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Abstract

Impaired childhood development has lifelong consequences for educational attainment and wage-earning potential.
Micronutrient supplements have the potential to improve development. The objective of this studywas to determine
the effect of daily zinc and/or multivitamin (vitamins C, E and B-complex) supplements on development among
Tanzanian infants. In this randomized, 2 × 2 factorial, double-blind trial, 2400 infants were randomized to zinc
(Zn), multivitamins (MV), zinc and multivitamins (Zn+MV) or placebo at 6weeks of age. At approximately
15months, a sub-sample of 247 children underwent developmental assessment using the cognitive, language (recep-
tive and expressive) and motor (fine and gross) scales of the Bayley Scales of Infant and Toddler Development
Third Edition (BSID-III). Mean BSID-III scores were compared using univariate andmultivariate linear regression
models adjusted for child’s sex, post-conceptual age and test administrator. Logistic regressions were used to assess
odds of low developmental scores. We did not detect a significant difference in mean BSID-III scores in any of the
five domains in univariate or multivariate models comparing each of the four treatment groups. We also did not
detect a significant difference in mean BSID-III scores when comparing children who received zinc supplements
versus those who did not, or in comparisons of children who received multivitamin supplements versus those who
did not. There was no significant difference in odds of a low BSID-III score in any of the five domains in treatment
arms either. Because neither daily zinc nor multivitamin (vitamins B-complex, C and E) supplementation led to
improvements in any of the developmental domains assessed using the BSID-III, we recommend pursuing alternative
interventions to promote early childhood development in vulnerable populations. © 2016 John Wiley & Sons Ltd

Correspondence: Christopher P. Duggan, Center for Nutrition, Division of Gastroenterology, Hepatology and Nutrition, Boston Children’s
Hospital, 333 Longwood Ave., Boston, MA 02115, USA; E-mail: christopher.duggan@childrens.harvard.edu

Abbreviations: AI, = adequate intake; BSID-III, = Bayley Scales of
Infant and Toddler Development Third Edition; ECD, = early childhood
development; IU, = international units; MV, =multivitamins; RDA, = rec-
ommended dietary allowance; WHO, =World Health Organisation;
Zn, = Zinc; Zn +MV, = zinc and multivitamin.

Introduction

Each year, an estimated 200 million children under age
5 years fail to fulfil their developmental potential

(Grantham-McGregor et al., 2007). Poverty, malnu-
trition, exposure to pollutants, poor health and
unstimulating home environments interact to adversely
affect their cognitive, motor and social–emotional
development. The first few years of life are particularly
important for brain development becausemodest detri-
mental effects on developmental processes can have
life-long effects on the brain’s structure and capacity
(Shonkoff & Phillips, 2000). Several studies from
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developed and developing countries indicate that cog-
nitive and social–emotional development in the first
few years of life are strong predictors of school progress
(Grantham-McGregor et al., 2007; Stith et al., 2003;
Gorman & Pollitt, 1996; Liddell & Rae, 2001; Currie
& Thomas, 2012; Feinstein, 2003). Children who suffer
from developmental delays are likely to become less
productive adults because of both fewer years of
schooling and reduced learning per year of school
(Grantham-McGregor et al., 2007). The economic costs
for the individuals, communities and countries are
staggering when one considers that, globally, each year
of additional schooling is associated with an average
increase in wages of 9.7% (Psacharopoulos, 2004).

Micronutrient deficiencies are among the most wide-
spread risk factors for poor child development, despite
the fact that they are readily preventable (Bhutta et al.,
2008). Several researchers have documented the long-
lasting and detrimental effect of iron and iodine defi-
ciencies on child development (Falkingham et al.,
2010; Grantham-McGregor & Ani, 2001; Stoltzfus,
2003; Zimmermann et al., 2006; Gordon et al., 2009).
More recently, interest in the role of additional
micronutrients in early childhood development
(ECD) has grown (Black, 2003; Walker et al., 2007);
however, the benefits of supplementation of different
nutrients and nutrient combinations have yet to be
clearly established.

Zinc is an essential mineral required for the synthesis
of over 100 enzymes involved in major metabolic
pathways includingDNA and protein synthesis and cell
division (Hotz & Brown, 2004; Gibson, 2006). Zinc de-
ficiencymay affect various aspects of cognitive develop-
ment including attention, activity, neuropsychological
behaviour and motor development, likely by inter-
fering with neurogenesis, neuronal migration,

synaptogenesis and neurotransmission (Bhatnagar
and Taneja, 2001, Sandstead et al., 2000). An estimated
17% of the world’s population is at risk of inadequate
zinc intake, while in sub-Saharan Africa and Tanzania
specifically, estimates indicate that over a quarter of
both populations have inadequate zinc intake
(Wessells, 2012). Children are at particular risk of zinc
deficiency because of their increased needs for growth
and development, as well as the poor quality of comple-
mentary foods, especially in sub-SaharanAfrica, where
households rely on staple grains for the majority of
their diet (Wessells, 2012). In Tanzania, the vast
majority of home-made weaning foods – primarily
composed of cassava, millet or sourghum porridges –
are particularly poor sources of bioavailable zinc and
other micronutrients (Mosha et al., 2000).

Several randomized controlled trials have been con-
ducted to assess the effect of zinc supplementation on
child development (Ashworth et al., 1998; Bentley
et al., 1997; Black et al., 2004a; Gardner et al., 2005;
Hamadani et al., 2001; Lind et al., 2004; Sazawal et al.,
1996; Castillo-Durán et al., 2001; Friel et al., 1993;
Sandstead et al., 1998; Cavan et al., 1993; Gibson et al.,
1989); however, none of these studies was conducted
among infants in sub-Saharan Africa, a population
which may have unique risk factors for zinc deficiency
and poor developmental outcomes due to the region’s
low bioavailability of zinc and other micronutrients in
common complementary foods, the high rates of
growth faltering and micronutrient deficiencies in
infants and children, poor maternal nutrition and edu-
cation, as well as the high burden of infectious diseases,
all of which are likely to impair ECD (Walker et al.
2011). Multiple micronutrient supplements have re-
cently gained significant attention as an intervention
because of their potential for improving efficiency in

Key messages

• An estimated 200 million children under age 5 years fail to fulfil their developmental potential each year. This high-
lights the importance of building an evidence base for interventions that can improve early childhood development.

• In this randomized, double-blind, placebo-controlled trial, we did not find a significant effect of zinc and/or multivita-
min supplements on early child development as assessed by the Bayley Scales of Infant and Toddler Development
Third Edition.

• Our findings highlight the importance of pursuing alternative strategies to promote early childhood development in
vulnerable populations, particularly those that integrate nutrition with responsive caretaking and stimulation.
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interventions and the fact that multiple deficiencies
often cluster in the same individuals and communities
(Black et al., 2013; Allen et al., 2009; Harrison, 2010).
Folate and vitamin B12 play an essential role in the de-
velopment of the central nervous system – insufficient
folate during pregnancy can lead to neural tube defects
(Black, 2008), and vitaminB12 plays an essential role in
the myelination of nerves, the establishment of a bal-
anced S-adenosylmethionine : S-adenosylhomocysteine
ratio and ratio of neurotrophic and neurotoxic cyto-
kines, as well as preventing the build-up of lactate in
brain cells (Dror&Allen, 2008).While vitamin B12 de-
ficiency may lead to developmental delays, the extent
to which supplementation of vitamin B12 and other B
-complex vitamins can affect the neurodevelopment of
children without clinically apparent deficiencies has
not been well assessed (Dror & Allen, 2008; Casella
et al., 2005; Chalouhi et al., 2008; Schneede et al., 1994;
Louwman et al., 2000). In addition to direct effects on
development of the central nervous system, deficiencies
in vitamins C, B12 and folate can also lead to anaemia.
Anaemia, lethargy and reduced stimulation could also
be associated with poorer developmental status
(Bhatnagar and Taneja, 2001, Black, 2003).

Our group has previously shown that supplementa-
tion of vitamins B-complex, C and E to HIV-positive
women during pregnancy and lactation improved devel-
opmental indices in their children at 6, 12 and 18months
(McGrath et al., 2006). In our current study, we evaluate
whether the samemicronutrient combination has similar
effects when provided directly to infants. Using a 2×2
factorial design, we assess the effect of zinc and/or a
high-dose multivitamin (vitamins B-complex, C and E)
supplementation initiated early in infancy and continued
for over a year, on the development of HIV-unexposed
children in Dar es Salaam, Tanzania.

Participants and methods

Children in this study were participants in a 2×2 facto-
rial, randomized, double-blind, placebo-controlled trial
in Dar es Salaam, Tanzania. Details of the trial have
previously been published (McDonald et al., 2015).
Briefly, the trial was designed to examine the effect
of daily administration of zinc and/or multivitamin

supplements on respiratory andgastrointestinalmorbidity
among children born to HIV-negative mothers. In all,
2400 singleton, live-birth infants born to HIV-negative
mothers were randomized at age 5–7weeks to receive
either daily zinc and multivitamin (Zn+MV) supple-
ments, Zn only, MV only or placebo for 18months.
Infants of multiple births and infants with congenital
abnormalities or other severe medical conditions were
excluded because their unique medical conditions could
interfere with the study results.

At baseline, infant anthropometry was assessed, and
a thorough clinical examination by a study physician
was conducted. The supplements were provided as
opaque capsules containing an orange-flavoured pow-
der manufactured by Nutriset (Malaunay, France).
Nutriset manufactured the nutrient supplements in a
good manufacturing practice (GMP) – certified phar-
maceutical laboratory and performed all required anal-
yses of the supplements to confirm nutrient content and
stability. Mothers were instructed to push the capsule
through the back of the blister pack, open the capsule
and empty the contents into a clean plastic cup, mix
with 5mL of sterile water and administer the solution
to the child orally. All four regimens were tested to
ensure theywere indistinguishable in appearance, smell
and taste. For infants receiving Zn, each capsule
contained 5mg of zinc sulfate. For infants in the MV
group, each capsule contained 60mg of vitamin C,
8mg of vitamin E, 0.5mg of vitamin B1, 0.6mg of vita-
min B2, 4mg of niacin, 0.6mg of B6, 130μg of folic acid
and 1μg of vitamin B12. From the time of randomiza-
tion until 6months of age, infants received one capsule
per day, representing between 150% and 600% of the
recommended dietary allowance (RDA) or adequate
intake (AI) for the different micronutrients for infants
in this age range. From 7months of age until the end
of follow-up, infants received two capsules per day
representing 150–400% of the RDA or AI for 7- to
15-month-olds. The dosage of the supplements was
selected in order to maximize the likelihood of seeing
an impact of supplementation (by providing doses sub-
stantially above the RDA), while also staying within a
limited range so as to be considered safe for young chil-
dren. At each monthly follow-up visit, trained study
nurses assessed regimen compliance by counting the
number of unconsumed capsules. Overall compliance
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was defined as the mean percentage of capsules a child
consumed over the number of capsules he/she should
have consumed between visits. At approximately
15months of age, a sub-sample of 247 children was se-
lected from a single research site (Magomeni Hospital)
due to training and space restrictions. We chose to
assess the children at 15months because this was near
the conclusion of the study and therefore allowed the
near maximum duration of supplementation.

The sub-sample underwent developmental assess-
ment using the cognitive, language (receptive and
expressive) and motor (fine and gross) scales of the
Bayley Scales of Infant andToddlerDevelopment Third
Edition (BSID-III) (Bayley, 2006). A Boston-based
child development specialist (DB) travelled to Dar es
Salaam to train nurses in the administration of BSID-
III. The BSID-III was performed in Kiswahili by one
of two trained study nurses in a quiet andwell-ventilated
room, with a parent or guardian present. Because acute
illness can impair children’s neurobehavioural perfor-
mance, the assessment was rescheduled if a child was
ill or febrile at the time of the visit. All investigators
and participants were blinded to treatment group.

Ethics

Ethical approval was granted by the Harvard TH Chan
School of Public Health Human Subjects Committee,
the Muhimbili University of Health and Allied Science
Committee of Research and Publications, the Tanzanian
Institute of Medical Research and the Tanzanian Food
and Drug Authority. A Data Safety Monitoring Board
(DSMB) also met twice annually over the course of the
study.

Statistical analysis

Power calculations for tests assessing a difference in
mean BSID-III scores for infants who received multivi-
tamins vs. those who did not (MV+ vs. MV�) and for
infants who received zinc and those who did not (Zn+
vs. Zn�) were based a type-1 error probability of
0.025 because of the 2× 2 factorial design of the study.
With a sample of 247 infants and a balanced distribu-
tion of treatment group and an estimated standard
deviation in each treatment group for the five different

BSID-III domains of 2.0 (Manji et al., 2014), we had
80% power to detect a difference in mean BSID-III
scores in each domain of 0.78.

Baseline socio-demographic and maternal and child
health-related variables were described using frequen-
cies and chi-squared tests for categorical variables and
mean±SD with t-tests for continuous variables. Raw
mean BSID-III scores for cognitive functioning, ex-
pressive and receptive language skills, as well as fine
and gross motor skills were compared using linear re-
gression models. While it is possible to calculate age-
standardized BSID-III scores based on a reference
population of US infants, we did not include these stan-
dardized scores in our analysis because the BSID-III
has not been validated in the Tanzanian context. It
would be inappropriate to compare our study popula-
tion’s composite scores with those of a US-reference
population. Quantile–quantile plots and a Shapiro–
Wilke tests did not reveal violations of normality in
any of the raw BSID-III scores.

Bayley Scales of Infant and Toddler Development
Third Edition scores across each treatment group were
analysed using the intent-to-treat principle. We first
compared scores in each of the five domains of the
BSID-III across each of the four treatment groups by
using univariate and multivariate linear regression
models in order to estimate the mean difference in
raw scores by treatment arm.Multivariate models were
adjusted for child’s sex, post-conceptual age and test
administrator (administrator 1 vs. administrator 2).
Because we did not find that the interaction term for
Zn+MV was significant in the univariate or multivari-
ate linear regression models for any of the BSID-III
five domains, we collapsed the treatment groups so that
we could compare infants who received zinc vs. those
who did not (Zn+ vs. ZN�) and infants who received
multivitamins vs. those who did not (MV+ vs. MV�).
We then re-conducted the univariate and multiple
linear regression models with only two treatment arms.

Because improving neurobehavioural outcomes
among children on the lower end of the developmental
distribution may be of particular biological and policy
interest, we also assessed whether supplementation
had an effect on the odds of a low developmental scores
across all five domains. Quartiles of scores for each of
the five domains were created based on the scores in
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our study sample. We then conducted multivariate
logistic regression models using the same covariates as
discussed earlier in order to estimate the effect of sup-
plementation on odds of performing in the lowest
quartiles of the five different developmental domains.

We also conducted additional analyses comparing
baseline characteristics of all infants who underwent
the BSID-III assessment with children in the parent
trial who were not selected for assessment using
chi-squared tests for categorical outcomes and t-tests
for continuous outcomes. In addition, because it is
possible the supplements provide the greatest benefit
to children who are poorly nourished at baseline, we
repeated the main analyses among only infants in the
lowest quartile of birth weight (the lowest quartile
was selected because the number of infants born
<2500 g yielded too few infants for this analysis). We
also repeated the analyses only among infants with
≥95% compliance with their assigned treatment regimen
based on pill counts. All analyses were conducted in
SAS system version 9.3 (SAS Institute, Cary, NC,USA).

Results

A total of 14 901 pregnant women were screened for
study enrollment, of whom 3815 were HIV-negative
women who met eligibility criteria and consented to
participate in the study. After excluding infants with
medical conditions at birth, those with unknown deli-
very status and/or those who did not return for rando-
mization, 2400 infants were randomized to Zn, MV,
Zn+MV or placebo, 247 of whom underwent
neurobehavioural assessments (Fig. 1). In the neuro-
behavioural sub-sample, there were no significant
differences across treatment group in any of the mater-
nal, child or household characteristics at baseline
(Table 1). On average, mothers were 26 years old, and
about three-quarters had 7 or fewer years of formal
education, which corresponds to the completion of pri-
mary school in Tanzania. Nine-tenths of mothers were
married or cohabitating with their partners, and for
about a third of mothers, this was their first pregnancy.
One-fifth of households spent less than 1000 Tanzanian
shillings (approximately $US0.75 at the time of the
study) on food per day, and about a quarter of

households had none of the following possessions: sofa;
television; radio; refrigerator; or fan. Children were on
average 6weeks old at baseline, and about half were
male. About one-tenth of children were born pre-term
(<37weeks gestation), and less than 5%were low birth
weight (<2500 g). Mean age at the time of neuro-
behavioural assessment was 14.5months. Median
regimen compliance with the treatment regimen among
infants who participated in the ECD assessment was
97% (25th and 75th percentiles: 95% and 99%, respec-
tively) of the allocated regimen based on pill counts at
clinic visits.

In both the univariate and multivariate linear re-
gression models (adjusted for infant sex and post-
conceptual age, as well as examiner), we did not find
that the interaction term for Zn+MV was a significant
predictor of any of the five BSID-III domains. After
collapsing treatment groups, we again found that there
was no significant difference in any of the five domains
of the BSID-III among children who received zinc sup-
plements compared with children who did not receive
zinc supplements (Table 2) or among children who
received multivitamin supplements vs. those who did
not receive multivitamins (Table 3). We also did not
find a significant difference in odds of a low BSID-III
score in any of the five domains comparing children
who received zinc and those who did not or among
children who received multivitamins compared with
those who did not in either univariate or multivariate
models (Tables 4 and 5). Odds of receiving a low score
in any of the five domains, either of the two language
domains or either of the two motor domains, did not
differ significantly across treatment groups.

In our additional analyses, we did not find any signif-
icant differences between the sub-sample selected for
BSID-III assessment and those excluded from the
sub-sample in any of the baseline characteristics with
the exception of the amount of Tanzanian Shillings
spent on food per day (20.9%of infants in the sub-study
came from families spending less than 1000TSh per day
compared with 29.5% among those who were not
selected for the sub-study, P=0.006). In our analysis
assessing the effect of supplements in infants born in
the lowest quartile of birth weight (<3000g), we did
not find a significant effect of supplements on BSID-
III scores. Similarly, in our analysis assessing the effect
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Fig. 1 Study profile of children who participated in neurobehavioral sub-study of trial of multivitamin and zinc supplementation to children in Dar es Salaam,
Tanzania.

6 of 13 L. M. Locks et al.

© 2016 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, e12306



of supplements only among infants with ≥95% compli-
ance with the treatment regimen, we did not see an
effect of supplementation.

Discussion

In this randomized, 2 × 2 factorial, clinical trial among
infants born to HIV-negative mothers in Dar es

Salaam, Tanzania, neither daily zinc nor multivitamin
supplements, alone or in combination, had a significant
effect on developmental outcomes at 15months of age.
Our findings add to the growing literature on multiple
micronutrients and childhood development. To date,
there have been a limited number of randomized con-
trolled trials that assessed the effect on development
of direct multiple micronutrient supplementations to
children. A recent review found 17 trials assessing the

Table 1. Characteristics of mothers and children enrolled in neurobehavioral sub-study

Zinc Multivitamins

Yes No Yes No

(n = 121) (n = 126) (n = 119) (n = 128)

Maternal characteristics
Age (years)* 26.1 ± 4.5 25.8 ± 5.0 26.1 ± 4.7 25.8 ± 4.9
Formal education ≤7 years [n (%)]‡ 91 (75.2) 101 (80.8) 91 (77.1) 101 (78.9)
Employment [n (%)]

Housewife without income 72 (60.5) 80 (64.0) 71 (60.7) 81 (63.8)
Housewife with income 41 (34.5) 39 (31.2) 42 (35.9) 38 (29.9)
Other 6 (5.0) 6 (4.8) 4 (3.4) 8 (6.8)

Marital status [n (%)]
Married/cohabitating with partner 105 (87.5) 112 (89.6) 102 (87.2) 115 (89.8)

Prior pregnancies [n (%)]
None 37 (30.8) 48 (38.4) 42 (35.9) 43 (33.6)
1–4 81 (67.5) 75 (60.0) 73 (62.4) 83 (64.8)
≥5 2 (1.7) 2 (1.6) 2 (1.7) 2 (1.6)

Height (cm) 156.5 ± 6.4 156.3 ± 5.5 156.4 ± 6.0 156.4 ± 5.9
Mid-upper arm circumference (cm) 26.2 ± 3.3 26.6 ± 3.2 26.5 ± 3.4 26.3 ± 3.1

Socioeconomic characteristics
Daily food expenditure per person in household< 1000 TSh§ [n (%)] 26 (22.2) 22 (19.5) 21 (19.3) 27 (22.3)
Household possessions¶ [n (%)]

None 38 (31.4) 29 (23.2) 33 (28.0) 34 (26.6)
1–4 61 (50.4) 75 (60.0) 64 (54.2) 72 (56.3)
≥5 22 (18.2) 21 (16.8) 21 (17.8) 22 (17.2)

Child characteristics
Age at randomization (weeks) 5.9 ± 0.3 5.9 ± 0.3 5.9 ± 0.4 5.9 ± 0.3
Male sex [n (%)] 64 (52.9) 62 (49.2) 63 (52.9) 63 (49.2)
Birthweight (kg) 3.2 (0.5) 3.2 (0.5) 3.3 (0.5) 3.2 (0.4)
Low birth weight, <2500 g [n (%)] 6 (5.0) 2 (1.6) 3 (2.5) 5 (3.9)
Born pre-term, <37 weeks [n (%),]∥ 10 (10.6) 10 (9.7) 8 (8.6) 12 (12.5)
Weeks at delivery 39.5 (2.5) 39.7 (2.5) 39.8 (2.3) 39.5 (2.6)
Small for gestational age∥,** 8 (7.6) 13 (14.4) 8 (8.2) 13 (13.4)
Apgar score ≤ 7 at 5 min after birth [n (%)] 1 (0.9) 1 (0.8) 1 (0.9) 1 (0.8)
Baseline length for age Z-score†† -0.43 ± 1.23 -0.25 ± 1.16 -0.28 ± 1.30 -0.39 ± 1.09
Baseline weight for length Z-score†† 0.06 ± 1.21 0.07 ± 1.24 0.00 ± 1.32 0.13 ± 1.13
Baseline weight for age Z-score†† -0.37 ± 1.13 -0.21 ± 0.97 -0.28 ± 1.18 -0.29 ± 0.93
Age in months at Bayley assessment 14.5 ± 0.4 14.5 ± 0.4 14.5 ± 0.4 14.5 ± 0.4

*Mean ± standard deviation (all such values). †P-values for continuous variables from t-tests using a pooled standard deviation; categorical variable
P-values are from chi-squared tests. ‡InTanzania, 7 years is the duration ofmost primary schools. §At the timeof the study, this was roughly equivalent
to USD 0.75. ¶From a list that includes sofa, television, radio, refrigerator and fan ∥n = 197. **Based on growth standards developed by Oken et al.
(2003). ††Anthropometric indicators at randomization (age 5–7 weeks).
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effect of three or more micronutrients on cognition in
children aged 5–17years; however, it only identified
three trials conducted in children under 5 years of age
(Eilander et al., 2010). Two of the three studies in young
children found significant improvements in motor de-
velopment (Faber et al., 2005) and time to unassisted

walking (Olney et al., 2006); however, both multiple
micronutrient combinations contained iron, thus
preventing researchers from isolating whether the
effect was attributable to improvements in iron status.
The third study found no effect of supplements on
development (Dhingra et al., 2004). Studies in older

Table 2. Comparison of mean raw BSID-III scores across zinc treatment groups

Mean raw score ± SD Mean raw score ± SD Crude difference*

(95% CI)
P-value Adjusted difference†

(95% CI)
P-value

Zn+ (n = 121) Zn- (n = 126)

Cognition 50.03 ± 3.33 50.19 ± 3.35 �0.16 (-0.99, 0.68) 0.711 �0.19 (-1.04, 0.65) 0.652
Receptive language 19.13 ± 2.03 18.94 ± 2.11 0.19 (-0.33, 0.71) 0.478 �0.01 (-0.40, 0.38) 0.956
Expressive language 20.12 ± 2.63 19.84 ± 2.80 0.28 (-0.40, 0.96) 0.415 �0.02 (-0.52, 0.48) 0.947
Fine motor 35.17 ± 2.84 34.89 ± 3.02 0.28 (-0.45, 1.02) 0.446 �0.09 (-0.53, 0.36) 0.698
Gross motor 48.28 ± 2.41 48.06 ± 2.33 0.23 (-0.37, 0.82) 0.455 �0.06 (-0.43, 0.32) 0.767

BSID-III, Bayley Scales of Infant and Toddler Development Third Edition; SD, standard deviation; 95%CI, 95% confidence interval. *Crude differ-
ences and CIs obtained from a linear regression models with only zinc supplementation as a predictor. †Adjusted differences and CIs obtained using
multiple linear regression models adjusted for examiner (examiner 1 vs. examiner 2), post-conceptual age and sex of child.

Table 3. Comparison of mean raw BSID-III scores across multivitamin treatment groups

Mean raw score ± SD Mean raw score ± SD Crude difference*

(95% CI)
P-value Adjusted difference†

(95% CI)
P-value

MV+ (n = 119) MV- (n = 128)

Cognition 50.04 ± 3.19 50.18 ± 3.47 �0.14 (-0.97, 0.69) 0.746 �0.19 (-1.04, 0.65) 0.649
Receptive language 19.09 ± 2.09 18.98 ± 2.07 0.11 (-0.41, 0.63) 0.683 �0.11 (-0.50, 0.27) 0.562
Expressive language 20.10 ± 2.65 19.87 ± 2.78 0.23 (-0.45, 0.92) 0.501 �0.05 (-0.55, 0.45) 0.831
Fine motor 35.14 ± 2.87 34.92 ± 2.99 0.22 (-0.51, 0.96) 0.555 �0.13 (-0.58, 0.31) 0.555
Gross motor 48.32 ± 2.33 48.02 ± 2.40 0.31 (-0.28, 0.91) 0.301 0.03 (-0.34, 0.41) 0.863

BSID-III, Bayley Scales of Infant and Toddler Development Third Edition; SD, standard deviation; 95% CI, 95% confidence interval; MV, multivita-
min. *Crude differences and CIs obtained from a linear regression model with only multivitamin supplementation as a predictor †Adjusted differences
and CIs obtained using multiple linear regression models adjusted for examiner (examiner 1 vs. examiner 2), post-conceptual age and sex of child.

Table 4. Effect of zinc supplementation on odds of a raw BSID-III score in the lowest quartile

Zn+ n (%) Zn- n (%) Crude OR (95% CI)* P-value Adjusted OR (95% CI)† P-value

Cognition 35 (28.9) 34 (27.0) 1.10 (0.63, 1.92) 0.734 1.14 (0.65, 2.00) 0.652
Receptive language 27 (22.3) 37 (29.4) 0.69 (0.39, 1.23) 0.207 0.71 (0.37, 1.37) 0.304
Expressive language 35 (28.9) 41 (32.5) 0.84 (0.49, 1.45) 0.539 1.10 (0.55, 2.24) 0.784
Fine motor 28 (23.1) 41 (32.5) 0.62 (0.36, 1.10) 0.101 0.68 (0.31, 1.49) 0.334
Gross motor 44 (36.4) 54 (42.9) 0.76 (0.46, 1.27) 0.298 1.03 (0.37, 2.89) 0.961
Either language category 39 (32.2) 49 (38.9) 0.75 (0.44, 1.26) 0.275 0.85 (0.43, 1.66) 0.627
Either motor category 45 (37.2) 56 (44.4) 0.74 (0.45, 1.23) 0.247 0.94 (0.30, 2.93) 0.915
Any of five categories 68 (56.2) 71 (56.4) 0.99 (0.60, 1.64) 0.981 1.55 (0.75, 3.22) 0.236

BSID-III, Bayley Scales of Infant and Toddler Development Third Edition; OR, odds ratio; 95%CI, 95% confidence interval. *Crude odds ratios and
CIs for scoring in the lowest quartile for those in Zn + group compared to Zn� were obtained from logistic regressionmodels with only Zn group as a
predictor. †Adjusted odds ratios and CIs obtained using logistic regressionmodels adjusted for examiner (examiner 1 vs. examiner 2), post-conceptual
age and sex of child.

8 of 13 L. M. Locks et al.

© 2016 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, e12306



children indicate that multiple micronutrient supple-
ments may confer a small benefit for fluid intelligence
(reasoning ability), and a significant, positive benefit
for academic performance. (Eilander et al., 2010).
While it is difficult to aggregate findings on the effect
of multiple micronutrients on ECD because of differ-
ences across studies in the nutrient combinations and
dosages used as well as child age ranges, our group
has used this particular combination of multivitamins
in previous studies. We previously reported that this
multivitamin supplement (Vitamins B-complex, C and
E) when provided to HIV-positive women during preg-
nancy and lactation can improve developmental scores
in their children from 6 to 18months (McGrath et al.,
2006). In our most recent study on development, how-
ever, we also provided the supplements directly to in-
fants born to HIV-positive mothers (from 6weeks to
15months) and found no effect of the vitamins on de-
velopment at 15months (Manji et al., 2014). It is worth
noting that mothers in the second study received vita-
mins B-complex, C and E supplementation during
pregnancy and lactation, so it is likely that infants in
both intervention and placebo groups had better base-
line micronutrient status. Our results from the current
study, where mothers did not receive supplementation
with this particular combination of micronutrients, cor-
roborate the findings that providing this combination of
multivitamins directly to infants is unlikely to confer
benefits for development.

Our findings on the lack of an effect of zinc supple-
mentation on developmental outcomes, particularly
motor development, are surprising given that several

other randomized controlled trials have found benefits
of zinc supplementation for child development
(Ashworth A, 1998, Bentley et al., 1997; Black et al.,
2004a; Gardner et al., 2005; Sazawal et al., 1996;
Castillo-Durán et al., 2001; Friel et al., 1993; Colombo
et al., 2014). In particular, several trials specifically
reported an effect of zinc supplementation on motor
development – including decreases in frequencies of
low psychomotor and mental development scores
(Castillo-Durán et al., 2001), increases in time spent
sitting or playing vs. inactive (Bentley et al., 1997) and
increases in time spent in high movement activities
(Sazawal et al., 1996). In one study, investigators found
that zinc supplements alone improved hand and eye
coordination, but that effect of supplements was even
stronger in children who also received stimulation
(Gardner et al., 2005). Several of the studies which
found an effect of zinc supplementation specifically
targeted children with poor nutritional status at base-
line – including studies in small-for-gestational-age
infants (Black et al., 2004b), low-birth-weight infants
(Friel et al., 1993) or children with low weight for age
at baseline (Gardner et al., 2005) indicating that the
baseline nutritional status of our sample may have de-
creased the likelihood of an effect of zinc supplementa-
tion for ECD.However, in the sensitivity analysis in our
current study among infants with the lowest quartile of
birth weight (<3000 g), we still did not find an effect of
either supplement.

It is worth noting that several other trials have not
demonstrated a significant effect of zinc supplementa-
tion to infants and children on mental, psychomotor or

Table 5. Effect of multivitamin supplementation on odds of a raw BSID-III score in the lowest quartile

MV+ n (%) MV- n (%) Crude OR (95% CI)* P-value Adjusted OR (95% CI)† P-value

Cognition 29 (24.4) 40 (31.3) 0.71 (0.40, 1.24) 0.229 0.74 (0.42, 1.31) 0.301
Receptive language 30 (25.2) 34 (26.6) 0.93 (0.53, 1.65) 0.809 1.07 (0.56, 2.06) 0.829
Expressive language 34 (28.6) 42 (32.8) 0.82 (0.48, 1.41) 0.471 1.01 (0.50, 2.04) 0.978
Fine motor 29 (24.4) 40 (31.3) 0.71 (0.40, 1.24) 0.229 0.80 (0.36, 1.74) 0.565
Gross motor 44 (37.0) 54 (42.2) 0.80 (0.48, 1.34) 0.403 1.15 (0.41, 3.23) 0.798
Either language category 39 (32.8) 49 (38.3) 0.79 (0.47, 1.33) 0.367 0.92 (0.47, 1.80) 0.797
Either motor category 46 (38.7) 55 (43.0) 0.84 (0.50, 1.39) 0.491 1.53 (0.48, 4.94) 0.474
Any of five categories 64 (53.8) 75 (58.6) 0.82 (0.50, 1.36) 0.446 1.11 (0.54, 2.29) 0.773

BSID-III, Bayley Scales of Infant and Toddler Development Third Edition; MV, multivitamin; OR, odds ratio; 95% CI, 95% confidence interval.
*Crude ORs and CIs for scoring in the lowest quartile for those inMV+ group compared toMV–were obtained from logistic regression models with
only MV group as a predictor. †Adjusted ORs and CIs obtained using logistic regression models adjusted for examiner (examiner 1 vs. examiner 2),
post-conceptual age and sex of child.
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behavioural domains (Ashworth A, 1998, Sandstead,
1998, Cavan et al., 1993; Gibson et al., 1989; Lind et al.,
2004) and two studies in Bangladesh found that zinc
supplements resulted in poorer developmental out-
comes – possibly because of a micronutrient imbalance
(Hamadani et al., 2001; Hamadani et al., 2002). Interest-
ingly, a recent study in Peru assessed the effect of zinc,
iron and copper supplementation compared with iron
and copper supplementation and assessed child develop-
ment using a battery of outcomes including the Bayley
Scales of Infant Development Second Edition (BSID-
II) as well as a visual habituation/recognition memory
task, free-play attention tasks and an assessment of
inhibitory and memory processes (Colombo et al.,
2014). Although the researchers found that the addition
of zinc improved development trajectories in attentional
variables, they did not find an effect on the BSID-II or
on inhibitory and memory processes. This suggests that
although zinc may help to maintain normative develop-
mental trajectories for some measures of attention in
the first 18months of life, global measures of develop-
mental might not be sufficiently sensitive to detect these
changes (Colombo & Carlson, 2012).

Our study does not support the hypothesis that zinc
supplementation, alone or in combination with multivi-
tamin supplements, improves child development as
assessed by theBSID-III, a global test designed to iden-
tify developmental delay. The results presented here
correspond with our group’s previous publication from
the same trial that indicated that neither supplement
alone nor in combination had a significant effect on
stunting, wasting or underweight in this population – in-
dicating that improved growth outcomes were unlikely
to be a mediator in the supplement–development rela-
tionship (Locks et al., 2016).

Our study has several limitations.We only conducted
a single neurodevelopmental assessment at ~15months
of age, which prevents us from assessing the effect of
micronutrient supplements earlier in infancy or longitu-
dinally as children age. Our sample also has limited
generalizability because our results in our urban sample
cannot be generalized to rural populations where
infants are likely to have worse nutritional status. How-
ever, our findings are likely generalizable to other peri-
urban settings in sub-Saharan Africa. In addition,
although our sample size was sufficiently large to assess

the main effect of supplementation, we had limited
power to assess the effect of supplements in subgroups
(such as low-birth-weight infants). Finally, it is also worth
noting that while the BSID-III is suitable for identifying
developmental delays, it is possible that it is not sensitive
enough to identify smaller changes in developmental
outcomes. Despite these limitations, to our knowledge,
our study is the largest randomized controlled trial that
assesses the effect of zinc and/or multiple micronutrients
on child development in anAfrican setting. The random-
ized design allowed us to rigorously assess whether there
is a causal effect of daily supplementation of zinc or mul-
tiple micronutrients on neurodevelopmental outcomes.
For instance, providing daily micronutrients at multiple
times the RDA beginning at 6weeks and continuing
for over a year before assessment provides a particularly
strong study design to assess whether direct provision of
micronutrients to infants in this urban, African setting
improves development. Our finding of a lack of effect
of zinc and/or multivitamin supplements on ECD in this
randomized, double-blind, placebo-controlled trial high-
lights the importance of pursuing other strategies in
vulnerable populations, particularly those that integrate
nutrition with responsive caretaking and stimulation
activities (Grantham-McGregor et al., 2014, United
Nations Children’s Fund and World Health Organisa-
tion, 2014).

Acknowledgements

We thank the mothers and children and field teams,
including physicians, nurses, midwives, supervisors,
laboratory staff and the administrative staff, who made
this study possible; and Muhimbili National Hospital
and Muhimbili University of Health and Allied
Sciences in Dar es Salaam for their institutional
support. We are grateful to the field and study staff
for their tireless efforts: Esther Kibona (deceased),
Illuminata Ballonzi, Godwin Njiro, Frank Killa, Edgar
Basheka, Susie Welty, Rachel Steinfeld, Anne Marie
Darling, James Okuma, Angela Jardin, Elizabeth
Long, Jenna Golan and Emily Dantzer. We also thank
Enju Liu and Ellen Hertzmark for their expert advice,
and the members of the data safety monitoring board
(Paul Jacques – chair, Davidson Hamer, Roger Mbise
and Zul Premji).

10 of 13 L. M. Locks et al.

© 2016 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, e12306



Source of funding

This study was supported by the National Institutes of
Health (NICHD R01 HD048969-01 and K24
DK104676). Clinicaltrials.gov identifier NCT00421668.

Contributions

C.D., W.W.F. and K. P.M. designed research (project
conception, development of overall research plan, and
study oversight). K.P.M., R.K., R.K., S.A. and D.B.
conducted research (hands-on conduct of the experi-
ments and data collection); L.M.L., C.M.M., R.K.
andM.W. analysed data and performed statistical anal-
ysis. L.M.L. wrote the paper, and L.M.L. and C.D.
had primary responsibility for final content. All authors
read and approved the final manuscript.

Conflicts of interest

The authors declare that they have no conflict of interest.

References

Allen L.H., Peerson J.M. & Olney D.K. (2009) Provision of
multiple rather than Two or fewer micronutrients more
effectively improves growth and other outcomes in
micronutrient-deficient children and adults. The Journal of
Nutrition 139, 1022–1030.

Ashworth A.M.S., Lira P.I. & Grantham-McGregor S.M.
(1998) Zinc supplementation, mental development and
behaviour in low birth weight term infants in northeast
Brazil. European Journal of Clinical Nutrition 52, 223–227.

Bayley N. (2006)Bayley Scales of Infant and Toddler Develop-
ment, 3rd edn. Pearson: San Antonio.

Bentley M.E., Caulfield L.E., RamM., Santizo M.C., Hurtado
E., Rivera J.A. et al. (1997) Zinc supplementation affects the
activity patterns of rural Guatemalan infants.The Journal of
Nutrition 127, 1333–1338.

Bhatnagar S. & Taneja S. (2001) Zinc and cognitive develop-
ment. British Journal of Nutrition 85, S139-S145.

Bhutta Z.A., Ahmed T., Black R.E., Cousens S., Dewey K.,
Giugliani E. et al. (2008) What works? Interventions for
maternal and child undernutrition and survival. The Lancet
371, 417–440.

Black M.M. (2003) Micronutrient deficiencies and cognitive
functioning. The Journal of Nutrition 133, 3927S–3931S.

BlackM.M. (2008)Effects of vitamin B12 and folate deficiency
on brain development in children. Food andNutritionBulle-
tin 29, S126.

BlackM.M., Baqui A.H., Zaman K., Persson L.A., El Arifeen
S., Le K. et al. (2004a) Iron and zinc supplementation pro-
mote motor development and exploratory behavior among
Bangladeshi infants.TheAmerican Journal of Clinical Nutri-
tion 80, 903–910.

Black M.M., Sazawal S., Black R.E., Khosla S., Kumar J. &
Menon V. (2004b) Cognitive and motor development
among small-for-gestational-age infants: impact of zinc sup-
plementation, birth weight, and caregiving practices. Pediat-
rics 113, 1297–1305.

Black R.E., Victora C.G., Walker S.P., Bhutta Z.A., Christian
P., de Onis M. et al. (2013) Maternal and child undernutri-
tion and overweight in low-income and middle-income
countries. The Lancet 382, 427–451.

Casella E.B., Valente M., de Navarro J.M. & Kok F. (2005)
Vitamin B12 deficiency in infancy as a cause of developmen-
tal regression. Brain and Development 27, 592–594.

Castillo-Durán C., Perales C.G., Hertrampf E.D., Marín V.B.,
Rivera F.A. & Icaza G. (2001) Effect of zinc supplementa-
tion on development and growth of Chilean infants. The
Journal of Pediatrics 138, 229–235.

CavanK.R., GibsonR.S., Grazioso C.F., IsalgueA.M., RuzM.
& Solomons N.W. (1993) Growth and body composition of
periurban Guatemalan children in relation to zinc status: a
longitudinal zinc intervention trial. The American Journal
of Clinical Nutrition 57, 344–352.

Chalouhi C., Faesch S., Anthoine-Milhomme M.-C., Fulla Y.,
Dulac O. & Chéron G. (2008) Neurological consequences
of vitamin B12 deficiency and its treatment. Pediatric Emer-
gency Care 24, 538–541.

Colombo J. & Carlson S.E. (2012) Is themeasure the message:
the BSID and nutritional interventions. Pediatrics 129,
1166–1167.

Colombo J., Zavaleta N., Kannass K.N., Lazarte F., Albornoz
C., Kapa L.L. et al. (2014) Zinc supplementation sustained
normative neurodevelopment in a randomized, controlled
trial of Peruvian infants aged 6–18 months. The Journal of
Nutrition 144, 1298–1305.

Currie J. & Thomas D. (2012) Early test scores, school quality
and SES: longrun effects onwage and employment outcomes.
Emerald Group Publishing Limited.

Dhingra P., Menon V., Sazawal S., Dhingra U., Marwah D.,
Sarkar A., et al. (2004) Effect of fortification of milk with
zinc and iron along with vitamins C, E, A and selenium on
growth, iron status and development in preschool
children–a community-based double-masked randomized
trial. In: Report from the 2nd World Congress of Pediatric
Gastroenterology, Hepatology and Nutrition.

Dror D.K. & Allen L.H. (2008) Effect of vitamin B12 defi-
ciency on neurodevelopment in infants: current knowledge
and possible mechanisms. Nutrition Reviews 66, 250–255.

Effect of zinc +multivitamins on child development 11 of 13

© 2016 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, e12306



Eilander A., Gera T., Sachdev H.S., Transler C., van der
Knaap H.C., Kok F.J. et al. (2010) Multiple micronutrient
supplementation for improving cognitive performance in
children: systematic review of randomized controlled trials.
The American Journal of Clinical Nutrition 91, 115–130.

Faber M., Kvalsvig J.D., Lombard C.J. & Benadé A.S. (2005)
Effect of a fortified maize-meal porridge on anemia, micro-
nutrient status, and motor development of infants. The
American Journal of Clinical Nutrition 82, 1032–1039.

FalkinghamM.,AbdelhamidA., Curtis P., Fairweather-Tait S.,
Dye L. & Hooper L. (2010) The effects of oral iron supple-
mentation on cognition in older children and adults: a sys-
tematic review and meta-analysis. Nutrition Journal 9, 4–4.

Feinstein L. (2003) Inequality in the early cognitive develop-
ment of British children in the 1970 cohort. Economica 70,
73–97.

Friel J.K., Andrews W.L., Matthew J.D., Long D.R., Cornel
A.M., Cox M. et al. (1993) Zinc supplementation in very-
low-birth-weight infants. Journal of Pediatric Gastroenterol-
ogy and Nutrition 17, 97–104.

Gardner J.M.M., Powell C.A., Baker-HenninghamH.,Walker
S.P., Cole T.J. & Grantham-McGregor S.M. (2005) Zinc
supplementation and psychosocial stimulation: effects on
the development of undernourished Jamaican children.
The American Journal of Clinical Nutrition 82, 399–405.

GibsonR., Vanderkooy P., MacDonaldA., GoldmanA., Ryan
B. & Berry M. (1989) A growth-limiting, mild zinc-
deficiency syndrome in some southern Ontario boys with
low height percentiles. The American Journal of Clinical
Nutrition 49, 1266–1273.

Gibson R.S. (2006) Zinc: the missing link in combating micro-
nutrient malnutrition in developing countries. Proceedings
of the Nutrition Society 65, 51–60.

Gordon R.C., Rose M.C., Skeaff S.A., Gray A.R., Morgan
K.M. & Ruffman T. (2009) Iodine supplementation
improves cognition in mildly iodine-deficient children. The
American Journal of Clinical Nutrition 90, 1264–1271.

Gorman K.S. & Pollitt E. (1996) Does schooling buffer the
effects of early risk? Child Development 67, 314–326.

Grantham-McGregor S. & Ani C. (2001) A review of studies
on the effect of iron deficiency on cognitive development
in children. The Journal of Nutrition 131, 649S–668S.

Grantham-McGregor S., Cheung Y.B., Cueto S., Glewwe P.,
Richter L. & Strupp B. (2007) Developmental potential in
the first 5 years for children in developing countries. The
Lancet 369, 60–70.

Grantham-McGregor S.M., Fernald L.C.H., Kagawa R.M.C.
&Walker S. (2014) Effects of integrated child development
and nutrition interventions on child development and nutri-
tional status. Annals of the New York Academy of Sciences
1308, 11–32.

Hamadani J.D., Fuchs G.J., Osendarp S.J., Huda S.N. &
Grantham-McGregor S.M. (2002) Zinc supplementation
during pregnancy and effects on mental development and

behaviour of infants: a follow-up study. The Lancet 360,
290–294.

Hamadani J.D., Fuchs G.J., Osendarp S.J., Khatun F., Huda
S.N. & Grantham-McGregor S.M. (2001) Randomized
controlled trial of the effect of zinc supplementation on the
mental development of Bangladeshi infants. The American
Journal of Clinical Nutrition 74, 381–386.

Harrison G.G. (2010) Public health interventions to combat mi-
cronutrient defi ciencies. Public Health Reviews 2107-6952, 32.

Hotz C. & Brown K.H. (2004) Assessment of the risk of zinc
deficiency in populations and options for its control. Interna-
tional nutrition foundation: for UNU.

Liddell C. & Rae G. (2001) Predicting early grade retention: a
longitudinal investigation of primary school progress in a
sample of rural South African children. British Journal of
Educational Psychology 71, 413–428.

Lind T., Lönnerdal B., Stenlund H., Gamayanti I.L., Ismail D.,
Seswandhana R. et al. (2004) A community-based random-
ized controlled trial of iron and zinc supplementation in
Indonesian infants: effects on growth and development.
The American Journal of Clinical Nutrition 80, 729–736.

Locks L., Manji K., McDonald C., Kupka R., Kisenge R.,
Aboud S. et al. (2016) Effect of zinc&multiplemicronutrient
supplements on growth in Tanzanian children.TheAmerican
Journal of Clinical Nutrition. doi: 10.3945/ajcn.115.120055.

Louwman M.W., van Dusseldorp M., van de Vijver F.J.,
Thomas C.M., Schneede J., Ueland P.M. et al. (2000) Signs
of impaired cognitive function in adolescents with marginal
cobalamin status. The American Journal of Clinical Nutri-
tion 72, 762–769.

Manji K.P., McDonald C.M., Kupka R., Bosch R.J., Kisenge
R., Aboud S. et al. (2014)Effect of Multivitamin Supplemen-
tation on the Neurodevelopment of HIV-exposed Tanzanian
Infants: A Randomized, Double-blind. Placebo-controlled
Clinical Trial: Journal of Tropical Pediatrics.

McDonald C.M., Manji K.P., Kisenge R., Aboud S.,
Spiegelman D., Fawzi W.W. et al. (2015) Daily Zinc but
Not Multivitamin Supplementation Reduces Diarrhea and
Upper Respiratory Infections in Tanzanian Infants: A Ran-
domized, Double-Blind. Placebo-Controlled Clinical Trial:
The Journal of Nutrition.

McGrath N., Bellinger D., Robins J., Msamanga G.I., Tronick
E. & Fawzi W.W. (2006) Effect of maternal multivitamin
supplementation on the mental and psychomotor develop-
ment of children who are born to HIV-1-infected mothers
in Tanzania. Pediatrics 117, e216–e225.

Mosha T.C.E., LaswaiH.S.&Tetens I. (2000) Nutritional com-
position and micronutrient status of home made and com-
mercial weaning foods consumed in Tanzania. Plant Foods
for Human Nutrition 55, 185–205.

Oken E., Kleinman K.P., Rich-Edwards J. & Gillman M.W.
(2003) A nearly continuous measure of birth weight for ges-
tational age using a United States national reference. BMC
Pediatrics 3, 6.

12 of 13 L. M. Locks et al.

© 2016 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, e12306

http://doi.org/10.3945/ajcn.115.120055


Olney D.K., Pollitt E., Kariger P.K., Khalfan S.S., Ali N.S.,
Tielsch J.M. et al. (2006) Combined iron and folic acid sup-
plementation with or without zinc reduces time to walking
unassisted among Zanzibari infants 5-to 11-mo old. The
Journal of Nutrition 136, 2427–2434.

Psacharopoulos G. & Patrinos* H.A. (2004) Returns to invest-
ment in education: a further update. Education Economics
12, 111–134.

Sandstead H., Penland J.G., Alcok N.K., Dayal H.H., Chen
X.C., Li J.S. et al. (1998) Effects of repletion with zinc and
other micronutrients on neuropsychologic performance
and growth in Chinese children. American Journal of
Clinical Nutrition 68, 470S–475S.

Sandstead H.H., Frederickson C.J. & Penland J.G. (2000)
History of zinc as related to brain function. The Journal of
Nutrition 130, 496.

Sazawal S., Bentley M., Black R.E., Dhingra P., George S. &
Bhan M.K. (1996) Effect of zinc supplementation on
observed activity in low socioeconomic Indian preschool
children. Pediatrics 98, 1132–1137.

Schneede I., Dagnelie P., Van Staveren W., Vollset S., Refsum
H.&Ueland P. (1994)Methylmalonic acid and homocysteine
in plasma as indicators of functional cobalamin deficiency in
infants on macrobiotic diets. Pediatric Research 36, 194–201.

Shonkoff J.P. & Phillips D.A. (2000) From Neurons to Neigh-
borhoods: The Science of Early Childhood Development.
National Academies Press: Washington Dc.

StithA.Y., GormanK.S. &ChoudhuryN. (2003) The effects of
psychosocial risk and gender on school attainment in Guate-
mala. Applied Psychology 52, 614–629.

Stoltzfus R.J. (2003) Iron deficiency: global prevalence and
consequences. Food & Nutrition Bulletin 24, 99–103.

United Nations Children’s Fund (UNICEF) and the World
Health Organisation (WHO) (2014) Integrating early child-
hood development (ECD) activities into nutrition
programmes in emergencies.

Walker S.P., Wachs T.D., Grantham-McGregor S., Black M.M.,
Nelson C.A., Huffman S.L. et al. (2011) Inequality in early
childhood: risk and protective factors for early child
development. The Lancet 378, 1325–1338.

Walker S.P., Wachs T.D., Meeks G.J., Lozoff B., Wasserman
G.A., Pollitt E. et al. (2007) Child development: risk factors
for adverse outcomes in developing countries. The Lancet
369, 145–157.

Wessells K.a.K.B.K. (2012) Estimating the global prevalence
of zinc deficiency: results based on zinc availability in
national food supplies and the prevalence of stunting. PloS
One 7 e50568. doi: 10.1371/journal.pone.0050568.

Zimmermann M.B., Connolly K., Bozo M., Bridson J.,
Rohner F. & Grimci L. (2006) Iodine supplementation
improves cognition in iodine-deficient schoolchildren
in Albania: a randomized, controlled, double-blind
study. The American Journal of Clinical Nutrition 83,
108–114.

Effect of zinc +multivitamins on child development 13 of 13

© 2016 John Wiley & Sons Ltd Maternal & Child Nutrition (2017), 13, e12306

http://doi.org/10.1371/journal.pone.0050568

