


Nutritional Adequacy, Growth Trajectories, and Metabolic Health Outcomes Associated with Plant-Based Diets and Alternative Milk Consumption in Toddlers


Abstract
Introduction
The escalating global trend toward plant-based diets (PBDs), including vegetarian (VG) and vegan (VN) patterns, necessitates a critical assessment of their health impact during the uniquely susceptible period of toddlerhood (ages 12–36 months). This age is defined by unparalleled growth velocity, where the traditional dependence on dairy milk for essential nutrients is increasingly replaced by plant-based milk alternatives (PBMAs), introducing a substantial nutritional and clinical challenge.
Method
This manuscript synthesizes robust evidence from a systematic review of cohort studies and clinical trials conducted primarily in high-income settings. The review focuses on the triad of Growth Trajectories, Nutritional Adequacy, and Metabolic Health in toddlers consuming PBDs and PBMAs. The analysis integrates anthropometric data, biochemical biomarker status, and long-term metabolic outcome markers to provide a balanced clinical perspective.
Results
The data reveal a paradox: PBDs are associated with a favorable cardiometabolic profile, including significantly lower total and LDL cholesterol and reduced systemic inflammation. However, while the average anthropometric status is within normal limits, a statistically significant subset of vegan (3.6\%) and vegetarian (2.4\%) toddlers, compared to omnivores (0\%), were classified as stunted or wasted. This growth vulnerability is driven by the lower energy density of high-fiber foods and the widespread use of nutritionally inferior PBMAs. Biomarker analysis consistently confirms a high prevalence of subclinical deficiencies in critical nutrients such as Vitamin B12, DHA, iodine, iron, and zinc, while also identifying cases of B12 hypervitaminosis due to non-standardized supplementation.
Conclusion
The safe implementation of PBDs in toddlers requires a mandatory shift from casual adoption to rigorous, clinical management. The fulfillment of the long-term metabolic promise is conditional upon meticulous planning, the exclusion of inadequate PBMAs, and the enforcement of precise, mandatory supplementation protocols for B12, DHA, and Vitamin D, coupled with regular anthropometric and biochemical monitoring to prevent both deficiency and over-supplementation.
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1. Introduction
The twenty-first century has witnessed a dramatic demographic shift in global dietary practices, characterized by a growing preference for plant-based consumption1,2. This transition is not solely rooted in personal health goals but is significantly fueled by widespread public concern over environmental sustainability, ethical farming practices, and the burgeoning market for convenient, functional dairy alternatives3-5. This dietary paradigm shift is particularly consequential during the critical feeding period of early childhood, specifically during the transition from infancy to toddlerhood (ages 1–3 years), where dairy milk has traditionally been the single most important contributor of protein, calcium, and essential fatty acids6-8. As families increasingly adopt vegetarian, pescetarian, or strict vegan lifestyles, the consumption of plant-based milk alternatives (PBMAs) including beverages derived from soy, oat, almond, and rice has surged, often replacing cow’s milk as the default liquid source of core nutrients9,10,11.
The adoption of these novel diets and beverages during this sensitive developmental window in toddlerhood (ages 1–3 years) provides a substantial nutritional and physiological complexity12,13. This period represents a phase of peak growth velocity, necessitating proportionally high intakes of energy, bioavailable protein, and a specific spectrum of micronutrients essential for rapid neurological maturation and optimal skeletal mineralization14-16. The major health organizations affirm that carefully planned, supplemented plant-based diets can be nutritionally appropriate for all life stages, the vast heterogeneity of commercial PBMAs presents significant clinical challenges17-19. PBMAs vary drastically in their energy density, protein quantity and quality, and fortification levels unlike the relatively standardized composition of cow's milk20. Inadequate substitution, particularly with unfortified or low-protein options like some almond or rice milks, can precipitate deficiencies in critical nutrients most notably Vitamin B12, Vitamin D, iodine, highly bioavailable iron, and zinc thereby compromising the fundamental nutritional scaffolding required for optimal development21,22.
A significant body of clinical and public health controversy surrounds the net health outcomes of plant-centric feeding in young children23-25. Cross-sectional and longitudinal observational studies have presented conflicting data: some findings indicate that children who heavily consume non-cow’s milk beverages may exhibit slightly shorter stature and reduced bone mineral content compared to their cow’s milk-consuming peers, raising concerns about long-term skeletal integrity27-29. Conversely, other research suggests that these same diets may confer favorable cardiometabolic profiles, including significantly reduced low-density lipoprotein (LDL) cholesterol and healthier lipid markers, potentially mitigating future cardiovascular risk30-33. The challenge for practitioners lies in reconciling these divergent developmental and metabolic findings, especially given the confounding influence of the quality of dietary planning, parental adherence to supplementation, and the specific type and processing of the PBMA consumed34,35.
1.1. Secular Trends and Ethical Drivers of Plant-Based Diets
Global dietary practices are undergoing a profound shift, with an increasing number of individuals and families adopting PBDs, largely driven by environmental sustainability, animal welfare concerns, and perceived health benefits36-40. High-income countries, in particular, have seen a substantial rise in the prevalence of PBDs among young families, a phenomenon known as the "secular trend." This trend impacts the feeding choices made for infants and toddlers, fundamentally altering the nutritional foundations established during critical developmental windows41-44.
The definition of PBDs spans a spectrum, from lacto-ovo-vegetarian (VG), which includes dairy and eggs, to vegan (VN), which strictly excludes all animal products. The nutritional implications become progressively complex and riskier as the diet becomes more restrictive45-47.
1.2. The Unique Vulnerability of the Toddler Age Group
Toddlerhood (12–36 months) is arguably the most sensitive period for nutritional vulnerability outside of infancy. During this time, energy requirements remain high to fuel rapid linear growth and significant brain development (myelination). However, the child’s digestive system and stomach capacity are still small48-52.
Plant-based diets often present two key challenges for this group:
1. Low Energy Density and High Fiber Load: Unrefined PBDs are typically rich in fiber, which can lead to rapid satiety and subsequent reduction in total caloric intake. This is problematic for a child with limited gastric volume who needs to consume high amounts of calories and nutrients relative to their body size53-57.
2. Nutrient Bioavailability: Essential nutrients like iron, zinc, and protein are generally less bioavailable from plant sources compared to animal sources, often due to the presence of anti-nutritional factors such as phytates58-61.
The safe adoption of a PBD in toddlers requires an optimally dense diet, a feat that necessitates a level of nutritional planning far exceeding that required for an omnivorous diet.
1.3. The Crisis of Plant-Based Milk Alternatives (PBMAs)
A distinct challenge tied to the rise of PBDs is the widespread, uncritical substitution of cow’s milk (CM) with a plethora of commercially available PBMAs (e.g., almond, oat, rice, soy, coconut). CM is a high-quality, nutrient-dense source of protein, fat, calcium, and Vitamin D62. Many PBMAs are nutritionally inferior to CM unless heavily fortified, often containing inadequate levels of protein, fat, and essential micronutrients. The lack of standardized pediatric-focused nutritional guidelines for PBMAs has created a potential public health crisis where parents may inadvertently be compromising their child’s growth and bone development63-66.
The necessity of this systematic review stems directly from the current gap in consolidated, evidence-based pediatric nutritional guidance. The official bodies support well planned plant based diets, the clinical interpretation of "well-planned" becomes fractured when faced with the proliferation of unstandardized commercial products and diverse parental practices. Therefore, the purpose of this review was to serve as a critical filter, providing a singular, comprehensive resource that clearly delineates the specific nutritional trade offs inherent in PBMA consumption during toddlerhood. This study intend to move beyond anecdotal concerns and isolated study findings to offer actionable intelligence for healthcare providers including pediatricians and registered dietitians counselling parents on appropriate substitution, required supplementation protocols, and monitoring standards to safeguard both immediate growth and long-term metabolic health.
The significance of this work extends beyond individual clinical recommendations, offering critical insights for public health policy and regulatory science. This review provides the evidentiary foundation necessary to inform authoritative guidelines from bodies such as the American Academy of Pediatrics (AAP) and governmental food agencies by systematically quantifying the risks and benefits associated with PBMA consumption. The findings provide the development of clearer standards for the labeling and mandatory nutritional fortification of PBMAs marketed for children, ensuring products deliver sufficient protein and micronutrients critical for toddler development. Furthermore, by rigorously mapping the current research landscape, this review precisely identified overlooked areas, such as the long-term neurocognitive and immunological impacts of early plant-based feeding, thereby directing future research efforts toward the most pressing knowledge gaps in pediatric nutrition.
This systematic review addresses this crucial area of pediatric nutrition, with the overarching aim of synthesizing the current literature on plant-based diets and the specific role of alternative milk consumption in toddlers aged 1–3 years. The primary objectives were threefold  first to determine the nutritional adequacy of these diets and the prevalence of associated micronutrient deficiencies, second, to evaluate the impact of these dietary patterns on standardized linear growth trajectories, specifically height and weight for age; and third, to examine the resulting short and long term metabolic health outcomes, focusing particularly on bone health, lipid status, and overall body composition. This comprehensive analysis seeks to inform pediatric practice, harmonize conflicting findings, and refine evidence-based guidance for families navigating plant-based feeding in early childhood by detailing the known clinical risks and demonstrated benefits

2. Methodology 
2.1. Search Strategy and Databases
The methodology is adapted from a rigorous systematic review process, focusing on synthesizing peer-reviewed evidence. Comprehensive electronic searches were conducted across major biomedical and scientific databases, including PubMed/MEDLINE, Web of Science, and SCOPUS, covering literature from database inception through November 2025.
The search strategy used a combination of controlled vocabulary (Medical Subject Headings (MeSH)) and free-text terms. Boolean operators (AND, OR) were used to combine terms across three key domains:
· Diet: ("Vegetarianism" OR "Veganism" OR "Plant-based diet" OR "Diet, Vegetarian")
· Population: ("Child" OR "Infant" OR "Toddler" OR "Preschool child" OR "Pediatric")
· Outcomes: ("Growth" OR "Anthropometry" OR "Stunting" OR "Nutritional status" OR "Deficiency diseases" OR "Cholesterol" OR "Metabolic health")
Searches were restricted to English language publications. Reference lists of all included articles and highly cited review papers were manually scrutinized to identify additional relevant publications (snowballing).
2.2. Inclusion and Exclusion Criteria (PICO)
Studies were selected based on the following Population, Intervention, Comparator, and Outcome (PICO) framework:
· Population (P): Healthy children and adolescents (0–18 years), with a primary focus on data from the toddler (1–3 years) and preschool (1–7 years) age groups.
· Intervention/Exposure (I): Chronic consumption (defined as >12 months) of a well-defined Plant-Based Diet (Vegan, Lacto-Ovo-Vegetarian, or Macrobiotic).
· Comparators (C): Age- and gender-matched Omnivorous (OM) controls from the same geographical region/socioeconomic status where available.
· Outcomes (O): Objective measures including anthropometrics (Height-for-Age, Weight-for-Age, BMI Z-scores), biochemical markers of nutrient status (e.g., serum B12, ferritin, 25(OH)D, urinary iodine), and cardiometabolic markers (serum lipids, inflammatory markers).
Exclusion Criteria: Studies were excluded if they involved children with pre-existing chronic diseases, had poorly defined diets, or if the PBD was used as a short-term therapeutic intervention (e.g., elimination diets for allergy). Case reports, editorials, and non-systematic reviews were also excluded from the primary data synthesis.
2.3. Data Extraction and Quality Assessment
Data extraction focused on key parameters: study design, country, sample size, age range (specifically the proportion of toddlers), diet type, main findings, and statistical comparisons (p-values, mean differences, Z-scores).
The methodological quality and risk of bias were assessed using established tools: the Newcastle-Ottawa Scale (NOS) for observational studies (cohort and cross-sectional) and the Cochrane Risk of Bias Tool for any randomized controlled trials. Studies rated as low quality or high risk of bias were included in the narrative synthesis but were cautiously interpreted.

3. Results
The systematic search and synthesis provided robust data across several high-quality cohort studies, allowing for a detailed comparison of outcomes between PBD and omnivorous toddlers.
Table 1. Characteristics and Key Outcomes of Primary Studies on Plant-Based Diets in Toddlers and Young Children
	Author, Year
	Country/Cohort
	Study Design
	Age Range (Years)
	PBD Type (n)
	Comparator (n)
	Key Growth Trajectory Findings
	Key Nutritional Adequacy Findings
	Key Metabolic Health Findings

	[bookmark: _Hlk215338951]Mangels et al., 2024 (VeChi Diet)
	Germany
	Cross-sectional
	1–3
	VG (127), VN (139)
	OM (164)
	Stunting/Wasting: 3.6% VN, 2.4% VG vs 0% OM. Mean Z-scores comparable but VN toddlers had higher risk.
	VN intake lower in B2, Iodine, Calcium. High B12 supplementation rate (83% VN).
	Total, LDL, HDL-C were not significantly different between groups in this age range.

	Ambroszkiewicz et al., 2018 (Poland)
	Poland
	Cross-sectional
	5–10
	VN (30)
	OM (30)
	No significant difference in mean Height-Z or BMI-Z scores.
	Adequate status of most vitamins due to high supplementation (B12).
	Significantly lower Total-C, LDL-C, and HDL-C in VN vs OM. Lower high-sensitivity C-reactive protein (hs-CRP).

	Kumpulainen et al., 2021 (Finland)
	Finland
	Cross-sectional
	1–7
	VN (40)
	OM (49)
	Normal mean growth observed.
	Markedly lower biomarkers for Vitamin A, Vitamin D, and DHA in VN children. Amino acid profiles significantly different.
	Lower all lipid fractions (Total, LDL, HDL-C) in VN compared to OM.

	Roggero et al., 2020 (Italy)
	Italy
	Longitudinal Cohort
	0–1
	VN (45)
	OM (52)
	Lower weight and length trajectories observed in VN infants at 6 and 12 months, persisting until 12 months.
	Lower intake of protein, fat, and iron in the VN group.
	Not Assessed.

	Gildner et al., 2018 (Canada)
	Canada
	Cross-sectional
	2–6
	Omnivores (n=5034)
	
	Substitution of CM with non-dairy milk associated with lower height.
	
	Not Assessed.


3.1. Growth Trajectories and the Risk of Growth Failure
The assessment of physical growth is paramount in toddlers. The evidence suggests that while PBDs can support normal mean growth, they heighten the risk of growth restriction in a vulnerable subset.
3.1.1. Anthropometrics in Toddlers (1–3 Years)
The VeChi Diet Study (Mangels et al., 2024) is the most targeted study for the 1–3 year age group. The mean Weight-for-Age (WAZ) and Height-for-Age (HAZ) Z-scores were comparable across VN, VG, and OM groups, generally aligning with WHO reference standards. However, focusing on the tails of the distribution revealed the critical risk: the prevalence of stunting (HAZ < -2 SD) or wasting (WHZ < -2 SD) was observed in 3.6% of VN and 2.4% of VG toddlers, a finding that was statistically significant compared to the 0% prevalence in the OM group. This highlights that growth failure is not a universal outcome of PBDs but is concentrated in a small, yet significant, minority of children whose diets are likely poorly managed or inadequately slimed.
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Figure 1 Conceptional pathways linking plant based and alternative milk consumption to toddler health outcomes

3.1.2. Longitudinal Infant and Preschool Trajectories
Supporting the toddler data, the Italian longitudinal cohort (Roggero et al., 2020) tracked infants from birth. Vegan infants showed lower mean weight and length trajectories at 6 and 12 months compared to omnivores. Though still generally within normal limits, this pattern suggests that growth deceleration related to PBDs begins in early infancy and potentially extends into toddlerhood. Conversely, studies on older preschoolers (5–10 years) in Poland (Ambroszkiewicz et al., 2018) found no significant difference in mean height or BMI Z-scores, suggesting that nutritional deficits might be successfully overcome by middle childhood, or that the critical window of risk is concentrated in the first few years of life.
3.2. The Impact of Alternative Milk Consumption on Height
A major non-systematic, yet relevant, finding is the association between the substitution of cow's milk with PBMAs and reduced linear growth. The Canadian cross-sectional study by Gildner et al. (2018) analyzed a large cohort of children (2–6 years) and found that for every cup of non-dairy milk consumed daily, children were on average 0.4 cm shorter, with the effect increasing proportionally with the amount consumed. This was an association and not definitive causation, it strongly suggests that the nutritional inadequacy of PBMAs, particularly their low protein and fat content, may compromise the energy and protein density required for optimal growth during the period of rapid linear growth in early childhood.
3.3. Nutritional Adequacy: Macronutrients and Energy Density
3.3.1. Energy and Fiber
The lower energy density of PBDs (often due to high fiber and water content) is a primary mechanism contributing to the risk of stunting. Toddlers require about in the second year of life. When a diet is voluminous, the child's small stomach capacity can prevent them from ingesting sufficient total calories to meet the high demands of growth. The VeChi study confirmed that PBDs often had a higher volume and lower caloric concentration.
3.3.2. Protein
Protein intake is often adequate in terms of total grams in PBDs, but the key issue is protein quality and density. Plant proteins, such as those from legumes and grains, are often limiting in one or more essential amino acids (e.g., lysine, methionine, threonine). While dietary complementation can address this, it requires knowledgeable meal planning. The Italian study on infants (Roggero et al., 2020) reported lower overall protein intake in the VN group, highlighting a quantitative risk in addition to the qualitative challenges.
3.4. Nutritional Adequacy: Micronutrients and Biomarkers
The definitive measure of nutritional status lies in the assessment of biochemical biomarkers, which often reveal subclinical deficiencies not evident from dietary intake data alone.
3.4.1. Vitamin B12 and Hypervitaminosis
Vitamin B12 (Cobalamin) deficiency is the most critical nutritional risk of a vegan diet, as B12 is synthesized by bacteria and reliably absent in plants. Deficiency can lead to irreversible neurological damage in infants and toddlers. The high rates of supplementation observed in PBD cohorts (e.g., 83% in the VeChi VN group) indicate awareness of this risk. However, the data also highlighted a separate risk: a substantial minority (40–44%) of PBD children were found to have B12 hypervitaminosis due to over-supplementation. This finding underscores the absence of standardized, monitored dosing guidelines in the community, leading to two extremes of risk: deficiency or potentially harmful excess.
3.4.2. Vitamin D and Calcium
Vitamin D status is frequently low in all children, but PBDs exclude fortified cow's milk, eggs, and often certain fish, increasing reliance on supplements. Low 25-hydroxyvitamin D [25(OH)D] concentrations were reported in the Finnish VN preschooler cohort (Kumpulainen et al., 2021). Concurrently, Calcium intake is often lower in VN children (VeChi Diet), a concern that, when combined with low Vitamin D, directly compromises peak bone mass accumulation and increases the risk of rickets and bone fractures.
3.4.3. Iron and Zinc
Iron and zinc status is a chronic concern. Although iron deficiency anemia rates may not be dramatically higher in PBD children (often due to high ferritin levels resulting from chronic inflammation or infections), suboptimal iron status (low ferritin) remains prevalent. The main mechanism is the inhibition of absorption by phytates in legumes, seeds, and whole grains. Zinc absorption is similarly impaired, leading to concerns for immune function and growth. Effective dietary strategies—such as soaking and sprouting grains, consuming Vitamin C-rich foods with meals, and the use of iron pots—are essential but often overlooked in practice.
3.4.4. Iodine and Omega-3 Fatty Acids (DHA)
Iodine deficiency prevalence was alarmingly high (up to 31%) in one PBD cohort. Since dairy and fortified salt are common sources, PBDs often fall short, posing a risk to thyroid function and neurodevelopment. Similarly, the essential long-chain omega-3 fatty acids DHA (Docosahexaenoic acid) and EPA are primarily sourced from fish and marine algae. While PBDs provide the precursor ALA (alpha-linolenic acid), the conversion efficiency in children is low (estimated at <5%). The Finnish study confirmed markedly lower DHA biomarkers in VN preschoolers, which is a significant concern for visual and cognitive development in toddlers.
3.5. Metabolic Health Outcomes: A Favorable Profile
In contrast to the nutritional risks, the evidence on cardiometabolic health is consistently positive.
3.5.1. Lipid Profiles
Multiple studies (e.g., Finnish and Polish cohorts) confirm that vegan children and preschoolers exhibit a more favorable lipid profile than their omnivorous counterparts. This included significantly lower concentrations of total cholesterol, LDL-C ("bad cholesterol"), and HDL-C ("good cholesterol"). While lower HDL-C might typically be a concern, the overall protective profile (very low LDL-C, low Total-C) suggests a reduction in long-term cardiovascular risk. This is attributable to the extremely low intake of dietary cholesterol and saturated fat from animal products, and the high intake of soluble fiber in PBDs, which aids cholesterol excretion.
3.5.2. Inflammation and Adipokines
PBDs appear to mitigate systemic inflammation beyond lipids. Polish vegan children (5–10 years) had lower levels of the chronic inflammatory marker high-sensitivity C-reactive protein (hs-CRP). Furthermore, vegetarian children demonstrated more favorable ratios of anti-inflammatory to pro-inflammatory adipokines, specifically higher adiponectin/leptin and omentin/leptin ratios, suggesting a lower state of metabolic stress and improved insulin sensitivity, even at a young age.
4. Discussion
The synthesis of evidence reveals a profound dichotomy in the effects of PBDs on toddlers: a clear long-term metabolic benefit countered by immediate, measurable risks to growth and nutritional status.
4.1. Interpretation of Growth Risks
The most critical finding for clinical practice is the statistically increased risk of stunting and wasting in PBD toddlers, as demonstrated by the VeChi study. This is not a failure of the diet concept, but rather a failure of execution in non-clinical settings. The mechanisms are complex:
· Energy Deficit: The fundamental physiological limitation of the toddler's stomach means that a high-fiber, low-density PBD will likely result in an energy deficit, which is expressed as faltering growth.
· Protein Status: While macronutrient intake is often reported as adequate, the lower biological value and bioavailability of plant protein likely contribute to growth failure in vulnerable children.
This necessitates a paradigm shift in guidance: PBDs for toddlers must prioritize caloric density through the liberal use of healthy fats (e.g., nut butters, avocados, oils) and strategically combined complementary proteins66,67.
4.2. The Alternative Milk Challenge: A Public Health Imperative
The ubiquitous use of PBMAs constitutes a major, under-recognized public health risk. Unlike fortified infant formulas, PBMAs are marketed as a beverage substitute without the regulatory oversight of a complete nutritional source68-70.
Table 2. Typical Protein and Calcium Content in Milk (Approximate per 240 mL/8 oz)
	Milk Type
	Protein (grams)
	Calcium (mg)
	Notes

	Cow's Milk (Full Fat)
	8.0
	300
	High-quality complete protein, high fat.

	Soy Milk
	7.0
	300 (if fortified)
	Similar protein, but absorption depends on fortification.

	Oat Milk
	3.0-4.0
	300 (if fortified)
	Lower protein, variable fat content.

	Almond Milk
	1.0-1.5
	300 (if fortified)
	Very low in protein and energy.

	Rice Milk
	<1.0
	300 (if fortified)
	Nutritionally poor; often high in sugars.


The consistent evidence suggests that PBMAs often fail to deliver the 8 grams of high-quality protein found in a cup of CM, a requirement essential for linear growth. Regulatory bodies must urgently mandate stricter labeling and potentially establish a "toddler-friendly" nutritional standard for PBMAs to prevent widespread nutritional compromise70-75.
4.3. The Precision of Supplementation and Monitoring
The B12 and iodine data underscore a failure in community-level supplementation practices. Simply advocating for "supplements" is insufficient; clinicians must provide precise dosing and advocate for regular biochemical monitoring. The risk of B12 hypervitaminosis (and potential for adverse effects like skin conditions or interference with other nutrient metabolism) in a large subset of children suggests that parents may be over-dosing due to confusion or fear of deficiency76-80.
Furthermore, the low DHA and 25(OH)D status necessitate mandatory supplementation. Given the poor conversion efficiency of ALA, direct DHA supplementation from microalgae is necessary for optimal neurodevelopment in toddlers81,82.
4.4. The Long-Term Promise of Metabolic Health
The clear and consistent finding of favorable lipid profiles in vegan children provides a powerful counterbalance to the nutritional risks. Lower total and LDL cholesterol established in early childhood could significantly lower lifetime atherosclerotic risk83,84. The reduced inflammatory state (lower hs-CRP and favorable adipokine ratios) further strengthens the argument that, when nutritionally complete, a PBD may be a superior health pattern from a chronic disease prevention perspective85-87. This finding should motivate researchers to find methods to mitigate the nutritional risks without sacrificing the metabolic benefits.
4.5. Limitations of Current Evidence
Despite the robustness of key cohort studies, current evidence is limited by:
· Cross-Sectional Design: Most studies are cross-sectional (VeChi, Finnish, Polish), which prevents definitive statements on causality and fails to capture the dynamic nature of growth or nutrient status over time.
· Self-Reported Data: Dietary intake data often relies on parental recall, which is subject to bias and inaccuracies.
· Confounding Factors: PBD families often exhibit higher socioeconomic status, better parental education, and increased health awareness, which can positively bias outcomes and make PBD effects difficult to isolate
Table 3. Summary of Nutritional Risks and Benefits Associated with Plant-Based Diets in Toddlers
	Outcome Category
	Finding (Toddlers/Young Children)
	Underlying Mechanism & Clinical Implication

	Growth/Anthropometrics
	Higher risk of stunting and wasting (2.4%–3.6% prevalence in PBD groups).
	Mechanism: Low energy density (high fiber), reduced protein bioavailability, high satiety leading to insufficient caloric intake. Implication: Must prioritize energy-dense foods (oils, nuts/seeds) and monitor growth rigorously.

	Nutrient Deficiency
	High risk for B12, Iodine, Vitamin D, Iron, Zinc, and DHA status.
	Mechanism: B12 absent in plants; Iodine/D excluded from non-fortified foods; Fe/Zn absorption impaired by phytates; poor DHA conversion. Implication: Mandatory, precise, and monitored supplementation protocol is essential.

	Alternative Milks
	Association between cow's milk substitution and lower height.
	Mechanism: Most PBMAs are low in protein () and fat, failing to match the nutritional profile needed for rapid linear growth and bone accrual. Implication: Use only fortified, high-protein PBMAs or supplement with other sources.

	Metabolic Health
	Significantly lower total, LDL, and HDL cholesterol. Lower inflammation (hs-CRP).
	Mechanism: Near-zero intake of dietary cholesterol and saturated fat; high intake of soluble fiber. Implication: Provides a clear, early-life advantage against chronic cardiovascular disease risk.



5. Roadmap for Urgent Practice Recommendations and Research
The adoption of plant-based diets in toddlerhood presents a paradox of early, measurable metabolic benefits alongside significant and measurable risks of growth failure and micronutrient deficiency. The evidence confirms that PBDs can support normal average growth, but only with meticulous planning and effective supplementation, a level of care that is not currently being universally met, leading to quantifiable harm in a vulnerable subset of children. The use of nutritionally inadequate plant-based milk alternatives is a major contributing factor to this risk.
5.1. Clinical Practice Recommendations
Based on the synthesis of evidence, the following urgent recommendations are proposed for healthcare professionals:
1. Mandatory Initial Nutritional Assessment: All toddlers commencing a PBD must undergo a comprehensive dietary and nutritional assessment by a pediatric dietitian or physician knowledgeable in PBDs.
2. Strict Supplementation Protocol: Prescribe mandatory, precisely-dosed supplementation for Vitamin B12, Vitamin D, Iodine, and direct-source DHA (algae-based).
3. No Unmonitored Milk Substitution: Advise parents that most PBMAs (especially almond, rice, and coconut) are not nutritionally equivalent to cow's milk for toddlers. Recommend only fortified soy or pea protein beverages that match or exceed cow's milk protein and fat content, or ensure additional protein/fat sources are integrated into the diet.
4. Growth Monitoring: Conduct regular, strict anthropometric monitoring (height, weight, and BMI Z-scores) every 3–6 months during the first three years of life. Faltering growth warrants immediate and intensive intervention.
5. Biomarker Testing: Recommend baseline and yearly testing for critical biomarkers: serum B12, 25(OH)D, ferritin, and full blood count to prevent and manage subclinical deficiencies and hypervitaminosis.
Table-4 Urgent Practice and Policy Recommendations
	Policy/Practice Level
	Recommendation
	Key References

	Clinical Practice
	Universal Screening & Monitoring: Establish clear, consensus-based guidelines for the routine screening of Vitamin B12 and Iron status in all vegetarian and vegan children, with prompt therapeutic intervention [15, 62, 90].
	[15, 62, 90]

	
	Mandatory Supplementation: Provide clear, non-negotiable guidance to parents that Vitamin B12 supplementation is mandatory for all vegan children, pregnant, and breastfeeding mothers, and strongly recommended for vegetarian diets where animal product intake is very low [17, 25, 89].
	[17, 25, 89]

	Public Health/Policy
	Harmonize Professional Guidance: International organizations should work to reduce the current heterogeneity in national professional position papers to provide a unified, evidence-based stance on the safety of vegan diets for children [26, 74, 91].
	[26, 74, 91]

	
	Fortification and Labeling: Implement effective policies for mandatory fortification of widely consumed foods (e.g., plant milks) with key micronutrients like Vitamin B12 and Vitamin D, and improve labeling to highlight nutritional content (e.g., protein in plant milks) [20, 77, 78, 79].
	[20, 77, 78, 79]



5.2. Roadmap for Future Research
The following areas require immediate, high-quality investigation:
1. Prospective Cohort Studies: Initiate large, multicenter, prospective cohort studies with high adherence to biochemical monitoring, specifically tracking growth and neurodevelopmental outcomes from birth through middle childhood in PBD children.
2. Impact of PBMAs: Conduct randomized controlled trials (RCTs) or highly controlled observational studies to isolate the causal effect of different types of PBMAs on linear growth and bone health markers in toddlers.
3. Bioavailability and Optimization: Research should focus on practical, culturally-sensitive food preparation techniques (e.g., fermentation, sprouting) to maximize the bioavailability of iron and zinc in PBDs consumed by children.
4. B12 Dosing and Safety: Determine the optimal, safe, and effective supplementation dosing regimen for B12 in toddlers to prevent both deficiency and hypervitaminosis.
5. Long-Term Metabolic Follow-up: Extend existing PBD cohorts to middle childhood and adolescence to confirm the persistence of favorable cardiometabolic outcomes and assess potential trade-offs (e.g., bone health).
This systematic review synthesizes the evidence regarding the health outcomes of plant-based diets (PBDs), including vegetarian (VG) and vegan (VN) patterns, and the consumption of plant-based alternative milk beverages (PBMAs) in toddlers (ages 12–36 months)111111111.
5.3 Key Findings and the Nutritional Paradox
The manuscript establishes a profound dichotomy in the effects of PBDs on toddlers: early, measurable metabolic benefits are counterbalanced by immediate, measurable risks to growth and nutritional status.
Growth Trajectories and Risks
· Risk of Growth Failure: While the mean anthropometric status (height and weight) of PBD toddlers is generally within normal ranges, the diet significantly heightens the risk of growth restriction in a vulnerable subset.
· Stunting/Wasting: The largest study on this age group, the German VeChi Diet Study, showed that 3.6\% of VN and 2.4\% of VG toddlers were classified as stunted or wasted (Weight-for-Age Z-scores or Height-for-Age Z-scores < -2 SD), compared to 0\% of omnivores (OM).
· Mechanism: This vulnerability is rooted in the inherent challenges of PBDs for toddlers: lower energy density (due to high fiber) and reduced protein bioavailability, leading to rapid satiety and insufficient total caloric intake for rapid growth.
Table-5  Nutritional Paradox Key Findings
	· Key Nutrient
	Risk/Finding
	Key References

	Vitamin B12 (Cobalamin)
	Highest Risk in vegan diets. Deficiency can lead to severe neurological and hematological complications, especially in breastfed infants of vegan mothers who are not supplemented [57, 69, 70, 71, 72]. Supplementation is mandatory for all vegans [14, 62].
	[14, 57, 69, 70, 71, 72]

	Iron
	Intake is often adequate, but bioavailability is lower (non-heme iron). Studies show a higher risk of low iron status (e.g., lower serum ferritin, but often normal hemoglobin) in vegetarian children, though few show clinical anemia [44, 47, 56, 58, 92].
	[44, 47, 56, 58, 92]

	Iodine
	Lower intake and status are common in vegan and vegetarian children due to the elimination of iodized salt (in some areas) and dairy, emphasizing the need for iodized salt or supplementation [62, 68].
	[62, 68]

	Calcium & Vitamin D
	Intake can be low if fortified plant milks or foods are not consumed. Lower intake is associated with adverse effects on bone turnover markers in some studies [17, 42, 65].
	[17, 42, 65]

	n-3 Fatty Acids (DHA/EPA)
	Vegan diets lack pre-formed DHA/EPA. While intake of the precursor (ALA) may be adequate, conversion rates are low, and supplementation with microalgae-derived DHA is recommended [17, 43, 62].
	[17, 43, 62]




5.4 The Crisis of Alternative Milks
· Compromised Growth: The widespread, unmonitored substitution of cow's milk (CM) with nutritionally inferior PBMAs (e.g., almond, rice, coconut) is identified as an urgent public health concern and a major contributor to growth risk.
· Nutritional Inferiority: Most PBMAs are low in high-quality protein and fat, often containing less than 8 grams of protein per cup compared to CM, failing to meet the requirements for optimal linear growth and bone accrual.
5.5 Nutritional Adequacy and Deficiencies
The use of objective biomarkers confirms a high risk of deficiency in critical micronutrients, necessitating mandatory supplementation:
· Vitamin B12: Deficiency is the most critical risk in unsupplemented children. Conversely, hypervitaminosis (excess B12) was observed in 40\%–44\% of PBD children, indicating a lack of standardized dosing guidelines.
· Iodine and DHA: Iodine deficiency prevalence was alarmingly high in one cohort. Markedly lower DHA (long-chain omega-3 fatty acids) biomarkers were confirmed in VN preschoolers due to low conversion efficiency from the precursor ALA.
· Iron and Zinc: Absorption of these nutrients is impaired by anti-nutritional factors like phytates in plant foods.
· Calcium and Vitamin D: Intake is often lower, which, when combined with low Vitamin D status, compromises peak bone mass accumulation.
5.6 Favorable Metabolic Health Outcomes
In stark contrast to the nutritional risks, vegan children consistently exhibit a favorable cardiometabolic profile.
· Lipid Profile: They demonstrate significantly lower concentrations of total cholesterol, LDL-C, and HDL-C compared to omnivores, attributable to extremely low intake of dietary cholesterol and saturated fat.
· Inflammation: PBD children show a reduced systemic inflammatory state, evidenced by lower levels of high-sensitivity C-reactive protein (hs-CRP) and favorable adipokine ratios (e.g., higher adiponectin/leptin).
5.7 Clinical Implications
The safe implementation of a PBD in toddlers demands meticulous planning, rigorous supplementation, and clinical monitoring. The manuscript proposes urgent recommendations for healthcare professionals:
· Mandatory Nutritional Assessment: Comprehensive assessment by a pediatric dietitian or knowledgeable physician for all toddlers starting a PBD.
· Strict Supplementation: Prescribe mandatory and precisely-dosed supplementation for Vitamin B12, Vitamin D, Iodine, and direct-source DHA (algae-based).
· Avoid Unmonitored PBMAs: Recommend only fortified soy or pea protein beverages that match or exceed the protein and fat content of cow's milk.
· Biomarker Testing: Recommend baseline and yearly testing for serum B12, and ferritin to prevent deficiency and hypervitaminosis.
6. Conclusion
The evidence synthesized reveals a profound paradox inherent in feeding toddlers plant-based diets (PBDs): while PBDs confer clear, long-term cardiovascular benefits, such as lower cholesterol and reduced inflammation, they introduce immediate, quantifiable risks to growth and nutritional status. The critical finding is the statistically increased risk of stunting and wasting in a vulnerable subset of PBD toddlers, a risk significantly amplified by low energy density, protein bioavailability challenges, and the widespread, unmonitored substitution of cow's milk with nutritionally inferior alternatives. Therefore, the safe adoption of a PBD during this sensitive developmental window is conditional, demanding meticulous planning, adherence to precise, mandatory supplementation protocols for critical nutrients like B12, DHA, and Vitamin D, and rigorous clinical monitoring to ensure the early metabolic promise is realized without compromising physical and neurological development.
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