
Child Development. 2022;00:1–17.	﻿�     |  1wileyonlinelibrary.com/journal/cdev

Loneliness refers to the negative emotional experience 
that arises when people perceive their relations to be of 
inadequate quality or lacking in size (network quantity; 
Perlman & Peplau,  1981). Evidence suggests that lone-
liness is high during adolescence (Qualter et al.,  2013; 
van Roekel et al.,  2011), with 20%–70% of adolescents 
reporting to feel lonely “sometimes” or “often” (Qualter 
et al., 2015). Loneliness can have detrimental effects on 
one's physical and mental health, including impaired 
immune functioning and poorer sleep quality (Hawkley 
& Cacioppo,  2010). Moreover, adolescent loneliness is 
associated with depression, with metabolic risk factors 
linked to cardiovascular disease during adulthood, and 
is predictive of poorer self-perceived health (Goosby 
et al., 2013). Given the negative effects on one's mental 

and physical health, it is important to understand the 
mechanisms that underlie adolescent loneliness.

Here, we adopt a developmental psychopathology 
framework in which we postulate that adolescent lone-
liness can have its roots in infancy, specifically in infant 
behavioral inhibition (BI). Specifically, based on the 
previous theoretical accounts (Fox et al., 2005; Rubin & 
Chronis-Tuscano, 2021; Rubin et al., 2009), we tested a 
developmental cascade model in which we hypothesized 
that higher levels of BI during infancy predisposes some 
children to loneliness during adolescence, partly because 
their high levels of BI put them at higher risk of becom-
ing more socially withdrawn during middle childhood. 
Moreover, we hypothesized that this pathway would be 
stronger in the case of negative parenting during infancy. 
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Abstract
Adolescent loneliness can have detrimental effects on physical and mental health, 
but there is limited understanding of its antecedents in infancy and childhood. A 20-
year longitudinal, multi-informant, and multi-methods study (first data collection 
in 1998) was conducted to examine mechanisms underlying adolescent loneliness 
(N = 128, 52% boys, Mage_baseline = 1.23, SD = 0.02, 99% White, recruitment in Dutch 
urban, healthcare centers). Structural equation modeling showed that high infant 
behavioral inhibition (BI) was indirectly associated with high loneliness during 
adolescence via high childhood social withdrawal. This indirect effect was equally 
strong during early, middle, and late adolescence. Contrary to expectations, 
infant parenting did not moderate the relation between BI and social withdrawal. 
The results suggest a developmental cascade with infant BI showing long-lasting 
indirect effects on adolescent loneliness up to 20 years later via childhood social 
withdrawal.
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Although some studies support how indicators of BI 
(e.g., negative reactivity) and social withdrawal (e.g., 
lower social skills and engagement) during childhood 
could have long-lasting effects on loneliness during ad-
olescence (Qualter et al., 2013; Schinka et al., 2013), we 
are not aware of any study that has tested this complete 
developmental cascade from infant BI via childhood 
social withdrawal on early, middle, and late adolescent 
loneliness while making use of a multi-methods and 
multi-informant approach. To test this hypothesized 
developmental pathway, we made use of a prospective 
20-year longitudinal study with multi-method and multi-
informant measures of BI and negative parenting during 
infancy (ages 1 and 2), social withdrawal during middle 
childhood (ages 5, 7, 9, and 12) and loneliness during 
early (age 13), middle (age 16), and late adolescence (age 
21). By understanding the early mechanisms of loneli-
ness, strong theory-based prevention programs could be 
informed, which could ultimately prevent onset or de-
terioration of feelings of loneliness during adolescence.

BI during infancy as a predisposing factor for 
adolescent loneliness

BI is a biologically based temperamental style character-
ized by a relatively consistent pattern of overly cautious, 
fearful, and avoidant behavior to unfamiliar people, situ-
ations, and contexts (Fox et al., 2005; Kagan et al., 1984). 
Several theoretical models postulate that infant BI 
can—directly or indirectly—predispose one to experi-
ence loneliness later in life (e.g., Fox et al., 2005; Rubin & 
Chronis-Tuscano, 2021; Rubin et al., 2009). A possible di-
rect pathway could be that infants and toddlers who are 
highly inhibited typically react with more restraint and 
caution to novel objects and situations, and are more anx-
ious around unfamiliar people than their less inhibited 
peers (Kagan et al., 1984). This implies that highly inhib-
ited individuals encounter fewer opportunities to connect 
with others which—over the long run—could predispose 
to the experience of loneliness. Indeed, findings from 
several longitudinal studies suggested that behaviorally 
inhibited children may have an increased risk of experi-
encing social isolation, resulting in feelings of loneliness 
(Fox et al., 2005).

Another rationale to include BI as a precursor in cur-
rent theoretical models of loneliness is that similar cog-
nitive biases may play a role in both BI and loneliness, 
namely a hypervigilance for threatening social cues and 
endorsing a prevention motivation instead of a promotion 
motivation (Fox et al., 2005; Park & Baumeister, 2015). 
Indeed, it has been shown that highly inhibited infants 
and toddlers react to novel situations and stimuli as if they 
are potentially threatening (Fox et al., 2005; Henderson 
et al.,  2015). This hypervigilance toward social stimuli 
typically associated with BI shows a striking resem-
blance with the hypervigilance perspective thought to be 

vital in the emergence of loneliness (Qualter et al., 2015; 
Spithoven et al.,  2017). Additionally, high BI might be 
associated with higher prevention motivation (Hane 
et al.,  2008), which serves the goal of self-preservation 
while limiting one's opportunities for awarding social 
interactions. Because avoiding certain situations is as-
sociated with lower chances of experiencing negative 
social interactions, prevention behavior is reinforced. 
This may instigate a cascade of reduced experiences of 
social successes, less socially competent behaviors, less 
attempts at social reconnection, and probably more BI 
or feelings of loneliness (Rubin et al., 2018). Evidence for 
this idea of shared underlying mechanisms for childhood 
BI and adolescent loneliness (i.e., these cognitive biases) 
comes from a neurobiologically grounded framework 
(Shackman et al., 2016) suggesting that early age amyg-
dala functioning is associated with attentional biases to 
threat and hypervigilance and plays a role in understand-
ing the maintenance of psychopathology. That these cog-
nitive biases contribute to heightened BI at young age 
and increased feelings of loneliness in later years may 
also explain the idea of heterotypic continuity (i.e., one 
trait or disorder predicting another at a later time point).

Based on these theoretical explanations, BI might 
be an important early risk factor for loneliness in later 
life. Indeed, a recent study found that BI at 14 months 
of age was predictive of lower social functioning (which 
included feelings of loneliness) at the age of 26 (Tang 
et al., 2020). However, little research has focused on this 
topic, and previous research never integrated different 
methods and informants or such a long time-window. 
Therefore, the first aim was to examine whether BI, 
measured in infancy with multiple methods and by ques-
tioning several informants, was predictive of loneliness 
during early, middle, and late adolescence.

Social withdrawal as an underlying factor 
between BI and loneliness

A possible indirect pathway through which high infant 
BI might predispose to adolescent loneliness is via social 
withdrawal during childhood (see Rubin & Chronis-
Tuscano,  2021 for a review). Social withdrawal is 
defined as a consistent display of solitary behavior when 
encountering both familiar and unfamiliar peers (Coplan 
& Rubin,  2010). During childhood, peer relations are 
vital to a child's emotional and social development, for 
instance through learning moral reasoning, perspective 
taking, and self-understanding (Rubin et al.,  2009). 
However, if children show high social withdrawal during 
this important developmental period, they might not 
receive such opportunities and be at higher risk for 
internalizing problems, including loneliness (Rubin & 
Chronis-Tuscano, 2021).

Indeed, several studies have found that infant BI 
can be an antecedent for social withdrawal during 
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childhood and adolescence (Booth-Laforce & 
Oxford,  2008; Degnan et al.,  2014; Fox et al.,  2005; 
Perez-Edgar et al.,  2010). While social withdrawal 
might seemingly show overlap with BI, these are two 
distinct concepts (Fox et al., 2005; Rubin et al., 2018). 
Specifically, BI is used to describe a biologically based 
individual characteristic, which predisposes infants to 
behave in a fearful and avoidant manner when encoun-
tering both social and non-social unfamiliarity. As 
these children tend to engage in less socially competent 
behaviors than their peers, they may experience more 
peer-rejection. These unpleasant social experiences 
may trigger (dispositional) withdrawn behavior even 
more. Subsequently, this behavioral predisposition 
together with negative evaluations from others could 
increase the likelihood that the avoidant behavioral 
repertoire generalizes to familiar social situations as 
well, leading to social withdrawal (Rubin et al., 2018).

Social withdrawal, in turn, is thought to play a key 
role in the emergence and/or maintenance of loneliness 
(Qualter et al., 2015). First off, high levels of withdrawn 
behavior might undermine opportunities to experience 
meaningful social interaction, which, according to the 
evolutionary theory of loneliness is crucial for recon-
nection (Cacioppo et al., 2014). Second, avoiding social 
situations might prevent one from gaining valuable ex-
periences that promote social interaction, which may 
lead to more deficient social skills over time (Qualter 
et al., 2015). Indeed, social withdrawal is concurrently 
and prospectively associated with increased feelings 
of loneliness (Booth-Laforce & Oxford,  2008; Jobe-
Shields et al., 2011; Rubin et al., 1995). Drawing on these 
findings, social withdrawal might be relevant in under-
standing the hypothesized association between infant 
BI and adolescent loneliness. Therefore, the second 
goal was to examine whether childhood social with-
drawal (partially) mediated the relation between infant 
BI and early, middle, and late adolescent loneliness.

Parenting as a moderating factor

Next to these internal factors, the caregiving environ-
ment is recognized as an important factor that can 
strengthen the effect that BI has on social behavior. 
Specifically, negative parenting is thought to moderate 
the stability of BI from infancy to childhood (Degnan 
& Fox, 2007; Fox et al., 2005; Rubin et al., 2009). Some 
parents might restrict their child's behavior, discourage 
independence, and control their child's activities, lead-
ing to fewer opportunities for them to learn how to be-
have in social situations and this has more pronounced 
effects in inhibited children (Rubin et al., 2002, 2009). 
Thus, for inhibited infants and toddlers, negative par-
enting might strengthen the earlier described associa-
tion between BI and social withdrawal.

Indeed, if caregivers display high levels of control and 
derision (Rubin et al.,  2002), or are insensitive and in-
trusive toward their behaviorally inhibited child (Booth-
Laforce & Oxford, 2008), they are more likely to develop 
into withdrawn children. In turn, this increased likeli-
hood to become withdrawn might be associated with 
more loneliness (Jobe-Shields et al., 2011; Oh et al., 2008). 
Using a developmental framework, the main focus of the 
current research was combining these individual (i.e., BI 
and social withdrawal) and environmental (i.e., nega-
tive parenting) frameworks to further understanding on 
the emergence of adolescent loneliness. The third goal 
was to examine the moderating role of negative parent-
ing during infancy in the relation between infant BI and 
childhood social withdrawal.

Loneliness during different adolescent periods

One problem in the research field of loneliness is that 
“adolescence” has often been studied as if it were a 
homogeneous group. Research samples either show 
large variations in age and simply use group means 
(e.g., Teppers et al., 2013) or include just one specific age 
(e.g., Woodhouse et al.,  2012). A drawback of existing 
longitudinal studies to loneliness is that these mainly 
describe loneliness trajectories, making it impossible 
to draw conclusions for different age groups. Current 
approaches thus neglect the vast amount of rapid 
biological, cognitive, emotional, and social transitions 
that characterize this developmental period. For example, 
biological changes might be more pronounced during 
early adolescence, whereas social transitions mainly 
happen during middle adolescence when adolescents gain 
autonomy from their parents and spend more time with 
their peers (Wang et al., 2007). Given these transitions, it 
could be possible that long-term effects of BI and social 
withdrawal vary over the course of development. It could 
also be possible that social withdrawal in childhood 
has a stronger effect on loneliness in early adolescence, 
because those developmental periods are closer in time 
than middle or late adolescence. During late adolescence, 
those individuals might have had a greater chance to 
grow out of higher social withdrawal. However, we are 
not aware of any prior literature that has tested how the 
influence of infant BI and childhood social withdrawal 
might differ across different periods of adolescence.

Following developmental psychologists, the current 
study explored whether the effects of BI, withdrawal, and 
parenting on loneliness differed between early, middle, 
and late adolescence. In the current study, we measured 
loneliness at approximately ages 13, 16, and 21, which 
converge with the general categorizations from Kimmel 
and Weiner (1985), who used the following age ranges to 
categorize adolescence into early (10–13 years), middle 
(14–17 years), and late adolescence (18–22 years).
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The present study

In the current 20-year longitudinal study, a multi-
informant (i.e., parents, teachers, adolescents, and 
their peers) and multi-methods (i.e., observations, par-
ent and teacher reports, sociometric nominations, and 
self-reports) approach was used to investigate the role 
of BI and negative parenting during infancy, and social 
withdrawal during childhood in the development of 
loneliness during early, middle, and late adolescence. 
Specifically, the direct effect of infant BI on loneliness 
at the different ages, with childhood social withdrawal 
as a possible mediator in this relation was examined 
(aim 1). Additionally, the moderating effect of observed 
negative parenting in infancy on the relation between BI 
and social withdrawal was investigated (aim 2). Lastly, 
we were interested whether the indirect effect of infant 
BI on adolescent loneliness via childhood social with-
drawal differed between early, middle, and late adoles-
cence (aim 3).

First off, it was hypothesized that a high level of BI 
during infancy would be predictive of loneliness during 
early, middle, and late adolescence, given that (1) high 
BI may decrease the opportunities for social connec-
tion and (2) similar cognitive biases have been asso-
ciated with BI and loneliness (Henderson et al.,  2015; 
Spithoven et al., 2017). Moreover, it was expected that 
this relation would be partially mediated by social 
withdrawal (Booth-Laforce & Oxford,  2008; Degnan 
et al.,  2014; Jobe-Shields et al.,  2011; Perez-Edgar 
et al., 2010). Additionally, it was hypothesized that the 
relation between infant BI and childhood withdrawal 
would be moderated by negative parenting. More spe-
cifically, this relation would be stronger in the presence 
of negative parenting (Booth-Laforce & Oxford, 2008; 
Rubin et al., 2002). Lastly, with regard to age differences 
in loneliness, the hypothesized relations were tested in 

an exploratory manner in the different adolescent age 
periods and no specific hypotheses for that matter were 
formulated (given the lack of literature to base specific 
hypotheses on). Figure 1 depicts the visualization of the 
hypothesized theoretical model.

M ETHOD

Participants

Participants were part of the Nijmegen Longitudinal 
Study (NLS) on Infant and Child Development, which 
started in 1998 with a Dutch community-based sam-
ple of 129 healthy 15-month-old infants (52% boys, 
Mage = 14.88 months, SD = 0.25 months) and one of their 
primary caregivers (126 mothers and 3 fathers), repre-
sentative of the Dutch population. The primary caregiv-
ers were between 22 and 47 years old (M  =  32.9 years, 
SD  =  4.42). Families were initially contacted using 
birth records from local, urban, healthcare centers in 
Nijmegen, the Netherlands. During nine consecutive 
months, all families with a 15-month-old baby (i.e., 639 
families) were sent a recruitment letter explaining the 
goals of the research and were asked to respond if inter-
ested in participating. Of the 174 families that responded 
positively to this letter, 129 families that were randomly 
selected agreed to participate. For more information 
about the recruitment procedure and demographic char-
acteristics, see Van Bakel and Riksen-Walraven (2004). 
For the current study, data were collected when partici-
pants were 1, 2, 5, 7, 9, 12, 13, 16, and 21 years old (see 
Table  1 for detailed information on age and years of 
data collection). One participant who did not have any 
data on the relevant measures was excluded from further 
analyses, meaning that the final sample consisted of 128 
participants.

F I G U R E  1   Hypothesized theoretical model. All depicted pathways present positive associations. Aim 1: Testing direct effect of infant 
behavioral inhibition (BI) on loneliness at the different ages, with childhood social withdrawal as a possible mediator. Aim 2: Testing the 
moderating effect of observed negative parenting in infancy on the relation between BI and social withdrawal. Aim 3: Testing whether the effect 
of BI via social withdrawal differed across early, middle, and late adolescence
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Procedures and measures

Active informed consent was obtained from parents, and 
if applicable, the school board and teachers, when par-
ticipants were 1, 2, 5, 7, 12, 13, and 16 years of age. In 
addition, at age 12, 13, and 16, the participant, and if ap-
plicable, the participant's classmates, provided informed 
assent. At age 21, the participants gave active informed 
consent for their participation. The following IRB ap-
provals have been obtained for the NLS: ECSW20213-
1811-157 and ECG 2013-1308-123.

For the current study, relevant measures of BI, par-
enting, social withdrawal, and loneliness were selected. 

Due to the longitudinal setup of the study, procedures 
and measures widely varied throughout the years. Data 
were collected during laboratory, home and school vis-
its, and internet assessments. Measurements included 
child and parent–child interaction observations, par-
ent reports, teacher reports, sociometric peer nomina-
tions by the child's classmates, and child self-reports. 
Table  2 provides an oversight of the instruments per 
wave that were included in the current study. A more 
detailed description of relevant procedures and mea-
sures per construct can be found below. Internal con-
sistency (Cronbach's α) for each instrument is found in 
Table 2.

TA B L E  1   Descriptive information for age in years and years of assessment

Infancy Childhood Adolescence

Age Age 1 Age 2 Age 5 Age 7 Age 9 Age 12 Age 13 Age 16 Age 21

Year 1998
1999

1999
2000

2002
2003

2005 2006
2007

2009
2010

2010
2011

2014 2018

Mage 1.23 2.35 5.32 7.67 8.96 12.58 13.52 16.27 20.50

SDage .02 .04 .14 .12 .21 .17 .24 .26 .15

Minage 1.19 2.28 4.37 7.46 8.00 12.17 12.9 15.81 20.31

Maxage 1.28 2.49 5.86 8.07 9.99 13.00 14.08 16.82 21.02

TA B L E  2   Overview of instruments per wave of behavioral inhibition, parenting, social withdrawal, and loneliness

Construct Instrument Informant Cronbach's α

Age 1 Behavioral inhibition Stranger task Observer .73

Robot task Observer .64

TBAQ Parent .62

Parenting Interaction tasks Observer .84

Age 2 Behavioral inhibition TBAQ Parent .78

ITSEA Parent .79

BQTP Nursery teacher .83

Parenting Interaction tasks Observer .86

Age 5 Withdrawal CBCL Parent .59

TRF Teacher .76

Age 7 Withdrawal CBQ Parent .92

Age 9 Withdrawal CBCL Parent .56

TRF Teacher .73

Sociometry Classmates .73

Age 9 Loneliness LSDQ Self-report .76

Age 12 Withdrawal CBCL Parent .70

TRF Teacher .82

Sociometry Classmates —

Age 13 Loneliness LLCA Self-report .92

Age 16 Loneliness LLCA Self-report .88

Age 21 Loneliness UCLA Self-report .92

Abbreviations: BQTP, Behavior Questionnaire for Toddlers and Preschoolers; CBCL, Child Behavior Checklist; CBQ, Child Behavior Questionnaire; ITSEA, 
Infant Toddler Social Emotional Assessment; LLCA, Louvain Loneliness Scale for Children and Adolescents; LSDQ, Loneliness and Social Dissatisfaction 
Questionnaire; TBAQ, Toddler Behavior Assessment Questionnaire; TRF, Teacher Report Form; UCLA, UCLA Loneliness Scale.
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Behavioral inhibition

Stranger/robot observation

At age 1, BI was measured with a stranger/robot obser-
vation paradigm (Kagan et al.,  1989). The parent–child 
dyads were invited to the university laboratory. During 
this laboratory visit, the infant was videotaped during a 
14-min “stranger-robot procedure” (adapted from Kagan 
et al.,  1989) during which the infant was first invited 
for some free play (3 min). After that, a female stranger 
entered the room and invited the child to play together 
(2 min) and subsequently the female stranger invited to 
child to play with a small robot (3 min). After this para-
digm, the stranger left the room and the robot was stored. 
The parent was present during this procedure, and was 
asked to not actively engage with the child, and to re-
spond as (s)he normally would. The idea of this task is to 
measure the initial reaction of the infant when confronted 
with unfamiliarity, both social (i.e., a female stranger) 
and non-social (i.e., a small robot). A detailed description 
of this procedure can be found in Van Bakel and Riksen-
Walraven (2004) and Niermann et al. (2019).

The behaviors in the videotapes were coded by a 
trained observer. In total, six variables were coded (in 
seconds): (1) latency to vocalize to the stranger, (2) la-
tency to approach the stranger, (3) time spent in proxim-
ity to caregiver during the stranger episode, (4) latency to 
vocalize to the robot, (5) latency to approach the robot, 
and (6) time spent in proximity to caregiver during the 
robot episode. The three variables for the stranger and 
the three variables for the robot were summed. The two 
summed indices were transformed in z-scores; one repre-
senting the infant's reaction to the stranger, and the other 
representing the infant's reaction to the robot. Higher z-
scores indicate higher BI to social and to non-social cues.

Toddler Behavior Assessment Questionnaire

At ages 1 and 2, the primary caregiver completed the 
Toddler Behavior Assessment Questionnaire (TBAQ; 
Goldsmith,  1996) during a home visit. The TBAQ is a 
111-item measure on which parents report the frequency 
of specific behaviors during the past month on a 7-point 
scale, ranging from 1 = never to 7 = always. For this study, 
the subscale social fearfulness consisting of 18 items was 
used to assess BI of the child. After reversing mirrored 
scores, the scores were averaged. A higher composite 
score indicates a higher level of inhibited behavior.

Infant-Toddler Social and 
Emotional Assessment

At age 2, the primary caregiver completed the Infant-
Toddler Social & Emotional Assessment (ITSEA; Carter 

et al., 2003) during a home visit. The ITSEA is a 166-item 
parent-report questionnaire that assesses the child's socio-
emotional (dis)functioning. Items are scored on a 3-point 
scale, ranging from 0 = not true/rarely to 2 = very true/often. 
The subscale inhibition to novelty, consisting of 5 items, was 
used to assess BI of the child. A single composite score was 
calculated by averaging item scores. A higher composite 
score indicates a higher level of inhibited behavior.

Behavior Questionnaire for Toddlers and 
Preschoolers

If the child attended nursery school at age 2, the child's 
nursery teacher completed the Behavior Questionnaire for 
Toddlers and Preschoolers (BQTP; Goossens et al., 2000). 
The BQTP is a 41-item questionnaire on which the nursery 
teacher reports on the child's social behavior on a 4-point 
scale, ranging from 1 = not true to 4 = very true. For this 
study, the subscale anxious/withdrawn was used to assess 
BI, which includes 12 items. A single composite score was 
calculated by averaging item scores. A higher composite 
score indicates a higher level of inhibited behavior.

Quality of parental interactive behavior

At ages 1 and 2, parent–child dyads were filmed during 
a home visit while they performed up to four age-
appropriate interaction tasks lasting 3–4 min each, such 
as doing a jigsaw puzzle and putting a puppet together. 
Observers rated the following parental interaction 
quality on five 7-point scales (1 = very low to 7 = very 
high): (1) supportive presence, (2) respect for the child's 
autonomy, (3) effective structure and limit setting, (4) 
quality of instructions, and (5) hostility. The scales were 
developed by Erickson et al.  (1985) to measure quality 
of parenting behavior (see Appendix  A for details). 
After mirroring hostility scores, one composite score 
was calculated by averaging the raw scores. A higher 
composite score indicates higher quality parenting.

Social withdrawal

Child Behavior Checklist

At ages 5, 9, and 12, the primary caregiver completed the 
Child Behavior Checklist (CBCL; Achenbach, 1991). The 
CBCL is a 118-item checklist in which parents can re-
port various emotional and behavioral problems of their 
child on a 3-point scale, ranging from 0 = never to 2 = oc-
curs often. The subscale withdrawn, consisting of 9 (age 
5) or 8 (ages 9 and 12) items, was used to measure social 
withdrawal of the child. A composite score was calcu-
lated by averaging item scores. A higher composite score 
indicates more social withdrawal.
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Teacher Report Form

At ages 5, 9, and 12, the child's teacher was asked to com-
plete the Teacher Report Form (TRF; Achenbach, 1991) 
during a school visit. The TRF is a 113-item checklist on 
which the teacher reports about socio-emotional prob-
lems of the child within the classroom. Items are scored 
on a 3-point scale, ranging from 0 = never to 2 = occurs 
often. The subscale withdrawn, consisting of 9 (age 5) or 
8 (ages 9 and 12) items, was used to assess social with-
drawal. A single composite score was calculated by av-
eraging item scores. A higher composite score indicates 
more social withdrawal.

Child Behavior Questionnaire

At 7 years, the primary caregiver completed the Child 
Behavior Questionnaire (CBQ; Rothbart et al.,  2001). 
The CBQ is a 195-item questionnaire on which parents 
can report on their child's typical behavior and reac-
tions in various contexts. Items are scored on a 7-point 
scale, ranging from 1 = extremely untrue to 7 = extremely 
true. The subscale shyness was used to assess social with-
drawal of the child, which consists of 13 items. After 
reversing mirrored scores, the scores were averaged. A 
higher composite score indicates a higher level of with-
drawn behavior.

Sociometric peer nominations

At ages 9 and 12, the child and his/her classmates provided 
sociometric nominations during a school visit. These so-
ciometric nominations measured multiple behaviors (e.g., 
relational aggression, victimization, withdrawn behavior). 
For the present study, we used the items regarding with-
drawn behavior. The child and his/her classmates were 
asked which individual is most withdrawn in their class-
room (e.g., “Who is quite shy?” and “Who speaks softly 
or does not say anything often?”). At both time points, 
they were asked to nominate at least one classmate. The 
number of nominations per individual was counted and 
standardized into z-scores within the classroom (i.e., also 
including non-participating children). A higher z-score in-
dicates more withdrawn behavior.

Loneliness

Loneliness and Social Dissatisfaction 
Questionnaire

Loneliness at 9 years was assessed during a school 
visit with the Loneliness and Social Dissatisfaction 
Questionnaire (LSDQ; Asher & Wheeler,  1985), and 
included in the current research to control for the 

effects of pre-existing loneliness. The LSDQ is a 16-item 
questionnaire which measures feelings of loneliness and 
social dissatisfaction in peer relations at school. Items 
are scored on a 5-point scale, ranging from 1 = never true 
to 5 =  always true. After reversing mirrored items, the 
scores were averaged. A higher composite score indicates 
more feelings of loneliness.

Louvain Loneliness Scale for children and 
adolescents

Loneliness at 13 and 16 years was assessed during a school 
visit with the Louvain Loneliness Scale (LLCA; Marcoen 
et al.,  1987). The LLCA is a 48-item questionnaire 
which measures the participant's subjective experience 
of loneliness within various social contexts. Items are 
scored on a 4-point scale, ranging from 0  =  never to 
3 = often. For this study, the subscale loneliness in peer 
relations, consisting of 12 items was used. After reversing 
mirrored items, the scores were averaged. A higher 
composite score indicates more feelings of loneliness.

UCLA Loneliness Scale

To measure loneliness at age 21, participants completed 
the UCLA Loneliness Scale (Russell et al., 1980) through 
an internet assessment. The UCLA Loneliness Scale is 
a 20-item measure on which the participants report on 
their subjective experience of loneliness on a 5-point 
scale, ranging from 1 = very untrue to 5 = very true. After 
reversing mirrored items, the scores were averaged. A 
higher composite score indicates more loneliness.

Statistical analyses

All code and output can be accessed on the Open Science 
Framework via https://osf.io/yk7sc/​?view_only=1dc56​
9aa2c​ee44e​6ad3a​349c4​6414e44. To investigate the re-
search questions concerning the effect of BI, parenting 
behavior and social withdrawal on adolescent loneli-
ness, (moderated) mediation analyses within a structural 
equation modeling (SEM) framework were conducted. 
Due to the small sample size, we chose a two-step proce-
dure of our SEM analyses where the measurement part 
is done separately from the structural part as suggested 
by Rosseel (2020). In the first part (measurement part), 
we used confirmatory factor analyses to construct latent 
scores of our study variables BI, negative parenting, and 
social withdrawal. In the second part (structural part), 
we addressed our main research questions with regard 
to the mediation (i.e., indirect effect of BI on loneliness 
via social withdrawal) and moderated mediation (i.e., 
moderation by parenting) using the saved latent factor 
scores from the first part. All analyses, including data 
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cleaning and descriptives, were conducted in R (R Core 
Team, 2017).

First, using confirmatory factor analyses, latent 
variables of BI, social withdrawal, and parenting were 
created based on the observed measures as described 
in Table  2 using the R package lavaan (Rosseel,  2012). 
Using latent factor scores allows one to test whether the 
observed variables provide a reliable latent construct, 
while increasing model parsimony (i.e., fewer parame-
ters and higher degrees of freedom). Moreover, by using 
latent scores, a more comprehensive score of the mea-
sures, including different methods and informants could 
be constructed. Here, we shortly describe the approach 
and final models, which are depicted in Figure 2. More 
information is found in Appendix A. Higher latent factor 
scores indicate higher BI, more social withdrawal and 
higher quality of parenting behavior.

For BI, the base model with all manifest indicators 
indicated that all factor loadings were significant except 
for the robot task (p = .17) and the BQTP questionnaire 
(p = .31). It is likely that the robot task did not load sig-
nificantly on the overall BI score, as it represents the 
initial reaction toward an unfamiliar non-social stimulus 
(in contrast to the infant's reactions towards unfamiliar 

social stimuli in the other tasks). Second, the score on the 
BQTP possibly did not load significantly on the overall 
BI latent score, because it was filled in by the infant's 
nursery teacher, whereas the other instruments were par-
ent reports. To improve model fit, we removed both man-
ifest indicators from the overall latent BI factor. After 
this, the model showed a good fit. This adjustment to 
the model makes that this factor mainly represents so-
cially inhibited behavior as compared to overall BI. For 
parenting and socially withdrawn behaviors, no modifi-
cations to the model were needed, since all indicators sig-
nificantly loaded on the latent factors and model fit was 
excellent. For the withdrawal latent factor, the different 
indicators (CBCL, TRF, CBQ, Sociometry) loaded more 
or less to a similar degree onto the withdrawal latent 
score (λ*  =  .41–.71, all p's < .001), with the exception of 
sociometry at age 9, which loaded less high, but still sig-
nificantly (λ* = .29, p = .03). This might have to do with 
the fact that the CBCL, TRF, CBQ are all questionnaire 
measures and thus share more common method vari-
ance. The final factor scores were saved and used in the 
subsequent analyses.

Second, SEM was used to test the associations be-
tween the variables with BI as predictor, parenting as 

F I G U R E  2   Final results of CFA for latent factors behavioral inhibition, parenting, and social withdrawal. For behavioral inhibition, the 
robot task and Behavior Questionnaire for Toddlers and Preschoolers did not significantly load onto the behavioral inhibition latent factor in 
an initial model and were removed. No adjustments were needed for the parenting and social withdrawal factors. The manifest indicators for 
the parenting latent variable were constrained to be equal and the latent factor was standardized for model identification purposes. That model 
is fully saturated (i.e., no model fit indices could be calculated). CBCL, Child Behavior Checklist; CBQ, Child Behavior Questionnaire; CFA, 
confirmatory factor analysis; CFI, comparative fit index; ITSEA, Infant Toddler Social Emotional Assessment; RMSEA, root mean square 
error of approximation; SRMR, standardized root mean square residual; TBAQ, Toddler Behavior Assessment Questionnaire; TRF, Teacher 
Report Form. *p < .05, ***p < .001
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      |  9INFANT AND CHILDHOOD PREDICTORS OF ADOLESCENT LONELINESS

moderator, withdrawal as mediator, and loneliness 
during early, middle, and late adolescence as an outcome. 
The analyses controlled for earlier levels of loneliness to 
investigate whether BI and social withdrawal can pre-
dict adolescent loneliness above and beyond pre-existing 
levels of loneliness. We included loneliness at age 9 as a 
control variable, because we wanted to be certain that 
any associations between social withdrawal in childhood 
and loneliness in adolescence were due to interindividual 
differences in social withdrawal and was not confounded 
by loneliness in childhood. This was done by adding the 
standardized loneliness score at age 9 as a predictor for 
loneliness scores at age 13, 16 and 21 years in all mod-
els. Mediation analyses were performed in two steps 
using the package lavaan (Rosseel,  2012) in R (R Core 
Team, 2017).

In step 1, we tested whether social withdrawal me-
diated the relation between BI and loneliness (aim 1; 
models 1a–1c). Here, a mediational path model was con-
structed including the latent factor scores of BI and so-
cial withdrawal, and standardized scores of loneliness at 
age 13, 16, and 21 years (due to different instruments at 
age 21 compared to ages 13 and 16) to examine direct 
effects of BI and social withdrawal on loneliness and 
indirect effects from BI on loneliness via withdrawal. 
To improve model fit and increase parsimony, data-
driven modifications to this model were made by delet-
ing non-significant paths. Moreover, to increase model 
parsimony and to test whether effects of withdrawal 
significantly differed between loneliness scores at the 
different ages, paths from BI and social withdrawal to 
the three loneliness scores were constrained to be equal 
across time. This constrained model was then compared 
to the model with the freely estimated paths with a chi-
square difference test to examine whether the effects of 
BI and withdrawal on loneliness differed over time. In 
case of a non-significant chi-square difference test, the 
more parsimonious model (i.e., with the constrained 
effects across time) was retained as the final mediation 
model.

In step 2, we tested whether negative parenting mod-
erated the relation between BI and social withdrawal 
(aim 2; model 2). For that purpose, we fitted a moderated 
mediation model, where we used the best fitting model 
from the previous step and added the latent factor score 
of parenting as a moderator by multiplying the parent-
ing factor score with the BI factor score. Here, the main 
effect of BI, the main effect of parenting, and the inter-
action effect on withdrawal were added to examine the 
interaction effect of BI and parenting on withdrawal.

Little's MCAR test (Little, 1988) was not significant, 
indicating that there was no evidence that the data vio-
lated the assumption of data being missing completely 
at random (χ2 = 1183.09, df = 1169, p =  .38). To account 
for non-normal distributions and missing data, boot-
strapped standard errors (10,000 samples) and a full-
information maximum likelihood criterion were applied. 

Additionally, bias-corrected confidence intervals for the 
indirect effects were calculated, using bootstrapping 
(10,000 samples). Model fit was evaluated using the chi-
square statistic, the comparative fit index (CFI), the root 
mean square error of approximation (RMSEA), and the 
standardized root mean square residual (SRMR). Hu 
and Bentler (1999) recommended a value larger than .95 
for CFI, smaller than .06 for RMSEA, and .08 for SRMR 
to indicate good model fit. Moreover, a non-significant 
chi-square test is an indication of a good fitting model.

RESU LTS

Descriptive statistics

Exploration of the data using boxplots revealed that 
several variables had scores that visually stood out (i.e., 
potential outliers). To retain statistical power and reduce 
effects of potential outliers, these values were winsorized 
to the ±3  SDs. In total, across all measures and 
participants, 29 scores were winsorized with this method. 
Table  3 provides descriptive statistics and missingness 
of all study variables before winsorizing. Descriptive 
statistics and correlations on post-winsorized scores, 
boxplots before and after winsorizing as well as which 
scores were winsorized can be found in the output via 
https://osf.io/yk7sc/​?view_only=1dc56​9aa2c​ee44e​6ad3a​
349c4​6414e44.

Correlations between study variables (i.e., factor 
scores and loneliness at all ages) are shown in Table 4, but 
associations between predictors and outcomes were also 
formally tested in the SEM analyses. The associations be-
tween all manifest indicators are shown in Appendix B, 
Table S1. Among several significant and non-significant 
correlations, only the correlations for loneliness at the 
different ages are described here. Loneliness at age 9 was 
positively associated with loneliness at ages 13, 16, and 
21. Moreover, loneliness scores at age 13 and age 16 pos-
itively correlated as well; however, loneliness at age 21 
was not associated with loneliness at age 13, nor age 16.

Mediation model

To test the first hypothesis regarding the indirect effect 
of BI on loneliness via withdrawal, a base model (model 
1a) was defined, containing direct effects of BI on 
social withdrawal, direct effects of social withdrawal 
on loneliness and direct effects of BI on standardized 
scores of loneliness over time. This model showed 
poor fit (Table  5). Inspection of parameter estimates 
indicated that the direct paths from BI to loneliness were 
not significant at ages 13, 16, and 21 (see Appendix C, 
Table  S2, for model estimates). To increase parsimony 
and improve model fit, those non-significant paths 
were removed (model 1b), which was associated with a 
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better model fit (Table 5; see Appendix C, Table S3, for 
parameter estimates).

Subsequently, in accordance with our exploratory 
hypothesis, we were interested in whether the effect of 
social withdrawal during childhood had different effects 
on loneliness across the different ages (13, 16, and 21). For 
that purpose, we fitted a model in which the paths from 
withdrawal to loneliness scores at the different ages were 
constrained to be equal across time (model 1c). A chi-
square difference test between model 1b (i.e., freely esti-
mated paths) and 1c (i.e., constrained paths across ages) 

was not significant (∆χ2(2) = .47, p = .79), which indicates 
that the effects of social withdrawal on loneliness were 
not significantly different across the different ages. Since 
model 1c was the most parsimonious mediation model, 
this model was set as the final model. Unstandardized 
and standardized estimates of model 1c are found in 
Table 6. The results indicated that BI significantly pre-
dicted higher levels of social withdrawal, and that social 
withdrawal predicted feelings of loneliness at 13, 16, and 
21 years. Moreover, the indirect effects of BI on higher 
loneliness via higher levels of social withdrawal were 

TA B L E  3   Descriptive statistics of behavioral inhibition, parenting, social withdrawal and loneliness

Construct Instrument M (SD) Range N (missing)

Age 1 Behavioral inhibition Stranger task 0.00 (0.81) −0.87 to 3.57 124 (4)

Robot task 0.00 (0.76) −1.08 to 2.82 124 (4)

TBAQ 3.01 (0.72) 1.39 to 4.78 128 (0)

Parenting Interaction tasks 4.71 (1.01) 2.40 to 7.99 128 (0)

Age 2 Behavioral inhibition TBAQ 2.92 (0.93) 0.47 to 5.74 110 (18)

ITSEA 1.02 (0.52) 0.00 to 2.00 91 (37)

BQTP 1.50 (0.41) 1.00 to 3.00 66 (62)

Parenting Interaction tasks 5.29 (1.04) 2.20 to 6.80 113 (15)

Age 5 Withdrawal CBCL 0.22 (0.20) 0.00 to 1.11 115 (13)

TRF 0.23 (0.26) 0.00 to 1.22 111 (17)

Age 7 Withdrawal CBQ 3.24 (1.25) 1.00 to 6.46 109 (19)

Age 9 Withdrawal CBCL 0.23 (0.22) 0.00 to 1.25 102 (26)

TRF 0.28 (0.30) 0.00 to 1.38 108 (20)

Sociometry 0.00 (0.79) −1.04 to 3.18 113 (15)

Age 9 Loneliness LSDQ 1.69 (0.45) 1.00 to 3.12 98 (30)

Age 12 Withdrawal CBCL 0.29 (0.28) 0.00 to 1.38 109 (19)

TRF 0.27 (0.36) 0.00 to 1.38 95 (33)

Sociometry −0.02 (0.88) −0.79 to 3.70 105 (23)

Age 13 Loneliness LLCA 0.64 (0.60) 0.00 to 2.50 99 (29)

Age 16 Loneliness LLCA 0.49 (0.46) 0.00 to 1.92 100 (28)

Age 21 Loneliness UCLA 1.67 (0.56) 1.00 to 3.45 95 (33)

Abbreviations: BQTP, Behavior Questionnaire for Toddlers and Preschoolers; CBCL, Child Behavior Checklist; CBQ, Child Behavior Questionnaire; ITSEA, 
Infant Toddler Social Emotional Assessment; LLCA, Louvain Loneliness Scale for Children and Adolescents; LSDQ, Loneliness and Social Dissatisfaction 
Questionnaire; TBAQ, Toddler Behavior Assessment Questionnaire; TRF, Teacher Report Form; UCLA, UCLA Loneliness Scale.

TA B L E  4   Bivariate correlations between factor scores (FS) and loneliness measures

1. FS BI 2. FS par 3. FS SW 4. L9 5. L13
6. 
L16

1. Behavioral inhibition during 
infancy (FS BI)

2. Parenting during infancy (FS Par) .23*

3. Social withdrawal during childhood 
(FS SW)

.25** −.13

4. Loneliness at age 9 (L9) .02 −.15 .18

5. Loneliness at age 13 (L13) −.03 −.07 .31** .26*

6. Loneliness at age 16 (L16) .13 −.17 .26** .27* .34**

7. Loneliness at age 21 (L21) −.03 −.01 .30** .28* .12 .18

*p < .05; **p < .01
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significant (Table  6). Figure  3 depicts paths and stan-
dardized estimates of this final model.

Moderated mediation model

Next, it was tested whether parenting moderated the re-
lation between BI and social withdrawal (hypothesis 2). 
The final mediation model from step 1 (model 1c) served 
as a starting point. The main effect of parenting and the 
interaction effect between BI and parenting on with-
drawal (model 2) were added to this model. As shown in 
Table 5, model 2 showed acceptable, yet poorer model fit 

compared to model 1c. The interaction effect of BI and 
parenting did not significantly predict social withdrawal 
(B = .05, SE = .08, p = .47, β = .08), indicating no modera-
tion of parenting (see Appendix C, Table S4, for model 
estimates and see Appendix E, Figure S1, for a scatter-
plot presenting the distribution of the two predictors in 
this interaction).

DISCUSSION

The main goal was to test a developmental cascade model 
examining longitudinal associations between infant BI 
(ages 1 and 2), negative parenting (moderator at ages 1 
and 2), childhood social withdrawal (mediator at ages 5, 
7, 9, and 12), and loneliness during early (10–13 years), 
middle (14–17 years), and late adolescence (18–22 years). 
In line with expectations, infant BI indirectly predicted 
adolescent loneliness years later via childhood social 
withdrawal. The effect of childhood social withdrawal 
seemed not to differ in strength for loneliness during 
early, middle, and late adolescence. As opposed to the 
expectations, BI was not a direct predictor of loneliness 
during adolescence. Moreover, negative parenting 
did not moderate the relation between infant BI and 
childhood social withdrawal.

Infant behavioral inhibition, childhood social 
withdrawal, and adolescent loneliness

Most importantly, it was found that infant BI had a 
significant indirect effect on adolescent loneliness (up 
to almost 20 years after the first BI assessment) through 
childhood social withdrawal, above and beyond what 
feelings of loneliness during childhood predicted.

These findings are in line with and built upon existing 
theory and research in important ways (Fox et al., 2005; 
Rubin et al.,  2009; Rubin & Chronis-Tuscano,  2021). 
An abundance of research has demonstrated that early 
temperament is implicated in later socioemotional (dis)

TA B L E  5   Summary of goodness-of-fit indices

χ2 df p CFI RMSEA SRMR

Mediation models (aim 1)

Model 1a: Base model with all paths (BI → loneliness; 
BI → withdrawal; withdrawal → loneliness)

3.44 1 .06 0.95 .14 .04

Model 1b: Model 1a without direct BI → loneliness paths 6.02 4 .20 0.96 .06 .05

Model 1c: Model 1b + withdrawal → loneliness paths constrained 
across ages

6.48 6 .37 0.99 .03 .05

Moderated mediation model (aim 2)

Model 2: Model 1c + BI × parenting → withdrawal 15.43 12 .22 0.93 .05 .06

Note: In the table, loneliness as the outcome refers to loneliness measured at ages 13, 16, and 21 years. The base model contained all possible paths (i.e., direct paths 
from BI → withdrawal, withdrawal → loneliness ages 13, 16, and 21 years, BI → loneliness ages 13, 16, and 21 years). All models are controlled for loneliness at age 9. 
Correlations between residual variances of loneliness at age 13, 16, and 21 are included.

Abbreviations: BI, Behavioral inhibition; CFI, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square 
residual.

TA B L E  6   Parameter estimates of final mediation model (model 
1c) for indirect effects of behavioral inhibition (BI) on loneliness 
scores through social withdrawal

B [95% CI] SE p β

Direct effects

Behavioral inhibition → Social 
withdrawal

0.11 [0.04, 0.19] .04 .002 .25

Social withdrawal → Loneliness (13)a 3.77 [1.72, 5.55] .98 <.001 .26

Social withdrawal → Loneliness (16)a 3.77 [1.72, 5.55] .98 <.001 .26

Social withdrawal → Loneliness (21)a 3.77 [1.72, 5.55] .98 <.001 .26

Indirect effects

BI → Social withdrawal → Loneliness 
(13)b

0.43 [0.14, 0.76] .16 .007 .07

BI → Social withdrawal → Loneliness 
(16)b

0.43 [0.14, 0.76] .16 .007 .07

BI → Social withdrawal → Loneliness 
(21)b

0.43 [0.14, 0.76] .16 .007 .07

Note: Equal superscripts refer to equally constrained paths. Loneliness age 
13 was controlled for by loneliness age 9 (B = .23, SE = .12, p = .062, β = .23). 
Loneliness age 16 was controlled for by loneliness age 9 (B = .21, SE = .09, 
p = .025, β = .21). Loneliness age 21 was controlled for by loneliness age 9 
(B = .26, SE = .11, p = .013, β = .27). Note that in this model, the direct effect 
of BI on loneliness (path c′) had been removed based on model fitting steps 
described earlier (see Table 5). However, the removal of the c′ path could be 
associated with forcing all shared variance into the mediated pathway. To 
check consistency of the indirect effect, we re-ran the mediation model, in 
which direct paths from BI to loneliness were included. The indirect paths 
were virtually the same (B = .44, SE = .17, p = .01, β = .07), implicating that the 
indirect effect was not affected by including the c′ path.
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functioning (for a review, see Clauss et al., 2015), but the 
current research is the first to test this developmental cas-
cade (infant BI–childhood social withdrawal–adolescent 
loneliness) over such a long time span. Moreover, this 
study examined the effects for various adolescent age pe-
riods, which has never been done before. Furthermore, 
the findings indicate heterotypic continuity, implying 
that BI continues to impact socio-emotional develop-
ment, beyond childhood, even up to middle and late ad-
olescence. It is important to note here that, next to the 
commonly known outcomes such as anxiety disorders, 
this study suggests that loneliness could also be one of 
the later-life outcomes. The fact that this temperamental 
trait is indeed a direct predictor of social withdrawal, and 
an indirect predictor of loneliness, not only illustrates 
the importance of including early-life factors in theories 
on loneliness, but also helps in broadening our ideas on 
the widespread impact early BI might have and suggests 
to examine this phenomenon of heterotypic continuity 
later in life (e.g., in adulthood) as well (see also Klein & 
Mumper, 2018).

Contrary to expectations, it was found that infant 
BI was not directly predictive of adolescent loneliness. 
However, this finding is not necessarily novel, as several 
studies have failed to find direct links between infant 
BI and later adjustment (Degnan & Fox,  2007; Lewis-
Morrarty et al.,  2012). The absence of a direct effect 
could be explained in several ways. First off, the lack 
of direct effect might be the large time span between 
the measurement of BI (ages 1 and 2) and the measure-
ments of loneliness (ages 13, 16, and 21). The effects of 
temperamental traits on socio-emotional functioning 
are likely to diminish as infants grow older; most inhib-
ited infants might simply “grow out of it.” This pattern 
of discontinuity could be explained by differences in the 
development of adaptive self-regulatory skills, including 

attentional control (Degnan & Fox,  2007), which can 
be defined as the degree to which one is able to flexibly 
monitor and shift attention (Rueda et al., 2004). This ca-
pacity develops mostly from early to middle childhood 
(Simonds et al., 2007).

Another explanation for the lack of direct effect might 
be that a community sample was included instead of a 
selected sample for BI. A previous study showed that 
the stability of BI was substantially higher in selected 
samples, compared to unselected samples (which was 
the case in our study; Degnan & Fox, 2007). Using se-
lected samples would probably result in stronger rela-
tions with developmental outcomes. Next to that, BI 
was operationalized as a continuous construct. While 
this is an often adopted method to quantify BI (Lewis-
Morrarty et al., 2012; Williams et al., 2009), it has been 
suggested that BI should be studied as a categorical con-
struct instead. For example, Kagan et al. (1989) showed 
that, when extremely inhibited infants were compared 
to extremely uninhibited infants, significant differences 
in behavioral outcomes were observed, but not when BI 
was treated as a continuous measure. While it should be 
noted that continuous variables generally provide more 
statistical power (Altman & Royston, 2006), comparing 
more extremely inhibited individuals to uninhibited in-
dividuals on experienced loneliness could have led to dif-
ferent results.

However, using an extreme group approach raises 
a different issue; namely, whether such an uninhibited 
group effectively represents a standard “healthy control 
group” (Clauss et al., 2015). In fact, it has been found that 
highly uninhibited infants show more disruptive prob-
lem disorders and externalizing behaviors when they 
grow older (Degnan et al., 2014). Interestingly, Degnan 
et al.  (2014) have suggested that this pattern of exter-
nalizing behavior might be a result of increased levels 

F I G U R E  3   Final mediation model (model 1c) showing the relations among infant behavioral inhibition (BI), childhood social withdrawal, 
and loneliness at ages 13, 16, and 21, controlling for loneliness at age 9. Standardized estimates are presented. Effect of social withdrawal on 
loneliness was constrained across the ages. The indirect effect from BI on loneliness via social withdrawal was significant and not significantly 
different across all ages (B = .43, SE = .16, p = .008, β = .07). Please find exact values in Table 6. *p < .05, ***p < .001
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of peer rejection and isolation due to their uninhibited 
nature. Possibly, both extreme ends of the BI spectrum 
might eventually result in loneliness. In conclusion, more 
research is needed to gain insight into more reliable dif-
ferentiation between normative and non-normative levels 
of BI, leading to increased predictive value for adoles-
cent socio-emotional adjustment, including loneliness.

Another finding of the current research is that BI was 
prospectively related to social withdrawal in childhood, 
which means that highly inhibited infants are more likely 
to develop into socially withdrawn children. This is in line 
with previous literature (Booth-Laforce & Oxford, 2008; 
Degnan et al.,  2014; Perez-Edgar et al.,  2010) and also 
links to the social-information processing model (Crick 
& Dodge, 1994), in which it is hypothesized that temper-
ament and accompanying biases in attention and cogni-
tion heavily influence subsequent social behavior. In this 
case, BI might be linked to limited exposure to awarding 
social encounters. The associated cognitions of not feel-
ing included or feeling rejected increase the likelihood 
of displaying social withdrawal behaviors to prevent 
further rejection (a prevention-oriented behavioral style; 
Park & Baumeister, 2015).

Also, it was found that the tendency to withdraw pre-
dicted feelings of adolescent’ loneliness at all ages (ex-
cept for age 9), which aligns with earlier studies (Fox 
et al.,  2005; Jobe-Shields et al.,  2011; Oh et al.,  2008) 
and with existing theories which hypothesize that so-
cial withdrawal is positively associated with feelings of 
loneliness, possibly by reducing the likelihood of having 
positive social interactions and impairing social skills 
(Qualter et al., 2015).

Regarding our third aim, it was found that the effect 
of social withdrawal on feelings of loneliness did not 
seem to differ in strength during early, middle, and late 
adolescence. Given the vast amount of rapid biological, 
cognitive, emotional, and social transitions that occur 
during adolescence, and differ between the different 
developmental periods, we tested this in an exploratory 
manner. The fact that the effects between the latent fac-
tor of social withdrawal and loneliness at the ages of 
13, 16, and 21 were more or less similar, evidences the 
long-lasting effects of infant and childhood precursors 
in explaining prospective loneliness, although the effects 
were not large. It could be that a certain default mode 
of emotions, cognitions, and behaviors is set in one's life 
which makes it difficult for individuals to “grow out” of 
high social withdrawal and sets an increased risk for ex-
periencing loneliness across different developmental pe-
riods of adolescence. Another potential mechanism that 
could possibly explain these long-lasting effects is self-
esteem. Social experiences with peers become important 
contributors to the development of self-esteem during 
childhood (Robins & Trzesniewski,  2005). Shy chil-
dren might experience fewer positive interactions com-
pared to their typical peers, leading to lower self-esteem 
(Rubin et al.,  2009). Conversely, low self-esteem might 

decrease the likelihood of having positive social inter-
actions, leading to more social withdrawal. Thus, high 
social withdrawal and low self-esteem might reinforce 
one another over time (Crozier, 1995). Since self-esteem 
has a fairly stable nature (Robins & Trzesniewski, 2005), 
these childhood experiences might have lasting nega-
tive effects on one's self-esteem during adolescence. In 
turn, low self-esteem is an important predictor of loneli-
ness during adolescence (Geukens et al., 2020; Vanhalst 
et al.,  2013). Intrapersonal factors such as self-esteem 
could possibly explain the enduring effect of social with-
drawal on loneliness, and should be the target of further 
research.

Moderated-mediation: Negative parenting

As the caregiving environment is thought to affect the 
stability of BI (Degnan & Fox, 2007), negative parenting 
was included in the current research. However, findings 
were not in line with earlier findings describing that 
highly inhibited infants who experienced negative 
parenting, were more likely to become withdrawn 
2 years later (Rubin et al.,  2002). An explanation for 
this might be that parenting behavior was assessed in 
a relatively familiar and safe setting, namely during a 
parent–child play-session at their own homes, without 
that the child needed to engage with a stranger, or novel 
object. However, it is known that negative parenting 
behavior in potentially emotionally arousing situations 
might have the most impact on further development 
of the inhibited infant. Indeed, Rubin et al.  (2002) 
found that when parents displayed controlling and 
derisive behavior during a more challenging situation, 
highly inhibited infants were more likely to become 
withdrawn during childhood. Thus, measuring 
parenting behavior during a task or setting that could 
actually be considered novel or unfamiliar might yield 
different results. Another explanation could be that 
the time-lag between the parenting assessments (ages 
1 and 2) and social withdrawal assessments (ages 5–12) 
was too large to find a moderation effect. As parenting 
eminently is a dynamic concept which is in continuous 
interaction with offspring's development, needs, and 
demands, it may have been good to additionally include 
more proximal time intervals to capture the effects of 
negative parenting on social withdrawal in childhood 
and adolescence.

Strengths, limitations, and future directions

A strength of the present study is its longitudinal (span-
ning almost 20 years from infancy through late ado-
lescence), multi-informant (parent, teacher, and child 
reports) and multi-method (observations, self-reports, 
laboratory tasks, internet assessments, home and school 
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visits) approach. Moreover, sophisticated statistical ana-
lytic procedures were used that suited the complexity of 
the data. Using this data, we were able to test a develop-
mental cascade model explaining why some adolescents 
might be at higher risk for loneliness, which may have its 
roots in infancy.

This study had a number of methodological limita-
tions, which should be considered in future research. 
First off, various problems concerning the research sam-
ple are being recognized. Specifically, the sample size 
was quite small, which reduced power to detect mod-
eration effects. Future studies with a larger sample size 
are needed to detect such higher-order effects. Added to 
that, these findings were based on a Dutch urban sam-
ple and its characteristics were not diverse in terms of 
cultural background (which may be due to participation 
bias). Chen and French (2008) hypothesized that cultural 
norms and values strongly influence the effects of tem-
peramental traits on later outcomes. Certain behaviors, 
like social withdrawal, might elicit different social evalu-
ations and reactions across cultures, which, in turn, leads 
to different developmental patterns and socio-emotional 
outcomes. More research is needed to replicate the re-
sults of these study findings across different cultures.

A second limitation is that loneliness was measured 
with different instruments across adolescence. For early 
and middle adolescence, the subscale loneliness in peer 
relations from the Louvain Loneliness Scale for Children 
and Adolescents (Marcoen et al., 1987) was used, which 
is aimed to measure whether the adolescent experiences 
loneliness specifically in relationships with peers. For 
late adolescence, the UCLA Loneliness Scale (Russell 
et al., 1980) was used. This questionnaire measures the 
frequency of negative feelings associated with loneliness 
in general, and not necessarily in a specific type of rela-
tion. While the subscale loneliness in peer relations and the 
UCLA loneliness scale correlate highly (r = .76;Goossens 
et al., 2009), it cannot be ruled out that the scales tap into 
slightly different dimensions of loneliness. This should 
be taken into account when interpreting the findings.

Moreover, loneliness was measured only once at 
each time point, which means that it remains unclear 
to what extent the feelings of loneliness were persistent. 
Loneliness is a transient experience for most adolescents, 
but some remain lonely for extended periods of time (i.e., 
months to years; Hawkley & Cacioppo,  2010; Qualter 
et al., 2015). Such prolonged loneliness seems to be par-
ticularly detrimental to mental and physical health; 
adolescents who experience increasingly high or stable 
high levels of loneliness over the course of several years, 
report more depressive symptoms and suicidal ideation 
(Schinka et al., 2013), visit a doctor more often, and have 
lower self-perceived health (Qualter et al.,  2013). Such 
findings indicate that it is of particular importance to 
investigate early life risk factors in relation to prolonged 
adolescent loneliness. Therefore, future studies should 
include multiple assessments of loneliness over shorter 

time intervals to capture different longitudinal loneli-
ness trajectories.

Additionally, parenting behavior of the father was not 
measured. In the current study, the primary caregiver 
that participated was oftentimes the child's mother which 
neglects the fact that mothers and fathers each contrib-
ute uniquely to their child's development. Mothers gen-
erally take on the caregiving role, whereas fathers tend 
to engage more in playing activities (Paquette,  2004). 
Playing activities like rough-and-tumble play are novel 
and exciting for the child, and fathers play an import-
ant role in aiding the child in learning how to inter-
pret and cope with such arousal effectively (Dumont & 
Paquette, 2013). Specifically, children may learn that this 
internal arousal should be perceived to be indicative of 
“fun” instead of “fear,” making them less afraid of other 
(socially) challenging situations (Bogels & Perotti, 2011). 
Since the literature on the role of fathers in the devel-
opment of inhibited children is scarce, this might be an 
interesting avenue for future research. Another interest-
ing avenue to pursue is to examine whether curvilinear 
effects may effectively explain parenting effects on child 
development. This is important since previous studies 
have shown that parenting behaviors at the more pos-
itive extreme end (e.g., oversensitive or oversolicitous 
parenting) may also result in worse developmental out-
comes for children with high BI (Degnan et al.,  2015; 
Rubin et al., 1997; Suarez et al., 2021). As of now, we do 
not know whether, or to what extent, specific parenting 
styles are disadvantageous for children with BI. Also, it 
is essential to detect an “optimal” combination of par-
enting behaviors to mentor parents of BI children.

Something else that could be considered worthwhile 
to examine is how pubertal stage (next to chronological 
age) is associated with feelings of loneliness. Although 
there are reasons to believe that puberty may facilitate 
onset of feelings of loneliness (among others due to 
changes in circadian rhythms, sleep-related changes, 
physical maturation; Laursen & Hartl,  2013), studies 
have not examined, nor controlled, for pubertal stage 
(except for one study by Oldehinkel et al.  (2011) show-
ing that pubertal stage was not associated with feelings 
of loneliness, whereas early pubertal timing was). In our 
study, we were not able to control for pubertal stage since 
we did not have information available on pubertal status 
at the ages that loneliness was measured.

Lastly, little is known about whether loneliness re-
fers to perceptions or actual low relationship quality 
with peers. While some studies indicate that adolescents 
have the tendency to perceive or interpret their social 
relationships more negatively (bias hypothesis), other 
studies indicate that the actual social environment is 
objectively less positive, due to low social standing or 
possible social skill deficits (deficit hypothesis; Lodder 
et al., 2016, 2017). Thus, for some adolescents, high lone-
liness might indicate an actual low relationship quality, 
whereas for others it might primarily refer to perceived 
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low relationship quality. Unfortunately, we are not aware 
of any studies that have addressed whether this differs as 
a function of BI.

CONCLUSION

This prospective, longitudinal study is one of the first 
to demonstrate that infant BI has long-lasting (over the 
course of 20 years) indirect predictive associations with 
loneliness during early, middle, and late adolescence 
via childhood social withdrawal. The current findings 
not only highlight the importance of including early life 
characteristics like infant BI in theories of loneliness, 
which currently lack sufficient predictive value, but also 
make a case for infant BI impacting on socio-emotional 
development in the form of heterotypic continuity. 
Moreover, these results are relevant for developing much 
needed effective preventions for loneliness that can be 
implemented at a young age. Specifically, BI and social 
withdrawal could aid in identifying children with high 
risk of becoming lonely. Intervention on such early 
predictors could play an important role in preventing 
the development of loneliness at a later age and protect 
adolescents from the detrimental mental and physical 
health consequences associated with loneliness.
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