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Abstract
Objective: To test effects of gestational age (GA), early social experiences, and child
characteristics on children’s friendships and perceived peer acceptance.
Study design: As part of the prospective Bavarian Longitudinal Study (1147 children, 25-41
weeks GA), children’s friendships (e.g., number of friends, frequency of meeting friends) and
perceived peer acceptance were assessed before school entry (6 years of age) and in
second grade (8 years of age) using child and parent reports. The parent-infant relationship
was evaluated during the 5 months after birth. Child characteristics (i.e., height, motor
impairment, cognitive ability, behavioral problems) were measured at 6 years of age. Multiple
regressions estimated effects of GA, parent-infant relationship, and child characteristics.
Results: Overall, children with higher GA had more friends, spent more time with friends,
and were more accepted by peers at 6 years of age. Better parent-infant relationships, higher
cognitive abilities, and fewer motor and behavioral problems predicted more friendships and
higher peer acceptance after adjusting for sex, socioeconomic status, multiples, siblings, and
special schooling. Across all GA groups, number of friends (child report: mean change: 1.77,
95% CI [1.57-1.96]) and peer acceptance (child report: 0.14, [0.09-0.19]; parent report: 0.14,
[0.11-0.17]) increased with age, but the increase in number of friends was higher among
preterm children (i.e., interaction effect age*GA group: p = .034).
Conclusions: Our results provide evidence of a dose-response effect of low GA on
children’s friendships and perceived peer acceptance. Improvements in early parenting and
motor, cognitive, and behavioral development may facilitate friendships and peer acceptance
for all children across the gestation spectrum.
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Children’s peer relationships are crucial for their emotional, cognitive, and social
development (1). Having close, dyadic friendships and being well-accepted by the peer
group facilitates life span mental health, behavioral, and academic outcomes (2-6), and
protects against peer victimization (7).
Children born very preterm (VP; < 32 weeks gestational age [GA]) are at increased
risk of poor social adjustment (8). Compared with term born peers, VP children more often
experience peer relationship problems and social isolation (9-15), and differences persist into
adulthood (16, 17). Although social difficulties are well documented for VP / very low birth
weight (< 1500 g) individuals, few studies have investigated the social adjustment of
moderately to late preterm children (32-36 weeks GA) (18-22). Some have reported more
internalizing problems, including social withdrawal (20, 21), whereas others did not (18, 22).
There is considerable uncertainty whether VP children’s peer relationship problems extend
across the whole gestation spectrum (8), as has been found for cognitive difficulties (23).
Additionally, past studies mainly investigated the broader domain of peer relationships in VP
children using subscales of screening questionnaires, and these were often limited to parent
and teacher reports in childhood (9, 14). Little attention has been paid to children’s own
perceptions of friendships and their quality.
Some studies reported that VP children’s social difficulties are related to their
cognitive and neuromotor deficits (12, 24), but others found differences after accounting for
cognitive or neurosensory impairments (10, 14, 25). Some authors suggest that multiple risk
factors such as biological conditions (e.g., brain alterations, poor somatic growth), early life
stress (e.g., neonatal pain), social experiences (e.g., parent-infant attachment), and
individual child characteristics (e.g., minor motor and visual difficulties, impaired cognitive
functions, poor social skills, and early behavioral problems) may contribute to preterm
children’s vulnerability in social contexts (12, 14, 26, 27). Furthermore, it is uncertain whether
entering school provides an opportunity for preterm children to make more friends or whether
it may increase the risk of adverse peer relationships (28). Overall, the origins and underlying
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mechanisms of preterm children’s social relationship problems are still poorly understood
(24).
In this study, we investigated children’s friendships and perceived peer acceptance
across the total spectrum of GA at 6 years of age (before school entry) and at 8 years of age
using child and parent reports. First, we expected to find a dose-response effect of GA, that
is, children with higher GA would have more friendships and higher perceived peer
acceptance, irrespective of whether reported by children or parents. Second, we investigated
whether parent-infant relationship as well as child characteristics such as height, motor
impairment, cognitive ability, and behavioral problems independently predict number and
frequency of meeting friends, and perceived peer acceptance at 6 and 8 years of age. Third,
we explored whether friendships and perceived peer acceptance improved or deteriorated
from preschool to second grade (6 to 8 years of age).
Methods
Participants
Child and parent reports were obtained from the Bavarian Longitudinal Study, a
geographically defined population-based sample of neonatal at-risk children who were born
in 1985 and 1986 in Southern Bavaria (Germany). There were 7505 children admitted to a
children’s hospital within the first 10 days after birth (10.6% of all live births) and 916 healthy
control children born after 36 weeks GA were recruited (29). Only children whose parents
had given written informed consent were included. Details of the sampling criteria, design,
and dropout rates have been previously described (30-32). Of the initial sample (N = 8421),
1513 children were selected and followed up at 6 and 8 years of age. Children born postterm (> 41 weeks GA; n = 41) were excluded because previous findings suggest an elevated
risk for adverse developmental outcomes (33). Only participants with complete assessments
were included in the current study (n = 1147 [75.8%]; gestation range: 25-41 weeks). Of
these, 179 were VP, 231 were healthy full-term (FT) control children born between 39 and 41
weeks of gestation (no neonatal risk), and 737 were born between 32 and 41 weeks GA
(randomly selected and stratified according to sex, family socioeconomic status [SES], and
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degree of neonatal risk). Participating children born preterm did not suffer from major
neurodevelopmental impairments. In case children were born as multiples, all living, sameaged siblings were included in the follow-up assessments and analyses. The study was
approved by the Ethics Committee of the University of Munich Children’s Hospital and the
Bavarian Health Council (Landesärztekammer).
Measures
Biological and medical variables at birth. GA, birth weight, and sex were obtained
from obstetric records.
Parent-infant relationship during the 5 months after birth. Parent-infant
relationships were assessed with a standard parent interview and study nurses’
observations. Eight items measuring attachment-related parental feelings and concerns, and
relationship problems were evaluated (Table 1; online) and summed into the Parent-Infant
Relationship Index score ranging from 0 to 8 with greater values indicating poorer parentinfant relationship. Study nurses were trained to ensure the reliability and validity of
observations (32).
Sociodemographic variables at birth, 6, and 8 years of age. Family SES at birth
was coded into three categories based on maternal and paternal highest education and
occupation (low, middle, high) (39). Children were grouped by having living multiples (0 = no
or dead multiples, 1 = living twin or multiples) at 6 years of age. Additionally, the number of
siblings living in the same household at 6 years of age (0 to 7; including multiples) and
whether children received special schooling at 8 years of age (0 = no, 1 = yes) was
assessed.
Child characteristics at 6 years of age. Children’s height (in cm) was measured by
specially trained research nurses. A German version of the Test of Motor Impairment Henderson Revision (40) was used to assess motor impairment with eight tasks. Children’s
general cognitive ability (IQ) was assessed with the German version of the Kaufman Assessment Battery for Children mental processing composite score (41, 42). The German
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version of the Child Behavior Checklist (43) was used to measure children’s behavioral
problems with 113 items that were summed into one Total problems score.
Children’s friendships at 6 and 8 years of age. Child report. The semi-structured
Friendship and Family Interview (34, 35) was used to assess the nature of children’s
friendships before children had entered elementary school at 6 years of age (7% had been in
school for less than three months) and toward the end of second grade at 8 years of age.
Children were asked to name up to ten playmates or friends (siblings not included). These
listed friends were summed into a Number of friends index score. For the first five of these
friends (or fewer, depending on the number listed) children were asked to give information
about ages and how often they met their friends (Table 1; online). Responses about ages of
friends were counted across friends and grouped to obtain a Number of older, same age,
and younger friends index score, respectively. The Frequency of meeting friends index score
was calculated by averaging responses across friends. Interviewers were trained over two
months. All interviews were videotaped and double-rated by two psychologists. Interraterreliability was excellent with a Cohen kappa of > 0.95.
Parent report. To assess parents’ perceptions of their children’s friendships at 6 and
8 years of age, the structured Mannheimer Parent Interview (36), subsection Contact with
peers, was administered. Parents were instructed to list up to eight friends including sex,
age, and meeting frequencies (Table 1; online). The same index scores as those for the child
reports were calculated (i.e., number of friends; number of older, same age, and younger
friends; frequency of meeting friends). Interviewers were trained to > 95% agreement as
described.
Perceived peer acceptance at 6 and 8 years of age. Child report. An adapted
German version of the Pictorial Scale of Perceived Competence and Social Acceptance for
Young Children (37, 38), subscale Peer acceptance, was administered. The scale contains
six items that are each presented via two pictures displaying a sex-matched child. Children
have to select which of the two children is most like them and responses are coded on a
four-point scale with greater values indicating higher acceptance (Table 1; online). The six
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items are averaged into a Perceived peer acceptance index score. Internal consistency was
acceptable (α = 0.71 at 6 years of age, α = 0.72 at 8 years of age).
Parent report. Parents answered a parallel version of these items, reformulated into
questions (Table 1; online). Internal consistency was α = 0.75 and α = 0.79, respectively.
Statistical analysis
Data were analyzed using SPSS 24.0 (IBM SPSS Statistics for Windows, IBM Corp,
Armonk, New York). Mean values and frequencies are reported by GA group (VP: < 32
weeks GA; moderately preterm: 32-33 weeks GA; late preterm: 34-36 weeks GA; early term:
37-38 weeks GA; FT [including both neonatal at-risk and healthy children]: 39-41 weeks GA).
Interview items were coded zero in case a child had no friends (i.e., 0 = no friend; no older,
same age, or younger friend; never meets friends; Table 1; online). The Frequency of
meeting friends index scores were all z-standardized separately for child and parent reports
according to the healthy FT control children in the sample (n = 231). This standardization
allowed a direct comparison of children’s and parents’ responses on the different
instruments. Analyses were adjusted for children’s school entry status at 6 years of age (93%
had not yet started school). Missing data in parent-infant relationship scores and child
characteristics (0.10% in total) were imputed. The alpha level was set at p < .05 and twotailed for all analyses. To avoid inflation of type 1 error, multiple comparisons between GA
groups were adjusted using the Bonferroni correction.
Multiple regressions were computed to determine the relative impact of GA (25 to 41
weeks), parent-infant relationship neonatally, and child characteristics at 6 years of age on
number of friends, frequency of meeting friends, and perceived peer acceptance. All
regression models were adjusted for potential confounders (sex, SES, multiples and siblings
at 6 years of age, and special schooling at 8 years of age, respectively). To investigate
changes from 6 to 8 years of age in friendships and perceived peer acceptance, mixed
design two-way ANCOVAs were run with age as within-subjects factor and GA group as
between-subjects factor.
Results
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Sample description
Table 2 shows children’s descriptive characteristics according to GA groups. VP
children were more often male and enrolled in a special school. Family SES, number of
siblings, and having living multiples differed between GA groups. Lower GA at birth was
associated with poorer parent-infant relationships, smaller stature, lower cognitive ability,
greater motor impairments, and higher behavior problem scores at 6 years of age.
Children’s friendships and perceived peer acceptance at 6 and 8 years of age
Tables 3 and 4 show children’s friendships and perceived peer acceptance according
to GA groups separately for child and parent reports. At 6 years of age, children with higher
GA had more friends (child and parent reports) and spent more time with friends (child
report). Age of friends differed significantly between GA groups, but there was no clear doseresponse effect of GA at birth. According to parent reports, perceived peer acceptance was
higher for children with higher GA at 6 years of age, but not at 8 years of age. At 8 years of
age, children with higher GA had more friends (parent report) and spent more time with
friends (child report).
Multiple regression models revealed that the associations diminished after adjusting
for child’s sex, SES, multiples and siblings at 6 years of age, and special schooling at 8 years
of age, but remained significant, except for parent-reported number of friends at 8 years of
age (Table 5; online). Overall, correlations between child and parent report were small to
medium (Table 6; online).
Early social experiences, child characteristics and children’s friendships, and
perceived peer acceptance
Multiple regression models showed that early parent-infant relationship and child
motor, cognitive, and behavioral development at 6 years of age predicted friendships and
perceived peer acceptance (Table 7; online). The pattern of associations differed depending
on whether reported by children or parents (Figure 1). Specifically, higher cognitive abilities
and fewer motor impairments most consistently predicted child reports of better friendships
and higher perceived peer acceptance at 6 and 8 years of age. Across the board, parent
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reports of better friendships and higher perceived peer acceptance were explained by a
better parent-infant relationship, and fewer behavioral problems and motor impairments.
Changes in children’s friendships and perceived peer acceptance from preschool to
school age
Number of friends increased from 6 to 8 years of age across all GA groups as
reported by children (mean change: 1.77, 95% CI [1.57, 1.96]), but not by parents. This
increase in number of friends was higher among preterm children (i.e., interaction effect of
age with GA group, F[4, 1141] = 2.62, p = .034) compared with FT children (Tables 3 and 4
and Figure 2; online). The frequency of meeting friends did not change from 6 to 8 years of
age irrespective of whether reported by children or parents. There were also no differences
in changes between GA groups. Perceived peer acceptance increased from 6 to 8 years of
age across all GA groups as consistently reported by children (mean change: 0.14, 95% CI
[0.09, 0.19]) and parents (mean change: 0.14, 95% CI [0.11, 0.17]). There were no
significant differences in changes between GA groups.
Discussion
We investigated the effects of GA across the entire spectrum on children’s friendships
and perceived peer acceptance at 6 and 8 years of age, and identified early social
experiences and child characteristics as main predictors of friendships.
We found that children with higher GA had more friends as consistently reported by
children and parents, spent more time with friends, and were more accepted by peers at 6
years of age. This is consistent with findings of previous studies reporting more peer
problems and social withdrawal in 5- to 6-year-old VP children (9, 13-15, 25). Additionally,
our results extend previous findings on moderately to late preterm children (20, 21) indicating
that friendship and peer problems are also more prevalent after moderately to late preterm
birth. In contrast, at 8 years of age, the effects of GA on number of friends and perceived
peer acceptance diminished, which is in line with previous findings on preterm adolescents
(46, 47), and suggests that with the transition into elementary school most preterm children
may partly catch up with their FT peers. Nevertheless, particularly VP children still
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experience disadvantages, including fewer time spent with their friends. Overall, preterm
children themselves felt accepted by their peer group despite having fewer friends and
spending less time with them than FT peers. There is recent evidence that number of friends
is related to poor health-related quality of life in VP adults (48). Unknown is whether the
perception of being accepted in childhood may positively affect later quality of life. This
requires further prospective research. Previous findings on preterm children’s peer
relationships in early elementary school are somewhat conflicting. Some studies found
persisting peer problems in 7- to 8-year-old extremely preterm children (< 28 weeks GA) (10,
12), even after adjusting for potential confounders, although other studies on VP children did
not (11). In line with previous findings (46), our results provide evidence that not all areas of
peer functioning may be equally affected and that degree of prematurity and age may be
critical. Extremely preterm children in particular may be likely to experience peer problems
(8), but were underrepresented in this sample (n = 19).
It is important to identify those children who are at greatest risk of peer relationship
difficulties given the adverse impacts on later adjustment (5, 49). We identified child
characteristics as well as quality of parent-infant relationship as independent predictors of
children’s friendships and perceived peer acceptance. In particular, we found that better
motor and cognitive abilities predicted having more friends and spending more time with
friends according to child reports, whereas parents reported better friendship relationships if
children had fewer motor impairments and additionally fewer behavioral problems. Thus,
parents’ judgments were based more on observable functioning. Accordingly, it has been
shown that children with motor or cognitive impairments experience more peer problems and
have limited access to peer activities, which may challenge their future social development
(50-52). Children with motor difficulties are more likely to avoid social situations and physical
activities owing to anxiety, which may prevent them from making contact with peers and
forming friendships (51). Moreover, lower cognitive ability has been associated with
difficulties in developing social skills (27, 53). Finally, better parent-infant relationships also
predicted having more friends at 8 years of age and being more accepted at 6 years of age,

Friendships and children born at neonatal risk

12

according to parent reports. Thus, in addition to functional deficits, our findings support the
importance of parent-infant relationship quality for children’s peer relationships consistent
with previous findings (54). It is commonly suggested that relationship patterns and social
skills experienced in the family environment are likely transferred to the peer context (55).
Risk factors for poor peer acceptance were characteristics that are observable by
peers such as motor impairments, behavior problems, and tall stature. Indeed, certain social
problem behaviors are considered as potential risk factors for peer relationship difficulties
when displayed in interpersonal contexts (56). Aggressive, disruptive, anxious, or withdrawal
behavior in social interactions may be perceived as inappropriate or signal vulnerability to
peers and is, therefore, disliked or rejected (5, 49, 57, 58). Thus, our findings indicate that
preterm children’s more frequent functional limitations in cognitive, behavioral, and motor
abilities (20, 21, 59-62) may at least in part explain their difficulties with peers. Moreover, tall
stature may also be a risk factor of being less accepted by peers in elementary school age,
independent of GA. Stronger boys have been reported more likely to bully others (63),
although it does not seem to be related to more victimization (24).
Having living multiples at 6 years of age consistently predicted poorer friendships and
peer acceptance at 6 and 8 years of age. In contrast, effects of number of siblings were less
consistent. Twins and higher-order multiples may have an exclusive, close relationship,
spending a considerable amount of time together (64), which may decrease the necessity of
social contacts with other same-aged peers. In contrast, relationships with singleton siblings
may be less intimate (65), which may also affect peer relationships (66). We re-analyzed our
regression models separately for children having living multiples vs. being singleton at 6
years of age; however, results did not significantly change and were stable across the two
groups.
In line with previous findings (67, 68), our results reveal that friendship networks and
acceptance by peers increase with the transition into school. Most children have a best
mutual friend in school, typically make new friends, and also keep some of their preschool
friends (69). Attending school offers expanding opportunities of social contacts in the
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classroom and by memberships in extracurricular activities that are not arranged by close
caregivers (70). However, the increase in number of friends was higher among preterm
children compared with FT children. Before 6 years of age, almost all children in our sample
(97%), irrespective of GA, attended child care outside their homes with contact with peers.
Nevertheless, preterm children’s parents may constrain their vulnerable children’s contact
with peers before formal school entry, which has been found to affect the number of
playmates (6). In contrast, preterm children equally participate in leisure activities at early
school age (71), which may facilitate contact with peers and forming friendships.
This study has several strengths. We gathered data from a prospective, large, wholepopulation sample that was followed longitudinally at 6 and 8 years of age. We investigated
friendships and peer acceptance across the full range of GA, and adjusted main analyses for
a range of potential confounders. Comparability of friendship and peer outcomes over time
was provided by using the same instruments at 6 and 8 years of age. We assessed
children’s self-perceptions in addition to parent reports. Comparable with previous studies on
quality of life in preterm individuals (48), we found discrepancies in child- and parentperceived friendships and acceptance by peers. Children seem to have a more positive view
of their social adjustment. In contrast, parents may perceive greater vulnerability in their child
leading to overestimations of problems (72). However, previous studies showed that parents’
judgments were better explained by objective measures of children’s earlier functioning than
child reports indicating a more realistic perspective of parents (73).
This study also has limitations. First, because the study sample was recruited
between 1985 and 1986, more contemporary replications of our findings are required.
Moreover, the growing use of new communication technologies and social networking sites,
which offer additional opportunities to connect with peers, should be addressed in future
studies. Second, participants and children who dropped out at follow-up assessments at 6
years of age differed in biological and child characteristics, which may have led to an
underestimation of true difficulties in friendships. Third, this study relied on subjective,
unilateral choices of friends and (self-) perceptions of peer acceptance. Other approaches
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are the use of sociometric methods in which only reciprocated friendship preferences and
likings are considered (67). However, sociometric methods are restricted to peer ratings and
nominations in the classroom, and neglect friendships outside of school (6). In this
epidemiological study in South Bavaria, children were not in school at 6 years of age and
went to hundreds of different schools at 8 years of age, which made sociometric
assessments impossible. Moreover, some studies have emphasized the predictive value of
children’s self-perceived peer functioning for later adjustment rather than actual peer
functioning (74). Finally, about 7% of participating children had already started school at 6
years of age because the scheduling and re-scheduling of assessments led to an average
assessment age of 6 years 3 months. Therefore, we adjusted regression and longitudinal
analyses for school entry status.
Our results add to emerging evidence of a dose-response effect of low GA on
children’s friendships and peer acceptance. It is recommended that preterm children should
regularly be followed by health professionals to identify problems in peer-related competence
and behavior early (75). Although most preterm children catch up with their FT peers during
early elementary school, future interventions to improve friendships and social interaction
skills should start before school entry to prevent later psychopathology and behavior
problems (5). However, preterm children’s early social experiences as well as their frequent
deficits in cognition, behavior, and motor skills may better explain their friendship and peer
problems than GA per se. Thus, improving early parenting and motor, cognitive, and
behavioral development may also facilitate friendships and peer acceptance for children
across the whole gestation spectrum. Multimodal training methods may be particularly
effective when involving parents, teachers, and classroom settings (76-78).

Acknowledgements
We thank the pediatricians, psychologists, and research nurses who carried out the
assessments and the researchers and administrative staff of the Bavarian Longitudinal Study

Friendships and children born at neonatal risk

15

group who managed the data. Additionally, we thank the parents and their children for their
participation.

Friendships and children born at neonatal risk

16

References
1.

Newcomb AF, Bagwell CL. Children's friendship relations: a meta-analytic review.

Psychol Bull 1995;117:306-47.
2.

Bagwell CL, Newcomb AF, Bukowski WM. Preadolescent friendship and peer

rejection as predictors of adult adjustment. Child Dev 1998;69:140-53.
3.

Buhs ES, Ladd GW, Herald SL. Peer exclusion and victimization: processes that

mediate the relation between peer group rejection and children's classroom engagement and
achievement? J Educ Psychol 2006;98:1-13.
4.

Nangle DW, Erdley CA, Newman JE, Mason CA, Carpenter EM. Popularity,

friendship quantity, and friendship quality: interactive influences on children's loneliness and
depression. J Clin Child Adolesc Psychol 2003;32:546-55.
5.

Pedersen S, Vitaro F, Barker ED, Borge AIH. The timing of middle-childhood peer

rejection and friendship: linking early behavior to early-adolescent adjustment. Child Dev
2007;78:1037-51.
6.

Rubin KH, Coplan RJ, Chen X, Bowker JC, MacDonald KL, Heverly-Fitt S. Peer

relationships. In: Bornstein MH, Lamb ME, eds. Developmental science: an advanced
textbook. 7th ed. New York (NY): Psychology Press; 2015. p. 587-664.
7.

Boulton MJ, Trueman M, Chau C, Whitehand C, Amatya K. Concurrent and

longitudinal links between friendship and peer victimization: implications for befriending
interventions. J Adolesc 1999;22:461-6.
8.

Ritchie K, Bora S, Woodward LJ. Social development of children born very preterm: a

systematic review. Dev Med Child Neurol 2015;57:899-918.
9.

Bora S, Pritchard VE, Moor S, Austin NC, Woodward LJ. Emotional and behavioural

adjustment of children born very preterm at early school age. J Paediatr Child Health
2011;47:863-9.
10.

Hutchinson EA, De Luca CR, Doyle LW, Roberts G, Anderson PJ, Group VICS.

School-age outcomes of extremely preterm or extremely low birth weight children. Pediatrics
2013;131:e1053-61.

Friendships and children born at neonatal risk
11.

17

Larroque B, Ancel PY, Marchand-Martin L, Cambonie G, Fresson J, Pierrat V, et al.

Special care and school difficulties in 8-year-old very preterm children: the Epipage cohort
study. PLoS ONE 2011;6:e21361.
12.

Nadeau L, Boivin M, Tessier R, Lefebvre F, Robaey P. Mediators of behavioral

problems in 7-year-old children born after 24 to 28 weeks of gestation. J Dev Behav Pediatr
2001;22:1-10.
13.

Reijneveld SA, de Kleine MJK, van Baar AL, Kollee LAA, Verhaak CM, Verhulst FC,

et al. Behavioural and emotional problems in very preterm and very low birthweight infants at
age 5 years. Arch Dis Child Fetal Neonatal Ed 2006;91:F423-8.
14.

Samara M, Marlow N, Wolke D. Pervasive behavior problems at 6 years of age in a

total-population sample of children born at <=25 weeks of gestation. Pediatrics
2008;122:562-73.
15.

Treyvaud K, Doyle LW, Lee KJ, Roberts G, Lim J, Inder TE, et al. Social-emotional

difficulties in very preterm and term 2 year olds predict specific social-emotional problems at
the age of 5 years. J Pediatr Psychol 2012;37:779-85.
16.

Eryigit-Madzwamuse S, Strauss V, Baumann N, Bartmann P, Wolke D. Personality of

adults who were born very preterm. Arch Dis Child Fetal Neonatal Ed 2015;100:F524-9.
17.

Hertz CL, Mathiasen R, Hansen BM, Mortensen EL, Greisen G. Personality in adults

who were born very preterm. PLoS ONE 2013;8:e66881.
18.

Gurka MJ, LoCasale-Crouch J, Blackman JA. Long-term cognition, achievement,

socioemotional, and behavioral development of healthy late-preterm infants. Arch Pediatr
Adolesc Med 2010;164:525-32.
19.

Johnson S, Matthews R, Draper ES, Field DJ, Manktelow BN, Marlow N, et al. Early

emergence of delayed social competence in infants born late and moderately preterm. J Dev
Behav Pediatr 2015;36:690-9.
20.

Potijk MR, de Winter AF, Bos AF, Kerstjens JM, Reijneveld SA. Higher rates of

behavioural and emotional problems at preschool age in children born moderately preterm.
Arch Dis Child 2012;97:112-7.

Friendships and children born at neonatal risk
21.

18

Talge NM, Holzman C, Wang J, Lucia V, Gardiner J, Breslau N. Late-preterm birth

and its association with cognitive and socioemotional outcomes at 6 years of age. Pediatrics
2010;126:1124-31.
22.

van Baar AL, Vermaas J, Knots E, de Kleine MJK, Soons P. Functioning at school

age of moderately preterm children born at 32 to 36 weeks' gestational age. Pediatrics
2009;124:251-7.
23.

Jaekel J, Baumann N, Wolke D. Effects of gestational age at birth on cognitive

performance: a function of cognitive workload demands. PLoS ONE 2013;8:e65219.
24.

Day KL, Van Lieshout RJ, Vaillancourt T, Schmidt LA. Peer victimization in survivors

of premature birth and low birth weight: review and recommendations. Aggress Violent
Behav 2015;25:259-65.
25.

Delobel-Ayoub M, Arnaud C, White-Koning M, Casper C, Pierrat V, Garel M, et al.

Behavioral problems and cognitive performance at 5 years of age after very preterm birth:
the EPIPAGE Study. Pediatrics 2009;123:1485-92.
26.

Jones KM, Champion PR, Woodward LJ. Social competence of preschool children

born very preterm. Early Hum Dev 2013;89:795-802.
27.

Montagna A, Nosarti C. Socio-emotional development following very preterm birth:

pathways to psychopathology. Front Psychol 2016;7:80.
28.

Wolke D, Baumann N, Strauss V, Johnson S, Marlow N. Bullying of preterm children

and emotional problems at school age: cross-culturally invariant effects. J Pediatr
2015;166:1417-22.
29.

Riegel K, Ohrt B, Wolke D, Österlund K. Die Entwicklung gefaehrdet geborener

Kinder bis zum fuenften Lebensjahr. Die Arvo Ylppoe Neugeborenen-Nachfolgestudie in
Suedbayern und Suedfinnland [The development of at-risk children until the fifth year of life.
The Arvo Ylppoe Longitudinal Study in South Bavaria and South Finland]. Stuttgart:
Ferdinand Enke Verlag; 1995.

Friendships and children born at neonatal risk
30.

19

Putnick DL, Bornstein MH, Eryigit-Madzwamuse S, Wolke D. Long-term stability of

language performance in very preterm, moderate-late preterm, and term children. J Pediatr
2017;181:74-9.
31.

Wolke D, Meyer R. Cognitive status, language attainment, and prereading skills of 6-

year-old very preterm children and their peers: the Bavarian Longitudinal Study. Dev Med
Child Neurol 1999;41:94-109.
32.

Wolke D, Schmid G, Schreier A, Meyer R. Crying and feeding problems in infancy

and cognitive outcome in preschool children born at risk: a prospective population study. J
Dev Behav Pediatr 2009;30:226-38.
33.

El Marroun H, Zeegers M, Steegers EA, van der Ende J, Schenk JJ, Hofman A, et al.

Post-term birth and the risk of behavioural and emotional problems in early childhood. Int J
Epidemiol 2012;41:773-81.
34.

Wolke D. Manual zum Freundschafts- und Familieninterview [Friendship and Family

Interview]. Munich: Bavarian Longitudinal Study; 1991.
35.

Wolke D. Manual zum Freundschafts- und Familieninterview. 8-Jahres-Untersuchung

[Friendship and Family Interview. 8-year assessment]. Munich: Bavarian Longitudinal Study;
1993.
36.

Esser G, Blanz B, Geisel B, Laucht M. Mannheimer Elterninterview. Strukturiertes

Interview zur Erfassung von kinderpsychiatrischen Auffälligkeiten [Mannheimer Parent
Interview. A structured interview for the detection of child psychiatric disorders]. Weinheim:
Beltz; 1989.
37.

Asendorpf JB, van Aken MAG. Deutsche Versionen der Selbstkonzeptskalen von

Harter. Z Entwickl Padagogis 1993;25:64-86.
38.

Harter S, Pike R. The pictorial scale of perceived competence and social acceptance

for young children. Child Dev 1984;55:1969-82.

Friendships and children born at neonatal risk
39.

20

Bauer A. Ein Verfahren zur Messung des fuer das Bildungsverhalten relevanten

Sozial Status (BRSS) - ueberarbeitete Fassung. Frankfurt: Deutsches Institut fuer
Internationale Paedagogische Forschung; 1988.
40.

Stott DH, Moyes FA, Henderson SE. The test of motor impairment - Henderson

revision. San Antonio (TX): The Psychological Corporation; 1984.
41.

Kaufman AS, Kaufman NL. Kaufman assessment battery for children. Circle Pines

(MN): American Guidance Service; 1983.
42.

Melchers P, Preuß U. Kaufman-Assessment Battery for Children. Deutschsprachige

Fassung (K-ABC). Frankfurt am Main: Swets & Zeitlinger; 1991.
43.

Achenbach TM. Manual for the Child Behavior Checklist/4-18 and 1991 profile.

Burlington (VT): University of Vermont, Department of Psychiatry; 1991.
44.

Darlington RB, Hayes AF. Regression analysis and linear models. Concepts,

applications, and implementation. New York (NY): The Guilford Press; 2017.
45.

Hayes AF, Cai L. Using heteroskedasticity-consistent standard error estimators in

OLS regression: an introduction and software implementation. Behav Res Methods
2007;39:709-22.
46.

Nadeau L, Tessier R. Social adjustment at school: are children with cerebral palsy

perceived more negatively by their peers than other at-risk children? Disabil Rehabil
2009;31:302-8.
47.

Sullivan MC, Barcelos Winchester S, Parker JG, Marks AK. Characteristic processes

in close peer friendships of preterm infants at age 12. Scientifica (Cairo) 2012;2012:657923.
48.

Baumann N, Bartmann P, Wolke D. Health-related quality of life into adulthood after

very preterm birth. Pediatrics 2016;137:e20153148.
49.

Ladd GW, Troop-Gordon W. The role of chronic peer difficulties in the development of

children's psychological adjustment problems. Child Dev 2003;74:1344-67.
50.

Guralnick MJ, Neville B, Hammond MA, Connor RT. The friendships of young

children with developmental delays: a longitudinal analysis. J Appl Dev Psychol 2007;28:6479.

Friendships and children born at neonatal risk
51.

21

Schoemaker MM, Kalverboer AF. Social and affective problems of children who are

clumsy: how early do they begin? Adapt Phys Activ Q 1994;11:130-40.
52.

Zwicker JG, Harris SR, Klassen AF. Quality of life domains affected in children with

developmental coordination disorder: a systematic review. Child Care Health Dev
2013;39:562-80.
53.

Hay DF, Payne A, Chadwick A. Peer relations in childhood. J Child Psychol

Psychiatry 2004;45:84-108.
54.

Schneider BH, Atkinson L, Tardif C. Child-parent attachment and children's peer

relations: a quantitative review. Dev Psychol 2001;37:86-100.
55.

Ladd GW, Pettit GS. Parenting and the development of children's peer relationships.

In: Bornstein MH, ed. Handbook of parenting, Vol. 5. 2nd ed. Practical issues in parenting.
Mahwah (NJ): Lawrence Erlbaum; 2002. p. 269-309.
56.

Ladd GW, Burgess KB. Charting the relationship trajectories of aggressive,

withdrawn, and aggressive/withdrawn children during early grade school. Child Dev
1999;70:910-29.
57.

Boivin M, Hymel S. Peer experiences and social self-perceptions: a sequential model.

Dev Psychol 1997;33:135-45.
58.

Gazelle H, Ladd GW. Anxious solitude and peer exclusion: a diathesis-stress model

of internalizing trajectories in childhood. Child Dev 2003;74:257-78.
59.

Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB, Oosterlaan J.

Meta-analysis of neurobehavioral outcomes in very preterm and/or very low birth weight
children. Pediatrics 2009;124:717-28.
60.

de Kieviet JF, Piek JP, Aarnoudse-Moens CS, Oosterlaan J. Motor development in

very preterm and very low-birth-weight children from birth to adolescence: a meta-analysis.
JAMA 2009;302:2235-42.
61.

Johnson S, Evans TA, Draper ES, Field DJ, Manktelow BN, Marlow N, et al.

Neurodevelopmental outcomes following late and moderate prematurity: a population-based
cohort study. Arch Dis Child Fetal Neonatal Ed 2015;100:F301-8.

Friendships and children born at neonatal risk
62.

22

Kerr-Wilson CO, Mackay DF, Smith GC, Pell JP. Meta-analysis of the association

between preterm delivery and intelligence. J Public Health (Oxf) 2012;34:209-16.
63.

Olweus D. Bullying at school: what we know and what we can do. Oxford (UK):

Blackwell; 1993.
64.

Rutter M, Redshaw J. Annotation: growing up as a twin: twin-singleton differences in

psychological development. J Child Psychol Psychiatry 1991;32:885-95.
65.

Fortuna K, Goldner I, Knafo A. Twin relationships: a comparison across monozygotic

twins, dizygotic twins, and nontwin siblings in early childhood. Fam Sci 2010;1:205-11.
66.

Wolke D, Tippett N, Dantchev S. Bullying in the family: sibling bullying. Lancet

Psychiatry 2015;2:917-29.
67.

Gifford-Smith ME, Brownell CA. Childhood peer relationships: social acceptance,

friendships, and peer networks. J Sch Psychol 2003;41:235-84.
68.

Hartup WW, Stevens N. Friendships and adaptation across the life span. Curr Dir

Psychol Sci 1999;8:76-9.
69.

Quinn M, Hennessy E. Peer relationships across the preschool to school transition.

Early Educ Dev 2010;21:825-42.
70.

Rubin KH, Bukowski WM, Parker JG, Bowker JC. Peer interactions, relationships,

and groups. In: Damon W, Lerner RM, Kuhn D, Siegler RS, Eisenberg N, eds. Child and
asolescent development: an advanced course. Hoboken (NJ): John Wiley & Sons Inc; 2008.
p. 141-80.
71.

Dahan-Oliel N, Mazer B, Majnemer A. Preterm birth and leisure participation: a

synthesis of the literature. Res Dev Disabil 2012;33:1211-20.
72.

Potharst ES, Houtzager BA, van Wassenaer-Leemhuis AG, Kok JH, Koot HM, Last

BF. Maternal and paternal perception of child vulnerability and behaviour problems in very
preterm born children. Infant Child Dev 2015;24:489-505.
73.

Wolke D, Chernova J, Eryigit-Madzwamuse S, Samara M, Zwierzynska K, Petrou S.

Self and parent perspectives on health-related quality of life of adolescents born very
preterm. J Pediatr 2013;163:1020-6.

Friendships and children born at neonatal risk
74.

23

Vanhalst J, Luyckx K, Scholte RH, Engels RC, Goossens L. Low self-esteem as a risk

factor for loneliness in adolescence: perceived-but not actual-social acceptance as an
underlying mechanism. J Abnorm Child Psychol 2013;41:1067-81.
75.

Doyle LW, Anderson PJ, Battin M, Bowen JR, Brown N, Callanan C, et al. Long term

follow up of high risk children: who, why and how? BMC Pediatr 2014;14:279.
76.

Beelmann A, Pfingsten U, Lösel F. Effects of training social competence in children: a

meta-analysis of recent evaluation studies. J Clin Child Psychol 1994;23:260-71.
77.

Spence SH. Social skills training with children and young people: theory, evidence

and practice. Child Adolesc Ment Health 2003;8:84-96.
78.

Webster-Stratton C, Reid MJ, Hammond M. Treating children with early-onset

conduct problems: intervention outcomes for parent, child, and teacher training. J Clin Child
Adolesc Psychol 2004;33:105-24.

Friendships and children born at neonatal risk

24

Figure 1. Standardized regression coefficients for child- and parent-reported number of
friends, frequency of meeting friends, and perceived peer acceptance at 6 and 8 years of age
predicted by potential confounders, GA, parent-infant relationship, and child characteristics.
PIRI: Parent-Infant Relationship Index; TOMI-H: Test of Motor Impairment - Henderson
Revision; K-ABC: Kaufman - Assessment Battery for Children; MPC: mental processing
composite; CBCL: Child Behavior Checklist. Multiple regression models were adjusted for
children’s school entry status at 6 years of age. N = 1147. *** p < .001, ** p < .01, * p < .05.
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Figure 2. Mean number of friends reported by children (a.) and parents (b.) at 6 and 8 years
of age according to different GA groups. Error bars represent 95% CIs. F-tests were adjusted
for children’s school entry status at 6 years of age. N = 1147.
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Table 1. Overview of assessment, time of measurement, definition, score / categories, and interview questions / items of parent-infant relationship,
children’s friendships, and perceived peer acceptance.
Assessment and time of
Variable

measurement

Definition

Score / categories

Interview questions* / items

Parent-Infant

Standard interview with

Eight items evaluating attachment-

Responses are summed up

Item 1) “Mother has not yet established a

Relationship Index

parents and observations

related parental feelings and

into an index score, ranging

relationship to the infant.” (mother, neonatal)

score (PIRI) (32)

of study nurses; seven

concerns, and current or anticipated

from 0 (good parent-infant

Item 2) “Mother visits the infant one time per week

neonatal items and one

relationship problems are answered

relationship) to 8 (poor

/ less on the neonatal ward.” (mother, neonatal)

item at 5 months of age.

on three- to five-point scales and

parent-infant relationship).

Item 3) “Father visits the infant one time per week /

dichotomized (0 = no concern or

not at all on the neonatal ward.” (mother or father,

problem, 1 = problem as defined by

neonatal)

item).

Item 4) “Mother feels very insecure with the
infant’s care at home.” (mother, neonatal)
Item 5) “Mother shows (very) little pleasure when
interacting with the infant.” (study nurse, neonatal)
Item 6) “Father shows (very) little pleasure when
interacting with the infant.” (study nurse, neonatal)
Item 7) “The probability of subsequent parentinfant care problems is rated high.” (study nurse,
neonatal)
Item 8) “Mother had difficulties in establishing a
relationship to the infant.” (mother, at 5 months of
age)

Children’s friendships

Semi-structured

Questions assess the nature of

reported by children

Friendship and Family

children’s friendships.

Interview (34, 35) with the
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child at 6 and 8 years of
age.
Number of friends

Children are asked to name up to ten

Responses are summed up

“Who do you like to play with? – What are the

index score

playmates or friends (siblings not

across ten friends into a

names of the children, who you like to play with? –

included). The item was coded one

Number of friends index

Anyone else?” (at 6 years of age)

(i.e., friend). In case a child had no

score, ranging from 0 to 10.

“Who do you like to play with? – What are the

friends, the item was coded zero

names of your friends or playmates? – Anyone

(i.e., no friend).

else?” (at 8 years of age)

Number of older,

Children are asked to give

Friends were grouped by

“Do you know how old NAME OF FRIEND is? Is

same age, or

information about ages for the first

age into younger, older, or

NAME OF FRIEND older or younger than you?”

younger friends

five friends (or fewer depending on

same age friends,

(at 6 years of age)

index score

the number listed). In case a child

respectively. Dichotomous

“Do you know how old NAME OF FRIEND is? Is

had no friends, the item was coded

responses (0 = no, 1 = yes)

NAME OF FRIEND older or younger than you?”

zero (i.e., no younger, same age, or

are counted across five

(at 8 years of age)

older friend).

friends to obtain an index
score for each category,
ranging from 0 to 5.

Frequency of

Children are asked how often they

Responses are averaged

“How often do you see / meet NAME OF

meeting friends

met these first five friends (or fewer

across five friends into a

FRIEND?” (at 6 years of age)

index score

depending on the number listed)

Frequency of meeting

“How often do you meet NAME OF FRIEND to

using a five-point scale (1 = rarely, 2

friends index score, ranging

play with?” (at 8 years of age)

= one to three times a month, 3 =

from 0 to 5. Then, the

once a week, 4 = more often during

scores were z-standardized

the week, 5 = daily (working days)).

separately for child and

In case a child had no friends, the

parent reports according to

item was coded zero (i.e., 0 = never).

the healthy FT control

Only real, durable social interactions

children in the sample (n =

(i.e., playing / doing something

231) to be able to compare
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together, but not just talking to each

children’s and parents’

other in school) were considered.

responses because interval
scaled response category
options were different for
child and parent reports.

Children’s friendships

Structured Mannheimer

Questions assess parents’

reported by parents

Parent Interview (36),

perceptions of their child’s contact

subsection Contact with

with peers.

peers, with the parent at 6
and 8 years of age.
Number of friends

Parents are asked to list up to eight

Responses are summed up

“Does your child have friends? – Could you please

index score

friends (siblings not included). The

across eight friends into a

list me the friends, their first names, sex, and

item was coded one (i.e., friend). In

Number of friends index

ages?” (at 6 years of age)

case a child had no friends, the item

score, ranging from 0 to 8.

“Does your child have friends? – Could you please

was coded zero (i.e., no friend).

list me the friends, their first names, sex, ages,
and whether he / she is in same grade?” (at 8
years of age)

Number of older,

Parents are asked to give

Friends were grouped by

“Does your child have friends? – Could you please

same age, or

information about ages for the eight

age into younger, older, or

list me the friends, their first names, sex, and

younger friends

friends (or fewer depending on the

same age friends,

ages?” (at 6 years of age; see above)

index score

number listed). In case a child had

respectively. Dichotomous

“Does your child have friends? – Could you please

no friends, the item was coded zero

responses (0 = no, 1 = yes)

list me the friends, their first names, sex, ages,

(i.e., no younger, same age, or older

are counted across eight

and whether he / she is in same grade?” (at 8

friend).

friends to obtain an index

years of age; see above)

score for each category,
ranging from 0 to 8.
Frequency of

Parents are asked how often their

Responses of the

“How often does your child meet his / her friends?”

meeting friends

child met his / her friends using a six-

Frequency of meeting

(multiple or at least one of the listed friends, during

index score

point scale (1 = rarely (one to three

friends index score, ranging

the whole last year) (at 6 years of age)
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days a month), 2 = one to two days a

from 0 to 6, were z-

“How often does your child meet his / her friends?”

week, 3 = three to four days a week,

standardized separately for

(multiple or at least one of the listed friends, during

4 = five to six days a week, 5 = daily,

child and parent reports

the whole last year) (at 8 years of age)

6 = several times daily). In case a

according to the healthy FT

child had no friends, the item was

control children in the

coded zero (i.e., 0 = never).

sample (n = 231) to be able
to compare children’s and
parents’ responses
because interval scaled
response category options
were different for child and
parent reports.

Perceived peer

Adapted German version

acceptance index

of the Pictorial Scale of

score

Perceived Competence
and Social Acceptance for
Young Children (37, 38),
subscale Peer
acceptance, with the child
and parent at 6 and 8
years of age.

Child report

The scale contains six items that are

Responses of the six items

Item 1) “Has friends to play with.”

each presented via two pictures

are averaged into a

Item 2) “Stays overnight at his / her friends’

displaying a sex-matched child doing

Perceived peer acceptance

houses.”

a particular activity (e.g., doing a

index score, ranging from 1

Item 3) “Has friends to play games with.”

jigsaw puzzle). Two statements

to 4.

Item 4) “Has friends on the playground.”

relating to the pictures are read to

Item 5) “Other children ask if child wants to play.”

the children (e.g., “the child on the

Item 6) “Eats at his / her friends’ houses.”

left is good at puzzles, but the child
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on the right is not very good at
puzzles.”). Children have to select
which of the two children is most like
them and then indicate if the
selected child is a lot or just a little bit
like them. Responses are coded on
a four-point scale with greater values
indicating higher acceptance.

Parent report

The same six items as in the child

Responses of the six items

Item 1) “How many friends does your child have to

version, reformulated into questions

are averaged into a

play with?”

(parallel version of the described

Perceived peer acceptance

Item 2) “How often does your child stay overnight

items), are answered by parents.

index score, ranging from 1

at his / her friends’ houses?”

Responses are coded on a four-point

to 4.

Item 3) “How many friends does your child have to

scale with greater values indicating

play games with?”

higher acceptance.

Item 4) “How many friends does your child have to
play with on the playground?”
Item 5) “How often do other children ask if your
child wants to play?”
Item 6) “How often does your child eat at his / her
friends’ houses?”

*Interviewer starts with standard questions, but may ask additional questions to avoid misinterpretations and ensure full understanding. Number of
best friends, number of friends in same grade, liking of friends, playing venues, and staying overs were also assessed, but not reported here.
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Table 2. Biological, medical, and social variables, and child characteristics of the study sample (N = 1147) according to GA groups.
< 32 wk GA

32-33 wk GA

34-36 wk GA

37-38 wk GA

39-41 wk GA

n = 179

n = 79

n = 183

n = 173

n = 533

F / χ²

p†

109 (61%)

36 (46%)

93 (51%)

82 (47%)

260 (49%)

9.81

.044

GA, wk

29.61 (1.47)

32.51 (0.50)

35.12 (0.76)

37.54 (0.50)

39.94 (0.69)

5334.78‡

< .001

Birth weight, g

1311 (335)

1689 (374)

2219 (536)

2811 (528)

3391 (498)

1096.77‡

< .001

16.39

.037

Child’s sex, male

Family SES, birth
High

43 (24%)

22 (28%)

73 (40%)

63 (36%)

174 (33%)

Middle

73 (41%)

30 (38%)

50 (27%)

57 (33%)

203 (38%)

Low

63 (35%)

27 (34%)

60 (33%)

53 (31%)

156 (29%)

0.80 (1.02)

0.58 (0.85)

0.49 (0.76)

0.51 (0.83)

0.42 (0.73)

5.61‡

< .001

42 (23%)

12 (15%)

19 (10%)

11 (6%)

4 (1%)

107.69

< .001

1.31 (1.10)

1.13 (1.05)

0.96 (0.76)

1.16 (0.89)

1.06 (0.76)

3.67‡

.006

116.23 (5.34)

116.77 (5.57)

117.64 (4.74)

118.67 (5.00)

118.56 (4.84)

9.46

< .001

3.04 (3.09)

2.44 (2.86)

1.64 (1.93)

1.60 (1.79)

1.48 (1.85)

11.67‡

< .001

K-ABC MPC IQ score, 6 y

90.57 (12.21)

94.40 (11.59)

97.35 (11.17)

99.25 (10.07)

99.44 (11.02)

23.91

< .001

CBCL Total problems score, 6 y

31.34 (17.26)

25.63 (12.45)

25.84 (12.75)

27.24 (14.51)

26.13 (14.13)

3.83‡

.005

PIRI Parent-infant relationship, birth / 5 months††
Living multiples, 6 y
Number of siblings living in household, 6 y
Height (cm), 6 y
TOMI-H Total impairment score, 6 y

Special school, 8 y

19 (11%)

2 (3%)

2 (1%)

2 (1%)

8 (2%)

31.41

§

< .001

Data are presented as mean (SD) for continuous variables and numbers (%) for categorical variables. PIRI: Parent-Infant Relationship Index;
TOMI-H: Test of Motor Impairment - Henderson Revision; K-ABC: Kaufman - Assessment Battery for Children; MPC: mental processing
composite; CBCL: Child Behavior Checklist. † Two-tailed significance based on one-way ANOVAs or χ²-tests. ‡ Adjusted F-tests reporting Welch’s
F in case of violated assumption of homogeneity of variance. § Reporting Fisher’s Exact Test. †† Higher PIRI scores indicate poorer parent-infant
relationship.
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Table 3. Child self-report of friendships and perceived peer acceptance according to GA groups at 6 and 8 years of age (N = 1147).
< 32 wk GA

32-33 wk GA

34-36 wk GA

37-38 wk GA

39-41 wk GA

n = 179

n = 79

n = 183

n = 173

n = 533

F

p†

Number of friends

4.16 (2.12)***

4.38 (2.02)*

4.54 (2.18)*

4.98 (1.99)

5.04 (2.09)

7.61

< .001

Frequency of meeting friends§

-0.37 (1.13)***

-0.21 (1.08)

-0.22 (1.06)

-0.12 (0.87)

-0.03 (0.94)

3.89‡

.004

‡

.005

Outcomes
Assessments at 6 years

Number of older friends

0.87 (1.12)

0.77 (0.97)*

0.98 (1.23)

1.23 (1.28)

1.10 (1.24)

3.78

Number of same age friends

1.49 (1.32)

1.75 (1.27)

1.50 (1.24)

1.57 (1.32)

1.74 (1.30)

2.20

.067

Number of younger friends

1.30 (1.18)

1.27 (1.06)

1.37 (1.24)

1.40 (1.22)

1.34 (1.22)

0.28

.892

Perceived peer acceptance

2.62 (0.66)

2.62 (0.62)

2.73 (0.57)

2.69 (0.60)

2.71 (0.57)

1.30

.268

6.10 (2.76)

6.51 (2.42)

6.37 (2.58)

6.46 (2.46)

6.44 (2.48)

0.71

.586

-0.33 (1.12)**

-0.12 (0.97)

-0.12 (1.04)

-0.03 (0.97)

-0.05 (1.00)

2.86

.022

0.90 (1.16)

0.92 (1.23)

0.88 (1.16)

1.04 (1.13)

1.00 (1.18)

0.68

.603

2.02 (1.65)***

2.30 (1.64)

2.54 (1.50)

2.44 (1.60)

2.58 (1.53)

4.56

.001

‡

.003
.131

Assessments at 8 years
Number of friends
Frequency of meeting friends§
Number of older friends
Number of same age friends
Number of younger friends

1.41 (1.47)**

1.42 (1.41)*

1.11 (1.27)

1.11 (1.30)

0.98 (1.23)

4.18

Perceived peer acceptance

2.74 (0.61)

2.77 (0.54)

2.86 (0.53)

2.81 (0.58)

2.86 (0.58)

1.78

Data are presented as mean (SD). *** p < .001, ** p < .01, * p < .05; planned contrasts testing all GA groups against FT children as reference
group, adjusted for multiple testing using Bonferroni correction. † Two-tailed significance based on one-way ANOVAs. ‡ Adjusted F-tests reporting
Welch’s F in case of violated assumption of homogeneity of variance. § The Frequency of meeting friends variables were all z-standardized
according to healthy FT control children (n = 231) because interval scaled response category options were different for child and parent reports
(see Methods).
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Table 4. Parent report of children’s friendships and perceived peer acceptance according to GA groups at 6 and 8 years of age (N = 1147).
< 32 wk GA

32-33 wk GA

34-36 wk GA

37-38 wk GA

39-41 wk GA

n = 179

n = 79

n = 183

n = 173

n = 533

F

p†

Number of friends

4.32 (2.11)**

4.49 (2.14)

4.74 (1.97)

4.55 (2.10)

4.91 (1.96)

3.44

.008

Frequency of meeting friends§

-0.26 (1.07)

-0.21 (1.03)

-0.05 (0.92)

-0.18 (1.20)

-0.04 (0.96)

2.29

.058

Number of older friends

1.21 (1.52)

1.18 (1.37)

1.40 (1.58)

1.35 (1.55)

1.49 (1.54)

1.63

.165

1.89 (1.58)**

2.20 (1.69)

2.09 (1.66)

1.97 (1.47)

2.31 (1.62)

3.20

.013

Number of younger friends

1.22 (1.27)

1.11 (1.34)

1.24 (1.29)

1.24 (1.37)

1.11 (1.20)

0.74

.568

Perceived peer acceptance

2.23 (0.46)***

2.29 (0.43)

2.35 (0.42)

2.38 (0.46)

2.37 (0.45)

3.69

.005

Number of friends

4.26 (2.19)**

4.66 (1.91)

4.66 (1.93)

4.80 (1.95)

4.80 (1.96)

2.72

.029

Frequency of meeting friends§

-0.25 (1.13)

0.08 (1.10)

-0.08 (0.98)

-0.03 (1.01)

0.00 (1.01)

2.17‡

.072

Number of older friends

0.95 (1.18)

1.08 (1.33)

0.97 (1.19)

1.08 (1.29)

1.10 (1.33)

0.64

.635

2.17 (1.80)***

2.58 (1.89)

2.68 (1.68)

2.83 (1.85)

2.85 (1.77)

5.18

< .001

‡

.206
.100

Outcomes
Assessments at 6 years

Number of same age friends

Assessments at 8 years

Number of same age friends
Number of younger friends

1.13 (1.53)

1.00 (1.30)

1.01 (1.30)

0.90 (1.24)

0.86 (1.20)

1.49

Perceived peer acceptance

2.38 (0.47)

2.47 (0.51)

2.49 (0.44)

2.49 (0.43)

2.48 (0.44)

1.95

Data are presented as mean (SD). *** p < .001, ** p < .01; planned contrasts testing all GA groups against FT children as reference group,
adjusted for multiple testing using Bonferroni correction. † Two-tailed significance based on one-way ANOVAs. ‡ Adjusted F-tests reporting
Welch’s F in case of violated assumption of homogeneity of variance. § The Frequency of meeting friends variables were all z-standardized
according to healthy FT control children (n = 231) because interval scaled response category options were different for child and parent reports
(see Methods).
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Table 5. Standardized regression coefficients (95% CIs) and model fit for child- and parent-reported number of friends, frequency of meeting
friends, and perceived peer acceptance at 6 and 8 years of age predicted by potential confounders and GA (N = 1147).
Child report
Variables

Parent report

6 years

8 years

6 years

8 years

0.133*** (0.076, 0.189)

0.117*** (0.060, 0.175)

0.072* (0.014, 0.129)

0.076* (0.018, 0.133)

SES, birth - high

0.030 (-0.033, 0.093)

0.074* (0.009, 0.139)

0.076* (0.011, 0.141)

0.030 (-0.033, 0.093)

SES, birth - low

0.016 (-0.048, 0.080)

0.030 (-0.035, 0.095)

0.005 (-0.060, 0.070)

-0.007 (-0.074, 0.060)

-0.115*** (-0.169, -0.061)

-0.045 (-0.109, 0.018)

0.009 (-0.055, 0.072)

-0.046 (-0.116, 0.025)

-0.074* (-0.133, -0.015)

-0.058 (-0.120, 0.003)

-0.106** (-0.167, -0.046)

-0.131*** (-0.186, -0.075)

Number of friends
Child’s sex - female

Living multiples, 6 y
Number of siblings, 6 y
Special school, 8 y

‡

GA, birth

-0.073* (-0.132, -0.015)

-0.041 (-0.108, 0.025)

0.124*** (0.064, 0.184)

0.012 (-0.049, 0.073)

0.100** (0.040, 0.160)

0.059 (-0.005, 0.123)

.077***, .071

.035***, .028

.036***, .031

.042***, .035

Child’s sex - female

0.046 (-0.012, 0.103)

0.074* (0.016, 0.131)

0.044 (-0.014, 0.102)

0.007 (-0.052, 0.065)

SES, birth - high

0.008 (-0.055, 0.071)

-0.037 (-0.102, 0.028)

0.077* (0.012, 0.143)

0.006 (-0.059, 0.072)

SES, birth - low

-0.034 (-0.101, 0.032)

0.038 (-0.027, 0.103)

0.000 (-0.065, 0.066)

0.054 (-0.011, 0.120)

-0.105** (-0.177, -0.034)

-0.069* (-0.133, -0.005)

-0.065* (-0.128, -0.001)

-0.045 (-0.109, 0.019)

-0.045 (-0.108, 0.019)

0.052 (-0.010, 0.113)

0.020 (-0.041, 0.081)

0.034 (-0.028, 0.096)

R², adjusted R²
Frequency of meeting friends

Living multiples, 6 y
Number of siblings, 6 y
Special school, 8 y‡
GA, birth
R², adjusted R²
Perceived peer acceptance

-0.053 (-0.112, 0.006)

-0.035 (-0.094, 0.024)

0.100** (0.034, 0.166)

0.072* (0.011, 0.134)

0.053 (-0.007, 0.114)

0.064* (0.002, 0.125)

.041***, .035

.026***, .019

.017**, .011

.012, .005
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Child’s sex - female

0.055 (-0.003, 0.113)

0.027 (-0.031, 0.086)

0.094** (0.036, 0.151)

0.092** (0.035, 0.149)

SES, birth - high

0.011 (-0.055, 0.077)

0.040 (-0.024, 0.103)

0.033 (-0.029, 0.096)

0.076* (0.012, 0.140)

SES, birth - low

0.072* (0.006, 0.138)

-0.034 (-0.103, 0.035)

-0.035 (-0.102, 0.033)

0.039 (-0.026, 0.103)

-0.080* (-0.153, -0.006)

-0.055 (-0.119, 0.009)

-0.012 (-0.076, 0.053)

-0.020 (-0.085, 0.044)

0.036 (-0.029, 0.101)

-0.016 (-0.083, 0.051)

-0.020 (-0.081, 0.042)

0.020 (-0.042, 0.082)

Living multiples, 6 y
Number of siblings, 6 y
Special school, 8 y‡
GA, birth
R², adjusted R²

0.008 (-0.069, 0.085)

-0.163*** (-0.239, -0.088)

0.034 (-0.034, 0.101)

0.047 (-0.018, 0.112)

0.100** (0.037, 0.163)

0.025 (-0.037, 0.087)

.017**, .011

.013, .006

.026***, .020

.044***, .038

Statistical significance of standardized regression coefficients β based on Student’s t-tests, statistical significance of explained variance R² based
on F-tests. *** p < .001, ** p < .01, * p < .05. Multiple regression models were adjusted in case of heteroscedasticity using heteroscedasticityconsistent standard error estimators (44, 45). Models were adjusted for children’s school entry status at 6 years of age. ‡ The variable Special
school, 8 y was included as a predictor in regression models at 8-year assessments.
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Table 6. Correlations between child self-report and parent report of children’s friendships and perceived peer acceptance at 6 and 8 years of age
according to GA groups (N = 1147).
< 32 wk GA

32-33 wk GA

34-36 wk GA

37-38 wk GA

39-41 wk GA

n = 179

n = 79

n = 183

n = 173

n = 533

Number of friends

.427***

.422**

.269**

.306**

.288***

Frequency of meeting friends§

.280**

.382*

.283**

.255*

.198***

.217

.157

.252*

.285**

.289***

.277**

.419**

.319***

.288**

.265***

.234*

.092

.145

.139

.251***

.195

.592***

.352***

.289**

.259***

Outcomes
Assessments at 6 years

Perceived peer acceptance
Assessments at 8 years
Number of friends
Frequency of meeting friends

§

Perceived peer acceptance

Agreement between child self-report and parent report was estimated using Pearson correlation coefficients. Significance tests were all two-tailed
and adjusted for multiple testing using Bonferroni correction. *** p < .001, ** p < .01, * p < .05. § The Frequency of meeting friends variables were
all z-standardized according to healthy FT control children (n = 231) because interval scaled response category options were different for child and
parent reports (see Methods).
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Table 7. Standardized regression coefficients (95% CIs) and model fit for child- and parent-reported number of friends, frequency of meeting
friends, and perceived peer acceptance at 6 and 8 years of age predicted by potential confounders, GA, parent-infant relationship, and child
characteristics (N = 1147).
Child report
Variables

Parent report

6 years

8 years

6 years

8 years

0.137*** (0.081, 0.193)

0.117*** (0.059, 0.175)

0.063* (0.005, 0.121)

0.059* (0.002, 0.116)

SES, birth - high

0.009 (-0.054, 0.072)

0.064 (-0.001, 0.130)

0.068* (0.003, 0.133)

0.022 (-0.042, 0.086)

SES, birth - low

0.028 (-0.035, 0.091)

0.035 (-0.031, 0.100)

0.017 (-0.048, 0.082)

0.010 (-0.055, 0.074)

-0.120*** (-0.181, -0.059)

-0.048 (-0.111, 0.016)

0.004 (-0.059, 0.067)

-0.051 (-0.114, 0.011)

-0.062* (-0.122, -0.003)

-0.055 (-0.117, 0.006)

-0.101** (-0.162, -0.040)

-0.130*** (-0.190, -0.069)

Number of friends
Child’s sex - female

Living multiples, 6 y
Number of siblings, 6 y
Special school, 8 y‡
GA, birth

-0.044 (-0.106, 0.018)

0.004 (-0.058, 0.065)

0.062 (0.000, 0.125)

-0.015 (-0.080, 0.049)

0.066* (0.001, 0.130)

0.019 (-0.045, 0.083)

PIRI score, neonatal / 5 months

-0.003 (-0.060, 0.054)

-0.003 (-0.062, 0.056)

-0.053 (-0.112, 0.006)

-0.084** (-0.142, -0.026)

Height (cm), 6 y

0.054 (-0.003, 0.112)

0.015 (-0.045, 0.074)

-0.020 (-0.080, 0.039)

-0.052 (-0.111, 0.006)

-0.083** (-0.143, -0.022)

-0.071* (-0.136, -0.007)

-0.035 (-0.097, 0.027)

-0.069* (-0.133, -0.005)

0.114*** (0.053, 0.176)

0.042 (-0.022, 0.107)

0.053 (-0.010, 0.117)

0.058 (-0.005, 0.122)

0.013 (-0.043, 0.070)

0.008 (-0.051, 0.067)

-0.053 (-0.112, 0.005)

-0.088** (-0.146, -0.030)

.102***, .092

.042***, .031

.049***, .039

.070***, .059

Child’s sex - female

0.043 (-0.014, 0.100)

0.072* (0.013, 0.130)

0.029 (-0.029, 0.088)

-0.004 (-0.063, 0.055)

SES, birth - high

-0.009 (-0.072, 0.054)

-0.045 (-0.111, 0.020)

0.074* (0.008, 0.139)

0.006 (-0.059, 0.072)

SES, birth - low

-0.018 (-0.084, 0.049)

0.042 (-0.024, 0.108)

0.014 (-0.052, 0.080)

0.063 (-0.005, 0.131)

TOMI-H Total impairment score, 6 y
K-ABC MPC IQ score, 6 y
CBCL Total problems score, 6 y
R², adjusted R²
Frequency of meeting friends
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-0.112** (-0.183, -0.040)

-0.073* (-0.136, -0.009)

-0.070* (-0.133, -0.006)

-0.049 (-0.118, 0.020)

-0.038 (-0.101, 0.025)

0.057 (-0.005, 0.119)

0.021 (-0.040, 0.083)

0.032 (-0.029, 0.094)

Special school, 8 y‡

-0.024 (-0.086, 0.039)

-0.013 (-0.088, 0.062)

GA, birth

0.043 (-0.024, 0.110)

0.040 (-0.025, 0.105)

0.026 (-0.039, 0.092)

0.041 (-0.025, 0.106)

PIRI score, neonatal / 5 months

0.024 (-0.042, 0.090)

-0.043 (-0.103, 0.016)

-0.046 (-0.105, 0.013)

-0.038 (-0.104, 0.028)

Height (cm), 6 y

0.027 (-0.032, 0.085)

0.027 (-0.033, 0.087)

-0.046 (-0.106, 0.013)

0.005 (-0.057, 0.068)

TOMI-H Total impairment score, 6 y

-0.068* (-0.135, -0.001)

-0.063 (-0.128, 0.001)

-0.024 (-0.087, 0.039)

-0.011 (-0.083, 0.061)

K-ABC MPC IQ score, 6 y

0.124*** (0.063, 0.186)

0.024 (-0.040, 0.089)

0.044 (-0.020, 0.108)

0.017 (-0.051, 0.085)

CBCL Total problems score, 6 y

-0.031 (-0.093, 0.032)

-0.021 (-0.080, 0.038)

-0.084** (-0.143, -0.025)

-0.103** (-0.169, -0.036)

.065***, .055

.034***, .023

.033***, .023

.025*, .014

Child’s sex - female

0.051 (-0.008, 0.110)

0.021 (-0.037, 0.079)

0.063* (0.007, 0.120)

0.064* (0.007, 0.120)

SES, birth - high

0.007 (-0.060, 0.073)

0.034 (-0.029, 0.097)

0.036 (-0.026, 0.098)

0.077* (0.014, 0.140)

SES, birth - low

0.073* (0.006, 0.139)

-0.039 (-0.109, 0.030)

-0.025 (-0.091, 0.042)

0.055 (-0.009, 0.119)

-0.084* (-0.158, -0.011)

-0.064* (-0.127, -0.002)

-0.025 (-0.087, 0.036)

-0.031 (-0.093, 0.032)

0.042 (-0.023, 0.108)

-0.011 (-0.077, 0.055)

-0.018 (-0.076, 0.041)

0.013 (-0.049, 0.076)

R², adjusted R²
Perceived peer acceptance

Living multiples, 6 y
Number of siblings, 6 y
Special school, 8 y‡

0.055 (-0.021, 0.132)

-0.113** (-0.190, -0.035)

GA, birth

0.009 (-0.061, 0.079)

0.012 (-0.057, 0.081)

0.058 (-0.007, 0.123)

-0.004 (-0.068, 0.060)

PIRI score, neonatal / 5 months

-0.042 (-0.100, 0.016)

0.007 (-0.062, 0.076)

-0.062* (-0.120, -0.004)

-0.018 (-0.076, 0.041)

Height (cm), 6 y

0.015 (-0.043, 0.074)

0.051 (-0.009, 0.112)

-0.031 (-0.089, 0.028)

-0.071* (-0.129, -0.013)

TOMI-H Total impairment score, 6 y

-0.051 (-0.118, 0.015)

-0.172*** (-0.241, -0.104)

-0.088** (-0.155, -0.022)

-0.099** (-0.167, -0.031)

K-ABC MPC IQ score, 6 y

-0.010 (-0.080, 0.060)

-0.057 (-0.121, 0.007)

-0.043 (-0.104, 0.018)

0.012 (-0.050, 0.074)

CBCL Total problems score, 6 y

-0.035 (-0.098, 0.029)

-0.043 (-0.104, 0.018)

-0.215*** (-0.276, -0.154)

-0.164*** (-0.224, -0.104)

.023*, .012

.042***, .031

.085***, .075

.085***, .075

R², adjusted R²
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Statistical significance of standardized regression coefficients β based on Student’s t-tests, statistical significance of explained variance R² based
on F-tests. *** p < .001, ** p < .01, * p < .05. Multiple regression models were adjusted in case of heteroscedasticity using heteroscedasticityconsistent standard error estimators (44, 45). Models were adjusted for children’s school entry status at 6 years of age. PIRI: Parent-Infant
Relationship Index; TOMI-H: Test of Motor Impairment - Henderson Revision; K-ABC: Kaufman - Assessment Battery for Children; MPC: mental
processing composite; CBCL: Child Behavior Checklist. ‡ The variable Special school, 8 y was included as a predictor in regression models at 8year assessments.

