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Abstract 200 million pre-school age children are
not developing properly. Delays in child development are associated with multiple factors. This
study aims to analyze if vitamin A supplementation is associated with improved development
and how this effect could be mediated by nutritional status. Population-based study surveyed a
representative sample of 8000 households, 1232
children 0-35 months, in the state of Ceará, Brazil. The variables analysed included child developmental status, nutritional determinants and
confounding factors. The main effects and interactions were evaluated using Cox regressive models. Vitamin A supplementation showed protective
effect to delay in cognitive and motor development
modified by interaction with nutritional status.
While well-nourished supplemented children presented a 67% lower risk of cognitive delay (adjusted PRR = 0·33 [0·21–0·53]), stunted children had
no benefit from supplementation (adjusted PRR
= 0·97 [0·39–2·40]). Vitamin A supplementation
has a protective effect on child development, but
not in stunted children. This suggests that supplementation is effective in promoting child development, especially if associated to a joint effort to
improve the nutritional status of children, given
the importance of this mediator.
Key words Vitamin A, Malnutrition, Child development, Nutrition policy

Resumo Duzentos milhões de crianças em idade
pré-escolar não estão se desenvolvendo adequadamente. Os atrasos no desenvolvimento estão associados a múltiplos fatores. Este estudo pretende
analisar se a suplementação de vitamina A está
associada a melhor desenvolvimento e a forma
como esse efeito pode ser mediado pelo estado nutricional. Estudo de base populacional com amostra de 8.000 famílias, 1.232 crianças 0-35 meses,
no estado do Ceará, Brasil. As variáveis analisadas incluíram desenvolvimento, determinantes
nutricionais e fatores de confusão. Os efeitos e as
interações foram avaliados utilizando modelos regressivos de Cox. A suplementação de vitamina A
foi protetora para atraso no desenvolvimento cognitivo e motor modificado pela interação com o
estado nutricional. Crianças suplementadas bem
nutridas apresentaram um risco 67% menor de
atraso cognitivo (PRR ajustado = 0 33 [0 21-0
53]), já as crianças desnutridas não se beneficiaram (PRR ajustado = 0 97 [0 39-2 40]). A suplementação tem um efeito protetor sobre o desenvolvimento, mas não em crianças desnutridas. Isso
sugere que a suplementação é eficaz na promoção
do desenvolvimento, especialmente se associada a
um esforço para melhorar o estado nutricional infantil, dada a importância desse mediador.
Palavras-chave Vitamina A, Desnutrição, Desenvolvimento infantil, Política de nutrição
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Introduction
It is estimated that, worldwide, over 200 million pre-school age children are not developing
properly1. Although there are few population
estimates of child developmental delay, it is believed that the vast majority of cases occur in
developing countries2,3. In low- and middle-income countries 36.8% of children aged from 3 to
4 years performed poorly in development tests4.
Children who do not reach their full development do not achieve adequate learning, behavior,
and mental and physical wellbeing; display poorer performance at school; and earn lower wages
as adults. This perpetuates a cycle of poverty and
continuously impaired human development5,6.
Delays in child development are associated
with nutritional, socioeconomic and family environment related factors, such as maternal depression7, maternal work8 , exposure to violence,
and others1. Of the recognized contributing factors, child undernutrition and micronutrient deficiency9 are often cited as the most important,
and the specific deleterious effect of malnutrition
on child development has broad scientific confirmation10-13. The effect of micro-nutrients, such as
folic acid, iron, iodine, and vitamin A have been
investigated in several studies14, with clear relationships directly observed for iron15 and iodine
deficiency16.
Regarding vitamin A, few studies so far have
yielded conclusive results. Supplementation at
birth has tended to show a small positive effect
on child development at three years of age17;
however this effect was not statistically significant, and when vitamin A was administered to
very low birth weight babies, no effect was observed18. In animal models, it was found that the
use of megadoses of vitamin A can lead to brain
damage19,20, injury to motor functions21, and
modulation of immunity22 (effects associated
with increased oxidative stress19-21,23,24). In other
studies, vitamin A supplementation has reduced
morbidity and mortality in populations with a
high prevalence of malnutrition22,25.
Therefore, this study aims first, to analyze if
vitamin A megadose supplementation is associated with improved child development, and second, to consider how this possible effect could be
mediated by nutritional factors at a population
level in the impoverished Ceará, in the northeastern region of Brazil. Ceará hosts the world’s
largest population living under semi-arid climatic conditions.

Methods
Study type and population
This population-based cross-sectional study
surveyed a representative sample of households
in the state of Ceará, Northeast Brazil, collecting
socioeconomic, health, and nutritional data on
families, women at reproductive age, and preschool aged children aged 0-35 months, in 2007.
Study site
Ceará is one of the poorest states in Brazil,
with its whole 145 000 km2 territory situated
within the vast semi-arid northeastern region of
Brazil, and a population of 8·5 million. The main
industries are commerce and tourism in the capital, Fortaleza (2·3 million inhabitants) and subsistence agriculture in the countryside, an area
with recurrent periods of drought.
Study sample
We used cluster sampling with stratification
between the capital Fortaleza and the rural municipalities. The sample size was calculated as
8000 households (after multiplication by a correction factor equal to two, covering the design
effect of cluster sampling, plus a 10% increase to
compensate for losses). These households were
estimated to comprise about 35 000 people, with
11 000 women aged 1249 years, and 1500 children under 3 years old. To ensure accurate representation of the study population, we selected
municipalities and households randomly, following a process of multistage sampling. In each rural municipality ten geographical areas were randomly selected, allowing representation of even
the most remote areas. More details about the
sampling methodology can be found elsewhere26.
Study variables
The variables analysed included child developmental status (the study’s focus), potential
nutritional determinants, and confounding factors. The main variables of interest are described
below:
Child development: To detect suspected cases of cognitive and motor development delay in
children, we used a simplified scale for developmental surveillance of children 0 to 3 years of age.
This scale was developed by the Brazilian Ministry of Health for use by primary care health pro-
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Table 1. Parameters of child development (CD) and age
groups evaluated.
Expected age
Age group
group for
CD
CD
considered
Components Milestones reaching the
as delayed
milestone
Cognitive
Speak at
15 to 18
18 to 24
least 3
months
months
words1
Speak a
24 to 30
28 to 35
simple
months
months
sentence2
9 to 12
12 to 17
Motor
Stand up
months
months
without
support
1 2 the 18
18 to 23
Walk
months
months
without
support
1
Excluding names of family members and pets; 2 Combining at
least two words in a phrase indicating action.

Birth weight: Information was obtained from
the child’s health chart, and, when this was unavailable, from the mothers.
Breastfeeding: This was recorded as a binary
variable, differentiating between children who
were breastfed for any length of time and children who never received breast milk.
Child weighing: Whether there was any record
of the child’s weight plotted on a growth chart in
the previous 3 months.
The variables considered as potential confounding factors were: child age and sex, family
characteristics (including per capita monthly income, urban or rural home location, participation in cash transfer programs, level of schooling
of the head of the family, and whether the father
was living at home), availability of tap water and
toilet facilities at home, and maternal features
(level of education and nutritional status).
Data collection
Information was collected from September
2007 to February 2008 using three questionnaires
on households, mothers, and children, administered by 25 interviewers/evaluators with graduate level qualifications. The child development
assessment was conducted by the evaluators, who
were properly trained in the application of the
simplified child development scale, as developed
by the Ministry of Health. Weight of mothers
and their children were measured using portable electronic scales, Tanita® type, with a capacity of 150 kg and 0·1 kg calibration. Height was
measured with a portable scale with a range of
30–110 cm, with a precision of 1 mm. Children <
24 months were measured horizontally and those
24–35 months in a standing position.
Data processing and analysis
Data were entered twice using EpiInfo 2000
(WHO/CDC), and analysed using Statistical
Package for the Social Sciences 17·0 (Chicago, IL,
USA), with the Anthro program (Centers for Disease Control and Prevention, Atlanta, GA, USA)
used to analyse the anthropometric data.
Analysis included three main steps:
1: Describe and identify the main nutritional
effects on child development. The initial analysis
involved tabulating the frequency distributions
of all selected variables. The prevalence rate ratio
(PRR) was estimated, equivalent to the ratio of
cumulative incidence in cohort studies. To analyse
the impact of nutritional status on cognitive and
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fessionals as a screening instrument27. Children
were evaluated as either achieving or not achieving selected cognitive and motor milestones by
certain ages (Table 1). The upper limit of each
age group evaluated was determined by the presence of just a residual number of children who
had not yet reached the milestone (cases above 3
standard deviations of the mean in a distribution
curve). Using this method, we found prevalence
rates similar to expected in the literature4.
Vitamin A supplementation: Information on
vitamin A supplementation was provided by the
mother, with a recall period of 12 months prior
to the interview. The child was considered to be
supplemented with vitamin A if he/she received
at least one dose of 100 000 units during the period. In Brazil, children from 0 to 5 years receive
vitamin A supplementation annually, both during vaccination campaigns and as a part of routine primary care services.
Nutritional Status: To assess children’s nutritional status, three anthropometric indicators
were used: weight-for-age (W/A), height-for-age
(H/A) and weight-for-height (W/H). These were
compared with the standards of the US National
Center for Health Statistics, according to WHO
recommendations. Deficits found were classified
as follows: undernutrition, W/A < −2 Standard
Deviation (SD); stunting, H/A < −2 SD; and
wasting, W/H < −2 SD.
Food insecurity: This outcome was measured
from the question that assessed food availability
in the family, both in quantitative and qualitative
terms.
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motor development of children, models were
constructed using Cox Hazard Regression with
punctual time and robust variance in single and
multiple approaches. Assuming a constant period
of risk, the Cox model can be adapted to estimate
PR in cross-sectional studies, and in these studies
this measure seems to produce better estimates of
risk than the Odds Ratio28.
2: Identify possible interactions between nutritional effects, regardless of significant association.
To test possible interactions between the factors,
tests of maximum likelihood ratios by stratified
analysis were first used. To access the interaction
between the multiplicative main effect and other
determinants, multiple Cox regression models
were constructed with factorial analysis, in which
the tested determinant, the main effect, and the
multiplicative interaction term were present. We
have presented data only on significant interactions (p < 0·10).
3: Subgroup analysis for interacting factors.
When effect modification was identified we performed analyses of subgroups according to the
variable modifier. The variables with p < 0·10 in
the simple analysis models were evaluated as potential confounders via hierarchised multivariate
stratified analysis, and also with Cox regression.
The association of independent variables was expressed as a prevalence rate with 95% confidence
intervals.
Ethical
All surveys were approved by the ethics committee of the institutions involved, the Brazilian
Ministry of Health, the Ceará State Secretariat of
Health and the Federal University of Ceará. All
participants signed an informed consent form
before entering the study.

Results
In 7890 households surveyed, a total of 1232 children in the age range 0-35 months were found. Of
these children, 446 (36·2%) in the 18–35-month
age group had their cognitive development evaluated. We found that 104 (22·2%) of them were
suspected of a delay in the ability to speak (because they still could not speak three words, or
could not articulate a simple sentence). Regarding motor development, 294 children (23·9%)
aged 12 to 23 months were evaluated, with 46
(15·6%) presenting suspected motor delay (they
were not able to stand up or could not walk a few

steps without support). As a whole, 6·8% of children presented both forms of delay, 23.4% one
form or the other, and 69·7% presented no delay.
Table 2 shows the adjusted effects of selected
nutritional factors on child development. Supplementation with vitamin A showed a strong
protective effect: it was inversely associated with
the three forms of delay studied. Children supplemented showed 53% lower probability of
cognitive delay (p < 0·001), 48% lower probability of motor delay (p = 0·023) and 44% lower
probability of combined cognitive–motor delay
(p = 0·002), compared with children not supplemented. Chronic malnutrition was strongly associated with motor development, as stunted children presented 2·2 times greater risk of delay (p
= 0·013) in comparison with children who were
not stunted. Regarding cognitive delay, chronic
malnutrition showed significant association in
the bivariate analysis, and but this significance
was not maintained in the adjusted analysis (p
= 0·090). Breastfeeding was strongly associated
with successful motor development: children
who never received breast milk had a 2·9 times
higher occurrence of delays in motor development compared with children who had been
breastfed (p < 0·001).
Food security, although significantly associated with cognitive delay in the bivariate analysis,
did not remain significant in the adjusted analysis.
Other nutritional factors analysed (such as
birth weight, growth monitoring and acute malnutrition) showed no association with cognitive
or motor development, both in crude and adjusted analysis (Table 2).
Because of the magnitude and consistency
of the association between vitamin A supplementation and reduced likelihood of delay in
child development, the identification of possible
effect modifiers of this association using regressive models with multiplicative interaction terms
was performed. A strong statistically significant
interaction between chronic malnutrition and
vitamin A supplementation was found, yielding
values of p < 0·015 for cognitive delay, p < 0·020
for motor delay, and < p 0·017 for cognitive-motor delay. Through analysis of the prevalence
rate in each group of interaction possible using
stratified analysis for cross-categories of these determinants, it was observed that the relationship
between Vitamin A megadose supplementation
and chronic malnutrition was antagonistic and
determinant for all three forms of developmental delay (motor, cognitive, motor and cognitive),

Motor Development
Cognitive-motor Development
Adjusted1
Prevalence of
Prevalence
Children in
Children in
delay
of delay
sample
sample
Prevalence Rate
N (%)
N (%)
N (%)
N (%)
Ratio (95% CI)
p = 0.062
p = 0.778
p = 0.571
43 (7.9)
7 (16.3)
1.13 (0.46-2.76)
43 (7.9)
15 (34.9)
502 (92.1)
46 (9.2)
498 (92.1)
149 (29.9)
p = 0.001
p<0.001
p = 0.792
342 (64.0)
20 (5.8)
2.90 (1.61-5.22)
192 (36.2)
100 (29.6)
192 (36.0)
30 (15.6)
338 (63.8)
61 (31.8)
p = 0.237
p = 0.441
p = 0.119
262 (91.6)
39 (14.9)
1.40 (0.59-3.33)
447 (80.0)
128 (28.6)
24 (8.4)
6 (25.0)
85 (20.0)
33 (38.8)
p = 0.285
p = 0.755
p = 0.017
196 (67.8)
26 (13.2)
0.90 (0.49-1.66)
353 (65.9)
93 (26.3)
93 (32.2)
20 (10.2)
183 (34.1)
70 (38.5)
p = 0.015
p = 0.547
p = 0.396
25 (9.1)
12 (26.7)
0.81 (0.41-1.59)
92 (16.9)
32 (34.8)
249 (90.9)
34 (13.7)
452 (83.1)
133 (29.4)
p = 0.078
p = 0.013
p = 0.001
48 (16.3)
12 (25.0)
2.22 (1.18-4.17)
80 (14.7)
39 (48.8)
246 (83.7)
34 (13.8)
464 (85.3)
126 (27.2)
p = 0.008
p = 0.023
p<0.001
210 (73.4)
25 (11.9)
0.52 (0.29-0.95)
404 (76.5)
100 (24.8)
76 (26.6)
20 (26.3)
124 (23.5)
62 (50.0)

p = 0.002
0.56 (0.39-0.81)

p = 0.012
1.68 (1.12-2.52)

p = 0.351
1.25 (0.77-2.04)

p = 0.190
1.27 (0.88-1.84)

p = 0.373
0.82 (0.54-1.26)

p = 0.462
1.14 (0.80-1.63)

Adjusted1
Prevalence Rate
Ratio (95% CI)
p = 0.768
1.09 (0.59-2.04)
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1
Adjusted for each other, plus the following variables: family’s size, head of household’s schooling, urban/rural setting, source of drinking water, sewage system, alcoholism at home, attended by Family Health Program, per
capita family income, family in cash transfer program; mother’s age group, schooling, work out of home and nutritional status; and child’s age, sex and day care attendance. 2 Children with score of < −1 z for weight for
age. 3 Children with score of < −2 z for height for age.

Birth weight
<2.500g
≥2.500g
Breastfeeding status
Breastfed
Never breastfed
Child weighing past 3 mo.
Weighed
Not weighed
Food insecurity at home
Enough, adequate or not
Not enough
Wasting2
Wasted
Not wasted
Stunting3
Stunted
Not stunted
Vitamin A supplementation
Yes
No

Factors

Cognitive Development
Adjusted1
Prevalence of
Children in
delay
Prevalence Rate
sample
N (%)
Ratio (95% CI)
N (%)
p = 0.676
p = 0.522
48 (8.3)
14 (29.2)
1.22 (0.65-2.27)
531 (91.7)
135 (25.4)
p = 0.792
p = 0.754
363 (64.0)
95 (26.2)
1.06 (0.72-1.54)
204 (36.0)
51 (25.0)
p = 0.078
p = 0.328
375 (76.4)
76 (20.3)
0.80 (0.52-1.23)
86 (17.5)
26 (30.2)
p = 0.018
p = 0.110
300 (65.1)
56 (18.7)
1.35 (0.93-1.94)
161 (34.9)
46 (28.6)
p = 0.561
p = 0.337
86 (18.3)
20 (23.3)
1.28 (0.77-2.13)
383 (83.1)
84 (21.9)
p = 0.024
p = 0.090
67 (14.3)
23 (34.3)
1.46 (0.94 -2.25)
402 (87.7)
81 (21.1)
p<0.01
p<0.001
353 (77.4)
61 (17.3)
0.47 (0.32-0.68)
103 (22.6)
42 (40.8)

Table 2. Adjusted effects of selected nutritional factors on the delay in child’s cognitive, motor and cognitive-motor development. State of Ceará, Northeastern Brazil, 2007.
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with the highest numerical relevance to cognitive
delay. In this category, the difference between observed and expected prevalence rate was almost
seven-fold. The expected prevalence rate for cognitive and motor delays were 6·7 and 1·6 times
larger than those observed, respectively (Table 3
and Table 4).
It is apparent in Table 5 that non-stunted
children benefited significantly from supplementation with vitamin A, showing a reduction of
67% in the risk of cognitive delay (adjusted PRR
= 0·33; 95% CI 0·21–0·53; p < 0·001). However, children who were chronically malnourished
showed no significant benefit from supplementation with vitamin A (adjusted PRR = 0·97;
95% CI 0·39–2·40; p = 0·956). A similar result
was observed regarding motor development in
non-stunted children, with supplementation of
vitamin A reducing the risk of motor delay by
70% (adjusted PRR = 0·30; 95% CI 0·15–0·62; p
= 0·001). Vitamin A supplementation of stunted
children was not associated with an increase nor

decrease in the risk of motor delay (adjusted PRR
= 1·64; 95% CI 0·35–7·69; p = 0·525).
The effects of interaction between chronic
malnutrition and vitamin A supplementation
have also been observed in relation to combined
cognitive-motor development, with well-nourished children benefiting from protection, while
chronically malnourished children showed no
significant beneficial effect.
Finally, that the association between vitamin
A supplementation and delay in child development remained highly statistically significant in
the adjusted analysis, even after splitting of the
database into ‘malnourished’ and ‘not malnourished’ children, with no confounding factors being identified.

Discussion
This study presents two main findings. First, suggests that supplementation with vitamin A has

Table 3. Stratified analysis of the interaction between chronic malnutrition and vitamin A supplementation and its
effects on child cognitive, motor, and cognitive-motor development. State of Ceará, Northeastern Brazil, 2007.

Stunting
Absent
Absent
Present
Present

Stunting
Absent
Absent
Present
Present

Stunting
Absent
Absent
Present
Present
†

Delay in cognitive development:
Crude
Adjusted
AttribuNumber Number
Prevalence Prevalence Rate
Vitamin A
table Prevalence Ratio
of cases
of
Ratio
rate
supplementation
(95% CI)†
risk
children of delay
(95% CI)
Yes
309
46
14.9
1
0
1
No
83
35
42.2
2.83 (1.3-4.1)
27.3
4.91 (1.4-17.8)
Yes
44
15
34.1
2.29 (1.3-4.1)
19.2
3.29 (1.2-9.0)
No
20
7
35.0
2.35 (1.1-5.2)
20.1
2.39 (0.95-6.0)
Delay in motor development:
Crude
Adjusted
AttribuNumber Number
Prevalence Prevalence Rate
Vitamin A
table Prevalence Ratio
of cases
of
Ratio
rate
supplementation
(95% CI)†
risk
children of delay
(95% CI)
Yes
174
15
8.6
1
0
1
No
65
18
27.7
3.12 (1.6-6.4)
19.1
1.83 (0.41-8.1)
Yes
36
10
27.8
3.22 (1.4-7.2)
19.2
2.90 (1.3-6.6)
No
11
2
18.2
2.10 (0.48-9.2)
9.6
3.06 (1.5-6.1)
Delay in cognitive-motor development:
Crude
Adjusted
AttribuNumber Number
Prevalence Prevalence Rate
Vitamin A
table Prevalence Ratio
of cases
of
Ratio
rate
supplementation
(95% CI)†
risk
children of delay
(95% CI)
Yes
349
74
21.2
1
0
1
No
101
50
49.5
2.33 (1.6-3.3)
28.3
2.42 (1.1-4.5)
Yes
54
26
48.1
2.27 (1.5-3.6)
26.9
2.07 (1.3-3.5)
No
23
12
52.2
2.46 (1.3-4.5)
31.0
2.17 (1.5-3.1)

Adjusted for per capita monthly family income, child age and sex.
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Cognitive development delay:
Stunted
Not stunted
Not supplemented
35.0/2.39
42.2/4.91
Supplemented
34.1/3.29
14.9/1
Contrast of multiplicative interaction: expected: 16.15
Found 2.39 (causal antagonism)
Multiplicative interaction significance test: value of p <
0.015

Motor development delay:
Stunted
Not stunted
Not supplemented
18.2/3.06
27.7/1.83
Supplemented
27.8/2.90
8.6/1
Contrast of multiplicative interaction: expected: 5.03
Found 3.06 (causal antagonism)
Multiplicative interaction significance test: < p value
0.020

Cognitive-motor development delay:
Stunted
Not stunted
Not supplemented
52.2/2.17
49.5/2.42
Supplemented
48.1/2.07
21.2/1
Contrast of multiplicative interaction: expected: 5•00
Found 2.17 (causal antagonism)
Multiplicative interaction significance test (COX
regression): p-value < 0.017
†
Adjusted to family monthly income per capita, child age and
sex

a protective effect against child developmental
delay on a large scale. Second, suggest that this
effect is selective, benefiting only those children
who do not have chronic malnutrition. These
findings are of great importance to public health.
If confirmed, they may be formative in redirecting the strategy of nutritional programs worldwide, screening all children supplementation for
malnutrition, for example25.
This is possibly the first study to suggest a
positive association between vitamin A supplementation and child development at the population level, as a comprehensive search of available
literature revealed only two studies that evaluated the effects of vitamin A on child development.
The first study, a trial carried out in Indonesia,
assessed the effect of vitamin A supplemented at
birth on child development, and found a small
beneficial effect at the age of 3 years17. The second, conducted in the United States, studied the
effects of neonatal vitamin A supplementation
on very low birth weight babies, and found no
positive effects29.
The positive effect of vitamin A supplementation found here proved to be of considerable
benefit, but excluded a large group of very vulnerable children: the chronically malnourished.
Supporting this result, laboratory studies in
animal models have consistently shown that

Table 5. Adjusted prevalence rate ratio of cognitive and motor development delay in children supplemented and
not supplemented with vitamin A, according to nutritional status†. State of Ceará, 2007.
Nutritional Status

Supplementation with
vitamin A

Cognitive development delay1:
Without Stunting:
Supplemented
Not supplemented
With Stunting:
Supplemented
Not supplemented
2
Motor development delay :
Without Stunting:
Supplemented
Not supplemented
With Stunting:
Supplemented
Not supplemented
Cognitive-motor development delay3:
Without Stunting:
Supplemented
Not supplemented
With Stunting:
Supplemented
Not supplemented

Crude Prevalence Adjusted Prevalence
Rate Ratio
Rate Ratio
(95% confidence
(95% confidence
interval)
interval)

Value of p

0.35 (0.22-0.54)
1
0.97 (0.39-2.38)
1

0.33 (0.21-0.53)
1
0.97 (0.39 -2.40)
1

< 0.001

0.31 (0.15-0.61)
1
1.52 (0.33-6.97)
1

0.30 (0.15-0.62)
1
1.64 (0.35 -7.69)
1

0.001

0.42 (0.29-0.61)
1
0.92 (0.46-1.82)
1

0.43 (0.30-0.63)
1
0.87 (0.43 -1.74)
1

0.956

0.525

< 0.001
0.704

†
Index of Height for Age (H/A): z score < −2 D.P. 1 Adjusted for: food insecurity and weighed child in prior 3 months; 2 Adjusted
for: drug user in the family, place of residence, source of drinking water, maternal work and birth weight; 3 Adjusted for: drug user
in the family, daycare attendance and weighed child in 3 months prior.
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Table 4. Interaction analysis between stunting and
vitamin A supplementation for children’s cognitive,
motor, and cognitive-motor development delay,
expressed in prevalence rate/ratio of adjusted
prevalence†.
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supplementation with megadose supplements
of vitamin A may cause brain, mitochondrial,
pulmonary, and muscular damage, resulting in
functional impairment. This effect is due to the
increased oxidative stress that occurs because of
reduction in the organic capacity for decreasing free radicals19-21,23,24. Chronic malnutrition
(which involves repeated periods of insufficient
calorific intake) also generates a state of oxidative
stress, as has been demonstrated in laboratory animals30. In children, the effect of oxidative stress
mediated by fasting is also seen as a factor contributing to developmental retardation10-13. This
phenomenon is known as the nutritional stress
hypothesis31. Vitamin A also has an important
role in the modulation of immunity. Mice with
vitamin A deficiency present defects in the activity of their immune cells, in addition to various
effects on their immunoglobulins32. Also, stunted
children have a higher risk of infections, that may
also lead to developmental impairment33.
Vitamin A supplementation programs have
been achieved on a global scale in the last 20
years, but instead of being a clearly defined beneficial intervention in health promotion, questions
have been raised regarding the validity of the intervention. In 2013, the importance of vitamin A
in reducing infant mortality was brought under
additional scrutiny by the findings of the DEVTA
study34. Carried out in India, this was the largest
cluster-randomized trial ever done regarding vitamin A supplementation programs. It found a
non-significant mortality rate reduction of 4%,
(95% CI 0·89–1·03, p = 0·22), with no specific
causes of mortality averted. Other evaluations of
the effectiveness of supplementation have found
contradictory results, depending largely on the
presence of confounding conditions22,25. This can
be attributed to the immunity modulator effect,
or to subgroup effects of vitamin A (known as
non-specific effects)35.
This study is one of the few initiatives to
measure delay in child development as an epidemiological outcome. Although outcomes measured in the field are less accurate than outcomes
measured in a clinical environment, this inaccuracy is offset with additional value in being comprehensive, as well as representative of real-world
conditions.
The high prevalence (30·3%) of suspected
cognitive–motor delay in children aged 12 to 35
months observed in this study are consistent with
those found in a study in the wealthy southern
region of Brazil, where 34% of children aged up
to 12 months were suspected of developmental
delay according to the Denver II screening test36.

Although overestimation is possible in our method to access development, this would suggest that
the screening test used in this study is highly sensitive, and suitable for community screening of
children with suspected delays (to be referred to
higher level of care for diagnostic confirmation).
Chronic malnutrition presents serious repercussions for health and productivity9. In northeastern Brazil, chronic malnutrition is highly
prevalent, affecting 12% of children under 3 years
of age (a rate three times higher than is registered
for acute malnutrition)37. A similar situation can
be found in many other countries of the developing world, where rates of stunting range from 10
to 20%1. Thus, considering the high prevalence
of child chronic malnutrition, any indication
that it is responsible for new deleterious effects to
child health is of great concern.
Limitations
The fact that only about 30% of children have
their cognitive and motor development evaluated reduced the statistical power of the sample
and decreased the number of variables that could
be included in the regression model. Cross-sectional studies do not allow to evaluate causality
directly, and the factors found are only possible
determinants. A simplification of the evaluation
of the motor and cognitive development of children was necessary, but this is consistent with
findings in other similar places.

Conclusions
Vitamin A supplementation undoubtedly has
potential to benefit children’s health. Nevertheless, the non-specific effects of supplementation
(with different effects in subgroups as well as a
possible effect of modulating the immune system
though oxidative effects) must be considered. If
the findings of this study are confirmed by longitudinal cohorts or community trials the suggested intervention would be to provide stunted
children with more than vitamin A supplements,
as this alone could present an increased risk to
their development. The fact that stunting is an
easily identified condition favours the implementation of interventions aimed at this group
of children. In this study, we found a protective
effect of vitamin A on child development, but
only in well-nourished children. This suggests
that supplementation is worthwhile and should
be continued, in a joint effort to improve the nutritional status of children.
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Collaborations
The vitamin A supplementation has an overall positive effect on child development.
The vitamin A supplementation has a
non-specific effect on child development in
stunted children.
The non-specific effects of supplementation
with vitamin A should be considered.

LL Correia, HAL Rocha, AC Silva, JS Campos,
DMI Silveira, MMT Machado, AJM Leite, AJLA
Cunha have made substancial contributions to
study conception and design and have made also
substancial contributions to analysis and interpretation of data, as well as drafting the article
and revising it critically for important intellectual content.
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