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Evaluating the impact of an oral nutrition supplement on biochemical profile, growth, and body composition in Indian children: an in-silico study
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Background: In-silico modeling provides a valuable approach for predicting the effects of nutritional interventions on child growth, particularly in settings where large-scale human trials are challenging. Validated, population-level predictive platforms optimize dosing and intervention strategies, facilitating the development of targeted nutritional approaches that enhance growth outcomes in children.

Objective: This study aims to assess the impact of an oral nutrition supplement (ONS) intervention on biochemical and growth parameters of Indian children using an in-silico intervention approach.

Methods: An energetics-based modeling framework was developed to simulate the growth trajectories of children aged 6–16 years, integrating national datasets for Indian children. The model, validated with published literature, was designed to predict the effects of nutritional interventions. This study evaluated the impact of two Horlicks Oral Nutrition Supplement (ONS) formulations with varying micronutrient dosages on key growth outcomes. Various intervention scenarios were simulated, including comparisons of ONS with water vs. milk, and interventions with different nutrient compositions, such as macronutrients alone or a combination of macro- and micronutrients. The primary outcomes of the study focused on both biochemical and physical growth changes. Key serum nutrient levels were analyzed, alongside anthropometric measures such as height, weight, and body composition indicators, including fat-free mass, fat mass, and bone mineral content, over simulated periods of 4, 8, and 12 months.

Results: The in-silico analysis predicted that two servings of Horlicks with milk significantly improved anthropometric and body composition parameters compared to both milk alone and other experimental groups. Biochemically, the Horlicks intervention led to notable increases in serum nutrient levels, which correlated with higher growth velocities and enhanced body composition relative to plain milk. The model underscored the critical role of combined macro- and micronutrient supplementation, with two servings yielding more pronounced effects than one.

Conclusion: This study provides important insights into the potential benefits of Horlicks interventions for enhancing child growth outcomes. It underscores the effectiveness of computational models in the preliminary assessment of nutrition interventions, providing foundation for targeted clinical studies to improve child health and development. However, it is important to note that the model benchmarking was conducted using data from the Indian population, and the findings may not be directly applicable to other ethnicities without further validation.
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1 Introduction

Children and adolescents undergo dynamic periods of development marked by substantial growth. This period is characterized by increment in height, bone mass, and musculature which necessitate a corresponding increase in energy and nutrient intake. Deficiencies in meeting these heightened nutrient requirements render children and adolescents vulnerable to nutritional deficiencies, potentially leading to varying degrees of malnutrition (1, 2). This age-group hence requires regular assessment and monitoring of nutritional status to ensure optimal growth and development. At the population level, such monitoring serves as a critical first step in benchmarking child growth and managing nutrition strategies. Additionally, it allows for the analysis of secular trends in child growth and nutrition, helping to identify patterns and areas in need of intervention. In Indian context, growth charts published by Indian Association of Pediatrics (IAP) (3) can help monitor normal, undernourished and overnourished growth trajectories, surveys like Comprehensive National Nutrition Survey (CNNS) (4) help assess nutritional status of children and adolescents. Availability of such resources become valuable in guiding interventions to address children and adolescents based on their specific nutritional status.

The 2018 CNNS reports that among Indian children aged 5–19 years, stunting affects 20–22%, wasting 23–24%, and overweight 4–5% (4). Additionally, secondary analysis of the CNNS data observes stunting prevalence is higher in late adolescence (30%) compared to early adolescence (25.6%), indicating an increasing burden of undernutrition as children transition into later developmental stages (5). The CNNS survey further reports notable prevalence of nutritional deficiencies. 19–25% of 5- to 19-year-old children were reported to be Vitamin A deficient, 28–38% were deficient in Vitamin B9, and 15–34% deficient in Vitamin B12. Furthermore, the prevalence percentages of iron, zinc, vitamin D and iodine deficiencies were 14–25%, 16–32%, 16–21%, and 4–6%, respectively (4). Another nationwide multi-center trial revealed that the prevalence of selenium and calcium deficiencies accounted for ~5 and 30%, respectively, in 6- to 16-year-olds (6).

Concerning prevalence of nutrient deficiencies and poor nutritional status among Indian children is attributed majorly to the lack of dietary diversity (7, 8). Several studies have employed milk as a dietary intervention to address childhood malnutrition and to promote dietary diversification given its rich nutrient profile (9–13). Milk is a significant source of high-quality protein and key micronutrients, essential for tissue growth and repair particularly during critical growth periods (14, 15). However, existing deficiencies can limit a child's ability to absorb these essential nutrients from unfortified milk. Enhancing nutrient profile of milk with multiple micronutrients or oral nutrition supplements (ONS) has potential to not only tackle micronutrient deficiencies but also to improve anthropometric indices in children and adolescents in children with inadequate dietary intake (16, 17). Previous studies on such interventions underline the importance of both; macro as well as micronutrients adequacy in improving growth trajectories of children and adolescents (18–22). However, evaluating these effects through large-scale clinical trials can be both resource-intensive and time-consuming. This challenge becomes even more pronounced in resource-limited settings, such as in India.

In this context, in-silico models present an efficient and practical alternative. These models simplify the assessment of growth processes by specifically focusing on key elements like nutrient intake and its direct influence on target outcomes. They also serve as a data analytics tool which can effectively deliver realistic growth predictions under defined conditions (23). The ability to simulate various scenarios allows preliminary assessment of interventions, ultimately offering actionable insights that can inform targeted nutritional strategies.

Given the limited studies on the effects of ONS interventions in milk on anthropometric and body composition parameters in Indian children, this study aims to bridge that gap using a system biology-based mathematical modeling and simulation approach. To achieve this, we utilized a predictive platform grounded in an integrated framework that draws on national datasets, along with data from published epidemiological studies and clinical trials. This comprehensive framework was designed to benchmark and validate child growth trajectory predictions in response to diverse nutritional interventions, offering a robust tool for assessing the efficacy of dietary strategies.

The study aims to evaluate the effects of two Horlicks compositions, with and without milk, on biochemical parameters and growth outcomes such as height velocity, weight velocity, BMI, fat-free mass (FFM), fat mass (FM), and bone mineral content (BMC) in children aged 6–16 years. This age range aligns with the CNNS survey population, allowing the simulation to reflect real-world nutritional gaps, while highlighting how targeted nutritional interventions can enhance physical development through in-silico modeling.



2 Materials and methods


2.1 Model framework and population simulation

To simulate a population of Indian children and adolescents, virtual individuals aged between 6 and 16 years were generated using an energetics-based phenomenological model. This model was benchmarked against the Indian Association of Pediatrics (IAP) 2015 growth data (3). The input variables for the model were defined as age, gender, height, and body weight, which together formed the system for simulating growth outcomes and responses to the intervention (Figure 1). The input body fat percentage (BF%) for different growth percentiles was taken from Khadilkar et al. which was further used to estimate FM and FFM (24). BMC was calculated based on published correlation (25).
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FIGURE 1
 Child growth model representation. M/F, Male/Female; BF%, Body fat percentage; BW, Body weight; FM init, Initial fat mass; FFMinit, Initial fat-free mass; BMC init, Initial bone mineral content; CPF%, Carbohydrate, Protein, Fat percentage; RDA, Recommended Dietary Allowance; TEF, Thermic effect of Food; BMR, Basal Metabolic Rate.


To integrate nutrient intake to the above benchmarking of growth trajectory, the net energy intake levels was adjusted for body weight, as per the 2020 Recommended Dietary Allowances (RDA) for children and adolescents (26) and the energy balance was carried out on per day basis. Basal metabolic rate (BMR) was established while benchmarking to fit the growth percentile for each age and gender, with the above assumptions to obtain a similar growth percentile in the following year. The initial macronutrient composition was assumed to be 66% carbohydrates, 26% fat and 8% protein based on the observations from epidemiological studies (27–31). The physical activity was considered as per ICMR determined average physical activity levels (PAL) in the range of 1.4–1.67. Based on the net energy intake per day, the total energy expenditure was obtained considering macronutrient dependent thermic effect of food (TEF), PAL, and the BMR. The residual energy was used to calculate the increment in fat mass (δ FM) and fat free mass (δ FFM) defined by distribution coefficient “p” in turn the weight increment over a day. The estimated BMC (25) was used to obtain and further used to estimate lean mass from body weight and fat mass (refer Supplementary material).



2.2 Simulating micronutrient functionality

To the above-explained energetics framework, single and combined micronutrient effect were associated to growth outputs as per the established roles of each nutrient in growth (Supplementary Figure S1). To shortlist nutrients for supplementation in the virtual population, the prevalence of nutrient deficiencies in the Indian children was analyzed using national-level surveys such as CNNS and KHMU (4, 6). From these surveys, six micronutrients namely, iron, zinc, calcium, vitamin D, vitamin B9, and vitamin B12 were used in the model to determine their impact. Baseline micronutrient intake levels were estimated by referencing published studies on Indian children (27–31). These studies indicated that, at baseline, children were meeting only 35–60% of the RDA for the six key micronutrients.

To simulate a malnourished state, a set of correction factors for growth namely as “ϵ” (epsilon), “β” (beta), “η” (eta), and “λ” (lambda) were included in the model which were a function of % RDA intake of energy and micronutrients. These correction factors imposed a penalty on growth if the nutrient intake of the children satisfied < 75% of RDA. The correction factor “ϵ” was associated to % RDA intake of protein, zinc, vitamin B9 and vitamin B12. “ϵ” determined the FM and FFM distribution by influencing the distribution coefficient, “p” while the “β” was defined to estimate the BMC. %RDA intake of calcium and vitamin D were associated mainly with the BMC. To simulate dynamics of physical changes per month, calorie absorption efficiency defined as “η” was adjusted using a hill function, which estimated weight while a correction factor “λ” was adjusted for height changes respective to percentiles. The growth parameters “η” and “λ” were used to predict the influence of micronutrients on calorie absorption and height velocity, respectively. These parameters were linked to the %RDA intake of protein, zinc, and iron. In this way, the model was set to predict the effect of nutritional interventions, defined by their macronutrient (C, P, F) and micronutrient (Iron, Zinc, Calcium, Vitamin D, Vitamin B9, B12) composition, on anthropometric and body composition changes (height, weight, BMI, FM, FFM, and BMC). The results could also be categorized in terms of height and weight velocities, representing monthly changes in these parameters. All the parameters were obtained to fit the IAP data for boys and girls of the age group of 6–16 years covering 3rd−97th growth percentiles. A sample calculation is provided in section Modeling framework—Equations and Calculations of Supplementary material.



2.3 Biochemical profile modeling and dose-response predictions

To accurately simulate a population's biochemical profile, the present study utilized published prevalence data of micronutrient deficiencies in children and adolescents (4, 6), ensuring real-world variations in serum micronutrient levels were reflected. This data was employed to establish initial serum or urinary nutrient levels for the in-silico population, allowing for a realistic representation. The rate of change in serum micronutrient concentrations per unit dose, was influenced by baseline serum nutrient sufficiency levels. Published randomized controlled trials conducted in children were used to calculate these rates of change, considering both normal pre-intervention serum levels and cases with baseline deficiencies. This distinction allowed for an accurate assessment of the impact of supplementation in both healthy and deficient populations. For individuals with low baseline levels, the rate specific to the malnourished population was initially used. Post-supplementation, as serum levels increased and reached the 25th percentile of sufficiency, the rate of change associated with healthy individuals was applied, with further adjustment using Hill's equation at the 50th percentile to account for the saturation effect. Subsequently, the model was utilized to simulate the impact of varying product dosages on serum micronutrient levels for each child. This allowed for the prediction of how different doses would affect nutrient levels in both healthy and deficient populations, providing insights into optimal dosing strategies for targeted interventions.



2.4 Population characteristics

The virtual child population represented the 3rd−15th percentiles on the IAP 2015 growth charts, corresponding to z-scores between −1.03 and −1.88. A near-equal gender ratio (1:1) was maintained within the age groups. Caloric intake of the virtual population ranged from 829 to 1,850 kcal/day. A population of 2,000 individuals per age and gender was defined with specific height and weight ranges (Supplementary Table S1). Each experimental group hence had a population of 44,000 virtual children which accounts to a total study population of 308,000, as net cohort size of 7 experimental groups designed.



2.5 Intervention

The study designed seven distinct experimental setups to compare the isolated and combined effects of various dietary components on the study population (Table 1). Group 1 was the control receiving regular diet without milk. Group 2, group 3, group 5, and group 7 examined the effects of a combined macronutrient and micronutrient supplementation. Group 4 received milk alone, to assess its independent impact. While the group 2 and group 3 received the 1 serving and 2 servings ONS with water, respectively, group 5 and group 7 received the 2 serving ONS with milk. Group 6 consumed milk with just the macronutrient component of the ONS, helping to differentiate the effects of macronutrients from micronutrients and their potential interaction with milk. The difference between Groups 5 and 7 is the composition of the ONS provided. Group 5 received ONS-1, which contained the Horlicks-New composition, while Group 7 received ONS-2, the current Horlicks composition (referred as Horlicks henceforth). The nutrient compositions of ONSs are provided by Hindustan Unilever Ltd. Further details regarding the nutrient composition of the ONS, including macronutrient distribution as per AMDR (Acceptable macronutrient distribution ranges) guidelines, specific nutrient concentrations, and glycaemic index are available in the Supplementary material. As specified in Table 2, the macronutrient composition of ONS-1 and ONS-2 remains unchanged, with modifications made only to the micronutrient profile of ONS-1 as per one RDA compliance guidelines stated by the FSSAI (32). The nutrient composition of the milk used in this study was informed by data from IFCT 2017 and commercially available milk in India (33).


TABLE 1 Overview of experimental groups.
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TABLE 2 Nutrient composition of experimental interventions.

[image: Table 2]



2.6 Statistical analysis

The core energy balance computations, in-silico population generation and model simulations were performed in the MATLAB software. The details are described in the Supplementary material (Pages 5–8); which includes all equations and calculations. Statistical analysis and graphical visualization of the results were done using Python (version 3.12.3). P-value of < 0.05 was used to evaluate significance between two groups. Comparisons of parameters between experimental groups were performed using the independent t-test. Cohen's D was used to quantify the magnitude of the difference between experimental groups. Cohen's d thresholds of < 0.2 indicates a small effect, 0.2–0.5 indicates a medium effect, and >0.5 indicates a large effect (34).




3 Results


3.1 Model benchmarking

Parameter values in the present model were estimated to trace various percentiles of height and weight for boys and girls between the ages of 6–16 years. For each age and gender, the BMR and TEF was estimated based on body weight, caloric intake and PAL. TEF was estimated as per defined amounts of carbohydrate, protein, and fat (35). Supplementary Figure S2 shows the illustrative trends of 3rd, 10th, and 50th percentiles for various ages for both boys (Supplementary Figure S2A) and girls (Supplementary Figure S2B). The model with the set parameter could trace the growth trajectory for various percentiles with < 10 and < 3% error for height and weight, respectively. The model was therefore considered a platform to assess the percentile of a child and can estimate the caloric intake for a specific age and gender.



3.2 Model validation

The model was validated to predict the height and weight change due to an intervention. Example cases of zinc and protein supplementation are illustrated in Figures 2A, B, respectively. A study by Rerksuppaphol and Rerksuppaphol (36) was used as a sample study to validate intervention effects of zinc supplementation on zinc deficient children of 6–10 years. With 15 mg of zinc supplementation for 6 months, the model could predict marginal increase in height, as also observed in the study. This is because the supplementation could satisfy more than 75% RDA intake for zinc which removed the growth penalty on “ε”, “η”, and “λ” as mentioned earlier. While the correction factor “λ” could increase the height gain with zinc, the penalty from other associated micronutrients remained in the model. This restricted the optimal height increase for the population and hence a marginal increase was observed.


[image: Figure 2]
FIGURE 2
 Validating predictions of intervention-led anthropometric changes using published studies. The bar plots represent data from the sample studies, while the lines indicate predicted values. (A) Zinc supplementation; (B) Protein supplementation. Box: interquartile range; top, middle, and bottom edge of the box: Q1, Q2, Q3 respectively. Blue bars: Control; Brown bars: Intervention; Blue dotted line: Prediction for control; Orange solid line: Prediction for intervention.


Similarly, a sample case study was used for assessing protein supplementation effect (37) reporting an intervention of 20 g of skim milk powder for 5 days a week for 8 months in 7- to 13-year-old children. Figure 2B illustrates that the model was able to capture the weight increase by 1.15-fold due to protein supplementation, while the cohort with no supplementation (i.e., control group) increased only by 1.06-fold. Protein deficiency is also associated with lower macro-nutrient absorption and lower FFM. The increase in weight in the cohort with no supplementation saturated beyond 4 months, in contrast, the cohort submitted with supplementation continued to have growth results until 8 months. This was associated with more than 75% RDA of protein being satisfied due to supplementation unlike in the control population.

The model was further used to predict the height and weight of 3,916 children monitored over a year (38). Figure 3A shows the predicted height plotted against the observed height, showing an error < 5%, while Figure 3B shows the graph for weight indicating an error < 10%. Similarly, the model was also able to predict the body composition with an error < 20% for body fat (Figure 3C) and < 10% for BMC for 3,694 children (Figure 3D). Thus, the model was validated to represent the growth percentiles and predicted body composition of children between 6 and 16 years accounting for both the macro and micro-nutrients.


[image: Figure 3]
FIGURE 3
 Validation of anthropometric and body composition parameters against clinical data. (A) Predicted height; (B) Predicted weight; (C) Body fat percentage; (D) BMC (bone mineral content). Straight line: 45° line; Dotted line: Error percentage.


Apart from predicting growth percentiles, the model could also predict a specific intervention effect over a specific dosage and duration. Supplementary Figure S3, Case 1a and S3 Case 1b shows the effect of 100 kcal intervention above the basal diet for a 7-year boy in the 10th percentile of weight. The model predicts that the intervention may result in 4 cm growth in height over a year and 2.4 kg growth in weight (Supplementary Figure S3, Case1b). The growth was only due to the macronutrient (66% carbohydrate, 24% fat, and 8% protein) as the effect of micronutrients was not accounted for in the model prediction. This results in a height and weight velocities of 0.34 cm/month and 202 g/month, which is a reasonable growth as obtained from the IAP data.

Similarly, protein supplementation (Supplementary Figure S3, Case 2a; Supplementary Figure S3, Case 2b) accounting for 12% of total calories was administered to girls aged 12 years in the 10th percentile for height along with 100% RDA intake of micronutrients, would result in a height growth of 2.5 cm and a weight gain of 2.5 kg over a year. This translates to a height velocity of 0.21 cm/month and a weight velocity of 200 g/month, respectively, showing a percent shift of 1.79% in height and 8.1% in weight. Thus, the model in principle can be used to monitor the growth trajectory of children and predict the possible growth outcomes due to an intervention of macro and micronutrient supplementation.



3.3 Impact of ONS intervention on intakes of key micronutrients

To comprehensively evaluate the impact of both the ONSs on %RDA satisfaction, Groups 5 (Horlicks-New) and 7 (Horlicks) were administered their respective ONS with milk interventions, in addition to their baseline caloric intake (Table 1). These groups were then compared to the plain milk group (Group 4) to assess the relative effectiveness of each intervention. At the baseline, diet of these children was assumed to be sufficing 35% to 60% RDA of the six micronutrients. Post intervention, the plain milk group (Group 4) was insufficient to meet the RDA requirements for most micronutrients, except for vitamin B12, where intake exceeded 100% RDA. Notably, for key micronutrients such as zinc, iron, and vitamin B9, the mean intake remained below 75% of the RDA. In contrast, addition of Horlicks to milk (Groups 5 and 7), could lift the mean of the population above 100% RDA intake for all six micronutrients (Figure 4). In terms of zinc adequacy, while the population mean achieved 100% RDA, the third quartile of participants satisfied between 75 and 100% RDA. Despite the differing dosages of vitamin D, vitamin B9, and vitamin B12 between the two ONSs, both interventions could satisfy RDA for these vitamins. Similarly, energy could satisfy more than 75% RDA in the population, whereas protein could contribute up to 10–12% of total energy by the end of the intervention with ONS with milk.
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FIGURE 4
 Percentage of RDA satisfied for key micronutrients by both the ONS formulations, given in addition to the basal diet. Box: interquartile range; top, middle, and bottom edge of the box: Q1, Q2, Q3, respectively. Blue: Group 4 (Plain milk); Brown: Group 5 (Horlicks-New); Orange: Group 7 (Horlicks).




3.4 Impact of ONS intervention on biochemical profile

The biochemical platform, developed using the aforementioned methodology, is validated in Supplementary Figure S4 based on published nutrient supplementation studies in children. The average error percentage across all parameters, including zinc, ferritin, B-complex vitamins, calcium, and vitamin D, was 7.69%. The platform was then used to predict biochemical changes across different intervention scenarios, focusing on the comparison between milk alone and Horlicks with milk. For this analysis, Groups 4 (plain milk group), 5 (Horlicks-New group), and 7 (Horlicks group) were compared to assess their respective impacts on biochemical profile.

As shown in Supplementary Figure S5A, majority of the population had serum calcium levels below the deficiency threshold at baseline. Intervention with both the Horlicks compositions with milk (groups 5 and 7) effectively shifted the mean serum calcium levels above the deficiency cut-off by the 8th month, while the plain milk group (group 4) reached the cut-off at the 12th month. Supplementary Figure S5B illustrates a steady increase in serum ferritin levels with both the Horlicks interventions followed by a physiological saturation. Specifically, serum ferritin levels increased by an average of 48% from baseline in Group 5 by the 8th month, with a further 10% increase over the next 4 months, suggesting a plateau effect in absorption. On the contrary, the plain milk group showed no significant change in serum ferritin. Similarly, as depicted in Supplementary Figure S5C, serum zinc levels showed a 14% average increase up to the 8th month in group 5, followed by an additional 4% increase over the subsequent 4 months. For parameters such as serum vitamin D, serum vitamin B9, and serum vitamin B12, the plain milk intervention resulted in an average increase of 60%, 7%, and 80%, respectively, by the 12th month compared to baseline. In contrast, children in Group 5 who consumed Horlicks-New demonstrated equivalent or greater improvements by the 4th month, with serum vitamin D increasing by 97%, serum vitamin B9 by 15%, and serum vitamin B12 by 76%.

By the end of the 12-month intervention, 100% of the population in the Horlicks intervention groups (Groups 5 and 7) had biochemical parameters above the 50th percentile sufficiency range, except for serum calcium. For serum calcium, most participants remained within the 25th−50th percentile sufficiency range. Statistically significant differences in biochemical parameters were observed in Group 5 compared to the milk group as early as the 4th month (Supplementary Table S3). When comparing Group 5 and Group 7, vitamin B12 and vitamin D showed large effect sizes, with Cohen's D values of 4.9 and 3.6, respectively, at 12 months, attributed to the different dosages.



3.5 Dose-response impact of ONS intervention on anthropometric outcomes

The in-silico cohort simulated the effects of Horlicks-New dosages by comparing Group 2 and Group 3 (refer to Tables 1, 2). Figure 5 shows the post-intervention percent change in height and weight and population distribution as standard error, shown in shaded region for each group. It is clear from the figure that for children between 3rd and 15th percentile of height and weight, the basal diet was not sufficient for healthy growth, with a marginal drop in mean weight and no significant change in height. However, with the intervention of one serving of Horlicks-New with water (Group 2), there was a 1.5% increase in height and a 6% increase in weight from the baseline values. In contrast, providing two servings of Horlicks-New in water (Group 3) resulted in a 2.6% increase in height and a 10% increase in weight.
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FIGURE 5
 Post-intervention changes in anthropometric parameters among Group 1 (Control), Group 2 (1 serve Horlicks-New), and Group 3 (2 serves Horlicks-New). (A) Percent change in height. (B) Percent change in weight. Gray: Group 1 (Control); Pink: Group 2 (1 serve Horlicks-New); Orange: Group 3 (2 serves Horlicks-New).


When analyzing growth velocities, by the end of intervention, Group 2 demonstrated an average height velocity of 0.2 cm/month and a weight velocity of 134 g/month. In comparison, Group 3 showed higher growth velocities, with an average height velocity of 0.26 cm/month and a weight velocity of 203 g/month. Cohen's D values indicated small to medium effect sizes at the 4th and 8th months of the intervention (Table 3). By the 12th month, however, the difference between the two groups became statistically significant (p < 0.001) with a large effect size (Cohen's D = 4), reflecting a substantial impact of the intervention over time. Greater improvements in group 3 in comparison to group 2 indicates that 1 serving did not provide saturation in effect and 2 servings Horlicks-New can be recommended for optimum growth results in the population.


TABLE 3 Statistical comparison of between-group anthropometric outcomes across timepoints.
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3.6 Impact of plain milk vs. ONS with milk intervention

Simulations were conducted to compare the effects of two servings of milk (Group 4) and two servings of Horlicks-New with milk (Group 5) on a population stratified by sex and age. The analysis was performed separately for boys and girls within the 6–9 and 10–16 age groups (Figures 6, 7).


[image: Figure 6]
FIGURE 6
 Gender-wise depiction of post-intervention change in height and weight among Group 4 (Plain milk) and Group 5 (Horlicks-New) children aged 6–9 years. (A) Height change in girls; (B) Height change in boys; (C) Weight change in girls; (D) Weight change in boys. Blue: Group 4 (Plain milk); Brown: Group 5 (Horlicks-New).



[image: Figure 7]
FIGURE 7
 Gender-wise depiction of post-intervention change in height and weight among Group 4 (Plain milk) and Group 5 (Horlicks-New) children aged 10 to 16 years. (A) Height change in girls; (B) Height change in boys; (C) Weight change in girls; (D) Weight change in boys. Blue: Group 4 (Plain milk); Brown: Group 5 (Horlicks-New).


As illustrated in Figure 6, 6- to 9-year-old children in group 4 could achieve an average 1% increment in height in both the genders while group 5 boys and girls improved by 5.2 and 4.5%, respectively, in 12 months. This change was statistically significant (p < 0.001) with an effect size of 4.2 and 4.0 for boys and girls, respectively. Children aged 10–16 years showed a post-intervention height increase of 2.8% in girls and 3.8% in boys (Figure 7). These improvements were significantly greater (p < 0.001) than those in Group 4, where girls and boys experienced height gains of 1.04 and 1.26%, respectively. The height increments yielded large effect sizes, with Cohen's D values of 7.6 for boys and 1.7 for girls. The height velocities were in the range of 0.2–0.56 cm/month for the entire population of 6–16 years children while the rate of growth was higher in the latter half of the year (i.e., 8–12 months) in Group 5 (Horlicks-New with milk).

Similar results were observed in weight, wherein, milk intervention (group 4) achieved an average weight increase of 7.8% for both ages and gender. With Horlicks-New with milk intervention (group 5), the percentage weight change in girls were 22 and 13% for the age group 6–9 and 10–16 years, respectively, while the boys in group 5 showed 18% increase in weight for both ages (Figures 6, 7). These increments achieved a statistical significance (p < 0.001) when compared to group 4.

On comparison between age groups, the younger age had a higher percent growth than the older children as the net calories and micronutrient intervention was the same to the entire population. Also, the percent growth change with Horlicks-New with milk was 2.6 and 11.5% higher for height and weight, respectively, compared to plain milk intervention.

The intervention's effect was also analyzed across the entire in-silico population, encompassing both genders and covering the 6–16 age range (Figure 8). An overall percent height change and percent weight change of 4.3 ± 1.3% and 18.3 ± 4.5%, respectively, was observed with Horlicks-New with milk intervention (group 5). This resulted in a net percent BMI change of 8 ± 2.4%. Intervention with milk alone (group 4) observed change of 2.8 ± 1.2% change in BMI.
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FIGURE 8
 Post-intervention changes in anthropometric parameters among Group 4 (Plain milk) and Group 5 (Horlicks-New). (A) Percent change in height. (B) Percent change in weight. (C) Percent change in body mass index (BMI). Blue: Group 4 (Plain milk); Brown: Group 5 (Horlicks-New).


Figure 9 illustrates prediction of body composition changes with Horlicks-New intervention (group 5) in overall population. The analysis indicated 8% increase in FFM and a 30% increase in FM by the end of intervention. In terms of absolute mass, FFM increase by 3.18 kg and FM increased by 0.85 kg, indicating a ~78% of weight gain from FFM. Also, it can be noted that the Horlicks-New with milk resulted in 1.10 and 1.14-fold higher in FFM and FM, respectively. The intervention of milk alone (group 4) resulted in 6% increase in BMC while the Horlicks-New with milk showed an increase of 18.13 ± 4.4%. The observed increases were statistically significant (p < 0.0001) and demonstrated a large effect size, as indicated in Table 3. Thus, the intervention of Horlicks-New with milk could overall benefit the population in 3rd−15th percentile across gender and age.
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FIGURE 9
 Post-intervention changes in body composition parameters among Group 4 (Plain milk) and Group 5 (Horlicks-New). (A) Percent change in FFM (fat-free mass). (B) Percent change in FM (fat mass). (C) Percent change in BMC (bone mineral content). Blue: Group 4 (Plain milk); Brown: Group 5 (Horlicks-New).




3.7 Impact of ONS intervention with and without added micronutrients

The Horlicks-New composition contains both macronutrients and micronutrients (Tables 1, 2) and to differentiate the effect of micronutrients, an intervention protocol was simulated wherein only macronutrients within the Horlicks composition were considered. Figure 10 presents a comparison between the macronutrient-only ONS group (Group 6) and the Horlicks-New with milk group (Group 5). Post-intervention, Group 6 demonstrated a height increase of 3.4 ± 1.3% and a weight increase of 14 ± 4.8%. In contrast, Group 5, which received both macronutrients and micronutrients, showed an additional increase in height and weight of 0.92 ± 0.23% and 4.3 ± 1.29%, respectively, compared to Group 6. Thus, the overall change observed with Horlicks with milk intervention is the sum effect of macronutrients and micronutrients.


[image: Figure 10]
FIGURE 10
 Post-intervention changes in anthropometric parameters among Group 5 (Horlicks-New) and Group 6 (Macronutrient-only). (A) Percent change in height. (B) Percent change in weight. Brown: Group 5 (Horlicks-New); Green: Group 6 (Macronutrient-only).


Furthermore, Group 7, which received the Horlicks intervention, was also analyzed for its impact on anthropometric and body composition parameters. When compared, both the Horlicks interventions produced similar outcomes, resulting in statistically insignificant differences between Group 5 and Group 7 in terms of fat-free mass (FFM, p = 0.4) and bone mineral content (BMC, p = 0.79). This similarity in results is likely due to both ONSs meeting more than 75% of the RDA for the six key micronutrients, ensuring adequate nutrient intake across both groups. The results for group 7 are presented in Supplementary Table S2 and Supplementary Figure S6.




4 Discussion

The developed modeling framework accounted for the growth parameters for boys and girls in the age range of 6–16 years to match various percentiles. The framework demonstrated the capability to predict the growth percentiles as represented in the IAP growth chart. The study benchmarks the effect of macronutrients on net calorie intake and the impact of key micronutrients known to be limiting in the Indian child population. The model explicitly accounted for the effects of protein and key micronutrients on overall child growth by integrating both anthropometric measurements (height and weight) and body composition metrics (FFM, FM, and BMC). Further, the effect of micro and macronutrients were integrated to bring out a predictive platform for child growth. In the present study, capability of the model to simulate the effect of an intervention on a child was demonstrated and further extended to see an effect on a population thereby simulating an in-silico trial. Specifically, the study assessed the effect of Horlicks-New and Horlicks intervention on the physical biochemical profile and growth of Indian children.

Among the seven experimental groups, the Horlicks interventions (Groups 5 and 7) had the most pronounced effect on both biochemical profiles and physical growth. Adequate intakes of protein, zinc, and iron improved deficient serum levels, leading to significant increases in height velocity, weight velocity, and BMI. The combined intake of these nutrients in Groups 5 and 7 effectively enhanced both serum levels and growth outcomes, consistent with clinical evidence supporting multi-nutrient interventions (16, 39). The mean height percentile increased from the 10th to the 11th, while the mean weight percentile rose from the 10th to the 17th. Post-intervention, the population mean of 10th percentile height exhibited an average height velocity of 0.42 cm at the 12th month; which as per IAP 2015 data is a height velocity of children in 25th−75th percentile range; indicating that the intervention had a clinically meaningful impact. Group 5 (Horlicks-New) also demonstrated significant improvements in FFM and BMC, outperforming both the plain milk group (Group 4) and the group receiving macronutrient supplementation with milk (Group 6). These gains were driven by the combined intake of protein, calcium, vitamin D, and zinc, which improved serum nutrient levels and contributed to the observed increases in FFM and BMC (40–42). Group 7, which received the Horlicks intervention, demonstrated comparable efficacy to Group 5, as both ONSs provided sufficient intake of all key micronutrients. Consequently, both the Horlicks interventions demonstrated significant improvements across all measured outcome parameters post-intervention.

With the plain milk intervention (150 mL twice daily), the % RDA increases for protein, zinc, and iron were calculated to be 33%, 12%, and 2.5%, respectively, leading to model-predicted height and weight velocities of 0.17 cm/month and 118 g/month. These predictions are in close agreement with the findings of Grillenberger et al., who observed height and weight velocities of 0.17 cm/month and 70 g/month, respectively, in a cohort of children with a mean age of 7.31 years after a similar milk intervention (350 mL daily) (43). The alignment between the model's predicted growth velocities and the clinical trial outcomes supports the validity of the modeling framework in simulating growth patterns resulting from milk supplementation.

Building on these results, the Horlicks-New with milk (Group 5) was able to improve the % RDA of key growth nutrients—protein by 54%, zinc by 70%, and iron by 80%—which effectively contributed to the observed improvements in growth metrics. This intervention resulted in higher height and weight velocities of 0.44 cm/month and 337 g/month, respectively. The predicted outcomes for the group 5 closely aligned with those reported in clinical trials. For instance, the model's net prediction of a 5.3 cm increase in height and 4 kg weight gain over a 1-year intervention is comparable to a study by Thomas et al. (44), which found an average height increase of 6 cm and a weight gain of 3.65 kg in prepubertal children receiving a similar intervention. Additionally, an Indian study from 2,011 observed a height velocity of 0.5 cm/month and a weight velocity of 225 g/month following 4 months of fortified beverage supplementation (45). In comparison, the model predicted a height velocity of 0.4 cm/month and a weight velocity of 211 g/month for a similar 4-month intervention with ONS in milk. These findings demonstrate the model's capability to accurately replicate the outcomes observed in clinical trials following ONS supplementation.

To further analyze the specific nutrient contributions, the study explored how macronutrients and micronutrients individually affected growth outcomes. To distinguish the impact of micronutrients in the Horlicks intervention, post-intervention effects of group 5 and group 6 were compared. The simulation estimated that administering macronutrient-rich ONS with milk, a 384-kcal intervention, over 4 months, would result in height and weight increases of 0.19–0.30 cm and 0.17–0.18 kg, respectively, in group 6. This supplementation led to an average shift in growth percentiles from the 10th to the 13th. For comparison, a study by Nawab et al. involving 7-year-old children showed height gains of 0.1–0.8 cm and weight increases of 0.1–1 kg with a 535-kcal macronutrient intervention over a similar duration (46).

The observed difference in the growth velocities for groups with and without micronutrients underscores the added impact of micronutrients. The Horlicks intervention comprising both macronutrients and micronutrients when administered with milk (group 5), resulted in an additional average increase of 1.18 cm in height and 1.05 kg in weight over a 1-year period, compared to the group receiving only the equivalent macronutrients through ONS in milk (group 6). These findings clearly demonstrate that the inclusion of micronutrients enhanced caloric absorption and facilitated healthier gains in FFM, FM, and BMC which subsequently led to more pronounced improvements in height and weight. The greater percentage change in FFM observed in group 5 compared to group 6, as predicted by the current study, is consistent with findings from previously published trials (38, 47). This underscores the model's reliability and the practical applications of its use.

To further explore the impact of Horlicks dosage, a comparison between the two serving sizes (Group 3 vs. Group 2) revealed enhanced efficacy with two servings of Horlicks compared to a single serving, suggesting that the intervention's benefits continued to increase without reaching a saturation point within 12 months. This observation suggests the potential for extending the intervention beyond 12 months to maximize benefits, as saturation was not achieved during the observed timeframe.

To compare the gender and age-specific alignment with previous studies, the original dataset received from Vijayalakshmi et al. (38) was used. As per this dataset, the 7–9 years age group, observed a height velocity of 0.59 cm/month for boys and 0.62 cm/month for girls, with a nutrient intervention of 453 kcal. In comparison, our model predicted a height velocity of 0.44 cm/month for boys and 0.46 cm/month for girls in the Horlicks-new with milk group (384 kcal intervention). Notably, the trial observed a relatively higher height velocity which is consistent with the findings captured in our model. Additionally, in the 10–12 years age group, the trial observed a height velocity of 0.62 cm/month for boys and 0.58 cm/month for girls, compared to the predicted velocities of 0.35 cm/month for boys and 0.32 cm/month for girls. Boys in this age group showed a greater height velocity, consistent with the model predictions. Overall, no significant differences in growth outcomes were observed between age groups in both the study and the model predictions.

In terms of intervention duration, the present analysis indicated that Horlicks with water require a minimum of an 8-month intervention to exhibit statistical significance compared to the control group. Conversely, Horlicks with milk intervention demonstrated significant improvements in comparison to milk as early as the 4th month, with the maximum impact observed by the 12th month. This is because the inclusion of milk alone was insufficient to meet both the macronutrient and micronutrient requirements for these children, particularly due to the inadequacies of the basal diet of children belonging to 3rd to 15th growth percentiles. Addition of Horlicks to milk improved nutrient intake and ensured that a higher percentage of their RDA for key micronutrients was achieved. This effectively improved serum nutrient levels, consequently supporting optimal growth.

This manuscript demonstrates the strength of in-silico modeling as a highly efficient tool for predicting the effects of nutritional interventions, particularly in child populations where large-scale clinical trials may be challenging. The model's ability to integrate various datasets and simulate complex growth trajectories highlights its utility in optimizing intervention strategies. Additionally, its cost-effectiveness and faster timeline compared to traditional trials are significant strengths, allowing for a broader application in resource-constrained settings. However, the study does have certain limitations that must be acknowledged. While the model is best suited for population-level data analysis and hypothesis generation, modeling outliers or edge cases may present higher error margins. Although the model is benchmarked against population data with height and weight percentiles, enabling accurate predictions of an intervention's impact on populations within specific percentiles, it requires further validation for other population distributions, such as different ethnic groups. The approach can be generalized by recalibrating the model parameters for diverse populations, but this step must be completed before the model can be used for broader predictions. Additionally, the model operates under the assumption of consistent nutrient absorption and utilization across the population, primarily considering macro and micronutrients. However, analyzing the intervention effect in populations affected by factors like clinical malnutrition or specific diseases (48) may be challenging, as the model may not accurately capture outcomes without further benchmarking and validation. Despite these constraints, the model demonstrated acceptable prediction accuracy, with validation results showing robust initial assumptions.



5 Conclusion

The findings of this study underscore the effectiveness of model-based validation in predicting the impact of ONS interventions on child growth. The Horlicks with milk intervention for children in the 3rd to 15th percentile resulted in significant improvements in serum nutrient levels and key growth parameters, attributed to its nutrient-rich composition. Improved serum levels resulted in greater monthly gains in FFM and BMC, contributing to healthier weight gain. Additionally, the Horlicks-New intervention demonstrated superior height velocities, further supporting its role in promoting optimal growth outcomes. Analysis of differential contribution of micronutrients revealed that the effects of the Horlicks intervention were due to the combined contributions of both macronutrients and micronutrients in its composition. A clear dose-response effect was observed, with two servings of Horlicks with milk yielding significantly better outcomes than one serving. Moreover, Horlicks with milk outperformed intervention of milk alone, with notable effects emerging as early as the 4th and 8th months of intervention. However, applying these study findings to other ethnicities requires further validation, which future research can address. The current phenomenological model can be extended to assess cost-effectiveness and buying capacity, providing a more comprehensive economic perspective for future analyses. These findings serve as a preliminary impact assessment and provide a foundation for future clinical trials, supporting the development of targeted nutritional strategies to enhance child growth outcomes.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://indianpediatrics.net/jan2015/jan-47-55.htm; https://nhm.gov.in/WriteReadData/l892s/1405796031571201348.pdf.



Author contributions

SS: Formal analysis, Methodology, Visualization, Writing – review & editing, Investigation. SV: Data curation, Formal analysis, Methodology, Validation, Visualization, Writing – review & editing, Investigation. MS: Data curation, Investigation, Validation, Writing – original draft, Writing – review & editing. MV: Formal analysis, Methodology, Writing – review & editing. SG: Formal analysis, Methodology, Writing – review & editing. KL: Conceptualization, Funding acquisition, Project administration, Supervision, Visualization, Writing – review & editing. KV: Conceptualization, Funding acquisition, Project administration, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by Hindustan Unilever Ltd., Bengaluru, India. The funder was not involved in the study design, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.



Acknowledgments

We express our thanks to Dr. Sujatha Jayaraman and Ms. Deepti Khanna from Hindustan Unilever Ltd. for their valuable inputs.



Conflict of interest

SS, SV, MS, MV, SG, KL, and KV were employed by MetFlux Research Private Limited.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1519756/full#supplementary-material



Abbreviations

ONS, Oral Nutrition Supplement; IAP, Indian Association of Pediatrics; CNNS, Comprehensive National Nutrition Survey; RDA, Recommended Dietary Allowance; BMI, Body Mass Index; FFM, Fat-free mass; FM, Fat mass; BMC, Bone Mineral Content.



References

 1. Saavedra JM, Prentice AM. Nutrition in school-age children: a rationale for revisiting priorities. Nutr Rev. (2023) 81:823–43. doi: 10.1093/nutrit/nuac089

 2. Ren T, Dai Z, Yang J, Wu Y, Chang F, Wang S, et al. Effects of nutrition-specific interventions to prevent and control nutritional anemia in infants, children and adolescents: a systematic review and network meta-analysis of randomized controlled trials. J Acad Nutr Dietet. (2025) S2212-2672(25)00002-4. doi: 10.1016/j.jand.2025.01.002

 3. Khadilkar V, Yadav S, Agrawal KK, Tamboli S, Banerjee M, Cherian A, et al. Revised IAP growth charts for height, weight and body mass index for 5-to 18-year-old Indian children. Indian Pediatr. (2015) 52:47–55. doi: 10.1007/s13312-015-0566-5

 4. Ministry Ministry of Health and Family Welfare (MoHFW) Government Government of India UNICEF and Population Council. 2019 Comprehensive National Nutrition Survey (CNNS) National Report. New Delhi (2019).

 5. Pandurangi R, Mummadi MK, Challa S, Reddy NS, Kaliaperumal V, Khadar Babu C, et al. Burden and predictors of malnutrition among Indian adolescents (10–19 years): insights from Comprehensive National Nutrition Survey Data. Front Public Health. (2022) 10:877073. doi: 10.3389/fpubh.2022.877073

 6. Awasthi S, Kumar D, Mahdi AA, Agarwal GG, Pandey AK, Parveen H, et al. Prevalence of specific micronutrient deficiencies in urban school going children and adolescence of India: a multicenter cross-sectional study. PLoS ONE. (2022) 17:e0268119. doi: 10.1371/journal.pone.0267003

 7. Locks LM, Shah M, Bhaise S, Hibberd PL, Patel A. Assessing the diets of young children and adolescents in India: challenges and opportunities. Front Pediatr. (2022) 10:725812. doi: 10.3389/fped.2022.725812

 8. Shetty PS. Nutrition transition in India. Public Health Nutr. (2002) 5:175–82. doi: 10.1079/PHN2001291

 9. Rana RK, Nag AR, Soren S, Kumar D, Kumar C, Sagar V, et al. Impact of milk on malnutrition and cognitive skills among school children: Evidence from gift milk initiative from a tribal state of India. J Fam Med Prim Care. (2022) 11:2945–51. doi: 10.4103/jfmpc.jfmpc_2425_21

 10. Rahmani K, Djazayery A, Habibi MI, Heidari H, Dorosti-Motlagh AR, Pourshahriari M, et al. Effects of daily milk supplementation on improving the physical and mental function as well as school performance among children: Results from a school feeding program. J Res Med Sci. (2011) 16:469.

 11. De Lamas C, de Castro MJ, Gil-Campos M, Gil Á, Couce ML, Leis R. Effects of dairy product consumption on height and bone mineral content in children: a systematic review of controlled trials. Adv Nutr. (2019) 10:S88–96. doi: 10.1093/advances/nmy096

 12. Trivedi M, Puwar T, Kansara K, Srivastava K. Improving nutritional status of school going children through school-based nutrition program in Rajasthan, India. Indian J Community Med. (2023) 25:573–8. doi: 10.1177/09720634231195164

 13. Rumbold P, McCullogh N, Boldon R, Haskell-Ramsay C, James L, Stevenson E, et al. The potential nutrition-, physical-and health-related benefits of cow's milk for primary-school-aged children. Nutr Res Rev. (2022) 35:50–69. doi: 10.1017/S095442242100007X

 14. Grenov B, Larnkjær A, Mølgaard C, Michaelsen KF. Role of milk and dairy products in growth of the child. Global Landscape Nutr Chall Infants Child. (2020) 93:77–90. doi: 10.1159/000503357

 15. Apovian C, Bigornia S, Cullum-Dugan D, Schoonmaker C, Radziejowska J, Phipps J, et al. Milk-based nutritional supplements in conjunction with lifestyle intervention in overweight adolescents. ICAN. (2009) 1:37–44. doi: 10.1177/1941406408326991

 16. Allen LH, Peerson JM, Olney DK. Provision of multiple rather than two or fewer micronutrients more effectively improves growth and other outcomes in micronutrient-deficient children and adults. J Nutr. (2009) 139:1022–30. doi: 10.3945/jn.107.086199

 17. Taljaard C, Covic NM, Van Graan AE, Kruger HS, Smuts CM, Baumgartner J, et al. Effects of a multi-micronutrient-fortified beverage, with and without sugar, on growth and cognition in South African schoolchildren: a randomised, double-blind, controlled intervention. Br J Nutr. (2013) 110:2271–84. doi: 10.1017/S000711451300189X

 18. Lien DT, Nhung BT, Khan NC, Hop LT, Nga NT, Hung NT, et al. Impact of milk consumption on performance and health of primary school children in rural Vietnam. Asia Pac J Clin Nutr. (2009) 18:326–34.

 19. López de Romaña D, Olivares M, Pizarro F. Milk and dairy products. Food Fortif Global World. (2018) 175–81. doi: 10.1016/B978-0-12-802861-2.00018-3

 20. Ding Y, Han F, Xie Z, Li G, Zhuang Y, Yin J, et al. Dairy fortification as a good option for dietary nutrition status improvement of 676 preschool children in China: a simulation study based on a cross-sectional diet survey (2018-2019). Front Nutr. (2022) 9:1081495. doi: 10.3389/fnut.2022.1081495

 21. Matsuyama M, Harb T, David M, Davies PS, Hill RJ. Effect of fortified milk on growth and nutritional status in young children: a systematic review and meta-analysis. Public Health Nutr. (2017) 20:1214–25. doi: 10.1017/S1368980016003189

 22. Mohd Isa D, Krishnamoorthy R, Abdul Majid H. Standard vs. nutrient-enriched cow's milk and its impacts on child growth: a systematic review and meta-analysis. Nutrients. (2023) 15:1124. doi: 10.3390/nu15051124

 23. Hari Nishanthi V, Chheda E, Gurumaani S, Gangwar V, Saxena A, Lomore K, et al. Effect of oral nutrition supplement on growth in preschool children—a systems physiology-based in silico analysis. Indian J Child Health. (2022) 9:204–13. doi: 10.32677/ijch.v9i11.3696

 24. Khadilkar AV, Sanwalka NJ, Chiplonkar SA, Khadilkar VV, Pandit D. Body fat reference percentiles on healthy affluent Indian children and adolescents to screen for adiposity. Int J Obes. (2013) 37:947–53. doi: 10.1038/ijo.2013.19

 25. Khadilkar AV, Sanwalka NJ, Chiplonkar SA, Khadilkar VV, Mughal MZ. Normative data and percentile curves for dual energy X-ray absorptiometry in healthy Indian girls and boys aged 5–17 years. Bone. (2011) 48:810–9. doi: 10.1016/j.bone.2010.12.013

 26. Indian Council of Medical Research. Summary of Recommendations: Recommended Dietary Allowances & Estimated Average Requirements for Indians-2024. Hyderabad: Indian Council of Medical Research (2024).

 27. Dey S, Nandi A, Dolai D, Dey SK. Comparative study of the growth pattern and nutritional status of preschool children at Purba Midnapore district, West Bengal, India. World J Pharm Life Sci. (2019) 5.

 28. Nandivada V, Gurtoo A. Socio-economic factor impact on malnutrition in South Indian government school children. J Emerg Investig. (2023) 6:1–8. doi: 10.59720/22-247

 29. Murugkar DA, Gulati P, Gupta C. Nutritional status of school going children (6-9 years) in rural area of Bhopal district (Madhya Pradesh), India. Int J Food Nutr Sci. (2013) 2:61–7.

 30. Mamta K. Nutritional adequacy of habitual diets of preschool children of Khagaria district of Bihar. Food Sci Res J. (2010) 1:162–5.

 31. Navaneethan P, Kalaivani T, Rajasekaran C, Sunil N. A study on risk factors for malnutrition among primary school children in Karnataka, South India. Health N Hav. (2020) 3:647–55.

 32. Food Safety and Standards Authority of India (FSSAI). Food Safety and Standards (Health Supplements, Nutraceuticals, Food for Special Dietary Use, Food for Special Medical Purpose, and Prebiotic and Probiotic Food) Regulations 2022. New Delhi: Food Safety and Standards Authority of India (2022).

 33. Longvah T, Ananthan R, Bhaskarachary K, Venkaiah K. Indian Food Composition Tables. Hyderabad: National Institute of Nutrition (2017).

 34. Panjeh S, Nordahl-Hansen A, Cogo-Moreira H. Establishing new cutoffs for Cohen's d: an application using known effect sizes from trials for improving sleep quality on composite mental health. Int J Methods Psychiatr Res. (2023) 32:e1969. doi: 10.1002/mpr.1969

 35. Swaminathan R, King RF, Holmfield J, Siwek RA, Baker M, Wales JK. Thermic effect of feeding carbohydrate, fat, protein and mixed meal in lean and obese subjects. Am J Clin Nutr. (1985) 42:177–81. doi: 10.1093/ajcn/42.2.177

 36. Rerksuppaphol S, Rerksuppaphol L. Zinc supplementation enhances linear growth in school-aged children: a randomized controlled trial. Pediatr Rep. (2018) 9:7294. doi: 10.4081/pr.2017.7294

 37. Lampl M, Johnston FE, Malcolm LA. The effects of protein supplementation on the growth and skeletal maturation of New Guinean school children. Ann Hum Biol. (1978) 5:219–27. doi: 10.1080/03014467800002841

 38. Vijayalakshmi P, Premakumari S, Haripriya S. Supplementation of milk-based health drink enriched with micronutrients Part II: impact on clinical and morbidity picture, physical performance, and cognitive development of 7-12-year-old children. Indian J Nutr Diet. (2008) 45:495–505.

 39. 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) 75:1062–71. doi: 10.1093/ajcn/75.6.1062

 40. Vinke JS, Gorter AR, Eisenga MF, Dam WA, van der Meer P, van den Born J, et al. Iron deficiency is related to lower muscle mass in community-dwelling individuals and impairs myoblast proliferation. J Cachexia Sarcopenia Muscle. (2023) 14:1865–79. doi: 10.1002/jcsm.13277

 41. Tagawa R, Watanabe D, Ito K, Ueda K, Nakayama K, Sanbongi C, et al. Dose–response relationship between protein intake and muscle mass increase: a systematic review and meta-analysis of randomized controlled trials. Nutr Rev. (2021) 79:66–75. doi: 10.1093/nutrit/nuaa104

 42. Voulgaridou G, Papadopoulou SK, Detopoulou P, Tsoumana D, Giaginis C, Kondyli FS, et al. Vitamin D and calcium in osteoporosis, and the role of bone turnover markers: a narrative review of recent data from RCTs. Diseases. (2023) 11:29. doi: 10.3390/diseases11010029

 43. Grillenberger M, Neumann CG, Murphy SP, Bwibo NO, Van't Veer P, Hautvast JG, et al. Food supplements have a positive impact on weight gain and the addition of animal source foods increases lean body mass of Kenyan schoolchildren. J Nutr. (2003) 133:3957S−64S. doi: 10.1093/jn/133.11.3957S

 44. Thomas T, Singh M, Swaminathan S, Kurpad AV. Age-related differences in height gain with dairy protein and micronutrient supplements in Indian primary school children. Asia Pac J Clin Nutr. (2020) 29:355–62. doi: 10.6133/apjcn.202007_29(2).0018

 45. Vaz M, Pauline M, Unni US, Parikh P, Thomas T, Bharathi AV, et al. Micronutrient supplementation improves physical performance measures in Asian Indian school-age children. J Nutr. (2011) 141:2017–23. doi: 10.3945/jn.110.135012

 46. Nawab F, Fatima S, Nazli R, Habib SH, Nawab S, Gerasimidis K. Micronutrient status and energy intake in moderate acute malnourished children after intake of high Energy nutritional supplements for four weeks: a randomized controlled study. J Ayub Med Coll Abbottabad-Pak. (2022) 34:9106. doi: 10.55519/JAMC-02-9106

 47. Chen L, Liu YF, Gong M, Jiang W, Fan Z, Ba PQ, et al. Effects of vitamin A, vitamin A plus zinc, and multiple micronutrients on anemia in preschool children in Chongqing, China. Asia Pac J Clin Nutr. (2012) 21:3–11.

 48. Khadilkar A, Oza C, Antani M, Shah N, Lohiya N, Khadilkar V, et al. Effect of calcium and vitamin D supplementation (dairy vs. pharmacological) on bone health of underprivileged indian children and youth with type-1 diabetes: a randomized controlled trial. J Clin Densitom. (2024) 27:101468. doi: 10.1016/j.jocd.2024.101468

Copyright
 © 2025 Sringari, Vijaykumar, Sherkane, Venkatesh, Gupta, Lomore and Venkatesh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnut-12-1519756-t003.jpg
®
o)

Group Height 0.461 0.3 0.021 0.9% 0.003 1.3*
3vs.
Group Weight 0474 0.3 0.02 0.9* 0.001 15%
2
BMI 0.545 02 0.033 0.9% 0.001 14*
Fat free mass 0.345 0.4 0.013 1* <0.0001 16*
Fat mass 0.674 0.2 0.555 0.2 0.155 0.6
BMC 0.686 0.2 0.05 0.8% 0.051 0.8*
Group Height <0.0001 2.5% <0.0001 3.1* <0.0001 2.6*
5vs.
Group Weight <0.0001 2.5 <0.0001 32 <0.0001 3.3*
4
BMI <0.0001 2.5 <0.0001 3.1* <0.0001 2.7%
Fat free mass <0.0001 24* <0.0001 2.8* <0.0001 3.2%
Fat mass <0.0001 2.3 <0.0001 2* <0.0001 16*
BMC <0.0001 2:0* <0.0001 3:i1* <0.0001 2.3%
Group Height <0.0001 2* 0.002 1.3% 0.072 0.7
5vs.
Group Weight <0.0001 2.1% 0.001 14* 0.022 0.9*
6
BMI <0.0001 22 0.001 14* 0.043 0.8*
Fat free mass <0.0001 2.1% 0.001 14* 0.009 11+
Fat mass <0.0001 1.9% 0.164 0.5 0.854 0.1
BMC <0.0001 1.9% 0.002 1:3* 0.187 0.5

*Large effect size.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluating the impact of an oral nutrition supplement on biochemical profile, growth, and body composition in Indian children: an in-silico study



		1 Introduction



		2 Materials and methods



		2.1 Model framework and population simulation



		2.2 Simulating micronutrient functionality



		2.3 Biochemical profile modeling and dose-response predictions



		2.4 Population characteristics



		2.5 Intervention



		2.6 Statistical analysis







		3 Results



		3.1 Model benchmarking



		3.2 Model validation



		3.3 Impact of ONS intervention on intakes of key micronutrients



		3.4 Impact of ONS intervention on biochemical profile



		3.5 Dose-response impact of ONS intervention on anthropometric outcomes



		3.6 Impact of plain milk vs. ONS with milk intervention



		3.7 Impact of ONS intervention with and without added micronutrients







		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		Abbreviations



		References

















OPS/images/fnut-12-1519756-t002.jpg
Nutrients Group Group Group Group Group Group
2 3 4 5 6 7

Energy 102 204 180 384 384 384

(Keal)

Carbohydrate, 2133 | 42.66 144 57.06 | 57.06 | 57.06
(g)

Protein (g) 297 594 93 15.24 1524 | 1524
Fat (g) 054 1.08 93 1038 | 1038 10.38
Vitamin D 7.425 14.85 3.66 18.51 3.66 8.66

(mcg)

Vitamin B9 675 135 2109 | 15609 | 2109 | 22089
(mcg)

Vitamin B12 | 1.08 216 1.62 378 1.62 2.62

(mcg)

Iron (mg) 7.02 14.04 045 14.49 045 14.45
Calcium 20007 | 400.14 354 | 75414 354 754

(mg)

Zinc (mg) 2241 | 4482 0.99 5472 099 549

Group 2: 1 serve Horlicks-New; Group 3: 2 serve Horlicks-New; Group 4: Plain milk; Group
5: Horlicks-New with milk, Group 6: Isolated macronutrients of Horlicks-New with milk,
Group 7: Horlicks in milk.
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Group label  Specification Description

Group 1 Control Regular diet without milk or Horlicks
supplementation.

Group 2 1 serve ONS in 1 x 27g daily serving of

water Horlicks-New in 150 mL water with
regular diet.

Group 3 2 serves ONS in 2 x 27 g daily serving of

water Horlicks-New in 150 mL water with
regular diet.

Group 4 2 serves milk 2 x daily serving of 150 mL per
serving of toned milk plus regular
diet.

Group 5 2 serves ONS in 2 x 27 g daily serving of

milk Horlicks-New in 150 mL per serving
of toned milk with regular diet.

Group 6 2 serves CPF 2 x 27 g daily serving of

(macronutrients) Horlicks-New without
in milk micronutrients in 150 mL per serving
of toned milk with regular diet.

Group 7 2serves ONS-2in | 2 x 27g daily serving of Horlicks in

milk

150 mL per serving of toned milk
with regular diet
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