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Abstract

Parents lay the foundation for their children’s socio-emotional experiences by sensitively
responding to their needs. The hormonal and neurobiological changes that occur during transition
to parenthood importantly contribute to parents’ caregiving behavior toward their children. Much
research has emphasized the relationship between the mother-who is most often the primary
caregiver—and her infant, with less focus on the role of fathers in child development. However,
recent accounts have suggested that fathers also play an important role in promoting the health,
development and psychosocial wellbeing of their children. Evidence from behavioral literature has
indicated that there are significant differences between typical mother-infant versus father-infant
interactions. The current review aims to outline differences between maternal and paternal
caregiving by discussing the differences in their biological mechanisms. First, we focus on the
different hormones that are correlated with sensitive parenting behaviors in mothers and fathers.
Next, we discuss the differences between neural bases of motherhood and fatherhood. Lastly, we
discuss ways in which parental hormones, parental brain, and parental exposure to infant cues
interact to shape parental caregiving behavior. In summary, this review highlights the distinct but
complementary nature of maternal and paternal caregiving.
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Introduction

Across species, parental caregiving is considered critical for the survival and healthy
development of one’s progeny. Humans represent a subgroup of mammalian species that
exhibit distinct maternal and paternal caregiving behaviors.! Parenting research has
traditionally focused on maternal behavior and positive child development outcomes. Only
recently, has there been a burgeoning interest in sensitive fathering and its role for the child’s
socio-emotional and cognitive development.23 Moreover, behavioral studies have
documented sex differences between mother-infant and father-infant interactions.* For
example, mother-infant interactions are mostly characterized by affectionate touch,
emotional warmth and support, whereas father-infant interactions are primarily characterized
by physical interactions, such as “rough and tumble” stimulatory or exploratory play.>
These observed differences in mother-child versus father-child interactions suggest that
neuroendocrine differences may exist between the two sexes.

Thus, the aim of the current review is to examine neural and hormonal mechanisms that
correlate with maternal and paternal behavior during interactions with their infants. First, we
will review the hormonal basis of maternal and paternal caregiving. Second, we will review
distinct neural networks that may contribute to maternal and paternal behavior. Lastly, we
will consider ways in which unique parenting behaviors may emerge through the interplay of
parental hormonal changes, parental brain plasticity, and parental exposure to infant cues
during the early postpartum period. We will discuss all of the above with the aim of offering
insights into distinct yet complementary roles that mothers and fathers may play in the
upbringing of their children.

Our review includes all published papers searched through Pubmed on the neuro-endocrine
changes in fathers and their correlation with paternal behaviors (all published between 2000
and 2018). Given the vast extent of literature on the neurobiology of maternal caregiving, we
have narrowed our search to only include maternal studies that address overlapping brain
areas and hormones that were reviewed in the paternal behavior studies. Finally, we have
limited our review to findings from human studies.

Hormones and Parenting Behaviors

Humans, especially females, undergo significant hormonal changes during pregnancy,
parturition, and postpartum that are often correlated with caregiving behaviors. Male
partners are also subject to hormonal modifications during these times because of close
proximity to their pregnant or lactating partner and contact with the newborn infants post
birth. Several hormones are involved in the expression of parenting behaviors. Since there is
a significant correlation between oxytocin, testosterone, prolactin, vasopressin and parenting
behaviors in animal models, the following section will only focus on these four hormones’—?

2.1. Oxytocin

The neuropeptide, oxytocin is a neurohypophyseal hormone that binds to the G-protein
coupled membrane receptors in peripheral tissues, such as mammary glands and the uterus,
and in various brain regions1? It has been widely correlated with social behaviors,
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particularly bond formation.11-13 Specifically, oxytocin has received special attention
because of its involvement in the initiation of motherhood.14 Oxytocin is released both
peripherally, which leads to uterine contractions during labor and milk let-down during
nursing,1® and in the brain, which enables the new mother to approach, nurture, and protect
her offspring.1® Furthermore, repeated contact and interactions with her infant increases
plasma and salivary oxytocin levels in mothers.1” These increases are associated with
mother-infant attachment and synchrony.18 Although new fathers do not experience inherent
surges in oxytocin like new mothers, interactions with their pregnant or lactating partner, as
well as their newborn infant, have been associated with increases in the levels of oxytocin in
fathers.1® Overall, elevated plasma oxytocin levels have been observed in both mothers and
fathers during first 6 months of parenting.2°

As demonstrated by Feldman and colleagues,!’ elevated levels of oxytocin may be
associated with different patterns of parental behavior in men and women. For example,
increases in maternal oxytocin were associated with displays of affection and warmth toward
their infant, whereas increases in paternal oxytocin were specifically correlated with
stimulatory—Dbut not affectionate—touch between fathers and their infants. While these
findings may reflect an underlying hormonal mechanism which contributes to sex
differences in parenting behavior, the reported associations may be independent or merely
correlational.

One way to experimentally examine a causal relationship between oxytocin and parenting
behavior is to utilize a randomized controlled trial of intranasal oxytocin. While no studies
to date have examined the effects of intranasal oxytocin on parenting behavior in mothers, a
few have addressed this in fathers. Naber et a/. (2010)21 were the first to observe that fathers
facilitated their child’s exploratory play more after receiving intranasal oxytocin than in the
placebo condition. More recently, Li et a/. (2017)22 have shown that intranasal oxytocin
increases activation in the brain areas involved in motivating paternal behaviors. However,
this was in a small sample of fathers which needs to be replicated and validated in a larger
cohort.

2.2. Testosterone

Testosterone is an anabolic steroid hormone which promotes protein synthesis and growth of
tissues via androgen receptor binding23. It has been associated with two behaviors in males:
both mating and caregiving behavior. Testosterone levels are higher during mating behaviors
and significantly lower during parenting behaviors. Moreover, during the transition to
parenthood there appears to be a significant decrease in testosterone levels in human fathers.
24 proximity to the pregnant partner and increased contact with the infant post birth both
contribute to the decline in testosterone levels.2> Fleming and others26 found that men who
had lower testosterone levels were more empathic toward their infant’s cries. A more recent
report found a decline in father’s testosterone levels during a strange situation procedure
with their infants.2” As infants became distressed during the strange situation procedure,
father’s testosterone levels decreased, which was correlated with more empathic or sensitive
responses upon reuniting with the infant. While the research described here consistently
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observed inverse associations between levels of testosterone and paternal behaviors it is
unclear as to whether low testosterone influences paternal behavior, or vice versa.

Effects of testosterone are less well defined and more indirect in mothers. Variations in
testosterone levels in mothers do not directly translate into differences in maternal
caregiving behavior, although testosterone and oxytocin show some interactive effects.19 For
example, Gordon and colleagues'® found that when testosterone levels were high, there were
positive associations between oxytocin and affectionate touch in mothers, but a negative
association between oxytocin and affectionate touch in fathers. This may help explain
observed differences in parenting behaviors between males and females with oxytocin and
testosterone interacting in a sex-specific manner. More research is needed to better
understand the underlying mechanisms of testosterone and its specific role in parenting
behaviors, especially in mothers. While it is interesting to see the differential effects of
testosterone in men and women, it should be noted that men have higher baseline
testosterone levels compared to women and absolute levels of testosterone cannot be directly
compared between mothers and fathers.

Although no previous studies have examined the effects of exogenous administration of
testosterone in mothers and fathers, one study showed that intranasal testosterone
administered to young females activated the thalamocingulate circuit in response to infant
cries. This brain circuit has been implicated in the regulation of parental care.28 The findings
suggest that increased testosterone may enhance brain activation in regions associated with
parental behavior, at least in non-parental females, although the implications for parenting
remain unclear.

2.3. Prolactin

Prolactin is another neuropeptide that binds to transmembrane cytokine receptor in a variety
of peripheral tissues, including the mammary glands, and the central nervous system.2? It is
commonly associated with the onset and conservation of maternal behavior in humans.3°
Prolactin facilitates neurogenesis in mothers, which has been correlated with the onset of
maternal behavior.31 Additionally, prolactin plays an important role in lactation.32 Prolactin
levels increase during pregnancy, soon after the mother establishes contact with her
newborn, and at the time of nursing.3!

In contrast, males—especially first-time fathers—show an initial dip in prolactin levels
approximately 30 minutes after their first exposure to infant cues. This peculiar effect is
restricted only to first time fathers, with prolactin levels increasing on exposure to infant
cues in second-time fathers.33:34 Thus, males who are experienced in fatherhood show
greater increases in prolactin on hearing infant cries than first-time fathers.26 Interestingly,
this initial drop in prolactin level is complemented by an initial increase in testosterone when
first time fathers hear their infant’s cries. Researchers have speculated that this initial
increase in testosterone on hearing infant cries might occur as the father prepares to defend
the child against any threat cues that might have elicited the infant cry. Contrary to these
earlier accounts, a more recent study found that the levels of prolactin were stable across the
first six months of fatherhood and were correlated with father-infant coordinated exploratory
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play.35 No study to date has examined the effects of administration of exogenous prolactin in
mothers and fathers.

2.4. Arginine Vasopressin

Despite ample research describing the role of oxytocin in parenting behaviors, very little is
known about its structurally similar neuropeptide, vasopressin, which is also a
neurohypophyseal hormone that binds to G-protein coupled membrane receptors.3¢ Much
like oxytocin, vasopressin has also been correlated with socially affiliative behavior.3” While
vasopressin appears to regulate male bonding as well as defensive and territorial behavior,38
it has also gained some attention with regard to human paternal caregiving behaviors. For
example, intranasal vasopressin increases expectant fathers’ attention toward infant cues,
compared with a group of control men.39 In addition, Levi et al*® showed that fathers with
high levels of plasma vasopressin exhibited more stimulatory contact with their infants,
while fathers with higher levels of plasma oxytocin showed more affectionate touch. This is
in contrast to the findings of Feldman and colleagues!” where increased paternal oxytocin
was correlated to stimulatory rather than affectionate behavior. With limited research in this
area, additional research is warranted to examine the effects of vasopressin on parenting
behaviors in both mothers and fathers and to make sense of seemingly contradictory
findings.

2.5. Hormones Interplay and Parental Behavior

In summary, the current section has examined key hormones that are critically involved in
parenting behaviors. Currently available evidence is generally in support of the view that
most of these hormones have sex-specific effects which, in turn, are correlated with different
caregiving behaviors. In mothers, these hormones appear to predict behaviors that are
characterized as affectionate towards their children, while in fathers, they are correlated with
behaviors that may be classified as stimulatory and playful toward their children. While we
have examined each of these hormones separately (as did the majority of studies we have
reviewed in this section), it is important to note that these hormones do not act in isolation
but interact with each other as well as with other hormones that are not focus of the present
review and may collectively influence parenting behaviors. For example, in the female brain,
testosterone is metabolized to estradiol which in turn increases the number of oxytocin
receptors in the brain, thereby facilitating maternal behaviors.2841 This is consistent with
Gordon and colleague’s (2017)19 finding suggesting that high testosterone correlates with
high oxytocin levels and affectionate behaviors in mothers. Furthermore, administration of
intranasal oxytocin is known to increase the levels of arginine vasopressin in both males and
females®2. In fact, when present at high levels, oxytocin and vasopressin may activate each
other’s receptors. Additional research on the interplay of all these critical hormones is
necessary to further clarify the neuroendocrine basis of parenting behaviors.

3. Brain and Parenting Behaviors

Along with hormonal changes, new parents also undergo reorganization in several brain
regions in order to prepare for their new caregiving roles. While there is some evidence
highlighting similarities between the maternal and paternal brain circuits,3 differences in

J Neuroendocrinol. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rajhans et al.

Page 6

mother-infant and father-infant interaction might arise from differences in structural and
functional changes in the maternal and paternal brains during transition to parenthood. The
following section will discuss differences in the structure and function of the maternal and
paternal brains, and their relationships with the differences observed in maternal and
paternal behaviors.

4.1. Structural Plasticity in New Parents

The parental brain shows increased structural plasticity during the early postpartum period.
Although new mothers and new fathers show increased gray matter volume in several
overlapping brain areas, such as the midbrain, lateral prefrontal cortex (PFC) and superior
temporal regions,*44> some brain regions show decreases in gray matter volume in fathers
but not in mothers. These regions include the medial PFC, posterior cingulate cortex (PCC),
inferior parietal cortex, precuneus, right orbitofrontal cortex (OFC) and left insula.?® In
particular, Kim and colleagues*® correlated structural decreases in the OFC with paternal
stimulatory behavior or high paternal involvement towards infants. While these results are
correlational, longitudinal research may help to determine whether the changes in brain
structure result in differences in parental behaviors, or vice versa.

4.2. Functional Plasticity in New Parents

While some preliminary evidence suggests that parents show activation in similar neural
circuits when responding to infant cues, more recent work has demonstrated differences in
the activation of brain regions between mothers and fathers.2927 When viewing video clips
of own infants versus unknown infants, mothers showed activation in limbic areas such as
the amygdala, nucleus accumbens (NAcc), insula, and ventral anterior cingulate cortex
(VACC), while fathers showed activations in socio-cognitive areas such as the medial PFC,
dorsolateral PFC (dIPFC), dorsal anterior cingulate cortex (1ACC), superior temporal gyrus
(STG) and inferior frontal gyrus (IFG)2° (Figure 1). Abraham and colleagues*8 corroborated
this further by using infant video clips and reporting that mothers (in primary caregiving
roles) showed activations in the limbic regions while fathers (in secondary caregiving roles)
showed activations in the socio-cognitive network. These findings together suggest that
primary caregiving mothers have a tendency to demonstrate activation in the emotional
processing neural circuitry whereas secondary caregiving fathers demonstrate activation in
the socio-cognitive neural circuitry, which may translate to the differences in their parenting
behaviors. Abraham and colleagues*® examined a sample of same-sex primary and
secondary caregiving fathers and found some interesting results. While the primary
caregiving mothers showed activation in the limbic regions and the secondary caregiving
fathers showed activation in the socio-cognitive regions, the primary caregiving fathers
showed activation in both the limbic as well as the socio-cognitive regions. Given that
primary caregiving fathers do not experience the same biological changes that primary
caregiving mothers do during pregnancy, birth or lactation, it is remarkable to observe how
the paternal brain may, to some degree, adapt to the demands of a primary caregiving role.46
Although some aspects of the parental brain are considered to be hard-wired and sex-
specific, the parental brain also appears to be capable of adapting to the social environment
in order to better assume specific caregiving responsibilities.
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5. Infant Cues, Neuro-hormonal Changes and Parenting Behaviors

As discussed in the sections above, human parents undergo a host of neural and endocrine
changes after the birth of their infant which appear to be closely associated with their
caregiving responses. Most of these changes occur when parents are in close contact with
their infant. In particular, infant faces are socially salient stimuli that capture attention from
parents and non-parents, alike.4”=49 Studies reviewed in the preceding sections suggest that
parental exposure to infant cues, particularly those of one’s own infant, are associated with
changes in the parent’s hormonal profiles as well as activation in brain regions associated
with reward and attachment.2946 |n other words, parental contact with their own infant may
be an important contributor to the neuro-endocrine changes discussed above, which may
eventually facilitate parenting behaviors in mothers and fathers.

This raises the question of whether mothers and fathers may process their own infant’s cues
differently. A body of literature has looked at parental sex differences in response to infant
faces. In their review, Luo et al®0 reported that females have a stronger attentional bias to
and higher preference for infant faces when compared with males. This is consistent with
neuro-imaging findings showing that primary caregiving mothers, when compared to
secondary caregiving fathers, show enhanced responses in limbic brain areas associated with
reward and motivation while viewing infant video-clips.2%:46 However, primary caregiving
fathers in same-sex relationships showed increased functional connectivity between both the
limbic as well as socio-cognitive networks while viewing infant stimuli. This leads us to
understand that parental sex differences in responses to infant cues that are often discussed
in the literature might not only be shaped by underlying sex-specific biology but also
critically modified by the type and amount of contact the parent has with his/her child during
the early postpartum period. This has important implications for adoptive, foster and step-
parents who may not undergo biological changes during pregnancy, postpartum, and
breastfeeding but spend a great deal of time forming bonds with their infant during the early
years of life.

Another important question that arises from the current discussion is whether mothers and
fathers differentially respond to different emotions expressed by their infant and if this might
translate into distinct behaviors observed in the two sexes. For example, Strathearn and
colleagues,5! found activations in the dopaminergic reward-related brain areas in first-time
mothers in response to happy but not sad faces of their own infant. The authors argued that
happy signals from their infant evoked positive affective arousal in mothers, which may lead
to the positive contingent behavioral responses observed in mothers. More recently, Parsons
et al®2 reported that mothers and fathers may perceive infant emotions differently. In their
study, mothers rated the infant’s happy emotion more positively than fathers. The authors
suggested that such differences observed in mothers’ and fathers’ perception and processing
of the infant’s emotional cues may at least partly explain differences observed in parental
behavior. It would be of interest for future studies to examine whether fathers similarly show
dopaminergic reward brain response to happy but not sad faces of their own infant, or to
more broadly compare maternal and paternal responses to own and unknown infants’
different-valence emotions. This may influence parents’ caregiving responses when infants
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are faced with emotionally salient experiences and may thus shape the child’s socio-
emotional development.

Given that previous work has addressed the similarities between the maternal and paternal
brains and their associated hormonal profiles?”:53 the current review has focused primarily
on the differences that may be associated with sex-specific parenting behaviors. Decades of
behavioral research has shown that mothers are more affectionate and warm with their
infants, while fathers tend to engage in more stimulatory and exploratory play which
contributes uniquely to their child’s development during specific developmental periods.1”
We have proposed that the behavioral differences may at least in part be explained by
differences in parental brain responses and endocrine functions, although it may equally be
true that maternal and paternal behavior may also, in turn, contribute to and/or heighten
differences in parental brain and endocrine functions. We have further argued that the ways
in which parental brain responses influence specific endocrine functions vary as a function
of parental sex and that this may further be associated with different parenting behaviors.
Figure 1 summarizes our proposal that each sex brings unique yet complementary
neuroendocrine responses and behaviors to parenting, which we believe may have important
long-term implications for child development. Bi-directional arrows in the figure reflect
mutual influences between parenting behavior and the neural and endocrine changes
discussed in the preceding sections.

6. Limitations and Future Directions

While the present review provides important insights into the interplay of hormones,
neurobiology and parenting behaviors, currently published studies cannot determine whether
changes in hormones and neural circuits contribute to the differences in parenting behaviors
or whether the differences in parenting behaviors contribute to changes in the neurobiology.
Although exogenous administration of hormones helps us better understand-the causal
nature of these effects, one should proceed with caution in interpreting the effects of
exogenous hormones as they are dependent upon the individual’s endogenous hormone
levels (Weisman et al., 2013). Furthermore, despite the novelty and originality of the studies
reported in the current review, one must consider limiting factors such as sample size and
individual differences within samples.22 Most of these empirical studies have been published
in the last 10 years and require replication in larger and more generalizable cohorts.

From behavioral literature we have learnt that differences in the manner in which mothers
and fathers process infants’ emotional cues may have a potential role in shaping unique
parenting behaviors.52 Future research should use neuroimaging paradigms to compare
whether mothers and fathers differentially process their infant’s emotional cues. A few
studies to date have looked at these brain responses separately in mothers and fathers,22:51
However, to our knowledge, no study has addressed the gaps in the literature by specifically
comparing brain responses to one’s own infant’s emotional cues between mothers and
fathers. Future studies should also compare hormonal responses, including those that have
been reviewed in the present paper, in mothers and fathers and their associations with
parental brain responses to infant’s emotional stimuli.
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Another avenue for future research would be to observe paternal behaviors with infants
when the mother’s ability to adequately respond to her infant may be compromised. One
such condition would be when mothers experience postpartum depression. To that effect, a
recent study has shown the benefits of sensitive fathering and the manner in which it can
reduce the effects of maternal depression on the development of child psychopathology.®*
Thus, instead of exclusively focusing on the mother-infant dyad for prevention and
intervention, as has often been the case in the presence of maternal psychopathology,
research should emphasize the mother-father-infant triad as a whole and examine how the
father might mitigate some of the long-term negative effects of maternal psychopathology
and contribute to their child’s resilience and well-being.

7. Conclusion

Becoming a parent is a critical developmental juncture not only for the parents themselves
but also for their infant’s survival and development. Thus, examining sex-differences in the
neuro-endocrinology of parenting adds to the larger field’s knowledge base of human
development. It helps us understand how two different sexes come together at a critical
juncture of life and contribute to a distinct yet complementary manner of parenting.
Together, with these distinct yet complementary patterns of neurobiology and behaviors,
mothers and fathers may offer a balanced nurturing experience for their young in order to
optimize, social, emotional and developmental outcomes.
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Model of differences in parenting behaviors between mothers and fathers explained by
neuro-hormonal responses to their own infant’s stimuli. OFC = orbitofrontal cortex; Nacc =
nucleus accumbens; vVACC = ventral anterior cingulate cortex; dACC = dorsal anterior
cingulate cortex; mPFC = medial prefrontal cortex; dIPFC = dorsolateral prefrontal cortex;
STG = superior temporal gyrus; IFG = inferior frontal gyrus. Brain schematic by P.J. Lynch.
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