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Abbreviations

ADHD = attention deficit hyperactive disorder

AGA = appropriate for gestational age

ANOVA = analysis of variance

ASD = autism spectrum disorder

Bayley-II = Bayley scales of infant development, 2nd edition

Bayley-III = Bayley scales of infant and toddler development, 3rd edition

BPD = bronchopulmonary dysplasia

CA = corrected age

CBCL = child behavior checklist

CP = cerebral palsy

DCD = developmental coordination disorder

EC = expressive communication

ELBW = extremely low birth weight

EPIBEL = extremely preterm infants in Belgium

EPIPAGE = etude epidémiologique sur les petit ages gestationnels

EPT = extremely preterm
EXPRESS = extremely preterm infants in Sweden study

FBW = full birth weight

FM = fine motor

FT = full term

GA = gestational age

GM = gross motor

GW = gestational week

IVH = intraventricular hemorrhage

IQ = intelligence quotient

K-ABC = Kaufman assessment battery for children

LBW = low birth weight

LFUPP = Leiden follow-up project on prematurity

MDI = mental developmental index

NBW = normal birth weight

NEC = necrotizing enterocolitis

NEPSY = neuropsychological test battery

NICU = neonatal intensive care unit

NIDCAP = newborn individualized developmental care and assessment program

PDA = patent ductus arteriosus

PDI = psychomotor developmental index

PPD = postpartum depression

PPROM = preterm premature rupture of membranes

PVL = periventricular leukomalacia

RC = receptive communication

RDS = respiratory distress syndrome

ROP = retinopathy of prematurity

SD = standard deviation

SEM = structural equation modelling

SES = socio economic status

SGA = small for gestational age

TPS = total problems score

VICS = Victorian infant collaborative study

WHO = world health organization

VLBW = very low birth weight

WISC-R = Wechsler intelligence scale for children, revised
WISC-III = Wechsler intelligence scale for children, 3rd edition

WPPSI-R = Wechsler preschool and primary scale of intelligence, revised
VPT = very preterm

Introduction
Perinatal and neonatal care is continuously progressing. Advances made during the last decades have resulted in increased survival of the extremely preterm (EPT) infants. The question of possible later outcomes is a key issue faced by health care professionals who work with these infants. Some studies indicate that even though the overall survivals of infants born EPT have increased since the 1990s, patterns of neonatal morbidity and developmental deficiency have not changed 
 ADDIN EN.CITE 
(Milligan, 2010; Moore, Hennessy, et al., 2012)
. A significant number of infants surviving EPT birth are therefore at risk of health problems later in life. There is extensive literature documenting a broad spectrum of neurodevelopmental disabilities, in terms of chronic interrelated disorders of central neural system functions associated with injuries to the developing brain, following extreme prematurity Behrman & Butler, 2007()
. This spectrum includes sensory impairments, cerebral palsy (CP), and cognitive deficits, as well as behavioral problems 
 ADDIN EN.CITE 
(Arpino et al., 2010; Doyle, Roberts, & Anderson, 2010; Hille et al., 2001; Marlow, 2004)
. Children surviving extreme prematurity without major neonatal morbidities, with normal cognitive development, may display a variety of subtle functional deficits 
 ADDIN EN.CITE 
(Grunau, Whitfield, & Davis, 2002)
. The smallest and most immature infants are at highest risk for later disabilities Milligan, 2010()
. Studies investigating the impact of prematurity on parents and families suggest that preterm birth may have long-term psychological effects on parental mental health and parent-child interactions 
 ADDIN EN.CITE 
(Miles, Holditch-Davis, Schwartz, & Scher, 2007; Vigod, Villegas, Dennis, & Ross, 2010)
. The prevalence of disabilities and health problems varies within EPT populations. This may be expected given the multiple etiologies and complications following preterm birth. The differences in intrauterine and extrauterine environments to which fetuses or children are exposed add further variability to outcomes Behrman & Butler, 2007()
.
The present thesis addresses the impact of extreme prematurity with a main focus on developmental outcome at young preschool age. Different aspects of developmental outcome, such as cognitive, communicative, and motor functions, as well as behavior problems, will be investigated. The utility of a standardized developmental test, the Bayley Scales of Infant and Toddler Development, 3rd edition (Bayley-III), in the present EPT population, will be examined. The predictive value of birth characteristics, neonatal morbidities, and socioeconomic factors on development will be explored. Also, associations between extreme prematurity, developmental functioning, socioeconomics, and behavioral problems are to be studied.

The present thesis rests on three articles, based on data from the Extremely Preterm Infants in Sweden Study (EXPRESS). Their aims, results, and major conclusions constitute the central parts of this text, framed by the background and discussion sections. The background section covers different aspects of prematurity: definitions of preterm birth; risk factors; prevalence of prematurity and survival rates, as well as the most frequent neonatal morbidities in preterm infants. A theoretical framework for the understanding of the developing premature child is also presented. The background section includes descriptions of preterm birth outcomes, neonatal and social factors associated with these outcomes, as well as parental psychological reactions to the preterm birth. Different kinds of assessments with infants and young children are covered. The objectives of the present thesis are described along with the study participants. The methods section covers thorough descriptions of the assessment methods used: the Bayley-III and the Child Behavior Checklist (CBCL). The main results of the studies included are presented in the results section. Finally, in the discussion section, the results are set in a broader context of previous empirical studies and research, and theories regarding human development.
Background
Definitions of Preterm Birth

Gestational age (GA) of newborns is classified as preterm, term/full term or post term according to the following cut-offs:

· Preterm birth: < 37 weeks

· Term or full term (FT) birth: 37 to 41 weeks

· Post term birth: ≥ 42 weeks

As proposed by the World Health Organization (WHO) preterm birth can be subdivided into the following definitions 
 ADDIN EN.CITE 
(Blencowe et al., 2012)
:

· Extremely preterm (EPT): < 28 weeks

· Very preterm (VPT): 28 to < 32 weeks

· Moderate to late preterm: 32 to 37 weeks

GA can be calculated based on either the time elapsed between the first day of the last menstrual period and the day of delivery, or fetal ultrasonography. Conducting ultrasonography is considered the most reliable method, although several countries have limited resources to perform this as a standard procedure. When using birth weight as a proxy for preterm birth, there is a risk that infants with intrauterine growth restriction will be included, hence infants with higher gestational age. Follow-up studies using GA are increasing; however, birth weight is still frequently used as a marker of prematurity. Birth weights between > 2500 and < 4500 grams are then defined as full birth weight (FBW) or normal birth weight (NBW). 

Preterm birth definitions based on birth weight are as follows:

· Extremely low birth weight (ELBW): < 1000 grams

· Very low birth weight (VLBW): 1000 to < 1500 grams

· Low birth weight (LBW): 1500 to < 2500 grams 

Birth weight can also be defined as appropriate for gestational age (AGA) or small for gestational age (SGA), expressing growth at the 10th or less percentile, or sometimes 2 standard deviations (SDs), below the mean for weight of all fetuses at that gestational age.

The Extremely Preterm Infants in Sweden Study (EXPRESS)

The present thesis is part of the national multi-disciplinary project EXPRESS with the main objective to evaluate outcomes of infants born EPT. The total population comprised all live-born (GA ≤ 26 weeks, 6 days) and stillborn infants (GA 22 weeks, 0 days–26 weeks, 6 days) delivered EPT in Sweden from April 1, 2004, through March 31, 2007. Infants born outside of Sweden and transferred to a Swedish hospital for neonatal care were excluded. During the three-year study period, 1011 infants met the inclusion criteria (EPT incidence of 0.33%), whereof 707 were live-born (70% incidence), and 304 stillborn (30% incidence). There were 102 multiple births (10.1%): 95 twin births, and seven triplet births.Twenty-two percent of the live-born infants died during early neonatal period (0–6 days post-delivery); 5% during late neonatal period (7–27 days post-delivery). Seventy percent (497/707) of the live-born infants survived to one year of age—survival ranging from 9.8% at 22 weeks to 85% at 26 weeks—and survivors were recruited through a parent or guardian to a follow-up at 2.5 years corrected age (CA) EXPRESS, 2009()
. To date, the EXPRESS has completed follow-up at 2.5 years CA, and 6.5 years chronological age.

The Swedish Care Context 

All Swedish citizens are covered by general health insurance in which pregnancy care, child health care, and additional benefits for families with severely sick children are included. This enables a majority (99%) of all pregnant women to adhere to the standardized antenatal program starting in early pregnancy, including a routine ultrasonography examination by specially trained personnel at 17 to 18 postmenstrual weeks. Fetal ultrasonography has been used in Sweden since the early 1980s and to date it is performed in 97% of all pregnancies 
 ADDIN EN.CITE 
(EXPRESS, 2009; Hagenfeldt et al., 1998)
. There are seven health care regions in Sweden, each served by a regional level III hospital responsible for highly specialized care. The general policy is to centralize high-risk pregnancies and EPT deliveries to the regional hospitals. There are as yet no national guidelines of managing extremely preterm birth although regional guidelines have developed based on experiences in the professional neonatal care teams. In Sweden, a national follow-up program recently started on infants born extremely preterm and/or SGA, and other neonatal high-risk infants, aiming at early identification of deficits and intervention planning. This multidisciplinary program includes routine examinations by pediatricians, psychologists, ophthalmologists, and physiotherapists at CA 2 years and chronological age 5.5 years.

Risk Factors for Preterm Birth

In their report on the causes of preterm birth, Goldenberg, Culhane, Iams, and Romero 2008()
 emphasized the difficulty in determining an exact or single cause of preterm birth in most cases. Instead, preterm labor is best understood as a syndrome initiated by several mechanisms, for example 
 ADDIN EN.CITE 
(Blencowe et al., 2012; Goldenberg et al., 2008; Johansson & Cnattigius, 2010)
:

· Medical factors such as infections (e.g. bacterial vaginosis, and intrauterine bacterial infections), placental abruption or placenta preavia.

· Maternal factors such as young or advanced maternal age, low pregnancy body-mass index, previous preterm delivery, and extreme levels of stress during pregnancy.

· Socioeconomic factors such as parental educational and occupational status, family income and single-marital status are associated with preterm birth. Preterm birth is also more frequent in certain ethnic groups (e.g. studies from UK and USA show that African American and Afro Caribbean women are at higher risk for preterm labor), possibly because of a genetic predisposition for preterm birth. Factors related to lifestyle, such as smoking, drinking alcohol, using illegal drugs, increase the risk for premature birth. 

· Multiple gestations. In Sweden, approximately 50% of twins are born preterm (http://www.1177.se/), which is similar to cross-national rates.

· In-vitro fertilization.

The obstetric precursors causing preterm birth are: 1) iatrogenic delivery for maternal or fetal indications, either induced or by cesarean section; 2) idiopathic, spontaneous preterm labor with intact membranes; or 3) preterm premature rupture of membranes (PPROM). Idiopathic births are most common Beck et al., 2010()
. Of all live-born infants in the EXPRESS, 59% were born after idiopathic labor, 28% after iatrogenic delivery on maternal and/or fetal indications, and 13% were born after PPROM EXPRESS, 2010()
.
Prevalence and Survival

In their study on global and regional incidence, Blencowe and colleagues 
 ADDIN EN.CITE 
(2012)
 showed that approximately 11% of all births were preterm (defined as “all live births before 37 completed weeks, whether singleton, twin, or higher order multiples”, p. 2163) in 2010. They also demonstrated a remarkable variation in rates across nations. The regions with the highest preterm birth rates (“all live births < 37 weeks divided by all live births in the population”) were Southeastern Asia (13.5%), South Asia (13.3%), and Subsaharan Africa (12.3%). Several northern European countries, there among Sweden, had preterm birth rates of about 5%. Worldwide, most preterm births (84%) occur after 32 completed gestational weeks (GW). About 10% occur after 28 GW, vs. 5% before 28 GW.
Preterm birth is estimated to be responsible for 35% of the world’s annual neonatal deaths. In moderate to high income countries (as defined by the World Bank, based on gross national income per capita), it is the most common cause of neonatal death. A pattern of increased survival has been recognized in moderate-late preterm infants; however, the improvements are most dramatic for the most immature infants (≤ 31 GW) 
 ADDIN EN.CITE 
(Johansson & Cnattigius, 2010; Wilson-Costello, Friedman, Minich, Fanaroff, & Hack, 2005)
. An illustrative example of the relation over time between mortality and GA is the change of the limit of viability, i.e. the earliest gestational age at which the infant has at least a 50% chance of survival. In the 1960s, this limit was set at 30 GW; in the 1990s it was pushed back to 24 GW Hallin, 2010(; Johansson & Cnattigius, 2010)
. Today, extremely small and immature infants could be candidates for admission to neonatal intensive care units (NICU), and the EXPRESS includes—although few—infants born at 22 GW 
 ADDIN EN.CITE 
(Fellman et al., 2009)
.
The increased chance of survival among VPT and EPT neonates has been attributed to the improvements of neonatal intensive care, especially the introduction of antenatal corticosteroids and surfactant treatment in the 1990s. Still, there is a huge gap between high-income and low-income countries with regard to VPT and EPT survival, primarily explained by the wide-spread availability of neonatal intensive care in high-income countries 
 ADDIN EN.CITE 
(Blencowe et al., 2012)
. Results from European population-based studies show substantial variability in survival rates in live-born EPT infants: 54% survived in the Extremely Preterm Infants in Belgium (EPIBEL) study (GA < 26 weeks, born 1999–2000) 
 ADDIN EN.CITE 
(Vanhaesebrouck et al., 2004)
; 40% survived in a Swiss study (GA < 26 weeks, born 2003–2004) Fischer, Steurer, Adams, & Berger, 2009()
; 70% survived in the EXPRESS (GA < 27 weeks, born 2004–2007) 
 ADDIN EN.CITE 
(Fellman et al., 2009)
. Higher survival rates in certain countries could be explained by a more aggressive approach in the management of care, such as higher use of antenatal steroids and higher rates of cesarean sections Watts & Saigal, 2006()
. Furthermore, variations within economically advantaged countries occur 
 ADDIN EN.CITE 
(Lee et al., 2000; Vohr et al., 2004)
. Serenius et al. 2014()
 demonstrated considerable regional variability in the perinatal and one-year mortality rates in the Swedish EXPRESS population, especially in the most immature infants (22–24 GW). Regional survival-rate differences were mainly attributed to different practices regarding resuscitation, admission to NICU, rates of intubation, and surfactant therapy.

Neonatal Morbidity

Although advances in neonatal care have resulted in increased survival rates among preterm infants, they still face substantial morbidity risks during the neonatal period. EPT infants are especially medically fragile since they are born with highly immature organ systems and often experience prolonged periods of intensive care. Common medical problems after preterm birth are:

Intraventricular hemorrhage (IVH): A type of hemorrhage that is particularly common in preterm infants, caused by the immaturity of the cerebral circulatory system. Lack of blood flow and dysregulation of blood pressure can result in cell death and consequent breakdown of the blood vessel walls, leading to bleedings. IVH is a bleeding that originates in the germinal matrix, an area near the brain ventricles. Based on the extent of the bleeding, IVH is classified into four grades:

· Grade 1: Bleeding occurs only in the germinal matrix.
· Grade 2: Bleeding also occurs inside the ventricles, but they are not enlarged.
· Grade 3: The ventricles are enlarged by the bleeding.
· Grade 4: Bleeding extends into the brain tissue around the ventricles. 

IVH grades 1 and 2 are the most common, and the least complicated. IVH grades 3 and 4 may have poor prognosis and bleeding extending into the brain tissue could lead to withdrawal-of-care-decisions. 

Periventricular leukomalacia (PVL): Brain injury characterized by necrosis of the white brain matter, sometimes followed by the formation of cysts (so called cystic PVL).

EPT children spared from apparent brain injuries like IVH and PVL may demonstrate other brain abnormalities such as reduced volumes of cerebral gray matter, hippocampi, and amygdalae as well as reduced white matter and thinning of the corpus callosum (connecting the left and right cerebral hemispheres, facilitating inter-hemispheric communication) 
 ADDIN EN.CITE 
(Peterson et al., 2000)
. The premature brain is noted for its plasticity (i.e. the ability to adapt to change, shift strength in existing neural connections, and restructure neural pathways) due to the overproduction of brain cells. During early development, the brain is less specialized leading to a greater potential of the immature brain to transfer functions from injured to healthy areas Lagercrantz, 2012()
. However, studies also show that insults as IVH and PVL to the developing brain may be irreversible and that it is difficult establishing prognoses of the effects of insults on development 
 ADDIN EN.CITE 
(Anderson et al., 2009)
.
Necrotizing enterocolitis (NEC): A serious bacterial infection in the intestine, that can cause complications in the intestine itself—such as ulcers, perforations in the intestinal wall, and tissue necrosis (death)—as well as progress to septicemia. Bell et al. 1978()
 proposed a frequently used clinical NEC staging system: Stage 1) Suspected NEC; Stage 2) Definite NEC; and Stage 3) Advanced NEC. Patients in stage 3 show evidence of bowel necrosis, pneumatosis (gas cysts in the bowel wall), and septic shock.

Respiratory distress syndrome (RDS): Lung problem that may cause non-compliance of the lungs (stiffness). In FT infants, the alveoli (small air sacs at the ends of the breathing tubes) remain open so that oxygen can get into the tiny blood vessels that surround the alveoli. Normally, in the last months of pregnancy, cells in the alveoli produce a substance called surfactant, which keeps the surface tension inside the alveoli low so that the sacs can expand at the moment of birth, and the infant can breathe normally. Surfactant is produced starting at about 34 weeks of gestation. RDS in preterm infants is caused by the lack of surfactant in the lungs.

Bronchopulmonary dysplasia (BPD): A chronic lung problem related to, for example, RDS and duration of mechanical ventilator treatment. Children that suffered from BPD may develop asthmatic conditions and have reduced lung function. BPD is classified based on the need for supplemental oxygen treatment at 36 GW (severe BPD if the need for oxygen is at least 30% or more at that time point). BPD is also known as neonatal chronic lung disease (CLD).

Retinopathy of Prematurity (ROP): Overgrowth of blood vessels in the immature retina of the eye, related to short gestational age and long-term oxygen treatment. ROP can develop in five phases, of which ROP phases ≥ 3 are classified as severe and may ultimately lead to a total detachment of the retina and subsequent blindness. Phases 1 and 2 do not lead to blindness unless they progress into later phases.

Patent ductus arteriosus (PDA): The duct is a blood vessel between the pulmonary artery and the aorta, important for fetal blood circulation. In preterm neonates, the duct may fail to close as it should, causing blood flow disturbances.
Severe IVH, PVL, severe ROP, severe BPD, and/or NEC are sometimes included in variables that mark the prevalence of severe neonatal morbidity 
 ADDIN EN.CITE 
(Costeloe et al., 2012; de Waal, Weisglas-Kuperus, van Goudoever, & Walther, 2012; EXPRESS, 2010; Vanhaesebrouck et al., 2004)
. Similar to mortality, morbidity risks are inversely related to gestational age. Moderate-late preterm neonates are in general spared from the most complicated conditions, whereas very and particularly extremely preterm infants often suffer from major, interacting morbidities. There is no consensus regarding whether increased survival has actually led to an increase in neonatal morbidity among EPT survivors 
 ADDIN EN.CITE 
(de Waal et al., 2012; Fanaroff et al., 2007; Serenius et al., 2004; Watts & Saigal, 2006; Wilson-Costello et al., 2005)
. Hintz, Kendrick, Vohr, Poole, and Higgins 
 ADDIN EN.CITE 
(2005)
 compared neonatal outcomes in EPT infants born during two different time epochs in the United States: the mid-1990s and the late 1990s respectively. There were no differences in survival rates between these epochs, and despite the higher rates of surfactant use and cesarian section in the second epoch, short-term outcomes were not improved. Neonatal complications as PDA and IVH were more common in the earlier epoch, while conditions as BPD and ROP were more common in the later epoch. More recently, Hintz et al. 
 ADDIN EN.CITE 
(2011)
 compared 18- to 22-month corrected age neurodevelopmental outcomes of infants born < 25 GW during two epochs: 1999–2001 and 2002–2004. Analyses showed a dramatic reduction in postnatal steroid exposure—frequently prescribed during the 1990s to prevent and treat CLD/BPD—between epoch 1 and epoch 2. Postnatal steroid administration has been associated with adverse outcome such as neurodevelopmental dysfunction 
 ADDIN EN.CITE 
(Vohr et al., 2000)
, severe ROP 
 ADDIN EN.CITE 
(Karna, Muttineni, Angell, & Karmaus, 2005)
 and cerebral palsy (CP) 
 ADDIN EN.CITE 
(Doyle, Halliday, Ehrenkranz, Davis, & Sinclair, 2005)
. Despite the reduction in steroid treatment, neurodevelopmental outcome among the EPT toddlers remained unchanged 
 ADDIN EN.CITE 
(Hintz et al., 2011)
. 

In the total EXPRESS population, survival without neonatal morbidity increased with advancing GA and 47% survived to 1 year without any major morbidity. However, 25% had severe BPD; 34% ROP ≥ 3; 5.8% NEC; 10% IVH grade ≥ 3; and 5.7% had cystic PVL 
 ADDIN EN.CITE 
(Fellman et al., 2009)
. The risk of being diagnosed with more than one of these conditions increased with decreasing GA. When the prevalence rates were compared with the ones from a previous Swedish cohort of EPT infants, born in 1990–1992, it was concluded that the total increase in one-year-survival (from 48% in 1990–1992 to 70% in 2004–2007) had been accompanied by an increase in several neonatal morbidities, except for IVH and/or cystic PVL 
 ADDIN EN.CITE 
(EXPRESS, 2010; Finnstrom et al., 1997)
. Doyle, Roberts, and Anderson 2010()
 were slightly more optimistic after comparing three cohorts of children born < 28 gestational weeks, in Australia in 1991–1992, 1997, and 2005 respectively. They concluded that the survival rates for these infants did not increase since the late 1990s. However, the 2005 cohort had significantly lower rates of severe developmental delay and severe neurologic disability than the 1997 cohort, who in turn had significantly higher rates than the 1991–1992 cohort Doyle et al., 2010()
.
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A tough start in life. Infant born 23 weeks of gestation, a few days old. Photo: Ann-Cathrine Berg
System-oriented Perspectives on Human Development 

One of the key issues in developmental psychology is to describe and explain how different factors affect development. Main effects, i.e. when a single factor, independently of others, has a certain effect, are rare compared to interaction effects. An interaction effect is present when the interaction between two or several factors has a certain outcome. Risk factors are factors that have a potentially negative effect on development. Aylward 2009()
 suggested that there are three main categories of risk: established, biological, and environmental. Established risks are medical conditions whose negative impact are direct and well documented, as for example genetic disorders. Prematurity is a biological risk factor, together with prenatal, perinatal, and postnatal events. These factors are potentially harmful. Environmental risks include poor caregiver-child interactions and developmental stimulation, low social support, economic difficulties, etc. Environmental risks may have synergistic or multiplicative effects on high risk infants Aylward, 2009()
. Nadeau, Tessier, Boivin, Lefebvre, and Robaey 2003()
 compared behavior in EPT and VLBW children with FT children at 7 years, showing a significant relationship between birth status and social withdrawal problems as well as between birth status and social immaturity and inattention problems. Furthermore, EPT/VLBW children with adverse family environment at birth were at increased risk for behavioral problems, implying an interaction effect between prematurity and family adversity. 
In sum: extreme prematurity is considered causing significant biological vulnerability, and environmental factors may exacerbate later outcomes. A well-known study by Drillien from over 50 years ago cited in Msall & Tremont, 2002()
 showed that the developmental quotient in VLBW children from low socioeconomic status (SES) backgrounds declined with age; though it improved in children from high SES families. So, environmental factors may also have a tempering effect on the degree of later problems 
 ADDIN EN.CITE 
(Grunau et al., 2002)
. Sansavini et al. 
 ADDIN EN.CITE 
(2007)
 noted for example a compensatory effect by the maternal educational level on preterm children’s grammatical and cognitive abilities. Treyvaud et al. 
 ADDIN EN.CITE 
(2009)
 found that parent-child interactional synchrony was associated with higher cognitive performances and greater social-emotional competence in 2-year-olds born VPT. 

Steele and Aylward 2009()
 stated that the field of pediatric psychology has moved from being relatively individually oriented to a more system-oriented approach, assuming reciprocal influences between children with illnesses, health care providers, family, etc., and also incorporating broader contextual perspectives when addressing the physical and psychological needs of ill children. As Kazak, Rourke, and Navsaria 2009()
 wrote:
“A child’s health-related concerns inherently and unquestionably affect not only the child, but also parents, siblings, extended family, class mates, school personnel, and the health care team. Likewise, these groups, or subsystems reciprocally interact with one another, and all of them both influence and are influenced by the child.” (p. 656)

The Ecological Systems Theory of Human Development
The ecological systems theory by Urie Bronfenbrenner (1917–2005) has been found useful in the understanding of the pediatric patient Kazak et al., 2009(; Steele & Aylward, 2009)
. The theory states that development is a product of the interaction between the human being and his/her environment Bronfenbrenner, 1979()
. Bronfenbrenner emphasized the reciprocity between the developing person and the settings in which he/she participates.

The current individual functioning is viewed as the result of a life history of individual-environment interactions. The ecological environment comprises sets of interrelated systems, at varying distances from the developing person. At the innermost level are systems in which the developing person directly participates, such as the family, the peer group, school, etc. These are called microsystems and the basic units of the microsystems are two-person systems including the developing person, i.e. dyads.
The next level of multiple, interacting microsystems constitutes the mesosystem. Bronfenbrenner noted that the mesosystem “… comprises the interrelations among two or more settings in which the developing person actively participates …” Bronfenbrenner, 1979 p. 25()
. For example, the interactions between child-parent microsystem and the child-medical staff microsystem constitute a mesosystem. Mesosystemic interactions may be affected by factors seemingly unrelated to the developing person.

At an even more distal level in the ecological model is the exosystem, described as “… one or more settings that do not involve the developing person as an active participant, but in which events occur that affect, or are affected by, what happens in the setting containing the developing person” Bronfenbrenner, 1979 p. 25()
. Exosystems are for example parental social and occupational networks, and neighbors.

The outermost level of the ecological model is the macrosystem—a context that encompasses and maintains belief patterns, values, norms, attitudes, and law regulations specific to a certain group. The macrosystem contains the micro-, meso-, and exosystems. It influences and is influenced by all of them.
Application of the Ecological Systems Theory on the Ill Child
As children with illnesses or deficits also grow and develop, a key issue is to investigate how interactions between different systems may affect development. Kazak et al. 2009()
 stated that medical illness is associated with a special developmental context. This context includes specific interacting systems such as child-medical staff, child-treatment team, and parent-child-medical staff. Also, the illness itself and its treatment can be viewed upon as parts of systems, shaping the lives of the child and his/her family over time. An ecological perspective may provide researchers and clinicians with an opportunity to identify common parameters of illness, family responses, and parent-child interaction patterns across different medical conditions. Figure 1 illustrates the application of the ecological theory in a pediatric health setting.
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Figure 1.

Bronfenbrenner’s ecological systems theory
Adapted from An Overview of Systems in Pediatric Psychology. In M. C. Roberts & R. G. Steele (Eds.), Handbook of Pediatric Psychology (4 ed), Copyright © 2009, Guilford Press. Reprinted with permission of The Guilford Press

Illnesses and their consequences vary in several ways, e.g. how apparent or how severe they are. Severe or chronic illnesses may place long-term and exhaustive demands on the child and family. Subjective factors, such as the child’s and the parent’s understandings and experiences of the illness and its treatments, are central. Parental distress, marital conflict, poor coping strategies, and poor social support may impede the process of adjustment to the illness. In contrast, social support, marital satisfaction, active coping, and the ability to balance the demands of the illness with other needs and responsibilities may facilitate adjustment Kazak et al., 2009()
.
As the child develops, the parents need to re-conceptualize the illness and re-adjust to new demands and issues. Depending on earlier microsystemic (e.g. child-parent) and mesosystemic (e.g. child-parent-medical staff) interactions and experiences, developmental changes may challenge families differently. Ill children may be treated—perhaps adequately—differently by their parents than children born at term, e.g. be excused from developmentally appropriate tasks or behaviors. Children with illnesses may also seek emotional support and attention in ways similar to younger children Kazak et al., 2009()
. Sometimes the child is unable to develop appropriate behaviors since the parents have become rigid in their conceptualizations of the illness, thus incapable of supporting more independent behavior in their child. The term vulnerable child syndrome has been used to describe normally developing children whose parents think they are at risk for medical problems or developmental deficits Allen et al., 2004(; Perrin, West, & Culley, 1989)
. Often these children have experienced medical problems earlier in life that were resolved, leaving no objective vulnerability. Perrin, West, and Culley 1989()
 found that mothers of healthy 3-year-old children, who had been born prematurely and had had neonatal morbidity, reported a heightened sense of vulnerability. Mothers with children born FT, whether or not they had been sick in the neonatal period, demonstrated significantly lower sense of vulnerability. Mothers with a great sense of vulnerability reported more behavior problems in their children, such as poor self-control, internalizing and somatic symptoms. Perrin et al. 1989()
 emphasized the importance of health care professionals helping the parents to recognize components of health in their child and to nurture independence. It would be beneficial to both children and parents if psycho-social issues were considered within the medical context. Building on the adaptive competencies in parents and families are important aspects of development facilitation Kazak et al., 2009(; Steele & Aylward, 2009)
.
Mesosystemic interactions between child-parent-medical staff have been explored within the field of prematurity research 
 ADDIN EN.CITE 
(Heermann, Wilson, & Wilhelm, 2005; Watson, 2011)
. Parents of preterm infants begin their experience of parenthood in the unfamiliar environment of the NICU, relying on professional, expert knowledge to care for their infant. Parents risk becoming passive recipients of information regarding their infants, experiencing great uncertainty about their contribution to the caregiving situation Watson, 2011()
. Als and Gilkerson 1997()
 described family focused developmental care in the NICU as a model of care that facilitates an alliance between parents and health care professionals. This alliance helps parental involvement in caregiving, and boosts feelings of competence regarding the understanding of the infant’s capabilities and behavior. By acknowledging the central role of the parents, NICU staff may facilitate the process of mothers and fathers moving from being “outsiders” to becoming engaged parents. However, Heerman, Wilson, and Wilhelm 2005


( ADDIN EN.CITE )
 found that NICU staff expertise could be a barrier to more active parenting. Mothers described frustration and powerlessness in their interactions with nurses who they experienced as constantly staking out their role as experts. The nurse-mother alliances were jeopardized when interactions were perceived as “power struggles”. These negotiations for control of the caregiving situation seem not as prominent in father’s descriptions of the hospitalization period Jackson, Ternestedt, & Schollin, 2003


( ADDIN EN.CITE ; Lindberg, Axelsson, & Öhrling, 2008)
.

Studies show that social support acts as a stress buffering factor, reducing the psychological pressure from having an ill child 
 ADDIN EN.CITE 
(Gooding et al., 2011; McManus & Poehlmann, 2012b)
. Exosystemic support, within the hospital setting (e.g. from the medical staff or parent support groups) and from the extended family and friends, may reduce parental anxiety and depressive symptoms. Also, work place policies regarding parental leave and part-time work may affect the resources of the immediate caregivers 
 ADDIN EN.CITE 
(Jackson et al., 2003; Steele & Aylward, 2009)
.
Finally, the macrosystem plays an important role in the sense that laws and policies could support or constrain the lives of families with ill children. For example, in Sweden, parents of a seriously ill child (meaning that there is great danger for the child’s life, that the child receives treatment for his/her illness, and that the child’s life is in danger without this treatment) are entitled to temporary parental benefit for an unlimited number of days.
Macrosystem refers to an entire society, though intrasocietal phenomena such as socioeconomic, ethnic or other subcultural groups, representing different belief systems and lifestyles, are seen as macrosystems as well. They are macrosystems in the sense that they maintain environmental settings specific to these groups Bronfenbrenner, 1979()
. Perrin et al. 1989()
 noted that mothers with high education level, compared with mothers with low education level, tended to view their children as more vulnerable. They suggested that particularly high SES parents worry about the developmental consequences of prematurity and the risk of their children not being able to succeed academically. SES can also affect parental experiences in terms of social resources. Social support may help to reduce the psychological pressure of having an ill child; however, low SES parents often have less available supporting networks. Davis, Edwards, Molay, and Wollin 2003()
 found that mothers of VPT infants with higher levels of education and higher perceived support from nursing staff showed lower rates of depressive symptoms than mothers with lower levels of education and lower perceived support. It was concluded that mothers with a lower level of education may have fewer resources that facilitate effective patterns of communication in the context of high-risk birth and NICU care.
“Pregnancy is not a ‘condition’ – it is a process” Raphael-Leff, 2005 p. 60()
. Joan Raphael Leff 2005()
 described the psychological maturation that parents undergo during pregnancy. At first, parents focus on the actual pregnancy; the confirmation of it, the bodily processes, and their own starting identity transformation. After feeling the first movements of the baby, emphasis shifts to the fetus. While lacking objective information on the fetus, parents relate to a fantasy baby. During the last months of pregnancy, focus shifts from the imaginary infant to the real one. Parents start preparing for their baby’s arrival—the actual delivery and their pending life as parents. Most parents have expected a normal, healthy child, which makes the birth of a preterm child frightening in several ways. Most parents are psychologically unprepared for birth since the psychological maturation, described by Raphael-Leff, is incomplete. Also, the appearance of the EPT infant may be far from the imaginary infant:

“The premature baby looks even less than like the baby-book pictures than those born at term and parents may feel guilt-ridden about their initial shock and revulsion at seeing the scrawny little ‘skinned rabbit’ or hairy, bony ET-like creature. In addition to its small size, the baby might be ill and almost transparent in appearance, is likely to be weak, ‘collapsed’ and unresponsive. Superimposed by the image of their healthy fantasy baby, this one seems alien and ‘wrong’.” Raphael-Leff, 2005 p. 447()

In terms of the ecological model, a parental image of the rosy, cute, cuddly baby is reproducing a macrosystemic cultural belief of what healthy newborns should look like. The appearance of the real EPT infant, being in sharp contrast to these beliefs, may affect the microsystemic parent-child interactions as parents may experience feelings of disappointment and alienation towards the infant Pederson, Bento, Chance, Evans, & Fox, 1987


( ADDIN EN.CITE ; Raphael-Leff, 2005)
.

Other macrosystemic factors that influence the pediatric settings are the practices of care. The introductions of the Newborn Individualized Developmental Care and Assessment Program (NIDCAP) Als, 1986(; Als, Duffy, McAnulty, & Badian, 1989)
, the Kangaroo Mother Care 
 ADDIN EN.CITE 
(Whitelaw, Heisterkamp, Sleath, Acolet, & Richards, 1988)
 as well as the concept of minimal handling during neonatal intensive care Murdoch & Darlow, 1984()
 during the 1980s led to an increased focus on psychological aspects of neonatal care, such as concentrating caregiving to the infant’s needs, capacities and daily rhythm and encouraging parent-child bonding.
The Bioecological Theory of Human Development

The ecological theory of human development, presented above, was mainly developed by Bronfenbrenner during the 1970s. However, the theory itself was in a constant state of development. Although always emphasizing the person-environment interrelatedness, Bronfenbrenner became increasingly interested in the processes of human development Tudge, Mokrova, Hatfield, & Karnik, 2009()
. In the more recent paradigm—the bioecological theory of human development—the construct of proximal processes is a key element:
 “Especially in the early phases, but also throughout the life course, human development takes place through processes of progressively more complex reciprocal interaction between an active, biopsychological human organism and the persons, objects, and symbols in its immediate external environment. To be effective, the interaction must occur on a fairly regular basis over extended periods of time. Such enduring forms of interaction in the immediate environment are referred to as proximal processes.”  Bronfenbrenner, 1995 p. 620()

Proximal processes are for example parents feeding and comforting a baby, parent-child playing, child-child playing, and learning activities in preschool or school contexts, i.e. the type of things that are common in the lives of developing individuals. Bronfenbrenner called them “the engines of development” Bronfenbrenner & Morris, 2007 p. 798()
 as they facilitate and deepen the individual’s understanding of the world. He emphasized strongly the reciprocity of the proximal processes, i.e. that interactions influence both the developing person and whom he/she interacts with. The bio in the bioecological model represents the biologically based personal characteristics that influence the proximal processes and their developmental outcome. Bronfenbrenner assumed that biological factors constitute the framework in which development takes place.
Furthermore, a number of powerful moderators were specified in the bioecological model:

“The form, power, and direction of the proximal processes effecting development vary systematically as a joint function of the biopsychological characteristics of the developing person: of the environment, both immediate and more remote, in which the processes are taking place; and the nature of the developmental outcomes.” Bronfenbrenner, 1995 p. 621()

Later, time, was added as an influential factor Bronfenbrenner & Morris, 2007(; Bronfenbrenner & Morris, 1998)
. During the 1990s, Bronfenbrenner also introduced an operational research design, based on the bioecological theory—the Process-Person-Context-Time model Bronfenbrenner, 1995()
.

Person characteristics

While developmental research often focuses on cognitive, social, and behavioral characteristics of the developing person in terms of outcomes, the bioecological model also includes these characteristics as antecedents and shapers of later outcome. Bronfenbrenner and Morris 2007()
 described so called force characteristics that are either developmentally generative (i.e. activate and maintain proximal processes) or developmentally disruptive (i.e. interfere and prevent proximal processes). Generative characteristics are for example curiosity and responsiveness, and sociability. In young infants generative dispositions are manifested in their abilities to visually explore their surroundings, respond to the voices of their parents, and later, to use gestures and vocalizations to attract attention, initiate and sustain interaction with a growing number of people. Disruptive characteristics are inattentiveness, unresponsiveness, the tendency to withdraw from social interactions, as well as emotional regulation difficulties, impulsiveness, and distractibility.

Resource characteristics are those that influence the capacity of the developing person to engage in the proximal processes. Bronfenbrenner and Morris 2007()
 gave several examples of resource characteristics that may impede the capability for interaction, such as genetic defects, LBW, physical handicaps, severe or chronic illness, and brain damage. In contrast, the ability to engage in progressively more complex proximal processes is an important resource for development through the life span.

Demand characteristics stimulate responses from the social environment which in turn may foster or hinder psychological development. Demand characteristics such as age, gender, skin color, and physical appearance may affect interactions through the expectations (or biases) they elicit in others. Also, infant behaviors like being mainly fussy or mainly happy operate as demand characteristics, eliciting certain reactions. LBW infants in Drillien’s study cited in Bronfenbrenner & Morris, 2007()
 were found to benefit strongly from maternal responsiveness; however, different infant behaviors captured the mother’s attention depending on social circumstances. Low SES mothers responded mainly to the infant’s expressions of distress, whereas high SES mothers responded primarily to manifestations of growing competence in their children.
Environment

The definition of environment—or context—in the bioecological theory is similar to the definition in the ecological theory, hence involving the four interrelated systems described above: the micro-, meso-, exo-, and macrosystems. In the “mature” form of the theory, Bronfenbrenner defined the microsystem as follows:

“A micro-system is a pattern of activities, social roles, and interpersonal relations experienced by the developing person in a given face-to-face setting with particular physical, social, and symbolic features that invite, permit, or inhibit, engagement in sustained, progressively more complex interaction with, and activity in, the immediate environment.” Bronfenbrenner & Morris, 2007 p. 814()

Bronfenbrenner acknowledged studies by Theodore Wachs cited in Bronfenbrenner & Morris, 2007()
 who examined the relationship between features of the physical environment and cognitive functioning in infants and toddlers, e.g. environment that permits exploratory behavior. The bioecological model also introduced the idea that proximal processes involve interaction with objects and symbols. From a child’s perspective, development is facilitated through progressively more complex interaction with toys, in hobby activities, through reading, and fantasy play. Regarding the more distal systems, Bronfenbrenner kept emphasizing influential factors as ethnicity, social class, social networks, etc.

Time

As with environmental factors, time in the bioecological model is divided into sublevels. The period during which some specific interaction takes place, is called micro-time. Interpersonal activities must continue long enough, i.e. take place “on a fairly regular basis” Bronfenbrenner & Morris, 2007 p. 797()
 to become increasingly complex. Greater complexity fosters development, e.g. by making the child gradually more active. The persons with whom the infant or young child interacts are mainly the parents or caregivers. As the child grows older, siblings, peers, and teachers play increasingly important roles. 

Meso-time refers to the extent to which interactions occur with some consistency. Proximal processes may become insufficient in environments that are disruptive or unpredictable across time. Disruptive environmental characteristics of one microsystem tend to affect other microsystems that they are interconnected with. For example, a family system characterized by great instability may affect a child’s interactions within the preschool environment. The macro-level of time is the historical era in which the developing person lives, as well as specific events that occur at certain ages of the developing person, i.e. the “timing in lives” Bronfenbrenner & Morris, 2007 p. 821()
.

The Use of Bronfenbrenner’s Theories

In their article Uses and Misuses of Bronfenbrenner’s Bioecological Theory of Human Development, Tudge, Mokrova, Hatfield, and Karnik 2009()
 evaluated the application of Bronfenbrenner’s bioecological theory in papers published since 2001. They discovered conceptual confusions in their study material, for example regarding which version of the Bronfenbrenner theory that was actually applied. Research based on the “mature” version should include all elements of the Process-Person-Context-Time model, if it should qualify as a test of the theory. However, few studies met this criterion. Tudge et al. 2009()
 wrote:

“Scholars may, of course, choose to use an earlier version of the theory [by Bronfenbrenner] as the foundation of their research; they may also choose to base their study on only some of the major concepts of the developed theory. In either case, however, this needs to be stated explicitly …” (p. 199)
The studies included in the present thesis were not designed based on either of the Bronfenbrenner models. Instead, their key concepts were found useful in the understanding of how EPT birth may affect development during early childhood (see the Discussion section).
 ADDIN EN.REFLIST Preterm Birth Sequelae

Sensory Impairments

Children born EPT are at higher risk for visual acuity impairment compared with children born at term Behrman & Butler, 2007()
. Boys born EPT are at heightened risk for visual deficits compared with girls born EPT Jacobson, Hard, Horemuzova, Hammaren, & Hellstrom, 2009()
. As presented in the section on neonatal morbidities, prematurity—and extreme prematurity in particular—is associated with complications, e.g. ROP. Incidence of visual impairments and blindness is related to ROP severity and low gestational age. In the EXPRESS population, 34% developed severe ROP EXPRESS, 2010()
; however, only four children (0.9%) were blind (vs. 0% in the FT control group). Similarly, the blindness prevalence in the EPICure2 cohort (born < 27 GW in 2006) was 1% 
 ADDIN EN.CITE 
(Moore, Hennessy, et al., 2012)
. In EXPRESS, children registered at low-vision centers without blindness were recorded as having moderate visual impairment 
 ADDIN EN.CITE 
(Serenius et al., 2013)
. Thirteen (2.9%) EPT children in the total population were moderately impaired, compared with one (0.1%) FT child. Myopia (i.e. short-sightedness) is a common visual impairment in children born preterm. Other impairments are hyperopia (i.e. long-sightedness) and astigmatism (i.e. refractive error). Strabismus (i.e. ocular misalignment or crossed eyes) are also more frequent in preterm children than in FT children. The risk of strabismus increases with IVH, PVL and ROP. Treatments include correction with glasses and/or surgery. Preterm children—and especially those born EPT—need glasses to a greater extent than term born children 
 ADDIN EN.CITE 
(Marlow, Hennessy, Bracewell, & Wolke, 2007)
.

Children born preterm have a higher incidence of hearing impairments than children born at term. Profound hearing loss/deafness is uncommon; both the EXPRESS and the EPICure2 reported an incidence of 0.2% (vs. 0% in FT controls) 
 ADDIN EN.CITE 
(Moore, Hennessy, et al., 2012; Serenius et al., 2013)
. Hearing loss correctable with hearing aid—sometimes called moderate hearing impairment—was found in 0.7% of the EXPRESS children 
 ADDIN EN.CITE 
(Serenius et al., 2013)
, whereas the EPICure2 reported a prevalence of 5% 
 ADDIN EN.CITE 
(Moore, Hennessy, et al., 2012)
. There are some evidence suggesting that children born preterm have difficulties with functions such as auditory processing and auditory discrimination Behrman & Butler, 2007()
 as well as having poorer auditory recognition memory (e.g. recognizing the voice of the mother vs. the voice of a stranger). Since hearing is closely related to communication and language development, these deficits may also comprise language acquisition Behrman & Butler, 2007()
.
Disabilities Following Extremely Preterm Birth

Follow-ups during the preschool period regularly classify children into functional groups of disability based on the severity of sensory and neuromotor deficits, and developmental delay. Definitions of disabilities and their severity may vary between studies, which makes comparisons difficult Saigal & Doyle, 2008()
. The EXPRESS defined severe disability as any of the following: Bayley-III cognitive, language or motor score 3 SDs below FT control group mean; severe CP; bilateral blindness or severe hearing loss. Moderate disability was defined as Bayley-III scores 2–3 SDs below the FT control group mean; ambulant CP requiring walking aids; moderate vision impairment; impaired hearing corrected with hearing aids. Mild disability was defined as Bayley-III scores 1–2 SDs below the control mean or mild CP. At 30 months, mild disability was found in 31%, moderate in 16% and severe disability in 11%. The Victorian Infant Collaborative Study Group (VICS) in Australia presented data from a cohort of 2-year-olds born EPT in 2005. Development was assessed using the Bayley-III. As in the EXPRESS, cognitive and language composite scores were obtained relative to the mean and SD for the NBW controls on the respective scores and disability was classified similarly. Mild disability was identified in approximately 29%, moderate in 17% and severe in 4%. Swedish and Australian rates can be compared with the well-cited reports from the EPICure Study Group investigating EPT (GA < 26 weeks) sequelae in children born approximately 20 years ago in the United Kingdom and Ireland. In their 1995 cohort, 50% of all EPT infants had some deficit at 30 months of age, and almost 25% had severe deficits. 

“No gestational age escapes morbidity” Saigal & Doyle, 2008 p. 236()
. For example, 3.3% (12/366) of the EXPRESS term controls had moderate to severe disabilities 
 ADDIN EN.CITE 
(Serenius et al., 2013)
, and 2.0% (4/202) of the VICS controls had substantial impairments Doyle et al., 2010()
. Although it is promising that the survival of the most immature preterm babies has improved, survivors are at apparent risk for later functioning deficits. Transnational reports with EPT infants show higher disability rates compared with moderate-late as well as VPT infants 
 ADDIN EN.CITE 
(Arpino et al., 2010; Hille et al., 2001; Milligan, 2010)
. The goal of health care professionals and NICU staff is not only to assure the survival of preterm babies. Striving for improvements of outcomes is essential. Researchers and clinicians have raised the concern that increased survival may be at the expense of later quality of life, especially in the most fragile infants. As Watts and Saigal 2006()
 expressed it: “… death in itself is an inadequate measure of outcome, and survival in a severely impaired state is considered by many to be equally undesirable.” (p. 221).

Concurrent with the increased EPT/ELBW survival, it has been demonstrated that rates of developmental deficits remain stable, thus indicating that the absolute numbers of children with disabilities have actually increased over time Milligan, 2010()
. The EPICure compared developmental outcomes in two cohorts of EPT infants born in 1995 and 2006 (i.e. EPICure2) respectively 
 ADDIN EN.CITE 
(Moore, Hennessy, et al., 2012)
. Between the two time points, survival had risen significantly, and chance of survival without any disability improved in infants born at 24 and 25 GW. However, when comparing outcome at 2–3 years there was no change in the rate of severe impairment (non-ambulant CP, blindness, profound hearing loss, or a developmental quotient of < 3 SDs below the mean for age). Because the number of infants receiving care had increased, the number of young preschoolers with problems related to their prematurity had increased as well 
 ADDIN EN.CITE 
(Moore, Hennessy, et al., 2012)
.
Given the variability in disability rates between different cohorts, there is a continuous need for up-to-date estimates of short-term and long-term outcomes after extreme prematurity. Particularly since they serve as the basis for parental counseling and provide guidelines for health care professionals. Divergent study results across nations and neonatal care practices may complicate the process of reaching adequate clinical procedures. Problems when comparing studies arise from differences in features like age ranges in the cohort, the ages at follow-up, study inclusion and exclusion criteria. Furthermore, different tests are used as well as different reference norms Watts & Saigal, 2006()
. Study differences along with national variations in approaches to EPT care imply caution when making recommendations for any society but one’s own Milligan, 2010()
.

Cognitive Outcome

Cognitive impairment is the most common disability in children born preterm 
 ADDIN EN.CITE 
(Marlow, 2004; Marlow, Wolke, Bracewell, & Samara, 2005; Moore, Hennessy, et al., 2012; Serenius et al., 2013)
. On group level, VPT or EPT children are consistently being outperformed by term born peers on tests measuring mental or cognitive ability 
 ADDIN EN.CITE 
(Marlow et al., 2005; Munck et al., 2010)
. Ortiz-Mantilia, Choudhury, Leevers, and Benasich 2008()
 administered the Bayley Scales of Infant Development, 2nd edition (Bayley-II) mental developmental index (MDI) at 6, 9, 12, 16, and 24 months with VLBW children and NBW controls. Although both groups performed within normal range on the MDI, VLBW children performed more poorly than the FT controls at all ages and the differences between the groups increased with age. The VICS showed that EPT children’s Bayley-III cognitive score at 2 years was 0.8 standard deviations lower compared with FT controls Doyle et al., 2010()
. Table 1 presents more examples of studies investigating cognitive disability in VPT or EPT preschoolers. Most common outcome measure so far has been the Bayley-II MDI although studies using Bayley-III scores are increasing. Some studies used the standardized norms (mean 100, SD 15) as reference values, whereas some compared study group performances with term control group means and SDs. 

Table 1. 
Studies investigating cognitive outcome in very or extremely preterm infants

	Study
	Cohort
	Gestational age or Birth weight
	Age at assessment
	Outcome measure
	Delay rate

	The EPICure (UK, Ireland)

	1995
	< 26 weeks
	30 months
	Bayley-II MDI

70–84

55–69

< 55
	(n = 283)

Mild 34%

Moderate 11%

Severe 19%

	The EPIBEL (Belgium)

	1999–2000
	< 26 weeks
	36 months
	Bayley-II MDI

70–84

55–69

< 55
	(n = 77)

Mild 27%

Moderate 10%

Severe 18%

	The LFUPP (Netherlands)

	1996–1997
	< 32 weeks
	24 months
	Bayley-II MDI

68–84

< 68
	(n = 146)

Moderate 12%

Severe 15%

	NICHD study (United States)

	2002–2004
	< 25 weeks
	18–24 months
	Bayley-II MDI

< 70

< 50
	(n = 384)

Moderate 51%

Severe 15%

	The PIPARI (Finland)

	2001–2006
	< 1500 grams
	24 months
	Bayley-II MDI

> -2 SDs below FT control group mean
	(n = 182)

Significant 15%

	The VICS (Australia)

	2005
	< 28 weeks
	24 months
	Bayley-III Cognitive and/or Language Index scales

1–2 SDs below FT mean

2–3 SDs below FT mean

> -3 SDs below FT mean
	(n = 163)

Mild 31%

Moderate 12%

Severe 3.7%


Differences in cognitive ability or intelligence quotient (IQ) scores between preterm born and term born children usually remain after adjustment for possible social and economic confounders 
 ADDIN EN.CITE 
(Arpino et al., 2010; Doyle et al., 2010)
. This suggests that, even if environmental factors affect cognitive development, prematurity and its consequences play important roles. A range of studies have explored the association between disrupted neurodevelopmental patterns, alterations in gray and white brain matter and later cognitive impairment 
 ADDIN EN.CITE 
(Bhutta & Anand, 2001; Horsch et al., 2010; Skiold et al., 2012)
. A Danish study investigated whether extreme prematurity has a global impact on intellectual capacity in preschoolers or a more differentiated effect, hence assuming profiles of both specific dysfunctions and relatively well-preserved functions Hoff Esbjorn, Hansen, Greisen, & Mortensen, 2006()
. Analyses of Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R) means showed significant differences between EPT children and controls on almost all subtests, also when adjusting for parental education, indicating that deficits tend to be general rather than specific in EPT preschoolers. The Danish researchers argued that EPT children are born during a critical period of brain development when early cortical connections and glial cell migration processes are established. Infant hypoxia, infections, and other medical conditions cause an adverse neonatal environment that may have permanent and general long-term effects on brain development Hoff Esbjorn et al., 2006()
. For example, lower global brain tissue volumes found in children born EPT are consequently related to developmental deficits 
 ADDIN EN.CITE 
(Bodensteiner & Johnsen, 2006; Skiold et al., 2014)
.

Language Outcome

Preterm birth is considered a risk factor in communication development during infancy, and adverse language outcome at preschool and school age; although, some studies describe verbal ability to be a relative strength in preterm children 
 ADDIN EN.CITE 
(Lind et al., 2011; Lundequist, Bohm, & Smedler, 2013)
. A meta-analysis from 2012 demonstrated that prematurity is associated with problems in a range of language measures, including receptive vocabulary size, sentence production, and grammatical ability 
 ADDIN EN.CITE 
(Kunnari, Yliherva, Paavola, & Peltoniemi, 2012; van Noort-van der Spek, Franken, & Weisglas-Kuperus, 2012)
. Van Lierde, Roeyers, Boerjan, and De Groote 2009()
 analyzed language characteristics of a group of ELBW children at 3 years. They identified language deficits in 33% of the subjects, both in receptive language functions (e.g. the understanding of a variety of named objects, prepositions, and comprehension of questions) as well as expressive language functions (e.g. naming items, defining objects and abstract words, telling stories based on pictures, and production of different word classes). They also demonstrated a strong association between language deficit and lower Bayley-II MDI. Since the MDI is a general developmental index (see description in Methods section), Van Lierde et al. 2009()
 could not rule out that this association was explained by the language items incorporated in this index. They concluded that “… mean language differences between ELBW children and FBW children can partly be explained by a difference in general mental functioning” (p. 299).

Ortiz-Mantilia et al. 2008()
 identified associations between language abilities at preschool age and cognitive processing abilities during infancy in VLBW children. Lower language scores (as measured by the subset of language items of the Bayley-II MDI) at 2 years were associated with slower habituation (as measured by a visual-habituation-recognition memory task) at 6 months. Slower habituation was also associated with lower Stanford-Binet Intelligence Scale full IQ score at 4 years. In contrast, higher full IQ at 5 years and language abilities at 7 years were related to higher novelty preference (seconds of fixation to a novel stimulus vs. seconds of fixation to familiarized stimulus) at 9 months. VPT and EPT infants may have poorer recognition and information processing skills, and more problems sustaining and shifting attention than infants born at term. Ortiz-Mantilia et al. 2008()
 concluded that lower language performances in VLBW children are probably part of a pattern of global processing deficits. Furthermore, the EPICure showed that 6-year-olds born ≤ 25 weeks of gestation scored significantly lower than term born peers on measures of language abilities such as auditory comprehension and expressive communication 
 ADDIN EN.CITE 
(Wolke, Samara, Bracewell, & Marlow, 2008)
. Compared with term peers, the EPT children performed worse on tests measuring phonological abilities (e.g. rhyme detection, letter knowledge, grammatical correctness), which is associated with later reading skills. They also had more difficulties in speech sound production, normal fluency, and time patterning of speech (DSM-IV criteria for “stuttering”). Group differences in language as well as phonological abilities disappeared when controlling for cognitive status, as measured by the Kaufman Assessment Battery for Children (K-ABC). Concurrent with others, the EPICure findings indicated that language disabilities in EPT children are primarily explained by general cognitive deficits and that cognitive impairments in EPT children originate from global disturbances in brain development rather than damages to specific brain regions. However, cognitive impairment did not explain group differences in speech ratings. Speech impairments were still 2.6 times more frequent in the EPT children after adjustment for cognitive status. The EPICure researchers suggested that these impairments are related to specific areas of the brain since they involve oral motor problems 
 ADDIN EN.CITE 
(Wolke et al., 2008)
.

Thus, language impairments in premature infants, especially those born EPT, are often attributed to a general cognitive deficit. Some studies have sought to investigate the potential impact of specific cognitive mechanisms on language development in children born preterm. Sansavini et al. 
 ADDIN EN.CITE 
(2007)
 investigated the process of language acquisition in VPT preschoolers, showing that they performed significantly worse compared with term peers on tasks measuring phonological working memory skills (nonsense word repetition tasks). Since phonological working memory aids language learning, especially before speech production and comprehension become more automatic processes, this may be an important key when explaining language deficits in VPT and EPT children 
 ADDIN EN.CITE 
(Rushe, 2010; Sansavini et al., 2007)
. Researchers within the Norwegian Mother and Child Cohort Study studied the association between attention problems and early language development in preterm children 
 ADDIN EN.CITE 
(Ribeiro et al., 2011)
. Results indicated that attention problems at 18 months predict level of change in language ability from 18 to 36 months. Infants with adequate attention skills follow adults’ gazes, engage in joint attention, and track other people’s verbalizations 
 ADDIN EN.CITE 
(Rose, Feldman, & Jankowski, 2009)
. On the other hand, dysregulation of attention and arousal—characteristic features of EPT infants—may interfere with the ability to maintain a focused state. Since EPT children are at risk for attentional deficits, their capacity to engage in social interactions may be limited—hence the opportunities for language learning may decrease 
 ADDIN EN.CITE 
(Ribeiro et al., 2011)
.

Motor Outcome

CP is a general term for a group of permanent, non-progressive movement disorders that cause physical disability. CP is the major neuromotor deficiency following preterm birth, caused by injuries to the developing brain occurring during pregnancy, during childbirth, or after birth up to about 3 years of age Bracewell & Marlow, 2002()
. A review from 2008, containing studies from Europe (including Sweden), North America, Australia, and Japan showed that the average event rate of EPT children having CP was 14.6% Himpens, Van den Broeck, Oostra, Calders, & Vanhaesebrouck, 2008()
. The prevalence significantly decreased with increasing GA. In all of the studies included, the rate in FT children was approximately 1 in 1000 (0.1%). In the Swedish general population, the prevalence of CP is approximately 0.2% (https://www.skane.se/habilitering).

CP can be classified into different subtypes, such as bilateral (diplegia, quadriplegia) or unilateral (hemiplegia), spastic or non-spastic 
 ADDIN EN.CITE 
(Hack & Costello, 2008)
. Bilateral spastic CP is reported to be the most prevalent form in both preterm and term infants Himpens et al., 2008()
. Classification can also be based on the scope or the severity of impairment:
· Mild CP describes the ability to move without assistance, and that the person’s daily activities are not limited.

· Moderate CP describes the ability to move and accomplish daily activities with different aids and adaptive technology.

· Severe CP describes the inability to move even without aids, e.g. the requirement for a wheelchair, and significant challenges when accomplishing daily activities.

In the EXPRESS population, 2.9% had mild CP, 2.9% moderate CP, and 1.3% severe CP when using this classification. The overall rate was 7%. A previous Swedish study, measuring ELBW outcome in children born in 1990–1992, demonstrated at 36 months an incidence of 14%, 10% and 3% in children born at 23–24, 25–26 and ≥ 27 gestational weeks respectively Finnstrom et al., 1998()
. As stated earlier, the increase in survival in preterm infants has influenced the prevalence of neurodevelopmental impairment, including CP. By 2002, the evidence that postnatal steroid treatment (especially early in the neonatal period) was associated with increased risk for CP had grown to convince the American Academy of Pediatrics to develop guidelines that strictly regulated steroid administration. Hence, this marks an important turning point with regard to CP prevalence Krägeloh-Mann, 2010()
. Still, there is an increase in absolute cases of CP as a function of an increase of survivors Saigal & Doyle, 2008()
. 

VPT and EPT survivors are also at risk for developing other motor deficiencies than CP. In their meta-analysis, De Kieviet, Piek, Aarnoudse-Moens, and Oosterlaan 2009()
 demonstrated that VPT children are on average -0.57 to -0.88 SDs behind children born at term in motor development, from infancy to adolescence. The Bayley-II psychomotor developmental index (PDI) was the most common outcome measure during the preschool period, used in 96% (23/24) of the studies included, and VPT children consistently achieved lower PDI scores compared with normative samples. Children with perinatal complications showed further decrease in their PDI scores.

Motor difficulties also occur in EPT children with normal cognitive status. For example, the EPICure showed that 6-year-olds born EPT performed worse on visuo-spatial (e.g. design copying) and sensorimotor (e.g. visuo-motor drawing precision) tasks than term born classmates and that differences remained significant after controlling for IQ 
 ADDIN EN.CITE 
(2007)
. Preterm children, spared from severe neurodevelopmental disorders, may develop more subtle gross motor coordination and balance problems, as well as difficulties with fine motor manipulation. Difficulties like these characterize the developmental coordination disorder (DCD), i.e. motor deficits that cause functional impairments that cannot be otherwise explained by age, cognitive ability, neurologic and psychiatric diagnosis. DCD has been found in 31–34% of VPT/VLBW and in 50% of EPT/ELBW cohorts 
 ADDIN EN.CITE 
(Buonocore, Bracci, & Weindling, 2010; Dewey et al., 2011)
. This functional problem has been associated with social exclusion and victimization 
 ADDIN EN.CITE 
(Campbell, Missiuna, & Vaillancourt, 2012; Dahan-Oliel et al., 2014)
. Nadeau, Tessier, Lefebvre, and Robey 2004()
 demonstrated that 7-year-olds born EPT experienced more verbal bullying by their peers than their term born classmates, even when children with a visible motor, intellectual, or sensory disability were excluded. They proposed that children with minor motor problems—such as DCD—are in a difficult position since they do not have an obvious disability but still cannot perform as well as their peers in, for example, physical activities. Motor impairment may negatively affect feelings of personal competence, a factor known to be related to the phenomenon of victimization Nadeau et al., 2004()
.

So, motor deficiencies may appear in preterm children with normal cognitive development. Some researchers have explored the relationship between motor and cognitive functions. 
 ADDIN EN.CITE 
Losch and Dammann (2004)
 demonstrated that when examining cognitive abilities in VLBW children at kindergarten age, motor abilities explained 16% of the total score variance, even in children without obvious motor impairments (the study subgroup of so-called “clumsy children”). Burns, O’Callaghan, McDonell, and Rogers 
 ADDIN EN.CITE 
(2004)
 found a significant association between motor development and cognitive status (as measured by the general intelligence quotient of the Griffiths Mental Developmental Scale) at age 1 in ELBW children. Children with moderate-severe motor problems had significantly lower general intelligence quotient. The same association was detected at age 4. These differences were independent of medical and social factors, and remained after excluding children with CP. Wijnroks and van Veldhoven 2003()
 investigated whether postural dysfunctions (poor coordination and reduced ability to extend arms and elbows to reach) in preterm infants would interfere with their exploratory behavior at 6 months, and then, whether these dysfunctions would interfere with later cognitive status (Bayley-II MDI score). During exploration tasks, preterm infants with postural dysfunctions were strikingly passive, mostly observing rather than playing with the toys, probably due to impaired ability to grasp and manipulate objects. Infants with these difficulties had lower MDI score, were less successful in problem solving, and more inattentive at 18 and 24 months.  

In the 1950s, developmental psychologist Jean Piaget (1896-1980) suggested that there is a close relationship between motor and cognitive development. He regarded motor activity and sensorimotor experience as central for the emergence of cognitive skills cited in Von Tetzchner, 2005()
. More recently, Diamond 2000()
 argued that motor and cognitive development are closely interrelated processes, based on evidence such as that activation in the prefrontal cortex during a cognitive task is closely coupled with activation in the cerebellum—an area usually associated with motor control and performance of complex motor sequences. Motor problems are also common in children with cognitive disorders, attention deficit hyperactivity disorders (ADHD) and autism spectrum disorders (ASD).
Thus, the notion that there is an association between motor and cognitive abilities is neither new nor excluded to preterm babies. However, Wijnroks and van Veldhoven 2003()
 hypothesized that preterm neonates’ low passive tone, as a consequence to the long period of hospitalization where they are relatively immobile, puts them at certain risk for dysregulation of muscle power and later postural dysfunctions. When a child’s ability to explore and manipulate objects is limited, then his or her opportunities to learn about the properties of objects are limited as well. As de Kieviet et al. 2009()
 described it: “The presence of motor dysfunctions may crucially affect the child’s exploration of the world” (p. 2235). 

Neonatal and Social Factors Associated with Developmental Outcomes
Since cognitive impairment is the most prevalent outcome after EPT/ELBW birth, studies often focus on prediction of that impairment. Cognitive deficiency in EPT infants is a complicated multifactorial issue, associated with a wide array of biological and environmental events. Neonatal risk factors include brain injury (IVH and PVL) and other, more diffuse brain abnormalities 
 ADDIN EN.CITE 
(Beaino et al., 2011; Munck et al., 2010; Neubauer, Voss, & Kattner, 2008; Peterson et al., 2000)
, BPD, CLD, RDS, and long-term oxygen dependency 
 ADDIN EN.CITE 
(Stoelhorst, Rijken, et al., 2003; Wood et al., 2005)
, and being born SGA 
 ADDIN EN.CITE 
(Beaino et al., 2011)
. Low parental educational background, low maternal age, and other socioeconomic factors are likewise associated with cognitive outcome 
 ADDIN EN.CITE 
(Gisselmann, Koupil, & De Stavola, 2011; Stoelhorst, Rijken, et al., 2003; Walch, Chaudhary, Herold, & Obladen, 2009; Voss, Jungmann, Wachtendorf, & Neubauer, 2012)
. On the contrary, the absence of major neonatal morbidities, short neonatal hospitalization, high SES and breast milk feeding are positively associated with good outcome 
 ADDIN EN.CITE 
(Anderson, Johnstone, & Remley, 1999; Beaino et al., 2011; Doyle, 1995; Vohr et al., 2007)
.

The relations between severe medical complications and cognitive outcomes in EPT/ELBW are considered rather robust. Factors such as major cerebral hemorrhage or prolonged mechanical ventilation treatment may have long-term effects and determine school readiness 
 ADDIN EN.CITE 
(Neubauer et al., 2008; Patrianakos-Hoobler, Msall, Marks, Huo, & Schreiber, 2009; Taylor, Klein, & Hack, 2000)
. Social factors are reported to become increasingly important predictors of development as EPT children grow older. Stoelhorst et al. 
 ADDIN EN.CITE 
(2003)
 demonstrated that low maternal age and maternal ethnic minority origin did not play an important role in cognitive outcome (as measured by Bayley-II MDI) at 18 months, but were significantly associated with poorer outcome at 24 months. Gargus et al. 2009()
 compared the contribution of infant factors present at birth (e.g. sex, birth weight, neonatal morbidities) vs. SES indicators (maternal level of education, marital status, and insurance status) on survival and neurodevelopmental outcome (Bayley-II scores and sensorimotor outcome) at CA of 18 to 22 months. Their hypothesis that higher SES and less neonatal morbidity would predict favorable neurodevelopmental outcome was confirmed. Social factors provided a minimal contribution to survival although their importance increased when developmental status was the outcome. Decreased SES may also constitute a barrier to school readiness in preterm children and furthermore alter the differences between FT and preterm children in academic achievement and need for special education 
 ADDIN EN.CITE 
(Charkaluk, Truffert, Fily, Ancel, & Pierrat, 2010; Patrianakos-Hoobler et al., 2009)
. Gross, Mettelman, Dye, and Slagle 2001()
 found that parental marital status and education at the time of birth were associated with preterm children’s (24–31 weeks’ gestational age) school performance at 10 years. Optimal school outcome was observed in approximately 50% of the children whose parents were high school graduates, but only in 11% of those whose mothers and fathers had < 12 years of education. They found no significant relationship between these parental factors and school outcome in their FT control group.

It may be anticipated that EPT infants, being exceptionally medically fragile, are at risk for adverse developmental outcome. Social risks increase preterm children’s vulnerability to poor outcomes 
 ADDIN EN.CITE 
(Msall, Bier, LaGasse, Tremont, & Lester, 1998)
. These risks may be explained by limited material and social resources, and stress-inducing everyday life conditions; however, the negative effects of low SES are not excluded to preterm populations 
 ADDIN EN.CITE 
(Stoelhorst, Rijken, et al., 2003; Wong & Edwards, 2013)
. Children from low SES background in general may have limited access to cognitively stimulating activities such as books, educational toys, and parent-child learning activities. In contrast, parents with higher education have the resources to create a more intellectually stimulating environment for their children Bradley & Corwyn, 2002()
. High SES parents interact by using a richer vocabulary, and read more to their children than parents with limited academic achievements Gisselmann et al., 2011()
. 

Studies with preterm children proposed that socioeconomic factors may have particularly strong effects on language skills and behavior, whereas neonatal complications such as cerebral injuries, ROP, and prolonged duration of respirator treatment are more critical determinants of motor impairments 
 ADDIN EN.CITE 
(Duncan et al., 2012; Marschik, Einspieler, Garzarolli, & Prechtl, 2007; Wild, Betancourt, Brodsky, & Hurt, 2013; Wood, Marlow, Costeloe, Gibson, & Wilkinson, 2000)
. Although relations between risk factors and outcome appear to be domain specific to a certain extent, language development is also influenced by several neonatal risk factors, including BPD, days on ventilator treatment, and feeding difficulties 
 ADDIN EN.CITE 
(Adams-Chapman, Bann, Vaucher, & Stoll, 2013; Singer et al., 2001)
. Findings that neonatal factors are particularly critical determinants of motor deficits are consistent 
 ADDIN EN.CITE 
(Bracewell & Marlow, 2002; Dewey et al., 2011; Wood et al., 2005)
. BPD and postnatal corticosteroid administration (especially in populations born in the 1990s) are closely linked to motor outcomes. EPT neonates with chronic oxygen dependency and BPD have recurrent episodes of hypoxia which may influence neuronal organization, myelination, and brain growth. Cerebral white matter damage is recognized as a significant predictor of CP and other motor deficits.
The Male Disadvantage

Male sex has been identified in numerous studies as a universal risk factor for neonatal death and in-hospital morbidity 
 ADDIN EN.CITE 
(Elsmen, Hansen Pupp, & Hellstrom-Westas, 2004; Kent, Wright, & Abdel-Latif, 2012; Peacock, Marston, Marlow, Calvert, & Greenough, 2012; Xiong, Gonzalez, & Mu, 2012)
. Boys have an increased risk for brain insults, respiratory problems and severe ROP. Developmental problems as well as sensory impairments are more frequent among EPT boys than EPT girls 
 ADDIN EN.CITE 
(Jacobson et al., 2009; Vohr, 2010)
. In preschool age, EPT boys are more likely to have significant cognitive and/or language deficiencies (e.g. MDI < 70), motor difficulties (e.g. PDI < 70), and/or CP 
 ADDIN EN.CITE 
(Hindmarsh, O'Callaghan, Mohay, & Rogers, 2000; Hintz, Kendrick, Vohr, Kenneth Poole, & Higgins, 2006; Laptook, O'Shea, Shankaran, & Bhaskar, 2005)
. The effects of sex have continued to be observed in school age studies, there among the EPICure study that demonstrated significantly poorer K-ABC cognitive scores in EPT boys than in EPT girls at 6 years 
 ADDIN EN.CITE 
(Wolke et al., 2008)
. This difference was not detected in the control group and it remained after excluding severe physical disability. EPT boys were twice as likely to have serious cognitive impairment compared with EPT girls. The EPICure also identified significant and clinically relevant increases in language and educational difficulties in EPT boys compared with EPT girls 
 ADDIN EN.CITE 
(Wolke et al., 2008)
.

The male disadvantage has persisted for several decades despite the technological and medical advances in preterm care 
 ADDIN EN.CITE 
(Stevenson et al., 2000)
. It has been suggested that preterm boys are at inherently greater risk for adverse outcome. Sex differences in the intrauterine development may cause certain vulnerability of the male fetus and the EPT boy to perinatal insults. Hintz, Kendrick, Vohr, Poole and Higgins 2006()
 aimed at discovering possible differences between ELBW boys and ELBW girls in their neurodevelopmental response to a wide range of parental, perinatal, neonatal and post-discharge events. They identified some sex-specific risk-factors. For example, sepsis and multiple gestation increased the odds for MDI < 70 in boys but not in girls whereas BPD and parental education < high school increased the odds in girls but not in boys; post-natal steroid treatment increased the odds for neurodevelopmental impairment in boys but not in girls; the strength of the association between IVH ≥ 3 and/or PVL and moderate-severe CP was greater in girls than in boys. Although sex-specific risks were identified, there were significant overlaps in confidence intervals for boys and girls. Thus Hintz et al. 2006()
 concluded that they were unable to clarify the explanation for the preterm male disadvantage based on these factors. They proposed that complex features of fetal brain development and genetic interactions lead to sex-based differences in baseline risk for poor outcomes. 

In a subcohort of the EXPRESS, boys were found to be at greater risk for poor cognitive and language scores at 2.5 years, compared with girls Skiold et al., 2014()
. Sex differences could not be fully explained by perinatal risk factors or by the delayed myelination that was observed more frequently in boys. Similar to Hintz et al. 2006()
, the EXPRESS researchers proposed that preterm boys are biologically vulnerable for adverse outcome and pointed to the importance of exploring links between sexual dimorphism of brain development and outcome differences Skiold et al., 2014()
. Research on sex-specific effects of early brain insult is growing, showing for example that female brains are more diffusely organized implying a greater plasticity. Also, animal studies have shown that oestrogen may play a neuroprotective role in the female brain Anderson, Spencer-Smith, & Wood, 2011(; Stålnacke, 2014)
.

Behavior Outcomes
Research on behavior and socioemotional EPT outcomes are most commonly conducted at school-age. These investigations show that children born EPT may suffer from a range of difficulties, such as anxiety, withdrawal, and problems with peer relationships. Such disorders as ADHD and ASD are frequently reported. So far, only a few recent studies have investigated EPT preschoolers, with regard to behavior and emotional problems Johnson & Marlow, 2014()
. Very young EPT children are rated by their parents as showing poorer emotional regulation and social competence as well as more somatic problems compared with children born at term 
 ADDIN EN.CITE 
(Arpi & Ferrari, 2013; Boyd et al., 2013; Stoelhorst, Martens, et al., 2003)
. Scott et al. 
 ADDIN EN.CITE 
(Scott et al., 2012)
 found that nearly twice as many EPT/ELBW children compared with NBW children met criteria for ADHD Hyperactive-Impulsive (28% vs. 13%) and ADHD Combined (33% vs. 16%) at kindergarten age. EPT/ELBW children were rated by both parents and teachers as having more subclinical elevations in behavior and social problems such as inattention, disruptive/defiant behavior, and behavior organization and regulation difficulties. Concurrent results were found in the French Etude Epidémiologique sur les Petits Ages Gestationnels (EPIPAGE) study 
 ADDIN EN.CITE 
(Delobel-Ayoub et al., 2009)
. When using parent report Strength and Difficulties Questionnaire, 5-year-olds born 22–32 GW were rated as having more hyperactive behavior, emotional problems, and peer problems compared with FT controls. The EPIPAGE subjects were, similarly to the children in the study by Scott et al. 
 ADDIN EN.CITE 
(2012)
, at higher risk of behavior problems even after adjustment for cognitive performance. 

Previous studies have sought to find factors that predict behavior outcomes. Focus has been on both neonatal and social risks. Neonatal cerebral lesions and white matter abnormalities, poor health indicators such as length of stay in NICUs and number of hospitalizations during the first year of life, are associated with behavior and emotional problems in EPT preschoolers 
 ADDIN EN.CITE 
(Delobel-Ayoub et al., 2006; Spittle et al., 2009)
. Documented social risks are young maternal age, and low parental education level 
 ADDIN EN.CITE 
(Delobel-Ayoub et al., 2006; Gray, Indurkhya, & McCormick, 2004)
. Behavior difficulties are also associated with poor parental well-being 
 ADDIN EN.CITE 
(Delobel-Ayoub et al., 2006; Huhtala et al., 2014; Muller-Nix et al., 2004)
. Traumatic events during the neonatal period may affect parental perceptions of their child, which in turn influence their child rearing practices 
 ADDIN EN.CITE 
(Allen et al., 2004; Jonn-Seed & Weiss, 2005; Shandor Miles & Holditch-Davis, 1995)
 (see section The Parental Perspective).

The relationship between prematurity and behavioral outcome, and how it may be affected by developmental deficiency, has also been explored. Nadeau, Boivin, Tessier, Lefebvre, and Robaey 2001()
 found that intelligence/IQ mediated the relationship between prematurity and hyperactivity, whereas neuromotor function mediated the relationship between prematurity and social withdrawal. Bayless et al. 2008()
 demonstrated that cognitive and motor development predicted behavior difficulties better than prematurity per se. Both studies were performed with children during school age. In a recent population-based Norwegian study, 38% of 5-year-olds born EPT were identified as having clinically significant behavior problems scores (i.e. scores above the 90th percentile for the age-matched reference group) 
 ADDIN EN.CITE 
(Elgen et al., 2012)
. Mental health problems increased with increasing severity of neurodevelopmental disability (severity of CP, decreasing WPPSI-R scores, severity of sensory impairments). EPT children without neurodevelopmental disability were still at significantly heightened risk for mental health problems 
 ADDIN EN.CITE 
(Elgen et al., 2012)
. This trend has been identified also in school-aged children born EPT. The EPICure found that EPT children were at elevated risk, compared with FT classmates, of having a psychiatric disorder at 11 years Johnson et al., 2010()
. EPT children with (vs. without) cognitive impairment were significantly more likely to have a psychiatric disorder. After excluding children with cognitive impairments, the risk of ADHD was no longer significant whereas the risk for emotional disorders remained significant. Mental health disorders in the EPICure follow-up conferred a small degree of additional morbidity, over and above neurosensory, cognitive, and motor disabilities. However, this result did not take subclinical behavior problems into account. 

Behavioral Characteristics of Extremely Preterm Children
Research so far, including studies using behavioral screenings and diagnostic evaluations, is fairly coincident regarding the kind of behavioral and socioemotional problems following VPT or EPT birth 
 ADDIN EN.CITE 
(Hille et al., 2001)
. Johnson et al. 2010()
 proposed that there are valid indications of an extremely preterm phenotype, characterized by features such as inattention, social and internalized emotional problems. Scott et al. 
 ADDIN EN.CITE 
(2012)
 reported a 2.5-fold increased risk for ADHD in 5-year-olds born EPT, and ADHD is reported as the most common psychiatric disorder in EPT children at school-age 
 ADDIN EN.CITE 
(Bhutta, Cleves, Casey, Cradock, & Anand, 2002; Johnson & Marlow, 2014)
. ADHD in preterm children may more specifically be described as the inattentive subtype disorder because hyperactivity—although not inattention—in EPT children can be explained by cognitive functioning 
 ADDIN EN.CITE 
(Samara, Marlow, & Wolke, 2008)
. Instead, attention problems may be a specific feature of development after EPT birth. Internalized emotional problems (e.g. depressive symptoms, anxiety) and withdrawal are more prominent in preterm children than aggressive and delinquent (i.e. externalizing) behaviors. Laucht et al. 
 ADDIN EN.CITE 
(2000)
 showed that different types of behavioral problems were related to different risk factors. Psychosocial risks (e.g. low parental education level, parental psychiatric disorder, chronic financial problems) were strongly associated with externalizing behavior, whereas biological risk factors (obstetric complications and perinatal insults, including prematurity) were strongly related to social problems and attention difficulties. 

Internalizing problems in EPT children at age 2.5 years have been identified as a predictor of autism spectrum symptoms at 6 years , and psychiatric diagnosis at 11 years Johnson et al., 2010()
. Studies of behavioral sequelae often point to the limitations in social competence in EPT children Taylor et al., 2000()
. Johnson and Marlow 2014()
 emphasized that children born EPT diagnosed with ASD actually have more prominent symptoms of impaired social interaction and communication than repetitive or stereotyped behavior. Treyvaud et al. 
 ADDIN EN.CITE 
(2012)
 found that internalizing problems at 2 years predicted emotional symptoms at 5 years; externalizing problems predicted conduct problems and hyperactivity; low social-emotional competence predicted peer relationship difficulties. As summarized by Johnson and Marlow 2014()
: “With such specificity in prediction, it may be assumed that there is stability in outcomes among EP [extremely preterm] children.” (p. 100). Adding to the notion of a behavioral phenotype, withdrawal among EPT born preschoolers may be linked to longer term patterns of social interactions. A Swedish study showed that adolescents born EPT reported lower rates of available social contacts than full-term peers. They described themselves as engaging less in risk-taking behaviors, such as drinking alcohol, possibly explained by them being less socially active Hallin & Stjernqvist, 2011()
.

Although the association between early behavioral problems and psychiatric disorders at school age is rather thoroughly investigated, less is known about early developmental or temperamental antecedents of these later problems. Very young VPT or EPT infants are, compared with term born infants, rated as more irritable and excitable, having more difficulty regulating their arousal and motor responses, less approaching/more withdrawing, and less able to adapt to changes 
 ADDIN EN.CITE 
(Hughes, Shults, McGrath, & Medoff-Cooper, 2002; Olafsen et al., 2008)
. The ability to self-regulate (i.e. to modulate emotion, delay gratification and self-soothe) helps children to sustain optimal arousal, attend to and explore the surrounding environment. Self-regulatory capacities increase significantly during the preschool years. The role of poor self-regulation in behavior difficulties in EPT children was investigated by Clark, Woodward, Horwood, and Moor 2008()
. They found significant associations between GA and persistence, and sustained attention in problem solving at 2 years. EPT children had more difficulties regarding emotional regulation, attention, and behavior control (as measured by observed parent-child interactions in a cognitive testing situation, and by parental reports) than term children. The same association was detected at 4 years. In sum: very young EPT infants show poor self-regulation abilities that may continue into toddler and preschool periods, and are associated with behavioral difficulties. Clark et al. 2008()
 also demonstrated that the strongest predictors of self-regulation impairments were moderate to severe white matter abnormality and less sensitive parenting style (observations of video-taped parent-child interactions).

School-age Outcomes

Is extreme prematurity causing a developmental lag that eventually will be caught up? Reports of VPT and EPT outcomes during school-age fairly consistently demonstrate a continued heightened risk for cognitive impairment. Major functional deficits are normally diagnosed in infancy or early childhood, whereas deficits in higher-order cognitive functions, attention and emotional regulation difficulties become more obvious as children grow older and enter the more demanding school environment. A well-cited meta-analysis from 2002 showed a significant association between preterm delivery and school-age IQ, and preterm children were found to be 11 IQ points lower than term children Bhutta et al., 2002()
. A more recent meta-analysis showed that preterm delivery was associated with a significant IQ score reduction, in children 4-16 years of age Kerr-Wilson, Mackay, Smith, & Pell, 2012()
. IQ fell steadily for each one week decrease in gestation and the weight mean difference between EPT and term infants was 13.9 IQ scores. Obstetric and neonatal care has changed and preterm survival rates have improved over the past decade; however, the strength between prematurity and IQ remains Kerr-Wilson et al., 2012()
.

In addition to global cognitive deficits, children born EPT are at increased risk for a range of more specific functioning deficits. Studies during school-age have shown a heightened prevalence of mild neuromotor dysfunctions, poor visuospatial processing and impairments in attention and executive functions 
 ADDIN EN.CITE 
(Aarnoudse-Moens, Smidts, Oosterlaan, Duivenvoorden, & Weisglas-Kuperus, 2009; Stålnacke, 2014; Taylor et al., 2000)
. These difficulties remain after adjustment for IQ, hence contributing additional morbidity in EPT populations. Poor academic attainment in school children born EPT are reflected in scholastic underachievement and higher rates of special education placements 
 ADDIN EN.CITE 
(Taylor et al., 2011; Taylor et al., 2000)
. Grunau, Whitfield, and Davis 
 ADDIN EN.CITE 
(2002)
 found that although the full range IQ of 8-year-old children born ELBW were within normal range they still performed significantly lower than FT controls, also when controlling for neurosensory impairments. Johnson, Wolke, Hennessy, and Marlow 2011()
 demonstrated significantly lower reading and mathematics skills in 11-year-olds born EPT, compared with term born classmates. Group differences remained significant after excluding children with neurocognitive impairment. Teacher ratings showed that children born EPT performed less well than their classmates in all subjects, and especially in mathematics. The prevalence of special education need remained significantly increased in EPT children without neurocognitive impairment. 

The Parental Perspective

The birth and hospitalization of preterm infants is associated with parental depression, anxiety, and trauma responses 
 ADDIN EN.CITE 
(Carter, Mulder, Bartram, & Darlow, 2005; Davis et al., 2003; Holditch-Davis, Bartlett, Blickman, & Miles, 2003)
. In their review, Vigod, Villegas, Dennis, and Ross 2010()
 concluded that mothers of preterm infants are at higher risk of depression compared with mothers of term infants. Studies with postpartum women in general are showing postpartum depression (PPD) rates of 10–15% 
 ADDIN EN.CITE 
(Josefsson, Berg, Nordin, & Sydsjo, 2001; O'Hara & McCabe, 2013)
. Forty percent of mothers with preterm infants are experiencing PPD in the early infancy period and mothers of VLBW infants are at continued risk throughout the first postpartum year Vigod et al., 2010()
. There are multiple documented sources of stress, including that premature birth disrupts the expected course of pregnancy, thus the unforeseen onset of labor may come as a shock. The severe medical problems following preterm birth cause distress over the infant who may die or suffer from later deficits. Studies using parental interview data described that parents experience feelings of alienation in the NICU and during hospitalization 
 ADDIN EN.CITE 
(Hall, 2005; Jackson et al., 2003)
. The NICU infant is surrounded by complicated equipment and health care professionals, and he/she may experience invasive treatments. Prolonged hospitalizations can lead to lowered parental self-efficacy and feelings of social isolation. Mothers often blame themselves, for not being able to pursue with the pregnancy and consequently to have exposed their infants to pain, whereas fathers often feel torn between their own need to grief and their wish to support the mother Jackson et al., 2003()
. Although modern NICU care is family-centered, the environment at these units is profoundly different from the environment of the home, where the familial interaction patterns usually develop.
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The environment of the NICU – profoundly different from the home. Photo: Ann-Cathrine Berg

When time comes for hospital discharge, parents often experience feelings of relief; though, assuming total responsibility for their preterm infant may also cause elevated levels of anxiety and depressive symptoms 
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(Jackson et al., 2003; Lindberg et al., 2008)
. Miles, Holditch-Davis, Schwartz, and Scher 2007()
 found a depressive symptoms frequency of 63% in mothers of preterm infants (< 1500 grams) during hospitalization. The depressive symptoms declined over the first 6 months and were rather stabilized thereafter. After 27 months, 13% of the mothers still reported significant signs of depression. Single mothers, mothers of infants who were re-hospitalized, mothers experiencing roll alterations stress during hospitalization, and mothers with ongoing worry about their child’s health were at heightened risk for continued depression. Taylor, Klein, Minichin, and Hack 2001()
 found that parents of EPT infants, especially those experiencing severe medical complications during the neonatal period, reported poorer mental health compared with parents of term born infants. With increasing time, mental health differences between parents of term children vs. healthy preterm children were levelled out. Parents of preterm children with sustaining disabilities still reported higher levels of family burden and child related stress. Hence, neonatal medical risks, infant illness and childhood disabilities are significant variables that may contribute to long-term parental distress.
Communication and Interaction Patterns

EPT infants communicate more subtly and are less responsive than FT infants. Parents with highly immature infants may have to work harder to initiate contact and maintain interaction than parents with FT infants, but they still receive fewer responses 
 ADDIN EN.CITE 
(Holditch-Davis, Cox, Miles, & Belyea, 2003; Keilty & Freund, 2005)
. This may challenge parents with EPT children additionally, above the often present somatic problems. Weiss and Chen 2002()
 investigated how preterm infant vulnerability factors, such as perinatal risks, infant interactive capacity, and severity of physical health problems, were related to maternal mental health and family functioning (family adaptability, coping patterns, and maternal satisfaction with family interactions) one year post birth. They found that infant responsiveness and clarity of interaction cues were positively associated with family functioning and maternal health, and therefore suggested that a more responsive infant facilitates family closeness and adaptability. In contrast, caring for a less responsive child puts the mother at distress and creates frustration within the whole family system. Additionally, Weiss and Chen 2002()
 found that the preterm infant’s physical health problems were related to maternal poor mental health; however, severity of perinatal risk was not. Caring for a child with intense and/or chronic somatic illness may pose substantial physical and psychological challenges to parenthood. So, later consequences of the initial medical complications (i.e. low responsiveness and poor health) may be more potent predictors of parental ill-being than prematurity per se. Parental ill-being may then be related to child behavior problems. For example, Weiss and Seed 
 ADDIN EN.CITE 
(2002)
 found that poor family functions and maternal psychological health was associated with behavioral problems in a group of 2-year-olds born with VLBW. Internalizing problems had the strongest relationship to these environmental factors.
The suboptimal caregiver-child interaction pattern found in EPT studies may cause a downward spiral. PPD is a state characterized by social withdrawal, loss of energy, reduced facial expressions, negative feelings and thoughts toward the baby, etc. Maternal depression is usually described as affecting child development through reduced warmth and sensitivity (careful adaptation to the infant’s signals, appropriate and predictive vocal, tactile and affective responses). High maternal anxiety (in medically non-risk samples) is also related to less sensitive responsivity and reduced emotional tone during mother-infant interactions 
 ADDIN EN.CITE 
(Feldman et al., 2009; Nicol-Harper, Harvey, & Stein, 2007)
. Premature children’s communication is often vague or slow and their initiations to contact risk staying unnoticed or being misinterpreted. Because of the child’s reduced capacity to provide cues that promote proximity and interaction, a bigger parental effort is required. Since a depressed parental state may reduce interactive behaviors, this may further decrease infant alertness and invitations to communicate. Interactions between the premature infant and his/her parents could then become even less synchronous Feldman & Eidelman, 2007()
.
Impaired interaction patterns may have long-term developmental consequences. Studies have shown that early exposure to maternal depressive symptoms has a negative influence on preterm children’s cognitive abilities and that the quality of caregiver-child interaction mediates the association between postnatal complications and cognitive development 
 ADDIN EN.CITE 
(McManus & Poehlmann, 2012b; Poehlmann & Fiese, 2001)
. Magill and Evans 2001()
 found that mothers’ stress related to their preterm (GA 30–36 weeks) infants’ distractibility strongly predicted expressive language development at 4 years. They proposed that the child’s distractibility interfered with his/her capacity to communicate, thus reduced parent-child interactions. Since parent-child interactions are important contributors to language development, these reductions affected later language ability. Negative effects of maternal depression and anxiety are not excluded to children born preterm. An extensive volume of research ties exposure to maternal depression to later developmental and social problems, also in healthy samples 
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(Barker, Jaffee, Uher, & Maughan, 2011; Feldman et al., 2009; Goodman et al., 2011; Kersten-Alvarez et al., 2012; Nicol-Harper et al., 2007)
. The magnitude of the effects is reported to be greater the younger the age of the child at first exposure 
 ADDIN EN.CITE 
(Goodman et al., 2011)
.
Distressing events during the neonatal period and subsequent parental mental health problems may affect parental perceptions of their premature child. Mothers of 3-year-olds born preterm have been shown to be more protective of their children, more attentive towards them and less demanding of them compared with siblings Miles & Holditch-Davis, 1997()
. This parenting style has been associated with the mothers’ distressing emotional experiences during the neonatal period. Mothers may also keep paradoxical views of their preterm born children, as being both more vulnerable and stronger compared with same-age peers. Allan et al. 2004()
 showed that high maternal anxiety at NICU discharge was associated with high perceived child vulnerability, which in turn was associated with adverse child behavior outcome. This association remained after adjusting for the actual presence of medical vulnerability. This implies a long-lasting perception of child vulnerability even in those parents whose children are spared from later deficits.

The Importance of Support

When Swedish men described their experiences of becoming fathers to their preterm infants, emotional support from friends and relatives was highly important when managing the NICU period Lundqvist & Jakobsson, 2003()
. Social support has also been documented as an important protective factor for post-natal health in mothers with preterm infants 
 ADDIN EN.CITE 
(McManus & Poehlmann, 2012b)
. McManus and Poehlmann 
 ADDIN EN.CITE 
(2012a)
 found that preterm children of mothers with PPD symptoms that reported high levels of perceived support, had better cognitive outcomes than children whose mothers reported low levels of support. A particularly strong relationship between maternal perceived social support and child cognitive functioning was found in low-income families. The researchers hypothesized that high-supportive environments are beneficial to infants as they may be more cognitively stimulating than low-supportive environments. Social support may therefore be regarded as a factor that fosters resilience in preterm children in several ways.
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Infant born 23 weeks of gestation, 3 weeks old. Photo: Ann-Cathrine Berg

Assessments with Infants and Young Children

Performance Testing

Psychological tests offer standardized procedures to perform systematic observations of specific qualities, functions or behaviors, expected to be fairly stable over time. A standardized procedure refers to the use of the same item content, administration procedure, and scoring criteria Sattler & Hoge, 2006()
. The examiner is provided with scores, often representing attributes derived from a particular theoretical construct, such as intelligence. Specifically, standardized developmental tests are designed to assess a child’s developmental level, operationalized through key developmental milestones Johnson & Marlow, 2006()
. They often measure developmental functions in a broader sense (e.g. motor abilities) than do for example intelligence tests Von Tetzchner, 2005()
.

Observations within the test are often compared with a statistical norm group, usually based on age. Norm-referenced tests provide some degree of quantification of a child’s functioning level, enabling the examiner to describe this child’s present functioning with reference to his/her peer group. Specific cognitive, language, motor or behavioral strengths and difficulties can then be mapped out. Norm-referenced tests also provide the examiner with baseline information to be used before and after an intervention.

Sattler and Hoge 2006()
 described useful perspectives when assessing young children: the developmental perspective, the normative-developmental perspective, and the cognitive-behavioral perspective. The developmental perspective focuses on the interdependency and the interplay between biological, genetic dispositions and environmental factors, and their influence on the development towards specific achievements such as learning to walk, interact socially, complex thinking, etc. Both within individuals, and across individuals (e.g. intra-individually and inter-individually), cognitive, language, motor, and social abilities develop at different rates. A developmental perspective focuses on both individual differences in rate, and also general changes that most individuals go through at a given age. Developmental growth is both qualitative (e.g. the formation of new processes and functions) and quantitative (e.g. new levels of functions and certain capacities). The normative-developmental approach emphasizes the importance of normative data as it provides a tool for comparisons: how a particular child develops compared with the average child; how different raters (e.g. parents and teachers) evaluate a child’s development; how different samples perform across different research investigations Sattler & Hoge, 2006()
. The cognitive-behavioral perspective states that cognitions (e.g. thoughts, values, perceived self-efficacy, self-confidence, expectancy) are crucial in learning and behavior, and that environmental influences, such as environmental stimuli, responses from others and the whole family system, affect a child’s cognitions and behavior Sattler & Hoge, 2006()
.

Representativeness of the normative sample, reliability (i.e. the extent to which a test yields the same results when administered repeatedly, and/or by different administers), and validity (i.e. the extent to which a test actually measures what it intends to measure) are critical properties of a standardized test. These psychometric qualities affect the accuracy of conclusions drawn about a child’s developmental level Johnson & Marlow, 2006()
. Young children go through both quantitative and qualitative developmental changes rapidly. Their chronological age and individual developmental status will affect their performances and behavior. Constructing tests to assess children poses certain challenges to the process, such as finding separable, stable testing variables, and valid items. Child assessment methods typically have significantly shorter norm age intervals compared with instruments used with adults, and therefore require more norming data Smedler & Tideman, 2009()
.
Predictive Validity in Developmental Tests

A desired goal of infant and toddler testing is to identify predictors of later developmental outcome. The question of predictive validity (i.e. the extent to which a test score allows prediction of a criterion measure administered at a later time point) in developmental tests is central. Measures of cognitive ability during infancy and toddlerhood have generally low predictive validity for later intelligence test scores in normal populations. According to meta-analytic findings from McCall and Carriger 1993()
, the average correlation between infant standardized test scores (e.g. Bayley scale scores) at 6 months and early school year IQ was .09. The average correlation between scores at 2 years and school-year scores was higher (.20). These results were from non-risk samples. Low predictability has been shown in samples of children born EPT/ELBW as well, although the predictability of infant tests is often better in clinical populations and especially in children with significant developmental deficits 
 ADDIN EN.CITE 
(Hack et al., 2005; Weisglas-Kuperus, Baerts, & Sauer, 1993)
. Voss, Neubauer, Wachtendorf, Verhey, and Kattner 2007()
 performed longitudinal examinations of ELBW children at term age to school age. Assessments at term were a poor predictor of later outcome showing high frequencies of false favorable ratings. Ratings became increasingly correct as the children grew older. At 3 years, 70% were correctly diagnosed with severe mental deficits (school age IQ-score < 70). In most cases, correct diagnosis of CP (without cognitive deficiency) was recognized at 18 months. In contrast, Doyle and Casalaz 
 ADDIN EN.CITE 
(2001)
 for the VICS demonstrated a relative consistent relation between cognitive assessments at 2 years (Bayley-II MDI) and intelligence test scores at 5 years (WPPSI), 8 years (Wechsler Intelligence Scale for Children, Revised, WISC-R), and 14 years (Wechsler Intelligence Scale for Children, 3rd edition, WISC-III) respectively. Furthermore, a recent meta-analysis found a positive, robust (i.e. not significantly influenced by birth weight, GA, sex, etc.) correlation between Bayley-II MDI score at 0–3 years and school age intelligence test score 
 ADDIN EN.CITE 
(Luttikhuizen dos Santos, de Kieviet, Konigs, van Elburg, & Oosterlaan, 2013)
. Thirty-seven percent of the variance in later cognitive functioning was explained by the MDI performance; however, Bayley-II PDI scores explained only 12% of the later motor functioning variance.
Explanations of Low Predictive Validity in Developmental Tests
Johnson and Marlow 2006()
 described several reasons for the insufficient predictability in developmental tests: the differences between skills assessed at very young age and later intelligence measures; intra-individual change in cognitive function over time; as well as the interactions of medical, environmental, and social factors that may influence development.

Constructions of developmental tests as the Bayley scales or the Griffiths Mental Developmental Scale often rely on extensive and systematic observations of young children Bayley, 2006(; Smedler & Tideman, 2009)
. These tests assume that a particular ability may or may not be present at a certain stage, i.e. the acquirement (or non-acquirement) of developmental milestones. This distinguishes developmental tests from intelligence tests. The dominating psychometric approach conceptualizes intelligence in terms of mental factors, reflecting different facets of intelligence, supposed to underlie a person’s performance on an intelligence test. For example, the Wechsler intelligence tests reflect both “crystallized intelligence” (i.e. abilities shaped by experience and practice, and culture competence) and “fluid intelligence” (i.e. ability to solve new problems and acquire new skills, and cognitive flexibility) Wechsler, 2007()
. These, and tests alike, assume intelligence to be normally distributed within the population. Intelligence is regarded as stable given that circumstances are not changed dramatically. A high degree of predictability from one time point to another is expected. The developing person continuously gains knowledge, vocabulary, and understanding of complex ideas; however, his/her intelligence test score does not change in comparison to that of other individuals of the same age Neisser et al., 1996


( ADDIN EN.CITE )
. Developmental tests are not equally predictive of later performances and it is therefore important to separate developmental functioning at early age from the intelligence construct 
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(Aylward, 2004; Luttikhuizen dos Santos et al., 2013)
.
There do appear to be some specific underlying cognitive functions that strongly influence a person’s intelligence. McCall and Carriger 1993()
 found that prediction of IQ in 5- to 7-year-olds from habituation and recognition memory tasks were higher than infant test scores. They argued that if tasks that reflect infants’ information processing and memory capacities replaced early standardized infant tests, predictions would improve. These skills are general, basic and central in cognitive development, hence more stable and less dependent on the construction of test items. Domsch, Lohaus, and Thomas 
 ADDIN EN.CITE 
(2009)
 elaborated on this idea by investigating the predictive validity of an extended set of infant paradigms. Tasks measuring habituation/dishabituation, novelty preference, and reaction time were investigated as predictors of later cognitive development (at 24 and 32 months). Faster reaction time and shorter looking time during habituation were related to better developmental outcomes. These findings supported the notion that information processing capabilities are continuous over age and useful as predictors of intelligence. Regarding the study by McCall and Carriger 1993()
, it should be noted that the predictive strength of habituation and recognition was not discovered in risk samples (e.g. including preterm children).

Low statistical correlations between infant development and later intelligence test scores may also express the discontinuities of normal development, i.e. changes in development not only as in increment of abilities but as qualitative differences. Vocabulary growth can be described as a continuous, quantitative change, whereas the ability to put sentences together reflects a qualitative difference Von Tetzchner, 2005()
. Aylward 
 ADDIN EN.CITE 
(2004)
 suggested, similar to McCall and Carriger 1993()
, that developmental outcomes after 2 years are more robust as predictors of later intelligence, compared with outcomes during even earlier ages. Two years of age marks a critical transition period in development since cognitive, language, and motor functions diverge, language is becoming more elaborate and symbolic, and representational skills increase.
Similar to Johnson and Marlow 2006()
, Sattler and Hoge 2006()
 depicted the interplay between internal and external factors and how it leads to great individual variability with regard to developmental progress. Environmental and SES factors may become increasingly influential on developmental functioning (see section Neonatal and Social Factors Associated with Developmental Outcomes). While high SES may act as a protective factor in VPT and EPT children showing mild to moderate functional deficits during infancy, children with severe neonatal illness and neurologic impairments show greater stability between developmental test scores and later IQ scores
 ADDIN EN.CITE 
(Hack et al., 2005)
.
Behavior Ratings

Performance tests quantify skills and abilities, and provide the examiner with an important understanding of a child’s functional level. Likewise, behavioral, social, and emotional competencies are key aspects of development. There is a range of measures designed to examine these competencies in children; some cover several aspects of behavioral and emotional functioning, whereas some assess more specific areas of clinical conditions. Standardized behavior rating scales or checklists are frequently used to investigate behavior in young children. These scales or checklists typically assess behavioral maladjustment although some may focus on positive and pro-social behaviors as well. As with performance assessments, behavior assessments are partly a process of classification, i.e. “… the process of placing psychological phenomena into distinct categories according to some specified set of rules” Kamphaus & Frick, 2005 p. 47()
. 

Classification can be performed from different approaches. The medical approach defines a set of symptoms that are indicative of the presence of a specific disorder. This model is dependent on the theoretical apprehension of abnormality, and identifies clear distinctions between individuals with and without a specific disorder. The psychometric approach identifies patterns of co-variation among behaviors. Classifications give emphasis to quantitative distinctions, rather than qualitative distinctions (as in the medical approach). Once the behavioral syndromes have been isolated they are conceptualized along a continuum, from normal to deviant. Classifications are based on how a specific child falls within this continuum, relative to some comparison group Kamphaus & Frick, 2005()
. 

While intelligence tests often produce near normal distributions, this is rarely expected in behavior problem rating scales. A small proportion in a population may experience significant behavior problems or fulfill the criteria for diagnoses; however, the majority is free from symptoms. Distributions of ratings of behavior and emotional problems are therefore often positively skewed. 

Like Sattler and Hoge 2006()
 emphasized the developmental perspective, Kamphaus and Frick 2005()
 stressed the importance of process-oriented approach when investigating children’s behaviors. Both normal and problematic behaviors should be regarded as the result of interactions between several maturation processes. For example, the understanding of home environment is important when interpreting a child’s behavior; though it is likewise important to consider that child’s temperament and the interdependency between these factors Kamphaus & Frick, 2005()
. Unique developmental tasks also cause age-related, behavioral and emotional changes. Developmental tasks arise during a certain period of life of the individual. They emerge from physical maturation, social and cultural processes, and the developing personality, and usually from the interaction of these factors 
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(Heckhausen, Wrosch, & Schulz, 2010)
. For example, a preschool child may deal with the task of becoming increasingly independent from his/her parents. The understanding of developmental tasks is vital when interpreting behavior deviances, as being either an exaggeration of the maturation process typical for that developmental stage or a deviation from normal development (i.e. not consistent with that developmental stage). The onset of problems may therefore be an important feature when making prognosis of problem chronicity. Furthermore, one event or process may cause several, different psychological outcomes, expressed as the concept of multifinality. The complementary concept of equifinality states that one outcome may result from different events or processes. Even though a behavior rating scale does not answer the question of causality, the researcher or the clinician should be aware that different behavior problems are the results of different processes across children. Process-oriented research focuses not only on outcomes, but also on the various interacting processes and factors that lead to those outcomes Kamphaus & Frick, 2005()
.

Stability and Predictability in Behavior Ratings

A re-occurring issue of behavior development is that of stability; if behavioral processes are stable, an individual should maintain his/her relative position in comparison with others, across time. Childhood behavior, social and emotional functioning, is generally regarded as less stable than that of adults, especially in a long-term perspective Kamphaus & Frick, 2005()
. This would be expected given the rapid developmental changes during the early ages. Behavioral and emotional competencies normally change across ages. For example, adequate expressions of anger or hostility in toddlers differ compared with those of school-aged children. Specific behaviors exhibited during infancy are not exactly the same as those exhibited later in life. Stability can be referred to as “… an underlying pattern of functioning that has characterized the child since birth, which takes different manifestations as the child matures” as stated by Als, Duffy, McAnulty, and Badian 1989 p. 3-4()
.  

A child’s behavior influences his or her social context. Behavior is reciprocally shaped by that context. A high degree of situational variability may therefore be expected. Behavioral rating scales are usually completed by the child’s parents, other caregivers, or teachers, who are supposed to make judgments about that child’s competencies. Scales or checklists do not provide an objective picture of a child’s behavioral functioning. They reflect how that child is perceived by people around him/her. Raters may differ regarding their sensitivity to and tolerance of certain behaviors, level of apprehension, and openness. Reports of behavioral problems may also be biased by psychological factors within the rater. Maternal depression, anxiety or stress has been documented as being related to over-reporting of child behavioral problems 
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(Berg-Nielsen, Solheim, Belsky, & Wichstrom, 2012; Muller, Achtergarde, & Furniss, 2011)
.

Because different raters are likely to emphasize different aspects of a child, information from multiple sources is important to obtain a comprehensive picture of that child Sattler & Hoge, 2006(; Smedler & Tideman, 2009)
. Studies frequently show discrepancies between different informants, e.g. parents and teacher. This is often attributed to the inconsistency of child behavior across settings and relationships, described as situational specificity, but may also depend on the type of behavior being investigated 
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(Berg-Nielsen et al., 2012; Kamphaus & Frick, 2005)
. A Norwegian study on preschoolers’ psychosocial problems demonstrated that teachers reported significantly less problems than parents; the lowest agreement occurred on girls’ internalizing behaviors whereas the highest agreement occurred on boys’ externalizing behaviors 
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(Berg-Nielsen et al., 2012)
. It is difficult to determine which rater that constitutes the gold standard of estimating behavior problems. It has been shown that parents’ ratings, compared with teachers’, are more accurate predictors of later diagnosis. Teacher ratings have also been demonstrated to predict poor outcomes equally well 
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(Ferdinand, Van der Ende, & Verhulst, 2007; Verhulst, Koot, & Van der Ende, 1994)
.

The issues of stability tap on the issue of predictability. Can preschool behavioral difficulties predict later behavioral problems or psychiatric disorders? In their review on behavioral disorders in preschoolers, Egger and Angold 
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(2006)
 addressed these issues with regard to the usefulness of behavior checklists. They stated that, by using checklists, relatively stable psychopathological characteristics, and distinct behavioral and emotional syndromes can be identified at preschool age. Continuity between preschool behavioral problems and psychopathology in later childhood can also be recognized 
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(Egger & Angold, 2006)
. In the psychometric evaluation of the CBCL for the ages 1½–5 (CBCL/1½–5), Achenbach and Rescorla 2000()
 demonstrated moderate to high correlations between assessments at age 2 through age 9 on several behavior syndrome scales. Parent-reported internalizing behavior difficulty (based on CBCL ratings) at 2 years have been demonstrated as being significantly predictive of psychiatric diagnosis at 11 years in EPT children Johnson et al., 2010()
. For further information on prediction of behavior problems, see section Behavior Outcomes.
Objective of the Present Thesis

The objective of the present thesis is to explore developmental outcomes of extremely preterm birth at CA 2.5 years. The three studies included contribute to the general objective differently (Table 2). Study I examines developmental differences between children born EPT and FT, and prevalence of mild, moderate or severe developmental delay. It also analyzes the utility of the standardized developmental test Bayley-III Bayley, 2006()
 in the present population of children born EPT. Study II investigates cognitive, language, and motor function differences between boys and girls born EPT, and sex-specific predictors of functioning outcome. Study III examines the extent of behavioral problems in children born extremely preterm, and the relationships between extremely preterm birth, cognitive, language and motor development, and behavioral problems.
Table 2.

Aims of the three studies included in the present thesis

	Study I
	Aims

	1 
	To investigate group differences in Bayley-III subtest performances between children born EPT and FT controls.

	2
	To explore to what extent extreme prematurity is followed by mild, moderate or severe developmental delay.

	3
	To explore within-group patterns of performances on the subtests constituting the overall Bayley-III index scales.

	Study II
	Aims

	1 
	To identify sex-specific predictors of developmental functioning in children born EPT.

	2
	To investigate sex differences in cognitive, language, and motor functioning.

	Study III
	Aims

	1 
	To investigate group differences in rates of behavioral problems between children born EPT and FT controls.

	2
	To explore whether developmental factors mediate the relationship between birth status and behavior.


Methods

Participants

Extremely Preterm Group

The EXPRESS population includes extremely preterm live-born (GA < 27 weeks) and stillborn (GA 22 to < 27 weeks) infants in Sweden from April 1, 2004, through March 31, 2007 for an incidence of 0.33% of all births. Figure 2 illustrates follow-up numbers from birth to 2.5 years of corrected age for the EXPRESS. Seventy percent (497/707) of the live-born infants survived to 1 year of age. Six recruits died before the age of 2.5 years; 30 were not eligible for follow-up because their mother had a protected identity (n=3), the family had emigrated (n=3), or their identity number at birth had been wrongly recorded (n=24). Of the remaining 461, five families declined participation and 57 were lost to follow-up. The five children whose families declined participation were all born to foreign-born mothers and none had any severe neonatal morbidities 
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(Serenius et al., 2013)
, leaving a total of 399 (87% of qualified children) to undergo the assessment relevant to this thesis. No significant differences were observed in mean birth weight, GA, rate of male sex, severe neonatal morbidity (IVH ≥ 3, PVL, ROP ≥ 3, NEC or severe BPD), foreign-born mothers, or parental education level at the EPT birth between the assessed children and those lost to follow-up. 
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Figure 2. 

Neurodevelopmental follow-up from birth to 2.5 years of corrected age for the extremely preterm group (the EXPRESS Cohort). Adopted from “Neurodevelopmental outcome in extremely preterm infants at 2.5 years after active perinatal care in Sweden” by F. Serenius et al. 
 ADDIN EN.CITE 
(2013, p. 1883)

In Study II, one child was excluded due to severe CP, leaving 398 participants in that particular study.

Full Term Control Group

For each EPT child a list of 10 potential control children was generated from the Swedish Medical Birth Registry (Figure 3). Selection criteria were singleton birth at term with 5-minute Apgar score > 3, matched by place of domicile, sex, day of birth and ethnicity. FT controls were recruited through a parent or guardian to follow-up at 2.5 years chronological age. If the first set of parents/guardians declined participation, the second set was approached and so on. A total of 366 control children were assessed and used as reference when evaluating EPT outcome. 
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Figure 3. 

Neurodevelopmental follow-up from birth to 2.5 years for the EXPRESS control group. Adopted from “Neurodevelopmental outcome in extremely preterm infants at 2.5 years after active perinatal care in Sweden” by F. Serenius et al. 
 ADDIN EN.CITE 
(2013, p. 1883)

In Study II, the FT control group was not included in the analyses.

Birth, Neonatal, and Social Factors

Birth characteristic, neonatal, and socioeconomic- and demographic data are presented in Table 3. Neonatal events and birth characteristics hypothesized to effect preterm outcomes, based on empirical findings in previous studies, were selected from the extensive EXPRESS database. Regarding social factors, parental education is a commonly used indicator for SES, as are variables indicating ethnicity, such as first-generation immigrant status Wong & Edwards, 2013()
.

GA was expressed as completed weeks, based on ultrasound dating in 95% of the pregnancies EXPRESS, 2010()
. Infants with a birth weight of more than 2 SDs below the national mean were classified as small for SGA. Neonatal morbidities were selected as in previous EXPRESS studies 
 ADDIN EN.CITE 
(EXPRESS, 2010; Fellman et al., 2009)
. Severe ROP was classified as ROP phase ≥ 3; severe BPD as oxygen dependence at an age corresponding to 36 weeks GA; severe brain injury as IVH grade ≥ 3 and/or PVL. NEC was included as a binary variable (diagnosis = 1; no diagnosis or 0), as was the variable mechanical ventilation > 14 days (infant needing ventilation for > 14 days = 1; ≤ 14 days = 0), the same variable used by Neubauer, Voss, and Kattner 
 ADDIN EN.CITE 
(2008)
 in their follow-up of ELBW infants. Breast milk ingestion was graded as full, partial, or none by the time of hospital discharge. Several of the neonatal factors are not applicable (n.a.) to the FT control group. Also, multiple births were excluded (by criteria) from the control group.

The socioeconomic factors included in all papers were parental education and mother’s country of birth. Parental education was defined by three education categories based on SUN-codes expressing the highest academic achievement (www.uis.unesco.org). Parental education consistently expressed the highest achievement of either the mother or the father although different categorizations were used. In Study I, three categories were used: 

1. ≤ 9 years of compulsory school years

2. 10-13 years (approximately upper secondary school/high school)

3. ≥ 14 years

In Study II, parental education was dichotomized into two categories: 

1. < 14 years (including 9 years of compulsory school and high school graduation)

2. ≥ 14 years (including a minimum 2-year university diploma)

In Study III, again three categories were used: 

1. ≤ High School
2. High School
3. ≥ High School 

Categorizations in Study I and Study III were basically the same although named differently.

In Study I, maternal country of birth was defined as Sweden, other Nordic country and non-Nordic country. In Study II and Study III, the binary variable mother foreign-born was used (Yes = 1; No = 0). Foreign-born mothers were mostly from Middle Eastern, North African, Former East European, and Nordic countries. 

Table 3. 

Birth characteristics, neonatal, and socioeconomic- and demographic data in extremely preterm (EPT) group vs. the full term (FT) group

	
	EPT 

N = 399

n (%)
	FT 

N = 366

n (%)
	p

	Infant characteristics
	
	
	

	Gestational age, weeks

Mean [SD]
	25.0 [1.0]
	39.5 [1.1]
	< .001

	Birth weight, Mean [SD]
	783.5 [167.8]
	3618.8 [492.5]
	< .001

	Small for gestational age

	66 (16.5)
	0 (0)
	< .001

	Male sex 
	218 (54.6)
	202 (55.2)
	n.s.

	Multiple births
	55 (16)
	n.a.
	

	Neonatal data
	
	
	

	Major neonatal morbidities
	
	
	

	Severe IVH

	39 (9.8)
	n.a.
	

	Severe ROP

	136 (34.1)
	n.a.
	

	Severe BPD
 
	90 (22.6)
	n.a.
	

	NEC
	22 (5.5)
	n.a.
	

	PVL
	14 (4.1)
	n.a.
	

	Sensorimotor impairment
	
	
	

	No CP
	373.3 (93.5)
	366 (100)
	< .001

	Mild CP

	13 (3.3)
	0 (0)
	

	Moderate CP

	12 (3.0)
	0 (0)
	

	Severe CP

	1 (.3)
	0 (0)
	

	Visual impairment: Blind
	1 (.3)
	0 (0)
	n.s.

	Hearing impairment: Uncorrected with hearing aid
	1 (.3)
	0 (0)
	n.s.

	Socioeconomic data
	
	
	

	Maternal age
	
	
	

	≤ 25 years
	74 (18.5)
	53 (14.5)
	.008

	≥ 35 years
	121 (30.3)
	85 (23.2)
	.008

	Maternal country of birth
	
	
	

	Sweden
	312 (78.2)
	335 (91.6)
	n.s.

	Other Nordic country
	12 (3.1)
	14 (3.8)
	n.s.

	Non-Nordic country
	66 (16.5)
	17 (4.6)
	< .001

	Former East European country
	18 (5.2)
	2 (.6)
	

	Middle Eastern or North African country
	16 (4.7)
	7 (2.1)
	

	Other
 
	17 (4.9)
	3 (.8)
	

	Missing information
	8 (2.3)
	0 (0)
	

	Maternal education
	
	
	

	≤ 9 years
	45 (11.3)
	14 (3.8)
	< .001

	10-13 years
	143 (35.8)
	124 (33.9)
	n.s.

	≥ 14 years
	128 (32.1)
	154 (42.1)
	n.s.

	Not known
	83 (20.1)
	74 (20.1)
	n.s.

	Paternal education
	
	
	

	≤ 9 years
	46 (11.5)
	21 (5.7)
	.002

	10-13 years
	171 (42.9)
	151 (41.3)
	n.s.

	≥ 14 years
	93 (23.3)
	116 (31.7)
	n.s.

	Not known
	89 (22.3)
	78 (21.3)
	n.s.

	Parental education
	
	
	.006

	≤ High school
	19 (5.5)
	7 (2.1)
	

	High school
	134 (39)
	109 (32.2)
	

	≥ High school
	138 (40.1)
	164 (48.5)
	


Measures
The following developmental domains were investigated in the present thesis:
· Cognition, language, and motor development

· Behavior development

Cognitive, language, and motor development was measured using the Bayley-III Bayley, 2006()
:

· Cognitive index scale
· Language index scale
· Receptive Communication subtest

· Expressive Communication subtest

· Motor index scale 

· Fine Motor subtest

· Gross Motor subtest

The CBCL/1½–5 questionnaire Achenbach & Rescorla, 2000()
 was used to obtain standardized parental ratings of children’s behavioral functioning.

The Bayley-III

Nancy Bayley developed the first Bayley Scales of Infant Development in the year of 1969; the second version—Bayley-II—came in 1993; the third and most recent version—Bayley-III—in 2006. The Bayley scales assess children’s current levels of performance from observations of their interactions with different stimuli. These stimuli are designed based on the understandings of behaviors characterizing normal development. The Bayley scales are not based on a single developmental theory. Instead, they rest on an eclectic foundation of classical theories such as by Jean Piaget and Lev Vygotskij, current developmental research as well as studies with children with developmental delays Bayley, 2006(; Piñon, 2010)
. Historically, the Bayley-II has been viewed as the gold standard tool for developmental assessment with young children, frequently used in the research field of preterm outcome. Studies of developmental performance using the Bayley-III are currently increasing. 
The Bayley-III provides measures of cognitive, language, motor, adaptive, and social-emotional functioning between the ages of 1 to 42 months. The domains chosen are identified by the Individuals with Disabilities Education Improvement Act of 2004 in the United States as central in developmental assessment with and intervention planning for children of 3 years or younger Bayley, 2006()
. As with its predecessors, the main purpose of the Bayley-III is to identify infants and toddlers with developmental deficits. It aids the documentation of the effects of medical and psychological complications and/or treatments, and developmental change over time. The Bayley-III also enables the examiner to compare the child’s performance with same-age peers through norm-referenced scores.

The latest Bayley scale revision led to some significant changes in the structure of the instrument. The previous Bayley-II combined measures of both cognitive and language development, expressed as the MDI. The comprehensive structure of the MDI made it difficult to investigate whether low scores reflected language and/or cognitive deficits 
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(Duncan et al., 2012; Greene, Patra, Nelson, & Silvestri, 2012)
. The Bayley-III, however, separates the components of the MDI into two distinct scales; the Cognitive and Language index scales. Separation of cognition and language domains allowed for an expansion of the cognitive concepts and constructs being investigated through the Cognitive index scale. Compared with the MDI, the Cognitive index scale is considered being less dependent on language functioning since the items included do not require verbal answers. The present Motor index scale of the Bayley-III is equivalent to the former Bayley-II PDI, although the revision resulted in an increased focus on movement quality, as compared with examinations of whether the child had accomplished a certain motor skill or not. Also, the PDI failed to provide separate assessments for fine and gross motor functions leading to potential inaccurate estimations of motor function levels. For example, a child with CP may perform satisfactorily on fine motor items, and therefore receive a PDI score within normal range, not reflecting his/her gross motor deficits Johnson & Marlow, 2006()
. The Bayley-III Motor index scale contains two separate subtests for fine and gross motor functions. 

The Bayley-III also comprises the Social-Emotional scale and the Adaptive Behavior scale. They were not utilized in the present thesis and are therefore not described further.

The Bayley-III Cognitive Index Scale

Theories and research regarding information processing, processing speed, problem solving, and play related to cognitive development in very young children are central in the latest revision of the Bayley scales Armstrong & Agazzi, 2010()
. The information processing aspect is reflected in Cognitive index scale items measuring attention, habituation to visual and auditory stimuli, novelty preference, and memory. Furthermore, concept formation and categorization (e.g. the ability to sort objects by different characteristics), as well as counting skills are measured. Processing speed (e.g. the rate at which the child is able to complete a new task correctly) is indicated by the infant’s rate of habituation and response to novel stimuli, and the toddler’s ability to complete puzzles and pegboards within a certain time frame. In the revised scale, several items that rely on play to assess cognitive functioning have been added; starting with early infant play skills such as manipulating objects, and banging them together; followed by symbolic and pretend play skills (e.g. pretend to drink from a cup, feed the teddy bear). 
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Toddler performing an item from the “Pegboard series” of the Cognitive subtest, Bayley-III. Photo: Anders Roos
The Bayley-III Language Index Scale

The Bayley III Language index scale comprises the Receptive Communication (RC) subtest and the Expressive Communication (EC) subtest. Receptive and expressive language requires partly separate abilities that are displayed differently, and develop at different rates. Separating receptive and expressive functions is therefore important when investigating language development. The term “communication” is utilized because the Bayley-III subtests also include measurements of pre-linguistic development, and the wide array of means that young children use to interact with others Crais, 2010()
.
The Language index scale contains several items measuring social-emotional and pre-linguistic communication development. There are RC items investigating the child’s attention to others, how he/she responds to his/her name, reacts when interrupted in play, and understands inhibitory words. There are EC items measuring the child’s ability to attend to, participate in, and initiate social routines (exhibit a social smile, vocalize mood, participate in play routines such as peek-a-boo, etc.). Children who fail on items documenting mutual engagement and reciprocity may be at risk for later ASD. Inadequate or limited rates of pre-linguistic communication may also indicate later atypical language development. Although earlier Bayley scale versions included pre-linguistic communication, the Bayley-III provides an even more comprehensive picture of these functions through items—mostly in the EC subtest—measuring the child’s ability to gain attention, use gestures, signal his/her intention, and direct other’s attention (i.e. joint attention). 

Besides the social aspects of communication, the RC subtest measures the infant’s auditory capacities through his/her responses to sound and voices, and ability to localize sound. The RC subtest also includes items measuring word comprehension. Item difficulty is reflected in the number of words (e.g. identifying one named object vs. identifying three named objects), the type of words (e.g. objects vs. actions), terms (e.g. “less than”, “least”), and morphological markers (e.g. plurals vs. possessives) that are to be recognized. The EC subtest measures the child’s production of early sounds, cooing, babbling in different consonant-vowel combinations and with inflections, as well as vocabulary. Complex EC items include the use of future tense and multiple word sentences Bayley, 2006()
.

The Bayley-III Motor Index scale

The construction of the Bayley-III Motor index scale is based on research and clinical experience showing that motor functions develop through the interaction of a wide range of systems, both external and internal to the child. Fine and gross motor skills are viewed as determined by neurological maturation, musculoskeletal systems, perceptual abilities, sensation, and cognition Case-Smith & Alexander, 2010()
. Motivation is regarded being a central aspect of ability acquirement, and mastery attempts are influenced by earlier success, energy level and curiosity. The systems activated depend on the child’s current developmental stage. Early motor skills are heavily dependent on the visual system and motor and sensation systems become gradually integrated (e.g. through object manipulation and exploration). Later motor skills (e.g. imitation of body posture, drawing, and completing puzzles) are increasingly influenced by cognitive ability. Also, factors like physical, muscular growth and stability may be more central in motor learning in infancy, whereas experience and motivation may become more important in motor learning in older children Case-Smith & Alexander, 2010(; Von Tetzchner, 2005)
.

The Bayley-III Motor index scale comprises the Fine Motor (FM) and Gross Motor (GM) subtests. The first FM items measure the young infant’s ability to coordinate and control eye movements, and pre-reaching behaviors. Transferring objects from one hand to the other demand the ability to cross the midline—a central skill for integration of the two sides of the body. Failing these tasks may indicate neurologic deficits. Later FM items assess hand movement control (e.g. cutting paper, threading), visuomotor integration (e.g. drawing tasks), motor planning (e.g. tracing tasks) in toddlers. The GM measures the acquirement of specific gross motor skills and how well a child can control these skills. Early acquired motor functions are considered forming a basis for more complex movement patterns and higher-level gross motor performances Case-Smith & Alexander, 2010()
. The first GM items investigate infant reflexive body movement (e.g. random thrusting of arms and legs) and head control (e.g. holding the head erect without support). Later items assess static positioning (e.g. sitting, standing), locomotion (crawling, walking, and running), balance, and motor planning (e.g. imitation of body posture). GM item difficulty is reflected in that tasks require integration of strength, stability, balance, and muscle force (e.g. jumping, balance on one foot, and walk up/down in stairs) Bayley, 2006(; Case-Smith & Alexander, 2010)
.

Bayley-III Administration and Scoring

The Bayley-III items are ordered to their degree of difficulty. A developmental perspective Sattler & Hoge, 2006()
 is reflected in that items investigate the appearance of new functions at certain ages and that tasks demand gradually more intentionality, more complex problem solving skills, and integration of functions. All items are presented with specific instructions, whereas the sequence of items or subtests can be altered based upon a child’s characteristics or situational factors, such as shyness, fatigue, success rate and/or when testing children with physical or sensory disabilities. 

The Bayley-III provides the examiner with raw scores and a number of derived and norm-referenced scores such as scaled scores, composite scores, developmental age equivalents, and growth scores. The conversion of raw scores into norm-reference scores facilitates comparisons of scores, both within the Bayley-III, and between the Bayley-III and other related measures. Scaled scores are derived from the raw scores on each of the subtests, ranging from 1 to 19 with a mean of 10, and SD of 3. A scaled score represents a child’s performance on a subtest, relative to other children of the same age. Composite scores are derived from sums of the subtest scale scores (a composite score equivalent is available for the Cognitive index scale) and ranges from 40 to 160 with a mean of 100 and SD of 15. Developmental age equivalents represent the average age, specified in months, at which a given raw score is typical. Growth scores provide a scale by which progress can be measured over time, used when periodic assessments are conducted. The Bayley-III age equivalents and growth scores may be illustrative and useful in clinical settings; however, scaled scores and composite scores provide the most precise description of test data.

In cases of infants born < 37 weeks of gestation, the Bayley-III allows for adjustments through 24 months of chronological age. The Swedish Bayley-III manual supplement recommends practitioners to use age corrections through 4 years in cases of GA < 32 weeks. If researchers or clinicians keep correcting for gestational age after 4 years, developmental deficits risk being masked Bayley, 2009()
.
Classification of Disability

In clinical and research settings, descriptions of test scores in more qualitative terms are often warranted. The Bayley-III scale scores may be characterized as falling within a certain level of performance, ranging from very superior (> 130 composite scores) to extremely low (< 70 composite scores) Bayley, 2006()
. A well-established classification of disability uses the deviation of a child’s score from that of a normative mean 
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(Greene et al., 2012; Johnson & Marlow, 2006)
:

· Scores within 1 SD of the norm mean are classified as within normal range

· Scores -1 SD to -2 SDs as mild disability

· Scores -2 SDs to -3 SDs as moderate disability

· Scores > -3 SDs as severe disability 

When using standardized scores with the typical mean of 100 and SD of 15:

· Scores 85–115 are classified as normal

· Scores 70–84 as mild disability

· Scores 55–69 as moderate disability

· Scores < 55 as severe disability

A standardized developmental score of > -2 SDs or < 70 is conventionally used as a marker for disability. It has been suggested that this cut-off is problematic with regard to predictability of later impairment. Hack et al. 
 ADDIN EN.CITE 
(2005)
 found that rates of cognitive disability in ELBW infants, defined as the Bayley-II MDI < 70, dropped considerably when the same children were examined with the K-ABC at 8 years of age, thus resulting in a high negative predictive value. Poor stability of disability classifications may indicate that the Bayley-II MDI overestimated moderate/severe disability. It may also indicate that early cognitive deficits in EPT/ELBW infants recover over time. The EPICure study showed that MDI scores > -3 SDs in infants born EPT were highly predictive of moderate to severe impairment (K-ABC scores < 70) at early school age 
 ADDIN EN.CITE 
(Marlow et al., 2005)
. Johnson and Marlow 2006()
 emphasized that even if cut-off MDI > -3 SDs appeared as optimal for prediction, children with scores in the range of > -2 SDs to -3 SDs still were at risk for later, perhaps more subtle, problems.
The normative sample of the Bayley-III included approximately 10% that had some kind of developmental problem (e.g. preterm birth, Down syndrome, CP, language impairment). This was performed to ensure a more accurate representation of the infant and toddler population. Studies where children were tested using both Bayley-II and Bayley-III showed that the Bayley-III scores could be up to 10 points higher than the MDI scores 
 ADDIN EN.CITE 
(Bayley, 2006; Moore, Johnson, Haider, Hennessy, & Marlow, 2012)
. Anderson et al. 
 ADDIN EN.CITE 
(2010)
 demonstrated mean Bayley-III scores in a group of 2-year-olds born ELBW/EPT that approached the standardized means. FT control group means were even higher than the normative values. These findings deviate from the decrease in scores typically noted after a re-standardization of a test, attributed to the Flynn effect Neisser et al., 1996


( ADDIN EN.CITE )
. An increased sensitivity would be expected when the third version was introduced; however, Johnson, Moore, and Marlow 2014()
 suggested that an “… over-sampling of children with developmental problems ultimately has the effect of making the test ‘easier’” (p. 672). Thus, inclusion of children with established deficits in a normative sample may result in overestimations of abilities, particularly when examining children with suboptimal functional levels. 

Consequently, researchers and clinicians have raised the concern that the Bayley-III may underestimate developmental delay when using the conventional cut-off of > -2 SDs 
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(Anderson et al., 2010; Milne, McDonald, & Comino, 2012)
. As scores are higher than expected, the Bayley-III is expected to classify fewer children as moderately/severely delayed. It has been suggested that Bayley-III cognitive and language score of > -1 SD/< 85 standardized scores would provide the best definition of moderate/severe delay Johnson et al., 2014()
. Classifications using this cut-off have shown similar prevalence in moderate/severe delay in children born EPT as when using the MDI > -2 SDs or < 70.

1. It is still unclear whether the Bayley-III underestimates developmental delay or the Bayley-II MDI overestimates it, although several researchers claim the former to be the most probable 
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(Johnson et al., 2014; Milne et al., 2012; Vohr et al., 2012)
. An important feature of the present study is therefore the use of the FT control group. Anderson et al. 
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(2010)
 found that using Bayley-III normative criteria as reference resulted in unexpectedly low rates of delay in EPT/ELBW children. However, when using control group scores as reference, the proportions of delay rose to expectations. In our studies, EPT test scores were categorized based on means and SD of the control group as follows: 

2. ≤ +1 SD and ≥ -1 SD

3. > -1 SD to -2 SDs

4. > -2 SDs to -3 SDs

5. > -3 SDs 

These categories equal the classifications: 
1. no delay/normal range
2. mild delay
3. moderate delay
4. severe delay
The Child Behavior Checklist

The Achenbach System of Empirically Based Assessment (ASEBA) comprises several forms to obtain standardized ratings of behavioral, emotional, and social functioning, one of which is the CBCL. Thomas M Achenbach and his colleagues developed the first version of the CBCL in 1983; the most recent version, the CBCL/1½–5, came in 2000 Achenbach & Rescorla, 2000()
. As stated in the title, the ASEBA is grounded in empiricism. Extensive data regarding common behavioral and socioemotional problems among children were analyzed to identify how problems tend to co-occur, generating a number of syndromes. Hence, syndromes make effective ways to describe patterns of behaviors Smedler & Tideman, 2009()
. The CBCL/1½–5 includes seven syndrome scales: emotionally reactive, anxious/depressed, somatic complaints, withdrawn, sleep problems, attention problems, and aggressive behavior. The name of each scale summarizes the kind of problems that constitute the syndrome. Each CBCL/1½–5 item (99 problem items; one open-ended item for recording problems not listed) is scored on a 3-point scale (0 = not true, 1 = somewhat/sometimes true, 2 = very true) based on the child’s behavior during the preceding two months. Results are expressed in the syndrome scales as well as in two broad groups of problems: internalizing problems (emotionally reactive, anxious/depressed, somatic complaints, and withdrawn syndrome scales), and externalizing problems (attention problems and aggressive behavior syndrome scales). The sum of all problem items is the Total Problem Score (TPS). Higher scores indicate more problematic behavior.

Scoring and Cut-offs For Clinical Behavior Problems

The CBCL/1½–5 provides raw scores, i.e. the sum of scores on each scale. While the raw scores facilitate a nuanced picture of a child’s performance on each scale and thereby may have some utility for diagnosis, these scores are not useful for answering questions about deviancy. CBCL/1½–5 also provides the possibility to assign T-scores to the scales. To avoid over-interpretation of small raw score differences, and to equalize the starting point for all syndrome scales, a T-score of 50 was assigned to raw score that were ≤ 50th percentile. The main function of T-scores is to enable the administrator to compare the degree of deviance indicated by scores on each scale—whether the problems reported are relatively few or many compared with others. The truncation of T-score assignment reduces differentiation among low scores (i.e. less problematic behaviors). This is not the case for the internalizing scale, externalizing scale, and TPS scale since their T-scores were not truncated at 50. The CBCL/1½–5 recommends using T-score ≥ 70 (> 98th percentile) as a syndrome scale cut-point for behavior problems within clinical range. Since the internalizing, externalizing, and TPS incorporate more problems, compared with the syndrome scales, the cut-point for clinical behavior problems are set at T-score ≥ 64 (> 90th percentile), hence less conservative. There are yet no Swedish norms for the CBCL/1½–5. The prevalence of behavior problems in Swedish children is comparable to prevalence rates in other Nordic countries, however significantly lower compared with non-Nordic countries 
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(Rescorla et al., 2007; Smedler & Tideman, 2009)
. The CBCL/1½–5 allows the researcher to convert raw scores to standard scores within their own samples, and to apply other cut-points depending on clinical or research purposes Achenbach & Rescorla, 2000()
. 

Procedure

Table 4 presents assessment features of the studies. The Bayley-III assessments were performed by licensed psychologists at the seven perinatal centers in Sweden (Stockholm, Uppsala, Linköping, Lund, Göteborg, Örebro, and Umeå). Prior to data collection, the psychologists were trained in the Bayley-III instrument by a member of the EXPRESS Study Group (KS), who was also available for online supervision during the data collection period. The Bayley-III assessment was completed during one occasion. The intention was that children with a foreign native language would be tested with the assistance of a professional interpreter. If no professional interpreter was available, the accompanying parent served as interpreter. At the time of the Bayley-III assessment, parents also filled out the CBCL/1½–5 questionnaire. The CBCL/1½–5 text version was available in Swedish. Non-Swedish speaking parents were assisted in their ratings through oral translations by either the examiner or a professional interpreter. Because psychologists had sometimes previously met the children during their stay at the NICU, it was not possible for them to be blinded to birth status. Follow-up ended in February 2010 as the last child reached 2.5 years. The present studies were approved by the Regional Ethics Review Board at Lund University (Dnr 496/2007).
Table 4. 

Assessment features

	Assessment variable
	EPT

(n = 399)

n (%)
	FT

(n = 366)

n (%)
	p

	Age at assessment (months) Mean [SD]
	30.1 [1.3]
	30.6 [1.5]
	n.s.

	Native language
	
	
	

	Swedish
	337 (85.1)
	340 (94)
	n.s.

	Other Nordic language
	4 (1)
	3 (.8)
	n.s.

	non-Nordic language
	50 (12.6)
	16 (4.4)
	< .001

	Not known
	5 (1.3)
	3 (.8)
	n.s.

	Other native language than Swedish
	n = 59
	n = 22
	

	Interpreter
	12 (20.3)
	5 (22.7)
	n.s.

	No interpreter
	38 (64.4)
	15 (68.2)
	n.s.

	Not known
	9 (15.3)
	2 (9.1)
	n.s.

	Perinatal center region distribution
	
	
	

	Stockholm
	84 (21.1)
	80 (21.9)
	n.s.

	Uppsala
	73 (18.3)
	70 (19.1)
	n.s.

	Linköping
	30 (7.5)
	28 (7.7)
	n.s.

	Lund 
	69 (17.3)
	49 (13.4)
	n.s.

	Göteborg
	73 (18.3)
	70 (19.1)
	n.s.

	Örebro
	16 (4.0)
	16 (4.4)
	n.s.

	Umeå
	54 (13.5)
	53 (14.5)
	n.s.


Abbreviations: n.s. = not statistically significant

Statistical Analyses

Consistently throughout the three studies, Student t-tests were used for comparisons of continuous data, and (2 tests for comparisons of categorical data. All statistical analyses were performed using the SPSS Statistics for Windows: Version 20.0 in Study I; Version 22 in Study II and III (IBM Corp., Armonk, NY). P-values less than .05 (2-tailed) were considered significant. Effect sizes were calculated in terms of Cohen’s d, using the difference between 2 means divided by the pooled SD of those means. Cohen’s guidelines were followed to indicate the strength of the effect sizes, with .20, .50, and .80 referring to small, medium, and large effect sizes respectively Cohen, 1988 ()
.

In Study III, mediation analyses were performed. This particular method is described in more detail in the following section. Statistical methods are otherwise outlined in the respective articles.

Mediation Analysis

Mediation analyses were performed to investigate the predictive pathways of behavioral outcomes in EPT preschoolers. Mediation analysis is widely used in the research field of pediatric psychology 
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(Holmbeck, Zebracki, & McGoron, 2009; MacKinnon, Fairchild, & Fritz, 2007)
. Through this type of analysis the indirect effect of a cause on a specific outcome through a proposed mediator can be determined. The utility of mediation analysis comes from its ability to move from a descriptive to a more functional understanding of the relationships between variables Preacher & Hayes, 2004()
. 

In the well-cited paper by Baron and Kenny 1986()
 a mediator is described as “… the generative mechanism through which the focal independent variable is able to influence the dependent variable of interest.” (p. 1173) Perhaps put more simply: the effect of a given independent variable on a dependent variable may be accounted for by its effect on an intermediate variable (i.e. the mediator). A mediator may be confused with a moderator, i.e. a variable that affects the strength of a relation between an independent variable and a dependent variable. Moderation effects are often referred to as statistical interactions in social science reports and these terms may be used interchangeably. A mediation relationship is a chain of relations where an antecedent variable affects the mediator, which then affects the outcome 
 ADDIN EN.CITE 
(Holmbeck, 1997; Holmbeck et al., 2009; MacKinnon et al., 2007)
. A mediator acts within a causal sequence between two variables, whereas a moderator is not part of a causal sequence between the two variables MacKinnon et al., 2007()
. The basic model of the mediation relationship is rather straightforward. Figure 4 illustrates a simple mediation effect, when one variable (M) mediates the effect of X on Y. 
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Figure 4. 

Illustration of a simple mediation where X affects Y indirectly through M. Adapted from “SPSS and SAS procedures for estimating indirect effects in simple mediation analysis” by K. Preacher and A. Hayes 2004, p. 718()

To investigate mediating (and moderating) effects, mainly two methods are used: multiple hierarchical regression analysis or structural equation modelling (SEM). Holmbeck 1997()
 wrote, regarding the choice of methods: “Although SEM is often considered the preferred method because of the information that it provides on the degree of ‘fit’ for the entire model after controlling for measurement error proper use of regression techniques can also provide meaningful tests of hypotheses.” (p. 600). For researchers within the field of pediatric psychology, often working with relatively small sample sizes, the use of regression techniques (as opposed to SEM) may be preferred due to power considerations Holmbeck, 1997()
.

When using the hierarchical regression approach, Baron and Kenny 1986()
 suggested that three statistical conditions must be fulfilled before mediation testing:

1. There is a significant effect of the independent variable on the dependent/criterion variable.

2. There is a significant effect of the independent variable on the mediating variable.

3. There is a significant effect of the mediating variable on the dependent/criterion variable.

These conditions are explored using regression analysis. Then, hierarchical regression analysis is performed to investigate whether the proposed mediating variable contribute unique variance to the dependent variable, above and beyond the contribution of the independent variable. Mediation may be considered partial if the contribution of the independent variable is reduced but still significant whilst mediation may be considered total if the independent variable contribution is reduced to non-significance Baron & Kenny, 1986()
. 

Results

Study I

Child Characteristics, Social Factors, and Assessment Variables

There were significant group differences regarding gestational age (p < .001), mean birth weight (p < .001) and rate of children born small for gestational age (p < .001). Significantly more children in the EPT group, compared with controls, had a non-Nordic native language (p < .001). In the EPT group, the parental education level was significantly lower (p < .001) and more mothers were of non-Nordic origin compared with the control group (p < .001). There were more mothers in the EPT group who had been < 25 years (p = .008) and who had been > 35 years (p = .008) when giving birth to their child.

The mean age at assessment was CA 30.1 months for the EPT group versus 30.6 months for the control group (non-significant difference). The planned age range for assessment was 30 ± 3 months and 98.7% of the EPT children vs. 97.8% of the controls were tested within this range. Of the non-Swedish speaking children, 20.3% (12/59) were tested with the assistance of a professional interpreter in the EPT group vs. 22.7% (5/22) in the control group (non-significant difference). Seven perinatal regions and a total of 21 examiners were involved in the Bayley-III follow-up. No significant difference with respect to number of assessed EPT vs. FT children was observed within the perinatal regions. 

Bayley-III Performances

Figure 5 illustrates differences in Bayley-III performances between children born EPT and children born FT. The EPT group subtest mean scores were all significantly lower compared to the control means (p < .001), with medium to large effect sizes. Comparisons between EPT group and FT group composite score means have been published elsewhere Serenius et al., 2013


( ADDIN EN.CITE )
. The subtest mean differences were still significant when adjusted for parental, child, and assessment variables respectively (p < .001). No significant differences in subtest scores were observed between children tested with vs. without the assistance of a professional interpreter, except on the GM subtest within the preterm group (p = .007).
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Figure 5. 

Group differences in Bayley-III subtest scores between children born extremely preterm (EPT) and children born full term (FT)

Prevalence of moderate-severe delay in the EPT group was 10.8% for cognitive, 14.9% for receptive communication, 14.5% for expressive communication, 12.4% for fine motor, and 7.0% for gross motor functions.

Figure 6 illustrates children performing within normal range on each Bayley-III subtest. Significantly more FT children scored within normal range on all subtests (p < .001), whereas significantly more EPT children scored below normal range on all subtests (p < .001). Proportions of children having deficits in two (p = .045), three (p < .001) or four (p < .001) functions were higher in the EPT group (Figure 7).
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Figure 6. 

Proportion of extremely preterm (EPT) children vs. full term (FT) children performing within normal range on each Bayley-III subtest
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Figure 7. 

Children performing below normal range on one, two, three, four or five (all) subtests in the extremely preterm (EPT) group vs. full term (FT) group

Patterns of Bayley-III Subtest Performances

Within the EPT group, the FM subtest was significantly higher than the GM subtest (p < .001); the RC subtest was significantly higher than the EC subtest (p = .037). Within-group differences between functions included in the Bayley-II MDI were also explored. The RC (p < .001) and EC (p < .001) subtests had significantly higher means than the Cognitive subtest. Calculation of mean differences indicated small to medium effect sizes. Within the control group, the FM subtest was significantly higher than the GM subtest (p < .001). Both RC (p < .001) and EC (p < .001) subtests had significantly higher means than the Cognitive subtest. Calculation of differences between means indicated small to medium effect sizes (Table 5). 

Table 5. 

Bayley-III subtest differences between children born extremely preterm (EPT) and children born full term (FT)

	
	EPT

n = 399
	
	
	FT

n = 366
	
	

	Bayley-III

Subtest comparison
	M
 (SD)
	p
	Effect size

Cohen´s d
	M (SD)
	p
	Effect size

Cohen’s d

	Cog - RC
	-1.0 (1.81)
	< .001
	-.58
	-1.0 (1.97)
	< .001
	-.51

	Cog - EC
	-.69 (2.21)
	< .001
	-.34
	-.74 (2.21)
	< .001
	-.34

	RC - EC
	.30 (2.0)
	.037
	.16
	.30 (2.0)
	n.s.
	.17

	FM - GM
	1.38 (3.42)
	< .001
	.39
	1.47 (3.77)
	< .001
	.39


Study II

Bayley-III Performances in EPT Boys and EPT Girls

Table 6 presents socioeconomic factors, infant characteristics at birth, post-natal events, and sensorimotor impairments of the children included in this study. No significant differences were detected between boys and girls. Figure 8 illustrates differences between EPT boys and EPT girls in Bayley-III performances. Statistically significant differences were identified between boys and girls on the cognitive (p = .024), RC (p = .001), EC (p = .012), and FM subtest scores (p < .001), as well as in language (p = .002) and motor (p = .019) function composite scores (Figure 9). Effect sizes were small to medium, with the largest effect for fine motor performances.

Table 6. 

Non-significant neonatal, birth and socioeconomic differences between extremely preterm boys and extremely preterm girls
	
	Boys (n = 217)

n (%)
	Girls (n = 181)

n (%)

	Socioeconomic factors
	
	

	Maternal age (years)
	31.7
	30.9

	Mother’s country of origin
	
	

	Sweden
	173 (79.7)
	138 (76.2)

	Other Nordic country
	6 (2.8)
	6 (3.3)

	Non-nordic country
	33 (15.2)
	33 (18.2)

	Parental education
	
	

	< 14 years
	88 (40.6)
	84 (46.4)

	≥ 14 years
	84 (38.7)
	63 (34.8)

	Data missing
	45 (20.7)
	34 (18.8)

	Infant characteristics at birth
	
	

	Gestational age (weeks)
	
	

	22
	2 (0.9)
	3 (1.7)

	23
	19 (8.8)
	18 (9.9)

	24
	40 (18.4)
	33 (18.2)

	25
	81 (37.3)
	54 (29.3)

	26
	75 (34.6)
	73 (40.3)

	SGA
	33 (15.2)
	33 (18.2)

	Multiple births
	36 (16.6)
	33 (18.2)

	Post-natal events
	
	

	Severe ROP
	77 (35.5)
	58 (32)

	Severe BPD
	48 (22.1)
	42 (23.2)

	Severe brain injury

	31 (14.3)
	21 (11.6)

	NEC
	10 (4.6)
	11 (6.1)

	Mechanical ventilation > 14 days
	87 (40.1)
	56 (30.9)

	Breast milk ingestion fully

	64 (29.5)
	60 (23.2)

	Breast milk ingestion partly
	54 (24.9)
	42 (23.2)

	Sensorimotor impairment
	
	

	No visual impairment
	209 (96.3)
	177 (97.8)

	Moderate visual impairment

	7 (3.2)
	4 (2.2)

	No auditory impairment
	212 (97.7)
	177 (97.8)

	Moderate auditory impairment

	1 (0.5)
	1 (0.6)

	No CP
	201 (92.6)
	172 (95)

	Moderate CP

	8 (3.7)
	4 (2.2)
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Figure 8. 

Differences in Bayley-III subtest scores between extremely preterm (EPT) boys and extremely preterm (EPT) girls
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Figure 9. 

Differences in Bayley-III composite scores between extremely preterm (EPT) boys and extremely preterm (EPT) girls
Sex specific Predictors of Bayley-III Scores

Bayley-III Cognitive Score

For the EPT boys, severe ROP was the only variable that contributed significantly to their Bayley-III cognitive composite score. The total model accounted for 16.0% of the total score variation (p = .005). For the EPT girls, foreign-born mother, parental education ≥ 14 years, severe brain injury, mechanical ventilation > 14 days, and breast milk (partly) at discharge contributed significantly to their Bayley-III cognitive composite score. The total model accounted for 24.6% of the total score variation (p < .001).
Bayley-III Language Score

For the EPT boys, foreign-born mother, parental education missing, severe ROP, mechanical ventilation > 14 days, and breast milk (fully) at discharge, were significantly related to the Bayley-III language composite score. The total model accounted for 27.0% of the total score variation (p < .001). For the EPT girls, foreign-born mother and parental education ≥ 14 years were significantly related to the Bayley-III language composite score. The total model accounted for 23.5% of the total score variation (p = .030).

Bayley-III Motor Score

For the EPT boys, severe brain injury and mechanical ventilation > 14 days, contributed to the Bayley-III motor composite score. The total model accounted for 18.9% of the total score variation (p = .001). For the EPT girls, severe BPD and severe brain injury contributed to the Bayley-III Motor composite score. The total model accounted for 19.6% of the total score variation (p = .002).

Study III

Group Differences in Behavioral Problems

Parents in the EPT group reported significantly higher scores on all of the CBCL/1½ –5 syndrome scales, as well as internalizing and externalizing problems and TPS, compared with the control subjects (Table 7). The EPTs had a significantly higher prevalence of scores within clinical range for internalizing and externalizing problems and total problems compared with the controls (Table 8). Factorial analyses of variance (ANOVAs) revealed no significant interaction effects between birth status and sex on CBCL/1½ –5 scores (data not shown).

Table 7.
Group differences in CBCL/1½–5 syndrome scale and composite scale scores between children born extremely preterm (EPT) and children born full term (FT)

	
	EPT

(n = 344)

T-score mean (SD)
	FT

(n = 338)

T-score mean (SD)
	p
	Effect size

Cohen’s d

	CBCL/1½–5 syndrome scale
	
	
	
	

	Emotionally reactive
	52 (12.8)
	50.0 (10.0)
	.025
	.17

	Anxious/depressed
	53.7 (15.6)
	50.0 (10.0)
	.000
	.28

	Somatic complaints
	56.3 (14.2)
	50.0 (10.0)
	.000
	.51

	Withdrawn
	57.1 (17.5)
	50.0 (10.0)
	.000
	.50

	Sleep problems
	51.6 (10.3)
	50.0 (10.0)
	.035
	.16

	Attention problems
	55.4 (12.2)
	50.0 (10.0)
	.000
	.48

	Aggressive behavior
	51.9 (11.2)
	50.0 (10.0)
	.018
	.18

	CBCL/1½–5 composite scale
	
	
	
	

	Internalizing
	56.1 (15.0)
	50.0 (10.0)
	.000
	.48

	Externalizing
	53.1 (11.4)
	50.0 (10.0)
	.000
	.29

	Total problems score
	54.8 (13.0)
	50.0 (10.0)
	.000
	.41


Table 8. 

Group differences in prevalence of behavior within clinical range between children born extremely preterm (EPT) and children born full term (FT)

	CBCL/1½–5

Composite scale
	EPT

(n = 344)
	FT

(n = 338)
	p
	Effect size

(

	Internalizing
	72 (20.9)
	27 (8.0)
	< .001
	.18

	Externalizing
	67 (19.5)
	31 (9.2)
	< .001
	.15

	Total problems score
	68 (19.8)
	30 (8.9)
	< .001
	.16


Mediators

Contributions of different factors to behavioral outcomes were investigated using mediation analysis. Birth status (EPT/FT) was used as an independent variable; CBCL/1½–5 internalizing and externalizing scores, and TPS were used as dependent variables; Bayley-III cognitive, language, and motor composite scores were used as potential mediating variables. Socioeconomic factors (foreign-born mother and parental education) and neonatal morbidity factors (severe IVH, PVL, severe BPD, severe ROP, and NEC) were entered as control variables.

Table 9 presents R2, R2 change (ΔR2), B, standardized ẞ, and p-value for the third step of each hierarchical regression analysis performed, for each CBCL/1½–5 composite scale. The variables foreign-born mother and parental education each separately contributed to the variance of internalizing problems, partly reducing the contribution of birth status. When Bayley-III composite scores were entered, the contribution of birth status was reduced to non-significance. Parental education significantly contributed to the externalizing score variance, whereas the variable foreign-born mother did not. The contribution of birth status was no longer statistically significant after adding Bayley-III composite scores to the equation. Similar to the previous equations, the effect of birth status on TPS was reduced to statistical non-significance when Bayley-III composite scores were entered in the final step, after controlling for the socioeconomic variables. We investigated as to whether composite scores served as mediators one-by-one. Results indicate that all three composite scores partially or completely mediated the relationship (not shown).

Table 9.

Hierarchical multiple regression analyses estimating Bayley-III variables as mediators of the effect of extreme prematurity on internalizing, externalizing and total behavioral problems, controlling for socioeconomic factors (third/last step)

	Composite scale
	R2
	ΔR2
	B
	ẞ
	p

	Internalizing
	
	
	
	
	

	Step 3
	.234
	.069
	
	
	.000

	Birth status
	
	
	-1.12
	-.043
	.301

	Foreign-born mother
	
	
	8.47
	.222
	.000

	Parental education
	
	
	-3.59
	-.160
	.000

	Bayley-III Cognition
	
	
	-.160
	-.148
	.011

	Bayley-III Language
	
	
	-.066
	-.077
	.184

	Bayley-III 

Motor
	
	
	-.089
	-.110
	.031

	
	
	
	
	
	

	Externalizing
	
	
	
	
	

	Step 3
	.103
	.035
	
	
	.000

	Birth status
	
	
	-.609
	-.028
	.531

	Foreign-born mother
	
	
	.822
	.026
	.541

	Parental education
	
	
	-3.44
	-.186
	.000

	Bayley-III Cognition
	
	
	-.133
	-.149
	.017

	Bayley-III Language
	
	
	-.035
	-.050
	.425

	Bayley-III 

Motor
	
	
	-.018
	-.028
	.616

	
	
	
	
	
	

	Total problems 
	
	
	
	
	

	Step 3
	.194
	.061
	
	
	.000

	Birth status
	
	
	-.779
	-.033
	.439

	Foreign-born  mother
	
	
	5.05
	.147
	.000

	Parental education
	
	
	-3.99
	.197
	.000

	Bayley-III Cognition
	
	
	-.167
	-.171
	.004

	Bayley-III Language
	
	
	-.049
	-.064
	.282

	Bayley-III

Motor
	
	
	-.053
	-.073
	.163


The contribution of birth status on internalizing problems, externalizing problems and TPS was no longer statistically significant after adding the neonatal morbidity variables. No variable by itself was contributing significantly to the hierarchical regression models, except for severe IVH to the TPS variance.

Discussion

The present thesis addressed the impact of extreme prematurity with a main focus on developmental sequelae at CA 2.5 years. Different aspects of developmental outcome have been investigated: cognitive, communicative, and motor functions as well as behavioral. Functioning levels in children born EPT have been compared to functioning levels in children born FT. The utility of the Bayley-III as a standardized developmental outcome measure in the present EPT population has been investigated. Predictive values of factors such as neonatal morbidities, and SES, on development have been examined. The associations between prematurity, developmental functioning, socioeconomics, and behavioral problems have been explored.

Despite numerous follow-up studies, there is a continuous need for up-to-date information on extreme prematurity sequelae due to the general increase in EPT survival rates and the ongoing progression of neonatal care. Although survival is a central measure of EPT outcome, it is insufficient in the long-term evaluations of care. Variability in survival and disability rates between and within nations is often attributed to differences in treatment practices. Monitoring EPT outcomes in specific care contexts is therefore important. Many follow-ups are performed at school-age; however, early investigations of EPT consequences are important as they provide the basis for treatment guidelines, parental counseling, and intervention planning.

Developmental Outcome and Utility of the Bayley-III 

Study I of the present thesis examined group differences in developmental functioning at 2.5 years, as quantified by the Bayley-III subtests, between children born EPT vs. FT during a three-year period in Sweden. Previous studies show that EPT birth is associated with later developmental deficits. Concurrently, our results showed significantly and consistently lower performance of the EPT group on all subtests, indicating suboptimal development in domains of cognition, receptive language, expressive language, fine motor as well as gross motor. Based on effect size estimations, group differences were considered clinically important. When using FT control group means and SDs as reference, we found that EPT means were approximately one SD below FT means. The population-based VICS in Australia also used Bayley-III with 2-year-olds born EPT Doyle et al., 2010()
. Similar to our findings, they demonstrated that the EPT composite cognitive score was 0.8 SD and the EPT composite language score was 1.0 SD lower compared with FT controls. In their meta-analysis on motor outcomes, de Kieviet et al. 2009()
 found that VPT infants were on average 0.9 SD behind term born peers, mostly identified by subnormal Bayley-II PDI scores. Throughout the present section, we will mainly discuss findings of moderate-severe developmental delay. The predictive validity of standardized developmental tests, such as the Bayley-III, has been questioned 
 ADDIN EN.CITE 
(McCall & Carriger, 1993; Voss et al., 2007)
; however, predictability of these tests is higher in children born EPT and other high-risk samples, particularly in children with significant deficiencies Weisglas-Kuperus et al., 1993()
. We therefore suggest that moderate-severe deficits at CA 2.5 years of age indicate chronicity to a certain degree.

Socioeconomic differences were identified between our groups as proportions of low parental education level and foreign-born mothers were higher in the EPT group. Research has shown that children from socially disadvantaged families may have poorer developmental outcomes 
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(Bradley & Corwyn, 2002; Gross et al., 2001; Wild et al., 2013)
. We therefore adjusted for these differences, along with the factors maternal age, child’s native language, and geographical perinatal center. Performance differences in Bayley-III scores between children born EPT and the FT controls were still significant after adjustments, indicating a robust relationship between birth status and functioning level. Duncan et al. 
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(2012)
 argued that the lack of standardized versions of the Bayley-III in other languages and reliance of interpreter translations may bias interpretations of test performance by non-native English speaking children. In our studies, almost 14% of the EPT children were non-native Swedish speakers (vs. 5% of the FT children), and a majority of these children spoke a non-Nordic language. Although it was intended, far from all children with a foreign native language were tested with a professional interpreter. Therefore, we investigated whether test scores differed between those (children with a foreign native language) who were vs. those who were not tested with a professional interpreter. Results showed no significant differences in either the EPT or FT group, with one exception: EPT children tested without interpreter scored higher on the GM subtest—a result we could not explore further. 

Although the Bayley-III subtest means in the EPT group were significantly lower compared with FT control means, we found that a majority of the children born EPT performed within normal range on each Bayley-III subtest. Cognitive impairment has been described as the most frequent deficiency in children born preterm 
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(Marlow et al., 2005; Moore, Hennessy, et al., 2012)
. In our study, 10.8% of the EPT children (vs. 0.3% of the FT controls) were classified as having moderate-severe cognitive delay, i.e. substantial deficiencies in information processing, memory skills, concept formation, counting skills, as well as slower processing speed. In contrast to previous research, we found that the strongest performance of the EPT group was on the Bayley-III Cognitive subtest. Sixty-five percent were considered being within normal range of cognitive development (vs. 92% of the FT controls). Few studies so far have used the Bayley-III subtest scores as outcome variables. Due to the comprehensive construction of the former MDI, investigations of to what extent cognitive deficits could be explained by communicative deficits were difficult. In the latest revision of the Bayley scales, the former MDI was separated into the Cognitive and Language index scales. This separation of developmental domains resulted in the Bayley-III Cognitive scale being less dependent on language functioning (e.g. items not requiring verbal answers), and the expansion of the cognitive concepts. Due to the frequent use of the Bayley-II MDI, linking our results to earlier studies may be complicated. The EPICure study found that 30% of infants born EPT had a Bayley-II MDI score of < 70, defined as moderate-severe delay, at 2.5 years 
 ADDIN EN.CITE 
(Marlow et al., 2005)
. The EPIBEL study showed a prevalence rate of moderate-severe mental delay (Bayley-II MDI score < 70) in 28% of 3-year-olds born EPT 
 ADDIN EN.CITE 
(De Groote et al., 2007)
. Twenty-seven percent of the 2-year-olds in the Leiden Follow-Up Project on Prematurity (LFUPP) showed moderate-severe mental deficits (Bayley-II MDI score > -2 SDs below the national mean) 
 ADDIN EN.CITE 
(Stoelhorst, Rijken, et al., 2003)
. In comparison, EPT children in the EXPRESS generally exhibited higher cognitive functioning levels. This may be explained by the Bayley-III allowing for a more clear-cut measure of cognitive ability compared with the more general MDI. Serenius et al. 
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(2013)
 for the EXPRESS group aggregated Bayley-III cognitive and language composite scores. Moderate-severe mental deficits were then identified in 20% of the EPT children. 

The EPICure, the EPIBEL, and the LFUPP study cohorts were all mid- to late 1990s. This may further complicate comparisons between studies. There is no consensus as to whether more or less deficiencies are to be expected when comparing cohorts of different time epochs Doyle et al., 2010()
. Advances in neonatal care have developed so that it today can save the lives of even the most immature preterm infants. Increased survival may, however, be associated with an increment of morbidity rates. If more EPT infants survive but the rates of disabilities are stable, this means that more EPT children will be in need for special care, future interventions, and special education. Our results must be interpreted with regard to the general characteristics of the Swedish health care system, in which all citizens are covered by general health insurance, including antenatal care, neonatal care, child health care, and additional benefits for families with severely sick children. The PIPARI study in Finland identified significant mental delay (Bayley-II MDI score < 70) in 15% of young preschoolers born VLBW 
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(Munck et al., 2010)
. The VICS found moderate-severe mental delay (Bayley-III cognitive and language index scores > -2 SDs below FT control group mean) in 16% Doyle et al., 2010()
. Time-wise, the PIPARI and the VICS cohorts are similar to the EXPRESS cohort. 

In our population of 2.5-year-olds born EPT, the prevalence of moderate-severe delay was 14.9% in receptive communication, and 14.5% in expressive communication functions. Along with fine motor function, the highest frequencies of developmental delay were found in the language functions. Our findings suggest that EPT birth is associated with poorer word comprehension and expressive vocabulary, as well as lower ability to engage in the social aspects of communication. Aylward 
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(2004)
 described that cognitive and communicative functions become more separable during the early preschool years. The separation of cognitive and language domains in Bayley-III may therefore facilitate a nuanced understanding of a child’s development. Our findings demonstrate that communicative problems are important aspects of the mental deficits identified in EPT preschoolers. Previous studies show that poor communicative abilities in children born preterm are associated with general cognitive deficits 
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(Ortiz-Mantilia et al., 2008; Wolke et al., 2008)
. We identified significant performance differences between communication and cognitive subtests (i.e. functions formerly estimated in a combination through the Bayley-II MDI) in both the EPT and FT group. These differences indicate that, although being closely related, separate measures of cognitive and communicative functions may lead to more sensitive identifications of delay. 

Duncan et al. 
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(2012)
 demonstrated, in a group of EPT toddlers, how differences between ethnic groups in Bayley-III cognitive scores disappeared after adjusting for medical and psychosocial factors. Differences in Bayley-III language scores remained after adjustment, suggesting interaction effects between EPT birth and ethnicity on language outcomes. The structure of the Bayley-III enables researchers and clinicians to identify young children being at heightened risk for adverse outcome in specific areas of development. Our data do not support the findings that verbal ability would be a relative strength in children born preterm. Some studies concluding this relative strength are performed during late preschool or early school-age, thereby using other instruments. For example, Lundequist, Böhm, and Smedler 
 ADDIN EN.CITE 
(2013)
 used the neuropsychological test battery (NEPSY) to examine verbal functions in 5-year-olds born preterm. Bayley-III communication subtests encompass items measuring social reciprocity and engagement. Part of the language adversities found in our group of EPT children could be explained by difficulties in these areas. In accordance with a great number of studies, we found that children born EPT were described by their parents as more socially withdrawn, compared with children born FT. The novelty of the testing situation per se, and perhaps expressive communication items (e.g. requiring verbal expressions of words and sentences) in particular, may be highly demanding to an inhibited, very young child, potentially affecting performances.
Since the former PDI comprised both fine and gross motor items, estimations of motor functioning risked being inaccurate Johnson & Marlow, 2006()
. In study I, both EPT and FT children performed significantly lower FM subtest scores compared with the GM subtest scores. Moderate-severe fine motor delay was identified in 12.4% of the EPT children vs. 0.6% of the FT children, indicating poor hand movement control, visuomotor integration, and fine motor planning. Seven percent of the EPT children (vs. 0.6% in the FT group) showed significant gross motor delay, e.g. locomotion and static positioning difficulties, and poor balance. We conclude that motor problems recognized through the Bayley-III motor subtests exceed the rate of CP-diagnoses in the EPT group. Our findings concur with others showing that EPT birth is associated with other, sometimes more subtle, motor problems than CP 
 ADDIN EN.CITE 
(Buonocore et al., 2010; Dewey et al., 2011)
. In study II, statistically significant Bayley-III composite score differences between EPT boys and EPT girls were detected. A detailed examination of the results showed that it was actually significant differences in fine motor performances that constituted the sex difference in the composite motor functioning scores. Doyle and Casalaz 
 ADDIN EN.CITE 
(2001)
 demonstrated poor predictive validity of the Bayley-II MDI on school-age motor function. We suggest that systematic assessments of fine and gross motor functions separately may enhance the accuracy of predictions and interventions.
Predictive Factors of Development

Study II of the present thesis examined differences in cognitive, language, and motor functions, as measured by the Bayley-III, between EPT girls and EPT boys, at CA 2.5 years. Male sex is a well-documented risk factor for neonatal complications and developmental adversity in EPT samples and, consistently, we found that girls outperformed boys in the majority of the Bayley-III scores. Since there were no between-sex differences in data on socioeconomics, infant birth-characteristics, post-natal events, and rates of sensorimotor impairments, we ruled out the possibility that these factors were responsible for the observed performance differences. Our findings support Hintz et al. 2006()
 and Peacock et al. 2012()
 as they suggested that constitutional differences between boys and girls impose a specific male biological vulnerability for adverse outcomes. 

In accordance with findings of domain specificity in the associations between predictors and outcomes 
 ADDIN EN.CITE 
(Leversen et al., 2011; Marschik et al., 2007; Wild et al., 2013)
, we found both neonatal and socioeconomic variables to contribute significantly to Bayley-III cognitive and language score variances, whereas neonatal variables alone contributed to motor score variances. It should be noted that GA was no longer a statistically significant predictor of developmental outcome after adding neonatal variables to the equations. We therefore conclude that the effects of the neonatal variables on development exceed the effect of immaturity. There were three apparent sex-specific predictors identified. Severe ROP was the strongest predictor of lower cognitive and language performances in boys, but not in girls, and severe BPD was the strongest predictor of poorer motor performance in girls, but not in boys. High parental education predicted higher cognitive and language scores in girls, but not in boys.
ROP is a well-known risk factor for neurosensory impairments and visual problems such as strabismus and astigmatism; however, less is known about its distinct effect on mental development. Boys and girls in this study exhibited low frequencies of visual impairments. We propose that the negative effect of ROP on cognition and language functioning levels in EPT boys may be a consequence of its effect on the central nervous system rather on visual acuity. These neurological disturbances, potentially caused by ROP, appear as having a more profound effect on boys than on girls.

Similar to us, Hintz et al. 2006()
 found that BPD increased the odds for Bayley-II MDI < 70 in girls, but not in boys. Infants with chronic oxygen dependency experience episodes of hypoxia, causing disturbances in neuronal organization and myelination, and increasing the risk for mental and psychomotor deficits 
 ADDIN EN.CITE 
(Wood et al., 2005)
. High levels of oxygen and prolonged ventilator treatment are closely related to BPD, which in turn is a well-known antecedent of developmental delay in children born EPT. Our results suggest that girls are especially vulnerable to the negative effects of BPD.
Indicators of respiratory dysfunction were related to lower Bayley scores in our study. The variable mechanical ventilation treatment > 14 days was associated with lower Bayley-III cognitive scores in girls, and lower Bayley-III motor scores in boys. Long-term ventilator treatment reflects pulmonary deficiency and high frequencies of infant apnea. It may also be considered a proxy indicator of severity of illness or general weakness during the hospitalization period. We conclude that poor health during the neonatal period is associated with adverse developmental outcome at CA 2.5 years.

Severe brain injury was negatively associated with cognitive scores in girls. Brain injury also predicted lower motor composite scores in both boys and girls, although children with severe sensorimotor impairments and/or severe CP were excluded from analyses. The association between cerebral abnormalities and motor deficits was expected, given the well-documented relationship between these factors 
 ADDIN EN.CITE 
(Bracewell & Marlow, 2002; Dewey et al., 2011; Wood et al., 2005)
.
We found that breast milk ingestion appeared as a protective factor in developmental outcome in EPT children. Feeding with breast milk predicted higher language outcome in boys, and higher cognitive outcome in girls. Breast milk seems to be positively associated with development in several ways. The dyadic interaction between mother and child during nursing may support child development Vohr et al., 2006()
. Providing breast milk (not necessarily by nursing) can reflect features such as parental motivation, and caregiving ambition. The nutrients in breast milk have been proven significantly beneficial to neurologic outcome in preterm children Anderson et al., 1999()
. Mothers who provide breast milk for their EPT infants may be more socioeconomically advantaged compared with mothers who do not Vohr et al., 2006()
. We did not separate children being breastfed from children receiving breast milk by tube or bottle. The possibility that socioeconomic effects could be attributed only to the relational act of breast-feeding was therefore ruled out. Still, the breast milk feeding variable is complex. Longer duration of breast milk ingestion is related to greater developmental advantages when comparing breast milk fed children with formula fed children Anderson et al., 1999()
. We found that EPT boys fed entirely on breast milk by hospital discharge performed higher Bayley-III language scores than formula fed infants. Also, we found that girls fed even partially with breast milk performed higher Bayley-III cognitive scores than only formula fed infants. Data indicate that NICU staff and other child health care professionals should encourage breast milk ingestion and support mothers who want to nurse and/or provide breast milk for their EPT infants; however, the dose-response effect of breast milk feeding needs further examination.
Regarding the predictive value of SES indicators, we found that EPT girls having at least one parent with a two-year university diploma or above performed higher cognitive and language scores than girls having parents with lower academic achievements (i.e. < 14 years, in this study). We found a negative association between language score and the parental education missing variable, which we were unable to explore further, in boys. Our results support others showing that having parents with post-high school education is associated with higher developmental outcomes. With regard to children born EPT, our results indicate that higher level parental education is a buffering factor, especially in girls.
The quality of the parent-child interactions is central to the child’s developing language and cognitive skills. More highly educated parents are more verbally responsive to their children and interact with their children by using more comprehensive and varied vocabulary 
 ADDIN EN.CITE 
(Bradley & Corwyn, 2002; Wong & Edwards, 2013)
. Developmental delay occurs more often in children from socioeconomically disadvantaged homes and/or with parents with limited academic achievements Wong & Edwards, 2013()
. The negative impact of low SES may be explained by limited resources and parental stress over social and economic hardships. Also, children from low SES environments have documented lower access to cognitively stimulating activities Bradley & Corwyn, 2002()
. Having a foreign-born mother was negatively associated with Bayley-III cognitive scores in EPT girls and with Bayley-III language scores in both EPT girls and EPT boys.

Maternal first-generation immigrant status may be a proxy measure for SES, but it may also reflect other aspects such as parental bilingualism. Walch et al. 
 ADDIN EN.CITE 
(2009)
 found that VLBW infants in both monolingual and bilingual families achieved age-specific developmental milestones; however, bilingual infants performed worse than monolingual infants on the Bayley-II MDI. Since we did not have access to information regarding parental bilingualism we were not able to explore the potential relationship between bilingualism and Bayley-III scores in our study. We cannot rule out the possibility that bilingualism may have been a central feature of the effect of the mother foreign-born variable on Bayley-III scores.

Our data support Wong and Edwards 2013()
 as they emphasize the importance of examining socioeconomic factors as mediators of the relationship between prematurity and development. It should be noted that, unlike other studies, we found no statistically significant association between maternal age and developmental outcomes.
Our studies include children at very young preschool age. The EXPRESS recently terminated follow-up at 6.5 years, and follow-up at 11 years is about to start shortly. Previous studies have shown that social factors may become increasingly important predictors of developmental outcomes as children born EPT grow older, affecting school readiness and academic achievements 
 ADDIN EN.CITE 
(Gargus et al., 2009; Patrianakos-Hoobler et al., 2009)
. We therefore expect to see an increasing impact of social factors in the next EXPRESS follow-ups.
Behavioral Outcomes 

Study III of the present thesis compared children born EPT with children born FT on the basis of parental ratings of behavioral problems at CA 2.5 years. Behavioral problems were operationalized by CBCL/1½–5 syndrome and composite scale scores. Group differences were found on all types of problems. In the present discussion we will mainly focus on the group differences with the largest effect sizes, i.e. the differences that are presumed to be the most clinically relevant. The prevalence of internalizing and externalizing problems and total problem scores within clinical range was significantly higher in the EPT group, compared with controls. Although the effect sizes of these group differences were modest, we conclude that the actual numbers of children rated as having clinical difficulties showed a noteworthy difference.

EPT children were rated as having more somatic complaints (e.g. headaches, stomachaches and other symptoms that cannot be fully explained by a medical condition) than FT controls. This was expected considering that extreme prematurity is associated with a wide range of neonatal morbidities and prolonged periods of intensive care, potentially followed by later physical problems such as eating difficulties and pulmonary complications 
 ADDIN EN.CITE 
(Stoelhorst, Rijken, et al., 2003)
. Friedman, Bryant, and Holmbeck 
 ADDIN EN.CITE 
(2007)
 suggested that the CBCL somatic complaints syndrome scale may contain bias when used in pediatric contexts. They found that maternal report of somatic complaints in a group of children with a chronic illness did not appear to measure internalizing behaviors in the same manner as in a group with healthy children. Mothers of children with illness appeared as having problems discriminating between physical symptoms that had an organic cause, and those that could be related to stress or anxiety. Since children born EPT constitute a medical risk group, we propose that our results regarding CBCL/1½–5 somatic complaints should be interpreted cautiously.
Parents in the EPT group rated their children as having more attention problems, compared with parents in the FT group. These findings are consistent with the literature on EPT outcomes. Studies show that ADHD and attention deficits disorder are the most frequent psychiatric diagnoses in EPT cohorts. Hyperactivity problems may, however, be explained by cognitive functions, whereas attention problems may be a more specific feature of development in EPT children 
 ADDIN EN.CITE 
(Samara et al., 2008)
. Our results suggest that EPT children are more easily distracted, and have more difficulties sustaining attention and follow through tasks and activities than FT children. We conclude that the attention problems that may become prominent during school-age seem to emerge during early preschool years. We therefore emphasize the importance of early screening for attention problems in EPT populations.
EPT children were also rated as more withdrawn, showing more symptoms of depression and anxiety, as compared with FT controls. Our results add to extant findings of others showing that internalizing behaviors are more salient in EPT children than aggressive and oppositional behavior (i.e. externalizing). Internalizing behavior has previously been identified as a strong predictor of later emotional symptoms and psychiatric diagnoses for EPT children 
 ADDIN EN.CITE 
(Johnson et al., 2010; Treyvaud et al., 2012)
. Recognizing that certain behavioral and emotional challenges during young childhood may increase the risk for later psychological ill-being is important in preventive health care.
In sum, our findings on EPT behavior sequelae support the description of the behavioral phenotype made by Johnson et al. 2010()
. Laucht et al. 
 ADDIN EN.CITE 
(2000)
 found biological risk factors to be strongly associated with social problems and attentional deficits, whereas psychosocial risks were more related to externalizing behaviors. The higher prevalence of internalizing problems in EPT children was therefore anticipated given their biological vulnerability. The tendency toward withdrawal and more inhibited behavior that we found at CA 2.5 year may persist into adolescence and young adulthood 
 ADDIN EN.CITE 
(Hallin & Stjernqvist, 2011)
. Even though the literature on EPT outcomes reports externalizing behaviors to a lesser extent than internalizing behaviors, we found that 19.5% of the EPT preschoolers (vs. 8.9% of the FT controls) exhibited externalizing problems within clinical range. Externalizing problems could mostly be attributed to the attention difficulties found in the EPT subjects. 

We investigated whether Bayley-III scores mediated the effects of extreme prematurity on behavioral problems. The results from a series of hierarchical regression models suggested that cognitive, language, and motor development fully mediated the relationship between birth status (EPT/FT) and behavior, above the impact of SES indicators foreign-born mother and parental education. Behavioral differences between children born EPT and children born FT were explained by the differences in their developmental functioning. Results support the mediation model; i.e. the effect of birth status on CBCL/1½–5 outcome may be accounted for by its effect on Bayley-III outcome, which in turn affects behavioral variables. This is congruent with Nadeau et al. 2001()
 and Bayless et al. 2008()
 whose findings indicated that the effect of prematurity as a predictor of behavior is transformed by mediators like IQ and motor function level. Additionally, we were able to demonstrate that neonatal complications such as NEC, and severe levels of BPD, IVH and PVL, and ROP were related to the CBCL/1½–5 scores, possibly by their effect on developmental variables. Based on the findings in study III, we conclude that it is important to consider multifactorial pathways of prediction when examining EPT outcome. 

Analyses showed that each of the Bayley-III composite scores mediated the effect of birth status on behavior, after controlling for socioeconomic variables. Unlike Nadeau et al. 2001()
, we could not differentiate the impact of different developmental factors (cognition, language, or motor) on specific behavior problems, since the mediators had similar explanatory effects regardless of which kind of problem was used as criterion variable. The study by Nadeau et al. 2001()
 investigated mediators of behavior at school-age. It may be that the relationship between birth status and behavior at early preschool age is mediated by developmental functioning on a more general level.
The Ecology of the Extremely Preterm Child

Kazak et al. 2009()
 and Steele and Aylward 2009()
 applied the ecological systems theory by Urie Bronfenbrenner Bronfenbrenner, 1979()
 on the developmental processes associated with child medical illness. The model comprises a number of interacting systems that may affect child development as well as longer term interactional patterns between the child and his/her caregivers. We found this model useful in a structured conceptualization of extreme prematurity and its developmental consequences. Also, concepts from the bioecological theory by Bronfenbrenner Bronfenbrenner, 1995


( ADDIN EN.CITE , 1999; Bronfenbrenner & Morris, 2007)
 provided a framework for us, in our understanding of EPT sequelae.
Ecological theories highlight the importance of early exposure to risk in the shaping of developmental outcome. Children born EPT belong to a well-defined risk group, based on their extremely low gestational age at birth and/or extremely low birth weight. Extreme prematurity gives the infant significantly less time to develop in the womb and they begin their lives as intensive care patients. The prematurity itself is then included as a critical part of the systems within the ecological model. EPT neonates often experience severe medical complications due to their highly immature organ systems. In our studies, 53.4% of the children born EPT were affected by severe IVH or PVL, severe BPD, ROP and/or NEC, and 35.8% had needed mechanical ventilator treatment for over 14 days during the NICU period. Study II showed that severe brain injuries and long-term ventilator treatment were prominent risk factors for developmental adversity. 

The developing person, in our case the child, is in the center of the ecological model and child characteristics may influence outcome. We found that severe ROP was a strong predictor of cognitive and language outcome in boys in particular. Severe BPD predicted motor outcome in girls, but not in boys. Previous research has shown that EPT boys are at higher risk for neonatal complications and later deficits, potentially caused by a certain male biological vulnerability. We found no differences between EPT boys and EPT girls with regard to neonatal morbidity; however, girls scored significantly higher than boys on Bayley-III cognitive, receptive communication, expressive communication, and fine motor subtest scores. It was concluded that a microsystemic interaction between the prematurity and the child may have different effects depending on the child’s sex. Being male is considered a risk factor, whereas being female is considered a protective factor, regarding developmental outcome at CA 2.5 years. We found no statistical interaction effects between birth status and sex on CBCL/1½–5 scores.

Chronic illnesses may challenge the child and his/her family comprehensively. Extreme prematurity is not considered a chronic state although developmental deficits and behavioral problems following EPT birth may be severe and long-term. Our data showed that EPT children performed significantly lower cognitive, communicative and motor function levels at CA 2.5 years compared with children born at term. Prevalence of moderate-severe delay was 10.8% in cognitive, 11.8% in receptive communication, 14.5% in expressive communication, 12.4% in fine motor, and 7.0% in gross motor functions in the EPT group. We also found that the proportion of subjects exhibiting behavioral problems within a clinical range was significantly higher in the EPT group, as compared with the FT group. In bioecological terms, extreme prematurity and the morbidities associated with it are the kind of resource characteristics that may seriously impede the child’s further development. Previous studies report that children born EPT are at continued heightened risk for developmental deficits during school-age 
 ADDIN EN.CITE 
(Bhutta et al., 2002; Kerr-Wilson et al., 2012)
, though there is no consensus regarding the predictability of infant developmental tests to later IQ 
 ADDIN EN.CITE 
(Doyle & Casalaz, 2001; Voss et al., 2007)
. Major functional deficits are often identified early in life, whereas mild disability and subtle difficulties usually manifest themselves as the child grows older, begins school and therefore face higher demands. Although some children may catch up the developmental lag, moderate-severe and clinical-range deficits may indicate chronicity of problems. Nevertheless, deficiencies and problems are a reality to those children suffering from them at that given time point. Factors such as infant illness and childhood disabilities are also closely linked to parental stress Taylor et al., 2001()
.

Parents are included in the systems of the ecological models. Parental influences may be particularly relevant as risk or resiliency factors to infants since they are so heavily dependent on parental provision of stimulation, closeness, emotional support and regulation. Parents with EPT infants experience challenges that most parents with healthy term born infants never have to face. From an ecological systems perspective, macrosystemic norms and beliefs regarding parenthood, family life and the healthy baby are profoundly overturned. Parents with EPT infants begin parenthood in the NICU where they experience high levels of stress caused by illness of the infant, the uncertainty of outcome, and the complicated intensive care environment. Many of them are psychologically unprepared for birth and have little time to adjust to the idea of the impending delivery. The fragile infant they encounter is far from whom they expected or imagined. Several studies have shown that EPT birth and its consequences are associated with parental mental health problems 
 ADDIN EN.CITE 
(Carter et al., 2005; Davis et al., 2003; Magill-Evans & Harrison, 2001; McManus & Poehlmann, 2012a; Miles et al., 2007; Taylor et al., 2001)
. Parental depression or anxiety may negatively affect microsystemic parent-child interactions in the home setting, and also the daily and developmentally important proximal processes described in the bioecological theory. The infant’s opportunities to interact, explore, learn, and play may therefore be comprised 
 ADDIN EN.CITE 
(Miles et al., 2007; Shandor Miles & Holditch-Davis, 1995; Weiss & Chen, 2002)
. Also, EPT infants communicate more vaguely and initiate less contact than FT infants. These developmentally disruptive characteristics affect the proximal processes between parents and infants. Factors as parental health and parent-child interactional quality were not included in the studies of the present thesis. The possibility that part of the differences in Bayley-III and CBCL/1½–5 scores between the EPT and FT group may be explained by these factors cannot be ruled out.
Children with illnesses or functional deficits develop despite their difficulties, demanding parents to re-conceptualize the illness/deficit and continuously adjust to new challenges Kazak et al., 2009()
. These adjustments may be difficult to some parents, depending on their previous systemic interactions with the prematurity, the child, and the medical staff. Shandor Miles and Holditch-Davis 1995()
 found that mothers of 3-year-olds born preterm were more protective of their children, and less demanding of them compared with their siblings. This parenting style was related to emotional distress during the hospitalization period. Perrin et al. 1989()
 described a prolonged sense of vulnerability in mothers with preschoolers born preterm. Part of the parental “mission” is to facilitate greater complexity and higher demands in the proximal processes over time. It may be that parents with children born EPT are less prone to support independent behaviors in their children. Similar to Hallin and Stjernqvist 2011()
, Hack et al. 
 ADDIN EN.CITE 
(2002)
 found less risk-taking behaviors in young adults born VLBW which they identified as a consequence of increased parental monitoring. Parental protective behaviors may also be viewed as sensitive and adequate adaptations to the functional deficits and social withdrawal of their EPT children.
Given their medical vulnerability, developmental deficits are anticipated in children born EPT. Some social factors may increase their vulnerability whereas some may buffer it. In our studies, the variables foreign-born mother and parental education were used as SES indicators. Maternal first-generation immigrant status was considered a proxy for low SES. Our analyses indicated that it acted as a risk factor for sub-optimal development in the EPT preschoolers. In contrast, the variable parental education ≥ 14 years was related to higher Bayley-III cognitive and language scores in EPT girls and therefore regarded a protective factor. Parents with high-level education may provide a more stimulating environment for their children and thereby buffer the vulnerability caused by extreme prematurity. The quality of the proximal processes may vary as a function of social factors Bronfenbrenner, 1995(; Bronfenbrenner & Morris, 2007)
. High SES families may have greater access to social support—a factor known to foster resilience in families with children born EPT. Low SES families may not have the economic or social resources to the same extent 
 ADDIN EN.CITE 
(McManus & Poehlmann, 2012a)
. From an ecological viewpoint, the family unit is not isolated. Parents’ possibilities to create a good environment for their children are dependent on factors sometimes outside their control. Macrosystemic factors such as health care and insurance policies, and parental-leave regulations may influence the lives of the medically ill or fragile child and the whole family system.
In sum: Being born preterm is a significant biological risk factor because the child is not yet adapted to the environment outside the womb. If the child survives extreme prematurity, additional factors will influence his/her development. Both the ecological and bioecological approaches emphasize the interplay between the child, the parents and family, as well as several other aspects of the environment. The explanation for why some EPT infants are more resilient or more vulnerable may lie in this interplay Magill-Evans & Harrison, 2001()
. The concept of multifinality, as it describes that an initial state or risk factor (e.g. EPT birth) can produce many different outcomes depending on different circumstances, may therefore be applicable to our results.
Based on the studies of ours and others, we suggest that children born EPT should be entitled to thorough follow-up, including developmental and behavioral assessment, preferably initiated during preschool years. Early identification of developmental deficits and/or behavioral problems is important as it may improve the ability to anticipate special needs and to establish accurate interventions. The effect that developmental factors have on behavior should highlight the importance of interventions focusing on both behavioral development and intellectual stimulation in EPT populations. In several countries, EPT aftercare is organized in neonatal units by multidisciplinary teams. Practices sometimes vary depending on the individual hospital and sufficient resources Serenius et al., 2014()
. Developing structured follow-ups based on harmonized guidelines is therefore important.

Although developmental follow-up is crucial, family-based approaches are likewise important. We found a significant impact of SES factors on development and behavior at CA 2.5 years. A biologically vulnerable child whose suboptimal social environment is detected and supported early can hopefully be spared the negative experiences that he/she otherwise may have. Literature on prematurity outcome proves the importance of supporting parent-child interactions in order to reduce the vulnerability in EPT children. Easing parental stress, improving parent-child interactions, and supporting parental responsiveness may stimulate development in children born preterm, especially in those from socioeconomically disadvantageous environments 
 ADDIN EN.CITE 
(Darling, 2007; Huhtala et al., 2014)
.

Methodological Considerations

The Bayley-III subtest mean values of our EPT group approached the normative means of 10 scaled scores and the FT control group means were above the normative means. It is unlikely that the inflated FT control group means are caused by unreliable recruitment procedures or especially high-achieving children. Instead, we propose that the reported psychometric weaknesses in the Bayley-III instrument may have caused these heightened mean scores Johnson et al., 2014()
. The Bayley-III, as well as the CBCL/1½–5, is developed and normed in the United States which could have introduced a cultural bias. These concerns underscore the importance of using a control group. Similar to Anderson et al. 
 ADDIN EN.CITE 
(2010)
, we conclude that if the performance of our EPT children had been compared with the normative means, there would probably have been misleading frequencies of delay. Since we consistently used FT control group means and SDs as reference to EPT group performances, we expect EPT outcomes to be reliable. By using control group scores (instead of US norms) when investigating EPT outcome the potential cultural bias impact was likely reduced. So, the inclusion of a contemporary FT control group and the use of control group performance values instead of test norms as reference are considered advantageous. It should be noted that psychologists were not blinded to the group status of the children, introducing a potential examiner expectation bias. Another weakness was that the FT control group included singletons only, as this was one of the initial selection criteria.
In study I, we adjusted for several parental, child and assessment variables when investigating EPT and FT group differences in Bayley-III performances, and we found a robust association between group status and outcomes. Based on the literature regarding the impact of parental mental health and parent-child interaction patterns on child development, we conclude that future research would benefit from including such factors.

A potential limitation of study II was that the total regression models modestly contributed to the Bayley-III total score variance. We chose potential predictors based on empirical findings of others; however, we may have failed to include important variables. The modest contributions may also reflect the complexity of establishing the determinants and causes of EPT outcomes. In the research field of EPT outcomes, logistic regression analyses are often used to examine independent factors of categorical outcomes such as significant cognitive disability. Also, neonatal care is progressing continuously; the use of different treatments tends to vary between care contexts, as well as rates of different morbidities. Therefore, different predictors may be particularly important during certain time epochs, or in certain populations. 

The CBCL/1½–5 outcome in study III showed significant variability with notably high SDs, which may have affected measurement stability. Previous studies, with populations comparable to ours, show similar variability which could indicate an inherent characteristic of the instrument 
 ADDIN EN.CITE 
(Potijk, de Winter, Bos, Kerstjens, & Reijneveld, 2012; Stoelhorst, Martens, et al., 2003)
. Behavior problem rating scales rarely show normal distributions since the majority of a population is often free from problem symptoms Kamphaus & Frick, 2005()
. Accordingly, all CBCL/1½–5 scores were skewed in our study. Hence, all analyses were confirmed using non-parametric tests.

The measure of behavioral problems was obtained by parental ratings only, which introduces a potential rater bias. Studies show that parental estimations of behavioral problems can be accurate predictors of later diagnosis 
 ADDIN EN.CITE 
(Ferdinand et al., 2007)
. However, some parents with EPT children may struggle to have others view their child as normal as possible, while some emphasize the child as being special and vulnerable Allen et al., 2004()
. This may threaten the validity and the reliability of the assessment of behavioral problems. We conclude that using multiple measures of behavior, as well as different raters (e.g. preschool teachers), could have made it possible to investigate more fine-grained differences between the groups, and to achieve a higher differentiation for the relationships between behavior and developmental functions. Although results in study III support the mediation model, there are several other potential mediators than those selected in our study. We conclude that factors such as family-genetic risks, infant temperament, parental IQ and psychological health, as well as parent-caregiver interaction patterns probably would have been relevant to include.
Supplemental Analysis

Study II

Differences between FT boys and FT girls were calculated using t-tests. Table 9 illustrates group differences, p-value, and effect size estimations.
Table 9
Differences between full term (FT) boys and full term (FT) girls in Bayley-III subtest scores

	Bayley-III

subtest
	Boys

(n = 186)

Mean (SD)
	Girls

(n = 152)

Mean (SD)
	p
	Effect size

Cohen’s d

	Cognitive
	10.7 (2.1)
	10.8 (1.9)
	.75
	

	Receptive communication
	11.58 (2.0)
	12.0 (2.1)
	.05
	

	Expressive communication
	11.4 (2.6)
	11.8 (2.1)
	.08
	

	Fine motor
	11.7 (2.6)
	12.3 (2.5)
	.03
	.50

	Gross motor
	10.2 (3.2)
	10.8 (3.4)
	.11
	


Similar to the EPT group, a statistically significant difference was found between FT boys and FT girls in FM subtest scores (girls performing higher scores than boys). Effect size estimations indicated medium effects.
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Sammanfattning på svenska
Född nära gränsen för livsduglighet – utvecklingsmässiga utfall 2,5 år senare 

Bakgrund

Neonatal intensivvård är under ständig utveckling, vilket medfört att allt mindre barn överlever efter att ha fötts prematurt. Ett tydligt mått på detta är att gränsen för livsduglighet (den gestationsålder då individen beräknas ha 50% chans att överleva) har skjutits bakåt till att under de senaste två decennierna ligga runt graviditetsvecka 24.

Barn som föds extremt prematurt, d.v.s. före graviditetsvecka 28, utgör en grupp på ca 0,3 % i Sverige. Denna förhållandevis lilla grupp är dock i behov av omfattande, resurskrävande intensivvård, ofta under flera månader. Trots att vården utvecklats så pass framgångsrikt är extrem prematuritet förknippat med omfattande risker. Barnet har betydligt kortare tid på sig att utvecklas i den skyddande livmodern, jämfört med barn som föds efter fullgången graviditet. Denna omognad gör att barnet är extremt känsligt för infektioner och andra störningar från den omgivande miljön. Under nyföddhetsperioden riskerar extremt prematurfödda barn att drabbas av t.ex. hjärnblödningar, andningsproblem som kan utvecklas till lungsjukdomar, mag- och tarmproblem och ögonsjukdomar. Barnets sjuklighet och den främmande miljön på en neonatal intensivvårdsavdelning är påfrestande även för barnets föräldrar, vilka riskerar att drabbas av psykiska problem relaterade till utmattning och stark oro.
Det är i flera studier väl dokumenterat att extremt prematurfödda barn riskerar att drabbas av svårigheter på längre sikt, såsom CP-skador, syn- och hörselnedsättningar, kognitiva och språkliga funktionsnedsättningar, beteendeproblem samt psykiatrisk problematik. En stor del av dessa studier är genomförda på barn i skolåldern. När man räddar allt fler och allt mindre barn är det av stor vikt att nå ökade kunskaper om konsekvenserna av extrem prematuritet även på kortare sikt. Identifiering av funktionsnedsättningar redan under småbarnsåren medför ökade möjligheter att tidigt kunna planera interventioner och stödja familjer under en viktig och formbar tid i barnets liv.

Föreliggande avhandling är genomförd inom ramen för den nationella studien Extremely Preterm Infants in Sweden Study (EXPRESS) som har som huvudsakligt syfte att följa upp extrem prematuritet. Samtliga barn födda före graviditetsvecka 27 under perioden 1 april 2004 till 31 mars 2007 i Sverige inkluderades i studien. Omfattande data samlades in under perinatalperioden och sjukhusvistelsen bl.a. i syfte att korrelera till utfall när barnen blivit äldre.

Frågeställningar

Syftet med denna avhandling är att undersöka utvecklingsmässiga konsekvenser av extrem prematuritet under tidig förskoleålder. Den är baserad på tre empiriska arbeten som på olika sätt bidrar med kunskap om ämnet. Samtliga genomfördes då barnen uppnått 2,5 års korrigerad ålder.

I studie I undersöktes skillnader i kognitiv, språklig och motorisk utveckling hos barn födda extremt prematurt och barn födda efter fullgången graviditet. Dessutom jämfördes prevalens av mild, måttlig och allvarlig funktionsnedsättning i respektive grupp. I studie II jämfördes extremprematura flickors respektive pojkars utveckling samt förekomst av könsspecifika prediktorer av kognitivt, språkligt och motoriskt utfall. I studie III jämfördes förekomst av beteendeproblem i prematurgruppen och kontrollgruppen. Dessutom kartlades förhållandet mellan prematuritet, utveckling och beteendeproblem.

Metod

Av 707 inkluderade, levande födda barn överlevde 497 (70 %) till sin ettårsdag, varav 6 barn dog före 2,5 års ålder och 30 var inte tillgängliga för senare uppföljning. Av de återstående 461 barnen avböjde fem familjer vidare medverkan. Ytterligare 57 barn utgjorde ett bortfall. En utvecklingsbedömning med Bayley Scales of Infant and Toddler Development, 3rd edition (Bayley-III) kom slutligen att genomföras med 399 barn som fötts extremt prematurt. Detta instrument undersöker utveckling hos barn i åldrarna 1–42 månader. Det omfattar tre övergripande index: kognition, språk och motorik, samt fem subtester: kognition, receptivt språk, expressivt språk, finmotorik och grovmotorik. Till varje prematurfött barn valdes ett kontrollbarn, fött i fullgången tid, matchat avseende födelsedatum/beräknat födelsedatum, kön, bostadsort och etnicitet. Sammanlagt testades 366 kontrollbarn med Bayley-III. I samband med testerna skattade vårdnadshavare barnets beteende med Child Behavior Checklist för åldrarna 1 ½–5 år (CBCL/1½–5). Detta instrument ger mått på beteendeproblem utifrån sju syndromskalor (emotionellt reaktiv, orolig/deprimerad, somatiska problem, tillbakadragen, sömnproblem, uppmärksamhetsproblem och aggressivt beteende) som fördelas på tre övergripande skalor: internaliserade, externaliserade respektive sammanlagda problem.

Resultat

Extremt prematurfödda barn presterade signifikant lägre på samtliga Bayley-III-skalor jämfört med fullgångna kontroller. Denna skillnad kvarstod även efter korrigering för föräldrars utbildningsnivå, moderns födelseland, moderns ålder vid förlossningen, barnets modersmål samt geografisk uppföljningsregion. Prevalens av måttlig till allvarlig funktionsnedsättning i prematurgruppen var 10,8% för kognition, 14,9% för receptivt språk, 14,5% för expressivt språk, 12,4% för finmotorik och 7% för grovmotorik. I prematurgruppen låg 65 % inom normalspannet på kognition (vs. 92 % i kontrollgruppen), 60% på receptivt språk (vs. 87%), 54% på expressivt språk (vs. 83%), 54% på finmotorik (vs. 82 %) och 64% på grovmotorik (vs. 85%).

Extremt prematurfödda flickor presterade konsekvent högre Bayley-III-poäng än extremt prematurfödda pojkar. Signifikanta skillnader identifierades i subtesten kognition, receptivt språk, expressivt språk samt finmotorik. Det var emellertid ingen skillnad mellan könen beträffande sjuklighet i nyföddhetsperioden eller i förekomst av sensorimotoriska funktionsnedsättningar. För båda könen predicerade allvarlig intraventrikulär blödning i hjärnan (IVH), respiratorvård i mer än 14 dagar samt utlandsfödd mor lägre Bayley-III-poäng. Att helt eller delvis ha blivit uppfödd på bröstmjölk predicerade däremot högre poäng. Allvarlig retinopati till följd av prematuriteten (ROP) predicerade lägre resultat på kognition och språk hos pojkar, men inte hos flickor. Hög utbildningsnivå hos föräldrarna predicerade högre resultat på kognition och språk hos flickor, men inte hos pojkar. Allvarlig bronkopulmonell dysplasi (BPD) predicerade lägre poäng på motorik hos flickor, men inte hos pojkar. Generellt upphörde prematuriteten att predicera utvecklingsmässigt utfall när neonatala sjuklighetsfaktorer och socioekonomiska faktorer lades till modellen.

Föräldrar i prematurgruppen rapporterade förekomst av beteendeproblem i högre grad än föräldrar i kontrollgruppen, på samtliga CBCL/1½–5 syndromskalor liksom på internaliserade, externaliserade och sammanlagda problem. Extremt prematurfödda barn hade också signifikant högre prevalens av problem inom kliniskt spann. Mest framträdande var tillbakadragenhet, uppmärksamhetsproblem samt somatiska problem. Bayley-III-poäng medierade gruppskillnaderna i förekomst av beteendeproblem, efter korrigering för socioekonomiska faktorer. Våra resultat stödjer således medieringsmodellen, d.v.s. att effekt av födelsestatus (extremt prematurfödd respektive född efter fullgången graviditet) på beteendeutfall förklaras av dess effekt på kognitiv, språklig och motorisk utvecklingsnivå. Detta gällde både i gruppen barn med, respektive utan, allvarlig neonatal sjuklighet.

Slutsatser
Jämfört med barn födda efter fullgången graviditet presterar extremt prematurfödda barn sämre på tester som mäter kognition, receptivt och expressivt språk samt grov- och finmotorik vid 2,5 års ålder. Extremt prematurfödda barn löper också ökad risk att drabbas av måttliga till allvarliga funktionsnedsättningar inom domänerna kognition, språk och motorik. Det bör emellertid understrykas att de flesta barn i den studerade prematurgruppen presterade inom normalspannet på samtliga Bayley-III-skalor. Resultaten tyder på att extrem prematuritet medför identifierbara, negativa konsekvenser under tidig förskoleålder. Denna kunskap är användbar vid utformningen av riktlinjer för fortsatt vård och omhändertagande om dessa barn.

Extrem prematuritet tycks ha en mer negativ inverkan på pojkar än på flickor. Våra resultat indikerar en särskild sårbarhet hos prematurfödda pojkar. Vissa socioekonomiska och neonatala faktorer utgör liknande risker – eller skydd – för pojkar och flickor, men vi kunde också identifiera vissa könsspecifika prediktorer. Nyanserad information om vad som ökar respektive minskar risken för negativa konsekvenser av extrem prematuritet skapar förutsättningar för mer individanpassad vård och uppföljning.

Vi fann att extremt prematurfödda 2,5-åringar uppvisade symptom på beteendeproblem i signifikant högre utsträckning än jämngamla kontrollbarn. Dessutom var förekomst av svårigheter av kliniska mått större i prematurgruppen. Våra fynd pekar på att förekomst av beteendeproblem går att identifiera tidigt, vilket i sin tur möjliggör tidig intervention, innan problemen manifesteras i skolåldern. Resultaten tyder på att kognitiv, språklig och motorisk funktionsnivå kan förklara gruppskillnader i beteende mellan prematurfödda och fullgångna barn. Interventioner bör fokuseras på beteende, intellektuell stimulering samt främjandet av socialt samspel och relationen föräldrar-barn.

Abbreviations: Bayley-II = Bayley Scales of Infant Development, 2nd edition; MDI = Mental Developmental Index; Bayley-III = Bayley Scales of Infant and Toddler Development, 3rd edition


� Marlow, Wolke, Bracewell, and Samara (2005)


� De Groote et al. (2007)


� Stoelhorst et al. (2003)


� The Dutch version of the Bayley-II MDI has a population mean of 100 and a SD of 16


� Hintz et al. (2011)


� Munck et al. (2010)


� Doyle, Roberts, and Anderson (2010)


Abbreviations: IVH = intraventricular hemorrhage; ROP = retinopathy of prematurity; BPD = bronchopulmonary dysplasia; n.a. = not applicable; NEC = necrotizing enterocolitis; n.s. = not statistically significant; PVL = periventricular leukomalacia


� SGA = Birth weight ≤ 2 SDs below national mean


� Severe IVH defined as IVH ≥ grade 3


� Severe ROP defined as ROP ≥ phase 3


� Severe BPD defined as ≥ 30% oxygen dependence at 36 weeks


� Mild CP defined as ambulant without aid


� Moderate CP defined as ambulant with aid


� Severe CP defined as non-ambulant


� Other = other European, North American, Subsaharan African, South-East Asian, South- and Middle American countries, New Zeeland, and Australia.


�Abbreviations: Cog = cognition; RC = receptive communication; EC = expressive communication; FM = fine motor; GM = gross motor


� Mean = subtest mean differences within groups


Abbreviations: BPD = bronchopulmonary dysplasia; CP = cerebral palsy; NEC = necrotizing enterocolitis; ROP = retinopathy of prematurity; SGA = small for gestational age


� Severe brain injury defined as IVH ≥ grade 3 and/or PVL


� Breast milk ingestion by hospital discharge


� Moderate visual impairment defined as registered at low-vision center without blindness


� Moderate auditory impairment defined as hearing loss corrected with hearing aid


� Moderate CP defined as ambulant with aid
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Blad1

				EPT		FT

		Cog.		65		92

		RC		60		87

		EC		54		83

		FM		54		82

		GM		64		85

				Om du vill ändra storleken för diagrammets dataområde drar du i det nedre högra hörnet av området.
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Blad1

				EPT		FT

		1		20.1		21.3

		2		14.3		9.6

		3		12.5		5.2

		4		13		3.5

		5		12.5		0.3

				Om du vill ändra storleken för diagrammets dataområde drar du i det nedre högra hörnet av området.
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Blad1

				EPT boys		EPT girls

		Cognition		93.3		95.5

		Language		96.3		101.4

		Motor		92.6		96.4

				Om du vill ändra storleken för diagrammets dataområde drar du i det nedre högra hörnet av området.
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Blad1

				EPT		FT

		Cog.		8.9		10.7

		RC		9.9		11.7

		EC		9.6		11.5

		FM		9.8		11.9

		GM		8.4		10.5

				Om du vill ändra storleken för diagrammets dataområde drar du i det nedre högra hörnet av området.
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Blad1

				EPT boys		EPT girls

		Cog.		8.7		9.2

		RC		9.5		10.4

		EC		9.6		10.1

		FM		9.3		10.4

		GM		8.4		8.5

				Om du vill ändra storleken för diagrammets dataområde drar du i det nedre högra hörnet av området.






