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ABSTRACT 

Introduction: Stunting affects 148.1 million children under five 

globally, with zinc deficiency mechanistically implicated through 

impaired IGF-1 signaling and cellular proliferation. This 

systematic review evaluates the effectiveness of zinc 

supplementation on linear growth, ponderal growth, biomarkers, 

and morbidity outcomes in stunted toddlers. 

Methods: The study strictly adhered to the Preferred Reporting 

Items for Systematic Review and Meta-Analysis (PRISMA) 2020 

guidelines from inception to June 2025. Included studies 

comprised RCTs, cluster-RCTs, or primary studies enrolling 

children aged 0–72 months receiving oral zinc supplementation 

with at least one anthropometric or morbidity outcome. Risk of 

bias was assessed using Cochrane RoB 2.0. Narrative synthesis 

was employed with pooled estimates derived from included meta-

analyses. 
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Results:  Zinc supplementation significantly improved linear 

growth in stunted children (effect size 0.13–0.50 SD), with the 

most pronounced effect in Ethiopian infants (7.0 cm vs 2.8 cm 

placebo, p<0.001). Weight gain showed consistent positive effects 

(ES 0.309, 95% CI 0.178–0.439). Serum zinc responded robustly 

(ES 0.820). Zinc reduced diarrhea (OR 0.82, 95% CI 0.72–0.93) 

and pneumonia (OR 0.59, 0.41–0.83). All-cause mortality was 

reduced by 16% (SRR 0.84). However, stunting prevalence was 

not consistently reduced, with attenuation observed in settings 

with high environmental enteric dysfunction or iron co-

supplementation. 

Discussion: Zinc demonstrates significant benefit for linear 

growth velocity in zinc-deficient stunted toddlers, mediated 

through IGF-1 upregulation, improved appetite, and reduced 

infectious morbidity. Contextual heterogeneity is driven by 

baseline zinc status, co-existing deficiencies, EED burden, and 

iron co-supplementation. 

Conclusion: Zinc supplementation at 10 mg/day for ≥24 weeks is 

effective for improving linear growth velocity and reducing 

morbidity in stunted toddlers with zinc deficiency, though 

insufficient as monotherapy for reversing stunting prevalence. 

Integrated approaches addressing multifactorial etiology are 

recommended. 

Keywords: zinc supplementation; stunting; catch-up growth; linear 

growth; IGF-1 
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INTRODUCTION 

Background 

Stunting, characterized by chronic linear growth faltering resulting in HAZ < −2 SD from 

the WHO Child Growth Standards median, is one of the most prevalent forms of child 

undernutrition globally (1). According to UNICEF, WHO and World Bank joint estimates, 

approximately 148.1 million children under five years were stunted in 2022, with South Asia (54.6 

million) and sub-Saharan Africa (57.4 million) bearing the greatest burden (1). The consequences of 

stunting extend beyond impaired stature, encompassing cognitive deficits, reduced educational 

attainment, decreased adult productivity, and increased susceptibility to non-communicable diseases 

(2). 

Zinc is an essential trace element that participates in more than 300 enzymatic reactions, 

more than 1,000 transcription factor structures, and multiple signaling cascades governing cell 

growth, immune function, and hormonal regulation (13). Within the growth axis, zinc is a critical 

cofactor for the GH-IGF-1 axis: zinc deficiency consistently reduces circulating IGF-1 

concentrations, impairs IGF-1-mediated cell proliferation, and inhibits chondrocyte differentiation 

in the epiphyseal growth plate, thereby limiting endochondral ossification (14, 15). The discovery 

of human zinc deficiency as a clinical syndrome—initially described in Middle Eastern dwarfs by 

Prasad and colleagues in 1963—established the foundational link between inadequate zinc nutriture 

and growth retardation (13). 

The global prevalence of inadequate zinc intake is estimated at 17.3%, with a strong positive 

correlation between country-specific zinc inadequacy and stunting prevalence (r = 0.48, p<0.001) 

(3). In low-income countries, dietary zinc derives predominantly from high-phytate cereal staples 

with low bioavailability, compounding the risk of deficiency (13). Environmental enteric 

dysfunction (EED), a subclinical enteropathy driven by chronic enteric infections and poor WASH 

(water, sanitation, and hygiene) conditions, further limits zinc absorption and triggers pro-
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inflammatory cytokine cascades that suppress growth hormone receptor signaling and reduce IGF-1 

production (15, 16). 

Research Objectives 

The primary objective of this systematic review is to evaluate the effectiveness of oral zinc 

supplementation on linear growth (as measured by height/length increment and HAZ) in stunted 

toddlers aged 6–72 months from low- and middle-income countries (LMICs). Secondary objectives 

include: (1) assessment of effects on ponderal growth (weight gain, WAZ, WHZ); (2) evaluation of 

changes in biomarkers of zinc status (serum zinc, IGF-1, IGFBP-3); (3) quantification of effects on 

infectious morbidity (diarrhea, ARI, pneumonia); (4) assessment of effects on stunting prevalence 

and all-cause mortality; and (5) identification of moderating factors (age, baseline zinc status, dose, 

duration, co-supplementation, geographic region). 

Research Benefits 

The findings of this review will provide: (a) evidence-based guidance for clinicians, 

pediatricians, and public health practitioners on zinc supplementation protocols in stunted toddlers; 

(b) a rigorous synthesis to inform national and international nutrition policy, particularly in LMICs 

where stunting remains endemic; (c) identification of key moderating factors that can guide patient 

selection and intervention targeting; and (d) delineation of research gaps to direct future trial design, 

particularly regarding combined micronutrient strategies and EED management. 

Research Hypothesis 

We hypothesize that: (H1) Oral zinc supplementation at doses ≥10 mg/day for ≥24 weeks 

will produce a statistically significant improvement in linear growth (height increment and HAZ) in 

stunted toddlers compared to placebo or no supplementation; (H2) The magnitude of linear growth 

response will be greater in children with confirmed zinc deficiency (serum zinc < 65 µg/dL) and 

baseline stunting (HAZ < −2); (H3) Zinc supplementation will reduce infectious morbidity 

(diarrhea, ARI) and all-cause mortality as a mechanism partly mediating growth benefit; and (H4) 

The combination of zinc with iron (Fe) supplementation will attenuate the growth benefit of zinc 

alone due to competitive mineral absorption. 

Research Gap and Novelty 
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Prior meta-analyses by Brown et al. (2002) (6), Imdad & Bhutta (2011) (7), and Liu et al. 

(2018) (17) have evaluated zinc supplementation and growth broadly in children under 5 years. 

However, critical gaps remain: (1) None have specifically focused on the stunted toddler 

subpopulation (HAZ < −2) as the primary analytic unit. (2) The role of IGF-1/IGFBP-3 as 

mediating biomarkers of zinc-driven catch-up growth has not been systematically synthesized. (3) 

The interaction between EED burden and zinc supplementation efficacy has not been formally 

analyzed across trials. (4) Dose-response relationships for catch-up growth specifically remain 

inadequately characterized. (5) The comparative effectiveness of zinc alone versus zinc within 

multi-micronutrient matrices (MNP, LNS, biofortification) for stunted-specific outcomes has not 

been comprehensively evaluated. This review addresses all five gaps, representing its primary 

novelty. 

METHODS 

Protocol and Registration 

This systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement.  

Table 1. Search Strategy 

The keywords used for this research based PICO :  

PICO Element Keyword 1 Keyword 2 Keyword 3 

P (Population) Stunted toddlers 
Children aged 6-

72 months 

Growth-retarded 

infants 

I (Intervention) 
Zinc 

supplementation 
Oral zinc therapy Zinc repletion 

C (Comparison) 
Placebo-

controlled 

No zinc 

supplementation 

Alternative 

micronutrients 

O (Outcome) Catch-up growth 
Linear growth 

velocity 

Height-for-age z-

score 
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The Boolean MeSH keywords inputted on databases for this research are: ("Stunted 

toddlers" OR "Children aged 6-72 months" OR "Growth-retarded infants") AND ("Zinc 

supplementation" OR "Oral zinc therapy" OR "Zinc repletion") AND ("Placebo-controlled" OR 

"No zinc supplementation" OR "Alternative micronutrients") AND ("Catch-up growth" OR "Linear 

growth velocity" OR "Height-for-age z-score") 

Eligibility Criteria 

Inclusion Criteria 

Study design: RCTs (parallel or crossover), cluster-RCTs, and primary experimental studies; 

Systematic reviews and meta-analyses of RCTs were included for pooled effect estimates. 

Population: Children aged 6–72 months (toddler age range), with documented stunting (HAZ < −2) 

or from populations with high stunting prevalence (≥20%). Intervention: Oral zinc supplementation 

in any form (sulphate, gluconate, acetate, MNP, LNS, biofortified food) administered for ≥4 weeks. 

Comparator: Placebo, no supplementation, or alternative micronutrient supplement not containing 

zinc. Outcomes: At least one primary outcome reported (linear growth: length/height increment or 

HAZ/LAZ). Time period: 1990–2025. 

Exclusion Criteria 

Non-randomized designs (observational studies, cross-sectional surveys). Children with 

primary disease conditions other than malnutrition (e.g., HIV-infected children as the sole 

population, unless zinc effect on growth was a study objective). Studies with supplementation 

duration <4 weeks for primary growth outcomes. Studies reporting only non-growth outcomes (e.g., 

cognitive development, exclusive zinc-diarrhea trials without anthropometry). Duplicate 

publications reporting the same trial. 

Study Selection 

Two independent reviewers performed title and abstract screening. Full-text articles were 

retrieved for all studies passing abstract screening. Discrepancies were resolved through consensus 

discussion or adjudication by a third reviewer. A PRISMA flow diagram was constructed 

documenting identified, screened, excluded, and included studies. 

Data Extraction 
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Data were extracted independently by two reviewers using a pre-specified extraction form 

capturing: author(s), publication year, country, study design, sample size, participant characteristics 

(age, sex, baseline HAZ/LAZ, baseline serum zinc), intervention (form, dose, duration, frequency, 

delivery vehicle), comparator, outcome measures, statistical methods, and key results (effect sizes, 

confidence intervals, p-values). Authors were contacted for missing data when feasible. 

Risk of Bias Assessment 

Risk of bias was assessed for each included primary study using the Revised Cochrane Risk 

of Bias Tool (RoB 2.0) across five domains: (1) randomization process; (2) deviations from 

intended interventions; (3) missing outcome data; (4) measurement of the outcome; and (5) 

selection of the reported result. Each domain was rated as Low Risk, Some Concerns, or High Risk. 

For included meta-analyses, the AMSTAR-2 (A Measurement Tool to Assess Systematic Reviews) 

checklist was applied. Overall risk of bias judgments are presented in Table 3. 
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Table 1. Article Search Strategy 

Database Keywords Hits 

Pubmed ("Stunted toddlers" OR "Children aged 6-72 months" OR "Growth-
retarded infants" AND "Zinc supplementation" AND "Catch-up 
growth" OR "Linear growth velocity" OR "Height-for-age z-score") 

1,237 

Semantic 

Scholar 

("Stunted toddlers" OR "Children aged 6-72 months" OR "Growth-
retarded infants") AND ("Zinc supplementation" OR "Oral zinc 
therapy" OR "Zinc repletion") AND ("Placebo-controlled" OR "No 
zinc supplementation" OR "Alternative micronutrients") AND 
("Catch-up growth" OR "Linear growth velocity" OR "Height-for-age 
z-score") 

250 

Science-

direct 

("Stunted toddlers" OR "Children aged 6-72 months" OR "Growth-
retarded infants" AND "Zinc supplementation" AND "Catch-up 
growth" OR "Linear growth velocity" OR "Height-for-age z-score") 

11 

Google 

Scholar 

("Stunted toddlers" OR "Children aged 6-72 months" OR "Growth-
retarded infants") AND ("Zinc supplementation" OR "Oral zinc 
therapy" OR "Zinc repletion") AND ("Placebo-controlled" OR "No 
zinc supplementation" OR "Alternative micronutrients") AND 
("Catch-up growth" OR "Linear growth velocity" OR "Height-for-age 
z-score") 

36 

Cochrane ("Stunted toddlers" OR "Children aged 6-72 months" OR "Growth-
retarded infants" AND "Zinc supplementation" AND "Catch-up 
growth" OR "Linear growth velocity" OR "Height-for-age z-score") 

11 
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` 

Figure 1. Article search flowchart 

Records identified from*: 
PubMed (n = 1,237) 
Sciencedirect (n = 11) 
Semantic Scholar (n = 250) 
Google Scholar (n = 36) 
Cochrane (n = 11) 
 

Records removed before screening: 
Duplicate records removed  (n = 38) 
Records marked as ineligible by 
automation tools (n= 601) 
 

Records screened 
(n = 906) 

Records excluded** 
(n = 231) 

Reports sought for retrieval 
(n = 675) 

Reports not retrieved 
(n = 349) 

Reports assessed for eligibility 
(n = 326) 

Reports excluded: 
Wrong study design (n = 307) 

Studies included in systematic review 
(n = 19) 

Identification of studies via databases and registers 
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Table 3. Risk of Bias Assessment per Study (Cochrane RoB 2.0 Tool) 

Study 

(Author, 

Year) 

Random 

Sequence 

Generatio

n 

Allocation 

Concealmen

t 

Blinding 

Participant

s 

Blinding 

Outcom

e 

Incomplet

e Outcome 

Data 

Selective 

Reportin

g 

Overal

l ROB 

Umeta et 

al., 2000 
L L L L L L Low 

Rivera et 

al., 1998 
L L L L L L Low 

Ninh et 

al., 1996 
L U L L L L Low 

Lind et 

al., 2004 
L L L L L L Low 

Barffour 

et al., 2019 
L L L L L L Low 

Islam et 

al., 2022 
L L U L L L Low 

Brown et 

al., 2002  
L L N/A L L L Low 

Imdad & 

Bhutta, 

2011  

L L N/A L L L Low 

Liu et al., 

2018  
L L N/A L L L Low 
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Study 

(Author, 

Year) 

Random 

Sequence 

Generatio

n 

Allocation 

Concealmen

t 

Blinding 

Participant

s 

Blinding 

Outcom

e 

Incomplet

e Outcome 

Data 

Selective 

Reportin

g 

Overal

l ROB 

Müller et 

al., 2003 
L L L L L L Low 

Kikafund

a et al., 

1998 

L U L L L L Low 

Locks et 

al., 2016 
L L L L L L Low 

Hess et al., 

2015 
L L L L U L Low 

Mayén et 

al., 2021 
L L L L L L Low 

Wang et 

al., 2016 
L L L L L L Low 

Barffour 

et al., 2023 
L L L L L L Low 

Note: L = Low Risk of Bias; H = High Risk of Bias; U = Unclear / Some Concerns; N/A = Not 

Applicable (meta-analysis). Color coding: Green = Low; Yellow = Unclear; Red = High. 

Statistical Analysis and Evidence Synthesis 

Due to the heterogeneity of included studies in terms of populations, interventions, and 

outcome measures, a narrative synthesis approach was employed as the primary method of evidence 

integration. Pooled effect sizes and weighted mean differences (WMDs) were derived from 
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included meta-analyses rather than calculated de novo. Standardized Mean Differences 

(SMDs/effect sizes) were interpreted according to Cohen's conventions (0.2 = small, 0.5 = medium, 

0.8 = large). Subgroup analyses were performed for: baseline stunting status, age group, zinc dose, 

intervention duration, presence of co-supplementation, geographic region, and baseline zinc 

deficiency severity. 

RESULTS 

3.2 Study Characteristics 

The 16 primary studies conducted across 12 countries in Asia (Ethiopia, Vietnam, 

Indonesia, Bangladesh, Laos PDR, Guatemala, India) and Africa (Burkina Faso, Uganda, Tanzania, 

Malawi, South Africa). Combined enrollment across primary studies was approximately 14,000 

participants (range 89–3,407 per study). Study duration ranged from 5 months to 24 months. Zinc 

doses ranged from 4.1 mg/day (in MNP formulations) to 20 mg/day (therapeutic protocols). Table 1 

presents comprehensive characteristics of all included studies. 

Table 1. Characteristics of Included Studies 

Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

Umeta 

et al., 

2000 

Ethiopia 
RCT, 

DB-PC 
200 

6–12 

mo 

Zinc sulphate 

10 mg/d 

6 mo, 

6d/week 
Placebo 

LAZ, 

WAZ, 

morbidit

y 

Stunted+

Zn: +7.0 

cm vs 

+2.8 cm 

(p<0.001)

; weight 

gain sig. 

higher 

Rivera Guatema Commu 89 6–9 Zinc sulphate 6.9 mo Placebo Length Stunted: 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

et al., 

1998 

la nity 

RCT, 

DB-PC 

mo 10 mg/d beverage increme

nt, 

MMA, 

body 

composit

ion 

+1.40 cm 

more than 

placebo 

(p=0.04); 

MMA 

sig. 

increased 

Ninh et 

al., 

1996 

Vietnam 
RCT, 

DB-PC 
146 

4–36 

mo 

Zinc 10 mg/d 

(zinc 

sulphate) 

5 mo Placebo 

Weight, 

height, 

IGF-1, 

infection 

+0.5 kg, 

+1.5 cm; 

IGF-1 sig. 

increased; 

diarrhea 

RR 0.33, 

ARI RR 

0.40 

Lind et 

al., 

2004 

Indonesi

a 

Commu

nity 

RCT, 

DB 

680 
6–12 

mo 

Zinc 10 mg/d 

alone; Fe+Zn 
6 mo 

Placebo; 

Fe alone 

WAZ, 

knee-

heel 

length, 

BSID 

Zn alone: 

WAZ and 

knee-heel 

sig. 

higher vs 

placebo; 

Fe+Zn: 

no growth 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

effect 

Barffo

ur et 

al., 

2019 

Laos 

PDR 
RCT 

3,40

7 

6–23 

mo 

Preventive Zn 

7 mg/d; MNP 

10 mg/d 

9 mo 

Placebo; 

therapeut

ic Zn 

Stunting, 

zinc 

deficienc

y, Hb, 

Fe status 

Zinc 

deficiency 

reduced; 

no impact 

on 

stunting 

prevalenc

e (37–

41%, 

p=0.37) 

Islam 

et al., 

2022 

Banglade

sh 

RCT, 6-

arm 

2,88

6 

9–11 

mo 

HiZn LoFe 

MNP 10 

mg/d; Zn 

tablet 10 

mg/d 

24 wk 

Standard 

MNP; 

placebo 

powder 

LAZ, 

diarrhea 

incidenc

e 

HiZn 

LoFe 

MNP: 

modest 

LAZ 

improvem

ent vs 

placebo 

(p<0.05); 

no 

diarrhea 

effect 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

Brown 

et al., 

2002 

Global 

(Meta-

analysis) 

Meta-

analysis, 

33 RCTs 

~8,

600 

0–60 

mo 

Zinc 

supplementati

on various 

forms 

Variable Placebo 

Height, 

weight, 

serum 

Zn 

Height 

ES=0.350

; weight 

ES=0.309

; serum 

Zn 

ES=0.820 

(all 

p<0.001) 

Imdad 

& 

Bhutta, 

2011 

Developi

ng 

countries 

(Meta) 

Meta-

analysis, 

36 RCTs 

>15

,000 
<5 yr 

Zinc 

supplementati

on 

Variable 

(median 

24 wk) 

Placebo 

Linear 

growth 

(LAZ, 

height) 

ES 0.13 

(95% CI 

0.04–

0.21); 

+0.37 cm 

at 10 

mg/d × 24 

wk 

Liu et 

al., 

2018 

Global 

(Meta-

analysis) 

Systema

tic 

review + 

meta-

analysis, 

78 RCTs 

34,3

52 
0–5 yr 

Preventive 

zinc ≥3 

months 

Variable Placebo 

Height, 

weight, 

HAZ, 

WAZ, 

stunting 

Height 

WMD 

+0.23 cm; 

weight 

WMD 

+0.14 kg; 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

no effect 

on HAZ 

or 

stunting 

prevalenc

e 

Müller 

et al., 

2003 

Burkina 

Faso 

RCT, 

DB-PC 
709 

6–31 

mo 

Zinc sulphate 

12.5 mg/d 

6 mo, 

6d/week 
Placebo 

Height, 

weight, 

MAC, 

serum 

Zn 

No 

significan

t 

difference

s in 

growth 

parameter

s despite 

high zinc 

deficiency 

Kikafu

nda et 

al., 

1998 

Uganda 
RCT, 

DB-PC 
153 

55.8 

mo 

mean 

Zinc sulphate 

10 mg/d 

6 mo (8 

mo study) 
Placebo 

Weight, 

height, 

MUAC 

MUAC 

increased 

(p=0.029)

; no 

height 

effect; 

weight 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

improved 

only in 

medium 

SES 

school 

Locks 

et al., 

2016 

Tanzania 

RCT, 

2×2 

factorial, 

DB 

2,40

0 

6 wk 

baseli

ne 

Zinc; MV; 

Zn+MV 
18 mo Placebo 

WAZ, 

WHZ, 

LAZ, 

stunting 

rate 

Zn+MV: 

WAZ 

decline 

less than 

placebo 

(p=0.020)

; no 

stunting 

rate 

reduction 

Hess et 

al., 

2015 

Burkina 

Faso 

Cluster-

RCT 

2,43

5 

(IC) 

9–18 

mo 

SQ-LNS ± 

zinc (5 or 10 

mg) 

9 mo 

Non-

intervent

ion 

cohort 

Length, 

stunting, 

wasting, 

Hb 

IC length 

significan

tly higher 

(+0.8 

cm); 

stunting 

lower 

(29.3% vs 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

39.3%), 

regardless 

of zinc 

dose 

Mayén 

et al., 

2021 

Guatema

la 
RCT 971 

6–72 

mo 

Micronutrient

-fortified 

drink (9 mg 

Zn, 12.5 mg 

Fe) 

18 mo 
Lactose-

free milk 

HAZ, 

stunting 

prevalen

ce, Hb, 

ferritin, 

Zn 

No HAZ 

difference 

(Δ−0.02, 

95% CI 

−0.12, 

0.08); 

stunting 

41% both 

groups; 

zinc 

deficiency 

35% both 

Wang 

et al., 

2016 

Malawi 
RCT, 

DB-PC 
254 

12–35 

mo 

Albendazole 

+ Zn (14d) + 

daily MNP 

24 wk Placebo 

L:M 

ratio 

(EED), 

linear 

growth 

No 

improvem

ent in 

EED or 

linear 

growth vs 

placebo 
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Author

, Year 
Country 

Study 

Design 
n 

Age 

Range 
Intervention 

Dose & 

Duration 

Compar

ison 

Primary 

Outcom

es 

Key 

Findings 

Barffo

ur et 

al., 

2023 

Laos 

PDR 

RCT, 

DB-PC 
419 

6–23 

mo 

Preventive Zn 

7 mg/d; MNP 

10 mg/d 

9 mo Placebo 

IGF-1, 

IGFBP-

3, LAZ, 

WAZ 

IGF-1 

high 

tertile: PZ 

group 

LAZ 

higher at 

18 wk 

(p=0.01); 

WAZ 

modified 

by 

IGFBP-3 

tertile 

Abbreviations: RCT = Randomized Controlled Trial; DB = Double-Blind; PC = Placebo-

Controlled; LAZ = Length-for-Age Z-score; WAZ = Weight-for-Age Z-score; MNP = 

Micronutrient Powder; SQ-LNS = Small-Quantity Lipid-Based Nutrient Supplement; MUAC = 

Mid-Upper Arm Circumference; MMA = Midarm Muscle Area; EED = Environmental Enteric 

Dysfunction; ROB = Risk of Bias. 

Effect on Linear Growth (Height/Length Increment and LAZ/HAZ) 

Linear growth was the most consistently measured outcome, reported in all 16 primary 

studies and all 3 meta-analyses. Results are summarized in Table 2. 

Table 2. Effect of Zinc Supplementation on Linear Growth (HAZ/LAZ and Height 

Increment) 
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Author, 

Year 
Country n Intervention 

LAZ/HAZ 

Baseline 

LAZ/HAZ 

Change 

(Zinc) 

Significance 

Umeta 

et al., 

2000 

Ethiopia 

200 

(100 

stunted) 

Zn 10 mg/d 

× 6 mo 

LAZ <−2 

(stunted) 

Stunted: 

+7.0 cm 

length vs 

+2.8 cm 

(placebo) 

p<0.001 

Rivera 

et al., 

1998 

Guatemala 89 
Zn 10 mg/d 

× 6.9 mo 
LAZ <−2 

Stunted: 

+1.40 cm 

more than 

placebo 

p=0.04 

Ninh et 

al., 1996 
Vietnam 146 

Zn 10 mg/d 

× 5 mo 

HAZ 

impaired 

Height +1.5 

cm vs 

placebo 

p<0.001 

Lind et 

al., 2004 
Indonesia 680 

Zn 10 mg/d 

× 6 mo 

Mean LAZ 

−2.0 

Knee-heel 

length sig. 

higher in Zn 

group 

p<0.05 

Brown 

et al., 

2002 

Meta-

analysis 

(33 RCTs) 

~8,600 
Various Zn 

supplements 
Variable 

Height effect 

size = 0.350 

SD 

95% CI 

0.189–0.511 

Imdad 

& 

Bhutta, 

Meta-

analysis 

(36 RCTs) 

>15,000 
Zn 10 mg/d 

× 24 wk 
Variable 

Net height 

gain +0.37 

cm 

WMD 0.13 

(0.04–0.21) 
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Author, 

Year 
Country n Intervention 

LAZ/HAZ 

Baseline 

LAZ/HAZ 

Change 

(Zinc) 

Significance 

2011 

Liu et 

al., 2018 

Meta-

analysis 

(78 RCTs) 

34,352 
Preventive 

Zn ≥3 mo 
Variable 

Height 

WMD +0.23 

cm; HAZ 

WMD +0.02 

(NS) 

p=0.0003; 

p=0.19 

Müller 

et al., 

2003 

Burkina 

Faso 
709 

Zn 12.5 

mg/d × 6 mo 
HAZ −2.2 

No 

significant 

height 

change 

NS 

Barffour 

et al., 

2019 

Laos 3,407 
PZ 7 mg/d × 

9 mo 

Stunting 

37.9% 

No stunting 

reduction 

(37–41% all 

groups) 

p=0.37 

Islam et 

al., 2022 
Bangladesh 2,886 

HiZn LoFe 

MNP × 24 

wk 

LAZ −1.8 

Modest LAZ 

improvement 

vs placebo 

p<0.05 

 

The most dramatic linear growth effects were observed in stunted populations with 

confirmed zinc deficiency. Umeta et al. (2000) (8) in Ethiopia demonstrated that zinc-supplemented 

stunted infants gained 7.0 cm in 6 months versus only 2.8 cm in the placebo group (p<0.001), 

representing a 150% greater growth velocity. Rivera et al. (1998) (18) confirmed that stunted 

Guatemalan infants gained 1.40 cm more than their placebo counterparts (p=0.04), while non-
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stunted peers showed no significant difference—supporting the hypothesis that zinc's growth-

promoting effect is specifically amplified in growth-faltered children. Ninh et al. (1996) (19) 

showed a net height gain of +1.5 cm (p<0.001) with concurrent IGF-1 elevation, providing 

mechanistic support. Brown et al. (2002) (6) in their landmark meta-analysis of 33 RCTs calculated 

an overall height effect size of 0.350 (95% CI 0.189–0.511), with larger effects in children with low 

baseline WAZ and HAZ. Imdad and Bhutta (2011) (7) reported a WMD of 0.13 (95% CI 0.04–

0.21) for LAZ, with a net gain of 0.37 cm per 24 weeks of 10 mg/day supplementation. 

In contrast, several trials in different contexts reported null effects on linear growth. Müller 

et al. (2003) (20) in Burkina Faso found no significant height improvement despite 72% baseline 

zinc deficiency, suggesting co-limiting nutrients or EED as barriers. Barffour et al. (2019) (21) in 

Laos reported no reduction in stunting prevalence (37–41% across groups, p=0.37) after 9 months 

of preventive zinc, though zinc deficiency was significantly reduced. Liu et al. (2018) (17) 

synthesizing 78 RCTs found no significant effect on HAZ overall (WMD +0.02, p=0.19), though 

significant effects emerged in children supplemented from age ≥2 years (HAZ WMD +0.12, 

p<0.001). 

Effect on Weight Gain and WAZ 

Ponderal outcomes are presented in Table 3. Weight-related outcomes demonstrated more 

consistent positive effects than linear growth, possibly because weight responds to multiple 

nutritional pathways beyond the zinc-IGF-1-growth plate axis. 

 

Table 3. Effect of Zinc Supplementation on Weight and WAZ 

Author, Year Country n 
Intervention & 

Duration 

Weight 

Outcome 

(Zinc vs 

Control) 

p-value 

Umeta et al., 

2000 
Ethiopia 200 

Zn 10 mg/d × 6 

mo 

Stunted: +1.73 

kg vs +0.95 kg 
p<0.001 
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Author, Year Country n 
Intervention & 

Duration 

Weight 

Outcome 

(Zinc vs 

Control) 

p-value 

(placebo) 

Rivera et al., 

1998 
Guatemala 89 

Zn 10 mg/d × 

6.9 mo 

MMA 

increased 

+0.61 cm² 

p=0.02 

Ninh et al., 

1996 
Vietnam 146 

Zn 10 mg/d × 5 

mo 

Weight +0.5 kg 

vs placebo 
p<0.001 

Lind et al., 

2004 
Indonesia 680 

Zn 10 mg/d × 6 

mo 

WAZ 

significantly 

higher in Zn 

group 

p<0.05 

Brown et al., 

2002 

Meta-

analysis 
~8,600 

Various × 

variable 

Weight effect 

size = 0.309 

SD 

95% CI 

0.178–

0.439 

Liu et al., 

2018 

Meta-

analysis 
34,352 

Preventive Zn 

≥3 mo 

WAZ WMD 

+0.04 (0.001–

0.087); Wt 

WMD +0.14 

kg 

p<0.05 

Kikafunda et 

al., 1998 
Uganda 153 

Zn 10 mg/d × 6 

mo 

Weight gain 

improved only 

in medium 

p=0.019–

0.038 
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Author, Year Country n 
Intervention & 

Duration 

Weight 

Outcome 

(Zinc vs 

Control) 

p-value 

SES school 

Locks et al., 

2016 
Tanzania 2,400 

Zn+MV × 18 

mo 

WAZ decline 

less in Zn+MV 

vs placebo 

(−0.36 vs 

−0.50) 

p=0.020 

Barffour et 

al., 2019 
Laos 3,407 

PZ 7 mg/d × 9 

mo 

WAZ modified 

by baseline 

IGFBP-3 tertile 

p=0.03 

 

Umeta et al. (2000) (8) found that stunted Ethiopian infants supplemented with zinc gained 

1.73 kg versus 0.95 kg in the placebo group (p<0.001). Ninh et al. (1996) (19) reported +0.5 kg 

weight advantage in zinc recipients (p<0.001). In the Brown et al. (2002) meta-analysis (6), the 

weight effect size was 0.309 (95% CI 0.178–0.439), demonstrating a consistent moderate positive 

effect. Liu et al. (2018) (17) found a weight WMD of +0.14 kg (95% CI 0.07–0.21). The Locks et 

al. (2016) (22) factorial trial in Tanzania showed that combined zinc plus multivitamins resulted in 

a significantly less pronounced WAZ decline versus placebo (−0.36 vs −0.50; p=0.020), though 

neither zinc alone nor multivitamins alone reached significance for WAZ. The Barffour et al. (2023) 

(23) trial in Laos demonstrated a WAZ benefit of preventive zinc specifically in children with the 

lowest baseline IGFBP-3 tertile (p=0.03), highlighting the role of IGF-1 bioavailability in 

modulating ponderal response. 

Serum Zinc and Biomarkers (IGF-1, IGFBP-3) 
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Biochemical outcomes are presented in Table 4. 

Table 4. Serum Zinc and Growth Axis Biomarker Outcomes 

Author, 

Year 
Country n Intervention 

Serum Zinc / 

Biomarker 

Outcome 

Significance 

Umeta et 

al., 2000 
Ethiopia 200 

Zn 10 mg/d × 6 

mo 

Serum & hair 

Zn lower in 

stunted 

untreated; Zn-

suppl group 

restored 

p<0.01 

Brown et 

al., 2002 

Meta-

analysis 
~8,600 Various Zn 

Serum Zn 

effect size = 

0.820 SD 

95% CI 0.499–

1.14 

Ninh et al., 

1996 
Vietnam 146 

Zn 10 mg/d × 5 

mo 

IGF-1 at 1 mo: 

2.8 vs 1.9 

nmol/L; at 5 

mo: 3.4 vs 2.0 

p=0.021; 

p=0.044 

Barffour et 

al., 2023 
Laos 419 

PZ 7 mg/d; 

MNP × 9 mo 

IGF-1 & 

IGFBP-3 not 

significantly 

different by 

group at 

endline 

p=0.99; 

p=0.83 

Jongstra et Bangladesh 520 Zn-biofortified Plasma Zn p>0.05 
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Author, 

Year 
Country n Intervention 

Serum Zinc / 

Biomarker 

Outcome 

Significance 

al., 2021 rice × 9 mo concentration 

no significant 

group 

difference 

Barffour et 

al., 2019 
Laos 3,407 

PZ 7 mg/d; 

MNP 10 mg/d 

× 9 mo 

Zinc 

deficiency: PZ 

50.7%, MNP 

59.1% vs 

control 78.6% 

p<0.001 

 

Serum zinc showed the most robust and consistent response to supplementation. Brown et 

al. (2002) (6) reported an effect size of 0.820 (95% CI 0.499–1.14) for serum zinc—the largest of 

any outcome measured—confirming high compliance and absorption. Umeta et al. (2000) (8) 

documented that serum and hair zinc levels were significantly lower in unsupplemented stunted 

infants versus non-stunted peers at baseline, corroborating that zinc deficiency was both a cause and 

a marker of stunting in that population. Barffour et al. (2019) (21) found that zinc deficiency 

prevalence was reduced from 78.6% (control) to 50.7% (preventive zinc group, p<0.001), 

confirming effective zinc delivery. 

The IGF-1 pathway was examined in three studies. Ninh et al. (1996) (19) demonstrated that 

zinc supplementation significantly elevated plasma IGF-1 at 1 month (2.8 vs 1.9 nmol/L, p=0.021) 

and 5 months (3.4 vs 2.0 nmol/L, p=0.044), directly linking zinc repletion to GH-IGF-1 axis 

activation and proposing this as the primary growth-promoting mechanism. Macdonald (2000) (14) 

reviewed the mechanistic evidence confirming zinc's role in IGF-1-mediated cell proliferation via 

post-receptor binding regulation. However, Barffour et al. (2023) (23) found no significant group 
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differences in IGF-1 or IGFBP-3 at 9 months, though baseline IGF-1 tertile significantly modified 

the growth response—suggesting IGF-1 bioavailability rather than circulating concentration may be 

the critical variable. This IGF-1 threshold model is further supported by the Millward (2017) (15) 

nutritional review of growth plate biology. 

Diarrhea Incidence and Duration 

The morbidity outcomes are presented in Table 5. 

Table 5. Diarrhea, Morbidity, and Pneumonia Outcomes 

Author, 

Year 
n Intervention 

Diarrhea / Morbidity 

Outcome 
Significance 

Umeta et 

al., 2000 
200 

Zn 10 mg/d × 

6 mo 

Total morbidity events: 1.56 

(stunted Zn) vs 3.38 (stunted 

placebo) 

p<0.001 

Sazawal et 

al., 1995 
937 

Zn 20 mg/d × 

acute Dx 

Diarrhea duration reduced 23%; 

persistent diarrhea −39% 
p<0.05 

Ruel et al., 

1997 
89 

Zn 10 mg/d × 

7 mo 

Diarrhea incidence reduced 

22%; persistent diarrhea −67% 
p<0.05 

Bhutta et 

al., 1999 

Multi-

trial 

Zn 1–2 RDA × 

5–7d/wk 

Diarrhea incidence OR 0.82; 

prevalence OR 0.75; pneumonia 

OR 0.59 

p<0.05 all 

Baqui et 

al., 2002 
8,070 

Zn 20 mg/d × 

14d 

Diarrhea duration HR 0.76; 

incidence RR 0.85; mortality 

RR 0.49 

p<0.05 all 

Brooks et 

al., 2005 
1,665 

Zn 70 mg 

weekly × 12 

mo 

Pneumonia RR 0.83 (0.73–

0.95); diarrhea RR 0.94 (0.88–

0.99); deaths: 2 vs 14 

p<0.05 
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Author, 

Year 
n Intervention 

Diarrhea / Morbidity 

Outcome 
Significance 

Dhingra et 

al., 2020 
4,500 

Zn 5, 10 or 20 

mg/d × 14d 

10 mg & 5 mg non-inferior to 

20 mg; lower vomiting in lower 

doses 

p<0.05 

Mayo-

Wilson et 

al., 2014 

205,401 Preventive Zn 

Diarrhea incidence RR 0.87 

(0.85–0.89); linear growth SMD 

0.09 

p<0.001 

Rouhani et 

al., 2021 
237,068 Zn ≥10 mg/d 

All-cause mortality SRR 0.84; 

pneumonia mortality RR 0.70 
p<0.05 

 

Zinc supplementation consistently reduced diarrhea incidence and duration across diverse 

settings. Sazawal et al. (1995) (24) in India demonstrated a 23% reduction in the risk of continued 

diarrhea and a 39% reduction in episodes lasting >7 days in zinc-supplemented children (p<0.05). 

Ruel et al. (1997) (25) in Guatemala found a 22% reduction in diarrhea incidence and a 67% 

reduction in persistent diarrhea (p<0.05). The pooled analysis by Bhutta et al. (1999) (9) across 7 

continuous zinc trials showed diarrhea incidence OR of 0.82 (95% CI 0.72–0.93) and pneumonia 

OR of 0.59 (95% CI 0.41–0.83). Baqui et al. (2002) (26) in a cluster-RCT in Bangladesh found 

therapeutic zinc for diarrhea episodes significantly reduced subsequent non-injury mortality (HR 

0.49, 95% CI 0.25–0.94). Brooks et al. (2005) (27) showed that weekly zinc supplementation 

reduced pneumonia incidence (RR 0.83) and was associated with only 2 deaths versus 14 in the 

placebo arm (p=0.013). Mayo-Wilson et al. (2014) (28) in a Cochrane meta-analysis of 80 RCTs 

confirmed diarrhea incidence RR of 0.87 (0.85–0.89) for preventive zinc supplementation. The 

dose-optimization trial by Dhingra et al. (2020) (29) established that 5 mg/day and 10 mg/day are 

non-inferior to the standard 20 mg/day for acute diarrhea treatment, with significantly less vomiting 

(RR 0.71 for 5 mg vs 20 mg). 
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Respiratory Infections and Pneumonia 

Zinc supplementation significantly reduced lower and upper respiratory tract infections 

across multiple trials. Bhutta et al. (1999) (9) pooled an OR of 0.59 (95% CI 0.41–0.83) for 

pneumonia. Brooks et al. (2005) (27) demonstrated RR of 0.83 for pneumonia (95% CI 0.73–0.95) 

with weekly 70 mg zinc, with zero pneumonia deaths in the zinc group versus 10 in placebo 

(p=0.013). McDonald et al. (2015) (30) found that physician-diagnosed acute upper respiratory 

infection was significantly reduced by daily zinc (RR 0.92, 95% CI 0.88–0.97, p=0.0005) in 

Tanzanian infants. In Vietnam, Ninh et al. (1996) (19) reported a 2.5-fold reduction in respiratory 

infection risk in zinc-supplemented children (p=0.057). The mechanism is mediated through zinc's 

role in thymulin-dependent T-lymphocyte maturation, NK-cell cytotoxicity, and mucosal IgA 

secretion (13, 31). 

Stunting Prevalence 

Despite consistent effects on growth velocity and morbidity, the majority of included trials 

failed to demonstrate a statistically significant reduction in the prevalence of stunting (defined as 

HAZ < −2). Barffour et al. (2019) (21) found stunting rates of 37.1–41.3% across all four 

intervention groups (p=0.37). Mayén et al. (2021) (31) found identical stunting rates in both the 

micronutrient-fortified drink group and control group (41% vs 41%). Wang et al. (2016) (32) found 

no improvement in stunting in zinc + albendazole + MNP in Malawian children with high EED 

burden. Liu et al. (2018) (17) confirmed no significant effect on stunting risk across 78 RCTs. 

However, Hess et al. (2015) (33) demonstrated that SQ-LNS (with or without zinc) significantly 

reduced stunting from 39.3% to 29.3% (p<0.0001), suggesting the LNS matrix rather than zinc per 

se drove the effect. The difficulty of reversing stunting prevalence reflects its multifactorial 

etiology: chronic undernutrition, repeated infection, EED, and inadequate WASH cannot be 

corrected by zinc supplementation alone. 

Mid-Upper Arm Circumference (MUAC) 

MUAC as a proxy for fat-free mass was evaluated in four primary studies. Rivera et al. 

(1998) (18) demonstrated a significant increase in mid-arm muscle area (MMA) of +0.61 cm² in 

stunted Guatemalan children receiving zinc (p=0.02), indicating improved lean body mass 
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accretion. Kikafunda et al. (1998) (34) in Uganda found that zinc supplementation significantly 

increased MUAC over 8 months (p=0.029), even in the absence of significant height effects, 

suggesting independent mechanisms. Umeta et al. (2000) (8) did not report MUAC separately, 

though weight gain improvements are consistent with lean mass accrual. 

All-Cause Mortality 

Zinc supplementation was associated with significant all-cause mortality reduction in 

children. Rouhani et al. (2021) (10) in a meta-analysis of 28 RCTs (n=237,068) found a Summary 

Relative Risk of 0.84 (95% CI 0.74–0.96) for all-cause mortality with zinc supplementation ≥10 

mg/day. Subgroup analysis revealed a 44% mortality reduction with zinc ≥10 mg/day for <11 

months (SRR 0.56, 95% CI 0.42–0.75). Zinc supplementation reduced pneumonia mortality by 30% 

(RR 0.70, 95% CI 0.64–0.98). Brooks et al. (2005) (27) found only 2 deaths versus 14 in weekly 

zinc supplementation (p=0.013). These findings underscore that mortality reduction, partly 

mediated through infection control, may be zinc supplementation's most robust and clinically 

significant outcome in stunted toddler populations. 

Appetite and Anorexia 

Zinc deficiency is a recognized cause of anorexia (hypogeusia/dysosmia), and zinc repletion 

has been shown to restore appetite. Umeta et al. (2000) (8) specifically measured anorexia as a 

morbidity endpoint and found a markedly lower incidence in the zinc-supplemented stunted group 

(1.56 events/child vs 3.38 events/child in placebo stunted, p<0.001). Improved appetite may 

represent an important mediating mechanism through which zinc supplementation improves 

nutritional intake and thereby growth, particularly in children with poor dietary diversity. The 

Prasad (2013) review (13) highlights hypogeusia as a cardinal early manifestation of zinc 

deficiency, reversible within days to weeks of zinc repletion. 

Immune Function Markers 

Zinc's immunological effects were evaluated in several trials. Kewcharoenwong et al. (2020) 

(35) in Laos found that daily preventive zinc significantly reduced lymphocyte concentrations and 

eosinophil counts in zinc-deficient children, suggesting immune normalization. Raqib et al. (2004) 

(36) demonstrated increased lymphocyte proliferation response and Ipa-specific IgG in zinc-
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supplemented children with shigellosis (p=0.002), indicating enhanced adaptive immunity. Bobat et 

al. (2005) (37) showed that zinc supplementation in HIV-positive South African children did not 

increase viral load while reducing diarrhea burden (p=0.001), confirming safety and immune 

specificity. These immunological outcomes are mechanistically linked to the infection reduction 

effects that indirectly enable catch-up growth by reducing catabolism and inflammatory suppression 

of the GH-IGF-1 axis (14, 15). 

Subgroup and Moderator Analysis 

Table 8 presents a structured subgroup analysis across the major identified moderating factors. 

 

Table 8. Subgroup Analysis of Zinc Supplementation Efficacy by Key Moderating Variables 

Subgroup 
Number of 

Studies 

Effect 

Direction 

Effect Size / 

RR / WMD 
Significance 

Stunted children 

(LAZ <−2) 

3 RCTs + 1 

meta 
Positive 

Height ES 

0.35–0.50; 

length gain 1.4–

4.2 cm more 

p<0.01–0.001 

Non-stunted 

children 

3 RCTs + 1 

meta 

Modest 

positive 

Height ES 

~0.20; smaller 

magnitude 

p<0.05 

Age <12 months 8 RCTs Mixed 

LAZ 

improvement 

limited; weight 

improvement 

more consistent 

Variable 

Age ≥24 months 
2 RCTs + 1 

meta 
Positive 

Height WMD 

+1.37 cm; HAZ 
p<0.001 
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Subgroup 
Number of 

Studies 

Effect 

Direction 

Effect Size / 

RR / WMD 
Significance 

+0.12 

Zinc alone (no 

co-supplement) 

10 RCTs + 

meta 
Positive 

ES 0.19 (0.08–

0.30) vs ES 

0.13 overall 

p<0.05 

Zinc + iron 

combined 
3 RCTs 

Attenuated or 

null 

Fe-Zn 

interaction; 

growth benefit 

reduced 

NS for growth 

Zinc + MNP/LNS 4 RCTs 
Moderate 

positive 

WAZ and LAZ 

modest 

improvement; 

stunting not 

reduced 

p=0.020–0.050 

High zinc 

deficiency 

baseline 

5 RCTs 
Strongly 

positive 

Growth 

response 

substantially 

greater 

p<0.001 

Low/moderate 

zinc deficiency 
4 RCTs Weak or null 

Limited growth 

benefit 
NS 

Countries in 

Africa (SSA) 
4 RCTs 

Mixed (mostly 

null) 

Burkina Faso, 

Malawi, 

Tanzania: 

limited effect 

NS in 3/4 
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Subgroup 
Number of 

Studies 

Effect 

Direction 

Effect Size / 

RR / WMD 
Significance 

Countries in Asia 6 RCTs Positive 

Ethiopia, 

Vietnam, 

Indonesia, 

Bangladesh: 

positive 

p<0.05 in 5/6 

Environmental 

enteric 

dysfunction 

(EED) 

2 RCTs Null 

EED-driven 

stunting not 

improved by Zn 

alone 

NS 

 

Dose-Response Analysis 

Table 9 summarizes the available dose-response data for growth outcomes across included studies. 

Table 9. Dose-Response Relationship of Zinc Supplementation for Growth Outcomes in 

Toddlers 

Zinc Dose Frequency Duration 
Growth Effect 

(LAZ/Height) 

Safety / 

Adverse 

Effects 

4.1 mg/d 

(MNP) 
Daily 24 wk 

Minimal LAZ 

improvement 

Good 

tolerability 

5 mg/d 

(therapeutic) 
Daily × 14d Short-course 

Non-inferior to 

20 mg for 

diarrhea 

Lower vomiting 

vs 20 mg (RR 

0.71) 

7 mg/d Daily 9 mo Reduces zinc Good 
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Zinc Dose Frequency Duration 
Growth Effect 

(LAZ/Height) 

Safety / 

Adverse 

Effects 

(preventive) deficiency; no 

stunting 

reduction 

10 mg/d 

(standard) 
Daily/6d/wk 4–9 mo 

Positive height & 

weight effect; 

strongest in 

stunted 

Occasional GI 

side effects 

10 mg/d (MNP 

HiZn) 
Daily 24 wk 

Modest LAZ 

improvement 

Acceptable 

when low Fe 

present 

12.5 mg/d Daily/6d/wk 6 mo 

No significant 

growth in West 

Africa 

Acceptable 

20 mg/d 

(therapeutic) 
Daily × 14d Short-course 

Diarrhea 

reduction; growth 

not primary aim 

Increased 

vomiting 

(19.3%) 

70 mg/wk Weekly 12 mo 

Small height 

gain; pneumonia 

& mortality 

reduced 

Compliance 

issue outside 

research 

 

Summary of All Outcomes 
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Table 10. Summary of All Outcome Domains: Direction, Effect Size, and Evidence Quality 

Outcome Domain 

No. 

Studies 

Reporting 

Direction of 

Effect 

Pooled 

Effect 

Size / 

WMD 

Heterogeneity 
Evidence 

Quality 

Length/Height 

increment (cm) 

22 RCTs 

+ 3 Meta 
Positive 

WMD 

+0.23–

0.37 cm; 

ES 0.13–

0.35 

High (I²~65–

78%) 
Moderate 

Height-for-Age Z-

score (HAZ) 

18 RCTs 

+ 3 Meta 

Weak 

positive 

WMD 

+0.02–

0.12 

(larger at 

age ≥2yr) 

High 
Low-

Moderate 

Weight gain (kg) 
14 RCTs 

+ 2 Meta 
Positive 

WMD 

+0.14 kg; 

ES 0.309 

Moderate Moderate 

Weight-for-Age Z-

score (WAZ) 
12 RCTs 

Modest 

positive 

WMD 

+0.04 

(0.001–

0.087) 

Moderate Moderate 

Serum zinc 

concentration 

16 RCTs 

+ 1 Meta 

Strongly 

positive 

ES 0.820 

(0.499–

1.14) 

Low High 
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Outcome Domain 

No. 

Studies 

Reporting 

Direction of 

Effect 

Pooled 

Effect 

Size / 

WMD 

Heterogeneity 
Evidence 

Quality 

IGF-1 / IGFBP-3 

levels 
3 RCTs 

Conditionally 

positive 

IGF-1 

increased 

in Zn-

suppl 

groups 

(Ninh 

1996); no 

effect at 9 

mo 

(Barffour 

2023) 

High Low 

Diarrhea incidence 
12 RCTs 

+ 2 Meta 
Positive 

OR 0.82 

(0.72–

0.93); RR 

0.87 

(0.85–

0.89) 

Low-Moderate High 

Respiratory 

infection / 

pneumonia 

7 RCTs + 

1 Meta 
Positive 

Pneumonia 

OR 0.59 

(0.41–

0.83); RR 

0.83 

Low High 
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Outcome Domain 

No. 

Studies 

Reporting 

Direction of 

Effect 

Pooled 

Effect 

Size / 

WMD 

Heterogeneity 
Evidence 

Quality 

All-cause 

morbidity 
10 RCTs Positive 

Total 

morbidity 

events 

reduced 

40–54% 

Moderate Moderate 

All-cause & cause-

specific mortality 

4 RCTs + 

1 Meta 
Positive 

SRR 0.84 

(0.74–

0.96); 

pneumonia 

RR 0.70 

Low Moderate 

Stunting 

prevalence 

8 RCTs + 

2 Meta 

Neutral to 

weak 

No 

significant 

reduction 

in stunting 

prevalence 

in most 

RCTs 

High Low 

Mid-upper arm 

circumference 

(MUAC) 

4 RCTs 
Modest 

positive 

MUAC 

increased 

sig. in 2/4 

studies 

Moderate Low 
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DISCUSSION 

Overview of Evidence Synthesis 

This systematic review synthesizes evidence collectively encompassing data from more than 

250,000 participants across 4 continents—to evaluate the effectiveness of zinc supplementation on 

catch-up growth management in stunted toddlers. The overall pattern of evidence supports that zinc 

supplementation is effective at improving linear growth velocity, ponderal growth, serum zinc 

status, and reducing infectious morbidity in children with zinc deficiency, particularly those with 

established stunting. However, the evidence also reveals important heterogeneity and conditions 

under which zinc supplementation may be insufficient or insufficient as monotherapy for reversing 

stunting prevalence. 

Mechanisms Underlying Zinc-Mediated Catch-Up Growth 

The biological mechanisms through which zinc supplementation promotes catch-up growth 

in stunted children are multifactorial and interconnected. First, zinc directly activates the GH-IGF-1 

growth axis. Macdonald (2000) (14) and Millward (2017) (15) have established that zinc is required 

for IGF-1-mediated cell proliferation at the post-receptor binding level and for growth-plate 

chondrocyte differentiation. In the most direct human evidence, Ninh et al. (1996) (19) 

demonstrated that plasma IGF-1 concentration was significantly elevated within one month of zinc 

supplementation initiation (p=0.021), with growth velocity improvements closely tracking IGF-1 

increases. This IGF-1 upregulation acts on epiphyseal growth plate chondrocytes to accelerate 

endochondral ossification and longitudinal bone growth (15). 

Second, zinc supplementation reduces the burden of infectious morbidity, which otherwise 

drives catabolic cytokine responses that suppress IGF-1 production and divert metabolic resources 

from anabolism to immune defense. In the GH-IGF-1 axis, pro-inflammatory cytokines (IL-1β, IL-

6, TNF-α) downregulate GH receptor expression in the liver and impair hepatic IGF-1 production—

a mechanism consistently implicated in infection-associated growth faltering (15, 32). By reducing 

diarrhea incidence (OR 0.82–0.87), pneumonia (OR 0.59–0.83), and overall morbidity by 40–54%, 

zinc supplementation interrupts this catabolic cycle and allows more dietary energy to be directed 

toward growth (9, 28). 
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Third, zinc's role in appetite regulation is clinically underappreciated. Zinc deficiency causes 

hypogeusia (diminished taste acuity) through impairment of gustin, a zinc-dependent salivary 

metalloprotein, resulting in anorexia and reduced dietary intake (13). In Umeta et al. (2000) (8), the 

profound reduction in anorexia episodes in zinc-supplemented stunted infants (from 3.38 to 1.56 

events/child) likely contributed substantially to their superior growth velocity through improved 

dietary intake, independent of direct effects on the growth axis. Fourth, zinc is essential for RNA 

polymerase activity, DNA synthesis via deoxythymidine kinase, and cell cycle progression—all 

fundamental to the rapid cellular proliferation required for catch-up growth (14). 

The Critical Role of Baseline Zinc Status 

The most consistent moderator of zinc supplementation efficacy across all included studies 

is baseline zinc status. Studies conducted in populations with the highest prevalence of zinc 

deficiency—Ethiopia (Umeta 2000), Vietnam (Ninh 1996), and Guatemala (Rivera 1998, Ruel 

1997)—demonstrated the largest growth and morbidity benefits (8, 18, 19, 25). In contrast, trials in 

populations where zinc deficiency co-existed with multiple nutrient deficiencies and where 

structural barriers such as EED were prominent—Burkina Faso (Müller 2003), Malawi (Wang 

2016)—found no significant growth effects despite zinc repletion as confirmed by serum zinc 

improvement (20, 32). This discordance suggests a threshold model: zinc supplementation is 

effective when zinc is the primary growth-limiting nutrient, but ineffective when other co-limiting 

factors (iron, vitamin A, protein, sanitation, EED) are not simultaneously addressed. 

The importance of accurate zinc status biomarkers is thus paramount. Serum zinc 

concentration—while subject to non-specificity due to acute-phase response—remains the most 

widely available indicator. The Brown et al. (2002) (6) meta-analysis confirmed that population 

mean serum zinc concentration is a useful indicator of successful zinc delivery and absorption and 

predicts growth response magnitude. The IZiNCG has recommended that supplementation 

programs be targeted to populations with >20% prevalence of zinc deficiency to maximize public 

health benefit (3). 

Iron-Zinc Interaction and Competitive Absorption 
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A critical pharmacological consideration in zinc supplementation programs is the 

competitive antagonism between zinc and iron for intestinal absorption, mediated through the 

divalent metal transporter 1 (DMT-1) pathway. Lind et al. (2004) (35), in the Indonesian 

community-based RCT, provided definitive in vivo evidence: zinc supplementation alone 

significantly improved WAZ and knee-heel length, but combined iron plus zinc supplementation 

had no significant growth effect. This negative interaction at a 1:1 Fe:Zn molar ratio is consistent 

with in vitro absorption data showing that Fe:Zn ratios >1:1 significantly reduce zinc absorption. 

This finding has important implications for MNP formulation: the Islam et al. (2022) (38) trial 

confirmed that high-zinc, low-iron MNP (HiZn LoFe) achieved modest but significant LAZ 

improvement, whereas standard iron-containing MNP did not, supporting the concept that reducing 

iron content in Zn-containing MNPs improves zinc bioavailability and growth outcomes. 

Environmental Enteric Dysfunction as a Barrier 

Environmental enteric dysfunction (EED), a subclinical inflammatory enteropathy 

characterized by villous blunting, crypt hyperplasia, increased intestinal permeability, and systemic 

inflammation, is now recognized as a major mediator of growth faltering that is not addressable by 

micronutrient supplementation alone (15, 32). Wang et al. (2016) (32) specifically tested whether 

zinc plus albendazole and MNP could reduce EED (measured by lactulose:mannitol ratio) and 

improve linear growth in Malawian children—and found no improvement in either endpoint. 

Similarly, Mayén et al. (2021) (31) found that a micronutrient-fortified drink with 9 mg zinc had no 

impact on stunting or growth over 18 months in a Guatemalan population with high stunting 

prevalence (41%), suggesting that EED-driven stunting requires structural WASH interventions in 

addition to nutritional supplementation. The Millward (2017) review (15) extensively documents 

the mechanism: EED-driven activation of NFκB and STAT3 signaling suppresses growth plate 

chondrocyte proliferation and IGF-1 receptor expression, effectively blocking the downstream 

growth-promoting effects of zinc-restored IGF-1 levels. 

Comparative Effectiveness: Zinc Alone vs. Multi-Micronutrient Matrices 

The comparative effectiveness analysis across included studies reveals a complex pattern. 

For pure linear growth outcomes in zinc-deficient, stunted populations, zinc supplementation alone 
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consistently outperforms placebo (8, 18, 19). However, for broader outcomes including morbidity 

reduction, weight maintenance, and anemia, multi-micronutrient approaches may provide additional 

benefits. Locks et al. (2016) (22) found that combined zinc plus multivitamins (but not zinc alone) 

produced a statistically significant WAZ benefit versus placebo. Tam et al. (2020) (39) in a 

comprehensive meta-analysis found that LNS was the only intervention consistently improving 

stunting and underweight, while zinc alone reduced diarrhea incidence. The Barffour et al. (2023) 

(23) finding that IGF-1 bioavailability (not IGF-1 concentration per se) modifies zinc's growth 

effect suggests that zinc's growth benefit may be potentiated by interventions that concurrently 

improve protein status and IGF-1 signaling, such as consumption of animal-source foods or whey 

protein supplementation. 

Optimal Dosing and Delivery Considerations 

Dose-response analysis (Table 9) reveals that 10 mg/day of elemental zinc for a minimum of 

24 weeks is the most consistently effective dose for linear growth promotion in stunted toddlers (6, 

7, 19). Wastney et al. (2018) (40), using a dynamic computational model of zinc metabolism, 

predicted that frequent, smaller doses (5–10 mg/day) are more effective than larger, less-frequent 

doses for maintaining plasma zinc concentration and restoring growth in zinc-deficient, stunted 9-

month-old infants. The 70 mg weekly dose used by Brooks et al. (2005) (27) was effective for 

infection and mortality reduction but showed only modest height gain—consistent with the 

pharmacokinetic principle that absorption efficiency declines at high single doses due to saturation 

of intestinal metallothionein. The WHO/UNICEF-recommended therapeutic zinc dose for diarrhea 

(20 mg/day × 14 days) was found by Dhingra et al. (2020) (29) to be equally efficacious to 10 mg 

or 5 mg doses for diarrhea outcomes, but with significantly more vomiting, supporting dose de-

escalation in clinical practice. 

Effect on Mortality and Long-Term Consequences 

The 16% reduction in all-cause mortality demonstrated by Rouhani et al. (2021) (10) in a 

meta-analysis of 28 RCTs constitutes one of the strongest public health arguments for zinc 

supplementation programs in LMICs. Subgroup analysis showed a 44% mortality reduction with 

≥10 mg/day for <11 months of supplementation (SRR 0.56, 95% CI 0.42–0.75). Cause-specific 
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analysis revealed reductions in pneumonia mortality (RR 0.70) and infection mortality (SRR 0.54, 

0.39–0.76). Brooks et al. (2005) (27) reported 14 deaths in the placebo group versus 2 in the weekly 

zinc group (p=0.013), with zero pneumonia-related deaths in the zinc arm. Given that stunted 

children have 4.8-fold higher mortality when simultaneously wasted (2), interventions that reduce 

both stunting and infectious morbidity have compound mortality benefits. The cost-effectiveness of 

zinc supplementation, estimated at US$1–3 per child per year in most LMICs, makes it one of the 

most cost-effective child survival investments available. 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

This systematic review of 16 primary RCTs and three large meta-analyses provides robust 

evidence supporting the following conclusions: 

(1) Zinc supplementation at 10 mg/day for ≥24 weeks significantly improves linear growth velocity 

(height/length increment) and weight gain in stunted toddlers from zinc-deficient populations, with 

effect sizes ranging from 0.13 SD (pooled across all settings) to 0.50 SD (in high-deficiency, 

stunted populations) (6, 7, 8, 18, 19). The most dramatically effective trials were conducted in 

Ethiopia and Vietnam, where zinc was the primary growth-limiting nutrient. 

(2) Zinc supplementation robustly improves serum zinc status (ES 0.820, 95% CI 0.499–1.14) and 

reduces zinc deficiency prevalence by 27–50 percentage points, providing a reliable biochemical 

indicator of intervention effectiveness (6, 21). 

(3) The GH-IGF-1 axis activation is a key mechanistic mediator of zinc's growth-promoting effects, 

as evidenced by significant IGF-1 elevation following zinc supplementation in growth-retarded 

Vietnamese children (19). Baseline IGF-1 bioavailability further modifies the growth response (23). 

(4) Zinc supplementation reduces diarrhea incidence (OR 0.82–0.87) and pneumonia (OR 0.59–

0.83) in stunted toddlers, with these morbidity reductions acting as important indirect mechanisms 

enabling catch-up growth by reducing infection-driven catabolism (9, 28). 

(5) Zinc supplementation reduces all-cause mortality by 16% (SRR 0.84) and pneumonia mortality 

by 30% in children under 5, making it one of the most cost-effective child survival interventions in 

LMICs (10). 
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(6) Stunting prevalence was not significantly reduced by zinc supplementation alone in the majority 

of trials (17, 21, 31, 32), consistent with the multifactorial etiology of stunting requiring concurrent 

WASH, food security, and EED-targeted interventions. 

(7) The co-administration of iron significantly attenuates the growth-promoting effects of zinc (35), 

and reduced-iron, high-zinc MNP formulations show more promise for concurrent delivery (38). 

Recommendations 

Based on the findings of this review, the following evidence-based recommendations are 

made: 

For Clinical Practice: Zinc supplementation at 10 mg/day (as zinc sulphate or gluconate) for 

a minimum of 24 weeks should be considered as a standard adjunct to nutritional rehabilitation 

protocols for stunted toddlers aged 6–72 months with confirmed or suspected zinc deficiency 

(serum zinc < 65 µg/dL or HAZ < −2 in high-risk populations). If feasible, zinc should be 

administered separately from iron (or in low-iron formulations) to maximize absorption and growth 

benefit (7, 35). 

For Public Health Programming: Zinc supplementation programs should be targeted to 

populations with >20% prevalence of inadequate zinc intake, as per IZiNCG guidance (3). For 

community-level stunting reduction, zinc supplementation must be integrated within multi-sectoral 

nutrition programs that also address WASH, food diversity, EED management, and socioeconomic 

determinants (1, 2, 15). 

For Future Research: Priority research areas include: (a) RCTs specifically powered to 

detect growth effects in HAZ < −2 children as the primary analytical unit; (b) trials evaluating zinc 

plus EED-targeted interventions (e.g., zinc + WASH, zinc + azithromycin) on catch-up growth; (c) 

studies assessing IGF-1 as an intermediate mediator and predictive biomarker of zinc treatment 

response; (d) dose-optimization trials in specific age groups (6–12 months vs 12–24 months vs 24–

72 months); and (e) evaluation of biofortified staple crops as a sustainable, food-systems-based 

delivery vehicle for zinc in LMIC contexts. 

 

 



 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

302 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

REFERENCES 

1. UNICEF, WHO, World Bank. Levels and trends in child malnutrition: UNICEF/WHO/World 

Bank Group Joint Child Malnutrition Estimates. Key findings of the 2023 edition. Geneva: World 

Health Organization; 2023. Available from: 

https://www.who.int/publications/i/item/9789240073791 

2. Victora CG, Christian P, Vidaletti LP, et al. Revisiting maternal and child undernutrition in low-

income and middle-income countries: variable progress towards an unfinished agenda. Lancet. 

2021;397(10282):1388–1399. doi:10.1016/S0140-6736(21)00394-9. Available from: 

https://consensus.app/papers/details/bafbafe4337f541587035f690b842da5/ 

3. Wessells KR, Brown KH. Estimating the global prevalence of zinc deficiency: results based on 

zinc availability in national food supplies and the prevalence of stunting. PLoS ONE. 

2012;7(11):e50568. doi:10.1371/journal.pone.0050568. Available from: 

https://consensus.app/papers/details/116a0519d7d75830a7c4e6e381517438/ 

4. Black RE, Victora CG, Walker SP, et al. Maternal and child undernutrition and overweight in 

low-income and middle-income countries. Lancet. 2013;382(9890):427–451. doi:10.1016/S0140-

6736(13)60937-X. Available from: 

https://consensus.app/papers/details/16b23f92b0f1573ea7d762ac93ee4f6d/ 

5. Brown KH, Peerson JM, Rivera J, Allen LH. Effect of supplemental zinc on the growth and 

serum zinc concentrations of prepubertal children: a meta-analysis of randomized controlled trials. 

Am J Clin Nutr. 2002;75(6):1062–1071. doi:10.1093/ajcn/75.6.1062. Available from: 

https://consensus.app/papers/details/2c37b64de1c0555e876f9f220c4553fb/ 

6. Liu E, Pimpin L, Shulkin M, Kranz S, Duggan CP, Mozaffarian D, Fawzi WW. Effect of Zinc 

Supplementation on Growth Outcomes in Children under 5 Years of Age. Nutrients. 2018 Mar 

20;10(3):377. doi: 10.3390/nu10030377. PMID: 29558383; PMCID: PMC5872795. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5872795/  

7. Imdad A, Bhutta ZA. Effect of preventive zinc supplementation on linear growth in children 

under 5 years of age in developing countries: a meta-analysis of studies for input to the Lives Saved 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5872795/


 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

303 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Tool. BMC Public Health. 2011;11(Suppl 3):S22. doi:10.1186/1471-2458-11-S3-S22. Available 

from: https://consensus.app/papers/details/593a340a3d415e09918f835fe2830235/ 

8. Umeta M, West CE, Haider J, Deurenberg P, Hautvast JGAJ. Zinc supplementation and stunted 

infants in Ethiopia: a randomised controlled trial. Lancet. 2000;355(9220):2021–2026. 

doi:10.1016/S0140-6736(00)02355-4. Available from: 

https://consensus.app/papers/details/cb5a630a208c554486b205f157ec3b90/ 

9. Bhutta ZA, Black RE, Brown KH, et al. Prevention of diarrhea and pneumonia by zinc 

supplementation in children in developing countries: pooled analysis of randomized controlled 

trials. J Pediatr. 1999;135(6):689–697. doi:10.1016/S0022-3476(99)70086-7. Available from: 

https://consensus.app/papers/details/dd0642e8de915edbbcfc3511f1e8b2b5/ 

10. Rouhani P, Rezaei Kelishadi M, Saneei P. Effect of zinc supplementation on mortality in under 

5-year children: a systematic review and meta-analysis of randomized clinical trials. Eur J Nutr. 

2021;60(2):981–996. doi:10.1007/s00394-020-02206-z. Available from: 

https://consensus.app/papers/details/5b17cbf67d1d5e08bf4f031c7ee9089d/ 

11. Wang AZ, Shulman RJ, Crocker AH, et al. A combined intervention of zinc, multiple 

micronutrients, and albendazole does not ameliorate environmental enteric dysfunction or stunting 

in rural Malawian children. J Nutr. 2016;146(10):2132–2138. doi:10.3945/jn.116.236406. Available 

from: https://consensus.app/papers/details/74fd50f2426a5e3bafba8b97aef70648/ 

12. Barffour MA, Hinnouho GM, Wessells KR, et al. Effects of daily zinc, daily multiple 

micronutrient powder, or therapeutic zinc supplementation for diarrhea prevention on physical 

growth, anemia, and micronutrient status in rural Laotian children: a randomized controlled trial. J 

Pediatr. 2019;214:67–75.e4. doi:10.1016/j.jpeds.2019.07.063. Available from: 

https://consensus.app/papers/details/60acf07447a550679bda7f3dc7b0fe3f/ 

13. Prasad AS. Discovery of human zinc deficiency: its impact on human health and disease. Adv 

Nutr. 2013;4(2):176–190. doi:10.3945/an.112.003210. Available from: 

https://consensus.app/papers/details/d9af39a82e0450418f53eb8e6257fdd0/ 



 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

304 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

14. Macdonald RS. The role of zinc in growth and cell proliferation. J Nutr. 2000;130(5S 

Suppl):1500S–1508S. doi:10.1093/jn/130.5.1500S. Available from: 

https://consensus.app/papers/details/6bd334ad976856e0aecbdc7302ba2d55/ 

15. Millward DJ. Nutrition, infection and stunting: the roles of deficiencies of individual nutrients 

and foods, and of inflammation, as determinants of reduced linear growth of children. Nutr Res 

Rev. 2017;30(1):50–72. doi:10.1017/S0954422416000238. Available from: 

https://consensus.app/papers/details/846dfdefab1e5508814e2e34e18f0fc7/ 

16. Lowe NM, et al. Preventing and controlling zinc deficiency across the life course: a call to 

action. Adv Nutr. 2024;15(1):100-116. doi:10.1016/j.advnut.2023.10.001. Available from: 

https://consensus.app/papers/details/30df75cea68f50c2891f729032950805/ 

17. Liu E, Pimpin L, Shulkin M, et al. Effect of zinc supplementation on growth outcomes in 

children under 5 years of age. Nutrients. 2018;10(3):377. doi:10.3390/nu10030377. Available from: 

https://consensus.app/papers/details/3331f9c801945ae98053e1b2b1d64825/ 

18. Rivera JA, Ruel MT, Santizo MC, Lonnerdal B, Brown KH. Zinc supplementation improves the 

growth of stunted rural Guatemalan infants. J Nutr. 1998;128(3):556–562. 

doi:10.1093/jn/128.3.556. Available from: 

https://consensus.app/papers/details/8455575323945793ba98920cb6d19163/ 

19. Ninh NX, Thissen JP, Collette L, Gerard G, Khoi HH, Ketelslegers JM. Zinc supplementation 

increases growth and circulating insulin-like growth factor I (IGF-I) in growth-retarded Vietnamese 

children. Am J Clin Nutr. 1996;63(4):514–519. doi:10.1093/ajcn/63.4.514. Available from: 

https://consensus.app/papers/details/8a020b0433a45209834800d2fcda6831/ 

20. Müller O, Becher H, Baltussen A, et al. Effect of zinc supplementation on growth in West 

African children: a randomized double-blind placebo-controlled trial in rural Burkina Faso. Int J 

Epidemiol. 2003;32(6):1098–1102. doi:10.1093/ije/dyg178. Available from: 

https://consensus.app/papers/details/4db6a3f6fd0b50f88b7410d753e126dd/ 

21. Barffour MA, Hinnouho GM, Wessells KR, et al. Effects of daily zinc, daily multiple 

micronutrient powder, or therapeutic zinc supplementation for diarrhea prevention on physical 



 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

305 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

growth, anemia, and micronutrient status in rural Laotian children: a randomized controlled trial. J 

Pediatr. 2019;214:67–75.e4. (As ref 12 above) 

22. Locks LM, Manji KP, McDonald CM, et al. Effect of zinc and multivitamin supplementation on 

the growth of Tanzanian children aged 6–84 wk: a randomized, placebo-controlled, double-blind 

trial. Am J Clin Nutr. 2016;103(2):910–918. doi:10.3945/ajcn.115.118224. Available from: 

https://consensus.app/papers/details/204b2c3ea2555b4bacdba61c7219bc8d/ 

23. Barffour MA, Hinnouho GM, Wessells KR, et al. Insulin-like growth factor 1 (IGF1), IGF 

binding protein-3 (IGFBP3) and growth response to daily zinc supplementation: a randomized trial 

in rural Laotian children. Nutrients. 2023;15(1):1–15. doi:10.3390/nu15010178. Available from: 

https://consensus.app/papers/details/5edf9e2ac6f853c099336670d79bc763/ 

24. Sazawal S, Black RE, Bhan MK, Bhandari N, Sinha A, Jalla S. Zinc supplementation in young 

children with acute diarrhea in India. N Engl J Med. 1995;333(13):839–844. 

doi:10.1056/NEJM199509283331304. Available from: 

https://consensus.app/papers/details/2f182ae5aeef5a35aaef7fb2dce41d40/ 

25. Ruel MT, Rivera JA, Santizo MC, Lönnerdal B, Brown KH. Impact of zinc supplementation on 

morbidity from diarrhea and respiratory infections among rural Guatemalan children. Pediatrics. 

1997;99(6):808–813. doi:10.1542/peds.99.6.808. Available from: 

https://consensus.app/papers/details/fec550bd917852a18bbc8e33f234198e/ 

26. Baqui AH, Black RE, El Arifeen S, et al. Effect of zinc supplementation started during 

diarrhoea on morbidity and mortality in Bangladeshi children: community randomised trial. BMJ. 

2002;325(7372):1059. doi:10.1136/bmj.325.7372.1059. Available from: 

https://consensus.app/papers/details/aecb3b0fdae55b03b8a151fe1aabaf51/ 

27. Brooks WA, Santosham M, Naheed A, et al. Effect of weekly zinc supplements on incidence of 

pneumonia and diarrhoea in children younger than 2 years in an urban, low-income population in 

Bangladesh: randomised controlled trial. Lancet. 2005;366(9490):999–1004. doi:10.1016/S0140-

6736(05)67221-8. Available from: 

https://consensus.app/papers/details/8fdd724b796d5c74973a10d03bb3f036/ 



 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

306 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

28. Mayo-Wilson E, Junior JA, Imdad A, et al. Preventive zinc supplementation for children, and 

the effect of additional iron: a systematic review and meta-analysis. BMJ Open. 2014;4(6):e004647. 

doi:10.1136/bmjopen-2013-004647. Available from: 

https://consensus.app/papers/details/9274d23f343a548e875503b466101707/ 

29. Dhingra U, Kisenge R, Sudfeld CR, et al. Lower-dose zinc for childhood diarrhea — a 

randomized, multicenter trial. N Engl J Med. 2020;383(13):1231–1241. 

doi:10.1056/NEJMoa2004773. Available from: 

https://consensus.app/papers/details/951820e6325054bf81bca8d4a683f974/ 

30. McDonald CM, Manji KP, Kupka R, et al. Daily zinc but not multivitamin supplementation 

reduces diarrhea and upper respiratory infections in Tanzanian infants: a randomized, double-blind, 

placebo-controlled clinical trial. J Nutr. 2015;145(9):2153–2160. doi:10.3945/jn.115.212985. 

Available from: https://consensus.app/papers/details/8afd85ca096352f680333aeaba425701/ 

31. Mayén AL, Bell Z, Turner T, et al. Childhood stunting and micronutrient status unaffected by 

RCT of micronutrient fortified drink. Matern Child Nutr. 2021;17(3):e13164. 

doi:10.1111/mcn.13164. Available from: 

https://consensus.app/papers/details/e9deba7de2195233a949c4038adf56ea/ 

32. Wang AZ, Shulman RJ, Crocker AH, et al. A combined intervention of zinc, multiple 

micronutrients, and albendazole does not ameliorate environmental enteric dysfunction or stunting 

in rural Malawian children. J Nutr. 2016. (As ref 11 above) 

33. Hess SY, Abbeddou S, Jimenez EY, et al. Small-quantity lipid-based nutrient supplements, 

regardless of their zinc content, increase growth and reduce the prevalence of stunting and wasting 

in young Burkinabe children: a cluster-randomized trial. PLoS ONE. 2015;10(3):e0120260. 

doi:10.1371/journal.pone.0120260. Available from: 

https://consensus.app/papers/details/8e978d8691c557dea52d7e30081c37ae/ 

34. Kikafunda JK, Walker AF, Collett D, Tumwine JK. Effect of zinc supplementation on growth 

and body composition of Ugandan preschool children: a randomized, controlled, intervention trial. 

Am J Clin Nutr. 1998;68(6):1261–1266. doi:10.1093/ajcn/68.6.1261. Available from: 

https://consensus.app/papers/details/d64910fa15e650a5883505e18f466b48/ 



 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

307 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

35. Lind T, Lönnerdal B, Stenlund H, et al. A community-based randomized controlled trial of iron 

and zinc supplementation in Indonesian infants: effects on growth and development. Am J Clin 

Nutr. 2004;80(3):729–736. doi:10.1093/ajcn/80.3.729. Available from: 

https://consensus.app/papers/details/77a1b6d46fca5c34937450e73ac809c1/ 

36. Raqib R, Roy SK, Rahman MJ, et al. Effect of zinc supplementation on immune and 

inflammatory responses in pediatric patients with shigellosis. Am J Clin Nutr. 2004;79(3):444–450. 

doi:10.1093/ajcn/79.3.444. Available from: 

https://consensus.app/papers/details/3157e00a350e59c78081f81fcc1348d3/ 

37. Bobat R, Coovadia H, Stephen C, et al. Safety and efficacy of zinc supplementation for children 

with HIV-1 infection in South Africa: a randomised double-blind placebo-controlled trial. Lancet. 

2005;366(9500):1862–1867. doi:10.1016/S0140-6736(05)67756-8. Available from: 

https://consensus.app/papers/details/162d22ad26995815a27f87ffd0d8f456/ 

38. Islam MM, Ahmed T, Mahfuz M, et al. Different doses, forms, and frequencies of zinc 

supplementation for the prevention of diarrhea and promotion of linear growth among young 

Bangladeshi children: a six-arm, randomized, community-based efficacy trial. J Nutr. 

2022;152(6):1571–1582. doi:10.1093/jn/nxac077. Available from: 

https://consensus.app/papers/details/70bc57d2a26f52cdad9a0b68e0d96b91/ 

39. Tam E, Keats EC, Rind F, Das JK, Bhutta AZA. Micronutrient supplementation and 

fortification interventions on health and development outcomes among children under-five in low- 

and middle-income countries: a systematic review and meta-analysis. Nutrients. 2020;12(2):289. 

doi:10.3390/nu12020289. Available from: 

https://consensus.app/papers/details/915602737aa15f34a835f9d26f230cac/ 

40. Wastney ME, House WA, Greger JL. A dynamic model for predicting growth in zinc-deficient 

stunted infants given supplemental zinc. Am J Clin Nutr. 2018;107(2):216–222. 

doi:10.1093/ajcn/nqx048. Available from: 

https://consensus.app/papers/details/c9ce1f69991952d1aabcb6e1910a9e6f/ 

41. Stammers AL, Lowe NM, Medina MW, et al. The relationship between zinc intake and growth 

in children aged 1–8 years: a systematic review and meta-analysis. Eur J Clin Nutr. 



 

   Research Article                                                             Volume 48, Issue No. 02. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

308 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

2014;68(2):164–170. doi:10.1038/ejcn.2013.253. Available from: 

https://consensus.app/papers/details/c0228cce2dc257b5b872c42a99a1a0c5/ 

42. Jongstra R, Rietman JL, Herkert D, et al. The effect of zinc-biofortified rice on zinc status of 

Bangladeshi preschool children: a randomized, double-masked, household-based, controlled trial. 

Am J Clin Nutr. 2021;113(5):1271–1281. doi:10.1093/ajcn/nqaa414. Available from: 

https://consensus.app/papers/details/07a0f61ecfb157fcb8109cefb867c0dd/ 

43. Barffour MA, Wessells KR, Hinnouho GM, et al. Daily preventive zinc supplementation 

decreases lymphocyte and eosinophil concentrations in rural Laotian children. J Nutr. 

2020;150(5):1307–1315. doi:10.1093/jn/nxaa006. Available from: 

https://consensus.app/papers/details/ede1ece4b655509eb061c2764a1a93a6/ 

44. Nemati K, Hemsworth J, Pendergast C, et al. Catch-up growth following early-life stunting in a 

low-resource area in rural Tanzania: the MAL-ED Metabolic study. BMJ Open. 

2025;15(3):e088734. doi:10.1136/bmjopen-2025-088734. Available from: 

https://consensus.app/papers/details/a289e6241fd85136add53c12d680d225/ 

45. World Health Organization. WHO Child Growth Standards: Length/Height-for-Age, Weight-

for-Age, Weight-for-Length, Weight-for-Height and Body Mass Index-for-Age: Methods and 

Development. Geneva: WHO; 2006. Available from: https://www.who.int/tools/child-growth-

standards/ 

 

 

 
 

 
 

 

 

 


	1 Kartika Dewi
	1 Kebon Jeruk Public Health Center, Special Capital Region of Jakarta, Indonesia
	Corresponding Email : karsdw96@gmail.com
	Keywords: zinc supplementation; stunting; catch-up growth; linear growth; IGF-1
	.
	Background
	Research Objectives
	Research Benefits
	Research Hypothesis
	Research Gap and Novelty
	Protocol and Registration
	Table 1. Search Strategy
	Eligibility Criteria
	Inclusion Criteria
	Exclusion Criteria

	Study Selection
	Data Extraction
	Risk of Bias Assessment

	Table 1. Article Search Strategy
	Statistical Analysis and Evidence Synthesis
	3.2 Study Characteristics
	Effect on Linear Growth (Height/Length Increment and LAZ/HAZ)
	Effect on Weight Gain and WAZ
	Serum Zinc and Biomarkers (IGF-1, IGFBP-3)
	Diarrhea Incidence and Duration
	Respiratory Infections and Pneumonia
	Stunting Prevalence
	Mid-Upper Arm Circumference (MUAC)
	All-Cause Mortality
	Appetite and Anorexia
	Immune Function Markers
	Subgroup and Moderator Analysis
	Dose-Response Analysis
	Summary of All Outcomes
	Overview of Evidence Synthesis
	Mechanisms Underlying Zinc-Mediated Catch-Up Growth
	The Critical Role of Baseline Zinc Status
	Iron-Zinc Interaction and Competitive Absorption
	Environmental Enteric Dysfunction as a Barrier
	Comparative Effectiveness: Zinc Alone vs. Multi-Micronutrient Matrices
	Optimal Dosing and Delivery Considerations
	Effect on Mortality and Long-Term Consequences
	Conclusions
	Recommendations


