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Preterm Children with Low Birth Weight: An exploration of risk, resilience and family 

functioning as a moderating factor 

 

ABSTRACT 

Preterm birth is associated with numerous risks, including deficits in behavioural and 

academic functioning. However, there is wide variability in outcomes, and conclusions 

regarding factors that moderate developmental outcomes have not yet been drawn. This 

review examines the literature regarding outcomes of children born preterm and the 

differential susceptibility hypothesis as a potential framework for understanding differences 

in outcomes. Findings of this review indicate that further studies investigating differential 

susceptibility in preterm children are warranted. Future studies may consider using family 

functioning as a moderating factor as well as examining ADHD symptom severity to capture 

a wider range of functioning. 

 

1. Literature Review 

1.1. Introduction 

 

Research suggests that in the developed world, approximately 8.6% of infants are 

born preterm (i.e. prior to 37 weeks’ gestation) (Blencowe et al., 2012),  with survival rates 

having significantly improved over time due to advances in neonatal intensive care (Doyle & 

VICS, 2004; Saigal & Doyle, 2008). However, although survival rates have improved, 

children born preterm continue to face a multitude of risks and impairments compared to 

their term-born counterparts, with one of the main risks associated with preterm birth, being 

the co-occurrence of low birth weight (LBW). Furthermore, while either preterm birth or 
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LBW carry a number of risks on their own, the two often co-occur, resulting in an especially 

high level of risk. 

Preterm and LBW children are at greater medical and developmental risk across a 

number of areas. Regarding medical risk, they often experience brain injuries (e.g. Allan, 

Vohr, Makuch, et al., 1997; Inder, Warfield, Wang, Huppi, & Volpe, 2005) as well as chronic 

conditions such as asthma, cerebral palsy, visual disability and poorer cognitive and motor 

abilities (Hack, Taylor, Drotar, et al., 2005).  

In regards to developmental risks, three of the main areas that are often adversely 

affected by preterm birth, include behaviour, academic functioning and an increased risk of 

ADHD symptoms (e.g. Bhutta, Cleves, Casey, Cradock, & Anand,  2002; Bora, Pritchard, 

Moor, Austin, & Woodward, 2011; Cooke, 2004). Similarly, LBW is also often  associated 

with developmental adversities (e.g. WHO, 2014), meaning that when the preterm child is 

also born with LBW, their level of risk is heightened (e.g. Riechi, Moura-Ribeiro, & Ciasca, 

2011). However, significant variation across outcomes within the preterm population has 

been found, with an increasing body of research investigating factors that may affect this 

trajectory. Accordingly, there has also been a move towards more resilience-based 

frameworks, investigating ways in which preterm children can thrive in the face of their 

inherent adversity. Thus, the differential susceptibility hypothesis has been applied across 

several studies, investigating whether preterm or LBW children may be differential 

susceptible to the best and worst outcomes depending on their environment. Within these 

studies, the quality of parenting has often been used as the moderating environmental factor. 

Accordingly, this review will aim to explore some of the main risks associated with preterm 

birth, as well as how the environment has increasingly been suggested as a potential 

moderating factor for these risks. Within this context, the differential susceptibility 

hypothesis will be described, followed by a review of research that has investigated this 
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framework within the preterm and low birth weight population. Finally, family functioning 

will be suggested as a potential moderating factor worthy of investigation within the preterm 

population.  

 

1.2. Biological and Medical Risk Associated with Preterm Birth 

Many vital organs (e.g. brain, lungs, liver) are still developing during the final weeks 

of pregnancy, earlier delivery is associated with greater risk of death or serious disability 

(NIH, 2017).  Regarding brain development specifically, as active brain development occurs 

during the second and third trimesters, premature infants have an increased risk of brain 

injury during this period of brain maturation. They have a greater risk of developing 

conditions such as hypoxia, ischemia, and sepsis, which may increase the risk of brain 

injuries and increase their biological risk, thus adversely affecting neurodevelopmental 

impairment (Allan, Vohr, Makuch, et al., 1997; Inder, Warfield, Wang, Huppi, & Volpe, 

2005; Inder, Wells, Mogridge, Spencer, & Volpe, 2003; Luu, Ment, Schneider, et al., 2009; 

Ment, Allan, Makuch, et al., 2005; Ment, Oh, Ehrenkranz, et al., 1994; Vohr & Ment, 1996).  

Furthermore, impairment may persist to school age, including decreased brain volume, 

microstructure abnormalities, and alterations in neural connectivity, which may lead to 

increased learning challenges (Constable, Ment, Vohr, et al., 2008; Gozzo, Vohr, Lacadie, et 

al., 2009; Kessler, Ment, Vohr, et al., 2004; Kessler, Reiss, Vohr, et al., 2008; Ment, 

Peterson, Vohr, et al., 2006). In addition to brain abnormalities, younger gestational age has 

been associated with higher rates of chronic conditions such as asthma, cerebral palsy, visual 

disability and poorer cognitive and motor abilities (Hack, Taylor, Drotar, et al., 2005). A 

study by Moster, Lie, and Markestad (2008) examined the long-term medical and social 

consequences of preterm birth, examining whether outcomes differed depending on the level 

of prematurity. The authors found that the risk of severe medical disabilities (e.g. cerebral 
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palsy, mental health disorders) ‘increased sharply’ with younger gestational age, and that 

even between categories of prematurity (e.g. very preterm vs. extremely preterm), the relative 

risk of adverse outcomes was higher for the younger gestational age group (Moster, Lie, & 

Markestad, 2008).  

Evidently, children born preterm face a number of medical challenges, whereby 

severity of neonatal complications, along with gestational age and lower birth weight have 

been described as determinants of later development (Aarnoudse-Moens et al., 2009; Bhutta 

et al., 2002; Taylor et al., 2000). This has been reflected across a large number of studies, 

whereby preterm children have been found to face significant developmental challenges by 

school age (Doyle & VICS, 2004), including poorer mental health and emotional functioning 

(Crump, Winkleby, Sundquist, & Sundquist, 2010; Nosarti et al., 2012), cognitive 

impairments, behavioural problems and poorer academic achievement (Aarnoudse-Moens, et 

al., 2009; Bhutta, et al., 2002; Feldman, 2009; Johnson, Wolke, Hennessy, & Marlow, 2011; 

Saigal, den Ouden, & Wolke, 2003; Saigal, Hoult, Streiner, Stoskopf, & Rosenbaum, 2000; 

Taylor, Klein, & Hack, 2000).  

 

 1.3. Behaviour in Preterm Children 

Inattention, internalising (i.e. anxiety, depression) and externalising (i.e. oppositional 

behaviour, conduct problems) symptoms are all behavioural consequences associated with 

preterm birth, whereby preterm children are at an increased risk of developing behavioural 

difficulties in comparison to their term-born counterparts (Bagner, Sheinkopf, Vohr, & 

Lester, 2010; Bhutta et al., 2002; Delobel-Ayoub et al., 2006; Foulder-Hughes & Cooke, 

2003; Potilk, de Winter, Bos, Kerstjens, & Reijneveld, 2012; Vanderveen, Bassler, 

Robertson, & Kiroalani, 2009). Indeed, the prevalence rate of behavioural difficulties in 

children born preterm has been reported as 20%, and as double the risk faced by term-born 



 8 

infants (Arpi & Ferrari, 2013; Gray, Indurkhya, & McCormick, 2004). These difficulties have 

been reported to increase during school age (Reijneveld et al., 2006) and to continue through 

to adolescence and adulthood (Hack et al., 2004). While some studies have found no 

association between environmental factors and behavioural problems in preterm children 

(e.g. Conrad, Richman, Lindgren, & Nopoulos, 2010; Loe, Lee, Luna, & Feldman, 2011), 

others have found environmental factors such as low socio-economic status (SES) and family 

adversity to be associated with more behavioural problems (Delobel-Ayoub et al., 2009; 

Nadeau, Boivin, Tessier, Lefebvre, & Robaey, 2001). Similarly, a more optimal home 

environment has also been found to be associated with less internalising and externalising 

behaviours in preterm children (McCormick, Workman-Daniels, & Brooks-Gunn, 1996; 

Treyvaud et al., 2012).  

However, parenting interventions at 18 months of age for children experiencing 

behavioural problems have been found to have positive results (Bagner et al., 2010; Bunting, 

2004; Postumus, Raaijmakers, Maassen, van Engeland, & Matthys, 2011), indicating that 

despite the biological vulnerability experienced by preterm children in regards to their 

increased risk for developing behavioural problems, environmental factors can influence this 

trajectory.  

 

 1.4. ADHD in Preterm Children 

One of the most common adverse outcomes in children born preterm, is the presence 

of Attention-Deficit/Hyperactivity Disorder (ADHD) or ADHD-like symptoms, with ADHD 

and attention difficulties reportedly the most common adverse behavioural outcome in very 

preterm children specifically (Bora, Pritchard, Moor, Austin, & Woodward, 2011; Botting, 

Powls, Cooke, & Marlow, 1997; Hack et al., 2009; Johnson et al., 2010; Treyvaud et al., 

2013). Compared to term-born children, children born preterm are reportedly four times more 
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likely to be diagnosed with ADHD (Johnson et al., 2010) and these difficulties are more 

commonly of the inattentive subtype rather than the hyperactive subtype (Brogan et al., 2014; 

Hack et al., 2009; Jaekel, Wolke, & Batemann, 2013; Johnson et al., 2010; Johnson & Wolke, 

2013; Shum, Neulinger, O’Callaghan, & Mohay, 2008), which is also an important predictor 

of academic functioning (Jaekel et al., 2013) and has been found to continue through to 

adolescence (Burnett et al., 2013 and adulthood (Breeman, Jaekel, Baumann, Bartmann, & 

Wolke, 2016). Importantly, while many preterm children meet the diagnostic criteria for 

ADHD, many do not, but still experience high levels of attention difficulties which adversely 

effects their daily and academic functioning (Indredavik et al., 2004; Jaekel et al., 2013; 

Johnson & Wolke, 2013).  

While a strong connection has been found between preterm birth and ADHD 

(Heinonen et al., 2011; Mick, Biederman, Prince, Rischer, & Faraone, 2002; Potgieter, 

Vervisch, & Lagae, 2003), there is evidence to suggest that environmental factors may also 

contribute to this association. For example, Murray et al. (2016) investigated the relationship 

between preterm birth, fetal growth impairment and ADHD, while adjusting for a number of 

environmental factors. The authors found that while birth factors were associated with 

attention difficulties, environmental influences (e.g. childhood and familial factors) had a 

greater impact on whether the child met the diagnostic criteria for ADHD. Accordingly, the 

authors argued that environmental factors may increase the risk of developing attention 

problems at a clinical level (Murray et al., 2016). These findings are consistent with multiple 

studies, which have found childhood environmental factors (e.g. low income, familial 

discord, parenting style, early traumatic factors) to contribute to the risk of developing 

ADHD (Briggs-Gowan et al., 2010; Nigg, Nikolas, & Burt, 2010; Wermter et al., 2010).  

The heightened risk of ADHD that preterm children face has considerable 

importance, as ADHD has been found to lead to multiple secondary adverse outcomes later in 
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life, including lower academic functioning, conduct problems, delinquency, family conflict 

and impaired relationships (DuPaul & Langbergm 2014; Johnston & Mash, 2001; Molina et 

al., 2007; Mannuzza, Klein, Abikoff, & Moulton, 2004; Hoza et al., 2005), although wide 

variability in symptom severity and functional impairment have been observed (Barkley, 

2014; Wahlstedt et al., 2009). With regards to this variability, while adverse outcomes 

associated with ADHD have been thoroughly investigated, far less attention has been given 

to protective factors and resilience in the context of ADHD. Accordingly, it has been argued 

that there is a need to better understand these protective and resilience factors, in order to 

advance effective ADHD management strategies to support more positive outcomes 

(Dvorsky & Langberg, 2016). Accordingly, Dvorsky and Langberg (2016) have argued that 

future research should investigate resilience in ADHD within specific theoretical frameworks 

that are relevant to the specific risk of the sample under investigation.  

While research in the area of protective factors in ADHD is in its infancy, of the 

available research, the strongest evidence has been found at the family level (Dvorsky & 

Langberg, 2016). Studies have found a more optimal parenting style to have a protective 

effect on the quality of functioning in children diagnosed with ADHD (Healey, Flory, Miller, 

& Halperin, 2011; Kawabata, Tseng, & Gau, 2012), with longitudinal studies also finding 

more optimal parenting to promote better functioning in children with ADHD (Chronis et al., 

2007; Hinshaw, Zupan, Simmel, Nigg, & Melnick, 1998). Cross-sectional studies examining 

the effect of family-level variables on youth with ADHD have also found family cohesion 

and support to promote positive outcomes (Schei, Nøvik, Thompson, Indredavik, & Jozefiak, 

2015; Theule, Wiener, Rogers, & Marton, 2011). Importantly, while positive family-level 

factors have been associated with better functioning in children with ADHD, in families of 

preterm children, these very factors (e.g. conflicted parent-child relationships, higher parental 

stress and psychopathology, impaired family functioning) have been found to often be 
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suboptimal or impaired (Johnston & Marsh, 2001). Thus it is possible that these family-level 

factors, which are often disrupted in families of preterm children, may present a valuable area 

for change, whereby through appropriate intervention, the elevated risk faced by preterm 

children may be lowered. This has resulted in an argument for more research investigating 

contextual variables within the family-level and how these factors may influence different 

outcomes in children with ADHD (Deault, 2010). It has been argued that such research is 

critical in order to capture the relationships between various psychosocial factors and 

children’s cognitive, behavioural and psychosocial functioning (Hinshaw, 2002). Deault 

(2010) also argued that empirical research has not successfully recognised this theoretical 

conceptualisation of ADHD, whereby research has focused on associations between ADHD 

symptomology and family factors, rather than examining the “broad spectrum of difficulties” 

(Deault, 2010, p. 170) that are commonly experienced by children with ADHD (e.g. 

academic functioning, social functioning, behaviour). Thus, it has been recommended that 

future research include a multidimensional conceptualisation of ADHD, examining different 

areas of functioning rather than ADHD symptoms alone (Deault, 2010).  

 

 1.5. Academic Functioning in Preterm Children 

Another adverse outcome commonly associated with preterm birth is academic 

underachievement (Aarnoudse-Moens, Oosterlaan, Duivenvoorden, van Goudoever, & 

Weisglas-Kuperus, 2011; Pritchard et al., 2009), whereby they are significantly more likely 

to experience academic functioning deficits at school age than term-born children 

(O’Callaghan et al., 1996; Saigal, Rosenbaum, Szatmari, & Campbell, 1991; Salt & 

Redshaw, 2006, Wocadlo & Rieger, 2006). While math and reading problems are most 

common (Johnson & Breslau, 1999; Litt, Taylor, Klein, & Hack, 2005; Pritchard et al., 2009; 
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Saigal et al., 2000), spelling, language and handwriting difficulties have also been observed 

(O’Callaghan et al., 1996; Hille et al., 1994; Ornstein, Oglsson, Edonds, & Asztalos, 1991).   

Many of these deficits remain consistent or even worsen over longer-term 

development (Cooke, 2004; Hack et al., 2002; Resnick et al., 1998), with no evidence of 

academic catch up found between 6-12 years of age in the British context (Botting, Cooke, & 

Marlow, 1997), or at 14 years of age in the Australian context (Rickards, Kelly, Doyle, & 

Callanan, 2001). Additionally, more than 50% of very preterm children are reported to utilise 

special education services at school by middle childhood (Alyward, 2002), lessening at 9-14 

years of age, but still remaining between 20-30% (Hack et al., 2002; Resnick et al., 1998; 

Walther, den Ouden, & Verloove-Vanhorick, 2000). It has also been observed that these 

deficits in academic functioning appear to have a flow-on affect to later-life outcomes, 

including lower levels of educational achievement, less engagement in paid work or training 

compared to their term-born peers (Cooke, 2004; Hack et al., 2002; Saigal et al., 2006).   

While there appears to be a strong association between preterm birth and academic 

underachievement, environmental factors have also been found to influence this relationship. 

In a study conducted by Gross, Mettelman, Dye and Stagle (2001), medical complications 

related to preterm birth had a negligible impact on academic functioning, whereas several 

environmental factors (i.e. parental education, child rearing by two parents, stable family 

composition and geographic residence over 10 years) were associated with better academic 

outcomes in preterm children. Interestingly, the authors also found that these same 

environmental factors were not observed to be as strongly influential in term-born children 

(Gross et al., 2001). The authors argued that these results indicated a need to study the family 

environment as an important factor affecting the academic functioning of preterm children 

(Gross et al., 2001).   
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1.6. Environmental Influences and the Preterm Child 

Despite the increased level of risk associated with preterm birth, there is significant 

variability in short-term and long-term outcomes within the preterm population, whereby not 

all preterm infants necessarily develop significant problems (Poehlmann-Tynan et al., 2015; 

Treyvaud et al, 2012). Accordingly, due to the significant variation in outcomes observed 

within the preterm population, it has been suggested that rather than focusing on biological 

vulnerability alone, multifaceted relationships and interactions between both biological and 

environmental factors need to be considered (Msall & Park, 2008). 

While it has been well established that distal environmental factors (e.g. SES) can 

adversely affect child development, there have been suggestions that this may occur directly 

or indirectly through more proximal factors (e.g. home environment) (Australian research 

Alliance for Children, 2009; Bronfenbrenner, 1986). This perspective has been reinforced 

through multiple population studies, which have found the home environment to have a 

greater influence on child outcomes than distal environmental factors and that these effects 

tended to remain strong and stable over time (e.g. Bradley, Corwyn, Burchinal, McAdoo, & 

Coll, 2001; Sylva, Melhuish, Sammons, Siraj-Blatchford, & Taggart, 2004; Weisglas-

Kuperus, Baerts, Smrkovsky, & Sauer, 1993). Accordingly, the family environment has been 

found to have a strong influence on child development (Hilferty, Redmond, & Katz, 2009).  

Importantly, within the preterm context, the very event of preterm birth in the 

household increases the risk of a number of negative effects on the family and home 

environment at the proximal level, which may then impact the quality of the home 

environment. Research has indicated that compared to parents of term-born infants, parents 

of preterm children experience greater levels of stress, distress, anxiety, depression and 

family burden, as well as poorer family functioning, particularly during the first several years 

of the child’s life (e.g. Cronin, Shapiro, Casiro, & Cheang, 1995; Ong, Chandran & Boo, 
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2001; Shandor, Holditch-Davis, Schwartz, & Scher, 2007; Singer et al., 1999; Tu et al., 2007; 

Treyvaud, 2014; Treyvaud et al., 2010; Treyvaud et al., 2011; Vigod, Villegas, Dennis, & 

Ross, 2010), although some of these variables appear to improve with time (Saigal, Pinelli, 

Streiner, Boyle, & Stoskopf, 2010; Singer et al., 2010; Treyvaud, 2014). Studies have 

indicated that these increased levels of parental and familial strain may occur as a result of a 

number of stresses associated with preterm birth, such as the stress of the actual birth and 

subsequent infant hospitalisation (Treyvaud, 2014), medical complications experienced by 

the infant (Singer, et al., 1999; Gray, Edwards, O’Callaghan, Cuskelly, & Gibbons, 2013), 

and the stressful nature of the Neonatal Intensive Care Unit (NICU)  environment (Miles, 

Funk, & Carlson, 1993). Others have reported that characteristics of the child (e.g. level of 

neurodevelopmental disability, medical illness, degree of prematurity, lower birth weight) 

may also influence parental and familial functioning (Lee, Penner, & Cox, 1991; Saigal et al., 

2010; Schappin, Wijnrocks, Uniken, & Jongmans, 2013; Singer et al., 2010; Taylor, Klein, 

Minich, & Hack, 2001). However, others have not found an association between child 

characteristics and the home environment (Schappin, et al., 2013; Brummelte, Grunau, 

Synnes, Whitford, & Petrie-Thomas, 2011; Treyvaud, Doyle, Lee, Roberts, Cheong, Inder, & 

Anderson, 2011). Nevertheless, given the increased risk that preterm children inherently face 

as a function of being born preterm, these additional environmental factors at the familial 

level are likely to further increase their risk of adverse developmental outcomes.  

Importantly, the aforementioned factors that may be negatively affected by preterm 

birth (i.e. parental and familial functioning) are important predictors of functioning in the 

preterm child, meaning that the very factors that are needed to support the development of the 

preterm child, are at risk of being adversely affected due to the stresses involved with preterm 

birth. It has been suggested that for children who are at increased risk, such as very preterm 

children, the quality of family functioning as well as parent functioning, can impact the 
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child’s level of risk or resilience (Treyvaud, 2014). This has been supported by research, 

indicating these familial factors to have both adverse (Gray et al., 2004; Huhtala et al., 2012) 

and protective (McCormick et al., 1996; Siegel, 1982; Singer et al., 2010; Treyvaud et al., 

2012) effects on the developing preterm child depending on the quality. Additionally, it has 

been suggested that a child’s developmental risk is related to the parents’ and environments’ 

ability to moderate the effects of risk factors on the child (Sameroff & Seifer, 1983), which 

Treyvaud (2014) argued is directly relevant to the preterm child, due to their heightened risk 

of a number of adverse developmental outcomes. Accordingly, these findings lend evidence 

to suggest that in providing preterm children a more optimal home environment, this may 

provide a protective effect, which may buffer against some of the risks inherently associated 

with preterm birth.  

Indeed, with the growing acknowledgement that research needs to look beyond 

biology and consider environmental factors in child development, there have been a number 

of studies looking at the impact of parenting style on the development of both preterm and 

term-born children, with multiple studies finding parenting interventions to be effective in 

predicting more beneficial developmental outcomes in term-born (e.g. Barnes, Hoffman, 

Welte, Farrell, & Dintcheff, 2006; Dishion, Bullock, & Kiesner, 2008; Griffin, Botvin, 

Scheier, Diaz, & Miller, 2000; Otto & Atkinson, 1997; Smetana, Crean, & Daddis, 2002) and 

preterm children (e.g. Landry, Smith, Swank, Assel, & Vellet, 2001; Lowe, Erikson, 

MacLean, Schrader, & Fuller, 2013; Magill-Evans & Harrison, 1999; Poehlmann & Fiese, 

2001; Yogman, Kindlon, & Earls, 1995). However, there has been comment to suggest that 

while parenting is one important environmental influence, this construct does not capture the 

bi-directionality of parent-child relationships, as children also have an impact upon their 

parents, and consequently, their parenting (Byles, Byrne, Boyle, & Offord, 1988). This 

appears to be particularly relevant to the family with a preterm child, whereby the preterm 
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birth may negatively affect parental and familial outcomes (e.g. parental stress, depression, 

family burden), which may in turn adversely affect the development of the preterm child. 

Indeed, families of preterm children have been found to experience poorer overall family 

functioning than families of term-born children, and that this remained consistent seven years 

after the child’s birth (Treyvaud, Lee, Doyle, & Anderson, 2014). Accordingly, family 

functioning has been suggested as a variable of interest, as it is better able to account for the 

multifaceted nature of parent-child relationships within the household (Byles et al., 1988).  

However, in spite of emerging evidence indicating the importance of family 

environment in the development of preterm children, with the exception of the work of 

Treyvaud and colleagues (Treyvaud et al., 2011), family functioning has not been explored as 

a risk and resilience factor.  

 

 1.7. The Differential Susceptibility Hypothesis  

Two competing theoretical frameworks have been proposed to explain how the 

environment can impact at-risk populations. The first is the diathesis-stress hypothesis, which 

has traditionally been the dominant theoretical framework for conceptualising the 

relationship between risk factors and adaptation (Monroe & Simons, 1991; Sameroff, 1983; 

Zuckerman, 1999). Within this hypothesis, it is suggested that poor environmental 

experiences (e.g. poor family functioning) further increase the risk of adverse outcomes for 

already vulnerable populations (e.g. preterm or LBW children), whereas they are less likely 

to affect non-vulnerable populations. It is further suggested that in response to optimal 

environmental experiences, at-risk individuals may catch-up to their non-vulnerable 

counterparts at best, but are not likely to experience better than average functioning. 

Accordingly, the diathesis-stress hypothesis does not consider the environment to have a 

potentially protective effect on at-risk populations.  
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More recently, another theoretical model has been proposed, the differential 

susceptibility hypothesis (Belsky, 1997a, 1997b, 2005; Boyce & Ellis, 2005), whereby 

specific susceptibility markers (e.g. temperamental characteristics, genetic polymorphisms 

and physiological stress reactivity) may render individuals differentially susceptible to the 

best and worst outcomes. Within this framework, while poor environmental conditions (e.g. 

poor family functioning) are still considered to impact negatively on the development of 

vulnerable individuals (e.g. preterm children), a new dimension is also considered. 

Specifically in regard to vulnerable individuals, it is suggested that the same factors that 

increase their risk (e.g. prematurity), may also act as plasticity factors, acting as a protective 

buffer against their biological risk. 

Thus, if exposed to optimal environmental conditions (e.g. optimal family functioning), they 

are more likely to experience better outcomes, to the point where they may experience better 

functioning than their non-vulnerable counterparts, because they are more receptive to their 

environment in a ‘for better and for worse’ manner (Belsky, Bakermans-Kranenburg, & van 

Ijzendoorn, 2007).  

Indeed, a number of studies have provided evidence for the differential susceptibility 

model, indicating that some children are in fact more susceptible to both the best and worst 

outcomes due to biological (Obradovic, Bush, Stamperdahl, Adler, & Boyce, 2010), genetic 

(Kochanska, Kim, Barry, & Philibert, 2011) and behavioural (Belsky et al., 2007) 

characteristics. This research has extended through to preterm and LBW populations, with 

some evidence suggesting that in comparison to full-term infants; preterm and LBW infants 

are more strongly affected by their early caregiving environment (Landry, Smith, & Swank, 

2006; Landry et al., 2001; Poehlmann et al., 2011). Accordingly, preterm birth and LBW 

have more recently been proposed as plasticity factors (e.g. Gueron-Sela, Atzaba-Poria, 

Meiri, & Marks, 2015; Shah, Robbins, Coehlo, & Poehlmann, 2013).  
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There has been an increasing body of literature examining the diathesis-stress and 

differential susceptibility hypotheses in preterm and low birth weight populations, resulting 

in mixed findings. Gueron-Sela et al’s (2015, 2016) studies found support for both 

hypotheses. In their 2016 study, they examined the effect of premature birth, temperamental 

reactivity and parenting on early cognitive development and found support for the diathesis-

stress hypothesis when examining the effect of co-parenting structure on cognitive outcomes, 

but found support for the differential susceptibility hypothesis when examining the effect of 

maternal structuring on cognitive functioning in infants with highly reactive temperaments 

(Gueron-Sela et al., 2016). Similarly mixed findings were reported in their 2015 study, where 

the authors examined the effect of the caregiving environment on infant cognitive and social 

functioning (Gueron-Sela et al., 2015). Again, while cognitive functioning was found to be 

consistent with the diathesis-stress hypothesis, social functioning was consistent with the 

differential susceptibility hypothesis (Gueron-Sela et al., 2015). Other studies have looked at 

cognitive functioning and parenting (Shah et al., 2013), as well as behaviour and parenting 

(Poehlmann et al., 2011) in preterm children, and have found support solely for the 

differential susceptibility hypothesis. Similarly, a mixture of findings has been found in 

studies examining LBW as a susceptibility factor. Wu and Chiang (2016) found no support 

for differential susceptibility for motor development in preschool children. Similarly, no 

support for differential susceptibility was found in Jaekel, Pluess, Belsky, and Wolke’s 

(2015) study which examined LBW as a susceptibility factor for academic achievement, or in 

Camerota, Willoughby, Cox and Greenberg’s (2015) study, which examined executive 

functioning. The results of both studies were more indicative of diathesis stress rather than 

differential susceptibility. However, Poehlmann et al (2011) found some support for 

differential susceptibility and diathesis stress in relation to toddler self-regulation.  
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Accordingly, while the number of studies examining preterm birth and birthweight 

susceptibility factors has increased, findings have been mixed and definitive conclusions 

remain to be drawn.  

 

1.8.  Low Birth Weight as a Susceptibility Factor 

 While LBW is an additional risk often faced by preterm infants and is often 

associated with adverse outcomes, it has also been suggested that its consequences may be 

mitigated by supportive and sensitive parenting (McCormick et al., 2006; Orton, Spittle, 

Doyle, Anderson, & Boyd, 2009). Accordingly, LBW has been proposed as a potential 

susceptibility factor, as it is related to prenatal environmental quality and can therefore shape 

part of an individual’s reactivity to postnatal experiences for greater adaptability (Pluess & 

Belsky (2011). As suggested by Wu and Chiang (2015), the idea of LBW as a susceptibility 

is grounded within two frameworks, including biological-sensitivity-to-context theory 

(BSCT; Boyce & Ellis, 2005), and fetal programming on development plasticity (Barker, 

1998; Pluess & Belsky, 2011). Within BSCT, it is argued that environmental susceptibility is 

a function of the stress response system, whereby individuals are likely to develop sensitive 

stress reactivity in response to harsh and stressful conditions (e.g. preterm birth or LBW) in 

order to deal with threats and increase chance of survival (Boyce & Ellis, 2005). According 

to BSCT, sensitive stress reactivity can be measured through a number of physiological tests, 

and these results may be reflective of a child’s early experiences (e.g. prenatal period, 

infancy), whereby the stress response system is formed in a way that it can respond to 

anticipated future environmental conditions adaptively (Boyce & Ellis, 2005; Ellis, Boyce, 

Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). This idea is similarly reflected in 

foetal programming theory, which suggests that the fetus may increase stress reactivity in 

response to undernutrition, prenatal adversities and stress (Bateson et al., 2004; Jones et al., 
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2006). Research has supported these theories, reflecting that infants with LBW often exhibit 

difficult temperaments and elevated cortisol stress reactivity (Belsky & Pluess, 2009; Pluess 

& Belsky, 2011).  

 

1.9. Conclusions and Directions for Future Work 

This review aimed to explore some of the main adverse outcomes associated with preterm 

birth and to review the literature that has examined the differential susceptibility hypothesis 

within this population. Evidently, definitive conclusions are yet to be drawn, meaning that 

preterm birth and LBW are yet to be ruled in or ruled out as susceptibility factors. 

Accordingly, further research is needed to examine whether this is a plausible framework for 

investigating resilience in this population. Future research should consider including family 

functioning as a moderating factor in order to capture the bi-directionality of parent-child 

relationships, as well as the consideration of ADHD symptom severity and its 

multidimensionality in order to capture a wider range of functioning.   
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Are preterm children with low birth weight differentially susceptible to the best and worst 

behavioural, ADHD symptom and academic outcomes at 7 years of age depending on family 

functioning? 

ABSTRACT 

The differential susceptibility hypothesis (DSH) was examined in relation to preterm 

children with low birth weight (LBW), exploring whether LBW status may act as a 

differential susceptibility factor, moderating the effect of family functioning on preterm 

children’s behaviour, academic functioning and ADHD symptoms at seven years of age. The 

sample utilised data from 657 infants born <33 weeks’ gestation from a randomised control 

trial examining the effect of docosahexaenoic acid on child outcomes. Results did not support 

the DSH, and were more in line with diathesis stress. However, family functioning was found 

to be an area worthy of further investigation in the preterm population. 

 

Keywords: Preterm infant, Low birth weight, Behavior,  ADHD, Academic functioning, 

Family functioning,  

 

1. Introduction 

Research suggests that in the developed world, approximately 8.6% of infants are 

born preterm (i.e. prior to 37 weeks’ gestation) (Blencowe et al., 2012), with the survival rate 

of preterm infants having significantly improved over time due to advances in neonatal 

intensive care (Doyle & VICS, 2004; Saigal & Doyle, 2008). However, although survival 

rates have improved, children born preterm continue to face a multitude of risks and 

impairments compared to their term-born counterparts, with the co-occurance of low birth 

weight (LBW) being one of the main risks associated with preterm birth. Although LBW is 
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not exclusively connected to preterm birth, it is often an associated complication and is 

associated with many of the same adverse outcomes in and of itself (WHO, 2014). 

Accordingly, when the two occur together, the preterm child faces an especially high level of 

risk (Riechi, Moura-Ribeiro, & Ciasca, 2011).  Importantly, there is significant variation 

within the preterm/LBW population, with greater prematurity and lower birth weight 

adversely contributing to infant survival rate (Tyson, Parikh, Langer, Green, & Higgins, 

2008).  

 

1.1. Behaviour, ADHD Symptoms and Academic Functioning  in Preterm Children 

Three of the main areas of functioning that are adversely affected in preterm children, 

include behaviour, academic functioning and an increased risk of ADHD symptoms. 

Regarding behaviour, the prevalence rate of behavioural difficulties in preterm children has 

been reported as 20%, and as double the risk faced by term-born infants (Arpi & Ferrari, 

2013; Gray, Indurkhya, & McCormick, 2004). These difficulties include internalising (i.e. 

anxiety, depression) and externalising (i.e. oppositional behaviour, conduct problems) 

symptoms (e.g. Bagner, Sheinkopf, Vohr, & Lester, 2010; Bhutta et al., 2002; Delobel-

Ayoub et al., 2006; Foulder-Hughes & Cooke, 2003; Potilk, de Winter, Bos, Kerstjens, & 

Reijneveld, 2012; Vanderveen, Bassler, Robertson, & Kiroalani, 2009) and reportedly 

increase during school age (Reijneveld et al., 2006) and continue through to adolescence and 

adulthood (Hack et al., 2004). 

Attention-Deficit/Hyperactivity Disorder (ADHD) or ADHD-like symptoms are one 

of the most common adverse outcomes in preterm children (Bora, Pritchard, Moor, Austin, & 

Woodward, 2011; Botting, Powls, Cooke, & Marlow, 1997; Hack et al., 2009; Johnson et al., 

2010; Treyvaud et al., 2013), whereby preterm children are reportedly four times more likely 

to be diagnosed with ADHD (Johnson et al., 2010). Importantly, while many preterm 
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children meet the diagnostic criteria for ADHD, many do not, but still experience high levels 

of attention difficulties which adversely effects their daily and academic functioning 

(Indredavik et al., 2004; Jaekel et al., 2013; Johnson & Wolke, 2013).  

Additionally, deficits in academic functioning are also commonly associated with 

preterm birth (e.g. Aarnoudse-Moens, Oosterlaan, Duivenvoorden, van Goudoever, & 

Weisglas-Kuperus, 2011; Pritchard et al., 2009), whereby they are significantly more likely 

to experience academic functioning deficits at school age than term-born children 

(O’Callaghan et al., 1996; Saigal, Rosenbaum, Szatmari, & Campbell, 1991; Salt & 

Redshaw, 2006, Wocadlo & Rieger, 2006). While math and reading problems are most 

common (Johnson & Breslau, 1999; Litt, Taylor, Klein, & Hack, 2005; Pritchard et al., 2009; 

Saigal et al., 2000), spelling, language and handwriting difficulties have also been observed 

(O’Callaghan et al., 1996; Hille et al., 1994; Ornstein, Oglsson, Edonds, & Asztalos, 1991).  

Many of these deficits remain consistent or even worsen over longer-term development 

(Cooke, 2004; Hack et al., 2002; Resnick et al., 1998), with no evidence of academic catch 

up found between 6-12 years of age (Botting, Cooke, & Marlow, 1997; Rickards, Kelly, 

Doyle, & Callanan, 2001).  

Importantly, while preterm birth is often inherently associated with deficits across 

these areas, the environment also appear to have an effect. For example, regarding behaviour 

in preterm children, a more optimal home environment has also been found to be associated 

with less internalising and externalising behaviours in preterm children (McCormick, 

Workman-Daniels, & Brooks-Gunn, 1996; Treyvaud et al., 2012) and parenting interventions 

at 18 months of age for children experiencing behavioural problems have been found to have 

positive results (Bagner et al., 2010; Bunting, 2004; Postumus, Raaijmakers, Maassen, van 

Engeland, & Matthys, 2011). Similarly for ADHD, there is evidence to suggest that 

environmental factors may also affect this relationship. Murray et al. (2016) investigated the 
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relationship between preterm birth, fetal growth impairment and ADHD, while adjusting for 

a number of environmental factors. The authors found that while birth factors were associated 

with attention difficulties, environmental influences (e.g. childhood and familial factors) had 

a greater impact on whether the child met the diagnostic criteria for ADHD. Accordingly, the 

authors argued that environmental factors may increase the risk of developing attention 

problems at a clinical level (Murray et al., 2016). Similar environmental effects have been 

reported in regards to academic functioning. In a study conducted by Gross, Mettelman, Dye 

and Stagle (2001), medical complications related to preterm birth had a negligible impact on 

academic functioning, whereas several environmental factors (i.e. parental education, child 

rearing by two parents, stable family composition) were associated with better academic 

outcomes in preterm children. Interestingly, the authors also found that these same 

environmental factors were not observed to be as strongly influential in term-born children 

(Gross et al., 2001). The authors argued that these results indicated a need to further study the 

relationship between the family environment and academic functioning in preterm children 

(Gross et al., 2001).  

Accordingly, despite the biological vulnerability experienced by preterm children in 

regards to their increased developmental risk, environmental factors may influence this 

trajectory.  

 

1.2. Environmental Influences and the Preterm Child 

While it has been well established that distal environmental factors (e.g. SES) can 

adversely affect child development, there have been suggestions that this may occur directly 

or indirectly through more proximal factors (e.g. home environment) (Australian research 

Alliance for Children, 2009; Bronfenbrenner, 1986). This perspective has been reinforced 

through multiple population studies, which have found the home environment to have a 
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greater influence on child outcomes than distal environmental factors and that these effects 

tended to remain strong and stable over time (e.g. Bradley, Corwyn, Burchinal, McAdoo, & 

Coll, 2001; Sylva, Melhuish, Sammons, Siraj-Blatchford, & Taggart, 2004; Weisglas-

Kuperus, Baerts, Smrkovsky, & Sauer, 1993). Accordingly, the family environment has been 

found to have a strong influence on child development (Hilferty, Redmond, & Katz, 2009).  

Importantly, within the preterm context, the very event of preterm birth in a 

household increases the risk of a number of negative effects on the family and home 

environment at the proximal level, such as increased stress, distress, mental health problems 

and poorer family functioning (e.g. Cronin, Shapiro, Casiro, & Cheang, 1995; Ong, Chandran 

& Boo, 2001; Shandor, Holditch-Davis, Schwartz, & Scher, 2007; Singer et al., 1999; Tu et 

al., 2007; Treyvaud, 2014; Treyvaud et al., 2010; Treyvaud et al., 2011; Vigod, Villegas, 

Dennis, & Ross, 2010). These increased levels of parental and familial strain may occur for a 

number of reasons, including the stress of the birth and subsequent infant hospitalisation 

(Treyvaud, 2014), infant medical complications (Singer, et al., 1999; Gray, Edwards, 

O’Callaghan, Cuskelly, & Gibbons, 2013), and the stressful nature of the Neonatal Intensive 

Care Unit (NICU)  environment (Miles, Funk, & Carlson, 1993). Conversely, some have 

reported that characteristics of the child (e.g. level of neurodevelopmental disability, medical 

illness, degree of prematurity, lower birth weight) may also influence parental and familial 

functioning (Lee, Penner, & Cox, 1991; Saigal et al., 2010; Schappin, Wijnrocks, Uniken, & 

Jongmans, 2013; Singer et al., 2010; Taylor, Klein, Minich, & Hack, 2001).  

These familial level environmental factors are likely to further increase the preterm 

child’s risk of adverse developmental outcomes, as parental and familial functioning are 

important predictors of functioning in the preterm child. Accordingly, the very factors that 

are needed to support child development, are at risk of being adversely affected due to the 

stresses involved with preterm birth.  
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Indeed, studies that have looked at the efficacy of interventions at the familial level 

have found parenting interventions to be effective in predicting more beneficial 

developmental outcomes in preterm children (e.g. Landry, Smith, Swank, Assel, & Vellet, 

2001; Lowe, Erikson, MacLean, Schrader, & Fuller, 2013; Magill-Evans & Harrison, 1999; 

Poehlmann & Fiese, 2001; Yogman, Kindlon, & Earls, 1995). However, while parenting is 

one important environmental influence, this construct does not capture the bi-directionality of 

parent-child relationships, as children also have an impact upon their parents, and 

consequently, their parenting (Byles, Byrne, Boyle, & Offord, 1988). This appears to be 

particularly relevant to the family with a preterm child, whereby the birth may negatively 

affect parental and familial outcomes (e.g. parental stress, depression, family burden), which 

may in turn adversely affect the development of the preterm child. Accordingly, family 

functioning has been suggested as a variable of interest, as it is better able to account for the 

multifaceted nature of parent-child relationships within the household (Byles et al., 1988).  

 

1.3. The Differential Susceptibility Hypothesis  

Two competing theoretical frameworks have been proposed to explain how the 

environment can impact at-risk populations (e.g. preterm children). The first is the diathesis-

stress hypothesis, which has traditionally been the dominant theoretical framework for 

conceptualising the relationship between risk factors and adaptation (Monroe & Simons, 

1991; Sameroff, 1983; Zuckerman, 1999). Within this hypothesis, it is suggested that poor 

environmental experiences (e.g. poor family functioning) further increase the risk of adverse 

outcomes for already vulnerable populations (e.g. preterm/LBW children), whereas they are 

less likely to affect non-vulnerable populations. It is further suggested that in response to 

optimal environmental experiences, at-risk individuals may catch-up to their non-vulnerable 

counterparts at best, but are not likely to experience better than average functioning. 
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Accordingly, the diathesis-stress hypothesis does not consider the environment to have a 

potentially protective effect on at-risk populations.  

More recently, another theoretical model has been proposed, the differential 

susceptibility hypothesis (Belsky, 1997a, 1997b, 2005; Boyce & Ellis, 2005), whereby 

specific susceptibility markers (e.g. temperamental characteristics, genetic polymorphisms 

and physiological stress reactivity) may render individuals differentially susceptible to the 

best and worst outcomes. Within this framework, while poor environmental conditions (e.g. 

poor family functioning) are still considered to impact negatively on the development of 

vulnerable individuals (e.g. preterm children), a new dimension is also considered. 

Specifically in regard to vulnerable individuals, it is suggested that the same factors that 

increase their risk (e.g. prematurity), may also act as plasticity factors, acting as a protective 

buffer against their biological risk. 

Thus, if exposed to optimal environmental conditions (e.g. optimal family functioning), they 

are more likely to experience better outcomes, to the point where they may experience better 

functioning than their non-vulnerable counterparts, because they are more receptive to their 

environment in a ‘for better and for worse’ manner (Belsky, Bakermans-Kranenburg, & van 

Ijzendoorn, 2007).  

Indeed, a number of studies have provided evidence for the differential susceptibility 

model, indicating that some children are in fact more susceptible to both the best and worst 

outcomes due to biological (Obradovic, Bush, Stamperdahl, Adler, & Boyce, 2010), genetic 

(Kochanska, Kim, Barry, & Philibert, 2011) and behavioural (Belsky et al., 2007) 

characteristics. This research has extended through to preterm/LBW populations, with some 

evidence suggesting that in comparison to full-term infants; preterm/LBW infants are more 

strongly affected by their early caregiving environment (Landry, Smith, & Swank, 2006; 

Landry et al., 2001; Poehlmann et al., 2011). Accordingly, preterm birth and LBW have more 
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recently been proposed as plasticity factors (e.g. Gueron-Sela, Atzaba-Poria, Meiri, & Marks, 

2015; Shah, Robbins, Coehlo, & Poehlmann, 2013).  

The increasing body of literature examining the diathesis-stress and differential 

susceptibility hypotheses in preterm/LBW populations has resulted in mixed findings. 

Gueron-Sela et al’s (2015, 2016) studies found support for both hypotheses. In their 2016 

study, they examined the effect of premature birth, temperamental reactivity and parenting on 

early cognitive development and found support for the diathesis-stress hypothesis when 

examining the effect of co-parenting structure on cognitive outcomes, but found support for 

the differential susceptibility hypothesis when examining the effect of maternal structuring on 

cognitive functioning in infants with highly reactive temperaments (Gueron-Sela et al., 

2016). Similarly mixed findings were reported in their 2015 study, where the authors 

examined the effect of the caregiving environment on infant cognitive and social functioning 

(Gueron-Sela et al., 2015). Again, while cognitive functioning was found to be consistent 

with the diathesis-stress hypothesis, social functioning was consistent with the differential 

susceptibility hypothesis (Gueron-Sela et al., 2015). Other studies have looked at cognitive 

functioning and parenting (Shah et al., 2013), as well as behaviour and parenting (Poehlmann 

et al., 2011) in preterm children, and have also found mixed results. Similarly, a mixture of 

findings has been found in studies examining LBW as a susceptibility factor. Wu and Chiang 

(2016) found no support for differential susceptibility for motor development in preschool 

children. Similarly, no support for differential susceptibility was found in Jaekel, Pluess, 

Belsky, and Wolke’s (2015) study which examined LBW as a susceptibility factor for 

academic achievement, or in Camerota, Willoughby, Cox and Greenberg’s (2015) study, 

which examined executive functioning. The results of these studies were more indicative of 

diathesis stress rather than differential susceptibility.  
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Accordingly, while the number of studies examining preterm birth and birthweight 

susceptibility factors has increased, findings have been mixed and definitive conclusions 

remain to be drawn.  

 

1.4. The Present Study 

The present study will aim to build upon the existing research and address the current 

gaps within the literature by focusing on several outcomes that are commonly impaired in 

preterm children, including ADHD symptoms, academic functioning and behaviour. Within 

this study, a number of considerations will also be given to these variables in order to capture 

the observations and criticisms proposed by other authors in this area. Firstly, symptom 

severity in ADHD will be examined rather than the presence or absence of ADHD diagnosis, 

in order to capture children both with a diagnosis, and also those who do not meet diagnostic 

criteria for ADHD, but are likely to experience functional deficits (Indredavik et al., 2004; 

Jaekel et al., 2013; Johnson & Wolke, 2013). Furthermore, rather than considering only 

ADHD, this study will examine academic functioning and behaviour also, in order to capture 

the multidimensional nature of ADHD, and the ‘broad spectrum of difficulties’ commonly 

associated with ADHD (Deault, 2010, p. 170).  

Moreover, rather than focusing on biological vulnerability alone, increasing 

consideration has been given to environmental factors and their influence on developmental 

outcomes in preterm children (Delobel-Ayoub et al., 2009; Gross et al., 2001; Msall & Park, 

2008; Murray et al., 2016). Accordingly, the present study will focus on family functioning 

as a variable of interest, in order to examine the impact of a proximal environmental variable 

that is able to capture the bi-directionality of parent-child relationships that has not been 

captured in studies examining the effect of parenting (Byles et al., 1988). 
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Furthermore, there has been a call for more research examining outcomes from a 

resilience perspective rather than a deficit-based perspective (Dvorksy & Langberg, 2016), 

with differential susceptibility emerging as a popular framework, particularly in the preterm 

and LBW population. However, while the body of research in this area has grown, findings 

remain mixed. Accordingly, the present study will examine whether LBW is a potential 

susceptibility factor within the preterm population, rendering them differentially susceptible 

to the best and worst behavioural, academic and ADHD symptom outcomes depending on 

family functioning. The findings of this study will be useful in informing prevention and 

intervention approaches for working with preterm children and their families.  

We hypothesised that preterm/LBW infants would show less optimal academic 

functioning, as well as more behavioural problems and ADHD symptoms at 7 years of age 

when they experienced a combination of lower birthweight and less optimal family 

functioning, controlling for gender, cultural background and parents’ highest level of 

education. We also hypothesised that preterm infants with LBW would show more optimal 

academic functioning, as well as less behavioural problems and ADHD symptoms at 7 years 

of age when they experienced a combination of higher birthweight and more optimal family 

functioning.  

 

2. Materials and Methods 

 2.1. Original Study Participants and Procedure 

 This study utilised data from a docosahexaenoic acid (a type of omega-3 fatty acid) 

trial in a sample of 657 infants born <33 weeks’ gestation (Makrides et al., 2009).  Data was 

collected between 2001 and 2005 from five perinatal centres across Australia (South 

Australia, Victoria, Queensland and Western Australia). The original trial excluded infants 
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who had major congenital or chromosomal abnormalities or were from a multiple birth where 

not all live-born infants were eligible. Infants were also excluded if they were in other fatty 

acid trials or if fish oil was contraindicated. Medical data was collected at birth and during 

infant hospital admission, and neurodevelopmental data was collected at seven years 

corrected age. A negligible effect of docosahexaenoic acid was found for some secondary 

outcomes, indicating no consistent significant differences between groups, hence the sample 

was treated as one cohort for the following analysis (Collins et al., 2015; Makrides et al., 

2009).  

 The study was approved by all Human Research Ethics committees across the five 

perinatal centres and informed parental consent was obtained for all participants.  

 

2.2. Present Study Participants and Procedure 

 Data from the original trial (Makrides et al., 2009) and the 7-year follow up study 

(Collins et al., 2015) were used in this study. Participants were excluded from the current 

study if they were missing key 7-year outcome data, and for participants from multiple births, 

one participant was randomly selected. This resulted in a sample size of 473 participants. The 

overall sample included 220 females (46.5%) and 253 males (53.5%), of which 435 (92%) 

were Caucasian, 16 (3.4%) were Aboriginal, 16 (3.4%) were from an Asian background and 

6 (1.3%) were from another background. Furthermore, 95 (20.1%) children were from 

multiple pregnancies. Gestational ages ranged from 23 to 33 weeks across the sample, with a 

mean age of 29.15 weeks at birth (SD=2.36). Infant birthweight ranged from 320g to 2482g 

across the sample, with a mean birthweight of 1298g (SD=420). Infants spent between 2 to 

112 days in NICU, with a mean number of 21 days  (SD=24.67). Furthermore, a mean of 

64.18 days (SD=30.73) were spent in hospital care by the sample, ranging from 18-289 days. 

Regarding the highest level of mother’s education, approximately half of the mother’s and 
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father’s had completed a post-secondary qualification. More detailed information can be 

found in Table 1. Mothers’ age at birth ranged from 17 to 44 with a mean of 30.10 

(SD=5.55). Sample characteristics based on birthweight status are presented in Table 1. 

Table 1 

Sample characteristics (n=473). 

Variables ELBW (n=128) range 

(mean, SD) 

VLBW (n=183) range 

(mean, SD) 

LBW (n=162) 

range (mean, SD) 

Maternal age (years) 18 - 42 (29.80, 5.68) 17 - 44 (30.53, 5.54) 17 - 42 (29.84, 

5.46) 

Gestational age (weeks) 23 - 31 (26.55, 1.97) 25 - 33 (29.17, 1.57) 29 - 33 (31.20, 

.92) 

Birthweight (g) 320 - 999 (778.40, 

139.06) 

 1000 - 1490 (1248.14, 

148.62) 

1500 - 2482 

(1766.13, 

196.24) 

Days in NICU 2 - 112 (47.95, 26.56) 0 - 99 (16.74, 17.19) 0 - 40 (4.82, 

5.62) 

Days in Hospital Care 45 - 289 (97.76, 31.65) 26 - 122 (61.83, 17.89) 18 - 99 (40.31, 

11.83) 

 N (%) N (%) N (%) 

Mother Highest Education 

   Secondary 

   Certificate/Diploma 

   Degree 

   Higher Degree 

   Unknown 

 

63 (49.2%) 

32 (25%) 

24 (18.8%) 

8 (6.3%) 

1 (.8%) 

 

82 (44.8%) 

58 (31.7%) 

35 (19.1%) 

8 (4.4%) 

N/A 

 

88 (39.4%) 

40 (24.7%) 

25 (15.4%) 

9 (5.6%) 

N/A 

Father Highest Education 

   Secondary 

   Certificate/Diploma 

   Degree 

   Higher Degree 

   Unknown 

 

69 (53.9%) 

25 (19.5%) 

18 (14.1%) 

10 (7.8%) 

6 (4.7%) 

 

91 (49.7%) 

53 (29.0%) 

24 (13.1%) 

10 (5.5%) 

5 (2.7%) 

 

87 (53.7%) 

41 (25.3%) 

21 (13.0%) 

8 (4.9%) 

5 (3.1%) 

Gender 

   Female 

   Male 

 

71 (55.5%) 

57 (44.5%) 

 

75 (41.0%) 

108 (59.0%) 

 

74 (45.7%) 

88 (54.3%) 

Cultural background    
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   Caucasian 

   Aboriginal 

   Asian 

   Other 

118 (92.2%) 

3 (2.3%) 

6 (4.7%) 

1 (.8%) 

172 (94.0%) 

4 (2.2%) 

3 (1.6%) 

4 (2.2%) 

145 (89.5%) 

9 (5.6%) 

7 (4.3%) 

1 (.6%) 

Multiple Pregnancy 

   Yes 

   No 

 

34 (26.6%) 

94 (73.4%) 

 

39 (21.3%) 

144 (78.7%) 

 

22 (13.6%) 

140 (86.4%) 

NICU, Neonatal Intensive Care Unit 

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 

 

2.3. Measures 

 Baseline participant characteristics were collected from medical records and 

interviews with parents.  Key characteristics included infant sex and race, maternal and 

paternal education, as well as gestational age, birth weight and birth weight z-scores. At 

seven years, additional data was collected across a number of domains, including family 

functioning, child academic functioning, behavioural functioning and ADHD symptoms. The 

following measures were used to capture these outcomes at seven years of age: 

 

2.3.1. Family Assessment Device (FAD). The FAD (Epstein, Baldwin, & Bishop, 1983) is a 

measure of structural, organisational and transactional characteristics of families and is based 

on the McMaster Model of Family Functioning. The parent-completed FAD includes 60 

statements about a family (e.g. “We are reluctant to show our affection for one another”), 

requiring the respondent to rate their agreement with the statement using a 4-point Likert 

scale ranging from “strongly agree” to “strongly disagree.” Scores for each scale range from 

1 (healthy functioning) to 4 (unhealthy functioning), whereby higher scores indicate more 

problematic family functioning and where a score of two or more is indicative of problematic 

family functioning. The FAD is comprised of six scales that capture the six dimensions of the 

McMaster Model of Family Functioning, including: Problem Solving (∝ = 0.74), 
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Communication (∝ = 0.60), Roles (∝ = 0.66), Affective Responsiveness (∝ = 0.61), 

Affective Involvement (∝ = 0.69) and Behavioural Control (∝ = 0.66). There is also a 

seventh scale that measures General Family Functioning (∝ = 0.76).  

 

 

2.3.2. Strengths and Difficulties Questionnaire (SDQ) - Parent Report Form. The SDQ 

(Goodman, 1997) is a brief behavioural screening questionnaire for children aged 3-16 years 

of age. It is comprised of 25 items that make up 5 scales, including: Emotional Symptoms (∝ 

= 0.70), Conduct Problems (∝ = 0.70), Hyperactivity/Inattention (0.85), Peer Problems (∝ = 

0.64) and Prosocial Behaviour (∝ = 0.75) as well as a Total Behavioural Difficulties scale (∝ 

= 0.86), which is the sum of the Emotional Symptoms, Conduct Problems, Hyperactivity/ 

Inattention and Peer Problems scales. Items include both positive and negative attributes of 

the child (e.g. “Often loses temper;” “Generally liked by others”) which the parent is required 

to rate on a 3-point Likert scale ranging from “not true” to “certainly true.” Higher scores on 

the SDQ indicate more problematic behavioural functioning, with the exception of the 

Prosocial scale, where higher scores are indicative of more optimal functioning.  

 

2.3.3. Conners 3rd Edition ADHD Index (Conners 3). The Conners 3 Index parent-report 

form (Conners, 2008) is a measure of inattention and hyperactivity problems. The measure 

includes ten behavioural description items that are rated on a 4-point Likert scale, ranging 

from “not at all” to “very much true,” with higher scores indicating a greater number and/or 

frequency of concerns. Scoring involves converting raw scores to sex- and age-normed 

standardised T scores.  

 

2.3.4. Wide Range Achievement Test 4th Edition (WRAT-4). The WRAT-4 (Wilkinson & 

Robertson, 2006) is a measure of basic academic abilities across the domains of reading, 
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spelling and arithmetic, and three subtests were administered; Word Reading, Spelling and 

Math Computation. The Word Reading subtest consists of 15 letter recognition items as well 

as 55 word reading items. The letter recognition items are only administered if the child does 

not meet the basal scoring requirements for the word reading items. The Spelling subtest 

consists of two sections, including a 13 letter writing section (for children 7 years old and 

younger) and a 42 word spelling section. The Math Computation subtest also consists of two 

sections, including a 15 item oral math component and a 40-item math computation section. 

Scoring involves converting raw scores to age-normed standard scores (M=100, SD=15). 

Standard scores range from <45 to >155, whereby higher scores indicate higher achievement.  

 

2.3.5. Birthweight status 

Infants were stratified by birthweight based on the World Health Organisation’s (WHO) 

definition for categorising low birth weight (WHO, 2004). The categories included extremely 

low birth weight (ELBW, <1000g) (n=128, 27.1%), very low birth weight (VLBW, <1500g) 

(n=183, 38.7%), and low birth weight (LBW, <2500g) (n=162, 34.2%). 

 

 2.4. Analytic approach for testing differential susceptibility 

Statistical analyses were conducted using SPSS (Version 21.0, New York, 2012) . Firstly, a 

one-way multivariate analysis of variance (MANOVA) was performed to examine any 

differences between birthweight groups in their health outcomes as well as their scores across 

the key study outcomes (i.e. WRAT-4, SDQ, Conner’s-3, FAD). Post hoc tests (i.e. univariate 

F and Tukey HSD) were also performed when F was significant.   

In order to test for differential susceptibility, the steps outlined by Belsky et al. (2007) 

were followed. Accordingly, statistical tests for genuine (cross-over) interactions were 

conducted by running separate regression analyses for each outcome (i.e. Math Computation, 
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Spelling, Word Reading, ADHD symptoms, Total Behavioural Difficulties). In each 

regression analysis, control variables were entered into the first step (infant gender, race, 

mother’s education and father’s education). The FAD General Functioning subscale score, as 

well as infant birthweight category (ELBW, VLBW, LBW) were entered into the second 

step, and the birthweight x family functioning interaction was entered in the third step. As 

outlined by Belsky et al. (2007), the second and third steps for testing for differential 

susceptibility involve testing the independence of the susceptibility factor and predictor (i.e. 

birthweight and family functioning) and also testing the association between the 

susceptibility factor and outcomes. In order to accurately test for differential susceptibility, 

the susceptibility factor cannot be correlated with the predictor or the outcomes (Belsky et al., 

2007). Thus, bivariate correlations between birthweight, FAD scores and SDQ, WRAT-4 and 

Conners-3 scores were examined (Table 2). Although infant birthweight and FAD General 

Functioning scores were not correlated, infant birthweight was significantly correlated with 

the WRAT Word Reading, Spelling and Math Computation scores, as well as the SDQ Total 

Behavioural Difficulties score. In order to control for these correlations in the analysis, a 

procedure recommended by Ellis et al. (2011) for dealing with correlations between the 

susceptibility factor and outcomes was followed. This involved partialing out the variance in 

the outcome explained by the susceptibility factor, by running separate regression analyses 

with birthweight regressed onto the outcome and then saving the residuals. The statistical 

tests for genuine interactions as described above were then re-run, controlling for the 

residuals in the model. Post hoc analyses were also conducted for significant interaction 

effects and regression plots were constructed for all outcomes regardless of significance. 

Plots that depicted significant interaction effects were compared with the prototypical plots 

for significant interactions presented by Belsky et al. (2007) to determine whether they 

reflected differential susceptibility. 
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2.5. Additional analyses 

The regression analyses reported in the main text included the Total Behavioural 

Difficulties scale from the SDQ and the General Functioning scale from the FAD. However, 

to ensure completeness of analysis, additional regression analyses were conducted utilizing 

all six FAD scales (Problem Solving, Communication, Roles, Affective Responsiveness, 

Affective Involvement, Behaviour Control, General Functioning) as well as the additional 

five scales from the SDQ (Emotional Symptoms, Conduct Problems, Hyperactivity, Peer 

Problems, Prosocial Behaviour). These additional results are reported as supplementary 

tables. 

 
Table 2. Bivariate correlations and descriptive statistics for key variables 

Variable 1 2 3 4 5 6 7 8 

1. Infant birthweight -        

2. Birthweight z-score .62** -       

3. FAD General 

Functioning scale 

.02 -.01 -      

4. WRAT-4 Word 

Reading  

.11* .07 -.01 -     

5. WRAT-4 Spelling  .15** .09* -.02 .81** -    

6. WRAT-4 Math 

Computation  

.18** .08 -.08 .63** .81** -   

7. Conners-3 ADHD 

symptoms  

-.08 .00 .18** -.16** -.20** -.24** -  

8. SDQ total difficulties -.10* -.04 .29** -.40** -.20** -.26** .70** - 

Note: FAD, Family Assessment Device; WRAT, Wide Range Achievement Device, Fourth 

Edition; SDQ, Strengths and Difficulties Questionnaire.  

*p<.05. **p<.01. 
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3. Results 

3.1. Neonatal health and key study outcomes of preterm infants by birthweight status (i.e. 

ELBW, VLBW, LBW) 

Infant health outcomes prior to hospital discharge, as well as key study outcomes at 7-

year follow-up were compared between birthweight groups (ELBW, VLBW, LBW) using 

one-way multivariate analysis of variance (MANOVA). Infant health outcomes included 

APGAR scores (1- and 5-minute), number of days requiring oxygen, number of CPAP 

support days, length of NICU stay and length of hospital stay. Key study outcomes included 

math’s, spelling and word reading outcomes as measured by the WRAT-4, ADHD symptoms 

as measured by the Conners-3 and Total Behavioural Difficulties as measured by the 

Strengths and Difficulties questionnaire.  

Birthweight groups were significantly different in terms of overall outcomes (F(18, 

922) = 91.28, p<.001), with results presented in Table 3. Univariate F and Tukey HSD  post 

hoc tests found that compared with VLBW and LBW infants, ELBW infants experienced 

greater 1-minute and 5-minute APGAR scores (p<.001). All birthweight groups significantly 

differed from one another in terms of number of days requiring oxygen and CPAP support 

days, as well as length of stay in NICU and in hospital care (p<.001), with a greater number 

of days across these outcomes associated with lower birth weight. Regarding academic and 

behavioural outcomes at seven years of age, no significant differences between birthweight 

groups were found for Word Reading and ADHD symptoms. Significant differences between 

groups were found for Math Computation (p=.001), Spelling (p=.01) and Total Behavioural 

Difficulties (p=.05), with post hoc tests indicating that the ELBW group significantly differed 

from the LBW group for Spelling and Total Behavioural Difficulties, and differed 

significantly from both the VLBW and LBW groups for Math Computation. The partial Eta 
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squared statistics for academic and behavioural outcomes ranged from .01 to .03, indicating 

that birth weight status explained only a small portion of variance (1-3%).  

 

3.2. Test of differential susceptibility 

Results from the regression analyses are presented according to outcome, with results 

from Step 2 (as no significant results found in Step 1) of the regression analysis presented for 

academic outcomes in Table 4, and from all steps of the regression analysis for ADHD 

Symptoms and Behavioural Difficulties presented in Table 5 and Table 6 respectively.  

Birthweight status was not a significant predictor of any of the outcomes (see Tables 

4-6). Furthermore, while no interaction effects were found between birthweight status and 

family functioning on academic and ADHD symptom outcomes, a significant interaction 

effect was found for Total Behavioural Difficulties (Table 6, step 3). Post hoc tests indicated 

that variations in family functioning significantly related to more behavioural difficulties in 

ELBW infants (𝛽= 0.36, p>.001), VLBW infants (𝛽= 0.24, p=.001), and LBW infants (𝛽= 

0.38, p>.001). In all birthweight groups, infants exhibited more behavioural difficulties when 

families experienced more problematic family functioning, and less behavioural difficulties 

when families experienced less problematic family functioning (see Figure 1).   

While no significant interaction effects were found for academic and ADHD symptom 

outcomes, as reflected in Figures 2-5, there was a general trend whereby lower birth weight 

was generally associated with worse outcomes, and more problematic family functioning was 

generally associated with worse developmental outcomes across all infant groups. 

Outcome scores on the SDQ and WRAT subtests were close to the Average range 

across the sample. However, for ADHD outcome scores, participants across all three 

birthweight groups experienced a High Average number of symptoms when they experienced 

a low score of family functioning, but these scores moved into the Elevated range for LBW 
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and VLBW infants, and the Very Elevated range for ELBW infants when they experienced a 

high score of family functioning (see Figure 2).  
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Table 3 

Overall group differences: health and academic and behavioural outcomes according to birthweight  

 ELBW N=128 VLBW N=182 LBW N=162 F(df) p Partial n2 

Neonatal Health Outcomes, mean (SD)       

Birthweight (g) 778.40 (139.06) 1248.90 (148.67) 1766.13 (196.24) 1306.25 (2) <.001 .85 

Birthweight z-score -1.22 (1.17) -.51 (.85) .22 (.80) 83.42 (2) <.001 .27 

Gestational age (weeks) 26.55 (1.97) 29.18 (1.57) 31.16 (.92) 337.77 (2) <.001 .59 

APGAR score: 1 min 5.81 (2.14) 6.54 (2.06) 6.85 (1.81) 9.99 (2) <.001 .04 

APGAR score: 5 min 7.99 (1.30) 8.34 (1.18) 8.54 (.95) 8.27 (2) <.001 .03 

Number of days requiring oxygen 57.63 (37.32) 17.62 (25.09) 4.30 (9.31) 165.45 <.001 .41 

Number of days in NICU 47.95 (26.56) 16.75 (17.24) 4.82 (5.63) 219.05 (2) <.001 .48 

Number of days hospitalized 97.76 (31.65) 61.84 (17.94) 40.31 (11.83) 267.88 (2) <.001 .53 

Family Functioning (FAD) 

General Functioning Scale 1.53 (0.41) 1.61 (0.44) 1.52 (0.35) 2.50 (2) .08 .01 

Academic and Behavioural Outcomes       

Math Computation (WRAT-4) standard score 87.16 (14.66) 91.94 (14.11) 93.01 (12.50) 6.88 (2) .001 .03 

Spelling (WRAT-4) standard score 95.82 (17.66) 98.37 (15.15) 101.66 (14.70) 4.90 (2) .01 .02 

Word Reading (WRAT-4) standard score 100.15 (18.33) 104.27 (15.50) 104.06 (13.98) 2.90 (2) .06 .01 

Conner’s-3 ADHD symptom t-score 67.10 (19.04) 65.77 (18.94) 63.60 (17.83) 1.29 (2) .28 .01 

Total behavioural difficulties (SDQ) 11.49 (6.56) 10.28 (6.27) 9.70 (5.88) 2.92 (2) .05 .01 

NICU, Neonatal Intensive Care Unit; FAD, Family Assessment Device; WRAT-4, Wide Range Achievement Test, Fourth Edition; SDQ, Strengths 

and Difficulties Questionnaire.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table 4 

Birthweight status and family functioning predicting academic outcomes as measured by the WRAT-4 in preterm infants.  

Step 2 regression results Predictor Standardised 

coefficients 

t Sig. 95% confidence interval for B R2 

  Beta   Lower bound Upper bound  

Math Computation (WRAT-4) Gender -.09 -1.92 .06 -.36 .00 .08** 

 Cultural background .02 .38 .70 -.15 .23  

 Mother’s highest level of education .03 .70 .48 .00 .00  

 Father’s highest level of education -.04 -.72 .47 .00 .00  

 FAD (general functioning scale) -.01 -.13 .90 -.49 .43  

 Birthweight status .01 .16 .87 -.11 .13  

        

Spelling (WRAT-4) Gender -.15 -3.25 .00 -.48 -.12 .09** 

 Cultural background .03 .54 .59 -.14 .24  

 Mother’s highest level of education .01 .22 .82 .00 .00  

 Father’s highest level of education -.10 -1.90 .06 .00 .00  

 FAD (general functioning scale) .03 .27 .78 -.39 .51  

 Birthweight status .00 .04 .97 -.11 .12  

        

Word Reading (WRAT-4) Gender -.12 -2.51 .01 -.41 -.05 .09** 

 Cultural background .01 .28 .78 -.16 .21  

 Mother’s highest level of education .01 .10 .92 .00 .00  

 Father’s highest level of education -.06 -1.27 .21 .00 .00  

 FAD (general functioning scale) .05 .53 .60 -.33 .57  

 Birthweight status .01 .12 .91 -.11 .12  

*p<.05. **p<.01. WRAT-4, Wide Range Achievement Test, Fourth Edition; FAD, Family Assessment Device. 

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table 5 

Birthweight status and family functioning predicting ADHD symptoms as measured by the Conner’s-3 in preterm infants.  

Regression Results Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender .12 2.63 .01 1.15 7.96 .02* 

 Cultural background -.05 -1.00 .32 -5.32 1.73  

 Mother’s highest level of education .04 .87 .38 -.00 .01  

 Father’s highest level of education .04 .72 .47 -.00 .00  

        

Step 2 Gender .11 2.39 .02 .73 7.41 .09** 

 Cultural background -.05 -1.06 .29 -5.34 1.60  

 Mother’s highest level of education .05 .93 .35 -.00 .01  

 Father’s highest level of education .03 .60 .55 -.00 .00  

 FAD (general functioning scale) .18 1.91 .06 -.25 16.64  

 Birthweight status -.07 -1.46 .15 -3.73 .55  

        

Step 3 Gender .11 2.49 .01 .89 7.57 .11 

 Cultural background -.05 -1.0 .31 -5.29 1.69  

 Mother’s highest level of education .05 .97 .34 -.00 .01  

 Father’s highest level of education .03 .57 .57 -.00 .00  

 FAD (general functioning scale) .28 1.83 .07 -.98 26.99  

 Birthweight status -.07 -1.60 .11 -3.93 .40  

 Birthweight status x general functioning -.12 -.80 .43 -15.27 6.45  

*p<.05. **p<.01.  

FAD, Family Assessment Device.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table 6 

Birthweight status and family functioning predicting total behavioural difficulties as measured by the SDQ in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender .14 3.03 .00 .10 .46 .02* 

 Cultural background -.04 -.86 .39 -.27 .11  

 Mother’s highest level of education -.02 -.34 .74 .00 .00  

 Father’s highest level of education .04 .78 .44 .00 .00  

        

Step 2 Gender .11 2.61 .01 .06 .40 .16** 

 Cultural background -.05 -1.05 .29 -.28 .08  

 Mother’s highest level of education -.01 -.16 .87 .00 .00  

 Father’s highest level of education .03 .63 .53 .00 .00  

 FAD (general functioning scale) .28 3.10 .00 .25 1.12  

 Birthweight status .01 .18 .86 -.10 .12  

        

Step 3 Gender .12 2.77 .01 .07 .41 .18 

 Cultural background -.04 -.92 .36 -.26 .10  

 Mother’s highest level of education -.01 -.20 .84 .00 .00  

 Father’s highest level of education .02 .42 .68 .00 .00  

 FAD (general functioning scale) .52 3.52 .00 .59 2.01  

 Birthweight status -.01 -.23 .82 -.13 .10  

 Birthweight status x general functioning -.30 -2.08 .04 -1.15 -.03  

*p<.05. **p<.01.  

FAD, Family Assessment Device.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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3.3. Additional Analyses 

Additional regression analyses were conducted with all six FAD scales  (Problem 

Solving, Communication, Roles, Affective Responsiveness, Affective Involvement, 

Behaviour Control, General Functioning), and their interactions with birthweight status were 

entered into the regression models. Within the additional regression analyses, the five 

outcomes (Math Computation, Spelling, Word Reading, ADHD symptoms, Total 

Behavioural Difficulties), as well as the additional five scales from the SDQ (Emotional 

Symptoms, Conduct Problems, Hyperactivity, Peer Problems, Prosocial Behaviour) were 

analysed.  

Figure 5. The relationship between the Family Assessment Device General 

Functioning Scale and Spelling standard scores as measured by the Wide Range 

Achievement Test (fourth edition), based on birthweight status. ELBW (Extremely 

Low Birth Weight, <1000g), VLBW (Very Low Birth Weight, <1500g), LBW (Low 

Birth Weight, <2500g). Higher Spelling scores represent better performance and 

higher FAD General Functioning scores represent more problematic family 

functioning.  
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The same regression analyses were performed, replacing birthweight categories with 

birthweight z-scores (as a continuous variable) as a susceptibility factor to examine whether 

the results differed. Bivariate correlations were conducted (see Table S-1), and when the 

susceptibility factor was correlated with any of the outcomes or any of the FAD variables, the 

steps outlined by Ellis et al (2011) were again followed to partial out the variance in the 

outcome. The results reflected similar trends and did not differ in any meaningful way. 

Regression analyses examining birthweight status as a susceptibility factor are presented in  

Tables S-2 – S8 and regression analyses examining birthweight z-scores as a susceptibility 

factor are presented in Tables S-9 – S-13.  

 Results from the additional regression analyses found a number of significant 

interaction effects which are indicated in the supplementary tables. All patterns of results 

were more consistent with the diathesis stress hypothesis than the differential susceptibility 

hypothesis and in line with the main pattern of findings discussed above. The only exception 

was the interaction effect of birthweight z-scores and the FAD general functioning scale 

which reflected a contrastive effect.  

 

4. Discussion 

This study explored how the quality of family functioning, as well as low birth weight 

can affect the preterm child in terms of behaviour, academic and ADHD symptom outcomes 

at seven years of age. We investigated whether preterm children with different levels of low 

birth weight (ELBW, VLBW, LBW) were differentially susceptible to family functioning. 

Our results found family functioning to be both an independent predictor of behavioural 

difficulties in preterm children, and to also have an interaction effect with birthweight status, 

whereby preterm children with lower birthweight experienced more problematic behavioural 

difficulties.  
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The results of the present study did not support the differential susceptibility 

hypothesis, but rather, indicated patterns more consistent with diathesis stress. Accordingly, 

all preterm infants were affected by family functioning in a similar pattern (i.e. more 

problematic family functioning was associated with worse outcomes and more optimal family 

functioning was associated with better outcomes), and preterm infants from the ELBW group 

appeared to have the most impaired functioning, indicating greater risk for preterm children 

with lower birthweight. This was further reinforced through the analysis of medical data 

during infant hospitalisation after birth, which indicated that preterm infants with lower 

birthweight experienced significantly higher health risks  (i.e. APGAR score, length of 

hospital stay, oxygen support). This is in line with previous research that has found lower 

gestational age and lower birth weight to be associated with significantly greater risk and 

more adverse outcomes (e.g. Ment, Allan, Makuch, & Voht, 2005; Moster, Terie, & 

Markestad, 2008).  

Several other studies have investigated the differential susceptibility hypothesis 

among preterm children and children with low birth weight. However, this study was the first 

to investigate low birth weight in a sample of preterm children as an additional risk factor. 

However, in line with the findings of Gueron-Sela et al (2016), the results of the present 

study also indicated that child susceptibility factors may not necessarily act in a cumulative 

linear manner. Accordingly, the combination of preterm birth and low birth weight did not 

reflect differential susceptibility. This is in contrast to the findings of Poehlmann et al (2011), 

who found the combination of preterm birth and proneness to distress to have a differential 

susceptibility effect on child cognitive development. 

Another potential reason that differential susceptibility was not reflected in this study, 

was that family functioning and child outcomes were measured at 7-years of age. While this 

was a reasonable approach, as previous studies have found an association between earlier life 
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family functioning and later life family functioning (e.g. Johnson, 2010), this may not have 

been the case in this particular sample. In most studies, the environmental outcome (e.g. 

parenting, home environment) has been captured at an earlier time-point than the child 

outcome measure (e.g. Gueron-Sela et al., 2015; Gueron-Sela et al., 2016; Poehlman et al., 

2011), which may provide a period of time for environmental effects to occur, and therefore 

for the child’s functioning to change. In our study, it is possible that family functioning 

scores reported at 7-years of age were not reflective of the quality of family functioning 

during infancy. Consequently, the child academic, behavioural and ADHD symptom 

outcomes may have been influenced by the quality of family functioning experienced by the 

child during their infancy, which, had it been measured, may have reflected a different 

relationship than what was reflected in our findings.  

The findings of the present study are best compared to those of Shah et al (2013), as 

the authors included three preterm groups (very preterm, moderate preterm, late preterm) and 

did not include a term-group. However, the present study included a significantly larger 

sample size. In terms of behavioural outcomes, both the findings of our study and those of 

Shah et al (2013) did not find support for the differential susceptibility hypothesis.  

It is noteworthy that outcome scores for both academic functioning and behavioural 

functioning were close to or in the Average range across the sample, regardless of birthweight 

status. Whereas for ADHD symptoms, scores were in the High Average range in the context 

of less problematic family functioning, but moved to the Elevated range for LBW and VLBW 

infants, and the Very Elevated range for ELBW infants in the context of more problematic 

family functioning. Thus, in line with the suggestions of Murray et al. (2016), it is possible 

that in regard to ADHD symptoms, the quality of family functioning may impact the child in 

such a way that has clinical significance, regardless of birthweight. It is also possible that the 

effect of family functioning may be less noticeable when preterm children are already 
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functioning around the Average range, as was evidenced for behavioural and academic 

functioning in this sample.  

Further to this, over eighty percent of the sample did not meet the cut off score for 

what is considered problematic family functioning, which is in contrast to studies that have 

indicated families of preterm children to experience high levels of problematic family 

functioning (Treyvaud et al., 2014). Accordingly, although there was a minimal attrition rate 

(92% of participants from the original trial participated in 7-year follow up), it is possible that 

families with lower family functioning were amongst those who did not participate in the 7-

year follow up. Thus, it may be that the present sample experienced better family functioning 

than would normally be expected in the preterm population, and that this indeed had a 

protective effect on their developmental outcomes. Future studies should include a sample of 

preterm children with varying levels of family functioning that more evenly range from more 

optimal to problematic functioning in order to determine how outcomes vary in the context of 

more problematic family functioning.  

This study had a number of strengths. Firstly, most studies conducted in this area, as 

well as all those that have specifically investigated differential susceptibility, have focused on 

preterm outcomes during infancy. However, in line with recommendations for future research 

suggested by Gueron-Sela et al (2015), the present study contributed to the literature by 

examining outcomes at seven years of age. A large sample was also included, with an evenly 

spread distribution of participants across the three birthweight categories, allowing for 

meaningful comparisons to be made. Furthermore, Gueron-Sela et al (2015) and Shah et al 

(2013) recommended that research investigating differential susceptibility should include 

comparisons of differing levels of prematurity and birth weight, as well as preterm infants 

with differing levels of medical risk. The present study achieved this by including the 

additional risk of low birth weight in a preterm sample, which was associated with differing 
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levels of medical risk based on birthweight status. Additionally, several limitations from 

previous studies were addressed, including the inclusion of ADHD symptoms rather than the 

presence or absence of an ADHD diagnosis, as well as the inclusion of academic functioning 

and behavioural functioning in order to capture the multidimensional nature of ADHD 

(Deault, 2010, p. 170). Furthermore, the variable of family functioning was selected as a key 

variable of interest as it has been relatively unexplored in the preterm population, despite its 

relevance in this population (Treyvaud et al., 2011). Through examining family functioning, 

the present study was better able to account for the bi-directionality of parent-child 

relationships that is not captured in parenting measures. This is particularly important in the 

preterm population, as multiple studies have indicated that the very event of having a preterm 

child born into a family can have a profound effect on the family (e.g. Cronin et al., 1995; 

Treyvaud, 2014).  

Limitations were also present in this study. Firstly, a normal comparison groups was 

not included, as all participants were preterm and had a birthweight <2,500g. Accordingly, 

while this study would have been able to detect any differences in susceptibility within a 

large preterm cohort with differing levels of LBW, if a term-born or normal birthweight 

control group was included, differences in susceptibility could have been detected between 

the two groups. It may be that although preterm and LBW children differ from one another in 

terms of outcomes, depending on their level of risk, prematurity and birthweight, these 

differences may not equate to differences in susceptibility. It may be that as a group, preterm 

children have a common predisposition to respond similarly to the environment, whereby it 

may be more appropriate to treat preterm and/or low birth weight children as one group in 

terms of environmental susceptibility, and compare them to a normal control group, rather 

than to split the preterm group in terms of risk. 
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 Additionally, the present study did not include a measure of infant temperamental 

reactivity or proneness to distress, which have been found to be specific differential 

susceptibility factors in the preterm population (e.g. Gueron-Sela et al., 2016; Poehlmann et 

al., 2011). Furthermore, while the FAD and SDQ are commonly used measures of family 

functioning and child behavioural functioning, they are not the ‘gold standard’ approach of 

assessment. These measures were completed by the mother of the child, which may have 

resulted in reporting bias. While this format of collecting data has been widely used across a 

number of studies, future studies may consider using a multi-informant approach to 

assessment, as well as an observational assessment in order to triangulate data.  

The present study did not find support for the differential susceptibility hypothesis. 

However, there was a general trend whereby poorer family functioning was associated with 

worse outcomes, reinforcing the idea that prevention and intervention strategies at the family-

level are worthy of further investigation in order to support the preterm/LBW child. Using the 

FAD as a screening tool for identifying at-risk families may be an area worthy of 

investigation. Furthermore, as the present sample experienced better than expected family 

functioning, future studies may examine child outcomes in a sample that includes families 

with more problematic family functioning, in order to gain a better understanding of how this 

may impact child functioning. The inclusion of infant temperamental reactivity or proneness 

to distress may also be considered in future studies in order to determine whether these 

factors better explain differential susceptibility in the preterm/low birth weight population. 

As the body of research investigating differential susceptibility in the preterm and 

LBW population grows, it appears that more questions than answers arise. While some 

studies have found some support for the differential susceptibility hypothesis, overall, the 

findings can at best be described as mixed. There is no clear general consensus regarding 

what factors inevitably cause differential susceptibility in preterm and LBW children. 
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Whether differential susceptibility is a viable theory for understanding resilience in 

preterm/LBW children remains to be determined. However, what is clear is that 

preterm/LBW children are inherently at greater risk for a number of neurodevelopmental 

difficulties, and that the quality of their proximal environment appears to have an effect. The 

findings of the present study indicate family functioning to be one such area worthy of further 

attention and investigation.  
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Supplementary Tables (S-1 – S-13) 

 

Table S-1. Bivariate correlations and descriptive statistics for key variables 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18  

1. Infant birthweight -                   

2. Birthweight z-score .62** -                  

3. FAD problem solving .00 .02 -                 

4. FAD communication -.05 -.04 .68** -                

5. FAD roles -.02 .04 .52** .53** -               

6. FAD affective 

responsiveness 

.01 .00 .56** .65** .46** -              

7. FAD affective 

involvement 

.10* .05 .47** .54** .56** .55** -             

8. FAD behaviour control .04 .03 .50** .51** .55** .53** .53** -            

9. FAD general functioning .02 -.01 .74** .73** .61** .73** .63** .62** -           

10. WRAT word reading .11* .07 .07 -.02 -.15** .00 -.05 -.12** -.01 -          

11. WRAT spelling .15** .09* .08 -.11* -.15** -.02 -.06 -.07 -.02 .81** -         

12. WRAT math .18** .08 .02 -.11* -.19** -.06 -.08 -.11* -.08 .63** .81** -        

13. Conners-3 ADHD 

symptoms 

-.08 .00 .11* .14** .22** .14** .13** .06 .18** -.16** -.20** -.24** -       

14. SDQ emotional 

symptoms 

-.03 .04 .10* .07 .20** .14** .09* .08 .16** .00 -.03 -.11* .35** -      

15. SDQ conduct problems -.02 -.02 .16** .19** .29** .19** .23** .11* .28** -.13** -.17** -.18** .52** .34** -     

16. SDQ hyperactivity -.11* -.04 .17** .18** .25** .16** .16** .10* .22** -.22** -.27** -.31** .76** .34** .54** -    

17. SDQ peer problems -.12** -.09 .16** .18** .25** .19** .15** .12* .22** -.01 -.10* -.12** .36** .39** .38** .39** -   

18. SDQ prosocial -.12* -.01 -.28** -.25** -.31** -.31** -.24** -.21** -.35** .04 .11* .14** -.31** -.17** -.45** -.38** -.36** -  

19. SDQ total difficulties -.10* -.04 .20** .21** .33** .23** .20** .13** .29** -.40** -.20** -.26** .70** .69** .75** .82** .69** -.45**  

Note: FAD, Family Assessment Device; WRAT, Wide Range Achievement Device, Fourth Edition; SDQ, Strengths and Difficulties Questionnaire.  

*p<.05. **p<.01. 
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Table S-2 

Birthweight status and family functioning predicting ADHD symptoms as measured by the Conner’s-3 and behavioural problems as measured by the SDQ 

in preterm infants.  

Step 2 regression results Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

ADHD Symptoms (Conner’s-3) Gender .11 2.39 .02* .73 7.41 .09** 

 Cultural background -.05 -1.06 .29 -5.34 1.60  

 Mother’s highest level of education .05 .93 .35 -.00 .01  

 Father’s highest level of education .03 .60 .55 -.00 .00  

 FAD (problem solving scale) -.08 -1.08 .28 -10.35 3.00  

 FAD (communication scale) .01 .09 .93 -6.68 7.35  

 FAD (roles scale) .20 3.20 .00** 4.08 17.08  

 FAD (affective responsiveness scale) .03 .35 .72 -4.74 6.81  

 FAD (affective involvement scale) -.01 -.08 .94 -5.93 5.50  

 FAD (behaviour control scale) -.13 -2.05 .04* -13.66 -.28  

 FAD (general functioning scale) .18 1.91 .06 -.25 16.64  

 Birthweight status -.07 -1.46 .15 -3.73 .55  

        

Conduct Problems (SDQ) Gender .09 1.94 .05* -.00 .63 .14** 

 Cultural background -.04 -.95 .34 -.49 .17  

 Mother’s highest level of education -.01 -.21 .84 -.00 .00  

 Father’s highest level of education .03 .57 .57 .00 .00  

 FAD (problem solving scale scale) -.12 -1.65 .10 -1.17 .10  

 FAD (communication scale) -.03 -.36 .72 -.79 .55  

 FAD (roles scale) .22 3.60 .00** .51 1.75  

 FAD (affective responsiveness scale) -.02 -.35 .73 -.65 .45  

 FAD (affective involvement scale) .06 .91 .37 -.29 .80  
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 FAD (behaviour control scale) -.16 -2.65 .01* -1.49 -.22  

 FAD (general functioning scale) .34 3.71 .00** .71 2.31  

 Birthweight status -.00 -.10 .92 -.22 .19  

        

Hyperactivity (SDQ) Gender .22 4.89 .00 .26 .61  

 Cultural background -.07 -1.47 .14 -.32 .05  

 Mother’s highest level of education .06 1.21 .23 .00 .00  

 Father’s highest level of education .01 .27 .79 .00 .00  

 FAD (problem solving scale) -.02 -.28 .78 -.40 .30  

 FAD (communication scale) .02 .34 .73 -.30 .43  

 FAD (roles scale) .18 2.99 .00 .18 .86  

 FAD (affective responsiveness scale) -.00 -.06 .95 -.31 .29  

 FAD (affective involvement scale) .02 .32 .75 -.25 .35  

 FAD (behaviour control scale) -.08 -1.28 .20 -.58 .12  

 FAD (general functioning scale) .14 1.54 .13 -.10 .79  

 Birthweight status .01 .15 .88 -.10 .12  

*p<.05. **p<.01.  

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire. 

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 

Note: Regression results which included a significant interaction effect in Step 3 of the analysis are presented in individual tables (see Tables S-3 – S-8).  
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Table S-3 

Birthweight status and family functioning predicting Math Computation performance as measured by the WRAT-4 in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender -.09 -1.89 .06 -.36 .01 .01 

 Cultural background .01 .13 .90 -.18 .20  

 Mother’s highest level of education .05 1.07 .29 .00 .00  

 Father’s highest level of education -.06 -1.16 .25 .00 .00  

        

Step 2 Gender -.09 -1.92 .06 -.36 .00 .08** 

 Cultural background .02 .38 .70 -.15 .23  

 Mother’s highest level of education .03 .70 .48 .00 .00  

 Father’s highest level of education -.04 -.72 .47 .00 .00  

 FAD (problem solving scale) .24 3.33 .00** .25 .97  

 FAD (communication scale) -.14 -1.93 .06 -.76 .01  

 FAD (roles scale) -.22 -3.48 .00** -.98 -.27  

 FAD (affective responsiveness scale)  .04 .62 .54 -.21 .41  

 FAD (affective involvement scale) .02 .34 .74 -.26 .37  

 FAD (behaviour control scale) -.06 -1.03 .30 -.55 .17  

 FAD (general functioning scale) -.01 -.13 .90 -.49 .43  
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 Birthweight status .01 .16 .87 -.11 .13  

        

Step 3 Gender -.09 -1.98 .05* -.37 -.00 .09 

 Cultural background .02 .44 .66 -.15 .23  

 Mother’s highest level of education .03 .58 .56 .00 .00  

 Father’s highest level of education -.03 -.56 .57 .00 .00  

 FAD (problem solving scale) .30 2.41 .02* .14 1.39  

 FAD (communication scale) -.13 -1.09 .28 -.98 .28  

 FAD (roles scale) -.40 -3.87 .00** -1.72 -.56  

 FAD (affective responsiveness scale)  .03 .22 .82 -.47 .59  

 FAD (affective involvement scale) .14 1.28 .20 -.18 .87  

 FAD (behaviour control scale) -.07 -.62 .54 -.84 .44  

 FAD (general functioning scale) -.04 -.24 .81 -.85 .67  

 Birthweight status .01 .19 .85 -.11 .13  

 Birthweight status x problem solving scale -.08 -.66 .51 -.63 .31  

 Birthweight status x communication scale -.04 -.32 .75 -.56 .40  

 Birthweight status x roles scale .25 2.30 .02* .08 1.00  

 Birthweight status x affective responsiveness 

scale 

.05 .38 .70 -.33 .49  

 Birthweight status x affective involvement scale -.15 -1.45 .15 -.69 .10  

 Birthweight status x behaviour control scale .00 .04 .97 -.48 .50  
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 Birthweight status x general functioning scale .02 .14 .89 -.55 .63  

*p<.05. **p<.01. 

FAD, Family Assessment Device; WRAT-4, Wide Range Achievement Test, Fourth Edition.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-4 

Birthweight status and family functioning predicting Spelling performance as measured by the WRAT-4 in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender -.15 -3.13 .00** -.47 -.11 .04* 

 Cultural background .01 .23 .78 -.16 .21  

 Mother’s highest level of education .03 .62 .53 .00 .00  

 Father’s highest level of education -.12 -2.36 .02* .00 .00  

        

Step 2 Gender -.15 -3.25 .00** -.48 -.12 .09** 

 Cultural background .03 .54 .59 -.14 .24  

 Mother’s highest level of education .01 .22 .82 .00 .00  

 Father’s highest level of education -.10 -1.90 .06 .00 .00  

 FAD (problem solving scale) .26 3.59 .00** .30 1.01  

 FAD (communication scale) -.14 -1.86 .06 -.74 .02  

 FAD (roles scale) -.17 -2.64 .01* -.83 -.12  

 FAD (affective responsiveness scale)  .05 .73 .46 -.19 .42  

 FAD (affective involvement scale) -.02 -.26 .80 -.35 .27  

 FAD (behaviour control scale) -.09 -1.41 .16 -.62 .10  

 FAD (general functioning scale) .03 .27 .78 -.39 .51  
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 Birthweight status .00 .04 .97 -.11 .12  

        

Step 3 Gender -.15 -3.24 .00** -.48 -.12 .11 

 Cultural background .03 .64 .52 -.13 .25  

 Mother’s highest level of education .00 .08 .94 .00 .00  

 Father’s highest level of education -.09 -1.84 .07 .00 .00  

 FAD (problem solving scale) .35 2.77 .01* .25 1.49  

 FAD (communication scale) -.17 -1.41 .16 -1.07 .18  

 FAD (roles scale) -.32 -3.14 .00** -1.49 -.34  

 FAD (affective responsiveness scale)  .01 .05 .96 -.51 .54  

 FAD (affective involvement scale) .07 .61 .54 -.36 .69  

 FAD (behaviour control scale) -.14 -1.31 .19 -1.07 .21  

 FAD (general functioning scale) .12 .77 .44 -.46 1.05  

 Birthweight status -.01 -.12 .90 -.13 .11  

 Birthweight status x problem solving scale -.11 -.90 .37 -.68 .25  

 Birthweight status x communication scale .02 .16 .88 -.44 .52  

 Birthweight status x roles scale .22 2.04 .04* .02 .93  

 Birthweight status x affective responsiveness 

scale 

.08 .63 .53 -.28 .54  

 Birthweight status x affective involvement 

scale 

-.12 -1.15 .25 -.62 .16  
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 Birthweight status x behaviour control scale .07 .62 .53 -.34 .65  

 Birthweight status x general functioning 

scale 

-.12 -.81 .42 -.83 .34  

*p<.05. **p<.01. 

FAD, Family Assessment Device; WRAT-4, Wide Range Achievement Test.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-5 

Birthweight status and family functioning predicting Word Reading performance as measured by the WRAT-4  in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender -.11 -2.25 .03* -.39 -.03 .02 

 Cultural background .01 .15 .88 -.17 .20  

 Mother’s highest level of education .02 .44 .66 .00 .00  

 Father’s highest level of education -.08 -1.64 .10 .00 .00  

        

Step 2 Gender -.12 -2.51 .01* -.41 -.05 .87** 

 Cultural background .01 .28 .78 -.16 .21  

 Mother’s highest level of education .01 .10 .92 .00 .00  

 Father’s highest level of education -.06 -1.27 .21 .00 .00  

 FAD (problem solving scale) .22 3.02 .00** .19 .91  

 FAD (communication scale) -.07 -.93 .35 -.56 .20  

 FAD (roles scale) -.19 -2.94 .00** -.87 -.17  

 FAD (affective responsiveness scale)  .08 1.11 .27 -.13 .48  

 FAD (affective involvement scale) .02 .24 .81 -.27 .35  

 FAD (behaviour control scale) -.19 -3.00 .00** -.91 -.19  

 FAD (general functioning scale) .05 .53 .60 -.33 .57  
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 Birthweight status .01 .12 .91 -.20 .12  

        

Step 3 Gender -.12 -2.55 .01* -.41 -.05 .10 

 Cultural background .02 .32 .75 -.16 .22  

 Mother’s highest level of education -.00 -.04 .97 .00 .00  

 Father’s highest level of education -.05 -1.04 .30 .00 .00  

 FAD (problem solving scale) .27 2.19 .03* .07 1.30  

 FAD (communication scale) -.14 -1.19 .24 -1.00 .25  

 FAD (roles scale) -.40 -3.90 .00** -1.70 -.56  

 FAD (affective responsiveness scale)  .14 1.15 .25 -.22 .83  

 FAD (affective involvement scale) .15 1.38 .17 -.15 .89  

 FAD (behaviour control scale) -.19 -1.72 .09 -1.19 .08  

 FAD (general functioning scale) .03 .17 .87 -.69 .82  

 Birthweight status .01 .11 .92 -.11 .12  

 Birthweight status x problem solving scale -.07 -.63 .53 -.62 .32  

 Birthweight status x communication scale .07 .52 .60 -.35 .60  

 Birthweight status x roles scale .28 2.60 .01* .15 1.06  

 Birthweight status x affective responsiveness 

scale 

-.05 .39 .70 -.49 .33  

 Birthweight status x affective involvement 

scale 

-.17 -1.58 .11 -.70 .08  
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 Birthweight status x behaviour control scale .01 .05 .96 -.48 .50  

 Birthweight status x general functioning scale .02 .14 .89 -.54 .63  

*p<.05. **p<.01. 

FAD, Family Assessment Device; WRAT-4, Wide Range Achievement Test, Fourth Edition.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-6 

Birthweight status and family functioning predicting Emotional Symptoms as measured by the SDQ in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender -.06 -1.25 .21 -.63 .14 .01 

 Cultural background -.03 -.54 .59 -.51 .29  

 Mother’s highest level of education -.08 -1.58 .11 -.00 .00  

 Father’s highest level of education .08 1.57 .12 .00 .00  

        

Step 2 Gender -.07 -1.56 .12 -.68 .08 .07** 

 Cultural background -.02 -.45 .65 -.49 .31  

 Mother’s highest level of education -.07 -1.50 .14 -.00 .00  

 Father’s highest level of education .07 1.36 .17 .00 .00  

 FAD (problem solving scale) -.04 -.53 .60 -.96 .56  

 FAD (communication scale) -.11 -1.50 .13 -1.41 .19  

 FAD (roles scale) .22 3.42 .00 .55 2.03  

 FAD (affective responsiveness scale)  .07 .97 .33 -.33 .98  

 FAD (affective involvement scale) -.07 -1.04 .30 -1.0 .31  

 FAD (behaviour control scale) -.09 -1.51 .13 -1.34 .18  

 FAD (general functioning scale) .20 2.15 .03 .09 2.00  
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 Birthweight status -.02 -.43 .67 -.30 .19  

        

Step 3 Gender -.07 -1.41 .16 -.65 .11 .09 

 Cultural background -.01 -.15 .88 -.43 .37  

 Mother’s highest level of education -.08 -1.54 .12 -.00 .00  

 Father’s highest level of education .06 1.25 .21 .00 .00  

 FAD (problem solving scale) -.05 -.40 .69 -1.55 1.03  

 FAD (communication scale) -.17 -1.44 .15 -2.23 .34  

 FAD (roles scale) .23 2.22 .03 .16 2.55  

 FAD (affective responsiveness scale)  -.03 -.28 .78 -1.27 .95  

 FAD (affective involvement scale) .05 .43 .67 -.85 1.32  

 FAD (behaviour control scale) -.28 -2.57 .01 -3.06 -.41  

 FAD (general functioning scale) .42 2.68 .01 .58 3.76  

 Birthweight status -.04 .79 .43 -.35 .15  

 Birthweight status x problem solving scale .01 .09 .93 -.94 1.03  

 Birthweight status x communication scale .08 .64 .52 -.67 1.32  

 Birthweight status x roles scale -.00 -.02 .99 -.97 .96  

 Birthweight status x affective responsiveness 

scale 

.13 1.05 .30 -.40 1.33  

 Birthweight status x affective involvement 

scale 

-.15 -1.47 .14 -1.43 .21  
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 Birthweight status x behaviour control scale .24 2.14 .03 .09 2.14  

 Birthweight status x general functioning 

scale 

-.28 -1.85 .07 -2.40 .08  

*p<.05. **p<.01. 

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-7 

Birthweight status and family functioning predicting Peer Problems as measured by the SDQ in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender .09 1.82 .07 -.01 .35 .01 

 Cultural background .00 .05 .96 -.19 .20  

 Mother’s highest level of education -.03 -.56 .58 .00 .00  

 Father’s highest level of education -.01 -.26 .80 .00 .00  

        

Step 2 Gender .07 1.43 .15 -.05 .31 .09** 

 Cultural background -.00 -.08 .93 -.19 .18  

 Mother’s highest level of education -.02 -.38 .71 .00 .00  

 Father’s highest level of education -.03 -.51 .61 .00 .00  

 FAD (problem solving scale) -.06 -.89 .38 -.52 .20  

 FAD (communication scale) -.01 -.18 .85 -.41 .34  

 FAD (roles scale) .24 3.81 .00** .33 1.02  

 FAD (affective responsiveness scale)  .07 .94 .35 -.16 .46  

 FAD (affective involvement scale) -.05 -.72 .47 -.42 .19  

 FAD (behaviour control scale) -.10 -1.65 .10 -.66 .06  

 FAD (general functioning scale) .18 1.97 .05* .00 .90  
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 Birthweight status .00 .03 .98 -.11 .12  

        

Step 3 Gender .07 1.61 .11 -.03 .33 .12 

 Cultural background -.01 -.11 .91 -.20 .18  

 Mother’s highest level of education -.03 -.52 .61 .00 .00  

 Father’s highest level of education -.03 -.69 .49 .00 .00  

 FAD (problem solving scale) .11 .88 .38 -.33 .88  

 FAD (communication scale) -.19 -1.67 .10 -1.11 .09  

 FAD (roles scale) .32 3.13 .00** .33 1.46  

 FAD (affective responsiveness scale)  .09 .72 .47 -.33 .71  

 FAD (affective involvement scale) -.12 -1.12 .26 -.80 .22  

 FAD (behaviour control scale) -.27 -2.56 .01* -1.43 -.19  

 FAD (general functioning scale) .33 2.13 .03* .06 1.56  

 Birthweight status -.02 -.34 .73 -.14 .10  

 Birthweight status x problem solving scale -.19 -1.67 .10 -.85 .07  

 Birthweight status x communication scale .25 2.12 .04* .04 .97  

 Birthweight status x roles scale -.11 -1.05 .29 -.69 .21  

 Birthweight status x affective responsiveness 

scale 

-.04 -.38 .71 -.48 .33  

 Birthweight status x affective involvement 

scale 

.07 .70 .49 -.25 .52  
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 Birthweight status x behaviour control scale .22 1.97 .05* .00 .96  

 Birthweight status x general functioning scale -.18 -1.22 .22 -.94 .22  

*p<.05. **p<.01. 

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-8 

Birthweight status and family functioning predicting Prosocial Behaviour as measured by the SDQ  in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender -.15 -3.12 .00** -.47 -.11 .03* 

 Cultural background .05 1.16 .25 -.08 .30  

 Mother’s highest level of education .02 .40 .69 .00 .00  

 Father’s highest level of education .05 .94 .35 .00 .00  

        

Step 2 Gender -.12 -2.81 .01* -.41 -.07 .18** 

 Cultural background .07 1.58 .12 -.04 .32  

 Mother’s highest level of education .02 .36 .72 .00 .00  

 Father’s highest level of education .05 1.04 .30 .00 .00  

 FAD (problem solving scale) -.06 -.83 .41 -.48 .20  

 FAD (communication scale) .11 1.57 .12 -.07 .64  

 FAD (roles scale) -.18 -2.99 .00** -.83 -.17  

 FAD (affective responsiveness scale)  -.14 -2.11 .04* -.61 -.02  

 FAD (affective involvement scale) -.00 -.05 .96 -.30 .28  

 FAD (behaviour control scale) .05 .88 .38 -.19 .49  

 FAD (general functioning scale) -.21 -2.42 .02* -.95 -.10  
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 Birthweight status .00 .01 .00** -.11 .11  

        

Step 3 Gender -.13 -2.95 .00** -.42 -.09 .20 

 Cultural background .06 1.47 .14 -.05 .31  

 Mother’s highest level of education .02 .47 .64 .00 .00  

 Father’s highest level of education .06 1.18 .24 .00 .00  

 FAD (problem solving scale) -.18 -1.50 .13 -1.03 .14  

 FAD (communication scale) .32 2.88 .00** .27 1.42  

 FAD (roles scale) -.19 -1.94 .05* -1.06 .01  

 FAD (affective responsiveness scale)  -.08 -.68 .50 -.67 .32  

 FAD (affective involvement scale) -.05 -.47 .64 -.60 .37  

 FAD (behaviour control scale) .04 .42 .67 -.47 .72  

 FAD (general functioning scale) -.34 -2.30 .02* -1.54 -.12  

 Birthweight status .02 .39 .70 -.09 .13  

 Birthweight status x problem solving scale .15 1.34 .18 -.14 .74  

 Birthweight status x communication scale -.28 -2.48 .01* -1.01 -.12  

 Birthweight status x roles scale .02 .22 .83 -.38 .48  

 Birthweight status x affective responsiveness 

scale 

-.07 -.60 .55 -.50 .27  

 Birthweight status x affective involvement 

scale 

.07 .67 .50 -.24 .49  
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 Birthweight status x behaviour control scale .00 .00 .97 -.45 .47  

 Birthweight status x general functioning scale .16 1.11 .27 -24 .87  

*p<.05. **p<.01. 

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 



 120 

Table S-9 

Birthweight z-scores and family functioning predicting academic and behavioural outcomes as measured by the WRAT-4 and SDQ in preterm 

infants.  

Step 2 regression results Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Math Computation (WRAT-4) Gender -.08 -1.65 .10 -4.67 .40 .09** 

 Cultural background .02 .52 .61 -1.95 3.33  

 Mother’s education .02 .36 .72 -.00 .01  

 Father’s education -.03 -.58 .56 -.00 .00  

 FAD (problem solving scale) .24 3.26 .00** 3.34 13.50  

 FAD (communication scale) -.15 -2.07 .04* -11.01 -.30  

 FAD (roles scale) -.24 -3.73 .00** -14.38 -4.45  

 FAD (affective responsiveness 

scale) 

.03 .48 .63 -3.29 5.44  

 FAD (affective involvement 

scale) 

.04 .59 .56 -3.05 5.67  

 FAD (behaviour control scale) -.06 -.97 .33 -7.58 2.58  

 FAD (general functioning scale) .00 .01 .99 -6.37 6.43  

 Birthweight z-score .09 2.05 .04* .05 2.38  

        

Spelling (WRAT-4) Gender -.14 -3.00 .00** -7.16 -1.49 .10** 
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 Cultural background .03 .65 .52 -1.97 3.89  

 Mother’s education -.00 -.08 .93 -.01 .01  

 Father’s education -.09 -1.79 .08 -.00 .00  

 FAD (problem solving scale) .25 3.50 .00** 4.42 15.72  

 FAD (communication scale) -.15 -1.98 .05* -11.99 -.04  

 FAD (roles scale) -.18 -2.88 .00** -13.66 -2.59  

 FAD (affective responsiveness 

scale) 

.04 .59 .55 -3.41 6.34  

 FAD (affective involvement 

scale) 

-.00 -.05 .96 -4.97 4.74  

 FAD (behaviour control scale) -.09 -1.38 .17 -9.73 1.72  

 FAD (general functioning scale) .04 .44 .66 -5.56 8.72  

 Birthweight z-score .11 2.32 .02* .24 2.83  

        

Word Reading (WRAT-4) Gender -.11 -2.37 .02* -6.31 -.59 .09** 

 Cultural background .02 .34 .73 -2.46 3.49  

 Mother’s education -.01 -.09 .93 -.01 .01  

 Father’s education -.06 -1.23 .22 -.00 .00  

 FAD (problem solving scale) .21 2.93 .00** 2.81 14.25  

 FAD (communication scale) -.07 -.96 .34 -8.99 3.09  

 FAD (roles scale) -.20 -3.13 .00** -14.50 -3.31  
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 FAD (affective responsiveness 

scale) 

.07 1.03 .31 -2.35 7.49  

 FAD (affective involvement 

scale) 

.02 .33 .74 -4.08 5.73  

 FAD (behaviour control scale) -.19 -3.00 .00** -14.53 -3.04  

 FAD (general functioning scale) .06 .67 .50 -4.76 9.70  

 Birthweight z-score .10 2.08 .04* .07 2.70  

        

Peer Problems (SDQ) Gender .06 1.23 .22 -.12 .52 .10** 

 Cultural background -.01 -.18 .86 -.36 .30  

 Mother education -.01 -.11 .91 -.00 .00  

 Father education -.03 -.50 .55 .00 .00  

 FAD (problem solving scale) -.06 -.82 .42 -.91 .37  

 FAD (communication scale) -.01 -.07 .95 -.69 .65  

 FAD (roles scale) .25 4.01 .00** .65 1.89  

 FAD (affective responsiveness 

scale) 

.07 1.03 .30 -.26 .84  

 FAD (affective involvement 

scale) 

-.06 -.91 .37 -.80 .29  

 FAD (behaviour control scale) -.10 -1.64 .10 -1.17 .11  

 FAD (general functioning scale) .17 1.82 .07 -.06 1.56  
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 Birthweight z-score -.09 -2.03 .04* -.30 -.01  

        

Prosocial Behaviour (SDQ) Gender -.11 -2.57 .01* -.74 -.10 .18** 

 Cultural background .07 1.71 .09 -.04 .63  

 Mother education .01 .12 .91 -.00 .00  

 Father education .06 1.19 .23 .00 .00  

 FAD (problem solving scale) -.05 -.75 .46 -.89 .40  

 FAD (communication scale) .09 1.28 .20 -.23 1.12  

 FAD (roles scale) -.18 -3.10 .00** -1.62 -.36  

 FAD (affective responsiveness 

scale) 

-.14 -2.15 .03* -1.16 -.05  

 FAD (affective involvement 

scale) 

.02 .26 .80 -.48 .62  

 FAD (behaviour control scale) .06 .95 .34 -.33 .95  

 FAD (general functioning scale) -.21 -2.38 .02* -1.80 -.17  

 Birthweight z-score -.00 -.05 .97 -.15 .14  

*p<.05. **p<.01.  

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire; WRAT-4, Wide Range Achievement Test, Fourth Edition.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 

Note: Regression results which included a significant interaction effect in Step 3 of the analysis are presented in individual tables (see Tables S-10 – S-13).   
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Table S-10 

Birthweight z-scores and family functioning predicting ADHD Symptoms as measured by the Conner’s-3 in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender .12 2.63 .01* 1.15 8.00 .02* 

 Cultural background -.05 -1.00 .32 -5.32 1.73  

 Mother’s education .04 .87 .38 -.00 .01  

 Father’s education .04 .72 .47 -.00 .00  

        

Step 2 Gender .10 2.28 .02* .53 7.20 .09** 

 Cultural background -.05 -1.12 .26 -5.46 1.49  

 Mother’s education .05 1.06 .29 -.00 .01  

 Father’s education .03 .52 .60 -.00 .00  

 FAD (problem solving scale) -.08 -1.11 .27 -10.48 2.93  

 FAD (communication scale) .02 .24 .81 -6.16 7.87  

 FAD (roles scale) .20 3.36 .00** 4.29 17.31  

 FAD (affective responsiveness scale)  .03 .38 .70 -4.66 6.91  

 FAD (affective involvement scale) -.02 -.24 .81 -6.41 5.01  

 FAD (behaviour control scale) -.13 -2.08 .04* -13.80 -.39  

 FAD (general functioning scale) .18 1.90 .06 -.29 16.66  
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 Birthweight z-score .00 .07 .97 -1.47 1.57  

        

Step 3 Gender .11 2.30 .02* .57 7.25 .11 

 Cultural background -.06 -1.20 .23 -5.62 1.36  

 Mother’s education .05 1.08 .28 -.00 .01  

 Father’s education .02 .45 .66 -.00 .00  

 FAD (problem solving scale) -.05 -.56 .58 -9.64 5.41  

 FAD (communication scale) .05 .59 .55 -5.32 9.92  

 FAD (roles scale) .18 2.64 .01* 2.41 16.35  

 FAD (affective responsiveness scale)  .04 .56 .58 -4.53 8.12  

 FAD (affective involvement scale) -.00 -.03 .98 -6.27 6.08  

 FAD (behaviour control scale) -.08 -1.13 .26 -11.63 3.13  

 FAD (general functioning scale) .09 .88 .38 -5.07 13.35  

 Birthweight z-score -.40 -1.41 .16 -16.25 2.69  

 Birthweight z-score x problem solving scale .38 1.15 .25 -2.55 9.76  

 Birthweight z-score x communication scale .39 1.15 .25 -2.48 9.47  

 Birthweight z-score x roles scale -.36 -1.05 .30 -8.52 2.60  

 Birthweight z-score x affective responsiveness scale .26 .93 .35 -2.82 7.89  

 Birthweight z-score x affective involvement scale .05 .16 .88 -5.10 5.98  

 Birthweight z-score x behaviour control scale .58 1.94 .05 -1.0 12.88  

 Birthweight z-score x general functioning scale -.90 -2.33 .02* -17.28 -1.47  
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*p<.05. **p<.01. 

FAD, Family Assessment Device.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-11 

Birthweight z-scores and family functioning predicting Conduct Problems as measured by the SDQ in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender .11 2.41 .02* .08 .74 .02 

 Cultural background -.04 -.76 .45 -.48 .21  

 Mother’s education -.02 -.33 .74 -.00 .00  

 Father’s education .03 .63 .53 .00 .00  

        

Step 2 Gender .09 1.94 .05* -.00 .63 .14** 

 Cultural background -.04 -.95 .34 -.49 .17  

 Mother’s education -.01 -.19 .85 -.00 .00  

 Father’s education .03 .58 .56 .00 .00  

 FAD (problem solving scale) -.11 -1.62 .11 -1.16 .11  

 FAD (communication scale) -.03 -.39 .70 -.80 .54  

 FAD (roles scale) .22 3.62 .00** .52 1.76  

 FAD (affective responsiveness scale)  -.02 -.34 .74 -.64 .45  

 FAD (affective involvement scale) .06 .93 .35 -.29 .80  

 FAD (behaviour control scale) -.16 -2.64 .01* -1.49 -.22  

 FAD (general functioning scale) .33 3.67 .00** .70 2.30  
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 Birthweight z-score -.02 -.51 .61 -.18 .11  

        

Step 3 Gender .09 1.97 .05* .00 .64 .15 

 Cultural background -.05 -1.15 .25* -.53 .14  

 Mother’s education -.01 -.17 .87 -.00 .00  

 Father’s education .02 .45 .65 .00 .00  

 FAD (problem solving scale) -.08 -.98 .33 -1.08 .36  

 FAD (communication scale) .01 .07 .94 -.70 .75  

 FAD (roles scale) .19 2.96 .00** .34 1.67  

 FAD (affective responsiveness scale)  -.03 -.40 .69 -.72 .48  

 FAD (affective involvement scale) .06 .93 .35 -.31 .87  

 FAD (behaviour control scale) -.12 -1.86 .06 -1.36 .04  

 FAD (general functioning scale) .26 2.59 .01* .28 2.03  

 Birthweight z-score -.18 -.65 .51 -1.19 .60  

 Birthweight z-score x problem solving scale .43 1.35 .18 -.18 .99  

 Birthweight z-score x communication scale .50 1.52 .13 -.13 1.01  

 Birthweight z-score x roles scale -.19 -.57 .57 -.68 .38  

 Birthweight z-score x affective responsiveness scale -.05 -.18 .86 -.55 .46  

 Birthweight z-score x affective involvement scale -.02 -.08 .94 -.55 .50  

 Birthweight z-score x behaviour control scale .27 .94 .35 -.32 .91  

 Birthweight z-score x general functioning scale -.79 -2.15 .03* -1.57 -.07  
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*p<.05. **p<.01. 

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire. 

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-12 

Birthweight z-scores and family functioning predicting Emotional Symptoms as measured by the SDQ in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender -.06 -1.25 .21 -.63 .14 .01 

 Cultural background -.03 -.54 .59 -.51 .29  

 Mother’s education -.08 -1.58 .11 -.00 .00  

 Father’s education .08 1.57 .12 .00 .00  

        

Step 2 Gender -.07 -1.60 .11 -.67 .07 .07** 

 Cultural background -.02 -.48 .63 -.49 .30  

 Mother’s education -.07 -1.48 .14 -.00 .00  

 Father’s education .07 1.32 .19 .00 .00  

 FAD (problem solving scale) -.04 -.59 .56 -.98 .54  

 FAD (communication scale) -.10 -1.41 .16 -1.36 .23  

 FAD (roles scale) .22 3.42 .00** .55 2.03  

 FAD (affective responsiveness scale)  .07 .96 .34 -.34 .98  

 FAD (affective involvement scale) -.07 -1.14 .26 -1.02 .27  

 FAD (behaviour control scale) -.10 -1.54 .12 -1.35 .16  

 FAD (general functioning scale) .21 2.19 .03* .11 2.03  
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 Birthweight z-score       

        

Step 3 Gender -.07 -1.54 .13 -.67 .08 .10 

 Cultural background -.03 -.62 .54 -.52 .27  

 Mother’s education -.07 -1.43 .15 -.00 .00  

 Father’s education .05 1.04 .30 .00 .00  

 FAD (problem solving scale) .04 .45 .65 -.66 1.05  

 FAD (communication scale) -.14 -1.71 .09 -1.61 .11  

 FAD (roles scale) .21 3.12 .00** .47 2.04  

 FAD (affective responsiveness scale)  .05 .60 .55 -.40 .93  

 FAD (affective involvement scale) -.08 -1.22 .23 -1.13 .27  

 FAD (behaviour control scale) -.02 -.22 .83 -.92 .74  

 FAD (general functioning scale) .12 1.15 .25 -.43 1.66  

 Birthweight z-score -.16 -.56 .58 -1.37 .76  

 Birthweight z-score x problem solving scale .70 2.13 .03* .06 1.45  

 Birthweight z-score x communication scale -.23 -.68 .50 -.91 .44  

 Birthweight z-score x roles scale .04 .12 .90 -.59 .67  

 Birthweight z-score x affective responsiveness scale -.16 -.57 .57 -.78 .43  

 Birthweight z-score x affective involvement scale -.11 -.35 .73 -.73 .51  

 Birthweight z-score x behaviour control scale .77 2.55 .01* .22 1.68  

 Birthweight z-score x general functioning scale -.83 -2.20 .03* -1.88 -.10  
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*p<.05. **p<.01. 

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire. 

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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Table S-13 

Birthweight z-scores and family functioning predicting Hyperactivity as measure by the SDQ in preterm infants.  

Regression 

Results 

Predictor Standardised 

coefficients 

t Sig. 95% confidence 

interval for B 

R2 

  Beta   Lower 

bound 

Upper 

bound 

 

Step 1 Gender .23 4.95 .00** .76 1.76 .06** 

 Cultural background -.06 -1.34 .18 -.87 .17  

 Mother’s education .06 1.31 .19 .00 .00  

 Father’s education .01 .16 .88 .00 .00  

        

Step 2 Gender .21 4.68 .00** .67 1.65 .13** 

 Cultural background -.07 -1.56 .12 -.91 .11  

 Mother’s education .07 1.43 .15 .00 .00  

 Father’s education .01 .16 .88 .00 .00  

 FAD (problem solving scale) -.02 -.27 .79 -1.11 .84  

 FAD (communication scale) .04 .52 .61 -.76 1.29  

 FAD (roles scale) .19 3.13 .00** .57 2.47  

 FAD (affective responsiveness scale)  .00 .00 1.00 -.84 .85  

 FAD (affective involvement scale) .01 .09 .93 -.79 .87  

 FAD (behaviour control scale) -.08 -1.31 .19 -1.62 .33  

 FAD (general functioning scale) .13 1.46 .14 -.32 2.15  
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 Birthweight z-score -.04 -.91 .36 -.33 .12  

        

Step 3 Gender .21 4.70 .00** .68 1.65 .15 

 Cultural background -.08 -1.74 .08 -.96 .06  

 Mother’s education .07 1.44 .15 .00 .00  

 Father’s education .01 .12 .91 .00 .00  

 FAD (problem solving scale) .02 .30 .77 -.93 1.27  

 FAD (communication scale) .08 1.00 .32 -.55 1.67  

 FAD (roles scale) .15 2.31 .02* .18 2.21  

 FAD (affective responsiveness scale)  .00 .01 .99 -.92 .93  

 FAD (affective involvement scale) .03 .43 .67 -.71 1.10  

 FAD (behaviour control scale) -.04 -.57 .57 -1.38 .76  

 FAD (general functioning scale) .05 .50 .62 -1.00 1.69  

 Birthweight z-score -.37 -1.34 .18 -2.31 .44  

 Birthweight z-score x problem solving scale .44 1.38 .17 -.27 1.53  

 Birthweight z-score x communication scale .53 1.62 .11 -.15 1.59  

 Birthweight z-score x roles scale -.42 -1.28 .20 -1.34 .29  

 Birthweight z-score x affective responsiveness 

scale 

.06 .23 .82 -.69 .87  

 Birthweight z-score x affective involvement scale .16 .54 .59 -.58 1.03  

 Birthweight z-score x behaviour control scale .40 1.36 .18 -.29 1.59  
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 Birthweight z-score x general functioning scale -.83 -2.26 .02* -2.47 -.17  

*p<.05. **p<.01. 

FAD, Family Assessment Device; SDQ, Strengths and Difficulties Questionnaire.  

Birthweight Status, ELBW (<1000g), VLBW (<1500g), LBW (<2500g). 
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grounds of race, sex, culture or any other characteristic, and should use inclusive language throughout. 

Authors should ensure that writing is free from bias, for instance by using 'he or she', 'his/her' instead of 

'he' or 'his', and by making use of job titles that are free of stereotyping (e.g. 'chairperson' instead of 

'chairman' and 'flight attendant' instead of 'stewardess'). 
 
Changes to authorship  
Authors are expected to consider carefully the list and order of authors before 
submitting their manuscript and provide the definitive list of authors at the time of 
the original submission. Any addition, deletion or rearrangement of author names in 
the authorship list should be made only before the manuscript has been accepted 
and only if approved by the journal Editor. To request such a change, the Editor 
must receive the following from the corresponding author: (a) the reason for the 
change in author list and (b) written confirmation (e-mail, letter) from all authors 
that they agree with the addition, removal or rearrangement. In the case of addition 
or removal of authors, this includes confirmation from the author being added or 
removed.  
Only in exceptional circumstances will the Editor consider the addition, deletion or 
rearrangement of authors after the manuscript has been accepted. While the Editor 
considers the request, publication of the manuscript will be suspended. If the 
manuscript has already been published in an online issue, any requests approved 
by the Editor will result in a corrigendum. 
 
Copyright  
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 
Agreement' (see more information on this). An e-mail will be sent to the 
corresponding author confirming receipt of the manuscript together with a 'Journal 
Publishing Agreement' form or a link to the online version of this agreement. 
 
Subscribers may reproduce tables of contents or prepare lists of articles including 
abstracts for internal circulation within their institutions. Permission of the Publisher 
is required for resale or distribution outside the institution and for all other derivative 
works, including compilations and translations. If excerpts from other copyrighted 
works are included, the author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article. Elsevier has preprinted forms for use 
by authors in these cases. 
 



 

 

For gold open access articles: Upon acceptance of an article, authors will be asked 
to complete an 'Exclusive License Agreement' (more information). Permitted third 
party reuse of gold open access articles is determined by the author's choice of user 
license. 
 

Author rights 
As an author you (or your employer or institution) have certain rights to reuse your 
work. More information. 
 
Elsevier supports responsible sharing 
Role of the funding source  
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated. 
 
Funding body agreements and policies 
Elsevier has established a number of agreements with funding bodies which allow 
authors to comply with their funder's open access policies. Some funding bodies will 
reimburse the author for the gold open access publication fee. Details of existing 
agreements are available online. 
 
Open access 

This journal offers authors a choice in publishing their research: 
 

Subscription 
• Articles are made available to subscribers as well as developing countries and 
patient groups through our universal access programs.  
• No open access publication fee payable by authors. 
• The Author is entitled to post the accepted manuscript in their institution's repository and make this 

public after an embargo period (known as green Open Access). The published journal article cannot be 

shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-

reviewed research in journal publications. The embargo period for this journal can be found below.  

Gold open access 
• Articles are freely available to both subscribers and the wider public with 

permitted reuse. 
• A gold open access publication fee is payable by authors or on their behalf, e.g. 
by their research funder or institution. 
 

Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards. 
 

For gold open access articles, permitted third party (re)use is defined by the 
following Creative Commons user licenses: 
 
Creative Commons Attribution (CC BY) 
Lets others distribute and copy the article, create extracts, abstracts, and other 
revised versions, adaptations or derivative works of or from an article (such as a 
translation), include in a collective work (such as an anthology), text or data mine 
the article, even for commercial purposes, as long as they credit the author(s), do 
not represent the author as endorsing their adaptation of the article, and do not 
modify the article in such a way as to damage the author's honor or reputation. 
 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 



 

 

For non-commercial purposes, lets others distribute and copy the article, and to 
include in a collective work (such as an anthology), as long as they credit the 
author(s) and provided they do not alter or modify the article. 
 
Elsevier Researcher Academy 
Researcher Academy is a free e-learning platform designed to support early and 
mid-career researchers throughout their research journey. The "Learn" environment 
at Researcher Academy offers several interactive modules, webinars, downloadable 
guides and resources to guide you through the process of writing for research and 
going through peer review. Feel free to use these free resources to improve your 
submission and navigate the publication process with ease. 
 
Language (usage and editing services) 
Please write your text in good English (American or British usage is accepted, but 
not a mixture of these). Authors who feel their English language manuscript may 
require editing to eliminate possible grammatical or spelling errors and to conform 
to correct scientific English may wish to use the English Language Editing service 
available from Elsevier's WebShop. 
 
Submission  
Our online submission system guides you stepwise through the process of entering 
your article details and uploading your files. The system converts your article files 
to a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) 
are required to typeset your article for final publication. All correspondence, 
including notification of the Editor's decision and requests for revision, is sent by e-
mail. 
 
Referees  
Authors are invited to submit the names, addresses, and particular areas of 
expertise of individuals who would be appropriate reviewers. The relation of the 
individual to the author should be specified (former colleague, student, co-author, 
professional acquaintance, etc.). 
 
PREPARATION  
NEW_SUBMISSIONS 
Submission to this journal proceeds totally online and you will be guided stepwise 
through the creation and uploading of your files. The system automatically converts 
your files to a single PDF file, which is used in the peer-review process. 
 
References 
There are no strict requirements on reference formatting at submission. References 
can be in any style or format as long as the style is consistent. Where applicable, 
author(s) name(s), journal title/ book title, chapter title/article title, year of 
publication, volume number/book chapter and the article number or pagination must 
be present. Use of DOI is highly encouraged. The reference style used by the journal 
will be applied to the accepted article by Elsevier at the proof stage. Note that 
missing data will be highlighted at proof stage for the author to correct. 
 
Formatting requirements 
There are no strict formatting requirements but all manuscripts must contain the 
essential elements needed to convey your manuscript, for example Abstract, 
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and 
Tables with Captions. 

If your article includes any Videos and/or other Supplementary material, this 
should be included in 
your initial submission for peer review purposes. 
Divide the article into clearly defined sections. 
 



 

 

Figures and tables embedded in text 
Please ensure the figures and the tables included in the single file are placed next 
to the relevant text in the manuscript, rather than at the bottom or the top of the 
file. The corresponding caption should be placed directly below the figure or table. 
 
Peer review  
This journal operates a double blind review process. All contributions will be initially 
assessed by the editor for suitability for the journal. Papers deemed suitable are 
then typically sent to a minimum of two independent expert reviewers to assess the 
scientific quality of the paper. The Editor is responsible for the final decision 
regarding acceptance or rejection of articles. The Editor's decision is final. More 
information on types of peer review. 
 
Double-blind review  
This journal uses double-blind review, which means the identities of the authors are 
concealed from the reviewers, and vice versa. More information is available on our 
website. To facilitate this, please include the following separately:

Title page (with author details): This should include the title, authors' names, 
affiliations, acknowledgements and any Declaration of Interest statement, and a 
complete address for the corresponding author including an e-mail address.  
Blinded manuscript (no author details): The main body of the paper (including the 
references, figures, tables and any acknowledgements) should not include any 
identifying information, such as the authors' names or affiliations. 
 
REVISED SUBMISSIONS 

Use of word processing software 
Regardless of the file format of the original submission, at revision you must provide 
us with an editable file of the entire article. Keep the layout of the text as simple as 
possible. Most formatting codes will be removed and replaced on processing the 
article. The electronic text should be prepared in a way very similar to that of 
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also 
the section on Electronic artwork.  
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor. 
 
Article Structure  
Submissions must conform in all respects to the format specified in the Publication 
Manual of the American Psychological Association (6th Edition, 1994), or they will 
be returned without review. This requirement applies to the format for tables and 
figures. Copies of the Manual may be ordered from 
http://www.apa.org/books/4200061.html or APA Order Dept., P.O.B. 2710, 
Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK. 
 
Subdivision - numbered sections 
Divide your article into clearly defined and numbered sections. Subsections should 
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in 
section numbering). Use this numbering also for internal cross-referencing: do not 
just refer to 'the text'. Any subsection may be given a brief heading. Each heading 
should appear on its own separate line. 
 
Introduction 
State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results. 
 
Material and methods 
Provide sufficient details to allow the work to be reproduced by an independent 
researcher. Methods that are already published should be summarized, and 
indicated by a reference. If quoting directly from a previously published method, use 



 

 

quotation marks and also cite the source. Any modifications to existing methods 
should also be described. 
 
Theory/calculation 
A Theory section should extend, not repeat, the background to the article already 
dealt with in the Introduction and lay the foundation for further work. In contrast, a 
Calculation section represents a practical development from a theoretical basis. 
 
Results 
Results should be clear and concise. 
 
Discussion 
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature. 
 
Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, 
which may stand alone or form a subsection of a Discussion or Results and 
Discussion section. 
 
Appendices 
If there is more than one appendix, they should be identified as A, B, etc. Formulae 
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and 
figures: Table A.1; Fig. A.1, etc.
Abstract  
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is 
often presented separately from the article, so it must be able to stand alone. For 
this reason, References should be avoided, but if essential, then cite the author(s) 
and year(s). Also, non-standard or uncommon abbreviations should be avoided, but 
if essential they must be defined at their first mention in the abstract itself. 
 
Optional Graphical Abstract 
A Graphical abstract is optional and should summarize the contents of the article in 
a concise, pictorial form designed to capture the attention of a wide readership 
online. Authors must provide images that clearly represent the work described in 
the article. Graphical abstracts should be submitted as a separate file in the online 
submission system. Image size: Please provide an image with a minimum of 531 × 
1328 pixels (h × w) or proportionally more. The image should be readable at a size 
of 5 × 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, 
PDF or MS Office files. See http://www.elsevier.com/graphicalabstracts for 
examples.  
Authors can make use of Elsevier's Illustration and Enhancement service to ensure 
the best presentation of their images also in accordance with all technical 
requirements: Illustration Service. 
 
Highlights 
Highlights are mandatory for this journal. They consist of a short collection of bullet 
points that convey the core findings of the article and should be submitted in a 
separate editable file in the online submission system. Please use 'Highlights' in the 
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, 
per bullet point). You can view example Highlights on our information site. 
 
Keywords  
Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for 



 

 

example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 
established in the field may be eligible. These keywords will be used for indexing 
purposes. 
 
Abbreviations 
Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the 

article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention 

there, as well as in the footnote. Ensure consistency of abbreviations throughout the article. 
 
Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to 
the title or otherwise. List here those individuals who provided help during the 
research (e.g., providing language help, writing assistance or proof reading the 
article, etc.). 
 
Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 
 

Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 
number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 
 

It is not necessary to include detailed descriptions on the program or type of grants 
and awards. When funding is from a block grant or other resources available to a 
university, college, or other research institution, submit the name of the institute or 
organization that provided the funding. 
 

If no funding has been provided for the research, please include the following 
sentence: 
 

This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
 
Math formulae 
Please submit math equations as editable text and not as images. Present simple 
formulae in line with normal text where possible and use the solidus (/) instead of a 
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be 
presented in italics. Powers of e are often more conveniently denoted by exp. 
Number consecutively any equations that have to be displayed separately from the 
text (if referred to explicitly in the text).  
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the 
article. Many word processors build footnotes into the text, and this feature may be 
used. Should this not be the case, indicate the position of footnotes in the text and 
present the footnotes themselves separately at the end of the article. 
 
Artwork 

Electronic Artwork 
 

General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 
Roman, Symbol, or use fonts that look similar.  
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 



 

 

• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the printed version. 
• Submit each illustration as a separate file. 
 

Formats 
 

If your electronic artwork is created in a Microsoft Office application (Word, 
PowerPoint, Excel) then please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your electronic 
artwork is finalized, please 'Save as' or convert the images to one of the following 
formats (note the resolution requirements for line drawings, halftones, and line/ 
halftone combinations given below):  
At this time the following file types are not supported in Evise and would need to be 
sent outside of Evise to the JM to process after acceptance EPS, CSV, Video, 
KML/KMZ, mol, Newick or NeXML, MATLAB, PDB, PSE or MOL/MOL2, or NlfTl). 
• EES: For supported file types in EES, please visit our Support site for EES. 
• Evise: For supported file types in Evise, please visit our Support 
site for Evise . Note: Both lists will be expanded as more file types 
are supported. 
 
Color Artwork 
 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), PDF 
or MS Office files) and with the correct resolution. If, together with your accepted 
article, you submit usable color figures then Elsevier will ensure, at no additional 
charge, that these figures will appear in color on the Web (e.g., ScienceDirect and 
other sites) in addition to color reproduction in print.EES:  
• For supported file types in EES, please visit our Support site for EES. 
• Evise: For supported file types in Evise, please visit our Support 
site for Evise . Note: Both lists will be expanded as more file types 
are supported. 
 
Figure captions 
Ensure that each illustration has a caption. A caption should comprise a brief title 
(not on the figure itself) and a description of the illustration. Keep text in the 
illustrations themselves to a minimum but explain all symbols and abbreviations 
used. 
 
Tables  
Please submit tables as editable text and not as images. Tables can be placed either 
next to the relevant text in the article, or on separate page(s) at the end. Number 
tables consecutively in accordance with their appearance in the text and place any 
table notes below the table body. Be sparing in the use of tables and ensure that 
the data presented in them do not duplicate results described elsewhere in the 
article. Please avoid using vertical rules and shading in table cells. 
 
References 

Citation in text 
Please ensure that every reference cited in the text is also present in the reference list (and vice versa). 

Any references cited in the abstract must be given in full. Unpublished results and personal 

communications are not recommended in the reference list, but may be mentioned in the text. If these 

references are included in the reference list they should follow the standard reference style of the 



 

 

journal and should include a substitution of the publication date with either 
'Unpublished results' or 'Personal communication'. Citation of a reference 
as 'in press' implies that the item has been accepted for publication. 
 
Web references 
As a minimum, the full URL should be given and the date when the 
reference was last accessed. Any further information, if known (DOI, author 
names, dates, reference to a source publication, etc.), should also be given. 
Web references can be listed separately (e.g., after the reference list) under 
a different heading if desired, or can be included in the reference list. 
 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing 

them in your text and including a data reference in your Reference List. Data references should 

include the following elements: author name(s), dataset title, data repository, version (where 

available), year, and global persistent identifier. Add [dataset] immediately before the 

reference so we can properly identify it as a data reference. The [dataset] identifier will not 

appear in your published article. 
 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the 
list (and any citations in the text) to other articles in the same Special 
Issue. 
 
Reference management software 
Most Elsevier journals have their reference template available in many of 
the most popular reference management software products. These include 
all products that support Citation Style Language styles, such as Mendeley 
and Zotero, as well as EndNote. Using the word processor plug-ins from 
these products, authors only need to select the appropriate journal 
template when preparing their article, after which citations and 
bibliographies will be automatically formatted in the journal's style. If no 
template is yet available for this journal, please follow the format of the 
sample references and citations as shown in this Guide. If you use reference 
management software, please ensure that you remove all field codes before 
submitting the electronic manuscript. More information on how to remove 
field codes. 
 
Users of Mendeley Desktop can easily install the reference style for this journal by clicking 
the following  
link: 
http://open.mendeley.com/use-citation-style/infant-behavior-and-
development  
When preparing your manuscript, you will then be able to select this style 
using the Mendeley plug-ins for Microsoft Word or LibreOffice. 
 
Reference formatting 
There are no strict requirements on reference formatting at submission. 
References can be in any style or format as long as the style is consistent. 
Where applicable, author(s) name(s), journal title/ book title, chapter 
title/article title, year of publication, volume number/book chapter and the 
article number or pagination must be present. Use of DOI is highly 
encouraged. The reference style used by the journal will be applied to the 



 

 

accepted article by Elsevier at the proof stage. Note that missing data will 
be highlighted at proof stage for the author to correct. If you do wish to 
format the references yourself they should be arranged according to the 
following examples: 
 
Reference style 
Text: Citations in the text should follow the referencing style used by the American 

Psychological Association. You are referred to the Publication Manual of the American 

Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be 

ordered online or APA Order Dept., P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta 

Street, London, WC3E 8LU, UK.  
List: references should be arranged first alphabetically and then further 
sorted chronologically if necessary. More than one reference from the same 
author(s) in the same year must be identified by the letters 'a', 'b', 'c', etc., 
placed after the year of publication. 

Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of 
writing a scientific article. 
Journal of Scientific Communications, 163, 51–59. 
https://doi.org/10.1016/j.Sc.2010.00372. 
Reference to a journal publication with an article number: 
Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of 
writing a scientific article. 
Heliyon, 19, e00205. doi:10.1016/j.heliyon.2018.e00205. 
Reference to a book: Strunk, W., Jr., & White, E. B. (2000). The elements 
of style. (4th ed.). New York: Longman, (Chapter 4). 
Reference to a chapter in an edited book:  
Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version 
of your article. In B. S. Jones, & R. Z. Smith (Eds.), Introduction to the 
electronic age (pp. 281–304). New York: E-Publishing Inc. 

Reference to a website: 
Cancer Research UK. Cancer statistics reports for the UK. (2003). 
http://www.cancerresearchuk.org/ 
aboutcancer/statistics/cancerstatsreport/ Accessed 13 March 2003. 
Reference to a dataset:  
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). 
Mortality data for Japanese oak wilt disease and surrounding forest 
compositions. Mendeley Data, v1. https://doi.org/10.17632/ 
xwj98nb39r.1. 
Reference to a conference paper or poster presentation: 
Engle, E.K., Cash, T.F., & Jarry, J.L. (2009, November). The Body Image 
Behaviours Inventory-3: Development and validation of the Body Image 
Compulsive Actions and Body Image Avoidance Scales. Poster session 
presentation at the meeting of the Association for Behavioural and 
Cognitive Therapies, New York, NY. 
 
Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word 
Abbreviations. 
 



 

 

Supplementary and multimedia data 
 
Elsevier accepts electronic supplementary and multimedia data to support and enhance your 

scientific research. Supplementary files offer the author additional possibilities to publish 

supporting applications, movies, animation sequences, high-resolution images, background 

datasets, sound clips and more. Supplementary files supplied will be published online alongside 

the electronic version of your article in Elsevier Web products, including ScienceDirect: 

http://www.sciencedirect.com. In order to ensure that your submitted material is directly 

usable, please ensure that data are provided in one of our recommended file formats. At this 

time the following file types are not supported in Evise and would need to be sent outside of 

Evise to the JM to process after acceptance EPS, CSV, Video, KML/ KMZ, mol, Newick or NeXML, 

MATLAB, PDB, PSE or MOL/MOL2, or NlfTl).  
• For supported file types in EES, please visit our Support site for EES. 
• Evise: For supported file types in Evise, please visit our 
Support site for Evise . Note: Both lists will be expanded 
as more file types are supported. 
 
Data visualization  
Include interactive data visualizations in your publication and let your 
readers interact and engage more closely with your research. Follow the 
instructions here to find out about available data visualization options and 
how to include them with your article. 
 
Research data  
This journal encourages and enables you to share data that supports your 
research publication where appropriate, and enables you to interlink the 
data with your published articles. Research data refers to the results of 
observations or experimentation that validate research findings. To 
facilitate reproducibility and data reuse, this journal also encourages you 
to share your software, code, models, algorithms, protocols, methods and 
other useful materials related to the project. 
 
Below are a number of ways in which you can associate data with your article or make a 

statement about the availability of your data when submitting your manuscript. If you are 

sharing data in one of these ways, you are encouraged to cite the data in your manuscript and 

reference list. Please refer to the "References" section for more information about data citation. 

For more information on depositing, sharing and using research data and other relevant 

research materials, visit the research data page. 
 
Data linking 
If you have made your research data available in a data repository, you 
can link your article directly to the dataset. Elsevier collaborates with a 
number of repositories to link articles on ScienceDirect with relevant 
repositories, giving readers access to underlying data that gives them a 
better understanding of the research described. 
 supported data repositories a repository banner will automatically appear 
next to your published article on ScienceDirect. 
 

In addition, you can link to relevant data or entities through identifiers 
within the text of your manuscript, using the following format: Database: 
xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). 
 
Mendeley Data 



 

 

This journal supports Mendeley Data, enabling you to deposit any research data (including raw 

and processed data, video, code, software, algorithms, protocols, and methods) associated 

with your manuscript in a free-to-use, open access repository. During the submission process, 

after uploading your manuscript, you will have the opportunity to upload your relevant datasets 

directly to Mendeley Data. The datasets will be listed and directly accessible to readers next to 

your published article online. 

 

For more information, visit the Mendeley Data for journals page. 
 
Data in Brief 
Infant Behavior and Development is now partnered with Data in Brief! You 
have the option of converting any or all parts of your raw research data 
into one or more data articles that host and describe your data.  
Data in Brief articles can be submitted as an additional file directly 
alongside your original research manuscript by using this template. If your 
research article is accepted by Infant Behavior and Development, your data 
article will automatically be transferred over to Data in Brief, where it will 
be independently reviewed, indexed, given a DOI and made publicly 
available online upon publication. To celebrate the launch of this co-
submission partnership, the open access fee for Data in Brief will be fully 
waived for all articles submitted alongside the original research article 
before 31 December 2018. After this date, the usual open access fee of 500 
USD will payable upon acceptance and publication of your data article.  
Full details can be found on the Data in Brief homepage. 
 
Data statement 
To foster transparency, we encourage you to state the availability of your 
data in your submission. This may be a requirement of your funding body 
or institution. If your data is unavailable to access or unsuitable to post, 
you will have the opportunity to indicate why during the submission 
process, for example by stating that the research data is confidential. The 
statement will appear with your published article on ScienceDirect. For 
more information, visit the Data Statement page. 
 
AFTER ACCEPTANCE  
Online proof correction  
Corresponding authors will receive an e-mail with a link to our online 
proofing system, allowing annotation and correction of proofs online. The 
environment is similar to MS Word: in addition to editing text, you can also 
comment on figures/tables and answer questions from the Copy Editor. 
Web-based proofing provides a faster and less error-prone process by 
allowing you to directly type your corrections, eliminating the potential 
introduction of errors.  
If preferred, you can still choose to annotate and upload your edits on the 
PDF version. All instructions for proofing will be given in the e-mail we send 
to authors, including alternative methods to the online version and PDF.  
We will do everything possible to get your article published quickly and 
accurately. Please use this proof only for checking the typesetting, editing, 
completeness and correctness of the text, tables and figures. Significant 
changes to the article as accepted for publication will only be considered at 
this stage with permission from the Editor. It is important to ensure that all 



 

 

corrections are sent back to us in one communication. Please check 
carefully before replying, as inclusion of any subsequent corrections cannot 
be guaranteed. Proofreading is solely your responsibility. 
 
Offprints  
The corresponding author will, at no cost, receive a customized Share Link 
providing 50 days free access to the final published version of the article 
on ScienceDirect. The Share Link can be used for sharing the article via any 
communication channel, including email and social media. 
 




