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Background: Undernutrition has severe and lasting consequences on child development. Evidently, the interventions based on the biomedical model with food and direct supplementation have failed to produce the desired outcomes for decades. In light of the established positive effects of psychosocial stimulation on developmental outcomes, we propose that the observed failures relate to not including psychosocial stimulation within the interventions. Here we test whether psychosocial stimulation mediates the association between nutritional status and motor and mental development in a large cohort from Madhya Pradesh, India.

Method: Using a correlational design in children below 3 years of age (N = 275; Males = 148, Females = 127) nutritional status was measured through mid-upper arm circumference (MUAC), psychosocial stimulation was assessed with the HOME-inventory, and motor and mental development were assessed with the Developmental Assessment Scales for Indian Infants (DASII). We assessed the effectiveness of 25-week intervention model incorporating psychosocial stimulation on 95 undernourished children in experimental group and 77 in control group.

Results: The study found that psychosocial stimulation fully mediated the relationship between nutritional status and the motor development [Effect = 1.03, 95% C.I. (0.19, 2.04), p = 0.05] and mental development [Effect = 0.49, 95% C.I. (0.09, 1.03), p = 0.05] in children under 3 years of age. Nutritional status significantly predicted the psychosocial stimulation to the child (R2 = 0.77). Analyzing the effectiveness of the intervention program revealed significant reduction in the developmental delays in both the motor [t(81) = 2.568, p = 0.012] and mental development [t(81) = 4.506, p = 0.001] of the undernourished children.

Conclusion: Findings indicate that nutrition translates into positive developmental outcomes in a child only with the scaffolding effects of psychosocial stimulation primarily received from home. Integrating psychosocial stimulation activities like storytelling, play, art and crafts, puppets, travel etc. in the intervention programs designed to address undernutrition may yield rich dividends in bridging the developmental delays among undernourished children.
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Introduction

Undernutrition is viewed as a health outcome as well as a risk factor resulting from inadequate diet and disease. It is a global concern as it makes a child an easy prey to infection and delayed recovery (Blössner et al., 2005). Thus a potentially lethal cycle of worsening illness and deteriorating nutritional status is created (UNICEF, 2007). It also carries the threat of intergenerational transmission since an undernourished mother is likely to bear a low birth-weight child eventually susceptible to disease and premature death (Blössner et al., 2005).


Negative impact of undernutrition on child development

Studies report that the first 1,000 days of a child’s life beginning from conception are crucial concerning the development of cognitive abilities, motor abilities, and work performance throughout life (Aboud and Yousafzai, 2015). This period is also vital for brain development through neurogenesis, axonal, and dendritic growth, synaptogenesis, cell death, synaptic pruning, myelination, and gliogenesis (Walker et al., 1991). The negative developmental impact of undernutrition at this stage is reported in dysfunctions of the executive system, affecting the brain’s structural and functional capacity lifelong (Selvam et al., 2018). Undernutrition also has several far-fetched consequences like- vulnerability to physical and mental illnesses, apathy, poor attention, underperformance in schools, less positive affect, and difficulty in forming healthy relationships (Walker et al., 2007; Black et al., 2013; McGrath and Schafer, 2014). In this way, undernutrition prevents millions of children across the globe from reaching their apex developmental potentials throughout life (Georgieff, 2007). A study exploring the relevance of plyometric program among children and adolescents with ADHD reports positive relationship between cognitive functions, aerobic fitness tests and motor skills (Hattabi et al., 2021).



Inadequacy of the intervention programs for undernutrition

The problem of undernutrition has been identified as a global concern among the 17 sustainable development goals (SDGs) proposed by the UN in 2015 (UNHCR, 2017). The World Health Organization (WHO), United Nations International Children’s Emergency Fund (UNICEF), World Bank, and various other national agencies are striving their level best to eradicate the problem (Hoddinott et al., 2008). The intervention programs have predominantly relied on the nutrition-specific strategies focused primarily on the immediate and explicit factors associated with child nutrition and development (UNICEF, 2007; Government of India, 2011). The programs have been limited to the inclusion of Vitamin-A and zinc supplementation, promoting breastfeeding practices, distribution of food packets, dietary diversity promotion, and food fortification (Achadi et al., 2016). Reportedly, over the decades these intervention programs have had a dismal influence in improving the health status and bringing about the overall development in an undernourished child (Dixit et al., 2018).

Hence, the marginal success rates challenge the conventional understanding that a child’s development is a single factor phenomenon contingent upon nutrition solely. Researchers have shown that several psychosocial determinants of child development like- water, hygiene, child protection, schooling, mother’s mental health, social safety, women empowerment, etc. are not adequately addressed in the designing of the intervention programs (Ruel and Alderman, 2013). In its review of the Global Nutrition Policies ongoing in 123 countries and territories, WHO (2013) reaffirms the need to incorporate the nutrition-sensitive paradigm for the comprehensive development of the child. The nutrition-sensitive intervention paradigms incorporate the implicit psychological and social determinants along with nutrition to bring about holistic child development (Nahar et al., 2012). However, the question as to how the psychosocial factors mediate the association of nutrition and child development remains unanswered (Aboud and Yousafzai, 2015). The present study is an attempt to bridge this existing gap in the literature by assessing the mediating influence of psychosocial stimulations on child development.



Psychosocial stimulation as a mediating factor in determining child development

Studies report that the undernourished child is usually characterized by inactivity, apathy, and unresponsiveness to the environment (Walker et al., 1991; McGrath and Schafer, 2014). On the contrary, a healthy developing child is capable of self-exploration and actively operates upon the various psychological and social stimulations available in the environment (Walker et al., 2007). Researches have established that psychosocial stimulations help to fine-tune and strengthen the neural pathways within the developing brain (Engle et al., 2007; McGrath and Schafer, 2014). When the psychosocial stimulation is compromised as in the case of the undernourished child, it eventually hinders the development of the young brain to its full capacity (Rahman et al., 2004; McGrath and Schafer, 2014; Dabar et al., 2016). Therefore, in the present study, we hypothesize that:


H1: the child’s nutritional status of being healthy or undernourished is positively associated with the level of psychosocial stimulation received by the child.
 

A developing child receives psychosocial stimulations primarily through responsive parenting practices, expressions of warmth and love, conscious affirmations to the child, interactive play, and mother singing or talking to the child (UNICEF, 2012). The father’s expressions of encouragement, attention, smile, touch, helping a child explore the outside world, etc. are also reportedly the rich sources of psychosocial stimulation to the developing child (UNICEF, 2012; Ruel and Alderman, 2013). In this way, the parents and the home environment they provide to the child are key to psychosocial stimulations for the adequate development of the child. However, in circumstances of economic hardships, maternal depression, domestic violence, conflicts within the home, etc. the availability of psychosocial stimulation to the child are found severely compromised (Murray et al., 1996). When undernutrition couples with unstimulating home environments, it leaves lasting negative impacts on the child’s cognitive, motor, socio-emotional, and language development (Raver and Knitze, 2002; Grantham-McGregor et al., 2007). Studies have also shown that motor-demanding physical exercise has positive effects on the executive function of children with developmental coordination disorders (Tajari et al., 2023). Therefore, it was hypothesized that:


H2: Psychosocial stimulation received by the child at home through positive parenting and family engagement practices is positively correlated to the child’s motor and mental development.

H3: The child’s nutritional status and psychosocial stimulation received at home would together predict the child’s motor and mental development significantly.
 

Therefore, an effective intervention program for the undernourished children should involve exposing a child to positive stimulating experiences at home along with supplementation of nutrition to achieve wholesome development. Intervention programs incorporating psychosocial determinants have shown a significant impact even in critical situations and emergencies like- the food crisis in the Sahel in West Africa (McGrath and Schafer, 2014). Similar pathways between nutrition, stimulation, and development have been explored before by Larson et al. (2018).


H4: The repeated measures t-test analysis following the 25-week intervention program would show significant improvement in the motor and mental development of children.
 

The theoretical framework for the present study is based on the ecological systems theory proposed by Bronfenbrenner and Morris (2007). The theory proposes that a child’s development takes place in multiple contexts of ecological systems, eventually supporting or stifling it. The first among the five interlocking contextual systems is the microsystem which is the sphere of immediate external influence on a growing child involving relationships with parents, siblings, relatives, and society. This is the stage where the foundations of development are laid in the growing child through the day-to-day interactions in the immediate social context also referred to as the psychosocial stimulations in the present study. Similarly, mesosystem, exosystem, macrosystem, and chronosystem are the other sources of psychosocial stimulation to the child through their interactions with peers, neighbors, social groups, political systems, and culture, etc. In the present study, psychosocial stimulations received by the child are measured using the Home Observation for Measurement of the Environment (HOME) inventory originally developed by Bradley (1993). It was designed to measure the quantity and quality of stimulation and support available to a child in the home environment. The scale includes items reporting parental responsivity, acceptance of the child, organization of the environment, learning materials, parental involvement, and variety within the home environment.




The present study

The present study examined the correlations among a child’s nutritional status, psychosocial stimulation, and child development, particularly in the Indian context. The nutritional status was measured as the mid-upper arm circumference (MUAC) on a continuous scale (WHO, UNICEF, 2009). Psychosocial stimulations were measured by the Home Observation for Measurement of the Environment (HOME) inventory (Bradley, 1993). The child’s motor and mental development quotients were computed from the performance-based psychometric test called Developmental Assessment Scales for Indian Infants (DASII) (Phatak, 1997). It is the Indian adaptation of Bayley Scales of Infant Development (BSID) (Bayley, 1969). The study aims to explore the mediating role of psychosocial stimulation in predicting the relationship between nutrition and development in preschool children through simple mediation analysis. The tested mediation model accounts for the parental education status, father’s occupation, family income, and the place of residence as the covariates in the study. Following the baseline assessments of psychosocial stimulation and measures of development, the undernourished children were divided into experimental group receiving psychosocial stimulation-based intervention along with food-intervention and control group receiving food-based intervention alone for 25-weeks.



Method


Research design and sample

The study applied the correlational design followed by the simple mediation analysis to interpret the findings. The effectiveness of the intervention program was analyzed using the repeated measures t-test analysis. The state of Madhya Pradesh, located in central India is rated high among the states bearing the most burden of child undernutrition. Notably, the Sagar district of Madhya Pradesh falls in high prevalence category as it shares 41.00% of the total cases of stunting reported within the state (NFHS, 2016). The present study is conducted in the Sagar district of Madhya Pradesh situated on the Vindhya Range 1,758 feet (536 m) above sea-level. The city is around 172 kilometers (107 mi) northeast of the state capital, Bhopal (Krishnan, 1967), and also hosts a central university funded by the government of India. Among the 11 sub-divisions of the Sagar district, the Sagar sub-division, as well as the Khurai sub-division, were randomly selected through the lottery method.

In further shortlisting, the villages or wards for the recruitment of research participants, we also considered the availability of stimulations to the child in the form of education, health-care, transport, proximity to the market, etc. Thus, altogether 27 locations (Sagar-6 Aanganwadi centers, Kurai- 9 wards and 12 villages) were shortlisted for data collection by picking up chits randomly out of the total 53 sites. In this way, we obtained a list of altogether 653 children (Sagar-254, Khurai-399) who were below the age of 3 years from the records of the state government-run Aanganwadi centers and the internationally acclaimed non-governmental organization (NGO)-World Vision India.

Given the applied inclusion and exclusion criteria, finally, a sample of 275 children (Sagar-103, Khurai-172) was obtained. Among them, 103 were healthy (M = 58, F = 45), and 172 were malnourished (M = 90, F = 82) in the age range 05.20 to 33.40 months (Mean = 17.64). About half of the children in the sample (50.18%) were firstborn (N = 138) while, 36.73% were born second (N = 101) among the siblings in their homes, and the rest (13.09%) were either born third or lower in the order. Participants predominantly hailed from joint families (N = 220), which is a form of an extended family consisting of parents, their children, spouses of the children, and their offspring in one household as compared to nuclear family set-up (N = 55) where only parents and their children cohabit a place. Since the child’s home is the primary source of psychosocial stimulation, the extended family system opens ample avenues for the child to receive psychosocial stimulation as compared to the nuclear (Small) family structures.


Inclusion criteria

The Study included children below the age of 3 years as the research participants. We also included singletons, twins, healthy (MUAC > 115 mm), malnourished (MUAC < 115 mm) as well as children born low in birth weight (<2.5 Kg).



Exclusion criteria

We excluded children from the final sample on the following grounds- the child/mother was out of station during the visit (112), children were sleepy/uncooperative during the study (85), were ill/hospitalized in the 2 weeks before the appointed visit (78). Some mothers refused to participate in the study (59), children had other physical/mental handicaps (11), and the ones raised by a single parent (33). Studies have documented that single-parent status is a risk factor for poor developmental outcomes, which is the reason why children raised by a single parent were excluded from the study to avoid the possible confounds (Raver and Knitze, 2002).




Procedure

The Institutional Human Ethics Review Board (IHERB) approved the present study. We approached the participants through the supervisors at the state government-run Aanganwardi centers, health workers as well as volunteers employed in World Vision India involved in the respective areas under investigation. Following the screening, each child was visited at the respective home individually by a team comprising of a faculty supervisor from the university and a doctoral student trained in the administration, scoring, and interpretation of the performance measure of child development- Developmental Assessment Scales of Indian Infants (DASII). The team was also comprised of two post-graduate university students trained in interview and observation skills. The same group of a faculty supervisor, doctoral student, and post-graduate students continued throughout the study for each visit. Further, we obtained the written informed consent of the mother/primary caregiver of the child to administer the performance test of developmental delay (DASII) on the child. The average administration time for each participant was 25–30 min, including the administration of the performance measure of developmental delay (DASII), parent-reported measure for psychosocial stimulation, and the physical measurements. The 172 undernourished children were randomly divided into two groups- Experimental group (N = 95) receiving the psychosocial stimulation-based intervention along with food-based intervention and Control group (N = 77) receiving only the food-based intervention. Both the groups were observed for the next 25-weeks to assess the effectiveness of the intervention program.


Intervention program

The 25-week intervention program comprised of both the experimental and control group children receiving food-based intervention. This included weekly take-home ration, food baskets, diet-plans and Timely targeted counseling (TTC) for the mothers. In addition to this, the experimental group received psychosocial stimulation-based intervention. This included intervention kit for each child comprising of play items, puzzles, art and craft workbook, colors etc. The research team and the NGO volunteer would visit the children in their respective homes every week and educate the mothers on the importance of play, touch, asking questions, reading and narrating stories, singing songs to the child, taking the child to travel and allowing the child to explore the nature. Such activities provide the malnourished child with the much-needed psychosocial stimulation to bridge the developmental delays. Both the groups were assessed for the motor and mental development again following the 25-week intervention program.

Phase-wise plan of the research depicting the sample distribution and the assessments and treatments administered
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Measures in the study


Predictor


Mid-upper arm circumference

The nutritional status of the child was the predictor variable in the tested mediation model. It was measured on a continuous scale as the mid-upper arm circumference (MUAC) measure of each child. Theoretically, the MUAC of 115 mm and weight-height Z-score of −3 S.D. has been marked as indicators for severe undernutrition as recommended by WHO, UNICEF (2009).




Outcome measures


Developmental assessment scales for Indian infant

The motor developmental quotients (MoDQ) and the mental developmental quotients (MeDQ) were the two outcome measures in the tested mediation model. They were measured using the performance-based Developmental Assessment Scales for Indian Infants (DASII) originally developed by Pathak (1970). It is the Indian Adaptation of the Bayley Scales of Infant Development (BSID) (Bayley, 1969). The present research employed the revised version of DASII as a performance-based assessment tool for the developmental delays in children below the age of 3 years (Phatak, 1997). The scale covers two significant domains- motor development (67 items; α = 0.88) and mental development (163 items; α = 0.91). The items are administered serially and scored as pass/fail based on the child’s performance. The motor development items cover body balance, basic locomotive skills, reaching, picking, and other manipulatory behavior. Similarly, the mental development items record the child’s cognizance, perceptual pursuit, exploration, development of communication and language comprehension, spatial relationship, manual dexterity, imitative behavior, social interaction, etc. We terminate the scoring at the particular item where the child records five consecutive failures. The median reliability index for motor and mental scales based on correlations between consecutive months is reported to be 0.88 for motor scale and 0.91 for mental scales.




Mediator


Home observation for measurement of the environment

Psychosocial stimulation available to the child was the mediating variable in the tested mediation model. It was measured using the Home Observation for Measurement of the Environment (HOME) inventory initially developed in the English language by Bradley (1993). The translation into simple Hindi language, as well as the Indian adaptation of the HOME inventory, was done by Kohli et al. (2005). The scale (35 items; α = 0.94) is scored as yes/no based on the mother’s response to each item. A ‘yes’ is scored as 1 and a ‘no’ response is scored as a 0 value which eventually leads to a summated domain score. Split half reliability (after correction for length by Spearman-Brown prophecy) was ascertained to be 0.41, the index of reliability was0.64 and the relative reliability was 0.41. The scale is classified into four major domains. The first one is the home environment which includes items describing the child’s home, cleanliness, and the availability of play items at home. The second domain is Play and language motivation involving items describing the use of language to communicate with the child, the efforts to facilitate language development in the child, availability of play areas for the child to explore, etc. The third domain is the mother’s affection and affirmations to the child which includes items describing the mother’s acts of displaying affection and warmth to the child. The fourth domain is travel and exploration entailing items describing the availability of opportunities to grow and learn from educational and recreational tours, audio-visual stimulation, play, and craft, etc.




Demographic covariates

Parental education status as reported by the father and mother, father’s occupation type, the family’s annual income as reported in Indian rupees, and the type of residence were treated as the covariates in the tested mediation model. Type of residence refers to whether the child hails from the rural, semi-urban, or urban place of residence. Each variable mentioned as covariate influences the quality and quantity of psychosocial stimulation available to the child in the form of available resources, time spent with the child, etc.





Statistical analysis approach

The primary variables under consideration were nutritional status (MUAC) and psychosocial stimulation (HOME) predicting the Motor development (MoDQ) and the mental development (MeDQ) of the preschool children. Preliminary analyses using SPSS (v22.0, IBM) tested the predictors and criterion variable for normality of distribution and outliers. The correlations between the variables under study, namely the nutritional status (MUAC), psychosocial stimulation (HOME), measures of child development (MoDQ and MeDQ), and the demographic variables were measured. It was followed by the simple mediation analysis, which was proposed by Baron and Kenny (1986). Here, we examined the association between the nutritional status of the child (MUAC) and the measures of child development (MoDQ and MeDQ) when psychosocial stimulation (HOME) intervened as the mediating variable. The parental education status, father’s occupation, family’s annual income, and residence were treated as covariates in the proposed model.

The Figure 1 illustrates the mediational relationship as tested in the present study. Psychosocial stimulation (HOME) could be considered a mediator if (a) Nutritional status (MUAC) significantly predicts child development (MoDQ and MeDQ) via psychosocial stimulation (HOME); (b) Nutritional status (MUAC) significantly predicts Psychosocial stimulation (HOME); and (c) Psychosocial stimulation (HOME) significantly predicts child development (MoDQ and MeDQ), having controlled for nutritional status (MUAC). ‘Perfect’ mediation could be said to have occurred where no significant association remains between nutritional status (MUAC) and child development (MoDQ and MeDQ), once psychosocial stimulation (HOME) is controlled. For mediation analysis to be appropriate, we should meet two conditions. First, MUAC and HOME must share the anticipated association. Second, the MoDQ and MeDQ would need to be significantly associated with both MUAC and HOME. The path analysis was done using the statistical package Process 3.1 (Model 4) developed by Hayes (2017).

[image: Figure 1]

FIGURE 1
 Proposed model for the study.


A separate mediation analysis was conducted to further explore the varying predictions of each domain of psychosocial stimulation on the developmental outcomes. A domain total was first computed by adding scores for items representing a particular domain of psychosocial stimulation in the HOME inventory. In this way, we had scores representing the four domains of psychosocial stimulation namely-home environment, language and play, mother’s affection and affirmation, travel and exploration. The simple mediation analysis (model 4) was repeated by substituting each domain score as a mediator separately for the path analysis. In the present study, the mediational paths were also tested separately for the group of healthy and undernourished children.



Results


Descriptive statistics and intercorrelations

Tables 1–3 report the descriptive statistics of the variables in the study. Table 4 reports intercorrelations among the variables. Nutrition and psychosocial stimulation were significantly associated with each other (r = 0.369, p ≤ 0.01) as well. Psychosocial stimulation is significantly related to other determining factors of a child’s development- family income, father’s education, father’s occupation, and mother’s education. The child’s residence and the psychosocial stimulation are also significantly associated with each other (r = 0.848, p ≤ 0.01). These results provide support for the hypotheses related to the variable relationships.



TABLE 1 Sociodemographic characteristics of participants at baseline with reference to gender, birth order, residence, type of house, and type of family.
[image: Table1]



TABLE 2 Sociodemographic characteristics for the continuous variables.
[image: Table2]



TABLE 3 Descriptive statistics for the measure of nutritional status (MUAC) and the dependent measures of the study (HOME, MoDQ, MeDQ).
[image: Table3]



TABLE 4 Intercorrelations and descriptive statistics.
[image: Table4]



Mediation analysis

The complete test of the hypothesized model was performed using PROCESS macro (Model 4) using SPSS (v22.0, IBM). The model posits the nutritional status of the child (MUAC) as the predictor variable, psychosocial stimulation (HOME) as the mediating factor, and the child’s motor developmental quotient (MoDQ) and mental developmental quotient (MeDQ) as the dependent measures of the study. The family’s annual income, parental educational status, father’s occupation, and the child’s residence were treated as covariates in the model. The results of the mediation analysis are reported in Table 5.



TABLE 5 Results of mediation analysis combined for both the healthy and undernourished group of children
[image: Table5]

To test for the first hypothesis (H1), the regression path between nutritional status and the psychosocial stimulation was analyzed. The analysis for the path (a) between MUAC and HOME confirms the hypothesis that nutrition significantly predicted psychosocial stimulation [b = 0.59, t(268) = 2.34, p ≤ 0.001]. The model significantly accounted for a 77.35% change in psychosocial stimulation of the child [F(1,268) = 152, p ≤ 0.001, R2 = 0.77].

To test for the second hypothesis (H2), the regression paths between psychosocial stimulation and the indices of a child’s motor and mental development were analyzed. The analysis for the path (b) confirms the hypothesis that psychosocial stimulation (HOME) significantly predicted the child’s motor development denoted by MoDQ [b = 1.74, t(267) = 4.52, p ≤ 0.001] and mental development denoted by MeDQ [b = 0.84, t(267) = 3.35, p ≤ 0.001]. Here, Psychosocial stimulation accounts for about 12.55% of motor development [F(1,267) = 5.47, p ≤ 0.001, R2 = 0.12] and 9.77% of mental development [F(1,267) = 04.13, p ≤ 0.001, R2 = 0.10] in the child (Figure 2).

[image: Figure 2]

FIGURE 2
 Results of mediation analysis combined for both the healthy and undernourished group of children. Unstandardized regression coefficients for the relationship between nutritional status and developmental outcomes as mediated by psychosocial stimulation. Significance levels have been denoted as- * Significant at p < 0.05 level, ** Significant at p < 0.01 level, *** Significant at p < 0.001 level.


To test for the third hypothesis (H3), the combined regression paths between nutritional status, psychosocial stimulation, and the indices of a child’s motor and mental development were analyzed. Overall, the mediation model as depicted by the indirect path (c), significantly predicted the motor development [Effect = 1.03, 95% C.I. (0.19, 2.04)] as well as mental development [Effect = 0.49, 95% C.I. (0.09, 1.03)] in the children. Moreover, the direct path (c’) shows there was no longer a significant association between MUAC and MoDQ/MeDQ, after controlling for HOME. The results depict that child’s psychosocial stimulation perfectly mediates the association between nutritional status and child development (Tables 6–8).



TABLE 6 Results of mediation analysis depicted separately for the healthy group of children.
[image: Table6]



TABLE 7 Results of mediation analysis depicted separately for the undernourished group of children.
[image: Table7]



TABLE 8 Regression table for mediation analysis with individual domains of psychosocial stimulation.
[image: Table8]



Exploratory analysis

While the mediation analysis was performed substituting the total score of psychosocial stimulation as the mediator in the model, it was also our concern to explore as to which domain of psychosocial stimulation plays a determining role in predicting the developmental outcomes. To ascertain which domain of psychosocial stimulation had more influence on child development, the simple mediation analysis was repeated by substituting each domain as the mediator separately. The four domains of psychosocial stimulation are- home environment, language and play, mother’s affection and affirmation, travel and exploration. The domain of home environment fully mediated in significantly predicting the mental development among children [Effect = 0.27, 95% C.I. (0.01, 0.72)]. The domain of the mother’s affection and affirmation fully mediated in significantly predicting the motor [Effect = 0.69, 95% C.I. (0.08, 1.51)] as well as mental development [Effect = 0.46, 95% C.I. (0.05, 1.07)] in children. The mediational influence of the other two domains- language and play, travel and exploration on developmental outcomes were not found significant.

The study further explores if the mediational influences of psychosocial stimulations hold true on the groups of healthy and undernourished children separately as well. The total sample (N = 275) was split into two groups of healthy (N = 103) and undernourished children (N = 172). The simple mediation analysis (model 4) was repeated on each group with nutritional status (MUAC) predicting developmental outcomes (MoDQ and MeDQ) when psychosocial stimulation (HOME) mediates the association. The family’s annual income, parental educational status, father’s occupation, and the child’s residence were treated as covariates in the model. In the case of healthy children, the indirect effects of nutritional status on motor development [Effect = 0.25, 95% C.I. (−1.56, 3.18)] and mental development [Effect = 0.34, 95% C.I. (−1.08, 2.48)] were not found statistically significant. In the case of undernourished children, the indirect effects of nutritional status on motor development were found statistically significant [Effect = 3.09, 95% C.I. (0.94, 5.97)]. However, the mediational effects were not found statistically significant for mental development [Effect = 0.65, 95% C.I. (−0.55, 2.20)].

Table 9 shows the comparison in motor and mental development between the experimental and control group at baseline before intervention. Table 10 shows the results of paired-samples t-test conducted to compare changes in the motor development (MoDQ) and mental development (MeDQ) of the undernourished children in the intervention and no intervention condition. Results reveal that after a duration of 25-weeks, there was a significant difference in the motor development of the participants in the experimental group when compared with the baseline assessment before the intervention (M = 87.26, SD = 17.18) and the post-test assessment (M = 90.49, SD = 12.05) after intervention; t(81) = 2.568, p = 0.012. The effect size is large (Cohen’s d = 1.086). Similarly, a significant difference was found in the mental development of the participants in the experimental group when compared with the baseline assessment before the intervention (M = 80.34, SD = 14.21) and the post-test assessment (M = 85.67, SD = 12.13) after intervention; t(81) = 4.506, p = 0.001. The effect size is large (Cohen’s d = 1.082). The results suggest that psychosocial stimulation intervention enhances the motor and mental development of undernourished children. Specifically, the results indicate that when the undernourished child receives psychosocial stimulation through positive parenting practices and nurturance, they demonstrate better motor and mental development than undernourished children who receive food-based intervention alone.



TABLE 9 Independent measures t-test results comparing the baseline conditions before intervention between the experimental and the control group children.
[image: Table9]



TABLE 10 Repeated measures t-test results comparing the pre-test and the post-test assessment to test for the effectiveness of the intervention program.
[image: Table10]




Discussion

The present study examined whether psychosocial stimulation explains the association between the nutritional status and the developmental outcomes in the pre-school children. We found that the psychosocial stimulation fully mediated in significantly predicting the motor and mental development of children after controlling for parental education status, father’s occupation, family income, and the place of residence.

We explored psychosocial stimulation in the context of the home environment of the child. The quality and quantity of psychosocial stimulation received by the child are contingent upon his/her interaction with the resources available in the surrounding home environment. It may be reasoned that a healthy child receives more psychosocial stimulation from his/her active interactions with the people and the surrounding resources. On the contrary, an undernourished child who is rather passive and inactive misses out on these stimulations. The environment of the child whether it is home or school acts as a key source of psychosocial stimulation (Riyadi et al., 2019).

The results of the study also indicate that the educational levels of parents as well as the income status of the family significantly predicted the availability of psychosocial stimulation to the growing child. Other researchers also report that the place of residence, educational qualifications of the parents as well as their economic standards determine the quality of parenting practices responsible for the development of the child (Petterson and Albers, 2001). An understandable reason being that the psychosocial stimulations find due regard among the homes of educated and socially aware parents who are attentive, devote more time, and put in extra efforts in nurturing the child (Conway et al., 2019). These are also the sources of psychosocial stimulation to the child. Hence, the present study assessed the mediational role of psychosocial stimulation while covarying the parental educational status, father’s occupation, family income, and place of residence within the tested model.

The present study establishes that psychosocial stimulations are the mediating factors that govern how nutrition translates into effective child development. Findings from other studies also establish that coupling psychosocial stimulation along with nutritional supplementation could help buffer against the long-term damaging effects of undernutrition (Zvara et al., 2019). The domain describing the mother’s displays of affection and affirmation to the child also significantly mediated both motor and mental development. Therefore, we infer that playing with the child, cuddling, laughing, expressions of warmth, spending quality time, allowing the child to explore on his/her own, etc. as accounted for in the present study play a key role in predicting child development. Such practices are cost effective and have been implemented by other researchers effectively in the rural settings (Riyadi et al., 2019). These findings are supported in other studies that effective parenting practices during the early years have a positive influence on the child’s cognitive and socio-emotional development later in life as well (Walker et al., 2005; Dahl et al., 2017; Knauer et al., 2019). Including psychosocial stimulation-based intervention early in life has shown positive impact on the cognitive and socio-emotional development at the age of 31-years as well (Walker et al., 2022). On the contrary, a chaotic household adversely impacts a child’s early executive function skills as validated through teacher ratings and performance-based measures of the child’s behavioral regulation (Vernon-Feagans et al., 2016).

Analyzing for the mediational role of psychosocial stimulation among the healthy group and the undernourished group of children separately, significant mediation was reported only in the prediction of motor development among the undernourished group. One of the reasons why the mediational influence of psychosocial stimulation failed to sustain could be the decrease in the sample size when divided separately into two groups of healthy and undernourished children. Further, the MUAC measurements indicating the nutritional status among the healthy children ranged from 13.00 to 15.00 and in the case of undernourished children ranged between 11.20 and 13.00 (Table 3). Since MUAC is the predictor in the mediation model, the power of prediction is likely to be affected by the low range offered by MUAC as well as the decrease in the sample size to execute the operation. Further researches could benefit from working with larger samples as well as the inclusion of other measures to assess the nutritional status of children.

The present study is also an important theoretical contribution to the field of child development. The model of child development proposed in the study ascertains that psychosocial stimulation in synchronization with nutrition is a pre-requisite for every growing child. The model finds its significance, particularly in mitigating the aftermaths of undernutrition in the race of development throughout life (Walker et al., 2022). The Study by Burger (2010) in lending support to the present findings also alerts us that the developmental aftermaths of unfavorable learning conditions in preschool children, mainly from socio-economically disadvantaged backgrounds, cannot be compensated entirely through interventions once they reach schools. Therefore, the significance of the preschool stage, particularly in view of the design and implementation of intervention programs, needs to be considered seriously (Scrimshaw, 1998).



Implications of the study

The present study addresses a pressing global concern of undernutrition and its aftermath on child development. It can be inferred that psychosocial stimulations imparted through positive parenting practices share a significant association with the child’s nutritional status as well as indices of child development. The study aims to draw the attention of the NGOs and policymakers and attempts to bring about a paradigm shift in their intervention approaches in dealing with the problem of undernutrition. The study is also significant from the aspect of understanding the role of parenting and the home environment in shaping the developmental course of every child. The findings emphasize the importance of spending quality time and smart parenting strategies particularly in the formative stages of the child’s developmental course. It may be a timely reminder particularly in the present times when more women are working and the children are being raised in day-care centers, nursery, or by a single parent. The theoretical contribution of the paper is found in the proposed model of holistic child development accounting for the interconnectedness of the biological, psychological, and social factors. The proposed model may have practical applications in predicting the child’s higher achievement at school, higher employment, and earnings, better health outcomes throughout life, less dependency on the external agencies for support as well as lower crime rates in the future (Engle et al., 2007).



Limitations and future directions

The present study is limited in its scope and generalization for including the research participants only from a single location in India. Future studies with samples representing other lower-middle-income as well as developed countries would help to understand the bigger picture of the roles and interplays of psychosocial practices in predicting child development. A 25-week intervention program may not be sufficient to depict all the changes brought about by the psychosocial stimulation model. Pursuing longitudinal observations of the developmental course of the child in future studies may help in better predictions of child development. Being a field experiment, the study is limited by the possibility of confounds. The study is also limited due to the exclusion of children being raised by single parents which could have explained different dynamics of psychosocial stimulations as well as determinants of child development. Further, in including the children raised by both the parents in the present study, we did not account for the role of the father as a source of psychosocial stimulation different from that provided by the mother. Researchers in the future could design studies differentiating the types of psychosocial stimulations offered by both the parents and exploring their unique impressions on the child’s development. The interpersonal relationships between husband and wife is also a crucial determinant of the family environment, psychosocial stimulation, and eventually child development. Studies in the future when include children coming from chaotic and abusive circumstances could be useful in understanding the role of psychosocial stimulations further.
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Significance levels have been denoted as- * Significant at p < 0.05 level, ** Significant at < 0.01 level. MUAC, mid-upper arm circumference measure, HOME total-measure of psychosocial stimulation. MoDQ, motor development quotient; MeDQ, mental
development quotient. The four Domains of Psychosocial stimulation are shown from 10 to 13 indicating the letters HOME.
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LLCI, bias corrected lower limit confidence interval; ULCI, bias corrected upper limit confidence interval. Unstandardized regression coeffcients are shown; bootstrap sample size s 5000.
Significance levels have been denoted as- * Significant at p< 005 level, ** Significant at p< 0.01 level, *** Significant at p < 0.001 level. MUAC, mid-upper arm circumference measure, HOME
total-measure of psychosocial stimulation; MoDQ, motor development quotient; MeDQ, mental development quotient.
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