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Introduction: Childhood is an important stage for socio-emotional development. Understanding the associations of lifestyle habits with the healthy development of social and emotional skills is crucial for better interventions early in life. This study aims to analyze the association between sleep and socio-emotional development in toddlers aged 12 to 36 months and examine whether weight mediated these associations.

Methods: This study is part of a cluster randomized controlled trial developed in Portuguese childcare centers. A sample of 344 children (176 females) enrolled in the study. Participants’ anthropometrics were measured while at childcare centers using standardized procedures. Body mass index (BMI) was computed as the body weight/height2 (kg/m2) ratio. Sleep quality was collected with the Tayside Children’s Sleep Questionnaire, a 10-item scale that evaluates the child’s ability to initiate and maintain sleep. Two additional questions regarding sleep duration were added. Parental questionnaires assessed the child’s sex and date of birth, socioeconomic status, and total energy intake (TEI). Motor (fine and gross) was assessed using Bayley-III scales and socio-emotional (SE) by the Greenspan Social–Emotional Growth Chart questionnaire. Linear regression models were used to examine the associations between sleep (duration and quality) and SE with adjustments for sex, age, BMI, mothers’ education, motor development, and TEI. Mediation analysis was conducted using path analysis.

Results: SE development was significantly associated with nighttime sleep duration even when adjusted for confounders (β = 0.223; 95% CI: 0.001, 0.004 and β = 0.168; 0.0003, 0.003; respectively). Sleep quality was not significantly associated with SE development, and the weight did not explain the associations between sleep and SE development.

Conclusion: This study supports that sleep duration is directly associated with SE development in toddlers. From a public health perspective, sleep duration should be prioritized in intervention programs to improve socio-emotional development early in life.
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1 Introduction

The first three years of life are a critical period of rapid growth, during which cognitive, social, emotional, and many other skills develop (Brito et al., 2019). Socio-emotional (SE) development is a neurodevelopmental process influenced by many factors, such as social interaction, cultural characteristics, and other environmental factors (Palmer et al., 2018). This process begins with parents, before conception, and during pregnancy, and matures throughout childhood (Palmer et al., 2018). The development of socio-emotional skills is a gradual process that involves exploration, experience, and interaction with others (e.g., affect sharing, social play), the communication and management of emotions, and the development of relationships (Palmer et al., 2018; Brito et al., 2019). The prevalence of socio-emotional delays appears to be higher in toddlers than in older children (Gilliam, 2005); however, few studies have explored socio-emotional development features in these first years and the variables that could influence them (Vaughn et al., 2015).

Emotion regulation is essential to children’s healthy growth and development. Children who experience some type of adversity, such as maltreatment, poverty, or social risk factors, have greater difficulties in emotion regulation, which seems to have important implications for health behaviors, and ultimately for body mass index (BMI) (Doom et al., 2023). It is possible that some health behaviors, such as the increased overeating, might be a mechanism for coping with negative moods (Doom et al., 2023). Additionally, poorer emotion regulation seems to predict emotional overeating (Gianini et al., 2013), which in turn might contribute to overweight and obesity. In contrast, BMI also interferes with socio-emotional development. According to Henninger and Luzes (Henninger and Luze, 2010), both being underweight and overweight in early childhood can result in many consequences for cognitive, motor, and socio-emotional outcomes (Henninger and Luze, 2010; Faught et al., 2017; Albataineh et al., 2019). Some studies indicate that sleep duration and quality are associated with important health outcomes like physical and mental development or emotional regulation (Vaughn et al., 2015; Chaput et al., 2016; Deng et al., 2021). School-age children who sleep less or have sleep problems are more likely to have more emotional delays, relational problems, and other social challenges when compared to those who sleep more or have a better quality of sleep (Touchette et al., 2007; Vaughn et al., 2015). Furthermore, at these ages, shorter sleep duration and sleep problems have been associated with difficulties during daytime activities, including school performance (Touchette et al., 2007; Vaughn et al., 2015).

Although epidemiological studies suggest that short sleep duration is a problem during childhood (Cappuccio et al., 2008; Matricciani et al., 2012; Ogilvie and Patel, 2017), research on toddlerhood is still limited (Bayley, 2006; Vaughn et al., 2015). Additionally, there is a lack of evidence on the associations between sleep and socio-emotional development in toddlers (Hoyniak et al., 2020). Furthermore, the role of adiposity on socio-emotional development during this age group is overlooked, and per our understanding, only one study found an inverse association between these variables (Must and Strauss, 1999).

While some studies report a direct effect of sleep on socioemotional development, it is possible a mediating effect of adiposity on these sleep-induced socioemotional alterations, likely to be explained by inflammatory processes (affects social experiences) that can be associated with social disconnection and in altering sensitivity to social world.

Despite the associations between sleep (particularly, sleep deprivation) with inflammation and adiposity as a path of socioemotional development delay, the interrelations between sleep, adiposity and socioemotional development need further clarifications, particularly at younger ages (Eisenberger and Moieni, 2020). The total energy intake assumes a crucial role in the examination of the relationship between sleep, adiposity and socioemotional development. It can function as a proxy for variables such as body size, sleep, and metabolic efficiency in the analysis of nutrient-disease connections (McCullough and Byrd, 2022). Also, motor development is recognized as a trigger of various developments that extend motor behavior, including perception and cognition, language and communication, emotional expression and regulation, physical growth, and overall health, among others (Adolph and Hoch, 2020).

Therefore, this study aims to examine the associations between sleep and socio-emotional development in toddlers aged 12 to 36 months and investigate whether adiposity mediated these associations.



2 Materials and methods


2.1 Study design and participants

This study is part of a cluster randomized controlled trial developed in Portuguese childcare centers. A minimum of 20 children in each childcare center was required to participate in the study, with no other inclusion criteria. Any disability that prevented children from being assessed while at the childcare center was deemed as an exclusion criterion. A total of 344 children, 168 boys (48.8%) and 176 girls (51.2%), belonging to 15 childcare centers and whose parents consented to participate in the study. The mean age of children was 23.6 (6.3) months. At the moment of evaluation, each child was asked about their participation and provided oral assent.



2.2 Socioeconomic status

Mothers’ education was obtained through a sociodemographic questionnaire (e.g., what is the mother’s highest level of education?). The answers were further recorded below than higher education, and higher education, and more.



2.3 Anthropometrics

Anthropometric measures were performed by trained researchers who measured children’s length and weight while at childcare centers. Recumbent length (12–24 months) was measured with the child lying down using an infant stadiometer placed on a flat and stable surface. If the child could stand and refused to lie down, we measured the standing height and added 0.7 cm to convert it into length (WHO, 2008). Weight was measured with a pediatric scale (SECA 354) and recorded to the nearest 100 g. Measurements were taken with no shoes and while wearing light clothing. Waist circumference was measured to the nearest 0.1 cm, with the child standing, at the umbilicus level.

BMI was computed as the ratio of body weight/height2 (kg/m2), and each child was classified according to the age- and sex-specific BMI (BMI for age) and BMI standard z-scores using the WHO Anthro-plus software.1



2.4 Sleep duration

Sleep duration was collected with the Tayside Children’s Sleep Questionnaire, a 10-item scale that evaluates the child’s ability to initiate and maintain sleep. This questionnaire is validated for children aged 1 to 5 years (Mcgreavey et al., 2005). The items address initial settling, nighttime disruption, and early morning arousal. The first nine questions were summed (the total score - range of 0 to 36 - indicates the severity of the problem, with higher scores indicating greater severity. It is acceptable that a score of 8 or superior suggests sleep problems). The tenth question is to ascertain parents’ perception of a potential night problem and was excluded from data analysis, as considered in previous studies (Mcgreavey et al., 2005).

The wake-up and bedtime during weekdays were reported by parents. Daytime sleep duration (e.g., naps) was reported by childcare professionals during three weekdays, and the meantime was obtained. In the current study, nighttime sleep duration was defined as the bedtime/wake-up time without naps. Total sleep duration included nighttime and daytime sleep.

Cronbach’s alpha of the original questionnaire was 0.85, indicating good internal consistency (Mcgreavey et al., 2005). In the current study, a Cronbach’s alpha of 0.76 was found. The value of Mcdonalds’ omega was also calculated, which was 0.77.



2.5 Socio-emotional development

SE development was assessed with the Bayley Scales of Infant and Toddler Development – Third Edition (Bayley-III) (Bayley, 2006), which is adapted from the Greenspan Social–Emotional Growth Chart (Greenspan, 2004). This is a comprehensive scale completed by the child’s parent or other caregiver, designed to discern and assess the child’s emotional competencies such as self-regulation and interest in the world, the ability to communicate needs, the establishment of relationships, the deliberate use of emotions, and the utilization of emotional cues to solve problems (Bayley, 2006).

Bayley-III is considered the most widely used test of general neurodevelopment and is designed for children aged between 1 to 42 months (Brito et al., 2019). The socioemotional scale identifies six stages (with substages), with milestones according to the child’s age, and measures behaviors associated with major milestones in functional and emotional development (Bayley, 2006).

The Cronbach’s alpha of the questionnaire from the original study is 0.90, which indicates a strong internal consistency (Bayley, 2006). For this work, percentiles values were used.



2.6 Motor development (fine and gross motor)

Motor development was assessed with Bayley Scales of Infant and Toddler Development — Third Edition (Bayley-III). Bayley-III Gross Motor Scale evaluates motor abilities such as sitting, standing up, and walking, while the Fine Motor Scale assesses fine motor control abilities. These scales were used by trained professionals through direct observation of the child, and it was scored following the procedures described in the manual, according to the child’s age at the starting point (Bayley, 2006). Percentiles of motor development were used in the analysis.



2.7 Total energy intake

The child’s eating habits were collected using the two-day food record from two non-consecutive weekdays, completed by the parents and childcare teachers (European Food Safety Authority, 2009). Energy and nutritional intake were estimated using an adapted Portuguese version of the nutritional analysis software ESHA’s Food Processor Plus (ESHA Research Inc., Salem, OR, United States).



2.8 Ethical considerations

The study was approved by the Ethics Subcommittee for Life and Health Sciences of the University of Minho (CE.CVS 133/2018), and all child’s legal representatives (parents or caregivers) signed the informed consent. At the moment of evaluation, children assent to participate in the procedures.

This cluster randomized controlled trial was registered in the Clinical Trials database/platform (NCT04082247).



2.9 Statistical analysis

Descriptive statistics included central tendency measures and dispersion according to the type of variables.

Linear regression models were performed to examine the associations between sleep duration (predictor) and socio-emotional development (outcome), adjusting for demographic factors (e.g., sex, age), anthropometric measures (BMI z-score), socioeconomic status (mothers’ education), total energy intake, and motor development (fine and gross motor). These covariates were selected based on their possible influence on socio-emotional development in the existing literature. Standardized regression coefficients were used to express the beta coefficients of the regression analyses.

Unadjusted multivariable linear regression models were performed to evaluate the associations between anthropometric measures and socio-emotional development. The goal was to identify the most likely variables that could mediate the association between sleep and socio-emotional development. Beta coefficients and a 95% confidence interval were computed. The anthropometric measures used in this study reflect different aspects of body composition and are considered to be well-correlated with adiposity, even in growing children (Must and Strauss, 1999).

Mediation analysis was performed with path analysis. Mediation analysis was used with the purpose of quantifying and investigating the direct as well as indirect routes through which an antecedent variable X (in our study, sleep) conveys its influence on a consequent variable Y (in our study, socioemotional development) by way of one or more intermediary or mediator variables (in our study, adiposity). We chose to employ mediation analysis over moderation analysis, as the latter delves into examining how the impact of variable X on variable Y hinges on the presence of a third variable or a set of variables – an objective that did not align with the scope of our research. Standardized coefficients and confidence intervals were obtained. Models were adjusted for age, sex, mothers’ education, total energy intake, and motor development.

The chi-square test was used to assess the fit of the models. The level of significance was established at 0.05. The data analysis was performed using IBM SPSS, version 27.0, using Process, version 4.1 for the mediation analysis.




3 Results

Table 1 presents the participants’ characteristics of the study, including mean age, sleep measures, socio-emotional and motor development, total energy intake, BMI z-score, and mothers’ education.



TABLE 1 Characteristics of the participants.
[image: Table1]

Nighttime sleep on weekdays was directly associated with socio-emotional development in toddlers (95% CI: 0.001, 0.004; p = 0.001) even after adjusting for age, sex, total energy intake, BMI, motor development, and mothers’ education (95% CI: 0.0003, 0.003; p = 0.019). In the crude model, daytime sleep was inversely associated with socio-emotional development (95% CI: −0.005, 0.001; p = 0.008). We found no significant associations between total sleep duration and socio-emotional development (please, see Table 2).



TABLE 2 Associations between sleep duration and socio-emotional development in toddlers.
[image: Table2]

Concerning sleep quality, we found no significant associations with socio-emotional development, even though those toddlers with a problem with sleep quality were associated with a lower socio-emotional development [ᵦ –0.034, 95% CI (−13.302; 8.476)] (Table 3).

The crude associations between sleep duration and anthropometric measures were tested, as well as anthropometrics and socio-emotional development (please see Supplementary Tables). Weight was considered a possible mediator. Figure 1 presents the direct effect (nighttime sleep and socio-emotional development) and the indirect effect (mediated by weight). We found a significant direct effect of nighttime sleep on socio-emotional development; however, none of these associations seemed to be mediated by weight, even when adjusting for confounders.

[image: Figure 1]

FIGURE 1
 Mediation analysis [β (95% Confidence Interval)]. (A) Non-adjusted model. (B) Adjusted model for sex, age, mothers’ education, total energy intake (TEI), and motor development (fine and gross motor). Significant results are highlighted in bold.




TABLE 3 Associations between sleep quality and socio-emotional development in toddlers.
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4 Discussion

In the current study, sleep duration during the night is positively associated with socio-emotional development in toddlers aged 12 to 36 months. This association is not mediated by the child’s weight. Our research aligns with previous studies that suggest insufficient sleep, particularly at night, can negatively impact socio-emotional development (Smith et al., 2020). While there has been limited research on this topic (Hoyniak et al., 2020), studies have shown that shorter sleep duration has been associated with poorer socio-emotional skills. For instance, preschoolers who slept for shorter periods had lower social competence and emotional maturity (as reported by their teachers) compared to those who slept for longer periods (Tso et al., 2016). In contrast, longer sleep duration has been positively associated with peer social competence (Vaughn et al., 2015). The first five years of life are particularly crucial in developing strong emotional skills that can benefit children later in infancy and childhood (Williams et al., 2016).

Taveras et al. (2017), with a sample of 1,046 preschool children, found that a sleep time of fewer than 10 h was associated with higher emotional and behavioral difficulties. Insufficient sleep duration at two years has been shown to be prospectively associated with a 32% higher risk of experiencing emotional delay at the age of 3 years (Jansen et al., 2011).

Indeed, sleep plays a critical role in human development, impacting not only learning and memory but also social, emotional, and creative thinking abilities (Jiang, 2020). These effects may be attributed to the different types of sleep, namely non-rapid eye movement (NREM) sleep and rapid eye movement (REM) sleep. During REM sleep, a hyperlimbic and hypoactive dorsolateral prefrontal activation and a normal function of the medial prefrontal cortex promote adequate emotional regulation (Vandekerckhove and Cluydts, 2010; Jiang, 2020). NREM sleep, with the reactivation of the hippocampal-neocortical circuits, also contributes to emotional and cognitive processing (Vandekerckhove and Cluydts, 2010).

The development of socio-emotional skills is influenced by the environment surrounding children, particularly by their parents and other caregivers (Palmer et al., 2018). Research has shown that the lack of emotional support from a nurturing adult can impede emotional regulation in early childhood and potentially affect lifelong health outcomes (Pascoe et al., 2016). On the other hand, a supportive emotional environment is essential for children’s emotional regulation and their ability to cope with adversity throughout their lives (Pascoe et al., 2016).

In the present study, total sleep duration (including nap time) is not significantly associated with socio-emotional development; however, nighttime sleep duration is directly associated with these emotional skills. We were unable to perform analyses that account for different groups of sleep (such as short, normal, and long sleep) due to the limited number of cases in the categories of short and long sleep. Therefore, we are unable to establish associations based on specific sleep duration thresholds.

Nighttime sleep duration has been associated with lower emotional and behavioral difficulties (Zheng et al., 2021), which is in line with our findings. In a sample of children aged 2 to 6 years, predisposed to obesity, Zheng et al. (2021) identified that a 1-h increase in night sleep time was associated with a reduction of 1.02 points in emotional and behavioral difficulties. This association is still stronger after adjusting for sleep problems and lifestyles. Conversely, our findings reveal a direct association between nighttime sleep and socio-emotional development, even in the adjusted model.

Daytime sleep (nap time) is a controversial sleep period. Some studies indicate this sleep time benefits memory performance and cognitive development in children (Horváth et al., 2016; Jiang, 2020); however, these results are not consistent with those from another study that considers wakefulness as a better generalization of word meanings in toddlers with 2.5 years of age (Werchan and Gómez, 2014). While our current study found an association between daytime sleep and lower socio-emotional development, this association was no longer significant when potentially confounding factors were taken into account. Therefore, further research is needed to understand better the relationship between daytime sleep and children’s development.

In the current study, sleep problems are not significantly associated with socio-emotional development, even when adjusted for confounders. This contrasts with previous studies that demonstrated inverse associations between sleep problems (e.g., difficulty or scare of falling asleep, night wakings) and emotional development (Turnbull et al., 2013; Sivertsen et al., 2015; Zheng et al., 2021). A recent study examined data from 570 early adolescents and revealed bidirectional associations between sleep quality and emotional problems such as symptoms of depression and anxiety (Vazsonyi et al., 2022). Furthermore, the analysis of sleep quality profiles in 10,313 individuals (4,913 [47.6%] female) indicated significant associations with longitudinal emotional and behavioral issues from childhood through adolescence (Cooper et al., 2023).

Previous research has found an association between adiposity and socio-emotional difficulties (Chaput et al., 2017), but our current study did not find evidence to support the hypothesis that adiposity mediates the relationship between nighttime sleep and socio-emotional development. It is worth noting that many studies have reported the impact of emotional state on overweight and obesity (Gianini et al., 2013; Shriver et al., 2019; Smith et al., 2020; Doom et al., 2023). Emotional eating is an eating behavior in which individuals turn to food as a coping mechanism for negative emotions. This behavior has been strongly linked to overeating and, as a result, weight gain (Shriver et al., 2019). Emotional eaters tend to consume a greater amount of sweets, salty foods, and other high-energy-dense foods, which can contribute to a positive energy balance and, consequently, overweight or obesity (Shriver et al., 2019; Smith et al., 2020). Poor emotion regulation is a factor that contributes to emotional overeating (Gianini et al., 2013; Doom et al., 2023). We know that toddlers who have better emotion regulation have a lower risk of being overweight or obese compared to those with poor emotion regulation (Miller et al., 2016; Shriver et al., 2019). Furthermore, according to Anderson et al., poorer emotional self-regulation at three years is considered a predictor of obesity at the age of 11 (Anderson et al., 2017).

Another important aspect of emotional overeating in children is the challenge that parents face in managing their children’s behavior, which can lead them to rely on food (often high-calorie foods) as a means of soothing their children. This can create a cycle where children learn to use food as a way to cope with negative emotions, and parents continue to rely on food to manage their children’s behavior (Anzman-Frasca et al., 2012; Smith et al., 2020). This highlights the need for interventions with a family focus, emphasizing that parents develop effective strategies for managing their children’s behavior that does not involve food in order to prevent emotional overeating and promote healthy eating habits in children. Also, community-based interventions that involve family and caregivers should be encouraged to promote long-life achievement in all human development fields (Smith et al., 2020).

We hypothesized that adiposity could affect children’s emotional well-being (Sahoo et al., 2015). While our study did not find a significant mediation effect of weight in the association between night sleep and socio-emotional development, we do acknowledge the relevance of adiposity on children’s development, particularly at the social and emotional levels. While there is evidence linking obesity and socio-emotional difficulties, including lower self-esteem, poorer social functioning, and higher rates of depression and anxiety (Aparicio et al., 2016; Shriver et al., 2019; Valero-García et al., 2021), our study did not find adiposity in the path toward socioemotional development. Therefore, further studies are needed addressing adiposity as a potential factor impacting children’s development and implement interventions that promote healthy weight management.

Childhood is a pivotal stage for development and holds the potential as a valuable period for preventive measures against later socioemotional challenges. Our findings underscore the association between insufficient sleep and poorer socioemotional well-being, emphasizing the importance of fostering healthy sleep habits from an early age. Early intervention to promote improved sleep patterns can contribute to enhanced socioemotional development and, consequently, better overall health. This should be emphasized to parents, involving them and them with the tools necessary to foster healthy habits within their home environments. Additionally, we recognize the significant role of mothers in their children’s behavioral and emotional development. A recent meta-analysis of 193 studies revealed consistent inverse associations between maternal depression and child behavioral and emotional well-being (Goodman et al., 2011).

The majority of mothers participating in this study possess a higher level of education. This aligns with recent findings from the OECD, which indicate that a substantial proportion of Portuguese individuals aged 25 to 34 (47%) have attained a higher level of education (OECD, 2022). While it is conceivable that education is positively linked to various health outcomes, such as obesity and socioemotional development, it is crucial not to underestimate the significance of adequate sleep time.

We agree that our study has several strengths. One of the main strengths is the use of a mediation analysis approach to explore the relationship between sleep, weight, and socio-emotional development in toddlers, which has not been widely studied in this age group. Additionally, we adjusted for major potential confounders in our data analyses, such as mothers’ education, to reduce the likelihood of spurious associations. Another important strength of our study is the training of the researchers involved in the data collection, which helps to ensure the accuracy and consistency of the data. This increases the reliability of our findings about the relationship between sleep, weight, and socio-emotional development in toddlers.

This study also has some limitations. First, the study follows a cross-sectional design with a limited sample size, which limits the generalizability of the findings to other populations. Second, the children’s sleep duration and socio-emotional development were self-reported by parents. It is important to note that the self-report method used in this study may have introduced social desirability bias, where parents may have reported their children’s sleep duration and socio-emotional development in a more positive or socially desirable way than what is actually occurring. This could have led to an underestimation or overestimation of the true association between sleep duration and socio-emotional development. Future studies should consider using more “objective” measures of sleep duration (e.g., actigraphy, polysomnography) and standardized measures of socio-emotional development to reduce the potential for bias in the data.

Sleep plays an important role in children’s development, influencing all-day activities and experiences. Adequate sleep is crucial for children’s physical, cognitive, and emotional development. By prioritizing sleep as a critical aspect of children’s health and development, we can help to ensure that they have the best possible start in life.

Sleep duration is a predictor of socio-emotional development in toddlers; however, this association is not mediated by adiposity. It is important to further explore other predictors of toddlers’ socio-emotional development and the role of sleep duration in this process. In addition, future studies should also examine the potential impact of other lifestyle behaviors, such as physical activity, sedentary behavior, and diet, on children’s development. Interventions aimed at promoting healthy lifestyle behaviors in early childhood may have a positive impact on both physical and socio-emotional development. It is important to invest in early childhood development programs and initiatives that promote healthy behaviors and a supportive environment to help children achieve their full potential.
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