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Fatherhood is a dynamic and multifaceted construct. The existing literature shows that 
behavioral, hormonal, and neural processes are involved in various aspects of paternal 
care (Bakermans-Kranenburg et al., 2019; Feldman et al., 2019). Moreover, fatherhood is 
embedded within the broader family context. The quality of the marital or the inter-
parental relationship (Gordon & Feldman, 2008) as well as child characteristics (Mascaro 
et al., 2017; McBride et al., 2004) shape the expression of fathering behavior which in 
turn may impact the development of the infant-father attachment relationship. The 
aim of the current dissertation is to shed light on various dimensions of fatherhood. We 
provide insight into the relation between infant sleep problems and the development 
of the attachment relationship with both the mother and the father. Moreover, we 
report about correlational research to investigate the role of paternal testosterone 
levels and family functioning in the development of the infant-mother and infant-
father attachment relationship. Finally, we conduct experimental research to examine 
the effects of oxytocin and vasopressin administration on fathers’ behavioral and neural 
responses to infant signals. In the current chapter, it is first described how fatherhood 
has changed over the past few decades and how involved fathers are in the 21th century. 
Thereafter, parenting theories relevant to the current dissertation are presented, and 
the existing literature with regard to the behavioral, hormonal and neural underpinnings 
of fatherhood is reviewed.

The development of modern fatherhood
Cultural and societal developments, including different expectations about mother and 
father roles, as well as increased participation of mothers in the workforce, led to a 
significant increase in fathers’ involvement in child caregiving (Bakermans-Kranenburg 
et al., 2019). In Western industrialized countries, the time fathers spend on childcare has 
increased three to six times from a generation of fathers in 1970 to a generation of fathers 
in 2010 (Bakermans-Kranenburg et al., 2019). Greater father involvement promotes positive 
child outcomes, including better cognitive functioning (Cano et al., 2019; Sarkadi et al., 
2008) and social-emotional competence (Torres et al., 2014). Furthermore, positive effects 
of father involvement on maternal health and family well-being have been reported 
(Allport et al., 2018; Teitler, 2001). However, mothers still spend a greater proportion 
of their time with their children (Craig & Brown, 2017; Craig & Mullan, 2011). Moreover, 
mothers are still more likely to work part-time than fathers. For example, in 2020 in the 
Netherlands, approximately 77% of mothers aged 20 to 49 years old with one child 
younger than 6 years old worked part-time, whereas only 21% of the fathers worked 
part-time (European Commission, 2021). Gender inequalities in the division of childcare 
and work are thus still present. The COVID-19 pandemic, which started to spread around 
in the Netherlands in February 2020, forced parents to balance caregiving, household 
tasks, and paid work in the home setting. Findings from Germany, the Netherlands, and 

the United States showed that both mothers and fathers increased their involvement 
in child caregiving but mothers continued to spend more time in child caregiving than 
fathers (Kreyenfeld & Zinn, 2021; Yerkes et al., 2020).

Societal changes, such as the implementation of paid paternity leave, enabled fathers 
to be more involved directly after the child is born. Longer periods of paternity leave 
have been associated with greater father involvement (e.g., playing, feeding) during the 
first few years of the child’s life (Petts & Knoester, 2018). Yet, substantial differences in 
paternity leave policies between countries exist. For instance, Swedish fathers can take 
up to a maximum of 240 days paid paternity leave, Israeli fathers are entitled to 10 days 
of paid paternity leave, and Dutch fathers are entitled to five days of paid paternity 
leave. These findings suggest that sociocultural regulations may play a role in paternal 
involvement in the early postnatal period. Importantly, it should also be noted that it is 
the quality of the time spent, and not the quantity, which may be a stronger predictor 
of child outcomes (Cabrera et al., 2000).

Together with the cultural and societal developments, scientific interest in fatherhood 
grew. Despite an increase in fathering studies in the last 50 years, parenting research 
is still largely dominated by a focus on mothers. Hence, there is much more scientific 
knowledge about motherhood than fatherhood. Parenting studies that did include both 
parents have been criticized for including maternal assessments of paternal behavior 
or not taking into account qualitative differences between mother-child and father-
child interactions (Cabrera et al., 2018; Lamb & Oppenheim, 1989). For instance, empirical 
evidence showed that father-child relationships are characterized by higher levels of 
physical play (e.g., rough-and-tumble play) than mother-child relationships (Amodia-
Bidakowska et al., 2020; Fliek et al., 2015).

Attachment theory and the family system theory
The current dissertation is inspired by the attachment theory (Bowlby, 1982), the family 
system theory (Minuchin, 1985; Pardeck, 1989), and the biobehavioral model of emergent 
fatherhood (Bakermans-Kranenburg et al., 2019). Attachment theory posits that infants 
are biologically predisposed to develop an attachment relationship with a caregiver 
to increase chances of survival (Bowlby, 1982). Research has shown that both mothers 
(Verhage et al., 2016) and fathers (Lucassen et al., 2011) can be attachment figures. The 
attachment figure serves as a secure base from which infants can safely explore their 
environment and a safe haven to which infants can return to seek emotional comfort, 
protection or support when confronted with fear or distress. Sensitivity is an important 
predictor of attachment security and refers to the caregiver’s ability to accurately 
perceive and interpret infant signals and to respond promptly and appropriately 
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(Ainsworth et al., 1974). However, meta-analytic associations are modest, and are stronger 
for mothers (r =.24 ‒.35) (Verhage et al., 2016) than for fathers (r = .12) (Lucassen et al., 2011). 
These findings suggest that additional factors are involved in the development of the 
infant-mother and infant-father attachment relationship.

Currently, few studies have examined whether infant sleep and care through the night 
may be associated with both the development of the infant-mother and infant-father 
attachment relationship. Prior research showed the transmission of a secure attachment 
representation from the mother to secure child attachment behavior was absent in the 
communal Israeli kibbutz, a community in which infants do receive nighttime caregiving 
not from their parents but from other caregivers (Sagi et al., 1997). These results suggest 
that infant sleep and night-time awakenings play a role in the development of the 
attachment relationship. Previous findings have shown significant variability in sleep 
quality in the first two years of children’s life (Paavonen et al., 2020). Moreover, sleep 
problems during infancy and toddlerhood have been frequently reported (Henderson 
et al., 2010; Martin et al., 2007; Mindell et al., 2006). During the night, most infants sleep 
alone in a dark room without physical closeness to an attachment figure. As this can be 
a highly stressful situation, infants may activate the attachment system to seek proximity 
to and comfort from a caregiver (Higley & Dozier, 2009; Sadeh et al., 2010; Scher, 2001). 
A meta-analysis revealed small to moderate associations between infant sleep and 
infant-mother attachment security, although it should be noted that effect sizes were 
dependent on methodological aspects (e.g., measures of sleep outcomes) (Simard et al., 
2017). Moreover, a prior study indicated that maternal reports of infant sleep problems 
were related to a greater dependency of the infant on the mother (Scher & Asher, 
2004). Importantly, attachment behaviors can be similar to behaviors shown by an infant 
who is highly dependent on the parent (e.g., resisting separation at bedtime, proximity 
seeking during the night). Yet, the infant-parent attachment relationship is considered a 
relational feature, whereas the infant’s level of dependency is seen as a temperamental 
trait (Bakermans-Kranenburg et al., 2004; Roisman & Fraley, 2008). Moreover, empirical 
evidence showed no associations between attachment security and the dependency 
level of the infant (Bakermans-Kranenburg et al., 2004; Scher & Asher, 2004; Waters & 
Deane, 1985). In the study presented in Chapter 2, infant sleep is related to both infant-
parent attachment security and infant dependency.

Although attachment theory is focused on the child and the dyadic relationship with 
the caregiver, Bowlby (1988) also emphasized that children develop within the family 
system. The family system theory views the family as a hierarchical system that contains 
subsystems (e.g., mother-child, father-child, mother-father) which are interrelated and 
interdependent. Importantly, according to the family system theory, individuals cannot 

be understood without the context of the family (Cox & Paley, 1997). Attachment theory 
and the family system theory share theoretical similarities. For instance, both theories 
underscore the importance of affiliative relationships and describe the intergenerational 
transmission of relationship quality (Ng & Smith, 2006). There are also differences 
between the two theories. For example, attachment theory is focused on the dyadic 
relationship, whereas the family system theory expands beyond the dyad and focuses 
on relationships within the broader family (Rothbaum et al., 2002). Moreover, attachment 
theory is focused on behavioral constructs that promote attachment security such as 
protection, sensitivity, and responsiveness, whereas the family system theory is focused 
on behavioral constructs that affect family dynamics, such as communication modes, 
boundaries, and hierarchical family relationships (Rothbaum et al., 2002).

In recent years, scholars have proposed to integrate a family system perspective 
in attachment research so that the development of the infant-parent attachment 
relationship is understood within the broader context of the family (Bortz et al., 2019). 
In the study presented in Chapter 3, we focus on the construct of family alliance which 
is defined as the degree of coordination family members show when working together 
on a task (Favez et al., 2017). Importantly, the quality of family alliance has shown to be 
relatively stable from the prenatal period to the postnatal period (Favez et al., 2006), 
which allows for examining the quality of family relations during the transition to 
parenthood. Therefore, in the study in Chapter 3, we examine whether prenatal family 
alliance predicts infant–mother and infant–father attachment security and whether this 
association is mediated by postnatal family alliance.

According to Paquette (2004), the mother-child attachment relationship is a nurturing 
relationship in which the mother calms, comforts, and soothes the child in times of 
distress. In contrast, the father-child attachment relationship is described as an activating 
relationship, in which the father promotes exploration of the environment through 
physical play that excites, arouses, or momentarily destabilizes the child (Paquette, 
2004). The presumed importance of fathers’ physical play in the father-child relationship 
led to the development of new parenting constructs, such as challenging parenting 
behavior (CPB; Majdandžić et al., 2016). CPB is a broader construct than physical play 
and is defined as the extent to which parents (both fathers and mothers) physically and 
verbally stimulate children to overstep their limits or to express behaviors outside their 
comfort zones (Majdandžić et al., 2016). Moreover, CPB serves an important role in the 
father-child relationship (Bögels & Phares, 2008; Feldman & Shaw, 2021; Paquette, 2004). 
The study presented in Chapter 5 focuses on the effects of hormonal administration on 
two important dimensions of fathering behavior: paternal sensitivity and CPB.
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The biobehavioral model of emergent fatherhood.
Recently, the biobehavioral model of emergent fatherhood was introduced (Bakermans-
Kranenburg et al., 2019). This model proposes bidirectional relations between fathering 
behaviors and hormonal and neural components in the prenatal, perinatal, and postnatal 
period. For example, it is suggested that paternal hormonal levels (e.g., cortisol, oxytocin, 
testosterone, vasopressin) affect but may also be affected by the quality of fathering 
behaviors in the early postnatal period. Moreover, the biobehavioral model of emergent 
fatherhood describes hormonal changes when men transition to fatherhood. For 
instance, estradiol and testosterone levels decrease from pre-birth to the postnatal 
period (Bakermans-Kranenburg et al., 2021; Edelstein et al., 2017; Gettler et al., 2011; Storey 
et al., 2000). Moreover, a larger decrease in testosterone levels has been associated 
with greater involvement in child caregiving during the postnatal period (Edelstein et al., 
2017). In addition, fathers with lower testosterone levels showed greater sympathy for 
a crying infant (Fleming et al., 2002), and expressed more positive parenting behaviors 
(Weisman et al., 2014). Finally, fathers’ decline in testosterone levels across the prenatal 
period predicted greater postpartum investment in the partner relationship (Saxbe et al., 
2017). However, it is currently unknown whether testosterone levels are involved in the 
relation between family alliance and the development of the infant-parent attachment 
relationship. Therefore, the study in Chapter 3 examines whether paternal testosterone 
levels predict infant-mother and infant-father attachment security and whether this 
relation is mediated by postnatal paternal testosterone levels.

Next to testosterone, the biobehavioral model of emergent fatherhood proposes that 
the hormones oxytocin and vasopressin are bidirectionally associated with fathering 
behaviors (Bakermans-Kranenburg et al., 2019). Correlational research has shown that 
paternal oxytocin levels were positively associated with stimulatory father-infant 
contact (Feldman et al., 2010), and responsiveness to infant social cues (Apter-Levi et al., 
2014). Moreover, fathers’ oxytocin levels predicted greater triadic synchrony between 
the mother, father and infant (Gordon et al., 2010). Furthermore, parents with higher 
vasopressin levels engaged in more object oriented play and expressed more stimulatory 
behaviors towards the infant (Apter-Levi et al., 2014). In addition, an experimental study 
showed that after oxytocin administration, fathers exhibited more physical touch 
during interactions with their infant (Weisman et al., 2012). Notably, all these previously 
described oxytocin studies were conducted in the same laboratory (see Grumi et al., 
2021). Experimental studies from a different lab reported that oxytocin administration 
to fathers enhanced sensitive structuring and reduced hostility during father-infant 
play (Naber et al., 2010; Naber et al., 2013). Moreover, after vasopressin administration, 
expectant fathers (compared to non-expectant men) spent more time looking at 
baby-related stimuli in a virtual environment (Cohen-Bendahan et al., 2015). In addition, 

vasopressin administration increased use of excessive force in expectant fathers while 
viewing a picture of an unfamiliar infant compared to viewing a picture representing their 
own infant (Alyousefi-van Dijk et al., 2019). In sum, these findings point to the involvement 
of oxytocin and vasopressin in fathers’ parenting behaviors. However, given that paternal 
sensitivity and CPB are important fathering dimensions, it is remarkable that it is still 
unknown whether these specific behaviors are influenced by hormonal processes in the 
early postnatal period of fatherhood. Therefore, we examine the effects of oxytocin and 
vasopressin adminsitration on sensitive and challenging parenting behaviors in fathers in 
the first year of fatherhood in Chapter 5.

In addition to the proposed bidirectional relations between hormones and fathering 
behavior, the biobehavioral model of emergent fatherhood posits bidirectional relations 
between paternal hormonal levels and neural functioning (Bakermans-Kranenburg et 
al., 2019). Prior research has shown that paternal caregiving is associated with structural 
changes in fathers’ brain, including increases in grey matter volume (Kim et al., 2014). 
These neural changes, as well as neural reactivity to infant signals, seem to underlie 
paternal behavior (Kim et al., 2014; Mascaro et al., 2013). A meta-analysis assessing neural 
networks involved in infant cry processing reported lower activation in the bilateral 
auditory cortex, posterior insula, pre- and postcentral gyrus and right putamen, and 
greater neural activation in the right caudate nucleus in non-parents compared to parents 
(Witteman et al., 2019). These findings imply that non-parents process infant cry sounds 
less efficiently than parents. Additionally, a prior study showed that enhanced neural 
activation in brain regions associated with movement, empathy and approach motivation 
and decreased activation in brain regions associated with stress and anxiety when fathers 
could select various strategies to sooth a crying infant as compared to when fathers 
passively listened to infant cry sounds (Rilling et al., 2021).

Currently, there is relatively little knowledge about the influence of hormones on fathers’ 
neural responses to infant cry sounds. In a prior study of fathers with 1- to 2-year-old 
children, no effects of oxytocin and vasopressin on neural reactivity to infant cry sounds 
were found (Li et al., 2017). However, vasopressin administration to expectant fathers 
increased neural reactivity in various brain regions in response to infant cry sounds 
when information about the state of the infant was provided (e.g., ‘this infant is sick’ 
versus ‘this infant is bored’; Thijssen et al., 2018) Yet, due to the relatively small samples, 
these previous experimental studies had limited power to detect effects. Moreover, 
expectant fathers do not yet experience frequent bouts of infant crying and fathers 
with 1- to 2-year-old children may be exposed to only little amounts of infant crying 
as compared to fathers of younger babies. Therefore, the study presented in Chapter 
6 investigates the effects of hormonal administration on neural responses to infant 
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crying in the early postnatal period in a larger sample than Thijssen et al. (2018) and Li 
et al. (2017). An important strength of the experimental studies presented in Chapter 5 
and Chapter 6 is the inclusion of a randomized double-blind placebo-controlled within-
subject design, which allows for detecting causal relations between hormonal levels and 
fathering behaviors. Moreover, we assigned all 70 fathers to each experimental condition. 
This allows for conducting within-subject analyses, which have greater statistical power 
than between-subject analyses (Charness et al., 2012; Van IJzendoorn & Bakermans-
Kranenburg, 2016).

RIPPLE study and Father Trials
The present dissertation reports on data from a Dutch-Israeli research collaboration, 
in which data was collected as part of the RIPPLE study, a longitudinal study examining 
parenting and early socio-emotional development, with a focus on both mothers and 
fathers. We included longitudinal data from the prenatal period (third semester of 
pregnancy) and the postnatal period (3 months, 6 months, 9 months and 24 months 
postpartum) (Chapters 2 and 3). Furthermore, this dissertation is part of the Father 
Trials project: a series of hormonal and behavioral experimental studies on prenatal 
and postnatal parenting (Bakermans-Kranenburg, 2014). The experimental study ‘Fathers 
Today’ includes a randomized double-blind placebo-controlled within-subject design 
in which we examine the effects of administration of oxytocin and vasopressin on 
behavioral and neural responses to infant signals in first-time fathers in the early postnatal 
period. Fathers participated in three experimental conditions in counterbalanced order, 
with intervening periods of one to two weeks. Fathers self- administered a nasal spray 
with either oxytocin (24 IU), vasopressin (20 IU) or a placebo (Chapter 3, Chapter 4 and 
Chapter 5).

Outline of the dissertation
In the current dissertation, we examine developmental trajectories of infant sleep 
problems from 3 to 24 months old and investigate associations with infant-parent 
attachment security and dependency (Chapter 2). Furthermore, we take a family 
system perspective on attachment security, and we investigate whether prenatal family 
alliance and prenatal paternal testosterone levels predict infant–mother and infant–
father attachment security and whether this association is mediated by postnatal family 
alliance and postnatal paternal testosterone levels (Chapter 3). In addition, we present a 
protocol of our randomized, double-blind, placebo-controlled within-subject design to 
examine the effects of intranasal administration of oxytocin and vasopressin on parenting 
behavior and the neural and behavioral responses to infant cry sounds and infant threat 
(Chapter 4). The subsequent chapters report on the effects of oxytocin and vasopressin 
administration on fathers’ sensitive and challenging parenting behaviors (Chapter 5) and 

fathers’ neural responses to infant crying (Chapter 6). Finally, we summarize and discuss 
our research findings in Chapter 7.
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ABSTR ACT

This longitudinal study examined developmental trajectories of infant sleep problems 
from 3 to 24 months old and investigated associations with infant-parent attachment 
security and dependency. In a sample of 107 Israeli families, number and duration of infant 
nighttime awakenings were measured at 3, 6, 9, and 24 months old, using mothers’ and 
fathers’ reports on the Brief Infant Sleep Questionnaire (BISQ). Infant–parent attachment 
security and infant-parent dependency was assessed at 24 months old, using the observer 
Attachment Q-Sort procedure (AQS) with both parents. Latent growth curve models 
showed a non-linear decline in number and duration of infant nighttime awakenings over 
time. A higher number and longer duration of infant nighttime awakenings at 3 months 
were associated with higher infant-father attachment security at 24 months. In contrast, 
longer infant nighttime awakenings at 3 months were predictive of lower infant-mother 
attachment security at 24 months. A steeper decrease in duration of infant nighttime 
awakenings was associated with higher infant-father attachment security and lower 
infant-mother attachment security. As a potential mechanism, paternal involvement 
in nighttime caregiving was explored in relation to infant-father attachment security. 
Results of our post-hoc analyses revealed no significant associations between paternal 
involvement in nighttime caregiving and infant-father attachment security. Our results 
highlight the need to examine potential mechanisms explaining the divergent associations 
of infant sleep problems with infant-mother and infant-father attachment security in 
future research.

Keywords: infant sleep problems, infant-father attachment, infant-mother attachment, 
dependency, paternal involvement

INTRODUCTION

In the first few months of life, infant sleep involves multiple sleep-wake cycles during day 
and nighttime as circadian sleep-wake cycles have not yet been established (Davis et al., 
2004). At three months of age, infants begin to develop a circadian rhythm, marked by 
an increase in nighttime and a decrease in daytime sleep (Rivkees, 2003). At six months 
of age, most infants have developed nocturnal sleep (Weinraub et al., 2012), which means 
that infants have one continuous period of uninterrupted sleep at night, also described 
as “sleeping through the night” (Henderson et al., 2010). Infants do not actually sleep the 
entire night; they develop self-regulated sleep which is defined as the ability to fall back 
asleep without needing parental support (Henderson et al., 2010).

There is substantial individual variability in the development of self-regulated sleep. 
“Infant sleep problems” comprises various definitions, but has often been described 
in terms of difficulties falling asleep, nighttime awakenings, and a short duration of 
uninterrupted sleep, and are present in approximately 20-30% of all infants and toddlers 
(Henderson et al., 2010; Martin et al., 2007; Mindell et al., 2006). Sleep problems have been 
associated with a range of negative child and parental outcomes, including behavioral 
problems in children (see Field 2017 for a review), and poor general health and depressive 
symptoms in parents (Martin et al., 2007; Hisock & Wake, 2001).

Nighttime sleep typically involves a situation in which infants are alone in a dark room 
while having no interactive contact with a caregiver, which can be highly stressful for the 
infant (Higley & Dozier, 2009; Sadeh et al., 2010; Scher, 2001). Hence, infants may activate 
attachment behaviors (e.g., crying, protesting against separation) to seek proximity to an 
attachment figure (Higley & Dozier, 2009; Sadeh et al., 2010; Scher, 2001). Several studies 
have examined associations between infant sleep problems and attachment security, 
but results have been inconsistent (Bilgin & Wolke, 2019; McNamara et al., 2003; Morell 
& Steele, 2003; Scher, 2001; Scher & Asher, 2004; Simard et al., 2017; Weinraub et al., 2012).

Furthermore, empirical evidence suggests that the infant’s level of dependency is related 
to lower sleep quality (Bélanger et al., 2015; Scher & Ascher, 2004). Whereas infant-parent 
attachment security is considered a relational feature, dependency is considered a 
temperamental feature. Behavioral genetic models indicate that individual differences 
in infant-parent attachment security can be largely explained by environmental factors, 
while a predominantly genetic origin has been found for the infant’s dependency level 
(Bakermans-Kranenburg et al., 2004; Roisman & Fraley, 2008). This finding is in line with 
studies documenting the heritability of temperamental traits (Planalp & Goldsmith; 
2019; Zwir et al., 2020). Moreover, research has shown that infant-parent attachment 
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security and dependency are unrelated (Bakermans-Kranenburg et al., 2004; Scher & 
Ascher, 2004; Waters & Deane, 1985). Activation of the attachment system and signs of 
dependency can be reflected in similar behaviors (e.g., resisting separation at bedtime, 
proximity seeking during the night), and distinguishing between infant-parent attachment 
security and infant-parent dependency is therefore necessary. The aim of the present 
longitudinal study is to examine developmental trajectories sleep problems in infants 
from 3 to 24 months old and to investigate associations with infant-mother and infant-
father attachment security and infant dependency.

Infant sleep trajectories
During the first years of life, most infants show a decrease in the number of nighttime 
awakenings and time spent in wakefulness at night, although not all infants follow 
similar developmental patterns (Goodlin-Jones et al., 2001; Hysing et al., 2014; Jenni et 
al., 2004; Tikotzky & Sadeh, 2009; Weinraub et al., 2012). For example, a longitudinal 
study including more than 1200 infants used quadratic growth models and identified 
two distinct developmental courses of infant nighttime awakenings from 6 to 36 months 
old (Weinraub et al., 2012). The first group showed flat developmental courses from 6 
to 36 months old (mothers reported approximately 1 infant nighttime awakening per 
week). The second group showed a non-linear decrease from 6 to 36 months old, with 
mothers reporting 6-7 infant nighttime awakenings per week at 6 months, which declined 
to 2 reported infant nighttime awakenings per week at 15 months old, and decreased 
to approximately 1 reported infant nighttime awakening per week from 24 months to 
36 months, thereby reaching the same number of infant nighttime awakenings as the 
first group. In another study, including a sample of 151 infants, parental reports also 
indicated a non-linear decrease in the duration of infant nighttime awakenings over time 
(Mäkelä et al., 2018). Results showed that the duration of infant nighttime awakenings was 
approximately 24 minutes at 8 months old, which decreased to approximately 9 minutes 
at 18 months old. No change in the duration of infant nighttime awakenings were found 
between 18 and 24 months old (Mäkelä et al., 2018).

Infant sleep, attachment security and infant dependency
Empirical evidence for associations between infant sleep problems and attachment 
security has been limited and inconsistent (Bilgin & Wolke, 2019; McNamara et al., 
2003; Morell & Steele, 2003; Scher, 2001; Scher & Asher, 2004; Simard et al., 2017). For 
example, research showed that 12-month-old infants with a secure versus insecure 
infant-mother attachment relationship did not differ in video recorded number of 
nighttime awakenings or in signaling their awakening to their parents (Higley & Dozier, 
2009). A meta-analysis including 16 studies (2783 children between the age of 6 and 38 
months) showed only small to moderate associations between sleeping behaviors and 

infant-mother attachment security. Effect sizes were dependent on type of attachment 
classification (e.g., security vs. resistance), sleep outcomes (i.e. sleep problems, nighttime 
awakenings, sleep duration), sleep measurements (questionnaires vs. others), and age of 
the child (Simard et al., 2017). Results of this meta-analysis showed a positive association 
between sleep efficiency (i.e., proportion of time the child is asleep) and infant-mother 
attachment security (k = 4, r = .18, 95% CI [.001, .35]), and a positive association between 
sleep problems and infant-mother attachment security (k = 5, r = .09, 95 % CI [.04, .15]). 
Note that due to the recoding of variables, the positive correlation coefficient between 
sleep problems and infant-mother attachment security refers to a negative relationship 
between these variables (i.e., more sleep problems being associated with less infant-
mother attachment security) (Simard et al., 2017).

A more recent study, not included in Simard and colleagues’ (2017) meta-analysis, found 
no associations between mother-reported infant cry and sleep problems at 3 and 18 
months old and a secure or insecure attachment (avoidant versus resistant) with the 
mother at 18 months old (Bilgin & Wolke, 2019). However, results did show that mother-
reported infant cry and sleep problems were related to a disorganized attachment 
classification (Bilgin & Wolke, 2019). The authors provided two possible explanations for 
these findings. First, mothers of infants with a disorganized attachment classification may 
display more anxious and frightening responses to their infants’ cry behavior and sleeping 
problems, resulting in the development of a disorganized infant-mother attachment 
relationship. Second, early cry and sleep problems may be an indicator of early infant 
regulatory problems, which may increase the risk for the development of a disorganized 
infant-mother attachment relationship (Bilgin & Wolke, 2019).

Research examining the relation between infant sleep problems and the quality of the 
infant-father attachment relationship has been scarce. This is surprising as fathers play 
a significant role in children’s well-being and functioning (Bakermans-Kranenburg et 
al., 2019; Cabrera et al., 2018). Moreover, infants develop attachment relationships with 
both mothers and fathers (Ainsworth, 1967; Bowlby, 1969). Additionally, socio-cultural 
and economic advances have led to significant transformations in modern and Western 
family life (Abraham & Feldman, 2018). The expected norm that fathers work full-time is 
changing as an increasing minority of fathers works part-time (Bünning & Pollmann-Schult, 
2016). Research has further shown that fathers have increased their involvement in child 
rearing and caregiving practices over the past several decades (Bakermans-Kranenburg 
et al., 2019; Lamb, 2000; O’Brien et al., 2007). Therefore, the present study focuses on 
mothers as well as fathers in order to gain more insight into how infant sleep problems 
are related to attachment security with both parents.
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An initial study found no relation between the reported number of infant nighttime 
awakenings at 7, 12, and 14 months old and the quality of the infant-father attachment 
relationship (secure versus disorganized) at 14 months old (Zentall et al., 2012). The number 
of infant nighttime awakenings among infants with an insecure versus secure infant-father 
attachment relationship was not investigated as the number of infants with an insecure 
infant-father attachment relationship was too small to be included in the analysis (Zentall 
et al., 2012). To our knowledge, no other studies have examined infant sleep problems in 
relation to infant-father attachment security.

Yet, findings have indicated that fathers do provide nighttime caregiving to infants (Ball et 
al., 1999; Goodlin-Jones et al., 2001; Tikotzky et al., 2011). Importantly, paternal involvement 
in infant caregiving tasks can buffer against some of the negative effects of infant sleep 
problems (Millikovsky-Ayalon et al., 2015; Tikotzky et al., 2015). Furthermore, 18-month-
old children exhibited more mature sleeping patterns earlier in development when their 
fathers showed more mind-mindedness (the tendency to see children as individuals with 
a mind of their own) (Tétreault et al., 2021). Taken together, these findings suggest that 
fathers play an important role in their infants’ sleeping behaviors.

When examining relations between infant sleep problems and infant-parent attachment 
security, it is important to also incorporate the construct of infant dependency, as 
infants who show more sleep problems at night may be more irritable or dependent on 
their parents for nighttime reassurance, assistance, and support (Bélanger et al., 2015). 
Infant-parent attachment security can be differentiated from infant-parent dependency 
with use of the Attachment Q-sort procedure (AQS; Waters & Deane, 1985). The AQS 
has been developed as a naturalistic alternative for the Strange Situation Procedure 
(SSP; Ainsworth et al., 1978). In contrast to the SSP, the AQS does not require stressful 
separations in a lab setting and is usually administered in the child’s home (Vaughn et 
al., 2021). Furthermore, the AQS can be repeatedly used over a wide age range (12-48 
months). The AQS compares behaviors of a particular infant with the behavioral profile of 
a prototypical secure and a prototypical dependent child. Accordingly, an infant-parent 
attachment security score and an infant-parent dependency score can be calculated by 
correlating the AQS as sorted by the observer with the prototypical AQS as sorted by 
a set of experts (Vaughn & Waters, 1990).

Currently, few studies have examined relations between infant sleep problems and infant-
mother dependency. One study found that infant-mother dependency measured at 15 
months old was related to fewer actigraphy-measured nighttime sleep minutes at 24 
months old (Bélanger et al., 2015). Another study, which included 12-month-old infants, 
showed that parental reported infant sleep problems were related to infant-mother 

dependency but not to a night waking index, which comprised the number of interrupted 
nights, the number of awakenings per night, and the average time spent awake (Scher 
& Asher, 2004). These findings suggest that some aspects of infant sleep problems may 
be explained by the infant’s greater dependency on the mother. To our knowledge, this 
is the first study examining the association between infant sleep problems and infant-
father dependency. Given the predominantly genetic origin for the dependency profile 
of the infant (Bakermans-Kranenburg et al., 2004; Roisman & Fraley, 2008), it is plausible 
to suggest that associations between infant sleep problems and the infant’s dependency 
level towards the mother and father would be similar, although this suggestion warrants 
further investigation.

The current study
The first aim of the present study is to examine developmental trajectories of infant 
sleep problems as indexed by parental reports of number and duration of infant 
nighttime awakenings from 3 to 24 months old. In line with previous research (Mäkelä et 
al., 2018; Weinraub et al., 2012), we expect a non-linear decrease in infant sleep problems 
over time and individual differences in the developmental trajectories of infant sleep 
problems over time. The second aim of the present study is to examine whether 
developmental trajectories of infant sleep problems are associated with infant-parent 
attachment security and infant-parent dependency at 24 months. Based on meta-analytic 
evidence (Simard et al., 2017), we hypothesized that more infant sleep problems from 
3 to 24 months are associated with lower attachment security with both mothers and 
fathers. Finally, based on the existing literature (Bélanger et al., 2015; Scher & Ascher), we 
expect that more infant sleep problems from 3 to 24 months are associated with higher 
dependency scores with both mothers and fathers.

Method

Participants
The present study included 107 co-living heterosexual couples expecting their first child 
(51.6% male) at the time of inclusion. Participants were enrolled in the RIPPLE study, a 
longitudinal study examining parenting and early socio-emotional development. Couples 
were recruited using internet advertisements, flyers, and medical centers. Fathers mean 
age was 32.41 (SD = 4.01, range = 23‒42). Mothers mean age was 30.82 years old (SD = 3.63, 
range = 23‒42). All parents were fluent in writing and speaking Hebrew and living in central 
Israel. Fathers’ mean years of education was 15.36 years (SD = 2.41), mothers’ mean years of 
education was 16.3 years (SD = 2.1). All participants could be classified as Caucasian/Jewish, 
with varying levels of religiosity: 71.7% secular, 16.2% observant, and 12.1% Orthodox 
Jewish. Approximately half of the sample (45.5%) reported a salary being below the 
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national mean income level, 12.7% reported being at mean level, and 31.8% reported 
being above the national mean income level. Parents were in good health without any 
neurological or psychological disorders and reported no substantial medication use or 
substance abuse. Parents did not report any significant pregnancy complications. All 
infants were single-born and in good health. At 3 months old, practice of feeding was: 
49% breast and bottle-feeding, 22.4% breastfeeding, and 28.6% bottle-feeding. Parental 
written informed consent was obtained at the start of the study. The study was approved 
by the institutional review board of the Interdisciplinary Center Herzliya. The study was 
carried out in accordance with The Code of Ethics of the World Medical Association 
(Declaration of Helsinki). Families received a financial reimbursement and a token of 
appreciation for their participation in each study phase.

Procedure
For the current study, we used data from four measurement points: 3 months postpartum 
(T1), 6 months postpartum (T2), 9 months postpartum (T3), and 24 months postpartum 
(T4). At T1, T2, T3 and T4, both parents reported separately on the sleep problems of 
their infant. At T4, home visits were conducted to assess infant-parent attachment 
security and infant-parent dependency, using the Attachment Q-sort procedure (AQS; 
Vaughn & Waters, 1990). A total of two home visits were conducted, one to assess 
infant-mother attachment security and dependency and one to assess infant-father 
attachment security and dependency, using a random order of assessment. Each visit 
lasted approximately 90 minutes. Infant-mother and infant-father attachment security 
and dependency were assessed separately by independent observers.

Measures

Infant sleep problems
Sleep problems were measured using the Brief Sleep Questionnaire (BISQ; Sadeh, 2004). 
Both parents were instructed to report on their infants’ sleep problems during the past 
week. The BISQ has demonstrated adequate validity and reliability, including test-retest 
reliability, and has been validated with actigraphy measures of sleep and sleep diaries 
(Sadeh, 2004). The BISQ includes 14 items; 4 items assessing demographic characteristics 
of the infant and 10 items assessing infant sleep behavior. For this study, we included 
used parental reports on two items that have been previously used as indicators of infant 
sleep problems (Simard et al., 2017): (1) average number of nighttime awakenings per night, 
and (2) duration of infant nighttime awakenings (from 10 PM to 6 AM) reported in hours.

For validation purposes only, we examined associations between parental reports and 
actigraph sleep measures at T3, when infants were 9 months old. Actigraph measures 

were not collected at T1, T2 and T4. Parents were asked to attach the micro-mini actigraph 
(AMI, Ardsley, NY) to the infant’s ankle for 7 consecutive nights. The data was scored 
in the Actigraphic Sleep Analysis (ASA) program, using a validated sleep–wake scoring 
algorithm for infants (Sadeh et al., 1995). Actigraph measures included: (1) number of 
awakenings longer than 5 minutes, and (2) duration of awakenings. Actigraph measures 
were averaged across the assessment period. For fathers, significant correlations were 
found between paternal reported and actigraph measured number of awakenings (r = .33, 
p = .011), and for paternal reported and actigraph measured duration of awakenings 
(r = .33, p = .010). No significant correlations were found between number of awakenings 
reported by the mother and registered by the actigraph (r = .11, p = .41), and the same was 
true for duration of awakenings (r = .01, p = .93).

Attachment security and dependency
Infant-mother and infant-father attachment security and dependency were measured 
in counterbalanced order by independent observers based on a 90-minute home 
observation within a two-week period using the Attachment Q-Sort (AQS; Vaughn & 
Waters, 1990). The AQS measures infant-parent attachment security and dependency 
through naturalistic observations, lasting 90 minutes. The AQS includes 90 items with 
specific descriptions of infant behavior. Parents were instructed to behave as they 
usually would, and observers initiated some specific situations to prompt attachment 
behaviors. Examples include introducing a new and unfamiliar toy to the child and 
eliciting a surprising sound. An observer rated the typical attachment and dependency 
behaviors of the infant by sorting 90 cards into nine piles, each containing 10 items. 
The cards were sorted from “most descriptive of the child” to “least descriptive of the 
child”. The attachment score was calculated by correlating the observers’ Q-description 
with the criterion sort of the prototypical secure child (Waters & Deane, 1985). The 
dependency score was calculated by correlating the observers’ Q-description with the 
criterion sort of the prototypical dependently behaving child. AQS items descriptive 
of secure attachment behavior are: ‘Child keeps track of mother/father when playing 
around the house’ and ‘If held in parent’s arms, child stops crying and quickly recovers 
after being frightened or upset’. Examples of AQS items which describe dependent 
behavior are: ‘Child wants to be the center of parent’s attention. If parent is busy or 
talking to someone, child interrupts’ and ‘At home, child gets upset or cries when parent 
walks out of the room’. Scores range from -1.0 (highly insecure or highly independent) to 
1 (highly secure or highly dependent). Meta-analytic evidence showed that the observer 
AQS is a valid measure of attachment, with satisfactory convergent, discriminant and 
predictive validity (Van IJzendoorn et al., 2004; Caldman et al., 2018). The observer AQS 
has stronger predictive and discriminant validity as compared to the self-reported version 
of the AQS (Caldman et al., 2018). Observers were trained by experts for the assessment 
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of infant-parent attachment and dependency using the AQS. In the current study, the 
Intraclass Correlation Coefficient (ICC) Interrater Reliability (IRR) using 20% of the sample 
was .71 (see also Witte et al., 2019).

Data analytic strategy
We estimated latent growth curve models and factor models in Mplus, using Full 
Information Maximum Likelihood (FIML) as the estimator (Muthén & Muthén, 2010). We 
fitted a 1-factor model with four indicators (maternal and paternal reports of number 
and duration of infant nighttime awakenings) for each time point. The fit indices of the 
1-factor model were used to decide whether number and duration of infant nighttime 
awakenings could be included as indicators of a single latent variable of infant sleep 
problems or whether number and duration of infant nighttime awakening may reflect 
different aspects of infant sleep problems and should therefore be analyzed separately 
in the latent growth curve models.

Next, latent growth curve models were fitted. Latent growth curve models allow 
for estimation of developmental trajectories of growth over time. Developmental 
trajectories of growth are represented by the intercept and the slope. In the present 
study, the intercept described the initial level of infant sleep problems (number and 
duration of infant nighttime awakenings) at T1 (3 months old), while the slope describes 
the rate of change in infant sleep problems from T1 (3 months old) to T4 (24 months old). 
For both the intercept and slope, the mean and variance are estimated, with the mean 
representing average initial and change levels, respectively, and the variance reflecting 
individual differences in these parameters.

To examine developmental trajectories of infant sleep problems over time, we chose 
a statistical model that could capture different patterns of growth. In the present 
study, both number and duration of infant nighttime awakenings suggested non-linear 
patterns of growth (see Figure 2.1 and 2.2). We therefore fitted latent growth curve 
models with estimated time scores, in which the pattern of growth is not pre-specified 
but is allowed to be estimated by the data (McArdle, 2009; Muthén & Muthén, 2017). 
Moreover, the latent growth curve model with estimated time scores fitted the data 
better as compared with other growth curve models (e.g., quadratic growth curve model 
and piecewise growth curve model). The latent growth curve model with estimated 
time scores is a less restrictive type of model than the linear latent growth curve model, 
because it does not assume linear growth. For model identification, the latent growth 
curve model with estimated time scores was specified as follows: the slope factor loading 
of T1 was fixed to 0 and the slope factor loading of T4 was fixed to 21, representing the 
time between T1 (3 months) and T4 (24 months). The slope factor loadings of T2 and T3 

were freely estimated, allowing non-linear growth between T1 and T4. The intercept was 
identified by restricting all factor loadings to 1. After good model fit was established, 
the four infant-parent attachment and dependency variables were added as outcome 
variables to the growth model for infant sleep problems, to examine whether initial 
levels and developmental trajectories of infant sleep problems were predictive of infant-
mother attachment security, infant-father attachment security, dependency towards the 
mother, and dependency towards the father. We provide the unstandardized estimates 
of all models. The effect sizes of the association between infant sleep problems and 
attachment security and dependency varies between studies and can possibly be 
explained by methodological differences (Simard et al., 2017). With a sample size of 
N = 107, an alpha set at .05 and a power of .80, the study was able to detect medium-
sized associations (r = .27) between infant sleep variables and infant-parent attachment 
security and dependency (G*Power, Faul et al., 2007).

To evaluate the goodness of model fit, we interpreted the following fit indices: The 
Root Mean Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), Tucker-
Lewis index (TLI), and the Standardized Root Mean Square Residual (SRMR). For the 
RMSEA, values below .05 indicate a good fit and values between .05 and .08 indicate 
an acceptable fit. The CFI and TLI indicate a good fit when values are above .95, while 
values above .90 suggest an acceptable fit. The SRMR indicates a good fit when values 
are below .08 (Kline, 2011). A good model fit is further indicated by a non-significant χ2 
statistic, although it should be noted that the χ2 statistic is influenced by sample size 
(Raykov & Marcoulides, 2006).

Figure 2.1
Temporal trend of number of infant nighttime awakenings reported by mothers and fathers
Note. Error bars display standard errors.
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Figure 2.2
Temporal trend of duration of infant nighttime awakenings reported by mothers and fathers
Note. Error bars display standard errors.

R E SU LTS

Preliminary Analyses
Preliminary analyses were performed to examine variable distributions and to identify 
potential outliers. All variables met the assumption of normality, using the rule of thumb 
of absolute skewness values below 3.0 and absolute kurtosis values below 8.0 (Kline, 
2005). One impossible value (e.g., 12 waking hours per night) was treated as a missing 
data point. Univariate outliers were defined as having an absolute standard score above 
3.28 (most extreme 0.1% of a normal distribution). These values (12 values out of 968 
values) were winsorized to reduce their impact on the results (Tabachnick et al., 2007). 
To examine patterns of missing data, a missing value analysis was conducted in IBM 
SPSS statistics version 26. The rate of missing data ranged from 10% to 35.5%. The Little’s 
MCAR test was non-significant, χ2 (525) = 553.62, p = .187, indicating that the data was 
missing completely at random (MCAR), justifying the use of FIML as an estimator in the 
growth models.

Table 2.1 displays the descriptive statistics and cross-parent correlations for number 
and duration of infant nighttime awakenings. Cross-parent correlations for number and 
duration of infant nighttime awakenings were moderate to strong, with cross-parent 
correlations for number of infant nighttime awakenings ranging from r = .57 to r =.75, 
and cross-parent correlations for duration of infant nighttime awakenings ranging from 
r = .39 to r = .55.

Table 2.1

Means, standard deviations and cross-parent correlations between sleep variables

T1 T2 T3 T4

Number of infant awakenings Mother 1.81 (1.30) 2.29 (1.27) 2.10 (1.33) 1.12 (.84)

Father 1.89 (1.32) 2.19 (1.14) 2.08 (1.38) 1.20 (.96)

r .75** .67** .62** .57**

Duration of infant awakenings1 Mother 1.05 (0.94) 0.68 (0.67) 0.53 (0.50) 0.17 (.25)

Father 1.49 (1.43) 0.82 (0.67) 0.53 (0.47) 0.25 (.32)

r .39** .47** .55** .45**

Cronbach’s α .77 .67 .73 .60

Note. Standard deviations appear in parentheses. rs indicate the correlations between maternal and 
paternal reports on the same variable. ** p < .001. Duration of infant night awakenings is reported in 
hours.

Correlations between parental reports of number and duration of infant nighttime 
awakenings were moderate to strong (range for mothers: r = .44 ‒.49, range for fathers: 
r = .44 ‒.59) (see Table 2). Only for mothers, one weak correlation between number and 
duration of infant nighttime awakenings was found at 6 months (r = .16). Regarding the 
dependent variables, infant-mother attachment security was correlated with infant-
father attachment security (r = .46, p < .001) (see also Witte et al., 2019), while infant-
mother dependency was correlated with infant-father dependency (r = .27, p = .026). 
Non-significant correlations were found between attachment security and dependency 
for both mothers (r = -.17, p = .118) and fathers (r = -.05, p = .699). Practice of feeding at 
3-months-old (breast and bottle-feeding, breastfeeding, or bottle-feeding) was not 
related to any of the sleep variables.
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Table 2.2

Correlations between parent-reported number and duration of infant nighttime awakenings

1. 2. 3. 4. 5. 6. 7.

Mother

1. Number of awakenings T1 -

2. Number of awakenings T2 .53** -

3. Number of awakenings T3 .18 .43** -

4. Number of awakenings T4 .25 * .39** .36** -

5. Duration of awakenings T1 .48** .41 .13 .11 -

6. Duration of awakenings T2 .30** .16 .23* .26* .45** -

7. Duration of awakenings T3 .22 .11 .44** .29* .41** .48** -

8. Duration of awakenings T4 -.02 .01 .19 .49** .28* .36** .35**

Father

1. Number of awakenings T1 -

2. Number of awakenings T2 .53** -

3. Number of awakenings T3 .30** .49** -

4. Number of awakenings T4 .21 .27* .13 -

5. Duration of awakenings T1 .45** .12 -.04 .13 -

6. Duration of awakenings T2 .34** .44** .13 .17 .37** -

7. Duration of awakenings T3 .16 .14 .59** .21 .13 .21

8. Duration of awakenings T4 .16 .19 .28* .52** .27 .41** .28*

* p < .05, ** p < .001.

Measure of infant sleep problems
To assess whether parental reports of number of infant nighttime awakenings and 
duration of infant nighttime awakenings were indicative of a single latent variable of 
infant sleep problems, we fitted a 1-factor model with four indicators at each time 
point. Fit indices showed a poor fit: χ2 (98) = 254.50, p <.001; RMSEA = 0.125, CFI = 0.677, 
TLI = 0.604, SRMR = 0.116. This could be due to a pattern of relatively low correlations 
between reported number of infant nighttime awakenings and duration of infant 
nighttime awakenings in mother report as well as in father report, and relatively higher 
correlations among father and mother report on the same sleep variable. These findings 
suggest that number of infant nighttime awakenings and duration of infant nighttime 
awakenings reflect different dimensions of infant sleep problems. In the next step, 
number of infant nighttime awakenings and duration of infant nighttime awakening 
were therefore analyzed separately by creating composite scores for each time point 
by averaging maternal and paternal reports on the respective variables. All composite 

scores met the assumption of normality. At each time point, the composite score for 
infant nighttime awakenings was moderately correlated with the composite score for 
duration of infant nighttime awakenings (T1, r = .50, p < .001), (T2, r = .31, p = .002), (T3, 
r = .55, p < .001), (T4, r = .51, p < .001). Growth curve models were then fitted separately 
for number of infant nighttime awakenings and duration of infant nighttime awakenings.

Developmental trajectories for number of infant nighttime awakenings
The growth model for number of infant nighttime awakenings showed excellent fit: χ2 
(3) = 2.832, p =.418; RMSEA = 0.000, CFI = 1.00 TLI = 1.00, SRMR = 0.07. The estimated mean 
value of the intercept was 1.931 (SE = .129, p < .001), indicating that 3-month-old infants 
woke on average two times per night. There was also significant variability in the initial 
number of infant nighttime awakenings (variance I = .568, SE = .136, p < .001), indicating that 
infants differed in the number of nighttime awakenings at 3 months. The estimated mean 
of the slope was negative and significant (S = -.035, SE = .006, p < .001), indicating a decline 
in the number of infant nighttime awakenings across time. The estimated slope factor 
loadings confirmed the presence of a non-linear decline in number of infant nighttime 
awakenings over time, with first an increase in number of awakenings from 3 to 6 months, 
after which a decrease up to 24 months was present (see Figure 2.1). The variance of the 
slope was non-significant (variance S = .000, SE = .001, p = .370), indicating no significant 
individual differences in the rate of change over time. The covariance between the 
intercept and slope was significant with an estimated value of -.012, (SE = .006, p = .042), 
suggesting that infants who started with more nighttime awakenings at 3 months old 
showed a greater decrease in the number of nighttime awakenings as compared to 
infants who started with a lower number of nighttime awakenings at 3 months old.

Developmental trajectories for duration of infant nighttime awakenings
The model for duration of infant nighttime awakenings also showed an excellent fit: χ2 
(3) = 1.229, p =.746; RMSEA = 0.000, CFI = 1.00 TLI = 1.00, SRMR = 0.04. The estimated mean 
value of the intercept was I = 1.282 (SE = .105, p < .001), indicating that the average duration 
of infant nighttime awakenings was approximately 1.3 hours for 3-month-old infants. 
There was also significant variability in the initial duration of nighttime awakenings 
(variance I = .348, SE = .113, p = .002), indicating that infants differed in their duration of 
infant nighttime awakenings at 3 months. Results further showed a significant decline in 
duration of infant nighttime awakenings across time (estimated mean S = -.051, SE = .005, 
p < .001). The estimated slope factor loadings confirmed the presence of a non-linear 
decline in duration of infant nighttime awakenings, with the largest decline being present 
between 3 and 9 months, after which the decline became less steep (see Figure 2.2). 
Infants did not significantly differ in their individual developmental trajectories over time 
(variance S = .000, SE =.000, p = .079). However, the covariance between the intercept 
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and slope was significant with an estimated value of -.012 (SE = .005 p = .017), suggesting 
that infants with longer nighttime awakenings at 3 months showed more decrease in 
the duration of nighttime awakenings as compared to infants with shorter nighttime 
awakenings at 3 months.

Associations with infant-parent attachment security and dependency
In the next step, we added the outcome variables to the model to examine whether 
initial levels and developmental trajectories of number and duration of infant nighttime 
awakenings were predictive of infant-mother attachment security, infant-father 
attachment security, infant-mother dependency, and infant-father dependency (see 
Figure 2.3 for the latent growth curve model with estimated time scores for number 
of infant nighttime awakenings). Note that in the previous analyses, the variances of 
the slopes for both number and duration of infant nighttime awakenings were non-
significant, while there was a significant covariance between the intercept and slope in 
both models. In the final models, we initially restricted the variances of the slopes to 0. 
However, this parametrization resulted in a misfit of the model. We therefore assigned 
no restrictions to the slope variances. Correlations between the residuals of all outcome 
variables were included in the final models.
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Figure 2.3.
Latent growth curve model with estimated time scores for number of infant nighttime awakenings
Note. I refers to the intercept and represents the initial number of infant nighttime awakenings at 
T1. S refers to the slope and represents the rate of change in number of infant nighttime awakenings 
across time. To identify the model, the factor loadings of the intercept are specified at 1. The first 
factor loading of the slope is specified at 0, the second and third factor loadings of the slope are freely 
estimated, the last factor loading is specified at 21, representing the time between the assessments 
of T1 and T4.

The model for number of infant nighttime awakenings indicated an excellent fit: χ2 
(11) = 9.650, p =.562; RMSEA = 0.000, CFI = 1.00, TLI = 1.00, SRMR = 0.061. The intercept of 
number of infant nighttime awakenings showed a positive significant path coefficient 
to infant-father attachment security, with an estimated value of 1.619 (SE = .510, p = .001), 
indicating that a larger number of infant nighttime awakenings at 3 months old was 
predictive of greater infant-father attachment security at 24 months old. The intercept 
showed non-significant path coefficients with infant-mother attachment security 
(p = .794), infant-mother dependency (p = .492), and infant-father dependency (p = .630). 
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Non-significant path coefficients were found between the slope and infant-mother 
attachment security (p = .744), infant-father attachment security (p = .086), infant-mother 
dependency (p = .169), and infant-father dependency (p = .393).

The model for duration of infant nighttime awakenings also showed an excellent fit: χ2 
(11) = 10.649, p =.473; RMSEA = 0.000, CFI = 1.00, TLI = 1.00, SRMR = 0.053. The intercept 
of duration of infant sleep problems showed a positive significant path coefficient to 
infant-father attachment security, with an estimated value of 1.470 (SE = .483, p = .002), 
indicating that longer durations of infant nighttime awakenings at 3 months old were 
predictive of a more secure infant-father attachment relationship at 24 months old. 
The intercept also showed a significant negative path coefficient with infant-mother 
attachment security, with an estimated value of -1.424 (SE = .504, p = .005), indicating that 
longer nighttime awakenings at 3 months predicted lower infant-mother attachment 
security at 24 months. The intercept further showed non-significant path coefficients 
with infant-mother dependency (p = .711), and infant-father dependency (p = .254). The 
slope showed a significant negative path coefficient to infant-father attachment security, 
with an estimated value of -.06 (SE = .02, p = .003), indicating that a larger decrease in 
duration of infant nighttime awakenings between 3 and 24 months was associated with a 
more secure infant-father attachment relationship at 24 months old. For mothers, these 
findings were reversed: a greater decrease in duration of infant nighttime awakenings 
was associated with lower infant-mother attachment security at 24 months old (B= .061, 
SE = .023, p = .007).

We used latent growth curve models to explore post-hoc the role of paternal involvement 
in the unexpected finding of a positive rather than a negative association between number 
and duration of infant nighttime awakenings and infant-father attachment security. 
It was speculated that frequent and long infant nighttime awakenings could lead to 
maternal burden and stress, thereby affecting the development of a secure infant-mother 
attachment relationship. We hypothesized post-hoc that when fathers increase their 
involvement in nighttime caregiving to reduce maternal burden and stress, infant-father 
interaction may be stimulated, and thus consequently supporting the development of a 
secure infant-father attachment relationship. With regard to developmental trajectories 
of paternal involvement, fathers showed an increase in their involvement in putting the 
infant to sleep from 3 to 24 months old (S2 = .016, SE = .005, p = .001). Moreover, fathers 
showed an increase in tending to the infant during nighttime awakenings from 3 to 24 
months (estimated mean S = .033, SE = .000, p = .001). However, paternal involvement at 
night did not seem to be involved in the association between number and duration of 
infant nighttime awakenings and infant-father attachment security, since initial levels and 
developmental trajectories of paternal involvement in putting the infant to sleep and 

tending to the infant at night were not associated with infant-father attachment security 
(see Supplementary Material for a detailed description of the measures).

DISCUSSION

The present study examined initial levels and developmental trajectories of infant 
nighttime awakenings from 3 to 24 months old and their associations with infant-parent 
attachment security and dependency at 24 months. Contrary to our hypothesis, results 
of the present study showed that more frequent and longer infant nighttime awakenings 
at 3 months were associated with greater infant-father attachment security at 24 months. 
In addition, a larger decrease in duration of infant nighttime awakenings was associated 
with greater infant-father attachment security but with lower infant-mother attachment 
security at 24 months. The hypothesis of a negative association between infant sleep 
problems and infant-mother attachment security was partly confirmed. As hypothesized, 
duration of infant nighttime awakenings at 3 months was negatively associated with 
infant-mother attachment security at 24 months. Contrary to our expectations, number 
of infant nighttime awakenings at 3 months was not associated with infant-mother 
attachment security at 24 months.

To explore the unexpected finding of a positive rather than negative association between 
number and duration of infant nighttime awakenings and infant-father attachment 
security, we examined the role of paternal involvement. We hypothesized post-hoc that 
frequent and long infant nighttime awakenings may lead to maternal burden and stress, 
thereby affecting the development of a secure infant-mother attachment relationship. 
When, at the same time, fathers increase their involvement in nighttime caregiving 
to reduce maternal burden and stress, infant-father interaction may be stimulated, 
consequently supporting the development of a secure infant-father attachment 
relationship.

Although caution is necessary when interpreting the results of post-hoc analyses, findings 
indicated that initial levels and developmental trajectories of paternal involvement in 
putting the infant to sleep and tending to the infant at night were not associated with 
infant-father attachment security. We recommend future research to include a more 
comprehensive measure of paternal involvement in nighttime caregiving, as the limited 
number of items included in the present study may be insufficient to reliably assess 
fathers’ involvement in nighttime caregiving.

It should be noted that our findings indicated that longer infant nighttime awakenings at 
3 months old were associated with lower infant-mother attachment security. Potential 

2



42 43

i n fa n t  s l e e p  p r o b l e m s  a n d  i n fa n t- pa r e n t  at ta c h m e n t  s e c u r i t yc h a p t e r  2

differences in the extent to which mothers and fathers show sensitive parenting at 
night may be an important area for further research. Paternal sensitivity is one of the 
main predictors of infant-father attachment security (Lucassen et al., 2011; De Wolff & 
Van IJzendoorn, 1997; Verhage et al., 2016). Moreover, a previous study has shown that 
sensitive and responsive maternal nighttime interactions were related to infant-mother 
attachment security at 12 months old (Higley & Dozier, 2009). The use of video recordings 
has been shown to be a valuable method to assess parenting behaviors at night (Anders 
et al.,1992; Burnham et al., 2002; Higley & Dozier, 2009), and could be implemented in 
future research to assess maternal and paternal sensitivity at night. Another direction for 
future research is to examine whether infant sleep arrangements (where and with whom 
the infant sleeps) impacts the relation between infant sleep problems and the infant-
mother and infant-father attachment relationship. Associations between infant sleep 
arrangements and sleep problems are not consistent, and few studies have examined 
the association between bed-sharing and the quality of the infant-parent attachment 
relationship (Mileva-Seitz et al., 2017). Also, research has shown that fathers are more 
likely to support a limit-setting approach (e.g., resisting excessive demands of the infant 
to promote self-soothing abilities) in response to hypothetical case descriptions of 
infants with sleep problems (Sadeh et al., 2007). Hence, associations between infant 
sleep problems, parental limit setting, and infant-father attachment security may be 
examined in future research. Furthermore, there are many other parent, child, family, 
and environmental characteristics, which may be involved in the relation between infant 
sleep problems and infant-father attachment security, which warrant examination in 
future research.

As previously described, longer infant nighttime awakenings at 3 months were associated 
with lower infant-mother attachment security at 24 months, while the number of infant 
nighttime awakenings at 3 months was not associated with infant-mother attachment 
security at 24 months. Studies examining the association between infant sleep problems 
and infant-mother attachment security have so far provided inconsistent results (Bilgin 
& Wolke, 2019; McNamara et al., 2003; Morrell & Steele, 2003; Scher, 2001; Scher & 
Asher, 2004; Simard et al,. 2017; Weinraub et al., 2012). These inconsistent findings may 
be attributed to the different measures used to assess infant sleep problems. Some 
studies have combined various aspects of infant sleep problems in an overall measure 
representing infant sleep problems (Bilgin & Wolke, 2019; Morell & Steele, 2003; Scher 
& Asher, 2004), while other studies focused on distinct sleep outcomes (McNamara et 
al., 2003; Scher, 2001). In contrast to our findings, meta-analytic evidence showed no 
association between the measurement of awakenings and infant-mother attachment 
security (Simard et al., 2017). However, it is important to note that awakenings in this 
meta-analysis was indexed by both the number and duration of awakenings, which 

prohibited the separate examination of these sleep variables in relation to infant-mother 
attachment security (Simard et al., 2017).

Interestingly, findings of the present study suggested that number and duration of infant 
nighttime awakenings may not be indicative of a single construct of infant sleep problems. 
Some infants may show many but short awakenings per night, while other infants may 
show few but lengthy awakenings per night. Therefore, number and duration of infant 
nighttime awakenings may underlie different dimensions of infant sleep problems. A 
meta-analysis shows that the strength of the association between infant sleep and infant-
mother attachment security varies according to the sleep dimension being assessed (i.e. 
sleep problems, nighttime awakenings, sleep duration) (Simard et al., 2017). Therefore, 
it may be useful for future studies to consider and examine different sleep variables 
to generate a more comprehensive and specific understanding of relations between 
infant sleep problems and infant-parent attachment security. Similarly, the association 
between temperamental dependency and different sleep variables could be addressed 
in future studies.

To date, few studies have examined associations between infant sleep problems and 
infant-mother dependency (Bélanger et al., 2015; Scher & Asher, 2004), and studies 
examining the association between infant sleep problems and infant-father dependency 
have been absent. The present study did not reveal significant associations between 
number and duration of infant nighttime awakenings at 3 months and the infants’ 
dependency level towards either their mother or their father at 24 months. In line with 
previous research (Bakermans-Kranenburg et al., 2004; Scher & Ascher, 2004; Waters 
& Deane, 1985), our findings indicated that attachment security and dependency are 
unrelated constructs, and are differently associated with infant sleep problems.

The present study has several important strengths, including a longitudinal design with 
multiple time points to assess developmental trajectories of infant sleep, using both 
mothers’ and fathers’ reports on infant sleep, and observations of attachment security 
and dependency with both parents. Nevertheless, we also point to some limitations which 
are important to consider when interpreting the results. First, given the correlational 
design of the study, longitudinal associations between number and duration of infant 
nighttime awakenings and infant-parent attachment security and dependency cannot be 
interpreted in terms of causality. Second, the sample consisted mainly of highly educated 
families with a Jewish/Caucasian classification. As such, the results of the present study 
may be limited in their generalizability to families with different educational and cultural 
backgrounds. Third, the present study focused on dyadic associations between infant 
sleep problems and infant-parent attachment security and dependency. Future research 
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may integrate a family system approach to examine infant sleep problems in relation to 
patterns of infant-mother and infant-father attachment security within the family. Fourth, 
the AQS provides an infant-parent attachment security score as well as a dependency 
score but does not allow for distinguishing between insecure attachment classifications 
(insecure-avoidant, insecure-ambivalent, and insecure-disorganized).

Finally, we included only parent-reported measures of infant sleep problems, which may 
not be free of reporting bias (see also Tikotzky & Volkovich, 2019; Simard et al., 2013; Scher 
& Asher, 2004). In the present study mother reports and father reports showed high 
interrater reliability at each time point. Yet, maternal reports of infant sleep were not 
significantly correlated with actigraph sleep measures collected at 9 months postpartum. 
Paternal reports and actigraph sleep measures were only moderately correlated. The 
discrepancy between parental reports and actigraph measures may possibly be explained 
by limited parental awareness of infant nighttime awakenings, which may become even 
more apparent over time, when infants have developed self-soothing abilities (Tikotzky 
& Volkovich, 2019). Nevertheless, parental perception of infant sleep problems was 
related to the quality of the infant-parent attachment relationship. Therefore, it may be 
particularly important to target the way parents perceive their infants’ sleep, in addition 
to focusing on the improvement of actual infant sleep.

Conclusion
This longitudinal study showed that infant nighttime awakenings decrease over time, 
which might be reassuring for parents struggling with their infants’ sleep-wake patterns 
in the first few months after birth. Our study found that more frequent and longer 
infant nighttime awakenings at 3 months were associated with greater infant-father 
attachment security at 24 months, while longer infant nighttime awakenings at 3 months 
were related to lower infant-mother attachment security at 24 months. The mechanisms 
explaining these findings remain speculative. Future studies could examine the role of 
paternal involvement in nighttime caregiving in a more comprehensive manner, while 
the assessment of parental sensitivity and parental limit-setting is also recommended. 
The present study revealed that infant sleep problems are differentially associated with 
infant-mother and infant-father attachment security, emphasizing the importance of 
including both parents in research on infant sleep problems and infant-parent attachment 
security. Future longitudinal research is needed to examine which factors are involved in 
the relation between more frequent and longer infant nighttime awakenings and greater 
infant-father attachment security, as well as which factors explain the relation between 
longer infant nighttime awakenings and lower infant-mother attachment security.
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ABSTR ACT

In a longitudinal study we examined whether prenatal family alliance and prenatal 
paternal testosterone levels predicted infant-mother and infant-father attachment 
security, and whether this association was mediated by postnatal family alliance and 
postnatal paternal testosterone levels. In 105 couples expecting their first child, family 
alliance was assessed in the third trimester of pregnancy with the prenatal version of the 
Lausanne Trilogue Play (LTP). Family alliance was measured again six months postnatally, 
using the LTP. Fathers provided testosterone samples prenatally and at six months 
postnatally. Infant-parent attachment was assessed with the Attachment Q-Sort (AQS) 
at 24 months. Results indicated an increase in paternal testosterone levels from the 
pre- to the postnatal period. A more positive prenatal family alliance predicted higher 
infant-father attachment security at 24 months, but not infant-mother attachment 
security. The association between prenatal family alliance and attachment security was 
not mediated by postnatal family alliance or postnatal paternal testosterone levels. This 
study highlights the significance of prenatal family relations, and the need to consider 
in research and practice the divergent effects of prenatal family alliance patterns on 
the emerging infant-mother and infant-father attachment relationships. The underlying 
hormonal mechanisms during the transition to fatherhood are important targets for 
future research.

Keywords: infant-father attachment, prenatal family relations, triadic family interactions, 
testosterone, Lausanne Trilogue Play

INTRODUCTION

A core hypothesis in attachment theory is the important role of parental sensitivity in 
shaping the child’s attachment relationships (De Wolff & Van IJzendoorn, 1997; Grossmann 
et al., 2005). However, meta-analytical evidence shows modest associations between 
parental sensitivity and attachment security, suggesting the involvement of additional 
factors in the development of the infant-parent attachment relationship (DeWolff & van 
IJzendoorn, 1997; Lucassen et al., 2011; Verhage et al., 2016). Few studies have addressed 
the association between family relations, hormonal processes and the development of 
the infant-parent attachment relationship. The aim of this study is to examine for the 
first time how prenatal and early triadic family relations affect the infant attachment 
relationship to both parents and how these associations may be mediated by paternal 
testosterone levels.

Taking a family system perspective on attachment, family relations at the triadic level 
(mother-father-child) may influence the quality of the attachment relationship at the 
dyadic level (mother-child, father-child) (Brown et al., 2010). It is plausible that infants 
who witness cooperative, coordinated and supportive parental interactions perceive 
their parents as secure and trustworthy caregivers to whom they can return in times of 
distress, danger or illness. In contrast, infants who are exposed to discordant, conflicted 
and competitive parental interactions may experience feelings of insecurity and 
uncertainty towards each parent (Caldera & Lindsey, 2006). It has further been argued 
that hormonal processes are involved in the establishment of triadic family interaction 
patterns (Gordon et al., 2010).

The few existing studies on family relations and infant-parent attachment have mainly 
focused on the construct of co-parenting. Co-parenting is defined as the degree to 
which partners share leadership and provide mutual support when working together 
as parents (McHale, 1995). Co-parenting includes dimensions like mutual support, 
cooperation, hostility and competitiveness, and often has a dyadic focus. Caldera and 
Lindsey (2006) reported that competitive co-parenting was associated with less secure 
infant-mother and infant-father attachment relationships, as measured with the self-
reported Attachment Q-Sort (AQS; Waters & Deane, 1985). Another study reported a 
positive association between supportive co-parenting and infant-father attachment 
security, and this association remained significant after controlling for paternal sensitivity. 
However, non-significant associations were found between supportive co-parenting and 
infant-mother attachment security (Brown et al., 2010).
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The different findings for mothers and fathers suggest that family relations may have 
divergent effects on the emerging of infant-mother and infant-father attachment 
relationships. This is in line with studies reporting that family relations have a greater 
effect on fathers than on mothers. For example, when mothers actively support paternal 
interactive efforts with their child, fathers spent more time displaying positive affect, 
gazed at their infants longer and touched their infant more frequently than mothers 
(Gordon & Feldman, 2008). In addition, marital conflict predicted a less secure infant-
father attachment relationship but was not associated with the quality of the infant-
mother attachment relationship (Owen & Cox, 1997).

The effect of family relations on infant-parent attachment relationships may already be 
observed prenatally. During pregnancy parents’ sense of identity is changed and adjusted 
to fit their new role as a parent (Cowan & Cowan, 1992). Also, during pregnancy parents 
begin to form an emotional bond with their unborn baby (Doan & Zimerman, 2003), and 
parents have ideas, fantasies and expectations about their future life with their baby 
(Benoit et al., 1997).

Family interaction patterns have been shown to be rather stable from pregnancy to 
the child’s second birthday (Favez et al., 2006), possibly because they are partly rooted 
in relatively stable personality traits or relational mental models. This would be in line 
with research showing correspondence between expectant parents’ internal working 
models of attachment and subsequent infant attachment classifications (Steele et al., 
1996). Moreover, expectant parents’ ability to fantasize about their future relationship 
with their unborn child has shown to be predictive of the quality of the triadic family 
interaction at 4 months postpartum (von Klitzing et al., 1999). Finally, parents’ perception 
of their romantic relationship during pregnancy predicted the infant-mother and infant-
father bond at 3 and 15 months postpartum (Parfitt et al., 2014).

In sum, relational mental models may already be reflected in prenatal family interactions. 
This would not only suggest that prenatal observations of family interactions can predict 
the quality of the later infant-parent attachment relationships, but also that prenatal 
observations of family interactions may be a stronger predictor of later infant-parent 
attachment relationships than postnatal observations of family interactions.

In the present study, we focus on the construct of family alliance, which is defined as 
the family’s degree of coordination when fulfilling a rather complicated task (Favez et 
al., 2017). Family alliance can be examined with the Lausanne Trilogue Play (LTP; Fivaz-
Depeursinge & Corboz-Warnery, 1999). The LTP incorporates the child as an active 
family member and assesses triadic family interactions in several predetermined 

interactive settings. In the prenatal version of the LTP (Carneiro et al., 2006), the infant 
in the triadic family system is simulated by a doll. By doing so, family alliance can be 
assessed prior to entering parenthood while controlling for the contribution of child 
characteristics (e.g., temperament, gender). Whereas most studies focus on expectant 
parents’ representations and perceptions of family relations, the prenatal LTP allows for 
systematic behavioral observations of intuitive parenting behaviors. The prenatal LTP 
is validated in samples of Swiss (Carneiro et al., 2006), Italian (Simonelli et al., 2012) and 
American expectant parents (Altenburger et al., 2014). Moreover, as it has been shown 
that intuitive parenting behaviors can be activated during interactions with a doll (Favez 
et al., 2006; Voorthuis et al., 2013), it is reasonable to expect that the prenatal version of 
the LTP is able to elicit intuitive parenting behaviors in expectant parents.

Whether the association between family alliance and the infant-parent attachment 
is influenced by hormonal processes is currently unknown. In the present study, we 
focus on paternal testosterone levels. Testosterone is an androgenic steroid hormone 
and is generally considered to be unsupportive of sensitive parenting practices, as it is 
traditionally associated with mating rather than parenting efforts (Bakermans-Kranenburg 
& van IJzendoorn, 2018). In species where males engage in offspring care, testosterone 
levels decline during the transition to fatherhood (Gettler et al., 2011; Storey et al., 2000), 
even though recent meta-analyses reported unexpectedly small effect sizes for lower 
testosterone levels among human fathers compared to non-fathers (Grebe et al., 2019; 
Meijer et al., 2019). Nevertheless, a central hypothesis in endocrine studies of parenting in 
general and fathering in particular implies that lower testosterone levels allow for more 
and better caregiving of offspring (Gettler et al., 2011).

Indeed, fathers with lower testosterone levels have been found to show a more 
optimal expression of the human parenting repertoire, including more affectionate 
touch, gaze and vocalization during father-child interaction (Weisman et al., 2014), and 
feel more sympathy when hearing infant cry sounds (Fleming et al., 2002). Moreover, 
fathers’ decline in testosterone levels during pregnancy predicted fathers’ postpartum 
investment, commitment, and satisfaction in the couple relationship (Saxbe et al., 2017). 
To our knowledge, no study to date has examined how testosterone levels are involved 
in the association between pre-and postnatal triadic family relations and infant-parent 
attachment.

In sum, the aim of the present longitudinal study is to examine the relation between 
triadic family alliance, testosterone and infant-parent attachment security. More 
specifically, it will be the first study examining whether prenatal family alliance and 
fathers’ prenatal testosterone levels are predictive of infant-mother and infant-father 
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attachment security at 24 months and whether this relationship is mediated by postnatal 
family alliance and fathers’ postnatal testosterone levels at six months. We hypothesized 
that higher prenatal family alliance will predict secure infant-mother and infant-father 
attachment at 24 months, above and beyond prenatal testosterone levels. We also 
hypothesized that the relation between prenatal family alliance and secure infant-mother 
and infant-father attachment will be mediated by higher postnatal family alliance and 
lower paternal testosterone levels at six months. Based on the available literature, we 
expected that prenatal family alliance will be more strongly predictive of infant-father 
attachment than of infant-mother attachment.

M ETHOD

Participants
Participants were 105 co-living heterosexual couples, expecting their first child at time 
of recruitment. Families were recruited through internet advertisements, flyers, and 
medical centers. All parents were fluent in writing and speaking Hebrew, middle to upper 
class, and living in central Israel. Mean educational level was 15.36 years (SD = 2.41) for 
fathers and 16.3 years (SD = 2.10) for mothers. All women were in their third trimester of 
pregnancy (M = 29.7 weeks, SD = 2.55 range = 22.27-37.08 weeks) at time of recruitment. 
Parents were in good health, without known neurological or psychological disorders, 
and reported no substantial medication or substance use. None of the parents reported 
any significant pregnancy complications and all infants were single-born. Both parents 
provided written informed consent at the start of the study. The study was approved by 
the institutional review board of the Interdisciplinary Center Herzliya. Families received 
a financial reimbursement and a token of appreciation of their time and effort for their 
participation in each phase of the study.

Procedures
Participants took part in the RIPPLE study, a larger longitudinal study on early socio-
emotional development. For the current analyses, we used data from three measurement 
points: prenatal (T1), six months postpartum (T2), and 24 months postpartum (T3). At T1, 
during the third semester of pregnancy, expectant parents were invited to the lab where 
they were videotaped during the prenatal Lausanne Trilogue Play (LTP; Carneiro et al., 
2006), and provided saliva samples for hormonal measures. The prenatal LTP is a five-
minute, semi-standardized task in which parents are asked to play out their first meeting 
with their newborn. The baby is represented by a neutral doll with the typical size and 
weight of a newborn. The face is undefined with no particular eye, skin, and hair color. 
The prenatal LTP is an adaptation of the postnatal LTP and measures family alliance, 
defined as the degree of coordination parents demonstrate when working together as a 

team in relation to their baby-to-be (Fivaz-Depeursinge et al., 2010). Beyond role-playing 
abilities, the task requires parents’ mutual support and cooperation (Carneiro et al., 2006).

In order to enhance parents’ ability to get into the parenting state of mind and engage 
in the role play involved in the prenatal LTP, and in accordance with the prenatal LTP 
protocol, a research assistant interviewed the parents regarding their present situation, 
respective family histories, and representations about their future child (Carneiro et 
al., 2006; Fivaz-Depeursinge et al., 2010). Parents were then invited to sit in a triangular 
configuration with a crib and were asked to imagine their first encounter with their 
newborn. The research assistant helped the parents get into their roles by role-playing 
the nurse bringing the baby to them for the first time. Parents were instructed to play 
out the four components of the task: (1) One parent plays with the newborn (2) the 
parents switch roles, (3) the parents play together with the newborn, (4) the parents talk 
about the experience they just went through, while they let the baby sleep (for a more 
detailed description, see Carneiro et al. 2006). After exactly five minutes, the research 
assistant entered the room and announced that the task was over.

At T2, when infants were 6 months old, families were invited to the lab where they 
were videotaped during the LTP and provided salivary samples for subsequent hormonal 
analyses. Families were instructed to sit on a mat in a triangular position. Families were 
positioned on a mat instead of chairs because a pilot study showed that six-month-
old infants had difficulties sitting in a high chair for a sustained length of time. This 
adaptation was confirmed and approved by the LTP team in Lausanne (F. Frascarolo, 
personal communication, May, 2016). Parents were asked to play out the four possible 
relational situations of everyday triadic interactions: (1) One parent plays with the infant 
while the other parent is in a third-party position, as participant-observer, (2) the parents 
switch roles, (3) mother, father and child play together, (4) the parents have a discussion 
with each other, while the infant is in the third-party position (for a more detailed 
description, see Fivaz-Depeursinge et al., 1999). Parents could decide how much time 
they spent on each component of the play. The mean duration of the LTP was 9.89 min 
(SD = 1.44 min).

At T3, when infants were 24 months old, two home visits were conducted to assess 
infant attachment security using the Attachment Q-sort procedure (AQS; Vaughn & 
Waters, 1990) – once to assess infant-father attachment and once to assess infant-mother 
attachment. The length of each visit was approximately 90 minutes. Infant-mother and 
infant-father attachment security were rated separately by independent observers. 
Order of assessment was random. The AQS is an evaluation of the child’s attachment 
to the parent through natural observation in the child’s home. During the observation, 
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the researcher asks the parent to behave as they are usually do in a regular situation. 
During the observation, the researcher initiates some situations to elicit secure proximity 
seeking behavior of the infant. Examples include introducing a new and unfamiliar toy 
to the child and making a surprising sound. After the observation, the experimenter 
described the observed behavior by classifying 90 items describing various behaviors of 
the child, most of which represent behaviors with a secure base.

Measures

Prenatal family alliance
Prenatal family alliance was assessed using the prenatal LTP coding system (Carneiro 
et al, 2006). Coding prenatal family interactions using the postnatal LTP coding system 
was shown invalid (Carneiro et al., 2006). Therefore, a coding system to assess prenatal 
family interactions was developed and validated (Altenburger et al., 2014; Carneiro et 
al., 2006; Simonelli et al., 2012). The coding system consists of five scales: (1) Co-parental 
playfulness towards the task (ability of the parents to create a playful space and co-
construct the game), (2) structure of the play (ability of the parents to structure the four 
play parts according to the instructions and to give each part an appropriate duration 
for the play to be established), (3) intuitive parenting behaviors (use of intuitive parenting 
behaviors such as motherese vocalizations), (4) couple’s cooperation (degree of active 
cooperation between the parents during the play), and (5) family warmth (degree of 
affection and humor shared between partners during the play) (Carneiro et al, 2006). A 
5-point Likert-type rating system was used for each scale ranging from 1 (inappropriate) to 
5 (appropriate). An example of inappropriate co-parental playfulness is when one partner 
engages in the play but the other partner struggles and shows no positive engagement 
in the play; or when parents follow the instructions too literally and show no awareness 
that they are involved in a game. An example of appropriate co-parental playfulness is 
when both parents show positive and affective engagement during the play and show 
awareness that they are engaged in a game and interpret the instructions freely (see 
Carneiro et al., 2006, for a more detailed description of scores for each subscale of the 
prenatal LTP coding system). Consistent with other studies, a global score of prenatal 
family alliance was computed, ranging between 5 and 25, with higher scores reflecting 
a more positive prenatal family alliance. The Intraclass Correlation Coefficient (ICC) 
Interrater Reliability (IRR) using 25% of the sample was .84.

Postnatal family alliance
Postnatal family alliance was assessed using the Family Alliance Assessment Scale (FAAS; 
Favez et al., 2011), which analyzes the play across the following scales: (1) Participation: 
refers to the way the family creates an interactional space. Two aspects are considered: 

(a) postures – positioning of the bodies, such that parents show physical engagement by 
orienting their pelvises and torsos towards the child, (b) gazes – each partner is visually 
involved and sees the other parent in his or her peripheral vision. (2) Organization: 
regards the way partners organize the play they have to accomplish. The two subscales 
are: (a) role implication – each parent fulfils his or her role within the different stages of 
the task and allows the other partner to fulfill his or hers, (b) task fulfillment – being able 
to complete all segments of the task in a clear way and to divide enough time to each 
segment in order to complete the entire task in a sufficient time period. (3) Focalization: 
this function refers to partners’ aptitude to share a common focus of interest and/or 
to perform activities together. The two subscales considered are: (a) co-construction – 
the family’s capacity to co-construct activities. We expect all active partners to show 
initiatives and to enrich the ongoing activity in order to create a common focus, while 
also exhibiting turn taking, (b) parental scaffolding – the way parents stimulate their 
child adapted to the child’s state and development; the way parents set limits; and the 
way parents provide guidance about the play framework. (4) Affect sharing: regards the 
global affective climate and to the circulation of affects between the family members. (5) 
Family warmth: the ability of the family members to exhibit fun, enjoyment and pleasure 
from the interactive engagement. (6) Validation: considers the extent to which parental 
behaviors are emotionally attuned to those of the child. (7) Authenticity: refers to the 
extent to which affect expression are congruent with the experienced situations, in 
which the emotional expressions seem to match the context. (8) Interactional sequence: 
regards the partners’ ability of repairing interactive mistakes. These interactive mistakes 
can occur within the subsections, in activities or in the transition from one segment 
to the following segment: (a) repairs of interactive mistakes during activities, (b) repairs 
of interactive mistakes during transitions. (9) Coparenting: assesses the support and 
cooperation parents show to each other in order to strengthen their parental roles. 
The two subscales assessed are: (a) support – active and pronounced signs of support 
are measured here, for example: head nodding for agreement, mutual smiles, or 
positive verbal comments, (b) conflict and disruptive interferences – refers to parents 
engaging in overt or subtle forms of behaviors revealing forms of conflict. (10) Child’s 
contribution: involves two aspects of the child’s autonomy: (a) child’s engagement – 
the child communicating with his/her parents using affective, motor, visual and vocal 
signals, (b) regulation – the infant’s ability to regulate inner states and stay available for 
the interaction.

Each subscale was given a rating of 0 (inappropriate), 1 (moderate), or 2 (appropriate). An 
example of inappropriate participation is when partners’ gazes and their body positions 
do not create an optimal context for interaction, such as when they show bodily signs 
of disengagement and are unavailable for interaction or show prolonged indifferent 
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or neutral attitudes. Appropriate participation can be observed when partners’ gazes 
and body orientation create an optimal context for emotional exchanges and sharing 
of affects (see Favez et al., 2011, for a more detailed description of inappropriate and 
appropriate scores for each subscale of the postnatal LTP coding system). The ratings 
were then summed to create a global score, ranging between 0 and 30, with higher scores 
reflecting a more positive family alliance. The Intraclass Correlation Coefficient (ICC) 
Interrater Reliability (IRR) using 25% of the sample was .92.

Attachment security
Infant-mother and infant-father attachment security were measured separately with 
the Attachment Q-Sort (AQS; Vaughn & Waters, 1990). The AQS assesses attachment 
security of children between 1 and 5 years of age based on a home observation lasting 
90 minutes. An observer rated the typical attachment behaviors of the infant by sorting 
90 cards into nine piles, each containing 10 items. The cards were sorted from “most 
descriptive of the child” to “least descriptive of the child”. The attachment score was 
calculated by correlating the observer’s Q-description with the criterion sort of the 
prototypically secure child (Waters & Deane, 1985). The AQS has been shown to be a valid 
measure of attachment with satisfactory convergent, discriminant and predictive validity 
(Van IJzendoorn et al., 2004). Observers were trained by experts for the assessment of 
infant-parent attachment using the AQS. In the current study, the Intraclass Correlation 
Coefficient (ICC) Interrater Reliability (IRR) using 20% of the sample was .71.

Testosterone levels
Following Granger et al. (2012), whole saliva was collected by passive drool. Samples 
were donated, placed on ice and transferred to the laboratory where they were stored 
frozen at 80°C until assay. Samples were assayed in duplicate for testosterone at the 
Institute for Interdisciplinary Salivary Bioscience Research using commercially available 
enzyme immunoassays without modifications to the manufacturer’s recommended 
protocols (Salimetrics, Carlsbad, CA). The test volume was 50 uL, and range of sensitivity 
was from 1.0 to 600 pg/mL. Inter assay and intraassay precision (coefficient of variation) 
were, on average, less than 15% and 10%, respectively.

R E SU LTS

Preliminary Analysis
Descriptive statistics and zero-order correlations are displayed in Table 3.1. There was 
a significant increase in fathers’ testosterone levels from before birth to six months 
after birth [t(76) = 2.96, p = .004, d = 0.36]. Moreover, as expected, prenatal and postnatal 
family alliance were positively correlated, as well as fathers’ prenatal and postnatal 

testosterone levels. Prenatal and postnatal family alliance were correlated with having a 
secure attachment relationship with the father at 24 months, but none of these variables 
were correlated with infant-mother attachment security at 24 months. Finally, there was 
a positive cross-parent correlation between AQS security scores.

Table 3.1

Means, Standard Deviations, and Zero-Order Correlations between Study Variables

Prenatal
T

Postnatal
T

Prenatal
LTP

Postnatal
LTP

Security
(Mother)

Security
(Father)

Prenatal T

Postnatal T .46***

Prenatal LTP .02 -.14

Postnatal LTP -.01 -.10 .43***

Security (Mother) .03 .01 .05 .09

Security (Father) -.01 .05 .31* .26* .46***

Mean 97.61 106.59 17.42 19.52 0.26 0.27

SD 28.53 31.29 3.90 6.09 0.19 0.22

Note. T = Father’s Testosterone (pg/ml). LTP = Global LTP score: family alliance. Security = Q-sort 
attachment security score * p < .05, *** p < .001.

Mediation Analysis
The estimated mediation model is displayed in Figure 3.1. Parameter estimates and 
bootstrapped confidence intervals are displayed in Table 3.2. We examined whether 
prenatal family alliance and fathers’ prenatal testosterone levels predict attachment 
security at 24 months via family alliance and fathers’ testosterone levels at six months. 
When predicting six-month testosterone levels from prenatal testosterone levels, we 
controlled for the age of the father and the time of day when testosterone samples 
were taken. This model was estimated via Mplus 8 (Muthén & Muthén, 1998-2017) using 
Full Information Maximum Likelihood (FIML) estimation and bias-corrected bootstrap 
confidence intervals. The model fit the data very well [χ2(6) = 0.92, p = .99; CFI = 1.00; 
RMSEA = 0.00; SRMR = .017].

Higher prenatal family alliance directly predicted a more secure attachment relationship 
with the father at 24 months, but not with the mother. There was no mediation through 
postnatal family alliance at six months. Although prenatal family alliance predicted 
postnatal family alliance at six months above and beyond prenatal testosterone levels, 
postnatal family alliance did not predict a secure attachment relationship with the father 
above and beyond prenatal family alliance and prenatal and postnatal testosterone 
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levels. The 95% bias-corrected bootstrap confidence interval for the indirect effect 
from prenatal family alliance to attachment security with the father via postnatal family 
alliance included 0 (β = .04, CI[-.11, .24]), indicating a non-significant effect. However, the 
total effect from prenatal family alliance to attachment security with the father, which 
is the sum of the direct and indirect effects, was significant (β = .39, CI[.12, .68]).

Table 3.2

Maximum Likelihood Standardized Estimates and 95% Bias-Corrected Bootstrap Confidence Intervals 
for Mediation Model Predicting Attachment Security

Regression Path β SE p CILow CIHigh

Prenatal T → Postnatal T (6M) .49 0.13 < .001 .20 .71

Prenatal LTP → Postnatal T (6M) -.14 0.12 .246 -.36 .11

Age → Postnatal T (6M) .09 0.09 .317 -.08 .26

Time → Postnatal T (6M) -.04 0.12 .725 -.27 .21

Prenatal T → Postnatal LTP (6M) -.09 0.10 .376 -.28 .11

Prenatal LTP → Postnatal LTP (6M) .47 0.11 <.001 .23 .65

Prenatal T → Security (Mother) .09 0.14 .549 -.22 .35

Prenatal LTP → Security (Mother) .06 0.14 .691 -.22 .34

Postnatal T (6M) → Security (Mother) -.08 0.16 .638 -.36 .28

Postnatal LTP (6M) → Security (Mother) .04 0.14 .791 -.25 .33

Prenatal T → Security (Father) -.22 0.13 .080 -.46 .03

Prenatal LTP → Security (Father) .35 0.14 .014 .05 .60

Postnatal T (6M) → Security (Father) .18 0.14 .219 -.11 .47

Postnatal LTP (6M) → Security (Father) .09 0.17 .620 -.25 .42

Note. T = Father’s Testosterone (pg/ml). LTP = Global LTP score: family alliance. Security = Q-sort 
attachment security score. Age = Father’s age when postnatal Testosterone samples were taken. 
Time = Time of day when postnatal Testosterone samples were taken.

There was also a marginal but non-significant negative direct effect of prenatal 
testosterone levels on attachment security with the father at 24 months (p = .08, see 
table 3.2), implying that lower prenatal testosterone levels might be associated with 
higher attachment security. Prenatal testosterone levels also predicted testosterone 
levels at six months, but testosterone levels at six months did not predict attachment 
to the father above and beyond prenatal testosterone levels and prenatal and postnatal 
family alliance. There were no effects on attachment security with the mother at 24 
months.

Figure 3.1
Mediation model. Bolded paths are statistically significant

DISCUSSION

This longitudinal study showed that a more positive prenatal family alliance predicted 
higher infant-father attachment security at 24 months, but not infant-mother attachment 
security. There was no mediation through postnatal family alliance or paternal 
testosterone levels at six months. These findings highlight the significance of prenatal 
family relations, and the need to consider in research and practice the divergent effects 
of prenatal family alliance patterns on the emerging infant-mother and infant-father 
attachment relationships.

The predictive role of prenatal alliance in predicting infant-father attachment security 
suggests that the quality of the infant-father attachment relationship depends on the 
ability of the mother and father to cooperate and support each other when working 
together in their roles of parents. The present study found no link between prenatal 
family alliance and infant-mother attachment quality. This is in line with previous studies 
showing that the quality of the parental relationship seems to have a greater effect 
on the infant-father attachment relationship than on the infant-mother attachment 
relationship (Brown et al., 2010; Owen & Cox, 1977).

One possible explanation for the divergent effects on infant-mother and infant-father 
attachment may be that fathers are more susceptible to the quality of family relations. 
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Research has shown that when mothers actively support paternal interactive efforts 
with their child, fathers express more positive parenting behaviors towards their child 
as compared to mothers (Gordon & Feldman, 2008). In contrast, in conditions of marital 
conflict, fathers are more likely to withdraw from their children (Cummings & Watson 
O’Reilly, 1997), and fathers’ withdrawal during a co-parenting negotiation task was 
associated with greater disengagement and the expression of less warmth in a previous 
study with the Lausanne Trilogue Play task (Elliston et al., 2008). These findings suggest 
that the quality of family relations affect paternal behaviors that promote or repress 
infant-father attachment security.

Second, fathers may spend more time in a triadic family setting than in a dyadic family 
setting. Indeed, research has shown that mothers provide higher absolute amounts of 
childcare and spend more time in sole charge of their children as compared to fathers 
(Craig, 2006; Craig & Mullan, 2011). Consequently, fathers may be more dependent on the 
quality of triadic family interactions to establish themselves as secure and protective 
caregivers, while mothers may have more opportunities to do so in solitary interactions 
with their child. Future studies should investigate whether differences in time spent in 
dyadic and triadic family settings explain the divergent effects of prenatal family relations 
on the infant-mother and infant-father attachment relationship.

Third, maternal gatekeeping may be a mechanism accounting for the influence of triadic 
family relations on infant-father attachment security. Maternal gatekeeping refers 
to behaviors such as not sharing childcare responsibilities and criticizing the father’s 
interactions with his child (Gaunt, 2008). Fathers who experienced greater maternal 
restrictions in their involvement with their child at three months postpartum showed 
lower parenting quality at nine months postpartum. Intriguingly, maternal encouragement 
at three months postpartum was not associated with parenting quality at nine months 
postpartum (Altenburger et al., 2018). Nevertheless, it may be that father-child 
interactions in the triadic family setting are influenced by encouragements or restrictions 
of the mother. Future research is needed to examine how maternal gatekeeping behaviors 
in the triadic family setting affect the development of the infant-father attachment 
relationship.

Our results further show that specific family alliance patterns are observable before 
the birth of the baby In addition, prenatal and postnatal family alliance were positively 
related to infant-father attachment security but the relation between prenatal family 
alliance and infant-father attachment was not mediated by postnatal family alliance. 
Postnatal family alliance might still contribute to infant-father attachment security, but 
it did not have a unique effect on infant-father attachment security in our mediation 

model, suggesting that the family dynamics that shape attachment relationships between 
infants and fathers may be better detectable prior to the baby’s birth than after birth. 
An important next step for future research is to examine whether parents’ generalized 
internal working model of attachment relationships are reflected in prenatal family 
relationships and affect later infant-parent attachments. This would be in line with 
research showing correspondence between expectant parents’ internal working models 
of attachment and subsequent infant attachment classifications (Steele et al., 1996).

Postnatal testosterone levels did not mediate the association between quality of prenatal 
family relations and infant-parent attachment security. It appears that alterations in 
paternal testosterone levels occur independently of the establishment of the infant-
father attachment relationship. It may also be that paternal testosterone levels interact 
with other hormones and neuropeptides to mediate the quality of the infant-father 
attachment relationship. Unfortunately, the current study did not allow for testing the 
interplay of testosterone with other hormones and neuropeptides.

Contrary to our hypothesis, our results showed an increase in paternal testosterone levels 
from before to after the birth of the baby. These findings are in contrast with previous 
studies showing that testosterone levels decline during the transition to fatherhood 
(Gettler et al., 2011; Storey et al., 2000). However, it is important to note that these 
studies measured paternal testosterone levels at different age periods as compared to 
the ages included in our study— six months. For example, when assessing between group 
changes, Gettler et al. (2011) stratified groups based on the age of the youngest child; 
fathers with newborns (younger than one month of age), fathers with infants (between 
one month and one year of age) and fathers with children (older than one year of age), 
and included men who were not fathers as the comparison group. Moreover, Storey et 
al. (2000) measured paternal testosterone levels in the early prenatal (between 16 and 
35 weeks pregnancy) and late prenatal period (last three weeks before birth), and in the 
early postnatal (younger than three weeks of age) and late postnatal period (between 
four and seven weeks old).

The downregulation of paternal testosterone levels has been hypothesized to allow for 
better caregiving of offspring (Bakermans-Kranenburg & Van IJzendoorn, 2017; Gettler 
et al., 2011). Nevertheless, testosterone systems have shown to be flexibly dependent 
on context. For example, testosterone levels increase when fathers listen to infant cry 
sounds and are not able to provide a protective or caregiving response, but decrease 
when fathers can provide a nurturing response (van Anders et al., 2012). The flexibility of 
testosterone levels may suggest that paternal testosterone levels are also susceptible to 
fluctuations in the period from pregnancy to fatherhood. Indeed, research has shown 
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that although fathers showed lower testosterone levels than non-fathers, fathers with 
newborn infants (younger than one month of age) showed greater declines in morning 
and evening testosterone levels than fathers with infants (between one month and one 
year of age) and fathers with older children (older than one year of age), and these findings 
were independent of reported psychosocial stress, sleep quality, and involvement in 
caregiving (Gettler et al., 2011).

Moreover, two recent meta-analyses reported rather small combined effect sizes for 
the association between fatherhood and testosterone levels (r =.19 in Grebe et al., 
2019; g = .27 in Meijer et al., 2019). These findings suggest that additional factors may be 
associated with the downregulation of testosterone levels. Additionally, the effect sizes 
reported in these meta-analyses were predominantly based on studies incorporating a 
between subject-design. Much less is known about the magnitude and time window of 
changes in testosterone levels during the transition to fatherhood.

Fathers who are psychologically and hormonally prepared for fatherhood may be more 
likely to show reductions in testosterone levels during pregnancy. Especially fathers 
from intact families who are embracing their future role as fathers may show prenatal 
rather than postnatal reductions in testosterone levels. Relatedly, it has been shown that 
men who are more oriented toward their current partnership have lower testosterone 
levels than men who are less partnership-oriented (Grebe et al., 2019). Studies examining 
testosterone levels at various time points following the same sample in the period from 
pregnancy to the postpartum period are badly needed.

There was also a marginal but non-significant negative direct effect of prenatal 
testosterone levels on infant-father attachment security. Taking a hypothesis generating 
approach, it may be suggested that lower prenatal testosterone levels are associated with 
higher attachment security. Lower paternal testosterone levels during pregnancy may 
prepare fathers to respond sensitively to the infant, which is particular important in the 
early postnatal period when the infant is most vulnerable. However, this interpretation 
awaits further empirical verification, and it underscores the importance of future 
research measuring testosterone levels and parenting behavior at multiple time points 
when examining determinants of the infant-father attachment relationship.

This study has a number of strengths, including the longitudinal design, integration of a 
family system approach, use of pre- and postnatal measures of family relations, inclusion 
of observational measures of attachment security, and incorporation of hormonal 
measures. Moreover, the present study provides fruitful implications for the clinical 
field. Our results suggest the importance of prenatal examinations of family relations. 

This would allow for the identification of families at risk for developing insecure infant-
father attachment relationships. Consequently, interventions can be implemented in 
the prenatal stage, and improvements in the quality of the triadic family system may be 
established before the birth of the baby.

Some limitations of the present study may be taken into account in future research. 
First, our sample predominantly consisted of highly educated parents from middle 
to upper class origin. Future research should include samples with a larger variety of 
socioeconomic and cultural backgrounds. Second, we did not examine dyadic infant-
father and dyadic infant-mother interactions. Incorporating both dyadic and triadic 
family interactions enables examining the direct and indirect associations among family 
interactions patterns and infant-parent attachment security. Third, the setting of the 
prenatal LTP, in which expectant parents are asked to role play their first encounter with 
their newborn, may be experienced by expectant parents as a rather unusual situation. 
However, besides role-play abilities that might be controlled for, the task can activate 
intuitive parenting behaviors, and child characteristics can be made similar for all parents, 
which allows for a valid comparison of parenting behaviors between families (Bakermans-
Kranenburg et al., 2015). As such, the prenatal LTP provides valuable information about the 
quality of the family relationship before the birth of the baby, which might be used for 
the purpose of screening and preventive intervention. Finally, the design of the present 
study does not allow for making inferences about causality, and our findings should not 
be interpreted in terms of causality.

In conclusion, the present study showed that infant-father attachment security but 
not infant-mother security was predicted from prenatal family alliance. In order to 
unravel the mechanisms underlying the development of the infant-father attachment 
relationship, an exclusive focus on paternal behavior is insufficient (Cabrera et al., 2018). 
Instead, our research underscores the importance of including the triadic family system 
when examining precursors of the infant-father attachment relationship. Unraveling 
the role in this process of underlying hormonal mechanisms during the transition to 
fatherhood is an important target for future research.
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ABSTR ACT

Previous research has mostly focused on the hormonal, behavioral and neural correlates 
of maternal caregiving. We present a randomized, double-blind, placebo-controlled 
within-subject design to examine the effects of intranasal administration of oxytocin 
and vasopressin on parenting behavior and the neural and behavioral responses to infant 
cry sounds and infant threat. In addition, we will test whether effects of oxytocin and 
vasopressin administration are moderated by fathers’ early childhood experiences. Fifty-
five first-time fathers of a child between two and seven months old will participate in 
three experimental sessions with intervening periods of one to two weeks. Participants 
self-administer oxytocin, vasopressin or a placebo. Infant-father interactions and 
protective parenting responses are observed during play. Functional Magnetic Resonance 
Imaging (fMRI) is used to examine the neural processing of infant cry sounds and infant 
threat. A handgrip dynamometer is used to measure use of handgrip force when listening 
to infant cry sounds. Participants report on their childhood experiences of parental 
love-withdrawal and abuse and neglect. The results of this study will provide important 
insights into the hormonal, behavioral and neural correlates of fathers’ parenting behavior 
during the early phase of fatherhood.

Trial registration: Dutch Trial Register: NTR (ID: NL8124); Date registered: October 30, 2019.

Key words: fathers, oxytocin, vasopressin, parenting, fMRI,

INTRODUCTION

Parenting behavior in non-human mammals is influenced by endocrine systems (Lonstein 
et al., 2015). Hormonal processes are also implicated in human mothering and fathering 
behaviors (Feldman & Bakermans-Kranenburg, 2017). Several correlational studies in 
humans have shown associations between oxytocin and vasopressin levels and parent-
child interactions (Apter-Levi et al., 2014; Atzil et al., 2012; Feldman et al., 2010). Moreover, 
experimental studies with intranasal administration of oxytocin and vasopressin have 
shown effects on human parenting behavior and neural responses to infant signals 
(Cohen-Bendahan et al., 2015; Naber et al., 2010; Naber et al., 2013; Riem et al., 2011; Riem 
et al., 2016; Thijssen et al., 2018). Whereas most previous research has focused on the 
hormonal, behavioral and neural correlates of maternal caregiving, the present study will 
examine the hormonal, behavioral, and neural dynamics of paternal behavior in first-time 
fathers during a specific phase of fatherhood: between 2 and 7 months after the baby has 
been born. In this protocol, we present a randomized, double-blind, placebo-controlled 
within-subject trial to examine the effects of intranasal administration of oxytocin and 
vasopressin on parenting behavior and the neural and behavioral responses to infant 
signals. In addition, we will examine whether effects of oxytocin and vasopressin are 
moderated by fathers’ early childhood experiences.

Oxytocin and vasopressin in infant-father interactions
Oxytocin and vasopressin are key hormones involved in social and affiliative processes, 
including human parenting behaviors (Feldman & Bakermans-Kranenburg, 2017). Oxytocin 
and vasopressin have been associated with the expression of paternal behavior (Apter-
Levi et al., 2014; Atzil et al., 2012; Feldman et al., 2010). In the first months of parenthood, 
oxytocin levels appear to be similar in mothers and fathers, although they seem 
associated with different interaction styles. Infant-mother interactions characterized 
by high levels of affectionate touch were associated with an increase in oxytocin levels 
in mothers, whereas infant-father interactions characterized by high levels of stimulatory 
contact were associated with an increase in oxytocin levels in fathers (Feldman et al., 
2010). Experimental studies showed that fathers with typically developing children and 
fathers of children with autism spectrum disorder were more stimulating of their child’s 
exploration and autonomy, and showed less hostility after receiving intranasal oxytocin 
administration compared to the placebo condition (Naber et al., 2010; Naber et al., 
2013). Finally, experimental evidence showed that administration of vasopressin increased 
expectant fathers’ interest in direct care for children compared to the control group 
(Cohen-Bendahan et al., 2015). In addition, in a large sample of 119 fathers with 4 to 
6-month-old infants, higher vasopressin levels were correlated with more stimulatory 
contact (Apter-Levi et al., 2014).
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Oxytocin and vasopressin in paternal responses to infant signals
Research has further shown that oxytocin and vasopressin affect neural and behavior 
responses to infant signals (Alyousefi-van Dijk et al., 2019; Atzil et al., 2012; Bakermans-
Kranenburg et al., 2012; Li et al., 2017; Riem et al., 2011; Riem et al., 2016). For example, a 
small functional magnetic resonance imaging (fMRI) study including fathers of 4- to 
6-month-old infants reported a negative association between fathers’ endogenous 
vasopressin levels and activations in the inferior gyrus and insula when watching their 
own infant play, suggesting that lower vasopressin levels enhances social-cognitive and 
empathic responses, although replication of these findings in larger samples is needed 
(Atzil et al., 2012).

However, most research examining the effects of oxytocin and vasopressin on neural 
and behavior responses to infant signals has been conducted in samples of women 
or mothers. For example, a double-blind experimental study including a sample of 42 
nulliparous women showed that they used less excessive handgrip force when listening 
to infant cry sounds after receiving intranasal oxytocin administration compared to 
women in the control group, but this result was only found for women who had no or 
few childhood experiences of harsh discipline (Bakermans-Kranenburg et al., 2012) and 
for nulliparous women with insecure attachment representations (Riem et al., 2016). 
Reduced handgrip force after oxytocin administration may represent a more sensitive 
caregiving response to a crying infant, although this response seems to be dependent on 
individual characteristics and experiences. A speculative explanation for this dependency 
may be that individual characteristics and experiences result in epigenetic changes at the 
oxytonergic receptor level, which may in turn lead to decreased sensitivity for the effects 
of intranasal administration of oxytocin (Bakermans-Kranenburg & Van IJzendoorn., 2013).

On a neural level and in the same sample of Bakermans et al. (2012), nulliparous women 
in the oxytocin condition showed less neural activation in the amygdala and increased 
neural activation in the insula and inferior frontal gyrus when listening to infant cry 
sounds as compared to women in the placebo condition (Riem et al., 2011). This pattern of 
neural activation may suggest that oxytocin reduces anxiety and aversion and enhances 
empathic understanding towards the distressed infant (Riem et al., 2011).

Interestingly, an fMRI study in a sample of 15 fathers of children aged between 1-2 years 
reported that oxytocin administration did not reduce neural activation in the amygdala 
nor affected activation in other brain areas when fathers listened to infant cry sounds 
(Li et al., 2017). Oxytocin administration enhanced neural responses when father’s viewed 
pictures of their own children in the caudate nucleus, dorsal anterior cingulate and visual 
cortex, suggesting enhanced activation in the reward-related circuities of the brain when 

fathers view pictures of their own child (Li et al., 2017). Although findings of Li et al. (2017), 
were based on a small sample and further investigation with a larger sample is needed, 
it should also be noted that differences in neural activation in response to infant cry 
sounds may emerge as a result of sex-specific neural adaptations following parenthood 
(Feldman et al., 2019).

In contrast to oxytocin administration, it is less well known how vasopressin administration 
affects behavioral responses to infant signals and whether effects are dependent on 
individual characteristics and experiences. A study using a within-subject design showed 
that vasopressin administration enhanced the use of excessive force in a sample of 25 
expectant fathers while viewing a picture of an unfamiliar infant compared to viewing a 
morphed picture of the expectant father’s own infant, while reversed results were found 
in the placebo condition (Alyousefi-van Dijk et al., 2019). It was suggested that vasopressin 
administration may enhance the recognition of related offspring, affecting expectant 
fathers’ behavioral responses. The use of increased handgrip force to an unknown infant 
(versus own infant) might be explained by enhanced protective parenting in favor of the 
own child. No significant correlations were found between expectant fathers’ average 
handgrip force and expectant fathers’ experiences of caregiving during their childhood. 
The study did not examine whether expectant fathers’ caregiving experiences during 
childhood moderated the relation between vasopressin administration and use of 
handgrip force (Alyousefi-van Dijk et al., 2019).

The effects of vasopressin administration on neural responses to infant cry stimuli have 
also been examined. In the same sample of Alyousefi-van Dijk et al. (2019), intranasal 
vasopressin administration increased neural activation in response to infant cry sounds 
in the anterior cingulate cortex, paracingulate gyrus, and supplemental motor area, 
suggesting increased empathy and motivation to terminate the infants’ crying (Thijssen 
et al., 2018). This effect was stronger in expectant fathers who experienced lower levels 
of parental love-withdrawal during their childhood. Parental love-withdrawal is described 
as a disciplinary strategy in which the parent withholds love and affection when the child 
misbehaves or fails at a task (Huffmeijer et al., 2011). However, in another study it was 
found that vasopressin administration did not affect the neural processing of infant cry 
stimuli in fathers of 1-2-year-old children (Li et al., 2017).

A meta-analysis including 350 participants from 14 studies (Witteman et al., 2019), largely 
confirmed and also extended findings of previous research describing the neural circuits 
involved in infant cry perception (Rilling, 2013; Swain et al., 2014). Results of the meta-
analysis showed that the auditory system, the thalamocingulate circuit, the dorsal 
anterior insula, the pre-supplementary motor area and dorsomedial prefrontal cortex, 
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the inferior frontal gyrus and structures related to motoric processing were involved in 
infant cry perception. Neural activation in response to infant crying was moderated by 
parenthood such that parents showed more activation in the bilateral auditory cortex, 
posterior insula, pre- and postcentral gyrus and right putamen compared to non-parents, 
while non-parents showed more neural activation in the right caudate nucleus than 
parents (Witteman et al., 2019).

Oxytocin and vasopressin in protective parenting
Finally, oxytocin and vasopressin levels may be related to protective parenting behaviors. 
Animal studies have shown evidence for the involvement of hormonal process in the 
protection of offspring. For example, oxytocin release in the brain of rats was positively 
associated with maternal offence attacks towards an intruder placed into the cage (Bosch 
et al., 2005). Moreover, administration of synthetic oxytocin and infusion of an oxytocin 
receptor antagonist resulted in, respectively, an increase and decrease in maternal 
aggression towards a cage intruder. Finally, binding of oxytocin to receptors in the 
lateral septum was positively related with a peak in maternal aggressive behaviors in rats 
(Caughey et al., 2011). In monogamous male prairie voles, vasopressin injections increased 
and vasopressin antagonists terminated aggressive territorial behaviors towards intruders 
(Winslow et al., 1993). This increase in territorial protection, affected by higher vasopressin 
levels, supports the provision of a safe environment and facilitation of partner and 
offspring protection. These results show that in non-human mammals oxytocin and 
vasopressin are involved in the expression of aggressive behaviors in situations of threat, 
which is in line with results of experimental studies conducted in humans.

In a double-blind between-subject design in which men self-administered oxytocin or 
a placebo, oxytocin increased in-group trust and cooperation but at the same time 
increased defense aggression toward competing out-groups (De Dreu et al., 2010). In 
another double-blind between-subject study in men, oxytocin administration intensified 
the emotional modulation of aversive social stimuli in comparison to placebo (Striepens 
et al., 2012). Furthermore, a study on the relation between oxytocin administration and 
protective parenting, conducted in 16 mothers with depression, showed that after 
oxytocin administration, mothers with a depression showed increased physically and 
verbally protective behaviors when confronted with a socially intrusive stranger (Mah 
et al., 2015).

Research on vasopressin administration in humans implicates a link between vasopressin 
and male aggressive behavior. In a double-blind between-subject study, administration of 
vasopressin in healthy men enhanced electromyography activity of the left corrugator 
supercilii in response to viewing neutral facial expressions, resulting in similar magnitudes 

of activation when viewing angry and neutral facial expressions (Thompson et al., 2004). 
It was speculated that administration of vasopressin may stimulate aggressive behaviors 
in males by biasing them to respond to neutral facial stimuli as if they were threatening.

The neural underpinnings of paternal protection have received little attention. An fMRI 
study (with no focus on hormonal effects) in 21 fathers explored pre- and postnatal 
neural activation in response to viewing infants in situations of threat and reported 
increased brain activation for infant threatening versus neutral situations in the amygdala 
and various cortical and subcortical regions in pre- and postnatal fatherhood (Van ‘t 
Veer et al., 2019). The amygdala has been consistently associated with the detection 
of salience and threat (Duvarci & Pare, 2014; Fox et al., 2015), and may play a pivotal 
role in protective parenting behavior. Results further indicated that neural responses to 
infant threat were associated with protective paternal behavior in everyday life (Van ‘t 
Veer et al., 2019). These findings are the basis for a better understanding of the neural 
correlates of protective paternal behavior. It has not yet been examined how oxytocin 
and vasopressin administration affect the neural processing of threat to the infant.

Current study
In order to shed further light on the underlying mechanisms of fathers’ parenting behavior, 
the present study focuses on the hormonal, behavioral and neural underpinnings of 
fatherhood. In the current study, we will examine the effects of oxytocin and vasopressin 
administration on parenting behavior and the neural and behavioral responses to infant 
signals. We use a randomized double-blind within-subject design and focus on first-time 
fathers in the early postnatal period with a baby is between 2 and 7 months old.

Aims and hypotheses
Our first aim is to examine how intranasal administration of oxytocin and vasopressin 
affects fathers’ behavioral responses to infant signals. Our second aim is to examine how 
intranasal administration of oxytocin and vasopressin affects neural responses to infant 
cry sounds and infant threat. Our third aim is to explore brain-behavior associations taking 
into account the effects of oxytocin and vasopressin administration. Our final aim is to 
explore whether effects of oxytocin and vasopressin administration on behavioral and 
neural responses to infant cry sounds and infant threat are moderated by fathers’ early 
childhood experiences. We hypothesize that infant-father interactions in the oxytocin 
and vasopressin condition are characterized by enhanced stimulatory and sensitive play 
and increased protective paternal behavior as compared to the placebo condition. We 
further expect that oxytocin and vasopressin administration affect behavioral responses 
to infant cry sounds and neural responses to infant cry sounds and threat to the infant.
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M ETHODS

Study design
The current study will employ a randomized-double-blind, placebo-controlled 
within-subject design. Fifty-five first-time fathers of a child aged between two and 
seven months old will visit our research center for three experimental sessions. The 
experimental sessions include three conditions: intranasal administration of (1) oxytocin, 
(2) vasopressin, and (3) a placebo. Participants will be randomly assigned to order of 
administration. Participants and researchers are blind to order of administration. The 
experimental sessions will take place with intervening periods of one to two weeks. The 
datasets generated and analyzed in the current study are archived in accordance with 
the University implementation of the National Guidelines for Archiving of Academic 
Research. Datasets will be made available from the senior author upon reasonable 
request.

Participants

Recruitment
Participants will be recruited through social media, folders and municipality records. 
Municipalities will send fathers of newborn infants on our behalf invitation letters to 
participate in the study. Fathers can express their interest for participation with an 
attached response card. Interested fathers will receive a letter with detailed information 
about the study and inclusion criteria are checked in a phone call. In order to be eligible 
for participation, participants must meet the following inclusion criteria: first-time 
fathers with a child between two and seven months old, living in the same house as 
their partner and baby, both parents must have parental authority. Participants will 
be excluded from the study in case of a history of or when currently suffering from 
neurological disorders, endocrine diseases, psychiatric disorders, cardiovascular diseases, 
use of psychoactive medications, nose injuries and disorders, or magnetic resonance 
imaging contraindications.

Participants will receive a financial reward that increases in value (to a maximum of €130) 
for each session completed: €30 after the first session, €40 after the second session, 
and €50 after the third session. At the final visit, participants will receive a small, age-
appropriate gift for the child. Participants will receive an extra €10 after the final visit if 
they have completed at least 80% of the questionnaires. Travel expenses will be covered. 
The partner of the father is invited to accompany the father and infant to our research 
center. In the event the partner is not able to join the visit, we will arrange childcare by 

an experienced babysitter chosen or approved by the parent. Any childcare costs will 
be covered.

Randomization
Randomization of administration is performed by an independent researcher who is not 
involved in the study. Randomization is performed before the start of the interventions 
using a computer-generated randomization sequence. Assigned order of administration 
is stored in a locked folder in accordance with the University protocol. For a flowchart 
of the phases of the present randomized control trial, see Figure 4.1. At the end of 
each visit, participants are asked to guess their assignment of condition. After the third 
visit, participants are provided with the option to be informed about their order of 
assignment. Participants who want to be informed receive their order of assignment by 
mail from an independent researcher who is not involved in the study. Researchers are 
not informed and remain blind to avoid bias that may be generated by knowledge of 
condition assignment.
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Procedure
In this double-blind placebo-controlled within-subject design, participants are randomly 
assigned to one of the six counterbalanced orders of conditions. Participants are instructed 
to self-administer oxytocin (Syntocinon®, 24 IU/ml, registered in the Netherlands as RVG 
03716), vasopressin (Vasostrict®, 20 IU/ml), or a placebo (Chlorbutanol solution) using a 
nasal spray. Self-administration takes place under supervision of a researcher. High doses 
(> 60 IU) of oxytocin nasal spray may in some cases lead to headache. Based on the single 
doses of 24 IU/ml used in the present study, side effects are negligible (MacDonald et 
al., 2011; Verhees et al., 2018). There are no risks demonstrated to be associated with the 
administration of vasopressin. All experimental medication is prepared by the hospital 
pharmacy of the Amsterdam University Medical Centre, the Netherlands. The doses 
administered are comparable with the doses previously used in research examining the 
behavioral and neural effects of oxytocin and vasopressin administration (Li et al., 2017; 
Tabak et al., 2015; Van IJzendoorn & Bakermans-Kranenburg., 2012).

Participants will be instructed to not consume alcohol and abstain from excessive physical 
activity 24 hours before assessments take place and are instructed to not consume 
any caffeine on the day of assessment. The first behavioral measurement takes place 
30 minutes after intranasal administration of oxytocin, vasopressin or placebo. For an 
overview of the order of assessments during each session, see Table 4.1. Each session 
takes approximately two hours to complete.

Table 4.1

Order of research assessments during each visit

1. Hormonal measures - saliva measurement

2. Intranasal administration of oxytocin, vasopressin or placebo

3. Hormonal measures – hair assessment a

4. Questionnaires

5. Hormonal measures – saliva measurement

6. Infant-parent interaction and protective parenting b

7. Neural responses to infant cry sounds

8. Neural responses to infant threat

9. Handgrip force in response to infant cry sounds

10. Hormonal measures - saliva measurement

Note. a Hair samples are only obtained during the first research visit. b Protective parenting is only 
assessed during the second research visit.
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Measures

Oxytocin and vasopressin measures
A baseline saliva sample is collected prior to administration of oxytocin, vasopressin 
or placebo, 30 minutes after administration and at the end of the research visit 
(approximately two hours after administration). Participants abstain from eating and 
drinking (only water is approved) during their visit. To measure oxytocin and vasopressin 
levels, participants chew for 60 seconds on a cotton swab on which saliva collects. 
Samples are immediately stored in a refrigerator at -80 degrees Celsius until laboratory 
assessment.

Infant-parent interaction and protective parenting
Infant-father interactions will be observed during a 10-minute play session. Participants 
are instructed to engage in their usual routines of play. No play material is provided 
during the first five minutes of the interaction. After 5 minutes, the researcher will hand 
the father a bag of toys and the father is instructed that he can use the toys during play. 
All infant-father interactions are videotaped. Coders will be trained to code interactions 
for sensitive and stimulatory play. During the second visit, after 10 minutes of play, fathers 
and infants are exposed to a short sound fragment (the Auditory Startling Task (AST) to 
measure protective paternal behavior. The sound consists of white noise (80-db) for 10 
seconds with short breaks. The sound can elicit a protective paternal response without 
exposing the infant to any harm. At the end of the sound, the researcher enters the room 
and apologizes for the sound: “I am sorry; we had some technical problems and it took 
me a moment to get things under control. Our apologies”. The participant is debriefed 
about the purpose of the sound fragment at the end of the third session. Protective 
parenting is only assessed once in order to ensure task reliability. Coders will be trained 
to code paternal responses for protective parenting behaviors. For all coding material, 
intercoder reliability (ICC) > .60 will be obtained. Monthly meetings are organized to 
discuss videos and regular checks will be implemented to prevent coder drift.

Neural responses to infant cry sounds
To assess neural responses to infant cry sounds participants listen to cry and scrambled 
control sounds (adapted from Thijssen et al., 2018). A total of 6 cry sounds are recorded 
from 6 infants (3 males, 3 females), using a TasCam DR-05 solid-state recorder with at 
a 44.1 kHz sampling rate and 16 bit. All sounds are recorded between 2 days and 5.5 
months after birth. All cry sounds are scaled, the intensity is normalized to the same 
mean intensity (74 Db) and sounds are edited to last for 10 seconds using PRAAT software 
(Boersma, 2017). For each cry sound, a neutral auditory control stimulus is created by 
calculating the average spectral density over the entire duration of the original sound. 

A continuous sound of equal duration was re-synthesized from the average spectral 
density and amplitude modulated by the amplitude envelope, extracted from the original 
sound. After this procedure, all cry sounds and control sounds are intensity matched. 
The control sounds are identical to the original auditory stimuli in terms of duration, 
intensity, spectral content, and amplitude envelope.

A large screen located at the back of the MRI bore, viewable through a mirror mounted 
on the top of the head coil, is used to display the task. Participants randomly receive one 
of two pre-programmed semi-random orders. The six infant cry sounds are presented 
three times (18 trials). The six corresponding control sounds are also presented three 
times, leading to 36 trials. The task is programmed in E-Prime (Schneider, 2002). Sounds 
are presented for 10 seconds while a fixation cross hair remained visible on the screen. 
Trials are separated by an inter stimulus interval (ISI). To maximize the power of the 
design, ISI is optimized using a web-based tool called Neurodesign (Durnez, 2018). In 
each of the two pre-programmed orders, trials are separated by an ISI of variable length 
ranging from 3.5 – 8.0 seconds, with a mean ISI of 4.5 seconds. Blocks of six trials are 
separated by rest periods of 15 seconds. During the ISI and rest periods, a fixation cross 
hair remains visible. For each sound, the question: “How urgent do you find this sound?” 
is presented once as white text on a black screen together with the presentation of a 
Likert answer scale ranging from not urgent to very urgent. Participants use their index 
finger and ring finger to slide along the answer scale and use their middle finger to answer 
the question. Questions are self-paced and presented at fixed time points, following the 
1th, 2th, 13th, 14th, 25th and 26th trial. All responses are registered using a fiber optic response 
box (Current Designs, Philadelphia, PA, USA).

Neural responses to infant threat
To assess neural responses to infant threat, participants view neutral and threatening 
videos while imagining that their own infant is shown in the videos (adapted from Van 
‘t Veer et al., 2019). Prior to the first visit, participants provide a full-color digital photo 
of their child with a neutral facial expression. Photographs are edited using Adobe 
Photoshop CS to remove unwanted background features. Subsequently, images are 
masked with a black face contour and resized to 640 x 480 pixels. Prior to the start of 
the task, the picture is shown to familiarize the participant with the edited picture of 
their child. The edited picture is also used in another task in which we examine use of 
handgrip force in response to infant cry sounds.

A large screen located at the back of the MRI bore, viewable through a mirror mounted 
on the top of the head coil, is used to display the task. Videos are separated by an inter 
stimulus interval (ISI). To maximize the power of the design, ISI was optimized using a 
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web-based tool called Neurodesign (Durnez, 2018). In each of the four pre-programmed 
semi-random orders, trials are separated by an ISI of variable length ranging from 3.0 – 8.0 
seconds, with a mean ISI of 4.5 seconds. Participants receive 1 of the 4 pre-programmed 
orders of 24 threating and 24 neutral videos. Order is based on study identification 
number (1 assigned to order 1, 4 to order 4, 5 to order 1, etc.). Each order ensures an equal 
distribution of 12 neutral and 12 threatening videos during the first half of the task, and 
12 neutral and 12 threatening videos during the second half of the task.

Prior to the onset of the task, participants view the edited picture of their own infant 
together with a written instruction to imagine that their own infant is displayed in the 
succeeding videos. This instruction together with the edited picture of the infant is 
shown again after each 8 videos (i.e., 6 times in total). After a brief stimulus interval of 250 
milliseconds, the instruction screen advances to one of the four pre-programmed semi-
random order of 48 videos with a duration of 6 seconds each. Neutral and threatening 
video are displayed twice. Videos are selected out of a pool of twelve threatening videos 
(e.g., hot tea is accidentally spilled on a baby, a baby stroller accidentally rolls into a river, 
an adult loses grip of a baby stroller that rolls off a bridge and crashes into a cyclist, a 
car seat with a baby is accidently pushed down the stairs, a baby accidentally falls off a 
changing table while being changed, and a car is parked backwards and hits a baby in a 
car seat which was placed on the parking lot). The threatening videos corresponded with 
twelve matched neutral videos (e.g., tea is placed on a table next to the baby, a baby 
stroller does not roll into the river, an adult on top of a bridge safely puts baby stroller 
on the brakes, a baby lies on the changing table while being changed and a car parks 
backwards at a safe distance from a baby in a car seat placed on sidewalk). These videos 
thus contrast situations in which protective action is called for, and situations which 
requires no protective response. The videos (that will be made available upon request) 
are filmed using a lifelike baby doll by a professional video production team. A neutral 
doll represents the baby in the videos. In order to ease the task of imagining their own 
infant in the videos and to reduce any chance of bias, the depiction of the doll’s face 
and the faces of the actors is minimized.

Handgrip force in response to infant cry sounds
Participants are asked to squeeze a handgrip dynamometer when listening to infant cry 
sounds and control sounds (i.e., scrambled sounds, see Alyousefi-van Dijk et al., 2019), 
while they simultaneously view a picture of their own or an unknown child. The edited 
picture of the fathers’ own child, previously used in the fMRI task to examine neural 
responses, is also used in the present task. A total of three cry sounds are recorded from 
three infants (2 males, 1 female). Cry sounds are recorded within the first two days after 
birth, using a TasCam DR-05 solid-state recorder with a 44.a Khz sampling rate and 16 

bit. All cry sounds are scaled, the intensity is normalized to the same mean intensity and 
sounds are edited using PRAAT software (Boersma, 2017). For each cry sound, a neutral 
control sound is created by calculating the average spectral density over the entire 
duration of the original sound. After this procedure, all cry sounds and control sounds 
are intensity matched. The control sounds are identical to the original auditory stimuli 
in terms of duration, intensity, spectral content, and amplitude envelope.

Participants are seated comfortably in front of a laptop screen wearing headphones, 
while holding the handgrip dynamometer in their dominant hand. During an unlimited 
practice period, participants are instructed to squeeze the handgrip dynamometer at 
full and half strength. Participants can see their performances being graphically displayed 
on a monitor. The monitor is directed away from the participant when they are able to 
modulate their handgrip strength. Participants have no insight into their performances 
during the experimental trials of the task.

The handgrip-force task is administered with a laptop using E-prime (Psychology Software 
Tools, Inc., Sharpsburg, PA, United States). Hand squeezes intensities (in kg) are transferred 
directly from the handgrip dynamometer to AcqKnowledge software (Biopac Systems, 
2004). After the practice period, a baseline measure of handgrip strength is obtained. 
To prompt the participant, the words ‘squeeze maximally’ are displayed in the middle 
of the screen for 1 second, then a fixation is shown for 3 seconds, and subsequently the 
words ‘squeeze at half strength’ are shown for 1 second. Following this baseline measure, 
participants perform three trials requesting to squeeze at maximally and half strength 
in four randomly presented conditions: (1) viewing an image of their own infant while 
hearing scrambled control sounds; (2) viewing an image of their own infant while hearing 
cry sounds; (3) viewing an image of an unknown infant while hearing scrambled control 
sounds; (4) viewing an image of an unknown infant while hearing cry sounds. In each 
trial sounds and images are presented for 12 seconds. After 8 seconds participants are 
prompted to squeeze at maximum strength (instruction displayed for 1 second) followed 
by a request for half handgrip strength (instruction displayed for 1 second). A fixation 
cross is shown for 3 seconds between full- and half handgrip strength prompts. In line 
with previous studies (Alyousefi-van Dijk et al., 2019; Bakermans-Kranenburg et al., 2012), 
modulation of handgrip strength will be calculated by dividing half-strength squeeze 
intensity by full-strength squeeze intensity, so that scores above 0.5 indicate the use of 
excessive handgrip force when a half-strength squeeze is requested.

Early childhood experiences
To examine the moderating role of fathers’ early childhood experiences, fathers report 
on the Conflict Tactics Scale – Parent Child (CTS; Straus et al., 1998), which measures 
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experienced abuse and neglect during childhood. Participants also complete a 
questionnaire measuring use of parental love withdrawal, containing 11 items. Participants 
report on 7 items of the Love Withdrawal subscale of the Children’s Report of Parental 
Behavior Inventory (CRPBI; Beyers & Goossens, 2003; Schludermann & Schludermann, 
1983), from which two items were slightly adapted for a better translation. Four items 
from the Parental Discipline Questionnaire (PDQ; Patrick & Gibbs, 2007) were added 
to obtain a more comprehensive measurement of parental love withdrawal. The 11-
item questionnaire has been frequently used in previously research (Huffmeijer et al., 
2011; Riem et al., 2013; Riem et al., 2017; Thijssen et al., 2018; Van IJzendoorn et al., 2011). 
Reliability and validity of the CRPBI and its subscales had been established (Schludermann 
& Schludermann, 1983) and see also (Locke & Prinz, 2002).

Background variables
We included measures on various background variables to control for confounding 
effects or to compare and combine the present dataset with other datasets collected 
as part of the Father Trials project. During each visit participants report on their quality 
of sleep, personal health and hygiene (developed for the purpose of this study), and 
the Positive and Negative Affect Schedule (PANAS; Watson et al., 1988). After the 
first visit, participants complete the following questionnaires at home: the Baby Care 
Questionnaire (BCQ; Winstanley & Gattis, 2013), Daily Life (DL; developed for the purpose 
of this study), Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987), The Family 
Assessment Device (FAD; Epstein et al., 1983), Gender Specific Orientation Questionnaire 
(GSOQ, developed for the purpose of this study), Highly Sensitive Person Scale (HSPS; 
Aron & Aron, 1997), Parental Protection Questionnaire (PPQ; developed for the purpose 
of this study), Moral Identity Questionnaire (MIQ; Black & Reynolds, 2016), and the Task 
Division questionnaire (TD; developed for the purpose of this study).

After the first visit, online questionnaires are also sent to the partner of the participant. 
The partner completes the following questionnaires at home: BCQ (developed for the 
purpose of this study), FAD (Epstein et al., 1983), DL (developed for the purpose of this 
study), EPDS (Cox et al., 1987) and TD (developed for the purpose of this study). The ethics 
committee of the Leiden University Medical Center (LUMC) approved all questionnaires. 
Questionnaires developed for the purpose of this study have been previously used in 
a pilot study.

Testosterone, estradiol and cortisol levels are measured to explore relations with 
oxytocin and vasopressin levels. Measures of testosterone, estradiol and cortisol are 
obtained prior to administration of oxytocin, vasopressin or placebo, 30 minutes 
after administration and at the end of the research visit (approximately 2 hours after 

administration). Participants collect at least 1.5 ml saliva by expectorating down a straw 
into a test tube. Samples are immediately stored in a refrigerator at -80 degrees Celsius 
until laboratory assessment.

Hair samples of approximately 3-5 mm (diameter) and minimally 3 cm length are cut to 
measure mean cortisol and testosterone levels of the past few months (see also (Rippe 
et al., 2016). Hair samples are cut around the inion of the occipital protuberance, as 
close to the scalp as possible. Hair samples are taped to a paper on which it is indicated 
which hair strands are closest to the scalp. Hair samples are placed into tin aluminum 
foil packages and stored at room temperature until laboratory assessment. Hair color 
and other potential confounders in the measurement of mean cortisol and testosterone 
levels are taken into account using a questionnaire (see Confounders in the measurement 
of Corticosteroids in Hair (CoMCoH)(Rippe et al., 2016)).

Statistical analyses
To examine the effects of oxytocin and vasopressin administration on parenting behavior 
and the behavioral and neural responses to infant signals, statistical analyses will be 
performed within the general(ized) linear mixed model framework (GLMM). Using GLMM, 
we can account for the hierarchical structure of the data (i.e., repeated measurements 
nested within participants). Statistical analyses will be performed using appropriate 
statistical software (e.g., Statistical Package for the Social Sciences (SPSS), R or Mplus. 
Statistical analyses will be performed with an alpha level of .05 (corrected for multiple 
testing using appropriate methods, for example the Benjamini-Hochberg procedure 
(Benjamini & Hochberg, 1995). To explore moderation by fathers’ early childhood 
experiences, fathers’ early childhood experiences will be added as a moderator in the 
proposed GLMM models.

Data management and ethics
Data will be handled confidentially. Data will be stored in the local computers systems 
of the Vrije Universiteit Amsterdam. Data is protected in accordance with the University 
protocol. Personal information and data are treated and processed conform the European 
Union General Data Protection Regulation and the Dutch Act on Implementation of the 
General Data Protection Regulation. Data and hair and saliva samples are coded using a 
participant numbering system. Names and other information that can directly identify 
participants is omitted. Data cannot be traced back to participants in scientific reports 
and publications about the study. The researchers, the committee that monitors the 
safety of the study, the Medical Ethical Committee of the LUMC, and the Inspection for 
the Healthcare have access to the data. All persons with access to the data keep the data 
confidential. Participants who have any questions or complaints about the processing 
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of personal information can contact the principal investigator of the present study, the 
Institutional Data Protection Officer, or de Dutch Protection Authority.

The research protocol (NL70143.058.19) has been approved by the ethics committee of 
the LUMC. Participants provide consent for participation and the use and storage of data. 
Data and hair and saliva samples are stored for 15 years. Both parents provide consent 
for participation of their child, and the use and storage of data concerning their child. 
Participants are informed that participation is voluntary and that they can withdraw from 
the study at any time, without providing any reason and without any consequences. 
Consent forms and all communication material have been approved by the ethics 
committee of the LUMC and are available upon request from the corresponding author. 
Participants can contact an independent expert who is available during the course of 
the study for questions and advice. There are no risks associated with the assessments 
used in the study. Possible side effects of oxytocin are negligible (MacDonald et al., 2011; 
Verhees et al., 2018). No adverse effects have been reported in participants undergoing 
fMRI at the currently used field strengths.

Participants will be informed about the study findings via newsletters, which are 
produced every six months. Furthermore, we will disseminate findings through peer-
reviewed publications, scientific conferences, interviews, and public lectures. Any changes 
in the research protocol are communicated to the Netherlands Trial Registry (NTR), 
ethics committee of the LUMC and to BMC Psychology. When necessary, additional 
consent is obtained from participants. Authorships of publications will be based on 
recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work 
in Medical Journals (International Committee of Medical Journal Editors, 2018). The trial 
is registered in the NTR (Trial ID: NL8124, Date registered: October 29, 2019).

DISCUSSION

The present study will examine the hormonal, behavioral, and neural underpinnings of 
paternal behavior in first-time fathers during a specific phase of fatherhood: between 
two and seven months after the baby has been born. The current study protocol presents 
a randomized, double-blind, placebo-controlled within-subject trial in which we aim to 
examine the effects of intranasal administration of oxytocin and vasopressin on parenting 
behavior and the neural and behavioral responses to infant signals. Moreover, we will 
examine brain-behavior associations, taking into account the effects of oxytocin and 
vasopressin. Finally, we will examine whether behavioral and neural effects are moderated 
by fathers’ early childhood experiences.

Strengths and limitations
The experimental within-subject design of the study is the most important strength 
of the study. A randomized, double-blind, placebo-controlled within-subject design 
is considered the gold standard in testing intervention effects. Randomization ensures 
unbiased assignment of participants to the conditions and blind assessments eliminate 
(un)conscious human influence on research outcomes. Furthermore, it is the first study 
examining oxytocin and vasopressin administration in a within-subject design including 
first-time fathers in the early phase of fatherhood. Most previous research has focused 
on maternal caregiving, the outcomes of this study will provide important insights into 
the hormonal, behavioral and neural correlates of fathers’ parenting behavior and will 
contribute to a better and broader understanding about fatherhood. Another strength 
of the study is that effects of oxytocin and vasopressin administration are measured 
on a behavioral and neural level, which will contribute to an improved understanding of 
brain-behavior associations.

Limitations of the study should also be noted. First, we will recruit participants through 
municipality records. Fathers have to express their interest in participation with the 
attached response card, which may result in selection bias. However, by recruitment via 
municipality records all fathers in the general population are invited to participate in the 
study and random assignment of participants to all three conditions limits the potential 
influence of selection bias on our study outcomes. Another limitation is the inclusion 
of first-time fathers during a specific phase of fatherhood: when the infant is between 
two and seven months old. However, a focus on fathers in the early postnatal period 
is important as this marks a period in which men adapt and grow into their new role of 
being a father. Nevertheless, the results may not be generalizable to fathers with two or 
more children and to first-time fathers with children in an older age range.
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ABSTR ACT

This randomized, double-blind, placebo-controlled within-subject study examined the 
effects of intranasal administration of oxytocin and vasopressin on fathers’ sensitive 
and challenging parenting behaviors. Furthermore, we examined the moderating role of 
fathers’ early childhood experiences. The sample consisted of 70 fathers with their 2- to 
12-month-old infants. Fathers were assigned to each of the three experimental sessions 
(oxytocin, vasopressin, and placebo), with random order and intervening periods of one 
to two weeks. Sensitive and challenging parenting behaviors (CPB) were observed during 
a 10-minute free play task. Results showed no effects of vasopressin administration on 
paternal sensitivity. Fathers in the oxytocin condition were less sensitive than fathers 
in the placebo condition, and this effect was moderated by fathers’ own childhood 
experiences: Fathers who reported higher levels of experienced parental love withdrawal 
were less sensitive in the oxytocin condition as compared to the placebo condition, 
whereas fathers with less experienced parental love withdrawal showed no difference 
in sensitivity between the oxytocin and placebo condition. No effects were found of 
oxytocin and vasopressin administration on fathers’ CPB. Our results, although partly 
unexpected, are consistent with previous literature showing that oxytocin administration 
may exert negative effects in individuals with adverse childhood experiences.

Keywords: fathers, oxytocin, vasopressin, sensitivity, challenging parenting behavior, early 
childhood adversity

INTRODUCTION

Several studies have identified oxytocin and vasopressin as key hormones implicated in 
parenting behavior (Apter-Levi et al., 2014; Lonstein et al., 2015; Rilling, 2013). Whereas most 
studies have devoted attention to the hormonal underpinnings of maternal behavior, 
there is an increasing body of research pointing to the involvement of hormones in 
fathering behaviors (Feldman & Bakermans-Kranenburg, 2017; Grumi et al., 2021). However, 
many of these studies are correlational in nature, and only a few experimental studies 
have examined the effects of intranasal administration of oxytocin (Naber et al., 2010; 
Naber et al., 2013; Weisman et al., 2012) and vasopressin (Li et al., 2017) on fathering 
behaviors in the postnatal period. To gain more insight into the hormonal underpinnings 
of paternal behavior, we conducted a randomized double-blind, placebo-controlled 
within-subject experiment to study the effects of intranasal administration of oxytocin 
and vasopressin on fathers’ sensitive and challenging parenting behaviors in the first 
year of fatherhood.

Sensitive parenting behavior refers to the ability to correctly perceive and interpret infant 
signals and to respond to these signals in an appropriate and prompt manner (Ainsworth 
et al., 1974). Sensitive parents provide a secure base from which infants can explore their 
physical and social environment (Bowlby, 1973). Paternal sensitivity is positively associated 
with children’s cognitive development and emotion regulation (Rodrigues et al., 2021). 
Moreover, sensitive parenting predicts infant attachment security to mothers (De Wolff 
& Van IJzendoorn, 1997) and fathers (Lucassen et al., 2011). Challenging parenting behavior 
(CPB; Majdandžić et al., 2016) is defined as the extent to which parents physically and 
verbally encourage the child to push their limits, or to engage in behaviors outside 
their comfort zone (Majdandžić et al., 2016). CPB includes physical components (e.g., 
rough-and-tumble play or letting the infant ‘fly’) as well as verbal/socio-emotionally 
components (e.g., encouragements to do something difficult, or excitement-inducing 
sounds). CPB is an important aspect of father’s parenting behaviors, possibly because 
CPB promotes exploration as well as physical and social risk-taking, which is considered 
an important dimension of the father-child relationship (Bögels & Phares, 2008; Feldman 
& Shaw, 2021; Paquette, 2004). Moreover, paternal CPB has been associated with less 
anxiety in infancy and early childhood (Majdandžić et al., 2018; Möller et al., 2015). No 
associations were found between paternal CPB and paternal self-reported warmth at 
4 months postpartum, however, small to moderate associations were present when 
the children were 1 year and 2.5 years old (Majdandžić et al., 2016). In sum, sensitive 
and challenging behaviors are important dimensions of parenting. Yet, few studies have 
examined how fathers’ sensitive and challenging behaviors are affected by oxytocin and 
vasopressin levels.
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Previous literature showed that oxytocin and vasopressin levels are related both to 
different and similar parenting behaviors in mothers versus fathers. For instance, a 
correlational study, including mothers and fathers (not couples) and their 4- to 6-month-
old infants, showed that maternal plasma and salivary baseline oxytocin levels were 
positively associated with affectionate touch, whereas paternal plasma and salivary 
baseline oxytocin levels were positively associated with stimulatory touch (Feldman et 
al., 2010). Furthermore, mothers who engaged in high levels of affectionate touch and 
fathers who engaged in high levels of stimulatory touch showed an increase in oxytocin 
levels from pre- to post- parent-infant contact (Feldman et al., 2010). In addition, fathers 
with higher oxytocin levels showed more affect synchrony with their 6-month old child 
during play (Gordon et al., 2010). Moreover, mothers and fathers with higher oxytocin 
levels exhibited more sensitive parenting behaviors towards their 4- to 6-month old 
infants, including increased responsiveness to infant social cues (Apter-Levi et al., 2014). 
However, it should be noted that these previous described studies were all from the 
same laboratory (see Grumi et al., 2021). A study from a different laboratory found that 
fathers who engaged in higher levels of playful touch (e.g., throwing the infant in the 
air) during a free play interaction with their 6-month old infant showed higher post-free 
play oxytocin levels (Morris et al., 2021). Other research reported no association between 
paternal oxytocin levels and the quality of father-toddler interactions (Miura et al., 2015).

Experimental studies showed that fathers who received intranasal administration of 
oxytocin showed more sensitive structuring (i.e., supporting exploration and autonomy) 
and less hostility during play with their child (age range 1.5 to 6 years) as compared to 
the placebo condition (Naber et al., 2010; Naber et al., 2013). Moreover, after receiving 
intranasal oxytocin administration, fathers engaged in more positive parenting behaviors 
during interactions with their 5-month-old infant, including longer episodes of touch 
and social reciprocity as compared to the placebo condition (Weisman et al., 2012). 
These findings indicate that intranasal administration of oxytocin affect specific paternal 
behaviors. Yet, the effects of oxytocin adminsitration on fathers’ sensitive and challenging 
behaviors has not yet been examined in an experimental setting with fathers in the early 
postnatal period.

Vasopressin is structurally similar to oxytocin and differs by only two amino acids (Insel, 
2010). Previous studies suggest a potential role for vasopressin in promoting fathering 
behaviors. For instance, parents with higher vasopressin levels showed more object 
focused play and engaged in more stimulatory contact with their 4- to 6-month-old 
infant (Apter-Levi et al., 2014). Moreover, after administration of intranasal vasopressin, 
expectant fathers (compared to non-expectant men) spend more time looking at 
baby-related avatars (Cohen-Bendahan et al., 2015). On a neural level, administration of 

vasopressin increased neural activation in response to infant cry sounds accompanied 
by emotional (versus neutral) contextual information (Thijssen et al., 2018). In a different 
sample, administration of vasopressin had no effects on neural responses to infant cry 
sounds in fathers in the postnatal period (Li et al., 2017). In the same sample as Thijssen 
et al. (2018), expectant fathers used more handgrip force after vasopressin administration 
(as compared to placebo) in reaction to viewing an image of an unknown infant versus 
viewing an image of their own infant, possibly indicating that vasopressin administration 
reduces empathy for an unknown crying infant (Alyousefi-van Dijk et al., 2019). How 
intranasal administration of vasopressin affects father-infant interactions in the early 
postnatal phase of fatherhood remains to be investigated.

An important factor to consider when examining the effects of oxytocin and vasopressin 
administration on paternal behaviors are individual differences in fathers’ own early 
caregiving experiences. Meta-analytic evidence showed that individuals who grew up in 
positive family environments are more susceptible to the prosocial effects of oxytocin 
administration while individuals with negative family environments are more likely to not 
show a prosocial response after oxytocin administration, or to display a negative response 
(Ellis et al., 2021). Early caregiving experiences may alter oxytocinergic functioning, which 
may help individuals growing up in negative family environments to adapt to a harsh and 
unpredictable future, whereas the oxytocinergic system of individuals growing up in a 
positive family may become adapted to stable and predictable environments (Ellis et al., 
2021). A previous study found that the effects of intranasal vasopressin administration 
on neural responses to infant cry sounds were stronger in expectant fathers from a 
more supportive (relative to less supportive) familial background (Thijssen et al., 2018), 
whereas another study found that fathers’ early life experiences did not moderate 
the effects of intranasal vasopressin administration on neural responses to infant cry 
sounds (Li et al., 2017). In another study, administration of intranasal vasopressin increased 
empathic concern among a sample of students, but only among students who reported 
higher levels of paternal warmth (Tabak et al., 2015). Although cautiously, because neural 
findings have been mixed, available evidence suggests that fathers’ own early caregiving 
experiences moderate the effects of oxytocin and vasopressin administration on 
fathering behaviors.

In sum, the aim of the present study was to investigate the effects of intranasal 
administration of oxytocin and vasopressin on fathers’ observed sensitive and challenging 
parenting behaviors in the first year of fatherhood. We also examined whether 
behavioral effects are moderated by fathers’ own early caregiving experiences. In line 
with correlational results (Apter-Levi et al., 2014; Feldman et al., 2010; but see also Grumi 
et al., 2021) and experimental findings (Naber et al., 2010; Naber et al., 2013; Weisman et 
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al., 2012), we hypothesized that fathers show more sensitive and challenging parenting 
behaviors in the oxytocin and vasopressin condition than in the placebo condition. 
Moreover, based on theories and findings indicating that individuals with more positive 
childhood experiences are more susceptible to the prosocial effects of oxytocin and 
vasopressin administration than individuals with more negative childhood experiences 
(Ellis et al., 2021; Tabak et al., 2015; Thijssen et al., 2018), we hypothesized that behavioral 
effects of oxytocin and vasopressin administration would be stronger in fathers reporting 
more positive (relative to more negative) early caregiving experiences.

M ETHOD

Sample
The study was registered in the Dutch Trial Register (ID: NL8124), and the study protocol 
was published prior to the start of the data collection (Witte et al., 2019). The sample 
consisted of 70 first-time fathers with a healthy single-born infant. Fathers were recruited 
through an information letter sent by the municipality of Amsterdam. Fathers who were 
interested in participation received an additional information letter with a detailed 
description of the study procedures. To be eligible for participation, fathers had to 
meet the following inclusion criteria: fluent in speaking and writing Dutch and living in 
the same house as the infant and the mother. Both parents needed to have parental 
authority and infants had to be healthy and born full-term (i.e., born after 37 weeks of 
gestation). Exclusion criteria for fathers were: neurological disorders, endocrine diseases, 
psychiatric disorders, cardiovascular diseases, use of psychoactive medications, nose 
injuries and disorders, magnetic resonance imaging contraindications (relevant for other 
research questions), regular use of soft drugs, hard drug use within the past three months, 
or excessive alcohol intake. Fathers were on average 35.56 years old (SD = 4.60, range 22 – 
49). Most fathers were born in the Netherlands (99%) and father’s educational level was 
fairly high; 67% had a university master’s degree, 24% had a university bachelor’s degree, 
and 9% had completed secondary vocational education. Infants (46% girls) were between 
2 and 12 months old (M = 6.70, SD = 2.16). Prior to participation, both parents signed an 
informed consent. Fathers received a financial compensation for their participation after 
each research visit (to a maximum of €130), travel expenses were covered, and the infant 
received an age appropriate gift after the final research visit. The study was approved 
by the Ethics Committees of the Leiden University Medical Centre and was carried out 
in accordance with national legislation and The Code of Ethics of the World Medical 
Association (Declaration of Helsinki). See supplementary Figure 5.1 for a CONSORT flow 
diagram of the study.

Procedure
Participants were randomized to each of the three experimental conditions (oxytocin, 
vasopressin, and placebo) in counterbalanced order, with intervening periods of one to 
two weeks. Mean number of days between the first and second research visit was 10.18 
(SD = 10.36). Mean number of days between the second and third research visit was 11.11 
(SD = 9.50). Given the study entails hormonal measures, we tried to schedule individual 
research visits at the same time of day (46%) or within in a 2-hour time difference from 
each other (28%). Due to scheduling difficulties, 26% of the participants had research 
visits that deviated more than 2-hours from another research visit.

An independent researcher conducted randomization of administration using a 
computer-generated randomization sequence, and communicated the randomization 
results to the pharmacy. The pharmacy prepared the nasal sprays and omitted all 
information that could identify condition assignment. Participants, researchers, and 
coders were blind to condition assignment. Participants were instructed to not consume 
caffeine on the day of the research visit, and to not smoke, chew gum, eat or drink (except 
water) 30 minutes before the start of the research visit, and to abstain from alcohol 
intake and excessive physical exercise during the 24 hours preceding the research visit.

Upon arrival, baseline saliva samples of oxytocin and vasopressin were collected using a 
cotton swab (Salivettes, Sarstedt). Subsequently, participants self-administered a nasal 
spray containing either oxytocin (Syntocinon®, 24 IU, registered in the Netherlands as 
RVG 03716), vasopressin (Vasostrict®, 20 IU), or a placebo (see Supplemental materials 
for more details). Following intranasal administration, a 40-minute waiting period was 
included, which is in line with previous research showing that plasma oxytocin levels 
were elevated 30-40 minutes after intranasal oxytocin administration of similar doses 
(Burri et al., 2008; Gossen et al., 2012), and previous recommendations to start sampling 
data 40-45 minutes after intranasal administration of oxytocin 24 IU (Born et al., 2002). 
For vasopressin, a 40-minute waiting period is consistent with previous studies assessing 
the effects of vasopressin administration 20 IU (Rilling et al., 2012; Thompson et al., 2004).

During the 40-minute waiting period, fathers completed several questionnaires and 
received verbal instructions about further study procedures. Thereafter, fathers engaged 
in a 10-minute free play task with their infant. The free play was videotaped for coding 
purposes. No toys were provided during the first 5 minutes of play (“free play without 
toys”). After 5 minutes, a researcher handed the father a bag of toys (“free play with 
toys”). Fathers were instructed to play with their infant as they would normally do. 
Immediately after the free play, participants provided another saliva sample to measure 
oxytocin and vasopressin levels. After the first research visit, fathers completed several 
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online questionnaires at home. After completion of each research visit, participants 
guessed their assignment of condition. Participants were allowed to guess the same 
condition more than once. A guess was considered correct when it was both specific 
and selective. Thus, we considered a guess correct when the participant guessed the 
condition correct and did not guess this specific condition also for another research 
visit. Fathers did not guess above chance level the correct assignment to the oxytocin 
(n = 13, p = .38) or vasopressin (n = 14, p = .22) conditions. However, participants did guess 
the correct assignment to the placebo condition above chance level (n = 18, p = .01). 
We also examined the proportion of correct guesses for each research visit. Binomial 
tests showed that participants did not guess above chance level the correct condition 
assignment at research visit 1 (p = .41), neither at research visit 2 (p = .38), nor at session 3 
(p = .31). These findings indicate no learning process of hormonal administration.

Measures

Paternal sensitivity
Parental sensitivity during the free play task was coded using the Ainsworth scales for 
Sensitivity and Cooperation (Ainsworth et al., 1974). Coding of sensitivity involved the 
entire free play task, including 5 minutes without toys and 5 minutes with toys. The 
Sensitivity scale assesses the caregiver’s ability to accurately perceive and interpret infant 
signals and to respond to them appropriately and promptly. The Cooperation scale 
assesses the extent to which the caregiver shows physical cooperation and absence 
of interference with the infant’s activity. Coders gave an overall score for the 10-
minute interaction and scores ranged from 1 = highly insensitive or highly interfering 
to 9 = highly sensitive or highly cooperative. Examples of highly sensitive behaviors are 
noticing infant signals accurately (e.g. over-excitement), responding to them appropriately 
(e.g. decreasing the intensity of the interaction), and engaging in smooth and complete 
interaction patterns (Ainsworth et al., 1974). Examples of highly insensitive behaviors are 
inappropriate, fragmented or incomplete responses, and lacking understanding, empathy 
or ignoring infant signals (e.g., not picking the infant up when the infant stretches out his 
arms) (Ainsworth et al., 1974).

Examples of highly cooperative behaviors are showing respect for the infant’s autonomy 
and following the infant’s activities (e.g., the infant plays with a toy and the parent 
involves himself in the play) instead of interrupting or controlling the infant’s activities. 
Indicators of highly interfering behaviors are not respecting the infant’s wishes, mood 
or ongoing activities, or imposing physical force (e.g., forcefully taking away a toy from 
the infant’s hands in order to show how it should be used) in situations in which a 
cooperative approach is appropriate. Three coders were extensively trained by the last 

author (expert coder). The four coders, blind to the experimental condition, coded the 
videotaped interactions for paternal sensitivity and cooperation. Each coder coded 
no more than one research visit from the same participant. The average Intraclass 
Correlation Coefficient (ICC) (single measures, absolute agreement) between the expert 
coder and trained observers was .75 for sensitivity and .78 for cooperation. Observers 
coding paternal sensitivity were not involved in the coding of challenging parenting 
behavior CPB. The sensitivity and cooperation scales were strongly correlated across 
research visits and experimental conditions (range r = .59 ‒ .83, p < .001). Therefore, for 
each research visit, scores on the sensitivity and cooperation scales were averaged into 
an overall score indicating paternal sensitivity.

Challenging parenting behavior
The free play task was also coded for challenging parenting behavior (CPB; see Majdandžić 
et al., 2016 for a detailed description of the coding system). Coding was done in 1 min-
intervals and scores ranged from 1 = low frequency and/or intensity of CPB to 5 = high 
frequency and/or intensity of CPB (see also Mahoney et al., 1998 for the rating method). 
Separate scores were assigned for (1) physical CPB during free play without toys, (2) verbal 
CPB during free play without toys, (3) physical CPB during free play with toys, and (4) 
verbal CPB during free play with toys. For each CPB measure, scores for the 1-minute 
intervals were averaged. Lower CPB scores are given when the father shows no physical/
verbal stimulation (score =1) or when, e.g., the father gently moves the infant’s feet around 
or says “whoeee” in a quiet tone of voice or (score = 2). Examples of moderate scores (i.e., 
3) are tickling the infant with moderate intensity/verbal encouragements with moderate 
intensity (e.g., “1, 2, 3… are you ready?”). Examples of higher CPB score are letting the 
infant fly through the air/verbally challenging the infant to practice a difficult physical 
skill (e.g., “yes, there you go, sit up”) (score = 4). Indicators of high CPB scores are throwing 
the infant wildly in the air/verbally challenging the infant to push their limits (e.g., “yes, 
show me that you can roll over to the other side!”) (score = 5) (Majdandžić et al., 2016). 
Age of the infant was taken into account, so that behaviors such as putting an infant into 
a sitting position was coded as CPB when the infant was 4 months old but not when the 
infant was 9 months old. Five coders were extensively trained by the first author who was 
previously trained and supervised by the expert coder (second author). The average ICC 
(single measures, absolute agreement) between the first author and trained observers 
was .66 for physical CPB without toys, .81 for verbal CPB without toys, .70 for physical 
CPB with toys, and .83 for verbal CPB with toys. Coders were blind to the experimental 
condition and coded no more than one research visit from the same participant for CPB. 
Observers coding CPB were not involved in the coding of paternal sensitivity.
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Based on strong correlations across research visits and experimental conditions between 
physical and verbal CPB without toys (range r = .50 ‒ .69, p <.001) and physical and verbal 
CPB with toys (range r = .66 ‒ .73, p <.001), we computed composite scores for CPB 
without toys and CPB with toys by averaging scores on the physical and verbal scales. 
A principal component analysis (PCA) identified two factors (CPB without toys and 
CPB with toys) which explained 82% of the total variance, supporting the creation of 
composite scores for CPB without toys and CPB with toys.

Experienced parental harsh discipline
Fathers completed at home the Conflict Tactics Scale – Parent Child (CTS; Straus et 
al., 1998), which measures experiences of harsh discipline. A total of 18 items from the 
subscales Psychological aggression, Minor physical assault, Severe physical assault, and 
Neglect were included. Items (e.g., “My mother or father said she/he would send me away 
or kick me out of the house”) were scored on a 7-point rating scale (0 = ‘never’, 1 = ‘once’, 
2 = ‘twice’, 3 = ‘3–5 times’, 4 = ‘6–10 times’, 5 = ‘11–20 times’, 6 = ‘more than 20 times’). 
Similar to Thijssen et al. (2018) and Alyousefi-van Dijk et al. (2019), we calculated a CTS 
total score using the following procedure. First, we calculated a Physical assault score by 
averaging scores on the Minor and Severe physical assault scales. Second, we calculated 
an Abuse score by averaging scores on the Psychological aggression and Physical assault 
scales. A CTS total score (M = 0.64, SD = 0.57) was computed by averaging scores on the 
Abuse and Neglect scales. Internal consistency of the items comprising the CTS total 
score was high (α = .81).

Experienced parental love withdrawal
Fathers also completed at home seven items from the Withdrawal of Relations subscale 
of the Children’s Report of Parental Behavior Inventory (CRPBI; Beyers & Goossens, 
2003; Schludermann & Schludermann, 1983). Four items from the Parental Discipline 
Questionnaire (PDQ; Patrick & Gibbs, 2007, and see Huffmeijer et al., 2011) were added to 
obtain a more comprehensive measure of experienced parental love withdrawal. Parental 
love withdrawal involves withholding love and affection when a child disobeys or fails 
to meet parental expectations (Van IJzendoorn et al., 2011). Parental love withdrawal is a 
component of insensitive caregiving, which is suggested to predict insecure infant-parent 
attachment (Bowlby, 1973). Participants indicated whether the items were representative 
of their mother and father (e.g., “My mother was a person who, when I disappointed 
her, told me how sad I made her”) on a 5-point rating scale ranging from 1 (not at all) to 5 
(very well). Maternal and paternal love withdrawal scores were correlated (r = .58, p <.001). 
A total parental love withdrawal score (M = 1.66, SD = 0.60) was computed by averaging 
maternal and paternal scores. Internal consistency of the items comprising the parental 

love withdrawal total score was excellent (α =.91). The parental love withdrawal total score 
was moderately correlated with the CTS total score (r = .39, p <.001).

Oxytocin and vasopressin levels
For baseline levels and manipulation checks, saliva samples were collected before 
nasal administration and on average 60 minutes (SD = 4.00, range 47-71) after nasal 
administration. Participants were instructed to softly chew on the cotton swab for 
60 seconds and to move the cotton swab around in their mouth to stimulate saliva 
collection. Oxytocin and vasopressin levels were analyzed at RIAgnosis (Sinzing, Germany), 
and were quantified using radioimmunoassay. Salivettes were centrifuged at 4 degrees 
Celsius for 30 minutes with ca. 5000 g centrifugal force. Subsequently, 0.3 ml of saliva 
for the analysis of oxytocin and 0.3 ml saliva for the analysis of vasopressin was pipetted 
into a vial. The detection limit for oxytocin and vasopressin was 0.1 pg/ml. Inter-assay 
and intra-assay variability was <10%. Oxytocin and vasopressin levels are reported in 
pg/ml. Paired sample t-tests indicated a significant increase in oxytocin levels (but not 
vasopressin levels) following intranasal administration of oxytocin (p < .001) (see Table 
5.1). Furthermore, results indicated a significant increase in vasopressin levels (but not 
oxytocin levels) following intranasal administration of vasopressin (p < .001). Intranasal 
administration of placebo did not result in a significant increase in oxytocin or vasopressin 
levels. These findings thus suggest that hormonal manipulation was effective, although a 
possible dripping back of nasal fluids may (also) have increased hormonal levels.

Table 5.1.

Oxytocin and vasopressin salivary levels at baseline and following intranasal administration of 
oxytocin, vasopressin or placebo.

Condition Hormone Baseline
M (SD)

Post-administration
M (SD)

t df p 95% CI

Oxytocin Oxytocin 1.28 (0.52) 67.86 (39.51) 13.25 61 < .001 [56.53, 76.63]

Vasopressin 1.73 (0.40) 1.74 (0.39) 0.18 61 .858 [-0.06, 0.07]

Vasopressin Oxytocin 1.53 (0.34) 1.51 (0.37) 0.79 63 .432 [-0.09, 0.04]

Vasopressin 1.58 (0.44) 43.37 (33.78) 9.81 63 <.001 [33.37, 50.22]

Placebo Oxytocin 1.54 (0.36) 1.59 (0.37) 1.76 60 .084 [-0.01, 0.11]

Vasopressin 1.61 (0.34) 1.63 (0.38) -0.70 60 .488 [-0.04, 0.08]

Note. Oxytocin and vasopressin salivary levels are reported in pg/ml.

Data analytic strategy
We performed Linear Mixed Models (LMM) with restricted maximum likelihood (REML) 
as the estimator in IBM SPSS Statistics version 26. An advantage of LMM is that all 
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available data points are included in the analyses (Hesser, 2015). First, separate LMMs for 
each dependent variable were fitted to examine the effects of condition on paternal 
sensitivity, paternal CPB without toys and paternal CPB with toys, respectively. Next, we 
tested whether experienced harsh discipline (CTS) and parental love withdrawal (CRPBI) 
moderated potential effects of oxytocin and vasopressin administration on paternal 
sensitivity and CPB without toys and CPB with toys. For the moderation analyses, we 
fitted an LMM and included condition, experienced harsh discipline (mean centered) 
and experienced parental love withdrawal (mean centered) as fixed factors and added 
interaction terms between condition × experienced harsh discipline (mean centered) and 
condition × experienced parental love withdrawal (mean centered) to the model. We ran 
similar LMMs with standardized instead of mean centered dependent and moderator 
variables to obtain the standardized estimates of the models, which are presented in 
text and the unstandardized estimates are presented in the tables. A priori computed 
power analysis indicated that we had sufficient power (>80%) to detect medium effects 
of condition (see preregistration, Witte et al., 2019).

We had to temporarily stop data collection due to the COVID-19 outbreak, resulting 
in missing data on the second (n = 6) and third (n = 9) research visit. A small number of 
participants dropped out of the study after the first research visit (drop out not COVID-
19 related), resulting in missing data on the second and third research visit (n = 4). One 
participant had missing data on the verbal scales of CPB, due to speaking a different 
language with his infant. For this participant, only scores on the physical CPB scales 
were included. For one participant, recording stopped prematurely and CPB with toys 
was not recorded. Due to technical problems, three videos could not be coded for CPB 
and paternal sensitivity. Four participants did not complete the questionnaires, resulting 
in missing data on experienced harsh discipline (CTS) and parental love withdrawal 
(CRPBI). In total 11.5% of the data was missing across the variables of interest (range 0% ‒ 
14.3%). Missing value analysis showed that Little MCAR (Little, 1988) was not significant, 
χ2(112) = 126.19, p = .17, indicating that data were missing completely at random. Missing 
data were handled using restricted maximum likelihood (REML) as the estimator.

R E SU LTS

Descriptive statistics
Descriptive analyses were performed to examine variable distributions and to identify 
potential outliers. All variables approached normality. Inspection of boxplots with 
corresponding z-values indicated no outliers (defined as z-values > 3.29 or < -3.29). Table 
5.2 shows the means and correlations between all study variables for each experimental 
condition. LMMs indicated no effect of visit period (prior to COVID-19 lockdown 

compared to during the COVID-19 lockdown) on CPB without toys or CPB with toys. 
There was however an effect of visit period on paternal sensitivity, indicating that fathers 
visiting prior to COVID-19 lockdown (M = 4.64, SD = 1.81) were less sensitive compared 
to fathers visiting during COVID-19 lockdown (M = 5.30, SD = 1.26), t(65) = -2.26, B = -0.71, 
SE = 0.32, p = .027.

Correlations were examined between background characteristics (age of infant, age of 
father, gender infant) and the dependent variables (paternal sensitivity, CPB without toys, 
and CPB with toys). Age of infant was significantly correlated to CPB without toys (r = .30, 
p = .002, adjusted for repeated measures), indicating that fathers engaged in more CPB 
during play without toys when children were older. No significant correlations were found 
between the other background characteristics and the dependent variables. LMMs were 
used to examine the effects of number of lab session (1, 2, 3) on paternal sensitivity, CPB 
without toys and CPB with toys. No significant effects were found.

Effects of oxytocin and vasopressin administration on paternal sensitivity
LMM analyses showed a significant main effect of oxytocin administration on paternal 
sensitivity, t(104) = -2.10, β = -.28, p = .038, indicating that fathers were less sensitive in 
the oxytocin condition than in the placebo condition (see Table 5.3). Results remained 
significant after controlling for timing of observation (before COVID-19 pandemic 
or during COVID-19 pandemic). There was no significant main effect of vasopressin 
administration on paternal sensitivity, t(95) = 0.49, β = .06, p = .628.

Early childhood experiences as a moderator of the effects of hormonal admin-
istration on paternal sensitivity
The LMM for paternal sensitivity with interaction terms condition × experienced harsh 
discipline and condition × experienced parental love withdrawal indicated that effects 
of oxytocin administration on paternal sensitivity were not moderated by experienced 
harsh discipline, t(104) = 1.70, β = .29, p = .092. There was however a significant interaction 
effect of oxytocin × experienced parental love withdrawal, t(94) = -2.03, β = -.31, p = .045 
(see Table 5.3 and Figure 5.1). Fathers with higher levels of experienced parental love 
withdrawal were less sensitive in the oxytocin condition compared to the placebo 
condition, whereas fathers with lower levels of experienced parental love withdrawal 
showed similar levels of paternal sensitivity in the oxytocin and placebo condition. 
Effects of vasopressin administration on paternal sensitivity were not moderated by 
experienced harsh discipline, t(115) = 0.73, β = .12, p = .467, neither by experienced parental 
love withdrawal, t(111) = -1.54, β = -.24, p = .127
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Figure 5.1
Experiences of parental love withdrawal moderating the effects of oxytocin administration on 
paternal sensitivitya.
Note. aFigure displays the unstandardized moderation effects for experienced parental love withdrawal. 
Mean experienced parental love withdrawal = 1.66 (SD = 0.60). Fathers with higher levels of experienced 
parental love withdrawal were less sensitive in the oxytocin condition compared to the placebo 
condition, whereas fathers with lower levels of experienced parental love withdrawal showed similar 
levels of paternal sensitivity in the oxytocin and placebo condition.
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Effects of oxytocin and vasopressin administration on paternal CPB
No significant main effects were found of oxytocin administration, t(95) = 0.95, β = .12, 
p = .347 and vasopressin administration, t(98) = -1.03, β = -.14, p = .305 on CPB without 
toys (see Table 5.4). Inclusion of age of infant as a covariate did not alter the results 
for CPB without toys. Similarly, no significant main effects were found for oxytocin 
administration, t(110) = 0.89, β = .12, p = .374) and vasopressin administration, t(96) = -0.30, 
β = -.04, p = .766 on CPB with toys (see Table 5.5).

Moderating effects of early childhood experiences on the relation between 
hormonal administration and paternal CPB
The effect of oxytocin administration on CPB without toys was not moderated by 
experienced harsh discipline, t(92) = -0.41, β = -.07, p = .680, nor by experienced parental 
love withdrawal, t(78) = -0.90, β = -.13, p = .371. Similarly, the effect of vasopressin 
administration on CPB without toys was not moderated by experienced harsh 
discipline, t(104) = -1.81, β = -.30, p = .073, nor by experienced parental love withdrawal, 
t(105) = 0.81, β = .12, p = .423. For CPB with toys, also no moderating effects of experienced 
harsh discipline, t(108) = 1.59, β = .27, p = .115 or experienced parental love withdrawal, 
t(104) = -0.96, β = -.15, p = .339 on the effect of oxytocin administration were found. 
Neither did experienced harsh discipline, t(118) =-0.40, β = .07, p = .690 or experienced 
parental love withdrawal, t(104) = 0.07, β = -.01, p = .946 moderate the effects of 
vasopressin administration on CPB with toys.

DISCUSSION

This study was the first randomized, double-blind, placebo-controlled within-subject 
trial to examine the effects of intranasal administration of oxytocin and vasopressin on 
fathers’ sensitive and challenging parenting behaviors during the first year of parenthood. 
In addition, we examined the moderating role of fathers’ own childhood experiences. 
Against our expectations, fathers were less sensitive during play with their infant in the 
oxytocin condition as compared to the placebo condition, but moderation analyses 
showed that this decrease in sensitivity was only present in fathers reporting higher levels 
of experienced parental love withdrawal. Fathers reporting lower levels of experienced 
parental love withdrawal showed similar levels of sensitivity in the placebo and oxytocin 
condition. We found no effects of vasopressin administration on paternal sensitivity, nor 
of oxytocin and vasopressin administration on fathers’ CPB, and these effects were not 
moderated by fathers’ early childhood experiences.

Oxytocin is well known for its role in promoting prosocial behaviors (Van IJzendoorn & 
Bakermans-Kranenburg, 2012; Yang et al., 2021). Moreover, experimental studies reported 
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that after oxytocin administration, fathers’ showed more sensitive structuring and less 
hostility during play with their child (Naber et al., 2010; Naber et al., 2013). We therefore 
expected that oxytocin administration would enhance fathers’ sensitive interactions 
with their infant. Surprisingly, our findings showed that fathers were less sensitive in 
the oxytocin condition. Yet, we found a moderating effect of fathers’ early childhood 
experiences, such that this decrease in sensitivity was only observed in fathers with more 
experiences of parental love withdrawal in their childhood. This finding is consistent with 
meta-analytic evidence showing null or negative effects of oxytocin administration in 
individuals with adverse childhood experiences (Ellis et al., 2021). Moreover, correlational 
research indicates that higher oxytocin levels in mothers with a history of childhood 
adversity are associated with lower levels of positive parenting behaviors (Julian et al., 
2018). Furthermore, previous studies showed that oxytocin administration can promote 
negative behavioral outcomes in adults with borderline personality disorder (Bartz et 
al., 2010), adults with opioid dependence (Woolley et al., 2016), mothers with postnatal 
depression (Mah et al., 2013), men with major depressive disorder (MacDonald et al., 
2013), and men with anxious attachments (Bartz et al., 2015). Thus, this study adds to 
previous evidence showing that the effects of oxytocin administration seem to depend 
on individual characteristics, and can have negative effects in at risk individuals.

An explanation for these findings is that adverse events in early childhood induce 
changes in the oxytocin system, including down-regulation of oxytocinergic functioning 
(e.g., higher methylation of the oxytocin receptor) (Ellis et al., 2021). These changes are 
assumed to be adaptive, and are associated with a broad range of psychological behaviors 
which may help individuals to navigate through future environments that are harsh 
and unpredictable (Ellis et al., 2021). Indeed, evidence shows that adverse childhood 
experiences have been associated with alterations in the recognition and processing 
of facial expressions (Doretto & Scivoletto, 2018). For instance, children and adults 
with experiences of childhood adversity showed an attentional bias to negative facial 
expressions (Curtis & Cicchetti, 2011; Dannlowski et al., 2013; Feeser et al., 2014), which 
suggests the enhanced identification of potential threat. Interestingly, experimental 
studies found that oxytocin administration to adults with childhood adversity enhanced 
emotion perception abilities (Riem et al., 2014), in particular recognition of angry and 
fearful facial expressions (Schwaiger et al., 2019). Possibly, oxytocin administration to 
fathers with higher levels of experienced parental love withdrawal enhanced their 
attention to negative infant signals which may have affected their ability to provide a 
sensitive response.

For fathers reporting lower levels of parental love withdrawal we expected to find higher 
levels of sensitivity in the oxytocin condition, in line with previous studies showing 

that oxytocin administration enhances sensitive fathering behaviors (Naber et al., 2010; 
Naber et al., 2012). However, these earlier studies did not examine the moderating role of 
adverse childhood experiences. In the present study we found similar levels of sensitivity 
in the placebo and oxytocin condition for fathers reporting lower levels of experienced 
love withdrawal. Positive effects of oxytocin administration have been reported for 
attention orientation toward social stimuli (Eckstein et al., 2019; Hubble et al., 2017), 
and emotion recognition (Leppanen et al., 2017). While attention to and recognition of 
infant emotional signals are prerequisites for parental sensitivity, they do not necessarily 
prompt a sensitive caregiving response. Future studies may examine whether oxytocin 
administration affects attention to and perception of infant signals and whether these 
effects are related to actual fathering behaviors.

The present study reported no effects of vasopressin administration on paternal 
sensitivity, neither were effects of vasopressin administration on paternal sensitivity 
moderated by fathers’ early childhood experiences. To our knowledge, this is the first 
study examining the effects of vasopressin administration on fathering behaviors in 
the first year of parenthood. Previous studies have suggested that vasopressin plays a 
significant role in defensive and territorially behaviors (van Anders et al., 2011). Moreover, 
fathers’ vasopressin levels were associated with lower neural activation in brain regions 
associated with social-cognition and empathy when watching own infant stimuli versus 
unknown infant stimuli (Atzil et al., 2012). Also, after vasopressin administration, expectant 
fathers showed enhanced handgrip force in response to bouts of infant crying while 
viewing an image of an unknown versus own infant face (Alyousefi-van Dijk et al., 2019), 
and showed increased neural activation in response to infant cry sounds coupled with 
emotional contextual information (this it is sick/bored) (Thijssen et al., 2018). These results 
in combination with findings of the present study indicating no effects of vasopressin 
administration on fathers’ sensitive behaviors, point to the possibility that vasopressin 
is more strongly implicated in processes of social cognition and responding to infant 
threat and distress than in paternal sensitivity (Alyousefi-van Dijk et al., 2019; Atzil et al., 
2012; Bakermans-Kranenburg et al., 2019).

Findings regarding fathers’ CPB were not in line with our expectations: we found no 
effect of oxytocin and vasopressin administration on fathers’ CPB, neither during play 
without toys, nor during play with toys. Previous experimental results showed that fathers 
engaged in longer episodes of touch and social reciprocity with their 5-month-old infant 
after oxytocin administration (Weisman et al., 2012). Furthermore, correlational research 
showed that fathers with higher vasopressin levels engaged in more stimulatory play 
with their 4- to 6-month-old infant (Apter-Levi et al., 2014). Yet, CPB includes physical 
and verbal components and is therefore a broader construct than ‘touch’ or ‘stimulatory 
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play’. As such, conceptual differences in observed behaviors might explain why we 
found no effect of oxytocin and vasopressin administration on fathers’ CPB. Moreover, 
as previously noted, effects of vasopressin on fathers’ CPB may be absent because 
vasopressin is suggested to be more strongly involved in social-cognitive processes and 
in responding to infant threat and distress (Alyousefi-van Dijk et al., 2019; Atzil et al., 2012; 
Bakermans-Kranenburg et al., 2019).

Another explanation for the absence of effects for CPB may be that age of the child 
influences the effects of oxytocin and vasopressin on fathers’ CPB. Possibly, hormones 
exert a stronger influence on fathers’ CPB when children become older. It has been 
suggested that fathers’ parenting role changes across childhood (e.g., Bögels & Phares, 
2008), and it may be that CPB becomes a more salient characteristic of the fathering 
role after infancy and is then more strongly influenced by hormones. A literature 
review found support for positive associations between child age and the frequency 
of paternal rough-and-tumble play/CPB, with a peak in these behaviors after the first 
year of life, but also reported negative and non-significant associations between child 
age and frequency of paternal rough-and-tumble play/CPB (Feldman & Shaw, 2021). 
The present study found a positive association between CPB and child age. Moreover, 
although not statistically tested, fathers’ observed CPB slightly increased from 4 to 12 
months old, after which lower levels of CPB were observed at 2.5 years old (Majdandžić 
et al., 2016). Future research is warranted to examine whether oxytocin and vasopressin 
administration exert stronger effects on fathers’ CPB in a later age stage (i.e., in early 
toddlerhood). Additionally, prior research showed that fathers’ social anxiety disorder 
symptoms were associated with lower levels of CPB (Möller et al., 2015). Considering the 
anxiolytic effects of oxytocin (Heinrichs & Domes, 2008), future work might explore 
whether administration of oxytocin promotes CPB by reducing feelings of anxiety in 
fathers with symptoms of social anxiety.

The absence of an effect of oxytocin and vasopressin administration on fathers’ 
challenging behaviors may also be due to a relative lack of variation in the context in 
which CPB was observed. For instance, previous studies assessed CPB across a range of 
different contexts (Majdandžić et al., 2016; Majdandžić et al., 2018). More specifically, 
CPB was observed in various structured movement tasks (e.g., a dancing task) as well 
as in free play tasks (play with and without toys). In the present study, we observed 
challenging parenting behavior during a 5-minute free play setting without toys followed 
by 5 minutes of free play with toys. Perhaps the assessment of CPB across more and 
different types of contexts are needed to obtain a reliable measure of fathers’ CPB, and 
to observe effects of hormonal administration on fathers’ challenging behaviors.

The most important strength of this study was the inclusion of a randomized, double-
blind, placebo-controlled within-subject design. Moreover, we included a hormonal 
manipulation check and measured hormonal levels at baseline and post-administration, 
as recommended by Grumi and colleagues (2021) in a recent review. However, the results 
of the present study should be interpreted in light of the following limitations. First, 
the sample consisted predominantly of highly educated fathers who were born in 
the Netherlands and experienced relatively low levels of childhood adversity. Further 
research is needed to examine whether our findings can be generalized to samples 
with different socio-economic backgrounds and nationalities and to samples with 
higher levels of adverse childhood experiences. Second, fathers were observed in a 
controlled laboratory setting and future studies could examine the effects of oxytocin 
and vasopressin administration on fathers’ sensitive and challenging behaviors in more 
ecologically valid contexts, such as the home. Third, there are many other individual 
factors (e.g., attachment security) and contextual factors (e.g., presence of unfamiliar 
people) that might influence the effects of oxytocin and vasopressin administration on 
parenting outcomes (see also Szymanska et al., 2017). Fourth, the validity of retrospective 
reports of adverse childhood experiences has been questioned (Hardt & Rutter, 2004). 
However, recent work suggests that the impact of subjective, retrospective reports 
of childhood adversities (such as used in our study) may have more impact on later 
development than objective, archival reports (Danese & Widom, 2020). Fifth, dosage 
of administered oxytocin and vasopressin might modulate the effects and establishing 
optimal dosages for both hormones in specific populations is still is an outstanding 
question (Borland et al., 2019; Kosaka et al., 2016; Price et al., 2017). Finally, fathers were 
able to correctly guess above chance level assignment to the placebo condition. These 
findings underscore the importance of careful evaluation of the placebo solution in 
future research. Previous experimental studies have used two distinct placebo solutions, 
which were matched to either the oxytocin or vasopressin solution (Li et al., 2017; Rilling 
et al., 2012). However, in contrast to the present study, participants in these studies 
were not assigned to each experimental condition. In the present study, we including a 
randomized double-blind placebo-controlled within-subject design which allowed for 
comparing the effects of hormonal administration within participants.

Conclusion
The present study was the first randomized, double-blind, placebo-controlled within-
subject trial to examine the effects of oxytocin as well as vasopressin administration on 
fathers’ sensitive and challenging parenting behaviors in the first year of parenthood. 
Findings of the present study showed that fathers who reported higher levels of 
experienced love withdrawal were less sensitive in the oxytocin condition as compared to 
the placebo condition, whereas fathers with lower levels of experienced love withdrawal 

5



120 121

e f f e c t s  o f  o x y t o c i n  a n d  va s o p r e s s i n  a d m i n i s t r at i o n  o n  pat e r n a l  b e h av i o rc h a p t e r  5

showed similar levels of paternal sensitivity in the oxytocin and placebo condition. 
We found no effects of vasopressin administration on paternal sensitivity, neither 
did oxytocin and vasopressin administration affect fathers’ CPB. Although oxytocin 
is well-known for promoting prosocial behaviors, our findings showed that oxytocin 
administration can negatively affect paternal sensitivity, depending on fathers’ own 
childhood experiences. Importantly, oxytocin administration, which has been proposed 
as a promising therapeutic intervention, may not be effective for individuals with adverse 
childhood experiences.
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ABSTR ACT

In a randomized double-blind within-subject control study we investigated the effects 
of oxytocin and vasopressin administration on neural reactivity to infant cry sounds in 
70 first-time fathers in the first year of fatherhood. Additionally, we examined whether 
effects of oxytocin and vasopressin administration on neural reactivity were moderated 
by fathers’ early childhood experiences. Neural reactivity to infant cry sounds (versus 
control sounds) was measured using functional magnetic resonance imaging (fMRI). 
Furthermore, participants reported on their childhood experiences of parental harsh 
discipline and parental love withdrawal. Whole brain analyses revealed no significant 
effect of vasopressin or oxytocin administration on neural activation in response to 
infant cry sounds. Region of interest analyses showed decreased amygdala activation in 
both the oxytocin condition and the vasopressin condition as compared to placebo. We 
found no moderating effects of fathers’ early childhood experiences. Our findings suggest 
that oxytocin administration may decrease feelings of anxiety or aversion to a crying 
infant. Whether decreased amygdala activation after vasopressin administration might 
be explained by contextual factors (e.g., absence of high levels of threat, unfamiliarity 
of the infant) or represents an affiliative response to infant distress warrants further 
investigation. Findings of the present study showed that oxytocin and vasopressin are 
important hormones implicated in neural models of infant cry perception in fatherhood.

Keywords: fathers, fMRI, infant crying, oxytocin, vasopressin, randomized controlled trial

INTRODUCTION

Crying is a primary means by which infants communicate their need for parental care. 
Parents who respond sensitively to their infant’s signs of distress stimulate positive 
child development and attachment security (De Wolff & Van IJzendoorn, 1997; Fearon 
& Roisman, 2017). Infant crying, particularly when prolonged and inconsolable, may also 
trigger feelings of aversion, anxiety or frustration in parents, and may even lead to child 
abuse and neglect (Barr et al., 2006; Out et al., 2010; Reijneveld et al., 2004). Importantly, 
parental responses to infant crying may be shaped by parents’ neural processing of infant 
cry sounds (Mascaro et al., 2013). Most studies have focused on neural models of infant cry 
processing in mothers and only a few studies have examined neural responses to infant 
crying in fathers (e.g., (Alyousefi-van Dijk et al., 2019; Khoddam et al., 2020; Li et al., 2018). 
Moreover, whether fathers’ neural responses to infant crying are affected by hormonal 
levels is still largely unknown. In one of our previous studies, we found no effects of 
vasopressin administration on neural processing of infant cry sounds in expectant fathers 
(Thijssen et al., 2018). To shed further light on the hormonal mechanisms implicated in 
neural models of infant cry perception during the first year of fatherhood, we conducted 
a randomized double-blind, placebo-controlled within-subject experiment in which we 
examined the effects of oxytocin and vasopressin administration on neural responses to 
infant crying in first-time fathers with a child between 2 and 12 months old. In addition, 
we examined whether effects of hormonal administration on neural responses to infant 
crying were moderated by fathers’ early childhood experiences.

Fathers in Western, industrialized countries have significantly increased their involvement 
in child caregiving (Bakermans-Kranenburg et al., 2019). Along with father’s emerging 
childcare responsibilities, scientific interest in the neurobiology of fatherhood is growing. 
Recently, a narrative review pointed to three cortical networks that may be involved in 
fathers’ neural processing of visual and auditory child stimuli: (1) a mentalizing network, 
including (among other regions) the medial prefrontal cortex, (2) an embodied simulation 
network, including the anterior insula, and (3) an emotion regulation network, including 
the inferior frontal gyrus (Provenzi et al., 2021). In addition, the amygdala and the bilateral 
motor areas, among other (sub)cortical structures, were found to be activated in response 
to child stimuli. These findings point to multifaceted neural networks involved in the 
processing of child stimuli in fathers (Provenzi et al., 2021).

When focusing on infant cry perception specifically, expectant fathers and fathers of 
infants showed increased activation in response to infant cry sounds (versus control 
sounds) in neural regions including (among others) the medial pre-frontal cortex, insula, 
inferior frontal gyrus, bilateral auditory cortex, posterior cingulate, and precuneus 
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(Khoddam et al., 2020; Li et al., 2018; Thijssen et al., 2018). These findings were largely 
in line with results of a meta-analysis assessing previously proposed models of infant 
cry perception (Witteman et al., 2019). In healthy adults, the auditory system, the 
thalamocingulate circuit, the dorsal anterior insula, the pre-supplementary motor area 
and dorsomedial prefrontal cortex, the inferior frontal gyrus and structures related to 
motoric processes were activated during infant cry processing (Witteman et al., 2019). 
Compared to non-parents, parents showed stronger activation in the bilateral auditory 
cortex, posterior insula, pre- and postcentral gyrus and right putamen, and less neural 
activation in the right caudate nucleus (Witteman et al., 2019). These results suggest that 
parents may process infant cry sounds more efficiently and are more determined to stop 
infant crying. In the same vein, meta-analytic results of infant cry perception (Witteman 
et al., 2019) largely overlapped with brain regions that were active when fathers in the 
early postnatal period could select different soothing strategies in an fMRI video game 
format to console a crying infant as compared to when fathers passively listened to 
infant cry sounds (Rilling et al., 2021).

Oxytocin and vasopressin are potential candidates affecting neural responses to infant 
cry sounds. Oxytocin and vasopressin act as hormones and neurotransmitters, are 
structurally comparable, and are able to bind to each other’s receptors (Carter, 1998; 
Weisman et al., 2013). Both hormones have been associated with the regulation of social 
behaviors, including social cognition, pair bonding, and parental caregiving (Heinrichs 
& Domes, 2008; Meyer-Lindenberg et al., 2011). Specifically, oxytocin has been found 
to enhance the encoding of social signals, empathy, and in-group trust, and promotes 
positive parent-infant interactions (Bartz et al., 2011; Feldman et al., 2010; Macdonald & 
Macdonald, 2010; Miura et al., 2015; Van IJzendoorn & Bakermans-Kranenburg, 2012; Vittner 
et al., 2019). Furthermore, oxytocin exerts anxiolytic effects and attenuates endocrine 
and autonomic responses to stress (Heinrichs & Domes, 2008).

Vasopressin plays a role in defensive and territorial behaviors (van Anders et al., 2011), 
social memory (Guastella et al., 2011), and in the encoding of both positive and negative 
human facial expressions (Guastella et al., 2010). In contrast to oxytocin, vasopressin 
exerts anxiogenic effects and elevated vasopressin levels have been associated with 
mood and anxiety disorders in humans (Surget & Belzung, 2008). Vasopressin has been 
proposed to play an important role in regulating social behaviors in males, possibly 
because vasopressin synthesis is mediated by testosterone receptors (Grande et al., 
2020). Few parenting studies have concurrently examined the effects of oxytocin and 
vasopressin administration on neural responses to infant stimuli, and a comprehensive 
understanding of the potential unique and overlapping effects of oxytocin and 
vasopressin administration is currently absent.

A previous study indicated that nulliparous women receiving intranasal oxytocin (as 
compared to placebo) showed increased insula and inferior frontal gyrus reactivity during 
exposure to infant cry sounds and decreased activation of the amygdala, suggesting 
that oxytocin stimulates sensitive responses to infant crying by enhancing empathy and 
decreasing anxiety and aversion (Riem et al., 2011). However, oxytocin administration did 
not affect neural responses to infant cry sounds (versus control stimulus) in 15 fathers 
with 1-2-year-old first-born and non-first-born children (Li et al., 2017). The effects of 
oxytocin administration on infant cry perception in the first year of fatherhood (between 
2 and 12 months after the birth of their first child) is currently unknown.

Few studies have examined whether experimentally induced vasopressin levels affect 
infant cry perception. In our previous study with 25 expectant fathers, no effects of 
vasopressin administration (compared to placebo administration) on neural responses 
to infant cry sounds (versus auditory control stimulus) were found (Thijssen et al., 2018). 
Similarly, another study reported no effects of vasopressin administration on infant cry 
processing in fathers (Li et al., 2017). Yet, the previous studies included relatively small 
samples, thereby limiting the statistical power to detect effects. Moreover, expectant 
fathers have not yet been exposed to infant crying while fathers with older children may 
no longer be exposed to frequent bouts of infant crying. As such, examination of the 
effects of vasopressin administration on neural responses to infant crying in fathers in 
the first year, using a larger sample than in previous studies, is needed to complement 
this pioneering work.

Importantly, evidence suggests that the prosocial effects of oxytocin and vasopressin 
administration are moderated by early childhood experiences (Ellis et al., 2021; Tabak et al., 
2015). A speculative explanation for the moderating effects of early childhood experiences 
is that early childhood experiences alter gene expression, resulting in individuals being 
less or more susceptible for the prosocial effects of hormonal administration (Ellis et al., 
2021). Meta-analytic evidence showed that intranasal oxytocin administration generated 
more positive outcomes (e.g., emotion recognition) in adults who reported less adverse 
childhood experiences as compared to adults who reported more childhood adversity 
(Ellis et al., 2021). Interestingly, in the oxytocin condition, fathers reporting more negative 
childhood experiences showed heightened activation in a neural region associated with 
theory-of-mind processing (Li et al., 2017). Furthermore, fathers reporting less negative 
childhood experiences (compared to more negative childhood experiences) showed 
increased neural activation after intranasal vasopressin administration in response 
to infant cry sounds (versus control sounds), suggesting larger effects of vasopressin 
administration in fathers with less negative childhood experiences (Thijssen et al., 2018). 
Yet, these findings derived from exploratory analyses and require further investigation. 
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In another study with intranasal vasopressin administration, no moderating effects of 
fathers’ early childhood experiences were found on infant cry processing (Li et al., 2017). 
In the current study, we examine whether fathers’ negative childhood experiencing 
moderate the effects of oxytocin and vasopressin administration on infant cry processing.

In sum, the aim of the present randomized double-blind, placebo-controlled within-
subject experiment is to extend our previous findings on the effects of vasopressin 
administration on neural processing of infant crying (Thijssen et al., 2018), in a larger 
sample consisting of 70 first-time fathers in the first year of parenthood. Similarly, we 
examine how administration of oxytocin affects neural processing of infant crying. We 
hypothesize that fathers in the oxytocin and vasopressin conditions (as compared to 
the placebo condition) show increased activation in regions implicated in infant cry 
perception (Provenzi et al., 2021; Witteman et al., 2019), specifically, in regions of interest 
related to mentalizing, empathy, and emotion regulation: the medial prefrontal cortex, 
the anterior insula, and the inferior frontal gyrus. As oxytocin has shown to exert 
anxiolytic effects while vasopressin exerts anxiogenic effects (Heinrichs & Domes, 2008; 
Surget & Belzung, 2008), we hypothesize that oxytocin administration reduces amygdala 
activation while vasopressin administration increases amygdala activation in response to 
infant crying. We further examine whether potential effects of hormonal administration 
on infant cry processing are moderated by negative childhood experiences. Based on 
findings from our previous study (Thijssen et al., 2018) and meta-analytic evidence (Ellis 
et al., 2021), we expect stronger effects of oxytocin and vasopressin administration on 
infant cry processing for fathers reporting less negative (as compared to more negative) 
childhood experiences. For replication purposes, we specifically focus on the anterior 
cingulate cortex (ACC) as findings of Thijssen et al (2018) indicated stronger effects of 
vasopressin administration on ACC activation in expectant fathers with less negative 
childhood experiences.

M ETHOD

Participants
The study was registered in the Dutch Trial Register (ID: NL8124). Data collection started 
after we published our study protocol (Witte et al., 2019). Participants were 70 first-
time fathers with a healthy single-born infant. See Supplementary Figure 6.1 for a 
CONSORT flow diagram. Fathers were recruited through municipal records in the city 
of Amsterdam. Eligible fathers received an invitation letter and a response card to express 
their interest in participation. Interested fathers received a detailed description of the 
study procedures and were subsequently screened by a researcher to check inclusion 
and exclusion criteria. Fathers cohabited with the infant and mother. Fathers were fluent 

in speaking and writing Dutch and were on average 35.56 years old (SD = 4.60, range 
22 – 49). Most fathers were born in the Netherlands (99%) and were highly educated; 
67% had a university master’s degree, 24% had a university bachelor’s degree, and 9% 
had completed secondary vocational education. Infants (46% girls) were born after 
37 weeks of gestation and were between 2 and 12 months old (M = 6.70, SD = 2.16). 
Fathers reported no neurological disorders, endocrine diseases, psychiatric disorders, 
cardiovascular diseases, use of psychoactive medications, nose injuries and disorders, 
magnetic resonance imaging contraindications, regular use of soft drugs, hard drug use 
within the past three months, or excessive alcohol intake. Both parents had parental 
authority and parents provided written informed consent before the start of the study. 
The study was carried out in accordance with The Code of Ethics of the World Medical 
Association (Declaration of Helsinki). Participants’ travel expenses were covered and 
fathers received a financial reimbursement for their participation in each phase of the 
study (with a maximum of €130). The infant received an age-appropriate present after 
completion of the last research visit.

Procedure
Fathers participated in three experimental conditions (oxytocin, vasopressin, and 
placebo) in counterbalanced order, with intervening periods of one to two weeks. 
Prior to the start of the study, an independent researcher performed randomization of 
administration, using a computer-generated randomization sequence and communicated 
this information to the pharmacy. The nasal sprays were prepared by the pharmacy and 
contained no information about the experimental condition. Participants and researchers 
were blind for condition assignment. Average number of days between the first and 
second research visit was 10.18 (SD = 10.36). Average number of days between the second 
and third research visit was 11.11 (SD = 9.50). Given the study entailed hormonal measures, 
participants’ individual research visits were (when possible) scheduled at the same time 
of day (46%) or within in a 2-hour time difference from each other (28%). Because of 
scheduling difficulties, 26% of the research visits could not be scheduled within 2-hours 
from another research visit.

At the start of the research visit, baseline levels of oxytocin and vasopressin were 
collected by means of a cotton swab (Salivettes, Sarstedt). Following, participants 
self-administered a nasal spray with either oxytocin (Syntocinon®, 24 IU, registered 
in the Netherlands as RVG 03716), vasopressin (Vasostrict®, 20 IU), or a placebo (see 
supplemental materials for details). After nasal administration, participants completed 
several questionnaires, received instructions about the fMRI protocol, and engaged in a 
10-minute free play session with their infant (not included in the present study). After the 
free play session, fathers collected another measure of salivary oxytocin and vasopressin 
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levels. Subsequently, fMRI measures were conducted. After completing a handgrip 
force task (not included in the present study), a final salivary oxytocin and vasopressin 
measure was collected. After the first research visit, fathers were asked to complete 
several online questionnaires at home. After each research visit, participants guessed 
their assignment of condition. Participants were allowed to guess the same condition 
multiple times. A guess was correct when the guess was specific and selective. Thus, a 
guess was correct when the participant guessed the correct condition and did not guess 
this specific condition more than once. Participants did not correctly guess above chance 
level assignment to the oxytocin (n = 13, p = .38) or vasopressin (n = 14, p = .22) conditions. 
However, participants did correctly guess above chance level assignment to the placebo 
condition (n = 18, p = .01). Using Binomial testing, we also examined the proportion of 
correct guesses in each research visit. Participants did not guess above chance level their 
condition assignment at research visit 1 (p = .41), neither at research visit 2 (p = .38), nor at 
session 3 (p = .31). This indicates that there was no hormonal-based learning process. A 
priori computed power analysis indicated that we had sufficient power (>80%) to detect 
medium effects of condition (see preregistration, Witte et al.,. 2019).

Measures

Infant cry task
Neural processing of infant cry sounds was examined using cry and scrambled control 
sounds (Thijssen et al., 2018; Witte et al., 2019). A total of 6 unfamiliar cry sounds were 
recorded (3 boys, 3 girls). Cry sounds were recorded when infants were between 2 days 
and 5.5 months old using a TasCamDR-05 solid-state recorder with a 44.1 kHz sampling 
rate and 16 bit. All cry sounds were scaled and the intensity was normalized to the same 
average intensity (74 Db). To set the duration to 10 seconds, cry sounds were edited using 
PRAAT software. Each cry sound was matched to a neutral control sound by calculating 
the average spectral density over the entire duration of the corresponding cry sound. A 
continuous sound of equal duration was re-synthesized from the average spectral density 
and amplitude modulated by the amplitude envelope, extracted from the original sound. 
Thereafter, cry and control sounds were intensity matched. Cry and control sounds were 
of identical duration, intensity, spectral content, and amplitude envelope (Thijssen et 
al., 2018; Witte et al., 2019).

Participants were randomly assigned to one of the two pre-programmed semi-random 
orders. Infant cry sounds and control sounds were each presented 3 times (36 trials). 
Blocks of six trials were separated by rest periods of 15 seconds during which the fixation 
cross hair remains visible. The task was originally programmed in E-prime (Schneider et 
al., 2002) but due to technical problems, we performed an identical reprogramming of 

the task in Psychopy (see Peirce et al., 2019). Sounds were presented for 10 seconds while 
a fixation cross hair remained visible on a screen located at the back of the MRI bore. 
This screen was visible through a mirror mounted on the top of the head coil. Trials were 
separated by an inter stimulus interval (ISI). To maximize the power of the fMRI paradigm, 
ISI was optimized with a web-based tool called Neurodesign (Durnez et al., 2018). In each 
of the two pre-programmed semi-random orders, trials were separated by ISI of variable 
durations, ranging from 3.5 – 8.0 seconds, with a mean ISI of 4.5 seconds. During the ISI 
a fixation cross hair was presented.

Participants answered questions about the cry and control sounds. Each of the two pre-
programmed semi-random orders contained questions about three cry sounds and three 
control sounds. For each of the cry sounds, the questions: “How urgent do you find this 
sound?”, “How annoying do you find this sound?” and “How sad do you find this sound?” 
were presented once as white text on a black screen. For each of the control sounds, the 
questions: “How urgent do you find this sound?” and “How annoying do you find this 
sound” were presented once as white text on a black screen. Participants used their index 
finger and ring finger to slide along the Likert answer scale ranging from 0 (not at all) to 
100 (extremely). Participants used their middle finger to confirm their answer. Questions 
were self-paced and presented at fixed time points; following the 1th, 2th, 13th, 14th, 25th 
and 26th trial. Answers were registered using a fiber optic response box (Current Designs, 
Philadelphia, PA, USA). For each experimental condition, a mean score was calculated for 
fathers’ cry sound ratings of ‘urgent’ (3 ratings), ‘annoying’ (3 ratings), and ‘sad’ (3 ratings).

Parental harsh discipline
Participants completed at home the Conflict Tactics Scale – Parent Child (CTS; (Straus 
et al., 1998), which measures experiences of parental harsh discipline. The questionnaire 
included 18 items from the subscales Psychological aggression, Minor physical assault, 
Severe physical assault, and Neglect items (e.g., “My mother said she would send me away 
or kick me out of the house”) were scored on a 7-point rating scale (0 =‘never’, 1 = ‘once’, 
2 = ‘twice’, 3 = ‘3–5 times’, 4 = ‘6–10 times’, 5 = ‘11–20 times’, 6 = ‘more than 20 times’). 
Similar to Thijssen et al. (2018) and Alyousefi-Van Dijk et al. (2019), we calculated a CTS 
total score. First, a Physical assault score was computed by averaging scores on the Minor 
and Severe physical assault scales. Second, an Abuse score was computed by averaging 
scores on the Physical assault and Psychological aggression scale. Finally, the Abuse and 
Neglect scores were averaged to create a CTS total score (M = .64, SD = .57, range = .00 – 
2.44). Internal consistency of the items comprising the CTS total score was high (α =.81).
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Experienced parental love withdrawal
Participants completed at home seven items from the Withdrawal of Relations subscale 
of the Children’s Report of Parental Behavior Inventory (CRPBI; Beyers & Goossens, 
2003; Schludermann & Schludermann, 1983). Four items from the Parental Discipline 
Questionnaire (PDQ; Patrick & Gibbs, 2007, and see Huffmeijer et al., 2011) were added 
to create a more comprehensive measure of parental love withdrawal. Parental love 
withdrawal involves withholding love and affection when a child misbehaves or when 
a child does not meet parental expectations (Van IJzendoorn et al., 2011). Participants 
indicated whether the items were representative of their mother and father (e.g., “My 
mother is a person who, when I disappoint her, tells me how sad I make her”) on a 5-point 
rating scale ranging from 1 (not at all) to 5 (very well). Maternal and paternal parental love 
withdrawal scores were correlated (r = .58, p <.001). A total parental love withdrawal sore 
(M = 1.66, SD = .60, range = 1.00 – 3.05) was computed by averaging maternal and paternal 
scores. Internal consistency of the items comprising the parental love withdrawal total 
score was excellent (α =.91). See also Huffmeijer et al. (2011), Thijssen et al. (2018), and 
Alyousefi-van Dijk et al. (2019) for previous use of these questionnaires examining early 
childhood experiences.

Oxytocin and vasopressin levels
Oxytocin and vasopressin saliva levels were collected to examine if hormonal 
administration was selective and effective. Saliva samples were collected at three 
time points: upon arrival, approximately 60 minutes (SD = 4, range 47-71) after nasal 
administration, and approximately 151 minutes (SD = 11, range 127 – 181) after nasal 
administration. Oxytocin and vasopressin saliva samples were analyzed at RIAgnosis 
(Sinzing, Germany), and were quantified by radioimmunoassay. Salivettes were centrifuged 
at 4 degrees Celsius for 30 minutes with ca. 5000 g centrifugal force. Thereafter, 0.3 ml 
of saliva for the analysis of oxytocin and 0.3 ml saliva for the analysis of vasopressin 
was pipetted into a vial. The detection limit for oxytocin and vasopressin was 0.1 pg/
ml. Inter-assay and intra-assay variability were <10%. Oxytocin and vasopressin levels 
are reported in pg/ml. Paired sample t-tests indicated that oxytocin administration 
significantly increased fathers’ oxytocin levels (but not vasopressin levels) from pre-
administration of oxytocin to T1 (first post-administration measurement) (p <.001), and 
from pre-administration to T2 (second post-administration measurement) (p < .001) 
(see Table 6.1). Administration of vasopressin significantly increased fathers’ vasopressin 
levels (but not oxytocin levels) from pre-administration to T1 (p < .001), and from pre-
administration to T2 (p < .001). Intranasal administration of placebo did not result in 
a significant increase in oxytocin or vasopressin levels from pre-administration to T1, 
neither from pre-administration to T2. This suggested that hormonal administration 

selectively increased oxytocin and vasopressin levels although the influence of dripping 
back of nasal fluids may (also) have increased hormonal levels.

Table 6.1

Oxytocin and vasopressin salivary levels measured at baseline and after intranasal administration 
of oxytocin, vasopressin or placebo.

Condition Hormone Pre-admin-
istration
M (SD)

T1a

M (SD)

T2b

M (SD)

t df p 95% CI

OXT OXT 1.28 (0.50) 67.86 (39.51) 34.73 (72.63) 9.53 61 < .001 [26.44, 40.47]

AVP 1.72 (0.40) 1.74 (0.39) 1.77 (0.38) 1.06 61 .292 [-0.04, 0.14]

AVP OXT 1.53 (0.34) 1.51 (0.37) 1.53 (0.40) -0.20 62 .845 [-0.98, 0.08]

AVP 1.58 (0.44) 43.37 (33.78) 22.12 (15.00) 10.89 62 <.001 [16.78, 24.32]

PLC OXT 1.54 (0.36) 1.59 (0.37) 1.60 (0.40) 1.41 60 .165 [-0.02, 0.13]

AVP 1.61 (0.34) 1.63 (0.38) 1.66 (0.38) 1.35 60 .181 [-0.02, 0.12]

Note. Oxytocin and vasopressin salivary levels are reported in pg/ml. OXT = Oxytocin, AVP = Vasopressin, 
PLC = Placebo. aSaliva samples collected on average 60 minutes (SD = 4) after nasal administration. bSaliva 
samples collected on average 151 minutes (SD = 11) after nasal administration.

Preprocessing
Similar to Thijssen et al. (2018), the FEAT module of the FSL software (FMRIB’s Software 
Library; (Jenkinson et al., 2002; Smith et al., 2004) was used to apply the following pre-
statistics processing: non-brain removal using BET, motion correction using MCFLIRT 
(Motion Correction FMRIB’s Linear Image Registration Tool), spatial smoothing, and 
high-pass temporal filtering. Spatial smoothing was performed using a full-width-at-half-
maximum 5.0 mm and the high-pass filter cut-off was 90 seconds, similar to a previous 
study using the same cry paradigm in a different sample (Riem et al., 2021). Functional 
scans from each participant were registered to own high-resolution T1-weighted images, 
which were registered to standard space in order to calculate the transformation matrix 
for the higher-level group analysis (Jenkinson et al., 2002).

Statistical analysis
After preprocessing, first-level statistical analyses were performed for each participant 
using the general linear model (GLM) within FSL’s FEAT (FMRI Expert Analysis Tool). Cry 
sound and control sound were modeled separately as a square-wave function and then 
convolved with a double gamma hemodynamic response function. The ratings of the 
sounds were also modeled. Temporal derivatives were added to the model, resulting 
in a total of 6 explanatory variables. To identify regions involved in the processing of 
infant crying we assessed the cry > control contrast. This first-level contrast image and 
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the corresponding variance image were transformed to standard space and submitted 
to second-level mixed-effects group analyses. One-sample t-tests were conducted to 
assess average activation in the oxytocin, vasopressin and placebo conditions. In addition, 
two separate paired t-tests were conducted to test the difference in activation in the 
oxytocin versus placebo condition and the difference in activation in the vasopressin 
versus placebo condition. To investigate regions that were activated in the vasopressin 
and the oxytocin condition, we conducted a conjunction analysis using the easythresh_
conj command within FSL.

In addition to whole brain analysis, Region of Interest (ROI) analyses were performed 
in order to assess the effects of oxytocin and vasopressin in a priori defined regions of 
interest that are part of the cry network: amygdala, insula, inferior frontal gyrus, and 
middle frontal gyrus. In addition, we assessed hormone effects in the anterior cingulate 
cortex (ACC). The selection of this fifth ROI was based on the study by Thijssen et al. 
(2018) who reported effects of vasopressin in this region. ROIs were anatomically defined 
using the Harvard–Oxford (sub)cortical Atlas. We masked each anatomically defined 
ROI with the group average cry > control contrast image because we were specifically 
interested in (sub)regions that were responsive to infant crying. Cluster-based correction 
was performed, similar to Thijssen et al. (2018) and Li et al. (2017). All statistical maps were 
thresholded using clusters determined by Z > 2.3 and a family-wise error (FWE)-corrected 
cluster significance threshold of p < 0.05 was applied to the suprathreshold clusters, 
similar to Thijssen et al. (2018). Featquery was used to extract Z-values from regions that 
were significantly affected by hormone administration.

Linear Mixed Models (LMM) with restricted maximum likelihood (REML) as the estimator 
was performed in SPSS Statistics version 26 to examine whether effects of hormonal 
administration on neural responses to infant crying were moderated by fathers’ early 
childhood experiences. The extracted Z-values of the ACC were included as the 
dependent variable as Thijssen et al. (2018) found a moderation effect for the ACC. The 
selection of other dependent variables was based on the results of the whole brain 
and ROI analyses. In the LMMs, experimental condition, experienced harsh discipline 
(standardized), and experienced parental love withdrawal (standardized) were included 
as fixed factors. We added interaction terms between condition × experienced harsh 
discipline and condition × experienced parental love withdrawal to the model. We used 
separate LMMs to examine the effects of oxytocin and vasopressin administration on 
fathers’ cry ratings of ‘urgent’, ‘annoying’ and ‘sad’. Finally, sensitivity analyses, using LMMs, 
were conducted to assess whether effects of oxytocin and vasopressin administration 
on neural activation were moderated by fathers’ baseline oxytocin and vasopressin levels 
(standardized).

Missing data
We had to temporarily stop our data collection process due to the outbreak of the 
COVID-19 pandemic, which resulted in missing data on the second (n = 6) and third 
(n = 9) research visit. Additionally, four participants dropped out of the study after the 
first research visit (not COVID-19 related). One participant was excluded from the FSL 
analyses due to excessive head motion. Missing value analysis showed that Little MCAR 
(Little, 1988) was not significant, χ2(239) = 227.16, p = .698, indicating that data were missing 
completely at random. Missing data were handled using restricted maximum likelihood 
(REML) as the estimator.

R E SU LTS

Neural correlates of infant crying
The contrast between listening to infant cry sounds versus control sounds resulted in one 
significant cluster for the oxytocin condition, three significant clusters for the vasopressin 
condition and two significant clusters for the placebo condition (see Table 6.2 and Figure 
6.1). Whole brain analyses revealed no significant effect of vasopressin and oxytocin 
administration on neural activation in response to infant cry sounds (versus control 
sounds). However, region of interest (ROI) analyses indicated decreased left amygdala 
activation in the oxytocin condition (p = .044, FWE corrected) and vasopressin condition 
(p = .009, FWE corrected) as compared to the placebo condition (see Table 6.2 and Figure 
6.2). ROI analyses indicated no effects of oxytocin and vasopressin administration on 
the inferior frontal gyrus, insula, medial frontal gyrus, and anterior cingulate cortex. 
Conjunction analysis showed that the following regions were activated in the vasopressin 
and in the oxytocin condition: the precuneus, right planum temporale, right superior 
temporal gyrus, and bilateral posterior cingulate gyrus.
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Table 6.2

Brain coordinates (MNI) of the peak average Z‐value for the contrast cry > control for fathers in the 
oxytocin, vasopressin and placebo condition.

Condition Cluster (voxel size) Region Peak Z x y z

OXT 1 (75478) L Heschl’s Gyrus 9.21 -56 -12 4

L Heschl’s Gyrus 9.08 -52 -16 6

R Planum Temporale 8.54 58 -18 2

R Planum Temporale 8.49 64 -20 6

R Superior Temporal Gyrus 8.48 60 -4 -2

L Planum Temporal 8.25 -60 -20 6

AVP 1 (7419) L Cerebellum 4.47 -26 -60 -24

L Cerebellum 3.99 -40 -64 -28

L Cerebellum 3.83 -46 -62 -26

L Cerebellum 3.69 -42 -56 -24

L Cerebellum 3.33 -10 -72 -24

L Cerebellum 4.47 -26 -60 -24

2 (3561) R Superior Temporal gyrus 9.28 66 -20 6

R Planum Temporale 8.95 54 -18 2

R Superior Temporal Gyrus 8.77 62 -24 4

R Supramarginal Gyrus 4.26 70 -40 8

R Middle Temporal Gyrus 3.11 46 -46 4

R Supramarginal gyrus 2.76 70 -42 22

3 (883) L Posterior Cingulate Gyrus 4.79 -6 -50 34

R Precuneus 4.73 6 -74 62

L Posterior Cingulate Gyrus 4.72 -2 -20 34

R Precuneus 4.67 2 -58 28

L Precuneus 4.57 -6 -68 32

R Angular Gyrus 4.45 46 -52 56

PLC 1 (59721) L Cerebellum 5.22 -26 -60 -24

R Cerebellum 4.75 28 -60 -24

L Cerebellum 4.2 -24 -74 -36

R Cerebellum 4.14 20 -68 -48

L Cerebellum 4.04 -14 -80 -44

L Cerebellum 3.91 -30 -64 -48

2 (3316) R Superior Temporal Gyrus 9.07 62 -18 0

R Planum Temporale 8.76 62 -10 -2

R Superior Temporal Gyrus 8.72 60 -4 0

Table 6.2 (continued)

Brain coordinates (MNI) of the peak average Z‐value for the contrast cry > control for fathers in the 
oxytocin, vasopressin and placebo condition. 

Condition Cluster (voxel size) Region Peak Z x y z

R Superior Temporal Gyrus 8.55 62 -26 4

L Planum Temporal 8.52 -64 -24 10

L Precentral gyrus 8.51 54 2 50

OXT > PLC 1 (10) L Amygdala 2.69 -18 -10 -10 p = .044

AVP > PLC 1 (33) L Amygdala 3.62 -24 -8 -14 p = .009

Note. OXT = Oxytocin; AVP = Vasopressin; PLC = Placebo; L = left; R = right.

Early childhood experiences as a moderator of the effects of hormonal admin-
istration on left amygdala activation
Z-values of left amygdala activation were extracted to test if effects of oxytocin 
and vasopressin administration on left amygdala activation were moderated by 
early childhood experiences. Results of LMMs indicated that the effect of oxytocin 
administration on left amygdala activation was not moderated by experienced harsh 
discipline, t(113) = 1.00, β = .19, p = .319, nor by experienced parental love withdrawal, 
t(106) = 0.49, β = .09, p = .623. Similarly, the effect of vasopressin administration on left 
amygdala activation was not moderated by experienced harsh discipline, t(117) = 0.35, 
β = .06, p = .728) or experienced parental love withdrawal t(111) = 0.83, β = .14, p = .409) 
(see Supplementary Table 6.1).

Early childhood experiences as a moderator of the effects of hormonal admin-
istration on the anterior cingulate cortex (ACC) activation
Z-values of ACC activation were extracted to examine the previously observed 
moderating role of early childhood experiences in hormonal administration effects on 
the ACC (Thijssen et al., 2018). The effect of oxytocin administration on ACC activation 
was not moderated by experienced harsh discipline, t(111) = 1.54, β = .39, p = .126) or 
experienced parental love withdrawal, t(107) = -0.02, β = -.01, p = .986). Furthermore, 
the effect of vasopressin administration on ACC activation was not moderated by 
experienced harsh discipline, t(115) = 0.85, β = .20, p = .399) or experienced parental love 
withdrawal, t(108) = 0.24, β = .05, p = .811) (see Supplementary Table 6.2)
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Figure 6.1.
Significant brain activity during infant crying compared to control sounds in the placebo, oxytocin, 
and vasopressin condition. Thresholded with clusters determined by Z > 2.3 and a cluster-corrected 
significance threshold of p < .05. The left hemisphere of the brain corresponds to the right side in this 
image.

Figure 6.2.
Significantly reduced amygdala activation in response to infant crying versus control sounds in the 
oxytocin (in red) and vasopressin (in blue) condition compared to placebo. Thresholded with clusters 
determined by Z > 2.3 and a cluster-corrected significance threshold of p < .05. The left hemisphere of 
the brain corresponds to the right side in this image.

Effects of oxytocin and vasopressin administration on fathers’ cry sound ratings
Supplementary Table 6.3 displays the descriptive statistics for the cry and control 
sound ratings. LMMs were performed to examine whether oxytocin and vasopressin 
administration affected fathers’ perception of the cry sounds. Results indicated no effects 
of oxytocin administration on fathers ratings of the cry sounds as urgent, t(107) = -0.80, 
β = -.01, p = .936, annoying, t(101) = -0.43, β = -.04 p = .669, and sad t(106) = -0.05, β = -.08, 
p = .670 (see Table S3 for the unstandardized statistics); nor did vasopressin administration 
affect fathers’ ratings of the cry sounds as urgent, t(107) = -0.12, β = -.02, p = .908, annoying 
t(86) = -0.76, β = -.07, p = .450, and sad t(107) = -0.12, β = -.10, p = .398.

Sensitivity analyses
We conducted sensitivity analyses to examine whether the effects of oxytocin and 
vasopressin administration on left amygdala and ACC activation were moderated by 
fathers’ baseline oxytocin and vasopressin levels. Results showed no moderation effects 
of fathers’ baseline oxytocin and vasopressin levels on left amygdala and ACC activation 
(see Supplementary Table 6.4).
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DISCUSSION

In the present randomized double-blind, placebo-controlled within-subject experiment 
we examined the effects of oxytocin and vasopressin administration on neural responses 
to infant cry sounds in first-time fathers in the first year of parenthood. In addition, we 
examined whether effects of oxytocin and vasopressin on neural reactivity to infant cry 
sounds were moderated by fathers’ early childhood experiences. Across the experimental 
conditions, fathers showed neural activation in response to infant crying in several brain 
regions including the supramarginal gyrus, cerebellum, posterior cingulate, angular 
gyrus, and brain regions involved in auditory information processing (the middle and 
superior temporal gyrus). These findings are consistent with results of a meta-analysis 
examining neural models of infant cry perception (Witteman et al., 2019). Whole brain 
analyses revealed no significant effect of vasopressin or oxytocin administration on 
neural responses to infant cry sounds. Region of interest analyses indicated that oxytocin 
and vasopressin administration decreased amygdala activation. We found no effects 
of oxytocin and vasopressin administration on the inferior frontal gyrus, insula, medial 
frontal gyrus, or the anterior cingulate cortex. Fathers’ early childhood experiences did 
not moderate the effects of oxytocin and vasopressin administration on neural responses 
to infant cry sounds. Finally, results showed no effects of oxytocin and vasopressin 
administration on fathers’ ratings of infant cry sounds.

In line with our hypotheses, oxytocin administration decreased amygdala activation 
in first-time fathers in the first year of parenthood. Findings of the present study add 
to an experimental study showing that oxytocin administration to nulliparous women 
decreased amygdala activation in response to infant crying (Riem et al., 2011) and to 
studies showing that oxytocin attenuates amygdala reactivity to social threat (Radke 
et al., 2017) and facial expressions (Domes et al., 2007). The amygdala is a brain region 
important for fear and threat detection, and the processing of infant stimuli (Feldman 
et al., 2019; Ohman, 2005). Reduced amygdala activation after oxytocin administration 
may therefore reflect decreased feelings of anxiety or aversion. This idea is in line with 
the anxiolytic effects of oxytocin, for example during psychosocial stress (Heinrichs & 
Domes, 2008), and with findings showing that oxytocin administration reduced anxiety 
levels in females when approaching virtual avatars with negative facial expressions 
(Riem et al., 2019). Previous findings showed that women with insecure attachment 
representations (compared to secure attachment representations) showed heightened 
amygdala activation and used more excessive handgrip force (which indicates a lack 
of control to modulate behavioral responses) in response to infant distress (Riem et 
al., 2012). However, heightened neural and behavioral reactivity to infant distress was 
diminished after oxytocin administration (Riem et al., 2016). Albeit speculatively, we 

suggest that oxytocin administration may suppress feelings of anxiety and aversion in 
order to promote/pave the way for a sensitive caregiving response.

In contrast to findings of Riem et al. (2011), we found no effects of oxytocin administration 
on brain areas related to mentalizing, empathy, and emotion regulation (i.e., the inferior 
frontal gyrus, insula, medial frontal gyrus, and anterior cingulate cortex). Whereas the 
sample of Riem et al. (2011) consisted of nulliparous women, the present study focused 
on fathers in the first year of parenthood. In another study on fathers (Li et al., 2017), 
effects of oxytocin administration on reactivity to infant crying in these brain areas were 
also absent. Differences between parents and non-parents in neural reactivity to infant 
crying have previously been reported. For instance, compared to non-parents, parents 
showed stronger activation in response to infant cry sounds in the bilateral auditory 
cortex, posterior insula, pre- and postcentral gyrus and right putamen, and less neural 
activation in the right caudate nucleus (Witteman et al., 2019). Moreover, parents showed 
heightened neural activation in response to infant crying in the amygdala and brain 
areas involved in emotional processing, whereas non-parents showed greater activation 
in these brain areas in response to infant laughing (Seifritz et al., 2003). In sum, previous 
findings suggest more efficient processing and increased motivation to terminate infant 
distress in parents compared to non-parents. Thus, the fathers in the present study may 
have had higher levels of neural reactivity in brain areas related to mentalizing, empathy, 
and emotion regulation than non-parents, and a ceiling effect might therefore explain 
why we found no effects of oxytocin administration on these brain areas that in the 
non-parental sample of Riem and colleagues (2011) were affected by the administration 
of oxytocin.

In a previous study, no effects of vasopressin administration on neural processing of 
infant cry sounds were found in expectant fathers (Thijssen et al., 2018). In the present 
study, we showed that vasopressin administration decreased amygdala activation in 
response to infant cry sounds in first-time fathers in the postnatal period. Vasopressin 
administration however did not affect fathers’ perceptions of infant distress. As 
vasopressin exerts anxiogenic effects and enhances responsiveness to threat (Zink et al., 
2010), we expected that vasopressin administration would enhance amygdala activation 
in response to cry sounds. However, it should be noted that the effects of vasopressin 
administration are influenced by contextual factors (Bartz et al., 2011; Rilling et al., 2012; 
Thijssen et al., 2018). For instance, vasopressin administration increased neural reactivity 
in response to infant cry sounds when emotional contextual information was provided 
(e.g. ‘this infant is sick’ versus ‘this infant is bored’; Thijssen et al., 2018). In the present 
study, we conveyed no information about the infant’s state, and this may explain reduced 
amygdala activation after vasopressin administration. Possibly, the effects of vasopressin 
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administration on amygdala activation depend on whether the context signals high or 
low levels of threat to the infant.

Moreover, the present study included unfamiliar infants’ cry sounds. A previous study 
showed that vasopressin differentially affected behavioral responses to own versus 
unknown infant pictures, such that expectant fathers, exposed to infant cry sounds, 
used less excessive force when at the same time viewing a picture representing their 
own infant compared to a picture of an unknown infant (Alyousefi-van Dijk et al., 2019). 
However, another study showed no differences in fathers’ neural responses to own versus 
unknown infant cry sounds (Li et al., 2018). It is currently unclear whether vasopressin 
administration may promote differential neural responding to own infant crying versus 
unknown infant crying.

Experimental studies examining the effects of vasopressin administration on fathering 
behaviors are scarce. Although vasopressin is known for promoting aggressive and 
territorial behaviors (Van Anders et al., 2011), several studies have reported positive effects 
of vasopressin administration on parenting behaviors and social functioning. For example, 
expectant fathers spent more time looking at baby-related avatars in the vasopressin 
condition (Cohen-Bendahan et al., 2015). In addition, vasopressin administration enhanced 
empathic and cooperative human behaviors (Rilling et al., 2014; Rilling et al., 2012; Tabak et 
al., 2015). It has further been proposed that oxytocin exerts anxiogenic effects, whereas 
vasopressin exerts anxiolytic effect (Surget & Belzung, 2008). However, a recent study 
showed that administration of oxytocin as well as vasopressin reduced state anxiety 
in men (Zhuang et al., 2021). Moreover, based on findings showing that vasopressin 
administration enhanced the processing of both positive and negative facial expressions 
(Guastella et al., 2010) it has been suggested that vasopressin administration promotes 
affiliative as well as antisocial behaviors, depending on the social context (Goodson & 
Thompson, 2010). Whether reduced amygdala activation after vasopressin administration 
paves the way for a sensitive response to infant distress warrants further investigation. 
This could be examined by having fathers choose different strategies to sooth a crying 
infant (Rilling et al., 2021), but real-life behavioral observations of father responses to 
infant distress signals after vasopressin and placebo administration are crucial to answer 
this question.

Although not examined in an experimental setting, amygdala activation has been 
previously related to parenting quality and processing of infant cues. For instance, 
heightened amygdala activation in response to own infant crying (but not other infant 
crying) was associated with lower levels of maternal intrusiveness in mothers with 
experiences of maltreatment (Olsavsky et al., 2021). However, in a partial overlapping 

sample, higher amygdala activation in response to viewing unknown negative infant faces 
was associated with higher levels of intrusiveness in low-income mothers (Kim et al., 
2017). An explanation for these seemingly contrasting findings may be that Olsavsky et 
al. (2021) measured amygdala reactivity in response to own infant crying, which may be 
differentially associated with caregiving behaviors than amygdala reactivity in response 
to negative unknown infant stimuli (Kim et al., 2017).

Findings regarding the moderating role of father’s early childhood experiences in the 
neural processing of infant signals have been mixed (Thijssen et al., 2018; Li et al, 2017). 
Findings of Thijssen et al. (2018) derived from explorative analyses indicated stronger 
effects of vasopressin administration on anterior cingulate cortex activation in expectant 
fathers with less negative childhood experiences. The present study did not replicate 
this finding in a larger sample of 70 fathers in the first year of parenthood. Moreover, 
effects of vasopressin administration on amygdala activation were not moderated by 
fathers’ early childhood experiences. Yet, it should be noted that fathers in the present 
study reported relatively low levels of adverse childhood experiences, which may (in 
part) explain the absence of a moderating effect.

The current study has several limitations. First, our sample included highly educated, 
first-time fathers from a western, industrialized country, reporting relatively low 
levels of childhood adversity. The generalizability of our findings to different samples 
should therefore be examined in future studies. Another limitation is the inclusion of 
retrospective questionnaires to measure adverse childhood experiences. Retrospective 
reports of childhood adversity may be prone to memory bias (Hardt & Rutter, 2004) 
but are important predictors of health status and psychopathology in adulthood 
(Danese & Widom, 2020; Reuben et al., 2016). Furthermore, our results revealed that 
oxytocin administration affected amygdala activation in a small cluster. Small clusters 
are vulnerable to false positives (Loring et al., 2002). Nevertheless, small clusters can 
provide valuable information on which parts of the brain are differentially activated 
after hormone administration. Moreover, small clusters have previously been reported 
in studies examining the effects of oxytocin administration on amygdala activation (Bos 
et al., 2018; Gamer et al., 2010; Skvortsova et al., 2020). In addition, it is unclear whether 
the administered hormones affected oxytocin and vasopressin levels in the brain. Yet, 
there is accumulating evidence that nasal administration of oxytocin and vasopressin can 
reach the central nervous system and alters neural activity (Martins et al., 2020; Quintana 
et al., 2018). A final limitation is that fathers guessed assignment to the placebo condition 
above chance level. Previous studies with administration of oxytocin and vasopressin 
used two different placebo solutions matching either the oxytocin or the vasopressin 
solution (Li et al., 2017; Rilling et al., 2012). However, participants in these studies did 
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not partake in both oxytocin and vasopressin conditions (Li et al., 2017; Rilling et al., 
2012). In the present study, where within-subject comparisons between vasopressin and 
oxytocin administration could be made, we used one placebo. Our results show that the 
development of placebo sprays needs more attention to keep participants unaware of 
any condition assignment. However, an important strength of the current study is that 
we used a randomized double-blind placebo-controlled within-subject design in which 
participants were assigned to each experimental condition, which allowed for comparing 
the effects of hormonal administration within a single participant. Moreover, within-
subject analyses have greater statistical power to detect effects than between-subject 
analyses (Charness et al., 2012). In conclusion, oxytocin and vasopressin administration 
decreased amygdala activation in response to infant cry sounds. These effects were not 
moderated by fathers’ early childhood experiences. Reduced amygdala activation after 
oxytocin administration may reflect decreased feelings of anxiety or aversion and may 
promote a sensitive caregiving response to the crying infant. Further research is needed 
to examine whether reduced amygdala activation after vasopressin administration also 
paves the way for a sensitive response to infant distress.
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G E N E R AL DISCUSSION

In this dissertation, a variety of research methods was used to provide insight into some 
specific dimensions of fatherhood. The correlational studies presented in Chapters 3 
and 4 and the experiments from Chapters 5 and 6 included observations of behavioral 
constructs (e.g., paternal sensitivity, challenging parenting behavior, family alliance, infant-
parent attachment security), fMRI measures (e.g., neural reactivity to infant cry sounds), 
hormonal measures (e.g., oxytocin, vasopressin, testosterone), and parental reports (e.g., 
experiences of childhood adversity, infant sleep problems). The correlational studies 
provided insight into the relation between infant sleep problems and the development 
of the attachment relationship with both the mother and the father and enhanced our 
understanding of the role of paternal testosterone levels and family functioning in the 
development of infant-mother and infant-father attachment relationships. Finally, the 
experimental studies examined the effects of oxytocin and vasopressin administration 
on fathers’ behavioral and neural responses to infant signals. In this final chapter, I will 
discuss our research findings and describe the limitations that should be taken into 
account when interpreting the results.

Family alliance, paternal testosterone levels, and attachment security
A large number of studies have investigated how parental behaviors impact the 
development of the infant-parent attachment relationship but only few studies have 
examined how family relations shape the infant-parent attachment relationship. This 
is fairly surprising as the founder of the attachment theory already underscored that 
children grow up within a family system (Bowlby, 1988). In this family system, individuals 
affect and are affected by reciprocal relations with other family members (Cox & Paley, 
1997). Integrating a family system perspective on attachment security, we examined how 
family relations shape the development of the infant-parent attachment relationship. 
Findings showed that higher infant–father attachment security (but not infant–mother 
attachment security) was predicted by a more positive prenatal family alliance. A possible 
explanation for these divergent findings may be that mothers engage in more dyadic 
interactions with their infants, whereas father-infant interactions occur more often in 
a triadic family setting. This idea is in line with findings showing that during the day 
mothers compared to fathers spend two to three times more time with their children 
(Craig & Brown, 2017). Furthermore, in most dual-earning families, fathers tend to work 
full-time while mothers are more likely to work part-time (Craig & Brown, 2017). As such, 
father-child interactions may be more likely to occur during the evenings or in the 
weekends, when the mother is also part of the interactive setting. In contrast, mother-
child interactions may occur more often in the absence of the father. Therefore, the 

quality of the triadic family setting may have a greater impact on the development of the 
infant-father attachment relationship than the infant-mother attachment relationship.

Previous studies further showed that mothers play an important role in shaping the 
quality of paternal behavior. For example, when mothers provided active support to 
fathers’ interactions with the child, fathers engaged in more positive parenting behaviors 
than mothers (Gordon & Feldman, 2008). On the other hand, fathers (but not mothers) 
who withdrew from a discussion task with their partner, showed less warmth and were 
more likely to disengage themselves from triadic interactions with the mother and child 
(Elliston et al., 2008). Moreover, greater maternal restrictions of paternal involvement (i.e., 
maternal gatekeeping) when the infant was 3-months old was associated with a larger 
decline in fathers’ parenting quality when the infant was 9-months old (Altenburger et 
al., 2018). These findings imply that the quality of the co-parenting relationship shape 
fathering behaviors that promote or hamper the development of a secure infant-
father attachment relationship. Importantly, our findings showed that the quality of 
family relations are already observable prior to the birth of the infant. This provides 
opportunities for implementing interventions to improve family relations in the prenatal 
stage of parenthood. A meta-analytic review provided modest support for the efficacy 
of co-parenting interventions (Eira Nunes et al., 2021). Future studies could examine 
whether these co-parenting programs might produce better than modest effect sizes 
when already implemented in the prenatal period.

In addition, findings showed no mediation effect of postnatal testosterone levels in the 
association of prenatal family alliance with infant-parent attachment security. Surprisingly, 
we found an increase in paternal testosterone levels from pregnancy to 6 months 
postpartum. Currently, only few studies examined the development of testosterone 
levels across the transition to fatherhood in the same sample. In a sample of 25 fathers 
paternal testosterone levels were relatively stable from the prenatal period to 3-5 months 
postpartum (Alyousefi-van Dijk et al., 2020). In contrast, in a larger sample of 73 fathers, 
testosterone levels were found to decrease from the prenatal period to approximately 
5 weeks postpartum (Bakermans-Kranenburg et al., 2021). However, few studies have 
examined whether fathers’ testosterone levels recover after the few first months of 
fatherhood. A prior study found that fathers’ testosterone levels decreased from 
pregnancy to 3 months postpartum after which fathers’ testosterone levels increased 
from 3 months postpartum to 10 months postpartum, at that point in time reaching 
similar levels as during pregnancy (Corpuz & Bugental, 2020). Moreover, although new 
fathers showed lower testosterone levels compared to childless control men, fathers with 
infants under 1 month of age showed lower testosterone levels compared to fathers with 
a youngest child older than 12 months of age (Gettler et al., 2011). Possibly, testosterone 
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levels are lowest during the first few weeks postpartum when infants are most vulnerable, 
and thereafter testosterone levels may – dependent on caregiving arrangements and 
fathers’ involvement in caregiving - increase to pre-birth levels.

It has been proposed that a decrease in paternal testosterone levels facilitates paternal 
caregiving (Bakermans-Kranenburg & Van IJzendoorn, 2018; Gettler et al., 2011). Yet, 
meta-analytic evidence revealed small combined effect sizes for the relation between 
paternal testosterone levels and fatherhood status (Grebe et al., 2019; Meijer et al., 2019). 
Therefore, in addition to fatherhood status, the downregulation of testosterone levels 
seems to be dependent on other factors. Possible candidates are paternal involvement in 
childcare, the presence or absence of competitive situations, and pair-bonding behaviors 
(e.g., relationship satisfaction) (Bakermans-Kranenburg et al., 2019; Grebe et al., 2019). 
However, in light of pair-bonding behaviors, it should be noted that findings in the current 
dissertation showed no associations between (prenatal) testosterone levels and (prenatal) 
family alliance.

Infant sleep, infant-parent attachment security and dependency
Research has shown that many infants struggle to achieve the developmental milestone 
of sleeping through the night. This is evident in a relatively high percentage (approximately 
20 – 30%) of infants and toddlers with sleeping problems (Henderson et al., 2010; Martin 
et al., 2007; Tabak et al., 2016). Findings from our study showed a non-linear decrease 
in the duration and frequency of infant nighttime awakenings over time. This finding 
can bring hope and reassurance for parents experiencing difficulties with the sleeping 
patterns of their infant as there is light at the end of the tunnel for most parents. In 
our study, we further examined associations between the duration and frequency of 
infant nighttime awakenings and infant-mother and infant-father attachment security. 
In contrast to our expectations, findings showed positive associations between duration 
and frequency of infant nighttime awakenings and infant-father attachment security. 
Moreover, duration of infant nighttime awakenings was negatively associated with infant-
mother attachment security. A prior study found no associations between infant sleep 
problems and infant-father attachment relationship (Zentall et al., 2012). Furthermore, the 
outcomes of previous studies investigating relations between quality of infant sleep and 
infant-mother attachment security have been mixed (Bilgin & Wolke, 2020; McNamara 
et al., 2003; Morrell & Steele, 2003; Scher, 2001; Scher & Asher, 2004; Simard et al., 2017). 
These inconsistent findings may be explained by different approaches to assess infant 
sleep problems. For instance, some researchers measured different types of infant sleep 
difficulties and combined these measures in an overall construct representing infant sleep 
problems (Bilgin & Wolke, 2020; Morrell & Steele, 2003; Scher & Asher, 2004), while other 

researchers focused on a single sleep outcome (e.g., nighttime awakenings) (McNamara 
et al., 2003; Scher, 2001).

In search of explaining mechanisms for our findings, we speculated that frequent and long 
disruptions of sleep at night might place a burden of stress on mothers, which in turn 
may negatively affect the development of the infant-mother attachment relationship. 
However, when fathers help to reduce this burden by increasing their involvement in 
nighttime caregiving, fathers may engage in more nighttime interactions with their 
child, and consequently the development of the infant-father attachment relationship 
may be supported. However, our post-hoc analyses provided no support that paternal 
involvement was an underlying mechanism in the association between more frequent 
and longer nighttime awakenings and infant-father attachment security. Yet, it should 
be noted that we included a limited number of items to measure paternal involvement 
at night. As such, a replication of our explorative findings is warranted.

Furthermore, future research could examine whether potential differences in maternal 
and paternal sensitive caregiving at night may explain the divergent associations of infant 
sleep problems with infant-mother and infant-father attachment security. For instance, 
previous findings showed that infants were more likely to be securely attached when 
mothers engaged in sensitive and responsive nighttime interactions (Higley & Dozier, 
2009). In addition, higher paternal sensitivity and involvement in child caregiving was 
associated with less sleep disturbances in children (Millikovsky-Ayalon et al., 2015). 
The findings may also be explained by the use of different limit-setting strategies by 
mothers and fathers to handle infant sleep problems. For instance, a prior study showed 
that fathers compared to mothers were more likely to select limit-setting strategies 
when presented with hypothetical case descriptions of infant sleep problems (Sadeh 
et al., 2007). Finally, we encourage future researchers to examine whether infant sleep 
arrangements may play a role in the development of the infant-parent attachment 
relationship. Bed sharing is a relatively common practice in many Western and non-
Western societies, however, associations with infant sleep problems are inconsistent, and 
relations with infant-parent attachment security are unclear (Jenni et al., 2005; McKenna 
& Volpe, 2007; Mileva-Seitz et al., 2017).

Our findings showed no associations between the duration and frequency of infant 
nighttime awakenings and the dependency level of the infant towards the mother and 
father. Thus, the frequency and duration of infant nighttime awakenings is not explained 
by a greater dependence on parental comfort an support during the night. Moreover, 
we reported no associations between the dependency level of the infant and infant-
parent attachment security. These findings are in line with previous research showing 
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that attachment security and dependency are distinct constructs and that dependency 
might be considered a dimension of (difficult) temperament (Bakermans-Kranenburg et 
al., 2004; Scher & Asher, 2004; Waters & Deane, 1985).

Hormones and fathering behavior
Inspired by the biobehavioral model of emergent fatherhood (Bakermans-Kranenburg 
et al., 2019), we examined relations between hormonal levels and fathers’ behavioral 
and neural responses to infant signals. Findings presented in the current dissertation 
provide support for relations between hormonal levels (oxytocin and vasopressin) 
and specific aspects of fathering behavior (paternal sensitivity) and neural functioning 
(amygdala activation in response to infant cry sounds). Our findings showed that oxytocin 
administration decreased sensitive caregiving in first-time fathers who reported higher 
levels of experienced parental love withdrawal, whereas similar levels of sensitive 
caregiving in the oxytocin and placebo condition were observed when fathers reported 
lower levels of experienced parental love withdrawal. Similarly, meta-analytic evidence 
revealed null or negative effects of oxytocin administration on behavioral functioning in 
individuals with a history of childhood adversity (Ellis et al., 2021). Moreover, our findings 
are in line with studies reporting negative effects of oxytocin administration in at-risk 
and clinical samples (Bartz et al., 2010; Bartz et al., 2015; MacDonald et al., 2013; Mah et 
al., 2015; Woolley et al., 2016).

The exact mechanisms accounting for the negative effects of oxytocin administration on 
paternal sensitivity in fathers with higher levels of experienced parental love withdrawal 
warrant further investigation. Oxytocin administration may enhance attention to negative 
infant signals or induce an altered interpretation of infant emotional expressions, which 
in turn may interfere with a sensitive caregiving response in fathers with higher levels of 
experienced parental love withdrawal. This suggestion is consistent with correlational 
findings indicating increased salience of negative emotional cues in children and adults 
with childhood adversity (Curtis & Cicchetti, 2011; Dannlowski et al., 2013; Feeser et al., 
2014), and with experimental results showing that oxytocin administration to adults 
with childhood adversities enhanced the recognition of mainly angry and fearful facial 
expressions (Schwaiger et al., 2019).

Our findings showed no effects of vasopressin administration on fathers’ sensitive 
interactions with their infant. A previous experimental study reported no effects of 
vasopressin administration on expressed emotion or emotional content when expectant 
fathers talked about their unborn child (Lotz et al., 2021). However, after vasopressin 
administration, expectant fathers showed increased neural activity in several brain 
regions in response to infant cry sounds when accompanied by contextual information 

signaling lower or higher levels of threat to the infant (e.g., “this infant is bored or “this 
infant is sick”) (Thijssen et al., 2018). Moreover, in the vasopressin condition, expectant 
fathers used more handgrip force in response to infant cry sounds when accompanied 
by an unknown infant face compared to a face representing their own infant (Alyousefi-
van Dijk et al., 2019). In addition, a correlational study showed that fathers’ vasopressin 
levels were associated with lower activation in neural networks involved in social-
cognitive and empathic processes when fathers watched own infant play (Atzil et al., 
2012). Based on these findings, it has been hypothesized that paternal vasopressin levels 
are more prominently involved in social-cognitive processes and in response to infant-
threatening or distressing situations than in affiliative caregiving (Bakermans-Kranenburg 
et al., 2019). Future experimental studies with vasopressin administration could investigate 
this hypothesis by observing paternal responses to infant distress signals in a real-life 
context or by observing protective responses to unexpected loud sounds when fathers 
are playing with their infant (see also Lotz et al., 2020).

In addition to paternal sensitivity, we examined the effects of oxytocin and vasopressin 
administration on fathers’ challenging parenting behaviors. Results from our studies 
indicated no effects of oxytocin and vasopressin administration on fathers’ challenging 
parenting behavior. Previous correlational studies showed that fathers’ oxytocin levels 
were positively associated with stimulatory father-infant play (Feldman et al., 2010; Morris 
et al., 2021). In addition, an experimental study showed that oxytocin administration 
to fathers resulted in longer sequences of physical touch (Weisman et al., 2012). Other 
experimental studies showed that after oxytocin administration, fathers engaged in 
more sensitive structuring (i.e., supporting exploration and autonomy) and showed 
less hostility during play with their child (Naber et al., 2010; Naber et al., 2013). Another 
study showed that fathers with higher vasopressin levels expressed more stimulatory 
behaviors during play with their infant (Apter-Levi et al., 2014). A possible explanation for 
the fact that we found no effects of hormonal administration on fathers’ CPB may be 
conceptual differences between CPB and ‘stimulatory play’ and ‘touch’. Although CPB 
shows conceptual overlap with ‘stimulatory play’ and ‘touch’, CPB is a broader construct 
including both physical and verbal components (Majdandžić et al., 2016). In addition, 
prior research reported an increase in the frequency of paternal rough-and-tumble/
challenging play from infancy to the preschool age, with a peak after the child’s first 
birthday, although findings have been somewhat inconsistent (Amodia-Bidakowska et 
al., 2020; Feldman & Shaw, 2021). In a similar vein, although not tested statistically, fathers 
showed an increase in CPB from child age 4 to 12 months old while fathers expressed 
lower levels of CPB when children were 2.5 years old (Majdandžić et al., 2016). In addition, 
findings from our study showed that fathers engaged in more challenging parenting 
behaviors when children were older. Taken together, we hypothesize that oxytocin and 
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vasopressin administration may exert stronger effects on fathers’ CPB in a later stage 
of fatherhood.

Hormones and neural responses to infant crying
On a neural level, in the three experimental conditions (oxytocin, vasopressin, placebo), 
fathers exhibited activation in several neural regions in response to infant cry sounds, 
including the supramarginal gyrus, cerebellum, posterior cingulate, angular gyrus, and brain 
regions involved in auditory information processing (the middle and superior temporal 
gyrus). These findings are largely in line with a previously presented neural model of infant 
cry perception (Witteman et al., 2019). Findings from our whole-brain analyses indicated 
no effects of oxytocin and vasopressin administration on neural responses to infant cry 
sounds. However, region of interest analyses indicated diminished amygdala activation in 
response to infant cry sounds in the oxytocin and vasopressin condition. These results 
add to another experimental study showing that oxytocin administration to nulliparous 
women decreased amygdala activation in response to infant cry sounds (Riem et al., 
2011). Given the stress-reducing effects of oxytocin (Heinrichs & Domes, 2008), and the 
role of the amygdala in fear and threat detection (Feldman et al., 2019; Ohman, 2005), 
we suggest that reduced amygdala activation after oxytocin administration may reflect 
decreased feelings of anxiety or aversion towards the crying infant.

Furthermore, we reported that vasopressin administration decreased fathers’ amygdala 
activation in response to infant cry sounds. A previous study from our lab reported 
no effects of vasopressin administration on neural processing of infant cry sounds in 
expectant fathers (Thijssen et al., 2018). However, vasopressin did affect neural activity 
in response to infant crying when emotional contextual information was presented (e.g., 
‘this infant is sick’ versus ‘this infant is bored’). In our study, we provided no contextual 
information about the state of the infant. Possibly, a context signaling low or high 
levels of threat to the infant influences the effects of vasopressin administration on 
amygdala activation in response to infant crying. It should also be noted that vasopressin 
administration can enhance prosocial functioning (Rilling et al., 2014; Rilling et al., 2012; 
Tabak et al., 2015). For instance, administration of vasopressin led to more empathic and 
cooperative behaviors (Rilling et al., 2014; Rilling et al., 2012), and supported the encoding 
of both positive and negative human facial expressions (Guastella et al., 2010). Therefore, 
it is also possible that reduced amygdala activation after vasopressin administration 
facilitates a sensitive response to infant crying, although this suggestion awaits further 
investigation. By conducting real-life observations of fathers’ behavioral reactions to a 
crying infant, we may discover whether reduced amygdala activation after vasopressin 
administration promotes sensitive paternal care.

Clinical implications of oxytocin and vasopressin
In this dissertation, oxytocin and vasopressin were administered to improve our 
understanding about the hormonal mechanisms implicated in fathers’ behavioral and 
neural responses to infant signals. The experimental studies were not aimed at evaluating 
the clinical implications of oxytocin and vasopressin administration. Nevertheless, our 
findings may raise questions about the utility of oxytocin and vasopressin in parenting 
interventions. In particular, oxytocin has been proposed as a promising therapeutic 
intervention due to is prosocial effects (Striepens et al., 2011; Van IJzendoorn & Bakermans-
Kranenburg, 2012; Yang et al., 2021). However, even if oxytocin administration has clinical 
potential in the field of parenting, it is very unlikely that oxytocin administration would be 
successfully implemented without other forms of therapy (Van IJzendoorn & Bakermans-
Kranenburg, 2016). Moreover, the findings presented in this dissertation and the existing 
literature point to several limitations and drawbacks regarding the clinical use of oxytocin.

First, as shown in our study, oxytocin administration to fathers with higher levels of 
experienced parental love withdrawal resulted in lower levels of sensitive caregiving. Thus, 
the effects of oxytocin administration are dependent on individual characteristics and 
can even be harmful in individuals with adverse childhood experiences. Indeed, meta-
analytic evidence found null or negative effects of oxytocin administration on prosocial 
behaviors in individuals with a history of childhood adversity (Ellis et al., 2021). Second, the 
effects of oxytocin are dependent on the social context, and in certain social contexts 
oxytocin administration can lead to negative behavioral outcomes; aggressive behavior 
(Ne’eman et al., 2016). Third, the optimal dosages, timing, and any potential negative 
effects of repeated use of oxytocin are currently unclear. Most experimental studies 
administered an oxytocin dosage of 24 IU (range 20 IU – 48 IU), and included a waiting 
period of approximately 20 to 90 minutes after oxytocin administration (Quintana et 
al., 2021; Van IJzendoorn & Bakermans-Kranenburg, 2016). However, establishing a clear 
understanding about the optimal dose and timing is complicated, as this also seems 
dependent on individual factors as well as the outcome variable of interest (Quintana 
et al., 2021). Moreover, whereas the majority of studies in adults (including the studies 
presented in the current dissertation) administered the same oxytocin dosage to each 
participant, studies in children based oxytocin dosages on body weight (Verhees et 
al., 2018) or length of the child (Kuppens & Hokken-Koelega, 2016). Future studies are 
needed to systematically investigate the optimal dosages of oxytocin administration 
before oxytocin administration can be used in a clinical setting. In addition, it is largely 
unknown how the repeated use of oxytocin in a clinical setting affect the functioning 
of the oxytocinergic system. Finally, several scholars have raised concerns about 
methodological shortcomings in experimental studies with oxytocin administration 
(Quintana et al., 2020; Van IJzendoorn & Bakermans-Kranenburg, 2016). For instance, 
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many experimental studies included small sample sizes, which limited the power to 
detect effects of oxytocin administration. Hence, scholars advocated the inclusion of 
larger sample sizes in experiments with oxytocin administration and underscored the 
need to replicate earlier findings showing positive effects of oxytocin on behavioral 
outcomes (Quintana et al., 2020; Van IJzendoorn & Bakermans-Kranenburg, 2016). In the 
experimental studies presented in the current dissertation, we randomly assigned 70 
fathers to each experimental condition (oxytocin, vasopressin, placebo). This within-
subject design provides greater statistical power to detect effects than a between-
subject design (Charness et al., 2012; Van IJzendoorn & Bakermans-Kranenburg, 2016).

Compared to oxytocin, less is known about the role of vasopressin in promoting 
prosocial behaviors, and possibly the clinical implications of vasopressin have therefore 
received limited attention. However, the majority of the concerns regarding the clinical 
use of oxytocin also apply to the administration of vasopressin. For instance, similarly 
to oxytocin, the effects of vasopressin are influenced by individual and contextual 
factors (Rilling et al., 2012; Tabak et al., 2015; Thijssen et al., 2018). There is also a limited 
understanding about the optimal dosages, timing, and the potential negative effects 
of the (repeated) use of vasopressin. Finally, experimental studies with vasopressin 
administration have suffered from the same methodological shortcomings (i.e., small 
sample sizes) as experimental studies with oxytocin administration. Thus, although 
vasopressin has not (yet) been proposed as a promising therapeutic intervention, 
vasopressin administration faces the same drawbacks as oxytocin administration. Taken 
together, many advances in the field of oxytocin and vasopressin research have to be 
made before researchers should recommend the administration of hormones in a clinical 
setting.

COVID-19 pandemic
The studies described in Chapter 2 and Chapter 3 were conducted prior to the outbreak 
of the COVID-19 pandemic. In Chapter 5 and Chapter 6, data was collected prior and 
during the COVID-19 pandemic. In these chapters, we examined whether COVID-19 
affected our main outcomes; this was not the case. Clearly, the COVID-19 pandemic has 
imposed drastic changes to the daily routines, health, and well-being of families across 
the world. It can be highly stressful for parents to balance child caregiving, household 
tasks, and paid work in the home setting. Studies examining the impact of COVID-19 on 
the quality of parental caregiving have recently appeared (Lucassen et al., 2021; McRae 
et al., 2021; Sari et al., 2021). This dissertation showed that fathers who participated prior 
to the COVID-19 pandemic were less sensitive than fathers who participated during the 
COVID-19 pandemic. We speculated that fathers who participated during COVID-19 were 
more sensitive because they could spend more time with their infant in the home setting. 

Consequently, these fathers may have been more familiar and attuned to the signals 
of their infants than fathers who participated prior to COVID-19. Indeed, explorative 
analyses (not reported in this dissertation) indicated that fathers who participated during 
COVID-19 spend more time with their children than fathers who participated prior to 
COVID-19. However, no associations between the time fathers spend with their children 
and paternal sensitivity were found.

Alarming findings from the Netherlands indicated that a higher number of parents with 
3-year old children engaged in harsh parenting strategies during COVID-19 as compared to 
a matched sample of parents who were assessed prior to COVID-19 (Purnama et al., 2021). 
Moreover, another study from the Netherlands, using data from prior to the pandemic 
into the first COVID-19 lockdown showed that stronger increases in parental stress were 
related to stronger increases in harsh parenting styles and stronger decreases in the 
quality of the co-parental relationship (Lucassen et al., 2021). Importantly, findings from 
New-Zealand indicated that cooperative co-parenting during the COVID-19 lockdown 
mitigated the negative effects of parental stress on responsive parenting and the quality 
of the parent-child relationship (McRae et al., 2021). These findings thus suggest that the 
quality of the co-parental relationship might be an important target to prevent or reduce 
the negative effects of the COVID-19 pandemic on parenting behavior.

An interesting avenue for future studies is to examine whether higher levels of harsh 
parenting during COVID-19 can be (partly) explained by altered hormonal levels (e.g., 
higher cortisol levels). Cortisol levels increase in times of stress (González-Cabrera et 
al., 2014), and although short-term increases in cortisol may be adaptive to navigate 
through stressful situations, long-lasting increases in cortisol levels may interfere with 
adequate caregiving (Bakermans-Kranenburg et al., 2019). For instance, fathers with higher 
cortisol levels in the prenatal period were less sensitive in the postnatal period (Bos et 
al., 2018). Moreover, mothers’ cortisol levels were negatively associated with sensitive 
caregiving from 7 weeks postpartum to the child’s second birthday (Finegood et al., 
2016). Furthermore, empirical evidence points to the stress-reducing effects of oxytocin 
(Heinrichs & Domes, 2008), and underscores the role of oxytocin in facilitating maternal 
and paternal caregiving (Feldman & Bakermans-Kranenburg, 2017; Grumi et al., 2021). 
Therefore, examining the effects of oxytocin administration on the quality of parenting 
behavior, particularly in parents with greater COVID-19 related stressors, might contribute 
to a better understanding about whether oxytocin administration can enhance parental 
caregiving quality in the face of a stressful pandemic.

In addition to impact of COVID-19 on parenting quality, several studies showed negative 
effects of COVID-19 on the quality of infant sleep. For instance, infants and children living 
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with quarantine restrictions showed an increase in nighttime awakenings (Kahn et al., 
2021; Wearick-Silva et al., 2021). However, an increase in the duration of infant nighttime 
sleep has also been reported (Kahn et al., 2021). Moreover, the majority of Israeli mothers 
reported no effects of COVID-19 on the quality of their children’s sleep, although there 
was substantial individual variability (Zreik et al., 2021). Taken together, mixed findings 
have been reported regarding the effects of COVID-19 on children’s sleeping patterns. In 
our study with pre-COVID-19 data, we reported a non-linear decrease in the frequency 
and duration of infant nighttime awakenings from 3 to 24 months. Future studies could 
provide insight into whether our findings are generalizable to pandemic times. A final 
suggestion for future studies is to examine whether COVID-19 impacts the development 
of the infant-parent attachment relationship. For instance, previous findings showed 
that in times of COVID-19, parents engaged in more harsh parenting behaviors (Sari et al., 
2021), behaviors that are known to hamper the development of infant-parent attachment 
security. Moreover, scholars pointed to the potential impact of prolonged mask wearing 
on the development of the infant-parent attachment relationship (Green et al., 2021).

Limitations
The findings presented in the current dissertation should be interpreted in light of the 
following limitations. First, our correlational studies included highly educated Jewish/
White Israeli fathers from middle to upper class origin (Chapter 2 and 3). Moreover, our 
experimental studies included highly educated Dutch fathers who reported relatively low 
levels of childhood adversity (Chapter 5 and Chapter 6). A next step would be examining 
whether our findings can be generalized to samples with a larger variety of sociocultural 
backgrounds. Furthermore, we focused exclusively on the effects of oxytocin and 
vasopressin and we did not take into account the interplay with and between various 
other hormones (e.g., cortisol, testosterone). Evidence suggest that the interplay between 
hormones underlies the expression of complex parenting behaviors. For instance, paternal 
oxytocin levels were negatively associated with affectionate touch during father-infant 
play in fathers with high testosterone levels (Gordon et al., 2017). Moreover, another study 
showed that cortisol levels were negatively associated with sensitive caregiving in fathers 
with high testosterone levels (Bos et al., 2018). Finally, in fathers with higher estradiol 
levels, higher testosterone levels were related with less sensitive paternal responses 
towards the infant (Bakermans-Kranenburg et al., 2021). Future studies could provide 
insight into whether the effects of hormonal administration on paternal behavior and 
neural functioning is influenced by the interplay between different hormones. Moreover, 
we studied fathers in the context of the traditional ‘nuclear family’, comprised of a father, 
mother and child. Yet, there are many different family constellations in which fathering 
takes place, including co-parenting families, LGBTQ IA+ families, single-father families, 

and adoptive families. Incorporating these families in fatherhood research can shed light 
on how fathering unfolds across different family constellations.

Concluding remarks
In the past few decades, a substantial number of fathering studies have been published, 
and more are on the way. The studies presented in this dissertation add to the existing 
fathering literature, and examined various dimensions of fatherhood. We showed 
that divergent processes underlie the development of the infant-mother and infant-
father attachment relationship. More specifically, we found that the quality of the 
prenatal relationship predicted infant-father attachment security but not infant-
mother attachment security. Moreover, the frequency and duration of infant nighttime 
awakenings were differently associated with the development of the infant-mother and 
infant-father attachment relationship. These findings underscore the importance of 
including both mothers and fathers in attachment research in order to gain a better 
understanding of how parenting behaviors contribute to the development of the 
attachment relationship with each parent. Furthermore, findings presented in the 
current dissertation showed that hormonal administration (oxytocin and vasopressin) 
affect specific aspects of fathering behavior (paternal sensitivity), and neural functioning 
(amygdala activation in response to infant cry sounds). Thus, hormonal processes seem to 
be underlying mechanisms in specific aspects of human paternal caregiving. Unravelling 
how hormonal, neural and behavioral responses (bi-directionally) interact with each other 
remains an important challenge for future studies.
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SU PPLE M E NTARY MATE R IALS

Chapter 2
Witte, A. M., de Moor, M. H. M, Szepsenwol, O., Van IJzendoorn, M. H., Bakermans-
Kranenburg, M. J., & Shai, D. (2021). Developmental trajectories of infant nighttime 
awakenings are associated with infant-mother and infant-father attachment 
security. Infant Behavior and Development, 65, 101653. DOI: 10.1016/j.infbeh.2021.101653

As an initial step revealing underlying processes in the relation between infant nighttime 
awakenings and infant-father attachment security, we explored paternal involvement from 
3 to 24 months and examined the associations between initial levels and developmental 
trajectories of paternal involvement and infant-father attachment security.

M ETHOD

Paternal nighttime involvement
Paternal involvement at night was measured using parental reports on two items: (1) 
“Who puts the infant to sleep”, and (2) “Who tends to the infant when the infant wakes 
at night?” These items were administered as part of a self-constructed questionnaire 
to gain insight into the division of parental caregiving at night. Answer options for the 
item “Who puts the infant to sleep” included: (1) mother, (2) father, (3) both equally, and 
(4) other. The answer options mother and other were merged and the three remaining 
answer options were recoded into (1) mother and other, (2) both equally, and (3) father 
such that higher scores indicated greater father involvement in putting the infant to 
sleep. Answer options for the item “Who tends to the infant when the infant wakes at 
night” included: (1) mother, (2) father, (3) both equally. The answer options were recoded 
into (1) mother, (2) both equally, and (3) father such that higher scores indicated greater 
father involvement in tending to the infant when the infant woke during the night.

Data analytic strategy
Paternal involvement in putting the infant to sleep and tending to the infant during 
nighttime awakenings suggested non-linear patterns of growth (see supplementary 
Figure 2.1 and Figure 2.2). More specifically, for paternal involvement in putting the infant 
to sleep, the means indicated that paternal involvement in putting the infant to sleep 
remained relatively stable from T1 to T3, after which an average increase was suggested 
from T3 to T4. We therefore fitted a piecewise latent growth curve model for paternal 
involvement in putting the infant to sleep. A piecewise latent growth curve model 
captures different phases of linear growth by including more than one slope factor. For 
paternal involvement in putting the infant to sleep, the first slope factor represented 

developmental growth from T1 to T3, while the second slope factor represented 
developmental growth from T2 to T4. For the first slope factor, the factor loading of 
T1 was fixed to 0, the factor loading of T2 was fixed to 3, representing the number of 
months between T1 and T2, the factor loading of T3 was fixed to 6, representing the 
number of months between T1 and T3. For the second slope factor, the factor loading 
of T2 was fixed to 0, the factor loading of T3 was fixed to 6, representing the number 
of months between T1 and T3 and the factor loading of T4 was fixed to 21, representing 
the number of months between T1 and T4.

For paternal involvement in tending to the infant during nighttime awakenings, we fitted 
latent growth curve models with estimated time scores, in which trajectories of growth 
are not pre-specified but are allowed to be estimated by the data. The slope factor 
for T1 was fixed to 0, the second and third slope factor loadings were freely estimated, 
and the slope factor loading for T4 was fixed to 21, representing the number of months 
between T1 and T4. For both models, the intercept was identified by restricting the 
factor loadings to 1.

Supplementary Figure 2.1
Temporal trend of putting the infant to sleep reported by mothers and fathers.
Note. Error bars display standard errors.
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Supplementary Figure 2.2
Temporal trend of tending to the infant at night reported by mothers and fathers.
Note. Error bars display standard errors.

R E SU LTS

Preliminary post-hoc analyses
All variables met the assumption of normality, using the rule of thumb of absolute 
skewness values below 3.0 and absolute kurtosis values below 8.0 (Kline, 2005). The 
missing value analysis conducted in IBM SPSS statistics version 26 indicated a missing 
rate of 10% to 35.5%. The Little’s MCAR test was non-significant, χ2 (441) = 408.02, p = .868, 
indicating that the data was missing completely at random (MCAR), justifying the use of 
FIML as an estimator in the growth models.

Mothers and fathers reported an average increase from T1 to T4 in paternal involvement 
in putting the infant to sleep and tending to the infant during nighttime awakenings (see 
Supplementary Table 2.1). Cross-parent correlations for paternal involvement in putting 
the infant to sleep and tending to the infant during nighttime awakenings were moderate 
to strong (see Supplementary Table 2.1). Therefore, for each time point (T1, T2, T3, T4), 
composite scores for paternal involvement in putting the infant to sleep and tending 
to the infant during nighttime awakenings were created by averaging maternal and 
paternal reports on the respective variables. All composite scores met the assumptions 
for normality.

Supplementary Table 2.1.

Means, standard deviations and cross-parent correlations between paternal involvement variables

T1 T2 T3 T4

Who puts the infant to sleep Mother 1.58 (.64) 1.55 (.67) 1.59 (.64) 1.79 (.62)

Father 1.56 (.68) 1.58 (.64) 1.65 (.72) 2.04 (.68)

r .61** .60** .80** .60**

Who tends to the infant Mother 1.19 (.45) 1.46 (.66) 1.66 (.74) 1.85 (.77)

Father 1.22 (.47) 1.51 (.66) 1.74 (.75) 2.07 (.81)

r .52** .70** .69** .71**

Note. Standard deviations appear in parentheses. rs indicate the correlations between maternal and 
paternal reports on the same variable. ** p < .001.

Developmental trajectories for paternal involvement in putting the infant to sleep
The model for father involvement in putting the infant to sleep showed a very good fit: χ2 
(1) = .308, p =.579; RMSEA = 0.000, CFI = 1.00 TLI = 1.00, SRMR = 0.009. The estimated mean 
value of the intercept was significantly different from zero and indicated that the average 
paternal involvement in putting the infant to sleep was 1.564 at 3 months (SE = .059, 
p < .001). The variance of the intercept was significant (variance I = .226, SE = .066, 
p = .001), indicating that fathers differed in their involvement in putting the 3-month-old 
infant to sleep. The estimated mean value of the first slope was non-significant (mean 
S1 = -.004, SE = .017, p = .788), indicating no significant changes in paternal involvement in 
putting the infant to sleep from T1 to T3. However, the variance of the first slope was 
significant (variance S1 = .016, SE = .005, p = .001). Together these results indicate variation 
in developmental trajectories of paternal involvement in putting the infant to sleep from 
T1 to T3; on average there is no change in paternal involvement in putting the infant to 
sleep but some fathers become less involved while others become more involved from 
3 to 9 months old. The estimated mean value of the second slope was positive and 
significant (mean S2 = .016, SE = .005, p = .001), indicating increased paternal involvement 
in putting the infant to sleep from T2 to T4. The variance of the second slope was non-
significant (variance S2 = .001, SE = .001, p = .053), suggesting similarity in developmental 
trajectories from T2 to T4. The covariance between the intercept and the first and second 
slope was non-significant.

Developmental trajectories for paternal involvement during infant nighttime 
awakenings
The model for father involvement during infant nighttime awakenings showed an 
acceptable fit: χ2 (3) = 7.257, p =.064; RMSEA = 0.117, CFI = .963, TLI = .926, SRMR = 0.081. 
The estimated mean value of paternal involvement in tending to infant during nighttime 
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awakenings was 1.204 at 3 months (SE = .042, p < .001). The variance of the intercept was 
significant (variance I = .158, SE = .029, p < .001), indicating that fathers differed in their initial 
involvement in tending to the 3-month-old infant during nighttime awakenings. Results 
showed a significant increase in paternal involvement in tending to the infant during 
nighttime awakenings across time (estimated mean S = .033, SE = .004, p < .001). Moreover, 
results indicated variation in developmental trajectories of paternal involvement during 
nighttime awakenings (variance S = .001, SE =.000, p = .001). The covariance between the 
intercept and slope was non-significant.

Associations between paternal involvement and infant-father attachment security
In the next step, we added infant-father attachment security to the models to examine 
whether initial levels and developmental trajectories of paternal involvement in putting 
he infant to sleep and tending to the infant during nighttime awakenings were predictive 
of infant-father attachment security. The model for paternal involvement in putting 
the infant to sleep showed a very good fit: χ2 (2) = .09, p =.954; RMSEA = 0.000, CFI = 1.00 
TLI = 1.00, SRMR = 0.007. The intercept of paternal involvement in putting the infant to 
sleep showed a non-significant path coefficient to infant-father attachment security, 
with an estimated value of -.359 (SE = .324, p = .267). Non-significant path coefficients 
were found between the first slope and infant-father attachment security (estimated 
path coefficient = - .066, SE = .094, p = .481), as well between the second slope and infant-
father attachment security (estimated path coefficient = .030, SE = .025, p = .226).

The model for paternal involvement in tending to the infant during nighttime awakenings 
showed an acceptable fit: χ2 (5) = 7.693, p =.17; RMSEA = 0.087, CFI = .972, TLI = .945, 
SRMR = 0.077. The intercept of paternal involvement in tending to the infant showed a 
non-significant path coefficient to infant-father attachment security, with an estimated 
value of -.241 (SE = .262, p = .359). A non-significant path coefficient of .023 was found 
between the slope and infant-father attachment security (SE = .020, p = .248). In sum, 
results indicated no significant associations between initial levels and developmental 
trajectories of paternal involvement in putting the infant to sleep and tending to the 
infant during nighttime awakenings and infant-father attachment security.

Chapter 5
Witte, A. M., De Moor, M. H., Majdandžić, M., Verhees, W.F.T., Van IJzendoorn, M. H., 
& Bakermans-Kranenburg, M. J. Effects of oxytocin and vasopressin administration 
on human fathers’ sensitive and challenging parenting: a randomized within-subject 
controlled trial. Submitted for publication

The placebo was prepared as followed: chlorobutanol 2.5 g, Methylparaben 3.5 ml, 
Sodium chloride 4.5 g, Sodium hydroxide (qs), and distilled water 500 ml. Participants 
were administered 1.38 ml of the placebo.
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Chapter 6
A revised version of this chapter has been published:
Witte, A.M., Riem, M.M.E., van der Knaap, N., de Moor, M.H.M., van IJzendoorn, M.H., & 
Bakermans-Kranenburg, M.J. (2022). The effects of oxytocin and vasopressin administration 
on fathers’ neural responses to infant crying: a randomized controlled within-subject 
study. Psychoneuroendocrinology, 105731. doi:10.1016/j.psyneuen.2022.105731.

The placebo was prepared as followed: chlorobutanol 2.5 g, Methylparaben 3.5 ml, 
Sodium chloride 4.5 g, Sodium hydroxide (qs), and distilled water 500 ml. Participants 
were administered 1.38 ml of the placebo.
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Supplementary Table 6.1

Moderation effects of father’s early childhood experiences on left amygdala activationa

Parameter β (SE) df t p 95% CI

Intercept .41 (.11) 155 3.70 <.001 [0.19, 0.62]

OXT -.26 (.16) 112 -1.69 .094 [-0.57, 0.05]

AVP -.37 (.15) 99 -2.50 .014 [-0.66, -0.08]

Experienced harsh discipline -.18 (.14) 163 -1.28 .204 [-0.45, 0.10]

   Experienced harsh discipline × OXT .19 (.19) 113 1.00 .319 [-0.29, 0.42]

   Experienced harsh discipline × AVP .06 (.18) 117 0.35 .728 [-0.46, 0.74]

Experienced parental love withdrawal -.05 (.13) 166 -0.38 .704 [-0.30, 0.20]

   Experienced parental love withdrawal × OXT .09 (.18) 106 0.49 .623 [-0.26, 0.44]

   Experienced parental love withdrawal × AVP .14 (.17) 111 0.83 .409 [-0.19, 0.47]

Note. aLinear Mixed Model effects. OXT = Oxytocin; AVP = Vasopressin; PLC = Placebo. Parameters 
of the placebo condition are set to zero because this condition is used as the reference group; its 
parameters are therefore not displayed.

Supplementary Table 6.2

Moderation effects of father’s early childhood experiences on ACC activationa

Parameter β (SE) df t p 95% CI

Intercept .42 (.14) 154 2.91 .004 [0.13, 0.70]

OXT -.23 (.21) 109 -1.11 .271 [-0.64, 0.18]

AVP -.30 (.20) 97 -1.56 .122 [-0.69, 0.08]

Experienced harsh discipline -.30 (.18) 162 -1.61 .110 [-0.66, 0.07]

   Experienced harsh discipline × OXT .39 (.25) 111 1.54 .126 [-0.11, 0.90]

   Experienced harsh discipline × AVP .20 (.24) 115 0.85 .399 [-0.27, 0.68]

Experienced parental love withdrawal .01 (.17) 166 0.07 .943 [-0.32, 0.34]

   Experienced parental love withdrawal × OXT -.01 (.23) 107 -0.02 .986 [-0.47, 0.46]

   Experienced parental love withdrawal × AVP .05 (.22) 108 0.24 .811 [-0.39, 0.49]

Note. aLinear Mixed Model effects. ACC= Anterior Cingulate Cortex. OXT = Oxytocin; AVP = Vasopressin; 
PLC = Placebo. Parameters of the placebo condition are set to zero because this condition is used as 
the reference group; its parameters are therefore not displayed. A
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Supplementary Table 6.4

Moderation effects of fathers’ baseline oxytocin and vasopressin levels on amygdala and ACC 
activation

Parameter β (SE) df t p 95% CI

Amygdala Intercept .39 (.11) 163 3.43 .001 [0.17, 0.62]

OXT -.24 (.17) 125 -1.37 .174 [-0.58, 0.11]

AVP -.33 (.15) 100 -2.15 .030 [-0.64, 0.02]

Baseline oxytocin levels .06 (.13) 143 0.44 .660 [-0.19, 0.31]

 Baseline oxytocin levels × OXT .00 (.17) 160 0.02 .985 [-0.34, 0.34]

 Baseline oxytocin levels × AVP -.03 (.18) 153 -0.18 .850 [-0.40, 0.33]

Baseline vasopressin levels .03 (.13) 166 0.22 .824 [-0.23, 0.29]

 Baseline vasopressin levels × OXT -.03 (.18) 169 -0.17 .866 [-0.38, 0.32]

 Baseline vasopressin levels × AVP -.02 (.16) 154 -0.13 .895 [-0.35, 0.30]

ACC Intercept .47 (.15) 161 3.17 .002 [0.18, 0.76]

OXT -.27 (.23) 130 -1.18 .241 [-0.71, 0.18]

AVP -.34 (.20) 105 -1.69 .094 [-0.73, 0.06]

Baseline oxytocin levels -.29 (.16) 142 -1.77 .079 [-0.61, 0.03]

 Baseline oxytocin levels × OXT .33 (.22) 161 1.49 .139 [-0.11, 0.77]

 Baseline oxytocin levels × AVP .19 (.23) 149 0.80 .426 [-0.28, 0.65]

Baseline vasopressin levels -.13 (.17) 166 -0.76 .446 [-0.47, 0.21]

 Baseline vasopressin levels × OXT -.02 (.23) 168 -0.10 .923 [-0.47, 0.43]

 Baseline vasopressin levels × AVP .04 (.21) 156 -0.20 .846 [-0.46, 0.38]

Note. aLinear Mixed Model effects. ACC= Anterior Cingulate Cortex. OXT = Oxytocin; AVP = Vasopressin; 
PLC = Placebo. Parameters of the placebo condition are set to zero because this condition is used as 
the reference group; its parameters are therefore not displayed.
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SUM MARY OF TH E R E SU LTS

Chapter 2 –Infant sleep problems and infant-parent attachment security
In the study presented in Chapter 2, we investigated developmental trajectories of 
infant sleep from 3 to 24 months old, and we examined associations with infant-parent 
attachment security and dependency. A total of 107 heterosexual couples with their 
children participated in the study. Our findings showed that the duration and frequency 
of infant nighttime awakenings decreased in a non-linear fashion over time. This may 
be particularly hopeful for parents experiencing problems with the sleeping patterns of 
their infant. We found no associations between the duration and frequency of infant 
nighttime awakenings and the infant’s dependency level toward the parents. Surprisingly, 
we found that a longer duration and a higher frequency of infant nighttime awakenings 
was associated with higher infant-father attachment security. Moreover, we reported 
that a longer duration of infant nighttime awakenings was associated with lower infant-
mother attachment security. In our post-hoc analyses, we examined whether the negative 
association between infant sleep problems and infant-father attachment security could 
be explained by an increase in paternal involvement at night, however, we found no 
evidence for this explanation. In conclusion, we showed that infant sleep problems are 
differentially related to the infant-mother and infant-father attachment relationship.

Chapter 3 –Family alliance, paternal testosterone levels and attachment
In the study presented in Chapter 3, we examined whether prenatal family alliance 
and prenatal paternal testosterone levels predicted infant–mother and infant–father 
attachment security and whether this association was mediated by postnatal family 
alliance and postnatal paternal testosterone levels. The sample included 105 heterosexual 
couples expecting their first child at the time of recruitment. Our findings showed that a 
more positive prenatal family alliance predicted higher infant–father attachment security 
but not infant–mother attachment security. These findings suggest that the level of 
cooperation and support between expectant parents shape the development of the 
infant-father (but not the infant-mother) attachment relationship. Importantly, as family 
alliance can be observed prior to the birth of the baby, interventions to improve family 
alliance can be implemented prior to the birth of the baby. Moreover, we reported an 
increase in paternal testosterone levels from the prenatal period to the postnatal period. 
These findings contradict previous evidence showing a decrease in testosterone levels 
during the transition into fatherhood (Gettler et al., 2011; Storey et al., 2000). Paternal 
testosterone levels did not mediate the relation between prenatal family alliance and 
infant-mother and infant-father attachment security. In sum, our findings underscore an 
important role for the quality of prenatal family relation in shaping the development of 
the infant-father attachment relationship.

Chapter 4 – Study protocol Fathers Today
In Chapter 4, we presented a study protocol of a randomized, double-blind, placebo-
controlled within-subject experiment to investigate the effects of intranasal 
administration of oxytocin and vasopressin on paternal behavior and fathers’ neural 
and behavioral responses to infant cry sounds and infant threat. Fathers were proposed 
to be randomized to 3 experimental sessions (oxytocin, vasopressin, placebo) with 
intervening periods of 1 to 2 weeks. The study protocol provides a rationale for 
conducting experiments with oxytocin and vasopressin administration in first-time 
fathers in the early phase of parenthood. Moreover, presents a detailed description of 
the behavioral, hormonal and neural measures included in the study which prevents 
overuse of researcher degrees of freedom and may facilitate replication.

Chapter 5 – Effects of hormonal administration on paternal behavior
In Chapter 5, we presented a randomized double-blind placebo-controlled within-
subject study to examine the effects of oxytocin and vasopressin administration on 
fathers’ sensitive and challenging parenting behaviors (CPB). The sample consisted of 
70 fathers with a child between 2 and 12 months old. Our results showed that fathers 
who reported higher levels of experienced parental love withdrawal were less sensitive 
in the oxytocin condition as compared to the placebo condition, whereas fathers with 
lower levels of experienced parental love withdrawal showed similar levels of paternal 
sensitivity in the oxytocin and placebo condition. These findings indicate that oxytocin 
administration can reduce sensitive caregiving, depending on fathers’ own childhood 
experiences. Moreover, our findings add to previous experimental studies showing that 
oxytocin administration can lead to negative outcomes in at-risk individuals (e.g., Bartz 
et al., 2010; Bartz et al., 2015; Mah et al., 2013; Wooley et al., 2016). We also reported a 
positive association between fathers’ CPB and age of the child, indicating that fathers 
engaged in more CPB when children were older. We reported no effects of vasopressin 
administration on paternal sensitivity, neither did oxytocin or vasopressin administration 
affect fathers’ CPB. In conclusion, oxytocin administration, which has been proposed 
as a promising therapeutic intervention due to its prosocial effects (van IJzendoorn & 
Bakermans-Kranenburg, 2012; Yang et al., 2021) may be harmful for fathers with adverse 
childhood experiences.

Chapter 6 – Effects of hormonal administration on fathers’ neural responses
In Chapter 6, we conducted a randomized double-blind placebo-controlled within-
subject study to examine the effects of oxytocin and vasopressin administration on 
fathers’ neural responses to infant cry sounds. We included a sample of 70 fathers 
with their 2- to 12-month-old children. Results indicated that infant crying elicited 
activation in several areas of father’s brain, including the supramarginal gyrus, cerebellum, 
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posterior cingulate, angular gyrus, and brain regions involved in auditory information 
processing (the middle and superior temporal gyrus). These results are largely in 
agreement with a previous developed neural model of infant cry perception (Witteman 
et al., 2019). Findings from our whole-brain analyses indicated no effects of vasopressin 
or oxytocin administration on neural responses to infant cry sounds. However, region of 
interest analyses showed that oxytocin and vasopressin administration decreased fathers’ 
amygdala activation in response to infant cry sounds. Reduced amygdala activation after 
oxytocin administration may point to decreased feelings of anxiety or aversion towards 
the crying infant. Albeit speculatively, reduced amygdala activation after vasopressin 
administration might be explained by contextual factors (e.g., absence of high levels 
of threat, unfamiliarity of the infant) or might point to an affiliative reaction to infant 
crying. Taken together, our findings showed that oxytocin and vasopressin are important 
fathering hormones implicated in neural responses to infant distress.
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‘Do not ask your children to strive’

“Do not ask your children
to strive for extraordinary lives.

Such striving may seem admirable,
but it is the way of foolishness.

Help them instead to find the wonder
and the marvel of an ordinary life.

Show them the joy of tasting
tomatoes, apples and pears.

Show them how to cry
when pets and people die.

Show them the infinite pleasure
in the touch of a hand.

And make the ordinary come alive for them.
The extraordinary will take care of itself.

William Martin
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