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Objectives: This study aims to investigate the effect of zinc supplementation on factors related
to growth in infants with FTT by conducting a meta-analysis.

Methods: Medline, Web of Science, and Scopus databases were comprehensively searched
to find randomized controlled trials investigating the effect of zinc on growth-related factors
in infants with FTT. After eligible studies were found by screening, their relevant data were
extracted.. The pooled effect size was estimated as a weighted mean difference with a 95%
confidence interval (Cl) using the random effect model method.

Results: Among 85 studies found by searching databases, 4 studies were eligible to enter this
review. The present meta-analysis revealed that zinc supplementation in infants with FTT led
to a significant increase in weight (weighted mean difference (MD)=-0.25 kg; 95% Cl, 0.02%-
0.49%), weight-for-age Z-score (weighted MD=0.16; 95% Cl, 0.03%, 0.28%), and height-for-age
Z-score (weighted MD=0.15, 95% Cl, 0.001%, 0.30%), compared to control groups. In contrast,
zinc supplementation had no significant effect on height and insulin-like growth factor 1 serum

levels.
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Introduction

n the early years of life, growth is considered a

parameter indicating the suitable condition of

the infant [1]. If the high energy requirements

in infants are not met well, it leads to lower-

than-expected weight growth based on spe-

cific growth charts for gender and age; this is
a common definition for failure to thrive (FTT). "Accord-
ing to some scientific definitions, If an infant's/child's
weight is less than the fifth percentile for his/her age
and gender on the growth chart, could be considered
FTT". Alternatively, the child’s weight growth percentile
line recedes as much as the two lines or more [2]. Previ-
ous studies have reported the relationship between FTT
and developmental delay, long-term deficits in height,
weight, and academic performance [1, 3, 4]. Further-
more, FTT can increase the risk of being overweight and
obese in later decades of life [5]. Often, children with
FTT are treated on an outpatient basis by referring them
to interdisciplinary clinics and based on recommenda-
tions from the American Academy of Pediatrics Commit-
tee on Nutrition [1, 6-8]. Chronic diseases and anemias,
the lack of access to food, dysfunction of the digestive
system, digestive symptoms, and lack of appetite are
among the most critical causes of FTT [9]. The manage-
ment of FTT includes providing energy and macronutri-
ents, correcting nutrient deficiencies, financial support,
family counseling, ongoing nutritional assessments, and
long-term monitoring [9].

Zinc is an essential trace element in the structure of
some proteins and molecules in the body [10]. It plays
a role in cell division, cell differentiation, membrane in-
tegrity, enzyme, and antioxidant system function [11].
Also, zinc is vital for synthesizing nucleic acid, and pro-
teins. Furthermore, it is necessary for maintaining lean
body mass [12]. In addition, zinc deficiency in children
is known as a growth-limiting factor [13]. In several past
studies, a significant effect of zinc supplementation on
the height and weight growth of children has been re-
ported, but there is no consensus about it yet [11, 14].
This meta-analysis investigates the effect of zinc supple-
mentation on growth-related factors in infants with FTT.

Methods
This systematic review was based on the preferred re-

porting items of systematic reviews and meta-analysis
framework [15].
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Search strategy

Medline, Scopus, and ISl databases were compre-
hensively searched up to June 2023 to find eligible tri-
als based on the inclusion criteria. This search did not
include any language or time restrictions. The applied
search strategy consisted of the following medical sub-
ject headings and non-medical subject headings terms:

(“Zinc” OR “zinc supplementation” OR “zinc sulfate”
OR “zinc gluconate”) AND (“FTT” OR “failure to thrive”
OR “catch-up growth” OR “growth-retarded”) AND (“in-
tervention” OR “randomized” OR “placebo” OR “clinical
trials” OR “trial” OR “randomized controlled trial” OR
“RCT” OR “cross-over” OR “parallel”).

All the reference lists of eligible studies were assessed,
and Google Scholar was manually searched to avoid
missing relevant articles.

Eligibility criteria

The studies obtained from the initial search were
screened to find randomized controlled trials that
investigated the effect of zinc supplementation on
growth-related factors in children with FTT. Disagree-
ments were discussed until a consensus was reached.
Two researchers (Mostafa Shahraki Jazinaki and Mo-
hammad Rashidmayvan) performed the screening
independently via the Endnote software, version 21,
using the titles and abstracts of papers. The inclu-
sion and exclusion criteria were designed based on
the PICOs (participant, intervention, comparison,
outcomes, and study types) framework as follows:
Participant=FTT patients, intervention=zinc supple-
ment, comparison=control group, outcome=growth-
related outcomes, study=randomized controlled trials
[16]. The inclusion criteria for meta-analysis comprised
the following items: Human intervention studies, arti-
cles with randomized controlled trial design, interven-
tion with zinc supplementation in the FTT population,
and reporting the changes in growth-related outcomes
during the intervention (MeanzSD). Meanwhile, the ex-
clusion criteria included animal studies, combined treat-
ment, no control group, observational studies, review
articles, and letters to the editor.

Data extraction

Two authors (Mostafa Shahraki Jazinaki and Moham-
mad Rashidmayvan) extracted the related data from rele-
vant articles obtained from screening independently. The
desired information of this review, including the name of
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the first author, the year of publication, country, the char-
acteristics of each of the study groups (number of peo-
ple, mean age, and weight), type, and dose and duration
of zinc supplementation, and MeanzSD of outcomes for
both the intervention and control groups were extracted
from the studies entered by two authors. Disagreements
were discussed until a consensus was reached.

Quality assessment

The assessment of the risk of bias in the included stud-
ies was performed using the Cochran quality assess-
ment tool ROB 1 by two researchers (Mostafa Shahraki
Jazinaki and Mohammad Rashidmayvan), independent-
ly [17]. This tool assessed the risk of bias for each study
in the following seven subclasses: Random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and oth-
er biases. The risk of bias in each subclass was classified
as high, unclear, and low.

The general risk of bias was considered high if the num-
ber of items with a high risk of bias in each study was >3;
if it was 2, it was considered moderate and if it was <1, it
was considered low general risk of bias. Disagreements
were resolved in consultation with Mohammad Safarian.

Data synthesis and statistical analysis

The pooled effect size was estimated using weighted
mean differences (WMD) and the SD of measures from
both intervention and control groups for different vari-
ables and by implementing the random effect model
based on the DerSimonian and Laird method [18]. In the
case of not reporting MeanSD changes, mean change
was calculated by subtracting variable values at the be-
ginning of the intervention from the end. Also, change
SD was estimated using the Equation 1 [19]:

1) Change SD=Square root ([SD baseline]*+[SD final]>~
[2xRxSD baselinexSD final])

Reported standard error, medians, interquartile rang-
es, and 95% Cl were converted to SDs using the method
of Hozo et al. [20]. The Cochran Q test evaluated the
studies’ heterogeneity and reported them by |? statis-
tic [21]. 1>>40% or P<0.05 was interpreted as significant
heterogeneity. To investigate the effect of the quality
and characteristics of each study on the overall size ef-
fect, a sensitivity analysis was performed [22]. In all the
analyses that were performed using the STATA software,
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version 17 and P<0.05 were considered statistically sig-
nificant.

Results
Study selection

As a result of the comprehensive search, 85 studies
were found in the databases. After removing 28 dupli-
cate studies, 57 were screened based on their titles and
abstracts. Next, the full text of 10 articles was read, 3
studies were excluded due to lack of randomized con-
trolled trials, and 3 studies were excluded due to not
reporting the desired data. Finally, 4 studies (effect
sizes=5) with 222 participants were included in this sys-
tematic review (Figure 1) [23-26].

Study characteristics

Eligible studies were published from 1989 [23] to 2019
[26]. The countries where the studies were conducted in-
cluded the USA [23], Vietnam [24], Israel [25], and South
Korea [26]. The sample size of the included arms varied
from 25 [23] to 66 individuals [26]. The mean age of the
participants was from 6.07 [25] to 17.55 months [24]. The
control group of all included studies, except for Cho et al.
[26], received a placebo. The duration of zinc supplemen-
tation in the eligible studies was between 12 [25] and 24
weeks [23, 26] and the dose of elemental zinc received al-
most varied from 5 [26] to 10 mg per day [24]. The charac-
teristics of the included studies are summarized in Table 1.

Risk of bias included studies were performed using
the Cochrane collaboration risk of bias tool. The general
risk of bias was low for 3 studies [23-25] and moderate
for one [26]. Details of the risk of bias assessment are
shown in Table 2 and Figure 2.

Meta-analysis
Effects of zinc supplementation on weight

Pooling of 4 effect sizes showed that zinc supplemen-
tation led to a significant increase in weight compared
to the control groups (WMD=-0.25 kg; 95% Cl, 0.02%,
0.49%; P=0.03; n=197 participants). However, signifi-
cant heterogeneity was not detected among the includ-
ed studies (1>=0.0%, P=0.50) (Figure 3A).

Effects of zinc supplementation on height

The combination of 4 effect sizes demonstrated that
zinc supplementation did not cause a significant change
in height compared to the control groups (WMD=0.85
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Figure 1. Flowchart of study selection for inclusion trials in the systematic review

cm; 95% Cl, -0.42%, 2.13%; P=0.18; n=197 participants).
Also, no significant heterogeneity was observed among
the included studies (1>=0.0%, P=0.90) (Figure 3C).

Effects of zinc supplementation on weight-for-age Z-score

The meta-analysis of 5 effect sizes showed that zinc
supplementation led to a significant increase in weight-
for-age Z-score compared to control groups (WMD=0.16;
95% Cl, 0.03%, 0.28%; P=0.01; n=222 participants).
However, there was no significant heterogeneity among
the included studies (1>=45.3%, P=0.12) (Figure 3B).

Effects of zinc supplementation on height-for-age Z-score

The combination of 5 effect sizes showed a significant
increasing effect of zinc supplementation compared to
control groups on height-for-age Z-score (WMD=0.15;
95% Cl, 0.001%, 0.30%; P=0.04; n=222 participants).
Also, no significant heterogeneity was detected among
the included studies (1>=4.6%, P=0.38) (Figure 3D).
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Effects of zinc supplementation on Insulin-like growth
factor 1 (IGF-1) serum levels

The combination of 2 effect sizes revealed the non-sig-
nificant effect of zinc supplementation on IGF-1 serum
levels compared to the control groups (WMD=-7.01;
95% Cl, -38.36%, 24.33%; P=0.66; n=105 participants).
However, high heterogeneity among included studies
was mentioned (1>=81.6%, P=0.02) (Figure 3E).

Sensitivity analysis and publication bias

Sensitivity analysis of the significant difference in over-
all effect size of zinc supplementation effect on weight
after omitting Walravens et al. (WMD=0.24 kg; 95% Cl,
-0.10%, 0.60%) [23], and Ninh et al. (WMD=0.16 kg;
95% Cl, -0.11%, 0.43%) [24] was reported. Also pooled
effect size for weight for age Z-score after excluding Wal-
ravens et al. (WMD=0.12; 95% Cl, -0.10%, 0.36%) [23],
Cochrane Handbook et al. (WMD=0.12; 95% Cl, -0.00%,
0.24%) [24], and Cho et al. (WMD=0.14; 95% Cl, -0.03%,
0.31%) [26], changed significantly. Furthermore, the
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Figure 2. Risk of bias assessment plot

overall effect size for height for age Z-score significantly
changed after excluding Walravens et al. (WMD=0.10;
95% Cl, -0.13%, 0.35%) [23], Ninh et al. (WMD=0.09;
95% Cl, -0.06%, 0.25%) [24], and Hershkovitz et al.
(WMD=0.15; 95% Cl, -0.02%, 0.33%) [25]. The signifi-
cance of the overall effect of zinc supplementation on
height was not dependent on the presence of any of the
pooled effect sizes.

Because the effect sizes included in this meta-analysis
were <10, publication bias was not evaluated according
to the Cochrane handbook [27]. Because 10 effect sizes
or more are needed to draw accurate and interpretable
conclusions from publication bias.

Discussion

According to the results of our meta-analysis, zinc
supplementation significantly increased weight, weight-
for-age Z-score, and height-for-age Z-score compared
to control groups in FTT infants. However, we detected
no significant effect of zinc supplementation on height.
Additionally, the combination of 2 effect sizes revealed
the non-significance of zinc supplementation on IGF-1
serum levels in FTT infants.

Effects of zinc supplementation on weight, height and
growth

Prior reports have demonstrated that zinc supple-
mentation improves growth parameters in infants. The
weight-for-age Z-score and weight-for-length Z-score

January 2024, Volume 12, Issue 1, Number 34
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of an infant whose daily zinc intake is 10 mg are 4%
greater than those of an infant whose daily zinc intake
is 5 mg [28]. On the other hand, neither healthy infants
in the Gambia nor healthy infants in the United States
responded to supplementation with increased growth
[29, 30]. A review of 25 studies on the effects of zinc
supplements on the growth of children in developing
countries found small but significant effects on growth,
with effect sizes of +0.22 for height gains and +0.26 for
weight gains [31]. This meta-analysis was updated by
Brown et al. and used 33 randomized controlled trials.
It showed a significant overall effect size of 0.350 (95%
Cl, 0.189%, 0.511%) for height, 0.309 (95% Cl, 0.178%,
0.439%) for weight, and =0 for weight-for-length Z-score
increments [32]. Thus, the effects of zinc supplementa-
tion on children’s development have been extensively
studied in developing countries, but less is known in in-
dustrialized nations [32]. Therefore, the potential bene-
fits of increased zinc intake for children in industrialized
countries remain undetermined.

Previous meta-analyses estimated the dose-response
relation between zinc intake and some growth param-
eters (weight-for-age Z-score and weight-for-length Z-
score) in the infant population. These data can supple-
ment evidence for supporting zinc reference values;
however, extrapolation of results to other populations,
especially developing populations should be treated
with caution [28]. Other growth parameters in meta-
analyses had no effect [28]. Zinc supplementation im-
proved specific growth outcomes, including height,
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3A.
Effect %
Study (95% Cl) Weight
Walravensetal. 1989 ——1'-— 0.25 (-0.10, 0.60) 45.90
Ninh et al. 1996 : -~ 0.50 (0.06, 0.94) 28.48
Cho et al. 2017.A : 0.00 (-0.77, 0.77) 9.20
Cho et al. 2017.B . 0.00 (-0.58, 0.58) 16.42
Overall, DL ( = 0.0%, p = 0.500) <> 0.26 (0.02, 0.49) 100.00
T T
-1 0 1
Note: Weights are from random-effects model
38. Effect %
Study (95% Cl) Weight
Walravensetal. 1989 -:o- 0.17 (0.14, 0.20) 46.49
Ninh et al. 1996 —:—+— 0.36 (0.14, 0.58) 19.05
Hershkovitz et al. 1999 - . -0.17 (-0.50, 0.16) 11.15
Cho etal. 2017.A - 0.00 (-0.49, 0.49) 5.81
Cho et al. 2017.B - 0.18 (-0.06, 0.42) 17.50
Overall, DL (I = 45.3%, p = 0.120) <> 0.16 (0.03, 0.29) 100.00
T T
-5 0 5
Note: Weights are from random-effects model
3C. Effect %
Study (95% Cl) Weight
Walravensetal. 1989 - E 0.48 (-1.69, 2.65) 34.66
Ninh et al. 1996 — 1.50 (-0.64, 3.64) 35.71
Cho et al. 2017.A -~ 0.20 (-3.72, 4.12) 10.58
Cho et al. 2017.B oS 0.70 (-2.23, 3.63) 19.04
Overall, DL (I = 0.0%, p = 0.900) <<E> 0.86 (-0.42, 2.13) 100.00
T T
-5 0 5
Note: weights are from random-effects model
3D. Effect %
Study (95% Cl) Weight
Walravensetal. 1989 —+ 0.18 (-0.02, 0.38) 48.63
Ninh et al. 1996 : - 0.38 (0.05, 0.71) 20.08
Hershkovitz et al. 1999 " 0.01(-0.59, 0.61) 6.14
Cho et al. 2017.A * . -0.15 (-0.69, 0.39) 7.49
Cho etal. 2017.B v -0.01 (-0.36, 0.34) 17.66
Overall, DL (I = 4.6%, p = 0.380) <> 0.15 (0.00, 0.30) 100.00
T

T
-5 0 5

Note: Weights are from random-effects model
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Figure 3. Forest plot detailing weighted MD and 95% Cl for the effect of zinc supplementation
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A) Weight (kg), B) Weight-for-age Z-score, C) Height (cm), D) Height-for-age Z-score, E) Serum IGF 1 (mg/dL)

weight, and weight-for-age Z-score in infants and chil-
dren but not in pregnant women, according to another
systematic review and meta-analysis of randomized
controlled trials. Furthermore, evidence was found
suggesting that the effects on height and height-for-
age Z-score may be more pronounced in children aged
two years and older, as opposed to infants [14]. Other
growth outcomes, like the risk of stunting, underweight,
or wasting, were not found to be significantly influenced
by zinc supplementation [14].

In line with our results, zinc supplementation may be
more beneficial for height, height-for-age Z-score, and
weight in children younger than 2 years of age. Infants
may have a lower risk of zinc deficiency because their
mothers are providing them with zinc through breast-
feeding or because their zinc stores are already relative-
ly full at birth [33]. According to the last meta-analysis,
most trials did not check the zinc status of participants
before they started; therefore, it was difficult to tell if
the results would be different depending on the zinc
levels at the start. Possible explanations for the smaller
effect size during infancy are that measuring growth, es-
pecially weight-for-age Z-score, is more difficult in the
field during infancy than it is during childhood [34].

According to Vakili’s research, zinc supplementation
has a greater impact on body mass index and weight-
for-age Z-score in women than in men. While zinc
supplementation had a greater effect on height-for-age
Z-score in males than placebo, this effect was not sta-
tistically significant in females. This supports the find-
ing that zinc improves growth velocity in short-statured
boys [35], but not in females [36]. Zinc improves growth
in relatively healthy children [8, 10, 11] but some stud-
ies in developing countries have found no effect of zinc
on growth, likely due to other growth-limiting factors
[29, 37, 38]. Previous meta-analyses [32, 39, 40] that
implemented trials of zinc supplementation throughout

childhood found that it was associated with a small but
significant increase in height and weight; in sub-analy-
sis, these benefits persisted in groups aged 1-5 and 5-13
but not 6-12 months [40].

Effects of zinc supplementation on IGF-1 serum levels

The previous study showed that providing humans
with zinc supplements can make their IGF-1 levels rise
significantly. Furthermore, more substantial improve-
ments were noted under the conditions of an 8-week
intervention period and a daily zinc intake of 10 mg
[41]. This is in contrast to the findings that zinc supple-
mentation for >8 weeks significantly increased IGF-1.
This could be because zinc-deficient patients need to
take supplements for longer than 8 weeks to restore
zinc deposits, which could be related to the baseline
serum zinc concentrations of the subjects who were
given zinc. The levels of IGF-1 are raised by zinc supple-
mentation in both zinc-deficient and healthy individuals
[42]. However, earlier research has suggested that zinc
supplementation is more helpful for patients with zinc
deficiency and abnormal serum zinc levels. In a study on
zinc supplementation and IGF1 levels in children with
FTT, Park et al. found no significant changes in serum
IGF-1 levels after the study ended, likely because the
study group had normal zinc and IGF-1 levels before the
zinc intervention [43].

Due to its involvement in cell growth, immunity, tis-
sue repair, protein and DNA synthesis, thyroid gland
and optimal bone functioning, and more, zinc is often
referred to as the metal of life [44, 45]. Similar to pro-
teins, phosphorus, magnesium, sodium, and potas-
sium, zinc inhibits linear growth when present in defi-
ciency [46]. Infants who are small for their gestational
age have lower levels of zinc in their placental proteins,
iron stores, and hemoglobin compared to infants who
are large for their gestational ages. This suggests that
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Table 2. Risk of bias assessment

Random . Blinding Blinding Incom-
Allocation ) Other L. Gen-
Sequence Selective (Partici- (Outcome plete X
Study Conceal- R Sources of eral Risk of
Genera- Reporting . pants and Assess- Outcome .
. ment Bias Bias
tion Personnel) ment) Data
Walravens et al. 1989 [23] U U L L L U L L
Ninh et al. 1996 [24] U U L U L V] L L
Hershkovitz et al. 1999 L L L U L U L L
[25]
Cho et al. 2019 [26] U L H L H u L M

Abbreviation: L: Low risk of bias; H: High risk of bias; U: Unclear risk of bias; , M: Moderate.
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Notes: General Low risk<2 high risk; General moderate risk=high risk; General high risk>2 high risk.

zinc is needed as early as fetal-placental development.
Therefore, according to the study of Akram et al. zinc
supplementation during pregnancy may reduce the
risk of preterm birth and have a beneficial effect on the
pregnancy’s outcome and the birth weight of the infant
[47]. In murine models of zinc deficiency, increasing ca-
loric intake or external administration does not reverse
the growth retardation, despite increasing IGF-1 levels
[48]. Consuming an excessive amount of zinc every day
is a reasonable benefit, but zinc is an important part
of raising IGF-1 levels. According to some studies, zinc
supplementation does not affect IGF-1 levels. Accord-
ing to a study by Barffour et al. zinc supplementation (7
mg tablets or micronutrient powder consisting of 10 mg
zinc+6 mg iron+13 other micronutrients) to 419 laotian
children did not elevate IGF-1 levels. The recommended
daily allowance for zinc in humans is 14-30 mg, but val-
ues between 2.8 and 40 mg/day can reportedly yield
physiological zinc homeostasis, with excess zinc being
primarily eliminated through the gastrointestinal tract
[49, 50].

Conclusion

The current meta-analysis revealed that zinc supple-
mentation significantly increased the weight and Z-
score of weight for age and height for age in infants with
FTT. Furthermore, our review indicated that zinc supple-
mentation did not lead to a significant change in the
other growth parameters including height and IGF-1.
Due to the limited number of included studies and the
non-ideal quality of some of them, it is not possible to
draw definitive conclusions and generalize the findings
of this issue, so it is recommended that RCTs with larger
sample sizes and higher sensitivity investigate this inter-
vention on the growth-related parameters in the infants
with FTT.

Study limitations

To the best of our knowledge, this is the first system-
atic review and meta-analysis investigating the effect
of zinc supplementation on growth-related factors in
infants with FTT. Despite its novelty, this meta-analysis
had several limitations, including the limited number of
included studies, insufficient sample size, and non-uni-
formity of the type of zinc supplement received.
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