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Abstract

Objective: The present study aimed to assess the effects of an early childhood
nutrition counselling intervention on intelligence (as measured by the intelligence
quotient (IQ)) at age 15-16 years.

Design: A single-blind, cluster-randomised trial.

Setting: In 1998, in Southern Brazil, mothers of children aged 18 months or
younger were enrolled in a nutrition counselling intervention (72 424). Counselling
included encouragement and promotion of exclusive breast-feeding until 6 months
of age and continued breast-feeding supplemented by protein-, lipid- and
carbohydrate-rich foods after age 6 months up to age 2 years. The control group
received routine feeding advice. In 2013, the fourth round of follow-up of these
individuals, at the age of 15-16 years, was undertaken. IQ was assessed using the
short form of the Wechsler Adult Intelligence Scale (WAIS-IID). Mental disorders
(evaluated using the Development and Well-Being Assessment (DAWBA)) and
self-reported school failure, smoking and alcohol use were also investigated.
Adjusted analyses were conducted using a multilevel model in accordance with
the sampling process.

Subjects: Adolescents, mean (sp) age of 15-4 (0-5) years (1 339).

Results: Mean (sp) total IQ score was lower in the intervention group than the control

group (934 (11-4) and 95-8 (11-2), respectively) but the association did not persist (Ilfifdy‘gr:;g;
after adjustment. The prevalence of any mental disorders was similar between Adolescence
intervention and control groups (23-1 and 23-5%, respectively). There were no Nutrition counselling
differences between groups regarding school failure, smoking and alcohol use. Cognition
Conclusions: Nutrition counselling intervention in early childhood had no effect Randomised controlled trial
on intelligence measured during adolescence. Intelligence

Adequate nutrition during pregnancy and in the first years
of life is essential for appropriate child development. A
body of evidence from observational studies shows that
maternal dietary supplementation during pregnancy has a
protective effect against low birth weight, intra-uterine
growth restriction and preterm birth"?. Longitudinal
studies have shown that early-life factors such as breast-
feeding and adequate nutrition during a child’s first years
have positive effects on academic performance and
human capital®
economic status®, higher intelligence quotient (IQ) and
higher income in adulthood®.

, and are associated with better socio-
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In the 1990s, the WHO and UNICEF developed
the Integrated Management of Childhood Illness (IMCID)
strategy'®. This strategy was devised with the objective of
reducing child mortality, illness, and disability attributable
to health problems that occur during the first 5 years of
life, by improving: (i) case management skills of health-
care staff; (i) overall health systems; and (iiD) family and
community health practices. The IMCI was implemented
in several countries and generally achieved its main
objective of reducing child mortality”®.

In 1998, a randomised trial was conducted in Southern
Brazil to evaluate the efficacy of the nutritional counselling
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component of the IMCI strategy. The counselling
intervention consisted of providing information and
negotiating with mothers about improving the child’s
diet, with a substantial focus on encouragement of
breast-feeding and appropriate complementary feeding.
Counselling was provided by doctors during routine well-
child visits to primary health-care facilities. The results of
this trial showed that the intervention improved physician
counselling performance, maternal practices, child feeding
and child growth®'?. The results of the second follow-up
(45d after the counselling visits) suggested that daily
intake of fats was higher in the intervention group than in
the control group. The results of the fourth follow-up
(15 years after the intervention) showed that males in
the intervention group were taller and had lower total
cholesterol levels than those in the control group. Among
females, those in the intervention group had lower TAG
and total cholesterol:HDL cholesterol than those in the
control group™'?.

Studies of the effects of dietary interventions during
pregnancy and early childhood on the cognitive devel-
opment of children and adolescents have been conducted
in several countries. Nearly all of these interventions
included supplementation of fatty acids"'?, Fe"’® and
other micronutrients’*. The long-term effects of the
interventions on cognitive development were seldom
investigated in these studies and the limited evidence
suggests that there was no effect of these interventions on
cognition. Larson and Yousafzai, in a meta-analysis, found
very little evidence for an effect of postnatal nutritional
interventions on mental development for children under
2 years of age™”.

The only published study that assessed the long-term
effect of a system-wide implementation of the WHO’s Baby
Friendly Hospital Initiative on cognitive development
was the Promotion of Breastfeeding Intervention Trial
(PROBIT). This randomised clinical trial, which included
over 17000 neonates, evaluated encouragement of
breast-feeding and its effects on a variety of outcomes,
including cognition. The results of PROBIT were indicative
of superior verbal IQ at age 6-5 years in the intervention
group(l(’). There is a significant evidence gap regarding
the long-term effects of nutrition counselling interventions
on cognition, which hinders assessment of the causality of
potential associations”.

The present study aimed to assess the effects of an early
childhood nutrition counselling intervention on intelligence
(as measured by IQ) at age 15-16 years.

Participants and methods

Design of the trial

This was a single-blind, cluster-randomised controlled trial.
Detailed information on the intervention and methods
of the first rounds of follow-up has been published
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elsewhere®®'® In brief, in 1998, a trial was carried out
among the twenty-eight primary health-care centres of
Pelotas, a mid-sized city in the state of Rio Grande do Sul,
Brazil, which were randomly allocated (1:1) across
intervention and control groups. The twenty-eight health-
care centres were paired according to prevalence of
child underweight and socio-economic indicators in their
respective neighbourhoods. Then, one centre from each pair
was selected for allocation to the intervention group (which
received nutrition counselling training) by flipping a coin; the
other centre joined the control group (continued to provide
usual feeding advice). Because this was an educational
intervention, only outcome assessors could be blinded. At
centres allocated to the intervention group, doctors were
trained to provide nutritional counselling to all mothers of
children aged 18 months or younger. All children in the
intervention and control group were followed up at 8, 45 and
180 d after the intervention. The fourth round of follow-up
took place in 2013, at which time the original participants
had a mean age of 154 (sp 0-5) years (Fig. D).

Inclusion and exclusion criteria

The target population of the trial included all children aged
18 months or younger who were treated within the local
health-care network in the year 1998. The initial study
included the first thirteen children aged 18 months or
younger who were seen by doctors at primary health-care
centres after the randomisation process. Thirty-three doctors
participated in the study: seventeen in the intervention
group and sixteen in the control group. All children who
presented with congenital defects that might interfere with
feeding were ineligible for the trial.

Study setting

Pelotas is a city located in Southern Brazil. According to
the 2000 and 2010 censuses, its population was estimated
at 323000 and 328000, respectively, living predominantly
in urban areas. As of 2010, the mean per capita monthly
income of permanent dwellers in the urban area was
$US 490 and the median monthly income for the same
population was $US 271. The gross domestic product was
$US 5976, which is considerably below that recorded for
the country as a whole ($US 8161).

Physicians’ training for the 1998 intervention

Before fieldwork began, training materials for nutritional
counselling were adapted to local conditions as recom-
mended in the IMCI handbook (Adaptation Guide,
section D)®. Doctors in the intervention group received
20h of training. Special emphasis was given to the
development of communication skills (empathetic listen-
ing and asking, praising appropriate behaviour, providing
guidance in plain language and checking whether mothers
understood the recommendations given). Two training
sessions were conducted, one week apart, both to ensure
coverage of providers who worked different shifts
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(morning and evening) and to reduce the overload of
home visits that might have occurred if only one training
session had taken place. The performance of all
participants was evaluated formally through a written test,
which was taken at the end of each course as a means
of documenting the effectiveness of training'”. For
comparison, doctors in the control group were evaluated
using the same instrument.

The 1998 intervention

The study intervention was based on an adaptation of
the IMCI feeding guidelines aiming to promote age-
appropriate child feeding. Based on this adaptation, the
protocol promoted the following practices: (i) for children
aged 4 months or younger, exclusive breast-feeding;
(i) for children aged 4 to 6 months, exclusive breast-feeding
(if the child failed to gain weight adequately or still appeared
hungry after feedings, other foods should be added); (iii) for
children aged 6 to 12 months, breast-feeding plus chicken
liver, shredded chicken and beef, egg yolks, various fruits
and vegetables, addition of one teaspoon of vegetable oil,
margarine or butter to the child’s plate, crushed beans; and
(iv) for children aged 1 to 2 years, breast-feeding and con-
tinued introduction of complementary solid foods. Mothers
were encouraged to give the child at least five meals per day
to ensure appropriate feeding. The key recommendations of
these adapted IMCI feeding guidelines were summarized in a
leaflet™® that was discussed with and handed to the mothers
during medical appointments.

Follow-up at age 15-16 years (2013)

The participants of the original study were located by
means of several strategies: home visits to the addresses
registered at last follow-up (180d after enrolment),
a search of school records of the State Department
of Education, social networks and Ministry of Health
databases; and collaboration with informants in the
neighbourhood, at health-care facilities and at schools.
Additional information on the methods used for the 2013
round of follow-up has been published elsewhere'?.

Outcome of interest

Participant IQ at age 15-16 years (fourth round of follow-
up) was evaluated using the Wechsler Adult Intelligence
Scale (WAIS-IID™. A short-form version of the WAIS-III
was used, which included four subtests: ‘Similarities’ and
‘Arithmetic’ (verbal scales); and ‘Picture Completion’ and
‘Coding’ (performance scales). The Picture Completion
subtest consists of a series of colour pictures with missing
elements. These pictures represent common objects and
environments and the test-taker is tasked with finding the
missing elements. This measures word knowledge and
verbal concept formation. For the Coding subtest, the
test-taker is shown a series of symbols that are paired with
numbers. Using a key, the test-taker draws each symbol
under its corresponding number, within a 120 s time limit;
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this measures processing speed, short-term visual
memory, psychomotor speed, visual perception, visual—
motor coordination, visual scanning ability, attention and
concentration. For the Similarities subtest, the examinee is
shown two words that represent common objects or
concepts and asked to describe how they are similar; this
measures verbal concept formation and reasoning.
For the Arithmetic subtest, working within a specified
time limit, the examinee mentally solves a series of
arithmetic problems, which measures mental manipula-
tion, concentration, attention, short- and long-term mem-
ory, numerical reasoning ability and mental alertness.
These four subtests were considered appropriate to mea-
sure IQ in research settings”®””. Duly trained psychologists
who were blind to the group allocation of the adolescent
(intervention or control) administered the instrument.
Crude scores for each subtest were converted into
weighted scores in accordance with the Brazilian stan-
dard"”. These weighted scores were then used to
generate total IQ scores, as appropriate for the age range
of the participants®”.

Secondary outcomes

To evaluate mental disorders, we used the Development
and Well-Being Assessment (DAWBA) questionnaire ",
The DAWBA consists of open and closed questions
identifying the occurrence of symptoms based on the
diagnostic criteria for mental disorders of the Diagnostic
and Statistical Manual of Mental Disorders and the
International Classification of Diseases. It was developed
for use in children and adolescents between 5 and 17
years of age. The open questions allow qualitative
description of the symptoms, frequency and other char-
acteristics of the disorders assessed. In addition, a clinical
evaluator (rater) can evaluate each of the questionnaires
individually, integrating the responses to the questions and
determining the diagnosis. The DAWBA was validated in
Brazil and the agreement between the two clinical raters
was 093 (se 0-03) for any disorder, 0-91 (st 0-05) for
internalizing disorders and 1.0 for externalizing
disorders®®. Psychologists who had been trained in its
standardised administration applied the DAWBA to
mothers or caregivers. The training included lectures, role
playing, and supervised clinical interviews with paediatric
and mental health outpatients at the Federal University of
Pelotas, totalling more than 40 h. The DAWBA was applied
via computer, allowing direct input of the data into an
online system. Details of the questionnaire can be found
online, as well as in other studies®. School failure and
unhealthy behaviours (smoking and alcohol use) were
evaluated by self-report using a pre-tested and standar-
dised questionnaire. School failure was defined as having
ever repeated a grade at school. Smokers were those who
reported having smoked at least one cigarette in their life
and alcohol use was defined as the consumption of any
alcoholic beverage in their life.
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Sample size calculation

The intervention study, started in 1998, used primary health-
care centres as sampling units. The sample size calculation
took into account clustering by primary health-care
centre, and was based on a significance level of 5% (one-
tailed), fourteen sampling units per group (control and
intervention) and a primary outcome of mean weight gain of
6-7 (sp 0-19) kg at 12 months. These parameters yielded 80 %
statistical power to detect a mean weight gain difference, per
sampling unit (health-care centre), of 180 g or more.

At the 2013 round of follow-up, 339 individuals had full
information completed (169 in the intervention group and
170 in the control group). Taking into consideration the
aforementioned sample size and a and f error rates of 0-05
(two-tailed) and 0-20, respectively, the study was powered to
find a difference >3-4 IQ points between the intervention
and control groups (a=0-05, two-tailed).

Statistical analysis

The primary exposure variable was the study intervention.
All analyses were based on intention-to-treat principles.
Despite randomisation, differences at baseline between the
intervention and control groups were noted on maternal
education (years of schooling), weight-for-age Z-score,
length-for-age  Z-score and weight-for-length  Z-score'?,
hence, these variables were included in the adjusted analysis.
Adjusted analyses were conducted using a multilevel model
that considered the primary health-care centre (doctor) at the
first level and the adolescent at the second level. First, losses
and refusals to participate were compared with the
individuals allocated at baseline. Absolute and relative
frequencies were calculated for categorical variables, and
means and standard deviations for continuous or discrete
variables. A P value of <0-05 was considered statistically
significant. Multilevel analysis was performed using the
statistical software package Stata version 12.0.

Missing data

We had eighty-five missing values for IQ. Thus, we analysed
the effect of missing outcome data via a sensitivity analysis,
estimated by multiple imputation (mi Stata command) by the
Bayesian paradigm from a frequentist (randomisation-based)
perspective®”, using the following variables: intervention
indicator (intervention or control group), maternal schooling,
weight-for-age Z-score, weight-for-height Z-score and height-
for-age Z-score. We used least-squares regression and twenty
multiple data sets for the missing values.

Etbics

The study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures
were approved by the Research FEthics Committee of
Universidade Federal de Pelotas (protocol no. OF 25/12),
an institutional review board affiliated with the Brazilian
National Commission for Research Ethics (CONEP).
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Written consent was witnessed and signed by participants’
mothers or guardians, as well as by participants
themselves, before the start of data collection. Registration
of randomised trials was not required at the time of the
baseline study.

Results

In 2013, 401 of the 424 participants of the original study
were located, and 363 (85-6%) were assessed (183 from
the intervention group and 180 from the control group).
Of these, 339 (80-0%) adolescents completed the
WAIS-IIIL. The trial flowchart (Fig. 1) shows the number of
clusters and doctors allocated in 1998 and the number of
adolescents assessed at the fourth follow-up in 2013.

Except for maternal educational level and weight-for-
age Z-score at baseline, the characteristics of participants
assessed for the 2013 follow-up were similar between the
intervention and control groups. In the 2013 pool of
subjects, there was a smaller proportion of mothers with
high educational attainment (>8 years of schooling) in the
intervention group than in the control group (Table 1).
The weight-for-age Z-score was also lower in the inter-
vention group than in the control group (0-13 (sp 1-1) v.
0-39 (sp 1-1), respectively). Losses to follow-up were
higher among adolescents from the control group whose
mothers had a lower education level.

Table 2 shows the results of IQ analyses. Crude analyses
showed a lower mean total 1Q score and a lower mean
Similarities subtest score in the intervention group, but the
associations did not persist after adjustment. Multiple data
imputation for the primary outcome produced an imputed
estimate that was similar to the available data (mean total
IQ score of 93-2 (sp 11-4) in the intervention group and
95-6 (sp 11-3) in the control group; adjusted P value =
0-299). This similarity showed that no analyses were
affected by missing data or differential rates of follow-up
between trial arms. The prevalence of any mental
disorders was similar between intervention and control
groups (23-1 and 23-5%, respectively). There were no
differences between groups regarding school failure,
smoking and alcohol use (Table 2).

Discussion

The focus of the tested intervention was nutritional coun-
selling (consistent with the IMCI strategy) of mothers with
children under 18 months of age. The results of initial
evaluations demonstrated a positive effect of the intervention
on anthropometric parameters during childhood and on
adolescent health®'*'®_ In the present study, a lower mean
Similarities subtest score was found in the intervention
group, but the association was biased towards the null
hypothesis after controlling for baseline unbalanced
characteristics. One possible explanation for this finding is
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Assessed for eligibility

[ Enrolment ] (Mhco 28)

v

Excluded (n 0)

Randomised (nyc 28)

.

Y lI Allocation ,l v
Allocated to intervention (nycc 14, Allocated to control group (nycc 14,
with nyp 17) with nyp 16)
(Mghitgren 214, With average cluster size of (Neniigren 206, with average cluster size of
13 children/MD) 13 children/MD)

| NC 4th follow-up I |

y J

Lost to follow-up (nyec 0) Lost to follow-up (ncc 0)
Lost to follow-up (Mgpgren 31) Lost to follow-up (Mgyiigren 26)

v | Analysis l l
L y )

Analysed (nycc 14) Analysed (nycc 14)

Full information completed (Ng,igren 169) Full information completed (Ngiigren

170)

Fig. 1 Trial flowchart from enrolment (in 1998) to fourth follow-up (in 2013), Pelotas, Brazil (HCC, health-care centre; MD, medical
doctor; NC, nutrition counselling)

Table 1 Participant characteristics at enrolment (in 1998) among the overall study population and among those assessed in 2013.
Pelotas, Brazil

1998 (n 424) 2013 (n 339)
Control group Intervention group Control group Intervention group
(n 206) (n214) (n170) (n 169)
Variable Mean orn spor% Meanorn spor% Meanorn sbor% Meanorn sbor% P value
Sociodemographic characteristics*
Female gender, n and % 89 432 104 47.7 76 44.7 83 491 0-416
Maternal schooling (years), n and % 0-002
0-3 37 180 57 26-4 23 135 43 256
4-7 101 49.0 111 514 86 50-6 90 53-0
>8 68 33.0 48 22.2 61 35-9 36 214
Age (months), mean and sp 75 53 78 5.4 74 54 79 54 0-394
Weight (kg), mean and sb 10-1 1.9 10-0 1.9 10-1 1.9 10-0 20 0-692
Length (cm), mean and sp 753 65 751 7-0 753 6-4 751 71 0.877
Weight-for-age Z-score, mean and sp 0-32 11 0-07 11 0-39 11 0-13 11 0-035
Weight-for-height Z-score, mean and sp 0-41 1.0 0-28 09 0-46 0-98 0-31 093 0148
Height-for-age Z-score, mean and sp —-0-05 1.0 -0-23 11 —-0-00 11 -017 11 0-164
Breast-feeding (yes)
At enrolment, n and %t 84 40-8 90 41.7 74 43-5 74 441 0-924
At second follow-up, n and %% 70 34-8 68 322 61 36-1 57 346 0-767
At third follow-up, n and %§ 50 256 45 215 45 271 38 23 0-428

*Baseline (assessed in 1998).

tSample size at enrolment: control group, n 206; intervention group, n 214.
}Sample size at second follow-up: control group, n 201; intervention group, n 211.
§Sample size at third follow-up: control group, n 195; intervention group, n 209.
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Table 2 Effects of the nutrition counselling intervention on total intelligence quotient (1Q), IQ subtests, mental disorders, school failure,
smoking and alcohol use in the intervention and control groups (n 339). Pelotas, Brazil, 2013

Control group

Intervention group

(n170) (n169)

Variable Mean or n SD or % Mean or n SD or % Crude P value Adjusted P value*
1Q (total), mean and sp 95-8 11.2 934 11-4 0-047 0-362
1Q subtestst, mean and sp

Picture Completion 92 2-8 87 2.7 0-135 0-331

Coding 10-1 23 10-0 21 0-446 0-654

Similarities 92 23 85 2:2 0-006 0-054

Arithmetic 91 1-9 9.0 22 0-655 0-816
Mental disorderst, nand %

Any mental disorders 40 235 40 231 0-929 0.927

Any internalizing disorder 33 194 35 202 0-849 0-897

Any externalizing disorder 5 29 11 64 0-153 0-090
School failure, n and % 123 724 114 67-5 0-326 0-216
Smoking, n and % 13 77 16 95 0-549 0-477
Alcohol use, nand % 118 69-4 129 76-3 0-152 0-131

*Adjusted for the baseline variables: maternal schooling in years and child weight-for-age Z-score, height-for-age Z-score and weight-for-height Z-score.
tAssessed using the short form of the Wechsler Adult Intelligence Scale (WAIS-III)"®,
$Evaluated using the Development and Well-Being Assessment (DAWBA) questionnaire@".

that, despite paired randomisation, children from the inter-
vention group had lower family income, social class and
maternal schooling”. The main reasons for the failure of an
intervention include the inadequacy of its contents to the
needs of the target population, the non-adherence of the
participants and failures in the delivery of the intervention.
Considering that the intervention content was based on
previous studies carried out with the infant population at the
same city, that the acceptability, feasibility and affordability of
the intervention were previously tested in household
trials'®, and that the delivery of the intervention was
formally evaluated through observation of thirteen
consultations of the physicians in both groups, we have
no reasons to suspect that the intervention had not been
consistently administered®'?. Additionally, the lack of effect
of the intervention on the adolescent mental health, school
failure and unhealthy behaviours gives consistence to the
finding of no effect on 1Q.

Our finding is in line with the results of a randomised
controlled trial conducted with undernourished children
in Jamaica®72627
supplementation and psychosocial stimulation on mental
development. At age 17-18 years, there were long-standing
benefits of childhood psychosocial —stimulation on
cognition””, educational achievement®” and psychological
functioning®. Nevertheless, no effect of nutritional interven-
tion on mental development was found*”. Additionally, six
out of nine systematic reviews and meta-analysis that
evaluated the effects of fatty acids'##*3? pe133132 op
Zn®*3 supplementation during childhood reported small
positive effects on cognition. In sum, the positive effects on
cognition were detected among those children with nutritional
deficits"**'%? or under 5 years of age"**”, suggesting no
long-term effects of nutritional interventions on cognition.

The association between adequate nutrition during the
early formative years and child development has been

to evaluate the effect of nutrition
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shown in previous studies®®” but the causal pathway

between child development and cognition is not completely
understood®®. Randomised controlled trials have been
conducted in several countries to assess the effects of
supplementation on
cognition and mental health throughout the life cycle. Three
meta-analyses and two systematic reviews on this subject
have been published'*3#3%39 Jiao et al. investigated the
effect of -3 PUFA supplementation on cognition in children
and adults. The results suggested a positive effect of
supplementation in children under 2 years of age, although
the estimated effect size was small and no effect of the
intervention was seen in older children*. Two other meta-
analyses with the same purpose did not find any evidence
for an effect of fatty acid supplementation on cognitive
development in children up to 12 years old®**”. Hermoso
et al"™® conducted a systematic review of fourteen studies
to assess the effects of Fe on cognitive development in
children and adolescents aged 6 months to 18 years, which
suggested a small positive effect of Fe supplementation on
cognition in anaemic infants. In a meta-analysis of seven
randomised trials that evaluated Fe supplementation in
pregnant women or children (aged 0-9 months) and its
effects on cognition in childhood, Szajewska et al®” failed
to yield any evidence of the intervention on mental devel-
opment. There are considerable limitations in the studies
that comprised those systematic reviews and meta-analyses,
including the small sample size of most trials®”, poor
methodological quality®3®, failure to account properly for
dropouts and failure to describe adequate safeguards to

ensure allocation concealment and blinding#?**®, and

high attrition rate (up to 86%)°”; moreover, few trials
conducted intention-to-treat analyses and many of the trials
carried out multiple comparisons on small samples,
increasing the odds of type I error®”. Although the data

included in these systematic reviews and meta-analyses

micronutrient and macronutrient


https://doi.org/10.1017/S1368980017000751

2040

cannot be seen with a high degree of confidence, those trials
classified as having low risk of bias did not find evidence of
effect on cognition!3%3%,

A systematic review conducted by Leung ef al. included
eighteen trials which evaluated the effects of multiple-
micronutrient  supplementation during pregnancy on
cognitive, psychomotor, visual, auditory and behavioural
development in children (aged 2-9 months) and adoles-
cents"®. That review did not find any conclusive evidence
that micronutrient supplementation during pregnancy
improves child development during childhood and
adolescence. Eilander et al. conducted a systematic review
of twenty studies, with a total sample size of 4303
children and adolescents, designed to assess the effects of
multiple-micronutrient dietary interventions on cognitive
development between the ages of 5 and 16 years“”. No
differences in cognitive development were found between
the intervention and control groups.

The advantages of the current study include the use of
a randomised controlled design, which was appropriate
to evaluate the efficacy of the intervention, and the low
percentage of losses and refusals (20%), especially
considering the long follow-up period, thus reducing the
chance of differential bias in the sample. The instrument
used to assess intelligence in the study is widely recognised
and used internationally'”’. Trained investigators, who were
supervised at every step of the trial, carried out all follow-up
procedures.

Limitations of the present study include the fact that,
despite randomisation, between-group differences were
observed at baseline. However, these differences were
taken into account in the present analysis. As the study
was underpowered to detect differences between groups,
we cannot rule out type II error (false negative), i.e.
whether a true difference between groups exists. Pelotas
is a medium-sized city in Brazil with several unique
economic and cultural characteristics compared with
other Brazilian cities and other countries. Thus, our find-
ings may not be generalisable to different socio-economic
backgrounds or settings where anaemia is common
among children. In these scenarios the intervention
could have had a positive impact on child cognition and
development as shown in previous studies*>*®. Also,
although we used one of the best intelligence and mental
health questionnaires available, we did not measure
other developmental outcomes, nor did we employ other
intelligence tests that might have been able to detect
differences between groups. Finally, considering the
long time gap between the first and the final follow-up, it
is not possible to know if the differences in changed
dietary habits between those who did and did not receive
the intervention remained at the same level; consequently,
our results may not specifically reflect the lack of
relationship between nutrition and intelligence but instead
may reflect the failure of the intervention to change
long-term dietary habits.
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Conclusions

In this sample, a nutrition counselling intervention in early
childhood had no effect on intelligence as measured
during adolescence.
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