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Abstract Physical growth disorders in under 5-year-old children are a common health
problem in many countries including Iran. The aim of this study was to determine effects of
supplemental zinc on physical growth in preschool children with retarded linear growth.
This study was a community-based randomized controlled trial on 2—5-year-old children
with height-for-age below 25th percentile of National Center for Health Statistics growth
chart. Ninety children were randomly assigned in zinc group (ZG) or placebo group (PG).
After 6 months of zinc or placebo supplementation, we followed up the children for another
6 months. Anthropometric indicators were measured before the intervention and then
monthly for 11 months. Forty children in ZG and 45 in PG concluded the study. Zinc
supplementation increased weight gain in boys (P=0.04) and girls (P=0.05) compared to
placebo but had no significant effect on mid-upper arm circumference increment in either
sexes. The most significant (P=0.001) effect of Zinc supplementation was seen in boys’
height increment at the end of follow-up period. Stunted growth rate in ZG changed
significantly (P=0.01) from 26.7% to 2.5% throughout the study. This study showed that
daily supplementation of 5 mg elemental zinc for 6 months improves physical growth in
terms of height increment and weight gain in children with undesirable linear growth,
especially in boys.
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Introduction

Human zinc deficiency was reported among adolescents in Iran and Egypt at first by Prasad
et al. in 1961 [1]. Zinc deficiency is a neglected public health problem in many developing
countries, including Iran [2, 3]. Several studies indicate that zinc deficiency results in poor
growth in infants [4, 5] and children [6-8], and also depressed appetite [7, 9]. Zinc
deficiency may also lead to impaired motor development in infants [10, 11] and, thus, can
interfere with cognitive performance. Furthermore, zinc is essential for the integrity of the
immune system, and its deficiency can result in reduced immunocompetence and decreased
resistance to infection [12—14].

The global stunting and underweight prevalences were reported from 27% to 34% and
22% to 27%, respectively. High prevalences were reported in Eastern and Southeastern
Asia, while South-central Asia continued to suffer from large scales of malnutrition.
Meanwhile, in Africa, numbers of stunted and underweight children increased from 40 to
45 million, and 25 to 31 million, respectively [15]. Approximately 70% of the world’s
malnourished children live in Asia, resulting in the region having the highest concentration
of childhood malnutrition. About half of the preschool children are malnourished ranging
from 16.0% in the People’s Republic of China to 64.0% in Bangladesh. Prevalence of
stunting and underweight are high especially in South Asia where one in every two
preschool children is stunted [16, 17]. Some studies showed that the prevalence of stunting,
wasting, and underweight in different areas of Iran vary from 8% to 57% [18-20].

It is now well established that malnourished children, including those with diarrheal
diseases, are in negative zinc balance and would, therefore, benefit from zinc
supplementation [21-25]. However, zinc supplementation studies on growth-retarded but
relatively healthy children in developing countries have not been conclusive. Researchers in
Gambia [26] and Guatemala [27] found positive changes in body composition favoring the
zinc-supplemented children, but there was no overall effect of zinc supplementation on the
growth of the children. The present study was, therefore, undertaken to further investigate
the role of zinc in the nutrition of growth-retarded but relatively healthy children. Our
hypothesis was supplementing zinc to preschool children with retarded linear growth would
have positive effects.

Materials and Methods

Study design and location The study was designed as a community-based randomized,
double-blind, placebo-controlled supplementation trial. The subjects were preschool
children who were below the 25th percentile of height for age according to National
Center for Health Statistics (NCHS) data. The study protocol was approved by the research
council and ethics committee at Shahid Sadoughi University of Medical Sciences in Yazd.
The study was carried out in the primary health center of Azad-shahr, a low-income suburb
of Yazd city in central Iran between March 2005 and February 2007.

Subjects and procedures Ninety children, 50 boys and 40 girls, within the range of 25—
69 months old (38.8+11.3 months; mean + SD) qualified to participate in the trial. The
children were randomly assigned to either Zinc Group (ZG) or Placebo Group (PG). ZG
received 5 mg of zinc sulfate in form of syrup everyday, and PG received the same syrup in
color, odor, and taste without zinc. The supplementation continued for 6 months in both
groups. Both syrups contained 5% sugar, 6% B-complex syrup, and deionized distilled water
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as solvent. Vahidi pharmacy assigned codes to the different syrups and sent them to
corresponding researcher, where they were kept secured until the end of the study.

The mothers of children were given one 150-ml bottle of syrup and instructed to feed
their child one spoonful of syrup every morning after breakfast. Also, they were asked to
save the bottle after consuming the syrup and to request a replacement if the bottle was
broken or lost. After 30 days, the mother along with her child came to the primary health
center and was then given another 150-ml bottle. Each mother was asked whether she had
encountered any problem when feeding the syrup and was asked about compliance of syrup
by her child. The children consumed the syrups for 6 months and were followed up for the
next 6 months with measuring the growth parameters. Not consuming 10% or more of
dosage would cause the child to be excluded from the study.

Anthropometry measurements Weight, height, and mid-upper arm circumference (MUAC)
of the children were taken at the beginning of the trial (baseline) and each month for
12 months after the start of the trial by a health worker in the Azad-shahr primary health
center. Weight was measured using a Rasa balance beam scale (Rasa Co., Tehran, Iran)
which was regularly calibrated and controlled against standard weights. Children were
allowed to wear a minimum of light clothes. The standing height of the children was
measured with a locally produced height board that was fixed vertically on a wall. MUAC
was taken with a flexible non-stretch measuring tape. Measures included weight to the
nearest 0.1 kg, height to the nearest 1.0 cm, and MUAC to the nearest 0.5 cm.
Anthropometric measurements were usually performed by the same health worker
following standard techniques. The Z scores for height-for-age (HAZ), weight-for-age
(WAZ), and weight-for-height (WHZ) were calculated in comparison to the NCHS standard
population. Stunting, underweight, and wasting were defined as HAZ<-2, WAZ<-2, and
WHZ<-2, respectively [28].

Statistical Analysis

Weight gain was calculated by subtracting initial weight from final weight. Height gain was
calculated by subtracting initial height from final height. Values are reported as mean + SD.
Differences between ZG and PG group were assessed by student’s ¢ test. Categorical data
were analyzed by Fisher’s exact test. The P value <0.05 was considered as significant. All
P values were two-tailed. SPSS version 11(SPSS Inc., Chicago, IL, USA) was used for data
analysis.

Ethical Considerations

An Informed consent was obtained from the mother of each child at the beginning of the
trial. They could quit the study freely, whenever they liked. The research ethics committee
of the Shahid Sadoughi University of Medical Sciences approved the study protocol.

Results

There were 90 children in both groups at the beginning of the study from who 85 people
concluded the study. Five children from ZG group stepped out on grounds of going on trips,
illness or other reasons (Fig. 1). The remaining 85 participants included 55.3% female and
44.7% male. Despite majority of female gender among the participants, the sex distributions
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Fig. 1 Sampling scheme for the study
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in the two groups did not show statistically significant difference. The mean of age in ZG
and PG were 39.1+10.8 and 39.4+11.2 months, respectively (P=0.8). Table 1 shows initial
data in both groups. There were no statistically differences between anthropometric
measurements of these two groups at baseline.

Mean of children’s weight gain is shown in Table 2. The figures are presented in the first
6-month (supplementation) period and the second 6-month (follow-up) period, as well as
the whole year (overall) period of time. The mean of weight gain during the whole year of
study in PG and ZG among girls were 2.0+0.9 and 2.6+1.1 kg (P=0.05), respectively, and
these figures for boys were 2.1+£0.8 and 2.7+0.8 kg (P=0.04), respectively. It is clearly

Table 1 Baseline Characteristics of Zinc and Placebo Groups

Variables Zinc group (n=40) Placebo group (n=45) Student’s ¢ test
Mean + SD Mean + SD P value

Girls

Age (month) 38+8.8 41+£12 0.3
Birth height (cm) 48.643.2 494432 0.4
Birth weight (g) 2976.6+455 2911.7+425 0.6
Z-score HAZ —1.45+0.44 —1.84+1.22 0.1
Z-score WAZ —1.33+0.45 —1.214+0.66 0.4
Z-score WHZ —0.71+0.57 -0.45+0.74 0.1
Boys

Age (month) 40.7+13 37.849.9 0.6
Birth height (cm) 48.9+£2.9 49.4+3.7 0.4
Birth weight (g) 3100.6+630 3022.7+433 0.6
Z-score HAZ —1.83+1.32 -1.32+1.06 0.1
Z-score WAZ —1.59+0.92 -1.1640.67 0.1
Z-score WHZ —0.80+0.67 —0.39+1.0 0.1
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Table 2 Weight Gain (kg) in Zinc and Placebo Groups

Periods of study Zinc group Placebo group Student’s ¢ test
P value

Number Mean + SD Number Mean + SD

First 6 months

Girls 24 0.92+0.41 23 0.92+0.55 0.9
Boys 16 1.06+0.76 22 0.90+0.83 0.5
Second 6 months

Girls 24 1.68+1.04 23 1.08+0.77 0.03
Boys 16 1.65+0.75 22 1.20+0.66 0.05
Throughout the study

Girls 24 2.6+1.10 23 2.0+0.90 0.05
Boys 16 2.7+0.80 22 2.1+0.80 0.04

shown that the weight gain happened significantly in the second 6-month period of study
among both sexes.

Mean of MUAC increment by the end of study in PG and ZG among girls were 1.23+
0.46 and 1.70+0.1 cm (P=0.8), respectively, and these figures for boys were 1.43+0.51
and 1.19+0.39 (P=0.1), respectively (Table 3). It was clearly shown the MUAC increment
was not significantly different between the two groups throughout the study in either sexes.

Mean of height increment during 1 year of study in PG and ZG among girls were 8.28+
2.23 and 9.64+1.7 cm (P=0.02) and among boys were 8.34+3.14 and 11.7+1.96 (P=
0.001), respectively (Table 4). When comparing the zinc group with placebo group, the
only significant increase in the height of children was seen in the second 6-month period
among boys.

Considering status of wasted and stunted children throughout of the study, the prominent
benefit of zinc supplementation appeared in declining rate of stunted child from 15% to
2.5% in ZG, compared to minimal decrease in PG from 26.7% to 20% (Table 5). The results
did not show the same positive effect on the rate of wasted child during and at the end of
study.

Table 3 Mid Upper- arm Circumference Increase (cm) in Zinc and Placebo Groups

Periods of study Zinc group Placebo group Student’s ¢ test
P value

Number Mean + SD Number Mean + SD

First 6 months

Girls 24 0.52+0.47 23 0.36+0.43 0.2
Boys 16 0.34+0.35 22 0.524+0.47 0.09
Second 6 months

Girls 24 0.67+0.31 23 0.86+0.42 0.2
Boys 16 0.85+0.28 22 0.91+0.58 0.6
Throughout the study

Girls 24 1.70+0.51 23 1.23+0.46 0.8
Boys 16 1.19+0.39 22 1.43+0.51 0.1
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Table 4 Height Increment (cm) in Zinc and Placebo Groups

Periods of study Zinc group Placebo group Student’s ¢ test
P value

Number Mean + SD Number Mean + SD

First 6 months

Girls 24 5.02+1.54 23 4.50+1.43 0.2
Boys 16 5.21+1.40 22 4.52+£2.93 0.3
Second 6 months

Girls 24 4.62+1.21 23 3.78+2.04 0.09
Boys 16 6.56+1.68 22 3.81+1.27 0.001
Throughout the study

Girls 24 9.64+1.70 23 8.28+2.23 0.02
Boys 16 11.70£1.96 22 8.34+3.14 0.001
Discussion

The results of this study showed significant weight gain in ZG compared to PG among both
girls (2.6 vs. 2.0 kg) and boys (2.7 vs. 2.1 kg) as shown in Table 2. It is interesting that
significant changes occurred in the second 6-month period of the study. We could not
explain this pattern of weight gain. Some studies have reported positive effect of zinc
supplementation on weight gain [6, 29-32] but some others have not [33-37]. Although
some studies have shown different responses from girls and boys to weight gain due to zinc
supplementation, but this issue should be supported by further studies [38].

Height increment was more prominent in boys than gitls so that the mean of total height
increment in PG and ZG for girls were 8.28 and 9.64 cm (P=0.02), respectively. However,
these figures for boys were 8.34 and 11.7 cm (P=0.001). This amount of height increment
is biologically significant. Higher rate of stunted growth among boys (25%) comparing to
girls (8.3%) at the beginning of the study could explain this result. Various studies have
shown better responses of stunted children to zinc supplementation [6, 29, 39, 40]. Similar

Table 5 Frequency Distribution of the Participants by Wasted and Stunted Status

Phase of study Wasted Stunted

Number Percentage Number Percentage
Baseline
Zinc group 6 15 6 15
Placebo group 4 8.9 12 26.7
PV* 0.2 0.2
6th month
Zinc group 3 7.5 1 2.5
Placebo group 2 4.4 9 2.5
PV 0.4 0.01
12th month
Zinc group 3 7.5 1 2.5
Placebo group 1 2.2 9 2.5
PV 0.2 0.01

# Fisher’s exact test
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to weight gain, significant increment of height took place in second half of the study during
the follow-up, when zinc supplementation was stopped. This finding indicated that zinc
needs time to promote growth with different mechanisms. This finding needs to be
confirmed by larger scale studies.

Attained height is the result of the interaction between genetic endowment and both
macro- and micronutrient availability during the growth period. Longitudinal growth occurs
through a process of cell proliferation, the addition of new cells to the growth plate of the
bone and hypertrophy, resulting in the expansion of the growth plate [29]. Although the
control of the bone growth in its different phases is not entirely understood, the key roles of
growth hormone (GH) and insulin-like growth factor I (IGF-I) have been identified.
Evidence from animal models indicates that energy and protein restriction reduces IGF-I
plasma concentration, which returns to normal upon replacement [40].

Several mechanisms of growth retardation and hypogonadism due to zinc deficiency
have been suggested. Zinc affects GH metabolism. Conversely, GH affects zinc
metabolism. Zinc deficiency may result in reduced GH production and/or IGF-I. Zinc
deficiency may also affect bone metabolism and gonadal function. The interrelationships
among zinc, growth, gonadal function and GH-IGF-I axis appears to be complex [41].

The association between nutritional status and the IGF-I system also has been observed
in human: IGF-I is reduced during acute protein deficiency and protein energy malnutrition
[40]. Some micronutrients also affect the IGF-I system. For example, it is well documented
that zinc deficiency in rats causes not only growth retardation but also a decrease in both
IGF-I plasma concentration and GH receptors, which return to normal after zinc repletion
[42]. Additionally, through its influence on the GH-IGF-I system effects, zinc deficiency
has been observed to affect bone metabolism [41]. The role of zinc in growth also may be
explained, in part, through its participation in DNA synthesis [43]. Vitamin D and calcium
deficiencies also affect bone development as manifested through the condition known as
rickets [44]. Deficiencies of some micronutrients, such as iron, magnesium, and zinc result
in anorexia [43, 45]. Therefore, these nutrient deficiencies also may contribute to growth
retardation indirectly by reducing the intake of other growth limiting factors such as energy
and protein; also, several micronutrients including zinc, iron, and vitamin A are associated
with immune function and risk of mortality which in turn affect growth.

In addition, factors like dietary intake, composition of meal, and dietary practice have
been well demonstrated to be determinant in bioavailability of trace elements including
zinc. Several studies conducted in the past four decades in Iran supported this idea [46—49].
Meanwhile, a recent national survey in Iran showed that bread and cereals food group
account for 49.2% of energy intake. This food group not only is a poor source of zinc but
also contains several elements, including phytic acid, that lower zinc bioavailability. This
survey also reported that dietary intake of hi-moderate zinc bioavailable foods like animal
food sources were low in dietary intake [50].

Limitations of study include no record of dietary intake and lack of IGF-I and other
growth-related hormones measurement. Meanwhile, the strengths of this study include high
compliance rate in the two groups and proper randomization so that at the beginning of
study, the recorded confounding variables were not significantly different between the two
groups (Table 1). Although many studies investigated effects of zinc supplementation on
physical growth, including two meta-analysis [6, 29] and most of them supported positive
effects of zinc supplementation, their results are not comparable due to different dosage,
product form, route of administration, and duration of supplementation of zinc.

In conclusion, this study, similar to some other studies, showed that daily elemental zinc
supplementation for 5 mg can improve physical growth in preschool children, especially

\V)
3¢ Humana Press



Zinc Supplementation and Physical Growth 125

height increment in boys with undesirable linear growth. As physical growth depends on
other micro- and macronutrient than zinc, multi-supplementation should be investigated.
Also, regarding different responses to zinc supplementation in girls and boys, further
studies should be carried out to explain this difference. Modification of dietary behavior is a
fundamental solution for improving suboptimal zinc intake.
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