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Abstract

Objective—To assess the effects of zinc and iron-folic acid supplementation on motor and
language milestones in Nepali children.

Methods—A total of 544 children 4-17 months old residing in Ishwarpur, Nepal were
randomized to receive placebo, iron-folic acid, zinc and zinc plus iron-folic acid daily. Data were
collected at baseline and at three month intervals for one year. Main effects of zinc and iron folic-
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acid supplementation were estimated for motor and language milestones. We modeled crude and
adjusted mean cumulative changes in scores between visits 1 and 5, and adjusted rates-of-change.

Results—Adjusted differences in motor milestone scores between visits 1 and 5 and rates-of-
change were not significantly different for zinc and non-zinc groups (adj. p=-0.7, 95% CI: -1.4,
0.01; adj. p=-0.1, 95% CI:-0.5, 0.3, respectively). Motor milestones in children receiving and not
receiving iron supplements were not significantly different (adj. p=0.1, 95% CI:-0.7, 0.8 from
visit 1 to 5; adj. p=0.1, 95% CI:-0.3, 0.5 for rate-of-change). Children receiving zinc had a 0.8
lower mean crude change in language score between visits 1 and 5 compared to children not
receiving zinc (95% CI -1.3,-0.3), but significance was lost after adjustment (adj. f=—0.2, 95%
Cl:-0.6, 0.2, comparing visits 1 to 5; p=—0.1, 95% CI:-0.3, 0.2 for rate-of-change). We observed
no significant difference in motor or language milestone scores due to iron supplementation..

Conclusion—After one year, neither zinc nor iron-folic acid supplementation in Nepali children
improved attainment of motor or language milestones.
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INTRODUCTION

Children in the developing world, and particularly in south central Asia, suffer from elevated
levels of nutritional deficiency and malnutrition.(1) Poor diet and micronutrient deficiency
can result in impaired cognitive and motor development.(2-4) Specifically, it has been
proposed that effects on child development are likely causal particularly in settings where
malnutrition results from extreme poverty and lack of access to food.(5) Such an
environment, with very high prevalence estimates of micronutrient deficiencies, exists in our
study site, the Sarlahi district of Nepal.(6, 7)

Motor and language milestone acquisition can set a child on trajectory for further
developmental achievements in later childhood and adulthood (8). Because the brain
develops quickly in early life (2) and nutrition provides the basis for brain functioning,
nutrition during this period contributes to lasting structural changes. Adequate receipt of
nutrients in early life are thought to correspond to sensitive or critical periods for several
developmental outcomes.(9) Persistent adverse developmental effects can result from
inadequate iron intake during the first year of life due to iron's role in brain development.
(10, 11) While evidence supports improved developmental outcomes after corrective
supplementation of iron-deficient children, benefits of universal preventive iron
supplementation programs are unclear.(12) Moreover, it is believed that zinc is beneficial
for developmental outcomes particularly for motor functioning, at least among the most
vulnerable children; although more needs to be learned regarding the timing of zinc
supplementation and its relation with other micronutrients (13).

In summary, while research to date points to the importance of micronutrients during early
life for children’s development, it remains unknown whether supplementing all children
with zinc or iron has any measureable benefit and at which ages. Therefore, we performed a
randomized controlled trial to assess the effects of zinc, iron and folic-acid supplementation
on motor and language milestones in Nepali children during their first year and a half of life.

METHODS

This study took place in Ishwarpur, a Village Development Committee (VDC) in the Sarlahi
district of rural southern Nepal, as a sub-study of the Nepal Nutrition Intervention Project,
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Sarlahi (NNIPS-4), a cluster randomized 2x2 factorial micronutrient trial of the effects of
iron-folic acid and zinc on mortality.(6) Within Ishwarpur, 23 geographic clusters were
randomized into four arms: placebo, iron-folic acid, zinc and zinc plus iron-folic acid.

For this sub-study, 544 children 4- to 17-months old who resided in Ishwarpur between
January 2002 and April 2003 are included in the analysis. Of the 613 eligible infants
identified in a population-based census in this VDC conducted between December 2000 and
March 2001, only 44 did not participate. These children were either not able to be located or
the caregiver chose not to participate. Of the 569 children who participated, we excluded
another seven children who were not assessed at baseline for the developmental outcomes of
interest, and 18 additional children who had no follow-up outcome data. The study was
approved by the Johns Hopkins University Committee on Human Subjects Research and the
Nepal Health Research Council. Consent was obtained from all caregivers. The main trial
and the developmental outcomes substudy are registered at ClinicalTrials.gov
(NCT00109551).

Parents were interviewed on demographic information and child outcomes at home at
baseline and four follow-up visits, occurring at approximately three month intervals for one
year. At baseline, data were collected on: infant age in months (4-5, 6-8, 9-11,12-14, or
15-17), gender (male or female), caste (higher: Brahmin and Chetri; lower: Vaiysha,
Shudra, or Muslim), ethnic group (Pahadi or Madeshi), maternal literacy (not literate,
literate) paternal literacy (not literate, literate), paternal occupation (farmer, including also
unskilled worker, laborer, or unemployed; business, including also government, or private
sector worker). To ascertain the child’s age when it was not known, local festivals and lunar
calendars were used to approximate the birthdate. Socio-economic status (SES) was based
on data recorded by field staff including: presence of a latrine at the house, a servant, cattle,
bicycle, radio, farmable land, home garden plot, second floor in the house, roof, TV,
electricity at home, and bullock cart. Three categories defined SES based on ownership of
these twelve items: low (0-1 items), medium (2-5 items) and high (6-12 items).

Exposure: Micronutrient Supplements

Our exposure of interest was iron-folic acid and zinc supplementation. Geographic sectors
were randomized to daily supplementation groups of 1) 10 mg zinc, 2) 12.5 mg iron and 50
ug folic acid, 3) a combination of 10 mg zinc, 12.5 mg iron and 50 pg folic acid, or 4) a
sugar placebo. All possible combinations of the 4 treatment groups were written on pieces of
paper. The sectors were geographically ordered and senior field personnel randomly and
blindly withdrew pieces of paper from a container that indicated the codes for the first 4
sectors on the list. The paper was replaced and random drawing continued until all sectors
had been assigned to one of the four treatment groups. Children under age 1 year received a
half-dose of supplements. Vanilla-flavored supplements were provided by Nutriset
(Malaunay, France) in collaboration with the Department of Child and Adolescent Health
and Development (WHO, Geneva, Switzerland). Supplements were administered by study
staff twice per week, and by the child’s caregiver on days when there was no home visit.
Younger children consumed tablets dissolved, either in breast milk, or purified water if milk
was not available. Field staff monitored compliance by counting the number of unconsumed
tablets weekly. Field staff and participating families were masked to the randomization of
the intervention. All tablets looked identical.

Development outcomes: Motor and Language Milestones

The main outcomes for the analysis were parental report of motor and language milestone
ascertainment at each follow-up visit. Motor and language milestone instruments were
adapted for the local setting from previous work in another low-resource setting (14) that
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drew from the Griffiths Mental Development Scale(15) and the MacArthur Communicative
Development Inventory(16) The motor milestone instrument included only those items
correlated with the onset of bipedal locomotion, as identified through factor analysis of the
original tool. Language milestones were additionally modified to include items from the
Child Development Inventory.(17) Trained fieldworkers visited homes every three months
and asked mothers to report on whether the child could perform any of 29 motor and 20
language tasks specified in the milestone instrument. Five tasks on the motor scale had to be
demonstrated by the child in the presence of the fieldworker prior to receiving a yes
response. Fieldworkers stopped asking questions on each scale once 5 consecutive no
responses were given. Motor and language milestone tasks achieved were ordered by
expected chronology of development. The milestone score was based on what parents
reported as the most advanced task the child could perform by that visit (i.e., highest
numerically ordered task at that visit). Thus the motor and language scores could take values
from 0 to 29 and 0 to 20, respectively.

Statistical Analysis

RESULTS

Data were analyzed using SAS 9.2 (Cary, NC). Because randomization by ‘sector’ (i.e. a
group of around 100 households) was conducted, chi-square and ANOVA tests were used to
compare potential confounding characteristics across supplementation groups at baseline.
Adherence was tested by comparing the mean proportion of supplements received out of
those assigned.

Because of the factorial design, one group was randomized to receive a combination dose of
zinc plus iron-folic acid. We tested for an interaction between the effects of zinc only and
iron-folic acid only to see if when administered together the joint effect differed from what
would be expected by summing each treatment under the assumption of independence. As
no interaction was found, main effects of zinc and iron folic-acid were estimated separately,
comparing children who received zinc to children who did not receive zinc, and children
who received iron folic-acid to children who did not receive iron folic-acid.

For each milestone separately, we calculated the mean cumulative change in scores between
the first and fifth visits. Then we calculated the crude and adjusted difference in mean
cumulative change between the first and fifth visit in scores comparing between treatment
groups. For both milestones, in multivariable models, adjustments were made for, sex,
ethnicity, SES, caste, and paternal occupation, based on the fact that these were unbalanced
at baseline. The analyses for language milestones were additionally adjusted for baseline
language score, since this was also unbalanced. Because milestones are age dependent, all
analyses adjusted for baseline age. Adjusted rates-of-change for each milestone were also
estimated using Generalized Estimating Equations (GEE) (18) in order to take into account
all follow-up time points. After examining correlation matrices for both milestone and
language outcomes and time series graphs, we used an auto-regressive correlation structure.

Of 569 in the substudy, a total of 544 children with baseline and at least one follow-up
milestone assessment were randomized to receive zinc (N=124), iron-folic acid (N=122),
zinc plus iron-folic acid (N=152) or placebo (N=146). Until visit five, complete outcomes
were collected from at least 80.2% in placebo, 86.9% in zinc plus iron-folic acid, 86.3% for
zinc and 94.3% for the iron-folic acid group (Figure 1: Consort Diagram). Milestone data
was missing during visits two to five for a maximum of 10.3% of children in the placebo,
2.5% in the iron-folic acid, 5.7% in the zinc and 6.6% in the zinc plus iron-folic acid groups.
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Treatment groups were comparable on age, maternal literacy, and paternal literacy, and
mean motor milestone at baseline. The three treatment groups and placebo were not
comparable on the distribution of child sex, caste, SES, ethnicity, paternal occupation, or
mean language milestone score (Table 1). For the 544 children in this sub-study, compliance
with treatment assignment by the end of follow-up for the overall study was lowest among
the group taking iron-folic acid only, and highest among the placebo group. The iron group
was significantly less compliant than the non-iron group, while there was no difference in
the average compliance between the zinc and non-zinc group.

Motor milestones

Regarding motor milestones, there was a mean increase from a score between visit 1 to visit
50f 11.4 and 11.8 in the zinc and non-zinc groups, respectively (Table 2 and Figure 2).
Analyses of unadjusted differences in motor milestones between visits 1 and 5 was not
significantly different between zinc and non-zinc groups (B=-0.4, 95% CI -1.4, 0.7). Both
adjusted analyses comparing visits 1 and 5 and adjusted GEE analyses using all follow-up
visits showed no clear difference between the groups with and without zinc supplementation
(B=-0.7,95% CI —-1.4, 0.01 visit 1 and 5 change adjusted; p=-0.1, 95% CI -0.5, 0.3 for
adjusted GEE model).

For iron, motor milestone score improvement from visit 1 to 5 almost was the same when
comparing groups with and without iron supplementation (11.8 points change in the iron
group versus a 11.5 change in score in the non-iron group)(Figure 3). Neither the unadjusted
difference between the groups receiving iron supplements and not receiving iron
supplements was significantly different (3=0.3, 95% CI -0.8, 1.3 unadjusted; p=0.1, 95% ClI
-0.7, 0.8 change from visit 1 to 5 adjusted; p=0.1, 95% CI -0.3, 0.5 for adjusted GEE
model). (Table 2)

Language Milestones

Comparing zinc and non-zinc supplement groups, language scores improved 5.3 points in
the zinc supplementation group between visits 1 and 5, compared to 6.1 in the non-zinc
group during this same period (Table 3 and Figure 4). Comparing groups receiving zinc or
not in unadjusted analyses between visits 1 and 5, those receiving zinc had a 0.8 lower mean
change in language score compared to children who did not receive zinc supplementation
(p=-0.8, 95% CI —1.3, —-0.3). However after adjustment for socio-demographic variables
and baseline language milestone scores, this change between visits 1 and 5 lost statistical
significance (p=-0.2, 95% CI -0.6, 0.2). There was also no difference in the rate of change
in language milestone using data from all follow-up visits with GEE (p=-0.1, 95% CI -0.3,
0.2) (Table 3).

The mean increase in language milestone score between the first and last visits was 5.8
points for children in the iron compared to 5.5 in the non-iron supplementation group (Table
3 and Figure 5). This difference between these groups was non-significant in unadjusted and
adjusted analyses comparing change between visits 1 and 5 (=0.3, 95% CI -0.2, 0.8 and
=0.2, 95% CI1 -0.2, 0.6, respectively). Adjusted analyses looking at change over all follow-
up visits using GEE also showed no significant difference in rate of change in language
milestone scores ($=-0.1, 95% CI -0.3, 0.1).

DISCUSSION

In this randomized controlled trial, we found no evidence of effects of zinc or iron
supplementation on motor or language milestones in a population of rural Nepali infants and
children. Although basic science research has suggested pathways relating a role for zinc
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deficiency in child development (19, 20), previous trials on micronutrient supplementation
and child motor skills and cognition have been inconclusive (13), with many of them
showing null effects (21).

In terms of motor abilities, in the larger parent study of 3264 Nepali children enrolled
between 1 to 35 months old, the average age of walking unassisted did not differ between
children randomly assigned to receive daily iron-folic acid supplementation, except for
among children < 1 year old among whom supplementation was associated with delayed
walking (22). In the same subsample of Nepali children as in the present study, Siegel et al.
used a 14-item pictorial scale to assess the sequential acquisition of gross motor skills (23);
results showed that child hemoglobin > 105 and meat consumption were related to earlier
age of unassisted walking (23). In contrast, Zanzibari infants, enrolled between 5 and 11
months of age to receive daily supplementation over a year, demonstrated earlier walking
when supplemented with iron (with amplified effects among iron deficient children), but
observed no effects of zinc supplementation (24). Likewise, among Bangladeshi infants,
positive effects of weekly combined zinc and iron supplementation were associated with a
slower decline in infant motor developmental scores over time.(25) A study of Indonesian
infants assessed at one year after 6 months of micronutrient supplementation found a
significant effect of supplementation of iron alone on the Bayley’s Psychomotor
Development Index (PDI), but an interaction was observed between iron and zinc
supplementation in children receiving both, such that the benefits disappeared (26).

The beneficial effect of childhood iron supplementation on cognitive outcomes may only
exist among iron-deficient children (12, 27, 28). Our findings, based on a relatively large
sample, are consistent with previous studies that have found no beneficial effect of iron
supplementation during early childhood on mental development. For children under 27
months, a meta-analysis by Sachdev et al (2005) of randomized controlled trials in diverse
populations found no overall evidence of an effect of iron supplementation on mental
development.(27) A subsequent meta-analysis by Szajewska et al (2010) of three trials
found that a borderline significant improvement in mental development scores of infants
who were supplemented with iron.(29) A previous investigation among a subset of our
sample in infancy (at 39- and 52- weeks) found no improvement in information processing
outcomes due to iron-folic acid, zinc, or their combination.(30)

In 2009 Brown et al. published a systematic review of zinc supplementation among infants
and preschoolers in relation to the Bayley’s Psychomotor Development Index (PDI) and
Mental Development Index (MDI). Their meta-analysis of nine studies of zinc alone
compared to placebo (or zinc plus iron or another micronutrient) estimated an overall non-
significant effect size of 0.025 (95% CI:-0.15 to 0.20) in relation to the Psychomotor
Development Index (PDI)(21). However, studies among low birth weight (<1,500 g) infants
in Canada and low-income infants in Chile found improved motor functioning (not using the
PDI) among those who had been supplemented with zinc (31, 32). Similar to psychomotor
findings in the same meta-analysis, Brown et a/. estimated a null pooled overall effect
combining nine studies that examined zinc supplementation alone (or in combination with
other micronutrients) with outcomes on the Bayley’s MDI (21). One of these studies in
which children received combined zinc and iron supplementation showed an adverse effect
of zinc supplementation on the MDI.(33)

We expected that iron-folic acid or zinc supplementation could have an effect on motor and
language outcomes, due to the biological importance of these essential elements. Zinc is
thought to have a critical role in cell division and maturation and in the neurological system
and metabolism, making it relevant to early motor and language development(13). Likewise,
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iron is believed to impact psychological functioning possibly because of reduced synthesis
of hemoglobin as well as decreased activity of enzymes containing iron in the brain(3).

Research to date has been mixed and, as reviewed above, null findings consistent with most
existing studies on this topic. There are several possible reasons we may not have observed
an effect. First, it is possible that the Nepalese infants studied were more severely
malnourished in terms of both micronutrient deficiencies and protein-energy malnutrition
than most other populations studied. Thus, it is possible that other deficiencies were so
severe that any true benefit of iron or zinc supplementation could not be manifest.
Furthermore, given the severity of nutrition deficiencies in this population, it is possible that
the window of opportunity for the benefits of supplementation was earlier than our period of
supplementation. For example, Christian et al found long-term cognitive benefits to the
Nepalese children at ages 7 to 9 years follow-up that were associated with prenatal iron/folic
acid supplementation to the mother (34), supporting the idea that it is possible that postnatal
supplementation in this trial may not have been timed optimally. Finally, it is possible that
any true benefits of zinc or iron supplements to children’s brain function and cognition were
too specific or subtle or to be captured by our outcomes, which reflect rather general gross
milestones. Alternatively, it may be that zinc and iron do not have an effect.

Strengths of this study include that this is one of the few studies to specifically examine
language abilities in relation to zinc supplementation in young children. The study used a
randomized and triple masked controlled design. The rural and largely micronutrient
deficient population that received supplementation over the course of a year had potential
for observing effects, if they existed. There was a 93% response rate in the VDC where this
sub-study was conducted, suggesting that selection bias is unlikely to have played a major
role. Likewise, there were only a total of 25 children who lacked baseline or follow-up data
for our outcomes of interest. Although randomization at baseline was uneven, we were able
to take this into account in our analysis by adjusting for socio-demographic factors that were
not equally distributed. Additional studies of effects at other ages or information on other
micronutrients or micronutrient deficiencies that may be acting in conjunction with iron,
zinc and folic-acid, in these children may be helpful for understanding why we may not have
observed an effect.

The present study did not indicate effects of iron-folic acid or zinc supplementation on
motor milestones or language abilities in Nepali children in early life. Further studies are
needed to confirm these findings as well as to be sure that the domains covered by our motor
milestones and the language acquisition assessment tools are the pertinent domains
associated with these micronutrients. Additional research on the detailed mechanisms
through which micronutrient supplementation might affect these domains, may inform
future confirmatory studies.
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Figure2.
Mean adjusted motor milestone score by zinc treatment over time
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Figure 3.
Mean adjusted motor milestone score by iron treatment over time
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Figure4.
Mean adjusted language milestone score by zinc treatment over time
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Figure5.
Mean adjusted language milestone score by iron treatment over time
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Figure6.

Mean adjusted motor milestone score by treatment group over time

Nutrition. Author manuscript; available in PMC 2014 March 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Surkan et al.

Language milestone score

Page 16

11 4

10 +

2 3 4 5
Study visit
Supplementation Group
Placebo — — — Zfinconly — - — Iron-Folic Acid only
—— — Zinc + Iron-Folic Acid

Figure7.

Mean adjusted language milestone score by treatment group over time
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Table 2

Main effects of zinc and iron supplementation on motor milestone score

Mean changein Unadjusted Adjusted” Adjusted”
motor milestone  differencein mean  Gifferencein mean differencein
scorefrom visit 1 motor milestone - - z

e 0 motor milestone®  motor milestone
tovisit 5(95% CI) SCOfecohange score change rate-of-change
B (95% CI) B (95% Cl) B (95% Cl) (GEE)
Zinc (n=285) 11.4 (10.7,12.2) -0.4 (-1.4,0.7) -0.7 (-1.4,0.01) -0.1(-0.5,0.3)
No Zinc (n=277) 11.8(11.1,12.6) ref ref ref
Iron (n=285) 11.8 (11.0, 12.5) 0.3(-0.8, 1.3) 0.1(-0.7,0.8) 0.1(-0.3,0.5)
No Iron (n=277) 11.5(10.8, 12.3) ref ref ref

fAnaIysis among n=527 who had outcome data at visit 1 and 5
§Analysis among n=516 who had outcome data at visit 1 and 5 and complete data on relevant baseline covariates

*
Adjusted for age category at baseline, sex, ethnicity, SES category, caste, paternal occupation, and maternal literacy. Baseline motor scores are
not controlled for because they did not differ at baseline.

Analysis among n=532 who had any outcome data for the post-intervention period (i.e. visits 2 through 5) and complete data on relevant baseline
covariates
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Table 3

Main effects of zinc and iron supplementation on language milestone score

Mean changein Unadjusted Adjusted* Adjusied*
_language differencein differencein differencein
milestone score language language language
from viSt1to - milestone score milestoneSscore  milestone Zrate-

visit 5 (95% CI) change
9 change of-change
B (95% CI) B (95% Cl) B (95% Cl) (GEE)
Zinc 53(4.9,5.7) -0.8(-1.3,-0.3) -0.2(-0.6,0.2) -0.1(-0.3,0.2)
No Zinc 6.1 (5.7,6.4) ref ref Ref
Iron 5.8(5.4,6.2) 0.3(-0.2,0.8) 0.2 (-0.2,0.6) -0.1(-0.3,0.1)
No Iron 55(5.2,5.9) ref ref Ref

fAnaIysis among n=527 who had outcome data at visit 1 and 5
§Analysis among n=516 who had outcome data at visit 1 and 5 and complete data on relevant baseline covariates

*
Adjusted for age category at baseline, sex, ethnicity, SES category, caste, paternal occupation, maternal literacy, and baseline language milestone
score

Analysis among n=532 who had any outcome data for the post-intervention period (i.e. visits 2 through 5) and complete data on relevant baseline
covariates
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