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Editorial on the Research Topic
 Risk and protective factors, family environment and (a)typical neurodevelopmental outcomes, volume II




Child development emerges from a non-linear interplay of biological predispositions, early skills, and environmental contexts. Developmental neuroscience and neuroconstructivism emphasize that neurodevelopmental phenotypes reflect how the maturing brain adapts to early experiences (Karmiloff-Smith, 2006; Johnson, 2017). As children's primary environment, families play a central role through sensitive and responsive caregiving (Wilder and Semendeferi, 2022; Halkola et al., 2025). Crucially, recent evidence suggests that family resilience, as in the capacity to maintain hope and collaborative problem-solving, acts as a primary protective factor, often outweighing individual clinical markers in predicting long-term success (Cameranesi et al., 2022).

Volume I of this Research Topic (Provenzi et al., 2023) introduced this ecological perspective on early development, highlighting the role of caregiving environments, parental wellbeing, and early relational experiences in shaping neurodevelopmental trajectories.

In continuity with Volume I (Provenzi et al., 2023), Volume II extends this ecological perspective by integrating evidence across diverse populations and contexts, capturing the heterogeneity of early development and the interplay between risk and protective factors (Riboldi et al., 2024).

This Research Topic includes 10 articles: seven empirical studies, one theoretical synthesis, one mini-review, and one systematic review. The empirical contributions adopt longitudinal, cross-sectional, multi-informant, and qualitative designs and draw on samples from multiple geographic and sociocultural contexts, including Southern and Northern Europe and East Asia, to examine early development, parental wellbeing, family dynamics, in neurotypical and neurodivergent populations.


1 Early mechanisms of learning, language, and communication

A first group of articles focuses on early mechanisms of learning, language and communication in social contexts. Ishikawa and Itakura demonstrate the crucial role of early environments in the development of social learning. This process relies on ostensive cues in infancy, shifts toward learning driven by the intrinsic reward value of social actions in toddlerhood, and culminates with selective learning, where older children learn from competent, conventional, and in-group models.

Language development is examined in Lozano et al., who adopt a female-centered perspective, proposing that early selective attention to the articulating mouth may function as a sex-specific protective mechanism, contributing to more favorable language trajectories in females at elevated likelihood for autism. Complementing these theoretical approaches, Capelli et al. provide evidence linking early attention and language learning in an Italian cohort. They show that greater auditory distractibility during parent–child interaction at 12 months predicts poorer language outcomes at 24 months, and provide preliminary evidence for a protective role of joint attention for vocabulary development.

Taking a different perspective, Palomero-Sierra et al. explore early socio-communication difficulties as a risk factor for cognitive and language development in Spanish moderate-to-late preterm children. They showed that pointing, responding to joint attention, and attending to sounds at 1 year of age predict receptive and expressive language at 2 years, confirming the importance of early socio-communication screening in this population.

Jurišová et al. examine developmental trajectories in Slovakian infants born at extremely low gestational age, reporting a clear decline in cognitive, language, and motor functioning across the first 2 years, with language showing the greatest vulnerability. Although some infants maintained stable development, others presented persistent or emerging delays, particularly those born at the lowest gestational ages and birth weights.



2 Family processes, wellbeing, and caregiving environments

Family processes and caregiving environments represent a second major theme of this Volume. Using the coparenting ecological model, Wang et al. show that higher co-parenting quality is linked to better socio-emotional competencies in Chinese young children, partly mediated by parental stimulation. Their findings underscore coordinated parenting as a protective factor and highlight how family wellbeing and psychological states shape perceptions of neurodevelopmental phenotypes. Perzolli et al. provide evidence of specific mental health patterns and perceptual divergence in Italian mothers and fathers of autistic children. Their findings indicate that while parental stress levels are comparable across parents, mothers report higher clinical mental health symptoms, such as anxiety and depression. Crucially, these psychological states seemed to function as a “perceptual lens”: maternal caregivers reported more severe internalizing and externalizing behaviors in their children compared to paternal reports.

Complementing this, Wong et al. extended the focus beyond the parent-child dyad to the broader family ecosystem in the context of Parent-Implemented Interventions in Hong Kong. Their qualitative findings show that extended family involvement ranges from rejection to full embracement of intervention strategies. High levels of familial “embracement” may function as a strong protective factor, creating a consistent nurturing environment that bolsters the child's social communication skills.



3 Sociocultural contexts and broader caregiving systems

Further contributing to the study of non-Western contexts, Jia-Yuan et al. interviewed Chinese children and their primary caregivers to identify which aspects of family care undermine children's basic developmental needs, such as daily living care, emotional and psychological support, safety and educational guidance. Their qualitative analysis revealed that family-level factors and broader social pressures jointly constitute risk factors for children's outcomes.

Finally, Battistin et al. synthesize the limited yet important literature on sibling relationships in children with vision impairment. Despite warm and supportive bonds, siblings may face emotional challenges, reflecting how disability reshapes family dynamics.



4 Conclusions

Volume II extends the multidisciplinary perspective of Volume I, demonstrating that early neurodevelopment emerges from the interaction between child characteristics, family processes, and sociocultural contexts. Further progress requires cross-cultural and integrative designs combining biological, behavioral, and contextual data to clarify how developmental trajectories unfold over time. By considering fathers, siblings, and extended family members, this volume highlights the importance of a broader family perspective, aligning with multisystemic resilience frameworks (Cameranesi et al., 2022). As neurodevelopment is increasingly understood as a transactional process, future research should account for how parental “state-dependent” reports and household alignment interact with biological factors. From a public-health perspective, these findings emphasize the value of family-centered interventions that support the entire household. Integrating paternal mental health screening and extended family involvement can help create more holistic, culturally sensitive services that promote resilience (Le Bas et al., 2025). Inspired by the promising findings of the longitudinal articles in this Research Topic, it will be important to invest resources in longer follow-up periods to elucidate developmental trajectories from infancy into later childhood. These efforts will benefit from multidisciplinary and culturally sensitive approaches and from theoretical frameworks that connect multiple levels to advance the field.
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Learning new information from others, called social learning, is one of the most fundamental types of learning from infancy. Developmental studies show that infants likely engage in social learning situations selectively and that social learning facilitates infant information processing. In this paper, we summarize how social learning functions support human learning from infancy focusing on two aspects of social learning; pedagogical learning and selective learning. We also provide an overview of the developmental process of social learning based on the findings of developmental research. This review suggests that the learning facilitation effects of pedagogical learning decrease with development, while the facilitation effects of selective learning are observed even in older ages. The differences in these learning facilitation effects are considered to be due to the differences in the utility of learning in uncertain environments. The findings of the studies imply the unique nature of human social learning and the critical role of social interactions in cognitive development. Understanding the development of social learning provides valuable insights into how infants learn and adapt in complex social environments.
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Introduction

Learning in the real world presents infants with complex challenges. As they develop, infants encounter a multitude of stimuli and potential learning opportunities, often without clear indications of what is important or relevant to learn. This ambiguity is particularly evident in word learning situations, where multiple potential referents exist for any heard word, making it difficult for infants to determine the meaning of an unknown word (Blythe et al., 2016). To navigate this complex learning environment and identify relevant information, infants engage in active exploration and information-seeking behaviors (Gottlieb et al., 2013). Since early studies of infant learning, literature has shown that infants tend to seek information from social sources and obtain new information mainly by interacting with and observing others (Baldwin and Moses, 1996). This type of learning in social situations is called social learning, which is the fundamental type of learning used across the animal kingdom to understand social life (Leadbeater, 2015). In contrast with other animals, because of social learning, human infants can acquire cultural knowledge from their social group during development (Tomasello and Carpenter, 2007). Thus, the literature has suggested that social learning leads to humans’ unique form of cumulative cultural evolution (Tennie et al., 2009). Social learning from infancy is crucial for knowledge transmission, which is unique in humans. In this paper, we provide an overview of how the social learning function supports human learning from infancy, focusing on the aspects of pedagogical learning and selective learning. Additionally, we summarize the developmental process of social learning based on the findings of previous developmental research.



Pedagogical learning

Human communication is a fundamental way to transmit knowledge. Natural pedagogy theory proposes that communication enables fast, efficient social learning from early infancy (Csibra and Gergely, 2009). This theory argues that infants are sensitive to ostensive signals that indicate communicative intention. Empirical studies have shown that infants engage in social interaction and learning under situations with ostensive signals. For example, another’s direct gaze (eye contact) has been used as an ostensive signal in experimental settings. Newborns are sensitive to direct gazes toward them (Farroni et al., 2002). Other’s gaze information is a clue to learning about the environment. The literature has shown that pre-verbal infants use gaze information to refer to associations between words and objects (Baldwin, 1993). When a social partner says a word, infants refer to another’s gaze direction to identify the object associated with the word. Thus, gaze-following behavior is important for learning from early infancy. Furthermore, it has been reported that infants’ preference for and cognitive processing of a target are enhanced by following another’s gaze (Reid and Striano, 2005; Ishikawa and Itakura, 2018). This suggests that tracking others’ gaze is important for learning about the surrounding environment. The literature has demonstrated that eye contact facilitates gaze-following behavior in infants, suggesting that infants engage in more social interaction in situations with the ostensive signal than without it (Senju and Csibra, 2008; Ishikawa and Itakura, 2019; Ishikawa et al., 2022). Looking at the same object with another person has facilitative effects on infant information processing of the object after following another’s gaze direction (Okumura et al., 2013). Moreover, gaze following situation enhances infants’ preference for the face (Ishikawa et al., 2019). Gaze-following behavior in the early infancy predicts language development in later life (Brooks and Meltzoff, 2005, 2008; Okumura et al., 2017). Thus, facilitative effects of eye contact on infant gaze-following may provide learning opportunities for infants and have short-and long-term facilitative effects.

On the other hand, several studies suggest that the learning facilitation effect of ostensive cues may not be related to communicative intent, but rather may be a bottom-up effect caused by the attraction of attention. Szufnarowska et al. (2014) reported that infant gaze-following behavior was promoted by drawing their attention through facial movements, similarly to ostensive cues. Additionally, in the context of other action learning, it has been shown that motionese (child-directed action) can facilitate learning (Brand et al., 2002). Motionese refers to the use of exaggerated and repetitive hand gestures toward infants (Brand and Shallcross, 2008). Through these exaggerated movements, motionese captures infants’ attention to the action. These studies suggest that during infancy, bottom-up learning facilitation may occur more easily.

Another well-known ostensive signal is infant-directed speech (IDS). IDS is characterized by a higher and more variable pitch, shorter utterances and more vowel alterations than the speech style used to talk to adults (adult-directed speech: ADS) (Golinkoff et al., 2015). Along with eye contact, IDS facilitates infant gaze-following (Senju and Csibra, 2008; Okumura et al., 2020), and this facilitative effect was observed in people in Vanuatu regardless of culture and language (Hernik and Broesch, 2019). Moreover, IDS facilitates information processing after following another’s gaze direction (Yoon et al., 2008; Okumura et al., 2020). IDS has been investigated in word learning studies because of its benefits for speech processing (e.g., Háden et al., 2020; Zangl and Mills, 2007). Longitudinal studies have shown that frequent exposure to IDS increases vocabulary in later development (Ramírez-Esparza et al., 2014; Weisleder and Fernald, 2013). In experimental settings, IDS facilitates infants’ word segmentation (Schreiner and Mani, 2017; Thiessen et al., 2005) and their acquisition of word-object associations (Graf Estes and Hurley, 2013) more than ADS does. Studies have shown that IDS also facilitates infants’ learning.

Imitation has been observed in behavioral studies as an outcome of social learning (Over and Carpenter, 2013). Tomasello (1990) emphasises that imitation “involves the recognition and reproduction of the goal of the observed behavior, as well as the specific actions that brought about that goal.” In contrast, mimicry, another similar term, is defined by Tomasello et al. (1993) as “the replication of a model’s actions in the absence of any insight into why those actions are effective, or even what goal they served.” This distinction highlights the key difference: imitation involves understanding and reproducing both the action and its intended goal, while mimicry is merely a surface-level replication of observed actions without comprehension of their purpose. The importance of imitation in social learning is underscored by its crucial role in cultural transmission (Legare and Nielsen, 2015). Imitation enables the learning of complex behaviors that are difficult to explain verbally (Meltzoff, 1988), making it a powerful mechanism for transferring cultural knowledge and skills across generations. This goal-oriented nature of imitation not only facilitates more efficient and adaptive learning but also potentially contributes to the development of social cognition and understanding of others’ intentions.

Ostensive signals also facilitate imitations. Real interaction studies have shown that calling a child’s name and grabbing her attention before the action enhanced the child’s imitations after the observation (Király et al., 2013; Southgate et al., 2009). Moreover, eye contact facilitates mimicry of intransitive hand movements (Wang et al., 2011) and facial mimicry (de Klerk et al., 2018). The facilitative effects of ostensive signals on imitation have been shown in various age groups. For example, 8-to 13-month-old infants are more likely to use a tool successfully when they observe other’s tool use with ostensive communication (Sage and Baldwin, 2011). Moreover, 15-to 18-month-old infants are more likely to imitate the actions of an actor who ostensibly demonstrates action than an actor who addresses no one (Brugger et al., 2007; Matheson et al., 2013). Recent research on imitation has shown that ostensive signals not only convey communicative intentions but also alert infants to when they should focus their attention for learning. Kliesch et al. (2022) found that using ostensive signals as segmentation cues in action sequence learning enhanced imitation in 18-month-olds. Children may use ostensive signals not only to expect communication but also to segment incoming events or action sequences. Thus, ostensive signals serve as cues for when to engage in social learning.



Selective learning

Deciding who to learn from is important for social learning in uncertain situations. Studies on selective learning have shown that infants can select informants who are accurate (Koenig and Sabbagh, 2013). The reliability of informants is essential to deciding who to learn from. In this context, the reliability of informants refers to individuals who provide statistically reliable information and/or who do not offer information irrelevant to the task or action goal. Reliable informants deliver accurate and pertinent information that aligns with the objectives of the task or action at hand. The reliability of informants has been examined in experimental tasks through the manipulation of observational consistency and behavioral predictability. The literature has shown that approximately 8-month-olds infants can track the reliability of informants (Tummeltshammer et al., 2014). Tummeltshammer et al. (2014) presented faces cueing the locations of animations with different levels of reliability (i.e., reliable: always directed her gaze toward the box where the animal would appear; unreliable: Directed her gaze toward the box where the animal would appear on only one out of every four trials); they found that 8-month-old infants looked longer at the locations cued by the reliable faces than at those cued by the unreliable faces. In this study, reliability was manipulated based on the probability that gaze direction predicted an event (animal appearing), but it is possible that children built expectations about others’ gaze information from their experiences. In this interpretation, reliability can be viewed as the informativeness or goal-directedness of others’ gaze. By repeatedly observing the gaze cueing situation, children may learn the goal-directedness of others’ gaze toward where the event occurs, creating an expectation for the informativeness of other’s gaze. Other studies have also shown that children engage in selective social learning more with reliable informants than with unreliable ones (Koenig and Harris, 2005; Koenig and Sabbagh, 2013; Mills, 2013; Nurmsoo et al., 2010). For example, Chow et al. (2008) compared gaze-following behavior between reliable and unreliable conditions in infants aged 14–16 months. Under the reliable condition, infants observed an actor that showed positive expressions while looking inside a container with a toy inside. Under the unreliable condition, infants observed an actor that showed positive expressions while looking inside an empty container. After observing these situations, the infants conducted gaze-following tasks with the actors. The infants showed more frequent gaze-following in the reliable condition than in the unreliable condition, suggesting they selectively engaged in social learning with the reliable informant. The same manipulation of informants’ reliability was used in a study on selective imitation. In the imitation study, infants watched as an actor turned on a touch-light using her forehead (Poulin-Dubois et al., 2011). After this observation, the infants were given time to attempt to turn on the light. The results showed that infants in the unreliable condition were more likely to use their hands than their foreheads to turn on the light and that infants in the reliable group were more likely to imitate the actor’s action by using their foreheads. Thus, as shown in the studies of gaze-following and imitation, the reliability of informants modulates selective social learning in infants. In the context of cultural learning, children’s ability to assess the accuracy of information sources appears to be a crucial cognitive mechanism. This capacity extends beyond the familiar-unfamiliar dichotomy, suggesting that children evaluate the reliability of information independently of their relationship with the informant. Research indicates that when presented with conflicting sources, children prioritize demonstrated accuracy over long-standing familiarity (Corriveau and Harris, 2009). This finding underscores the sophisticated nature of children’s information-gathering strategies in cultural learning contexts, highlighting their ability to discern and prioritize reliable sources of knowledge regardless of pre-existing relationships.

Social group membership has also been manipulated in infant selective learning studies. For example, linguistic membership is a clue to distinguishing the in-group and out-group for infants. Infants from 5 to 6 months old showed a looking preference for a person who previously spoke their native language (Kinzler et al., 2007), and 7-month-olds listened longer to a tune that was introduced by a native speaker than by a foreign speaker (Soley and Sebastián-Gallés, 2015). These studies suggest that infants aged approximately 6 months have visual and auditory preferences for their native speakers (in-group), and such preferences may contribute to selective learning. In addition, infants aged approximately 18 months have been shown to imitate the in-group actor more than the out-group actor (Howard et al., 2015; Altınok et al., 2022). Buttelmann et al. (2013) found that 14-month-old infants imitated the in-group actor more than the out-group model, suggesting that at this age, cultural learning has already begun.


Development of social learning

From the neonatal period, babies have high sensitivities to social stimuli, such as attentional bias to another’s direct gaze (Farroni et al., 2002). Fetuses were shown to have an attentional bias to a top-heavy, face-like stimulus (Reid et al., 2017). This primitive attentional preference may be operated by configuration-sensitive mechanisms. Farroni and colleagues (Farroni et al., 2005) demonstrated that newborns’ preference for faces with a direct gaze is observed only within the context of an upright face and a straight head, suggesting that the driver of primitive preferences for faces may be the configuration of upright faces. Initial perceptual bias towards faces may provide opportunities to engage in social stimuli and learn about the environment in development (Johnson et al., 2015). Thus, infants possibly engage in social learning from the early stage of life.

Studies have shown that social learning within the context of pedagogical and selective learning is facilitated in infants before they turn 18 months old. However, these facilitative effects may be decreased or vanish in later development. For example, 20-month-old infants equally follow another’s gaze direction in situations with or without eye contact (de Bordes et al., 2013), suggesting that the effects of ostensive signals are decreased at this age. Matheson and colleagues (Matheson et al., 2013) compared imitation between 18-and 24-month-old infants in social learning situations with or without interaction. They found that 18-month-old infants showed more imitations in the interactive situations than the 24-month-old infants, and the 18-and 24-month-old infants equally imitated the actor’s action between interactive and noninteractive situations. These studies suggest that the facilitation effects of pedagogical learning may decrease during development. Computational modeling of the learning process of infant gaze-following behavior suggests that the facilitative effects of ostensive signals on gaze-following decrease during development because infants learn the action value of gaze-following regardless of the presence of ostensive signals (Ishikawa et al., 2020). A longitudinal study revealed that infants’ gaze following develops with the linear increasing pattern of age-related growth between 9 and 18 months (Mundy et al., 2007). The learning of action utilities may progress in socially engaging actions. As a result, paying attention to and engaging with another person is rewarding regardless of the communicative intent of others (Ishikawa and Itakura, 2022). Ishikawa and colleagues (Ishikawa et al., 2021) showed that direct gaze did not affect attentional shifts to another’s gaze direction, suggesting that eye contact did not affect gaze-following in adults. In early development, because what should be paid attention to and learned is uncertain, ostensive signals guide learning behavior, enhancing infants’ social engagement such as gaze following. However, if the value or utility of social actions is learned in the development, humans may be motivated to engage in social situations regardless of ostensive signals. Also, the development of attention during social interaction undergoes significant changes in infancy. It’s important to consider the top-down influences on social interaction in development. For example, Rohlfing and Nomikou (2014) observed that at three months, infants predominantly focus their attention on their mothers during interactions. By six months, however, infants’ attention becomes more distributed, indicating a shift from a singular focus on the mother to a broader attentional scope. This developmental shift suggests that infants are acquiring the ability to anticipate social sequences, an indication of emerging top-down cognitive processes, whereby infants begin to expect certain action sequences based on prior experiences. As these top-down influences strengthen, they may progressively diminish the salience of ostensive signals—bottom-up cues that initially play a critical role in signaling learning opportunities within social contexts.

By contrast, selective learning is beneficial in older ages. Burdett and colleagues (Burdett et al., 2016) compared the selective learning of instrumental tool use in situations with a competent or incompetent actor. The result showed that children aged between 4 and 7 years prefer to copy the competent actor, suggesting that children selectively learn from experts. Sobel and Finiasz (2020) conducted a meta-analysis of children’s selective word learning, reviewing 63 papers on 6,525 participants. Although the children’s task performances depend on age and task types, selective learning of words can be observed in children aged between 2 and 5 years. Oláh and Király (2019) compared the selective learning of instrumental tool use in 3-year-olds after they watched videos depicting two models: one who performed conventional tool-using actions, and one whose tool-using actions deviated from social conventions. Moreover, they used two demonstration situations with or without ostensive signals. In this study, children were more likely to copy the actions of the conventional actor, regardless of the ostensive signals. Thus, the effects of ostensive signals on social learning may decrease during development, and children continue to engage in selective learning. Selective learning retains its benefit in later development because it is supported by the knowledge or experience of others for efficient learning, top-down modulations on learning. Although social interaction can be rewarding during development, learning from an unreliable or out-group informant can cause non-rewarding or threatening situations. For example, out-group faces are recognized as threatening or fearful stimuli, signaling untrustworthy information (Mallan et al., 2013). An argument is that learning from out-group members could be less efficient or counterproductive and that selective learning could have evolved because it minimized the risk of deception (Montrey and Shultz, 2022). Gaze-following studies in adults have also suggested that top-down social information modulates social engagement. Top-down modulations, such as effects of group membership (Ciardo et al., 2014) and social status (Dalmaso et al., 2012), have been demonstrated to affect adults’ gaze-following. Thus, knowledge-based top-down modulations may have advantages in social engagement and learning in later development.

Another reason why selective learning continues to have a strong influence later in development could be due to infants gradually becoming members of a social group as they develop. As known in the phenomenon of perceptual narrowing (Werker and Tees, 1984), infants possess the ability to adapt to various environments early in development, but as they grow up, they begin to engage in cognitive processing that is tailored to their specific environment. For example, it has been shown that racial membership strengthens with development (Pauker et al., 2016). As infants develop in becoming members of a social group, the importance of learning from others within the same social group may also increase. Thus, it can be considered that selective learning is prioritized through adaptation to the developmental environment.



Future direction

As outlined above, social learning guides infants on when and what to learn in the early stages of development. The question of what aspects make social learning a unique learning style remains unresolved. For example, studies of correlations between domain-general learning abilities and infants’ selective social learning have shown no links, suggesting that social learning cannot be based on domain-general learning (Crivello et al., 2018; Crivello and Poulin-Dubois, 2019; Luchkina et al., 2018). A recent study also found no correlation between selective social learning and associative learning skills (Crivello et al., 2021). These studies insist that social learning is not a mere extension of associative learning in social situations. A recent study demonstrated that 18-month-old infants are more inclined to learn from an informant under uncertain situations despite the informant being unreliable, suggesting that the uncertainty of the environment modulates social learning (Kuzyk et al., 2020). Thus, the information-seeking tendency under uncertainty is correlated with social learning abilities. Further research is needed to examine how social learning differs from other forms of learning.

Also, future research should further investigate the mechanisms underlying the decrease in the effects of ostensive signals as infants grow older. Longitudinal studies could provide insights into how infants’ learning strategies evolve and how the facilitative effects of pedagogical and selective learning change over time.
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Autism is a neurodevelopmental condition with early onset, usually entailing language differences compared to neurotypical peers. Females are four times less likely than males to be diagnosed with autism, and the language features associated with this condition are less frequent in females than in males. However, the developmental mechanisms underlying these sex differences remain unclear. In neurotypical populations, sex differences in language development are also observable from early on, with females outperforming males. One mechanism underlying these sex differences may be early differences in selective attention to talking faces. During the first year, more mouth-looking generally predicts better language development, but sex differences exist. Female infants look at the mouth of a talking face more than males without penalizing looking to the eyes, and reduced mouth-looking in early infancy relates to better vocabulary in toddlerhood only in females. In this hypothesis and theory article, we propose that unique female gaze patterns to the mouth may constitute an early female-specific candidate marker that acts as a protective marker for language development also in autism. Since autism is highly heritable, investigating infants at elevated likelihood for autism offers the opportunity to search for sex-specific markers operating early in life before autistic features and language differences emerge. We argue that, as in neurotypical female infants, mouth-looking may also protect female infants-at-elevated-likelihood-for-autism population from potential later differences in language skills. If so, then sex-specific early behavioral markers, potentially acting as protective markers of language, may compensate for some genetic risk markers affecting this population. Here we gather evidence from neurotypical infants and those with elevated likelihood of autism to uncover why biological sex, the development of selective attention to the mouth, and language acquisition could be intimately related in both populations. We also propose hypotheses regarding potential sex-differentiated neurodevelopmental pathways. We end discussing future research challenges: how generalizable mouth-looking could be as a potential female-specific early language marker across contexts (experimental vs. real life), countries, and developmental time. Ultimately, we aim to target a novel protective candidate of language acquisition, informing tailored interventions that consider sex as an important source of individual variability.
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1 Introduction

Autism is a neurodevelopmental condition characterized by difficulties with social interaction and communication, and the presence of repetitive and restrictive behaviors, as well as sensory differences (American Psychiatric Association, 2013). Approximately 1/100 children are diagnosed with autism worldwide (Zeidan et al., 2022), making it a priority research topic for child health institutions, affected children, and their families. Autism is primarily defined based on socio-communicative differences, but often entails language differences. Although not all autistic individuals exhibit language differences (Charman et al., 2003; Howlin, 2003), they are commonly observed at several stages of life (Eigsti et al., 2011; Miniscalco et al., 2012). Language differences in autism include a range of outcomes compared to neurotypical peers that often—but not necessarily—entail language difficulties at several levels, which can also be understood as adaptations. These differences can include delayed word production and comprehension (Lazenby et al., 2016), declining trajectories of receptive and expressive language (Longard et al., 2017), lower receptive than expressive vocabulary (Hudry et al., 2010), reduced production of speech-like vocalizations (Schoen et al., 2011), and reduced initiation of conversational turns (Ying Sng et al., 2018). Importantly, early language development constitutes a strong predictor of the developmental outcomes in autism (Kobayashi et al., 1992; Gillberg and Steffenburg, 1987). For example, language skills by 5 years predict long-term outcomes for autistic individuals (Billstedt et al., 2017; Eisenberg, 1956). Language is also one of the first parents’ concerns of autistic toddlers (Herlihy et al., 2015), who indeed show reduced speech vocalizations as early as 18–24 months (Plumb and Wetherby, 2013).

One of the etiological factors underlying autism is biological sex (understood here as the sex assigned at birth based on physical anatomy). A consistent finding across the literature is that autism differentially affects males and females. Females are four times less likely to present autism than males, with an average reported female-to-male ratio of 1:4 (Loomes et al., 2017). When considering the under-diagnosis of females (Duvekot et al., 2017) this ratio is closer to 1:3, suggesting that, despite diagnostic biases, females may still display autism less frequently than males (Loomes et al., 2017). Sex differences are present not only in the prevalence of autism, but also in its phenotypic features. The core features associated with autism manifest differentially in males and females (de Giambattista et al., 2021). For example, autistic females display less severe repetitive and restricted behaviors from age 4 years into adulthood and a greater awareness of the need for social interaction at ages 12–16 years, compared to autistic males (Lai et al., 2015; Park et al., 2012; Sedgewick et al., 2016; Tillmann et al., 2018). Further, the language differences frequently associated with the condition are also more frequently found in males than females between ages 1.5 and 17 years (Harrop et al., 2021; Messinger et al., 2015; but see Carter et al., 2007). Crucially, overall, these sex differences in language development are observable as early as preschool age (Mandy et al., 2012) and could potentially be present even earlier in life, as suggested by research showing delays in canonical babbling in 9-month-old males, but not females, with a later diagnosis of autism (Long et al., 2024).

However, the mechanisms underlying this sexual dimorphism in the emerging autism are not yet well understood. Multifactorial accounts that place the origins of sex differences in autism in mechanisms at various levels of analysis (i.e., sex chromosomes, hormones, brain plasticity, and early experience; Mottron et al., 2015; Muscatello et al., 2022; Werling and Geschwind, 2013) are the most common approaches, with no clear causal links between these levels. One of the most prominent and empirically supported approaches in the field is the female protective effect (FPE) hypothesis (Wigdor et al., 2022). This hypothesis posits that females require an increased cumulative load of genetic and environmental risk markers to develop autism and its associated features compared to males. Alternatively, females may carry more protective markers than males. Such protective/risk markers are usually genetically based and are thought to operate regardless of presenting or not the condition. Therefore, the protective markers affecting autistic females would also protect unaffected neurotypical females from the general population (but not autistic males or unaffected neurotypical males). Consequently, this approach opens the possibility of identifying female-specific protective markers occurring in the neurotypically developing population to shed light on those affecting autistic populations. However, the exact nature of these hypothesized protective markers remains to be fully elucidated. And, more crucially, little attention has been given to understanding which are the earliest female-specific protective markers making them less likely to develop an autistic phenotype and associated language differences. The potential candidate mechanisms operating early in life targeted so far under the FPE hypothesis have been scant and primarily described at a biological level [e.g., brain connectivity, Lawrence et al. (2022); neurogenetic, Jack et al. (2021)], and in relation to sex dimorphism in autism outcomes. In contrast, early behavioral markers that may be period-specific during early autism emergence, and may act as sex-specific protective/risk markers in the area of language acquisition (i.e., early markers that may be differentially expressed in females and males, or have sex-specific relations with language outcomes, or a combination of both) have been scarcely explored under this hypothesis. In particular, it is important to search for early behavioral markers for which research has previously shown both genetic and environmental contributors, allowing us to test for sex differences.

In this hypothesis and theory article, we propose that one component of social attention—selective attention to the articulating mouth—during the first year of life may constitute a female-specific early marker acting as a protective marker of language acquisition, thereby serving as a candidate mechanism underlying the FPE hypothesis. For this hypothesis to be supported by evidence, we would expect this mechanism to be driven by biological sex and not by likelihood of presenting autism. In the next sections, we gather evidence from both neurotypical infants and those at an elevated likelihood for autism to uncover why biological sex, the development of selective attention to the articulating mouth, and language acquisition could be intimately related in both populations. We also propose hypotheses regarding potential sex-differentiated neurodevelopmental pathways. Finally, we discuss the potential generalizability of mouth-looking as a female-specific early marker of better language outcomes across different contexts (experimental vs. real life), countries, and developmental time. Ultimately, our aim is to identify a novel protective candidate in the area of language acquisition, providing insights into potential tailored intervention needs.

Before entering into the details of our hypothesis, it is important to make some conceptual clarifications about the terms we will use throughout this paper. In the attentional literature, terms such as ‘visual attention’, ‘social attention’, and ‘selective attention’ are often used interchangeably. For clarity and to avoid misunderstandings, we will adhere to the following definitions, which, although subject to some debate, are generally accepted in the field. Starting with the broadest construct, visual attention refers to a multi-component complex construct encompassing alertness, spatial orienting, attention to object features, and endogenous attention (Colombo, 2001). This type of attention can be directed toward both social (i.e., involving people or social interactions) and non-social (e.g., arrows) sources of information (Salley and Colombo, 2016). The term social attention—which we will define further in the next section—refers to a constellation of skills that is frequently used to describe how people allocate their gaze to social events (i.e., involving people or social interactions) relative to non-social events, although this comparison has not been systematically explored in the literature (Salley and Colombo, 2016; Falck-Ytter et al., 2023). Thus, social attention would be a subtype of visual attention. Finally, selective attention to talking faces, which is the focus of our hypothesis, can be considered a specific subset of social attention (but note that both can be the result of a ‘selective’ process). It refers to the tendency to focus on different features of talking faces at the expense of others (usually, the eyes relative to the mouth; e.g., Lewkowicz and Hansen-Tift, 2012; Lozano et al., 2022; Morin-Lessard et al., 2019; Sekiyama et al., 2021; Tsang et al., 2018). Although this term has also been referred to as ‘preferential attention to the eyes and mouth’ (or, simply, ‘attention to the eyes and mouth’), it has been widely used in studies of visual attention to audiovisual speech in infancy. Importantly, throughout this paper we will use selective attention to the eyes and mouth, or to simplify, mouth and eyes-looking, to refer to the same construct.



2 Social attention: Its role in language development in neurotypical infants and autistic populations

In neurotypical development, what events infants prefer to pay attention to in their social environments seems an essential mechanism shaping what they learn. The so-called ‘social attention’ encompasses a broad, complex constellation of skills that infants use to successfully take part in their face-to-face interactions, serving as a fundamental building block for language and socio-communicative developmental trajectories and outcomes. Social attention includes, among other abilities, face processing, joint attention, gaze following, and preference for specific facial features in speaking faces—i.e., the eyes and mouth—(for a critical review of this controversial term, see Falck-Ytter et al., 2023). Crucially, this latter mechanism may have important cascading effects on later language developmental trajectories and outcomes, such that infants’ efficiency in visually attending talking faces could potentially drive better language outcomes (Bradshaw et al., 2022; D’Souza et al., 2017). What information infants prefer to pay attention to in talking faces constrains how much they benefit from processing audiovisual speech (see Belteki et al., 2022b for a review). In fact, available eye-tracking studies with infants suggest that an increase in mouth-looking takes place during the second half of the first year of life (Lewkowicz and Hansen-Tift, 2012), with infants’ mouth-looking (Tenenbaum et al., 2015) and infants’ gains in attention to the mouth during this period resulting in higher expressive language scores at the end of the first year and in toddlerhood (Lozano et al., 2022; Tsang et al., 2018). It is worth noting that the second half of the first year of life is also often when productive language skills begin to emerge, including canonical babbling (4–10 months; Oller, 1978) and word approximation (10–11 months; Laing and Bergelson, 2020). Presumably, focusing on the mouth might facilitate infants accessing temporally synchronized auditory and visual speech cues, which seems to enhance audiovisual speech processing (Tomalski et al., 2012).

Individual differences in social attention are in part genetically driven from very early on in life, as supported by recent twin studies (e.g., Portugal et al., 2024; Viktorsson et al., 2023), with selective attention to the eyes and mouth regions of faces among the most highly heritable traits (Constantino et al., 2017; Viktorsson et al., 2023). The heritability of social attention is one of the arguments why differences in this broad set of skills have been proposed as key candidate intermediate phenotypes to account for the early development of autism and the linked emerging language features before they are observable (Falck-Ytter et al., 2023; Gui et al., 2020; Jones et al., 2017). A further argument is that, in neurotypical development, genes and the environment influence social attention, and, therefore, both infants’ genetic liability for social attention and their early social experiences shape later social skills such as language (Falck-Ytter et al., 2023; Nishizato et al., 2017; Portugal et al., 2024; Viktorsson et al., 2023).

Indeed, differences in social attention—including patterns of attention to the eyes and mouth—are indicative of the core diagnostic criteria of differences in social communication in autistic individuals, though note that differences in specific social behaviors are highly variable and not systematically replicated for all (see Falck-Ytter et al., 2023 and Falck-Ytter, 2024 for a comprehensive discussion of lack of differences in orienting to faces or gaze cueing as specific illustrative examples). Given the high heritability of autism (80%; Bai et al., 2019), some of these differences in social attention also extend to infants at elevated likelihood for autism by virtue of having an older sibling with this diagnosis—henceforth, EL-infants—, compared to those without—LL-infants—(Lozano et al., 2024). Also, due to the high heritability of the condition, language differences linked to autism usually extend to EL-infants (Hudry et al., 2014). Current models of autism propose that multiple risk markers that interact during development contribute to autism emergence, as well as to the different developmental trajectories followed by EL-infants as a group, including language differences (Elsabbagh, 2020; Elsabbagh and Johnson, 2010; Gliga et al., 2014). Crucially, early susceptibilities in the developmental mechanisms underlying language development may also be present in this at-elevated-likelihood population before the different outcomes are observable, with social attention being a potential candidate.

Social attention appears to be also driven by biological sex. Sex differences in social attention—specifically in visual attention to naturalistic faces and preference for faces (versus non-social objects)—are shared by young autistic children (Harrop et al., 2018), EL-infants (Chawarska et al., 2016; Kleberg et al., 2019), and neurotypically developing infants (Alexander and Wilcox, 2012), suggesting they follow a continuum not only in autistic individuals, but also in the general population. In neurotypical infants, sex differences in social attention extend to the patterns of preference to eyes and the mouth of talking faces from early on in life. These early preferences might account for later sex differences in the developmental trajectories of early language development.


2.1 Mouth-looking as a potential early marker reflecting sex differences in language development in neurotypical and autistic populations


2.1.1 Neurotypical population

In typically developing populations, sex differences in language development are well-documented, with females outperforming males in vocabulary size, sentence complexity and expressive language from early toddlerhood to late adulthood (e.g., Etchell et al., 2018; Marjanovič-Umek et al., 2017). Sex differences in vocabulary occur as early as 2 years of age (Lutchmaya et al., 2001; Wallentin and Trecca, 2023). One of the potential mechanisms that might underlie these early sex differences in language acquisition is infants’ visual attention to speaking faces (Kleberg et al., 2019). From birth, infants learn to pay attention to the inner features of the faces (i.e., the eyes and the mouth). Although evidence so far remains correlational, increased mouth-looking in the second half of the first year seems to potentially support better concurrent and later language outcomes by means of facilitating infants’ access to audiovisual speech cues (Belteki et al., 2022b; Tsang et al., 2018).

Crucially, Lozano et al. (2022) further explained this effect by showing that mouth-looking in talking faces might be an especially important mechanism for female infants’ language development. In a longitudinal study assessing ~100 babies, Lozano et al. (2022) showed that female infants from the general population (i.e., at the general population level of likelihood of autism) look more than males to the articulating mouth without penalizing their selective attention to the eyes, a sex-specific pattern that remained stable during the first year of life. Further, in female infants, reduced mouth-looking at 5.5 months and 11 months of age predicted better vocabulary outcomes in toddlerhood (at 24 months of age). In addition, those females with smaller increases in mouth-looking had better expressive language by the end of the first year. Importantly, these developmental relations were not replicated in males. And while increased looking at the eyes was associated with higher language scores in infants of both sexes, less looking at the mouth was associated with better language skills only in females.

This female-specific relation found by Lozano et al. (2022) contrasts with studies showing a positive relation between mouth-looking and language when combining sexes (e.g., Morin-Lessard et al., 2019; Tsang et al., 2018). The negative association between mouth-looking and language development in females, although counterintuitive, might reflect females being ahead in their trajectory of mouth-looking from early on. We speculate that it could also potentially suggest an early native-language expertise in females, as infants with better language might need to rely less on the mouth to seek visual articulatory speech cues (Lewkowicz and Hansen-Tift, 2012), and perhaps an earlier peak in mouth-looking in females, before 5.5 months. Since females looked more at the mouth than males by 5.5 months, they may have already benefited from this (or may be using mouth-looking information more effectively), leaving less room for later improvement, which is consistent with their better language than males at the end of infancy and in toddlerhood also observed in Lozano et al. (2022). Importantly, the timing of the negative relation found in females—less mouth-looking at 5.5 months and better language outcomes at 24 months—may be critical for interpreting this counterintuitive result. It highlights the need for investigating a wider age range, as the direction of preference and its link to language development may change across the first year of life and beyond.

Thus, although further replication is needed and this evidence was correlational (thus, should be considered as non-causal, as other non-measured factors could have mediated it), the study by Lozano et al. (2022) may suggest that sex differences specifically in mouth-looking in infancy could be a candidate mechanism driving the early female advantage in language development. More importantly, these results may suggest that, in neurotypically developing populations, selective attention to the articulating mouth in infancy may be a female-specific early marker acting as a potential protective marker in language acquisition—and, reversely, may not confer protection in language development in males, as indicated by males showing no longitudinal relations between mouth-looking in infancy and language outcomes in toddlerhood, and lower expressive language than females at age 2 years.



2.1.2 Autistic population

Despite mixed findings (see Falck-Ytter et al., 2013 for a review), there is evidence indicating that autistic individuals show reduced selective attention to the mouth in talking faces as early as 22 months of age (Shic et al., 2020) and across the lifespan (Grossman et al., 2015; Righi et al., 2018; Shic et al., 2020; see Chita-Tegmark, 2016 for a meta-analysis). Moreover, although evidence is also mixed, some studies suggest that reduced selective attention to the mouth of talking faces could potentially serve as an early marker of language differences in autistic individuals [but see Åsberg Johnels et al. (2014) and Righi et al. (2018) for exceptions]. A recent study of autistic toddlers aged 10–25 months found that mouth-looking was positively associated with expressive language only in neurotypical and autistic toddlers who had acquired first words, but unrelated to expressive language in autistic toddlers who had not yet acquired first words (Habayeb et al., 2021). This highlights the complexity of the functional relation between mouth-looking and language development in autism and the need for caution before considering reduced selective attention to the mouth as a robust early marker of language differences in autistic individuals.

At least two studies have observed sex differences in social attention in school-aged autistic children aged 6 to 10 years (Harrop et al., 2018, 2020). Overall, it was found that autistic females attended more to faces than autistic males (but note that we used either silent clips or static pictures as stimuli, which may not generalize to gaze patterns to dynamic talking faces). However, to the best of our knowledge, few studies to date have investigated sex differences in selective attention to the mouth in autistic individuals (e.g., Ross et al., 2015). Another important unexplored question is whether, as it occurs in the general population, early sex differences in selective attention to the mouth might also account for later sex differences in language development in autistic populations [which have been found for both expressive and receptive language as early as 18 months of age, with neurotypical, autistic, and at elevated likelihood for autism females outperforming neurotypical, autistic, and at elevated likelihood for autism males; Messinger et al. (2015)].



2.1.3 Current evidence in infant siblings

Partly due to the high heritability of the condition (Folstein and Rutter, 1977; Losh et al., 2008; Piven et al., 1997; Whitehouse et al., 2010), the language differences linked to autism usually extend to first-degree relatives of autistic individuals, such as EL-infants (Hudry et al., 2014). EL-infants present an increased genetic likelihood for developing the condition themselves relative to the neurotypically developing population (recurrence risk ~20%, as compared to ~1% in the general population; Messinger et al., 2015; Ozonoff et al., 2024), as well as for showing early differences in language development (Hudry et al., 2014; see Belteki et al., 2022a for a review). For example, EL-infants show lower production of consonants and fewer speech-like vocalizations (Paul et al., 2011), later onset of babbling in infancy, and delayed language production and comprehension in toddlerhood (Iverson and Wozniak, 2007). Conducting longitudinal studies with EL-infants offers a unique opportunity to advance the search for sex-specific protective/risk markers operating early in life in autism, before the emergence of the autistic phenotype and the associated language differences are observable. Thus, EL-infants allow us to investigate female-specific markers that may act as protective markers underlying the female protective effect (FPE) hypothesis operating early in life.

Having found that selective attention to the articulating mouth seems to be a sex-specific early marker of better language development in neurotypically developing female infants opens the promising possibility that this same mechanism also protects infant females at-elevated-likelihood-for-autism (Lozano et al., 2022). Extending the female protective effect (FPE) hypothesis to EL-infants, under similar genetic liability in females and males, females should be more tolerant than males to the genetic risk markers for autism, as well as to the early differences in language development. Here, we propose that it would be important to pick up the line of work by Lozano et al. (2022) on sex differences in mouth-looking in neurotypically developing infants and extend it to study EL-infants to target a female-protective candidate mechanism underlying the female protective effect (FPE) approach. Investigating whether these sex differences extend to at-elevated-likelihood-for-autism populations who are affected by language differences may shed light on whether sex might override or enhance genetic risk markers linked to autism. We also expect that exploring sex differences in mouth-looking as a potential sex-specific early marker of better language outcomes in female EL-infants will allow clinicians to design interventions on a very targeted skill and implement them in critical periods of early development. Ultimately, our proposal will help to mitigate language differences in EL-infants in early infancy, two years before the age of a potential diagnosis.

To our knowledge, so far, no one has studied sex differences in mouth-looking in audiovisual speech in infants at elevated likelihood for autism. Only a single study explored visual attention to static emotional pictures of faces, showing that female and male EL-infants attend differently to the mouth (Kleberg et al., 2019). However, infant siblings were tested at only one time-point, with pictures—thus, in a task that does not allow measuring selective attention to a speaking mouth—, and in a sample size moderate for testing sex differences (n = 99, 70 EL-infants and 29 LL-infants). Despite providing valuable findings, the approach taken so far has some limitations that need to be overcome by future research.

First, testing at only one time-point instead of across larger-scale time-points limits the possibility of exploring how stable sex differences are in selective attention to the articulating mouth in the first year of life. Although Lozano et al. (2022) observed stability in sex differences across infancy, charting this question in EL-infants is essential because the timing of the expression of sex differences could vary in this differently developing population. To overcome this limitation, we propose it is necessary to longitudinally track potential sex differences in mouth-looking in EL-infants and LL-infants across several time points of the first year of life and beyond. The second half of the first year is of particular interest, as it is a time period when changes in selective attention to the articulating mouth frequently occur in neurotypical infants (Belteki et al., 2022b; Lewkowicz and Hansen-Tift, 2012) and when differences in basic mechanisms emerge in EL-infants (Elsabbagh and Johnson, 2010). This approach will bring a more comprehensive developmental picture of the stability of potential sex differences in this mechanism across time, which has been uncharted so far.

Second, traditional eye-tracking tasks showing pictures as stimuli (or clips of audiovisual talking faces) have been the most common approach to testing sex differences. This way of assessment limits the generalizability of the results to natural communicative contexts. To date, sex differences in mouth-looking have not been evaluated in an ecologically valid context in EL-infants, nor neurotypically developing infants. We suggest the need to take a broader approach by tracking sex differences in mouth-looking during infancy across eye-tracking tasks. This entails testing the same hypotheses in eye-gaze patterns of infants during “live” interactions with people and when watching classical eye-tracking screen-based tasks. We believe that this cross-task approach is crucial to improving the ecological validity and applicability of the scientific findings in this area since it will inform us on how extensible sex differences are to real communicative face-to-face situations.

Third, sex differences in mouth-looking in EL-infants have not yet been assessed in a high-powered study that warrants the robustness of the findings. Studies with such a large sample size have not yet been conducted. Large-scale studies are needed to ensure the reliability of the findings, which is particularly important when investigating highly heterogeneous differently developing populations like EL-infants.

Fourth, unlike prior studies, we think it is essential to take a cross-cultural and cross-labs approach to increase the generalizability of the potential sex differences in EL-infants. If biological sex drives the trajectories of mouth-looking in infancy, and being a female protects later language outcomes in both EL-infants and LL-infants across different countries, this would support the robustness of the phenomenon of increased mouth-looking as a female-specific early marker of language operating as a protective marker.

To sum up, to overcome the limitations of previous research in the field, we propose it is necessary to longitudinally track, in a highly-powered sample of infant siblings at elevated likelihood for autism, sex differences in the trajectory of mouth-looking across the first year of life and their predictive role on later language outcomes across: (a) time-points, (b) eye-tracking tasks, and (c) countries.





3 Potential sex-differentiated neurodevelopmental pathways of mouth-looking and language development: Biological and environmental mechanisms

We have hypothesized as our main proposal that increased selective attention to the articulating mouth during infancy may be an early female-specific marker of language acquisition across at-elevated-likelihood-for-autism and neurotypical populations, along with a way to test it. Our understanding is that increased mouth-looking might be a female-protective attentional mechanism in itself, placed at a behavioral level. If this proves to be the case, a crucial theoretical question would be to understand the specific mechanisms through which infant females may look more at the articulating mouth than males and how reduced mouth-looking might benefit their later language trajectories. One way to address this question is to gather evidence beyond the behavioral level that points to potential early mechanisms that may be driven or modulated by biological sex in both at-elevated likelihood-for-autism and neurotypical populations, and which may play a role in later language development.

Language development relies on multiple mechanisms at different levels, so it seems reasonable to expect that sex differences in the outcomes are accounted for by several mechanisms potentially modulated by sex. Once identified, we could theorize possible links between these mechanisms and selective attention to the articulating mouth (see Figure 1). In this section, we first overview early sex differences in mechanisms at a biological level that may give female infants a (primarily indirect) advantage in mouth-looking and in the relations between mouth-looking and later language acquisition. Next, we review potential mechanisms at an environmental level that could give female infants more opportunities to develop more efficient visual attention patterns to the articulating mouth and better later language skills. Because we believe that the biological-environmental distinction is a false dichotomy, as both types of mechanisms are likely not independent but interplay, we will also describe potential interactions among them.

[image: Infographic depicts factors affecting visual attention to an articulating mouth and subsequent language outcomes, separated by gender influences. Biological factors—including brain connectivity, genes, and sex hormones—are highlighted in yellow, showing links to males and females. Environmental factors—including caregivers' adaptations, language input, and cultural expectations—are highlighted in purple. Graphic shows these factors influencing infant attention and language trajectories, with an adjacent line graph indicating language outcome differences for females (top line) and males (bottom line).]

FIGURE 1
 Scheme of potential mechanisms at the biological and environmental level influencing sex-specific neurodevelopmental pathways of mouth-looking and language development. Influences can be bidirectional and interplay throughout the lifespan, possibly affecting both neurotypical and at-elevated-likelihood-for-autism infants as a continuum. Female-specific protective markers may impact both infant females and males’ language outcomes at an individual level (i.e., female-predominant), but mostly benefit females at a group level. A range of potential language outcomes by sex are represented on a spectrum of colours. In the boxes, yellow represents mechanisms at the biological level, and purple represents environmental ones. F, Females; M, Males. This figure was created with BioRender.com.



3.1 Biological level


3.1.1 Brain functional connectivity

Biological sex impacts early language development at several levels of analyses since prenatal stages (see Etchell et al., 2018, for a review). At the level of brain function, there is evidence of early sex differences in resting state functional connectivity already in neonates and infants, and its impact on language expressive outcomes at 1 and 2 years (Fenske et al., 2023). In a fMRI longitudinal study by Fenske et al. (2023), females showed greater connectivity between temporal and frontal areas than males. Notably, female and male neonates with greater connectivity between the right inferior temporal gyrus and the frontoparietal network—involved in establishing language and executive function processes—had better expressive language scores at 1- and 2 years. This suggests that greater functional connectivity was not female-specific, but males who showed functional connectivity patterns more similar to those of females had better later language development. Interestingly, prior studies in neurotypical infants indicate that the fronto-temporal network supports audiovisual speech integration and is functionally active already in infancy (Altvater-Mackensen and Grossmann, 2016; Dopierała et al., 2023). Moreover, although research in this area is still emerging in infancy, the right inferior temporal gyrus appears to be involved in a default mode network (DMN), which activates during tasks involving social processes, including monitoring and predicting the behaviors of others (Yeshurun et al., 2021). Because continuous audiovisual speech is a social, highly dynamic, and temporally complex stimulus (Chandrasekaran et al., 2009), we hypothesize that female infants may use the DMN network more efficiently to predict the articulatory movements of the mouth during this event.

Newborn EL-infants show different functional connectivity in the DMN network (Ciarrusta et al., 2020); however, to our knowledge, there is no evidence of potential sex differences in this network in this population. Future infant studies with neurotypical and at-elevated-likelihood-for-autism infant siblings could investigate (1) whether female infants’ greater functional connectivity in the fronto-temporal network replicates when processing audiovisual speech, (2) whether, at the behavioral level, this neural response is intertwined with greater selective attention to the articulating mouth, and (3) whether both mechanisms support infants’ ability to predict the linguistic behavior of others predominantly in females. This potentially female-specific cascading path in infancy may facilitate audiovisual speech processing, resulting in better language outcomes later in life. Sex differences in functional connectivity in other networks involved in language acquisition that are affected in infant siblings (e.g., the salience attentional network, which underlies the integration of sensory and motor representations and plays a role in orienting to salient stimuli; Liu et al., 2020) have also been found in neurotypical fetuses in utero (Cook et al., 2023), with females showing a greater magnitude of cross-region connections in somatomotor and frontal areas compared to males. Future studies should explore whether these sex differences replicate in infant siblings and whether they underlie sex-specific developmental trajectories of later language development.



3.1.2 Sex hormones

At the hormonal level, pre- and early postnatal exposure to sex steroid hormones, particularly testosterone, seems to drive early sex differences in the language organization of the infant and child brain (e.g., Friederici et al., 2008; Lust et al., 2010) and later language outcomes (Kung et al., 2016; Lutchmaya et al., 2001). This is especially observable during the postnatal period of rapid changes in infants’ brain development and elevated sex hormone concentrations, known as ‘mini-puberty’, lasting between ~1st-5th month (Hines et al., 2016). For example, in an ERP study with 4-week-old neurotypical infants, Friederici et al. (2008) found that females (who are generally low in testosterone) exhibited a mismatch response (MMR) in phoneme discrimination. However, only males with low testosterone levels showed this effect. These findings suggest that as early as 4 postnatal weeks, testosterone level rather than biological sex appears to influence language function in the brain. In a follow-up study, this relation was replicated at 5 months, and, across both sexes, low testosterone and high oestradiol concentration at this early age were associated with better sentence comprehension at 4 years (Schaadt et al., 2015).

Regardless of biological sex, postnatal testosterone level also appears to influence the development of key vocal precursors of language acquisition (Quast et al., 2016; Wermke et al., 2018). For example, Quast et al. (2016) found that testosterone concentrations at 4 weeks of age negatively correlated with individual articulatory skills in babbling at 5 months. To our knowledge, no studies have tested the impact of postnatal testosterone concentration during ‘mini-puberty’ on later language acquisition in EL-infants. Only its effects on autistic traits at 18 and 24 months have been recently measured, finding no significant associations in this population or neurotypical infants (Tsompanidis et al., 2023).

Interestingly, higher prenatal testosterone is associated with a later reduction of functional connectivity between the brain’s DMN in adolescent males, but this effect is not present in females (Lombardo et al., 2020). These findings, although correlational, raise the possibility that prenatal testosterone may shape sex-specific pathways of language development through its influence on neural circuits specialized in social cognition, such as the DMN. Higher prenatal exposure to testosterone may heighten particularly infant males’ susceptibility to developing reduced functional connectivity in the DMN network, which is crucial for efficiently processing social information, including audiovisual speech, potentially affecting their later language development. Alternatively, testosterone may also shape early infants’ sex differences in some social mechanisms placed at an ‘intermediate’ behavioral level between the DMN network and later language outcomes. For example, infants’ eye contact with caregivers seems more frequent in female 1-year-olds than their male peers, and it negatively relates to earlier foetal testosterone concentrations regardless of biological sex (Lutchmaya et al., 2002). Future studies should explore these possibilities and, if so, whether they replicate across both neurotypical and at-elevated-likelihood-for autism infant populations.



3.1.3 Genetic, sex hormonal, and brain functioning interactions

Genes interacting with the two described levels of analyses may also play a role in the expression of early sex differences in language development. Sex hormones, gene expression, and brain function likely interplay in their impact on potential sex-specific paths of language development across neurotypical infants and those at elevated likelihood for autism. For example, in childhood, the effect of the cumulative genetic likelihood for autism on functional brain connectivity of the Salience Network—involved in orienting attention to salient stimuli, such as faces and other relevant social events, and coordinating a response between the internal and external environment, which are key for social attention (Uddin, 2015; Menon and Uddin, 2010)—is significantly moderated by biological sex across neurotypical and autistic populations. Specifically, genetic load for autism affected functional connectivity in this network in autistic and neurotypical males, but not in females (Lawrence et al., 2022). Consistently, in neurotypical adolescents, for neural networks in which sexual dimorphism is observed (e.g., DMN, Salience Network; Teeuw et al., 2019), heritability explains up to 53% of the variation in the functional connectivity, which is partially replicated in infants (Gao et al., 2014).

Another illustration of these potential interactions is that higher perinatal testosterone concentrations increased the likelihood of language delay in neurotypical males during the first three years of life but reduced this likelihood in females (Whitehouse et al., 2012). This opens the possibility that mere prenatal exposure to testosterone concentrations does not cascade into sex-differential pathways of functional connectivity in neural networks relevant for social cognition. Instead, a distinct response to this exposure between female and male infants via its influence on cerebral lateralization may be more important (e.g., Lust et al., 2010), with high perinatal testosterone levels potentially acting as a risk marker for language development in males, but as a protective marker in females.

To our knowledge, potential interactions between genetic, sex hormonal, and brain functioning have not yet been investigated in infant siblings (but see Gui et al., 2020 for a seminal proof-of-concept on the prospective effects of DNA methylation in developmental trajectories in social attention in male infants of this population). Future epigenetic studies with infant siblings and neurotypical infants could explore whether sex modulates the relation between genetic likelihood for autism and functional connectivity in the Salience and DMN networks. Further, it would be of interest to investigate whether, in both populations, the relations between sex, genetic liability for autism, and neurocognitive networks have links ‘down’ to sex-specific patterns of selective attention to the mouth of talking faces at the behavioral level. Ultimately, it is essential to understand if these interactions modulate or influence sex-specific effects in later language skills. A recent promising finding in this direction is that early Salience Network connectivity at 6 weeks predicts individual trajectories of increased social attention (specifically, to talking faces) across the first postnatal year, and higher rates of joint attention at age 1 year in neurotypical infants, but not in EL-infants (Tsang et al., 2024). A further necessary step would be to investigate whether early Salience Network connectivity also predicts infants’ trajectories of selective attention to the articulating mouth and precursors of social communication in the first year, and whether biological sex mediates these relations and associations with later language outcomes across both groups.




3.2 Environmental level

Several mechanisms at the environmental level may also account for early sex differences in selective attention to talking faces and their sex-specific associations with later language development. By environmental, we mean social and cultural practices that may affect infants’ early experiences, which go from caregivers’ interactive styles to the specific properties of the infants’ languages (e.g., phonemic or rhythmic features).


3.2.1 Caregivers’ language input

A primary candidate is sex/gender1-dependent parental style during interactions. Caregivers’ language input may differ based on infants’ biological sex, influenced by the caregivers’ own gender role expectations, thus modulating infants’ opportunities to be exposed to talking faces. For example, some studies have found that female infants receive more vocal initiations—i.e., a greater total number of seconds of talking, laughing, or making noises—from their fathers than their male counterparts (Brundin et al., 1988), higher frequency of mothers’ vocalization than their male peers (Lewis, 1972), and more language input overall [though evidence is mixed; see Bergelson et al. (2019)]. Thus, one possibility is that female infants have increased exposure to audiovisual speech input from their caregivers compared to their male peers, providing more chances to learn to scan social events efficiently.

Alternatively, caregivers may talk more to infants with more advanced language skills—which tend to be primarily females (Eriksson et al., 2012). For example, in a longitudinal study that collected home recordings between 6 and 17 months, Dailey and Bergelson (2022) replicated the finding of larger vocabularies in females than males but found no sex differences in parents’ language input. Instead, caregivers talked more to infants who had begun to talk, regardless of sex. We speculate that more talkative infants—who tend to be primarily females—may receive more face-to-face audiovisual speech input during interactions, thereby enhancing their opportunities to learn linguistic information from this event. In support of this possibility, Lavelli and Fogel (2002) found that 3-month-old female infants spent more time than males in face-to-face communication with their mothers.



3.2.2 Caregivers’ adaptations to infants’ neurocognitive functioning

Caregivers may also adapt to their infants’ neurocognitive functioning. In neurotypical development, infants with better attentional skills to social and non-social events engage in more social contingency during interactions with caregivers and, reciprocally, social contingency supports infants’ attention and language outcomes (Masek et al., 2024). If, in the first months of life, female infants, at a group level, develop neural networks that are more efficiently responding to complex social events (e.g., DMN, Salience Network) than those of males, this may lead them to select and seek more social information (including audiovisual speech) than male infants. This differential responsiveness in infants could lead caregivers to be more verbally responsive to females, potentially enhancing their ability to visually scan audiovisual speech. Some indirect evidence points to this possibility. For example, Sung et al. (2013) found that while mothers of female infants gradually increased their contingent responsiveness to their infants’ vocalizations across the first year of life, mothers of male infants did not.

Although the literature on this topic in EL-infants is still scant, some recent studies with younger siblings of autistic children (aged 2–3 years) have found sex differences in conversational skills in caregiver-child interactions (Britsch and Iverson, 2024). Across autism likelihood groups, males produced more adjacent utterances than females (within 5 s following the onset of a caregiver utterance), while females produced more contingent utterances that added new information to the conversation (i.e., related to the ongoing topic). Further, caregivers of females produced longer utterances than caregivers of males. Although further studies are needed with infant siblings, these findings suggest that at least some environmental mechanisms placed at the level of dyadic interactions may be modulated by infants’ biological sex across neurotypical and at-elevated-likelihood-for-autism infant populations.

Because infants’ learning to selectively attend to the articulating mouth depends on their visual attention skills, their access to audiovisual speech input, and the social contingency in caregiver-child interactions, a promising direction for future research would be to examine with ‘live’ eye-tracking whether female infants receive more audiovisual speech input than their male peers (or if the more advanced infant talkers do, regardless of sex). Additionally, it would be valuable to investigate how the amount of exposure to this event and social contingency with caregivers could modulate mouth-looking trajectories and later language outcomes by sex.



3.2.3 Cultural influences

Language-specific features and more global social practices of interaction that extend beyond the level of infant-caregiver dyads may also affect the trajectories of mouth-looking. However, to our knowledge, few studies have compared linguistically and culturally diverse samples, as most research has followed an Anglocentric approach (see Bastianello et al., 2022, for a systematic review). For example, Sekiyama et al. (2021) observed that Japanese language-learning infants and toddlers preferentially attended to the eyes instead of the mouth when exploring talking faces, contrasting with previous findings in English language-learning populations, who preferentially attended to the talker’s mouth. The authors interpreted this finding as reflecting a potential effect of the limited involvement of visual articulatory information and the larger contribution of tonal information in Japanese.

Potential cultural differences in selective attention to the articulating mouth could also interact with sex differences in infancy and toddlerhood. For example, in a cross-cultural study of toddlers by Lozano et al. (under review)2, sex differences were not replicated across cultures. While Norwegian male toddlers attended more to the mouth than their female peers, this was not the case for Polish toddlers. Perhaps how much caregivers’ practices are influenced by sex/gender expectations in a given culture may partially account for these differences. Alternatively, the properties of a given language may shape a different timeline of sex differences in the trajectories of mouth-looking across cultures. This highlights the need to interpret potential sex differences in mouth-looking within the context of the infants’ own cultural developmental trajectory, which is particularly important in infant siblings’ populations.

If sex differences in mouth-looking are accounted not only by biological factors but also sex/gender-driven cultural and caregivers’ practices, and infants’ previous linguistic experience, we may find that sex differences in mouth-looking emerge at different timepoints across cultures. Further understanding potential differences and similarities of this trajectory’s time scale across cultures may help us avoid interpreting a deviation from the typical trajectory of mouth-looking as a difference in infant siblings when it may actually reflect the impact of cultural factors.





4 Future challenges: Methodological and theoretical unsolved issues


4.1 Methodological

Despite the growing evidence on mouth-looking as a potential early marker of language acquisition, challenges remain across neurotypical, autistic, and at-elevated-likelihood for autism populations. These challenges are both methodological and theoretical, and addressing them is crucial because how we measure and interpret the marker itself could impact what sex differences in mouth-looking might mean in the general population and in the context of autism. Although we will discuss these issues separately for the sake of clarity, we believe they are closely intertwined.

Methodologically, a significant first issue is that current evidence is correlational, leaving the relation between increased mouth-looking and better language outcomes unclear. While causal evidence would allow us to robustly consider mouth-looking as an early marker—directly influencing language—, correlational data leave open the possibility that other unmeasured mediating factors are at play. For example, more looking at the mouth in itself may not directly improve language skills but rather the extent to which infants benefit from looking at the mouth. This is because simply looking at the mouth does not guarantee that infants will learn linguistic information from the mouth, such as phoneme categories. We suggest that it may be possible to measure the benefit of infants’ looking at the mouth and eyes of a talking face for language development. For example, we could manipulate infants’ looking time to these regions and measure its impact in skills that mediate the relation between infants’ mouth-looking and later language development, such as audiovisual speech integration (Kushnerenko et al., 2013a, 2013b). This could be tested by comparing infants’ performance in a McGurk paradigm (in audiovisual syllables) across three conditions: cueing the mouth, cueing the eyes, and free-viewing [see Feng et al., 2023, where this design was used in autistic and neurotypical children]. If increased mouth-looking enhances audiovisual speech integration, then it is expected that cueing the mouth would improve infants’ performance relative to the other two conditions. To investigate the benefits of increased mouth-looking in audiovisual fluent speech, we could measure infants’ cortical tracking of speech while presenting talking faces with the mouth occluded (i.e., mouth covered) versus visible (i.e., a free-viewing talking face). Two control conditions could be included, as in Haider et al. (2024): auditory-only speech, to rule out effects due to acoustic degradation, and a visual-only speech (a silent talking face) to control for effects of visual features of the talking face alone. If mouth-looking improves infants’ processing of audiovisual fluent speech, then we expect greater cortical tracking accuracy in the visible mouth condition compared to all other conditions.

Related to the first issue, it has been often assumed only one ontogenetic directionality across development in correlational studies; looking more at the mouth in the second half of the first year provides important cues that lead to better later language development. However, the opposite may be the case; during this period, infants who have higher language skills may look more at the mouth, possibly because they benefit more from doing so. This increased looking at the mouth may help them to develop better language later on in toddlerhood, regardless of how much they look at the mouth at that time. Another possibility is that the same underlying factors (e.g., infant-caregiver’s joint engagement, infants’ vocal complexity; Santapuram et al., 2022) influence both mouth-looking and language development, but that mouth-looking does not in itself lead to better language outcomes. To address this, experimental manipulation of mouth-looking and the examination of other related mechanisms are necessary. Furthermore, longitudinal research using cross-lagged models could also be useful in exploring the relations (and their directionality) between mouth-looking, language development, and other variables over time.

A third unsolved issue is whether looking at the eyes and mouth are methodologically independent. Previous studies have used various metrics to measure preference for the eyes and mouth, often leading to inconsistent results. Some use absolute measures like the proportion of total looking time (PTLT) to the eyes or mouth relative to the whole face (so-called PTLT Eyes and PTLT Mouth). Others use relative measures, such as the eyes-mouth index (EMI index – calculated as the mean amount of gaze to the eyes relative to both the eyes and mouth; e.g., Viktorsson et al., 2023), or a PTLT difference score (PTLT Eyes minus PTLT Mouth; e.g., Morin-Lessard et al., 2019). Absolute measures factorize eyes and mouth as ‘areas of interest’, calculating PTLT independently for each and treating PTLT as a dependent variable (e.g., Lewkowicz and Hansen-Tift, 2012). In contrast, relative measures consider preference for the eyes and mouth as a single dependent variable. These different metrics might not only reflect different calculations but also represent different constructs, and imply varying degrees of interdependence between eyes and mouth-looking. Linking absolute measures of mouth-looking with language outcomes could offer a more direct approach to identifying whether mouth-looking is an early language marker, as relative measures may obscure potential trade-offs between infants’ selective attention to eyes and mouth.

Fourth, it is necessary to understand how generalizable mouth-looking could be as a potential female-specific marker of later language development across contexts (experimental vs. real life). One potential solution for future studies would be to use ‘live’ eye-tracker (vs. screen-based), which allows tracking of infants’ eye-gaze patterns to talking faces during interactions with real people instead of recorded clips of talking faces. Further, specifically, dual ‘live’ eye-tracker would enable tracking caregivers’ eye-gaze to infants and mutual gaze between both. This method not only facilitates the investigation of potential sex differences at the infant level (e.g., sex-specific patterns of selective attention to the mouth) but also at external levels (e.g., language input) and internal-external levels (e.g., infant-caregiver interactions). Furthermore, if sex differences in selective attention to the mouth of talking faces are influenced by other domains (e.g., sex differences in infants’ motor development), these new tools can provide insights into such relations.

Fifth, tracking potential sex differences in mouth-looking across developmental time will be important, as these differences may not be stable but could emerge only during certain periods. Longitudinal studies tracking these differences from the first months of life until toddlerhood will be necessary to obtain a comprehensive developmental picture and assess the impact of both initial biological influences and infants’ experiences on them.

A final methodological challenge is to test the stability of sex differences in mouth-looking across countries, which will inform us about the robustness of increased mouth-looking as a female-specific early marker of language. It will reveal potential similarities and differences in infants’ developmental trajectories of mouth-looking across various sites, highlighting the relative contributions of mechanisms at a biological and environmental level. Collaborative cross-lab research between infant labs is crucial for investigating that and achieving high-powered sample sizes that allow balanced comparisons between sexes. In particular, future collaborations consisting of secondary analyses of existing eye-tracking data with already established consortia could help to overcome this challenge. Examples include potential collaborations with the Eurosibs consortium (Jones et al., 2019), which involves researchers from five European countries (the UK, Sweden, Belgium, Poland, and the Netherlands), the research network and funding consortium British Autism Study of Infant Siblings (BASIS; https://www.basisnetwork.org/), or the Baby Siblings Research Consortium (BSRC)—a network of over 40 scientists worldwide. All of these consortia have already conducted large cohort longitudinal studies on sex differences in infant siblings of autistic children (e.g., Bedford et al., 2016; Messinger et al., 2015; Siqueiros Sanchez et al., 2021), which could be extended to the study of sex differences in mouth-looking in this population and neurotypical peers. Importantly, incorporating infant siblings from new entities outside these existing consortia will also be crucial for increasing representativeness across sites.



4.2 Theoretical

At a theoretical level, it remains unclear whether infants’ preferences for the eyes and mouth when observing talking faces are mechanistically independent. It has been commonly assumed that eyes-looking is driven by socio-emotional or referential cues, while mouth-looking is driven by visual speech cues or infants’ growing understanding of the linguistic content (Bastianello et al., 2022; Çetinçelik et al., 2021). Some longitudinal studies suggest some level of independence, as eyes and mouth-looking independently change across development; while eyes-looking remained stable across the first year, mouth-looking increased (e.g., Lozano et al., 2022). However, other longitudinal evidence points to a functional overlap. For instance, increased looking at the eyes in 5-month-olds prospectively relates to higher language comprehension at 14 months (Viktorsson et al., 2023) and to both language comprehension and production at 24 months (Lozano et al., 2022). Furthermore, both increased mouth-looking in the second half of the first year and the magnitude of gains in mouth-looking during this period are associated with better expressive and receptive language outcomes in toddlerhood (Lozano et al., 2022; Tsang et al., 2018; Viktorsson et al., 2023). This suggests that both eyes and mouth-looking might be mechanistically related as early markers of language development; eyes-looking might be more important early on, while mouth-looking becomes increasingly important during the last half of the first year. Furthermore, this evidence highlights the need to distinguish productive and receptive language outcomes.

A second key theoretical issue is whether increased selective attention to the mouth serves as a sex-specific protective marker for language development. In Figure 2, we set out several sex differential models (following a similar logic to Bedford et al., 2016) that would apply to both EL and LL-infants, and plot actual data in neurotypical infants. First, if only female infants, regardless of autism likelihood, show increased mouth-looking, and mouth-looking predicts better later language development only in females, then we would interpret it as an early marker acting as a female-specific protective marker for language acquisition (in both female LL and EL-infants). Note that this relation could be either positive or negative, but female-specific (see more below). Alternatively, if there are no sex-differences in mouth-looking itself, but only in its relation to language outcomes, with the association between looking at the mouth and language skills (negative or positive) occurring only in females (LL and EL infants), this would also suggest that mouth-looking acts as a female-specific protective marker. This could imply that while both sexes look at the mouth equally, another (unidentified) factor might make females use this information more effectively, and mouth-looking therefore is associated with later language only in females. Second, if increased mouth-looking is displayed by both sexes, regardless of autism likelihood status, and mouth-looking predicts better language outcomes regardless of sex, we would see it as an early precursor of better language development. A final possibility is a combined model: a non-linear association between mouth-looking and language, with sex differences in mouth-looking.
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FIGURE 2
 Different sex differential models link mouth-looking as an early marker to later language outcomes. (A) The early marker (mouth-looking) is similarly expressed in both sexes but relates to better language outcomes only in females. This may reflect sex-specific additional factors (unidentified) that make mouth-looking more effective in females; (B) Sex differences display in mouth-looking, but the marker relates to better language similarly in both sexes; here, higher mouth-looking levels protects language development in females, but a negative relation may also occur; (C) A combined model is also possible: a non-linear association between mouth-looking and language (where a certain amount of mouth-looking is needed for an association with language to be seen), combined with sex differences in mouth-looking. (D) Actual data from neurotypical infants (plotted with permission from Lozano et al., 2022) show sex differences in the early marker (more mouth-looking in females than males; D3), expressive language outcomes (higher in females; D1), and their associations (negative, and female-specific; D2). Mo: months. Yo, years; EL, expressive language; MSEL, Mullen scales of early learning; PTLT, proportion of total looking time.


A third theoretical issue is interpreting the direction of the potentially female-specific relations between mouth-looking and language outcomes. Lozano et al. (2022) found that females looked more at the mouth than males in the first year but showed a negative relation between mouth-looking and language outcomes. We speculated above that this finding could potentially suggest an early native-language expertise in females, as infants with better language might need to rely less on the mouth to seek visual articulatory speech cues (Lewkowicz and Hansen-Tift, 2012), and perhaps an earlier peak in mouth-looking in females, before 5.5 months. Longitudinal studies could clarify potential sex differences in the timing of mouth-looking and perceptual narrowing, and whether the female-specific associations may shift from positive early on (before 5.5. months) on to negative later in development. Relatedly, we need to develop clearer theoretical criteria to distinguish whether the absence of a protective marker in males that is present in females (i.e., the absence of longitudinal relations between mouth-looking and language outcomes in males) is equivalent to the presence of a risk marker in males. Alternatively, it may be more accurate to say that mouth-looking confers protection in females but not in males, but we need specific thresholds for this. At a broader level, it remains an unresolved challenge whether it is even possible to distinguish clearly between risk and protective factors, as this requires an assessment of causality (Johnson et al., 2021); this is why we have preferred to refer to markers in this paper.

Finally, tracking potential sex differences in mouth-looking across developmental time will be important, as these differences may not be stable but could emerge only during certain periods. Longitudinal studies tracking these differences from the first months of life until toddlerhood will be necessary to obtain a comprehensive developmental picture and assess the impact of both initial biological influences and infants’ experiences on them. In addition, it would be particularly valuable to investigate potential sex differences in mouth-looking and their links to language development not only in the second half of the first year of life but throughout the first two years of life, to capture potential links with multiple language skills, including pre-linguistic skills such as canonical babbling and the production of word approximations.




5 Conclusion

Females are more likely than males to exhibit higher language skills across both autistic (Harrop et al., 2021; Lai et al., 2015) and neurotypical populations (Eriksson et al., 2012) during early and mid-childhood (0–11 years). Neurotypical males start to catch up with female peers after age 6 years (Bornstein et al., 2004), but this phenomenon remains inconclusive in autistic males (e.g., Nishimura et al., 2023). What developmental mechanisms underlie this difference between sexes in early language acquisition? One of the possible answers lies in how females visually attend to the articulating mouth of talking faces from early on in life, which may potentially enhance their ability to extract linguistic information efficiently, thereby providing them with an advantage in later language acquisition compared to males.

Drawing from existing evidence on sex differences in language acquisition and social attention in neurotypical infants and young autistic individuals, in this article we have outlined the hypothesis that selective attention to the articulating mouth during infancy may be a female-specific early marker that may serve as a sex-specific protective marker for language acquisition in populations at elevated likelihood for autism. The implications of our hypothesis are that: (1) sex differences in this attentional mechanism of language acquisition may be shared by young autistic children (Harrop et al., 2018), EL-infants (Chawarska et al., 2016; Kleberg et al., 2019), and neurotypical infants (Alexander and Wilcox, 2012), following a continuous distribution across autistic individuals and the general population; (2) females, at a group level, are likely to show a more efficient trajectory of selective attention to the mouth than males across these populations; and (3) this protective effect on language development is also expected to be shared among young autistic females, female EL-infants, and neurotypical infant females, at a group level. Ultimately, we propose that sex may override or enhance genetic risk markers linked to autism and its associated language differences by modulating this attentional mechanism.

We have also reviewed behavioral, neural, genetic, and hormonal evidence pointing to potential mechanisms placed at the biological and environmental levels that may account for sex-differentiated neurodevelopmental pathways of mouth-looking and language development. Evidence suggests that sex differences manifest at a group level in several of these mechanisms already in utero and likely extend through the lifespan. We believe that there are likely to be sex-specific pathways of language acquisition along a continuum, with potential individual differences within sexes also being plausible. Several of these mechanisms where sex differences are present (e.g., functional connectivity in social brain networks, testosterone levels, and language input from caregivers) play critical roles in social cognition development. This speaks for the possibility that differences in some socio-communicative skills (e.g., language acquisition) typically observed in autism may disproportionately affect males than females from early on, potentially cascading in male-specific liabilities in these domains across neurotypical and autistic populations. Weighted cumulative risk and protective markers in other mechanisms of social development may contribute to typical or different trajectories of language acquisition in infant males. Notably, sex differences were also evident across autism likelihood status, suggesting continuity in the mechanisms underlying language development in infants with both neurotypical and potentially different trajectories.
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Footnotes

1   Here, we understand gender as an umbrella term that refers to socially constructed characteristics of women and men, including behaviors, roles, activities, and attributes that a given society considers appropriate for each of them (WHO, 2024).

2    Lozano, I., Duszyk-Bogorodzka, A., Sophie Ribu, I., Laudańska, Z., Szmytke, M., Dynak, A., et al. (under review). The role of attention to the mouth of talking faces for vocabulary skills during toddlerhood: does language familiarity still matter? Manuscript submitted for publication.
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This study investigates early development and language acquisition in moderate-to-late preterm (MLPT) infants, focusing on social communication as a key factor. Using a longitudinal design, social communicative, cognitive and language outcomes were assessed at 12, 18, and 24 months in 106 infants, including 49 MLPT and 57 full-term (FT) infants. Standardized tools, including the Bayley Scales of Infant and Toddler Development (Bayley-III), the Vineland Adaptive Behavior Scales (Vineland-3), and the Social Attention and Communication Surveillance-Revised (SACS-R), were used to assess early developmental performance. Group differences and the interaction between group and assessment time points were analyzed to examine developmental patterns over time. Additionally, predictive models identified early indicators of receptive and expressive language performance at 24 months. The results revealed significant developmental delays in the MLPT group compared to their FT peers, with receptive language showing the most pronounced deficits. Early social communication behaviors, such as pointing, following a point, and attending to sounds at 12 months, emerged as strong predictors of both receptive and expressive language performance. Cognitive abilities also played a significant role, particularly in receptive language development. These findings underscore the utility of tools like the SACS-R in identifying early communication challenges and guiding tailored support strategies. Sustained developmental monitoring and targeted interventions that foster communication skills may promote positive language outcomes in MLPT infants, supporting their long-term developmental potential within this population with increased developmental needs.
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1 Introduction

Early social communication constitutes a prerequisite for both receptive and expressive language development, as it helps infants understand the purpose and function of language in social contexts, as well as in the acquisition of formal aspects of language (Bejarano-Martín et al., 2020; Määttä et al., 2012; Tomasello, 1992). Social communication refers to the ability to use verbal and nonverbal cues to interact with others in different situations. These early cues—such as gestures, facial expressions, vocalizations, word production, and joint attention—are socially oriented. They reflect a natural tendency to understand and share interests, experiences, and emotions, as well as to engage in interpersonal interactions (Hansen et al., 2018; Jethava et al., 2022). If these cues are absent or lack social intent, it may indicate developmental concerns and potential challenges in language acquisition. For example, the absence or delay of spoken language by age two is one of the earliest and most prominent warning signs of neurodevelopmental conditions, such as autism; however, these delays are often preceded by a paucity or lack of earlier social communication behaviors (Barbaro and Dissanayake, 2010; Delehanty et al., 2018; Nitzan et al., 2023). Additionally, early social communication is closely linked to cognitive development. The ability to share attention, recognize social cues, and respond appropriately shapes how a child processes social information and interacts with the environment (Jethava et al., 2022; Delehanty et al., 2018). Sharing attention with a social partner is considered a key milestone in infant neurodevelopment, as it promotes social learning opportunities and supports language acquisition (Olafsen et al., 2012; Tomasello, 2006). Consequently, early assessments of social and attentional communication are crucial for identifying the likelihood of diverse neurodevelopmental trajectories. The relationship between early social communication, language and cognitive development is bidirectional and complex, with each domain influencing the other rather than following a simple causal pathway.

Many external factors can influence neurodevelopment. For example, prematurity can significantly impact multiple domains, increasing the likelihood of neurodevelopmental disorders (Mateus et al., 2019; Pettinger et al., 2023). Significant developmental challenges are often attributed to infants classified as very preterm (Gestational age [GA] between week 28 and week 31 + 6 days) or extremely low preterm (less than 28 weeks of GA). However, there has been a recent increase in research focusing on moderate-to-late preterm infants (MLPT, GA between week 32 and week 36 + 6 days). As the largest group of preterm infants, MLPT infants have been increasingly suggested to be at a relatively higher risk of neurodevelopmental challenges compared to full-term (FT) infants (Pettinger et al., 2023). Likewise, these infants are also considered physiologically and metabolically immature (Mitha et al., 2024; Palumbi et al., 2018). The final weeks of gestation are crucial for neurobiological development, supporting the maturation of neural circuits and structural and functional connectivity involved in attention, sensory integration, emotional regulation, and higher-order cognitive functions (La Rosa et al., 2024; Tau and Peterson, 2010; Leisman et al., 2024). For example, when these processes are disrupted after week 32, MLPT infants may present, among other challenges, an underdeveloped sensory system (La Rosa et al., 2024). This can affect their ability to process tactile stimuli effectively, which is particularly significant given that early parent-infant interactions rely on touch—such as maternal skin-to-skin contact—to provide comfort, promote a sense of security, and facilitate subsequent socio communicative and emotional development (La Rosa et al., 2024). Considering these neurobiological mechanisms, a better understanding of their impact on MLPT infants is essential. Cognitive impairments have been identified as the most common adverse outcome in MLPT, followed by neuromotor and sensory challenges, as well as neurodevelopmental conditions (Palumbi et al., 2018; Johnson et al., 2015). Given the interdependence of developmental domains, it is crucial to identify and address social communication challenges as an early stage (Jethava et al., 2022; De Schuymer et al., 2011). Early interventions may foster not only cognitive and social development but also improvements in receptive and expressive language skills (Bejarano-Martín et al., 2020; Olafsen et al., 2012).

In the literature, most studies comparing preterm and FT infants focus on extremely and very preterm groups (De Schuymer et al., 2011; De Schuymer et al., 2012; Benassi et al., 2016; Evrard et al., 2011; Olafsen et al., 2006; Sansavini et al., 2015; Muller-Nix et al., 2004; De Groote et al., 2006), with fewer examining MLPT specifically or including all preterm categories (Mateus et al., 2019; Pettinger et al., 2023; Mitha et al., 2024; De Schuymer et al., 2012; Montirosso et al., 2010). However, these studies report that preterm infants, regardless of category, exhibit lower performance in early social communication behaviors compared to their FT peers. At 12 months, infants typically develop joint attention and basic communicative gestures, which are foundational for subsequent language acquisition. Preterm infants show reduced social response, fewer initiating behaviors, gestures, and vocalizations (Mateus et al., 2019; De Schuymer et al., 2011; Benassi et al., 2016; Evrard et al., 2011; Olafsen et al., 2006). They also demonstrate less engagement in interactions and a greater tendency for escape behaviors (De Schuymer et al., 2012; Evrard et al., 2011; Sansavini et al., 2015; Montirosso et al., 2010). By 18 months, rapid vocabulary growth and increased complexity in social interactions occur, making it a crucial period for identifying persistent delays and intervening accordingly. At this point, preterm infants continue to exhibit significantly reduced social responsiveness and initiating behaviors, often displaying greater passivity during interactions (Mateus et al., 2019; De Schuymer et al., 2011; Muller-Nix et al., 2004). At 24 months, language abilities are more pronounced, and infants are expected to have an increasing expressive vocabulary and more sophisticated receptive language skills. However, preterm infants demonstrate significantly less communicative behaviors and interest in interactions, including reduced social initiation (De Groote et al., 2006). Consequently, delays in language abilities become apparent at this age, with preterm infants showing difficulties in both language comprehension and production (Sansavini et al., 2015). Beyond infancy, language challenges in preterm children can persist into school age and adolescence (Palumbi et al., 2018), particularly in grammatical and morphosyntactic skills, narrative abilities, and vocabulary development. These children often struggle to construct complex sentences, organize coherent stories, and demonstrate reduced expressive and receptive vocabulary (Crosbie et al., 2010; Guarini et al., 2016; Van Noort-van Der Spek et al., 2012; Zimmerman, 2018). Conversational difficulties include reduced initiative and challenges in maintaining reciprocal interactions, thereby leading to comprehension delays that may impact their ability to follow complex instructions and engage in advanced linguistic tasks (Zimmerman, 2018; Martínez-Nadal and Bosch, 2020; Sanchez et al., 2020).

These early difficulties in social communication are observable as early as the first year of life in preterm infants (Pérez-Pereira et al., 2013). However, the extent and significance of such differences compared to FT peers can vary, influenced by factors such as GA, birth weight, perinatal or clinical characteristics, and variability in assessment methods (Pérez-Pereira, 2021; Sansavini et al., 2011). These behaviors are typically assessed through observations of mother-infant interactions, with researchers often developing coding schemes for these dyadic observations; nevertheless, standardized tools such as the Early Social Communication Scales (ESCS) (Mundy et al., 2003) are also frequently used. Previous research has examined how preverbal skills, assessed using the ESCS within the first 2 years of life, may mediate the relationship between preterm birth and later language acquisition (De Schuymer et al., 2011). To our knowledge, there is a scarcity of studies specifically addressing the social communication development of MLPT infants during the first 2 years of life. Addressing this gap is crucial, as these infants may experience subtle yet meaningful developmental challenges that can shape later language acquisition and broader socio-cognitive outcomes, highlighting the need for early identification and targeted interventions. The objectives of this study were therefore twofold: (i) to compare early developmental outcomes between MLPT and FT infants at 12, 18, and 24 months, examining the interaction between group and assessment time points; and (ii) to identify which social communication behaviors observed at 12 months, along with clinical, sociodemographic, and other relevant developmental measures, are the strongest predictors of language outcomes at 24 months, both within the MLPT preterm group and across a combined sample of preterm and FT infants. The hypotheses were, for objective one, MLPT preterm infants would exhibit significant differences in early developmental outcomes compared to FT infants at the assessment time points, and that a significant interaction between group and assessment time points would be observed, suggesting that the developmental trajectories of the two groups differ over time. For objective two, it was hypothesized that social communication behaviors observed at 12 months, along with clinical factors and sociodemographic variables, would be significant predictors of language outcomes at 24 months. Additionally, within the combined sample, prematurity would emerge as a significant predictor of language outcomes at 24 months.



2 Method


2.1 Participants

A total of 106 infants participated in this study (49 MLPT, 57 FT), with birth dates ranging from June 2020 to August 2023. The findings reported are part of a longitudinal study conducted by the University of Salamanca in collaboration with the University Clinical Hospital of Salamanca, Spain. The original cohort was assessed at 12, 18, 24, and 36 months. MLPT infants were recruited from the neonatal intensive care unit (NICU). The inclusion criteria were as follows: (i) GA less than 37 weeks; (ii) normal neuropediatric status, with no evidence of brain injury, syndromes, or congenital malformations; (iii) absence of hearing or visual impairments; and (iv) no siblings diagnosed with a neurodevelopmental condition. Infants requiring stabilization and NICU admission after birth were included, provided they met the other inclusion criteria. Healthy FT infants (GA > 37 weeks) were recruited from health centers in the provinces of Salamanca, Zamora, and Valladolid, Spain.

The composition of the sample is summarized in Table 1. The minimum sample size was determined based on prior studies using similar methodologies and tools (De Schuymer et al., 2011; Olafsen et al., 2006), and was exceeded in this study. Additionally, a post hoc power analysis indicated that our minimum final sample size per group (n = 41) provided 88% power to detect an effect size of d = 0.7 at a significance level of 5%, with reference studies reporting effect sizes ranging from medium to large. The two groups (MLPT/FT) showed significant differences in GA and birth weight. Both groups were equivalent in terms of gender distribution, parental age at conception, and corrected age at each assessment point. However, the MLPT group showed a significantly higher incidence of twin pregnancies, as well as pregnancy-related and neonatal complications. Significant differences were also found in family socioeconomic status (SES), with the MLPT group exhibiting a lower SES compared to the FT group. A considerable proportion of participants in both groups scored below the normative threshold (standard score < 85) on the Bayley-III cognitive and language scales, as well as on the Vineland-3 Adaptive Behavior Composite (ABC).



TABLE 1 Sample composition and group comparisons on key sociodemographic and neonatal variables.
[image: Table comparing clinical and demographic characteristics between moderate-to-late preterm (MLPT) and full-term (FT) groups, showing means, standard deviations, and percentages for variables such as gestational age, birth weight, clinical complications, parental ages, socioeconomic status, and neurodevelopmental assessment scores at 12, 18, and 24 months, with statistical significance indicated for several differences.]



2.2 Procedure

The study was reviewed and approved by the Research Ethics Committee of the University of Salamanca (Registration Number: 562_211220), in full compliance with all ethical standards. Informed consent was obtained from all participating families. Families of the MLPT infants were contacted by phone through the University Clinical Hospital of Salamanca, while families of FT infants were invited to participate during their 9-month pediatric check-up at health centers. Interested families filled out a form that pediatricians forwarded to the research unit. Both groups were invited to participate in a neurodevelopmental evaluation, and appointments were scheduled for 12, 18, and 24 months, with a margin of 1 month. Corrected age was systematically applied to the MLPT cohort at each assessment point. All assessments were conducted in a single session, with duration varying based on the assessment time point (12, 18, or 24 months) but never exceeding 2 h. Sessions took place in a child-friendly environment designed to minimize distractions, with two trained examiners, the infant, and at least one parent present. Examiners were blinded to GA and clinical history, although complete blinding to group status was not always possible. Each session began with an informal conversation with the parent to explain the procedure and their role. The Bayley-III was administered first, starting with the cognitive scale, followed by the language scale, and concluding with the SACS-R. Meanwhile, one of the parents, seated nearby, completed the Vineland-3 reported form on a tablet. At 12 months. After these assessments, a pediatric neurologist conducted a physical examination and an interview to collect clinical and sociodemographic information.



2.3 Measures


2.3.1 Clinical and sociodemographic variables

Several variables related to pregnancy and childbirth were considered, including GA calculated in complete weeks from the mother’s last menstrual period, birth weight, twin pregnancy, method of conception (e.g., in vitro fertilization [IVF]), pregnancy-related complications (e.g., gestational diabetes, hypertension, hypothyroidism), mode of delivery, and length of stay in the NICU. Neonatal complications were also recorded, such as fetal distress; hypoglycemia; neonatal respiratory disorders (including respiratory distress syndrome and apnea); intraventricular hemorrhage (grade I); and retinopathy of prematurity (grade I). Additionally, parental age at conception was recorded, and SES was determined using the Hollingshead Four-Factor Index of Social Status (Hollingshead, 1975), which evaluates SES based on the highest educational attainment and employment status of both parents.



2.3.2 Bayley scales of infant and toddler development—third edition (Bayley-III)

The Bayley-III is a widely used instrument for assessing cognitive, language, and motor development in infants and toddlers up to 42 months, and has demonstrated validity and strong reliability in preterm populations (Aylward, 2017). In this study, its standardized Spanish version (Bayley, 2015) was used by the examiners to assess cognitive and language development. Raw scores were converted into scaled scores (range 1–19), and then into composite scores (mean = 100, SD = 15). Composite scores were used descriptively for the cognitive and the language scale, which combines the receptive and expressive subscales. For the primary analyses, scaled scores were used, resulting in three outcome measures: Cognitive, Receptive, and Expressive.



2.3.3 Vineland adaptive behavior scales—third edition (Vineland-3)

Social-adaptive development was assessed using the Spanish version of the Vineland-3 comprehensive parent-caregiver form (Sparrow et al., 2016), based on parent-reported information. Scaled scores (range 1–24) were derived for each subdomain, along with ABC, a composite score that reflects overall adaptive behavior (M = 100, SD = 15). Seven outcomes were derived: Receptive language, Expressive language, Personal, Interpersonal Relationships, Play and Leisure, and ABC.



2.3.4 Social attention and communication surveillance (SACS-R)

Social attention and communication were evaluated using the SACS-R, a valid and reliable screening tool designed for identifying behaviors related to social attention and communication difficulties in children aged 12–36 months (Barbaro and Dissanayake, 2010). It was originally developed to detect early signs of autism and is widely recognized as one of the most widely used tools. However, it has also been shown to be effective in identifying developmental and language delays in children (Barbaro et al., 2022). The tool includes age-specific critical behavioral items, which are positively scored when observed by the examiner (e.g., pointing, waving “bye-bye,” imitation or response to name). The absence of these behaviors may indicate potential challenges in social attention and communication difficulties. No modifications were made to the scale. Eleven outcomes from the 12-month assessment were analyzed, reflecting key early social communication behaviors (see Table 2).



TABLE 2 Descriptive statistics for MLPT and FT groups across assessment points.
[image: Data table compares developmental outcomes between moderate-to-late preterm (MLPT) and full-term (FT) children at 12, 18, and 24 months using Bayley-III, Vineland-3, and SACS-R measures, with means, standard deviations, p-values, and effect sizes shown; significant differences are observed in cognitive, receptive, and expressive scores, especially at 24 months.]




2.4 Analysis

Prior to conducting the analyses, variability related to GA within the preterm group was partially controlled by restricting the analysis to MLPT infants, thereby reducing the range of GA. However, four infants outside the MLPT category were included, as their presence did not significantly impact the results. Descriptive statistics were computed for all demographic and clinical variables, and group differences were examined using t-tests for continuous variables and Chi-square tests for categorical variables.

To address the first aim —comparing early developmental outcomes between MLPT and FT infants across assessment points— t-tests were performed, with Cohen’s d reported as the effect size for significant findings. For categorical variables, Chi-square tests were conducted. Variables showing significant group differences were further analyzed using a 2 × 3 repeated-measures factorial ANOVA to examine main effects and interaction effects. Partial eta squared (η2p) was used to quantify effect sizes for overall model, while Cohen’s d was calculated for post hoc contrasts. When the assumption of sphericity was violated, the Huynh-Feldt correction was used. Bonferroni post hoc tests were applied to adjust for multiple comparisons.

To address the second aim—identifying predictors of language outcomes at 24 months— multiple linear regression models were employed. Key predictors were initially identified through bivariate correlations of clinical data and assessment outcomes collected at 12 months, with language outcomes at 24 months. Variables with significant correlations were included as independent variables. Predictive models of receptive and expressive language were developed using a stepwise approach to retain the most relevant predictors. Four predictive models were constructed: two global models combining MLPT and FT infants (with prematurity as a variable) and two specific models for the MLPT group (with prematurity as a constant). For each model reported the adjusted R-squared (R2) (indicating the variance explained, as well as the regression coefficients).

Descriptive analyses, marginal means plots (interaction plots) and multiple linear regression analyses were performed using SPSS v. 28 (IBM Corp, 2021), while factorial ANOVAs were conducted using jamovi (The jamovi project, 2024).



2.5 Missing data

Sample sizes varied across measures and visits. Despite attrition at certain assessment points, post hoc power analyses indicated that our study maintained sufficient power to detect meaningful effects. For example, pregnancy and childbirth data were incomplete for four FT participants due to unfinished pediatric examinations. Additionally, 16 FT participants were excluded from the SES index analysis due to a lack of parental employment information. By the 18-month visit, seven participants had withdrawn from the study, and three had missed the visit due to scheduling conflicts. By the 24-month visit, five additional participants had withdrawn. Additional data losses occurred primarily due to infant fatigue during assessments or inaccuracies in parental reporting. As a result, final sample sizes for developmental assessments were as follows: at 12 months, the sample sizes were MLPT = 48 (SACS-R, n = 49) and FT = 55 (Vineland-3, n = 54); at 18 months, MLPT = 44 (Vineland-3, n = 43) and FT = 50; and at 24 months, MLPT = 41 (Vineland-3, n = 39) and FT = 48.




3 Results


3.1 Aim 1

Table 2 summarizes the means and standard deviations for the MLPT and FT groups on the Bayley-III, Vineland-3, and SACS-R measures. At 12 months, significant differences were observed only in Cognitive. By 18 months, significant differences emerged in Receptive. By 24 months, MLPT infants scored significantly lower than their FT peers across all three Bayley-III scales, with moderate to large effect sizes. No significant differences were found in any of the Vineland-3 subdomains at any age or in the SACS-R items at 12 months.

In the 2 × 3 factorial ANOVA, significant main effects were observed for Cognitive scores, for group (MLPT < FT) (F = 5.85, p = 0.018, η2p = 0.067) and assessment time point (F = 4.36, p = 0.014, η2p = 0.051). Post hoc analysis revealed a significant difference between 18 and 24 months (t = −2.822, p = 0.018, d = 0.31). Although descriptive data suggested a larger group difference at 24 months (Figure 1), no significant interaction effect was observed (F = 1.87, p = 0.157, η2p = 0.022).

[image: Line graph comparing cognitive scores on the Bayley-III for two groups, FT (dashed line) and MLPT (solid line), at 12, 18, and 24 months. FT group maintains higher mean scores across all time points. Error bars shown for each data point.]

FIGURE 1
 Cognitive scores as a function of group and assessment time point. This figure illustrates differences in Cognitive scores between MLPT and FT groups across assessment points (12, 18, and 24 months).


For Receptive scores, significant main effects were found for group (F = 15.9, p < 0.001, η2p = 0.163) and assessment time point (F = 4.20, p = 0.017, η2p = 0.049). Post hoc analysis showed a significant difference between 12 and 24 months (t = −2.50, p = 0.043, d = 0.27). Significant interaction effects were found between group and assessment time points (F = 5.09, p = 0.007, η2p = 0.058). As shown in Figure 2, group effects varied by time point, with the interaction ocurring between 12 months (non-significant) and 18 months (significant). Post hoc tests revealed that while no significant differences were observed at 12 months (t = 1.96, p = 0.806), differences appeared at 18 months (t = 4.31, p < 0.001, d = 0.94) and remained at 24 months (t = 0.74, p = 0.005, d = 0.16).

[image: Line graph illustrating receptive language scores (Bayley-III) at 12, 18, and 24 months for two groups: FT (dashed line) and MLPT (solid line). FT group shows higher average receptive scores at all time points compared to MLPT, with error bars indicating variability.]

FIGURE 2
 Receptive scores as a function of group and assessment time point. This figure illustrates differences in Receptive scores between MLPT and FT groups across assessment points (12, 18, and 24 months).


Finally, main effects for Expressive scores showed significant differences for group (F = 4.379, p = 0.039, η2p = 0.051) and assessment time point (F = 6.37, p = 0.003, η2p = 0.072). Post hoc analysis showed significant differences between 12 and 18 months (t = 3.91, p < 0.001, d = 0.43). Significant interaction effects between group and assessment time points approached significance (F = 3.28, p = 0.046, η2p = 0.038). Figure 3 shows that group differences varied across time points, with the interaction occurring between 18 and 24 months.

[image: Line graph showing expressive scores (Bayley-III) on the y-axis from four to twenty, compared across FT (dashed line) and MLPT (solid line) groups at twelve, eighteen, and twenty-four months on the x-axis. Both groups show scores ranging from approximately eight to ten, with the FT group consistently higher, and error bars indicating variability at each time point.]

FIGURE 3
 Expressive scores as a function of group and assessment time point. This figure illustrates differences in Expressive scores between MLPT and FT groups across assessment points (12, 18, and 24 months).




3.2 Aim 2

Both global models (including the entire sample of MLPT and FT infants) and specific models (focusing on the MLPT group) were developed to predict language outcomes on the Bayley-III at 24 months. The bivariate correlation matrix, identifying key 12-month predictive variables for the models, is presented in Supplementary Table 1. Table 3 shows the R2 gain contributed by each variable entered, total adjusted R2, along with the regression coefficients for each model.



TABLE 3 Regression coefficients and R2 gains for models predicting 24-month language outcomes.
[image: Table displaying regression models for predicting receptive and expressive language at 24 months using variables from 12 months, showing four models with dependent variables, entered predictors, R-squared changes, total adjusted R-squared, and model coefficients. Models include both global and MLPT-specific samples, with predictors such as pointing, cognitive, attending to sounds, receptive, and interpersonal skills, and list R-squared changes and coefficients for each variable entered in sequence. A table note explains candidate variable exclusion criteria, significance thresholds, and definitions for R-squared and coefficients.]

For the global model of receptive language (Model 1), the initial set of predictors included: group (MLPT/ FT), GA, birth weight, pregnancy-related complications, neonatal complications, SES; Cognitive and Expressive from the Bayley-III; Expressive and Receptive language, Personal, and ABC from the Vineland-3; Pointing, Eye contact, Waving ‘bye-bye’, Imitation, Response to name, Follows point, Says 1–3 clear words, Understands simple instructions, and Attending to sounds from the SACS-R. To avoid redundancy, the Receptive variable from the Bayley-III at 12 months was excluded. After stepwise estimation, the significant predictors in Model 1 were: Pointing, Cognitive, Attending to sounds, Follows point, and group (MLPT/FT). Together, these predictors explained 50% of the variability in receptive language at 24 months (adjusted R2 of 0.50).

In the specific model of receptive language (Model 2), the following predictors were considered: SES; Cognitive and Expressive from the Bayley-III; Expressive and Receptive language, Interpersonal, and ABC from the Vineland-3; Pointing, Eye contact, Response to name, Follows point, Understands simple instructions, and Attending to sounds from the SACS-R. The significant predictors in Model 2 were: Attending to sounds, Follows point and Cognitive, which together explain 60.5% of the variability in MLPT infants’ receptive language at 24 months (adjusted R2 of 0.605).

Regarding the global model of expressive language (Model 3), the following independent variables were entered: GA, pregnancy-related complications, neonatal complications, SES; Cognitive and Receptive from the Bayley-III; Receptive and Expressive language, Interpersonal, and ABC from the Vineland-3; Pointing, Eye contact, Waving ‘bye-bye’, Response to name, Follows point, Says 1–3 clear words, Understands simple instructions, and Attending to sounds from the SACS-R. The Expressive variable from the Bayley-III at 12 months was not included to avoid redundancy. The significant predictors in Model 3 were: Cognitive, Pointing and Interpersonal, which together explain 38% of the variability in expressive language at 24 months (adjusted R2 of 0.380).

Finally, for the specific model of expressive language (Model 4), the following predictors were considered: SES; Cognitive and Receptive from the Bayley-III; Receptive and Expressive language, Interpersonal, and ABC from the Vineland-3; Pointing, Response to name, and Attending to sounds from the SACS-R. The significant predictors in Model 4 were: Interpersonal, Attending to sounds and Receptive, which together explain 37.2% of the variability in MLPT infants’ expressive language at 24 months (adjusted R2 = 0.372).




4 Discussion


4.1 Longitudinal assessment of early developmental differences between MLPT and FT

For early developmental assessment, the cognitive and language subscales of the Bayley-III were used, along with the subdomains of the Vineland-3 to evaluate adaptive behavior, and the SACS-R to screen early attentional and social communication skills. Regarding the Bayley-III, infants consistently demonstrated better performance on the cognitive scale than on both language subscales across the three assessment time points. At 12 months, significant differences were observed in Cognitive, with MLPT infants scoring lower than their FT peers, aligning with previous findings (Oliveira et al., 2024; Sansavini et al., 2014). At this age, no significant differences were observed in Receptive or Expressive, consistent with Benassi et al. (2016) findings on extremely preterm infants. The relatively low linguistic demands at this age, combined with potential limitations of the Bayley-III in detecting subtle language variations, may obscure or underestimate early delays, as suggested by studies on preterm populations (Spencer-Smith et al., 2015; Garfinkle et al., 2024). At 18 months, difficulties in Receptive became apparent. Similar results were reported by Greene et al. (2013) in very low birth weight infants, highlighting that receptive language exhibited the most pronounced differences among subscales, with preterm infants demonstrating significantly lower scores over time. Finally, by 24 months, significant group differences were observed across all Bayley-III scales. These findings align with those of Olsen et al. (2022), who reported similar differences in extremely preterm infants, suggesting that developmental disparities are also evident in MLPT infants. Conversely, parental ratings on the Vineland-3 showed no significant group differences across the three assessment time points, in contrast to the objectively measured differences identified through the Bayley-III. In some subdomains, such as Expressive language and Personal, MLPT infants even scored higher. These results may reflect parental overestimation of their infants’ abilities or an adjustment of their expectations to accommodate early developmental challenges (Sansavini et al., 2011). The lack of significant group differences in adaptive measures underscores the limitations of parent-reported tools, which may fail to accurately capture developmental delays, particularly in MLPT infants. Finally, although a higher proportion of MLPT infants were at risk for delays compared to FT, the SACS-R did not reveal significant group differences. T This finding contradicts our expectations based on ESCS results at 12 months in extremely and very preterm infants (Mateus et al., 2019; De Schuymer et al., 2011; Olafsen et al., 2006). The developmental surveillance approach and categorical nature of the SACS-R, primarily designed to identify autism-related behaviors, may limit its sensitivity in detecting group differences in research contexts. Nonetheless, the SACS-R’s capacity to flag early social communication challenges, which may also indicate broader developmental risks such as language delays (Barbaro and Dissanayake, 2010), underscores its value as a tool for prevention and early intervention.



4.2 Interactions between group and assessment time points with Bayley-III

Main effects of group and assessment time point were significant across all Bayley-III scales, indicating that MLPT infants consistently underperformed compared to term peers, and that overall performance varied significantly across time points. Interaction effects between group and assessment time points were not significant for Cognitive. However, a marginally significant effect was found for Expressive, indicating that the gap may start to widen between 18 and 24 months. Finally, a significant interaction effect was observed for Receptive, emerging at 18 months and persisting at 24 months. This suggest a widening developmental gap in language domains over time, that aligns with prior evidence showing that cognitive delays in preterm infants tend to remain stable but may contribute to language-specific deficits (Zimmerman, 2018). Receptive difficulties may precede and intensify expressive language delays, underscoring the foundational role of comprehension in supporting language production. As environmental demands become more linguistically and cognitively complex, deficits in comprehension can further exacerbate challenges in cognitive development, given that language serves as a critical tool for navigating and processing increasingly intricate social and cognitive tasks (Guarini et al., 2016; Sansavini et al., 2014). This brings into consideration when catch-up occurs, as corrected age is commonly used until 2 years of age (Parekh et al., 2016) and often discontinued thereafter, assuming that preterm infants have closed the gap with their FT peers. However, there is increasing uncertainty about when to discontinue age correction. In line with this, our findings suggest that MLPT infants continue to experience cumulative difficulties as developmental demands increase, indicating that the trajectory of their development remains distinct beyond this point. Prior research supports this pattern, showing that differences across all Bayley-III scales persist beyond 36 months in preterm infants, even when corrected age is applied (Sansavini et al., 2014; López-Hernández et al., 2021). Greene et al. (2013) further reported that delays in cognitive and receptive language skills among very low birth weight preterm infants become more pronounced between the first and second years of life. Similarly, Zimmerman (2018) highlights persistent deficits in both expressive and receptive language that extend into the school years among very preterm children. These findings emphasize the complex and non-linear nature of early social communication, cognitive development, and language acquisition in preterm population, reinforcing the need for sustained and targeted intervention strategies strategies that extend beyond infancy to effectively support their developmental progress.



4.3 Predictive models of 24-month language outcomes on the Bayley-III

Predictors of language outcomes at 24 months were identified through early social communication behaviors assessed at 12 months using the SACS-R, alongside developmental measures from the Bayley-III, parent-reported subdomains of the Vineland-3, and clinical and sociodemographic factors. The SACS-R effectively identified early social communication behaviors that predicted Receptive and Expressive performance at 24 months.

Previous research has consistently demonstrated the link between early social communication skills and later language performance. For example, Suttora and Salerni (2012) reported that communicative gestures, such as pointing at 12 months, are positively associated with linguistic skills at 18 and 24 months in very preterm infants. Gestures, particularly pointing, facilitate interaction and shared meaning, which are fundamental for language learning (Olafsen et al., 2006). Similarly, Wong et al. (2014) found that higher scores on autism-related checklists, such as the Q-CHAT, are associated with lower Bayley-III language scores in extremely and very preterm infants. While these behaviors are often assessed in autism screening, their importance for joint attention and social interaction makes them central to early language development. In our study, key predictors of language outcomes at 24 months included Attending to sounds, Follows point, and Pointing, with better performance on these social communication behaviors at 12 months being positively associated with higher Receptive and Expressive scores at 24 months. These items represent the core attentional processes and joint attention skills assessed by the SACS-R, highlighting their central role in early language development. In line with this, Di Rosa et al. (2016) found that extremely preterm infants at 24 months showed persistent developmental delays, with attention and language issues being prominent outcomes. In the receptive language models, attentional response behaviors (e.g., Attending to sounds and Follows point) were significant predictors in both the global and preterm-specific models. This reinforces the role of early attentional regulation in supporting receptive language acquisition, as these behaviors require the infant to focus and respond to meaningful social stimuli. Furthermore, the initiating joint attention behavior of Pointing emerged as a key predictor of both Receptive and Expressive in the global models. This emphasizes the universal importance of pointing for language performance, regardless of GA. Suttora and Salerni (2012) identified pointing as a significant skill in very preterm infants, whereas De Schuymer et al. (2011) highlighted initiating behavioral requests as the strongest predictor of expressive language development in the same population. Early social communication behaviors that rely on attentional processes are closely linked to broader cognitive functions. The ability to sustain and direct attention toward relevant stimuli facilitates early engagement in social interactions, which forms the foundation for receptive and expressive language growth.

Additionally, Cognitive at 12 months emerged as significant predictors of Receptive performance at 24 months, whereas Receptive at 12 months predicted Expressive performance at 24 months, in both the global and preterm-specific models. Once again, cognitive skills may provide the foundation for early comprehension, and comprehension, in turn, facilitates expressive language growth. Finally, in both expressive language models, Interpersonal skills was the only subdomain of the Vineland-3 to emerge as a significant predictor. Higher performance in Interpersonal skills at 12 months was associated with better Expressive performance at 24 months, reflecting the broader role of early social abilities in supporting expressive language development.

Regarding other potential predictors described in the literature, birth status (MLPT/FT) was a significant predictor of Receptive performance, consistent with De Schuymer et al. (2011), with MLPT infants showing a higher risk for delays. In contrast, sociodemographic and neonatal factors, such as SES and clinical complications, were not significant predictors in our models. This aligns with other studies on preterm populations, which reported minimal influence of SES, birth weight or GA on language outcomes (Van Noort-van Der Spek et al., 2012; Di Rosa et al., 2016). However, other investigations found strong associations between language outcomes and factors such as socioeconomic disadvantage (e.g., SES, ethnicity) and neonatal risks (Greene et al., 2013; Wong et al., 2014; Palomo-Osuna et al., 2022). These discrepancies underscore the need for further research using adequate methodologies to better understand the role of SES, clinical factors, and environmental influences.

Overall, this study highlights the utility of tools like the SACS-R in identifying early social communication deficits that predict later language delays, particularly in Receptive, which consistently emerged as the most affected domain across all analyses. While primarily designed for autism screening, our findings demonstrate its broader value in detecting risks for language development. Given the foundational role of receptive in supporting expressive language and overall developmental outcomes, integrating tools like the SACS-R into early screening protocols could facilitate timely interventions that target both social communication skills and language outcomes. This, in turn, could support better developmental trajectories for at-risk populations, such as MLPT.



4.4 Factors influencing development and future research directions

Finally, several considerations should be taken into account regarding this study. One key limitation is the use of convenience sampling, combined with differences in recruitment methods between MLPT and FT groups, may limit the generalizability of the findings. However, this approach is common in studies of this nature due to the challenges of accessing this specific population.

One important consideration is that cognitive performance was not statistically controlled as a covariate, as it was treated as a variable of interest in this study. Consequently, it remains unclear to what extent the observed effects and predictions would hold if cognitive performance had been accounted for (Van Noort-van Der Spek et al., 2012; Zimmerman, 2018). This limitation may be particularly relevant in Model 1, where cognitive performance plays a significant role, and other explanatory variables could potentially better account for receptive performance. However, at the descriptive level, although a portion of MLPT infants scored below the standard cutoff of 85 on the Bayley-III cognitive scale across all assessment points, a consistently higher proportion fell below this threshold on the language subscales. This pattern suggests that some language delays may extend beyond general cognitive challenges. Future studies should control for cognitive scores for the generalizability of conclusions.

Another relevant aspect is the potential influence of interventions received during the first 2 years on language development was not examined. While much of the literature on early development focuses on how parental emotional states (Muller-Nix et al., 2004; Treyvaud et al., 2010; Gueron-Sela et al., 2015; Feldman and Eidelman, 2007) and interaction styles (Delonis et al., 2017; Korja et al., 2010; Hall et al., 2015; Sansavini et al., 2015; Loi et al., 2017) influence the development of their preterm infants, interventions initiated in the NICU (i.e., effective touch through skin-to-skin contact or kangaroo care) (La Rosa et al., 2024; Lejeune et al., 2019; Beltrán et al., 2022), or studies directly implementing early interventions (Bejarano-Martín et al., 2020; Meijssen et al., 2010; Wu et al., 2016), less attention has been given to research that considers early interventions as a study variable, particularly those targeting the development of specific domains. This highlights the need for further research in this area, as it is directly related to the developmental outcomes of preterm infants, the catch-up process of their FT peers, and how they close the gap.

Lastly, the cohort examined in this study was born during the COVID-19 pandemic, a factor that has been linked to reduced social interaction variability—due to restrictions and mask usage—which in turn has been associated with negative effects on language development (Feijoo et al., 2023). However, specific pandemic-related factors were not included in the analyses.

These considerations provide context for interpreting the findings and highlight areas for potential future investigation into the developmental trajectories and challenges faced by MLPT infants.
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Introduction: Early attentional processes are inherently linked with early parent-infant interactions and play a critical role in shaping cognitive and linguistic development. This study explored how specific early attention mechanisms-namely, exogenous attention allocation and joint attention initiation-during mother-infant interactions at 12 months may influence language development at 24 months.
Methods: A sample of 46 typically developing children was observed at 12 months during mother-infant interactions obtained through remote videotaping. Quantitative measures of exogenous attention allocation to external auditory stimuli and joint attention initiation by the infant were obtained through micro-analytical coding. Language outcomes were assessed at 24 months, with a focus on vocabulary composition (i.e., percentage of predicates).
Results: Findings showed significant negative associations between early life exogenous attention allocation and later vocabulary composition (i.e., predicate percentage). This association was modulated by joint attention initiation: infants displaying lower levels of joint attention initiation showed a negative association between exogenous attention allocation and language development.
Discussion: The findings are suggestive of a complex relationship among different forms of early attention skills and language development in the first 2 years of life.
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Introduction

The transition to the third year of life represents a pivotal turning point for language development. Children's vocabulary tends to experience a significant increase at the end of the second year of life and many children start to combine different words (Rantalainen et al., 2021). This phase is often accompanied by a substantial increase in predicates production. Nonetheless, this developmental milestone contributes to individual differences that are only partly explained. In the present study, we explored how early forms of attention at 12 months (i.e., exogenous attention allocation and joint attention initiation) might modulate individual differences in 24 months language development in typically developing children.

Children's vocabulary shows a dramatic increase in the second year of life, as infants go from learning their first words around their first birthday to an average of 300 words by their second birthday, with significant individual variability (Frank et al., 2017). Moreover, a common pattern can be found in the qualitative composition of this first vocabulary. Namely, in the very first phases of language development a larger proportion of words learned are related to first social interaction and everyday life routines whereas as the vocabulary grows a larger proportion of words learned are object names and subsequently, as combinatory abilities emerge, action (such as verbs and adjectives) and function words tend to augment. This pattern has been reported in different languages (Caselli et al., 1999; Choi and Gopnik, 1995; Maital et al., 2000; Tardif et al., 1999). A restricted percentage of predicates has also been proposed as an early marker of language delay in Italian speaking children (Camaioni and Longobardi, 1995; D'Odorico et al., 2001) and the number of verbs that children produce at age two has been shown to be a better predictor of later grammatical skills than the number of nouns (Hadley et al., 2016). Nevertheless, limited research as focused on predictors of vocabulary composition or on potential mechanisms of predicates learning (Horvath et al., 2021; Horvath and Arunachalam, 2019).

Children learn language in environments that are both rich with information and yet ambiguous, where every label can have multiple possible referents (Raz et al., 2019). We know that the parents' ability to provide labels contingently with the child's attentional focus to a specific object can support learning (Suanda et al., 2016; Yurovsky et al., 2013) and early interventions focused on parent-infant interactions capitalize on this core assumption (Buschmann et al., 2015; Fong et al., 2012; Roberts and Kaiser, 2015). Consistent with expectations, numerous studies have documented links between children's attentional abilities and their language development. This association appears to hold true across various attentional skills (Salley et al., 2013).

Attention allocation is guided by endogenous mechanisms entailing the ability to actively maintaining focus on a stimulus (sustained attention) and exogenous mechanisms leading to shifts to environmental stimuli or distractors (distractibility) (Colombo, 2001; Colombo and Cheatham, 2006). Endogenous attention allocation develops early in the first year of life but continues to improve in the second half of the first year, enhancing visual engagement, and attention allocation control (Lansink et al., 2000; Reynolds and Romano, 2016).

Higher levels of sustained attention in 9-month-olds have been linked with better language outcomes 6 months later (Yu et al., 2019). Consistently, 12-month-old infants showing frequent exogenous attention allocation to external stimuli have been described as achieving less optimal language development 6 months later (Testa et al., 2023). Notably, prior investigations in this domain have been confined to controlled laboratory environments. Consequently, the influence of early exogenous attention allocation within naturalistic, interactive social contexts involving infants and their caregivers remains largely unexplored. To bridge this knowledge gap, future research should elucidate how this facet of attention relates to subsequent language development when assessed in ecologically valid settings.

Furthermore, between 9 and 12 months, infants show significant advancements in social attention development, including joint attention engagement i.e., the ability to share their attentional focus on external stimuli with the caregivers (Bradley, 2023). In this developmental window infants are sensitive to other's gaze direction and show gradual increases in gaze- and point-following, responding to joint attention cues (Tang et al., 2024) and further expanding their ability to initiate joint attention, using their own gaze and other social cues to intentionally share attention with others (Stephenson et al., 2021). Links between joint attention and language development have been described, too (Tomasello and Todd, 1983) and social-pragmatic cues remain important sources of information about word meanings even for adults. For instance, infants learn to use the adult's gaze to acquire new words using this cue to develop word-to-world mappings (Hollich et al., 2000). Coherently, significant associations have been reported between language development and child ability to both respond to joint-attention (Delgado et al., 2002; Morales et al., 2000) and initiate joint attention by sending specific bids in the shape of gaze triangulation and early communicative behaviors (e.g., pointing; Bavin et al., 2008; Brooks and Meltzoff, 2008; McGillion et al., 2017). As previously highlighted, evidence of a link between early life exogenous attention allocation and later cognitive and language development is present in the literature (Colombo and Mitchell, 2009; Hendry et al., 2019; Wass, 2015). Although multiple studies have shown that children are active agents in their environment and their abilities and motivations greatly impact learning mechanisms (Thelen, 1995), previous research has only partly focused on the role played by children's initiation of joint attention in influencing later language outcomes.

Underlying causes of individual variability in language development are still partly unknown, as many studies on language development predictors only explain a small portion of the difference in vocabulary size (Reilly et al., 2018). Moreover, studies often investigate the main effect of potential predictors and don't account for interaction effects between predictors; conversely recent studies have highlighted the presence of complex and cumulative effects of risk factors in later development (Eadie et al., 2022). For instance, the presence of multiple risk factors has been shown to increase the probability of language delays in the general population (Hayiou-Thomas et al., 2021). However, limited research has investigated potential interactive effects between attention related measures and later language development. This dearth of evidence is regrettable considering that language development (as development in general) is shaped by diverse, interconnected, interdependent mechanisms, and its nature should prompt us to embrace complexity (D'souza et al., 2017). These dynamic interconnected effects are even more relevant in the case of attentional risk and protective factors as attentional mechanisms can both support one another (e.g., Fisher, 2019) or act in competition (e.g., Lee and Schumacher, 2024). For instance, limited studies have investigated the potential moderating effect of joint attention on the link between early individual cognitive differences and later language development (e.g., Canfield and Saudino, 2016; Salley et al., 2013) with contrasting results. For instance, recent studies have shown that infant sustained attention in the context of joint attention, but not joint attention itself, seem to be a stronger predictor of later vocabulary size, suggesting that joint attention may not just co-occur with infant sustained attention but may play a key supportive role (Yu et al., 2019). As such good joint attention skills may increase the protective effect of sustained attention or reduce the reported negative effect of frequent exogenous attention allocation on later development. On the other hand, research has shown that individual susceptibility to environmental cues in early life (i.e., environmental sensitivity—Bahrick et al., 2018; Moyano et al., 2023) can make individuals more malleable to both its positive and negative influences, essentially making them more responsive to both risk and protective factors (Greven et al., 2019). As such exogenous attention allocation—framed as an index of environmental sensitivity i.e., heightened openness to the environment—may act as a mediator in word learning enhancing or reducing the reported positive effects of joint attention engagement.

Thus, the goals of the present study were: (a) to investigate associations between 12-month exogenous attention allocation (to social auditory stimuli), joint attention initiation—measured in real-life social settings—and language development at 24 months assessing both vocabulary dimension and composition; (b) to explore the presence of interactive/modulating effects between 12-month infants' exogenous attention allocation and initiation of joint attention in predicting later language development.



Methods


Participants

Forty-six children and their families participated in the study as part of a spin-off follow-up of a longitudinal study on the association between early environmental exposures and child cognitive and emotional developmental trajectories—masked for peer review—. Families were recruited at birth from 10 local Neonatal Units in—masked for peer review—. All children were born at term, from healthy pregnancies, and had no neurological or sensory deficit diagnoses. Two waves of data collection have been selected for the purposes of the present study: 12-month-age (T1) and 24-month-age (T2). The study was approved by the—masked for peer review—Ethics Committees. All families provided informed consent prior to participating in the study.



Procedures and measures
 
Observational measures of attention

At infants' 12-month-age (a relevant developmental window where the first word production typically emerges), mothers and infants participated to a video-recorded face-to-face interaction via teleconferencing. Mothers were instructed to position their child in a highchair and sit a short distance away to facilitate interaction. They were advised not to use toys or pacifiers. The device used for the connection was to be set horizontally, providing a clear view of both partners' torsos and faces, with the screen set to blank. The procedure comprised five consecutive episodes (see masked reference for blind review). Initially, they engaged in unstructured face-to-face interaction for 2 min. Next, researchers introduced a series of three sounds, presented one at a time. These sounds included both socially meaningful utterances like “hello” and “how nice,” as well as neutral sounds like flowing water and a mixer. Each sound had the same duration. While the sounds played (30 s), mothers were instructed to maintain neutral expressions and avoid talking to their children. The request made to the caregiver aimed to maintain the child's motivational state, encouraging them to re-engage the adult interactive partner that has stopped the interaction abruptly. This approach aligns with previous studies on infants' responses to brief interruptions and manipulations of face-to-face interactions, which highlight the importance of sustaining engagement in social exchanges (Mesman et al., 2009; Provenzi et al., 2016). After each sound exposure, a play resumption period of 30 s allowed for free interaction again. This exposure-reprise sequence was repeated four times, with the order of sounds varied between mother-child pairs to control for order effects. By employing a blank screen on the device used for the connection, the study focused solely on how mothers and children responded to the auditory stimuli within the context of their ongoing interaction. Consistent with the goals of the present study, socially meaningful exposure episodes have been selected for data analysis.



Evaluation of vocabulary development

The mothers filled in an Italian adaptation of the McArthur Bates Communication Development Inventory (CDI; Fenson et al., 1993), the “Il primo vocabolario del bambino” Words and Action/Gestures short form (Caselli et al., 2015). The questionnaire is normed on a sample of typically developing Italian children between the ages of 8 and 30 months. The Words and Action/Gestures short form assesses the onset of communication skills, between 8 and 24 months of the infants' life. The first section of the questionnaire comprise a list of 100 words; the parent is asked to indicate if the child understands and/or produces each word. Qualitative vocabulary composition was obtained for four major word categories based on operational procedures provided by Bates et al. (1994): (a) Social words—containing sound effects and animal sounds, names for people, and games and routines (b) Nouns—including semantic categories with a clear naming function: animals, vehicles, toys, food and drinks, clothing, body parts, household objects, and furniture and house rooms (c) Predicates—containing two semantic categories: action words (verbs) and descriptive words (adjectives) (d) Closed-class words—including pronouns, prepositions, question words, quantifiers and articles, and connecting words.




Data reduction
 
Observational measures of attention

Exposure episodes were micro-analytically coded. Exogenous attention allocation (EAA) was coded as the proportion of time infant's face and/or gaze was clearly directed toward the auditory stimulus source, as an index of time spent looking at the distracting stimulus. Conversely, the proportion of time infant's face and/or gaze was directed to the mother was coded as Social Attention to mother (SAM). Joint attention initiation (JAI) was coded as the frequency of occurrence of the following sequence of three infant gaze behaviors within 2 s of each other: (1) orienting to the auditory stimulus source; (2) orienting to the mother; (3) orienting back to the auditory stimulus source. This allowed us to highlight instances in which the infants used their gaze to signal an attentional shift, triangulating their gaze between the stimulus and the interactive partner. A subset of randomly selected videos (10%) was independently coded by two coders and the inter-rater agreement was above 95% for all tested dyads.



Evaluation of vocabulary development

From the CDI questionnaire we computed the child's vocabulary size as the number of words the parent reported the child to use (CDI production). Composition percentages were computed for the four word-categories: social, nouns, predicates, and closed class words.



Statistical power and sample size estimation

Sample size was estimated based on the final regression model (planned with three predictors and one interaction effect) and setting parameters as follows: f2 = 0.30, α = 0.05, β = 0.20. A total sample size of n = 45 was estimated.




Plan of analyses

Associations between EAA, SAM, JAI, and later language measures were tested via Pearson bivariate correlations. Correction for multiple comparisons (Benjamini-Hochberg false discovery rate procedure) was applied. A regression model was used to assess potential significant interactive effects between EAA and JAI on later language outcomes for all attention-language associations that survived multiple comparison correction. Regression analyses will include control for the potential confounding effect of infants' sex. All analyses were conducted with Jamovi 2.5 for Windows 11.




Results


Characteristics of the sample

The socio-demographic sample description is reported in Table 1. Of the 46 children, 21 were females (46%). Children and their caregiver participated in two waves of data collection: time-point (1) around 12-month-age (M = 12.40; SD = 0.34) and time-point (2) around 24-month-age (M = 24.15; SD = 0.67). Descriptive analyses of variables measured at the 12- and 24-months data collection points are presented in Table 2.


TABLE 1 Socio-demographic descriptive statistics.

[image: Data table summarizing variables for a study sample: gestational age, birth weight, maternal and paternal age, and parental education, each with mean, standard deviation, minimum, and maximum values presented in columns.]


TABLE 2 Descriptive statistics for T1 (12 months) and T2 (24 months) data.

[image: Table showing means, standard deviations, minimums, and maximums for T1 observational measures of attention and T2 evaluation of vocabulary development, including EAA exposure, SAM exposure, JAI, CDI production, social words, nouns, predicates, and closed class, with relevant percentages and frequencies.]



Vocabulary composition

Looking at our sample vocabulary composition, we observed significant positive associations between the total vocabulary size (number of words produced) and percentage of nouns [Pearson's r(44) = 0.350, p = 0.017] and predicates [Pearson's r(44) = 0.878, p < 0.001]. Conversely negative associations emerged between vocabulary size and percentage of social words [Pearson's r(44) = −0.812, p < 0.001] and closed class words [Pearson's r(44) = −0.303, p = 0.041]. This trend was confirmed observing the composition distributions (see Figure 1A) in 2 sub-groups of children split by vocabulary size (lower 1–50 words n = 15 vs. higher 50–100 words n = 31).


[image: Bar chart and heatmap comparing vocabulary composition by word type. Panel A shows stacked bars for word categories across two groups, while panel B displays a matrix of correlations with color gradients and numerical values for each cell.]
FIGURE 1
 (A) Twenty-four months vocabulary distribution (social, nouns, predicates, and closed class words) in two sub-groups of children split by vocabulary size (lower 1–50 words, n = 15 vs. higher 50–100 words, n = 31); (B) Correlation heatmap reporting Pearson's r values for the associations between 12-month behavioral measures and 24-month vocabulary; EAA, exogenous attention allocation; SAM, social attention to mother; JAI, joint attention initiation; CDI, McArthur Bates communication development inventory.




Attention skills at 12 months and vocabulary development at 24 months

Significant negative correlations emerged for the percentage of time that the infant spent looking toward the social sound source (EAA) during the exposure episode with overall vocabulary size [Pearson's r(44) = −0.323, p = 0.028] and percentage of predicates [Pearson's r(44) = −0.342, p = 0.020; Figure 1B]. Only the latter correlation test survived correction for multiple comparisons (Supplementary material S1). The complete correlation table for all measures collected is presented in Supplementary material S2.

A regression model investigating effects of EAA and JAI abilities on later language (controlling for potential confounding effects of sex) was tested with percentage of predicates as the dependent variable and assessing interaction effects between EAA and JAI (mean centered). The model was statistically significant F(4, 41) = 3.12, p = 0.025 and explained 23.3% of the variance. The results highlight a significant negative effect of EAA [β = −0.416, t(44) = −2.65, p = 0.011] with no significant effects of JAI [β = 0.089, t(44) = 0.537, p = 0.594] and sex [β = −0.287, t(44) = −1.05, p = 0.299]. Furthermore, a trend for a significant interaction effect between EAA and JAI emerged [β = 0.260, t(43) = 1.99, p = 0.054]. Interaction was inspected with simple effects post-hoc analysis (Figure 2A) and significant slopes further specified with the Johnson-Neyman procedure (Figure 2B). In infants exhibiting greater JAI the negative association between EAA and percentage of predicates was weaker (Figure 2). Simple effects post-hoc analyses confirms this observation: the regression slopes for −1 SD, F(1, 41) = 11.71, p < 0.001, and mean levels of JAI, F(1, 41) = 7.01, p = 0.011, showed statistically significant associations between EAA and predicates percentage, whereas the +1 SD JAI level slope did not, F(1, 41) = 0.54, p = 0.466. Conversely, simple slopes based on EAA resulted in non-statistically significant regression slopes between JAI and percentage of predicated for mean and low EAA levels [−1 SD, F(1, 41) = 0.50, p = 0.482; Mean, F(1, 41) = 0.29. p = 0.594] and a slope showing a trend for a positive association between JAI and percentage of predicates only for higher levels on EAA [+1 SD F(1, 41) = 3.98, p = 0.053].
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FIGURE 2
 (A) Regression slopes for EAA (exogenous attention allocation) during exposure – CDI (Communication Development Inventory) predicates % association at three different Triangulation values (-1SD, mean, +1SD) (B) and Johnson-Neyman graph for interaction inspection.





Discussion

The present study aimed at exploring how early forms of attention at 12 months (i.e., exogenous attention allocation and joint attention initiation) might modulate individual differences in 24 months language development (i.e., vocabulary) in typically developing children.

Higher vocabulary size at 24 months—and specifically more advanced vocabulary composition as signaled by the percentage of predicates—was negatively associated with the amount of time infants' exogenous attention allocation was attracted by external social auditory stimuli during the interaction with their primary caregiver. These findings are consistent with studies previously conducted in more experimental settings (Salley et al., 2013; Testa et al., 2023) highlighting negative associations between distractibility and language development. Moreover, the results can add to the current literature on the importance of early attention allocation in impacting later cognitive development at different levels (Hendry et al., 2019). Although orienting to new external stimuli is certainly an important skill, supporting environmental exploration and learning, it can be hypothesized that the role of this ability could be modulated by different contexts (e.g., interactive vs. individual context) and in relation to different developmental outcomes (e.g., socio-cognitive vs. communicative development). Moreover, if we frame exogenous attention allocation as an individual feature potentially related to the concept of environmental sensitivity (Greven et al., 2019), the present results could suggest that higher levels of sensitivity to the environment may expose infants to higher distractibility and be linked to less optimal language outcomes already at 24 months.

Furthermore, interactive effects between exogenous attention allocation and joint attention initiation emerged. On one hand, infants that exhibited less joint attention initiation bids showed a stronger association between such distractibility and language development compared to counterparts that produced higher levels of joint attention initiation. As such, joint attention initiation ability appears to emerge as a potential protective factor in the previously presented developmental association between attention and language. A potential explaining hypothesis for this finding may be that the child's ability to actively bring the adults' attention to a distracting event (i.e., by initiating joint attention episodes) could attenuate the negative effects of distractibility by integrating the distracting event in the interaction. If confirmed, these findings could stress the importance of assessing more complex and interactive effects in early development cascades and the relevant active role of the child on his/her own cognitive development (Thelen, 1995). On the other hand, only infants with higher exogenous attention allocation tended to experience positive associations between joint attention initiation and later language. A potential explaining hypothesis for this finding, could be that being more open and responsive to the environment can increase the positive effect of joint attention initiation episodes—for instance creating more opportunities for concurrent maternal language input—on later early vocabulary acquisition. If confirmed this finding could support evidence on the moderating effects of environmental sensitivity on other risk and protective factors (Greven et al., 2019).

The present study has limitations. Firstly, the sample is relatively small and homogeneous, recruited in an urban middle to high-income area, thus the findings require further replication in larger and more diverse cohorts, ideally including also families from different socio-economic and cultural backgrounds. Nonetheless, consistent with the available literature in Italian speaking children (Caselli et al., 1999; D'Odorico et al., 2001), bigger vocabulary size at 24 months featured a larger predominance of predicates. This suggests that—despite the sample size of our study might be relatively small—the representativeness of language data is preserved. Second, despite its longitudinal nature, the present study is observational and the relationships among variables can only be considered in in terms of associations rather than predictions. Furthermore, the study is focused on the link between early attentional abilities and language; we acknowledge the complex and multi-faceted mechanisms underlying communicative and linguistic development and that other factors may intervene and further contribute to the described association framework. Finally, whereas the 12-month measures have been collected observing mother-infant interactive behaviors, vocabulary was tested via parental questionnaire. The CDI is a widely used tool in language development research; notwithstanding, a combination of parent-reported and direct testing would have allowed a broader assessment of language abilities.



Conclusions

The present study aimed at testing early attention abilities in an interactive social context and assessing not only direct links but also interaction effects between these early abilities and later language. The results of the present study could thus be relevant in expanding our knowledge of early developmental cascades in language acquisition and in supporting the current literature on potential targets for screening and intervention.
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Background: Advancements in technology and pharmacology over the past 15 years have increased the survival rates of extremely low gestational age newborns to over 80%. However, these medical achievements are often accompanied by significant challenges in their early and long-term developmental competencies. This longitudinal descriptive study aimed to examine the neurodevelopmental patterns, prevalence of developmental delays, and associated risk factors –gestational age (GA) and birth weight (BW)—in Slovak children born at extremely low gestational age (ELGA), from 7 to 8 months of corrected age to 24–25 months of chronological age, focusing on cognitive, motor, and language development.
Methods: The study included 7 female and 10 male ELGA children with a mean GA of 26.0 weeks (SD = 1.2; range = 24–28) and mean BW of 875.8 grams (SD = 171.2; range = 560–1,150). The Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III) was administered to assess cognitive, language, and motor development. The developmental functioning of cognitive, linguistic, and motor skills was analyzed using a descriptive approach, based on the average composite scores attained in each domain, in comparison with the normative group defined by the Bayley-III. The developmental patterns of cognitive, linguistic, and motor skills in the observed ELGA children were constructed based on the level of composite scores at two time points: the 7th or 8th month of corrected age (initial assessment) and the 24th or 25th month of chronological age (final assessment). These performance values were classified according to the ‘cut-off’ criteria for developmental delay in the Bayley-III. The degree of delay at these two time points determined the type of developmental pattern.
Results: The developmental functioning of cognitive, language, and motor skills in the sample of ELGA children studied at the 7th or 8th month of corrected age was within the average range. However, the average scores of ELGA children were 5 to 10 points lower than those of the normative population across domains. At this time point, only 30% of the ELGA children exhibited developmental delay in at least one domain, exclusively at the level of mild to moderate delay (< −1 SD). The prevalence of mild to moderate delay (< −1 SD) was as follows: cognition: 11.7%, language: 11.7%, motor: 29.4%. In the studied sample, we observed a decline in cognitive, language, and motor functioning to the low-average range at 2 years of chronological age. The average scores of ELGA children were 12 to 17 points lower than those of the normative population across domains. At this point, up to 58.9% of the ELGA children exhibited developmental delay in at least one domain. The prevalence of developmental delay was as follows: mild to moderate delay (< −1 SD) was observed in 29.4% of children for cognition, 29.4% for language, and 17.6% for motor skills. Severe delay (< −2 SD) was present in 11.7% of children for cognition, 17.6% for language, and 17.6% for motor skills. In the sample of children with ELGA, we observed declining developmental trends in cognitive and motor skills; however, the values of developmental functioning remained within the range of typical development without developmental delay. Regarding language skills, we observed the most pronounced decline during the first 2 years of development, shifting from typical development to a mild-to-moderate delay (< −1 SD). Within individual domains, we identified four types of developmental patterns in cognitive, language, and motor skills among ELGA children. These patterns were as follows: (1) ascending into the normal range: 0, 5.8, and 11.7%, respectively; (2) stable pattern within the normal range: 58.8, 47.0, and 52.9%; (3) stable pattern within the delayed range: 11.7, 5.8, and 17.6%; (4) descending into the delayed range: 29.4, 41.1, and 17.6%. Findings indicate a higher incidence of developmentally risky patterns in children born at low gestational age (24–25 weeks) and in children with birth weight below 750 grams and lower. Developmental functioning without delay in all three domains (cognitive, language, and motor) was observed in 41.1% of the ELGA children during their second year. The limitation of the study was the small sample size and the absence of Slovak standards for Bayley-III.
Conclusion: The results demonstrate significant the need for early and long-term monitoring of developmental trends in this high-risk population, as well as the need to identify a broader range of health and non-health risk factors and their interactions that contribute to their final developmental outcomes.
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 extremely preterm children; cognitive development; language development; motor development; developmental patterns


1 Introduction

The preterm birth rate, as defined by the World Health Organization (WHO), refers to births occurring before 37 weeks of gestational age (GA) and is commonly used to classify different types of preterm children. Late (34–36 weeks, 60%) and moderate preterm births (32–33 weeks, 20%) are more common, whereas very preterm (28–31 weeks, 15%) and extremely preterm (< 28 weeks, 5%) account for about one in five preterm births (Goldenberg et al., 2008). The incidence of preterm births and survival rates of extremely low gestational age newborns (ELGA) have increased to over 80% in the past 15 years due to advances in obstetrics and neonatal intensive care (Sansavini et al., 2014). The latest data on the survival rate of ELGA children in Slovakia dates back to 2021, when 13.3% of births were preterm, with 0.34% of them being live-born ELGA infants.


1.1 Cognitive, language and motor development among preterm children in short-and long-term outcomes

Preterm birth interrupts the natural course of fetal development and forces the immature brain and body to adapt to an artificial environment the neonatal intensive care unit (NICU). In this setting, newborns are exposed to both overstimulation (e.g., bright lights, loud noises, and pain from invasive medical procedures) and understimulation (due to the lack of prenatal rhythmic and kinesthetic input, continuous contact with the mother, and restricted movement caused by incubator positioning and medical care) (Sansavini et al., 2011). Recent research has revealed the negative consequences of early visual deprivation in terms of weakened face detection in preterm infants undergoing phototherapy due to hyperbilirubinemia (de Almeida et al., 2025). Preterm birth is associated with neurological damage (e.g., cerebral palsy, periventricular leukomalacia, intraventricular hemorrhage, hypoxic–ischemic encephalopathy, hydrocephalus) (Sansavini et al., 2011) and neurosensory disabilities (e.g., blindness, deafness) (Aylward, 2009). Proximal (related to relationships) and distal (related to socioeconomic status) social factors have also been described as influencing the development of preterm infants (Aylward, 2009).

The reduction in mortality has resulted in a higher incidence of short-and long-term morbidities, as well as neurodevelopmental sequelae, impacting the developmental functioning of survivors (Sansavini et al., 2014). Early consequences of prematurity include developmental difficulties, deviations in developmental functioning and psychomotor development, as well as neurodevelopmental sequelae and disorders that manifest before 36 months of age. Compared to more mature neonates, ELGA children have a higher incidence of neonatal morbidity (Blakely et al., 2005; Laptook et al., 2005; Shankaran et al., 2004; Vohr et al., 2004; Walsh et al., 2005), a higher prevalence of complex chronic conditions (respiratory, gastrointestinal, and growth delays), and an increased risk of long-term and persistent mild neurobehavioral and cognitive deficits (neurological, sensory, cognitive, and behavioral difficulties) (Laptook et al., 2005; Shankaran et al., 2004; Vohr et al., 2003; Walsh et al., 2005; Vohr et al., 2005; Costeloe et al., 2012; Johnson and Marlow, 2017). ELGA children exhibit high levels of dysfunction in various cognitive domains, such as attention, visual processing, and executive functioning (Anderson et al., 2004; Jaekel et al., 2013; Vicari et al., 2004). Gardon et al. (2019) found that children with extremely low birth weight (ELBW) at 2 years of corrected age exhibited delays in expressive communication, with a ratio of 25.3% (< −1 SD) and 11.1% (< −2 SD). Other studies also point to delays in language skills in ELGA children at 2 years of age (Foster-Cohen et al., 2007; Gayraud and Kern, 2007), especially in boys aged 2.5 y ears in expressive communication (Sansavini et al., 2006). Pierrat et al. (2017) reported that preterm children are at a higher risk of delays in gross motor skills and language development. At 2 years of corrected age, delays in gross motor skills were observed in 16.6% of children born at 24–26 weeks of GA, 9.7% of children born at 27–31 weeks of GA, and 5.1% of children born at 32–34 weeks of GA. At 2 years of corrected age, delays in expressive communication were observed in 33.9% of children born at 24–26 weeks of GA, 24.1% of children born at 27–31 weeks of GA, and 17.8% of children born at 32–34 weeks of GA. Due to prematurity or low birth weight, language development may be weakened, manifesting as expressive and/or receptive difficulties (Selassie et al., 2005). Difficulties can be observed in verbal fluency, sound imitation, and auditory discrimination (Jennische and Sedin, 2001). These difficulties are likely a consequence of a global deficit rather than a specific disorder (Wolke et al., 2008).

Follow-up studies of children born at ELGA have documented a broad spectrum of neurodevelopmental difficulties. These include challenges with self-regulation and increased incidence of hyperactive or aggressive behaviors (Scott et al., 2012; Månsson and Stjernqvist, 2014), a higher prevalence of autism spectrum disorders (Stephens et al., 2012; Luyster et al., 2011), and early childhood difficulties in social interaction, attention, sleep, feeding, and sensory sensitivity (Wood et al., 2000; de Waal et al., 2012; Arpi and Ferrari, 2013). Additionally, ELGA children exhibit elevated rates of socio-emotional and adaptive functioning difficulties (Aarnoudse-Moens et al., 2009; Taylor et al., 2011; Lobo and Galloway, 2013; Peralta-Carcelen et al., 2017). Alterations in sensory development have also been observed in this population, particularly in sensory input, stimulation, and the regulation of sensory experiences (Rogers and Hintz, 2016). Because sensory processing forms a critical foundation for early learning, atypical sensory sensitivities can have far-reaching consequences for brain development. Recent research has emphasized the significance of face perception and processing in early infancy as a potential early marker of neurodevelopmental disorders (Simion and Giorgio, 2015). For example, studies have identified differences in visual social attention networks between newborns at high versus low risk for autism (Di Giorgio et al., 2016; Di Giorgio et al., 2021).

Children born at ELGA have also been found to be at increased risk for functional deficits during the school years, often requiring additional educational support. These difficulties tend to be subtle but include impairments in motor coordination, social-pragmatic communication skills, and cognitive performance particularly in working memory, problem-solving, and executive functioning. The prevalence of these deficits increases with decreasing gestational age and has been reported in up to 40% of children born before 26 weeks of gestation (Taylor et al., 2011; Msall, 2011; Squarza et al., 2017). Extreme prematurity has also been linked to significant psychosocial and emotional consequences for families. Higher levels of parental distress have been associated with lower household income, lower parental education, and greater severity of the child’s functional impairments (Singer et al., 1999; Cronin et al., 1995; Taylor et al., 2001).

Ongoing research is essential to generate up-to-date evidence on the short-and long-term neurodevelopmental outcomes of extreme prematurity, which is critical for developing clinical guidelines and delivering informed, evidence-based counselling to families.



1.2 Developmental trajectories and patterns among preterm children

Karmiloff-Smith (1998) states that understanding the consequences of preterm birth requires studying how children grow and change over time. Similarly, Thomas et al. (2009) emphasize that the most optimal way to understand developmental disorders is to design trajectory-based studies that assess how phenotypes gradually emerge over time and transform with age. Moreover, it appears that the developmental pathways of preterm children are atypical, not merely delayed, and are characterized by distinct developmental patterns and relationships between competencies (Sansavini et al., 2011).

Preterm children often experience delays in psychomotor development due to neonatal immaturity. A common phenomenon is the so-called cascading effect, which negatively impacts subsequent development. If a child fails to sufficiently develop certain cognitive, language, motor, or sensory abilities in the early stages of development, they may struggle to achieve subsequent milestones, leading to a worsening of the deficit. It is assumed that elementary cognitive functions influence more complex ones (Rose et al., 2011; Sansavini et al., 2011). Persistent psychomotor developmental delays often serve as precursors to neurodevelopmental disorders in later childhood.

Sansavini et al. (2014) identified the so-called Matthew Effect, which describes an increasing divergence in performance over time between preterm children and those born at term. By modeling growth curves using raw scores across different domains of the Bayley-III, they found that although the developmental trend was upward in all three domains (cognition, language, and motor skills), ELGA children consistently performed significantly lower and did not close this gap by 36 months. Similarly, Matthew Effects have been observed in other at-risk groups (e.g., children with language disorders) in later growth trajectories (Morgan et al., 2011).

Conversely, Lemola (2015) describes the opposite trend, arguing that some preterm children can compensate for their deficits in cognitive, language, and motor skills at a later age, a phenomenon referred to as the catch-up effect. This means that these children can achieve age-appropriate developmental outcomes. Thecatch-up effect in various developmental domains among preterm children has been confirmed in multiple studies (inhibition and cognitive flexibility: Everts et al., 2019; receptive communication: Luu et al., 2009; language skills: Nguyen et al., 2018). However, it is important to note that this effect has been observed predominantly at later ages (most often during school years). A possible explanation is brain plasticity, which may facilitate favorable neurocognitive development in preterm children, as well as the extended time required for the maturation of these functions, often persisting into early adulthood.

Similarly, Logan and Petscher (2010) describe four possible outcomes when examining early developmental trajectories in cognition, language, and motor skills among ELGA children compared to their full-term peers. Firstly, ELGA and full-term children may show no difference in initial status (intercept) or growth over time. Secondly, ELGA and full-term children may differ in their initial status but not in their growth rate, indicating that any differences observed at the final time point reflect the difficulties present at the beginning. Thirdly, ELGA and full-term children may have different growth rates, with two possible scenarios. One possibility is that ELGA children develop more rapidly than their full-term peers, following a compensatory developmental trajectory (Parrila et al., 2005). The other possibility is that ELGA children grow more slowly than full-term peers, demonstrating a Matthew Effect, in which they fall progressively further behind in early development. Fourthly, ELGA and full-term children may differ in both their initial status and their rate of growth over time. Despite the significant risk of complications in the perinatal period for preterm children, particularly for the high-risk ELGA group, predicting how these complications manifest in clinical variability and developmental outcomes remains challenging. Sansavini et al. (2011) emphasize that the developmental outcomes of preterm children are highly heterogeneous due to the complex interaction of biological and environmental constraints unique to preterm infants, as well as the timing of these influences.

Although gestational age is often a key determinant of survival and complications in preterm infants, more detailed prognostic assessments are increasingly focused on ELGA infants and/or newborns with a birth weight below 1,500 g. Very low birth weight infants (VLBW; < 1,500 g) and extremely low birth weight infants (ELBW; < 1,000 g) are at particularly high risk due to increased perinatal, neonatal, and postnatal mortality and morbidity (Korbeľ et al., 2014). The literature also describes further stratification of ELBW categories, including very extremely low birth weight infants (VELBW; < 750 g) and fetal infants (< 600 g) (Chovancová, 2025). Studies (Salas et al., 2016; UCSF Benioff Children’s Hospitals, n.d.) indicate that gestational age and birth weight are strong predictors of neurodevelopmental impairment (e.g., cognitive delays, cerebral palsy, and visual/auditory deficits) and mortality in preterm populations.



1.3 Objectives of this study

This longitudinal descriptive study aimed to examine the neurodevelopmental patterns, prevalence of developmental delays, and associated risk factors—specifically gestational age and birth weight—in Slovak children born at extremely low gestational age, from 7 to 8 months of corrected age to 24–25 months of chronological age, focusing on cognitive, motor, and language development.

We acknowledge that early developmental outcomes provide only a preliminary glimpse into the potential lifelong consequences of prematurity, which may persist into school age, adolescence, and even adulthood. Prematurity is recognized as an independent risk factor for adverse developmental outcomes; however, significant variability exists within this population regarding the types and severity of delays and impairments. Research suggests that early outcomes assessed between 18 and 36 months are not static and may not fully capture a child’s skills. For instance, cognitive skills have been shown to continue developing throughout childhood (Spittle et al., 2015; Vohr et al., 2003).

Conversely, several studies highlight the value of early developmental testing up to 36 months of age. For instance, the Bavarian Longitudinal Study demonstrated that cognitive skills assessments at 20 months of age in 260 very low gestational age children were significant predictors of IQ at 26 years of age (Breeman et al., 2015). Similarly, findings from the EPICure study (Marlow et al., 2005) indicate that, among ELGA children, BSID-II Mental Development Index (MDI) scores at −3 SD in early childhood strongly predict moderate to severe cognitive impairments by the age of 6.

In designing the research, we drew upon critical insights from Jary et al. (2011), which indicate that, unlike neurological examinations performed during the first months after birth, standardized developmental assessments using the BSID-II are highly reliable when conducted at 2 years of age in preterm infants. These assessments are particularly effective in detecting significant functional impairments in cognitive, language, and motor domains. The conclusion underscores the importance of early developmental assessment in infancy.

According to Johnson and Marlow (2006), the period following the second year of life is considered ideal for identifying neurodevelopmental delays in preterm children, as many conditions linked to preterm birth may not yet be evident earlier. Early identification of neurodevelopmental delays is critical, as it enables determination of the need for early intervention in this high-risk group of neonates. Similarly, several authors (Wolke et al., 2019; Kilbride et al., 2022; Garfinkle et al., 2024) consider this time point significant due to the increased likelihood of identifying developmental challenges and the potential for implementing targeted and early stimulation.




2 Method


2.1 Sample

The study included 17 Slovak ELGA children (7 female, 10 male) with a mean gestational age of 26.0 weeks (SD = 1.2; range = 24–28) and a mean birth weight of 875.8 grams (SD = 171.2; range = 560–1,150). Inclusion criteria were: (a) GA ≤ 28 weeks, determined by the date of the mother’s last menstrual period and confirmed by first-trimester early ultrasonography; (b) absence of major cerebral damage [e.g., periventricular leukomalacia (PVL), IVH grade > III, hydrocephalus] or congenital malformations; (c) no severe visual impairments [e.g., retinopathy of prematurity (ROP) grade > III] or hearing impairments. Only children whose primary home language was Slovak were included in the study, as research suggests that bilingualism is associated with slower cognitive and communicative-linguistic development in preterm children during the first 2 years of life (Walch et al., 2009; Sansavini et al., 2014).

Although children with severe cerebral damage or malformations were excluded from the study, certain health complications were still observed among the included participants. These complications included intraventricular hemorrhage (IVH) grade I–II (n = 5; 29%), retinopathy of prematurity (ROP) grade I–II (n = 7; 41%), bronchopulmonary dysplasia (BPD, n = 7; 41%), and sepsis (n = 8; 47%). Six children (35%) were from multiple pregnancies (twin births), and one child (6%) was conceived via in vitro fertilization and embryo transfer (IVF + ET). Mechanical ventilation (oxygen therapy) was required for 58.8% of the children, with a duration ranging from 4 to 60 days (mean duration = 17.9 days). Four children (23%) were delivered spontaneously in cephalic presentation, while 13 children (76%) were delivered via cesarean section. The participants were born between 2012 and 2020 and received care in three perinatology centers in Slovakia.

This study is a case series focusing on the developmental patterns of children born extremely preterm. The sample size (n = 17) includes all available cases with complete data on the development of their cognition, language and motor skills up to the second year of life. Because extremely preterm births are rare, the sample reflects the limited number of eligible participants rather than a predetermined size based on power analysis. Inferential statistical analyses were not performed due to the small sample. However, the study provides important descriptive insights into the development of this high-risk group.



2.2 Materials

The Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III, Bayley, 2006) was administered to assess cognitive, language, and motor development through three individual developmental scores: a cognitive composite score, a language composite score (with receptive and expressive subscores), and a motor composite score (with gross and fine motor subscores). Composite scores are derived from various sums of subtest scaled scores. The Bayley-III has been demonstrated to be a valid tool in both research and clinical practice; satisfactory reliability and validity are reported by the authors (Bayley, 2006), with test–retest reliability ranging from 0.6 to 0.9, internal consistency coefficients (using the split-half method) of 0.8–0.9, and moderate to high correlations with measures of similar domains. The Bayley-III has not yet been standardized in Slovakia. Therefore, in this study, we relied on the normative data published by the test authors (Bayley, 2006).



2.3 Procedure and data analysis

The aim of the study was to understand the developmental patterns of cognitive, language, and motor skills in ELGA children up to 2 years of age.


2.3.1 Descriptive statistics and developmental level assessment

In the first step, we assessed the developmental level of cognitive, language, and motor skills at two key time points: at 7 or 8 months of corrected age and at 24 or 25 months of chronological age. Descriptive statistics were used to summarize the composite scores, including the mean, standard deviation (SD), median, and 95% confidence intervals (CI). To evaluate developmental functioning in the ELGA sample, we analyzed the average composite scores in each domain (cognitive, language, and motor) at both time points and compared them to the normative data provided by the Bayley-III (Bayley, 2006). The Bayley-III composite scores are standardized, with a mean of 100 and a standard deviation of 15, and range from 40 to 160. Children’s performance was classified according to established Bayley-III categories: very superior (≥ 130), superior (120–129), high average (110–119), average (90–109), low average (80–89), borderline (70–79), and extremely low (≤ 69) (Bayley, 2006). These classifications were used in line with recognized cut-off points for identifying developmental delays (Vohr et al., 2012). We also identified the prevalence of developmental delay at both time points based on the Bayley-III cut-off criteria (Vohr et al., 2012). A composite score below 70 (more than 2 SDs below the mean) indicates a significant developmental delay, while a score below 85 (more than 1 SD below the mean) indicates at least a mild to moderate delay.



2.3.2 Construction of developmental patterns

In the second step of the analysis, we constructed developmental patterns for cognitive, language, and motor skills based on the average composite scores in each domain. We used the term “developmental patterns” to describe developmental changes over time, as this wording more accurately captures the descriptive nature of our analysis and better aligns with the methodological approach used in the study. Only participants who were assessed at both key time points—7 or 8 months corrected age and 24 or 25 months chronological age—were included in the pattern analysis. The average composite scores were interpreted using established Bayley-III cut-off values for developmental delay (Vohr et al., 2012). The level of delay at each time point was used to determine the direction of the developmental pattern in each domain. In the following step, we applied a similar approach to construct individual developmental patterns for each of the 17 participants, separately for the cognitive, language, and motor domains. This analysis revealed three distinct pattern types for cognitive skills and four for both language and motor skills. For clarity, we calculated the average composite scores at both time points within each identified pattern type and created figures illustrating these patterns. We additionally calculated the proportion of participants in each pattern type and visualized all individual developmental paths across the three domains. This procedure was chosen for several reasons. First, it reflects our research design, which is longitudinal and descriptive in nature. Second, it is based on the understanding that early childhood development is not a linear process. We aimed to illustrate this by displaying the developmental paths of individual ELGA children using composite score data not only at the initial and final assessment points, but also at other intermediate measurement points throughout the second year of life. This approach allowed us to capture the evolution of developmental skills over time in more detail. Within the descriptive framework, our objective was to illustrate the dynamic nature of development between 7 months of corrected age and 25 months of chronological age for each ELGA child. To gain deeper insight into the patterns of individual developmental patterns within our ELGA sample, we examined their associations with key perinatal characteristics, specifically gestational age and birth weight.



2.3.3 Bayley-III administration and clinical considerations

Finally, we would like to note that during the assessment conducted at 24 or 25 months of chronological age, age correction for prematurity was not applied when using the Bayley-III. This decision was based on two main factors: first, we followed the Bayley-III guidelines, which recommend applying age correction only up to 24 months of age (Bayley, 2006). Second, we aimed to achieve a more realistic assessment of developmental outcomes. This approach was informed by previous criticisms of the Bayley-III, which has been shown to underestimate developmental delay and overestimate abilities in infants with a birth weight under 1,000 grams at 2 years of age (Anderson et al., 2010; Vohr et al., 2012). Despite these concerns, the Bayley-III remains the most commonly used assessment tool in neonatal intensive care unit (NICU) follow-up programs, and its results continue to serve as a basis for referrals to early intervention services (Greene et al., 2013). The administration of the Bayley-III assessments was conducted by certified professionals (Oľga Matušková and Erika Jurišová), as expert administration and accurate clinical judgment of task performance are essential.





3 Results


3.1 Developmental functioning of cognition, language and motor skills

To address the primary objective of this study, which was to evaluate the development of cognitive, language, and motor skills, as well as the prevalence of developmental delays in Slovak ELGA children up to 2 years of age, we analyzed developmental outcomes in our sample (n = 17) at two time points based on composite scores: at 7 or 8 months corrected age and at 24 or 25 months chronological age.

As shown by the descriptive data presented in Table 1, the mean composite scores indicate that at 7 or 8 months of corrected age, the overall developmental functioning of ELGA children fell within the average range. However, ELGA children scored 5 to 10 points lower than the normative population across all domains, with motor skills demonstrating the greatest developmental vulnerability.


TABLE 1 Descriptive analyses of Bayley-III composite scores (n = 17).


	
	7th or 8th month of corrected age
	24th or 25th month of age



	
	M ± SD
	Mdn
	95% IC
	M ± SD
	Mdn
	95% IC

 

 	Cognitive skills 	94.1 ± 11.2 	95.0 	88.3–99.8 	88.8 ± 13.9 	90.0 	81.6–96.0


 	Language skills 	91.6 ± 9.5 	94.0 	86.5–96.5 	83.5 ± 11.8 	86.0 	77.4–89.6


 	Motor skills 	90.8 ± 11.4 	91.0 	84.9–96.7 	87.5 ± 13.8 	91.0 	80.4–94.7




 

At 7 or 8 months of corrected age, the distribution of developmental functioning among ELGA children according to Bayley-III categories was as follows: no delay—cognition: 88.2% (n = 15), language: 88.2% (n = 15), motor: 70.5% (n = 12); mild to moderate delay (< −1 SD)—cognition: 11.7% (n = 2), language: 11.7% (n = 2), motor: 29.4% (n = 5). No cases of severe delay (< −2 SD) were observed in our sample. Seventy point 5 % (n = 12) of the ELGA children demonstrated no developmental delay across all three domains at 7 or 8 months corrected age. Delays in one domain were observed in 17.6% (n = 3) of the children, delays in two domains in 5.8% (n = 1), and delays across all three domains were present in 5.8% (n = 1) of the sample.

At 24 or 25 months of chronological age, the overall developmental functioning of ELGA children was within the low average range. ELGA children scored 12 to 17 points lower than the normative population across all domains, with language skills showing the greatest developmental vulnerability. ELGA children in their 24th or 25th month of age achieved the following distribution in developmental functioning according to Bayley-III scales: No delay: cognition: 58.8% (n = 10), language: 52.9% (n = 9), motor: 64.7% (n = 11). Mild to moderate delay (< −1 SD): cognition: 29.4% (n = 5), language: 29.4% (n = 5), motor: 17.6% (n = 3). Severe delay (< −2 SD): cognition: 11.7% (n = 2), language: 17.6% (n = 3), motor: 17.6% (n = 3). In the sample of ELGA children, we found overall developmental delay (−1 SD and −2 SD) most frequently in achieving language developmental milestones (47.0%, n = 8), in cognition (41.1%, n = 7), and least in motor skills (35.2%, n = 6).

Developmental functioning without delay in all three domains in the 2nd year was achieved by 41.1% (n = 7) of the ELGA children in the sample. At 2 years of age, delays were observed in 17.6% (n = 3) of ELGA children in one developmental domain, while another 17.6% (n = 3) had delays in two domains. Delays across all three domains were present in 23.5% (n = 4) of the children.

Figure 1 illustrates the development of cognitive, language, and motor skills at two time points based on the average composite scores—at 7 or 8 months of corrected age and at 24 or 25 months of chronological age—in our sample of ELGA children. A decline in developmental functioning is observed in the cognitive and motor domains; however, the scores remain within the average range, without delay. In contrast, language skills show the most pronounced decline over the course of development up to 2 years, shifting from the average range to the low average range, which corresponds to mild to moderate developmental delay (< −1 SD).

[image: Line chart comparing composite mean scores for cognitive skills (green), language skills (red), and motor skills (blue) at ages seven to eight months and twenty-four to twenty-five months, showing a decline in all three areas over time.]

FIGURE 1
 Developmental functioning of cognition, language and motor skills in ELGA children up to 2 years of age. *Composite scores at the final assessment were calculated without age correction for prematurity. **A composite score below 85 indicates developmental delay according to Bayley-III criteria.




3.2 Types of developmental patterns of cognitive, language and motor skills

The second aim of the study was to characterize the different types of developmental patterns in cognitive, language, and motor skills among 17 children with ELGA, assessed from 7 or 8 months of corrected age up to 24 or 25 months of chronological age.

We identified four distinct developmental pattern types across cognitive, language, and motor domains in these children: (1) Ascending to the normal range (resilient, demonstrating a “catch-up” effect); (2) Stable within the normal range; (3) Stable within the delayed range; and (4) Descending to the delayed range. The names of the patterns reflect the level of developmental delay observed at the initial and final assessment points. Patterns 1 and 2 were classified as developmentally favorable, indicating typical or improving development. In contrast, patterns 3 and 4 were considered developmentally at risk, reflecting persistent or worsening delays.

The percentage distribution of developmental patterns across the described types for cognition, language, and motor skills was as follows:


	(1) ascending pattern: 0% (n = 0), 5.8% (n = 1), and 11.7% (n = 2);

	(2) stable pattern within the normal range: 58.8% (n = 10), 47.0% (n = 8), and 52.9% (n = 9);

	(3) stable pattern within the delayed range: 11.7% (n = 2), 5.8% (n = 1), and 17.6% (n = 3);

	(4) descending pattern: 29.4% (n = 5), 41.1% (n = 7), and 17.6% (n = 3).



The identified of developmental patterns for cognitive, language, and motor skills in ELGA children are illustrated in Figures 2–4.

[image: Line graph with two panels shows cognitive developmental patterns. Panel A displays group averages at two age points: children stable within the normal range (green, n equals ten), stable within delayed range (yellow, n equals two), and descending (red, n equals five). Stable normal group remains consistent, delayed group scores lower, and descending group declines over time. Panel B shows individual trajectories across ages seven to twenty-five months in the same color scheme, illustrating variability within each pattern. Legends and score means are clearly labeled for reference.]

FIGURE 2
 Developmental patterns of cognitive skills in ELGA children. (A) Group-level cognitive patterns based on the average composite scores at the first and last assessment points. (B) Individual cognitive patterns for all 17 participants. *Composite scores are presented without age correction for prematurity. **A composite score below 85 indicates developmental delay according to Bayley-III criteria.


[image: Panel A shows a line graph comparing mean composite scores and standard deviations for four language developmental patterns—ascending, stable within normal range, stable within delayed range, and descending—at age points seven to eight months and twenty-four to twenty-five months. Panel B displays individual line plots of composite scores for each participant over time by developmental pattern, showing score trajectories and highlighting variability within groups.]

FIGURE 3
 Developmental patterns of language skills in ELGA children. (A) Group-level language patterns based on the average composite scores at the first and last assessment points. (B) Individual language patterns for all 17 participants. *Composite scores are presented without age correction for prematurity. ** A composite score (CS) below 85 indicates developmental delay according to Bayley-III criteria.


[image: Panel A presents a line graph showing average composite motor developmental scores for four groups from 7 to 25 months, with color-coded lines for ascending, stable-normal, stable-delayed, and descending patterns, including means and standard deviations at two time points. Panel B displays individual trajectories for each child’s composite score over the same age range, using matching colors for group classification, showing variability in developmental trends.]

FIGURE 4
 Developmental patterns of motor skills in ELGA children. (A) Group-level motor patterns based on the average composite scores at the first and last assessment points. (B) Individual motor patterns for all 17 participants. *Composite scores are presented without age correction for prematurity. **A composite score below 85 indicates developmental delay according to Bayley-III criteria.




3.3 Cognitive, language and motor developmental patterns from the perspective of gestational age and birth weight

In the next step, we took a closer look at the cognitive, language, and motor patterns of the observed ELGA children from the perspective of their gestation age and birth weight. The sample was stratified based on gestational age into distinct groups: preterm birth in 24.–25. GA: n = 7, and 26.–28. GA: n = 10. The stratification of the sample according to birth weight was as follows: < 1,500 g VLBW: n = 5; < 1,000 g ELBW: n = 6; < 750 g VELBW: n = 5; and < 600 g: n = 1.


3.3.1 Cognitive developmental patterns

The percentage of ELGA children with different gestational age and birth weight in various developmental patterns of cognitive skills is presented in Table 2. Among ELGA children born at 24–25 weeks of GA the most represented patterns were: descending pattern, and the stable pattern within the delayed range. One child from this GA category had a stable pattern of cognitive skills within the normal range, being a child born at 25 weeks of GA, but with a higher BW of 740 g. Among ELGA children born at 26–28 weeks of GA the most represented was the stable pattern within the normal range. For one child from this GA category, a descending pattern was described. This child was born at 27 weeks of GA, but his BW was lower, 560 g. Among children with higher BW—VLBW and ELBW—we frequently described developmentally favorable trends (stable pattern within the normal range), while for children with BW < 750 g, the patterns were considered developmentally risky.


TABLE 2 Representation of participants with different GA and BW in various developmental patterns of cognitive skills.


	
	Developmentally favorable patterns
	Developmentally risky patterns



	Ascending
	Stable within the normal range
	Stable within the delayed range
	Descending

 

 	GA 	26. – 28. GA (n = 10) 	0 (0%) 	9 (90.0%) 	0 (0%) 	1 (10%)


 	24. – 25. GA (n = 7) 	0 (0%) 	1 (14.2%) 	2 (28.5%) 	4 (57.1%)


 	BW 	<1,500 g VLBW (n = 5) 	0 (0%) 	4 (80.0%) 	0 (0%) 	1 (20.0%)


 	<1,000 g ELBW (n = 6) 	0 (0%) 	4 (66.6%) 	0 (0%) 	2 (33.3%)


 	<750 g VELBW (n = 5) 	0 (0%) 	2 (40.0%) 	2 (40.0%) 	1 (20.0%)


 	< 600 g (n = 1) 	0 (0%) 	0 (0%) 	0 (0%) 	1 (100%)





GA, gestational age; BW, birth weight; VLBW, Very low birth weight infants; ELBW, Extremely low birth weight infants; VELBW, Very extremely low birth weight infants; < 600 g, fetal infants.
 



3.3.2 Language developmental patterns

The percentage of the observed ELGA children with different GA and BW in the various developmental patterns of language skills is presented in Table 3. Among ELGA children born at 24–25 weeks of GA the most represented patterns were: considered developmentally risky, particularly the descending pattern, and stable pattern within the delayed range. From this GA category, two children demonstrated developmentally favorable patterns: one with a BW of 860 g (born at 25 weeks of GA, demonstrating a „catch up“pattern) and another with a BW of 690 g (born at 24 weeks of GA, stable within the normal range). Among ELGA children born at 26–28 weeks of GA the most represented pattern was the stable pattern within the normal range. For three children from this GA category, we described a descending pattern. These included children born with a BW of 560 g (27 weeks GA), as well as children with higher birth weights: 1,000 g (28 weeks GA) and 1,070 g (26 weeks GA). Among children with higher birth weights—VLBW and ELBW—we more frequently described developmentally favorable trends (stable pattern within the normal range), while for children with BW < 750 g, the patterns were considered developmentally risky.


TABLE 3 Representation of participants with different GA and BW in the various developmental patterns of language skills.


	
	Developmentally favorable patterns
	Developmentally risky patterns



	Ascending
	Stable within the normal range
	Stable within the delayed range
	Descending

 

 	GA 	26. – 28. GA (n = 10) 	0 (0%) 	7 (70.0%) 	0 (0%) 	3 (30.0%)


 	24. – 25. GA (n = 7) 	1 (14.2%) 	1 (14.2%) 	1 (14.2%) 	4 (57.1%)


 	BW 	<1,500 g VLBW (n = 5) 	0 (0%) 	3 (60.0%) 	0 (0%) 	2 (40.0%)


 	<1,000 g ELBW (n = 6) 	1 (16.6%) 	3 (50.0%) 	0 (0%) 	2 (33.3%)


 	<750 g VELBW (n = 5) 	0 (0%) 	2 (40.0%) 	1 (20.0%) 	2 (40.0%)


 	< 600 g (n = 1) 	0 (0%) 	0 (0%) 	0 (0%) 	1 (100%)





GA, gestational age; BW, birth weight; VLBW, Very low birth weight infants; ELBW, Extremely low birth weight infants; VELBW, Very extremely low birth weight infants; <600 g, fetal infants.
 



3.3.3 Motor developmental patterns

The percentage of the observed ELGA children with different GA and BW in the various developmental patterns of motor skills is presented in Table 4.


TABLE 4 Representation of participants with different GA and BW in the various developmental patterns of motor skills.


	
	Developmentally favorable patterns
	Developmentally risky patterns



	Ascending
	Stable within the normal range
	Stable within the delayed range
	Descending

 

 	GA 	26. – 28. GA (n = 10) 	1 (10.0%) 	7 (70.0%) 	1 (10.0%) 	1 (10.0%)


 	24. – 25. GA (n = 7) 	1 (14.2%) 	2 (28.5%) 	2 (28.5%) 	2 (28.5%)


 	BW 	<1,500 g VLBW (n = 5) 	1 (20.0%) 	4 (80.0%) 	0 (0%) 	0 (0%)


 	<1,000 g ELBW (n = 6) 	1 (16.6%) 	2 (33.3%) 	1 (16.6%) 	2 (33.3%)


 	<750 g VELBW (n = 5) 	0 (0%) 	3 (60.0%) 	1 (20.0%) 	1 (20.0%)


 	< 600 g (n = 1) 	0 (0%) 	0 (0%) 	1 (100%) 	0 (0%)





GA, gestational age; BW, birth weight; VLBW, Very low birth weight infants; ELBW, Extremely low birth weight infants; VELBW, Very extremely low birth weight infants; <600 g, fetal infants.
 

Among ELGA children born at 26–28 weeks of GA the most represented pattern was the stable pattern within the normal range. We observed a „catch-up“pattern in this category for one child (GA: 26 weeks, BW: 980 g). Despite the fact that among ELGA children born at 24–25 weeks of GA the percentage of considered developmentally risky patterns was higher: descending pattern and stable pattern within the delayed range no psychologically significant difference in comparison with the representation of developmentally favorable trends (as was the case with cognition and language) was identified. Among children with VLBW and VELBW, developmentally favorable trends were more frequently described. Among children with ELBW, the percentage of ELGA children with developmentally favorable and developmentally risky patterns was balanced. For one child with a BW less than 600 g, we found a developmentally risky pattern—stable within the delayed range.





4 Discussion

A shorter duration of physiological maturation in the fetus carries a high risk of adverse developmental outcomes (e.g., Johnson et al., 2011; Marlow et al., 2005; O'Shea et al., 2013; Sansavini et al., 2011; Sansavini et al., 2014; Peralta-Carcelen et al., 2017; Squarza et al., 2017) necessitating thorough examination to ensure early and appropriate stimulation for the child.

This study aimed to longitudinally examine neurodevelopmental patterns, the prevalence of developmental delays, and the risk factors (gestational age and birth weight) associated with cognitive, motor, and language development in 17 Slovak children born at extremely low gestational age, without major cerebral damage or severe visual impairments, up to 2 years of age. A descriptive approach was employed.

In the discussion, we approach the comparison of our findings with other studies cautiously, because individual studies of the developmental functioning of ELGA children can differ in many aspects, such as the research methodology, research methods, sample size, age of children at the time of testing, use of age correction for prematurity, presence of a control group, and the degree of strictness of exclusion criteria for selecting participants, such as the presence of major cerebral damage or severe visual impairments. Being cautious in drawing conclusions based on our findings is essential mainly because of the study design, which was longitudinal, but due to the small number of participants, a descriptive approach was used.


4.1 Developmental functioning of cognition, language and motor skills of ELGA children up to 2 years of age

The developmental functioning of cognitive, language, and motor skills in the sample of ELGA children studied at the 7th or 8th month of corrected age fell within the average range. At this stage, the greatest developmental vulnerability was identified in the domain of motor skills. In the ELGA children studied, we observed a decline in cognitive, language, and motor functioning to the low-average range at 2 years of chronological age. Among ELGA children, language scores were the lowest. Sansavini et al. (2014) also observed similar mean composite Bayley-III scores across individual domains at 24 months of corrected age. Were comparable to our findings at 24 months of uncorrected age, with the following values (mean, SD): cognition: 85.3 (7.4) [Sansavini et al., 2014]—88.8 (13.9) [our study]; language: 93.8 (12.9)—83.5 (11.8); and motor: 85.2 (6.7)—87.5 (13.8). In both studies, the number of participants was the same (n = 17), and the subjects were ELGA children without major cerebral damage or severe visual impairments. This finding raises the question of whether age correction for prematurity remains necessary at 24 months and beyond, particularly when conducting developmental assessments using the Bayley-III in preterm children without major cerebral damage or severe visual impairments. We examine this question in consideration of concerns about the potential overestimation of performance when using the Bayley-III.

At 2 years of chronological age, the prevalence of developmental delay in individual domains among ELGA children in our sample was as follows: Mild to moderate delay (< −1 SD): cognition: 29.4%; language: 29.4%; motor: 17.6%. Severe delay (< −2 SD): cognition: 11.7%; language: 17.6%; motor: 17.6%. Comparable results were reported in the Swedish Preterm Infants Study (EXPRESS), which found that the preterm group performed significantly lower than the control group on the Bayley-III subtests at 2.5 years of corrected age. The study also included ELGA children with major neonatal morbidities and sensorimotor impairment. The prevalence of moderate–severe delay (< −2 SD) was 10.8% in cognitive domain, 14.9% in receptive communication, 14.5% in expressive communication, 12.4% in fine motor, and 7.0% in gross motor functions (Månsson and Stjernqvist, 2014).

When examining the development of ELGA children across the observed domains from the 7th or 8th month of corrected age to the 24th or 25th month of chronological age, a decline in developmental functioning is evident across all domains. This decline is reflected in several indicators: (1) a decrease in the average composite score over time, (2) an increasing gap in average scores between our sample and the normative population, (3) a rise in the prevalence of developmental delays, and (4) a deepening severity of developmental delays over time. In the sample of ELGA children, we identified a declining developmental trends in cognitive and motor skills; however, it remained within the range of typical development without delay. Regarding language skills, the most significant decline was observed over the course of development up to 2 years of age, shifting from the range of typical development to mild to moderate delay (< −1 SD).

It is important to emphasize that as early as the 7th and 8th month of corrected age, despite their average composite scores falling within the typical range across all developmental domains, ELGA children scored 5 to 10 points lower than the normative population across domains. This gap continued to widen over time, and by 2 years of chronological age, ELGA children scored 12 to 17 points lower than the normative population across domains. In addition to the increasing gap in average scores compared to the normative population, the growing difference in skill levels over time is also reflected in the rising prevalence and severity of developmental delay among ELGA children. Longitudinally, we found that while at the 7th or 8th month of corrected age, delays were exclusively at the level of mild to moderate delay (< −1 SD), by 2 years of chronological age, delays were identified not only at the mild to moderate level (< −1 SD) but also at the severe level (< −2 SD) across all domains. We also found that while only 30% of ELGA children exhibited developmental delay in at least one domain at the 7th or 8th month of corrected age, this percentage had risen to 58.9% by 2 years of chronological age. Our findings align with data from Hutchinson et al. (2013), who reported a 70% rate of impairment in one or more neurodevelopmental domains among ELGA children. Our results indicate a growing divergence in development, particularly in language skills, among the studied group of ELGA children up to 2 years of age. The findings of this study support the hypothesis of the so-called Matthew effect, observed in the developmental trajectories of preterm children compared to term-born children, as highlighted by Sansavini et al. (2014).

Our results also suggest the presence of the so-called cascading effect between developmental functions in the studied sample of ELGA children. A total of 23.5% of ELGA children in their second year of life exhibited delays across all developmental domains (cognitive, language, and motor). This finding suggests that more than half of the ELGA children studied in their second year exhibited some degree of developmental delay. Sansavini et al. (2010) highlight that extremely low and very low gestational age can serve as a risk factor for development, even in the absence of cerebral damage, as an immature central nervous system is exposed to invasive and inadequate stimulation. Preterm birth can result in subtle cerebral neuropathologies (Volpe, 1981; Rees and Inder, 2005) and subsequent long-term physical and neurological complications (Buonocore et al., 2001). Our findings also support the hypothesis that the development of individual functions is intertwined and interrelated.

In the ELGA children studied, we observed a decline in cognitive, language, and motor functioning to the low-average range at 2 years of chronological age. The language scores were the lowest, falling into the range of mild to moderate delay (< −1 SD). It appears that some of the difficulties identified in the language skills of preterm children may be mediated by general cognitive functions (Ortiz-Mantilla et al., 2008; Rose et al., 2009; Van Lierde et al., 2009), but they may also be related to some aspects of motor and visual development (Sansavini et al., 2011). Selassie et al. (2005) report that premature infants often have impaired gross and fine motor development, including oromotor development, which affects the movements of the speech organs and leads to difficulties not only in speech development but also in feeding. It can also be related to the cascading effect between functions, where the insufficient development of a certain function (cognitive, language, motor) negatively affects the achievement of developmental milestones in other functions. Early stimulation of motor skills in ELGA children can bring benefits not only for motor skills but also for cognitive and linguistic skills grounded on motor skills (Sansavini et al., 2014). Understanding the extent of developmental delays and their covariation across developmental domains is crucial for improving and optimizing clinical practice. These findings underscore the importance of providing early multidisciplinary care for ELGA children, particularly from their second year of life, with a focus on recognizing developmental interdependencies, such as the relationship between language and other developmental areas.



4.2 Types of developmental patterns of cognitive, language and motor skills of ELGA children up to 2 years of age

The study also aimed to enhance understanding of the diverse developmental patterns shaping the early development of cognition, language, and motor skills in ELGA children during their first 2 years of life. We described four types of developmental patterns: (1) stable within the normal range; (2) ascending into the normal range (resilient, with a catch-up effect); (3) stable within the delayed range; and (4) descending into the delayed range.


4.2.1 Stable developmental patterns

The most commonly observed pattern across all domains was the stable pattern within the normal range (cognitive—58.8%, language—47.0%, and motor—52.9%). We assume that this result may be attributed to the fact that the children in our sample had no severe cerebral damage or severe visual impairments. Furthermore, despite perinatal risks, they developed well from the beginning, having their developmental scores within the normal range and without delay.

This may also explain the finding of the low representation of the stable patterns within the delayed across all developmental domains in our sample (cognitive—11.7%, language—5.8%, and motor—17.6%). Several authors have also identified stable developmental patterns, and trajectories of functioning in various domains in preterm children. Stable developmental trajectories were identified within the normal range, within the deficit range, and also stable trajectories within the normal range but with continuous lagging compared to the control group of full-term children.

Stålnacke et al. (2015) conducted a cluster analysis of cognitive skills in a sample of 118 preterm children (< 37 weeks of GA and < 1,500 g) at the time points of 10 months, 5.5 years, and 18 years. Most children remained within clusters representing similar developmental levels over time, with transitions between lower and higher clusters occurring only rarely. Children who were classified in the lower “cognitive class” at 5.5 years of age did not demonstrate catch-up effect in their cognitive development. According to the study’s conclusions, it can be assumed that the cognitive trajectories of preterm children have a stable nature; and cognitive performance at 5.5 years was a strong predictor of cognitive performance at 18 years.

Mangin et al. (2017) evaluated white matter anomalies in 110 very preterm infants (≤ 32 weeks of GA) and a group of full-term children using magnetic resonance imaging (MRI), in addition to psychological testing of cognitive skills. Testing was conducted four times (at 4, 6, 9, and 12 years). Cognitive skill trajectories in both groups showed stability over time, but the preterm children scored 9–12 points lower than the full-term children in each test. Lower IQ scores in both groups were associated with higher levels of social risk, and in preterm children, also with a higher degree of white matter anomalies.

We consider the study by Sansavini et al. (2014) methodologically stimulating. They compared the growth curves of cognition, language, and motor skills in 17 ELGA children (mean GA 25.7 weeks) and 11 full-term children at various time points from 12 to 36 months of GA. Growth curves were used to model the raw scores in the individual domains of the Bayley-III. Children born at ELGA scored significantly lower than their full-term peers in language, motor, and cognitive skills. By the age of 3 years, they had not overcome this disadvantage, even when their corrected age was considered. Regarding growth trajectories, a significant and increasing divergence was observed in motor development, with the ELGA group increasingly lagging behind their full-term peers counterparts over time. In linguistic and cognitive development, a stable gap between the two samples was observed. Additionally, substantial interindividual variability in the rate of language development was observed in both groups.

In the motor domain, our sample exhibited the highest representation of a stable pattern within the delayed range, compared to the cognitive and language domains. As previously noted, the motor domain appears particularly vulnerable to the effects of preterm birth. Drawing on the neuroconstructivist framework (Karmiloff-Smith, 1998; Thomas et al., 2009), we propose that the motor deficits observed in this study may result from the interaction between the extreme immaturity of the nervous system and other body systems, combined with the nature of physical experiences during prolonged recovery in the NICU and the post-discharge period (Als et al., 2004; Sansavini et al., 2010; Sansavini et al., 2011).



4.2.2 Descending patterns into the delayed range

The second most prevalent developmental patterns identified in the language domain (41.1%) and cognitive skills (29.4%) exhibited a descending pattern, characterized by a shift from typical to delayed performance. This pattern reflects a phenomenon in which preterm children’s developmental progress declines over time. A possible underlying mechanism may involve the interaction between the child’s smaller physical size and the initially lower complexity of tasks, reduced demands for cooperation, and less mature psychological processes required for performance in language, cognitive, and motor domains. As the child matures, this early immaturity increasingly impedes the development of more complex skills. We propose that assessments conducted at later ages are more likely to reveal developmental challenges, as task demands become more sophisticated. Across developmental stages, these deficits tend to intensify, resulting in a widening gap in performance between preterm and full-term children.

Nguyen et al. (2018) described developmental trajectories of language skills in 224 preterm children (< 30 weeks of GA or < 1,250 g) aged 2 to 13 years. In addition to the optimal/stable pattern, they identified three lagging trajectories: “decelerating” (in 9% of children)—with a good initial level of language skills, but gradual weakening from the age of 7 (the authors suggest that this could be due to overestimation of early language development by parents), “stable low” (21% of children), and “high risk” (7% of children). The authors suggest that if language skills have not improved by the age of seven, difficulties are likely to persist into adulthood. Preterm children were 8 times more likely to have poorer language development than full-term children.

Sansavini et al. (2010) examined the rate of language impairment among very preterm children, finding that about one-third of these children could be characterized as having a language impairment at 3.5 years. The predominant predictor of language impairment was a prior history of communicative and linguistic skills as reported at 2.5 years. The authors suggest that these findings point to the existence of specific subgroups of preterm children who are particularly vulnerable to persistent developmental difficulties. In our sample, 41.1% of ELGA children showed a descending pattern in language development by the age of two, while 47% exhibited a language development delay at that age. Based on the conclusions of Sansavini et al. (2010), it is possible to consider these subgroups as specific from the perspective of developmental risk for the language development of ELGA children.

Studies have confirmed significant increasing divergence in language skills over time, such as in Sansavini et al. (2011), which examined a sample of 104 Italian very preterm children (mean 29.5 weeks of GA). The effect was evident in receptive vocabulary and gesture/action production from 12 to 18 months and in expressive vocabulary from 18 to 24 months. A meta-analysis (van der Noort-Spek et al., 2012) revealed that very preterm children at preschool and school age show deficits in both: simple and complex language functions. In adolescence, they show a catch-up effect in some simple language functions, but they continue to have difficulties in complex ones (Luu et al., 2011).

Regarding the observed descending pattern of cognitive skills in our sample of ELGA children, we associate this finding with the hypothesis proposed by Rose et al. (2009, 2011). They propose that fundamental information-processing mechanisms such as processing speed and memory are impaired in preterm infants due to differences in neurobiological maturation. These impairments, in turn, may negatively impact the development of more complex cognitive functions. Findings from previous studies also indicate a worsening cognitive development in preterm children. For instance, Yaari et al. (2018) found that differences between the developmental trajectories of ELGA children and full-term peers continued to increase up to 18 months of corrected age, with the most pronounced differences observed in visual reception, gross motor, and fine motor skills. Meta-analyses have demonstrated that preterm children exhibit developmental differences in general intellect compared to full-term peers, with a difference of approximately 10 standard IQ points (Bhutta et al., 2002). This cognitive difference was more pronounced in ELGA children compared to those with lower degrees of prematurity (Marlow et al., 2005; Larroque et al., 2008) and was observed even when individuals with severe neurological impairments were excluded from the preterm sample (Charkaluk et al., 2010). In a longitudinal study, Sansavini et al. (2014) found that ELGA children exhibited significantly lower scores in language, motor, and cognitive skills compared to their full-term peers. Moreover, they did not overcome this disadvantage by the age of three, even when their corrected age was considered. Regarding growth curves, motor development showed a significant increasing divergence, demonstrating a Matthew effect, with the preterm sample falling further behind the full-term sample. In linguistic and cognitive development, however, a stable gap between the two samples was observed. Sansavini et al. (2010) report that cognitive difficulties in ELGA children become more apparent and stable later in development and persist throughout preschool years and subsequently into school age, with an increase in learning difficulties and disorders (Constable et al., 2008). Given these findings from longitudinal research, it is essential to provide appropriate intervention for ELGA children not only those already exhibiting delays (< −1 SD; < −2 SD), but also those showing a decline in cognitive skills compared to their full-term peers. Our clinical practice confirms this necessity, as these developmentally high-risk children face the potential persistence and deepening of cognitive differences.



4.2.3 The ascending patterns

The ascending pattern was marginally represented in our sample of ELGA children (cognitive—0%; language—5.8%, and motor—11.7%). The catch-up effect in developmental functioning across various domains in preterm children has been confirmed by several studies. Luu et al. (2009) found a catch-up effect in receptive communication in children with very low birth weight (600–1,250 g). Similarly, Nguyen et al. (2018) described five different language skill trajectories in 224 very preterm children (< 30 weeks of GA or < 1,250 g) aged 2–13 years. The most prevalent developmental pattern, designated by the authors as optimal/stable, comprised two distinct patterns: a stable within the normal range pattern, observed in 23% of children, and a resilient pattern characterized by an initial delay followed by a catch-up effect identified in 37% of children. The remaining trajectories were categorized as decelerating, stable low, and high risk. In the study by Everts et al. (2019), the group of premature children even outperformed the full-term children in the areas of inhibition and cognitive flexibility (the testing was conducted at two time points, between the ages of 7–12 and 13–18). These findings support the hypothesis that preterm children require an extended period for the maturation of executive functions, with this developmental process continuing into early adulthood.

The study by Syrengelas et al. (2016), focusing on the motor development of preterm children, revealed an upward developmental trend. The children were assessed monthly using the Alberta Infant Motor Scale (AIMS) from birth until 19 months of GA. In the prone position (face-down on their belly), preterm children had significantly lower gross motor scores compared to full-term children up to 12–13 months. In the supine position (lying on their back with their face pointing upward), differences were again observed in favor of full-term children up to 8–9 months, followed by a plateau phase during which preterm children caught up with their full-term peers. In the sitting position, differences were noted from 3 to 4 months, while the development of standing phases varied from the beginning. However, the motor development trajectories of preterm children closely resembled those of the control group. The authors concluded that while the motor development of preterm children follows a typical pattern, it progresses at a slower rate. In our ELGA sample, developmental functioning was assessed at the second time point at 2 years of age raising the possibility that a catch-up effect may emerge at a later stage.




4.3 Developmental patterns of cognitive, language and motor skills from the perspective of gestational age and birth weight of ELGA children up to 2 years of age

This study also aimed to gain deeper insights into the developmental patterns across cognitive, language, and motor domains within the ELGA sample. To this end, we examined their associations with key perinatal characteristics specifically gestational age and birth weight. This analysis was guided by previous research identifying these factors as strong predictors of neurodevelopmental outcomes in preterm populations (Salas et al., 2016; Su et al., 2017; UCSF Benioff Children’s Hospital, 2025). Our findings confirm that, despite advancements in perinatal care for premature infants, low gestational age and very low birth weight or lower continue to pose significant risks to early childhood development.

In our sample of ELGA children, those born at 24–25 weeks of gestation predominantly exhibited developmental patterns classified as high-risk, including descending patterns and stable patterns within the delayed developmental range. These patterns were particularly prevalent in cognitive and language domains. Conversely, among children born at higher gestational ages (26–28 weeks of GA), stable developmental patterns within the normal range predominated across all domains. Neurodevelopmental outcomes improved incrementally with each additional week of gestational age.

Regarding birth weight, children with higher birth weight—very low birth weight infants (< 1,500 g) and extremely low birth weight infants (< 1,000 g)—frequently exhibited developmentally favourable trends (stable pattern within the normal range), while for children with birth weight < 750 g, the patterns were considered developmentally risky. This trend was observed across all developmental domains. Using a descriptive approach and analysis of developmental patterns in ELGA children, we identified a potentially protective effect of birth weight on neurodevelopment, particularly in the domains of cognition and speech. For example, we identified descending developmental patterns in cognition and speech in a child born at 27 weeks of GA, but with a birth weight of 560 g. Conversely, in a child born at a lower GA (25 weeks of GA) but with a higher birth weight (740 g), we identified stable patterns within the normal range across all developmental domains.

There appears to be an inverse relationship persists between birth weight or gestational age and the incidence of neurodevelopmental disorders, with lower birth weights and earlier gestational ages associated with higher rates of impairment (Bhutta et al., 2002). Each additional week of gestational age or gram of birth weight has been associated with a decreased likelihood of impairment (Synnes et al., 1994) and improved functional outcomes (MacDonald, 2002), particularly in cognitive development (Fily et al., 2006; Piecuch et al., 1997).

While some researchers consider birth weight a reliable predictor of neonatal outcomes (Cole et al., 2002), and others emphasize the importance of gestational age (Cooke, 2005; Foster-Cohen et al., 2007; Saigal and Doyle, 2008), Tyson et al. (2008) argue that neither factor alone serves as a robust predictor of developmental functioning in premature children. Instead, the authors emphasize that developmental outcomes are ultimately shaped by a complex interplay of medical and non-medical risk factors. There are proven interventions to help reduce stress caused by prematurity. These interventions aim to replicate some aspects of the intrauterine environment and enhance contact between the infant and caregiver, such as removing the infant from the incubator for skin-to-skin contact (kangaroo care) (Closa Monasterolo et al., 1998) or implementing the Newborn Individualized Developmental Care and Assessment Program (NIDCAP) (Als et al., 2004). Specifically, sensory stimulation and skin-to-skin contact have been shown to positively affect neurodevelopmental outcomes by improving sensory integration, strengthening parent-infant bonding, and supporting autonomic regulation (La Rosa et al., 2024; Lilliesköld et al., 2025; Ndjomo et al., 2025; Kristoffersen et al., 2005).



4.4 Limitations

We believe that the primary contribution of this study despite its small sample size lies in its findings on developmental levels, developmental patterns, and the presence of developmental delays among Slovak ELGA children during their second year of life. To our knowledge, no comparable study has been published in Slovakia to date. Nevertheless, we acknowledge several limitations of the study.

The primary limitation was the small sample size, which resulted from the strict inclusion and exclusion criteria applied during participant selection. These criteria were deliberately designed to isolate the effects of extreme prematurity on child development, minimizing the confounding influence of major cerebral damage or severe visual impairments. While this approach provided a clearer perspective on the developmental impact of extreme prematurity, it also substantially reduced the research sample size. Consequently, the generalizability of our findings beyond the study population should be interpreted with caution. Replicating these findings in a larger sample represents an important direction for future research. Although this study had a longitudinal aim, the small sample size necessitated a descriptive approach to examine the developmental patterns of Slovak ELGA children. The use of detailed, individual-level developmental profiles allows for a nuanced understanding of the variation within this high-risk group, offering insights that group-level statistics may overlook. Despite the small sample, the findings have direct clinical relevance for early developmental monitoring and intervention planning for extremely preterm infants.

Secondly, the study lacks a control group of term-born children. Instead, we compared the performance of ELGA children in our sample with a normative group that includes not only term-born children but also other developmentally at-risk populations [e.g., Down Syndrome, cerebral palsy, pervasive developmental disorder, premature birth, specific language impairment, prenatal alcohol exposure, asphyxiation at birth, small for gestational age, and at risk for developmental delay (Bayley, 2006)]. We did not establish a control group of full-term children, as our data were obtained through a retrospective analysis of medical records from patients selected according to the study’s criteria. We acknowledge that the use of test norms instead of raw scores from a control group may potentially reduce the observed differences in developmental outcomes across the assessed domains. However, the findings of Aylward and Zhu (2019) support our results. Their study demonstrated that the inclusion of at-risk children in the normative sample led to minimal changes in mean scores on the Cognitive, Language, and Motor Scales, suggesting that such inclusion did not significantly inflate Bayley-III scores.

Lastly, we acknowledge the absence of Slovak normative values for the Bayley-III as a limitation. We acknowledge the valid concern regarding the use of U.S.-based Bayley-III norms in a Slovak sample. While we recognize that cultural and contextual differences may influence developmental performance, we believe the application of Bayley-III norms in our study is justified for several reasons. First, in the absence of national normative data, the Bayley-III remains one of the most comprehensive and psychometrically validated tools for early developmental assessment globally. Applying the standard norms from the Bayley-III manual allowed us to maintain methodological rigor and comparability with international research. Second, we conducted a previous study in Slovakia with a sample of 30 children, where we examined the intercorrelations between Bayley-III subscales (Ráczová et al., 2024). The results showed even higher intercorrelations than those reported in the original U.S. standardization sample, suggesting good internal consistency in our context. While we acknowledge that this does not replace full psychometric standardization, it provides preliminary evidence supporting the instrument’s applicability in Slovak settings.

We also recognize that the use of non-local norms could influence the classification of developmental delay, especially among vulnerable groups such as extremely low gestational age (ELGA) infants. This limitation is addressed in our manuscript, and we interpret delay classifications with the necessary caution. Finally, this study is part of a broader effort to encourage the adaptation and standardization of high-quality developmental assessment tools for the Slovak population. The lack of national norms remains a major challenge in our context, and our research aims to contribute toward filling this gap and promoting further validation initiatives.




5 Conclusion

Our findings indicate that among the observed ELGA children, specifically those without significant cerebral damage or severe visual impairments and who received perinatal care, 41.1% showed no developmental delay at 2 years of age, even when assessed without age correction for prematurity. The most frequently observed developmental pattern across all domains (cognitive, language, and motor) was a favorable, stable pattern within the normal range. It appears that brain plasticity, potentially serving as a protective mechanism—enhanced by a complex interplay of medical and non-medical risk factors—may underlie the favourable neurocognitive development observed in preterm children (DeMaster et al., 2019). However, based on our clinical experience, we recommend closely monitoring the developmental patterns of these children, as delays may emerge later when confronted with more complex developmental tasks.

Conversely, more than half (58.9%) of the observed ELGA children at 2 years of age exhibited developmental delays in at least one domain. We more frequently identified developmental delays that were classified as mild to moderate in severity (< −1 SD). The second most common pattern in the domains of language and cognitive skills was the descending pattern, indicating a shift from typical development to developmental delay. Overall, across all developmental domains, we observed a general decline in performance levels into the low average range. In our study, cognitive and language skills appeared to be more developmentally vulnerable than motor skills among children without significant cerebral damage. Despite notable advancements in perinatal care, preterm children continue to face a high risk of developmental deficits.

The developmental patterns observed in ELGA children in this study reveal substantial interindividual variability in development up to 2 years of age. This variability appears to be influenced by the complex interplay of multiple factors, including the degree of prematurity measured by gestational age at birth and birth weight. These findings underscore the critical need for long-term monitoring of developmental patterns in this high-risk population. Furthermore, they highlight the importance of identifying a broad spectrum of medical, biological, and environmental risk factors and their interactions, that contribute to developmental outcomes in ELGA children without significant cerebral damage or severe visual impairments.
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Introduction: Several studies have investigated differences between mothers' and fathers' stress and mental health in the context of autistic children parenting. However, fewer have examined differences in parent-reported perceptions of their children's behaviors, symptom severity, and their associations with parental variables. This study aimed to compare parental stress (Parental Stress Index—Short From), mental health (Symptom Checklist–90), and parent-reported perceptions of child behaviors (Child Behavior Checklist—CBCL) and symptom severity (Social Responsiveness Scale—SRS). In Italian mothers and fathers of autistic children while exploring how parental wellbeing relates to both parent-reported and clinically assessed child characteristics.
Methods: A total of 102 parents (51 mothers and 51 fathers) of autistic children aged 4–19 years completed questionnaires assessing stress, mental health, children's behavioral traits and symptom severity. Standardized clinical tests directly measured children's cognitive functioning (IQ) and symptom severity. Group differences between mothers and fathers were analyzed using inferential tests, while Linear Mixed Models were employed to examine the effect of parent, parental stress and mental health on parent-reported perceptions of children's behaviors and symptom severity, as well as clinically measured children's cognitive functioning and symptoms severity.
Results: Mothers and fathers reported similar stress levels but mothers showed higher levels of mental health symptoms and perceived their children as having more severe internalizing and externalizing behaviors and more severe symptomatology compared to fathers. Parental mental health was significantly associated with parent-reported child internalizing behaviors, while parental stress was linked to externalizing behaviors and parent-reported autism severity. No effects emerged for child cognitive functioning, and the model on clinician-rated autism severity failed to converge.
Discussion: These findings emphasize the interconnected nature of parental wellbeing, parent-reported child characteristics, and clinically assessed child traits. Recognizing these links may inform more effective, targeted support strategies for families raising autistic children.
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1 Introduction

Core challenges associated with autism, such as difficulties in communication, social interaction, and behavioral flexibility, may influence the child's ability to engage with significant others, including parents (Crowell et al., 2019). These challenges often transform everyday interactions into complex and demanding situations, making it difficult for parents to connect with their children through joyful and shared activities. This dynamic may constitute a significant challenge for parents, contributing to elevated stress levels and influencing the overall emotional climate in which the child develops (Ting and Weiss, 2017).

In recent years, there has been a growing body of literature focusing on stress and mental health of parents raising autistic children, often compared with parents of typically developing children (Estes et al., 2013; Baker-Ericzén et al., 2005; Hoffman et al., 2009) or children with other diagnoses (Davies et al., 2021; Barroso et al., 2018). These findings underscore the unique and multifaceted challenges faced by parents of autistic children. Such difficulties can affect parent-child interactions and may contribute to cycles of maladaptive responses, impacting both the child's development and parental wellbeing (Piro-Gambetti et al., 2024). As a result, families may experience heightened levels of parental stress, emotional exhaustion, and difficulties in fostering healthy relational dynamics within the family unit (Davis and Carter, 2008; Hoffman et al., 2009; Baker-Ericzén et al., 2005). Therefore, understanding and addressing the unique experiences and needs of parents of autistic children in both research and clinical settings is a cornerstone for promoting more effective interventions and fostering resilience in these families. Moreover, a notable gap in research literature still exists: while the maternal perspective is often prioritized, there is limited research focusing on fathers, despite their essential role in supporting child development and the family system (Hirschler-Guttenberg et al., 2015; Rankin et al., 2019).


1.1 Parental stress

Stress among parents of autistic children has been extensively studied, but results are often inconsistent. Some research revealed differences between mothers and fathers (Vasilopoulou and Nisbet, 2016; Pisula, 2011). However, other studies found no differences between the two caregivers (Davis and Carter, 2008; Ozturk et al., 2014). Child-related factors such as symptom severity, social difficulties, adaptive functioning, and emotional difficulties significantly predicted maternal stress (Mello et al., 2022). In contrast, paternal stress seemed to be less influenced by these factors (Li et al., 2022).

Nonetheless, high levels of stress have been found to be strong predictors of anxiety and depression in both mothers and fathers, indicating a need for broader support (Li et al., 2022). Parental stress was also strongly associated with parental perceptions of child characteristics, such as externalizing behavioral problems, that can in turn amplify parental stress (Lin et al., 2021). However, their relationship may not always be reciprocal, as behavioral problems in children may not necessarily predict parental stress. In fact, beyond the critical period of diagnosis, studies suggested higher stress in parents of younger children (Barker et al., 2011; Fitzgerald et al., 2002; Lounds et al., 2007; Smith et al., 2008), increasing stress with age (e.g., Konstantareas and Homatidis, 1989; Tehee et al., 2009), as well as stable levels of stress over time (Lecavalier et al., 2006; McStay et al., 2014). This evidence highlights the importance of deepening our understanding of the specific associations between these dimensions.

Systematic reviews (e.g., Enea and Rusu, 2020) have identified numerous factors influencing parenting stress, categorized into child-related and parent-related variables. Child-related factors include problematic behaviors (Yorke et al., 2018; Estes et al., 2013), the severity of autistic symptoms (Pastor-Cerezuela et al., 2016; Machado Junior et al., 2016), and adaptive or maladaptive functioning (Operto et al., 2021). Parent-related factors include self-efficacy (Reed et al., 2017; Stephenson et al., 2023), resilience (Faso et al., 2013), co-parenting dynamics, and parenting styles. Research consistently showed that greater severity, reduced adaptive functioning, and heightened behavioral problems (internalizing and externalizing) in children are associated with higher stress levels among parents (Operto et al., 2021). A recent study (Rodriguez et al., 2019) investigated the bidirectional relationship between parents' stress and child functioning and found that parenting stress positively predicted later increases in internalizing behaviors in autistic children, but not vice versa. Effects were more prominent in mothers, also in line with previous literature (Rodriguez et al., 2019), highlighting that high parenting stress in mothers may lead to increases in the child with ASD's internalized behavior problems. Parental stress led to increases in child externalizing behavior problems in mothers and fathers of autistic children. This pattern suggests that a context of high parental stress may not only lead to child internalizing behavior problems, such as withdrawal and avoidance, but also to child externalizing behavior problems, such as aggression and impulsivity. Overall, these findings highlight the importance of addressing both child-related and parent-related factors in interventions, as they significantly influence parental stress, mental health challenges, and family dynamics (Yorke et al., 2018; Lin et al., 2021).



1.2 Mental health

While much research has focused on parental stress in the context of autism, less attention has been given to other clinical domains of parenting, such as mental health, which reflects psychological wellbeing (Schnabel et al., 2020). Research has consistently shown that parents of autistic children tend to experience higher levels of depression and anxiety compared to parents of typically developing children (Alibekova et al., 2022). Parents of autistic children also reported higher mental health concerns than those with other difficulties, such as intellectual disabilities (Gau et al., 2012; Karst and Van Hecke, 2012). Notably, mothers tended to exhibit higher levels of depression and anxiety (Davis and Carter, 2008; Ozturk et al., 2014; Demšar and Bakracevic, 2023), and these mental health issues were correlated with the severity of their children's behavioral symptoms (Machado Junior et al., 2016). One possible explanation for this is that mothers are often involved in caregiving and assume more managerial responsibilities, and for this, they can experience more psychological symptoms (e.g., depression) than fathers (Crnic and Low, 2002).

While much of the existing literature highlights the stress and psychological burden that can arise from raising a child with autism, it is important to acknowledge that the mechanisms underlying parental mental health are likely more complex. Emerging research suggests that shared genetic factors, such as elevated autistic or neurodivergent traits in parents themselves, may contribute to increased vulnerability to mental health difficulties (Schnabel et al., 2020). Additionally, environmental stressors disproportionately experienced by neurodivergent individuals—including social exclusion, economic instability, and employment barriers—may further exacerbate psychological strain (Yorke et al., 2018; Alibekova et al., 2022). Considering these intersecting influences offers a more nuanced understanding of the pathways linking child autism and parental wellbeing.

Recent studies have also highlighted a positive correlation between autistic symptoms in children and depressive and anxious symptoms in their parents, with the relationship mediated by concerns about the future, parenting stress, marital conflict, and economic pressure on the family (Chan et al., 2018). Furthermore, research suggests that the severity of children's behavioral problems is related to higher levels of anxiety and depression among mothers (Barker et al., 2011; Bitsika and Sharpley, 2004; Wiggins et al., 2019). Jones et al. (2013) suggested that behavioral problems and adaptive difficulties in autistic children are more strongly associated with maternal anxiety than paternal anxiety. The probability of experiencing depression is also higher in parents as their child ages or when a family has more than one child with autism (Cohrs and Leslie, 2017). Collectively, these findings underscore the significant mental health challenges faced by parents of autistic children and highlight the need for targeted interventions to address parents' wellbeing and children's developmental needs. In line with this, inclusion of fathers in intervention programs and design plays a crucial role. In fact, despite growing recognition of the father's role in child development, especially in the context of autism, research continues to underrepresent paternal perspectives. This gap limits our understanding of fathers' unique contributions and stressors experienced by fathers, which may differ significantly from mothers' emotional expression, co-regulation strategies, and caregiving patterns (Davis and Carter, 2008; Patel et al., 2022). Moreover, excluding fathers may obscure important relational dynamics within the family system and hinder the development of support strategies that are inclusive of all caregiving roles. Recent work has emphasized that paternal wellbeing and involvement are crucial for child adjustment and maternal mental health, suggesting that a more integrative approach to family research is needed (Fisher and Glangeaud-Freudenthal, 2023). Although several studies focused on stress and mental health, results are still inconsistent (Schnabel et al., 2020 for a review). Also, only a few studies had a balanced sample of mothers and fathers, underscoring the need to conduct more research including fathers with paired samples to perform targeted comparisons. Furthermore, emerging research supports a transactional perspective in which parental wellbeing and child behaviors are interdependent and mutually reinforcing over time (Rodriguez et al., 2019). For example, child externalizing behaviors can increase parental stress, while parental internalizing symptoms may sensitize caregivers to children's internal struggles. Understanding these reciprocal influences is crucial for designing targeted interventions that address the needs of both parents and children within the family system.



1.3 Parent-reported child behaviors

In line with previous research on differences between mothers' and fathers' reports of child internalizing and externalizing behaviors (Rodriguez et al., 2019) and autism symptomatology (Rodriguez et al., 2019; Falk et al., 2014), the first aim of this study was to compare parental mental health, stress, and parent-reported perceptions of their children's behaviors and symptom severity in an Italian sample of parents and their autistic children.

Second, although previous research studied bidirectional associations between stress and parent reported child behaviors and symptoms (Rodriguez et al., 2019), fewer studies focused on the association between parents' mental health and their parent-reported representations. Therefore, we aimed at exploring potential associations between parents' traits, their parent-reported characteristics of internalizing and externalizing behaviors, and the severity of the perceived symptoms. In addition, despite recent strengths in involving fathers in the context of autism research, there is still limited empirical focus on fathers, especially in efforts to disentangle the specific role of fathers from that of mothers. To our knowledge, no previous research including all these dimensions has been conducted within an Italian sample.

Based on the above-mentioned findings, we addressed the following hypotheses:

	1. In line with previous studies (Enea and Rusu, 2020; Mello et al., 2022; Schnabel et al., 2020; Rattaz et al., 2023), we expected mothers to report higher stress and mental health difficulties than fathers in our sample.
	2. In line with previous research that investigated the differences between mothers' and fathers' reports of child internalizing and externalizing behaviors (Rodriguez et al., 2019), we hypothesized no differences in the perceptions of their children's behaviors. However, considering previous research on parental perceptions of autistic children's symptomatology (Rodriguez et al., 2019; Falk et al., 2014), we hypothesized that mothers may report higher levels of perceived severity.
	3. While previous studies support an association between parental stress and certain behavioral features of the child (see the above literature), fewer empirical findings are available on the link between parent-reported symptom representations in the context of the fathers' literature. In line with this, we assessed associations between parental stress and mental health and the child's perceived behaviors and severity.
	4. Finally, we aimed to investigate whether parental stress and mental health are associated with clinician-rated measures of child cognitive function and symptom severity.




2 Materials and methods


2.1 Participants and procedure

The sample included n = 112 parents (n = 56 mothers and n = 56 fathers) of autistic individuals aged between 4 and 19 (mean chronological age = 110.77 months; SD = 48.93; mean mental age = 110.96 months; SD = 70.94). Data were collected at the Laboratory of Observation, Diagnosis, and Education (ODFLab), a clinical and research center of the Department of Psychology of the University of Trento, Italy. Participants were recruited on a voluntary basis. Families independently contacted the center to request a developmental assessment or interventions for their children. Recruitment materials, including flyers in the clinic waiting area and announcements shared via the lab's website, newsletter, and social media, advertised the research opportunity. Interested parents were subsequently invited to a dedicated meeting with a member of the research team, during which study aims, procedures, and ethical safeguards were explained. Written informed consent was obtained from both parents when joint custody applied. Participants were informed they could withdraw at any point, and in such cases, collected data would be excluded from the study.

Children underwent a complete clinical assessment with gold-standard procedures for diagnosing neurodevelopmental conditions. The diagnosis of Autism Spectrum Disorder was confirmed by following the DSM-5 criteria (American Psychiatric Association, 2013) and through the administration of the Autism Diagnostic Observation Schedule-2 (ADOS-2) by trained clinicians (Lord et al., 2012). Parents completed questionnaires for parental stress, mental health, behavioral and emotional problems of their children, and their children's symptomatology. All participants signed a written consent to participate in the study. The procedures of this study followed the last version of the Declaration of Helsinki (General Assembly of the World Medical Association, 2014) and were approved by the Research Ethics Board of the University of Trento (Protocol Number 2020-042). The initial sample of this study included a significantly larger number of participants. However, attrition occurred due to the rigorous application of inclusion criteria. Specifically, participants were included only if they met the following criteria: (1) a confirmed diagnosis of Autism Spectrum Disorder (ASD) through standardized diagnostic assessments; (2) an age range between 4 and 19 years; (3) at least one cognitive functioning assessment available for the child; (4) participation of both parents in the entire assessment process, with the completion of all measures related to their mental health and their parent-reported representations of the child. Participants were automatically excluded from the study if any of these measures were missing. This process ensured the inclusion of complete and homogeneous data, which was essential for the validity of the analyses conducted, resulting in N = 51 paired dyads {mean child CA = 116.49 months (47.61); range = [49, 213]; mean child MA = 118.10 months (70.64); range = [22, 275]; mean CA Mothers = 43.42 years (6.25); range = [31, 58]; mean CA Fathers = 47.06 years (7.60); range = [34, 73]}. The average ADOS-2 Calibrated Score was 6.47 (1.37), ranging from 3 to 9. As for the Cognitive Profile, Children's average IQ was 87.55 (31.91), ranging from 20 to 135.



2.2 Measures
 
2.2.1 Individual parental measures
 
2.2.1.1 Parental stress index—Short form

The Parental Stress Index—Short Form (PSI-SF; Abidin, 1990) is a self-report questionnaire to identify early signs of stress in the parent-child relationship. The tool comprises 36 items rated on a 5-point Likert scale (ranging from agreement to disagreement) and evaluates three key dimensions of parental stress:

- Parental Distress (PD): Assesses the level of stress parents experience in their parenting role due to individual factors independent of the child.

	- Dysfunctional Parent-Child Interaction (P-CDI): Evaluates the parent's perception of the relationship with the child.
	- Difficult Child (DC): Examines characteristics of the child's behavior and the parent's perception of raising a challenging child.

Finally, a Total Stress Index (ST) is calculated as the sum of the three primary domains. We considered percentile scores as provided by the standardized scoring procedure of the instrument, rather than the raw scores. Scores between 75 and 90 are considered clinically relevant.



2.2.1.2 Symptom checklist–90 revised

The Symptom Checklist-90-Revised (SCL-90-R; Derogatis and Savitz, 1999) is a 90-item self-report questionnaire that evaluates a broad range of psychological symptoms in both clinical and non-clinical populations. It captures the psychological symptom state at a specific time and aids in identifying potential issues such as anxiety or depression, warranting further assessment. Each item is rated on a 5-point scale (0–4) from “not at all” to “very much”, and results are interpreted across nine symptom dimensions and three global indices. The symptom dimensions are Somatization; Obsessive-Compulsive; Interpersonal Sensitivity; Depression; Anxiety; Hostility; Phobic Anxiety; Paranoid Ideation; Psychoticism. The global indices are:

	- Global Severity Index (GSI): Overall severity of psychological distress, combining symptom number and intensity.
	- Positive Symptom Total (PST): Total number of symptoms reported.
	- Positive Symptom Distress Index (PSDI): Average distress per symptom, reflecting response style and symptom intensity.

Scores exceeding “1” on global indices indicate clinical relevance, while scores above “2” suggest severe symptoms.




2.2.2 Parent-reported child measure
 
2.2.2.1 Child-behavior checklist

The Child Behavior Checklist (CBCL; Achenbach and Rescorla, 2000, 2001) is a parent-reported questionnaire designed to evaluate children's competencies and behavioral problems. The assessment of problematic behaviors is through items rated by parents on a 3-point Likert scale (0–2), indicating the frequency of specific behaviors over the past 6 months. Several scales are organized into two broad categories: the Internalizing Problems scale (comprising Withdrawal, Somatic Complaints, and Anxiety/Depression) and the Externalizing Problems scale (including Rule-Breaking and Aggressive Behavior). T-scores above 70 are clinically significant, whereas scores between 65 and 69 are borderline and they warrant attention.



2.2.2.2 Social responsiveness scale

The Social Responsiveness Scale—Second Edition (SRS-2; Constantino and Gruber, 2012) is a self-report questionnaire designed to assess the presence and severity of social challenges in ASD. It comprises 65 items and is suitable for parents or caregivers of individuals aged 2.5 years through adulthood.

The SRS-2 evaluates two core symptom domains defined by the DSM-5. In the area of social interaction and communication, it includes the scales of Social Awareness (AWR), Social Cognition (COG), Social Communication (COM), and Social Motivation (MOT). Additionally, it assesses Restricted and Repetitive Behaviors and Interests (RRB) as a separate domain. T-scores above 75 indicate a severe level of autistic symptomatology. Scores between 75 and 66 indicate moderate levels of autistic symptomatology, whereas scores between 60 and 65 indicate mild levels of symptomatology. In general, T-scores below 60 are not clinically significant.




2.2.3 Clinician rated child assessments
 
2.2.3.1 Autism diagnostic observation schedule 2—ADOS-2

In this study, the Autism Diagnostic Observation Schedule-2 (ADOS-2; Lord et al., 2012) was employed to both confirm participants' ASD diagnoses and assess symptom severity. This instrument offers modules tailored to the child's chronological age and expressive language level. Each module generates a final score categorizing symptom severity as mild, moderate, or severe. The ADOS-2 is a semi-structured, standardized assessment tool regarded as the “gold standard” for ASD diagnosis and widely used in both clinical and research settings (Lord et al., 2012).



2.2.3.2 Cognitive profile

To assess children's clinical profiles and mental age, we used different standardized tools based on the child's chronological age. We used the Griffiths Mental Development Scales (GMRS-Edition Revised, Luiz et al., 2006) for young children. These developmental scales assess various aspects of mental development in infants and children through semi-structured activities. The scales provide Z-scores across several subscales that yield a global quotient and developmental age equivalents. To assess older children's cognitive profile and mental age, we administered more structured standardized tests. According to child age, we used the Wechsler Preschool and Primary Scale of Intelligence (Freeman, 2021)–4th Edition, WIPPSI-4 with children until 6 years old; we used the Wechsler Intelligence Scale for Children, 4th Edition, WISC-IV with children from 6 to 16 years and 11 months; and Wechsler Adult Intelligence Scale–4th Edition, WAIS-IV for children older than 16 years.





2.3 Statistical analysis

First, descriptive statistics were performed. Next, the normality of variables was assessed using the Shapiro-Wilk test. Depending on the distribution, paired t-tests (for normally distributed variables) or Wilcoxon signed-rank tests (for non-normal distributions) were conducted to compare mothers and fathers taking into account variance dependence. To capture nuanced differences between mothers and fathers, both macro scales and subscales were included in the analysis. This approach allowed us to explore specific dimensions of parental stress (PSI-SF), mental health (SCL-90), and parent-reported child characteristics in greater detail (CBCL and SRS). Effect sizes were computed using paired Cohen's d for parametric tests (0.2 = small; 0.5 = medium; 0.8 = large), and rank biserial correlation for non-parametric paired wilcoxon tests (0.1 = small; 0.3 = medium; 0.5 = large). To control for Type I error increase due to multiple comparisons, the False Discovery Rate (FDR) correction was applied, using the Benjamini-Hochberg procedure (FDR = 0.05).

Linear Mixed Models (LMM) were employed to examine associations between parents' stress and mental health and their parent-reported perceptions of their children's behaviors and symptom severity. Additionally, we analyzed the association between parents' psychological dimensions and their clinically assessed children's cognitive functioning and symptom severity. Independent variables were standardized to account for their different numerical scales and to support model convergence. To account for the repeated measure nature of our data and to model the shared variance, the subject was included as a random intercept to account for individual variations. Moreover, child chronological age was always included as a covariate to account for the effect of age known in literature. The variable caregiver was also included as a predictor to account for caregiver differences. Ninety-five percentage confidence intervals were provided, and standardized coefficients were computed as an estimate of effect size for LMMs. Models were compared to baseline models including only the random intercept and child chronological age to derive a p-value for model significance. Model p-values were corrected using the Bonferroni method (p-limit = 0.05/5 = 0.01). Significant models' evaluation was performed considering marginal R2, AIC, and BIC with respect to baseline ones. Multicollinearity was assessed using the Variance Inflation Factor (VIF), considering VIF ≤ 3 as non-problematic. Finally, models were tested for assumptions.

A power analysis was conducted to determine the required sample size for detecting a medium effect size (Cohen's d = 0.4) in a paired-sample design using a two-tailed test with a significance level of α = 0.05 and power (1-β) = 0.80. For LLMs, power was estimated using the simr package (Green and MacLeod, 2016). We set the coefficient of the key predictor to match a standardized medium effect size of d = 0.4. The equivalent raw coefficient was computed as beta = d × total standard deviation of the outcome variable (combining residual and random effects) for each model. Power was computed based on 1,000 simulations and tested over numerical and categorical predictors. Power was >80% for all the simulated scenarios except for the effect of parent (power = 74%) and child chronological age (power = 78%) in the parental stress model. The analysis indicated that a minimum of 51 paired observations was required to achieve adequate statistical power. All analyses were implemented using R software 4.5 with the packages lme4, lmerTest, pwr, and effsize (R Core Team, 2021).




3 Results


3.1 Comparison between mothers and fathers

Considering parental stress, mothers and fathers did not differ significantly in their total stress levels, parental stress domain, dysfunctional parent-child interaction levels, or perception of difficult children (see Table 1).

TABLE 1  Mothers' and fathers' stress and mental health comparison with Wilcoxon signed-rank tests.


	Parent variables
	Mother
	Father
	
	





	
	M
	(SD)
	M
	(SD)
	Adjusted p-value
	Effect size

 
	PSI-SF parental distress (PD)
	63.25
	31,4
	52.02
	26.89
	0.06
	0.28

 
	PSI-SF difficult child (DC)
	79.12
	20.73
	75.18
	23.51
	0.10
	0.28

 
	PSI-SF parent-child dysfunctional interaction (PDCI)
	77.27
	20.97
	75.51
	21.1
	0.57
	0.10

 
	PSI-SF total
	74.12
	2,378
	69.42
	23.47
	0.12
	0.26

 
	SCL 90-positive symptom total (PST)
	37.63
	20.66
	23,24
	18.14
	< 0.001***
	0.60

 
	SCL 90-positive symptom distress index (PSDI)
	1.71
	0.53
	1.4
	0.40
	< 0.01**
	0.51

 
	SCL 90-global severity index (GSI)
	0.79
	0.64
	0.41
	0.43
	< 0.001***
	0.58

 
	Somatization
	0.8
	0.72
	0.38
	0.51
	< 0.01**
	0.51

 
	Obsessive-compulsive
	1.02
	0.75
	0.53
	0.66
	< 0.01**
	0.57

 
	Interpersonal sensibility
	0.8
	0.78
	0.41
	0.47
	< 0.01*
	0.58

 
	Depression
	1.1
	0.89
	0.47
	0.55
	< 0.001***
	0.62

 
	Anxiety
	0.73
	0.7
	0.36
	0.44
	< 0.01**
	0.45

 
	Anger-hostility
	0.64
	0.63
	0.42
	0.58
	0.04*
	0.34

 
	Phobic-anxiety
	0.27
	0.6
	0.10
	0.25
	0.09
	0.31

 
	Paranoid ideation
	0.86
	0.75
	0.57
	0.67
	< 0.05*
	0.40

 
	Psychoticism
	0.45
	0.57
	0.26
	0.42
	< 0.01**
	0.45







*p < 0.05.

**p < 0.01.

***p < 0.001.



Although no significant differences were observed in total stress levels, more prominent differences emerged regarding mental health. Mothers reported significantly higher levels on the Global Severity Index (GSI; M = 79; SD = 0.64) compared to fathers (M = 0.41; SD = 0.42; W = 1,106; p < 0.001). Similarly, mothers reported a higher number of symptoms (Positive Symptom Total, PST; M = 37.6 3; SD = 20.66) compared to fathers (M = 23.24; SD = 18.14; W = 1,075.5; p < 0.001) and greater distress associated with these symptoms (Positive Symptom Distress Index, PSDI; M = 1.71; SD = 0.53), compared to fathers (M = 1.40; SD = 0.40; W = 1,007.5; p = 0.001). Examining the subscales, mothers showed more prominently higher scores in depression (M = 1.1; SD = 0.9 vs. M = 0.47; SD = 0.55, W = 922.5; p < 0.001), in anxiety (M = 0.73; SD = 0.7 vs. M = 0.36; SD = 0.44, W = 891; p < 0.05), in obsessive-compulsive tendencies (M = 1.02; SD = 0.75 vs. M = 0.53; SD = 0.66, W = 714.5; p = 0.001), and somatization (M = 0.8; SD = 0.72 vs. M = 0.38; SD = 0.51, W = 932; p = 0.001, 0.05). The remaining subscale (phobic anxiety) revealed no significant results between mothers and fathers.

Regarding the parent-reported behavioral representation of children, we found that parents showed similar scores toward their children, revealing no significant differences in their perceptions of internalizing behaviors or externalizing behaviors (see Table 2). To conclude, regarding the perception of severity in their children's behavior, particularly in the area of socio-responsiveness, parents show no differences in their perceptions, displaying a consistent view of severity (see Table 2).

TABLE 2  Parent-reported child behaviors and symptoms severity.


	Parent-reported variables
	Mother
	Father
	
	





	
	M
	(SD)
	M
	(SD)
	Adjusted p-value
	Effect size

 
	CBCL-internalizing problems
	61.82
	16.41
	56.24
	15.47
	< 0.01**
	0.54

 
	CBCL-externalizing problemsa
	54.73
	10.7
	50.88
	9.38
	< 0.01**
	0.38

 
	CBCL-withdrawal
	65.57
	11.49
	62.22
	10.11
	< 0.05*
	0.39

 
	CBCL-anxiety/depression
	63.43
	11.55
	58.59
	10.41
	< 0.01**
	0.58

 
	CBCL-somatic complaints
	57.84
	9.01
	55.06
	7.18
	< 0.05*
	0.59

 
	CBCL-social problems
	65.88
	11.05
	62.08
	9.12
	< 0.01**
	0.46

 
	CBCL-thought problems
	64.86
	10.02
	62.08
	9.33
	< 0.05*
	0.48

 
	CBCL-attention problems
	67,33
	11.86
	63.16
	10.82
	< 0.05*
	0.42

 
	CBCL-rule-breaking behavior
	55.75
	6.03
	53.61
	5.17
	< 0.01**
	0.60

 
	CBCL-aggressive behavior
	58.1
	9.5
	54.6
	6.86
	< 0.01**
	0.65

 
	SRS-social awarenessa
	66.13
	14.88
	62.63
	13.98
	0.06
	0.24

 
	SRS-aocial cognition
	71
	18.36
	66.43
	17.79
	< 0.05*
	0.33

 
	SRS-social communicationa
	76.75
	22.38
	71.61
	18.73
	< 0.05*
	0.24

 
	SRS-social motivationa
	75.14
	19.35
	70.2
	17.30
	< 0.05*
	0.27

 
	SRS-restricted interests and repetitive behavior
	78.24
	24.94
	71.98
	22.69
	< 0.05*
	0.39

 
	SRS-total
	78.65
	21.59
	72.94
	19.17
	< 0.05*
	0.33









3.2 Linear mixed models

Mixed models were employed to investigate the impact of parental mental health and perceived stress on their parent-reported representations of their children measured with the CBCL (for both internalizing and externalizing aspects) and SRS. Additionally, children's IQ and autism symptom severity (ADOS-2) were considered as dependent variables to provide a more comprehensive picture of the contribution of parental stress and mental health.

Children's internalizing behaviors, as perceived by their parents, were significantly associated with parent mental health, particulartly with the global severity index (b = 4.42; t = 3.06; p = 0.003; CI = [1.59, 7.25]; std b = 0.27). Model's intercept was also significant (b = 60.22; t = 29.41; p < 0.001; CI = [56.21, 64.24]; std b = 0.27). The other fixed effects predictors including parental stress (b = 1.20; t = 0.87; p = 0.38; CI = [−1.49, 3.88]; std b = 0.07), child chronological age (b = 1.48; t = 0.82; p = 0.42; CI = [−2.08, 5.01], std b = 0.09), and parent (b = −2.40; t = −1.77; p = 0.24; CI = [−6.38, 1.59]; std b = −0.15) were nonsignificant. Marginal R2 was 0.14 for the fixed effects. The model was significant when tested against the baseline model with child chronological age only (X2 = 20.65; p < 0.001). Information-based metrics confirmed the full model (AIC = 824; BIC = 843) goodness of fit with respect to the baseline one (AIC = 839; BIC = 849). The baseline model marginal R2 was 0.006. VIF was < 3 for all the model terms.

In contrast, children's externalizing behaviors were significantly associated with parental stress (b = 2.65; t = 3.06; p = 0.003; CI = [0.95, 4.35]; std b = 0.26). Model's intercept was also significant (b = 54.16; t = 42.50; p < 0.001; CI = [51.66, 56.65]; std b = 0.13). Parent (father) was also significant (b = −2.70; t = −2.08; p = 0.04; CI = [−5.25, −0.16]; std b = −0.27). The other fixed effects predictors including parental mental health (b = 0.91; t = 1.00; p = 0.32; CI = [−0.88, 2.70]; std b = 0.09) and child chronological age (b = 0.91; t = 0.81; p = 0.42; CI = [−1.28, 3.09]; std b = 0.09) were nonsignificant. Marginal R2 was 0.14 for the fixed effects. The model was significant when tested against the baseline model with child chronological age only (X2 = 22.00; p < 0.001). Information-based metrics confirmed the full model (AIC = 730; BIC = 748) goodness of fit with respect to the baseline one (AIC = 746; BIC = 756). The baseline model marginal R2 was 0.002. VIF was < 3 for all the model terms.

Children social responsiveness as perceived by their parents was significantly associated with parental stress (b = 4.76; t = 3.01; p = 0.004; CI = [1.66, 7.86]; std b = 0.23). Model's intercept was also significant (b = 77.18; t = 30.31; p < 0.001; CI = [72.19, 82.17]; std b = 0.07). The other fixed effects predictors including parental mental health (b = 2.98; t = 1.78; p = 0.08; CI = [−0.30, 6.26]; std b = 0.15), child chronological age (b = 2.83; t = 1.23; p = 0.22; CI = [−1.68, 7.35]; std b = 0.14), and parent (b = −2.77; t = −1.21; p = 0.23; CI = [−7.26, 1.73]; std b = −0.13) were nonsignificant. Marginal R2 was 0.14 for the fixed effects. The model was significant when tested against the baseline model with child chronological age only (X2 = 22.59; p < 0.001). Information-based metrics confirmed the full model (AIC = 861; BIC = 879) goodness of fit with respect to the baseline one (AIC = 877; BIC = 888). The baseline model marginal R2 was 0.009. VIF was < 3 for all the model terms.

Concerning child developmental quotient, the model was not significant (X2 = 2.62; p = 0.45). Information-based metrics also confirmed that the baseline model (AIC = 755; BIC = 766) better explained data instead of the full model (AIC = 759; BIC = 777). Finally, the model concerning autism severity did not converge and was therefore excluded.




4 Discussion

Given the extensive literature highlighting elevated stress and mental health challenges among parents of autistic children, particularly mothers (Enea and Rusu, 2020; Mello et al., 2022), this study aimed to investigate differences and associations in stress, mental health, parent-reported child, characteristics and clinically evaluated child clinical traits between Italian mothers and fathers of autistic children.


4.1 Comparison between parents

Our results revealed no differences between mothers' and fathers' total stress levels and its subdimensions. This aligns with prior research (McStay et al., 2014; Dunn et al., 2001) that underlines similar results between the two parents. Our results also seem to align with findings suggesting that caregiving an autistic child contributes to heightened stress levels in both parents. While our data do not directly assess paretnal involvement, previous research suggests that increased father engagement may help buffer maternal stress symptoms (Laxman et al., 2015). In fact, the increased involvement of fathers in society may balance caregiving roles, support mothers in their roles, and create a more cohesive family dynamic. This balance may reflect the dynamic interplay described by Family Systems Theory, where family members mutually influence one another, fostering equilibrium despite individual differences. Additionally, the Family Stress Model (Conger and Donnellan, 2007) suggests that shared caregiving responsibilities may reduce stressors that traditionally burden mothers disproportionately, such as daily caregiving strains. Although the parents'scores do not exceed the clinical cut-off, the mothers' scores are close to the threshold of significance. Considering parents' mental health, our findings indicate that mothers reported significantly higher severity levels of psychological symptoms, number of symptoms reported, and higher distress associated with those symptoms. In particular, when analyzing the subscales, our results suggest that mothers report higher levels of depression, anxiety, and obsessive and compulsive behaviors, consistent with previous research (Schnabel et al., 2020; Rattaz et al., 2023). In addition, mothers experienced higher levels of somatization compared to fathers (Zahl et al., 2024). It is interesting to note that the mean scores for mother depression exceed the clinical cut-off, indicating levels that require monitoring and attention due to potential depression, whereas the mean scores for fathers remain below the threshold. These mental health disparities suggest that maternal wellbeing may be particularly vulnerable, possibly due to role expectations. Consequently, women may feel overwhelmed when their experiences of motherhood do not match societal ideals, often neglecting their wellbeing to meet these expectations. Importantly, the mental health measure used in this study reflects individual psychological traits rather than caregiving roles, reinforcing the need for tailored interventions that address personal vulnerabilities in addition to parental responsibilities. Taken together, this role-based divergence underscores the importance of involving both parents in comprehensive evaluations to capture a holistic picture of the child's experiences (Piro-Gambetti et al., 2024).

With regard to parent-reported child behaviors and autistic symptoms, we found that mothers reported significantly higher levels of internalizing and externalizing problems, as well as greater severity of autism-related traits, compared to fathers. This is in line with previous studies that suggested that mothers tend to report higher levels of internalizing problems in their children (Piro-Gambetti et al., 2024), potentially because they are more exposed to them, although findings remain inconclusive (e.g., van der Veen-Mulders et al., 2018). It is also noteworthy that, on average, mothers in this study reported higher levels of mental health issues than fathers, which may have shaped their perceptions and led to an overestimation of their child's internalizing and externalizing behaviors, as well as their severity in the socio-responsive domain. Interestingly, although mothers reported higher levels of perceived autistic symptomatology, especially in manner ism and social communication, there are no differences between mothers and fathers considering the child awareness. As the ability to pick up social cues, the child awareness, seem to be perceived as less severe by both parents and locates in the mild range of severity, whereas the other scales consistently locate in the moderate or highly intense severity despite parental differences.



4.2 Associations between parents and parent-reported child characteristics

Our study provides new insights into the complex associations between parental psychological wellbeing and perceived child functioning in families of autistic children.

Regarding internalizing behaviors, our findings show a significant association with parental mental health. This supports existing literature suggesting that caregivers experiencing greater psychological distress may be more sensitive to, or perhaps more likely to perceive, internalizing difficulties in their children (Choi et al., 2023). Notably, neither perceived stress, parent gender, nor child age significantly predicted internalizing problems in this model. This suggests that the global burden of psychological symptoms in parents, rather than context-specific parenting stress, may play a more prominent role in shaping how internal struggles in the child are perceived and reported.

Interestingly, child externalizing behaviors were significantly associated with parental stress, but not by parents' general mental health. These findings align with previous research showing that overt and disruptive behaviors are particularly demanding for caregivers and often elicit reactive stress responses (Rodriguez et al., 2019; Ooi et al., 2016). In addition to this, our results did not reveal significant effects of parent gender on internalizing outcomes only, suggesting that the associations identified were consistent across mothers and fathers for internalizing aspects. Conversely, fathers tended to have a more positive representation of their children's externalizing behaviors even when considering parental stress, mental health, and child chronological age. Notably, as discussed earlier, when analyzing parent-reported CBCL and SRS scores separately, mothers reported higher levels of both behavioral problems and autistic traits compared to fathers. This apparent contradiction may indeed reflect the specific influences of different variables on parental perception of autistic children. In fact, our analysis revealed that the general effect of parent remained significant only for externalizing behaviors, disappearing when including parental stress and mental health in regression models. Therefore, mothers' and fathers' differences in perceiving their children may be mediated by these psychological factors that should be therefore specifically taken into account during clinical care.

In addition to behavioral outcomes, we also explored whether parental psychological traits were associated with more objective indicators of child functioning, including cognitive abilities and clinician-rated autism severity. No significant associations emerged between parental stress or mental health and the child's cognitive functioning, as measured by standardized IQ assessments. Furthermore, we were unable to analyze associations with the ADOS score due to convergence issues in the model estimation process, probably associated with the ordinal nature of the ADOS-2 calibrated severity score that does not align with linear regression. Taken together, our results suggest that different aspects of parental psychological functioning may be differentially associated with child behavioral outcomes, depending on whether these behaviors are internalizing or externalizing in nature. These findings support a personalized approach to families, emphasizing the importance of evaluating both parental mental health and parenting-related stress, and incorporating multiple assessment sources to capture child functioning.



4.3 Implications

The findings of this study underscore the need for differentiated support strategies tailored to the unique psychological needs of mothers and fathers while fostering collaborative approaches. Mothers may benefit from targeted support addressing internalizing symptoms such as depression and anxiety, emphasizing coping strategies and mental health support. Research within families is essential for understanding how to best support those living with ASD. Moreover, despite preliminary studies highlighting the unique role of family support in shaping family functioning, limited research has explored its specific influence (Blackledge and Hayes, 2006; Gavidia-Payne et al., 2015; Hastings, 2003; Rao and Beidel, 2009). Targeted interventions could be particularly impactful, as frequent exposure to parental depressive symptoms and recurrent or severe episodes of parental depression are linked to an increased risk of mental health problems in children. This association is especially pronounced for internalizing issues (e.g., mood disorders) in both neurotypical children (Kamins, 2021; Schnabel et al., 2020; Tirumalaraju et al., 2020) and autistic children (Cohen and Tsiouris, 2006; Wiggins et al., 2019). Parents experiencing depression often struggle to provide sensitive and responsive caregiving, which can further exacerbate risks for adverse child outcomes (Piro-Gambetti et al., 2024; Taraban and Shaw, 2018).

Parenting programs should also foster shared strategies for managing stress related to externalizing behaviors, creating a unified approach to addressing disruptive behaviors in children. From a broader perspective, clinicians and educators should recognize the cultural and specific roles that shape parental experiences. By tailoring interventions to respect these nuances, practitioners can enhance both parental wellbeing and child developmental outcomes. Furthermore, these findings emphasize the importance of including fathers in research and interventions, as their unique perspectives contribute significantly to family dynamics.

This study highlights the distinct and shared challenges faced by mothers and fathers of autistic children, providing valuable insights for developing targeted, evidence-based interventions. By addressing the unique psychological needs of each parent while fostering collaborative approaches, interventions can promote better outcomes for both parents and children. Future research should continue exploring these dynamics across diverse cultural contexts to enhance the applicability and impact of these recommendations as well as exploring the bidirectional mechanisms linking parent and child functioning.



4.4 Limitations

This study has several limitations that warrant further investigation. First, althought the sample size was statistically adequate based on power calculations, the limited sociodemographic diversity of the sample may constrain the generalizability of the findings. the small sample size may require additional data to confirm findings and allow for generalization. Second, the study did not account for contextual elements such as external social support, time dedicated to caregiving activities, and socioeconomic factors, which may moderate the relationship between parental stress, mental health, and child characteristics. Future research should explore how marital relationships, parenting practices, mothers and fathers' relationships (and roles), and available support resources impact these associations. Third, while the inclusion of both parent-reported and clinician-rated measures was a strength, the internalizing and externalizing child behaviors domains were assessed only through parent report.

Additionally, the presence or absence of siblings was not considered, which may play a role in family dynamics and parental stress. Examining these factors could provide a more comprehensive understanding of the challenges and resilience factors in families with autistic children. To conclude, future research should also focus on considering parents' personality traits and their associations and/or moderation role in the relationship between stress and mental health and child characteristics.



4.5 Conclusion

In conclusion, this study offers insights into the psychological wellbeing of mothers and fathers raising autistic children, highlighting both shared and distinct patterns in their experiences. By combining parental and clinical based assessments, we found how stress and mental health symptoms are differentially associated with parent-reported perceptions of child functioning. These findings underscore the importance of adopting a dyadic approach that includes both caregivers in assessment and intervention practices.
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Background: Neurodevelopmental disorders have become global public health challenges, and early interventions have been proved to be effective in mitigating the problems and promoting the long-term functioning of people facing such challenges. These interventions had long been provided only by health professionals, but parents are now recognized for their capabilities. Parent-implemented early interventions are devised to equip parents with specialized knowledge and skills so that they can offer tailored training for their children. As these community-based interventions are designed to be implemented at home, they inevitably influence and are influenced by the family systems. While the family dynamics play a key role in determining the efficacy of the intervention, still little is known about the familial factors, as the focus on the existing literature is on the changes of the parent–child dyads. This research bridged this knowledge gap in implementation sciences by investigating how the family members who did not partake in the training reacted to the parent-implemented interventions (PIIs) at home.
Methods: A qualitative study was conducted between August 2023 and July 2024 in Hong Kong, examining the impacts of a localized version of the World Health Organization Caregiver Skills Training. In total, 22 respondents participated in five focus group discussions. Inductive reflexive thematic analysis was applied to construct codes, themes, and frameworks.
Results: Four levels of responses—Level 0: Reject, Level 1: Support, Level 2: Attempt, and Level 3: Embrace—were identified, and these themes were on a continuum of families’ involvement in the practice of PII. Factors that promoted or discouraged their involvement were discussed. Evidence has confirmed that PII had indirect impacts on family dynamics, and the responses of family members affected the intervention effectiveness and the mental health of the caregiver-participants.
Conclusion: This research responded to the call to improve public health evaluations. It moved beyond the linear changing processes in the intervention design, addressed the complexity of the social systems, and explicated the multidimensional changing processes in a family—the immediate context where parent-implemented early intervention was implemented. It contributed to build initial frameworks on the familial influences and support the future development of the intervention and research designs.
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1 Background

Neurodevelopmental disorders have become public health problems that are of grave concern. The prevalence of developmental delay in low- and middle-income countries reached 18.8% as reported in a systematic review and meta-analysis published in 2024 (1), and the global prevalence of developmental disabilities among young children and adolescents stood at 7.2% as reported by the World Health Organization and the United Nations Children’s Fund (UNICEF) in 2023 (2). It is estimated that around the world, there are over 200 million children facing the challenges of developmental disabilities (3, 4).

For children with neurodevelopmental disorders, early interventions play a crucial role to set them on a better developmental trajectory and promote their long-term functioning (5, 6). While these interventions have long been delivered by health professionals, parents are now recognized for their potentials to partake in this service as they have more engagement time with their children (7, 8). Parent-implemented intervention (PII) is therefore devised to equip parents with specialized knowledge and skills so that they can provide training for their children at home. PII is not designed to replace the clinician-implemented interventions; it serves as a valuable resource to complement the professional services and support the families who are waiting for public services (9).

PII as a public health intervention is strategic. It recognizes family as a natural nurturing ground for children to learn and grow, and makes use of it to provide tailor-made learning opportunities (10, 11). More training opportunities yield more sustainable outcomes (12). Moreover, it positions parents as trainers and equips them with the capabilities to respond to their children’s needs and support them to reach their developmental milestones. This empowerment bolsters parents’ competencies, promotes their confidence and mental health, and equips them with skills to strengthen parent–child joint engagement (13–16).

In research that evaluated the effectiveness of PIIs, parents were found to be able to apply the learnt techniques, and they were confident to implement the interventions in the long run (9). Children with language and speech delay and children on the autism spectrum showed improvements in social communication skills and exhibited fewer challenging behaviors (12, 13, 17). Studies that compared PIIs with the clinician-implemented interventions reported that the results of PIIs were comparable to the professional services, and they even achieved better outcomes in some peripheral areas (7, 18). As an evidence-based intervention, PII is on the rise that draws attention from practitioners, researchers, and users (19).

Whereas studies have demonstrated the effectiveness of PIIs, the scope of the existing research was rather narrow that concentrated almost entirely on the changes of the parent-participants and their children. This focus is reasonable because PIIs aim at engendering positive changes in the parent–child dyads; through tracking their development, researchers can assess if the interventions have attained their goals. While we acknowledge the importance of this type of evaluation, we argue that widening the scope to examine the family dynamics that affect the efficacy of the interventions would unveil the protective and risk factors in families that are still missing in our implementation sciences. To date, there have been studies that touched on the impacts of PIIs on families; however, they have not yet offered an in-depth exploration of the changing mechanism and the positive and negative outcomes (20).

The exploration of the changes in the family system is indeed essential. Unlike the clinician-implemented interventions, which are usually conducted in a controlled environment such as a therapist’s room, PIIs are implemented in the family’s natural setting; thus they are inevitably influencing and influenced by the family dynamics. Only when we take the family context into consideration we can then construct a comprehensive understanding of the changing mechanisms and impacts of PIIs.

This stretching of scope to analyze the indirect impacts on other family members is also our response to the call for advancing the public health evaluations. The current evaluations largely focused on the linear changing processes of the direct participants, and there was an urgent need to expand our repertoire to capture the multidimensional changes in the families (21). Moreover, when complexity was addressed, the attention was usually on the complexity of the public health interventions; still, little is known about the complexity of the social systems (22). This study contributed to bridge this gap by examining the intricacies in the family social systems.

In this study, we investigated how family members who did not directly participate in the PII training responded to the implementation of the intervention at home. We adopted a qualitative research approach as this allowed us to delve into our respondents’ stories without being restricted by the predefined outcome measures that were commonly used in quantitative evaluation research. Meanwhile, as we aimed to fill the research gap of lacking insights into the changing processes in families, the qualitative method supported us to explore and collect data to develop preliminary frameworks that will contribute to both the professional practices and academic development.



2 Methods


2.1 The intervention

The PII studied in this research was the localized version of the World Health Organization Caregiver Skills Training (WHO-CST) (23, 24). WHO-CST was introduced to Hong Kong in 2018 as one of the services offered by the Jockey Club Autism Support Network program (JC A-Connect) (9). In 2021, the master trainers of WHO-CST in five local NGOs, namely Hip Hong Society, Hong Kong Young Women’s Christian Association, SAHK, The Salvation Army, and Tung Wah Group of Hospitals, worked together to further localize it to tailor to the professionals and caregivers in Hong Kong. This early intervention targeted at families with children aged 2–6 years who were suspected or diagnosed with autism spectrum disorder, developmental delay, or disabilities. The course contained nine group sessions across 2–4 months with no more than one session per week. It aimed at equipping caregivers with the skills to promote a child’s communication and learning, helping them to form a stronger relationship with the child, nurturing the caregivers’ self-care, and providing a platform for caregivers to build peer support.



2.2 Study design

This exploratory qualitative study was part of a larger research project that aimed to evaluate the impacts and sustainability of this localized PII. The research was conducted between August 2023 and July 2024. At the time of this research, the master trainers had trained up more facilitators in different social services units to implement this PII in Hong Kong, and the course had served many families. For this research that examined the family dynamics, we targeted the caregiver-participants who completed the PII training because they could inform us of their personal lived experiences in their families as well as their observations of the changes in their family members. Ethical approval of this research was granted by the Human Research Ethics Committee of the University of Hong Kong (reference number: EA240065).

This study was based on social constructionism and social interactionism (25). On social constructionism, we contended that our respondents’ understanding was negotiated and constructed through their experiences and their own interpretations. With new experiences disrupting the existing conceptions, they would reshape their learnings and perspectives. This philosophical approach helped us appreciate the sophistication and subjectivity of the experiences of our participants. The social interactionism approach, meanwhile, suggested that meanings were fashioned through social interactions, and this guided us to pay attention to social experiences and changing processes described by our respondents.



2.3 Participants

For recruitment, we partnered with the organizations that offered the localized version of WHO-CST. Target-convenience sampling method was employed. An information sheet was sent to the caregivers through our partners, and they were invited to fill in an online form if they were willing to participate in the research. Our researchers then contacted the caregivers individually to introduce the research, answer their questions, confirm their participation, and arrange them into focus groups. To recruit more participants, we also used the snowballing approach by asking the participants for referrals—friends and family members who also completed the course.



2.4 Data collection

Five focus groups were conducted, and each was around 1–1.5 h. Three were online discussions via ZOOM, one was physically conducted at the University of Hong Kong, and one was conducted at a social services center. Before the discussion, all participants were invited to read an online information sheet, fill in a consent form, and complete a short survey on their demographics. All participants gave us their consent to participate in this research, and all participation was voluntary. A semi-structured discussion approach was adopted, and the overarching question guiding the discussion was “Do you notice any changes in you, your child, or the people around you because of this course? What are they?” From this key discussion question, there were discussions around their experiences with the PII and the changes they observed in themselves, their children, and other family members. In total, 22 caregivers participated in these focus groups, and they were all Cantonese-speaking Chinese (Table 1). Each participant received a set of incentive package that contained a supermarket voucher costing HKD100 and a set of JC A-Connect stationeries.


TABLE 1 Characteristics of caregivers and their children.


	Characteristics
	No. of participants (n = 22)

 

 	Caregivers


 	Gender identity


 	Male 	1


 	Female 	21


 	Age


 	20–29 	1


 	30–39 	15


 	40–49 	5


 	50–59 	1


 	Relationship with the child of concern


 	Father 	1


 	Mother 	18


 	Auntie 	1


 	Foster mother 	1


 	Grandmother 	1


 	Marital status


 	Single 	3


 	Married 	16


 	Separated or divorced 	3


 	Education


 	Secondary school 	9


 	Post-Secondary Diploma 	4


 	Bachelor 	7


 	Master or above 	2


 	Employment status


 	In a full-time job 	5


 	In a part-time job 	1


 	In multiple jobs 	2


 	Homemaker 	14


 	Household size


 	2 	1


 	3 	9


 	4 	5


 	5 	5


 	6 	1


 	7 	1


 	Household monthly income


 	HK$19,999 or less 	3


 	HK$20,000 to HK$29,999 	5


 	HK$30,000 to HK$39,999 	2


 	HK$40,000 to HK$49,999 	2


 	HK$50,000 or above 	7


 	Refused to answer 	3


 	A child who was suspected or diagnosed with developmental delays or disabilities


 	Age


 	2 	2


 	3 	3


 	4 	9


 	5 	3


 	6 	2


 	7 	2


 	8 	1


 	Siblings


 	With sibling(s) who has(have) developmental delays or disabilities 	5


 	With sibling(s) who do not have developmental delays or disabilities 	3


 	No sibling 	14




 



2.5 Data analysis

All focus group discussion was recorded and transcribed, and the transcripts were double-checked by our research team members. Reflexive thematic analysis was chosen for its theoretical flexibility and capabilities to interact with the data to create themes from codes through an analytical and interpretative lens (26, 27). The analysis was inductive, which required us to mobilize our conceptual and design thinking when we participated in this reflexive project (28). As this study was a pioneer, we endeavored to keep ourselves open and intact to our respondents’ descriptions and perceptions. NVivo, a qualitative analysis software, was employed for coding.

Our data analysis started with our research team members first reading and familiarizing ourselves with the transcriptions. Familiarization notes were written at this stage. Next, we proceeded to open coding, then met to compare our lists of codes. Through returning to the data for further analysis, we gradually refined our codes and constructed our initial themes. These themes were reviewed in our team meetings and were reshaped and renamed to become our final themes. We further studied the relationships among the themes and constructed frameworks.




3 Results

Figure 1 is a stakeholder-mapping derived from our analyses. Individuals who were directly involved in the PII were presented in the solid-line boxes, while other family stakeholders—mainly spouses and grandparents of the child—who did not participate in the PII training but played a caregiving role were in dashed-line boxes. Domestic helpers and family friends were also mentioned by some respondents when they described how they implemented the PII strategies. Over one-third of our respondents had more than one child, but the interactions between the siblings were not a primary focus, as the caregiver-participants’ main concern was whether the adult family members were helpful or not.

[image: Flowchart illustrating PII training progression: professional trainer provides training to caregiver-participant in a professional setting, who then trains a child at home. Supporting roles include spouse, grandparents, siblings, domestic helper, and family friends.]

FIGURE 1
 Stakeholder mapping of the PII at the professional and home settings.


From our data, we have identified four types of responses from the adult family members, and we labelled them as Level 0: Reject, Level 1: Support, Level 2: Attempt, and Level 3: Embrace (Figure 2). These responses are presented in a stepped diagram representing a continuum of involvement. The higher the position, the higher the level of involvement of the family members in the PII.

[image: Diagram showing four ascending levels of family engagement in learning from caregivers. Level zero is Reject, where family members do not support or learn from caregivers. Level one is Support, where family members support caregivers but lack motivation to learn themselves. Level two is Attempt, where family members are willing to learn and apply some skills. Level three is Embrace, where family members are motivated to learn, apply skills, and embrace new learning.]

FIGURE 2
 Four levels of involvement of family members who did not participate in the training of PII.



3.1 Level 0: reject

For those in the Reject group, they were the family members who refused to support the caregivers to partake in the PII, and they also refused to learn new skills from the caregiver-participants. In most cases, this stemmed from the belief that underperformance in some children might happen, and it would be resolved over time naturally as they grew up. This normalization of the presenting symptoms led family members to overlook the root causes. When no problem was recognized, no solution was needed.


He (Husband) still does not accept that his son has autism spectrum disorder (ASD). He wonders: Why did the doctor say so? My son is so normal. After he listened to the report, he said, “Who cares about ASD?” It is completely difficult for him to learn from me. (C16).


Some family members holding this perspective were not only downplaying the problems, but they even discouraged the caregiver-participants to acquire knowledge about special educational needs, suggesting that their worries were unnecessary. This disapproval added to the caregivers’ burden.


My husband and my mom are relatively stubborn, so it is difficult (to share with them). Also, we do not have much knowledge about children with special needs… They do not see the needs to learn because they assume that the child will get better by himself, this is a mainstream perspective. “You do not need to do much, you are giving yourself too much pressure…” When family members are not willing to learn, my pressure is tremendous. (C05).


Family members were not always negative. Some rejected to support because they wanted to insist on their own parenting style.


I live with the four grandparents of the child, they still insist in their own ways, so it is difficult. (C12).


Some family members did not seem to care because the family culture upheld independence. A mother shared that although she lived with the paternal and maternal grandparents of the child, each family unit was expected to maintain distinct boundaries and not to intervene in others’ interactions with the child; hence, it was natural for them not to offer any support.


We (The young family with a child and the grandparents of the child) are like housemates sharing the same apartment, we each take care of our businesses. They (grandparents) do not involve in my parenting, and I do not get involved in their communication with my child.


In our focus group, this respondent further explained that her choice of keeping the learning to herself was her way of paying respect to the elders. Some caregiver-participants also held this belief, leading them to avoid sharing with family members deemed unlikely to be receptive.


Each of us has our own communication style and perspectives… Making the older generation to learn is difficult, so why not allowing them to explore and live peacefully? (C13).


The family members falling in the Reject group were the least helpful to the caregiver-participants. Fortunately, they were the minorities.



3.2 Level 1: support

More family members belonged to the Support group, who were willing to support the caregivers to acquire new skills, yet they lacked motivation to learn for themselves. A mother shared that her husband initiated to provide support, such as taking leaves to care for the child so she could participate in the course; nevertheless, he was not motivated to learn.


My husband does not proactively learn these things. He does not see that it is your full responsibility because you have acquired the skills, he is just not into learning. He is willing to take care of the child. When I share the new learning with him, he listens, and this is it… It is only me who learns. My husband would ask, “Do you need me to take a leave? When you attend classes, I can take a leave and stay at home with our child so that you can concentrate on learning.” I find this helpful. (C01).


Busyness at work was another reason hindering the supportive family members to learn new skills.


My husband, to some extent, is very helpful. However, he did not participate in the course and is very occupied, he cannot use the skills. (C04).


While the caregiver-participants appreciated the support provided by their partners, they were hoping that they would be open to learn to align their parenting styles. They found that when their approaches were unaligned, this could be counterproductive.


If a mom learns the skills, but the dad has no knowledge about them; after you train your child then your husband does the opposite, then all the efforts are in vain. (C01).


The caregiver-participants with family members at Level 1: Support were, in general, grateful for the help they received, and they appeared to have better psychological wellbeing than those with families in the Reject group.



3.3 Level 2: attempt

Most of the caregiver-participants reported having family members who are open to learn and trying out some skills. Some family members who were aware of the needs of the child were curious about the skills and initiated to ask and learn.


Grandpa (Father of the caregiver-participant) always helps take care of my daughter, as now he has retired. When he sees his grandchild, he always asks, but he is unable to apply the skills well… To some extent, they (grandparents) understand there are things to observe that would help the child, they are interested and want to know more. Though they are not yet competent to use the skills, especially using several skills simultaneously, they have the sense that there are ways to support the child (C20).


In most cases, it was the caregiver-participants who were proactive in sharing and demonstrating the skills for their family members.


My husband has no time because I have now become a full-time caregiver. However, when we are together, I try my best to share with him, and I hope he would adopt my parenting style. He imitates how I communicate with the child and tries to remember. (C15).


One of the successful strategies facilitating skill acquisition was to assign family members specific tasks with clear instructions and well-defined steps.


Sometimes when grandma takes care of the child, I would assign her some tasks. It is great that grandma is willing to follow the clear steps that I listed. We work together to help the child. I also translate some of my learning to share with my domestic helper at home. She has some friends who also care for children with ASD and they share with one another about how to care for these children. (C08).


Some family members, who once refused to acknowledge the challenges that the child faced, were gaining new insights into how a parenting approach influenced a child’s emotional, behavioral, and social development when the caregiver-participants explained to them. They were then willing to apply some suggested alternative practices.


Grandpa is the primary caregiver, and grandma needs to work. Grandpa does not really accept that his grandson could have some difficulties. He tends to spoil him. The child did not need to speak, grandpa observed and gave the child what he wanted. We explained to grandpa what the problems were. Now, he sometimes waits for the child to request to provide for him. (C22).


More than half of the caregiver-participants reported that their family members exhibited positive changes when they attempted to apply the techniques. These changes included being more supportive in caregiving and experiencing more positive emotions.


When I found the new skills useful, I would share with my husband. Now he is participating more (in parenting), really. In the past, he did not seem to care about his son as if it was none of his business. Now it is much better. (C10).
I do meditation (a learning from the PII) with my husband. I lead him to do it. I can see that his emotions are a lot better when he relates with the child. He observes me and learns some skills on communicating with a child. He has changed a lot. (C11).


The caregiver-participants with family members at Level 2: Attempt were more positive about the outlook for the child’s development. They felt supported by their family members and were motivated to share their learning as their families were receptive. They also took pride in their own efforts in creating changes to the family dynamics.



3.4 Level 3: embrace

Three caregiver-participants excitedly shared about the transformation of their family members who now embraced the skills. These were usually the husbands who did not know how to handle their children but have now developed a much closer and satisfying relationship when they applied their new learning. Unlike those at Level 2: Attempt who were willing to learn and apply a few techniques, these family members were owning their learning and applying their new skills without the prompting from the caregiver-participants.

For family members who reached Level 3: Embrace, they usually went through a transformation process which started from being inspired by the usefulness of the strategies. The point of intervention made a difference in promoting the family members’ motivation to learn. The opportune moments came when the family members were facing difficult situations, and the caregiver-participants were able to demonstrate how the skills could effectively solve the parenting problems. The family members would be surprised and hooked by the new solutions.


My husband was bringing the child to the playroom. Usually, the child would insist to continue to play, and my husband would have no choice but to forcefully carry him back. The child would then become emotionally unstable and resisted to do his homework, taking a shower or eat. That day my husband called me and passed me the phone. I said, “You like playing at the playroom, do not you?” … (After the call), the child passed the phone to my husband saying, “grandpa, let us go.” When they were back home, we were so surprised about him being cooperative. (C17).


Being able to experience positive outcomes from applying the skills served as an additional motivator for the family members. The positive experiences fueled their desire to learn more, and this formed a positive reinforcement cycle.


What did I teach him? For example, I told my husband that he did not need to hold the kid all the time. He can hold him, count to ten, and put him down… Now my husband carries him and counts to ten. What I have learnt, I also want my husband to apply… he thinks the skills are useful, so he is willing to learn. (C14).


A grandmother (C17) further shared that when her husband could now go along with his grandson, he could share more caregiving role, and she felt more relieved as she now had more time for herself.


My husband used to give him extra $2, I told him many times (not to). After I attended this course, I explained to him that if you and I aligned, this would help the child and me, it would make my caring role a lot easier. He listened, understood and followed, very cooperative. Now the child likes him more than me. In the past, the child would insist that three of us must go together. Now he leaves me alone and spends time with his grandpa. My husband enjoys being with him a lot. He finds that he can also have a satisfying relationship with his grandson. (C17).


Praises and affirmation also helped bolster the family members’ confidence in applying the skills. A mother (C08) shared that aside from assuring her husband of his capabilities from time to time, she also invited her friends to her home and assigned them tasks to praise her husband to supercharge his sense of competence.


He used to tell the child to find me every time as he thought he could not manage his grandson. I said, “you can (take care of the child), we all can. You need to be willing to try and spend more time with him.” Now when the child wants to play, he prefers him to me. (C17).
I am lucky to have friends so support me. I invite them to help. Some would praise my husband for doing a better job than me that he had more potentials to be a trainer. He then started to believe that he could make it. (C08).


As the family members embraced their learning, they were willing to take extra steps. A mother shared that her husband had turned from being hesitant to accept his fathering role to now desiring to spend time to play with his son whenever he could.


My husband did not like to learn so I summarized the key lessons to share with him. I would assign him the role of training our child and giving him the responsibility because he could not relate with the child. He was willing to learn but I think he did not know how to engage a child. After I took the course, my husband’s relationship with the child has improved a lot. When he comes home after work and the child still has not slept, he would spend half an hour to play with him. Lately, he could finally bring our kid to the park by himself. (C08).


When we followed up on these triumphant stories, we found that the family members who were now at Level 3: Embrace were once at Level 1: Support or Level 2: Attempt. In our dataset, we did not have caregiver-participants sharing about their very motivated family members initiating to learn and embracing their learning instantly (This could be the case in other research). The changes were progressive with the caregiver-participants’ continuous support and reassurance. Figure 3 is a simplified presentation summarizing the support in families.

[image: Flowchart showing relationships among caregiver-participant, child, and adult family members. Solid arrow: caregiver-participant to child. Dashed arrows indicate caregivers teach skills to families, families support caregivers, and families apply skills to the child.]

FIGURE 3
 Support in families.





4 Discussion

This research aimed at exploring how family members who did not participate in the PII training were influenced by and influencing the intervention at home. When the earlier review and conceptual paper urged the practitioners to examine how PII functions as a family-centered approach, this study responded to the call to look into the family dynamics (13, 29, 30). With the caregiver-participants’ description of the reactions of their family members—mainly the spouses and grandparents of the child who assumed the caregiving roles—we identified four types of responses. These responses had a particular focus on whether the adult family members were willing to get involved in the learning and practice of PII. This focus was steered by and commonly shared among the caregiver-participants. This was what they cared about most when family members were of concern. In this discussion, the caregiver-participants also revealed how these responses influenced their wellbeing and their use of skills.

The four types of responses are on a continuum of family members’ level of involvement in the practice of PII. The higher the level, the higher the involvement. Figure 4 summarizes the factors affecting family members’ involvement.

[image: Diagram summarizing factors that promote or discourage family involvement, with a horizontal continuum showing four levels: Level three Embrace, Level two Attempt, Level one Support, and Level zero Reject, ranging from engaged to unengaged practice. Factors promoting involvement include proactive sharing and praise by caregivers, and family members recognizing child needs, gaining insights, and positive experiences. Discouraging factors include caregivers refraining from sharing, and family members normalizing challenges, insisting on their own style, upholding independence, being unmotivated, or being busy at work.]

FIGURE 4
 Factors affecting family members’ involvement in the practice of PII.


At Level 0: Reject, family members were not supportive of caregivers’ learning and application of PII. This non-engagement stemmed largely from their normalization of the child’s developmental delay, for they believed that the child would naturally pick up the essential skills, such as speaking and playing with others. Other reasons contributing to their non-participation included their insistence on own parenting style and the family culture that valued respecting other people’s parenting styles. In such cases, the caregiver-participants chose not to share their learning with their family members. Another quantitative research study also discovered negative feedback from the family members, as they complained that the caregiver-participants focused mainly on the child of concern and neglected their spouses and other children. However, we did not collect such feedback in this research (30). Level 0: Reject, caregiver-participants were feeling lonely and stressed as they were not supported and understood.

At Level 1: Support, family members were much more welcoming towards the PII. They were willing to share the caregiving roles or even take up more to allow the caregiver-participants room to attend the classes. While they were being supportive, they were unmotivated to learn for themselves, as they were busy or simply not interested in learning. Some caregiver-participants tried to share their learning, but their family stakeholders were not receptive. Caregiver-participants with this type of family member were generally grateful for the loving support. Nevertheless, they were hoping that other caregivers in the families would be more open to learn the new skills so that their parenting styles could align and bring about the best outcomes for the child. Level 1: Support is a step-up when compared with Level 0: Reject, but both types of family members were unengaged in the practice of PII.

At Level 2: Attempt, family members were more willing to learn from the caregiver-participants and apply some skills. Some initiated to learn because they recognized the needs of the child and wanted to help promote the child’s development. Some were originally reluctant to accept the child’s problems, but were gaining insights after the caregiver-participants explained to them. For family members to try out the skills, the caregiver-participants, in many cases, played a crucial role in proactively involving them in the practice of PII. Aside from sharing their learning, caregiver-participants also assigned other caregivers tasks with clear instructions and procedures so that they could be implemented. Caregiver-participants with family members at Level 2: Attempt felt more supported and hopeful. They were witnessing the changes in their children and their family members, and took pride in the positivity they introduced to the family system.

At Level 3: Embrace, family members were owning their new learnings, putting them into practice without the nudge from the caregiver-participants, and were building a much closer and positive relationship with the child. In our data, it was mainly the husbands who did not know how to relate to their child and now became confident to take up the caregiving role independently. We found three motivators for this transformation. First, the caregiver-participants were helping their family members to solve the parenting challenges they were facing, and successfully demonstrated the new skills. When the caregiver-participants strategically chose this point of intervention and the family members found the skills useful, they were enthused to learn. Second, when the family members put the skills into practice and achieved positive outcomes, the positive experiences then fueled their desire to learn more, thus creating a positive reinforcement loop. Third, the caregiver-participants intentionally and constantly praised their spouses or even involved people around them to affirm their husbands’ competencies. This boosted their confidence to continue to practice and transform. Caregiver-participants with family members at Level 3: Embrace were the most satisfying ones. They applauded the achievements of their partners, received more support from them, enjoyed better relationships in families, and were more relieved as their partners could share more caregiving tasks.

For our respondents, most of their family members belonged to the Level 2: Attempt group, some were in the Level 1: Support group, and a few were in the Level 0: Reject and Level 3: Embrace groups. It was common to have a mix of different types in a family.

Although this research is limited by its small sample size and the lack of direct involvement of family members in our data collection, it offers us valuable insights into the needs of the caregivers, the challenges they face at home, and the joy they found when other caregivers were willing to support and participate in PII.



5 Implications and future directions

The current study has confirmed the necessity for stretching the scope of examination from focusing entirely on the changes of the caregiver-child dyads to the changes of the indirect stakeholders—the family members who did not participate in the PII training. As we depicted the reactions of these family members, our findings revealed that PII had indeed introduced changes to the family systems. From what we observed, a majority of the family members were willing to acquire some skills to support the caregiver-participants and the child, and this reshaped the parenting approaches in the families. Evidence supported that the impacts of PII were beyond the intended outcomes of the programs. On this note, we recommend more research to explore the rolled-on effects of PIIs. These effects could be on families, organizations that offer the PII trainings, and the communities. To support such work, Figure 1 offers a graphical presentation of the stakeholder mapping, and this flowchart can be used for analyzing the systems around PII.

Furthermore, when we examined how family members’ responses affected the caregiver-participants, we found that their reactions inevitably influenced the wellbeing of the caregiver-participants and their practice of skills at home. With unsupportive family members, the caregiver-participants faced more hindrances in putting the skills into practice and felt lonelier. With supportive members, the caregiver-participants thrived. When other caregivers were unwilling to learn, the misalignment of parenting styles could reduce the effects of PII. Conversely, if they welcome the new practices and bring them into use, the effects of PII multiplies. Hence, this research showed that by shedding light on the changing processes and outcomes in families, it helped not only to delineate a more comprehensive picture of the impacts of PIIs, but it also helped map out the familial factors affecting the effectiveness of the programs. The existing literature suggested that the design of PIIs should consider the family’s characteristics (29) and that the intervention could stretch to promote the family’s functioning (31). This work helped pave the way. For designing a PII, practitioners are encouraged to use the framework in Figures 2, 3 as roadmaps to consider the social exchanges in families that could affect the program’s efficacy. For academics or professionals who seek to examine the risk and protective factors in families, Figure 4 provides an initial framework for such investigation. Future research may examine how background characteristics affect family outcomes. This area has been initially explored in this study; however, no conclusive cause-and-effect relationships can be established given our small sample size.

Moreover, as we delved into our respondents’ stories to see how they perceived the changes of other caregivers, we recognized that PII was not merely a project of learning some skills to support the child. For some caregivers, it was also their endeavor to rewrite their family dynamics and trajectories. As shown in our results and discussion, the intentionality of the caregivers to involve their family members was a key driver of changes. For caregiver-participants, Figure 4 offers some insights into the good practices that they can adopt to promote familial changes. Furthermore, as this research discovered that family stakeholders could change over time—some family members gained new insights after the caregiver-participants explained to them, and caregivers could proceed from Level 1: Support to Level 2: Attempt to Level 3: Embrace—it offers encouragement to the caregiver-participants to be persistent in their efforts as people take time to change.

To accumulate more empirical evidence to strengthen the design and use of PIIs, we suggest conducting more qualitative studies to delineate the changing processes in families and identifying factors affecting the changes. With our small sample size, we make no claims of arriving at a comprehensive list, but our findings could serve as a starting point for future exploration. Conducting such research in different contexts (e.g., different cultures, different PII interventions) can also provide us with patches of new knowledge. When we have more sets of data for comparison, we can then weave them together to identify patterns and conduct quantitative studies to build new models. Our research seeks to provide a foundation for these future meaningful endeavors.



6 Conclusion

With developmental delay and disabilities becoming more of a public health concern, PII has been a valuable early intervention that supports the development of children and their families. When PII is designed to be implemented at home, it is important to explore how it affects the family dynamics and how the family systems affect the effectiveness of the intervention. As we strive to bridge the gap of lacking understanding of PII in a family context, we seek to construct frameworks that support the future design of PIIs and the PII-related research.
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Objective: This study investigates the manifestations of inadequate family caregiving for children in China and aims to construct a conceptual framework that captures the multifaceted nature of this phenomenon within a rapidly changing social context.
Methods: Based on constructivist grounded theory, in-depth interviews were conducted with 28 children and their primary family caregivers across diverse socioeconomic backgrounds, selected through purposive and theoretical sampling. Through open, axial, and selective coding, this study identified and refined the core attributes, antecedents, and outcomes of inadequate family caregiving, ultimately developing a conceptual framework.
Results: Through the coding process, four core dimensions of caregiving insufficiencies were identified: daily living care, emotional and psychological support, safety supervision, and educational guidance. These gaps in caregiving were found to stem from a combination of internal family factors, such as unstable caregiving structures, limited parenting knowledge, low motivation, and insufficient caregiving skills, as well as external challenges, including limited family and community support and sociocultural pressures. The study found that these caregiving gaps were linked to strained parent–child relationships, delays in social and emotional development, behavioral issues, and potential risks to children’s physical health.
Conclusion: Inadequate family caregiving emerges from a mix of internal and external constraints that limit caregiving capacities and resource access, resulting in multidimensional caregiving deficiencies that impact children’s physical and mental health. Addressing this issue necessitates enhancing family caregiving capacities, strengthening social support networks.
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1 Introduction

The family environment forms the primary sphere in which a child grows, significantly impacting the child’s physical, psychological, and social development (1). Effective family functioning is vital for holistic child development, with caregiving as a pivotal mechanism for fulfilling this role. Quality caregiving within the family meets children’s diverse needs and provides critical support for their health and comprehensive growth (2). Studies have revealed a strong correlation between family caregiving quality and children’s mental and physical well-being. An increasing body of research links prevalent issues—such as anxiety, depression, behavioral problems, learning difficulties, and social challenges—with suboptimal family interactions, inadequate caregiving, and lack of emotional support (3, 4). Positive family caregiving is essential for fostering children’s emotional health, social skills, and academic success, whereas caregiving deficiencies can worsen adverse mental and physical developmental outcomes (5).

In recent years, children’s physical and mental health needs have become increasingly complex, particularly in societies undergoing rapid transformation, such as China (6). Academic competition, digital media exposure, family separation, and shifting social expectations have intensified the pressure on both children and caregivers (6). National surveys have shown a rising prevalence of emotional and behavioral problems among Chinese children and adolescents, emphasizing the pressing need to understand the gaps in caregiving systems’ responses to these changing demands (7, 8).

Against this backdrop, the concept of inadequate family caregiving has gained increasing relevance. Yet, despite its importance, the notion remains inconsistently defined and under-theorized, particularly in non-Western contexts. Existing studies overlook more common but persistent forms of caregiving deficits, such as lack of emotional availability, poor supervision, or inconsistent educational support (9, 10). In China, as socioeconomic conditions evolve and urbanization accelerates, family structures and lifestyles are undergoing substantial changes, creating complex challenges in child caregiving (11).

In recent years, rapid internal migration and sweeping social changes have led to increasingly fragmented and unstable caregiving arrangements across diverse family contexts in China. This fragmentation is driven by structural factors such as urban–rural inequality, household registration barriers, and shifting labor demands (12). First, many urban migrant families live with their children but face long working hours and limited access to public services, leaving their children with insufficient emotional and educational support (13). Second, although the number of “left-behind children”—those remaining in rural areas while their parents work in cities—has declined, many still lack consistent supervision and psychological care because of persistent regional income disparities (14). Third, even in urban middle-class households, the rise of dual-income families has led to time poverty and weakened intergenerational support, undermining parents’ caregiving capacity (15). Compounding these structural constraints are changing family values that prioritize academic performance and individual success, often at the cost of emotional connections. These overlapping social, economic, and cultural pressures reveal not only how caregiving is strained but also why existing definitions of inadequate caregiving may be insufficient to capture the full complexity of everyday caregiving challenges in contemporary China (16).

To address this gap, this study adopts grounded theory as a methodological approach to develop a systematic conceptual framework for inadequate caregiving in China. Grounded theory is a qualitative methodology designed to build theories through iterative data collection, coding, and theoretical abstraction. It enables researchers to identify core concepts that reflect social phenomena and map the relationships among these concepts to form cohesive theoretical models (17). The current literature on inadequate caregiving remains limited and fragmented, with few robust theoretical models, particularly in non-Western contexts, posing challenges for quantitative analysis and cross-cultural comparison. In addition, caregivers from diverse backgrounds often hold vague or inconsistent views on what constitutes inadequate caregiving, which reduces the effectiveness of structured questionnaires in large-sample studies. By generating theory directly from empirical data, this study aims to extract the key dimensions and meanings of inadequate caregiving as experienced by contemporary Chinese families. The resulting framework is intended to guide future intervention design, policy development, and culturally grounded caregiving research, ultimately supporting healthier developmental outcomes for children in the future.



2 Methods


2.1 Participants

To capture diverse caregiving experiences, we employed purposive and theoretical sampling to recruit children and their primary caregivers from both urban and rural areas in four provinces—Heilongjiang, Guangdong, Guizhou, and Hubei—selected for their variations in economic development, cultural background, and geographic context. Recruitment was facilitated through local schools, community health centers, and neighborhood committees from January to March 2024. No incentives were provided for participation. Prior to enrollment, caregivers completed brief pre-screening questions to ensure adequate communication abilities during the interview process. Children with acute or chronic illnesses were excluded to maintain a focus on general family caregiving rather than care shaped by specific medical needs. The inclusion criteria for family caregivers were as follows:


	① Aged 18 years or older.

	② Served as the primary caregivers of the child.

	③ Capable of clear communication.

	④ Willing to participate after understanding the study objectives.



The children included in the study were aged 8 to 16 years, able to express their thoughts and feelings, and participated with guardian consent and personal willingness.

The exclusion criteria were as follows:


	① Non-family caregivers (such as nannies or professional caregivers).

	② Caregivers with mental health or cognitive impairments that might compromise response accuracy.

	③ Children with acute or chronic illnesses.



The sample size was determined based on the principle of data saturation at which point theoretical saturation was confirmed. Therefore, the final sample included 28 children and their primary caregivers. Detailed participant information is provided in Table 1.


TABLE 1 The details information of participants.


	No.
	Province
	Residence
	Age of child
	Gender of child
	Relations with child
	Age of caregiver
	Socioeconomic status
	Family type*

 

 	01 	Heilongjiang 	Urban 	10 	Boy 	Mother 	38 	Middle-income 	Core family


 	02 	Heilongjiang 	Rural 	8 	Girl 	Grandmother 	65 	Low-income 	Left-behind


 	03 	Guangdong 	Urban 	12 	Boy 	Father 	42 	High-income 	Core family


 	04 	Guangdong 	Rural 	9 	Girl 	Mother 	35 	Low-income 	Core family


 	05 	Guizhou 	Urban 	11 	Girl 	Mother 	40 	Middle-income 	Single-parent family


 	06 	Guizhou 	Rural 	9 	Boy 	Mother 	36 	Low-income 	Immigrant


 	07 	Hubei 	Urban 	14 	Boy 	Mother 	39 	Middle-income 	Core family


 	08 	Hubei 	Rural 	16 	Girl 	Mother 	41 	Low-income 	Left-behind


 	09 	Heilongjiang 	Urban 	13 	Girl 	Mother 	40 	High-income 	Core family


 	10 	Guangdong 	Urban 	15 	Boy 	Mother 	37 	Middle-income 	Immigrant


 	11 	Guizhou 	Rural 	10 	Girl 	Mother 	43 	Low-income 	Core family


 	12 	Hubei 	Rural 	9 	Girl 	Mother 	35 	Middle-income 	Immigrant


 	13 	Guangdong 	Rural 	11 	Boy 	Grandmother 	64 	Low-income 	Left-behind


 	14 	Heilongjiang 	Urban 	12 	Girl 	Mother 	41 	Middle-income 	Immigrant


 	15 	Guizhou 	Urban 	15 	Boy 	Mother 	36 	Low-income 	Core family


 	16 	Hubei 	Rural 	10 	Girl 	Grandfather 	67 	Low-income 	Left-behind


 	17 	Guangdong 	Urban 	13 	Boy 	Father 	44 	High-income 	Core family


 	18 	Heilongjiang 	Rural 	14 	Girl 	Grandmother 	62 	Low-income 	Left-behind


 	19 	Hubei 	Urban 	16 	Boy 	Mother 	38 	Middle-income 	Core family


 	20 	Guizhou 	Rural 	12 	Boy 	Mother 	34 	Low-income 	Core family


 	21 	Guangdong 	Urban 	11 	Boy 	Mother 	39 	High-income 	Single-parent family


 	22 	Heilongjiang 	Urban 	13 	Girl 	Mother 	37 	Middle-income 	Core family


 	23 	Hubei 	Rural 	9 	Boy 	Grandmother 	66 	Low-income 	Left-behind


 	24 	Guizhou 	Urban 	12 	Girl 	Mother 	42 	Low-income 	Single-parent family


 	25 	Guangdong 	Rural 	13 	Boy 	Grandmother 	70 	Low-income 	Immigrant


 	26 	Hubei 	Urban 	10 	Girl 	Mother 	36 	Middle-income 	Core family


 	27 	Heilongjiang 	Rural 	14 	Boy 	Mother 	35 	Middle-income 	Immigrant


 	28 	Guizhou 	Rural 	16 	Boy 	Mother 	40 	Low-income 	Core family





*Family type: Core family:Nuclear families consisting of parents and their children living together in the same correct household; Core family: Nuclear families consisting of parents and their children living together in the same household; Left-behind families: Families where one or both parents have migrated to urban areas for work, leaving children and/or older adult in the rural home area; Single-parent families: Families headed by one parent, either due to divorce, separation, death of spouse; Immigrant families: Families who migrated from rural areas to urban areas within China.
 



2.2 Ethics statement

The study protocol was reviewed and approved by the Ethics Committee of Harbin Medical University, Daqing Campus (No. HMUDQ20231212009), ensuring compliance with ethical standards for research involving human participants. Informed consent was obtained from all the participants.



2.3 Data collection

To delve into the phenomenon of inadequate family caregiving for children, a semi-structured interview approach was used. The interview guide was initially created by reviewing the relevant literature and materials. After a pilot study and feedback from experts, the guide was refined and finalized (see Table 2). Prior to the interviews, the research team underwent specialized training to develop key interview techniques, including active listening, clarification and probing. After a preliminary round of interviews, minor adjustments were made to the questions and topics, based on participant feedback, to better capture pertinent information. Formal interviews were conducted from January to March 2024, comprising face-to-face, in-depth discussions with each participant. Each session lasted approximately 30–60 min. Before starting, the participants were briefed on the study’s purpose and methods, and consent was obtained to record the conversations. Following each interview, a summary report was drafted to document the key insights. All recordings were transcribed within 24 h and reviewed for accuracy. After obtaining confirmation from the participants, 56 complete transcripts were finalized, consisting of 28 interviews with children and 28 with caregivers.


TABLE 2 The interview outline.


	Subject
	Questions

 

 	Children 	Who primarily takes care of you? Do you think they spend enough time taking care of you?


 	When you need help, do family members respond promptly? If not, how do you handle it?


 	In what areas do you feel well cared for at home? Are there areas where you feel care might be lacking?


 	Have you ever felt that family members were not taking care of or showing concern for you? Could you give examples?


 	At school or when chatting with friends, do you feel any differences in family care compared to others? Could you give examples?


 	What changes would you like to see in the way your family cares for you?


 	How do you think your current family caregiving situation affects you? For example, in your studies, emotions, or interactions with friends?


 	If you had the chance to express your caregiving needs to your parents or family, what would you say?


 	Family caregiver 	What aspects of child caregiving are you primarily responsible for in the family?


 	Could you describe the specific details of how you care for your child?


 	Do you feel there are any areas where caregiving may be insufficient?


 	What areas does this primarily include?


 	Has your child ever expressed feelings about family care and suggested changes? What specific areas were mentioned?


 	In your opinion, what factors might contribute to insufficient care for your child?


 	Do you think your child’s behavior is influenced by a lack of family care? Have you observed any noticeable changes in them?




 



2.4 Data analysis

This study utilized a three-phase coding method based on grounded theory to analyze the phenomenon of inadequate family caregiving for children: ① Open Coding: Interview data from children and parents were deconstructed, identifying key concepts and themes related to caregiving deficiencies. ② Axial Coding: Feedback from different respondents was integrated, allowing for a comparison of commonalities and differences concerning care deficiencies. This phase helped identify the main categories and their relationships. ③ Selective Coding: Core concepts were extracted and linked with their antecedents and consequences, forming the basis for a conceptual framework. This process facilitated the construction of a comprehensive, conceptual framework. Throughout the analysis, emphasis was placed on integrating both children’s experiences and parents’ perspectives to ensure that the resulting theoretical model reflected the multifaceted impacts of caregiving deficiencies. The final conceptual framework provides a detailed understanding of the core attributes, underlying causes, and significant impacts of inadequate family care on child development, highlighting the complex contexts and resulting effects on children’s growth.




3 Results


3.1 General information of participants

The study included 28 children and their family caregivers as interview participants, with an equal distribution of 14 each from urban and rural areas. The caregivers were composed of 20 mothers, 2 fathers, and 6 grandparents. Regarding the children, 15 were boys and 13 were girls. The average age of the children was 12.04 years (SD = 1.38), with ages ranging from 8 to 16 years old. Family structure data indicated that 13 families had only one child and 15 families had more than one child. This diverse sample covered a variety of genders, family roles, urban–rural backgrounds, and family structures, providing a comprehensive perspective for analyzing inadequate child family caregiving.



3.2 Open coding

Open coding is a foundational step in qualitative analysis that involves conceptualizing raw data line by line and sentence by sentence. This study employed a combination of line-by-line, sentence-by-sentence, and paragraph-level coding techniques to ensure that all concepts, including subtle ones, were identified comprehensively. During this phase, 436 initial concepts were extracted from interviews with children, and 631 from caregiver interviews. These concepts were refined and abstracted into higher-order categories suitable for theoretical analysis. By consolidating repetitive, related, or loosely structured concepts, the study generated 35 preliminary categories. Table 3 presents examples of initial concepts and their corresponding categories, demonstrating how raw data were transformed into meaningful analytical units.


TABLE 3 Preliminary categories.


	Code
	Initial category
	Initial concept

 

 	N1 	Nutritional Imbalance in Children’s Food 	A2-3: Unbalanced diet structure, mainly meat-based with a lack of dietary fiber; A15-2: Over-reliance on high-protein foods (e.g., beef, eggs) with insufficient vegetable and grain intake; C5-2: Excessive intake of high-calorie foods (e.g., sweets, fried foods) with a lack of fruit and whole grains.


 	N2 	Excessive Intake of Unhealthy Foods by Children 	C4-5: Children frequently consume high-sugar, high-fat foods, such as drinks and chips; A7-8: Children regularly eat fried foods with minimal intake of vegetables and fruits; C9-10: Due to busy schedules, parents often buy fast food and convenience foods for children, neglecting nutritional balance.


 	N3 	Poor Eating Habits in Children 	A17-15: Children tend to be picky eaters and avoid nutritious foods; A22-17: Children watch TV or play on phones while eating, leading to a lack of focus during meals.


 	N4 	Insufficient Sleep and Rest Time for Children 	C26-21: Parents fail to manage routines effectively; children participate in excessive extracurricular activities, resulting in late nights, early mornings, and insufficient rest; C15-24: Children often stay up late due to phone or tablet use, leading to inadequate sleep.


 	N5 	Irregular Sleep Patterns in Children 	C17-23: Lack of parental guidance causes children to stay up on weekends playing games or watching TV, disrupting regular sleep routines; C23-19: Parents frequently stay up late and lack supervision, resulting in children developing irregular and inconsistent sleep schedules.


 	N6 	Insufficient Physical Activity in Children 	C6-31: Children lack outdoor activities; A8-24: Parents prioritize academic activities, preventing children from engaging in regular physical exercise.


 	N7 	Lack of Regular Health Monitoring for Children 	A20-36: Children miss regular check-ups or health assessments as parents do not actively arrange health screenings; C11-43: Parents have insufficient understanding of children’s health status, often overlooking potential health or developmental issues.


 	N8 	Improper Handling of Children’s Health Symptoms 	A8-57: Parents neglect mild symptoms or discomfort in children, delaying medical attention; A25-42: Parents self-diagnose and administer home remedies without consulting doctors, worsening children’s conditions; A21-50: Parents rely on folk remedies or online advice, using unverified treatments.


 	N9 	Poor Personal Hygiene Habits in Children 	C16-63: Children lack regular hand-washing habits due to insufficient parental guidance and supervision; A24-43: Children do not maintain a habit of brushing teeth twice daily, with inconsistent parental guidance; A1-73: Children resist bathing or delay it, and parents do not enforce consistent cleanliness.


 	N10 	Untimely Household Cleanliness 	C14-73: Cleaning is infrequent, with toys and clothes seldom cleaned; C2-80: Parents neglect indoor hygiene, with dust accumulating on floors and furniture.


 	N11 	Limited Parent–Child Time 	C2-73: Parents are frequently busy with work, often working overtime or traveling, resulting in limited time with children; C13-86: Communication and interaction time with children are minimal, with a lack of daily companionship.


 	N12 	Lack of High-Quality Parent–Child Interaction 	A10-96: Although parents are present, most of their time is spent on work tasks, with minimal effective interaction; A8-113: Even when home, parents are often busy with household chores, missing opportunities to engage with children.


 	N13 	Limited Parental Emotional Expression 	A18-119: Parents provide little emotional response when children encounter problems; C2-93: Parents lack positive emotional expression toward children in daily life, leaving children feeling unloved.


 	N14 	Neglect of Children’s Psychological and Emotional Needs 	A2-131: Parents rarely take the initiative to understand children’s psychological states or emotional changes; C2-126: Parents overlook children’s internal feelings, lacking empathy and emotional connection.


 	N15 	Ignoring Children’s Expressions 	C11-124: Parents often dominate conversations with their own views; C28-133: Parents lack patience in listening to children’s questions or emotional expressions; A16-149: Parents fail to delve into children’s true thoughts and feelings.


 	N16 	Lack of Understanding of Children’s Developmental Processes 	A19-163: Parents misinterpret children’s behaviors; A16-170: Parents have overly high expectations for children’s abilities and cognitive levels; A12-181: Parents only focus on the outcome when children make mistakes, without understanding the reasons behind them.


 	N17 	Insufficient Psychological Support 	C17-147: Parents fail to provide effective coping strategies when children face stress or challenges; C13-153: During psychological difficulties, there is a lack of effective advice, guidance, or strategies to help children cope.


 	N18 	Insufficient Emotional Support 	C13-169: Parents focus excessively on pointing out children’s errors or shortcomings, lacking recognition and encouragement for their efforts and progress; A13-191: When children feel sad or anxious, parents choose to avoid or ignore these emotions.


 	N19 	Inadequate Safety Supervision 	C7-182: Dangerous household items (e.g., medication, knives) are not properly stored; A14-204: Parents seldom monitor children’s outdoor activities, failing to ensure their safety while outside.


 	N20 	Limited Content or Methods in Safety Education 	C2-198: Children are unaware of potential threats like cyberbullying, inappropriate content, or privacy leaks; A5-213: Parents forbid risky activities without teaching children to learn self-protection and risk assessment in safe contexts.


 	N21 	Lack of Behavior Habit Development Education 	C8-216: Parents fail to monitor and correct children’s bad habits; A9-241: Parents do not help children develop positive behavioral habits.


 	N22 	Misplaced Educational Focus 	C11-259: Parents focus solely on academic performance, neglecting the development of learning interest and other talents; A2-277: Parents do not teach children positive ways to handle stress and challenges, lacking stress management education; C26-264: Parents restrict children’s participation in socialization activities.


 	N23 	Inappropriate Parenting Methods 	C10-278: Parents fail to model positive behavior for children; C5-256: When children make mistakes, parents only criticize rather than guide and educate.


 	 	Unstable Family Care Structure 	A20-301: Frequent changes in caregivers or living environments within the family; A22-313: Multiple family members share caregiving responsibilities without clear roles.


 	N25 	Insufficient Parenting Knowledge 	A8-338: Parents rely on traditional child-rearing practices passed down from previous generations, lacking awareness of modern, science-based parenting knowledge; A18-356: Caregivers are unaware of children’s psychological needs and physical characteristics at various developmental stages.


 	N26 	Lack of Motivation in Parenting 	A14-379: Parents show a weak sense of responsibility for raising children, with limited involvement in their development; A12-406: Parents lack interest in the parenting process, showing little initiative in understanding children’s developmental progress and needs; A10-413: Parents view parenting as an unavoidable burden, feeling helpless and frustrated; A6-420: Parents prioritize career development or personal goals over spending time and energy on childcare.


 	N27 	Limited Parenting Skills/Capabilities 	A7-439: Low household income affects living conditions, educational resources, and healthcare; A16-457: Low education level impacts the ability to make informed parenting decisions; A20-463: Communication is overly directive or critical, lacking skills for effective dialogue with children.


 	N28 	Insufficient Emotional Support within the Family 	A28-490: Parents or guardians lack emotional support or assistance from partners or other family members during parenting; A20-513: Parents disagree on parenting methods, or grandparents interfere, leading to unclear caregiving responsibilities and conflicts in parenting approaches.


 	N29 	Weak Social Support System 	A21-527: Schools or communities fail to provide family education courses, lacking professional parenting and educational support; A5-536: Parents lack access to mental health services and support.


 	N30 	Societal and Cultural Pressure 	A7-574: Parents’ anxiety over academic performance causes them to neglect children’s emotional needs and daily care; A3-595: Parents are overly focused on comparing their children with others, overlooking individuality and emotional support; A9-608: Societal expectations stereotype fathers, leading to limited emotional and daily involvement from fathers.


 	N31 	Decline in Parent–Child Relationship Quality 	A13-613: Daily communication between parents and children decreases, lacking deep conversations and emotional connection; C10-271: Children feel neglected, weakening emotional bonds and making the relationship superficial; A15-620: Insufficient parental supervision of children’s behavior leads to confusion in behavioral norms, causing conflicts between children and parents.


 	N32 	Limited Social Development in Children 	C28-302: Children show more withdrawal or passivity in social situations, or struggle to handle social conflicts; C23-329: Children feel apprehensive and insecure when facing challenges, lacking confidence.


 	N33 	Increase in Behavioral Problems in Children 	C4-348: Children seek attention or express dissatisfaction through rebellious or disruptive behaviors; C6-356: Unable to process complex emotions and external pressures, children may resort to self-harm as an expression of distress.


 	N34 	Emotional Imbalance in Children 	C9-372: Children struggle to express emotions, opting to suppress them to avoid emotional interactions; C11-395: Children have a negative self-image, feeling “unworthy” of love or care; C25-401: Excessive anxiety over future events or minor issues; C20-415: Persistent self-doubt and low self-esteem regarding abilities and achievements.


 	N35 	Health Issues in Children 	A20-629: Lack of healthy lifestyle and adequate care leads to malnutrition or obesity; C2-426: Emotional issues and anxiety disrupt children’s ability to sleep or maintain healthy sleep habits.




 



3.3 Axial coding

Axial coding builds upon open coding by rearranging and recombining initial categories to uncover key categories that represent relationships among them. From the open coding results, this study identified 11 subcategories and 7 main categories through axial coding:


	① Inadequate care in children’s daily lives.

	② Inadequate care in children’s emotional and psychological well-being.

	③ Inadequate care in children’s safety.

	④ Inadequate care in children’s educational development.

	⑤ Internal factors contributing to the lack of family care for children.

	⑥ External factors contributing to the lack of family care for children.

	⑦ Negative consequences of inadequate family care for children.



Table 4 presents each main category along with their corresponding subcategories, showcasing the comprehensive structure of identified categories.


TABLE 4 The main category and its corresponding subcategory.


	Main category
	Subcategory
	Initial category
	Code

 

 	Inadequate in daily living care 	Inadequate Nutritional Care 	Nutritional Imbalance in Children’s Food 	A2-3; A15-2; C5-2


 	Excessive Intake of Unhealthy 	C4-5; A7-8


 	Foods by Children 	C9-10


 	Poor Eating Habits in Children 	A17-15; A22-17


 	Insufficient Rest and Physical Activity Care 	Insufficient Sleep and Rest Time for Children 	C26-21; C15-24


 	Irregular Sleep Patterns in Children 	C17-23; C23-19


 	Insufficient Physical Activity in Children 	C6-31; A8-24


 	Lack of Health Monitoring and Medical Care 	Lack of Regular Health Monitoring for Children 	A20-36; C11-43


 	Improper Handling of Children’s Health Symptoms 	A8-57; A25-42; A21-50


 	Inadequate Hygiene and Cleanliness Care 	Poor Personal Hygiene Habits in Children 	C16-63; A24-43; A1-73


 	Untimely Household Cleanliness 	C14-73; C2-80


 	Inadequate in emotional and psychological care 	Lack of Companionship 	Limited Parent–Child Time 	C2-73; C13-86


 	Lack of High-Quality Parent–Child Interaction 	A10-96; A8-113


 	Insufficient Affection 	Limited Parental Emotional Expression 	A18-119; C2-93


 	Neglect of Children’s Psychological and Emotional Needs 	A2-131; C2-126


 	Lack of Understanding 	Ignoring Children’s Expressions 	C11-124; C28-133


 	Lack of Understanding of Children’s Developmental Processes 	A19-163; A16-170; A12-181


 	Insufficient Support 	Insufficient Psychological Support 	C17-147; C13-153


 	Insufficient Emotional Support 	C13-169; A13-191


 	Inadequate in safety care 	— 	Inadequate Safety Supervision 	C7-182; A14-204


 	— 	Limited Content or Methods in Safety Education 	C2-198; A5-213


 	Inadequate in educational care 	— 	Lack of Behavior Habit Development Education 	C8-216; A9-241


 	— 	Misplaced Educational Focus 	C11-259; A2-277; C26-264


 	— 	Inappropriate Parenting Methods 	C10-278; C5-256


 	Internal factors contributing to inadequate family care for children 	— 	Unstable Family Care Structure 	A20-301; A22-313


 	Caregiver-Related Factors 	Insufficient Parenting Knowledge 	A8-338; A18-356


 	Lack of Motivation in Parenting 	A14-379; A12-406; A10-413


 	Limited Parenting Skills/Capabilities 	A7-439; A16-457


 	External factors contributing to inadequate family care for children 	— 	Insufficient Emotional Support within the Family 	A28-490; A20-513


 	Social Factors 	Weak Social Support System 	A21-527; A5-536


 	Societal and Cultural Pressure 	A7-574; A3-595


 	Adverse outcomes of inadequate family care for children 	— 	Decline in Parent–Child Relationship Quality 	A13-613; C10-271; A15-620


 	Physical and Mental Developmental Issues in Children 	Limited Social Development in Children 	C28-302; C23-329


 	Increase in Behavioral Problems in Children 	C4-348; C6-356


 	Emotional Imbalance in Children 	C9-372; C11-395; C25-401


 	Health Issues in Children 	A20-629; C2-426




 



3.4 Selective coding

Selective coding focuses on identifying a core category and exploring its logical relationships with the main categories. In this study, a detailed analysis of 35 subcategories and 7 main categories led to the abstraction of a single core concept. This concept served as the foundation for constructing a conceptual framework for inadequate family care, encapsulating its core attributes, antecedents, and consequences. Figure 1 illustrates the conceptual framework developed through this analysis.

[image: Flowchart graphic outlining the causes, core attributes, and consequences of inadequate parenting, with internal and external factors such as insufficient knowledge and weak social support contributing to inadequate care and resulting in relationship decline, behavioral issues, and health risks for children.]

FIGURE 1
 Conceptual framework of inadequate child family caregiving.




3.5 Theoretical saturation verification

The analysis confirmed that the category system was theoretically saturated, as no new categories emerged during the final stages. To validate this, four additional interviewees were included beyond the initial sample. However, no new concepts or categories were identified, confirming that theoretical saturation had been achieved in this study.




4 Discussion

This study applied grounded theory to analyze textual data on children’s family care, progressing through a three-phase coding process to identify 35 initial categories, 11 subcategories, and seven main categories, ultimately resulting in a conceptual framework for inadequate family care for children. This framework highlights the core attributes of inadequate family care, along with its antecedents and consequences, providing a comprehensive view of how caregiving deficiencies affect child development.


4.1 Core attributes of inadequate family care for children

The study identifies four core attributes of inadequate family care for children: insufficient daily living care, inadequate emotional and psychological support, lack of safety care, and poor educational care. These attributes significantly influence various developmental aspects and are closely linked to children’s fundamental growth needs (18). According to Maslow’s hierarchy of needs, meeting physiological needs is essential for child development, as it establishes a foundation upon which higher developmental needs are built (19). Basic components, such as proper nutrition, adequate sleep, and healthy habits, are vital for children’s overall well-being (20). However, the study reveals that many families face challenges in providing adequate daily living care, particularly concerning diet, sleep, and health monitoring. Common dietary issues include imbalanced meals and excessive intake of unhealthy foods, reflecting family factors that impact children’s eating behaviors (21). Participant quotes highlight these issues: “My son eats instant noodles almost every night because I get home too late to cook.” Another noted, “We know vegetables are good, but they complain and we just give up.” Furthermore, sleep insufficiency is widespread, with studies indicating that Chinese adolescents aged 6–17 sleep an average of 7.9 h, falling short of the recommended 8.5 h (22). One child reported, “I usually go to bed at midnight because I have to do the homework.” Irregular sleep patterns among children, often linked to family environments where parents undervalue the importance of sleep, exacerbate this issue. As another child put it, “Both my parents stay up very late, so I naturally developed the habit too.” Additionally, some families neglect regular health monitoring and medical care, leading to delayed intervention for health issues. One caregiver noted, “We never did routine checkups; it’s not necessary.” Regular health monitoring is crucial for disease prevention and early detection. However, less than 30% of families in China conduct health assessments for their children, highlighting a gap in preventive care (23).

Beyond fulfilling material needs, children require emotional support and psychological care within their family environment (24). However, both parents and children frequently mentioned emotional neglect and limited companionship, suggesting a shared recognition of caregiving gaps. While children tended to express feelings of being emotionally overlooked or unheard, parents often described uncertainty or helplessness in responding to their children’s emotional needs. One child remarked, “Mom is home, but she’s always on the phone.” These statements reflect how emotional neglect can persist even in physically intact family units. Research indicates that children deprived of parental companionship often experience loneliness and neglect and struggle to feel a sense of belonging and emotional security (25). Additionally, many parents have limited understanding of their children’s emotional needs. A parent said, “I just do not know what to say when she’s sad, so I stay silent.” This lack of understanding can hinder effective communication, prevent positive emotional feedback, and ultimately harm children’s mental health (26). In some cases, parents, although physically present, fail to provide adequate emotional support, leading to feelings of insecurity and increasing the risk of anxiety or depression (27). The family environment is critical for mental health, and studies have shown that positive parental support enhances children’s ability to cope with psychological challenges (28). Conversely, a lack of emotional support can result in unmet emotional needs, difficulties in emotional expression, and psychological stress, which can impact children’s social skills and their self-perception (29).

In the area of safety care, children’s limited awareness and self-protection abilities make them particularly vulnerable to various risks, underscoring the importance of consistent parental supervision (30). Inadequate home safety measures, such as unsecured furniture or lack of supervision during high-risk activities, further exacerbate these dangers (31). Deficiencies in safety education are evident in terms of content and delivery. Many parents restrict safety education to physical or traditional threats (e.g., “do not run with scissors”), while overlooking modern risks related to digital environments, such as cyberbullying, online predators, and privacy breaches. As one child shared, “My dad says not to talk to strangers, but I use the internet alone all the time.” This gap reflects a lack of digital literacy among caregivers, who may not fully grasp the scope of the contemporary threats children face. Moreover, some parents adopt overly simplistic or authoritarian methods to deliver safety messages, often relying on commands without explanations. One child reported, “My parents just tell me things like, ‘Do not ask why—just do what I say,’ without giving any explanation.” Such approaches may fail to engage children’s understanding or cooperation, thereby hindering the internalization of safety principles and the development of long-term awareness and risk-management skills. These findings highlight the need for more age-appropriate, dialogical, and up-to-date safety education practices in the family setting.

Family education involves holistic guidance provided by parents or family members through actions and words in their daily lives. It encompasses academic knowledge, moral values, behavioral habits, life skills, emotional regulation, and personal values (32). However, the study highlights several deficiencies in educational care. Parents frequently prioritize academic success over other things. One parent stated, “I just want her to get into a good school. Other things can wait.” Another reflected, “As long as his grades are okay, I do not care about anything else.” These attitudes may heighten psychological stress and narrow the children’s self-perception. Studies have shown that achievement-oriented parenting is associated with increased levels of child anxiety and reduced intrinsic motivation to learn (33). Inappropriate educational methods further exacerbate these issues. Some parents adopt punitive or coercive strategies instead of developmentally appropriate guidance. As one child reported, “If I score low, my mom just yells or compares me to others.” These methods often include scolding, comparison, or conditional affection, which risk damaging children’s self-esteem and internal motivation. Research has found that authoritarian parenting is linked to poorer academic adjustment and lower emotional well-being in children (34).



4.2 Causes of the inadequate family care for children

Inadequate family care for children is shaped by a complex interplay of internal and external factors, many of which are closely tied to China’s ongoing social transformation. Internally, instability within family caregiving structures often disrupts continuity of care. This is particularly evident in single-parent families and families in which grandparents serve as primary caregivers. In these contexts, caregiving responsibilities are frequently redistributed or inconsistently applied, weakening the emotional and developmental support available to children in need. For example, a grandmother caring for her grandson in a rural area noted, “I cook and keep him safe, but I do not know how to help with his feelings or schoolwork.” Such limitations are not due to unwillingness but reflect generational and educational gaps in caregiving capacity (35). Additionally, a lack of scientific knowledge about child development hinders many parents from providing appropriate care (36). Some parents admitted that they “just follow how their parents raised them,” despite recognizing that today’s children face different challenges than they did. One father commented during an interview: “I just raise him the way my parents raised me. I went through it like that, so I think he can too.” In families with young parents, especially those in urban environments, this knowledge gap often manifests as ineffective emotional regulation or educational strategies. One urban mother noted: “I tell my daughter to just calm down, but I do not know how to teach her to understand her emotions instead.” Furthermore, internal conflicts between work and caregiving roles are common. Parents frequently expressed guilt and helplessness about not having enough time or energy for their children. One father explained, “I work overtime six days a week—when I get home, I just want to sleep, not argue over homework.” Even parents who are motivated to be involved may lack the practical skills or emotional tools needed to provide consistent and high-quality care.

External factors further compound these challenges, particularly those tied to China’s rapid urbanization and labor migration. Many families in rural areas rely on grandparents to care for children while parents migrate to cities for work (37). These left-behind children often lack daily emotional support and direct guidance (38). One child remarked, “I talk to my mom on video sometimes, but it’s not the same. I miss her when I’m sad.” In urban areas, dual-income families face different but equally demanding pressures. Limited access to affordable childcare, rigid work schedules, and the absence of after-school support leave many parents struggling to balance career and caregiving. A mother shared, “If there were after-school programs, I would not feel so guilty about working late.” Social and cultural expectations also contribute to caregiving stress. The exam-oriented education system places disproportionate emphasis on academic performance, leading parents to focus heavily on grades at the expense of emotional development (39). As one caregiver put it, “If he does not get good grades, he will not have a future—that’s the reality.” Traditional gender roles continue to influence caregiving dynamics, with mothers often bearing the primary caregiving burden while fathers remain less involved (40). A mother remarked, “My husband works late and says he’s too tired, so most things fall to me.” These role expectations intensify stress and limit shared caregiving. Besides, we observed that younger urban parents reported more anxiety about screen time and academic competition, while rural caregivers—especially grandparents—focused more on safety and nutrition. One urban parent stated, “I’m more worried about him being addicted to the phone than eating candy.” In contrast, a rural grandparent noted, “As long as he eats well and does not get hurt, It’s enough.” These differences suggest that inadequate caregiving is not a monolithic issue but varies by region, age, and caregiver role (see Supplementary Table A1). In conclusion, the causes of inadequate family care are deeply rooted in both household-level limitations and broader structural pressures.

To address these caregiving challenges, several practical policy measures should be considered. These include promoting more flexible working arrangements for parents, expanding access to affordable after-school care and community-based childcare services, and offering accessible parenting education programs focused on emotional communication, screen time management, and modern caregiving strategies. Tailored support for grandparent caregivers, particularly in rural and migrant-sending areas, is also essential. Such efforts would help align caregiving resources with the evolving needs of families and contribute to improving the quality and consistency of family care across diverse social contexts in China.



4.3 The consequence of the inadequate family care for children

Inadequate family care has significant negative impacts on children’s growth and development, affecting key domains such as parent–child relationships, social skills, behavior, emotional regulation, and physical health (41). Research by Wu et al. reveals a strong correlation between lower levels of parental involvement and poorer quality of parent–child attachment, which in turn increases the risk of psychological and behavioral problems (42). When parents fail to provide adequate time, energy, and emotional support, the frequency and quality of interactions diminish, often leading children to feel neglected or misunderstood. One child shared, “My dad is always busy. When I talk to him, he just says ‘later’ but later never comes.” Another expressed, “Sometimes I do not tell them things because they are always on their phones or angry.” These sentiments reflect how emotional unavailability can weaken children’s sense of trust and security, resulting in reduced communication, increased conflict, and gradual erosion of the parent–child bond (43). The family serves as the first and most influential environment for a child’s socialization, where social norms, emotional expression, and interpersonal behavior are first learned (44). A lack of adequate emotional and behavioral guidance from caregivers can hinder a child’s ability to build peer relationships, regulate emotions, and integrate into social settings (45). A child also noted, “I get angry easily because they cannot do anything about me.” These deficiencies may present as social withdrawal, difficulty forming friendships, or limited social adaptability. Studies have shown that consistent parental support and involvement not only enhance children’s social development but also improve the quality of peer interactions and promote emotional cooperation (46).

Moreover, insufficient emotional care heightens the risk of emotional and mental health issues such as anxiety, depression, and loneliness. In emotionally unresponsive or psychologically neglectful environments, children may struggle with emotional regulation, often exhibiting instability, low self-worth, or suppressed emotions (47). One father remarked, “I did not realize my son was feeling so lonely until his teacher called us.” These narratives reflect a lack of emotional validation and support, which over time erode psychological resilience. Behaviorally, the lack of stable caregiving and clear boundaries may impair children’s understanding of acceptable conduct, increasing the likelihood of disciplinary issues or antisocial behavior. Children who lack consistent emotional affirmation may express distress through aggression, defiance, self-harm, or other disruptive actions (48). A parent shared, “He throws tantrums and breaks things—I think it’s his way of telling us he needs more attention.”

In parallel, inadequate family care also jeopardizes children’s physical health. Without regular health monitoring, nutritional guidance, and structured routines, children are more prone to malnutrition, stunted growth, and other preventable health issues (49). One grandparent explained, “We only found out our grandchild was anemic because the school health check told us.” A study on the prevalence of obesity among Chinese children and adolescents reported that the rates of overweight and obesity reached 27.2 and 29.6%, respectively, reflecting the consequences of poor dietary habits and insufficient parental oversight (50). Additionally, irregular daily schedules, poor sleep quality, and missed health check-ups are commonly linked to limited family involvement, further compromising children’s overall well-being. One mother shared: “I know my son stays up too late and skips breakfast, but I leave early for work and just hope he manages on his own.” Collectively, these emotional, behavioral, social, and physical consequences underscore the urgent need for comprehensive family support systems to foster healthy, balanced development in children.




5 Conclusion

Using grounded theory, this study offers an in-depth analysis of inadequate family care for children, establishing a conceptual framework that elucidates its core attributes, antecedents, and impacts on children’s development. The findings revealed that inadequate family care spans four primary dimensions: daily living care, emotional and psychological support, safety care, and educational guidance. Through a detailed analysis, both internal and external factors were identified as antecedents, collectively contributing to deficiencies in one or more of these caregiving dimensions. This study emphasizes the extensive repercussions of inadequate care on children’s physical and mental development, underscoring the importance of addressing this issue. The findings suggest that raising parental awareness of caregiving responsibilities, enhancing social support systems, and strengthening policy guidance are essential steps to ensure adequate care for children. Such measures could help alleviate the adverse effects of inadequate family care, ultimately promoting comprehensive physical and mental well-being among children.
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Background: Previous research has inadequately examined the interconnections among coparenting, parental stimulation, and children’s social–emotional ability within the context of Chinese culture.
Aim: Consequently, this study, guided by the coparenting ecological model framework, aims to investigate these relationships and to determine whether parental stimulation serves as a mediating factor.
Methods: In this study, 330 mothers of children aged 12–36 months were selected in Community Health Service Center from April to October 2021 in Wuhan. The general information questionnaire, the Chinese version of Brief Coparenting Relationship Scale, the Infant and Toddler Social and Emotional Assessment, and the Family Care Indicators were distributed. AMOS 21.0 statistical software was used for mediating effect analysis.
Results: In terms of social emotion, 10.3% of children had abnormal social emotion. Coparenting, parental stimulation, and children’s social–emotional ability pairwise showed a positive correlation. Parental stimulation mediated the association between coparenting and social–emotional ability (β = 0.011, bootstrap 95% CI = 0.006, 0.018). Paternal stimulation and maternal stimulation played a chain mediating role in the relationship between coparenting and social–emotional ability (β = 0.004, bootstrap 95% CI = 0.002, 0.008).
Conclusion: Children’s social–emotional ability may be enhanced through interventions that guide and enhance coparenting and parental stimulation.
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Introduction

The first 1,000 days of an individual’s life is the period of the strongest brain plasticity. Neurons establish new connections at an astonishing rate of 700–1,000 per second. During this period, the brain experienced rapid development (Fox et al., 2010). The development of children during this period will affect their future physical development, mental health, educational trajectory, salary level, etc. (Walker et al., 2011). According to statistics, more than 250 million children under the age of 5 have not reached their developmental potential in low-and middle-income countries (Black et al., 2017). High-quality nurturing care is conducive to children’s growth and development, can promote children’s early development, and has an impact on children’s life (Black et al., 2017). In recent years, the importance of nurturing care for early childhood development has been recognized. In 2018, WHO and other international organizations jointly released the Nurturing Care Framework (NCF), including health, nutrition, security and safety, responsive caregiving, and early learning (World Health Organization, United Nations Children’s Fund, World Bank Group, 2018).

Early childhood development refers to the full development of children’s cognitive, motor, social–emotional, and physical potential between the ages of 0 and 8 (World Health Organization, 2020). Compared with other developmental aspects, social emotion is an easily overlooked part (Malmberg et al., 2016; Rempel et al., 2017). As an important part of the psychological development of children, the early social–emotional ability can effectively predict their problem-solving ability and interpersonal relationship (Wang et al., 2019; Williams and Lerner, 2019), and it is also closely related to their future emotional behavior problems and academic performance, and can even predict their future personality development (Wang et al., 2019; Williams and Lerner, 2019). There are large individual differences in children’s social–emotional development. Apart from the influence of children’s gender and temperament type, it is also largely influenced by parents’ nurturing care and early family environment (Black et al., 2017).

For infants and young children, the family is the first environment for them to receive nurturing and social development after birth, and the family environment is often considered to be one of the most important factors affecting children’s development. The family environment usually includes the natural environment and the psychosocial environment. The natural environment includes family living conditions, socioeconomic status, and the surrounding environment of the residence, etc. (McLeroy et al., 1988). Family nurturing environment refers to the psychosocial environment of the family, including parenting attitudes of parents, stimulating learning environment (such as books, toys, etc.), parents and children participating in stimulating activities (such as reading, singing, storytelling, and letting children have different experiences) and parents can identify children’s needs promptly and give appropriate and warm responses promptly (Black et al., 2017). A good family nurturing environment contributes to the early cognitive, language, social–emotional, and motor development of children (Black et al., 2017). Therefore, it is necessary to pay attention to the family nurturing environment in early childhood, and this paper mainly focuses on the stimulation of father and mother, key factors in promoting the early development of children.

Family system theory shows that in the whole family system, the participation of other caregivers other than the mother (such as father) expands the mother–child relationship into a tripartite relationship. When the three parties establish a good relationship and bring the system into a balanced state, children can benefit from it (Marsanic and Kusmic, 2013). Coparenting describes how parents coordinate their shared responsibility in childrearing by supporting or undermining one another’s parenting efforts (Tissot et al., 2017). Coparenting involves both fathers and mothers in our study. In China, men’s roles in the family have changed due to demographic, socioeconomic, and cultural shifts in recent years. For example, mothers not only take on family care responsibilities but also participate in some social work, leading fathers and mothers to share family responsibilities, including parenting and supporting the healthy development of their children. In the research on nurturing care and early childhood development, more attention is paid to the role of mothers, such as exploring the relationship between mothers’ responsive care and children’s social emotion and growth (Scherer et al., 2019). Compared with mothers, less research has focused on the role of fathers in parenting, but fathers play an important role in parenting. Studies have shown that (Wang et al., 2020) better paternal care and interaction can significantly reduce the risk of developmental delay in children within 2 years of age.

The ecological model of coparenting was proposed by Feinberg (2003). This model describes the impact of family system on coparenting from three levels of individual, family, and extra-family factors, as well as the possible mediating or moderating relationships between coparenting and child development outcomes. The quality of coparenting directly affects parenting and child development, and indirectly affects child development through parenting. Positive coparenting may create a family environment with a lower stress level for children, which will promote parenting adjustment and parent–child interaction, thus affecting children’s mental health. Previous studies have explored the relationship between coparenting and parental stimulation. Parents who support each other in coparenting show more responsiveness and interaction with their children (Zemp et al., 2018). In addition, previous studies have shown that good parental stimulation is beneficial to the early development of infants and young children. For example, a study in the United States (Cprek et al., 2015) showed that interactive activities such as reading, storytelling, singing, and eating with family members can reduce the risk of children’s developmental and behavioral delays. Besides, previous studies have also explored the relationship between coparenting and early child development, and the results show that the higher the quality of coparenting, the fewer children’s behavioral problems and the better children’s adaptation (Jacobvitz et al., 2022; Murphy et al., 2016; Teubert and Pinquart, 2010).

Although previous studies have shown that coparenting, parental stimulation, and social–emotional ability are correlated with each other (Zemp et al., 2018; Cprek et al., 2015; Murphy et al., 2016), few studies have explored the mediating role of parental stimulation in the middle, and limited studies have explored the relationship between the three variables in the context of Chinese culture. In the Chinese cultural context, harmonious family relations are emphasized. It is very important that parents cooperate with each other in parenting (Lau and Power, 2019). In addition, with the development of social culture, women are more and more involved in work, and fathers are gradually involved in parenting (Liu et al., 2016). However, there are few studies on Chinese fathers’ involvement in parenting. Therefore, under the guidance of the coparenting ecological model framework, this paper has two objectives. First, it aims to explore the relationship between coparenting, parental stimulation, and children’s social–emotional development in the context of Chinese culture; second, to explore whether parental stimulation (including paternal stimulation and maternal stimulation) plays a mediating role between the two variables. We hypothesized that paternal stimulation and maternal stimulation mediate the relationship between coparenting and children’s social–emotional ability.



Methods


Study design and participants

This study was approved by the Ethics Committee of Wuhan University School of Medicine. Convenience sampling was used in the child health department of three Community Health Service Centers in different regions of Wuhan from April to October 2021. Sample size was estimated as 280 by setting α as 0.05, 1-β as 0.95, and effect size as 0.25. The recruited participants should be ranged from 329 to 350 considering a loss to follow-up rate of 15–20%.

The parents were informed of the purpose and significance of the study while they were waiting for treatment. Three Hundred Sixty-nine mothers gave their informed consent to participate in the study and receive the questionnaires, and 330 met the inclusion and exclusion criteria. Inclusion criteria for participants: (1) mothers of young children aged 12–36 months; (2) being the child’s caregiver (living with the child); (3) being able to understand and complete the questionnaire. Exclusion criteria: (1) mothers with serious physical and mental illness, (2) toddlers with congenital malformations, acute and chronic diseases.



Measures


Sociodemographic questionnaire

Based on reviewing the literature, the sociodemographic questionnaire, included both children’s (sex, age, birth weight, and gestational weeks, etc.) and parents’ data (parents’ age, education level, marital status, economic status, place of residence, number of children in the family, children’s main caregiver, etc.).



Brief Coparenting Relationship Scale (Brief-CRS)

The Brief-CRS was developed by Feinberg et al. (2012) in 2012 to assess the quality of coparenting, and adapted by Chinese researchers in 2017 with good reliability and validity. The scale contains 5 dimensions: mutual recognition (3 items), coparenting support (4 items), coparenting undermining (2 items), conflict (3 items), and division of labor (2 items). Items are scored on a 7-point Likert scale, with 0 representing “not at all consistent” and 6 representing “completely consistent.” Among them, the dimensions of mutual damage and conflict are reversed scores. The total score ranges from 0 to 84, with higher scores indicating higher perceptions of coparenting. In this paper, coparenting is reported by mothers, with higher scores indicating that women perceive more support from their spouses and that fathers perform better in coparenting. In this study, Cronbach’s α coefficient was 0.83.



Family Care Indicators (FCIs)

Parents’ stimulation was measured using an adapted version of the FCI tool which was developed by groups of experts organized by the UNICEF (Hamadani et al., 2010). Previous studies revised FCI into Chinese to adapt to the Chinese language and environment (Wang, 2019). The scale has 19 items and 5 dimensions, including the varieties of play materials, the sources of play materials, the play activities within 3 days, the number of magazines and newspapers in the home. This study chose the dimension of play activities to measure parental stimulation. The items include: reading books or picture books, telling stories, singing nursery rhymes, playing games outdoors, playing games with toys, and naming, counting and drawing. Ask the father and mother how often they played various interactive games with their children in the past week, “none” scored 0 points, “1–3 days/week” scored 1 point, “4–6 days/week” scored 2 points, “Almost every day” is scored 3 points, and the score ranges from 0 to 18 points. The higher the score, the better the parents’ stimulation to the child. The Cronbach’s α coefficient in this study were 0.89 and 0.92, respectively.



Infant and Toddler Social and Emotional Assessment (ITSEA)

The scale was compiled by the scholar (Briggs-G, 1998), and parents evaluate the social–emotional behavior of infants and young children. The scale Brief-CRS was translated and adapted for use in China in 2008. The revised scale has 145 items and includes four domains, namely internalizing, externalizing, regulatory, and competence domains. This research mainly focuses on the social–emotional ability of children and selects the field of ability in this scale. There are 35 items in this field, including 6 dimensions, namely compliance, imitation/play, attention, empathy, mastery motivation, and prosocial peer relations. Items are scored on a 3-point Likert scale: “0” means “disagreeable,” “1” means “partially consistent,” and “2” means “very consistent.” The higher the total score, the higher the children’s social–emotional ability. Convert the average score to the T score with a mean of 50 and a standard deviation of 10. If the T score is <37, it is a positive sign of delayed social–emotional development. The scale has good reliability and validity. In this study, Cronbach’s α coefficient was 0.93.




Data analysis

Categorical data were expressed as frequency and percentage or proportion. Measurement data were expressed as mean and standard deviation (normal distribution) or as median and interquartile ranges (non-normal distribution). Correlation analyses were performed among parenting, parental stimulation, and children’s social–emotional ability. Hierarchical regression analysis was used to explore the influencing factors of social–emotional ability by SPSS 21.0. The mediating role of parental stimulation between coparenting and children’s social–emotional ability was analyzed by AMOS 21.0. p < 0.05 was considered statistically significant.




Results


Sociodemographic characteristics

A total of 369 questionnaires were issued, 330 valid and 39 invalid. Among the invalid questionnaires, 11 were incomplete, and 28 questionnaires were obviously wrong and consistent item options, with an effective rate of 89.4%. Table 1 describes the sociodemographic characteristics. Among them, 53.9% were boys; the age distribution of children was 34.8% from 12 to 18 months old; the main caregivers of young children are grandparents, accounting for 41.8%; 67.0% of families with only one child; the proportion of low-weight infants was 4.2%; the proportion of premature infants was 5.5%.


TABLE 1 Association between demographic characteristics and children’s social emotional ability (N = 330).


	Variables
	Classification
	N(%)
	
x– ± S

	
t/F

	
P


 

 	Child 	 	 	 	 	


 	Child’s gender 	Boy 	178(53.9) 	46.82 ± 12.94 	0.68 	0.41


 	Girl 	152(46.1) 	47.91 ± 10.88 	 	


 	Child’s age (months) 	12–24 	207(62.7) 	44.00 ± 11.97 	48.72 	<0.001


 	24–36 	123(37.3) 	52.93 ± 9.89 	 	


 	Number of children 	One 	221(67.0) 	47.56 ± 11.86 	0.26 	0.611


 	Two or more 	109(33.0) 	46.84 ± 12.39 	 	


 	Feeding method 	Breastfeeding 	187(56.7) 	48.57 ± 11.21 	10.21 	<0.001


 	Artificial feeding 	42(12.7) 	39.71 ± 14.02 	 	


 	Mixed feeding 	101(30.6) 	48.19 ± 11.55 	 	


 	Delivery way 	Natural birth 	168(50.9) 	48.59 ± 11.60 	3.82 	0.052


 	Cesarean delivery 	162(49.1) 	46.01 ± 12.36 	 	


 	Low birth weight 	Yes 	14(4.2) 	40.14 ± 10.41 	5.28 	0.022


 	No 	316(95.8) 	47.64 ± 12.01 	 	


 	Preterm birth 	Yes 	18(5.5) 	46.44 ± 14.07 	0.10 	0.750


 	No 	312(94.5) 	47.38 ± 11.92 	 	


 	Parents


 	Monthly family income (RMB) 	<7,000 	66(20.0) 	43.13 ± 13.47 	3.89 	0.009


 	7,000–10,000 	101(30.6) 	47.30 ± 11.42 	 	


 	10,000–20,000 	103(31.2) 	49.18 ± 11.82 	 	


 	>20,000 	60(18.2) 	48.78 ± 10.80 	 	


 	Residence status 	City 	319(96.7) 	47.52 ± 11.86 	2.48 	0.117


 	Rural 	11(3.3) 	41.73 ± 15.88 	 	


 	Marital status of parents 	Normal marriage 	319(96.7) 	47.35 ± 11.83 	0.05 	0.827


 	Divorce or separation 	11(3.3) 	46.55 ± 17.48 	 	


 	Mainly caregivers 	Parents 	113(34.2) 	47.36 ± 11.78 	0.20 	0.900


 	Parents and Grandparents 	64(19.4) 	47.14 ± 13.80 	 	


 	Grandparents 	138(41.8) 	47.13 ± 11.53 	 	


 	Other 	15(4.5) 	49.60 ± 11.19 	 	




 



Means, standard deviations, and association of coparenting, parental stimulation and children’s social–emotional ability

Table 2 provides the mean, SD, and correlation of the relevant variables. The mean score of coparenting was 62.49 (SD = 13.27). The mean scores of parental stimulation, mother’s and father’s stimulation were 11.61 (SD = 4.45), 10.26 (SD = 5.02), and 5.57(SD = 4.70), respectively. The mean score of social emotion was 47.32 (SD = 12.03).


TABLE 2 Means, standard deviations, and correlations of coparenting, parental stimulation and children’s social emotional ability (N = 330).


	Variables
	1
	2
	3
	4
	5

 

 	1. Coparenting 	1 	 	 	 	


 	2. Parental stimulation 	0.263** 	1 	 	 	


 	3. Mother’s stimulation 	0.267** 	0.818** 	1 	 	


 	4. Father’s stimulation 	0.363** 	0.444** 	0.493** 	1 	


 	5. Social emotional ability 	0.165** 	0.261** 	0.208** 	0.169** 	1


 	M 	62.49 	11.61 	10.26 	5.57 	47.32


 	SD 	13.27 	4.45 	5.02 	4.70 	12.03





M, mean; SD, standard deviation. *P < 0.05, **P < 0.01.
 

In coparenting, the highest dimension of the mean score was mutual damage, and the lowest dimension was housework distribution. In maternal stimulation, the items with high scores were playing games with toys and singing nursery rhymes, while the items with low scores were telling stories. Among paternal stimulation, the items that scored high were playing games with toys, while the items with low scores were telling stories and singing nursery rhymes. In terms of social emotion, 10.3% of children had abnormal social emotion, the dimension with the highest score was imitation or play, and the dimension with the lowest score was compliance. The study variables pairwise showed a positive correlation.



Factors associated with social–emotional ability

Hierarchical regression analysis was employed to explore factors associated with social–emotional ability (Table 3). Model 1 included socio-demographic characteristics with statistical difference in univariate analysis (child’s age, family monthly income, feeding pattern, delivery way, low birth weight), coparenting entered Model 2 and parental stimulation entered Model 3. The R2 of Model 3 is 0.317 and the adjusted R2 is 0.293 (F = 13.408, p < 0.01). The factors that associated with children’s social–emotional ability are as follows: child age, family monthly income, feeding pattern within 6 months of age, coparenting score and parental stimulation. Coparenting explained 2.1% of the variance in social–emotional ability. Coparenting and parental stimulation accounted for 7.4% of the variance.


TABLE 3 Multi-stratified regression analysis of social emotional ability (N = 330).


	Variables
	Model 1
	Model 2
	Model 3



	
B

	
β

	
t

	
B

	
β

	
t

	
B

	
β

	
t


 

 	Child’s age 	8.252 	0.332 	6.668** 	8.827 	0.355 	7.148** 	9.558 	0.385 	7.966**


 	Monthly family income (RMB)


 	7,000–10,000 	3.856 	0.148 	2.277* 	3.681 	0.141 	2.201* 	4.184 	0.161 	2.590*


 	10,000-20,000 	5.710 	0.220 	3.353** 	5.234 	0.202 	3.102** 	4.326 	0.167 	2.643**


 	>20,000 	5.119 	0.164 	2.655** 	4.889 	0.157 	2.568* 	4.723 	0.152 	2.573*


 	Feeding method


 	Artificial feeding 	−5.777 	−0.160 	−3.017** 	−5.653 	−0.157 	−2.991** 	−4.238 	−0.118 	−2.298*


 	Mixed feeding 	0.051 	0.002 	0.038 	0.558 	0.021 	0.423 	1.313 	0.050 	1.024


 	Delivery way 	−1.534 	−0.064 	−1.254 	−1.608 	−0.067 	−1.332 	−1.494 	−0.062 	−1.282


 	Low birth weight 	4.600 	0.077 	1.562 	4.815 	0.081 	1.656 	5.140 	0.086 	1.833


 	Coparenting 	 	 	 	0.145 	0.160 	3.114** 	0.096 	0.106 	2.093*


 	Parental stimulation 	 	 	 	 	 	 	0.676 	0.250 	5.002**


 	F 	11.272** 	11.390** 	13.408**


 	R2 	0.241 	0.263 	0.317


 	Adjust R2 	0.219 	0.240 	0.293





B, unstandardized coefficients; β, standardized coefficients; t, t-value. *P < 0.05, **P < 0.01.
 



Mediation analyses

As shown in Figures 1, 2, coparenting was related to 3 mediators (parental stimulation, paternal stimulation, and maternal stimulation), which in turn parental stimulation and maternal stimulation were significantly related to social–emotional ability. Figures 1, 2 demonstrated a very good fit, respectively (Hu and Bentler, 1999): CMIN/DF = 3.003/2.333; GFI = 0.962/0.964; AGFI = 0.920/0.930; CFI = 0.9680/0.973; RMSEA = 0.078/0.064; SRMR = 0.0437/0.040.

[image: Path analysis diagram showing coparenting influencing social emotion both directly and indirectly through parental stimulation, with standardized coefficients: coparenting to parental stimulation is 0.26, parental stimulation to social emotion is 0.29, and coparenting directly to social emotion is 0.13.]

FIGURE 1
 Path analysis of coparenting, parental stimulation and social emotion, with standardized beta weights and significant level (*P < 0.05, **P < 0.01, ***P < 0.001).


[image: Path diagram illustrating relationships among coparenting, father stimulation, mother stimulation, and social emotion, with standardized coefficients: coparenting to father stimulation (.36***), father to mother stimulation (.46***), mother stimulation to social emotion (.18**), coparenting to social emotion (.13*), father stimulation to social emotion (.10*), and mother stimulation to social emotion (.07, not significant).]

FIGURE 2
 Path analysis of coparenting, father stimulation, mother stimulation and social emotion, with standardized beta weights and significant level (*P < 0.05, **P < 0.01, ***P < 0.001).


Tables 4, 5 shown the direct and indirect effects of coparenting on social–emotional ability. In Table 4, parental stimulation mediated the association between coparenting and social–emotional ability (β = 0.011, bootstrap 95% CI = 0.006, 0.018). In Table 5, maternal stimulation independently mediated 10% of the association between coparenting and social–emotional ability (β = 0.003, bootstrap 95% CI = 0.001, 0.007). Additionally, the father’s stimulation and the mother’s independently mediated 13.3% of the association between coparenting and social–emotional ability (β = 0.004, bootstrap 95% CI = 0.002, 0.008). These results indicate that the positive association between coparenting and social–emotional ability was modestly explained by higher levels of parental stimulation.


TABLE 4 Direct, indirect, and total effects of coparenting and parental stimulation on social emotion.


	Relationships
	Point estimates
	Boot SE
	Bias-corrected 95% CI



	Lower
	Upper

 

 	Total effects 	0.030 	0.010 	0.011 	0.050


 	Direct effects 	0.019 	0.009 	0.002 	0.038


 	Indirect effects 	0.011 	0.003 	0.006 	0.018




 


TABLE 5 Direct, indirect, and total effects of coparenting, father stimulation, mother stimulation and parental stimulation on social emotion.


	Relationships
	Point estimates
	Boot SE
	Bias-corrected 95% CI



	Lower
	Upper

 

 	Total effects 	0.030 	0.010 	0.015 	0.048


 	Direct effects 	0.038 	0.010 	0.004 	0.038


 	Total indirect effects 	0.011 	0.004 	0.005 	0.018


 	Indirect effects 1 	0.004 	0.002 	0.002 	0.008


 	Indirect effects 2 	0.004 	0.003 	−0.002 	0.009


 	Indirect effects 3 	0.003 	0.002 	0.001 	0.007





Indirect effects 1: Coparenting to Father stimulation to Mather stimulation to Social emotion.

Indirect effects 2: Coparenting to Father stimulation to Social emotion.

Indirect effects 3: Coparenting to Mather stimulation to Social emotion.
 




Discussion

Our study investigated the status of coparenting, parental stimulation, and social–emotional ability of children aged 12 to 36 months in the context of Chinese culture, and analyzed the relationship among coparenting, parental stimulation, and social–emotional ability. We found that the mother’s stimulation was at the middle-upper level, the father’s stimulation was at the middle-lower level, and 10.3% of children had abnormal social emotion. Parental stimulation partially mediates the relationship between coparenting and social–emotional ability. Our research highlights the importance of coparenting and parental stimulation for improving children’s social–emotional ability.

The parental stimulation score in our study is lower than that in the United States on the positive parenting behavior of 1–5-year-old families (Cprek et al., 2015), which may be because children are mostly taken care of by grandparents, and parents do not spend enough time with their children in the context of Chinese culture. Storytelling scored the lowest, and playing games with toys scored the highest among interactive games. Previous studies have shown (Yue et al., 2019) that when caregivers engaged with children in telling stories, children scored higher on the Mental Development Index and Psychomotor Development Index scores by 7.62 and 3.15, respectively. This suggests that caregivers need to balance the types of interactions with their children, and they need to pay more attention to interactions with children such as reading and storytelling in the future.

In our study, the father’s stimulation score is lower than the mother’s stimulation score, which is consistent with the research results of Cuartas et al. (2020). This may be due to the traditional concept that women are mostly family caregivers and men are mostly responsible for family economics which leads to a lower frequency of father’s involvement in the interaction (Fikree and Pasha, 2004). Previous studies have shown (Jeong et al., 2016) that the child’s early development score is reduced by 0.19 points when the father and the child without interactive stimulation compared with a high level of interactive stimulation. This suggests the importance of father stimulation. Although fathers need to take more responsibility for raising the family, fathers still need to take time to interact with their children to promote their development.

Regression analysis results showed that coparenting was positively correlated with children’s social–emotional ability (B = 0.096, p < 0.05), and the higher the coparenting score, the higher the children’s social–emotional ability. A previous meta-analysis also showed (Teubert and Pinquart, 2010) that coparenting is related to children’s internal behaviors (such as anxiety, depression, withdrawal, etc.), external symptoms (hyperactivity, antisocial, aggressive, etc.), and parent–child attachment. This may be because parents who support each other in coparenting are able to show more responsiveness to their children, thus promoting the positive development of children (Zemp et al., 2018). This suggests that in the process of raising children, parents need to support and cooperate, and parents need to actively participate in raising children to fully stimulate their children’s development potential.

Regression analysis results showed that parental stimulation was positively correlated with children’s social–emotional ability (B = 0.676, p < 0.01). The higher the parental stimulation score, the higher the children’s social–emotional ability score. Our results are consistent with previous research results (Jeong et al., 2020; Scherer et al., 2019), such as a study in Pakistan showed that mothers’ responsive interactions with their children can affect children’s social–emotional developmental outcomes (Scherer et al., 2019). One to three years old is the fastest period for children’s brain development, and various types of parent–child interaction and stimulation are conducive to the rapid growth of the connections between children’s neurons (Fox et al., 2010). This prompts parents, families, and society to pay attention to and improve stimulation: parents can improve their parenting knowledge and skills, and spend time participating in children’s interaction; the family level can improve family parenting resources, such as enriching books and toys at home; the social level can establish a complete social support system for parents, such as providing parents with scientific parenting guidance and policy support.

The mediation results showed that coparenting was associated with child social–emotional abilities and that parental and maternal stimulation partly explained this association, which is consistent with the coparenting ecological model. The path from coparenting to father’s stimulation to mother’s stimulation to children’s social–emotional ability was significant. However, the path from coparenting to father’s stimulation to children’s social–emotional ability was non-significant. Importantly, the indirect effect size of the chain mediation was small in this study, which may be related to the cross-sectional study design and the interaction between paternal and maternal stimulation. In the future, longitudinal studies and the inclusion of other variables (e.g., children’s temperament and quality of marriage) can be designed for further exploration.

Paternal stimulation and maternal stimulation play a chain mediating role in the relationship between coparenting and social–emotional ability. This shows that good cooperation and support between fathers and mothers in parenting was associated with fathers’ active participation in parenting practices and interactions with children. The research result of Liu et al. (2016) also showed that the quality of coparenting can affect the father’s parenting practice. In addition, we found the stimulating interaction between fathers and children was also related to the stimulating interaction between mothers and children, which is consistent with the research results of Lee et al. (2020) which showed that father’s participation in caring for children can reduce mother’s stress and increase mother’s sensitive parenting behavior. Therefore, good coparenting was associated with the father’s active participation in children’s stimulation interaction, and father’s high-quality stimulation was related to mother’s high-quality stimulation so that children’s social–emotional ability can be fully developed. The importance of coparenting and parental stimulation has also been confirmed by a previous study in Vietnam which showed that intervention in coparenting and father-child interaction can improve the parent–child relationship, the child’s language and social–emotional development outcomes (Rempel et al., 2017).

In addition, the mediating effect of paternal stimulation on coparenting and children’s social–emotional ability is not significant, which may be because the path model also includes mother’s stimulation. When mother’s stimulation is high, father’s stimulation has a smaller association with children’s social–emotional ability. The study of Jeong et al. (2016) showed that when the mother’s sensitive interaction was low, the father’s sensitive interaction had a more significant correlation with the scores of children in early childhood. This suggests that not only the mother’s stimulation should be improved, but also the father’s stimulation. According to previous research results, when the mother’s stimulation interaction is at high risk, the father’s high-quality stimulation can also buffer the adverse impact of the mother’s low level of stimulation on the child’s developmental outcome (Jeong et al., 2016).


Limitation

The cross-sectional nature of this study has limitations in determining the causal relationship between coparenting, parental stimulation, and social–emotional ability. Longitudinal research can be carried out in the future to explore the relationship between the three variables. The convenience sampling method was adopted in this study, and the representativeness of the population is limited to a certain extent. Future research can adopt random sampling method and carry out multi-center and large-sample research. The indirect effect size of this study was relatively small, and the explanatory power was not high enough. Children’s social emotions are also affected by other factors, such as children’s temperament, parents’ parenting beliefs, etc. Future research can include more variables to explore their impact on children’s social–emotional ability. In the measurement of parental stimulation and social–emotional competence, the use of parental reports may cause reporting bias. Future research can explore the use of observational measurement tools. In our study, the coparenting quality and father’s stimulation were reported by the mother, which may cause bias. Future research can include both mothers and fathers to ensure the accuracy of the measurement.




Conclusion

We found that paternal stimulation and maternal stimulation played a chain mediating role between coparenting and children’s social–emotional ability. The results of our study emphasize the importance of coparenting and parental stimulation on the development of children’s social–emotional ability, which suggests that in the process of parenting children, parents need to support and cooperate, and fathers need to actively participate in parenting. However, the indirect effect of parental stimulation accounted for 36.7% of the total effect, and the explanatory power is not high enough. In the future, we can explore the mediating role played by parents’ parenting pressure, parenting competence, marital quality, and family parenting environment. Our study provides the basis for future interventions to enhance children’s social–emotional development by directing and enhancing coparenting and parental stimulation.
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Background: Vision has a crucial role in the development of social skills in early family and peer interactions. Until now, despite the large amount of literature focused on vision impairment, the number of articles dealing with the relationship between children with vision impairment and their brothers and sisters is still quite low.
Objective: This systematic review aims to explore this lack by examining the existing literature on the characteristics of the sibling relationship in vision impairment in developmental age.
Methods: A systematic search was performed on five databases and a total of 687 records, published between 2000 and 2025, were identified. After a selection process eight articles on the topic were finally highlighted as being eligible for analysis.
Results: The characteristics of the sibling relationship mainly concern three aspects: Feelings and Behaviors, Shaped Learning in the sibling bond, and the Roles of sighted siblings in family relationships. These characteristics, reported mostly by sighted siblings, highlight the feeling-oriented and warm nature of the bond between siblings as well as the presence of some elements, which may be considered as potential risk factors for their relationship and their mental health. Overall, there is insufficient evidence to prove this due to the limited number of studies and the heterogeneity of methods applied.
Conclusion: This review confirmed the paucity of literature on siblings' relationships in the field of vision impairment, highlighting many positive characteristics and some challenges that call for further research on this topic, especially with regard to the protective and risk factors for the relationship itself.
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1 Introduction

The sibling relationship is unique because it is often the longest-lasting bond within a family, sometimes lasting a lifetime (McHale et al., 2012; Travers et al., 2020; Erdem et al., 2024). It has been described in literature as an attachment bond (Buist et al., 2013; Shenoy et al., 2024), which has characteristics of both reciprocal (e.g., peer-like) and complementary (e.g., parent-child like) interactions (Kinsley et al., 2025; Howe et al., 2022).

In childhood, the sibling bond is the first bond between peers with the peculiarity that they do not choose each other voluntarily unlike friends. Their bond spans both physical and social environments, especially in childhood. In fact, siblings share much of their time in daily interactions, making this time a unique source and context for learning, for developing socio-cognitive skills and for mutual social support (Edels et al., 2024; Howe et al., 2018, 2022; Shenoy et al., 2024).

The sibling relationship is therefore crucial in their lives, as it significantly influences their development, creating a common history and mutually molding their behavior, attitudes, and psychological functioning (Buist et al., 2013; Howe et al., 2022; Edels et al., 2024). The quality of this relationship is influenced by the individual differences of each sibling, by family dynamics, characteristics and by environmental context, which all contribute to the mental health of both siblings and, consequently, also to their quality of life (QoL; McHale et al., 2012; Incledon et al., 2015; Shojaee and Alizadeh, 2019; Hayden et al., 2023; Rawat and Malik, 2024).

The outstanding value of siblings' relationships in children is widely described in literature, even in the presence of a disability in one of the siblings (Fisman et al., 1996; Vella Gera et al., 2021; Williams et al., 2024). In the International Classification of Functioning, Disability and Health (World Health Organization, 2001), disability is a multi-dimensional concept which is defined as functioning of a person in multiple life areas and the result of interaction between the person's health condition and that person's contextual factors, specifically environmental factors and personal factors; World Health Organization, 2001). The presence of a developmental disability in one of the children can have a substantial impact on the family environment, contributing to a wide spectrum of both positive and challenging effects in the siblings (Simeonsson and McHale, 1981; Fisman et al., 1996; Rossiter and Sharpe, 2001; Veerman et al., 2023; Cooke et al., 2024). Siblings may experience feelings of love and pride and develop greater maturity, responsibility, and empathy (Shivers, 2019; Vella Gera et al., 2021; Martinez et al., 2022). They may also experience feelings of sadness, anger, jealousy, guilt, worry and embarrassment (Caliendo et al., 2020; Vella Gera et al., 2021; Martinez et al., 2022; Shenoy et al., 2024), as well as more internalizing and externalizing problems (Fisman et al., 1996; Buist et al., 2013; Martinez et al., 2022). Nonetheless this sibling relationship maintains its characteristics of uniqueness and long-life duration, profoundly influencing their lives. McHale et al. (2012) provided evidence on how siblings profoundly influence each other's development in childhood and adolescence, building on the foundations of research on siblings' relationships. This line of research draws on Adler's theory about the importance of siblings' dynamics for their psychological adjustment, on learning theories in which siblings are role models for each other in their development, and on cross-cultural perspectives that highlight what is universal in the experience of being siblings and what is instead shaped by culture and the specific context in which an individual grows up. Already in 1983, Dunn affirmed the uniqueness of the sibling relationship because it includes both complementary interactions of the child-adult relationships and reciprocal and mutually influential dynamics typical of the peer relationship. Furthermore, the high level of social interaction between siblings, which is also emotionally intense, acts as a catalyst for socio-emotional development (Dunn, 1983). The value of the intensity of the sibling bond, of the enjoyment from being together and of the time spent together has also been highlighted by Foley et al. (2025) in their study on neurodivergent twins. Shivers (2019) investigated adolescent siblings' self-reported empathy and feelings, showing greater perspective-taking ability related to positive feelings toward siblings in adolescents of individuals with autism compared to adolescents of typically developing siblings. Le Bouef and Dworkin (2021) explored how youth siblings are a context for positive development because, despite less daily communication during late adolescence and young adulthood, siblings remain an important source of support for each other; indeed, in their study, the frequency of sibling communication was also positively associated with emotional, social, and psychological well-being. Milevsky (2005) showed how in emerging adulthood social support provided by siblings is associated with psychological adjustment, in which siblings who received more sibling support scored higher on self-esteem and life satisfaction and lower on depression and loneliness than those individuals who received less sibling support. White (2001), in her panel analysis on nearly 9,000 adults who underwent two interviews approximately 5 years apart, examined four measures of the sibling relationship: proximity, contact, giving help, and receiving help. Her study showed how siblings' relationships change from the age of 18 to 85 years, showing a modest decline in contact and proximity in early adulthood and long-term stability with increased exchanges during old age. Thus, the relationship between siblings is maintained throughout the whole life and regains importance in old age, confirming its uniqueness in family relationships, mainly due to its social and emotional significance.

Despite the wide amount of literature on siblings' relationships, much less evidence is available in the field of vision impairment (VI), especially in the developmental age.

Vision impairment is mainly described as a condition of decreased visual function that interferes with the individual's ability to perform their activities of daily living (Lee et al., 2024). At the same time, through the lens of the neurodiversity paradigm, which views natural individual neurological differences and encourages their acceptance rather than considering them only as deficits (Foley et al., 2025; Cheng et al., 2025), VI can be considered a form of neurodivergence, which can be studied highlighting the role of social framing and social support as molders of development and mental health (Cheng et al., 2025).

In fact, VI significantly influences family and social interactions, as vision plays a crucial role in a child's neuropsychological, affective, and psychic development. Vision provides a scaffolding function from birth, promoting attachment relationships with caregivers through eye contact and affective-emotional attunement (Purpura and Tinelli, 2020; Battistin et al., 2024b) and fosters learning through imitation as well as through analytical and synthetic perceptive interaction with the environment (Caron et al., 2023; Baiardi and Battistin, 2022; Lo and Wang, 2024).

Indeed, all relationships within the family unit may face difficulties and challenges from the beginning because interactions and communication must be driven through the other senses, especially hearing and touch. Family dynamics change and family relationships adapt and shape themselves according to the characteristics and needs of the child with VI, who follows a neurodivergent developmental trajectory, needing more time for information processing because of their sensory impairment.

Therefore, VI affects all the areas of child development, particularly social and communicative skills, including identity recognition, emotional expression recognition, joint attention, and engagement in communication (Pinquart and Pfeiffer, 2014; Gui et al., 2023; Li et al., 2023), challenging their mental health and quality of life (Lanza et al., 2024; Langelaan et al., 2007).

The impact of contextual factors (i.e. age, gender, educational level, socioeconomical status, and social support) on mental health and QoL is well described in literature (Langelaan et al., 2007; Cheng et al., 2025). The recent systematic review by Cheng et al. (2025) stated that quite a few children with VI experience mental health issues, including anxiety, depression and low self-esteem (Li et al., 2023), and that these are connected to socio-environmental factors more than to the VI itself. Augestad (2017a) also showed a major prevalence of mood disorders in children and young adults with visual impairment, outlining how social support from family and friends as well as social activities have an important role in preventing mental health problems. Augestad (2017b) highlighted how social support and relationships play a role in increasing perceived self-esteem and self-concept, which are linked to wellbeing and psychological adjustment. Demmin and Silverstein (2020) indicated vision-specific distress, i.e. emotional reactions and distress to vision loss, as a robust predictor of depressive symptom severity as well as of anxiety, worry, withdrawal isolation in adults and older individuals. Enhanced social isolation, reduced QoL and increased risks of developing mental health problems have been shown also in children with VI (Li et al., 2024, 2023; Chadha and Subramanian, 2011).

Literature showed that the number of studies on the sibling relationship in children with and without VI is low. Kuld et al. (2020) found only one study focusing on siblings in their bibliometric map of the psychological well-being in children with vision impairment, despite the important contribution siblings can have on well-being (Jensen et al., 2022). Veldhorst et al. (2023) showed in their scoping review on the quality of life in siblings of children with vision impairment how both personal (such as prosocial behavior) and parental (such as family interaction and family functioning) factors are related to their QoL.

The aim of this study is to systematically review empirical studies on the relationship between siblings with and without vision impairment and to examine its characteristics in order to characterize it.



2 Systematic review method


2.1 Search strategy

In order to identify relevant studies concerning the characteristics of this sibling relationship, we conducted a systematic search, following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Page et al., 2021) and using five databases: Scopus, PsycINFO, Embase, PubMed, Ebsco. We also searched in Google Scholar for forward citation chasing and carried out a further hand-search in the references of all the selected articles for additional studies.

We looked for literature contributions published in the last 25 years, using a combination of the following search MeSH terms and keywords: “sibling*”, “visual*”, “vision”, “sight”, “impair*, “loss”, “disabilit*”, “vision, low” “blind*”, “relation*”, “bond*”, “child*”, “adolescent*”, “teen*”, “infant*”, with Boolean operators.

The systematic search started at the beginning of May and ended on June 17th, and the last update was on September 15th.



2.2 Selection criteria

To be included in the review, studies had to be: quantitative or qualitative or mixed research studies that focused on the sibling relationship between neurotypical siblings (NT) and neurodivergent (ND) siblings with VI in developmental age, between 0 and 18 years; only articles written in English to ensure the accuracy of data evaluation and a complete understanding of the methodological content; published in academic journals and peer reviewed.

Articles not published in peer-review journals (including pre-prints), with no full-text availability, different from research articles (such as reviews, meta-analyses, dissertations, case studies) or not written in English were excluded from our review process.



2.3 Study selection

The Population Intervention Comparison Outcome Study design (PICOS) protocol (Methley et al., 2014) was utilized for the content of the studies: Population: ND children or adolescents, aged 0–18 years, with visual impairment and their NT siblings; Intervention: empirical studies evaluating characteristics of the sibling relationship; Comparator: NT siblings; Outcomes: characteristics of the sibling relationship; Study type: qualitative, quantitative, mixed.

The review process followed different steps, according to PRISMA flow diagram (Page et al., 2021). Firstly, all duplicate records, identified through all the databases, were removed. Secondly, two researchers independently screened the records by relevant titles and successively by relevant abstracts. Finally, the two authors reviewed the full texts of the selected records to check whether they met the inclusion criteria. Articles that did not meet the eligibility requirements were excluded from the review.



2.4 Data extraction

Data were extracted independently by two researchers to ensure better accuracy. They were revised together and, having reached a consensus, combined into a final form, which was then summarized in a Microsoft Excel spreadsheet.

In particular, the following data were extracted: 1. General Information: specifically the name of the first author, the publication year and the country in which the study took place. 2. Participants' Data related to the study (the number and age range of sighted siblings; the number and age range of siblings with VI, range of VI). 3. Data about study design and methods. 4. Outcome themes and measures. 5. Findings related to outcomes.

After data extraction, qualitative findings were coded and all the results and findings were grouped according to their similarities into three main aspects.



2.5 Quality assessment

The articles which were finally included in the study underwent a quality evaluation, which was conducted using the Mixed Methods Appraisal Tool (MMAT, version 2018; Hong et al., 2018) applicable to both quantitative and qualitative empirical studies. This tool is based on seven questions of which two are initial screening questions and five are core quality criteria adapted to each category of study design. Two researchers independently evaluated each article scoring the seven questions with the responses “yes” or “no” or “can't tell” (not enough information reported). The inter-rater agreement was calculated as the percentage of the total number of congruent responses between the two raters, divided by the total number of questions, and found to be 94.6%. When disagreement was present, a discussion was held until a consensus was reached. Personal research was evaluated with both MMAT and the Quality Appraisal Checklist for Quantitative, Qualitative and Mixed-methods studies (QQM; Tang et al., 2025) by a researcher non included in this study in order to guarantee independent decision-making and to prevent bias in the eligibility process.




3 Results

A total of 687 records were initially identified through databases searches (Figure 1). After removing 263 duplicate records, 424 articles were screened first by titles and then by abstracts for relevance. During these screening phases, 413 records were eliminated for not meeting the established inclusion criteria, and 11 were selected and assessed for eligibility. During the full-text screening, five articles were excluded for the following reasons: one was not in English (n = 1); two because of their article type (n = 2); the last two were not focused on the objective of this study (n = 2). Only 6 articles, focusing exclusively on specific aspects of siblings' relationships connected to VI, were eligible for final analysis. Two of them are our previous studies on siblings, but we state there is no conflict of interest because this study is an extension analysis of the previous ones (Battistin et al., 2024a, 2025). Another two studies were included at the end, after a further search through references of the selected studies. Finally 8 studies underwent final analysis.
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FIGURE 1
 PRISMA flow diagram of the inclusion process.



3.1 General characteristics of the included studies

Four out of eight identified studies used qualitative methods with self-report tools (Datta and Sabir, 2021; Lund, 2001; Battistin et al., 2024a; Erdem et al., 2024), other three (Hemati Alamdarloo et al., 2019; Ashori, 2025; Kef, 2002) used quantitative methods and another one (Battistin et al., 2025) was a mixed study. In particular Hemati Alamdarloo et al. (2019) and Battistin et al. (2025) administered the Sibling Relationship Questionnaire (SRQ; Furman and Buhrmester, 1985) and Ashori (2025) used both the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) and the Index of Sister and Brother Relations (ISR and IBR; Hudson and Diekrs, 1997) to compare relationships in siblings of blind children to siblings of deaf and typically developing children.

Three studies (Hemati Alamdarloo et al., 2019; Ashori, 2025; Battistin et al., 2024a) focused on NT siblings while the study of Erdem et al. (2024) interviewed both siblings with and without vision impairment, as well as Battistin et al. (2025), and their parents; the study of Datta and Sabir (2021) focused on students with VI, their parents and their teachers; both the study of Lund (2001) and of Kef (2002) focused respectively on children and adolescents with VI.

The main characteristics of the included studies are presented in Table 1.

TABLE 1 Characteristics of the included studies.


	Authors (year) country
	N sighted siblings (SS)
	Range years SS
	N visually impaired sibling (VIS)
	Range years VIS
	VI range
	Study design and method
	Outcome themes and measures
	Findings related to outcomes





	(Erdem et al. 2024) Turkey
	8 (6 families)
	11–17
	6
	11–15
	Not specified
	Case-study Semi-structured interviews Inductive thematic analysis
	- Diverse aspects of the relationship - Differing roles - Mutual support - Transformative experiences
	Sibling relationships of children with VI were very feeling-oriented, with a philanthropic nature and an emotional ambivalence. Sighted siblings are a powerful source of support. Siblings' dyads had a limited social life with shared activities mostly home-based. Sighted siblings' excessive caregiving derived from sibling-centered parentification.

 
	(Battistin et al. 2024a) Italy
	33
	7–22
	29
	1.5–22
	From moderate VI to blindness
	Qualitative cross-sectional study Semi-structured interviews Reflexive thematic analysis
	- Relationships • Siblings and feelings • Parents, family members and friends - Everyday life • Personal qualities in daily life • Role in the family's everyday life - Future prospects
	All sighted siblings prioritize their relationship with their sibling with VI in their lives. This relationship is characterized by unconditional love, readiness to help, but also by sorrow for the impact of VI on their QoL. Sighted siblings also learn alternative communication, in order to better help their sibling with VI. Some sighted siblings expressed a desire to spend more time with their parents. Some sighted siblings expressed concern for their siblings' future as well as an inclination toward helping professions for their future.

 
	(Hemati Alamdarloo et al. 2019) Iran
	23
	10–18
	-
	-
	Blindness (visual acuity less than 20/200 in the better eye in Iran)
	Quantitative study Sibling Relationship Questionnaire (SRQ) Multivariate analysis of variance (MANOVA)
	SRQ subscales: Warmth and closeness Status/power Conflict Rivalry
	Significant difference in Status/power and conflict subscales compared to siblings of sighted children

 
	(Ashori 2025) Iran
	44
	13–16
	-
	9–12
	Blindness (visual acuity less than 20/200 in the better eye in Iran)
	Descriptive-analytic and comparative research design. Strengths and Difficulties Questionnaire (SDQ) Index of Sister and Brother Relations (ISR and IBR) Multivariate analysis of variance (MANOVA)
	SDQ subscales: - Peer relationship problems and emotional symptoms (internalizing problems) - Hyperactivity/inattention problems and conduct symptoms (externalizing problems) - Prosocial behaviors ISR and IBR: assessment of the adjustment of siblings
	The adjustment and relationships in the adolescents of typically developing siblings were significantly better than the adolescents of blind siblings. The scores of externalizing and internalizing problems in the adolescents of typically developing siblings were significantly less than in the other group. There was no statistically significant difference in prosocial behavior between the adolescents of TD siblings and of blind siblings.

 
	Battistin et al. (2025) Italy
	23
	7–19
	22
	8–14
	From moderate low vision to blindness (according to ICD 11)
	Mixed study: - SRQ-C (Sibling Relationship Questionnaire, Child Version). Descriptive statistic, U-Mann-Whitney test and linear regression analysis - Semi-structured interviews. Content analysis
	SRQ-C: - The domain Warmth/Closeness is significantly correlated to the group category - The domain Relative Status/Power is significantly correlated to age - The sum-score of the three domains is significantly correlated both to group category and to age Semi structured interviews: - Social play and growth - Sibling versus friends - Featuring social play - Emotions and feelings
	Social play has a crucial role in siblings' relationships and daily lives The great majority of siblings have a harmonious relationships quality (higher levels of Warmth/Closeness and lower in Conflict) No significant differences between NT and ND siblings in prosocial behavior ND siblings believe NT siblings have greater dominance and nurturance in their relationship Results indicate for a protective role of social play for the sibling relationship

 
	Lund (2001) Zimbabwe
	-
	-
	138
	9–21
	Not specified
	Qualitative study Self-report questionnaire
	Health needs Knowledge and beliefs Attitudes at home Attitudes at school Health and educational provision Information provision
	Skin and eye problems Causes of albinism attributed to biological and genetic factors or to false myths and beliefs. Social problems at school Relationships between siblings appeared largely positive (help and protection), with a small minority reporting negative attitudes

 
	Datta and Sabir (2021)
	-
	-
	14
	15–25
	All levels of visual impairment (from low vision to blindness)
	Semi-structured interviews. Qualitative analysis (data thematically categorized)
	ND students and family relationships: perspectives of students, parents, and teachers
	The majority of students reported to share a pleasant relationship with parents and siblings Parents tried to share a good relationship with their children but they are aware of the presence of factors (e.g., insensitive attitudes displayed by NT siblings) that can cause miserable family relationship According to teachers, family relationships are good when ND siblings are equally treated as their NT siblings and when family members are supportive.

 
	Kef (2002)
	-
	-
	316
	14–24
	From moderate low vision to blindness
	Nationwide study and personal interviews (computer-assisted personal interviewing and computer assisted self-interviewing)
	Psychological adjustment and the meaning of social support and personal networks for ND adolescents
	ND Adolescents are satisfied with the social support received, even if they perceived more support from formal network members than from siblings and extended family The psychosocial adjustment of ND adolescents is reasonably good even if 18% of them have difficulties in accepting their visual impairments







3.2 Quality of the studies

All included studies qualified with a “yes” to the two initial screening questions regarding the clarity of the research question and whether the collected data allowed the research question to be answered. Four studies were categorized as Qualitative Datta and Sabir, (2021); Lund, (2001); Erdem et al., (2024); Battistin et al., (2024a); three as Quantitative descriptive Hemati Alamdarloo et al., (2019); Ashori, (2025); Kef, (2002), the last one Battistin et al., (2025) was categorized as a mixed study. One of these qualitative studies did not qualify for a “yes” to the question “Is the interpretation of results sufficiently substantiated by data?”—not in the interpretation of results, but rather in the data because of the extremely small number of participants interviewed for each category (ND sibling, NT sibling, parent). We did not calculate an overall score from the ratings of each criterion, as suggested in the MMAT user guide Hong et al., (2018). In summary, the overall quality of the included studies was satisfying. The accuracy and risk of bias in our research were evaluated using both MMAT and QQM. The assessment was conducted by an independent researcher who was not involved in the study and indicated a high level of quality.



3.3 Characteristics of the sibling relationship

All the four articles focused on characteristics of the sibling relationship and have been grouped into three main themes: Feelings and behaviors, Shaped learning in the sibling bond and Roles of sighted siblings in family relationships.


3.3.1 Feelings and behaviors

The analysis of the selected articles highlighted distinct characteristics of siblings' relationships. Erdem's study (2024) described the philanthropic nature of this relationship with NT siblings more prone to keep away from conflicts, to be very indulgent, to act as confidants, and to advocate for their ND siblings. Their relationship is very feeling-oriented and is characterized by emotional ambivalence due to the intertwining between the desire to help their siblings, the desire to relate to them as with NT peers and the sense of guilt when not dedicating themselves enough to their sibling. Even in our previous study (2024a), siblings showed strong feelings such as an unconditional love and willingness to help, to the point of being their siblings' eyes in orientation and mobility situations. Both studies also described how the siblings of children with VI have feelings in common with dyads of NT children, but how they also feel sorrow for their sibling's visual disability as well as sadness and concern for their future because of their VI. Erdem et al. (2024) described also how NT children had a feeling of anxiety about their ND siblings, especially regarding their capacity to cope with social situations. Lund (2001) showed in her study that the great majority of schoolchildren did not feel treated differently by their NT siblings because of their albinism and made positive comments about their relationship. Only a small minority reported some inappropriate behaviors such as avoidance, mocking or scolding. In the study by Datta and Sabir (2021) ND siblings described a positive and congenial sibling relationship, except for a few of them who did not feel understood in their neurodiversity. Half of the parents also mentioned some inconsiderate behaviors

by NT siblings toward their ND brothers/sisters. Ashori (2025) described increased internalizing and externalizing problems in adolescents who have blind siblings, compared to those with NT siblings, attributing these difficulties to the impact of a blindness diagnosis on child socialization and family dynamics. Hemati Alamdarloo's study (2019) found no difference in feelings of warmth and closeness between siblings of blind children and those of NT children and, conversely, a statistically significant difference in the subscale of conflict. The authors explained these data as a consequence of a more difficult parent-child relationship, due to tensions and challenges, where sighted siblings sometimes misinterpret parents' behaviors, feeling more neglected than their siblings with VI. Even in our previous study (Battistin et al., 2024a), a very limited number of siblings expressed their desire to spend more time alone with parents. Our recent study on the role of social play in siblings' relationships (Battistin et al., 2025) found that both groups of siblings reported higher levels in Warmth and lower in Conflict, even if NT siblings expressed significantly higher feelings of warmth and closeness and lower of conflict than their ND siblings. We hypothesized, from the outcomes of the semi-structured interviews, that this result might be due to a less capability or will to express feelings by ND siblings and not to a less affective component. Despite this difference, the recollections from the semi-structured interviews also highlighted the depth of the sibling relationship and how this is distinguished by friendship. Conversely, Kef (2002) showed how adolescents with VI reported to receive more social support by peers than by siblings, even if the majority of them seemed satisfied with the support received from their personal networks.



3.3.2 Shaped learning in the sibling bond

Another important aspect that emerged from the literature analysis is that siblings' relationships in developmental age are so intense in their everyday life experiences and feelings that the majority of their learning is mutually shaped, creating not only constructed cognitions (Erdem et al., 2024), but also, as showed in our previous study (Battistin et al., 2024a), their attitudes and future inclinations. In fact, Erdem et al. (2024) described how NT siblings constructed cognitions as a consequence of coping daily with their brother/sister's visual disability, where they normalized their sibling's impairment and at the same time empathized and thereby developed curiosity to learn more about what vision impairment is. In our previous study, we showed how NT siblings developed alternative communication skills (e.g., learning Braille) to better understand the VI “world” and to better relate to their sibling with VI. At the same time, as stated also in our previous paper (Battistin et al., 2024a), due to sharing daily life with their ND brother/sister, NT siblings developed not only a greater sensitivity toward people with disabilities, but also an inclination to choose caring professions in their future lives. This is not confirmed in all the four articles since Ashori (2025) found no statically significant difference in prosocial behavior between adolescents with NT siblings and adolescents with blind siblings as well as Battistin et al. (2025) also found no statically significant difference in prosocial behavior between NT siblings and children with VI. Kef (2002) reported how, in adolescents with VI, the sibling relationship was slightly unbalanced, with NT siblings giving more social support than receiving it.



3.3.3 Roles of sighted siblings in family relationships

The sighted sibling role within family relationships was mainly explored in six out of eight studies. Both Erdem et al. (2024) and our previous study (Battistin et al., 2024a) collected the comments of NT siblings who not only expressed their willingness to help but also described their actual role as carers in everyday life. Erdem's study explained this sibling-centered parentification as arising both from their willingness to help and from parental demands. Both studies showed how this aspect was not totally negative but rather seemed to be a more spontaneous, ordinary, daily task and overall, the interviewed siblings did not feel overwhelmed by it. Battistin et al. (2025) did not found a statistically significant difference in the subscale of status/power between siblings of ND children and those of TD children, rather a significant correlation to age, with a positive mean score in NT siblings and a negative in ND ones, which suggests that ND siblings believe their NT siblings have greater dominance and nurturance in their relationship and confirmed the role of carers of NT siblings. Conversely, Hemati Alamdarloo's study (2019) found a statistically significant difference in the subscale of status/power between siblings of blind children and those of NT children. The authors explained that this data shows that children with blindness depend on all family members, not only on their parents but also on their sighted siblings who in addition to their role as siblings also act as carers. Ashori (2025) did not address this aspect specifically, even if the significant increase in internalizing and externalizing problems in the adolescents of blind siblings is also explained by stating that caring responsibilities imposed on siblings can be burdensome. At the same time siblings and other family members are described as daily sources of help for their brother/sister with VI. Lund (2001) also highlighted the role of caring, mentioned by some children with regard to aspects such as being offered additional help or protection by their siblings, especially when doing some activities outdoor in the sun.





4 Discussion

We investigated the characteristics of the sibling relationship in the population of siblings of children with VI through a systematic review. The analysis of the selected articles, through the lens of neurodiversity, highlighted mainly positive characteristics regarding the quality of the bond between these siblings, including their philanthropic nature, their feelings of warmth and closeness not so different from those present in NT dyads, their increased understanding of VI, its normalization and the development of alternative communicative skills, as shown in the literature also in other neurodivergences (Foley et al., 2025; Shivers, 2019; Mandleco and Webb, 2015). These positive features may also play a role as protective factors for this bond: warm relationships have been associated in literature to sibling disclosure, emotional understanding, positive interactions with more prosocial behavior and companionship (Howe et al., 2001; Buist et al., 2013; Edels et al., 2024; Kinsley et al., 2025; Foley et al., 2025). This association between the quality of the relationship and siblings' behaviors has been suggested even in other disabilities such as intellectual disabilities (Hayden et al., 2023; Travers et al., 2020) and autism (Noreen, 2021; Walton and Ingersoll, 2012; Shivers, 2019).

At the same time, as researchers, we cannot underestimate the emotional ambivalence described by Erdem et al. (2024), the statistically significant difference in the subscale of conflict reported by Hemati Alamdarloo et al. (2019), as well as some problematic behaviors reported by Lund (2001), their positively experienced carer role and an excess of responsibility, experienced as a “good behavior” which may become over time a burden (Erdem et al., 2024; Battistin et al., 2024a, 2025), that may all be potential risk factors which must be taken into consideration by caregivers and healthcare professionals. Furthermore, the feelings of sorrow and sadness for the visual condition of their brother/sister may become a risk factor for NT siblings if they do not share them with a professional with expertise, who can support them in the processing and acceptance of the situation facing them. Indeed, Ashori (2025), who focused his study not on children but on adolescents, also found a statistically significant difference in the level of internalizing and externalizing problems compared to adolescents with NT siblings, highlighting how emotional and behavioral issues may become more evident as siblings grow older. Kef (2002) also found a slightly unbalanced siblings' relationship, in which adolescents with VI giving less social support than their TD siblings and perceiving less social support from their TD siblings than from their peers. Datta and Sabir (2021), who also interviewed parents and teachers, highlighted the fundamental role of the whole family environment in the sibling relationship.

Our findings outlined how the sibling relationship in children with and without VI is mainly a positive relationship, even if complex and multifaceted. Results indicated a coexistence of potential protective and risk factors, which may develop with age and are strictly intertwined with the daily social context in which siblings live and its supportiveness. Warmth and closeness foster bonding; nevertheless, as professionals we must not underestimate all the psychological implications, burden included, associated with being brother or sister to a ND child.

This study has also some limitations: first of all, despite the large number of articles on the sibling relationship in literature, the number of articles on the sibling relationship in vision impairment is scarce. Secondly, the studies are all cross-sectional, so future studies, in particular longitudinal, are needed to explore how the sibling relationship develops with age. Thirdly, the included studies used different methods: some of them focused on and gave voice only to NT siblings, others only listened to ND children, while it should be interesting to study dyads in order to have a perspective from all the parties involved in this relationship. On this point, collecting parents' perceptions on their children's relationships, such as in two of the selected studies, could bring added value to the discussion, as well as expanding the study also to teachers or other relevant caregivers in the social environment, such as in the study by Datta and Sabir (2021). Finally, the majority of the included articles were based on data obtained from relatively small sample sizes, so studies with larger samples are necessary.

Our findings have a clinical implication in giving information to healthcare professionals on possible interventions to highlight protective factors and to prevent the onset of risk factors. We need, as clinical professionals, to work together with close family, extended family, caregivers and teachers to promote a social environment that is inclusive and sensitive to neurodiversity, highlighting siblings' strengths, listening to their worries and facilitating them when needed. At the Robert Hollman Foundation NT siblings participate in clinical and educational activities whenever possible. This is a first useful step, even if sometimes insufficient, because they also need to share their daily experiences and feelings with expert professionals and other siblings in order to strengthen all the positive aspects of their relationships and to address their difficulties in order to prevent the possible onset of mental health disorders and to improve their daily QoL (Gladyszewska-Cylulko, 2024). (Veerman et al. 2025), (2023) showed the social validity of an intervention for NT siblings using the serious game “Broodles” to help them to become more aware of their role and to be able to share their thoughts and feelings with other individuals, both professional and non-professional.

This is a priority for us as professionals, to also consider sighted siblings‘ needs to avoid impact on their mental health and on the quality of their lives. Indeed, Kirchhofer et al. (2022) showed the great value of social support for siblings of children with neurodevelopmental disorders as a protective factor to prevent negative psychosocial adjustments, as well as internalizing and externalizing behaviors. Veerman et al. (2023) also stated how siblings of children with disabilities should be supported, although there are only a few evidence-based interventions in literature on this topic. Addressing siblings' challenges facing siblings can only happen through work on the family and social environment, promoting a culture of inclusion through accurate information that values individual differences as resources and countering stigmatization.

In conclusion, this review confirmed the paucity of literature on siblings' relationships in the field of vision impairment. These findings also give a scientific contribution because they outlined some characteristics of the sibling relationship, mostly positive, but they do not allow any conclusion of evidence to be drawn due to the very limited number of included studies, with different methods and mainly small samples. The pressing need for research on this topic has been highlighted and future studies are necessary to characterize this sibling relationship in order to identify protective and risk factors for siblings' wellbeing, mental health and for the promotion of healthy family and social relationships.
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Pregnancy-related complications*
Cesarean®
Stay in NICU*
Neonatal complications*
Fetal distress
Hypoglycemia
Neonatal respiratory disorders
Intraventricular hemorrhage (grade 1)
Retinopathy of prematurity (grade I)
Mothers age at conception, M (SD)
Father's age at conception, M (SD)
SES, M (SD)
Working class®
Lower-middle class®
Upper-middle class*
Upper class®
Age at 12 months assessment (months)", M (SD)
Age at 18 months assessment (months)*, M (SD)

Age at 24 months assessment (months)*, M (SD)

MLPT
3451 (191)
2337.35(539.57)
612
65.30
1224
1224
61.22
3469
57.14
67.34
3265
1633
3265
204
204
3541 (4.14)
3755 (5.41)
3689 (10.86)
2041
3878
3673
408
11.92(0.756)
18.14 (0.878)
2434 0.761)

FT
39.72(1.221)
3256.14 (401.85)
o
543

877

3333
1578
1053
4211
3208
0
377
0
0
3541 (3.61)
38.37(5.23)
43.73(10.22)
975
2083
46.34
1707

11.89 (0.658)

P
<0001+
<0001+
0058
0254
0647
0,007
0010%
0144
<0001+

0.025%

0819
0472

0,003+

0844
0180

0055

24 months

12 months
MLPT
Bayley-Ill
Cognitive scale (%)° 208
Language scale (%)° 125
Vineland-3
ABC (%) 625

17.90(0.823)
23.88(0.761)
18 months
MLPT
9.09 6
3636 1
18.60 10

1458

This table summarizes the sample composition and compares MLPT and FT groups in GA, birth weight, SES, and other clinical variables. MLPT, Moderate-to-late preterm; T, Full-term; SES,
Family socioeconomic status. ** p <0.01; *p < 0.05 (Bilateral). Percentage. *Corrected for preterm. ‘Standard score < 85.
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Outcomes 12 months 18 months

Bayley-III® FT FT pd
(Observed)
Cognitive 1073 173 0015% 1048 (292) 1148 0110 1083(346) | 1292(381) 0009
(189 (220 (0.490) (3.98) (0571)
8.56 9.16 (2.00) 0.121 807(204) | 996(246)  <0.001** 8.41(2.09) 1035 <0.001%%
(1.89) (0.833) (247) (0.843)
Expressive 9.00(141) | 936(1.67) 0240 7.86(223) | 844(1.72) 0.162 7.68(253) | 9.25(286) 0,008+
(0577)
Vinelan PT FT LPT (AL p(d) LPT FT
(Reported)
language 1460(177) 14690179 0819 1444(284) | 1484220) | 0444 1438(442) | 1513(275) 0.365
Expressive language 1400(175)  1378(181) 0532 1288(228) | 1346(238) 0239 1292(.70) | 13.94(271) 0.144
Personal 1531(203)  1507(162) 0512 1428(219) | 1494(198) 0130 1346(263) | 1365(210) 078
Interpersonal 1458(133)  1476(124) 0492 135161 1402(167) | 0.140 1431(543) | 1404(175) 0770
relationships
Play and leisure 13.96(124)  1406(186) 0800 1340(247) | 1422(203) 0081 13.64(330) | 1373 (234) 0889
ABC 9787 (838) 9869 (92) 0610 9458(10.43) | 97.82(938) 018 9144 (1636) | 9429(1067) 0351

SACS-R® 12 months

(Observed)

Pointing 0367 0382 0879
Eye contact 0020 0018 0934
Waving ‘bye-bye 0429 0327 0287
Response to name 0020 0,000 0287
Imitation 0.184 0091 0166
Follows point 0041 006 0906
Social smile 0020 0036 0627
Conversational babble: 0.061 0018 0255
Says 1-3 clear words. 0367 0509 0146
Understands simple instructions 0.265 0182 0306
Attending to sounds 0041 0018 0491

This table presents means and standard deviations for Bayley-111 and Vineland-3 measures for MLPT and FT groups at each assessment point (12, 18,and 24 months), and SACS-R outcomes
at 12 months. Significant differences between groups are indicated along with corresponding p-values and effect sizes (Cohens d). MLPT, moderate-to-late preterm; T = Full-term, **
p<001; * p < 0.05 (Bilateral). * Means and standard deviation, means comparison'p value and Cohen'sd are reported (d). * Proportions (risk/total) rather than means are reported. Chi-
squared tests were performed and obtained p value are reported.
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Dependent Entered variables R? change* Total adjusted R?  Model coefficients

variable (12 months)

R=050

1 Receptive at 24 months 1. Pointing
2. Cognitive

3. Attending to sounds.
4. Follows point AR=0063
5. Group AR=0062

2 Receptive at 24 months 1. Atending to sounds
(MLPT infants) 2. Follows point
3. Cognitive

3 Expressive at 24 months 1. Receptive AR=0278 R=0.380
2. Pointing AR=0078

3. Interpersonal

4 Expressive at 24 months 1 Interpersonal R
(MLPT infants) 2. Attending to sounds
3. Receptive AR=0073 3899

B,=0.449

This table presents the regression coeffcients and R gains for predictive models of receptive and expressive language outcomes at 24 months, based on variables assessed at 12 months. The
models include global and MLPT-specific samples, with variables such as social communication behaviors, language and cognitive abilites, and sociodemographic factors contributing o the
explained variance. Candidate variables not lsted were excluded from the model due to non-significant contributions (p > 0.05). Entered variables are reported in the order of entry, i., from
the one with the highest predictive weight to the one with the lowest, *Adjusted R’ = adjusted R-squared. All coefficients were significant at p < 0.05. K = model constant; B = unstandardized
coeffcients of the model.
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