 2018 (++) Effect

(adolescence) (adjusted)

Uganda®

Lelijiveld et al 2018 (++) Effect No effect

(childhood) (adjusted) (adjusted)

Malawi?® (CANTAB)

Bogale et al 2013 (++) Effect

(childhood) (adjusted)

Ethiopia®® (Raven’s CPM, KABC-l)

Warsito et al 2012 (-) No effect

(childhood) (unadjusted)

Indonesia®® (Indonesian Department of National Education — child
development instrument score)

Nassar et al 2012 (-) Effect Effect

(childhood) (unadjusted) (unadjusted)

Egypt®° (Stanford-Binet-Intelligence-Scale)

Liu et al 20083 (++) Effect Effect

(adolescence) (adjusted) (adjusted)

Mauritius®* (Bohem Test, Trail Making Test, WISC)

Perales et al 1996 (+) Effect

(childhood) (unadjusted)

Chile®” [Continuous Performance Task,

Anstey Domino test]
Barbados Nutrition Study

Waber (1) et al 2014* (++) Effect Effect
(adulthood) (adjusted) (adjusted)
Barbados* (WASI)
Waber (2) et al 2014 (++) Effect
(adulthood) (adjusted)
Barbados*! [WAIS-III, D-KEFS, WRAML-2,
Wisconsin card sorting, Metacognitive index]
Waber et al 2011* (+) Effect Effect
(adolescence) (adjusted) (adjusted)
Barbados® (WISC)

Effect (marked in green) —statistically significant difference in academic achievement/cognition between cases and controls.

No effect (marked in red)—no difference, or statistically insignificant difference, or statistically insignificant difference after adjusting for
confounding variables, in academic achievement/cognition between cases and controls.

Adjusted —results adjusted for confounding variables.

Unadjusted —results unadjusted for confounding variables.

++=high quality.

+=adequate quality.

-=poor quality.

*Studies are drawn from the same Barbados Nutrition Study.

CANTAB, Cambridge Neuropsychological Test Automated Battery; D-KEFS, Delis-Kaplan Executive Function System; KABC-II,
Kaufman Assessment Battery for Children-Il; MMSE, Mini-Mental State Exam; Raven’s CPM, Raven’s Coloured Progressive Matrices;
WAIS-III, Wechsler Adult Intelligence Scale-lll; WASI, Adult 1Q: Wechsler Abbreviated Scale of Intelligence-Vocabulary and Matrix
Reasoning subsets; WISC, Weschler Intelligence Scale for Children; WPPSI-IV, Wechsler Preschool and Primary Scale of Intelligence
Fourth Edition; WRAML-II, Wide Range Assessment of Memory and Learning-Il.
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for confounding variables. The results from high-quality
and adequate-quality studies provides strong evidence of
an association between malnutrition in childhood and
impaired neurodevelopment across multiple develop-
mental domains.

Malnutrition and cognition/academic achievement

We identified 12 studies (three from BNS) assessing
cognitive outcomes of malnutrition (table 3). A summary
of results from these studies is included in online
supplemental table 3. Seven studies assessed academic
performance, with three based on self-report of school
performance or school year achieved by age at follow-up
(a measure in one Malawian study where school year
progression is based on performance®), and four based
on tests of school skill such as mathematics or country
specific language tests (online supplemental table
8).19 202 3034909 Three studies were high quality, three
were adequate quality and one was poor quality. All
studies (two from BNS) found worse school/academic
performance in those exposed to malnutrition in child-
hood compared with controls. The results from high-
quality and adequate-quality studies identified provides
strong evidence of an association between exposure to
malnutrition and impaired academic performance/
achievement in childhood and adolescence.

Eleven studies investigated cognition using several
tools assessing intelligence and executive function
(table 3, online supplemental table 3). Eight of these
studies (three from BNS) found impaired intelligence/
executive function in those exposed to malnutrition in
childhood compared with controls,'? 2® 3 337 404145
high-quality studies found no significant association
between malnutrition and cognition.'®* One study from
China found no difference between cases and controls
using Wechsler Pre-school and Primary Scale of Intelli-
gence Fourth Edition, and the other from Malawi found
the differences seen between cases and controls using
CANTAB (the Cambridge Neuropsychological Test Auto-
mated Battery) were no longer significant when adjusting
for confounding variables including HIV, stunting, socio-
economic status and household characteristics. Of the
studies which found a significant difference in cognition
between cases and controls, there were four high-quality
studies (two from BNS).?* ***#! These four high-quality
studies all used different cognitive assessment tools,
including Kauffman-ABC, Bohem Test, Trail Making
Test and Wechsler Scale of Intelligence (table 3), and
found poorer scores in those exposed to malnutrition
compared with controls. Three adequate-quality studies
(one from BNS) using different cognitive assessment
tools, including Mini-Mental State Exam, Wechsler Scale
of Intelligence and Anstey Domino test (table 3) also
found those exposed to childhood malnutrition had
impaired cognition compared with controls, however,
only one of these studies adjusted for any confounding
variables (BNS study which adjusted for childhood stan-
dard of living)." * * The results from high-quality and

adequate-quality studies provide moderate evidence of
an association between exposure to malnutrition in child-
hood and impaired cognition, but definitive conclusions
are limited by mixed results from two high-quality studies
showing no association after adjusting for important
confounders such as HIV and socioeconomic status and
results from several adequate-quality studies which failed
to adjust for any confounding variables.

Malnutrition and mental health/behaviour

We identified 14 studies (8 from BNS) assessing mental
health and behavioural outcomes of malnutrition
(table 4). A summary of results from these studies is
included in online supplemental table 4. Seven studies
(three from BNS) assessed behaviour using different
behavioural rating tools including the Strengths and
Difficulties Questionnaire (SDQ), Child Behaviour
Checklist, Ages and Stages (socioemotional ques-
tions) and other adapted behavioural questionnaires
(table 4).!8 24313341 4446 pive of these studies, four of
which were rated as high quality, found significantly
higher behavioural problems in those exposed to malnu-
trition in childhood.** *' ** * % One high-quality study
found no difference in behavioural scores between cases
and controls using SDQ and one adequate-quality study
looking at conduct problems using the child behaviour
questionnaire found differences in behaviour were no
longer significant when adjusting for confounding vari-
ables including childhood standard of living. The results
from adequate-quality and high-quality studies provide
moderate evidence of an association between exposure
to malnutrition in childhood and increased behavioural
problems but is limited by some mixed results in high-
quality studies and potential confounding in some studies
reporting an association.

Seven studies (five from BNS) investigated different
mental health outcomes (table 4).19 26 3424345 7 Studies
indicated possible associations with self-esteem, quality
of life, personality disorders, attention deficits and low
morale. There were small numbers of studies investi-
gating specific mental health domains and there were
significant study limitations in several studies such as
failure to adjust for confounders and the use of multiple
tools and domains within individual studies, increasing
the risk of type 1 error. The results from the studies iden-
tified provide inconclusive evidence regarding possible
associations between exposure to malnutrition in child-
hood and poorer mental health outcomes.

DISCUSSION

Our review finds strong evidence that exposure to
malnutrition in childhood impairs neurodevelopment
and academic achievement. There is moderate evidence
that childhood malnutrition is associated with impaired
cognition and is associated with more behavioural prob-
lems throughout childhood and adolescence. However,
there is uncertainty around the relative contributions of
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malnutrition and other associated factors (such as child-
hood adversity, HIV-exposure, socioeconomic status and
household characteristics) to these outcomes. Research
investigating mental health outcomes in children with
malnutrition is inconclusive and there are few studies
investigating specific mental health domains such as
depression. These results have implications for policy-
makers surrounding the long-term care needs of those
treated for childhood malnutrition and there is a need
for research exploring how nutritional therapies and
social interventions affect these outcomes.

Due to study heterogeneity, we were unable to perform
a meta-analysis of any results. We therefore, used
published guidelines to synthesise results and determine
the strength of evidence for each outcome area. Despite
this, there are still limitations given potential publication
bias of positive associations between malnutrition and the
outcomes investigated. Our review, however, builds on
previously published evidence which has suggested links
between malnutrition and poorer IQ levels, cognitive
function, school achievement and greater behavioural
problems.'" Our findings strengthen the evidence base
regarding these associations as previous findings were
limited by difficulties in interpreting retrospective case
control studies, but our review includes evidence from
prospective studies which have sought to minimise these
biases. There are howeverseveral poor-quality oradequate-
quality studies we identified which failed to account for
important confounders such as socioeconomic status
and family characteristics. Of the 30 studies we identi-
fied, 9 were from the same prospective cohort study in
Barbados, with many of these publications from the same
cohort testing multiple cognitive, behavioural and mental
health outcomes. This may have increased the likelihood
of type 1 error. For example, different studies from the
same cohort found mixed results regarding morale and
personality disorder scores when different assessment
tools were used (table 4).** % 7 However, we accounted
for this when assessing the strength of conclusions. We
focused on studies from low-income and middle-income
countries where there is a high disease burden from
severe malnutrition. Results are therefore applicable
to similar settings and outcomes may differ in children
with malnutrition in high-middle-income settings where
other societal factors can alter development trajectories.
Differentiating the relative effects of malnutrition and
subsequent socioeconomic factors is therefore difficult
from studies in this review but impaired cognition due to
malnutrition in high-income settings has been found in
other studies such as those looking at outcomes from the
‘Dutch winter hunger’.*®

Impaired neurodevelopment in childhood is likely
linked to subsequently poorer academic achievement in
childhood and adolescence and may also be linked to
increased behavioural problems seen in some studies.*’
The studies assessing 1Q/executive function outcomes
spanned childhood through to adulthood and there was
moderate evidence of a link between malnutrition and

cognition. Two high-quality studies showed no effect'®*

and other studies which showed an effect did not adjust
for any confounding variables.' * 7 There are there-
fore remaining questions over how much an early insult
to neurodevelopment from malnutrition affects future
cognition and functioning, and to what extent other
related environmental factors such as prenatal nutri-
tion, family characteristics and infections contribute to
these outcomes.”” ' Several studies adjusted for sex when
analysing data but there are insufficient studies with
stratified data in this review to comment confidently on
possible sex-specific differences in outcomes. A recent
systematic review found that sex can significantly influ-
ence outcomes with higher odds of boys being wasted,
underweight and stunted than girls.”® The review also
found geographical variation in outcomes and the
reasons for sex-specific differences remain unclear with
both plausible biological and social causes. This is there-
fore an important area of future research with regards to
the outcomes we investigate in this study.”® Mental health
outcomes such as depression and inattention are likely
to be influenced by similar confounding variables, and
whether early insults from malnutrition independently
contribute to poor mental health outcomes in later life
is yet to be established. There is also uncertainty around
the effect of nutritional therapy on long-term cognition
and functioning and there has been significant interest
in catch-up growth during key periods.”* For example,
previous research has indicated that weight gain in the
first 2years of life predicts schooling outcomes and there
is ongoing work to determine the optimum speed and
regimen of nutritional therapy to maximise long-term
outcomes.”® % However, even if some of the effects we
report are due to confounding, evidence is clear from
our review that children who experience an episode of
malnutrition in childhood are at high risk of poorer
development, behaviour and cognition. Specific adversi-
ties prevalent in low-income and middle-income settings
related to low socioeconomic status are areas of potential
intervention which may improve outcomes. These can
target areas such as parenting, schooling, poverty allevi-
ation, ending child exploitation and labour, all of which
are likely to influence outcomes. Policy-makers should
therefore prioritise targeted support both nutritionally
and societally for these vulnerable children to optimise
life chances after recovery.

While there is still uncertainty around the rela-
tive contributions of associated medical and social
factors, there is increasing evidence from this review
that the early impacts of malnutrition are related to
worse academic, cognitive and behavioural outcomes
compared with well-nourished peers. Preventing and
decreasing childhood malnutrition is therefore of key
importance to prevent serious long-term neurocogni-
tive issues in affected children, particularly given the
ongoing high malnutrition prevalence in many low-
income and middle-income settings. Further research
is needed on how to optimise treatment and to best
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support ongoing care for survivors to improve outcomes
in the long term.
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N
o]

. "acut* maln*".ti,ab.

N
Yo

. *malnutrition/
. exp kwashiorkor/

w w
= O

. exp marasmus/

w
N

. exp wasting syndrome/

w
w

. exp protein calorie malnutrition/

. *nutritional disorder/
35.1or2o0r3o0rd4or50r60or70r8or9o0rl0orllorl2orl3orl4orl5orl6orl7or
18 or190r200r2lor22or23or24or250r26or27o0r280r290or300r3lor32or33or
34

36. infant/

37. child/

w
s
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38.
39.
40.
41.
42.
43,
44,
45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

exp toddler/

"child*".ti,ab.

"infan*".ti,ab.

"pre-school*".ti,ab.

"preschool*".ti,ab.

"toddler*".ti,ab.
360or370r38o0r390r40o0r4lor42or43
35and 44

"child* developm* ".ti,ab.

"child* neurodevelopm*".ti,ab.
"neurodevelopm*".ti,ab.

(socio-emotion* develop* or socioemotion* develop*).ti,ab.
"social developm™*".ti,ab.

"emotion* developm*".ti,ab.

(sensorymotor developm™ or sensory-motor developm*).ti,ab.

"motor developm*".ti,ab.

"motor neurodevelopm*".ti,ab.

exp child development/ or exp postnatal development/
46 or47 or48 or49 or 50 or 51 or 52 or 53 or 54 or 55
exp cognition assessment/ or exp cognition/

exp learning/ or exp learning disorder/

exp intelligence quotient/ or exp intelligence/

exp language development/ or exp human development/ or exp mental development/

*brain function/ or *central nervous system function/
cognition.ti,ab.

"cogniti* performance".ti,ab.
intelligence.ti,ab.

IQ.ti,ab.

"executive function*".ti,ab.
reasoning.ti,ab.
language.ti,ab.
attention.ti,ab.
memory.ti,ab.

memory.ti,ab.

learning.ti,ab.

early learning.ti,ab.
information processing.ti,ab.
literacy.ti,ab.

reading.ti,ab.

math.ti,ab.
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78.57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 69 or 70 or 71 or 72 or
73 or74or750r76or77

79. education.ti,ab.

80. "school* achievement".ti,ab.

81. "school* performance".ti,ab.

82. school retention.ti,ab.

83. academic.ti,ab.

84. pre-academic.ti,ab.

85. schooling.ti,ab.

86. exp academic achievement/

87.79 or 80 or 81 or 82 or 83 or 84 or 85 or 86

88. exp behavior/

89. exp mental health/

90. exp psychological aspect/ or exp neuropsychology/ or exp attention/ or exp cognitive
defect/ or exp mental disease/

91. exp depression/

92. *hyperactivity/ or *psychomotor disorder/

93. exp attention deficit disorder/

94. "behavi?r* problem*".ti,ab.

95. "emotion* problem™*".ti,ab.

96. "temperament*".ti,ab.

97. self regulation.ti,ab.

98. attachment.ti,ab.

99. self esteem.ti,ab.

100. self efficacy.ti,ab.

101. "social competen*".ti,ab.

102. "peer relationship*".ti,ab.

103. pro-social behavi?r.ti,ab.

104. hyperactivity.ti,ab.

105. impulsivity.ti,ab.

106. attention* deficit hyperactivity disorder*.ti,ab.
107. agression.ti,ab.

108. 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102
or 103 or 104 or 105 or 106 or 107

109. 56 or 78 or 90 or 108

110. 45 and 109

111. limit 110 to (human and yr="1995 -Current")

MEDLINE

1. "acute severe malnutrition".ti,ab.

KirolosA, et al. BMJ Global Health 2022; 7:€009330. doi: 10.1136/bmjgh-2022-009330



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

. severe acute malnutrition.ti,ab.

. acute malnutrition.ti,ab.

. (acute adj2 malnutrition).ti,ab.

. "sever* acute* maln*".ti,ab.

. protein-energy malnutrition.ti,ab.

. acute severe malnutrition.ti,ab.

. (protein malnutrition or energy malnutrition or energy-protein malnutrition).ti,ab.

O 00 N O 1 A W N

. "acute* maln*".ti,ab.
. "kwas?io?kor*".ti,ab.

. "marasm*".ti,ab.

=Y
N = O

. "marasm* kwas?io?kor*".ti,ab.

[N
w

. wasting.ti,ab.

=
o

. "acute wast*".ti,ab.

[EEN
vl

. wasted.ti,ab.

[EEN
(<]

. (acute adj2 wasting).ti,ab.

[ERN
~N

. (severe adj2 wasting).ti,ab.

. acute undernutrition.ti,ab.

. (acute adj2 undernutrition).ti,ab.
. severe undernutrition.ti,ab.

. (severe adj2 undernutrition).ti,ab.

N NN P
N P O O

. "mid* upper arm circumference".ti,ab.

N
w

. (mid* upper arm circumference adj "115").ti,ab.

N
s

. (mid* upper arm circumference adj "110").ti,ab.
. MUAC ti,ab.
. "acute* undernourish*".ti,ab.

N NN
N o

. "acut* maln*".ti,ab.

28. exp child nutrition disorders/ or exp deficiency diseases/ or exp starvation/ or *wasting
syndrome/

29. exp Protein-Energy Malnutrition/

30. exp Infant Nutrition Disorders/
31.1or2or3o0ord4or50r60or70or8or9o0rl0orllorl2orl3orl4orl5orl6orl7or
18 or 19 or 20 0or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30

32. "child*".ti,ab.

33. "infan*".ti,ab.

34. "pre-school*".ti,ab.

35. "preschool*".ti,ab.

36. "toddler*".ti,ab.

37. exp Infant/

38. exp Child/

39. Child, Preschool/

40.320r33or34or350r36o0or37o0r38o0r39
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41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

31and 40

"child* developm* ".ti,ab.

"child* neurodevelopm*".ti,ab.
"neurodevelopm*".ti,ab.

(socio-emotion* develop* or socioemotion* develop*).ti,ab.
"social developm*".ti,ab.

"emotion* developm™*".ti,ab.

(sensorymotor developm™* or sensory-motor developm*).ti,ab.
"motor developm™*".ti,ab.

"motor neurodevelopm™*".ti,ab.

exp Child Development/

42 or43 ord44or450rd60rd47 ord48ord49or50o0r51
cognition.ti,ab.

"cogniti* performance".ti,ab.

intelligence.ti,ab.

1Q.ti,ab.

"executive function*".ti,ab.

reasoning.ti,ab.

language.ti,ab.

attention.ti,ab.

memory.ti,ab.

learning.ti,ab.

early learning.ti,ab.

information processing.ti,ab.

literacy.ti,ab.

reading.ti,ab.

math.ti,ab.

*cognition/ or exp cognitive reserve/ or exp comprehension/ or exp executive function/

or exp learning/

69.
70.
71.
72.

exp Mild Cognitive Impairment/

*Intelligence/

*language development/ or *child language/

53 or54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or

68 or69 or 70 or 71

73.
74.
75.
76.
77.
78.
79.

education.ti,ab.

"school* achievement".ti,ab.
"school* performance".ti,ab.
school retention.ti,ab.
academic.ti,ab.
pre-academic.ti,ab.
schooling.ti,ab.
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80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100. exp Attention Deficit Disorder with Hyperactivity/

10

102.82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or

97
10
10

105. limit 104 to (humans and yr="1995 -Current")

exp Educational Status/

73 0or740r750r76o0r 77 or78or79 or80
"behavi?r* problem*".ti,ab.

"emotion* problem*".ti,ab.
"temperament*".ti,ab.

self regulation.ti,ab.

attachment.ti,ab.

self esteem.ti,ab.

self efficacy.ti,ab.

"social competen*".ti,ab.
"peer relationship*".ti,ab.
pro-social behavi?r.ti,ab.
hyperactivity.ti,ab.
impulsivity.ti,ab.

aggression.ti,ab.
exp Child Behavior Disorders/
exp Mental Health/

exp Depression/
1. *Anxiety Disorders/
or 98 or 99 or 100 or 101

3.520r72 or 81 or 102
4. 41 and 103

GLOBAL HEALTH

O 00 N O L1 A W N -

10
11

. severe acute malnutrition.ti,ab.

. acute severe malnutrition.ti,ab.

. acute malnutrition.ti,ab.

. (acute adj2 malnutrition).ti,ab.

. "sever* acute* maln*".ti,ab.

. protein-energy malnutrition.ti,ab.
. protein calorie malnutrition.ti,ab.
. (protein malnutrition or energy malnutrition or energy-protein malnutrition).ti,ab.
. "acute* maln*".ti,ab.

. "kwas?io?kor*".ti,ab.
. "marasm*".ti,ab.

attention* deficit hyperactivity disorder*.ti,ab.

*psychology/ or exp psychology, adolescent/ or exp psychology, child/
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.

"marasm* kwas?io?kor*" ti,ab.

wasting.ti,ab.

"acute wast*".ti,ab.

wasted.ti,ab.

(acute adj2 wasting).ti,ab.

(severe adj2 wasting).ti,ab.

acute undernutrition.ti,ab.

(acute adj2 undernutrition).ti,ab.

severe undernutrition.ti,ab.

(severe adj2 undernutrition).ti,ab.

"mid* upper arm circumference".ti,ab.

(mid* upper arm circumference adj "115").ti,ab.
(mid* upper arm circumference adj "110").ti,ab.
MUAC.ti,ab.

"acute* undernourish*".ti,ab.

"acut* maln*".ti,ab.

emaciat*.ti,ab.

nutritional disorders/ or malnutrition/ or exp protein energy malnutrition/ or exp

undernutrition/ or exp nutritional oedema/

30.
31

wasting disease/ or exp emaciation/
lor2or3ordor5or6or7or8or9orl0orllorl2orl13orl4orl5orl6orl7or

18 or190or20o0r2lor22or23or24or25o0r26or27or28or29or30

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.
48.
49,

"child*".ti,ab.

"infan*".ti,ab.

"pre-school*".ti,ab.

"preschool*".ti,ab.

"toddler*".ti,ab.

exp infants/

exp preschool children/ or children/
32o0r33o0r34or350r36or37o0r38

31and 39

"child* developm™* ".ti,ab.

"child* neurodevelopm*".ti,ab.

"neurodevelopm*".ti,ab.

(socio-emotion* develop* or socioemotion* develop*).ti,ab.
"social developm*".ti,ab.

"emotion* developm*".ti,ab.

(sensorymotor developm™* or sensory-motor developm*).ti,ab.
"motor developm™*".ti,ab.

child development/ or exp early childhood development/ or exp infant development/ or

exp psychomotor development/
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50.410r42o0r43 ord44or45o0r46o0r47 or48or49

51. cognition.ti,ab.

52. "cogniti* performance".ti,ab.

53. intelligence.ti,ab.

54. 1Q.ti,ab.

55. "executive function*".ti,ab.

56. reasoning.ti,ab.

57. language.ti,ab.

58. attention.ti,ab.

59. memory.ti,ab.

60. learning.ti,ab.

61. early learning.ti,ab.

62. information processing.ti,ab.

63. literacy.ti,ab.

64. reading.ti,ab.

65. math.ti,ab.

66. exp mental ability/ or exp cognitive development/ or exp memory/
67. exp learning/

68. 51 0or520r53 or54 or55o0r56o0r57or58or59or60or61or62or63or64or65or
66 or 67

69. education.ti,ab.

70. "school* achievement".ti,ab.

71. "school* performance".ti,ab.

72. school retention.ti,ab.

73. academic.ti,ab.

74. schooling.ti,ab.

75. preacademic.ti,ab.

76. education/ or exp early childhood education/ or exp elementary education/ or exp
extension education/ or exp higher education/ or exp primary education/ or exp
professional education/ or exp secondary education/ or exp academic achievement/ or exp
educational performance/
77.690r700r71or720r730or740r750r76

78. "behavi?r* problem*".ti,ab.

79. "emotion* problem*".ti,ab.

80. "temperament*".ti,ab.

81. self regulation.ti,ab.

82. attachment.ti,ab.

83. self esteem.ti,ab.

84. self efficacy.ti,ab.

85. "social competen*".ti,ab.

86. "peer relationship*".ti,ab.
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87. pro-social behavi?r.ti,ab.

88. hyperactivity.ti,ab.

89. impulsivity.ti,ab.

90. attention* deficit hyperactivity disorder*.ti,ab.

91. aggression.ti,ab.

92. exp mental health/ or exp mental disorders/

93. depression/

94. psychology/ or exp adolescent development/ or exp adult development/ or exp
emotional development/ or exp self esteem/ or exp self reliance/

95. exp attention deficit hyperactivity disorder/

96. 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or
93 or 94 or 95

97.500r 68 or 77 or 96

98. 40 and 97

99. limit 98 to yr="1995 -Current"

PsycINFO

. severe acute malnutrition.ti,ab.

. acute malnutrition.ti,ab.

. (acute adj2 malnutrition).ti,ab.

. "sever* acute* maln*".ti,ab.

. protein-energy malnutrition.ti,ab.

. protein calorie malnutrition.ti,ab.

. (protein malnutrition or energy malnutrition or energy-protein malnutrition).ti,ab.
. "acute* maln*".ti,ab.

. "kwas?io?kor*".ti,ab.

10. "marasm*".ti,ab.

O 00 N O L1 A W N -

11. "marasm* kwas?io?kor*".ti,ab.
12. wasting.ti,ab.

13. wasted.ti,ab.

14. (acute adj2 wasting).ti,ab.

15. (severe adj2 wasting).ti,ab.

16. acute undernutrition.ti,ab.

17. (acute adj2 undernutrition).ti,ab.
18. severe undernutrition.ti,ab.

19. (severe adj2 undernutrition).ti,ab.
20. "mid* upper arm circumference".ti,ab.
21. MUAC ti,ab.

22. "acute* undernourish*" ti,ab.

23. "emaciat*".ti,ab.
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24. "acut* maln*".ti,ab.

25. nutritional deficiencies/ or protein deficiency disorders/ or exp failure to thrive/ or exp
underweight/

26. exp Kwashiorkor/

27. *protein deficiency disorders/
28.1or2or3o0ord4or50r60or70r8or9o0rl0orllorl2orl3orl4orl5orl6orl7or
18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

29. "child*".ti,ab.

30. "infan*".ti,ab.

31. "pre-school*" ti,ab.

32. "preschool*".ti,ab.

33. "toddler*".ti,ab.

34.290r300r310r320r33

35.28 and 34

36. "child* developm™ ".ti,ab.

37. "child* neurodevelopm*".ti,ab.

38. "neurodevelopm*".ti,ab.

39. (socio-emotion* develop* or socioemotion* develop*).ti,ab.

40. "social developm*".ti,ab.

41. "emotion* developm™*".ti,ab.

42. (sensorymotor developm* or sensory-motor developm#*).ti,ab.

43. "motor developm*".ti,ab.

44, "motor neurodevelopm*".ti,ab.

45. psychomotor developm*.ti,ab.

46. exp infant development/ or exp early childhood development/

47. *childhood development/ or exp early childhood development/ or exp motor
development/ or exp psychological development/ or exp psychomotor development/
48. exp emotional development/ or exp psychological development/
49.360r370r380r390r400r41or42or43 ord44ord5ord6or47 or48
50. cognition.ti,ab.

51. "cogniti* performance".ti,ab.

52. intelligence.ti,ab.

53.1Q.ti,ab.

54. "executive function*".ti,ab.

55. reasoning.ti,ab.

56. language.ti,ab.

57. attention.ti,ab.

58. memory.ti,ab.

59. learning.ti,ab.

60. early learning.ti,ab.

61. information processing.ti,ab.

10
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62. literacy.ti,ab.

63. reading.ti,ab.

64. math.ti,ab.

65. *cognitive processes/ or exp cognitive assessment/ or exp learning/ or exp memory/ or
exp neurocognition/

66. *learning/ or adult learning/ or problem based learning/ or school learning/ or skill
learning/ or verbal learning/

67. exp Fine Motor Skill Learning/ or exp Learning Disabilities/ or exp Learning Disorders/ or
exp Gross Motor Skill Learning/

68. *language disorders/ or *specific language impairment/ or exp language delay/ or exp
language development/

69. *cognitive development/ or exp brain development/ or exp speech development/
70. *cognition/ or exp cognitive impairment/

71. *intelligence/ or exp intellectual development/ or exp intelligence quotient/
72.50 0r 51 0or52 or53 or54 or55o0r56o0r57or58or59or60or6l1or62or63or64or
65 or 66 or 67 or 68 or 69 or 70 or 71

73. education.ti,ab.

74. "school* achievement".ti,ab.

75. "school* performance".ti,ab.

76. school retention.ti,ab.

77. academic.ti,ab.

78. pre-academic.ti,ab.

79. schooling.ti,ab.

80. *education/

81. education/ or exp academic achievement/ or exp school attendance/ or exp school
dropouts/ or exp school learning/

82.730or740r750r 76 0r 77 or 78 or 79 or 80 or 81

83. "behavi?r* problem*".ti,ab.

84. "emotion* problem*" ti,ab.

85. "temperament*".ti,ab.

86. self regulation.ti,ab.

87. attachment.ti,ab.

88. self esteem.ti,ab.

89. self efficacy.ti,ab.

90. "social competen*".ti,ab.

91. "peer relationship*".ti,ab.

92. pro-social behavi?r.ti,ab.

93. hyperactivity.ti,ab.

94. impulsivity.ti,ab.

95. attention* deficit hyperactivity disorder*.ti,ab.

96. aggression.ti,ab.

11
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97. *mental health/

98. exp behavior problems/ or exp behavior disorders/ or exp conduct disorder/
99. exp anxiety disorders/

100. exp hyperkinesis/ or exp attention deficit disorder with hyperactivity/

101. *deprivation/ or exp psychological stress/ or exp stress/

102. *affective disorders/ or *major depression/

103.83 0r84 or850r860r 87 or 88 or89 or90or91or92or93o0r9%4 or95or96or97or
98 or 99 or 100 or 101 or 102

104.49 or 72 or 82 or 103

105. 35 and 104

106. limit 105 to (human and yr="1995 —Current)

12
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Supplementary Table 1 — Study quality scoring

Study External Validity | Internal Validity | Overall Study Quality
(Year published)
Chen et al (2021) ++ ++ ++
Mwene-Batu et al (2020) ++ + +
Asiki et al (2019) ++ ++ ++
Dwivedi et al (2018) +
Hock et al (2018) ++
Kang et al (2018) ++
Lelijiveld et al (2018) ++ ++ ++
Abessa et al (2017) ++ ++ ++
Sudfeld et al (2015) ++ ++ ++
De Grandis et al (2014) + - -
Waber (1) et al (2014) ++ ++ ++
Waber (2) et al (2014) ++ ++ ++
Malhi et al (2013) + - -
Galler et al (2013) ++ + +
Bogale et al (2013) ++ ++ ++
Galler (1) et al (2012) ++ +
Galler (2) et al (2012) ++
Warsito et al (2012) ++ - -
Nassar et al (2012) - - -
Waber et al (2011) ++ + +
Galler et al (2011) ++ ++ ++
Galler et al (2010) ++ ++ ++
Baker-Henningham et al (2009) ++ ++ ++
El-Khayat et al (2007) + + +
Liu et al (2004) ++ ++ ++
Liu et al (2003) ++ ++ ++
Drewett et al (2001) ++ ++ ++
Vazir et al (1998) ++
Perales et al (1996)
Kaul et al (1995)

++ = very good
+ = adequate

- = poor

13
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Supplementary Table 2 — Results from studies assessing neurodevelopment in children with malnutrition compared to controls

Study
(quality)

Neurodevelopment
tool/measurement

Summary of results

Dwivedi et
al (2018)

(+)

DASII (Indian modification of
BSID)

Controls n=101

Cases n=102

Mental age:

10.4 (SE 0.5)

Mental development gquotient:

Motor age:

Motor development quotient:

83.5 (SE 1.0)

10.1 (SE 0.5)

Adjusted analysis:
(unadjusted analysis)

Overall findings:

Significant developmental delay in children with severe malnutrition compared to controls unadjusted for

confounding variables.

80.0 (SE 1.0)

8.2 (SE0.4)

62.1 (SE 0.6)

7.9 (SE 0.4)

59.0 (SE0.7)

Kang et al
2018

(+)

MICS ECDI

Learning-cognition development (odds of cases being on track compared to controls):

Country Unadjusted Odds Ratio Adjusted Odds Ratio
Bangladesh 1.27 [95% C10.92, 1.75] 1.27 [95% Cl10.90, 1.79]
Bhutan 1.60 [95% Cl 0.32, 7.85] 1.93 [95% ClI0.39, 9.48]
Nepal 1.09 [95% Cl 0.66, 1.79] 1.52 [95% C10.90, 2.58]
Punjab 0.63 [95% Cl 0.50, 0.79] 0.67 [95% CI0.53, 0.86]
Sindh 0.69 [95% Cl0.53, 0.89]

0.76 [95% Cl 0.59, 0.97]
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All 0.98 [95% Cl0.70, 1.37]
Socio-emotional development (odds of cases being on track compared to controls):
Country Unadjusted Odds Ratio Adjusted Odds Ratio
Bangladesh 1.14 [95% C10.92, 1.42] 1.10 [95% Cl0.40, 1.88]
Bhutan 1.08 [95% Cl0.58, 2.01] 1.08 [95% CI0.58, 2.03]
Nepal 2.40 [95% Cl1.25, 4.58] 2.54 [95% Cl 1.33, 4.85]
Punjab 0.86 [95% CI 0.73, 1.02] 0.88 [95% Cl10.74, 1.04]
Sindh 0.92 [95% Cl 0.74, 1.14] 0.94 [95% Cl10.76, 1.15]
All 1.07 [95% Cl 0.86, 1.33]

Adjusted analysis: (results adjusted for rural/urban, wealth quintile, household size, household head,
water source, toilet facility, maternal education, child age and sex, diarrhoea/cough in past 2 weeks, study
design effect, early childhood education, support for learning, availability of children’s books and

playthings, inadequate care)

Sample size:
n = 31037, wasting prevalence = between 4.1-12.8% across study sites

Overall findings:
Mixed results between study sites with no significant difference between cases and controls including

when adjusted for confounding variables

Abessa et al | Denver Il Denver Il score (incidence rate ratio in cases compared to controls):

(2017) Fine motor IRR0.76 [95% CI0.71, 0.8]
ASQ: social-emotional score Gross motor IRR 0.73 [95% CI 0.71, 0.74]
(++) Language IRR 0.98 [95% Cl 0.86, 1.11]

Personal-social IRR0.7 [95% Cl 0.65, 0.75]

Adjusted analysis:
(results adjusted for significant variables from age, sex, maternal religion)

Sample size:
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Cases n=310, Controls n=310

Overall Findings:

Children with malnutrition performed worse on personal-social, fine motor, and gross motor skills
compared to age and sex-matched controls adjusted for confounding variables. Motor skills are the most

and personal social the least affected domains assessed on the Denver Il Jimma.

Sudfeld et al
(2015)

(++)

BSID-III

BSID-Il score (association between score and malnutrition):

Cognitive

-0.63 [95% CI-0.97, -0.29]

Communication -0.32 [95% CI -0.64, -0.01]

Motor

Adjusted analysis:

-0.54 [95% CI-0.86, -0.23]

(results adjusted for height-for-age, stimulation category, sex, age, assessor, maternal education, wealth
quintile, randomized regimen)

Sample size:

Cases n=47, Controls n=989

Overall Findings:

Children experiencing wasting had across domain deficits compared to controls adjusted for confounding

variables.

Malhi et al
2013

(-)

Indian Development Inventory

Controls n=20

Cases n=44

p value

Inventory domain:
Social score

Adaptive score
Motor score
Communication score
Cognitive score

Total score

104.64 (SD 17.11)
105.36 (SD 9.71)
112 (SD 14.5)
97.82 (SD 14.34)
92.82 (SD 13.92)
100.86 (SD 18.15)

101.30 (SD 17.31)
105.25 ( SD 8.33)
108.85 (SD 10.93)
94.50 (SD 8.61)
90.1 (SD 9.79)
95 (SD 13.51)

0.036
0.239
0.074
0.047
0.080
0.007
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Adjusted analysis:
Multivariate regression revealed that 26.7% of variance was accounted by household income and stunting,
indicating results were no longer significant

Overall Findings:
Children with wasting compared to controls did not have significantly lower domain scores adjusted for
confounding variables.

El-Khayat et | BSID-II Controls n=15 _ Cases n=42 (before rehab) Cases (after rehab)
al 2007 Mental Development Index 97 (SD 10.92) 76.3 (SD 8.78) 88.19 (SD 8.93)
Psychomotor Development Index 97 (SD 12.38) 72.76 (SD 11.27) 87.39 (SD 8.85)
(+)
Adjusted analysis:
(unadjusted analysis)
Overall Findings:
Cases had lower scores at the start of the study compared to controls unadjusted for confounding
variables. Scores were improved after 8 weeks of nutritional rehabilitation but were still significantly lower
when compared to controls unadjusted for confounding variables.
Drewett et BSID Controls n=100 Cases n=27 Cases n=70
al 2001 Early Malnutrition at 4 months Late Malnutrition at 12 months
BSID (score at 2 years):
(++) Psychomotor score  10.2 (SD3.7) 6.6 (SD 4.2) 8.5(SD 4.3)
Mental score 28.9 (SD5.8) 22.6(SD6.2) 26.6 (SD 6.1)

Adjusted analysis:

Weight at 2 years associated with BSID outcome, but early and late growth faltering before 1 year not
independently associated with BSID scores after adjusting for weight at 2 years and other covariates (sex,
mother’s education, possessions).

Overall Findings:
Significantly lower psychomotor and mental scores at 2 years in early growth falterers and late growth
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falterers compared to controls. Difference is accounted for by differences in weight at 2 years when
adjusted for in analysis.

Vazir et al
1998

(+)

ICMR Psychosocial
Developmental Screening Test

ICMR Psychosocial Development Screening Test Results:
Well nourished children attained developmental milestones at a younger age in the five areas of
development compared to undernourished children.

Adjusted analysis:
(unadjusted analysis)

Sample size:
Cases n=1456, Controls n=2212

Overall Findings:

Malnourished children attained developmental milestones at a later age unadjusted for confounders.

Kaul et al
1995

(+)

BSID

Controls n=102 Cases n=50
BSID (mental quotient):
Male (0-6 months) 98.80 (SD 11.94) 57.60 (SD 6.77)
Female (0-6 months) 97.28 (SD 10.22) 59.85 (SD 11.94)
Male (6-12 months) 100.86 (SD 4.39) 79.93 (SD 5.57)
Female (6-12 months) 103.68 (SD 4.31) 75.15 (SD 3.39)

Adjusted analysis:
(unadjusted analysis)

Overall Findings:
Children with moderate malnutrition had a lower mental quotient than controls unadjusted for
confounding variables.
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95% Cl —95% confidence intervals, BSID — Bayley Scales of Infant Development, DASII — Developmental Assessment Scale of Indian Infants, ICMR — Indian
Council Medical Research Psychosocial Developmental Screening Test, IDI — Indian Developmental Inventory, IRR —incidence rate ratio, MDAT — Malawi
Developmental Assessment Tool, MICS ECDI — Multiple Indicator Cluster Survey Early Child Development Index, SD — Standard Deviation, SE — standard
error
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Supplementary Table 3 - Results from studies assessing cognitive outcomes in those exposed to childhood malnutrition compared to controls

Study Cognition tool/measurement Summary of results
(quality) (outcome age)
Chen et al WPPSI-IV Controls n=1270 Cases n=23
2021 WPPSI-IV:
Working Memory Index 90.35 (SD 0.38) 95.09 (SD 2.67)
(++) (childhood) [95% CI 89.60, 91.09] [95% Cl 89.86, 100.32]
Verbal Comprehension Index 86.00 (SD 0.36) 87.26 (SD 3.29)
[95% CI 85.30, 86.70] [95% CI 80.80, 93.72]
Adjusted analysis:
Wasting was not statistically associated with any developmental outcome variables after adjusting for
vector of child, parent, caregiver and household-level characteristics.
Overall findings:
Wasting was not associated with impaired cognition after adjusting for confounding variables
Mwene- MMSE Controls n=407 Cases n=524 p value
Batu et al Academic performance MMSE:
2020 Mean score 25.6 (SD 2.6) 27.8(SD2.2) 0.001
(adulthood) Normal score (%) 78.0 90.1 <0.001
(+)
Academic performance (based on self-report):
Low (%) 15.2 23.8
Average (%) 49.0 45.1
High (%) 35.8 31.0 0.014
Adjusted analysis: (unadjusted analysis)
Overall findings:
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Malnutrition survivors had a significantly lower probability of attaining a high education level, reported
worse academic performance and a significantly lower mean cognition score unadjusted for
confounding variables.

Asiki et al
2019

(++)

Academic achievement

(adolescence)

Children recovered from
wasting n=145

Controls n=464 Children with ongoing

wasting n=12

School years achieved (parental report):
9.2 years (SD 11)

6.2 (SD 2.5) 7.8 (SD 3.8)

Adjusted correlation coefficient:

-1.91 [95% Cl -4.51, 0.68] - 2.05[95% Cl -3.30, -0.79]

Adjusted analysis: (adjusted for age group, sex, education, tribe, wall of house type, reported alcohol
consumption)

Overall findings:
Wasting was associated with fewer schooling years regardless of recovery from undernutrition adjusted

for confounding variables.

Lelijveld et
al 2018

(++)

Academic achievement
CANTAB

(adolescence)

Controls n=178 Cases n=315
School grade achieved (parental report):
3.1(SD 1.6) 2.5(SD 1.3)

Logistic regression comparing school grade in groups:
OR 0.5 [95% Cl0.4,0.7 ]
Adjusted OR  0.54 [95% Cl 0.35, 0.81]

Adjusted analysis: (adjusted for h/a z-score, age, sex, HIV, socioeconomic status)

CANTAB cognition test scores:
Malnutrition survivors had poorer scores in all CANTAB cognitive tests.

Adjusted analysis: Adjusting for HIV and socio-economic status diminished statistically significant
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differences in CANTAB test scores.
Overall findings:
Malnutrition survivors were significantly more likely to be in a lower grade at school than controls
adjusted for confounding variables. Malnutrition survivors had poorer cognition scores than controls,
but differences were not statistically significant when adjusted for confounding variables.
Bogale et al | Raven’s CPM, KABC-II Controls n=88 Cases n=12 p value
2013 Cognitive scores:
(childhood) Visual processing 17.0(SD 3.9) 12.8 (SD 2.4) 0.003
(++) Triangles 4.3 (SD 2.4) 1.7 (SD 1.0) 0.001
Conceptual thinking 4.7 (SD 1.8) 3.3(SD 1.3) 0.017
Pattern reasoning 8.1 (SD 1.8) 7.9(SD 1.7) 0.726
Short-term memory 21.7 (SD 5.6) 16.2 (SD 5.1) 0.006
Word order 6.5 (SD 3.0) 4.8 (SD 2.0) 0.1
Number recall 7.1(SD2.2) 5.4 (SD 2.5) 0.025
Hand movement 8.1(SD 2.1) 5.9(SD1.1) 0.004
Adjusted analysis:
When results adjusted via stepwise regression, visual processing and short-term memory remained
significantly correlated when adjusted for maternal education, family size, and household roof type.
Overall findings:
Scores on short-term memory and visual processing were significantly poorer in cases compared to
controls when adjusted for confounding variables.
Warsito et Indonesian Department of Controls n=48 Wasting n=3 Severe Wasting n=2
al 2012 National Education — child Child development score:
development instrument Percentage score 68.7 73.9 73.8
()
(childhood) Adjusted analysis:
(results unadjusted)
22
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Overall findings:

is limited by small case numbers.

Those with wasting in this study had better development scores than those without wasting. The study

Nassar et al

Stanford-Binet-Intelligence-Scale

Controls n=30

Cases n=33

2012 Arabic-Language-Test Stanford-Binet-Intelligence-Scale (mean):
1Q score 92.07 (SD 11.52) 80.52 (SD 13.65)
(-) (childhood) Mental age (months) 50.50 (SD 13.40) 42.58 (SD 8.66)
Arabic Language Test (mean):
Receptive language age (months) 51.67 (SD 13.98) 40.09 (SD 17.36)
Expressive language age (months) 51.67 (SD 14.23) 40.76 (SD 16.74)
Total language age (months) 51.40 (SD 14.15) 40.00 (SD 17.66)
Adjusted analysis:
(results unadjusted)
Overall findings:
Those with malnutrition had poorer scores for both tests than age- and sex-matched controls
unadjusted for confounding variables.
Liu et al Bohem Test Control n=837 Cases n=253 p value
2003 WISC Age 3y:
Academic Tests Verbal 1Q 100.92 (SD 15.04) 96.93 (SD 14.36) 0.001
(++) Holborn-Reading Scale Spatial 1Q 100.34 (SD 15.21) 98.95 (SD 13.52) 0.18
Trail Making Test Full-Scale IQ 100.92 (SD 15.04) 96.93 (SD 14.36) 0.001
(adolescence) Age 11y:
Verbal 1Q 100.90 (SD 14.41) 96.16 (SD 15.40) 0.001
Spatial 1Q 100.75 (SD 14.55) 96.23 (SD 15.41) 0.001
Full-Scale IQ 100.88 (SD 14.43) 95.83 (SD 15.49) 0.001
Reading 95.11 (SD 55.30) 76.81 (SD 56.58) 0.001
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School performance 10.33 (SD 7.07) 7.63 (SD 6.48) 0.001
Trails A -0.049 (SD 0.95) 0.24 (SD 1.10) 0.001
Trails B -0.023 (SD 0.98) 0.20 (SD 1.07) 0.004

Adjusted analysis:
Differences remain after controlling for psychosocial adversity.

Overall Findings:
Malnourished children had poorer cognition and school/academic performance at both ages after
controlling for psychosocial adversity.

Perales et al
1996

(+)

Continuous Performance Task
Anstey Domino Test

(childhood)

Controls n=40 Cases n=40 p value
Short-term Memory:
Number-of-digits score 4.5 (SD 0.87) 3.8 (SD 0.88) <0.05
Problem-Solving:
Correct score 4.7 (SD 2.1) 3.4 (SD 1.4) <0.05

Attention:
No differences in correct answers between groups. Lower performance in cases response time for
correct answers (p<0.02).

Adjusted analysis:
(unadjusted analysis)

Overall Findings:

Cases had lower memory scores and problem solving scores unadjusted for confounding variables. Cases
had worse performance than controls for response times in the attention test unadjusted for
confounding variables.

Barbados Nutrition Study

Waber (1)
et al 2014*

Academic achievement, WASI

WRAT-IlIl academic achievement score (adjusted odds ratio):
Reading OR 3.44 [95% Cl 1.88-6.30]
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(++)

(adulthood)

Spelling OR 6.10 [95% CI 3.34-11.16]
Calculation OR 6.23 [95% Cl 3.15-12.32]

WASI score (adjusted odds ratio):
1Q OR9.18 [95% CI 3.50, 24.13]

Adjusted analysis:
(Results adjusted for childhood standard of living)

Sample size:
Cases n=77, Controls n=59

Overall findings:

childhood standard of living.

Academic skills and I1Q were lower in the malnourished group compared to controls after adjusting for

Waber (2)
etal 2014*

(++)

WAIS-III, D-KEFS, WRAML-II,

Wisconsin card sorting,
Metacognitive index

(adulthood)

Controls n=59

Metacognitive index (General executive composite):

Adjusted Mean difference
3.70 (p<0.05)

WRAML-2:

Adjusted Mean difference
-0.42 (p>0.05)

Wisconsin card sorting:

Mean score 41.81 (SD 6.05) 47.36 (SD 9.33)

Scaled score 8.49 (SD 1.81) 7.45 (SD 2.28)

Total errors score 94.56 (SD 12.70) 80.67 (SD 12.53)
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Adjusted Mean difference
-9.74 (p<0.001)

Adjusted analysis
(results adjusted for childhood standard of living and 1Q)

Significant differences persisted for the WAIS Digit Symbol and Letter-Number, D-KEFS Trails (Numbers),

Verbal Fluency (Letters) and Rey-Osterrieth Complex Figure after adjusting for covariates

Overall findings:

Malnutrition during infancy is associated with impaired 1Q in adulthood. In models adjusted only for
childhood standard of living, the malnutrition group performed more poorly on nearly all measures. In
the IQ-adjusted models, significant differences persisted for the WAIS Digit Symbol and Letter-Number,
D-KEFS Trails (Numbers) and Verbal Fluency (Letters), Rey-Osterrieth Complex Figure, and Wisconsin
Card Sorting Test.

Waber et al
2011

(+)

WISC, Common entrance
examination (local school test)

(adolescence)

Controls n=60 Malnutrition n=56 p value
WISC:
1Q 104.92 (SD 10.54) 92.54 (SD 13.86) <0.0001
Common Entrance Exam:
Score 210.42 (SD 22.13) 184.10(29.27) <0.0001

Adjusted analysis:
Early malnutrition predicted cognitive function and exam score in childhood after adjusting for
childhood standard of living.

Overall findings:
Malnutrition predicted common entrance exam score and cognitive functioning after adjusting for
childhood standard of living.
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*Studies are drawn from the same Barbados Nutrition Study

95% Cl —95% Confidence Intervals, CANTAB — Cambridge Neuropsychological Test Automated Battery, D-KEFS — Delis-Kaplan Executive Function System,
MMSE — Mini-Mental State Exam, OR — Odds Ratio, SD — Standard Deviation, WAIS-IIl - Wechsler Adult Intelligence Scale-1ll, WASI — Adult 1Q: Weschler
Abbreviated Scale of Intelligence — Vocabulary and Matrix Reasoning subsets, WISC — Weschler Intelligence Scale, WPPSI-IV — Wechsler Preschool and
Primary Scale of Intelligence Fourth Edition, WRAML-Il — Wide Range Assessment of Memory and Learning-Il, WRAT-IIl — Academic achievement: Wide
Range Achievement Test-Ill — Reading Spelling and Calculation subsets
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Supplementary Table 4 - Results from studies assessing mental health outcomes in those exposed to childhood malnutrition compared to controls

Study
(quality)

Mental health
tool/measurement
(outcome age)

Summary of results

Chen et al
2021

(++)

sSDQ

(childhood)

Controls n=1270 Wasting n=23

SDQ:
Prosocial score 6.83 (SD 0.06)

[95% Cl 6.71, 6.95]

6.70 (SD 0.42)
[95% CI 5.86, 7.53]
Total difficulties score 12.35(SD 0.13)
[95% Cl 12.10, 12.61]

12.09 (SD 1.09)

[95% C19.95, 14.22]

Adjusted analysis:

Wasting was not statistically associated with any developmental outcome variables after adjusting for vector
of child, parent, caregiver and household-level characteristics.

Overall findings:
Wasting was not associated with a difference in behaviour after adjusting for confounding variables.

Mwene-Batu
et al 2020

(+)

Rosenberg self-esteem
scale, WHODAS

(adulthood)

Controls n=407 Cases n=524 p value
Low (%) 12.1 20.5
Average (%) 78.5 72.6
High (%) 9.4 6.9 0.003
Social related disability:
No disability (%) 91.0 94.2
Moderate disability (%) 8.8 5.0
Severe disability (%) 0.3 0.8 0.03

Adjusted analysis:
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(unadjusted results)

Overall findings:
Cases had significantly less disability in terms of social relationships than the community controls but had

statistically significant lower self-esteem than the controls unadjusted for confounding variables.

Abessa et al
(2017)

(++)

ASQ: social-emotional
score

(childhood)

ASQ: Socio-emotional score (incidence rate ratio in cases compared to controls):
Socioemotional IRR3.1 [95% Cl 2.24,4.26]

Adjusted analysis:
(results adjusted for significant variables from age, sex, maternal religion)

Sample size:
Cases n=310, Controls n=310

Overall findings:
Children with malnutrition performed worse on socio-emotional competences compared to age and sex-

matched non-malnourished children adjusted for confounding variables.

De Grandis
etal 2014

(-)

Paediatric quality of life
inventory

(childhood)

Controls n=28 Malnutrition n=25 p value

Peds Q:

Global score 89.18 (SD 1.84) 80.82 (SD 1.94) p<0.0001
Health/physical dimension 94.75 (SD 1.87) 87.75 (SD 3.37) p<0.0001
Psychosocial health 86.57 (SD 1.42) 77.77 (SD 2.90) p<0.0001
Emotional dimension 78.75 (SD 2.96) 67.80 (SD 4.40) p<0.0001
Social dimension 95.71 (SD 1.52) 88.80 (SD 3.05) p<0.0001
School dimension 74.58 (SD 3.80) 85.00 (SD 3.51) p<0.0001

Adjusted analysis:
(unadjusted analysis)

Overall findings:

Those with a history of early severe malnutrition, showed significantly lower quality of life scores compared to
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controls unadjusted for confounding variables.

Baker-
Henningham
et al 2009

(++)

Temperament
Questionnaire derived from
existing validated
instruments

(modified by Wachs,
Purdue

University)

(childhood)

Controls n=108 Undernourished n=212 p value

Temperament questionnaire:

Manageability 8.67 (SD 3.51) 9.56 (SD 3.26) p<0.05
Activity 10.40 (SD 3.00) 10.59 (SD 2.73) p>0.05
Emotionality 13.66 (SD 4.74) 14.80 (SD 4.24) p<0.05
Sociability 8.15 (SD 3.87) 9.29 (SD 3.98) p<0.05
Attention 12.58 (SD 3.31) 13.53 (SD 3.06) p<0.05
Soothability 8.23(SD 2.77) 8.42 (SD 2.57) p<0.01

Adjusted analysis:

After adjusting for significant covariates (parental schooling and occupation, sanitiation index, asset index,
housing index, mother’s BMI and home), the undernourished children were less sociable (regression
coefficient (B) =-0.96 [95% CI -0.04, -1.88]), less attentive (B =-0.94 [95% Cl -0.19, -1.69], more fearful (B =
1.43 [95% Cl 2.44, 0.42]), and had more negative emotionality (B = -1.08 [95% Cl -2.16, 0.006]).

Overall findings:

There were significant differences in temperament traits between undernourished and better-nourished

groups after adjusting for confounding variables.

Liu et al
(2004)

Child behaviour
questionnaire at age 8,
Child Behaviour Checklist
at age 11, Revised
Behaviour Checklist at Age
17

(childhood, adolescence)

Externalizing behaviour problems at age 8:

Malnourished children had higher overall externalizing behaviour scores (both hyperactivity and aggression)

than controls.

Adjusted analysis:

Main effect of malnutrition remained significant after controlling for psychosocial adversity but was abolished

after controlling for cognitive ability.

Externalizing behaviour problems at age 11:

Malnourished children had higher externalising behaviour scores (hyperactivity only) at age 11 than non-

malnourished children.
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Adjusted analysis:
Main effect of malnutrition remained significant after controlling for psychosocial adversity but was abolished
after controlling for cognitive ability.

Externalizing behaviour problems at age 17:
Malnourished group had significantly higher scores on conduct disorder and motor excess but not attention
problems or socialized aggression.

Adjusted analysis:
Main effect of malnutrition remained significant after adjusting for psychosocial adversity and cognitive
ability.

Sample size:
Malnutrition group n=235, Control group n=807

Overall Findings:

Children with malnutrition were more aggressive or hyperactive at age 8 years, had more externalizing
problems at age 11, and had greater conduct disorder and excessive motor activity at age 17 after adjusting
for confounding variables.

Barbados Nutrition Study

Hock et al
2018*

(+)

SCID-1I-PQ, NEO PI-R FFM

(adulthood)

SCID-II-PQ (linear regression with malnutrition as predictor of score):
Paranoid personality score 0.6 [95% CI 0.0, 1.2] (p=0.0499)

Adjusted analysis:
PD paranoid scale score had unique association with malnutrition after adjusting for maltreatment and
childhood standard of living

NEO PI-R FFM (linear regression with malnutrition as predictor of score):
Avoidant personality score 1.0[95% Cl 0.2, 1.7] (p=0.009), schizoid personality score 0.7 [95% CI 0.1, 1.4]
(p=0.03) and dependant personality score 0.7 [95% CI 0.1, 1.4] (p=0.04)

Adjusted analysis:
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PD avoidant, schizoid and dependant scale scores had unique associations with malnutrition after adjusting
for maltreatment and childhood standard of living

Sample size:
Malnutrition group n=77, control group n=62

Overall findings:

Adults with history of infant malnutrition showed an increase in most SCID-Il and NEO FFM PD personality
scores compared to those with little or no exposure to either adversity. Few personality disorder score
differences were statistically significant however and results differed depending on the assessment tool used.

Waber (2) et | Behavioural Regulation Controls n=59 Malnutrition n=77
al 2014* Index score

Behavioural regulation index:
(++) (adulthood) Mean score 43.34 (SD 7.52) 49.51 (SD 11.21)

Mean difference (adjusted)
3.40 (p<0.05)

Adjusted analysis
(results adjusted for childhood standard of living and 1Q)

Overall findings:
Adults with a history of infant malnutrition showed a significantly higher behavioural regulation index score

which is indicative of more behavioural problems, with a significant difference in score after adjusting for
confounding variables.

Galler et al NEO-PI-R personality NEO-PI-R score:

2013* inventory At the broad domain or factor level, previously malnourished participants had higher
scores on Neuroticism and lower scores on Extraversion, Openness, Agreeableness and

(+) (adulthood) Conscientiousness than healthy controls. At the sub-domain or facet level, previously

malnourished participants reported more anxiety, vulnerability, shyness and lowered sociability,
less intellectual curiosity, greater suspiciousness of others, a more egocentric than altruistic
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orientation, and a lowered sense of efficacy or competence.

Adjusted analysis:
(results adjusted for childhood standard of living)

Sample size
Malnutrition group n=77, Control group n=57

Overall findings:
Childhood malnutrition was associated with higher chance of personality trait scores outside of the average

range after adjusting for childhood standard of living.

Galler (1) et | CAARS, CPT Controls n=63 Malnutrition n=80 p value
al 2012* CAARS (mean score):
(adulthood) Inattentive symptoms 3.6(SD0.1) 3.7(SD0.2) <0.05
(+) Hyperactive symptoms 3.7(SD0.1) 3.7(SD0.2) >0.05
DSM-IV ADHD symptoms 3.6(SD0.1) 3.7(SD0.1) <0.01
ADHD index 3.8(SD0.2) 3.7(SD0.1) >0.05
Controls n=59 Malnutrition n=77 p value
CPT (mean score):
Commission errors 3.8(SD0.2) 3.9(SD0.2) >0.05
Omission errors 3.9(SD0.2) 4.1(SD0.3) >0.05
Reaction time 4.0(SD0.2) 4.0(SD0.2) >0.05

Adjusted analysis:
(results adjusted for childhood standard of living and 1Q)

Overall findings:
CAARS scores were higher (indicating more attention problems) in the previously malnourished group. There

were significant differences in inattention and DSM-IV ADHD symptom scores after adjusting for confounding
variables. Differences in CPT scores were attenuated after adjusting for confounding variables.
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Galler (2) et
al 2012*

(+)

Conduct-problems:
Child-Behaviour-
Questionnaire, Teacher-
Behaviour-Questionnaire

(adolescence)

Controls n=60 Malnutrition n=56 p value
Child-Behaviour-Questionnaire (coefficient):
Conduct problems -0.27 (SD 0.84) 0.29 (SD 1.18) <0.01

Teacher-behaviour-questionnaire:
All four items showed a higher level prevalence of aberrant behavior in the previously malnourished children
as compared with the comparison group.

Adjusted analysis:
The difference was no-longer-significant with 1Q and childhood standard of living included in the model

Overall findings:
Self-reported conduct problems were more prevalent among previously malnourished youth. The associated
was no longer significant when adjusted for confounding variables.

Waber et al
2011*

(+)

Teacher-Behaviour
Questionnaire, School
functioning scale
Minnesota-General-
Adjustment-and Morale-
Scale

(adolescence)

Controls n=60 Malnutrition n=56 p value
Teacher questionnaire:
Attention symptoms -0.36 (SD 0.81) 0.33 (SD 0.96) <0.0001
Morale scale:
Depressive symptoms -0.33 (SD 0.93) 0.30(SD 1.01) 0.001

Adjusted analysis:
Association attenuated when IQ and attention problems included in model. Difference in attention symptoms
not significant when adjusting childhood standard of living.

Overall findings:
Depressive symptoms and inattention were higher in those with malnutrition but there were no significant

differences when adjusting for confounding variables.

Galler et al
2011*

Barbados-Child-Behaviour-
Scale

Controls n=109 Malnutrition n=107

(correlations with mean score)
Peer aggression:
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(++)

adolescence

Time point 1 (9-15y)
Time point 2 (11-17y)
Cooperative with adults:
Time point 1 (9-15y)
Time point 2 (11-17y)
Activity level:

Time point 1 (9-15y)
Time point 2 (11-17y)
Executive function deficits:
Time point 1 (9-15y)
Time point 2 (11-17y)
Sleep problems:

Time point 1 (9-15y)
Time point 2 (11-17y)

Adjusted analysis:

-0.05 (SD 0.96)
-0.34 (SD 0.79)

0.19 (SD 1.11)
0.15 (SD 0.73)

0.32 (SD 1.09)
-0.35(SD 0.72)

0.0 (SD 0.94)
-0.38 (SD 0.82)

-0.45 (SD 1.17)
0.21 (SD 0.61)

0.39 (SD 1.16)
-0.34 (SD 0.80)

-0.01 (SD 1.15)
-0.28 (SD 1.00)

0.18 (SD 1.03)
-0.29 (SD 0.78)

0.24 (SD 1.00)
-0.09 (SD 0.94)

-0.24 (SD 1.08)
0.43 (SD 0.68)

Cases had increased prevalence of executive function deficits at both time points after adjusting for age, sex,
childhood standard of living and maternal depressive symptoms. No significant association with aggression,
cooperation, activity and sleep after adjusting for covariates at second time point. Cases had more problem
aggression at the first time point than at the second.

Overall findings:
Persisting parent-reported executive functioning deficits through adolescence at two time points after
adjusting for confounding variables.

Galler et al
2010*

(++)

Minnesota-General-
Adjustment-and Morale-

Scale

(adolescence)

Controls n=60 Cases n=56 p value

Morale Scale:

Youth depression score  -0.33 (SD 0.98) 0.30(SD 1.01) <0.001
Adjusted analysis:
Adjusting for age, maternal depression symptoms and household standard of living the effect of malnutrition

is similar to unadjusted estimates and remains significant.
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Overall findings:
Early childhood malnutrition contributed independently to depressive symptoms after adjusting for

confounding variables.

*Studies are drawn from the same Barbados Nutrition Study

95% Cl — 95% Confidence Intervals, CAARS - Attention-domain: Conners-ADHD-Rating-Scales, CPT — Conners-Continuous-Performance Test, NEO PI-R FFM —
NEO Personality Inventory-Revised derived Five-Factor Model, SD — Standard Deviation, SDQ — Strengths and Difficulties Questionnaire, SCID-1I-PQ —
Structured Clinical Interview for DSM-IV Axis Il Personality Disorders Personality Questionnaire, WHODAS — World Health Organization Disability

Assessment Schedule
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