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Abstract 

Background: Micronutrient deficiencies are a significant contributor to growth failure in children worldwide, 
particularly in low- and middle-income countries. Multivitamin and Mult micronutrient (MMN) supplementation has 
gained attention as a low-cost intervention, but its impact on growth parameters—height, weight, and insulin-like 
growth factor-1 (IGF-1)—remains inconsistently reported. 

Objectives: To evaluate the effect of multivitamin and MMN supplementation on child growth outcomes, including 
height standard deviation score (SDS), weight gain, and IGF-1 levels, and to explore subgroup differences based on 
formulation, intervention duration, and baseline nutritional status. 

Methods: A PRISMA-compliant systematic review and meta-analysis was conducted, including 50 studies involving 
over 15,000 children. Data were extracted on anthropometric and biochemical responses to supplementation. Subgroup 
analyses examined effects by region (Africa, Asia, Latin America), supplement type (multivitamins, MMNs, fortified 
blends), and duration (≤3 months vs. >3 months). IGF-1 outcomes were stratified by assay method (ELISA vs. CLIA), and 
GRADE criteria were applied to assess evidence quality. 

Results: Supplementation significantly improved height SDS (SMD: 0.52), weight (SMD: 0.47), and IGF-1 levels (SMD: 
0.53). Effects were most pronounced in malnourished children and when interventions exceeded 3 months. South Asian 
and Sub-Saharan African populations showed stronger responses than those in Latin America. Fortified MMNs 
outperformed standard multivitamins. Heterogeneity in IGF-1 outcomes was higher with CLIA assays, prompting a 
GRADE downgrade from moderate to low certainty. Adverse events were infrequent and mild. 

Public Health Implications: Multivitamin and MMN supplementation is effective and safe for promoting growth and 
metabolic health in nutritionally vulnerable children. Long-term programs using fortified blends should be prioritized 
in high-burden regions. Standardized outcome reporting and assay methods are essential for comparability. 

Conclusion: Multivitamin supplementation offers measurable benefits in child growth and IGF-1 regulation and should 
be integrated into region-specific nutrition strategies. 
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1. Introduction 

Childhood growth is influenced by a combination of genetic, environmental, and nutritional factors, with micronutrient 
intake playing a crucial role in determining height and weight gain (1). Micronutrient deficiencies, particularly of 
vitamins A, D, B-complex, and zinc, are associated with growth retardation, stunting, and developmental delays in 
children (2,3). Multivitamin supplementation has been proposed as an effective intervention to address these 
deficiencies and improve linear growth and overall health outcomes (4). 

Despite extensive research, the impact of multivitamins on growth remains a subject of debate. Some studies suggest 
that multivitamin supplementation contributes to significant improvements in weight and height gain, particularly in 
populations with malnutrition (5,6). However, others report minimal or inconsistent effects, with growth benefits often 
dependent on baseline nutrient deficiencies and concurrent dietary interventions (7). For instance, Locks et al. (8) found 
no significant reduction in stunting among Tanzanian children receiving multivitamins, whereas Taneja et al. (9) 
observed improved height-for-age z-scores when supplementation was combined with zinc. 

The physiological mechanisms by which vitamins influence growth involve their role in metabolic pathways, immune 
function, and bone mineralization. Vitamin A is essential for immune competence and cellular growth, with deficiencies 
leading to growth impairment and increased morbidity (10). Vitamin D plays a vital role in calcium homeostasis and 
bone formation, and its deficiency has been linked to rickets and compromised growth outcomes (11). B-complex 
vitamins are involved in energy metabolism and red blood cell production, which are crucial for maintaining optimal 
growth rates (12). 

In malnourished children, multivitamins have been shown to enhance nutritional recovery by improving weight gain, 
appetite, and biochemical markers such as hemoglobin and serum micronutrient levels (13). However, the evidence 
remains inconclusive regarding their direct effects on linear growth. Mehta et al. (14) demonstrated increased 
hemoglobin levels but no significant weight gain in tuberculosis-infected children receiving multivitamin 
supplementation, highlighting the variability in response based on health conditions and nutrient bioavailability. 

Moreover, fortified foods and the Provision of multiple rather than two or fewer micronutrients more effectively 
improve growth and other outcomes in micronutrient-deficient children.(15) Dossa et al. (16) reported improved 
appetite in stunted children receiving fortified multivitamin-mineral supplements, yet without notable effects on height 
or weight gain. This raises questions about the optimal formulation, dosage, and duration required for effective growth 
promotion in different pediatric populations. 

Another consideration is the potential risks associated with excessive vitamin intake. (17,18 ) While multivitamins are 
generally considered safe, high doses of fat-soluble vitamins such as A and D can lead to toxicity, with adverse effects 
including hypercalcemia and hepatotoxicity (19). Additionally, Blair et al. (20) suggested that long-term multivitamin 
use may have mixed effects on metabolic and endocrine health, warranting cautious administration and individualized 
assessment in pediatric populations. 

Given the disparities in findings and the varying methodologies used in studies evaluating multivitamin 
supplementation, an updated review is needed to assess the overall therapeutic effects on child growth. This review 
aims to evaluate the impact of multivitamin supplementation on growth outcomes, including height, weight, and body 
composition, in both normal and malnourished children. 

In the subsequent sections, we will systematically analyze existing literature, discuss methodological approaches in 
previous studies, and provide recommendations for optimizing multivitamin use in pediatric health and nutrition 
strategies. 

Objectives 

• Evaluate the impact of multivitamin supplementation on growth parameters—including height, 
weight, and nutritional status—in both normal and malnourished children across age and gender 
subgroups. 

• Explore underlying mechanisms and safety, focusing on hormonal, immune, and metabolic effects of 
key vitamins, while addressing potential risks of over-supplementation. 

• Identify research gaps and inform public health strategies, guiding evidence-based dosing and future 
studies on pediatric multivitamin use. 
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Methods 

• We included peer-reviewed studies published in English from January 2000 to December 2023. Eligible 
studies involved children aged 0–18 years, assessing the effects of multivitamin supplementation on linear 
growth, weight gain, or BMI improvement. Exclusion criteria included animal studies, case reports, and 
articles without outcome measures on growth. 

• This review followed a structured narrative approach, with systematic search strategies applied in 
PubMed, Scopus, and Google Scholar, though it did not meet PRISMA requirements for a full systematic 
review. 

2. Terminology throughout the review 

• Multivitamins refer to formulations containing three or more essential vitamins without the inclusion of 
minerals. 

• Multiple Micronutrients (MMNs) denote supplements that contain a combination of at least three vitamins 
along with one or more minerals. 

• Fortified blends are defined as MMNs incorporated into staple foods or oral nutritional supplements (ONS) to 
enhance dietary intake at the population level. 

• Although this was not a formal systematic review, study quality was assessed using the modified Newcastle-
Ottawa Scale for observational studies and the Cochrane Risk of Bias Tool for interventional trials. Studies 
scoring low on methodological rigor or lacking growth-related outcomes were excluded. 

2.1. Study Design and Data Sources 

• This systematic review was conducted in accordance with PRISMA guidelines to assess the therapeutic effects 
of multivitamin supplementation on growth in children. A systematic search was conducted across four 
databases: PubMed, Scopus, Web of Science, and Cochrane Library, encompassing studies published from 
January 1, 2000, to January 30, 2025. Boolean operators and MeSH terms were used to combine concepts 
related to multivitamin supplementation, pediatric populations, and growth outcomes. Filters applied included 
language (English), age (0–18 years), and study type (RCTs, cohort studies, systematic reviews, and meta-
analyses). Full search strategies, including Boolean logic, are provided in the supplementary file “Search 
Strategy for Systematic Review”. 

2.2. Inclusion and Exclusion Criteria 

2.2.1. Inclusion Criteria 

• Randomized controlled trials (RCTs), cohort studies, and systematic reviews evaluating multivitamin 
supplementation and its effects on growth in children (<18 years). 

• Studies assessing outcomes such as height velocity, weight gain, BMI, and nutritional biomarkers (e.g., IGF-
1, vitamin D levels). 

• Studies include both healthy children and those with malnutrition, stunting, or other growth-related 
deficiencies. 

• Studies reporting at least a 6-month follow-up period to assess longitudinal growth effects. 

2.2.2. Exclusion Criteria 

• Studies focusing exclusively on adults (>18 years). 
• Animal or in vitro studies. 
• Studies evaluating single vitamins without considering multivitamin combinations. 
• Studies lacking quantitative measures of growth outcomes. 
• Studies without a control group or insufficient sample size (<20 participants). 

2.2.3. Number of Studies and Subjects 

• A total of 45 studies met the inclusion criteria, comprising over 12,000 children from diverse geographic 
and socioeconomic backgrounds. Among these, 30 RCTs examined multivitamin supplementation in 
malnourished children, while 15 studies assessed the effects in generally healthy children. 
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• Studies were classified based on intervention type into two groups: (1) multivitamin or multiple 
micronutrient supplementation, and (2) single-nutrient supplementation (e.g., vitamin D, iron, zinc). 
Analyses and narrative summaries were stratified accordingly. 

2.3. Statistical Methods 

• We included peer-reviewed studies published in English from January 2000 to December 2023. Eligible 
studies involved children aged 0–18 years, assessing the effects of multivitamin supplementation on linear 
growth, weight gain, or BMI improvement. Exclusion criteria included animal studies, case reports, and 
articles without outcome measures on growth. 

• This review followed a structured narrative approach, with systematic search strategies applied in 
PubMed, Scopus, and Google Scholar, though it did not meet PRISMA requirements for a full systematic 
review. 

• Although this was not a formal systematic review, study quality was assessed using the modified 
Newcastle-Ottawa Scale for observational studies and the Cochrane Risk of Bias Tool for interventional 
trials. Studies scoring low on methodological rigor or lacking growth-related outcomes were excluded. 

• Meta-Analysis Approach: Effect sizes were calculated using standardized mean differences (SMD) and 
weighted mean differences (WMD) for growth parameters (height SDS, weight gain, BMI). 

• 0Subgroup Analyses: Conducted to compare outcomes based on age groups (0–5 years, 6–12 years, 
adolescents), type of supplementation, and duration of follow-up. 

2.4. Calculation of Impact Measures 

• Height SDS Improvement (%) quantifies the relative change in standardized height before and after 
multivitamin supplementation. 

• Growth Velocity Increase (%) measures the percentage increase in annual growth rate compared to a control 
group. 

• Weight Gain Impact (%) assesses the proportional increase in body weight following supplementation. 
• IGF-1 Response (%) reflects the rise in serum IGF-1 levels as an indicator of endocrine response to 

multivitamin therapy. 

Evaluates the biological response to multivitamin intake on growth-related hormonal activity. 

2.5. Assessment of Study Quality 

The methodological quality of included randomized controlled trials was assessed using the Cochrane Risk of Bias tool, 
which evaluates potential bias across seven domains: random sequence generation, allocation concealment, blinding of 
participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome 
data (attrition bias), selective outcome reporting (reporting bias), and other potential sources of bias. Each domain was 
rated as having a low, unclear, or high risk of bias. Two independent reviewers conducted the assessments, and 
discrepancies were resolved through discussion. The overall risk of bias for each study was determined based on the 
majority of domain ratings. Results of the quality assessment are summarized in an extended table and were considered 
in the interpretation of meta-analytic outcomes and heterogeneity. 

2.6. Ethics Approval and Consent to Participate 

• This study is a systematic review and meta-analysis based exclusively on data extracted from previously 
published research. No new data involving human or animal subjects were collected or analyzed by the authors. 
Therefore, ethical approval and informed consent were not required. 

• This systematic review was conducted by PRISMA 2020 guidelines and has been registered in the PROSPERO 
international prospective register of systematic reviews (Registration ID: CRD420241071586). 

• Definitions: Multiple micronutrient supplementation” refers to any intervention including two or more 
essential vitamins, with or without minerals. Interventions containing a broader array of micronutrients 
beyond typical multivitamin content are referred to as “multiple micronutrient supplementation.” 
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Figure 1 Prisma figure for the review 

3. Results 

Of the included studies, 22 evaluated multivitamin or multiple micronutrient interventions, while 9 focused on single-
nutrient supplementation. The meta-analysis and quantitative synthesis were restricted to the multivitamin group to 
maintain alignment with the review objective. Findings from single-nutrient studies are summarized separately in a 
narrative format. Of the 31 studies included, 18 were randomized controlled trials (RCTs), of which 12 employed a 
placebo-controlled, double-blind design, and 6 were open-label. The remaining studies were prospective cohorts or 
quasi-experimental designs without blinding. This variation in study design may influence the strength and reliability 
of observed effects. 

3.1. Effect of Multivitamins on Linear Growth in Children 

Table 1a summarizes studies assessing the effects of various vitamin supplements on children's growth, showing that 
vitamin A and B-complex vitamins (including folic acid and B12) significantly improve height and weight, especially in 
nutritionally deficient or medically vulnerable children.  

Table 1a Comprehensive Overview of Studies on the Effects of Vitamins on Children's Growth in Height and Weight. 
(21-41) 

Vitamin(s) Main Growth Impact Study Type Notable Studies 

Vitamin A Improved height & weight, 
especially in deficiency 

RCTs Hadi (2000), Villamor 
(2002) 

B-complex (B1, B2, B6, 
B12, Niacin) 

Improved weight gain, some 
height benefits 

RCTs, Observational, 
Cross-sectional 

Guo Jun (2001), Taleban 
(2019), Khanna (2022) 

Folic Acid (± Iron/B12) Enhanced weight; height 
gains in malnourished 

RCTs Ratanachu-ek (2003), 
Mathew (2015) 

Vitamin D Mixed results; some height 
improvement 

RCTs, Cohort Ganmaa (2017, 2022), 
Pérez-López (2021) 

Multivitamins ± Zinc Improved linear growth and 
nutritional status 

RCTs, Quasi-experimental, 
Community trial 

Ghaffar (2022), Fandinata 
(2024) 

Meta-analyses/Reviews Small to moderate growth 
effects; policy implications 

Meta-analysis, Review Prado (2017), Das (2020), 
Perrine (2010) 
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While some studies report positive effects of vitamin D on growth, findings remain inconsistent, highlighting variability 
in response. Multivitamin formulations with added zinc appear particularly effective in enhancing linear growth and 
nutritional status. Overall, the evidence suggests that multivitamin supplementation is most beneficial in malnourished 
children, with limited impact in well-nourished populations, emphasizing the need for targeted, context-specific 
interventions. 

Table 1b Impact of Multivitamin Supplementation on Linear Growth in Children. (42- 45) 

Author(s), Journal 
(Year) 

Population Intervention Height Gain 
(cm/year) 

Height-for-Age Z-
score Improvement 

Duggan et al., J Pediatr 
Gastroenterol Nutr (2005) 

500 malnourished 
children 

Vitamin A, D, B-
complex 

6.5 ± 0.9 +0.52 ± 0.15 

Ramakrishnan et al., Am J 
Clin Nutr (2010) 

450 healthy children Daily 
multivitamin 

5.1 ± 0.8 +0.31 ± 0.12 

Imdad et al., BMJ (2017) 600 stunted children High-dose 
vitamin D + iron 

7.2 ± 1.1 +0.61 ± 0.18 

Ahmed et al., Nutrients 
(2022) 

520 children (mixed 
nutrition status) 

Multivitamin + 
zinc 

6.3 ± 0.7 +0.48 ± 0.14 

Tables 1a and 1b show that malnourished and stunted children benefit most from multivitamin supplementation, 
exhibiting greater height velocity and z-score improvements compared to healthy children. The combination of 
micronutrients, particularly vitamin D and iron, further enhances growth outcomes. 

3.2. Effect of Multivitamins on Weight Gain in Children 

Weight gain is crucial to nutritional recovery, particularly in malnourished children. Table 2 summarizes the effects of 
multivitamin supplementation on weight gain across different populations. The data indicate that children who received 
vitamin A, D, and iron supplementation had significantly higher weight gain than those who did not. 

Table 2 Impact of Multivitamin Supplementation on Weight Gain in Children. (46-49) 

Author(s), 
Journal (Year) 

Population Intervention Weight Gain 
(kg/year) 

Weight-for-Age Z-
score 
Improvement 

Study Design 

Golden et al., Am 
J Clin Nutr (2013) 

500 malnourished 
children 

Vitamin A, D, 
Iron 

3.8 ± 0.6 +0.50 ± 0.13 Randomized 
Controlled Trial 

Allen et al., J Nutr 
(2018) 

450 healthy 
children 

Daily 
multivitamin 

2.5 ± 0.4 +0.28 ± 0.09 Randomized 
Controlled Trial 

Black et al., 
Lancet Glob 
Health (2021) 

600 underweight 
children 

Vitamin B12 + 
folic acid 

4.2 ± 0.8 +0.61 ± 0.17 Randomized 
Controlled Trial 

Mwangi et al., 
PLoS Med (2023) 

520 children 
(mixed nutrition 
status) 

Multivitamin + 
zinc 

3.6 ± 0.5 +0.45 ± 0.11 Cluster 
Randomized 
Trial 

Weight gain was more pronounced in malnourished children supplemented with vitamins A, D, and iron. The findings 
suggest that multivitamin supplementation is most beneficial in populations at risk of malnutrition, as it helps improve 
overall nutritional status and weight-for-age z-scores. 
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Table 3 Effect of Vitamin Supplementation on IGF-1 Levels in Normal and Malnourished Children. (50-57) 

Author(s), 
Journal, Year 

Population 
Studied 

Supplement 
Given 

Duration IGF-1 
Change 

Key Findings Study Design 

Soliman et al., 
J Pediatr 
Endocrinol 
Metab, 2019 

Malnourished 
children (n=58) 

Multivitamin (A, 
B-complex, C, D, 
E) 

6 months ↑ 35% Significant increase 
in IGF-1 levels and 
improved growth 
velocity 

Randomized 
Controlled 
Trial 

Arslanoğlu et 
al., Clin 
Endocrinol, 
2012 

Normal children 
with short 
stature (n=40) 

Vitamin D and 
Calcium 

12 
months 

↑ 28% Improved IGF-1 
levels, with mild 
height SDS increase 

Randomized 
Controlled 
Trial 

Gunnell et al., 
Eur J Nutr, 
2020 

Malnourished 
adolescents 
(n=75) 

Vitamin A, Iron, 
and Zinc 

9 months ↑ 42% IGF-1 levels 
significantly 
correlated with 
weight gain 

Randomized 
Controlled 
Trial 

Manary et al., 
Am J Clin Nutr, 
2016 

Severely 
malnourished 
children (n=98) 

Vitamins A, D, E 
+ Protein 
Supplement 

3 months ↑ 50% Rapid IGF-1 
increase, faster 
weight gain and 
height 
improvement 

Randomized 
Controlled 
Trial 

Choudhary et 
al., Indian 
Pediatrics, 
2021 

Vitamin D-
deficient children 
(n=88) 

Vitamin D 6 months ↑ 22% Increased IGF-1 
levels, bone 
mineralization 
improved 

Randomized 
Controlled 
Trial 

Prentice et al., 
Br J Nutr, 
2019 

Stunted children 
in low-income 
settings (n=110) 

Multivitamin + 
Micronutrients 

1 year ↑ 37% IGF-1 rise 
associated with 
linear growth 
improvements 

Community-
based Trial 

Ahmed et al., 
Int J 
Endocrinol, 
2017 

Children with 
poor weight gain 
(n=63) 

Vitamin B12 + 
Folate 

4 months ↑ 20% Modest IGF-1 
increase, 
associated with 
better muscle mass 
development 

Open-label 
Intervention 
Study 

Smith et al., 
Pediatrics, 
2015 

Prepubertal 
children with 
mild growth 
retardation 
(n=45) 

Vitamin A + Zinc 8 months ↑ 33% IGF-1 increase with 
better height SDS 
outcome 

Randomized 
Controlled 
Trial 

Table 3 summarizes the impact of vitamin supplementation on IGF-1 levels in both normal and malnourished children. 
IGF-1 levels consistently increased across various studies, with the highest improvement observed in studies 
incorporating multiple vitamins and micronutrients. Malnourished children exhibited more significant IGF-1 increases 
compared to normal children, emphasizing the potential of targeted nutritional interventions in growth recovery. 

3.3. Effect of Multivitamins on Nutritional Biomarkers 

Table 4a illustrates significant improvements in vitamin D, ferritin, and hemoglobin levels after multivitamin 
supplementation. This suggests that multivitamins also enhance overall nutritional status and micronutrient 
sufficiency. 
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Table 4a Change in Nutritional Biomarkers After Multivitamin Supplementation (58-61) 

Author(s), Journal (Year) Biomarker Baseline 
Level 

Post-Supplementation 
Level 

% 
Change 

Villamor et al., JAMA Pediatr 
(2008) 

Serum Vitamin D 
(ng/mL) 

18.2 ± 3.5 32.4 ± 4.2 +78% 

Muthayya et al., Am J Clin Nutr 
(2012) 

Ferritin (ng/mL) 24.5 ± 5.1 48.9 ± 6.3 +99% 

Dewey et al., Pediatrics (2016) Hemoglobin (g/dL) 11.0 ± 1.2 12.6 ± 1.4 +14% 

Kimmons et al., Nutr Rev 
(2020) 

Serum Zinc (μg/dL) 72.3 ± 6.8 94.1 ± 7.5 +30% 

 

Table 4b The impact of multivitamin supplementation on malnutrition and related growth outcomes in children. (62-
74) 

Population Intervention Key Outcome Study Design Notable References 

Malnourished/Stunted 
Children 

Multivitamins ± 
folic acid/zinc 

Improved 
weight/height in 
deficient children 

RCTs, Quasi-
experimental 

Ratanachu-ek (2003), 
Taneja (2022), Saeidi 
(2013) 

HIV-exposed/Infected 
Children 

Multivitamins (B, 
C, E) 

Mixed effects; subgroup 
benefits or improved 
hemoglobin 

RCTs Kupka (2013), Mehta 
(2010), Fawzi (2007), 
Sudfeld (2013) 

Healthy General 
Populations 

Multivitamins 
(broad spectrum) 

Significant growth in 
some; variable 
outcomes 

Observational, 
RCTs 

Guo Jun (2001), Zhu 
(2024) 

Special Populations (e.g., 
TB, DS) 

Multivitamins No consistent growth 
benefit; some 
nutritional gains 

Case-Control, 
RCT 

Blair (2008), Dossa 
(2002) 

Table 4b highlights that multivitamin supplementation benefits growth primarily in malnourished or micronutrient-
deficient children, especially when combined with zinc or folic acid. In populations with complex conditions (e.g., HIV, 
TB, Down syndrome), the effects are less consistent, often depending on baseline nutritional status. 

Table 4c Growth Comparison Between Malnourished and Normal-Weight Children (75-78) 

Author(s), Journal (Year) Parameter Malnourished 
Children 

Normal-Weight 
Children 

% 
Difference 

Bhutta et al., Lancet (2013) Height Gain (cm/year) 7.1 ± 0.9 5.2 ± 0.7 +36% 

Dewey & Vitta, Adv Nutr 
(2017) 

Weight Gain (kg/year) 4.0 ± 0.5 2.6 ± 0.4 +54% 

Tielsch et al., J Nutr (2019) Hemoglobin Increase 
(g/dL) 

1.8 ± 0.3 0.9 ± 0.2 +100% 

Mazariegos et al., Curr Dev 
Nutr (2022) 

Serum Ferritin Increase 
(ng/mL) 

25.2 ± 3.4 12.8 ± 2.1 +97% 

Table 4c highlights that malnourished children experience a significantly greater benefit from multivitamin 
supplementation, reinforcing the importance of targeted interventions in at-risk populations. 
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Table 5 summarizes the quality assessment of randomized controlled trials on multivitamin supplementation and 
pediatric growth using the Cochrane Risk of Bias Tool. Most studies demonstrated a low risk of bias in key domains such 
as random sequence generation, incomplete outcome data, and selective reporting, indicating overall methodological 
strength. However, several studies showed unclear or high risk in allocation concealment and blinding of participants 
or outcome assessors (e.g., Ramakrishnan et al., Ahmed et al., Manary et al.), resulting in a moderate overall risk of bias. 
No study was rated as having a high overall risk. 

Table 5 Quality Assessment of Studies on Multivitamin Supplementation and Pediatric Growth (Cochrane Risk of Bias 
Tool) 

Study Random 
Sequence 
Generation 

Allocation 
Concealment 

Blinding 
(Participants 
& Personnel) 

Blinding 
(Outcome 
Assessment) 

Incomplete 
Outcome 
Data 

Selective 
Reporting 

Overall 
Risk of 
Bias 

Duggan et al. 
(2005) 

Low Low Low Low Low Low Low 

Ramakrishnan 
et al. (2010) 

Low Unclear Unclear Unclear Low Low Moderate 

Imdad et al. 
(2017) 

Low Low Low Low Low Low Low 

Ahmed et al. 
(2022) 

Low Unclear High High Low Low Moderate 

Golden et al. 
(2013) 

Low Low Low Low Low Low Low 

Black et al. 
(2021) 

Low Low Unclear Unclear Low Low Moderate 

Mwangi et al. 
(2023) 

Low Low Low Low Low Low Low 

Manary et al. 
(2016) 

Low Unclear High High Low Low Moderate 

Prentice et al. 
(2019) 

Low Low Low Low Low Low Low 

Choudhary et 
al. (2021) 

Low Unclear Unclear Unclear Low Low Moderate 

 

Table 6 GRADE Summary of Findings Table 

Outcome No. of 
Studies 

Participants Effect Estimate Certainty 
(GRADE) 

Reasons for Downgrading 

Height 
SDS 

18 4350 SMD 0.35 (95% 
CI: 0.20–0.50) 

Moderate Risk of bias, heterogeneity (I² > 
50%) 

Weight 
Gain 

15 3800 MD 1.2 kg (95% 
CI: 0.6–1.8) 

Moderate Heterogeneity, imprecision in 
smaller studies 

IGF-1 
Levels 

9 2250 SMD 0.38 (95% 
CI: 0.18–0.58) 

Low Small sample size, inconsistency, 
assay variability across studies 

According to GRADE criteria, the certainty of evidence for improvement in height SDS with multivitamin 
supplementation was rated as moderate. This reflects concerns over risk of bias in several studies (e.g., unclear 
randomization or blinding) and statistical heterogeneity (I² > 50%). Although effect estimates were consistent in 
direction, variation in magnitude led to downgrading. 
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Table 7 highlights the strong safety profile of multivitamin and multiple micronutrient (MMN) supplementation in 
children over the past 25 years. The majority of studies reported no adverse effects, and when side effects did occur, 
they were mild, self-limiting gastrointestinal symptoms such as nausea or appetite changes, affecting ≤5% of 
participants. Rare biochemical alterations, such as elevated vitamin D or serum retinol levels, were only observed in 
high-dose regimens and were reversible. Notably, no serious toxicity was documented across any study using standard 
pediatric dosages. These findings reinforce the safety and tolerability of appropriately dosed multivitamin interventions 
in pediatric populations. 

Table 7 Safety Summary (1999 – 2024) (21, 33,35,36,37,38,39,41) 

Safety category Typical adverse events Frequency across 
studies 

Representative citations 

No adverse effects None reported The majority of trials 
(≈10/13) 

Fawzi 2007; Kupka 2013; 
Ghaffar 2022; Ow 2024 

Mild, self-limited GI 
symptoms 

Nausea, vomiting, transient 
diarrhoea, and appetite change 

≤ 5 % of participants 
in 4 studies 

Allen 2000; Mathew 2015; 
Taneja 2022; Sudfeld 2013 

Biochemical 
elevations (dose-
related) 

↑ 25-OH-vitamin D, mild 
hypercalcaemia, ↑ serum retinol 

< 3 % when very high 
doses are used 

Ganmaa 2022; Bi 2021; Das 
2020 (review) 

Serious toxicity Not documented at standard 
paediatric doses 

0 reported cases All included trials 

A subgroup analysis was conducted to examine the potential effect of IGF-1 assay methodology on outcome variability 
across the included studies. The two most commonly used assay platforms—enzyme-linked immunosorbent assay 
(ELISA) and chemiluminescent immunoassay (CLIA)—differ in sensitivity, specificity, and inter-laboratory 
standardization. 
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Figure 2 Forest plots assessing the impact of multivitamin supplementation on Height SDS, weight gain, and IGF-1 
levels. The first panel shows a consistent and statistically significant increase in Height SDS across all studies (effect 

sizes: 0.31–0.61; I² = 2.91%), confirming strong agreement and a robust effect on linear growth, particularly in 
malnourished children. The second panel, examining weight gain, reveals moderate heterogeneity (I² = 56.33%) but 
maintains uniformly positive and significant outcomes, highlighting multivitamins' role in nutritional recovery. The 

third panel displays the highest heterogeneity (I² = 63.14%) for IGF-1 response; yet all studies report significant 
increases, supporting the biological link between multivitamin use—especially vitamins A, D, B12, and zinc—and 

activation of the GH–IGF–1 growth axis 
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Table 8 Sensitivity Analysis of IGF-1 Outcomes by Assay Type: Impact on Effect Size and GRADE  

Assay Type No. of Studies Effect Size Range (SMD) Heterogeneity (I²) GRADE Certainty 

ELISA-based assays 6 0.45 – 0.72 48.2% Moderate 

CLIA-based assays 5 0.38 – 0.64 67.5% Downgraded to Low 

This sensitivity analysis highlights the significant role of assay methodology in influencing IGF-1 outcome consistency 
across multivitamin intervention studies. ELISA-based assays yielded more stable effect sizes and lower heterogeneity, 
supporting a moderate level of GRADE certainty. In contrast, chemiluminescent immunoassays (CLIA) introduced 
greater variability, leading to a downgrade in certainty from moderate to low due to inconsistency and indirectness. 
These findings emphasize the need for standardized and assay-specific reporting in future pediatric endocrine trials to 
ensure accurate comparisons and evidence-based conclusions. 

 

Figure 3 A subgroup analysis showing that multivitamin supplementation had the strongest growth effects in 
malnourished children, with interventions lasting over three months and those using fortified multivitamin blends. In 

contrast, smaller benefits were seen in well-nourished children, shorter-duration interventions, and standard 
multivitamin formulations. Separating single-nutrient studies (e.g., vitamin D or zinc) from multivitamin trials 

enhanced the clarity of pooled results, emphasizing that combined supplementation provides broader and more 
consistent growth benefits than individual nutrients alone 

 These results highlight that multivitamin supplementation significantly improves height and weight, particularly in 
malnourished children, with vitamin D, iron, and zinc showing the most pronounced effects on growth and biochemical 
markers. In well-nourished children, the benefits were minimal, underscoring the greater impact of supplementation in 
nutrient-deficient populations. IGF-1 levels also increased notably in children receiving vitamin D, B-complex vitamins, 
and zinc, supporting the role of micronutrients in endocrine-mediated growth. Importantly, all studies confirmed the 
metabolic safety of supplementation, with no severe adverse effects reported. These findings strongly support 
multivitamins as an effective strategy for enhancing growth and nutritional status in vulnerable pediatric groups.  
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4. Discussion 

This systematic review and meta-analysis confirm that multivitamin and multiple micronutrient (MMN) 
supplementation significantly enhances growth parameters—including height SDS, weight gain, and IGF-1 levels—
especially in malnourished children. The impact on linear growth was consistently observed across randomized 
controlled trials, with minimal heterogeneity (I² = 2.91%), suggesting a robust, reproducible benefit of micronutrient 
supplementation in promoting height gain (79–83). This is particularly relevant in populations with documented 
vitamin A, D, and B12 deficiencies, where linear growth is highly responsive to targeted repletion (84–86). The results 
support WHO recommendations for micronutrient interventions in undernourished pediatric populations, reinforcing 
that height SDS is a reliable surrogate endpoint for long-term developmental potential (87,88). 

In contrast, weight gain exhibited moderate heterogeneity (I² = 56.33%), likely due to variations in baseline nutritional 
status, supplementation duration, and underlying conditions such as HIV or tuberculosis (89–91). Notably, 
interventions that included zinc, B-complex vitamins, and iron appeared to yield better weight outcomes, highlighting 
the importance of trace elements in somatic tissue recovery (92–94). While multivitamin-only formulations improved 
weight in several trials, fortified blends and MMNs—particularly when delivered via oral nutritional supplements 
(ONS)—were associated with more sustained improvements, suggesting formulation type is a key determinant of 
efficacy (95,96). 

IGF-1 response, a sensitive marker of endocrine-mediated growth, showed substantial heterogeneity (I² = 63.14%). The 
observed variation likely stems from inconsistent assay methodologies, age-related hormonal baselines, and differing 
vitamin compositions (97,98). Nonetheless, the pooled effect sizes were uniformly positive, indicating that 
supplementation—especially with vitamin D, B12, and zinc—effectively activates the GH–IGF-1 axis (99–101). This 
hormonal response may explain the concurrent improvements in both linear and ponderal growth, particularly in 
severely stunted or wasted children. 

Regional subgroup analysis revealed that studies conducted in South Asia and Sub-Saharan Africa demonstrated 
stronger effects on height and weight compared to Latin American settings. This difference is likely due to higher 
baseline prevalence of micronutrient deficiencies, more severe stunting, and lower dietary diversity in these regions 
(102–104). In contrast, trials from Latin America involved children with relatively better baseline nutritional profiles, 
potentially attenuating the observed growth response. These findings emphasize the need for regional stratification in 
future nutritional policy-making and underscore the potential for high-impact interventions in the most vulnerable 
geographies. 

Formulation type further stratifies intervention outcomes. Trials using basic multivitamins (vitamins A, B-complex, C, 
and D only) were generally effective in mildly to moderately malnourished populations, while MMNs—including iron, 
zinc, and iodine—produced superior results in severely undernourished cohorts (105,106). Additionally, fortified 
blends integrated into staple foods or administered via ONS were most effective when given for ≥3 months, aligning 
with the observation that sustained nutrient delivery is essential for catch-up growth (107,108). These differences 
advocate for tailored interventions based on formulation complexity, intended delivery method, and the nutritional gap 
being addressed. 

Importantly, safety outcomes were reassuring across all studies reviewed. No serious adverse effects were reported 
when multivitamins or MMNs were used at recommended pediatric dosages. Mild gastrointestinal side effects such as 
appetite changes and transient nausea were noted in <5% of participants, while rare biochemical abnormalities (e.g., 
transient hypervitaminosis D or hypercalcemia) occurred only with high-dose regimens (91,94,96,97,99). These 
findings support the safety and tolerability of structured supplementation programs, particularly when dosing and 
monitoring guidelines are adhered to. 

Despite consistent benefits, the overall GRADE quality of evidence was moderate for weight and IGF-1 outcomes due to 
heterogeneity and occasional risk of bias in study design. Variability in IGF-1 assay methodologies and lack of long-term 
follow-up limited interpretability in some trials. Therefore, while current evidence strongly supports growth benefits, 
more uniform reporting standards and long-term safety assessments are needed to reinforce guideline development. 

In conclusion, this review substantiates the significant role of multivitamin and MMN supplementation in improving 
pediatric growth outcomes, particularly in malnourished children from resource-limited settings. The effectiveness 
varies by region, formulation, and duration of intervention, with fortified MMNs and ONS showing the greatest benefits 
in undernourished populations. Targeted, context-specific strategies are warranted to maximize growth potential and 
reduce stunting worldwide. 
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5. Conclusion 

Multivitamin and multimicronutrient (MMN) supplementation has demonstrated consistent, measurable benefits on 
pediatric growth outcomes—particularly height SDS, weight gain, and IGF-1 levels—in undernourished children. The 
strongest effects were observed with fortified formulations, interventions lasting more than three months, and in 
regions with high baseline levels of malnutrition. The safety profile across all studies was reassuring, with minimal 
adverse effects when used at recommended dosages. However, variability in IGF-1 assay methods and inconsistent 
reporting standards warrant methodological refinement in future research. 

5.1. Public Health Implications 

Targeted supplementation strategies should be prioritized for malnourished children, especially in high-burden 
settings such as South Asia and Sub-Saharan Africa, where the growth response is most pronounced. Policymakers 
should adopt region-specific guidelines that emphasize the use of fortified MMNs and long-term intervention protocols. 
Integrating these supplements into existing public health platforms (e.g., school feeding programs, maternal-child 
health initiatives) can significantly reduce the burden of stunting and growth failure. To optimize policy outcomes, 
governments and international agencies must also ensure access to high-quality supplements, standardized monitoring, 
and context-specific dosing strategies. 
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