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ARTICLE INFO ABSTRACT
Keywords: Empathy is a core motivational driver of human caregiving, shaped by evolution to ensure the survival of
Affective empathy dependent others. Human caregiving consists of two complementary components that are each supported by
Protection distinct neuroendocrine systems: nurturance, which flourishes under safety, and protection, which is activated in
Nurturance . . . . s
Parenting the fa.ce of threat. This 1jeV1ew synt.hesues curre.n.t evidence on how. empaj(hy operates within these components,
Oxytocin focusing on the endocrine regulation of caregiving and the adaptive shifts that occur along the safety-threat
Testosterone continuum. We highlight how oxytocin, testosterone, cortisol, and opioids modulate empathic processes to
promote either nurturing, soothing care or rapid, protective responses. While these shifts are essential for flexible
caregiving, severe or prolonged activation of the stress system, particularly in contexts of chronic adversity, can
impair sensitivity and compassion, leading to maladaptive outcomes. We also discuss individual differences, such
as sex and early life experiences, that shape the regulation of empathy in caregiving contexts. Understanding
these dynamic interactions can inform interventions aimed at strengthening the quality of care, with relevance
extending beyond the parent-child relationship to other caregiving domains.
"Why do I say all human beings have a heart which cannot stand to see the attune to a child’s internal states and to respond swiftly in situations of
suffering of others? Even nowadays, if an infant were about to fall into a distress or danger
well, anyone would be upset and concerned. This concern would not be Currently however, an overall framework for the role of empathy in
due to the fact that the person wanted to get in good with the baby's human caregiving is missing. This gap hampers our ability to system-
parents, or because s/he wanted to improve his/her reputation among the atically understand how empathy supports or obstructs adequate care-
community or among his/her circle of friends. Nor would it be because giving under varying conditions. In this theoretical review we provide
he/she was afraid of the criticism that might result from a show of non- such a framework, by bringing together the wealth of research on
concern."- Mencius 2 A 6. empathy - which generally focusses on nulliparous adults — with the

research on parenting and childcare. Our goal is to offer a framework
that captures how the components of empathy are dynamically and
adaptively regulated dependent on the demands and safety of the
caregiving environment.

We begin by tracing the evolutionary origins in the context of
mammalian caregiving and describe how empathy developed as a key
motivational driver of caregiving behavior. Central to our framework is
a distinction between two components of caregiving: care directed at
nurturance and at protection. This dissociation is crucial since each
component relies on distinct neuroendocrine mechanisms, that regulate

Since the concept of empathy entered the academic discourse, it has
inspired thousands of empirical and theoretical studies across disciplines
such as philosophy, neuroscience, psychiatry, and psychology (e.g.,
Baron-Cohen, 2011; de Waal, 2010; Gallagher et al., 2024; Keysers,
2011; Maibom, 2022; Rijnders et al., 2021). Although a substantial body
of research has examined the construct of empathy, there is still no clear
consensus on its exact definition. Scholars continue to debate the core
components and boundaries. Nevertheless, there is broad agreement on
its critical role in human caregiving, particularly a caregiver’s ability to
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empathy under either safe or threatening conditions. We then explore
individual differences in empathy regulation, shaped by factors such as
sex, oxytocin sensitivity and early life experiences. Finally, we describe
the conditions and risk factors under which these mechanisms falter
under conditions of severe and persistent stress, with implications for
caregiving quality.

By elucidating the dynamic regulation of empathy in caregiving and
the impact of perceived environmental threat or safety, our framework
offers a foundation for more targeted interventions and preventive
strategies. We hope it will serve as a catalyst for future research aimed at
enhancing caregiving outcomes across diverse contexts.

1. What is empathy?

A Pubmed search on the topic of empathy indicates a steeply
increasing growth in publications which currently counts over 2500
papers annually, reflecting the lifetimes that have been spent on
thinking about the concept. Despite this flowering field of research, it
has not yet resulted in a broadly accepted definition on what empathy is,
and what it is not. This reflects a point on which the extant literature
agrees; that empathy is a broad and multifaceted concept not easily
reduced to a concise definition.

The term empathy has a relatively recent origin. Derived from the
German Einfiihlung it has its roots in the early 20th century (Montag
et al., 2008). Despite the ‘vagaries’ of the terminology used to describe
empathy (Panksepp and Panksepp, 2013), it generally refers to a process
by which organisms are able to incorporate or understand the emotions,
feelings, and thoughts of others. We adopt the comprehensive definition
from de Waal and Preston (2017), who use empathy as an ‘umbrella term
for all processes that emerge from the fact that observers understand others’
states by activating their own personal, neural and mental representations of
that state’. This activation can occur unconsciously and without
observable behavior, underscoring that empathy is a multi-level process
that cannot be fully captured by behavior alone. This broad and inte-
grative definition allows us to bridge the gap between neurobiological
and caregiving research traditions. Building on this integrative defini-
tion, a better understanding of the biological and evolutionary founda-
tions of empathy, will shed more light on its mechanisms, variability,
and relevance in caregiving contexts.

Recent advances in neuroscience, endocrinology, and evolutionary
biology have given us a much better view on the distinct components,
developmental trajectories, neural substrates, and evolutionary origin of
empathy (de Waal and Preston, 2017; Decety, 2011; Decety and Svet-
lova, 2012; Gonzalez-Liencres et al., 2013; Panksepp and Panksepp,
2013; Preston and de Waal, 2002; Singer, 2006). In their influential
evolutionary model of the proximate and ultimate causes of empa-
thy—the perception-action model (PAM)—Preston and de Waal detail
how early evolved automatic state matching mechanism formed the
basis of more complex forms of empathy (de Waal, 2008, 2010; de Waal
and Preston, 2017; Preston and de Waal, 2002). The view that we share
the evolutionary basis of empathy with many other animals, concedes
with other evolutionary accounts of empathy (Decety, 2011; Panksepp
and Panksepp, 2013). The most fundamental form of automatic state
matching mechanisms is rooted in automatic motor imitation (also
known as mimicry) and later evolved emotional contagion. Well-known
examples of these processes are contagious yawning, or contagious
crying observed in infants exposed to other infants crying (Geangu et al.,
2010; Prochazkova and Kret, 2017). Such automatic matching of
emotional states are consistently demonstrated for a variety of pro-
cesses, including the execution of facial expressions and the experience
of physiological stress, pain, and disgust (Buchanan et al., 2012; Keysers
and Gazzola, 2006; Kraaijenvanger et al., 2017). These vicarious pro-
cesses are often referred to as affective empathy: the ability which al-
lows us to feel what others feel. Whereas affective empathic processes
generally occur automatic and instantaneously, they are sensitive to
contextual and personal factors (e.g., Avenanti et al., 2010;
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Kraaijenvanger et al., 2017; Seibt et al., 2015). In relation to caregiving,
adults’ automatic facial imitation of children, for example, is dependent
on information about children’s background or behavior, with nega-
tively behaving children eliciting stronger frowning responses (Bos
et al., 2016).

A specific form of affective empathy, which holds strong relevance
for the topic of caregiving, is empathic distress—also referred to as per-
sonal distress. Empathic distress represents our aversive emotional and
physiological reactions while witnessing another’s suffering, which can
interfere with providing good care, as will be explained in more detail
below.

Affective empathy interacts with later-evolving cognitive processes
that are supported by the prefrontal cortex (Panksepp and Panksepp,
2013). The development of these cognitive abilities- subserved by a
strong neocortical expansion in the human lineage- has resulted in our
ability to reflect on the internal thoughts and motivations of others. This
ability is often referred to as mindreading, theory of mind, or more broadly
cognitive empathy, and emerges early in infancy but requires time to fully
develop. It is strongly influenced by environmental factors and the
maturation of other cognitive functions, such as language (Heyes and
Frith, 2014; Slaughter, 2015).

The emergence of cognitive empathic abilities paved the way for
more complex forms of empathy to develop, such as empathic concern
(also termed sympathy) and compassion. Unlike affective empathy, these
responses are other-directed: the observer recognizes that the emotional
response is triggered by another’s state, not their own (Decety and
Svetlova, 2012). This requires a form of self-other distinction, in which
the observer is aware of the source of such concern, which is not
necessary for more automatic processes such as emotional contagion.
See Fig. 1 for an overview of the specific components of empathy.

2. Empathy as grounded in caregiving

Empathy thus refers to a process that ranges from automatic
matching of emotional and physiological states, to the deliberate and
effortful ability to infer and understand the motivation of others, or even
taking the perspective of another, respectively referred to as affective
and cognitive aspects of empathy. Evolutionary accounts of empathy
suggest that it most likely evolved in the context of maternal care in the
first mammals (Brown et al., 2012; Decety et al., 2016; Panksepp, 1998;
Preston, 2013). However, caregiving behaviors, and particularly pro-
tective responses, predate empathy and are observed in species without
complex social cognition, such as fish and amphibians, and already
existed in dinosaurs (Royle et al., 2012; Varricchio et al., 2008). Pro-
tection of infants has been a critical form of caregiving throughout
human evolution, yet is often overseen in research on human caregiving
(Bakermans-Kranenburg and van IJzendoorn, 2017b). Due to their
dependence on mothers offering food, warmth and hygienic care,
mammalian species extended their caregiving repertoire with nurturing
care (Farmer, 2000). Throughout mammalian evolution, protective and
nurturant caregiving behavior increased in complexity, for example
including reduced avoidance of offspring and increased sensitivity to-
wards infant cues (Preston, 2013). At the same time, infants co-evolved
increased signals of distress, cuteness features, and the formation of an
attachment-system (Glocker et al., 2009; MacLean, 1985; Panksepp
et al., 1985). Extensive animal research examined these evolutionary
developments in caregiving behavior, and laid the foundation for a
neurobiological caregiving system in which empathy functions as a core
motivational driver for both protective and nurturant caregiving be-
haviors (Brown and Brown, 2006; Brown et al., 2012; de Waal and
Preston, 2017; Mayseless, 2015; Panksepp, 1998).

The importance of empathic resonance with emotional states of in-
fants in eliciting protection and nurturing behavior directed at their
basic needs—such as soothing or feeding—is clear, and might take ‘its
most poignant form’ in the response of mothers to infant vocalizations of
distress (p. 493: Panksepp and Panksepp, 2013). This aligns with the



P.A. Bos et al.

automatic imitation/mimicry
matching of motor states

emotional contagion

annoayse

empathic distress

self-centered physiological response to discomfort or

suffering of others
mindreading

coghnitive understanding emotional/feeling states of others

sympathy

compassion

annugoos

matching of emotional/feeling states

feeling for the discomfort or pain of others

overlaps with sympathy; but generally a more action-

Neuroscience and Biobehavioral Reviews 184 (2026) 106600

juawdojanap Areuoinjona

UOROUNOSIP 18Y10/319S

oriented motivation aimed at the wellbeing of others

Fig. 1. Components of empathy, This figure provides a non-exhaustive overview of the specific components of empathy discussed in this review. The components are

arranged on a continuum from affective to cognitive forms of empathy.

impact of infant cry sounds on human adults, which yield strong
neurophysiological, endocrine and subjective responses in both men and
women (Crouch et al., 2008; Fleming et al., 2002; Witteman et al.,
2019). But in contrast to such reactive forms of caregiving, many forms
of caregiving toward infants are proactive, and stem from the parental
motivation to nurture or interact with children (Mayseless, 2015). Much
less a matter of investigation, affective empathy also plays an important
role in nurturing care, in a way that matching of positive states or sharing
the joy and wellbeing of others can motivate parental behavior. Yet as
any parent knows, nurturing care can at times be far from rewarding in
itself (Baumeister et al., 2016). However, the deeply gratifying and
meaningful feelings when experiencing the happiness, flourishing or
tranquility of the child you care and carry responsibility for, are the real
reward for a parent. This might be the reason why for many parents it is
difficult to take their eyes of their sleeping child. Although affective
empathy is far from a sufficient explanation for feelings and motivations
such as these, it would be impossible to experience such an impact of
another’s state on one’s own wellbeing without empathic resonance of
affective and mental states. Feelings such as these probably evolved in
the context of what Brown and Brown define as a state of fitness inter-
dependence, referring to a state in which the reproductive success of
individuals is linked, and the wellbeing of another becomes shared with
that of your own (Brown and Brown, 2006, 2015).

On the other side of the empathic continuum lie our mindreading or
cognitive empathic abilities, which are neither sufficient for caregiving
behavior, since this capacity can equally be used to deceive and
manipulate others (Baron-Cohen, 2011; Rijnders et al., 2021). The
seminal work of Daniel Batson demonstrates that for altruistic and
prosocial behavior, such as targeted helping, empathic concern is the
most important motivational driver (Batson, 2010, 2014). This, how-
ever, does not imply that other aspects of empathy besides empathic
concern are irrelevant or redundant. Especially in the dynamic context of
human caregiving, it is the whole repertoire of empathic components
that has a role to play (Mayseless, 2015), as will be further illustrated
below. Empathic abilities thus are a prerequisite — but not a guarantee —
for adequate caregiving. And some aspects can even be problematic.
This integrative view is comparable to a neuropsychiatric model of
empathy presented by Rijnders et al. (2021), in which the integration of
affective and cognitive empathic abilities into ‘mature’ empathy is a
necessity for healthy social functioning.

In sum, with its evolutionary roots grounded in the mother-infant
caregiving relation, empathy has a crucial function in the motivation
to elicit both protective and nurturant aspect of human caregiving. To
fully understand how empathy shapes caregiving behavior, it is essential
to move beyond its conceptual definitions and examine the underlying

neurobiological mechanisms. In the following sections, we explore how
distinct hormonal systems regulate empathic processes, and how these
systems adaptively shift in response to safety and threat. As will become
clear, the unprecedented importance of empathy for caregiving does not
guarantee the quality of care, and certainly not in the face of long-term
stress.

3. Caregiving behavioral systems: protection and nurturance

Research on the human caregiving system has recently found
empirical support for a conceptual distinction between nurturing and
protective tendencies, that predict unique variation in attitudes and
judgements towards parenting, mating and children’s behavior
(Schaller, 2018). These components of caregiving rely on distinct
neuroendocrine pathways, with evolutionary antecedents of protection
predating nurturance (Hahn-Holbrook et al., 2011a). We here provide a
concise overview of these pathways, for an extensive overview of the
neuroendocrine factors relevant for human caregiving behavior see Bos
(2017).

3.1. Protection

Infant protection has its roots in the neuroendocrine mechanisms of
self-defense, with a critical role of the periaqueductal gray (PAG) and
the amygdala in the detection and reactivity to threat and the initiation
of freezing and fight behavior (Fanselow, 1994; Panksepp, 1998; Vieira
and Olsson, 2023). In response to threat, activation of the locus coeru-
leus (part of the brainstem) activates the endocrine stress response. This
leads to excretion of (nor)adrenaline, shifting neural activation from
regions involved in executive control to salience networks, which en-
ables fast responding and emotionally reactive behavior (Hermans et al.,
2014). It results in activation of the insula, cingulate gyrus and the hy-
pothalamus; regions that are also activated in response to signals of
infant distress such a crying (Numan, 2006; Witteman et al., 2019).
Besides involvement of the endocrine stress response, the sex steroid
testosterone is also involved in parental caregiving behavior in both men
and women (Glasper et al., 2019; Gordon et al., 2017; Horrell et al.,
2019; Luberti and Carre, 2024). Generally, parental status has a down-
regulating effect on testosterone levels in both mother and fathers
(Barrett et al., 2013; Meijer et al., 2019). However, testosterone reac-
tivity can be beneficial in challenging situations by promoting care re-
sponses, for example towards an infant exposed to threat (Bos, 2017).
For example, exposure to infant crying results in testosterone increases
in fathers (Fleming et al., 2002; Storey et al., 2000), and administration
of testosterone in women increases neural responsiveness to infant
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crying (Bos et al., 2010). A recent study further demonstrated that
administration of testosterone in young women also resulted in stronger
empathic responses towards children in a distressing situation, sug-
gesting that testosterone may particularly promote infant protection
(Bos et al., 2021). Such an effect of testosterone might, however, sup-
press the nurturing component of caregiving (Rilling, 2013). Indeed,
another study showed that higher levels of testosterone, combined with
higher levels of cortisol in response to infant crying, predicted lower
levels of sensitivity towards one’s own child (Bos et al., 2018). A final
hormonal factor examined in relation to offspring protection is the
neuropeptide oxytocin, which in rodent mothers increases defensive
aggression towards intruders (Bosch and Neumann, 2012). Interest-
ingly, the effects of oxytocin show strong context dependency, as
another function of this neuropeptide entails the facilitation of nurturing
behavior.

3.2. Nurturance

The neural circuitry that brings forth nurturant behavior consists of
subcortical structures that are primarily involved in reward processing,
such as the ventral tegmental area in the brainstem, and its efferent
projection site of the striatum and orbitofrontal cortex (Rilling, 2013).
These regions are sensitive to the distinctive features of children, and
critical for motivating caregiving behavior. These networks are strongly
intertwined with endocrine pathways of the neuropeptides oxytocin and
endogenous opioids. Human nurturance further depends on cortical
regions involved in understanding the feelings and motivations of
others, such as the anterior insula, ventromedial prefrontal cortex, and
the temporoparietal junction (TPJ). But also lateral prefrontal regions
are important for emotion regulation (for an overview see Feldman,
2017).

Oxytocin is a uniquely mammalian neuropeptide with a primordial
function to promote parturition and lactation. From there it developed a
more encompassing role in maternal caregiving, extending to mother-
infant attachment (Carter, 2022; Feldman, 2017; Rilling and Young,
2014). Research in humans confirms this extended role of oxytocin in
parental behavior, demonstrating its positive associations with neural
reward-related responses towards own infants, and increased positive
interactions during play behavior (Bakermans-Kranenburg and van
IJzendoorn, 2017a; Bos, 2017). As such, oxytocin plays a key role in the
nurturing component of human caregiving behavior, facilitating
soothing and sensitive responding. Oxytocin administration studies in
humans have demonstrated stress reducing effects, which are stronger
during social interaction (Heinrichs et al., 2003; Taylor, 2006). Oxytocin
has further been shown to reduce amygdala and insula activation in
response to emotional faces or aversive stimuli (Bethlehem et al., 2013;
Bos et al., 2015). Such reduced activation can induce a shift in neural
processing towards regions that facilitate emotion regulation, and
cognitive empathic abilities (Feldman, 2015). These findings match with
studies showing that oxytocin administration increases emotion recog-
nition and empathic responses, and facilitates approach motivation
behavior (Bartz et al., 2010; Leppanen et al., 2017).

The nurturing component of caregiving is further supported by ac-
tions of prolactin and endogenous opioids, yet less data is available in
humans (Bos, 2017; Nelson and Panksepp, 1998). Especially opioids
might play a crucial role in the formation and maintenance of human
social bonds, through its facilitating effects on the neural reward system
(Inagaki, 2018; Meier et al., 2021).

4. Adaptive regulation of empathy in the context of care

The question of what constitutes high quality care has as many an-
swers as there are parents (Koops, 2016). Nonetheless, the concept of
sensitivity in parents—which refers to caregivers’ ability to detect and
correctly interpret signals of children and provide appropriate responses
promptly (Ainsworth et al., 2015)—is generally considered an important
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aspect of high quality care, especially with regard to infants (Cooke
et al.,, 2022). Empathy is strongly intertwined with the concept of
sensitivity and an important prerequisite for sensitive responding (see
Box 1). However, the function of empathy is different for the protective
and nurturing components of the caregiving system.

Based on the extant literature, we can distill a tradeoff in caregiving
behavior, where in a safe situation oxytocin and opioids together can
facilitate nurturing and sensitive responses by inducing a positive mood
state, allowing the focus on the other instead of the self, and improve
cognitive empathic abilities. In a threatening situation, under influence
of (nor)adrenalin, cortisol, oxytocin and testosterone, there is down-
regulation of sensitivity and a shift to immediate protective action.
Stress can induce this shift from proactive caregiving to more reactive
caregiving such as protection by lowering the threshold for affective
empathic resonance with others, although the extent to which this oc-
curs will depend on the relation with this other, and more specifically;
the extent to which the image of the self overlaps with the other (Lamm
et al., 2016). In the following paragraphs we describe these mechanisms
in more detail.

4.1. Strategic regulation and integration of empathy

Affective empathy is of paramount importance for the quick detec-
tion of infant signals of distress or discomfort (Bos et al., 2021; Witteman
et al., 2019). Yet, it depends on the context whether this detection re-
quires protection or nurturance. Enhanced reactive responding under
the influence of the endocrine stress response and testosterone, which is
typical for protection, does not guarantee appropriate care and may
even result in dismissive care. For example, when a parent supports a
frightened child during a vaccination or dentist appointment, the par-
ent’s initial impulse might be to protect the child and walk away, or
avoid the visit altogether: both resulting in dismissive care. Thus, be-
sides the reactive aspect of empathic responding, which can motivate
protective and nurturant responses, proactive and deliberate reflection
is also needed to meet the needs of those who depend on care of others
(Bornstein et al., 2008). As such, cognitive aspects of empathy, including
empathic concern and compassion, are more strongly associated with
the nurturing component of the caregiving system. Also, when parents
consistently ignore the child’s perspective, this can result in a control-
ling parenting style with negative developmental outcomes. Such a
parenting style relates to the concept of intrusiveness, which is central in
attachment theory, and refers to a caregiver’s tendency to override a
child’s autonomy (Barber, 1996). The fundamental role of cognitive
empathy in human (parental) caregiving is further illustrated by
research on mind-mindedness and reflective functioning. In the first
year of life, parents with higher levels of mind-mindedness—a concept
referring to appropriately commenting on, and not misreading, infant’s
mental states—promote their child’s secure attachment, mindreading
abilities, and emotion regulation (McMahon and Bernier, 2017). The
strongly related concept of reflective functioning—which refers to the
ability to see one’s own and others’ behavior as expressions of mental
states— is positively associated with parent and child attachment,
(Fonagy and Target, 1997; Katznelson, 2014).

Adequate caregiving thus depends on adaptive integration of affec-
tive and cognitive components of empathy. This integration, impor-
tantly, requires strategic regulation of empathic processes (Weisz and
Cikara, 2021). Emotion regulation is a an important parental quality,
which affects the development of emotion regulation abilities in chil-
dren (Morris et al., 2017). A recent meta-analysis further showed that
emotion regulation in parents predicted more overall positive parenting
behavior and lower internalizing symptoms in their children
(Zimmer-Gembeck et al., 2021). These effects may be supported by an
adequate integration of empathic processes: the ‘zipping up’ of cognitive
and affective abilities (Rijnders et al., 2021). Such integration and
strategic regulation is however strongly context dependent. Depending
on situational demands, substantial cognitive regulation is required to
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Box 1
Empathy and attachment: overlapping yet distinct frameworks.

both relationally and biologically grounded.

The concepts of empathy and attachment are strongly related in understanding parent—child relationships, yet they represent different vantage
points. Philosophical writing on the manifestation of empathic behavior has a long tradition, going back hundreds of years before the term
empathy was first coined (Maibom, 2022). Attachment theory was however formulated in the sixties and seventies of previous century by
Bowlby, inspired by psychoanalytic theories and Harlow’s studies on maternal separation (Bowlby, 1983; Harlow et al., 1965).

Attachment theory focuses on the quality of the affective bond, emphasizing the maintenance of proximity and the regulation of stress in the
child (Ainsworth, 1978; De Wolff and van [Jzendoorn, 1997). Sensitivity, mind-mindedness, and co-regulation—constructs predictive of secure
attachment—are also manifestations of empathic processes (Fonagy and Target, 1997; Meins et al., 2003). Empathy research, however, places
greater emphasis on the underlying neurobiological and psychological mechanisms and the context-dependent regulation of affective and
cognitive empathy, including individual variation in hormonal and genetic sensitivity (Bos, 2017; Decety and Svetlova, 2012). Whereas
attachment theory primarily describes what characterizes secure relationships and which developmental outcomes they predict, empathy
research explains how caregiving behavior is motivated and regulated at behavioral and physiological levels. Integrating these perspectives
offers a richer explanatory framework for the interplay between stress, neurobiology, and care quality, and can inform interventions that are

facilitate either protective or nurturant responses, which is based on
efferent prefrontal cortical control over subcortical structures (Wager
et al., 2008). Moreover, this adaptive regulation is partly under endo-
crine control, with a key role of oxytocin, which also plays an important
role in facilitating caregiving behavior.

4.2. Endocrine regulation of empathy under safety of threat

In a relatively safe environment oxytocin can reduce stress, increase
emotion recognition, cognitive empathy, compassion, and rewarding
responses to one’s infant and partner (Bos, 2017; De Dreu and Kret,
2016). It may do so by shifting neural activation to prefrontal regions to
accommodate cognitive empathy and emotional regulation. The role of
oxytocin in affective empathy is less clear. Some studies have indicated
that oxytocin elicits stronger subjective and objective responses to
stimuli eliciting empathy (Abu-Akel et al., 2015; Hurlemann et al., 2010;
Shamay-Tsoory et al., 2013; Spencer et al., 2022). For example,
Shamay-Tsoory (2013) reported that administered oxytocin increased
empathy, but only towards outgroup members, in seeming contrast to
previously reported effects on ingroup favoritism (De Dreu and Kret,
2016). These effects of oxytocin are perhaps mediated by altered
perception of self-other distinction, as Abu-Akel (2015) demonstrated
that oxytocin increased empathy for pain in others, but only in a con-
dition where they were instructed to empathize with others instead of
empathizing with oneself. Conversely, Bos et al. (2015) reported
reduced neural responses to others’ pain (videos of a needle penetrating
a hand) following oxytocin administration, possibly reflecting its anal-
gesic properties. Similar effects have been observed with acetamino-
phen, which dampens empathy for pain and social rejection (Dewall
et al., 2010; Mischkowski et al., 2016). Oxytocin thus appears to play a
critical role in adaptively shifting empathic processes for the benefit of
others. It remains uncertain, however, if this shifting is included by a
blurring of sharpening of self-other boundaries. In an unsafe and
threatening environment, oxytocin has — at least in rodent studies —
demonstrated to increase aggression towards unfamiliar others, espe-
cially in mothers (Bosch and Neumann, 2012). Parental aggression in
humans has not been studied in the context of oxytocin, but adminis-
tration studies do suggest that oxytocin increases in-group favoritism or
‘in-group love’ at the expense of ‘outsiders’ (De Dreu and Kret, 2016). In
addition, circumstantial evidence in humans for a link between maternal
aggression and oxytocin comes from a study in which aggression to
unfamiliar adults was measured in mothers that where either breast-
feeding bottle feeding, or nulliparous women (Hahn-Holbrook et al.,
2011b). The result showed that aggression wat highest in breastfeeding
mothers, who simultaneously had the lowest levels of physiological
stress. This may be attributable to effects of oxytocin, since these

findings are in line with the animal work on oxytocin that indicate stress
reducing properties combined with increased maternal aggression.
However, other hormones involved in breastfeeding, such as prolactin,
could also be involved (Sanson and Bosch, 2022).

Other hormones that may play a key role in modulating empathic
processes relevant to caregiving, are testosterone and cortisol. Whereas
testosterone, at least in women, downregulates cognitive empathy and
trust, it does not seem to downregulate affective empathy towards pain
in others (Boksem et al., 2013; Bos et al., 2010; Heany et al., 2020; van
Honk et al., 2011). Yet as described above, testosterone increases neural
responses to infant cry sounds and enhances empathic facial responses
towards children in difficult situations (Bos et al., 2010; Bos et al.,
2021). Cortisol can also affect empathic processing. Administration
studies on cortisol are scarce, but previous work has demonstrated that
cortisol increased neural responding to infant cry sounds (Bos et al.,
2014), and improved empathic concern for emotional states of others,
indicating enhanced affective empathy (Wingenfeld et al., 2014).

Together, this hormonal regulation of empathic responses might
account for some of the effects of acute stress on empathy that have been
reported. For example, in a study by Wolf et al. (2015) participants
subjected to acute stress reported stronger affective (but not cognitive)
empathic reactions towards others. Another study showed stronger
neural responses towards pain in others under stress, as well as increased
prosocial behavior in an economic game (Tomova et al., 2017). How-
ever, Nitschke et al. (2020) show that acute stress reduced positive facial
communication to others in the form of smiling, an important reinforcer
of positive communication (Kraaijenvanger et al., 2017). In line with
this finding, a recent overview of the literature concludes that stress can
also lead to blocking empathic contagion with others. This may result
from stress-induced shifting of attention to the self instead of to others, a
situation that results in empathic distress instead of empathic concern
(Nitschke and Bartz, 2022). Effects of stress on cognitive empathic
abilities are less convincing compared to the effect of affective empathy
(Nitschke and Bartz, 2022). Interestingly, the overall view is that effects
of stress have only been observed in more sensitive empirical tasks, such
as those measuring the accuracy of empathic reactions, indicating that
existent effects are subtle. Furthermore, a meta-analysis on prosocial
behavior, for which empathy is an important motivation drive, recently
concluded no clear effects of stress (Nitschke, Forbes, et al., 2022).

Clearly, a better understanding of the dynamic interactions between
empathy, threat-induced stress and its endocrine regulation is needed.
However, this overview provides clear indications that different aspects
of empathy are under endocrine regulation which is dependent on safe
or threatening contexts (see Fig. 2). The biggest caveat is knowledge on
how these interactions play out in the context of parenting and other
forms of caregiving. So far the literature is mostly confined to
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Fig. 2. A model for the role of empathy in human caregiving, This figure presents a visual display of the dynamic interactions between a caregiver and care receiver.
The distinct components of empathy motivate the two aspects of human caregiving: nurturance and protection. This system functions adaptively depending on the
safety-threat continuum of the environment. Caregiving behavior is further dependent on personal characteristics of the caregiver, as well as of the perceived
relatedness the caregiver has to the care receiver. The neuroendocrine systems that facilitates caregiving behavior are described in the text.

nulliparous adults tested in a lab-setting (Nitschke and Bartz, 2022). Our
hope is that the current review can contribute to a theoretical founda-
tion supporting future research on this important topic. Another open
road in the research on caregiving is improvement of our understanding
of individual variation in caregiving behavior.

5. Individual variation

There might be some truth in Tolstoy’s famous phrase that ‘every
unhappy family is unhappy in its own way’, compared to the over-
generalization that ‘all happy families are alike’ (Tolstoy, 2016). In a
system as complex as the family, the stability that ‘happiness’ warrants
is easily lost in the face of inevitable challenges. Individual variation in
caregiving responses while dealing with these challenges arises from
multiple sources. Two prominent domains are (1) sex differences in
neuroendocrine stress reactivity and caregiving behavior, and (2) indi-
vidual sensitivity of the oxytocin system, shaped by genetic and envi-
ronmental factors in early life. These forms of variation influence how
caregivers respond to stress and empathic demands, and may interact
with contextual factors to shape caregiving quality.

5.1. Sex differences in neuroendocrine regulation of caregiving

The overview above shows that human caregiving can be charac-
terized by activation of a neuroendocrine caregiving system that com-
prises a protective and a nurturing component. Both components can be
activated by empathic processes, which have evolved to tailor the needs
of dependent others in both safe and threatening environments.
Importantly, these components may function differently in males and

females, reflecting evolved sex differences linked to reproductive roles.

The ‘Tend and befriend’ hypothesis by Taylor et al. (2006); (2000)
proposes a framework for a sex specific stress-response which in males is
characterized by a fight or flight response, but in women is directed at
soothing and nurturing behavior (tending), and an inclination to seek
social support (befriending). Empirical evidence supports sex differences
in responses to psycho-social stressors. For example, a meta-analysis on
studies that used the ‘golden standard’ of acute stress induction, the
Tries Social Stress task (TSST), revealed that men overall have higher
cortisol and testosterone levels during the procedure compared to
women (Liu et al., 2017). Recent work suggests that the differences in
cortisol are partly explained by dominance-motives, which makes men
and women experience a social stressor differently. More specifically,
the setup of the TSST might be more distressing for those prone to ego
threat, pointing at a potential role of socialization in these differences
between genders (Schiiler et al., 2025). However, fundamental neuro-
endocrine differences between men and women could also account for
these variable responses on the stress task (Ter Horst et al., 2009).
Testosterone, in particular, has been linked to emotional reactivity and
reduced empathic accuracy (Bos et al., 2012; Nitschke and Bartz, 2020).
For example, in a study where men cared for an infant simulator in a
non-challenging or challenging condition (during persistent crying),
higher testosterone levels in the challenging condition was related to
less sensitive care (Roellke et al., 2019). Similarly, while investigating
prosociality, Wang et al. (2022) found that acute stress results in
stronger punishment (vs helping) in men with higher testosterone levels,
suggesting a broader link between testosterone and reduced prosociality
under stress. In another study investigating the effect of acute stress,
men showed reduced self-other distinction resulting in more ego-centric
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reactions, whereas women display an opposite pattern (Tomova et al.,
2014). Higher levels or stronger reactivity of testosterone in men may
therefore particularly explain sex-dependent responses in threatening
contexts, which can negatively affect nurturing care responses. None-
theless, much remains unclear, especially with regard to the interactive
effect of different hormones, as another study revealed a sex-specific
effect in which stress improved accuracy selectively in men, poten-
tially caused by cortisol (Nitschke et al., 2022). This finding links to the
literature on the dual-hormone hypothesis, which posits that effects of
testosterone are dependent on cortisol (Mehta and Prasad, 2015).
Indeed, in fathers a negative relation between testosterone and sensi-
tivity in interaction with their own child, was strongest in fathers high in
cortisol, an effect that was absent in mothers (Bos et al., 2018).

Besides cortisol and testosterone, also the oxytocin system could
account for stress-induced sex-differences, as neuroimaging studies
reveal relatively consistent sex-specific effects of oxytocin on neural
regions such as the amygdala, critical in stress responding (Procyshyn
et al., 2024). Nonetheless, the literature in humans on these differences
is inconclusive. A study that directly investigated the role of oxytocin in
relation to the Tend and befriend hypothesis found that following stress,
oxytocin was related to more frequent support seeking, as the theory
predicts (Sunahara et al., 2022). The effect was, however, similar for
both sexes.

Overall, these findings offer partial support for the tend-and-befriend
hypothesis but also highlight the complexity of sex differences in stress
responses. Notably, the original model contrasts fight-flight behavior
with caregiving and helping. Yet, when protection is viewed as a core
aspect of caregiving, this dichotomy becomes conceptually flawed.
Recent empirical work in rodents and humans indeed demonstrates that
the motivation for helping and care behavior rely, to a certain extent, on
the same neural circuitry as self-defense (Vieira and Olsson, 2023).
Nonetheless, sex differences in human parental care and extended forms
of care, such as altruism and helping behavior do exist, perhaps due to
sexual variation in the neuroendocrine mechanisms of protection and
nurturance. Overall, male caregiving seems more reactive instead of
proactive, and more directed at protection and helping that requires
action (e.g. heroic helping behavior). In the domain of parenting, male
care is characterized by more challenging play behavior and less
nurturant care (Majdandzic et al., 2016; Mayseless, 2015). Males also
tend to focus more on practical caregiving behaviors, but take much less
‘process responsibility’: the mental load involved in organizing the care
around a child (Pleck, 2012).

Based on an extensive overview of sex differences in all domains of
human caregiving (Mayseless, 2015), it appears that relatively small,
domain-specific differences in preferences and motivations for care-
giving between sexes are reinforced to fit with traditional gender roles.
This results in the striking overabundance of, for example, women being
the primary caretaker of babies, and males engaging in high-risk
altruism, such as saving the life of a stranger in dangerous situations
(Becker and Eagly, 2004; Falk and Hermle, 2018). Overall, women also
show stronger motivation for nurturing, but not for protection (Hofer
et al., 2017). Also, they are more sensitive to signals of infant cuteness
(Hahn and Perrett, 2014), and demonstrate overall higher levels of most
aspects of empathy (Baron-Cohen et al., 2015; McDonald and Kanske,
2023). These sex-differences, which are the product of iterative
genetic-environmental interactions, are potentially exacerbated under
conditions of stress.

5.2. Oxytocin sensitivity and early life influences on caregiving

As described above, oxytocin plays a crucial role in instigating
context-dependent caregiving behavior, most notably by reducing
cortisol release when exposed to a stressor, and increasing empathic
responses (Barchi-Ferreira and Osorio, 2021; Heinrichs et al., 2003). The
importance of this neuropeptide at the interplay of empathy and stress
during caregiving is further underscored by recent animal work which
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revealed that the effects of oxytocin in the central amygdala are a key
mechanism by which social buffering can reduce fear (Hegoburu et al.,
2024; Hostinar et al., 2014). Oxytocin can thus facilitate social inter-
action, and also buffer experienced distress during social interactions.
However, individuals differ in their sensitivity of the oxytocin system.
There is both variability in the genetic susceptibility to oxytocin, as well
as variation in oxytocin release, both centrally and peripherally through
the pituitary (Kumsta and Heinrichs, 2013; Landgraf and Neumann,
2004). One source of genetic variation is the diversity in polymorphisms
of oxytocin related genes, most studied of which are the oxytocin re-
ceptor (OXTR) gene and a gene related to oxytocin release (CD38). For
both polymorphism it is however still unclear what the downstream
effects of the genetic variation is for their receptor’s effectivity, and also
the predictive variability for behavioral outcomes is limited
(Bakermans-Kranenburg and van IJzendoorn, 2014). A recent
meta-analysis also found no overall associations between polymorphism
of the OXTR-gene and cognitive or affective empathy (Chander et al.,
2022). A factor that potentially has more predictive value, which has
recently spurred great interest is epigenetic variability of the oxytocin
genes, most notably methylation: the process by which methyl groups
attach to the promotor region of genes, limiting their expression
(Kraaijenvanger et al., 2019). In one of the first studies that targeted
human social behavior, Haas et al. (2016) show that lower levels of
methylation of the oxytocin gene are related to a more secure attach-
ment style and better recognition of emotions. Puglia et al. (2018)
further demonstrated that lower methylation of the oxytocin receptor
gene is related to stronger sensitivity to social information. Based on
these findings, we tested whether methylation of the oxytocin related
genes predicted subjective and physiological responses to empathy
eliciting stimuli of children (Spencer et al., 2022). In line with previous
work, we observed stronger responses on both measures, indicative of
enhanced empathy, in individuals with lower levels of methylation.
Following up on this work, we also showed stronger sensitivity for infant
facial features in individuals with lower levels of methylation (Spencer
et al., 2024). A recent study by Rilling et al. (2024) further showed that
lower methylation was also related to more positive affect towards
grandchildren in grandmothers. These findings point out that variation
in sensitivity of the oxytocin system relates to caregiving behavior,
perhaps mediated by the attenuating role of oxytocin in buffering stress.

The oxytocin system is additionally relevant in the context of care-
giving, since this system is sensitive to the influence of caregiving
quality in early life. Early adverse experiences seem to reduce the release
of and sensitivity to oxytocin, whereas secure attachment relations will
have an opposite effect on the oxytocin system (Bos, 2017; Rilling and
Young, 2014). Methylation of the oxytocin related genes is malleable
under environmental influence, and provides a mechanism for how early
life experiences—such as trauma—become physiologically embedded
(Cecil et al., 2020; Ellis et al., 2021; Kraaijenvanger et al., 2019). Indeed,
a promising finding in a group of mother-infant dyads shows that change
in oxytocin receptor methylation was predicted by maternal engage-
ment and child temperament (Krol et al., 2019). Epigenetic variability of
oxytocin system genes may thus function as an important physiological
parameter that incorporates childhood experiences to influence an in-
dividuals’ lifelong capacity to deal with stressful situations. For parents
and children, it can thereby also provide for a mechanism of the inter-
generational transmission of caregiving quality (Bos, 2017). A recent
study in prairie voles has convincingly demonstrated for such a mech-
anism (Meaney, 2001; Perkeybile et al., 2019), which is promising for
the work on humans, which is mostly still preliminary.

6. When empathy and caregiving clash under the impact of
stress

This review has thus far focused primarily on situations in which
(stress-induced) regulation of empathic processes are adaptive in facil-
itating adequate caregiving behavior. Either during protection, when
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immediate defense action is required to safeguard a child, often
requiring emotional reactive responses uninterrupted by cognitive
deliberation. Or during nurturing and soothing in relatively safe situa-
tions, where parents’ reflection on the thoughts and motivations of the
child ensures caregiving behavior that is tailored to the child’s needs and
long-term well-being. In the following paragraph we discuss situations
in which empathic regulation conflicts with the child’s needs, which is
therefore is better referred to as insufficient regulation or mis-regulation of
empathy. Two aspects of the stress response are important to consider
with respect to the impact on empathy: the severity and the duration of
the response, since activation of the stress-response is not problematic in
itself. In contrast, to a certain extent stress is necessary for a caring
response. It makes parents get out of bed when their baby cries, or reach
out when their toddler shows signs of distress. It’s the severity and
duration that makes the difference.

6.1. Severe and prolonged stress

In the neuroscience literature, the relation between the stress-load
and neurobiological outcomes are often described by an inverted u-
shape, where a certain amount of stress is necessary for optimal out-
comes, but overstimulation results in detrimental effects on health and
psychological functioning (Sapolsky, 2004, 2015). A similar pattern
seems to apply to the impact of stress on empathic responding, and
thereby likely on caregiving quality. Moderate stress reactivity, also as
part of an empathic response to a child in need, can be a potent moti-
vator of caregiving behavior. The few studies that investigated the effect
of acute stress on caregiving quality have not revealed negative effects of
stress, but neither positive (e.g., Bruinhof et al., 2025; Tronick et al.,
2021). The source of stress might however be relevant, i.e., whether it is
the child itself eliciting a stress response, or external factors outside the
parent-child dyad. A recent study indeed points in this direction, by
showing that when the child is the source of stress, mothers have more
difficulty in understanding the child’s motives (Malcorps et al., 2025).
Therefore, dissociating the impact of the sources of stress is an important
aim for future studies.

In contrast to the moderate stress induced in experimental para-
digms, severe or chronic stress will increase the likelihood of empathic
distress, defined as a self-oriented, emotional and physiological reaction
to witnessing another’s suffering. Empathic distress can interfere with
providing sensitive support or care, particularly in high-stress contexts
such as soothing a distressed child (Batson, 2010). It biases a person
towards self-focused responses, that in caring interactions will more
likely result in avoidance instead of helping (Eisenberg et al., 1990;
Eisenberg and Fabes, 1990). Although empathic distress has a trait
component — reflecting both genetic predispositions and enduring
patterns shaped by early life stress — it can be elevated under conditions
of chronic environmental stress. For instance, Shalev et al. (2023) re-
ported that empathic distress was associated with emotional exhaustion
and reduced empathic ability, especially during periods of heightened
stress exposure. Similarly, higher empathic distress has been linked to
lower sensitivity in both real and simulated parent-infant interactions
(Kazmierczak et al., 2024; Salo et al., 2020) and has been shown to
attenuate the positive association between maternal mind-mindedness
and child outcomes (Hobby et al., 2023).

Regarding prolonged stress, McEwen’s theory of allostatic load may
offer a useful conceptual framework for understanding how chronic
stress might impair empathic responding and caregiving quality. Allo-
static load refers to the cumulative physiological burden resulting from
repeated or prolonged activation of stress response systems, including
the HPA axis, autonomic nervous system, and immune pathways
(McEwen, 1998). While this theory does not directly predict caregiving
outcomes, it helps to explain how chronic stress may affect brain regions
involved in emotion regulation and social behavior, such as the pre-
frontal cortex, amygdala, and hippocampus (McEwen, 2017). Empirical
work in rodents investigating the relation between stress and caregiving
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have given detailed insight into how stress related hormones — most
importantly corticotrophin releasing factor (CRF), negatively affect
maternal caregiving behavior (Sanson et al., 2024). For example,
hyperactivation of CRF in subcortical structures such as the Bed Nucleus
of the Stria Terminalis (BNST) and the medial preoptic area (MPOA) of
the hypothalamus can cause detrimental effects on maternal care,
maternal aggression, and maternal anxiety, strongly impacting the
quality of care (Klampfl and Bosch, 2019). Interestingly, in lactating rats
increases of CRF in the MPOA can also trigger a surge in oxytocin
release, which may indicate a negative feedback loop that adaptively
couterbalances negative effects of stress on maternal caregiving
behavior (Klampfl and Bosch, 2019; Sanson and Bosch, 2022).

Although scarce, studies in humans provide partial support for these
proposed mechanisms. For example, Levy et al. (2019) found that
mothers exposed to chronic trauma showed intact neural responses to
empathy-evoking stimuli but reduced empathic behavior, suggesting a
disruption in the coherence between brain activity and caregiving
behavior. Although the study does not explicitly reference allostatic
load, its findings align with the notion that chronic stress may interfere
with the behavioral expression of empathy. Similarly, Roepke et al.
(2011) reported that Alzheimer caregivers exhibited higher allostatic
load and lower caregiving quality, although the mechanisms were not
fully delineated.

Taken together, these findings suggest that chronic stress may
contribute to empathic distress and reduced caregiving quality, poten-
tially through neurobiological pathways described by the theory of
allostatic load. However, more research is needed to establish direct
causal links, to translate the work described in rodents to humans, and to
clarify the role of individual differences and contextual factors.

6.2. Stress contagion and the carrying capacity of the family system

In many Western societies, caregiving occurs within small nuclear
family units, where parents are primary co-regulators of children’s
emotional states. Because children have limited self-regulatory capac-
ities, they depend on parental support to buffer stress (DePasquale and
Gunnar, 2020; Shaver et al., 2016). Empathy, however, also renders
stress responses contagious: parents can automatically resonate with a
child’s emotional and physiological states, as well as with each other’s.
Research indicates that children’s heart rates can track those of their
mothers during stress, even without awareness of the stressor (Waters
etal., 2014). Similar parent-to-child and child-to-parent stress contagion
effects have been observed (Engert et al., 2019), and can be amplified
when the parent is already stressed (Tomova et al., 2017; von Dawans
et al., 2021; Wolf et al., 2015).

High levels of empathic distress may exacerbate these feedback
loops, undermining effective co-regulation, supportive partner relations,
and increasing the risk of harsh or inconsistent caregiving (Bos, 2017;
Joosen et al., 2013). In the absence of buffering support from extended
family or community networks, this dynamic may foster a toxic
emotional climate for the child. Also, the continuous demands of care-
giving, often conceptualized as parenting stress, can become a signifi-
cant source of chronic strain. Stress in one domain of life often spills over
into others; for example, maternal job stress has been linked to increased
irritability and reduced empathy toward children (Repetti and Wood,
1997). Prolonged exposure to such stressors contributes to allostatic
load, which can culminate in parental burnout: a state characterized by
emotional exhaustion, emotional distancing from children, and a sense
of ineffectiveness in the parenting role (Mikolajczak and Roskam, 2018;
Roskam et al., 2023). This condition shares notable similarities with
compassion fatigue observed in professional caregiving contexts
(Trzeciak et al., 2017). Both parental burnout and compassion fatigue
are linked to elevated empathic distress and sustained stress exposure
(Mikolajczak et al., 2019), aligning with the predictions of the allostatic
load framework.
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6.3. Early life stress as a vulnerability factor

Parents with a history of childhood maltreatment are especially
vulnerable to stress-related caregiving difficulties. Buisman et al. (2018)
demonstrated that such parents often exhibit altered autonomic nervous
system responses to infant crying, reflecting dysregulated physiological
control. Subsequent work showed heightened autonomic reactivity
during real-life interactions with their children, and more negative
parent-child interactions (Buisman et al., 2019). Moreover, maltreated
parents have been found to display reduced accuracy in emotion
recognition, which may further undermine empathic responding
(Buisman et al., 2024). These physiological and cognitive alterations
likely represent the cumulative impact of chronic early stress—an
embodied form of allostatic load—that compromises adaptive func-
tioning in the caregiving role.

In summary, adaptive empathic caregiving depends on stress levels
remaining within a manageable range. Chronic or severe stress, such as
poverty, parental psychopathology, or limited and unstable family re-
lations, particularly when compounded by early adversity, can heighten
empathic distress and erode the parent’s capacity to co-regulate with the
child (Mackenzie et al., 2011). Allostatic load may offer a unifying
framework for understanding how repeated stress exposure undermines
the physiological and psychological resources necessary for sensitive,
empathic and effective caregiving.

7. The reach of empathy and the human motivation to care

Few domains reveal the full spectrum of human nature as clearly as
caregiving—where individuals extend care beyond expectation or fail to
act when care is urgently needed. Caring is therefore generally seen as a
higher moral virtue, which also shows in the role care has in most, if not
all, human religions (Mayseless, 2015). Yet, as this review shows, it is
not moral virtue that brings forth empathic and caring behavior, but
rather evolutionarily shaped neuroendocrine systems that motivate us to
protect and nurture the interests of those who need our help: in the first
place, our offspring and close others.

It is within the boundaries of these close relationships that empathic
processes support the formation of attachment. One of the aims of this
review is to foster research at the intersection of attachment theory,
research on empathy and stress, and neuroendocrine perspectives on
child development and parenting. Recent examples of such integration
show the extent to which attachment and empathic processes are
intertwined. In children as young as 3-6 years old, attachment security
was related with stronger displays of empathic concern, whereas in
adults the same construct was related to cognitive empathic abilities
(Gallistl et al., 2024; Shoshani, 2024). Of special interest with regard to
the current review is a study in couples where one of the partners was
subjected to a stressor while the other partner observed (Gallistl et al.,
2025). Insecure-avoidant attachment in observing partners was related
to increased heart-rate activity in the partner subjected to stress, indi-
cating that the presence of the partner was more a source of stress than
of support. A better understanding of the dynamic interactions between
stress and empathy during attachment formation can potentially guide
the development of interventions better tailored to those that provide
and receive care. More knowledge on the biological and contextual
factors that bring forth individual variation during this dynamic inter-
action can help to make these interventions more effective and benefi-
cial (Bos, 2017; Shaver et al., 2016).

Whereas the focus in this review has been on close relationships in
the family context, the reach of the described mechanisms are broader.
For example, also in the domain of medical and psychological care, the
importance of empathy for improvement of patient outcomes received
increased attention (Gilbert, 2009; Trzeciak et al., 2017). The mecha-
nisms presented here can encompass informal and formal care relations,
based on the perspective that all human caregiving derives from core
empathic processes formed in social relations of species that depend on
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the care of others. This state of fitness interdependence forms the con-
dition for the development of prosocial behavior and altruism which
characterizes the human species (Berendzen, 2023; Brown et al., 2012;
Swain et al., 2012). Another aspect that characterizes human caregiving,
is the flexibility in care relations. As humans we can be altruistic to
strangers, and we can care for unrelated others, animals, plants, or even
inanimate objects, thanks to our strong anthropomorphic tendencies.
Our capability for abstract thinking and planning brings forth the ca-
pacity to care for humans that we have never encountered or that not yet
exist, such as the concern for the future wellbeing of the next generation.
The influential psychologist Erik Erikson coined the term ‘generativity’
for the motivation to care for the next generation, and defined it as an
important goal in adult psychosocial development (Saint Aubin and
MacAdams, 2004). Such generative motives can be directed at (grand)
children, but can also encompass the motivation to care for a concept as
abstract as our future ecosystem, or planet earth. Interestingly, gener-
ative motivations are related to self-reported empathic concern, and
theorist have suggested an overlap between caregiving motivations,
attachment, and generativity (MacAdams, 2000; Versey et al., 2020).
More research on how these motivational systems are linked, and how
generativity can be fostered, has the potential to contribute to the great
challenges we currently face with respect to the future generations. An
important question is to what extent empathic motives can drive
pro-environmental behavior, as critics have emphasized the shortcom-
ings of empathy with regard to morality and global problems, arguing
that empathy counteracts reasoned altruistic decision making, by
biasing us toward emotionally salient individuals (e.g. Bloom, 2017).
Despite these critics, recent theoretical and empirical work shines a new
light on the relation between empathy, prosociality, and altruism, by
pointing out that ‘empathy and deliberative reasoning aren’t necessarily
competing forces’ (Law et al., 2024). As Mencius described more than
two thousand years ago, our care for other derives not from instrumental
motives or societal pressure, but from ‘the heart’.

There is an additional quality of caregiving: irrespective of whether
we nurture our newborn baby, help a relative in need, or make efforts for
the future wellbeing of our planet, caregiving has the potential to give
meaning to our lives (Mayseless, 2015). While caring may not directly
bring happiness, due to the constraints that come along with it and the
effort it requires, it does provide for a purpose, which gives a deeper
state of ‘eudaimonic’ happiness. In the context of close human relations,
it is this subjective state that perhaps comes most close to the definition
of ‘love’ (Baumeister et al., 2016). It is a quality that facilitates the social
and cognitive development of children, brings psychological and
health-benefits in adults, and has the potential to protect for intergen-
erational transmission of maltreatment to occur (Bos et al., 2025; Lan-
gevin et al., 2021). As such, caregiving is a central aspect of our lives,
since we need to be cared for ourselves throughout our life just as much
as we need to care for others. This need is as old as the earliest animals
that depended on each other, and has increased in complexity
throughout the human lineage.

This review highlighted that caregiving is not merely a moral or
cultural construct, but a biologically grounded, stress-sensitive system
shaped by evolutionary pressures and individual variation that acts on
our fundamental empathic abilities. Recognizing its dual nature-
—nurturance and protection—and its neuroendocrine regulation offers
a deeper understanding of how care emerges, falters, and can be sup-
ported across contexts; contributing to the wellbeing of those who care,
and are cared for.
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