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Chapter 6

In the studies presented in this thesis we showed that childhood experiences of
emotional maltreatment affect the processing of emotional and temperamental infant
cues. Moreover, we found evidence for the involvement of the oxytonergic system in the
association between early life emotional adversities and behavioral responses to infant
stimuli. As described in Chapter 2, we found that emotional maltreatment (via endog-
enous oxytocin levels) was related to perceived positivity in happy infant faces. More
emotional maltreatment experiences were associated with higher salivary oxytocin levels,
which in turn were related to a more positive perception of the mood of happy infant
faces. Furthermore, we found an association between experienced love withdrawal and
perception of negativity in infant crying (Chapter 5). Fewer experiences of love with-
drawal were associated with a less negative perception of infant crying, but this effect was
most pronounced in individuals with high scores on temperamental orienting sensitivity.
In Chapter 3 we presented a validation of the Baby Social Reward Task and we showed
that experimentally manipulated infant mood information affected the perceived cute-
ness and the motivation to view these same infant faces with neutral expressions. Happy
infants were rated as more cute, and participants expended more effort to view these in-
fants after receiving the mood information, whereas they expended less effort to view sad
infants. In Chapter 4 we reported our findings showing that intranasal oxytocin admin-
istration decreased the memory for infant mood information, making the happy and sad
infants to be perceived more similar, however, this effect was present only for the group

with more experiences of emotional maltreatment.
Childhood experiences and the oxytonergic system

Both early life stressful experiences and the oxytonergic system shape some
common neural sites. For example, both of these have been shown to affect structural
and functional properties of various brain regions such as amygdala (Inoue et al, 2010;
Riem et al, 2011; Van Harmelen et al, 2012). In Chapter 5 we reported that participants
with experiences of maternal disciplining strategy of love withdrawal rated infant cry-
ing as more negative. These results are in line with previous studies showing that expe-
riencing childhood emotional maltreatment is associated with altered neural develop-
ment, such as reduced prefrontal cortex volumes and enhanced amygdala and neural
activation while viewing emotional faces (Huffmeijer et al, 2011; Van Harmelen et al,
2012; Van Harmelen et al, 2010b) as compared to typically developing individuals, which
might possibly explain the behavioral differences seen in our studies. With regard to the
contribution of oxytocin, in Chapter 2 we reported that higher oxytocin levels were as-
sociated with a more positive evaluation of the mood of a happy infant. These findings
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corroborate studies showing that oxytocin is released in brain sites responsible for emo-
tion processing, such as the nucleus accumbens, the amygdala, the septum and the bed
nucleus of the stria terminalis, which all have high densities of oxytocin receptors (Gimpl
and Fahrenholz, 2001). Moreover, these effects of oxytocin on emotion processing are
thought to be brought about by decreased amygdala activation while viewing or listening
to emotional stimuli such as facial cues or infant crying (Baumgartner et al, 2008; Kirsch
et al, 2005; Riem et al, 2011). While experience of maltreatment has been associated with
increased amygdala activity in response to emotional information, in individuals with
higher oxytocin levels oxytocin might exert its anxiolytic effects and thereby decrease the

over-arousal by dampening amygdala activity especially in maltreated individuals.

Next to these common sites of action, adverse childhood experiences have also
been shown to directly influence the oxytonergic system. In Chapter 2 we report that
early experiences of emotional maltreatment are associated with salivary oxytocin levels,
similar to findings reported in previous studies (Heim et al, 2008; Pierrehumbert et al,
2010). However, the findings of various studies diverge, with some showing a negative re-
lation between adverse experiences and activity of oxytonergic system (Heim et al, 2008)
and others showing a positive relation (Pierrehumbert et al, 2010). We found higher sali-
vary oxytocin levels associated with more self-reported maltreatment, which is in line
with a recent study showing increased urinary oxytocin levels in young females with
experiences of physical abuse (Seltzer et al, 2013). The implications of these observations
have still to be elucidated. The effects of maltreatment and stressful life events are com-
plex, affecting various neuro-hormonal systems, and they appear to be moderated by fac-
tors such as age and gender (Joels and Baram, 2009). Even within the oxytonergic system,
the relation between exposure to stress and oxytocin levels is not yet well understood.
Of the two most dominant theories about the interaction between oxytocin and stressful
experiences, one theory suggests suppressive effects of oxytocin on the hypothalamic-
pituitary-adrenal axis, with suppressed stress reactivity as a result, while the other sug-

gests a greater release of oxytocin as part of stress reactivity (Pierrehumbert et al, 2010).

Early maltreatment may not only affect the secreted levels of the hormone, but
might also bring about its effects by altering oxytocin receptor density (Francis et al,
2000), oxytocin receptor binding (Liberzon and Young, 1997) and/or epigenetic changes
(Kumsta et al, 2013), a complexity which might be difficult to capture in studies with
human subjects. In Chapter 2 we assessed the role of a single nucleotide polymorphism
on the oxytocin receptor gene (rs53576) in moderating the relation between childhood
emotional maltreatment and endogenous salivary oxytocin levels. We did not find a
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Chapter 6

significant moderating effect of the polymorphism, a finding consistent with a recent
meta-analysis (Bakermans-Kranenburg and Van IJzendoorn, 2013). Although this poly-
morphism has been shown to moderate the effects of intranasal oxytocin administration
on social preferences towards infants (Marsh et al, 2012) and has been associated with
parenting and trust behaviors (Bakermans-Kranenburg and Van IJzendoorn, 2008; Ro-
drigues et al, 2009), the polymorphism is present in an intron of the oxytocin receptor
gene and the functional significance of the polymorphism has yet to be demonstrated
(Bakermans-Kranenburg et al, 2013). Well-designed studies with larger sample sizes and
clearly defined ethnic groups are needed to study the effects of oxytocin receptor poly-
morphisms, as well as experimental work on the functional properties of oxytocin recep-

tor polymorphisms in animals and humans.

The associations between emotional maltreatment and emotion processing,
between oxytocin and emotion processing, and between emotional maltreatment and
oxytocin have been replicated repeatedly (Marsh et al, 2010; Pollak et al, 2000; Seltzer et
al, 2013). However, very few studies (mainly from our research group) have examined
the combination of maltreatment and oxytocin in affecting neuro-behavioral outcomes
(Huftmeijer et al, 2012; Riem et al, 2013; Riem et al, in press; Van IJzendoorn et al, 2011).
For instance, individuals who experienced lower levels of love withdrawal by their moth-
ers made more charitable donations when they receive oxytocin, whereas oxytocin ad-
ministration does not affect donating behavior of their less fortunate peers who experi-
enced high levels of love-withdrawal (Van IJzendoorn et al, 2011). While love withdrawal
is an important component of emotional abuse and has an impact on the perception of
infant cues (Chapter 5), we also studied the broader maltreatment construct with com-
ponents of emotional abuse and neglect imparted by family members including parents
and siblings (Chapter 2 and 4). In these studies we show that the experience of emotional
maltreatment affects the development of the oxytonergic system, resulting in individual
differences in the perception of infant temperament (Chapter 2). Moreover, the respon-
siveness of the oxytonergic system to externally administered oxytocin is affected by
these negative experiences, resulting in impaired memory for infant temperamental cues

only in maltreated individuals (Chapter 4).
Efficacy and reliability of oxytocin manipulation and assessment measures

We used intranasal administration to experimentally increase oxytocin lev-
els and observed its effect on memory of infant temperament cues. We also measured

endogenous salivary level to assess the association of oxytocin with mood recognition.
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While these are currently the best available methods to experimentally increase oxytocin
levels and collection of saliva constitutes a noninvasive method to measure physiological
levels of oxytocin, there is some debate about the efficacy and reliability of these meth-
ods. In humans there is no experimental evidence yet showing that oxytocin can indeed
cross the blood brain barrier after intranasal administration, or can reach relevant brain
areas through other ways or means. It has been suggested however, that neuropeptides
of similar size and structure as oxytocin (e.g., vasopressin) are indeed taken up in cere-
brospinal fluid when administered intra-nasally and result in neurobiological and be-
havioral changes (Born et al, 2002). In a recent study we showed that salivary levels of
oxytocin remained elevated for at least seven hours after the nasal spray administration
(Van IJzendoorn et al, 2012). The study used different doses (16 and 24 IU) of oxytocin;
these doses did not make a significant difference in salivary oxytocin levels (Van IJzen-
doorn et al, 2012), possibly due to the saturation by such high doses (Figure 1). Indeed,
other studies using 16, 24 or even 40 IU have shown comparable effects in brain activity
(Kirsch et al, 2005; Riem et al, 2011). One disadvantage of the nasal spray method is the
inability to control the dosing amount. Absorption through the mucosal surface might
be different among participants due to the specific anatomy of the nose, the structure of
the nasal cavity and the environment in the nasal cavity, creating additional individual
differences in the bioavailability of oxytocin in the brain (for a review see Guastella et al,
2013). More controlled administrations, taking into account any morphological differ-
ences might further improve the reliability of the effects on intranasal oxytocin adminis-
tration in humans (Guastella et al, 2013).

Evidence that oxytocin can indeed reach the brain after intranasal administra-
tion (or alternatively, trigger a feed-forward reaction causing endogenous release of oxy-
tocin) comes from a recent study conducted in rodents showing an increase in oxytocin
levels in brain regions such as the amygdala and the hippocampus. Moreover, an increase
in plasma levels of oxytocin after intranasal administration was short lived compared to
brain levels (Neumann et al, 2013). However, direct experimental evidence showing that
this phenomenon also translates to humans still awaits to be presented. Pieces of evidence
so far suggest that, similar to animal studies, increased plasma levels of oxytocin after
intranasal administration are short lived in humans as well, possibly also providing an
indirect evidence for a disconnect between central and peripheral hormone levels (Gos-
sen et al, 2012). The route taken by synthetic oxytocin from the nasal cavity to the brain is
not known. Of several possible routes that an intranasally administered drug might take,
a recent review suggest five most likely routes. These include, absorption and uptake by
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Figure 1. Salivary oxytocin levels over the day in placebo (A) and after administration
of 16 IU or 24 IU oxytocin (B). Administration of oxytocin or placebo through nasal spray
directly after the baseline assessment; subsequent assessments every hour after administra-
tion of oxytocin or placebo (Van IJzendoorn et al, 2012).

114



General Discusssion

a) nasal vasculature into the systemic circulation, b) oral mucosa and gastroenterally, c)
olfactory bulb pathways, d) trigeminal nerve pathways and e) the paravascular spaces
that connect into the interstitial spaces of the brain parenchyma (for a detailed account
on the topic see Guastella et al, 2013). Unfortunately, there has been no human research
regarding the amount of oxytocin that actually reaches the brain, its half-life in the cere-
brospinal fluid, and the brain area specific activity as might be assessed by receptor con-
centration and ligand - receptor binding. Salivary oxytocin levels are suggested to be co-
ordinated with the central nervous system levels of oxytocin (Weisman et al, 2012). The
study by Van IJzendoorn et al (2012) shows increased oxytocin levels in saliva after nasal
spray with a gradual decrease until seven hours. Moreover, the stability of oxytocin levels
in saliva without any drug administration supports the reliability of the measure. How-
ever, whether these measures actually correlate with cerebrospinal levels or not, and the
degree of correlation between these two, cannot be implied with certainty. The invasive
nature of the confirmatory tests has prevented this very basic but important knowledge
required for the correct understanding and interpretation of the findings. At present,
intranasal administration and salivary oxytocin levels are the best available, non-invasive

tools in oxytocin research, the results should however be interpreted with caution.
Evolutionary significance of altered oxytonergic system with maltreatment experiences

Abusive and neglectful experiences have been related to interpersonal difficul-
ties and problems in creating stable and secure attachments, both romantic and to one’s
offspring (Cyr et al, 2010; Hornor, 2012). Our findings might suggest that alterations
in the oxytonergic system due to maltreatment experiences might be adaptive for some
individuals, possibly by preparing them for more positive interactions with potential
new attachment partners (as also argued by Seltzer et al, 2013). This argument might
be supported by a study showing an increase in oxytocin concentration following physi-
cal contact with biologically unrelated children but not with related children (Bick and
Dozier, 2010). It has been argued that this might be explained by the role of oxytocin in
initiation (but not continuation) of maternal behaviors as also shown in rodent studies
(Bick et al, 2010; Insel, 1997). In a similar vein we found that oxytocin was related to the
perception of positivity in infant faces (Chapter 2) and that intranasal oxytocin decreased
the perception gap between positive and negative infant temperamental cues, possibly to
increase approach behavior towards infants with more negative temperaments, especially
in the at risk maltreated group (Chapter 4).

115

\O
i
]
-
=
5]
=
®)




Chapter 6

Alternative mechanisms for modifying perception of infant cues

Infants’ perceived cuteness, due to its rewarding nature, has also been associ-
ated with more sensitive parenting by their mothers (Langlois et al, 1995). This bias is
inherently unfair and it is thus important to see whether perceptions of infant cuteness
can be changed for the better. In Chapter 3 we show that experimental modulation of
infant mood to create a more positive perception of temperament resulted in increased
cuteness ratings and more effort to view them. For negatively perceived temperament,
the cuteness ratings were not affected, but participants expended less effort to view these
infants. In the human brain, reward processing is distinguished as having two compo-
nents: liking and wanting (Kringelbach and Berridge, 2012). While rating the infants as
cuter is a part of the liking response, expending energy to view the infant represents the
wanting part of reward (Parsons et al, 2011). Some studies are now identifying different
brain areas involved in the liking and wanting part of reward processing (Berridge and
Kringelbach, 2013). Our results suggest that infant temperament has clear consequences
for how adults perceive infant cues, with effects on both the liking and wanting compo-
nents. Perception of infant cuteness is not based on physical facial features alone, and is
modifiable through experience with that very infant.

Experimental tasks

The advantages of experimental manipulation over real life observational studies
have been noted in literature, such as more controlled environmental conditions and the
possibility of identifying causality. However, in highly controlled settings, the ecological
validity of the stimulus is sometimes lost, and the generalizability of the findings to real
life may be difficult. For validity of the experimental study, the researcher has to maintain
the controlled environment while still allowing real life similarities to find their way (e.g.,
in real life, a crying sound is always accompanied by the presence of an infant). In this
regard, the following two manipulations used in our studies deserve being mentioned.

Baby Social Reward Task (BSRT). The BSRT was used in Chapter 3 and 4 in
order to manipulate the mood of infants to give the participants an idea of the tempera-
ment of the infant. Most of the experimental studies, both with adults and infants, use
facial cues (Guastella et al, 2008; Marsh et al, 2010) or sounds (Out et al, 2010; Riem
et al, 2011). While some studies have also used videos (Sitnikova et al, 2003), the con-
trollability of these paradigms might be limited due to the complexity related to depth
and movement. These attributes recruit various different brain areas (Jong et al, 1994)
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and therefore might hamper the unequivocal interpretation of the data. Moreover, in
brain imaging studies the results might be more complicated to interpret. In the BSRT, we
coupled infant emotional facial cues with corresponding sounds in order to increase the
ecological validity. We manipulated the mood of the infant, and by using more than one
trial we aimed to create an infant with a specific temperament. Moreover, like in real life,
the same infant showed both happy and sad moods. For example, an infant manipulated
to be perceived as happy most of the time still cried in some trials. Similarly, an infant
aimed to be perceived as difficult cried on most of the trials and showed happy mood in
fewer trials. These manipulations were meant to make the task as more valid while still

preserving a controlled environment as required for the experimental setting.

Infant Simulator. Most of the research on responses to cry sounds is done by
using recorded and manipulated cry sounds of real infants, without the presence of an
infant (Joosen et al, 2013). Moreover, in many studies with recorded cry sounds, par-
ticipants cannot act to the crying by providing appropriate care. In Chapter 5, we used
the infant simulator which is a doll resembling a real infant. Confronted with the infant
doll’s crying, participants have to figure out the reason for the cry and provide care such
as feeding, changing the diaper, or burping. The participants were then asked to rate the
perceived negativity of the cry. This whole setup mimics a natural caregiving event and
allows us to capture caregivers perception of infant cues similar to real life situation.
Moreover, the variations in the caregiver’s perception due to the frequency and pitch of
crying can be controlled experimentally, which presents as an advantage over studies
with real infants.

Limitations and future directions

We note some limitations of the studies presented in this thesis. The participants
of all studies were adult females without offspring, and they had no daily experiences
of caring for an infant. Research suggests heightened neuronal plasticity due to various
hormonal and neurochemical processes during pregnancy, resulting in drastic changes
in the maternal brain (for a review see Kinsley and Amory-Meyer, 2011). Oxytocin is one
of the hormones which plays a major role during parturition. Moreover, mothers differ
from females without children of their own in their responses to infant cues (Zeskind,
1980). Taken together this suggests that replicating our work in mothers would be help-
ful in understanding the significance of these neuronal and behavioral alterations. In a
similar vein, mothers’ responses to own versus unknown infants might differ too (Strat-

hearn et al, 2008). The differences in maternal perception towards own versus genetically
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unrelated infants might be of interest. Moreover, research has also reported gender dif-
ferences both in oxytonergic system functioning and responses to infant cues (Parsons
et al, 2011; Weisman et al, 2013). For example, gender has been shown to moderate the
relations between oxytocin levels and anxiety ratings. Males with higher oxytocin levels
score lower on trait anxiety but no such associations were seen for females (Weisman et
al, 2013). Specifically in parenting behaviors, mothers” oxytonergic system (genes and
hormones) was shown to be associated with children’s social reciprocity towards peers
but fathers’ oxytonergic system was not associated with children’s reciprocity (Feldman et
al, 2013). The study of gender differences in oxytonergic system responses to infant cues
therefore might shed more light on the different roles played by fathers and mothers in

infant upbringing.

In the present studies, we used self-report measures of experienced maltreat-
ment and maternal discipline strategies. Self-report measures might suffer from specific
disadvantages such as biases due to current mood and personality of the respondents.
Other biases such as social desirability tendencies might also result in biased informa-
tion about the actual experiences of maltreatment. However, the questionnaires used in
the present studies are reliable and well validated (Bernstein et al, 2003; Huffmeijer et
al, 2011) and have been used in various studies to measure experienced maltreatment
(Van Harmelen et al, 2012; Van Harmelen et al, 2010b). Future studies might however
use other methods such as extensive interviews or eye witness reports to increase the ac-

curacy of the reported experiences.

The present sample consisted of university students, with an under-represen-
tation of extreme cases of emotional abuse. Future studies may include the full range of
maltreatment to clearly understand alterations in various neural and behavioral systems
with extreme versus less extreme cases of abuse and neglect. Emotional maltreatment
has been reported to co-occur with other forms of maltreatment. For example, a recent
maltreatment prevalence study conducted in the Netherlands showed that of all children
reported to be maltreated, only 55% of the children experienced one type of maltreat-
ment, 30% experienced two different types, 13% experienced three types, and 2% expe-
rienced four or more types of maltreatment (Euser et al, in press). Another Dutch study
assessing structural differences in brain’s grey and white matter volumes in relation to
experiences of emotional maltreatment reported that of the individuals suffering from
childhood emotional abuse and neglect, 31% also reported physical abuse, and 29% also
reported sexual abuse. In addition, 38% of all individuals reporting sexual abuse also

reported physical abuse (Van Harmelen et al, 2010a). In the current sample, we did not
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differentiate between individuals with experiences of emotional maltreatment and those
having additional experiences of physical or sexual abuse. Our results might thus repre-
sent a combined effect of different types and frequency of maltreatment, and not reflect
the effects of only emotional maltreatment.

Implications and Conclusions

In sum, we found that the perception of infant cues differs between individu-
als with fewer versus more experiences of emotional maltreatment (Chapter 5). These
adverse experiences seem to change the activity and responsiveness of the oxytonergic
system, such that higher levels of oxytocin are secreted to allow for a more positive evalu-
ation of happy infant mood (Chapter 2). Intranasal administration decreases the negative
perception of sad infant expressions and decreases the memory for negative infant cues
in individuals who experienced emotional maltreatment during their childhood years
(Chapter 4). Our results might suggest that developmental changes in the oxytonergic
system might help maltreated individuals to be open to new, potentially positive relation-
ship experiences and to facilitate new attachments. Moreover, we suggest that reward
training might be helpful in changing individuals’ perception of an infant for the bet-
ter and to support parents to spend more energy to stimulate their child’s development
(Chapter 3). Overall, our findings might serve as a first step toward identifying cognitive
and neurobiological mechanisms that might help to improve (future) parenting.
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