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Abstract

Interpersonal touch is recognised for its comforting effects, promoting both health and
well-being, and aiding in stress regulation. However, most research on touch has focused on
younger adults and single health markers, leaving considerable gaps in understanding the
impact of touch for multi-systemic health, especially in groups at risk of touch absence. In
this thesis, four studies investigate the health benefits of interpersonal touch for older adults,
including the factors that may be most important and the role of a vicarious touch as a
possible intervention. Findings from the National Social Life, Health, and Aging Project
(NSHAP) found that frequent touch with romantic partners was associated with improved
neuroendocrine health in cross-sectional analyses and better metabolic and cardiovascular
health in longitudinal analyses. In contrast, touch with other close individuals showed no
comparable associations. In examining vicarious hugs, we observed that while longer
durations of observation increased autonomic arousal, indicated by pupil dilations, they did
not protect from stress. Furthermore, different types of touch, including CT-optimal stroking,
hugging, and handshakes, shared with individuals of varying emotional closeness (close
individual, stranger, and vicarious) were associated with varying physiological and neural
responses. CT-optimal stroking showed the most context-independent reductions in heart rate
and increased in theta power. Overall, neural findings suggest that theta oscillatory increases
may be a marker of both tactile observation and sensation in older adults, while beta and
alpha are responsible for differences in attentional processing, but also the hedonic properties
of touch in older adults. These insights could be used to support public health strategies
aimed at improving physiological well-being in older adults, with further scope for the use of

vicarious stroking as a low-cost intervention for older adults in social care or clinical settings.
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1. General Introduction

Touch is a fundamental aspect of human interaction and perception, shaping our
experiences and social navigation. Beyond its role in sensory perception, touch mediates
various affective and social functions (Cascio et al., 2019). As a means of expressing love,
empathy, and solidarity, interpersonal touch promotes well-being and social bonds. Research
demonstrates that touch-based therapies aid trauma recovery (Phelan, 2009), strengthen
parent-child relationships (Field, 2010), and improve patient care (Anderson & Taylor, 2011),
emphasising the role of touch as a form of therapeutic non-verbal communication. Moreover,
studies links interpersonal touch to prosocial behaviours; even brief contact can promote
cooperation and generosity (Guéguen & Fischer-Lokou, 2002, 2003; Joule & Guéguen,
2007). For example, touch is associated with a greater willingness to donate to charity
(Kurzban, 2001) and participate in surveys (Hornik & Ellis, 1988). Additionally, touch
provides stress relief (Grewen et al., 2003), beyond the benefits of interpersonal proximity
(Nelson & Panksepp, 1998). Thus, given its several benefits, this understudied sense is both

an interesting an important avenue of research.

What is Known About Touch Across the Lifespan

Touch is the earliest sensory system to develop, emerging between 4 to 7 weeks of
gestation, and remains the most advanced at birth. Interpersonal touch is a vital form of non-
verbal communication that enables human connection even before language skills develop
(Burgoon et al., 1996; Routasalo, 1999). Studies by Della Longa and colleagues (2021; 2019)
show that infants as young as four months old learn unfamiliar faces more effectively when
their faces are gently stroked by a parent, emphasising the importance of parental touch in
early social, emotional, and cognitive development (Beltran et al., 2020; Field, 2010).

Moreover, touch interactions constitute 65% of mother-infant communication, and have been
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found reduce both early behavioural and physiological stress responses in infants (Feldman et

al., 2010; Stack & Muir, 1990).

Adequate tactile stimulation is essential; its absence can result in growth impairments,
cognitive delays, and increased susceptibility to illness (Frank et al., 1996). Physical contact
with caregivers fosters attachment security and emotional bonds, influencing cognitive and
neurobehavioural development by shaping social brain networks (Ainsworth et al., 2015;
Anisfeld et al., 1990; Brauer et al., 2016; Feldman & Eidelman, 2003; Feldman et al., 2002).
Even brief increases in daily touch, up to 20 minutes, significantly improve developmental
outcomes, underscoring its foundational role in early life (Casler, 1965; Hopper & Pinneau,
1957). The type of touch also matters; gentle stroking induces more positive responses in
infants than static touch. Gentle stroking at skin temperatures and a velocity of 1-10 cm/s
(Ackerley, Backlund Wasling, et al., 2014) is thought to activate fibres that reliably activate
neural pathways associated with affective and reward-related brain regions, this is termed
CT-optimal touch (Gordon et al., 2013). Interestingly, parents often naturally use CT-optimal
stimulation speeds during touch (Croy et al., 2016; Jean & Stack, 2009; Stack & Muir, 1990).
From infancy to childhood, touch remains important for expressing positive emotions,
inducing positive affect, and strengthening brain areas responsible for social cognition,
especially when shared within the family (Bai et al., 2016; Brauer et al., 2016; Burgdorf &

Panksepp, 2001; Ishiyama & Brecht, 2016).

In adulthood, individuals both give and receive touch regularly in their close
relationships (Anderson & McCormack, 2015). Being touched and touching others is a
central element of social interaction and social relationships (Field, 2010). Touch in
adulthood reduces feelings of social exclusion, promotes well-being, and conveys emotions
and motivations (Debrot et al., 2013; von Mohr et al., 2017). Even brief touch can have a

significant impact; research shows that young adults reported feeling more socially connected
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after receiving a simple touch on the shoulder from an experimenter (Koole et al., 2014).
Moreover, it plays a pivotal role in the formation and maintenance of close interpersonal
bonds, especially in romantic relationships (Bell et al., 1987), where touch fosters
psychological closeness, attraction, and relationship satisfaction (Brennan et al., 1998;
Gulledge et al., 2003; Mehrabian, 1969). As a nonverbal mechanism, touch uniquely
distinguishes romantic partners from friends (Guerrero, 1997), yet enhances positive
emotional states in both types of relationships (Coan et al., 2006; Sbarra & Hazan, 2008).
Beyond strengthening bonds, touch also serves a coregulatory function, alleviating distress

and improving mood during emotional challenges (Debrot et al., 2014).

While touch is the first sense we develop, it is also the last one we retain (Green,
2017). In older adulthood, the role of touch shifts as changes in physical and social dynamics
alter tactile experiences. Although discriminative touch abilities decline with age, the
perception of pleasantness from interpersonal touch, such as CT-optimal touch, tends to
increase (Sehlstedt et al., 2016). Older adults often describe touch using more emotional
language and rate touch as more rewarding compared to younger individuals, possibly due to
reduced touch frequency, which may heighten its emotional impact (Guest et al., 2014;
Ishikura et al., 2024). Although findings are mixed for the perception of touch among
individuals who experience touch absence (Sailer & Ackerley, 2019). Despite a possible
greater appreciation for touch, older adults may be less likely to share touch relative to their
younger counterparts (Upenieks & Schafer, 2022), possibly due to smaller social networks,
higher rates of living alone, and increased social isolation (ONS, 2021; Pedell et al., 2010;
Pino et al., 2014; Scharf & de Jong Gierveld, 2008). Although touch continues to hold
therapeutic value for this demographic, particularly in clinical settings. For example, touch

was associated with improvements in symptoms of depression in institutionalised depressed
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older adults (Buschmann et al., 1999) and communication in institutionalised confused older

women (Langland & Panicucci, 1982).

Additionally, tactile therapies like massage have demonstrated effectiveness in
alleviating depression and agitation in individuals with dementia (Watt et al., 2021; Watt et
al., 2019). Robotic touch interventions have also been found to elicit positive emotional and
physiological responses in older adults, highlighting its potential as a substitute for human
contact in socially isolated individuals (Ishikura et al., 2024). Overall, although older adults
may be at a heightened risk of touch absence and generally place a greater value on touch, the
specific characteristics and behaviours associated with touch within this demographic remain
unclear. Furthermore, it is uncertain whether the therapeutic benefits of touch extend to non-

clinical older adults.

Touch Absence

Touch absence refers to a lack of physical contact, which can manifest in two ways:
as an unwanted deficiency, where individuals desire more touch than they can access, or as a
consciously chosen state (Green & Moran, 2021). Individuals desire touch to different
degrees; when individuals have more positive attitudes and experiences towards touch, they
want to experience it more (Von Mohr & Fotopoulou, 2018; VVon Mobhr et al., 2021b).
Although Galinsky et al (2014) reported that most men and women report that gentle touch,
hugging, and cuddling appeal to them. Nonetheless, touch absence has been shown to have
negative consequences, including increased feelings of loneliness (Heatley Tejada et al.,
2020), anxiety (Floyd, 2014), depression (Stein & Sanfilipo, 1985), and worse wellbeing

(Debrot et al., 2021).

Coan’s (2008) Social Baseline Theory (SBT) posits that humans have an innate

expectation for social support due to the need for care during infancy. SBT suggests that an
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individual’s baseline state is inherently social, and that social interactions are essential for
emotional regulation. Thus, when social connections are limited, individuals may struggle to
effectively regulate their emotions (Coan, 2010). During the COVID-19 pandemic, strict
social distancing measures exacerbated this issue by significantly limiting physical contact
and disrupting people’s tactile interactions with others, especially for those living alone
(Armitage & Nellums, 2020). In the UK, the mental health impacts of these restrictions were
profound, with loneliness and living alone identified as key risk factors for heightened
anxiety and depression during the early pandemic months (Chandola et al., 2022; Fancourt et

al., 2021).

Studies investigating touch during COVID-19 revealed several interesting findings
regarding touch absence. Burleson et al. (2022) found that while social distancing during led
to a decrease in interpersonal touch, this was only among individuals not cohabiting with a
romantic partner. For those cohabiting with their partners, social distancing was associated
with an increase in touch, possibly explained by a compensatory behaviour or increased
opportunity for affection between partners (Evans et al., 2020; Maner et al., 2007). This
suggests that the unavailability of a romantic partner, or living alone might be risk factors for
touch absence. Additionally, Von Mohr et al. (2021b) found that the longer individuals
practiced social distancing, the more their desire for touch intensified, especially with close
individuals (partners and family members), even if these were the individuals that touch was
shared most with (Von Mohr et al., 2021b). However, touch absence is not solely a
pandemic-related issue. The continuous increase in human lifespan signifies ample changes
in social structures and interactions, and older adults who live alone may be particularly

vulnerable to the loss of receiving touch.

There is a positive association between age and loneliness (Donovan et al., 2017),

living alone, and social isolation (Savikko et al., 2005; Victor et al., 2002). Furthermore,
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increased mortality is reported among older adults with less frequency of contact with other
people and social integration (Seeman et al., 1993). Research indicates that approximately
34% of women and 21% of men aged over 60 in the United states live alone (Ausubel, 2020),
a trend that mirrors findings in the UK, where single-person households comprised between
22.8% and 33.6% of the population in 2020 (ONS, 2021). The rise in the number of people
living alone is largely concentrated in older age groups (ONS, 2021). With life expectancy
increasing, an estimated one in five people will be over 60 by 2050 (United Nations., 2019),
the number of older adults experiencing touch absence is likely to grow. Thus, older adults

face unique challenges that heighten their risk of experiencing touch absence.

While it might be assumed that the negative effects of loneliness could be alleviated
by positive touch experiences, this relationship remains underexplored in existing literature
(Noone & McKenna-Plumley, 2022; Victor, 2021). For example, individuals reporting higher
levels of touch deprivation showed more negative perceptions of touch even when it occurred
at CT-optimal velocities (Sailer & Ackerley, 2019). In contrast, a study by Heatley Tejada et
al. (2020) found that single adults reported higher levels of neglect compared to those in
relationships. However, physical touch from another person reduced these feelings to levels
similar to those reported by coupled individuals. This suggests that touch may serve as an
important environmental cue that encourages individuals to seek social connection (Cacioppo
et al., 2014). Social determinants of health and quality of life in old age include strong social
networks and high levels of social support (Berkman et al., 2014), which protect from various
causes of morbidity and mortality. Despite findings indicating that touch absence is
associated with negative outcomes, and that older adults may be at a heightened risk, the
correlates of interpersonal touch in older adult populations, and the factors that are most

conductive to the benefits of interpersonal touch in this group are under investigated.
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Emotional Closeness

Research on touch across the lifespan reveals that emotional closeness plays a critical
role in shaping the effects of touch. In early life, studies primarily examine interactions
between child and caregiver, while studies in adulthood largely focus on romantic partners.
This likely stems from their central role in adult life and their function as primary sources of
emotional and physical support, where touch served as a key form of expressing affection and
connection (Grewen et al., 2005; M. Diamond, 2000). Evidence shows that touch between
romantic partners yields significant psychological and physiological benefits, including
reduced blood pressure (Grewen et al., 2003), lower cortisol levels (Ditzen et al., 2007), and
decreased anxiety (Coan et al., 2006). For example, hand-holding between partners enhances
neural synchrony and alleviates pain (Goldstein et al., 2018), similar to effects observed
between infants and their mothers during touch (Nguyen et al., 2021). Partner touch has also
been linked to reduced stress, increased-self-esteem, and greater resilience during stressful
situations (Jakubiak & Feeney, 2019), with relationship quality accounting up to 16.8% of
this stress relief (Liu et al., 2021). Across cultures, touch from romantic partners is generally
more acceptable than from other close relationships, further highlighting its unique role in

adult life (Suvilehto et al., 2015).

Although romantic relationships typically involve deeper emotional connections, non-
romantic touch still effectively fosters emotional bonding and support. This indicates that the
benefits of touch extend beyond romantic partners to other trusted sources. In friendships,
touch often served various functions, such as signalling attention and affection (Floyd &
Voloudakis, 1999a, 1999b). Family members, in particular, express a broader range of
emotions through touch than touch with strangers (Pisano et al., 1986; Suvilehto et al., 2015;

Thompson & Hampton, 2011). Direct comparisons between touch from romantic partners
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and other close individuals remains limited. Some findings suggest that by simply having a
partner in close proximity, rather than a friend, reduces threat-related activity in the amygdala
over time (Morriss et al., 2019). Furthermore, evidence suggests romantic touch is more
effective at reducing stress and enhancing positive emotions than touch from friends or
strangers (Coan et al., 2006; Kreuder et al., 2017). For instance, hand-holding by a romantic
partner can alleviate pain, whereas touch from friends or strangers often lacks this effect
(Floyd et al., 2018). However, research also indicates that touch from healthcare
professionals or acquaintances can provide similar physiological benefits, highlighting the
importance of the context and the relationship’s nature in shaping the perception of touch

(Packheiser et al., 2024b).

Touch from strangers has mixed effects. It is often perceived as uncomfortable or
intrusive (Sussman & Rosenfeld, 1978) and can increase physiological arousal during stress
(Debrot et al., 2024), potentially due to its interpretation as a sign of sexual interest or
dominance (Dolinski, 2010). For example, touch from an experimenter may lower heart rate
while simultaneously raising skin conductance, indicating both calming and arousing effects
(Vrana & Rollock, 1998). In some contexts, touch from strangers can have positive
outcomes, such as increasing trust (Burgoon et al., 1992; Hertenstein et al., 2009), reducing
cortisol levels during stress (Dreisoerner et al., 2021), and alleviating existential concerns
(Koole et al., 2014). Additionally, touch from healthcare providers has been shown to
improve sleep, blood pressure, respiratory rate and pain in medical settings

(Papathanassoglou & Mpouzika, 2012).

Sex differences also play a role; women are generally more receptive to non-sexual
touch from strangers than men (Hertenstein et al., 2006), while men in Western cultures tend
to avoid same-sex touch with acquaintances (Crawford, 1994). Additionally, touch from

opposite-sex strangers is often rated as pleasant by men but unpleasant by women (Heslin &
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Alper, 1983). For women, the context significantly influences their response to touch, they
tend to respond more positively in professional settings and more negatively when touched
by an opposite-sex stranger outside of those contexts (Martin, 2012). Neuropsychological
evidence also shows that contextual factors influence the sensory experience of touch, with
variations in the primary somatosensory cortex depending on the perceived identity of the
toucher (Gazzola et al., 2012). Even in children, friendly touch from an experimenter has
been shown to increase self-regulation, like delaying gratification (Leonard et al., 2014). In
educational settings, positive touch from teachers can increase on-task behaviour and reduce
disruptions in young children (Wheldall et al., 1986). These findings suggest that although
touch from strangers may not be as universally accepted as touch from close individuals, it

can still have beneficial effects depending on the context.

Studies that directly compare touch from romantic partners versus strangers
consistently show that partner touch is more effective at relieving pain and stress and is
generally perceive as more pleasant (Coan et al., 2017; Coan et al., 2006; Floyd et al., 2018;
Kreuder et al., 2017; Kreuder et al., 2019). This effect likely stems from the greater emotional
intimacy and intensity inherent in romantic relationships, leading to stronger psychological
and physiological benefits. Touch from partners also occurs more frequently and elicits
stronger emotional responses than touch from strangers (Beller et al., 2020; Xu et al., 2023).
Even imagining touch from a partner is rated more positively than imagined touch from a
stranger (Krahé et al., 2023). However, while partner touch significantly reduces threat
responses in the brain, touch from strangers can still provide physiological benefits, such as
reduced heart rate or increased skin conductance, indicating both calming and arousing
effects (Vrana & Rollock, 1998). For example, holding a partner’s hand during stressful
situations leads to a greater reduction in neural threat responses compared to holding a

stranger’s hand, although both produce some benefit (Coan et al., 2006). Additionally, touch
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from familiar individuals and healthcare professionals may offer comparable health benefits,
depending on the context (Packheiser et al., 2024b). Notably, CT-optimal touch produces
positive effects regardless of whether the touch comes from a close individual (Triscoli,
Croy, Olausson, et al., 2017) or a stranger (Kirsch et al., 2018). It remains unclear if these
patterns apply to older adults, who pay perceive touch differently depending on the emotional
closeness of the toucher. These findings underscore the complexity of touch perception,

which varies depending on the emotional closeness to the toucher and the situational context.

Touch and Stress

Stress is defined as a real or perceived threat to an individual’s psychological or
physiological well-being (McEwen, 2013). It triggers a coordinated response across multiple
body systems, primarily involving the autonomic nervous system (ANS) and the
hypothalamic-pituitary-adrenal (HPA) axis, to manage these challenges. The ANS has two
main branches: the sympathetic nervous system (SNS), which prepares the body for a ‘fight-
or-flight’ response, and the parasympathetic nervous system (PNS), which promotes
relaxation and recovery. Stress can be categorised into two forms: acute stress, which is
short-term and typically resolves quickly, and chronic stress, which persists over time and
can have more severe health implications (McEwen & Stellar, 1993). Acute stress initiates
the body’s immediate reaction to a threat by activating the sympathetic branch of the ANS,
specifically the SNS (Herman et al., 2020). This activation triggers the sympathetic-adrenal-
medullary (SAM) axis, leading to the rapid release of catecholamine’s like adrenaline
(epinephrine) and noradrenaline (norepinephrine). These hormones increase heart rate, blood
pressure, and breathing rate, preparing the body for a ‘fight-or-flight’ response (Ulrich-Lai &
Herman, 2009). Simultaneously, the HPA axis is engaged to manage longer-term stress
responses. This process begins when the stressor is evaluated by brain regions, including the

amygdala, hypothalamus, and the prefrontal cortex, which initiate the HPA axis cascade
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(McEwen & Gianaros, 2011). Upon activation, the hypothalamic paraventricular nucleus
releases corticotropin-releasing hormone (CRH) and arginine-vasopressin, stimulating the
pituitary gland to produce adrenocorticotropic hormone (ACTH). ACTH prompts the adrenal
cortex to produce glucocorticoids, primarily cortisol, which mobilises energy stores and
regulates the immune response to help the body cope with prolonged stress (De Kloet et al.,
2005). While this acute stress response is essential for survival, chronic activation of these
systems, driven by recurrent or long-lasting stressors, can lead to harmful effects (McEwen,

1998; Sapolsky, 2021).

Unlike acute stress, which resolves once the immediate threat subsides, chronic stress
results in sustained physiological changes that can significantly impact health and well-being.
Central to understanding chronic stress is the concept of allostasis, which refers to the body’s
ability to maintain stability through adaptation to stressors (Sterling & Eyer, 1988). This
adaptive process involves whole-body changes rather than focusing solely on specific
biomarkers (Schulkin, 2003). Over time, repeated or long-lasting activation of the stress
response results in allostatic load, representing the cumulative physiological toll on the body
(McEwen & Stellar, 1993). Allostatic load describes the “wear and tear” on body systems,
particularly involving the SNS and HPA axis. High allostatic load is linked to adverse health
outcomes, such as cardiovascular diseases, metabolic disorders, cognitive decline, and
increased mortality risk (Goldman et al., 2006; Seeman et al., 2001). The allostatic load
model outlines three stages: (1) activation of primary mediators, such as stress hormones in
response to acute stress, (2) the effects of long-term stress on metabolic, cardiovascular, and
immune systems, and (3) allostatic overload, which heightens the risk of disease (Leahy &
Crews, 2012; Seeman et al., 2001). Chronic over-activation of the SAM axis (releasing
catecholamines) and HPA axis (releasing glucocorticoids) can lead to systemic

overcompensation, increasing vulnerability to stress-related diseases (Lupien et al., 2015).
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Evaluating these multi-system interactions helps identify individuals at risk of adverse health
outcomes due to allostatic load (McEwen, 2000). Emerging evidence also suggests that touch

may help mitigate or protect against the effects of allostatic load.

When individuals perceive a threat, they instinctively seek proximity to close others,
particularly romantic partners, who can help reduce stress through social support (Cohen,
2004; Feeney, 2004; Mikulincer et al., 2003). Social support has been shown to attenuate
stress responses across various physiological systems, including the ANS and HPA axis
(Berkman & Syme, 1979; Heinrichs et al., 2003; Medalie & Goldbourt, 1976). Touch plays a
critical role in this process, signalling social support and influencing stress regulation both
directly and indirectly (Feldman et al., 2010; Heiman et al., 2011). Interpersonal touch
activates the PNS, leading to reductions in heart rate, blood pressure, and cortisol levels,
which collectively dampen the stress response (Ditzen et al., 2007). Touch also elevates
levels of oxytocin, often referred to as the “bonding hormone”. This neuropeptide not only
facilitates social bonding but also downregulates the HPA axis, reducing cortisol levels and
promoting relaxation (Heinrichs et al., 2003; Uvnas Moberg et al., 2020; Rakita et al., 2020).
Research indicates that the cumulative effect of regular and repeated touch is more effective
in enhancing oxytocin release than a single exposure (Light et al., 2005), further supporting

the role of touch in stress mitigation.

Empirical evidence underscores the powerful role of touch in buffering stress. For
example, Coan et al. (2006) found that married women experienced reduced neural activation
in stress-related brain areas when holding their partner’s hand during a pain threat,
emphasising the impact of touch on acute stress. Ditzen et al (2007) demonstrated that a brief
session of physical touch, such as a neck and shoulder massage from a partner before a stress-
inducing task, led to greater regulation of heart rate and cortisol responses compared to verbal

support in women, indicating that touch is a more potent stress modulator than other forms of
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support. The influence of touch extends beyond acute stress to long-term health benefits.
Studies show that individuals who engage in frequent interpersonal touch with close others
have lower baseline cortisol levels and reduced cardiovascular reactivity to stressors,
indicating a more resilient stress response system (Ditzen & Heinrichs, 2014; Light et al.,
2005). This cumulative effect likely promotes long-term health by decreasing physiological
costs associated with allostatic load and enhancing the body’s ability to return to baseline

after stress.

Animal studies highlight the importance of early physical contact in regulating stress-
related systems, with maternal separation linked to long-term HPA axis disruptions (Levine,
2005). In humans, increased touch from a partner during stressful situations correlates with
lower stress levels, higher self-esteem, and a greater sense of control over stressors (Jakubiak
& Feeney, 2019). Interestingly, even in the absence of a close person, recalling past touch
experiences can activate mental representations of support, helping to mitigate stress
(Mikulincer et al., 2002). However, these benefits seem restricted to memories of touch from
close individuals, suggesting that emotional closeness can influence stress responses. Despite
its therapeutic potential, much of the evidence on touch’s impact on stress comes from
laboratory-based studies focussed primarily on romantic couples, and often overlooking the

broader interdependence of physiological systems.

Importantly, chronic stress and the resulting dysregulation of physiological systems
can accelerate ageing and increase disease risk. The MacArthur Studies found that
individuals with high allostatic load scores were at greater risk of death (Karlamangla et al.,
2006), while a longitudinal study in Taiwanese older adults revealed that allostatic load could
serve as an early indicator for future health decline (Goldman et al., 2006). Research
indicates that increasing age is associated with a higher benefit through touch for systolic

blood pressure, although this may be attributed to higher basal blood pressure with increasing
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age, it may also indicate a role for touch in promoting healthy ageing (Packheiser et al.,
2024b). Furthermore, longitudinal findings in older adults suggest that increased frequency of
touch is associated with lower likelihood of chronic inflammation five years later (Thomas &
Kim, 2021). Thus, the physiological health benefits of touch may be multi-systemic, and have
prolonged effects in older adults. However, longitudinal associations are scarce, and
investigation of multi-system dysregulation caused by touch absence in older adults is

missing from existing literature.

Vicarious Touch

Vicarious touch could be a valuable tool for individuals with limited physical contact,
such as older adults. Vicarious touch occurs when observing touch triggers neural and
sensory responses similar to those activated during direct physical contact (Haans &
IJsselsteijn, 2009). According to the Embodied Simulation Theory, this effect involves the
brain mapping others’ tactile experiences using its own motor, somatosensory, and
visceromotor systems (Gallese & Ebisch, 2013). This simulation process is mediated by
mirror neuron systems that respond both to experiencing and observing touch, a mechanism
originally identified in macaques and later confirmed in humans (Keysers & Gazzola, 2009;
Morrison et al., 2004; Rizzolatti et al., 2001). In humans, these neural circuits enable empathy
by internally recreating others’ sensations, allowing observers to understand touch as if they
were feeling it themselves (Bellard et al., 2023; Keysers et al., 2010; VVachon-Presseau et al.,
2012). Functional neuroimaging consistently shows activation of the dorsal posterior insula
during the observation of CT-optimal touch, indicating a similar hedonic response to both
direct and vicarious touch experiences (Bjornsdotter & Olausson, 2011). Observing
interpersonal touch not only enhances feelings of sociability and reduced isolation but also
increases electroencephalographic (EEG) activity, highlighting the emotional impact of

vicarious touch (Campagnoli et al., 2015). Moreover, observing touch activates neural
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pathways in the primary and secondary somatosensory cortices, reflecting a deep empathic
engagement with others’ tactile experiences (Blakemore et al., 2005; Ebisch et al., 2011).
EEG studies further support these findings, showing that somatosensory-evoked potentials
(SEPs) are influenced by both direct touch and its observation, reinforcing the concept of
sensory mirroring in the brain (Bufalari et al., 2007; Pisoni et al., 2018; Rigato, Bremner, et

al., 2019).

If observing touch can produce regulatory and well-being effects similar to real touch,
vicarious touch interventions could be utilised as an alternative touch intervention. For
instance, watching human-to-human or human-to-pet interactions has been linked to reduced
subjective stress and increased calmness, indicating its therapeutic potential (Kirsch et al.,
2024). However, the physiological impact of vicarious touch is not yet fully understood.
While some studies suggest that observing touch can influence skin conductance and heart
rate, these effects seem to depend on the context and emotional relevance of the touch (Adler
& Gillmeister, 2019; Fusaro et al., 2016). For example, Fusaro et al (2016) found that painful
vicarious touch increased galvanic skin response (GSR), while pleasant touch showed no
significant difference from neutral touch, underscoring the importance of stimulus salience.
Research on other physiological markers, like heart rate (HR) and heart rate variability
(HRV), is still emerging but shows promise. One study found a reduction in HR following
vicarious experiences of both pain and CT-optimal touch, suggesting a calming effect akin to
that of direct touch (Fusaro et al., 2016). Similarly, increased pupil dilation in response to
observing pain indicates an empathic reaction, engaging autonomic processes similar to those
involved in real touch (Azevedo et al., 2013; Chiesa et al., 2015). Thus, while vicarious touch
holds potential for enhancing emotional well-being in those lacking physical contact, further

research is needed to better understand its physiological effects.
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Full-body vicarious touch combines sensorimotor and socio-affective elements, with
its processing strongly influenced by the emotional context of the touch (Schirmer &
McGlone, 2019). Emotionally meaningful touches, like caressing or slapping, elicit stronger
activation in the primary and secondary somatosensory cortices compared to neutral touches,
highlighting the brain’s sensitivity to emotionally charged stimuli (Ebisch et al., 2011). Facial
electromyography (EMG) studies further reveal that CT-optimal stroking, leads to decreased
frowning and increased smiling, indicating a positive emotional response (Pawling et al.,
2017; Ree et al., 2019). The emotional impact of vicarious touch intensifies when the touch is
perceived as occurring on the observer’s own body, emphasising the role of self-relatedness
(Cardini et al., 2011). Viewing touch from a first-person perspective, rather than a third-
person view, activates the somatosensory cortex more strongly, enhancing the sense of bodily
ownership (Saxe et al., 2006). This effect is reinforced by findings that first-person
perspectives increase the illusion of ownership over virtual limbs and amplify neural
responses to human, as opposed to non-human, touch (Adler & Gillmeister, 2019; Fusaro et
al., 2016). Moreover, event-related potentials (ERPS) indicate stronger neural responses when
observing touch on one’s own face versus another’s, underscoring the significance of self-
relatedness in these experiences (Adler et al., 2016). Similarly, Rigato, Bremner, et al. (2019)
found differential ERPs between first-person and third-person observations of touch on a
hand, indicating an anatomical mapping for touch in the first-person perspective at P45, and a
specular mapping in third-person at P100. Although the role of perspective in full-body
vicarious interactions remains uncertain, perspective and exposure duration likely play
crucial roles in shaping these effects. Most studies have focused on CT-optimal versus non-
CT-optimal forearm stroking, with vicarious touch generally perceived as more pleasant at
CT-optimal velocities (Bellard et al., 2022; Bellard et al., 2023; Devine et al., 2020; Haggarty

etal., 2021; Walker et al., 2017). However, wider real-world touch experiences, such as hugs
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are understudied, highlighting the need to explore a wider range of contextual factors and
different types of touch, that influence the perception and emotional impact of vicarious

touch.

The effectiveness of vicarious touch appears to decline with age, as older adults often
show reduced tactile sensitivity and empathy-related responses to observed touch, likely due
to age-related changes in brain structure and emotion processing (Gillmeister et al., 2017,
Kalisch et al., 2009). These alterations in brain function and reduced sensorimotor
coordination may weaken the neural representation of observed touch, diminishing the
emotional impact (Kalisch et al., 2009). Additionally, impaired emotion perception in older
adults could further limit their empathetic responses to vicarious touch (Ruffman et al., 2008;
Yang & Banissy, 2016). Although vicarious touch holds promise for delivering emotional
and physiological benefits similar to direct touch, its effectiveness in older populations

remains uncertain.

The Somatosensory System

The skin is the body’s oldest and largest sense organ, equipped with a complex
network of fibres that are responsible for processing both cutaneous (skin-based) and
proprioceptive (muscle and joint) sensations (Gottlieb, 1971). When the skin undergoes
deformation from touch, receptors transmit information about the touch to the brain
(McGlone & Reilly, 2010). Interestingly, a distinct channel exists for pleasant touch, which
plays a crucial role in emotional and social interactions (McGlone & Reilly, 2010). These are
low-threshold, unmyelinated C-tactile mechanoreceptors (CT-fibres) (Nordin, 1990). CT-
fibres respond optimally to slow, caress-like touches at a skin temperature of around 32° and
a velocity of 1-10 cm/s (Ackerley, Backlund Wasling, et al., 2014). They are particularly

dense in hairy skin areas, and stimulation of these regions reliably activates neural pathways
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associated with affective and reward-related brain regions, this is termed CT-optimal touch

(Gordon et al., 2013).

In contrast, faster or slower touch velocities produce suboptimal CT responses,
leading to a lower perception of pleasantness (Ackerley, Carlsson, et al., 2014; Ackerley,
Saar, et al., 2014; Loken et al., 2009; Nordin, 1990). The subjective pleasantness experience
during CT-optimal touch follows an inverted U-shaped response pattern when plotted against
different touch velocities, with peak responses occurring within the optimal range (Ackerley,
Carlsson, et al., 2014; Loken et al., 2009). CT-optimal touch is believed to have evolved to
support social bonding and attachment, playing a crucial role in forming and maintaining
close interpersonal relationships (McGlone et al., 2014). For example, people are more likely
to use CT-optimal touch when interacting with loved ones, such as partners or children,

compared to when touching inanimate objects or less familiar individuals (Croy et al., 2016).

Pleasant touch sensations are complemented by discriminative touch, which is
primarily mediated by low-threshold mechanoreceptors, which determine the firing of rapidly
conducting myelinated A-beta fibres (Ap-fibres) (Bjornsdotter et al., 2010), providing
detailed information about the location and intensity of touch stimuli. Discriminative touch
predominantly activates the primary somatosensory cortex, responsible for processing precise
tactile information, while affective touch engages regions like the posterior insula,
orbitofrontal cortex, anterior cingulate cortex, and amygdala, which are involved in emotional
and reward processing (Bjornsdotter et al., 2010; McGlone et al., 2014; Morrison, 2016a).
Both forms of touch are integrated within the secondary somatosensory cortex, reflecting the
overlap between tactile sensation and emotional response. This neural integration highlights
the importance of touch not only as a sensory experience but also as a fundamental

mechanism for emotional communication (Walker & McGlone, 2013).
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Research shows that the density of tactile receptors in the skin decreases with age
(Chang et al., 2004; Ggransson et al., 2004). This decline in receptor density leads to a
reduced sensitivity to discriminative touch, manifesting as a decline in tactile acuity and
sensitivity in older adults (Stevens & Choo, 1996; Stevens & Patterson, 1995; Thornbury &
Mistretta, 1981; Zingaretti et al., 2019). However, despite the general decline in tactile
sensitivity, older adults still perceive CT-targeted stimuli as more pleasant than non-optimal
touch, with ratings of pleasantness for affective touch even increasing with age (Sehlstedt et
al., 2016). These findings suggest that while discriminative touch sensitivity diminishes over
time, the affective qualities of touch remain resilient and may continue to play a significant

role in emotional well-being throughout ageing.

Unlike the CT-optimal touch, deep pressure touch may not primarily involve CT-
fibres, but is embedded in several nearly universal forms of interpersonal touch, including
hugging, cuddling, and massage (Case et al., 2021). Instead, it is mediated by pressure-
sensitive receptors located deeper in muscle and connective tissues, which remain responsive
even after the skin has been anesthetised (Graven-Nielsen et al., 2004). Evidence from animal
studies has identified pressure-sensitive afferents in the skeletal muscle and tendons (Corey et
al., 2011; Hoheisel et al., 2005; Mense & Meyer, 1985), it has been proposed that receptors
such as these may play a role in conveying the sensory and pleasant experience of deep
pressure (Case et al., 2021). One potential mechanism for the benefits of deep pressure touch
involved the activation of dermal and subdermal pressure receptors innervated by vagal
afferent fibres. These fibres project to the vagal nucleus of the solitary tract, which plays a
crucial role in autonomic nervous system regulation, ultimately leading to relaxation and a
calming effect (Diego & Field, 2009; Kandel et al., 2000). This connection suggests that deep
pressure touch might elicit a physiological response that promotes relaxation by stimulating

the parasympathetic nervous system via these pathways (McGlone & Reilly, 2010).
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Although the majority of existing research focuses on the therapeutic benefits of CT-
optimal touch, recent findings indicate that deep pressure touch, even when applied
mechanically without interpersonal interaction, can produce effects similar to CT-optimal
stroking, including comparable touch pleasantness ratings, increased calmness, and similar
brain activation patterns (Case et al., 2021). Despite these parallels in the benefits of deep
pressure touch, such as hugs, and CT-optimal stroking, direct comparisons between these

types of touch are still lacking in the current literature.

Neural Bases for Encoding Touch

While touch is increasingly recognised for its role in regulating emotions and building
social bonds (Brauer et al., 2016; Field, 2010; Suvilehto et al., 2015), its neural mechanisms
have only recently gained attention. Sensory information from the skin is processed in the
primary (S1) and secondary (SIl) somatosensory cortices, where body surfaces are mapped
contralaterally. Signals reach SI somatotopically (Maldjian et al., 1999), while SllI, along the
lateral sulcus, integrates touch with other sensory inputs, such as vision (Maeda et al., 1999;
McGlone et al., 2002). The insula cortex then links this sensory information to emotional
centres in the frontal lobe, connecting touch with affective responses (Augustine, 1996;
Craig, 2008). Research on CT-fibres has traced their pathways through the thalamus to brain
regions involved in emotion and social processing, including the insula, dorsal anterior
cingulate cortex, and orbitofrontal cortex (Bjornsdotter et al., 2010; Case et al., 2016; Craig,
2009; Gordon et al., 2013; McGlone et al., 2012; Olausson et al., 2002; VVoos et al., 2013).
The superior temporal cortex, known for processing social cues (Schirmer, 2018), also
contributes to touch perception (Ackerley et al., 2012; Bennett et al., 2014; Kaiser et al.,
2016). These pathways suggest that CT-optimal touch engages affective and reward-related
neural circuits. Functional magnetic resonance imaging (fMRI) has been the primary method

for investigating CT-optimal touch, showing distinct neural responses based on touch



39

location and speed (Gordon et al., 2013; Bjérnsdotter et al., 2010). However, because fMRI
relies on indirect blood oxygenation level-dependent (BOLD) signals, it lacks precision in
measuring real-time neural activity. In contrast, electroencephalography (EEG), with its high
temporal resolution, directly captures neuronal activity and offers a valuable complement to

fMRI.

Research linking EEG activity to the sense of touch remains limited, but suggests that
different types of touch elicit distinct neural responses. Maulsby (1971) reported that pleasant
skin-to-skin stroking in an infant increased theta activity compared to non-pleasant touch.
Similarly, AB- discriminative touch has been associated with enhanced theta activity and
decreased alpha activity, correlating with perceived stimulus intensity (Michail et al., 2016).
In the context of CT-optimal touch, Ackerley et al. (2013) observed a frontal ultra-late
potential, starting at 1.4 seconds and lasted until 3.1 seconds, while the brush touched the
skin at 0.25 seconds, with frontal theta and beta synchronisation (increase in power), and
alpha desynchronisation (decrease in power). Conversely, tactile stimulation using fabrics has
also been associated with alpha and beta suppression (less alpha and beta) over
somatosensory areas, suggesting their involvement in sensory processing and hedonic
responses (Singh et al., 2014). Similarly, von Mohr et al. (2018b) found that touch, regardless
of valence reduced alpha and beta activity, with decreased theta found only for CT-optimal
touch. These findings, though mixed, indicate that the neural signature of touch involves
complex interactions between theta, beta, and alpha oscillations, modulated by the emotional
quality and context of the touch. Despite these insights, the neural correlates of touch in older
adults have yet to be examined, and it is unclear whether different types of touch (beyond
CT-optimal and non-CT-optimal) evoke distinct neural patterns. For instance, romantic
kissing has been associated with increased alpha asymmetry in the frontal lobe (Packheiser et

al., 2021), while havening touch, including hugging, has been associated with increased
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medial central beta activity (Sumich et al., 2022), in the same way as centroparietal beta
activity has been observed following spontaneous self-touch to the face (Grunwald et al.,

2014).

Additionally, neural responses to touch seem to be influenced by the relationship
between the toucher and the recipient. For example, Kraus et al. (2020) found reduced frontal
EEG when holding hands with a close individuals compared to a stranger. Neural oscillatory
differences are also found during touch with individuals of different emotional closeness in
response to painful experiences. For example, during painful thermal stimulation, holding a
partner’s hand enhances connectivity between the inferior parietal cortex and dorsomedial
prefrontal cortex compared to holding a rubber ball, suggesting that interpersonal touch may
alleviate pain through interaction between cognitive and emotion regulation networks
(Korisky et al., 2020). Similarly, when individuals face a threat, holding a partner’s hand
reduces activity in threat-related brain regions (e.g., anterior cingulate gyrus, right
dorsolateral prefrontal cortex, caudate) compared to holding a stranger’s hand or no hand at
all (Coan et al., 2006). However, age-related declines in tactile sensitivity and changes in
brain structure may change the way in which touch is perceived (Gillmeister et al., 2017;

Kalisch et al., 2009).

Both real and vicarious pain activate similar brain regions, notably the anterior
cingulate cortex, a key area involved in pain perception (Morrison et al., 2004; Singer et al.,
2004). Likewise, both real and vicarious non-painful stimulation activate the primary
somatosensory cortex, including gentle hand pressure (Schaefer et al., 2012), arm stroking
(McCabe et al., 2008), and other forms of stimulation (Ebisch et al., 2008; Keysers et al.,
2004; Lamm et al., 2015; Masson et al., 2018; McCabe et al., 2008; Peled-Avron et al., 2016;
Schaefer et al., 2012). In the context of vicarious touch, emotional stimuli, both visual and

auditory, enhance the late positive potential (LPP), a neural marker associated with socio-
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affective processing, compared to neutral stimuli (Hajcak et al., 2009; Olofsson et al., 2008;
Schupp et al., 2000). Close-ups of touch produce greater LPP than close-ups of the same
body areas without touch (Peled-Avron & Shamay-Tsoory, 2017). Full-body interaction
images are associated with reduced alpha and beta power during touch processing, suggesting
activation of sensorimotor areas (Schirmer & McGlone, 2019). However, these findings are
context-dependent. Schirmer and McGlone (2019) found that touch images, compared to no-
touch images, were associated with higher alpha and beta-power, likely due to the broader
context provided by full-body representations rather than isolated touch (Peled-Avron et al.,
2016). It remains unclear whether similar neural patterns would emerge in response to full-
body videos. Moreover, the neural correlates of different types of vicarious touch, especially

in older adults, have yet to be explored.

Thesis Overview

Interpersonal touch is generally pleasant and comforting, promoting health and well-
being (Debrot et al., 2013; Hertenstein et al., 2006), while also helping to regulate stress
(Candia-Rivera et al., 2024; Ditzen & Heinrichs, 2014). However, much of the existing
research has focused on single health systems, overlooking broader multi-system
associations. Older adults tend to find touch more pleasant than younger individuals
(Sehlstedt et al., 2016) and describe it in more emotional language (Guest et al., 2014), yet
they receive less touch (Upenieks & Schafer, 2022). Absence of touch can influence how it is
perceived (Heatley Tejada et al., 2020; Sailer & Ackerley, 2019), but there is little research
on the relationship between touch and health outcomes in older adults. Differences in touch
perception based on emotional closeness (Coan et al., 2006; Floyd et al., 2018; Kreuder et al.,
2017; Morriss et al., 2019) and age-related changes in social networks (Donovan et al., 2017,
Seeman et al., 1993) suggest that older adults may exhibit unique health outcomes depending

on the emotional closeness of the person providing the touch. This research addresses
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existing gaps by examining the relationship between touch frequency and multi-system health
in older adults using the National, Social Life, Health, and Aging Project (NSHAP), a large
nationally representative dataset of older adults in the United States. Furthermore, this
research explores the association between touch frequency with romantic partners compared
to other close individuals and physiological health outcomes, using both cross-sectional and

longitudinal methods.

Additionally, this thesis expands its scope to investigate the concept of vicarious touch,
which refers to the perception of touch through visual or imagined experiences rather than
direct physical contact (Haans & 1Jsselsteijn, 2009). Vicarious touch is increasingly
recognised for its capacity to engage the similar neural pathways and hedonic properties as
direct touch (Bjornsdotter & Olausson, 2011; Blakemore et al., 2005; Bufalari et al., 2007).
Additionally, research has demonstrated that vicarious touch can elicit similar stress-reducing
effects, suggesting that the benefits of touch might extend beyond physical interaction
(Kirsch et al., 2024). However, existing findings have neglected older adults, a population
who may benefit most from such touch interventions, but may also have shown reduced
effectiveness of vicarious touch due to reduced tactile sensitivity and empathy-related

responses (Gillmeister et al., 2017; Kalisch et al., 2009).

Furthermore, existing studies have predominantly focused on CT-optimal touch
representations, while full-body vicarious touch interactions, such as hugs, activate both
sensorimotor ad socio-elements, but its processing strongly influenced by emotional context
(Schirmer & McGlone, 2019). However, such findings are based on static images of touch,
while dynamic videos of vicarious hugs have not been investigated. Moreover, although
vicarious touch is associated with reduced perceived stress and increased calmness (Kirsch et
al., 2024), the physiological associations of vicarious touch, especially in response to stressful

tasks is less well understood. Thus, this research investigates the association between
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vicarious hug videos and associated physiological responses, whilst viewing the stimuli, but
also during a stressor, and during post-stress recovery. Specifically, this research investigates
whether there are differences in physiological responses to vicarious hugs that differ in
perspective and duration, given that first-person perspectives rather than third-person
perspectives activate somatosensory cortex more strongly (Saxe et al., 2006), but also that

longer hugs are more pleasant than shorter ones (Dueren et al., 2021).

Finally, this research will investigate longitudinal characteristics of touch in an older
sample, and the associated response to a laboratory psychological stressor associated with
frequency of touch reported over four months. Additionally, neural responses, using EEG,
and cardiovascular responses, using electrocardiogram (ECG) measuring HR and HRV, will
discern whether perceptions of different types of touches (CT-optimal stroking, hugging, and
handshakes) with individuals of varying emotional closeness (close individuals, strangers,
and vicariously observed) will produce different neural oscillations in a sample of older

adults.

Specifically, Chapter 2 analyses cross-sectional data from the NSHAP to examine how
touch frequency relates to allostatic load, a measure of multisystem stress, at a single time
point. It compares the health outcomes of touch with romantic partners versus other close
individuals. Chapter 3 builds on these findings by investigating the longitudinal relationship
between touch frequency and allostatic load five years later, using the NSHAP. Thus, this
chapter focuses on whether the health benefits of touch persist. Similar to Chapter 2, this
chapter explores whether romantic partner touch offers greater long-term benefits in stress
regulation compared to other relationships. Chapter 4 shifts to vicarious touch, examining
how vicarious hugs can influence heart rate, heart rate variability, galvanic skin response,
pupil dilation, and facial expressions. This chapter investigates vicarious hug perspectives

(first-person, third-person, and neutral) and durations (10 seconds and 30 seconds) on
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physiological markers, during video viewing, during a stressful task, and in post-stress
recovery. Finally, Chapter 5 uses a four-month longitudinal survey and a laboratory-based
stressful task to assess the relationship between touch frequency and acute stress in older
adults. Furthermore, Chapter 5 uses neural (EEG) and cardiovascular (ECG) responses to
different touch types (CT-optimal stroking, hugging, and handshakes) with individuals of
varying emotional closeness (a close individual, a stranger, and vicarious observation),

directly comparing responses in older adults.

The findings of this thesis have several important implications. First, by examining
whether the health-promoting and stress-buffering effects of touch observed in younger
adults also apply to older adults, this research contributes to a more nuanced understanding of
how touch influences well-being across the lifespan. This is especially relevant given the age-
related changes in social networks and potential reductions in touch among older individuals.
If the benefits of touch are confirmed in older adults, it may support interventions promoting
touch to improve health outcomes in this population. Second, the use of large-scale secondary
data allows for more generalizable conclusions about touch frequency and its multi-system
associations, providing evidence that extends beyond smaller, more controlled studies. The
exploration of emotional closeness adds depth by suggesting that the health impacts of touch
may differ depending on the relationship between the individuals involved, with potential

implications for social and healthcare practices that prioritise interpersonal support.

Third, the investigation of vicarious touch and its potential to influence physiological
outcomes expands the current understanding of how indirect forms of touch, such as
watching hugs, can reduce stress. The findings could have practical applications for
populations that may receive less direct touch, such as isolated older adults, highlighting new
avenues for therapeutic interventions. Furthermore, insights into how perspective and

duration affect these responses could inform more personalised approaches to vicarious touch
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based therapies and stress management, particularly in older adults. Finally, by comparing the
neural and cardiovascular correlates of different types of touch (e.g., stroking, hugging,
handshakes) with various individuals, including vicarious touch, this research breaks new
ground in understanding the underlying neural mechanisms, and heart rate and heart rate

variability that differentiate how various forms of touch are processed in older adults.
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2. Interpersonal Touch and the Importance of Romantic Partners for Older Adults’

Neuroendocrine Health

Introduction

Evidence suggests that close social relationships are associated with lower rates of
morbidity and mortality (Holt-Lunstad et al., 2010; see Wang et al., 2023 for review), but the
mechanisms underlying these associations and the specific elements of social relationships
involved are not fully understood (Uchino, 2006). Notably, close personal relationships offer
significant benefits in promoting health, particularly among older individuals. Theoretical
perspectives emphasise the importance of emotional closeness (Antonucci et al., 2014), with
a hierarchy of associations where spousal and family members provide the highest levels of

support.

The physical act of touching serves as a means to indicate social proximity,
surpassing the mere presence of others, and plays a role in alleviating distress and promoting
a heightened sense of safety (Mikulincer et al., 2003 ; Eckstein et al., 2020). Consequently,
research on reductions in physical contact, for example that resulting from social distancing
measures implemented during the COVID-19 pandemic (Armitage & Nellums, 2020;
Schneider et al., 2023), highlights the potential therapeutic value of non-sexual, affectionate
touch in enhancing both physical and emotional wellbeing, particularly for individuals living
alone. Von Mohr et al (2021) found that individuals who practiced COVID-19 related social
distancing for a longer duration expressed a greater desire for tactile experiences. Evidence
suggests that unmet touch needs are associated with adverse outcomes. The absence of touch
in adulthood has been linked to symptoms of mood disorders (Floyd., 2014), feelings of
loneliness (Heatley Tejada et al., 2020), and a decline in general wellbeing (Debrot et al.,

2021).
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Complementary research also shows the therapeutic potential of touch for health. In
Ditzen et al’s (2007) study, a 10-minute session of physical touch, specifically a neck and
shoulder massage between romantic partners prior to a psychosocial stressor, resulted in
greater regulation of the female partner’s heart rate and cortisol responses compared to verbal
support. Effects were not examined in male partners. Heinrichs et al (2003) propose that
social interactions, including emotional support from others, contribute to the regulation of
the hypothalamic-pituitary-adrenal (HPA) axis and the autonomic nervous system (ANS),
leading to the suppression of physiological stress systems. Recent research proposes that
interpersonal touch stimulates the oxytocinergic system, releasing oxytocin from
hypothalamic nuclei to reduce stress (Uvnéds Moberg et al., 2020). It is suggested that
physical touch may have a greater dampening effect on the activity of the HPA axis and ANS
compared to verbal support (Ditzen et al., 2007). However, previous research has often
overlooked the interdependence of physiological systems, and the available evidence
primarily stems from laboratory-based intervention studies that focused predominantly on

romantic couples.

What do we know about the factors that determine the frequency of interpersonal
touch between individuals? Younger individuals prefer closer proximity to others and are
more likely to engage in touch compared to their older counterparts (Upenieks & Schafer,
2022), indicating a negative association between age and preferred interpersonal distance.
Additionally, emotionally close individuals are more likely to engage in touch, with broader
areas of the body being touched and for more reasons (Suvilehto et al., 2015). The power of
touch is particularly evident in romantic relationships, where activities such as hand holding
between partners have been shown to result in increased brain-to-brain coupling (neural
synchrony), and relief from pain as measured using electroencephalogram (EEG) (Goldstein

et al., 2018). Moreover, increased touch from a spouse during discussions about stressors has
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been associated with lower stress levels, higher self-esteem, and greater perceptions of being
able to overcome the stressor (Jakubiak & Feeney, 2019). The benefits of physical touch
extend beyond romantic relationships. For instance, in healthcare settings, when nurses touch
patients, it has been observed to improve sleep, blood pressure, respiratory rate and pain
(Papathanassoglou & Mpouzika, 2012). Despite the advantages of touch from different
sources, there is a need for direct comparisons examining the specific health benefits of touch

received from a romantic partner compared to touch received from other adults.

Given the interrelation of various physiological systems in maintaining internal
homeostasis and responding to stressors it is important to explore whether touch from
romantic partners has unique or amplified associations compared to touch from other sources.
This is particularly relevant in the context of allostasis, which refers to the internal adaptation
of the body to maintain physiological stability by matching the internal milieu with
environmental stressors (Sterling & Eyer, 1988). Over time, repeated exposure to stressful
experiences can increase the body’s allostatic load (AL), which represents the cumulative
physiological burden resulting from the need for continuous adjustment to maintain allostasis
(Seeman et al., 2001). High AL is often associated with poor cognitive and physical
functioning (Karlamangla et al., 2002), cardiovascular disease (Seeman et al., 2001) and all-
cause mortality (Goldman et al., 2006). AL is constructed by aggregating primary mediators
(e.q., the stress hormone cortisol), indicating responses to environmental threats, and
secondary mediators (e.g., raised blood pressure) reflecting prolonged biological adjustments
often leading to disease (Seeman et al., 2001). The calculation of AL has been a topic of
debate, with various approaches employed in the literature, including a count of multiple
physiological markers (Seeman et al., 1997), canonical correlation (Karlamangla et al., 2002)

and principal component analysis (PCA) (D’Alonzo et al., 2019). Among these approaches
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PCA offers the advantage of accounting for the underlying dimensions within the AL

construct.

Evidence suggests that greater emotional support from friends and family is
associated with lower AL in older age groups (Seeman et al., 2014). While the mechanisms
that link emotional support and AL are presently unclear, we hypothesize, that interpersonal
touch may play a role. This study will focus on the relationship between frequency of touch
and AL, a measure of multisystem dysregulation, in older adults. In addition to age, this study
examines if associations vary by whether touch is with romantic partners as compared to
other close adults. We hypothesise that (1) more frequent physical touch will be associated
with lower AL as compared to less frequent touch, and (2) this relationship will be stronger

for frequent touch with romantic partners as compared to other close adults.

Methods

Participants

Data is used from the National Social Life, Health and Aging Project (NSHAP), a
longitudinal study of a nationally (U.S.) representative sample of population-based,
community-residing older adults. The NSHAP used interviews, biological samples and
questionnaires from a randomly selected subset of respondents (O’Muircheartaigh et al.,
2009). The survey included an oversampling of black, Hispanic, and oldest age individuals
(75-85 years), using a complex, multistage area probability sampling design with post
stratification. This analysis uses data from Wave 1 conducted between 2005-2006 with 3,005
individuals, born between 1920 and 1947 (aged 5785 years: 1,455 men and 1,550 women),

achieving an overall response rate of 75.5%.

To the best of our knowledge, the NSHAP is also the only nationally representative study

to include items about non-sexual touch between adults. For the analyses reported in this
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paper, only the base wave respondents (n = 3,005) were utilised. There were 1,419
respondents with no missing data for outcome variables, this was our analytic sample. A
comparison of the analytic sample and the non-analytic (n = 1,586) characteristics can be
found in Appendix Table A.1. Their average age was 69.35 years (SD = 7.76), 48.98% were

women, 74.58% were white and 66.53% had a romantic partner.

Touch Frequency

Two questions from the wave 1 questionnaire measured touch frequency with romantic
partners and other close adults. The questions used were “In the last 12 months, how often
have you engaged in the following activities: hugging, kissing, caressing, or other close
physical contact with your partner?”” and “In the last 12 months, how often have you engaged
in the following activities: hugging, holding, or other close physical contact with another
adult?”. The NSHAP defined other adults as family members, neighbours and friends. Each
question was treated as an independent exposure variable representing touch frequency with
different individuals. Participants answered using a 7-point scale from 0 (never) to 6 (several

times a week).

Allostatic Load (AL)

Principal components analysis (PCA) of AL was used to measure multi-system
dysregulation. The NSHAP dataset includes eight AL biomarkers (see to Table 2.1). The
measures encompassed neuroendocrine system functioning (dehydroepiandrosterone
(DHEA)); immune system functioning (c-reactive protein (CRP)); metabolic system
functioning (glycosylated haemoglobin (HbA1c)); cardiovascular functioning (systolic blood
pressure (SBP), diastolic blood pressure (DBP), and pulse rate); and anthropometric
functioning (body mass index (BMI) and waist circumference). Availability and matching as

closely as possible those markers employed in prior research determined the combination of
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markers used to construct AL (refer to Table 2.1). CRP was log transformed and DHEA was

inverse transformed to better approximate a normal distribution based on data inspection.

Table 2.1. Individual components of the AL index in the NSHAP

Biomarkers to be used in  Application Method

this study (outcomes)

Minimum 250UL of blood were
collected from the middle finger on the

C-reactive protein (CRP,  Inflammation due
mg/l) to injury or
infection, acute or non-dominant hand, or if not available,

chronic response to  the middle finger on the dominant hand.

stress
Glycosylated Blood sugar
Haemoglobin (HbAlc, regulation

mmol/mol)

CRP values were assayed using an
enzyme-linked immunosorbent assay
protocol (McDade et al., 2004). The
Roche Unimate immunoassay and
Cobas Inegra Analyzer were used for
HbAlc values.

Dehydroepiandrosterone

Adrenal gland

2 mL of saliva provided using a small

(DHEA, pmol/l) steroid chewable sponge. Results were based
on an average of two laboratory tests.
Identical enzyme immunoassays were
used for DHEA values.

Systolic blood pressure Indices of The mean of two digital blood pressure

(sBP. mmHg) cardiovascular monitor readings. A one-minute period
Diastolic blood pressure  activity was left between the first and second
(dBP, mmHg) reading

Pulse (beats per minute)

Body Mass Index (BMI, Indices of Scales switched to pounds, and

kg/m?)

Waist Circumference

(inches)

anthropometric

functioning

measuring tape for height (recorded to

the nearest half inch)

Measuring tape around the narrowest

part of the torso just above the navel
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Covariates

Sexual Touch. Sexual touch was a categorical variable with three groups: (1) no sex
in the last 12 months, (2) infrequent sexual touch, and (3) frequent sexual touch. These
categories were derived based on responses to two questions. The first question was “had sex
in the last year?” which had responses of yes or no. For respondents who answered yes, a
second question was used “when you had sex with your partner in the last 12 months, how
often did your activities include kissing, hugging, caressing, or other ways of sexual
touching?” Respondents provided ratings on a 5-point scale from 1 (never) to 5 (always).
Individuals who reported always sharing sexual touching during their sexual encounters were
categorised as having ‘frequent’ sexual touch, while all other groups were combined and

categorised as having ‘infrequent’ sexual touch.

Alcohol Intake. Three variables measured alcohol intake: “Have you ever drunk
alcohol?”, “Do you drink alcohol?”, and “How many days per week do you drink?” This was
a categorical variables with three groups: (1) regular drinkers (respondents who drink alcohol
at least one day per week); (2) non-regular drinkers (respondents who drink alcohol less than
one day a week), and (3) never drank alcohol.

Household Composition. Number of co-residents was as a categorical variable with
three groups including (1) lives alone, (2) lives with one other person, and (3) lives with two
Or more persons.

Romantic Partner. The romantic partner variable was treated as a binary variable for
those who do have a romantic partner (married, living with a partner, or has a romantic,
intimate, or sexual partner) and those who do not (separated, divorced, widowed, never

married, and does not have a romantic, intimate or sexual partner).
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Sociodemographic characteristics

Sex and ethnicity were measured as binary variables (men and women; white and
non-white (black and Hispanic respondents)). Respondent’s age was categorised into
three groups: (1) 57-64, (2) 65-74, and (3) 75-85 years. Social economic position (SEP)
combined two variables; total household assets (property, cars, businesses, financial
assets etc.) and educational attainment. Educational attainment was measured as a
categorical variable with four groups, including (1) less than high school, (2) high school
degree or equivalent, (3) some college or associate degree, and (4) bachelor’s degree or
higher. Total household assets was also a categorical variable with four groups: (1) $0-

49,999, (2) $50,000-99,999, (3) $100,000-499,999, and (4) $500,000 or more.

Statistical analyses

PCA empirically determined the underlying dimensions associated with the
biomarkers commonly used to construct AL. While the original AL model used a single
score, research that is more recent has suggested that a multiple-component model might
explain more of the variance in AL (McCaffery et al., 2012). Analysing the eigenvalues,
scree plots, and components loadings for each of the eight biomarkers provided the basis for
deciding how many underlying components to retain. The identified components were the
outcome variables, representing metabolic, cardiovascular, and neuroendocrine health. To
describe respondent characteristics of touch frequency by demographic characteristics and
covariates, we used cross-tabulations and Chi-Square Test of Independence with Benjamini-

Hochberg correction for multiple comparisons.

Following recommendation (O’Muircheartaigh et al., 2009), the original data were
weighted using a probability weight, accounting also for the multi-stage sampling design, and

adjusted for nonresponse. Multiple imputation using chained equations (MICE) with 20
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imputations (White et al., 2011) addressed missing data (assumed to be missing at random),
with the intention of avoiding loss of data and statistical power. We imputed all variables
except for the outcome variables. Further analyses used the multiple imputed data based on

1,419 cases. Imputation models included NSHAP survey weights.

Next, linear regression models adjusted for sociodemographic characteristics (age,
sex, ethnicity and SEP) were used to examine the association between the three outcome
component loads in separate models (metabolic, cardiovascular and neuroendocrine) with
each covariate. Last, multiple regression tested the association between touch frequency
separately from romantic partners and other close adults and each component load following
stepwise adjustment for a series of covariates; household composition, romantic partner (only
for the touch frequency with other close adults models), sexual touch and alcohol intake. We
conducted the statistical analyses using STATA 14.1 (StataCorp. 2015. Stata Statistical

Software: Release 14.1. College Station, TX: StataCorp LP).

Results

Participant characteristics

Table 2.2 shows the relationship between touch frequency (from partners and other
adults), sociodemographic variables and covariates in NSHAP wave 1. To account for
multiple comparisons, the Benjamini-Hochberg correction was applied to the p-values
obtained from chi-square tests. The results reported remained statistically significant after
adjustment. More frequent touch with romantic partners was reported by white respondents
(X?(3) = 33.63, p <.001), the most educated (X?(9) = 27.55, p = 0.001), those who shared
more sexual touch (X?(6) = 109.58, p < .001) and respondents who reported infrequent touch
with other close adults (X?(9) = 59.46, p < .001). More frequent touch with other close adults
was reported by women (X?(3) = 43.85, p < .001), white respondents (X?(3) = 10.18, p =

0.017), and those with some college or associate degree (X?(9) = 26.82, p = 0.001).
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Table 2.2. Descriptive statistics of touch frequency by demographic characteristics and

covariates in Wave 1 (2005-06) of the NSHAP

Variables N= Partner Touch Frequency N= Touch with Others Frequency
(%) (%)
Yearly Monthly Weekly >Weekly Yearly Monthly Weekly >Weekly
or or
Less Less
Sex 878 878
Women @ 46.48  30.00 38.55 36.09 39.80 53.33 58.78 59.54
Ethnicity 859 1,278
White 64.71  60.42 72.50 84.62 7449  84.38 77.01 71.09
Age (y) 878 1,309
57-64 28.99  46.00 34.94 40.09 3250  32.73 32.26 34.73
65-74 37.68  36.00 42.17 38.61 37.81  40.00 36.92 40.08
75-85 33.33  18.00 22.89 21.30 29.68  27.27 30.82 25.19
Educational 878 1,309
Attainment
<High School 30.43  28.00 18.07 13.76 22.06  15.15 18.28 24.81
High School 31.88  28.00 31.33 26.04 3134 2121 24.01 23.28
Degree or
Equivalent
Some College 26.09 24.00 22.89 31.80 26.87 3091 32.62 28.24
or Associate
Degree
Bachelor’s 1159  20.00 27.71 28.40 19.73  32.73 25.09 23.66
Degree or
Higher
Total Household 628 925
Assets ($)
0-49,999 1569  15.38 13.56 10.44 19.86  15.08 14.43 26.20

50,000-99,999 11.76  17.95 6.78 8.98 12.44 9.52 12.37 11.76
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100,000- 4510  41.03 40.68 40.50 39.00 43.65 41.24 36.36
499,999
500k or higher 2745  25.64 38.98 40.08 28.71  31.75 31.96 25.67
Number of co- 877 1,306
residents
Lives alone 4.35 12.00 7.23 5.63 24.75  29.70 28.06 27.20
Lives with one 73.91  60.00 69.88 75.26 5498 5152 55.40 48.28
other person
Lives with two 21.74  28.00 22.89 19.11 20.27  18.79 16.55 24.52
or more
persons
Romantic 1,309
Partner
Yes ¢ 68.82  66.06 67.03 64.50
Frequency of 842 1,265
Sexual Touch
No Sex 70.15  29.79 41.56 23.81 5156  46.25 48.18 51.78
Infrequent 16.42  34.04 22.08 11.06 11.07  13.12 7.66 9.88
Sexual Touch
Frequent 1343  36.17 36.36 65.13 37.37  40.62 44.16 38.34
Sexual Touch
Alcohol Intake 646 952
Never Drank 2200 2571 10.61 13.13 21.38 12.03 18.06 23.63
Non-Regular 26.00 17.14 34.85 23.84 2755  20.30 25.93 23.08
Drinker
Regular 52.00 57.14 54.55 63.03 51.07 67.67 56.02 53.30
Drinker
Touch with 874
others
Yearly or Less 78.26  70.83 42.17 43.03
Monthly 5.80 20.83 18.07 11.72
Weekly 8.70 8.33 25.30 23.00
>Weekly 7.25 0.00 14.46 22.26
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Note. These descriptive statistics were produced prior to the imputation of missing values for
all variables except the biomarkers used as the outcome variables. Descriptive statistics were
computed for each comparison separately, resulting in varying sample sizes due to missing
data on the exposure variables and covariates.

&Compared to men

b Compared to non-white respondents

¢ Compared to no romantic partner available

Data reduction: Principle component analysis of biomarkers

PCA with oblique rotation uncovered the number of components among eight AL
markers. Three components had eigenvalues greater than 1, a common rule of thumb for
determining the number of components to retain (Costello & Osborne., 2005). A scree plot
graphically represented this (see Appendix Figure A.1). The component loadings for the total
sample range from -0.49 to 0.89 (see Appendix Table A.2). Most strongly correlated with the
underlying component for metabolic health were BMI (0.89), waist circumference (0.89), log
transformed CRP (0.49), and HbA1c (0.47). Most strongly correlated with the underlying
component for cardiovascular health were systolic blood pressure (0.88) and diastolic blood
pressure (0.87). Most strongly correlated with the underlying component for neuroendocrine

health were pulse (0.82) and DHEA (-0.49).

Relationship of components of AL and covariates

Linear regression models were performed to examine the associations between
covariates and each component load, including metabolic, cardiovascular and neuroendocrine
health, serving as outcome variables (see Table 2.3). The results revealed significant
associations between higher educational attainment, greater total household assets and

increased engagement in sexual touch with better metabolic health. Conversely, reduced
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alcohol intake and an increased household number were associated with worse metabolic

health.

Regarding cardiovascular health, a significant association was observed with romantic
partner availability. Respondents who reported having a romantic partner exhibited better
cardiovascular health compared to those without a romantic partner. Furthermore, better
neuroendocrine health was significantly associated with greater total household assets, and
increased engagement in sexual touch. Conversely, worse neuroendocrine health was

significantly associated with living alone.

Table 2.3. Associations between covariates and metabolic, cardiovascular and

neuroendocrine health, adjusted for age, sex and ethnicity (N = 1,419)

Outcome Variables
Covariates

Metabolic Health Cardiovascular Neuroendocrine
Health Health
Estimates 95% CI | Estimates 95% CI | Estimates 95% CI

Educational Attainment @

0.08 -0.09 - -0.05 -0.20 - 0.12 -0.13 -
< High School
0.25 0.09 0.36
Degree
0.05 -0.09 - 0.00 -0.13 - 0.04 -0.16 —
High School Degree
9 J 0.19 0.13 0.24
or Equivalent
-0.22**  -0.36 —- -0.02 -0.20 - -0.19 -0.42 —
Bachelor’s D
achielol’s Degree of 0.07 0.16 0.03

Higher

Total Household Assets P

0.09 -0.18 - 0.06 -0.15 - 0.30* 0.08 —

0-$49,999
305 0.36 0.27 0.53
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0.16 -0.12 - 0.03 -0.29 - 0.22 -0.09 —
$50,000-$99,999
0.44 0.35 0.53
-0.25**  -0.43 - -0.02 -0.20 - -0.21* -041--
$500k or higher
0.08 0.16 0.00
Sexual Touch €
-0.15 -0.40 - 0.07 -0.15 - -0.07 -0.31 -
Infrequent Sexual
0.11 0.30 0.18
Touch
-0.30**  -0.46 — - -0.04 -0.21- | -0.23** -0.39 —-
Frequent Sexual
0.14 0.13 0.08
Touch
Alcohol Intake °
0.30** 0.14 - -0.01 -0.20 - -0.02 -0.22 —
Non-Regular
0.47 0.18 0.18
Drinkers
0.35** 0.15 - -0.08 -0.28 — 0.04 -0.17 —
Never Drank Alcohol
0.56 0.12 0.26

Household Composition ©

0.00 -0.20 — 0.15 -0.01 - 0.22* 0.03 -
Lives Alone
v 0.20 0.32 0.42
0.25** 0.07 — -0.01 -0.19 — 0.02 -0.16 —
Lives with Two or
0.43 0.17 0.21
More Persons
Romantic Partner f
0.14 -0.01 - 0.22** 0.07 - 0.15 -0.01 -
No
0.30 0.37 0.30

Note. Reference categories were chosen based on largest group.

2 Educational Attainment reference category is ‘Some College or Associate Degree’.

bTotal Household Assets reference category is ‘$100,000 - $499,999°.
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¢ Sexual Touch reference category is ‘No Sex in the Last 12 Months’.

d Alcohol Intake reference category is ‘Regular Drinkers’.

¢ Household Composition reference category is ‘Lives with One Other Person’.

"Romantic Partner reference category is ‘Yes’.

*p < .05. **p< .01.

Relationship of components of AL and touch

Multiple regression by stepwise adjustment models built on each base model
(adjusted for sociodemographic characteristics: age, sex, ethnicity and SEP), with covariates
added incrementally. Regarding the relationship between touch frequency and metabolic
health, no significant associations were found (see Table 2.4 and Appendix Figure A.2).
Similarly, no significant association was found between touch frequency and cardiovascular
health (see Table 2.4 and Appendix Figure A.3). However, in the case of neuroendocrine
health, analyses revealed a significant relationship with romantic partner touch frequency.
The findings indicated that a one-unit increase in touch frequency with romantic partners
resulted in a 0.13 standard deviation increase in the neuroendocrine health component
loading (see Table 2.4 and Figure 1). This association remained robust to adjustment with all
covariates examined, with only minimal changes to the regression coefficient occurring
beyond the second decimal place. On the other hand, the relationship between touch
frequency with close others and neuroendocrine health was found to be non-significant. The
general trend suggested better neuroendocrine health as the frequency of touch with close

other adults decreased (see Figure 2.1).
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Table 2.4. The relationship between touch frequency from partners or other close adults and

each component load (N = 1,419)

Covariates sequentially Partner touch Close other adult
added to base models frequency touch frequency
Metabolic
Health
Model 1 Base model B=0.01,p=0.849 B=0.01,p=0.508
Model 1 + Household composition B=0.01,p=0.650 pB=0.01,p=0.531
(model 2)
Model 2 + Romantic partner availability (model 3) =0.01,p=0.553
Model 3 + Sexual touch (model 4) p=-0.02,p=0.648 p=0.01,p=0.709

Model 4 + Alcohol intake (model 5) p=-0.02,p=0.645 p=0.00,p=0.932

Cardiovascular Health

Model 1 Base model B=-0.06,p=0.144 B=0.02,p=0.337
Model 1 + Household composition B=-0.07,p=0.117 B=0.02,p=0.330
(model 2)
Model 2 + Romantic partner availability (model 3) B=0.02,p=0.344
Model 3 + Sexual touch (model 4) B=-0.08,p=0.097 p=0.02,p=

0.305
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Model 4 +

Alcohol intake (model 5)

B =-0.08, p = 0.097

B=0.02, p=0.266

Neuroendocrine Health

Model 1 Base model p=0.13,p=0.002 p=-001p=
0.585

Model 1 + Household composition p=0.13,p=0.002 p=-001,p=
(model 2) 0.594

Model 2 + Romantic partner availability (model 3) p=-0.01,p=
0.598

Model 3 + Sexual touch (model 4) p=0.13,p=0.004 p=-002p=
0.506

Model 4 + Alcohol intake (model 5) p=0.13,p=0.004 p=-002,p=
0.541

Note. The base model estimates the relationship between each outcome load (metabolic,

cardiovascular and neuroendocrine) and touch frequency, separately for partners and other

close adults, and are adjusted for sociodemographic characteristics (age, sex, ethnicity and

SEP).
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Figure 2.1. Mean neuroendocrine health by decreasing touch frequency by partner (left) and

others (right)
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Note. More positive neuroendocrine load scores indicate worse neuroendocrine health. Lines

represent 95% confidence intervals.

Discussion

The present study aimed to improve the understanding of the associations of touch
absence in the ageing population. This study explored the relationship between frequency of
interpersonal touch and components of AL in older adults, with the additional objective of
examining whether touch exchanged with romantic partners differed in its associations from
touch shared with other close individuals. We hypothesised that respondents who reported
more frequent physical touch would have lower AL compared to those with less frequent
touch, and that this relationship would be more robust for touch with romantic partners as
compared to other close adults. Our findings suggest that the AL construct is not
homogeneous. Our findings also provide the first evidence that touch frequency with
romantic partners is associated with neuroendocrine health in older adults. Specifically,
individuals who reported sharing touch with their romantic partners more frequently

exhibited better neuroendocrine health compared to those who shared touch infrequently with
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partners. No benefits were observed for respondents who reported frequent touch with other
close adults. Our findings align with prior studies indicating that physical touch may have
protective effects against various stress-related outcomes in laboratory settings, including

lower cortisol levels in humans (Ditzen et al., 2007).

Moreover, our results support the notion that the benefits of touch are more
pronounced in romantic partnerships (Coan et al., 2006). This is consistent with previous
research supporting the enduring advantages of touch with romantic partners in mitigating
stress and improving physiological well-being. These studies have shown that even brief
physical contact with romantic partners can lead to immediate and prolonged benefits, such
as reduced blood pressure and heart rate reactivity (Grewen et al., 2003; Triscoli et al., 2017).
While previous research has established that touch with romantic partners can reduce acute
stress and improve health, our study makes a unigque contribution by uncovering the potential
of frequent touch with romantic partners specifically for cultivating neuroendocrine health in
older adults. This interplay between partner touch, neuroendocrine regulation, and stress
management contributes to a deeper understanding of the therapeutic potential of touch in

older adult populations.

This study used eight AL markers; CRP, HbA1C, DHEA, sBP, dBP, pulse, BMI, and
waist circumference. As previously mentioned, high AL is often associated with poor
cognitive and physical functioning (Karlamangla et al., 2002), cardiovascular disease
(Seeman et al., 2001) and all-cause mortality (Goldman et al., 2006). There is currently no
consensus on the number and range of biomarkers to measure AL effectively. Mauss et al
(2015) found in a systematic review that 39 different biomarkers, ranging between six and 17
measures per study had been used. Although evidence suggests that diversity of biomarkers

used to measure AL is not problematic (Juster et al., 2010). A recent meta-analysis (McCrory
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et al., 2023) identified a panel of five specific AL markers that consistently exhibit
associations with health and mortality. These markers, namely CRP, heart rate, high density
lipoprotein cholesterol (HDL), waist-to hip-ratio, and HbAlc, have been recommend by the
authors for inclusion in future studies to facilitate comparisons of cumulative physiological
burden across various socio-demographic groups and age ranges. Although our study
encompasses four out of these five core markers, it is worth noting that the results might have
differed if HDL had been included. The inclusion of HDL in future investigations would
provide a more complete assessment of touch frequency and its implications for health

outcomes.

We used PCA to investigate whether the biological markers measured in the NSHAP
can be operationalised to assess AL and whether they function as a single construct or
multiple systems. PCA identified that AL loads onto three individual system components
(metabolic, cardiovascular and neuroendocrine health), as seen in previous literature
(McCaffery et al., 2012). In our analyses, we classified the factor showing high loadings for
DHEA and pulse as ‘neuroendocrine’. DHEAS is produced by the adrenal glands (Suzuki et
al., 1991), while pulse is an indicator of vagal function (Porges, 2007). DHEA and its
metabolites have immune-enhancing properties (Suzuki et al., 1991), which are important for
the stress response system and include anti-inflammatory and anti-glucocorticoid effects.
DHEA also stimulates the secretion of catecholamine’s, playing a key role in regulating the
HPA axis (Maninger et al., 2009). DHEAS, the blood-borne form of DHEA, is widely

recognised as one of the key neuroendocrine markers for a reasonably constructed AL.

Ideally, we would have used heart rate variability (HRV) to assess autonomic nervous
system regulation. HRV provides insights into the activity of both the sympathetic and
parasympathetic nervous systems, which can be influenced by the HPA axis (Bigger et al.,

1993). However, HRV was not available in the NSHAP dataset. In this sample, pulse and
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DHEA were most strongly correlated to the neuroendocrine load component, as such; pulse
may be acting as a substitute of HRV, and representing autonomic balance (Thayer &
Brosschot., 2005). Future studies should consider incorporating direct HRV measurements to
obtain a more comprehensive understanding of autonomic nervous system regulation in

relation to the HPA axis.

Our results indicate that touch with partners has greater salience to neuroendocrine
health than touch with others. Romantic partners often develop a stronger emotional
connection, which could lead to heightened positive emotional experiences during physical
touch. Positive emotional experiences, including touch have been shown to stimulate the
release of hormones, such as oxytocin, that have positive effects on neuroendocrine health
(Holt-Lunstad et al., 2008; Uvnas Moberg et al., 2020). Secondly, touch between romantic
partners tends to be more intimate and varied compared to touch with other close adults. For
instance, touch between romantic partners tends to be more frequent (Heslin & Alper., 1983;
Suvilehto et al., 2019; Sorokowska et al., 2021) and sustained compared to touch with other
close adults, and may involve more kissing, hugging, and sexual touch, which can elicit a
broader range of physical sensations and emotions. Duration of and variety in touch
experiences may lead to more positive emotions and greater and more consistent stimulation
of hormones that promote neuroendocrine health (Light et al., 2005). Future studies could
substantiate this speculation by measuring hormonal secretion from romantic partners touch

as compared to touch with other adults directly.

The association of romantic partner touch and neuroendocrine health was robust to the
adjustment of a wide range of covariates. Of the covariates examined, we saw that
respondents with a romantic partner exhibited better cardiovascular health compared to those
without a romantic partner. This suggests that the mere presence of a romantic partner has

protective effects on cardiovascular health. Covariate associations also revealed that worse
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metabolic health was also associated with increased household size, whilst living alone was
associated with worse neuroendocrine health, in line with existing literature showing that
household composition can affect health (Henning-Smith et al., 2016). Improved metabolic
and neuroendocrine health were associated with greater total household assets and frequent
affective touch during sexual intercourse. Previous studies have demonstrated that physical
affection and sexual activity are linked to reduced same-day negative moods and stress
(Burleson et al., 2007). This may be attributed to the enhanced release of oxytocin associated
with both touch and sexual activity (Carmichael et al., 1987; Lund et al., 2002).
Consequently, it would be valuable for future studies to carefully examine and isolate the

effects of sexual and non-sexual touch frequency.

In this study, no effects emerged of touch frequency with close adults on metabolic,
cardiovascular and neuroendocrine health. There were also no effects of touch frequency with
romantic partners on metabolic and cardiovascular health. These results contradict existing
literature that suggests a positive association between touch-based interventions and
cardiovascular health and stress reduction (Hou et al., 2010), which suggests that touch may
indirectly improve metabolic health. The lack of association found in our study may be
attributed to the limitations of the NSHAP touch questions, which did not capture the type or
context of the touch reported by respondents. For example, kissing on the lips and hugging
(Gulledge et al., 2003) are rated as more expressive of love than backrubs and massages. As
the NSHAP touch questions did not encompass these distinctions, they should be investigated
in future studies on touch as a stress co-regulatory mechanism in older adults. Stress can also
be harmful in romantic relationships, and heightened metabolic and/or cardiovascular stress
may impair a romantic relationship, which could make touch between partners less pleasant

(Randall & Bodenmann, 2009). Future research should therefore also investigate the impact
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of relationship quality on the association between touch and metabolic and cardiovascular

health.

The advantages and limitations of this study require discussion. This is a large study of older
men and women, examining several confounders and mediators. Analyses were based on data
limited to a subset of participants who had no missing values for all eight biomarkers used as
outcome variables. Although there were minor variations between the analytic sample and the
non-analytic sample across different sociodemographic characteristics and covariates, the
differences were generally not substantial (refer to Appendix Table A.1). Secondly, analyses
were cross-sectional, which limits interpretation of the direction of the relationship. One
could argue that healthy individuals with a better neuroendocrine health have more
opportunities to share touch with their romantic partners, for example. While, several
theoretical arguments suggest that touch frequency can benefit chronic stress in the direction
of causality we suggest (Field., 2010; Holt-Lunstad et al., 2015), future research would
benefit from examining the bidirectional links between touch frequency with romantic
partners and neuroendocrine health over time. Additionally, social desirability bias may have
influenced subjective self-reported measures of physical touch. While NSHAP is the only
nationally representative dataset of older adults to include questions about non-sexual touch
from different close resources, the questions and response choices are vague and
retrospective. Further research would benefit from direct investigation of the duration,
quality, and types of touch (sexual or non-sexual, goal-directed or spontaneous) and their
effects on AL. Similarly, future studies should explore how touch with strangers or less close

acquaintances affects AL.

In summary, our study has revealed for the first time associations indicating that
physical touch plays a role in the health-promoting effects of romantic relationships among

older adults, surpassing relationships with other close adults. Our findings suggest that
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physical touch between romantic partners is linked to a reduction in the burden on the
neuroendocrine system, encompassing hormonal and physiological stress responses.
Specifically, it suggests that such touch is associated with a decrease in the release of stress-
related hormones like DHEA. These observed benefits could potentially be mediated by
central nervous neuroendocrine systems (e.g., oxytocin and opioids), which help dampen the
stress response of the HPA axis and ANS during stressful situations (Heinrichs et al., 2003).
Considering the expected significant increase in the global older adult population in the
coming decades, these findings underscore the importance of fostering physical touch within
romantic partnerships as a means to support the well-being and health of the growing ageing

population.
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3. The Longitudinal associations between Romantic Touch and Metabolic and
Cardiovascular Health in Older Adults

Introduction

Touch serves as a fundamental aspect of human development, transcending mere
tactile sensation to shape our social fabric and well-being (Baumeister & Leary, 2017).
Interpersonal touch is usually pleasant and comforting, and has the ability to strengthen
connections between individuals, promote overall well-being, and convey emotional and
motivational signals (Debrot et al., 2013; Hertenstein et al., 2006). In addition to this wealth
of benefits, interpersonal touch has also been found to serve health benefits, particularly in
response to stressful conditions, it appears to dampen various stress systems, such as the
autonomic nervous system (ANS) (Candia-Rivera et al., 2024; Lindgren et al., 2010) and the

hypothalamic-pituitary-adrenal (HPA) axis (Ditzen & Heinrichs, 2014).

Stress may be defined as a threat, real or implied, to the psychological or
physiological integrity of an individual (McEwen, 2013).When a threat is detected, brain
structures like the amygdala and hypothalamus initiate bodily changes to manage the
response to the stressor (McEwen & Akil, 2020). The sympathetic nervous system responds
by releasing adrenaline, which increases heart rate and blood circulation, preparing the body
for immediate action (Herman et al., 2020). Simultaneously, the HPA axis triggers the release
of cortisol and other stress hormones, providing the energy needed to sustain activity in
response to the stressor (Herman et al., 2020). The concept of allostasis describes how
chronic stressors disrupt the body’s balance, pushing it away from homeostasis (MCEwen &
Akil, 2020). While the stress response is adaptive and protective, it comes with an energy
cost known as allostatic load (McEwen & Akil, 2020). The theory of allostatic load explains

how chronic or repeated stress can lead to wear and tear on the body’s regulatory systems,
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potentially contributing to disease and poor health (McEwen, 1998). This wear and tear can
result from repeated exposure to stressors, lack of adaptation to the stress, delayed recovery,

or an inadequate stress response requiring compensation from other systems.

Despite the crucial role sensory systems play in detecting and managing stressors
(Fast & McGann, 2017), their potential for therapeutic intervention remains underexplored.
Interpersonal touch offers a promising approach to improving stress coping through various
physiological mechanisms. Touch, such as stroking, hand-holding, or hugging, conveys
proximity and positive affiliation, often perceived as signals of safety (Eckstein et al., 2020).
These effects are likely mediated by increased secretion of oxytocin, a neuropeptide linked to
bonding and stress relief (Kreuder et al., 2019; Sue Carter, 1998; Tang et al., 2020; Uvnés-
Moberg, 1998). Additionally, tactile stimulation is associated with increased vagus nerve
activity, leading to reduced physiological responses, including lower HPA and ANS activity,

and decreased overall arousal (Ferrell-Torry & Glick, 1993; T. M. Field, 1998).

Different types of touch, such as gentle caressing of the forearm or back of the hand,
can alleviate feelings of social exclusion (von Mohr et al., 2017) and loneliness (Heatley
Tejada et al., 2020). Additionally, whom the touch is shared with also matters. For instance,
touch from waiters can enhance positive affect (Fisher et al., 1976) and lead to higher tips
(Stephen & Zweigenhaft, 1986), while in healthcare settings, touch from nurses can improve
sleep, blood pressure, respiratory rate and pain (Papathanassoglou & Mpouzika, 2012).
However, touch within romantic relationships is particularly impactful, being associated with
better long-term psychological well-being (Debrot et al., 2013) and providing support in
stressful situations by reducing heart rate, blood pressure (Drescher et al., 1980; Drescher et
al., 1985; Grewen et al., 2003; Lynch et al., 1974; Triscoli, Croy, Olausson, et al., 2017), and
cortisol production (Ditzen et al., 2007). Unsurprisingly, individuals in romantic relationships

engage in more frequent tactile interactions (BeRler et al., 2020; Guerrero, 1997). Although,
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some research has found no difference in children and adults comparing touch applied by a
familiar person or a health professional (Packheiser et al., 2023). Despite the known benefits
of various forms of touch, few studies have compared the effects of touch frequency with
romantic partners versus other close adults on health outcomes. This comparison is important,

as not everyone has a romantic partner, and the absence of touch can be detrimental to health.

During the COVID-19 pandemic, social distancing measures led to a significant
reduction in touch, which correlated with increased loneliness, anxiety, depression, and
diminished well-being (Heidinger & Richter, 2020; Palgi et al., 2020; Von Mohr et al.,
2021a). The absence of touch resulted in a yearning for it (Beller et al., 2020) and was linked
to higher levels of stress, anxiety (Floyd, 2014), depression (Stein & Sanfilipo, 1985), and
loneliness (Heatley Tejada et al., 2020). Similar to such external factors that can impact the
availability of touch, age could also play a part. While younger individuals tend to prefer
closer proximity and more frequent touch (Upenieks & Schafer, 2022), older adults rate touch
as more pleasant (Sehlstedt et al., 2016) and describe it using more emotional language
(Guest et al., 2014), suggesting an increased appreciation with age. This might be due to
cognitive evaluation, where the reduced frequency of touch in daily life enhances its
enjoyment, and potentially, its impact on health. Evidence suggests that increasing age is
associated with a higher benefit through touch for systolic blood pressure (Packheiser et al.,
2024a). Despite its importance, interpersonal touch is not consistently measured as part of
social support, leaving significant gaps in understanding its full effects. Thus, little is known

about the association between interpersonal touch and health in older adults.

In our previous study (Navyte et al., 2024), we attempted to untangle the relationship
between touch frequency with romantic partners versus other close adults and allostatic load
in the ageing population, using the National Social Life, Health, and Aging Project (NSHAP)

dataset. Firstly, we found that allostatic load in this population did not operate as a single
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unified system but rather as three distinct systems: metabolic, cardiovascular, and
neuroendocrine. Each of these systems reflects the level of allostatic load specific to that
system, rather than an overall measure. We found that increased touch frequency with
romantic partners was positively associated with enhanced neuroendocrine health. This was
measured through pulse rate and dehydroepiandrosterone (DHEA) levels, collected
concurrently with subjective reports of touch frequency over the preceding 12 months. These
findings suggest that physical touch between romantic partners is linked to reduced
neuroendocrine system burden, as indicated by lower levels of stress-related hormones such
as DHEA. However, it is unclear if this relationship holds over time. There is a notable
shortage of longitudinal studies investigating the association between touch frequency and
physiological health outcomes in adults. One such study by Thomas and Kim (2021) found
that frequent physical touch is associated with a reduced likelihood of elevated chronic
inflammation over time, indicating the lasting benefits of touch on health. Additionally, some
evidence supports improved mental health outcomes in adults over time (Brown et al., 2021,

Weze et al., 2007)

Building on our previous cross-sectional research (Navyte et al., 2024), where we
found a positive association between increased touch frequency with romantic partners and
improved neuroendocrine health at the same time point, this study takes the inquiry further by
exploring longitudinal associations.. Cross-sectional designs are limited in determining
whether improved health causes or results from increased touch frequency. To address this,
we will investigate how touch frequency from both romantic partners and other close adults
relates to metabolic, cardiovascular and neuroendocrine health outcomes five years later.
Additionally, we will examine whether worse metabolic, cardiovascular, and neuroendocrine
health at the initial time point is associated with touch frequency five years later, aiming to

rule out the possibility that health status influences touch frequency over time. We
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hypothesise that (1) more frequent physical touch will be associated with better health
outcome compared to less frequent touch, and (2) this relationship between frequent touch
and health outcomes will be stronger for touch with romantic partners compared to other

close adults.

Methods

Participants

We utilised data from the National Social Life, Health and Aging Project (NSHAP), a
longitudinal survey investigating the multifaceted influences on health and ageing among
older adults in the United States. This population-based study collected data from
community-dwelling older adults via face-to-face interviews, the collection of biological
samples, and the distribution of leave-behind questionnaires among a randomly selected
subset of respondents. The survey adopted an oversampling approach for black, Hispanic,
and oldest age individuals (75-85 years), employing a complex, multistage area probability

sampling design with post stratification.

This analysis uses data from Wave 1 and Wave 2 of the NSHAP, conducted from
2005 to 2006 and 2010 to 2011, respectively. Wave 1 included 3,005 adults aged 57-85 years
(1,455 men and 1,550 women), with an overall response rate of 75.5%. Wave 2 included
3,377 adults aged 62-91 years, comprising respondents from Wave 1, their spouses/partners,
and individuals who were sampled but did not participate in Wave 1. Among Wave 2
respondents, 2,261 were also respondents in Wave 1 (1,085 men and 1,176 women). Non-
participation in Wave 2 among Wave 1 respondents was attributed to death, relocation, or
health issues precluding participation. The overall response rate for Wave 2 was 76.1%.
Biomarker collection was conducted at both waves, though limited to a subset of respondents

during each wave.
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To our knowledge, the NSHAP is the sole nationally representative survey encompassing
longitudinal assessments of both non-sexual touch between adults and biomarkers. For our
analyses, we used both Wave 1 and Wave 2. Our analytic sample comprises 787 respondents
from Wave 2 who also participated in Wave 1 and had complete outcome data across both
waves. A comparison of the analytic sample and the non-analytic (n=1,474) characteristics

can be found in Appendix Table B.1.

Touch Frequency

Touch frequency was assessed using four questions, two from the Wave 1
questionnaire and two from the Wave 2 questionnaire, which measured touch frequency with
romantic partners and other close adults. In Wave 1, respondents were asked “In the last 12
months, how often have you engaged in the following activities: hugging, kissing, caressing,
or other close physical contact with your partner?” and “In the last 12 months, how often
have you engaged in the following activities: hugging, holding, or other close physical
contact with another adult?”. The NSHAP defined “other adults” in Wave 1 as family

members, neighbours and friends.

In Wave 2, the wording of these questions was modified. Respondents were asked,
“In the last 12 months, how often have you engaged in the following activities? How often
have you or your partner shared caring touch, such as a hug, sitting or lying cuddled up, a
neck rub or holding hands?” and “Other than your partner, how often have you and a person,
such as a friend, grandchild or another adult, shared caring touch, such as a greeting hug, a
touch on the arm, or a neck rub? (In the last 12 months, how often have you engaged in the
following activities?)”. Each question, from each wave, was treated as an independent
exposure variable representing touch frequency with different individuals at time points 1 and

2.
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In Wave 1, respondents answered using a 7-point scale ranging from 0 (never) to 6
(several times a week), while in Wave 2, they used a 7-point scale ranging from 0 (never) to 6
(many times a day). For the analysis at hand, responses were regrouped into four categories:

1 (never), 2 (once a month), 3 (once a week), and 4 (several times a week).

Allostatic Load (AL)

For this analysis, we created three latent variables — metabolic health (C-reactive
protein (CRP), Glycosylated Haemoglobin (HbAlc), Body Mass Index (BMI), and Waist
Circumference), cardiovascular health (Systolic Blood Pressure (sBP) and Diastolic Blood
Pressure (dbp)), and neuroendocrine health (Dehydroepiandrosterone (DHEA) and Pulse) — at
both Wave 1 and Wave 2. These latent variables were derived using principal components
analysis (PCA) of AL biomarkers as described in our previous study (Navyte et al., 2024).

The NSHAP dataset includes eight AL biomarkers in Waves 1 and 2, which were
used in our earlier research (Navyte et al., 2024) to align closely with markers used in
previous studies. These biomarkers at both waves are presented in Chapter 2 Table 2.1. Since
only two observed variables were used for the latent variables of cardiovascular and
neuroendocrine health, their indicators were constrained to be equal. To achieve normality,
HbA1lc, CRP, and DHEA were log-transformed based on data inspection. All eight
biomarkers in Waves 1 and 2 were standardised to have a mean of 0 and a standard deviation
of 1. This standardisation allows for direct comparison between different biomarkers,
regardless of their original units or scales, and facilitates the interpretation of results in a

consistent and comparable manner.

Covariates
Sexual Touch. Sexual touch was originally categorised into three groups: (1) no sex
in the last 12 months, (2) infrequent sexual touch, and (3) frequent sexual touch. These

categories were derived based on responses to two questions:



77

1. “Had sex in the last year?”” with responses of yes or no.

2. For those who answered yes, “When you had sex with your partner in the last 12
months, how often did your activities include kissing, hugging, caressing, or other
ways of sexual touching?”” Responses were provided on a 5-point scale from 1

(never) to 5 (always).

Respondents who reported always engaging in sexual touching during their sexual
encounters were categorised as having ‘frequent’ sexual touch, while all other respondents
were categorised as having ‘infrequent’ sexual touch. For this analysis, only Wave 1 sexual
touch data was used and converted to a continuous variable to capture the full range of
variation. This approach ensured the temporal relationship between predictors and outcomes

was maintained.

Alcohol Intake. Three questions: ‘Have you ever drunk alcohol?’, ‘Do you drink
alcohol?” and ‘How many days per week do you drink?’ were combined to create three
groups: (1) regular drinkers (intake at least one day per week), (2) non-regular drinkers
(intake less than one day a week), and (3) never drank alcohol.

Household Composition. Number of co-residents was initially a categorical variable
with three groups: (1) lives alone, (2) lives with one other person, and (3) lives with two or
more persons. For this analysis, only Wave 1 household composition was used, and treated as
a continuous measure.

Romantic Partner. The romantic partner variable was binary. One group comprised
individuals who were in a romantic relationship at the time of Wave 1 data collection,
including those who were married, cohabiting, or involved in a romantic, intimate, or sexual
relationship. The other group consisted of individuals who were not in a romantic relationship

at the time of the Wave 1 survey, including those who were separated, divorced, widowed,
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never married, and not involved in a romantic, intimate or sexual relationship. Only Wave 1
romantic partner data was utilised in the analysis.

Sociodemographic Characteristics. All sociodemographic variables used were from
Wave 1, however total household assets were only measured at wave 2. Sex and ethnicity
were measured as binary variables: men and women; white and non-white (including black
and Hispanic respondents). Age was initially categorised into three groups: (1) 57-64, (2) 65-
74, and (3) 75-85 years in descriptive analyses, but it was transformed into a continuous
variable for multivariate analysis.

Social economic position (SEP) combined total household assets (property, cars,
businesses, financial assets etc.) and educational attainment. Educational attainment was
initially a categorical variable with four groups: (1) less than high school, (2) high school
degree or equivalent, (3) some college or associate degree, and (4) bachelor’s degree or
higher. Total household assets were also categorised into four groups: (1) $0-49,999, (2)
$50,000-99,999, (3) $100,000-499,999, and (4) $500,000 or more. Both educational
attainment and total household assets were transformed into continuous variables in

multivariate analysis.

Statistical Analyses

A structural equation modelling (SEM) approach was employed to explore the
relationships between romantic partner touch frequency and touch frequency with other close
adults, and three latent health outcome variables: metabolic health, cardiovascular health, and
neuroendocrine health, across two waves of the NSHAP using cross-lagged path modelling.
These latent variables were constructed based on the findings of a PCA in our previous study
(Navyte et al., 2024). Each health outcome was modelled as a latent variable at both Wave 1

and 2 of the NSHAP.



79

1. Metabolic Health: Latent variables at both waves included scaled waist
circumference, scaled and log-transformed CRP, scaled and log-transformed HbAlc,
and scaled BMI.

2. Cardiovascular Health: Latent variables at both waves included scaled SBP and
scaled DBP.

3. Neuroendocrine Health: Latent variables at both waves included scaled log-

transformed DHEA and scaled pulse rate.

The cross-lagged path models specified that each latent outcome variable at Wave 2
was predicted by its corresponding latent variable at Wave 1 and the continuous touch
frequency (either romantic partner or other close adult) at Wave 1. Additionally, touch
frequency at Wave 2 was regressed on touch frequency at Wave 1 and the latent variables at

Wave 1.

Sociodemographic characteristic (age, sex, ethnicity, educational attainment, and
household assets) were included in the minimally adjusted ‘base’ model. Further adjustments
were made in additional models to include household composition, romantic partner status
(only for touch frequency with other close adults models), sexual touch, and alcohol intake.
This resulted in a total of five models for each combination of health outcome (metabolic,
cardiovascular, and neuroendocrine health) and touch frequency source (romantic partner and

other close adults).

The models were fitted using the ‘sem’ function from the ‘lavaan’ package in R,
employing full information maximum likelihood (FIML) to account for missing data as
recommended for structural equation modelling for NSHAP data (Hawkley et al., 2014).
Model fit was assessed using standard fit indices and the explained variance (R-squared) for

the endogenous variables.
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Survey weights were not applied in the cross-lagged path models to preserve
statistical power. Applying survey weights could further reduce the effective sample size and
increase variability, potentially compromising the robustness of the results. The NSHAP does

not yet have a true panel weight (currently in progress) for longitudinal analyses.

Results
Participant Characteristics
Table 3.1 shows the relationship between touch frequency (from romantic partners and other
adults), sociodemographic variables and covariates in the final sample (n = 787) from

NSHAP Wave 1 and 2.

Table 3.1. The relationship between touch frequency (from romantic partners and other
adults), sociodemographic variables and covariates in the final sample (n = 787) from

NSHAP Wave 1 and 2

Demographic  Wave Partner Touch Frequency (%) Touch with Others Frequency (%)

Characteristic

Never Monthly Weekly >Weekly | Never Monthly Weekly >Weekly

Sex
Women? 1 50.00 38.98 42.55 35.54 37.17 42.60 60.24 60.76
2 68.18 38.30 30.00 33.55 30.61 38.67 53.80 54.73
Ethnicity
White® 1 25.00 62.07 75.56 85.18 70.59 82.03 77.78 74.03
2 68.18 73.33 71.79 85.43 57.14 85.03 83.66 75.23
Age (y)
57-64 1 37.50 38.98 42.55 43.38 34.55 40.81 35.54 36.71
65-74 1 37.50 37.29 44.68 38.48 4188 35.87 37.95 45.57
75-85 1 25.00 23.73 12.77 18.14 23.56 23.32 26.51 17.72
62-69 2 4545 48.94 45.00 42.58 28.57 40.00 32.91 37.57
70-79 2 31.82 44.68 32.50 41.29 42.86 36.67 37.97 44.38
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80-91 2 22.73 6.38 22.50 16.13 28.57 23.33 29.11 18.05
Educational
Attainment
<High School 1 37.50 23.73 10.64 12.99 18.85 14.80 16.27 18.99
2 13.64 14.89 15.00 13.23 32.65 13.33 11.39 18.64
High School 1 1250 32.20 29.79 24.75 30.89 26.46 18.07 21.52
Degree or 2 36.36 23.40 27.50 23.55 28.57 28.67 25.32 21.89
Equivalent
Some College 1 37.50 32.20 25,53  32.35 32.46 29.15 36.14  33.54
or Associate 2 36.36 36.17 35.00 32.58 26.53 27.33 39.87 32.25
Degree
Bachelor’s 1 1250 11.86 34.04 29.90 17.80 29.60 29.52 25.95
Degreeor 2 13.64 25.53 22.50 30.65 12.24  30.67 23.42 27.22
Higher
Total
Household
Assets ($)°
0-49,999 2 50.00 10.87 11.43 9.22 19.26 15.03 8.33 22.43
50,000-99,999 2 16.67 8.70 5.71 7.45 10.37 8.67 12.04 13.08
100,000- 2 16.67 54.35 42.86 37.94 36.30 45.09 42.59 31.78
499,999
500k or higher 2 16.67 26.09 40.00 45.39 34.07 31.21 37.04 32.71
Number of
co-residents
Lives Alone 1 0.00 6.78 4.26 6.63 21.47 27.48 25.90 24.68
2 455 0.00 0.00 0.32 20.41 20.00 29.75 20.71
Lives with 1 87.50 67.80 74.47 74.45 60.21 55.41 54.22 51.27
One Other 2 72.73 76.60 75.00 83.23 44.90 66.00 54.43  48.52
Person
Lives with 1 1250 25.42 21.28 18.92 18.32 17.12 19.88 24.05
Two or More 2 22.73 2340 25.00 16.45 34.69 14.00 15.82 20.71

Persons
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Romantic
Partnerd
Yes 1 74.87 69.06 69.28  68.35
2 55.10 73.33 65.19  62.13
Frequency of
Sexual Touch
No Sex 1 62.50 41.82 37.21  20.87 46.45 41.78 41.72  47.02
2 78.95 56.82 30.56  28.31 36.36 42.86 3483  33.33
Infrequent 1 25.00 25.45 23.26  11.96 11.48 13.62 8.59 11.92
Sexual Touch 2 10.53 22.73 33.33 12,50 9.09 18.37 19.10 11.70
Frequent 1 1250 32.73 39.53 67.18 42.08 44.60 49.69  41.06
Sexual Touch 2 10.53 20.45 36.11 59.19 5455 38.78 46.07 54.97
Alcohol
Intake
Never Drank 1 14.29 18.60 13.51 9.84 16.80 11.05 15.27 23.01
2 21.05 23.08 16.67  15.58 24.24 10.38 16.13  22.76
Non-Regular 1 57.14 23.26 29.73  26.56 39.20 26.52 2595  23.89
Drinker 2 15.79 30.77 6.67 22.51 27.27 26.42 28.23  24.80
Regular 1 28.57 58.14 56.76  63.61 44.00 62.43 58.78  53.10
Drinker 2 63.16 46.15 76.67  61.90 48.48 63.21 55.65  52.44
Note.

4Compared to men

bCompared to black and Hispanic respondents

°Only measured at Wave 2

dCompared to no romantic partner available

Table 3.2 presents the results from the cross-lagged path models predicting latent health

outcome variables (metabolic, cardiovascular, and neuroendocrine) and touch frequency

(with romantic partners and other close adults at wave 1 and wave 2). Standardised regression

coefficients are presented for latent health outcome variables and touch frequency.



Table 3.2. Cross-lagged path models predicting touch frequency (with romantic partners and other close adults) and latent health outcomes

(metabolic, cardiovascular, and neuroendocrine)

Predictors Wave 2 Metabolic Wave 2 Wave 2 Wave 2 Romantic Partner Wave 2 Other
Health Cardiovascular Neuroendocri Touch Frequency Close Adult Touch
Health ne Health Frequency
B 95% Cl B 95% B 95% B 95% CI B 95% CI
Cl Cl
Wave 1
Metabolic
Health
Model 1 (base 1.01** 0.96- -0.01 -0.10-0.09 0.07 -0.02-0.16
model) 1.07
Model 1 + 1.01** 0.96- -0.01 -0.11-0.09 0.07 -0.02-0.16
household 1.07
composition
(Model 2)
Model 2 + 1.01** 0.95- -0.01 -0.11-0.09 0.07 -0.02-0.15
romantic partner 1.06
availability
(Model 3)
Model 3 + 1.01** 0.95- -0.01 -0.11-0.09 0.07 -0.02-0.16
sexual touch 1.06
(Model 4)
Model 4 + 1.00** 0.95- -0.00 -0.10-0.09 0.07 -0.02-0.16
alcohol intake 1.06

(Model 5)




Wave 1
Cardiovascular
Health

Model 1 (base
model)

0.60**

0.51-
0.69

0.003

-0.11-0.11

-0.02

-0.13-0.08

Model 1 +
household
composition

0.60**

0.51-
0.69

0.01

-0.11-0.12

-0.02

-0.13-0.08

Model 2 +
romantic partner
availability
(Model 3)

0.60**

0.51-
0.69

0.01

-0.11-0.12

-0.02

-0.13-0.08

Model 3 +
sexual touch
(Model 4)

0.60**

0.51-
0.69

0.01

-0.10-0.12

-0.02

-0.13-0.08

Model 4 +
alcohol intake
(Model 5)

0.60**

0.51-
0.69

0.01

-0.10-0.12

-0.02

-0.13-0.09

Wave 1
Neuroendocrin
e Health

Model 1 (base
model)

1.57*

0.55-
2.58

0.15

-0.42-0.73

0.01

-0.51-0.54

Model 1 +
household
composition

1.57*

0.56-
2.59

0.15

-0.42-0.72

0.01

-0.51-0.54

Model 2 +
romantic partner
availability
(Model 3)

1.56*

0.55-
2.56

0.15

-0.43-0.72

0.00

-0.52-0.52
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Model 3 + 1.56* 0.55- 0.15 -0.42-0.72 -0.01 -0.53-0.52
sexual touch * 2.57

(Model 4)

Model 4 + 1.57* 055- 0.12 -0.46-0.69 0.01 -0.51-0.53
alcohol intake * 2.58

(Model 5)

Wave 1

Romantic

Partner Touch

Frequency

Model 1 (base -0.07**  -0.13-- -0.11* -0.21- 0.03 -0.05- 0.65** 0.55-0.75
model) 0.02 -0.02 0.10

Model 1 + -0.07**  -0.13-- -0.11* -0.21- 0.02 -0.05- 0.65** 0.55-0.75
household 0.02 -0.02 0.10

composition

Model 2 + -0.07**  -0.13-- -0.11* -0.21- 0.02 -0.05- 0.65** 0.55-0.75
romantic partner 0.02 -0.02 0.10

availability

(Model 3)

Model 3 + -0.08**  -0.13-- -0.14** -0.23- 0.04 -0.04- 0.63** 0.52-0.74
sexual touch 0.02 -0.04 0.12

(Model 4)

Model 4 + -0.08**  -0.13-- -0.14** -0.23- 0.04 -0.04- 0.63** 0.52-0.74
alcohol intake 0.02 -0.04 0.12

(Model 5)

Wave 1 Other

Close Adult

Touch

Frequency

Model 1 (base -0.00 -0.03- 0.01 -0.05- 0.03 -0.02- 0.23** 0.17-0.30
model) 0.03 0.06 0.07
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Model 1 + -0.00 -0.03- 0.01 -0.05- 0.02  -0.02- 0.24**  0.17-0.30
household 0.03 0.06 0.07

composition

Model 2 + -0.00 -0.03- 0.01 -0.05- 0.02  -0.02- 0.24**  0.17-0.30
romantic partner 0.03 0.06 0.07

availability

(Model 3)

Model 3 + -0.00 -0.03-  0.00 -0.05- 0.02  -0.02- 0.23**  0.16-0.30
sexual touch 0.03 0.06 0.07

(Model 4)

Model 4 + -0.00 -0.03- 0.01 -0.05- 0.03  -0.02- 0.23** 0.17-0.30
alcohol intake 0.03 0.06 0.07

(Model 5)

Note. The base model is adjusted for sociodemographic characteristics (age, sex, ethnicity, and SEP). Negative B values indicate better health.

Conversely, positive B values indicate worse health, suggesting more load on the respective system. *p <.05. **p< .01
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Metabolic Health

The findings indicate that more frequent touch with romantic partners at Wave 1 is
significantly associated with better metabolic health 5 years later (model 5: b =-0.08, p =
.006) (see Figure 3.1). This relationship holds from the base model, which adjusts for
sociodemographic characteristics and lagged metabolic health, through to the final model
adjusted for all covariates (see Table 3.2). Specifically, each unit increase in romantic partner
touch frequency (e.g., from ‘Never’ to ‘Monthly’) corresponds to a 0.08 standard deviation

improvement in the metabolic health composite score at Wave 2.

As expected metabolic health at Wave 1 is significantly associated with metabolic
health at Wave 2 (model 5: b = 1.00, p = <.001), indicating that better metabolic health at
Wave 1 is associated with better metabolic health at Wave 2. However, metabolic health at
Wave 1 is not associated with touch frequency at Wave 2, either with romantic partners
(model 5: b =-0.00, p = .931) or other close adults (model 5: b =0.07, p =.132).
Additionally, more frequent touch with other close adults at Wave 1 is not associated with

metabolic health at Wave 2 (model 5: b =-0.00, p =.993)
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Figure 3.1. Metabolic health at Wave 2 by increasing romantic partner touch frequency at

Wave 1 of the NSHAP

03

0.1

Mean Metabolic Health at VWave 2

-0.1

Mever Monthly Weekly =Weekly
Partner Touch at Wave 1

Note. Metabolic health at Wave 2 is derived from standardised values of waist
circumference, CRP, HbAlc, and BMI. The Scale represents deviations from the sample
mean metabolic health at Wave 2. Negative values indicate better metabolic health, with
metabolic indicators below the average. Conversely, positive values indicate worse metabolic

health compared to the sample mean.

Cardiovascular Health

The findings indicate that more frequent touch with romantic partners at Wave 1 is
associated with better cardiovascular health 5 years later (model 5: b =-0.14, p = .005) (see
Figure 3.2). This relationship holds from the base model, which adjusts for sociodemographic
characteristics and lagged cardiovascular health, through to the final model adjusted for all
covariates (see Table 3). Specifically, each unit increase in romantic partner touch frequency

(e.g., from ‘Never’ to ‘Monthly”) corresponds to a 0.14 standard deviation improvement in
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the cardiovascular health composite score at Wave 2. However, more frequent touch with
other close adults at Wave 1 is not associated with cardiovascular health at Wave 2 (model 5:

b=0.01, p = .851).

As expected cardiovascular health at Wave 1 is associated with cardiovascular health
at Wave 2 (model 5: b = 0.60, p = <.001), indicating that better cardiovascular health at Wave
1 predicts better cardiovascular health at Wave 2. Also, cardiovascular health at Wave 1 is
not associated with touch frequency at Wave 2, either with romantic partners (model 5: b = -

0.01, p = .861) or other close adults (model 5: b =-0.02, p =.727).

Figure 3.2. Cardiovascular health at Wave 2 by increasing romantic partner touch frequency

at Wave 1 of the NSHAP

0.4

0.2

Mean Cardiovascular Health at Wave 2

Mever Monthly Weekly =Weekly
Partner Touch at Wave 1

Note. Cardiovascular health at Wave 2 is derived from standardised values of SBP and DBP.
The scale represents deviations from the sample mean cardiovascular health at Wave 2.

Negative values indicate better cardiovascular health, with cardiovascular health indicators
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below the average. Conversely, positive values indicate worse cardiovascular health

compared to the sample mean.

Neuroendocrine Health

The findings indicate touch frequency is not associated with neuroendocrine health 5
years later, whether it was with romantic partners (model 5: b = 0.04, p = .327) or other close
adults (model 5: b = 0.03, p =.280). As expected neuroendocrine health at Wave 1 is
associated with neuroendocrine health at Wave 2 (model 5: b = 1.57, p = .002), indicating
that better neuroendocrine health at Wave 1 predicts better neuroendocrine health at Wave 2.
In addition, neuroendocrine health at Wave 1 is not associated with touch frequency at Wave
2, either with romantic partners (model 5: b = 0.12, p = .690) or other close adults (model 5: b

=0.01, p = .975).

Discussion

The results of this study revealed that frequent touch with romantic partners was
associated with improved metabolic and cardiovascular health five years later. These
associations remained consistent across all models, even after adjusting for sociodemographic
factors and other covariates, indicating robust relationships between romantic partner touch
frequency and metabolic and cardiovascular health over time. In contrast, touch frequency
with other close adults did not show similar associations. Unlike metabolic and
cardiovascular health, touch frequency, whether with romantic partners or other close adults,
did not have an association with neuroendocrine health five years later. This suggests that the
long-term benefits of frequent romantic partner touch on health may be more pronounced in
metabolic and cardiovascular physiological systems than the neuroendocrine system. These
results support the findings of similar studies, such as Thomas and Kim (2021), who showed
that increased frequency of touch is associated with lower likelihood of chronic inflammation

5 years later.
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Our previous study (Navyte et al., 2024) found that increased partner touch frequency
was associated with better neuroendocrine health at the same time point. We expand these
observations in the current study and observe that the long-term benefits of frequent touch
with romantic partners are evident in metabolic and cardiovascular health. This aligns with
the concept of allostasis, the body’s process of maintaining stability by adapting to stressors
(Sterling & Eyer, 1988). Repeated exposure to stress increases the body’s allostatic load, the
cumulative burden of chronic stress and its physiological effects (Seeman et al., 2001). High
allostatic load is associated with poor cognitive and physical functioning (Karlamangla et al.,
2002), cardiovascular disease (Seeman et al., 2001), and all-cause mortality (Goldman et al.,
2006). Allostatic load is typically measured by aggregating primary (e.g., stress hormones)
and secondary (e.g., raised blood pressure) mediators, which reflect prolonged physiological
adjustments leading to disease (Seeman et al., 2001). Frequent touch with romantic partners
can immediately reduce stress levels and promote relaxation (Ditzen et al., 2007), enhancing
neuroendocrine health (Navyte et al., 2024). Our results suggest that over time, this repeated
reduction of acute stress responses through frequent touch can lower the impact of secondary
mediators, and therefore, overall allostatic load. A lower allostatic load means the body is
less frequently exposed to the harmful effects of chronic stress, such as elevated cortisol,
inflammation, and disrupted metabolic processes. This reduced chronic stress burden can
contribute to better long-term health outcomes in other physiological systems. Specifically,
our study shows that while neuroendocrine health responds quickly to stress reduction
through frequent touch with romantic partners, improvements in metabolic and
cardiovascular systems take longer to manifest, as they rely on the cumulative effects of

reduced allostatic load over time.

Our findings on improved metabolic and cardiovascular health outcomes aligns with

previous research while providing new insights through longitudinal data analysis. For
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cardiovascular health, which we measured through SBP and DBP, we found that individuals
who frequently shared touch with romantic partners has better cardiovascular outcomes five
years later. This finding is consistent with earlier studies demonstrating that interpersonal
touch from a romantic partner is associated with lower blood pressure, especially in stressful
situations (Guéguen, 2004; J. Holt-Lunstad et al., 2008; Lee & Cichy, 2020; Light et al.,
2005). Regarding metabolic health, which we assessed using waist circumference, CRP,
HbA1lc, and BMI, our findings also support prior research. Individuals who reported frequent
touch with romantic partners had better metabolic health five years later. This is in line with
studies showing that increased touch frequency is linked to lower inflammation levels
(Thomas & Kim, 2021; van Raalte & Floyd, 2021). Additionally, increased passionate
Kissing between romantic partners has been associated with lower total serum cholesterol
(Floyd et al., 2009), and affectionate behaviours have been connected to healthier vascular
and metabolic profiles, as indicated by blood pressure and HbAlc levels (Floyd et al., 2007).
The results of the present study build on this body of evidence by demonstrating that these
associations hold true over time, highlighting the lasting health benefits of frequent

interpersonal touch with romantic partners.

The absence of associations between touch from other close adults and health
outcomes suggests that the unique benefits of romantic touch are distinct and not replicated in
other types of close adult interactions, as highlighted in our prior study (Navyte et al., 2024).
This distinction likely arises from the deeper intensity and intimacy inherent in romantic
relationships, which can lead to more profound psychological and physiological advantages.
For instance, simply having a partner in close proximity, rather than a friend, has been shown
to reduce threat-related activity in the amygdala over time (Morriss et al., 2019). Romantic
relationships differ significantly from friendships in terms of time spent together and the

depth of shared life experiences. Previous research indicates that touch from a romantic
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partner can effectively reduce individual stress, with relationship quality predicting up to
16.8% of the stress-alleviating effect (Liu et al., 2021). Likewise, having an attentive partner
can enhance feelings of security during challenging tasks, such as walking on a precarious
cliff, compared to having an inattentive partner (Kane et al., 2012). Furthermore, a touch on
the hand by a romantic partner is able to buffer pain, whilst the opposite is true for strangers

and friends (Floyd et al., 2018).

We found that initial health status was not significantly associated with future touch
frequency, suggesting that the health benefits observed are likely due to touch itself, rather
than healthier individuals engaging in more touch. This mitigates concerns about reverse
causality and implies that other health-related factors, like pre-existing conditions, are not
driving the relationship between touch and health outcomes. This finding strengthens the case
for touch having a direct, beneficial impact on health and suggests that touch-based
interventions could be effective across a wide range of health conditions, not just for those

who are already healthy.

This study is the first to explore the relationship between interpersonal touch with
romantic partners, compared to other close adults, and longitudinal multi-system
dysregulation in older adults. However, several limitations should be acknowledged. First,
individuals may differ in metabolic and cardiovascular health despite similar frequencies of
partner touch by unaccounted factors like genetics, lifestyle choices (diet, exercise), other
health conditions, or personal perceptions of partner touch. While many of our observations
are significant at a traditionally used level , the results should be interpreted with caution, as
they do not imply consistent predictions across all cases, as indicated by the error bars in
Figure 1 and Figure 2. Additionally, the NSHAP survey groups touch from all non-romantic
close adults into one category, overlooking potential differences in the meaning, type, and

frequency of touch between different relationships. Future research should differentiate
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between types of non-romantic touch to determine if they have distinct associations with
health. Another limitation is the variation in wording and response scales between Wave 1
and Wave 2 of the NSHAP survey, which may introduce inconsistencies in measuring touch
frequency. This, along with the reliance on self-reported data, which is prone to recall and
social desirability biases, could affect the accuracy of the findings. Moreover, the analysis
was based on a reduced sample size (n = 787), which, despite the NSHAP’s national
representativeness, may not fully capture the diversity of the older adult population in the
U.S. Finally, while the cross-lagged path modelling approach suggests associations over time,

it cannot establish causality. Future research should aim to establish causal relationships.

Promoting touch within romantic relationships could be considered a potential health
strategy aimed at improving short-term neuroendocrine health, and long-term metabolic and
cardiovascular health, especially for older adults. Educating individuals about the potential
health benefits of romantic partner touch could encourage behaviours that contribute to better

long-term health outcomes.
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4. Influence of Vicarious Hug Video Perspective and Duration on Physiological and

Emotional Responses: A Mixed Effects Model Analysis

Introduction

Touch serves as a catalyst for emotional experiences in social interactions, with its
inherently hedonic properties playing a pivotal role in improving well-being (Beebe-Center,
1935). The absence of touch has been repeatedly linked to negative outcomes, such as
heightened stress during the COVID-19 pandemic (Field et al., 2020), increased anxiety
(Floyd, 2014), higher depression rates (Stein & Sanfilipo, 1985), and greater prevalence of
loneliness (Heatley Tejada et al., 2020). This highlights the importance of touch in emotional
well-being, which is partly explained by the C-Tactile (CT) afferent system, a neuronal
network that encodes pleasant touch sensations (Loken et al., 2009). These unmyelinated,
low-threshold afferents are found in hairy skin (Vallbo et al., 1999; Wessberg & Norrsell,
1993) and have been widely studied for their role in social touch and the perception of
pleasant sensations (Bjérnsdotter & Olausson, 2011; Walker et al., 2017). Slow stroking at 1-
10 cm/s, known as CT-optimal touch, best activates these afferents, generating a sensation
often associated with affiliative social interactions (Gallace & Spence, 2010; Nordin, 1990;
Olausson et al., 2010). The neural processing of pleasant touches are thought to involve the
“social brain” circuit (Brothers, 1990), a complex neural network specialised to support social
function, including the posterior insular cortex, which responds to both the direct experience
of touch and its observation. Though hugs and other forms of deep pressure touch may
involve less CT-fibre activation than gentle stroking, they are found to be similarly pleasant
and also show corresponding neural activations (Case et al., 2021). Deep pressure touch, such
as hugs, may activate pressure-sensitive receptors in muscles and connective tissues or

stimulate vagal afferents projecting to the vagal nucleus, promoting relaxation through the
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parasympathetic nervous system (Corey et al., 2011; Diego & Field, 2009; Graven-Nielsen et
al., 2004; Hoheisel et al., 2005; Kandel et al., 2000; McGlone & Reilly, 2010; Mense &

Meyer, 1985).

Vicarious touch is defined as the perception of touch through visual feedback (Haans
& IJsselsteijn, 2009). Although these simulations occur implicitly, numerous studies have
highlighted an inclination to vicariously recreate the actions and sensations of others in the
observer’s own neural circuits (Bjornsdotter & Olausson, 2011; Keysers & Gazzola, 2009;
Lamm et al., 2015). This propensity may be associated with the capacity to empathise with
the cognitive and emotional states of others (VVachon-Presseau et al., 2012), although the
relationship between vicarious touch and empathy is mixed (Bekkali et al., 2021). Often
attributed to a mirroring system, vicarious action perception was initially identified in
macaque brains, where mirror neurons activated not only during the execution of an action
but also while observing the same action performed by another macaque (Di Pellegrino et al.,
1992; for review, see Rizzolatti et al., 2001). While the macaques mirror neuron system is
activated, there might not be much empathy in macaques, so other processing is likely

required, even if the mirror neuron system contributes to it.

In humans, both primary and secondary somatosensory cortices are activated through
both direct tactile stimulation and upon seeing someone else’s stimulation (Blakemore et al.,
2005; Keysers et al., 2004). Additionally, Molenberghs et al (2012) suggest that
somatosensory regions are part of an extended mirror neuron system.
Electroencephalography (EEG) studies have also reported modulated somatosensory-evoked-
potentials (SEPs) not only by the direct experience but also by the observation of touch
(Adler & Gillmeister, 2019; Bufalari et al., 2007; Peled-Avron & Shamay-Tsoory, 2017;
Pisoni et al., 2018; Rigato, Banissy, et al., 2019; Rigato, Bremner, et al., 2019; Schirmer &

McGlone, 2019). Additionally, increased mu rhythm power has been observed in response to
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observed touch in line-drawings of dyadic interactions (Schirmer & McGlone, 2019).
Furthermore, the observation of images depicting social tactile interactions (embracing and
kissing) has been reported to increase participants’ subjective feelings of sociability, and to
lower feelings of isolation (Campagnoli et al., 2015). This evidence points to the human

capacity to simulate and understand the tactile experiences of others.

The social baseline theory (SBT) posits that when facing challenges, an individual
experiences heightened vulnerability and a greater sense of risk when alone. In contrast, the
presence of others in close proximity redistributes the burden of risk within the group (Coan,
2008). One study found that when married women were subjected to electric shocks, they
experienced diminished neural threat when holding their partner’s hand. Even holding the
hand of a stranger brings about a reduction in neural threat, albeit to a lesser extent (Coan et
al., 2006). Similarly, touch accelerates cortisol recovery after laboratory social stressors
(Ditzen et al., 2019) and daily life stressors (Schneider et al., 2023). Thus, the presence of
supportive individuals holds the capacity to serve as a stress buffer. Research also suggests
the stress-buffering potential rooted in the simple act of envisioning touch, which is similar to
vicarious touch in that both share a similar quality in activating affective and sensory
responses associated with physical touch, despite the absence of direct tactile stimulation,
suggesting an interesting possibility of vicarious touch to also buffer stress. This potential
surpasses the benefits derived from imagining verbal support. Jakubiak and Feeney (2016)
found that women who engaged in mental simulations of touch-based support exhibited a
heightened willingness to tackle more challenging tasks compared to their counterparts
envisioning verbal support. Moreover, human-to-pet and human-to-human vicarious hugs,
stroking, and arm holding, have been associated with reduced perceived stress, while human-
to-robot vicarious touch increased stress (Kirsch et al., 2024). These findings suggest that the

advantages associated with interpersonal touch in stressful situations can be harnessed
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without necessitating direct physical contact. Although it remains unclear if vicarious touch is

associated with similar physiological markers of stress reduction as real touch.

Affective stimuli activate the autonomic nervous system (ANS), reflecting emotional
arousal (Braithwaite et al., 2013; Ivry & Mangun, 2014). Galvanic skin response (GSR)
measures changes in skin conductivity due to sweating, which correlates with emotional
intensity and sympathetic activity (Braithwaite et al., 2013). GSR typically increases in
response to both pleasant and unpleasant stimuli compared to neutral stimuli (Lang et al.,
1993). Research on GSR responses to vicarious touch is limited. Fusaro et al (2016) found
that GSR significantly increased for painful touch, while no significant difference was
observed between pleasant and neutral touch, indicating that stimulus salience may be a
crucial factor (Armel & Ramachandran, 2003; Petkova & Ehrsson, 2008; Tieri et al., 2015).
Although Fusaro et al (2016) used CT-optimal stroking to represent pleasant touch, other
studies suggest that full-body vicarious touch, involves both sensorimotor and socio-affective
experiences (Schirmer & McGlone, 2019). This implies that more encompassing touches,
such as hugs, may enhance salience and elicit stronger vicarious experiences compared to the
forearm-focused CT-optimal stroking. Additionally, Cabibihan and Chauhan (2015) found
that GSR is lowest during a partners touch on the arm in stressful situations, followed by
mechanical touch on the arm, and highest in the absence of touch. However, it remains
unclear whether explicitly pleasant, full-body vicarious touch, such as hugs, might also
increase GSR due to greater salience and whether such vicarious touch exhibits protective

effects during subsequent stress, as indicated by lower GSR responses.

Pupillometry is another well-established method for measuring ANS activity (Bali &
Jaggi, 2015; Partala & Surakka, 2003; Qin et al., 2012; Ren et al., 2014; Steinhauer et al.,
2004; Yamanaka & Kawakami, 2009; Zhai & Barreto, 2008). Pupil dilation occurs within

200ms of increased norepinephrine release, triggered by stress or heightened cognitive and
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emotional arousal, with recovery time depending on arousal intensity (Sirois & Brisson,
2014). Beyond this, pupil dilation also reflects attentional focus, increasing in response to
rewarding or salient events and correlating with heightened neural activity in sensory
processing regions (Beatty, 1982; Ganea et al., 2020; Iriki et al., 1996; Laeng et al., 2012;
Lee & Margolis, 2016). Tactile stimuli, whether pleasant (soft velvet and artificial fur) or
unpleasant (sandpaper), typically cause greater pupil dilation compared to neutral stimuli
(polylactic materials, wood, copper, and titanium powder) (Bertheaux et al., 2020). Human
touch tends to elicit larger pupil responses than mechanical touch, suggesting a mechanism
for social bonding (Ellingsen et al., 2014). Although research on vicarious touch is limited,
increased pupil dilation has been observed in response to witnessing pain in others, indicating
an autonomic orienting response and empathic concern (Azevedo et al., 2013; Chiesa et al.,
2015). Moreover, holding a spouse’s hand has been shown to reduce pupil dilation during
stressful tasks (Graff et al., 2019). However, whether pupil responses to pleasant vicarious
touch mirror those of real touch, or if vicarious touch can similarly modulate dilation during

stress, remains unclear.

While heart rate (HR) and heart rate variability (HRV) responses to vicarious touch
remain largely unexplored, one study comparing vicarious pain and vicarious CT-optimal
touch found a reduction in HR in a time window of six seconds after the stimulus for both
pain and pleasure in comparison to neutral stimulus, for both first-person and third-person
perspectives (Fusaro et al., 2016). Additionally, the effects of real touch are well documented.
Real touch has been shown to decrease HR across various contexts, including stroking
(Triscoli, Croy, Olausson, et al., 2017), massages (Lindgren et al., 2010), and even light
touch on the wrist (Nilsen & Vrana, 1998). In infants, gentle caressing maintains a calm
physiological state as indicated by stable HRV, while tapping reduces HRV (Della Longa et

al., 2021). After stress, partner handholding has been found to increase HRV (Conradi et al.,
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2020) and accelerate cortisol recovery (Ditzen et al., 2019; Schneider et al., 2023). Based on
these effects of real touch, we might expect vicarious touch to similarly decrease HR without
significantly altering HRV, thereby maintaining a calm physiological state. Additionally,
vicarious touch could potentially reduce HR and HRV stress responses and enhance post-
stress recovery, consistent with findings that human-to-human and human-to-pet vicarious

touch has previously been linked to reduced perceived stress (Kirsch et al., 2024).

Notably, the processing of vicarious touch varies by its emotional connotation. For
instance, touch with affective meaning, such as caressing or slapping, elicits stronger
activations in both primary and secondary somatosensory cortices compared to touch devoid
of emotional connotations (Ebisch et al., 2011). This neural response highlights the brain’s
heightened sensitivity to touch stimuli accompanied by emotional significance. Moreover,
facial electromyography (EMG) studies have uncovered a positive valence associated with
vicarious touch. Specifically, studies have revealed a reduction in frowning muscle activity
(Ree et al., 2019) coupled with an increase in smiling muscle activity (Pawling et al., 2017) in
response to CT-optimal touch. A well-established method for assessing facial expressions of
emotion is the Facial Action Coding System (FACS), developed by Ekman and Friesen
(1976). This anatomically based system enables human coders to systematically analyse
facial expressions by observing 46 distinct action units (Ekman & Friesen, 1976). More
recently, automated software solutions like Affectiva Affdex (iMotions, 2015) have emerged,

offering faster and more accessible analysis of facial expressions than FACS coding.

Additionally, when touch is perceived as being located on the observer’s own body,
vicarious touch responses tend to be stronger due to a heightened sense of self-relatedness
(Cardini et al., 2011). For example, Saxe et al (2006) found that viewing body areas from a
first-person perspective elicited greater somatosensory cortex activation compared to a third-

person perspective. Similarly, Fusaro et al (2016) reported higher illusory ownership of a
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virtual hand when seen from a first-person perspective compared to third-person. Vicarious
touch effects were also observed only for human hands, not rubber gloves, at early
somatosensory processing stages (P45), while later cognitive stages (late positive complex,
LPC) showed stronger effects for self-relatable touches (human hands) compared to non-
relatable ones (rubber gloves) (Adler & Gillmeister, 2019). Additionally, earlier ERP effects
of vicarious touch were found for first-person perspective than third-person perspective touch
(Rigato, Bremner, et al., 2019). Furthermore, earlier event-related potentials (ERPS) indicate
stronger neural responses when individuals observe touch on their own face compared to
another person’s face (Adler et al., 2016). It remains unclear whether the perspective of full-
body interactions influences vicarious experiences in the same way that simulating a specific
area of the body does. Moreover, another influential determinant could be the duration of
exposure to vicarious touch stimuli. Research indicates that longer hugs lasting for 10
seconds are rated as more pleasant than shorter 5-second hugs (Dueren et al., 2021). This

notion potentially extends to the realm of observed touch as well.

Finally, the existing body of vicarious touch literature heavily concentrates on the
examination of CT-optimal and non-CT-optimal velocities of forearm stroking. However, it
is important to note that such controlled stimuli may not accurately represent the multifaceted
nature of touch experiences in real-world scenarios. Although vicarious touch is rated as
more pleasant when delivered at CT-optimal compared to non-CT optimal velocities (Bellard
etal., 2022; Bellard et al., 2023; Devine et al., 2020; Haggarty et al., 2021; Walker et al.,
2017), the prevailing “social touch hypothesis” proposes that CT-fibres are sensitive to a
range of tactile stimulus features that are most likely encountered during close interpersonal
interactions (Morrison et al., 2010; Olausson et al., 2010). Recent investigations have
indicated that individuals intuitively adopt CT-optimal stroking velocities when engaging in

tactile interactions with their partners or babies, as opposed to artificial objects (Croy et al.,
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2016). Additionally, studies have discovered that the observation of touch within full-body
social interactions yields mirroring effects (Schirmer & McGlone, 2019), and more recent
findings show that human-human hugging videos and human-pet videos were perceived as
pleasant and calming (Kirsch et al., 2024). This highlights the need to expand our
understanding beyond isolated stimuli and delve into the complex interplay of vicarious touch

depicting naturalistic social touches.

The physiological responses to interpersonal vicarious touch, especially naturalistic
interactions like hugs, are largely unexplored, both during the experience and in relation to
stress, including post-stress recovery. It also remains unclear whether features like
perspective and duration of vicarious touch elicit stronger physiological responses. This study
aims to address these gaps by measuring physiological responses to vicarious hugs that vary
by perspective (first-person, third-person) and duration (10 or 30 seconds), in comparison to
neutral hugs depicting hugging a water bottle. Participants undergo the Stroop task, to elicit
psychological stress (Stroop, 1935), following exposure to one of these six hug videos, and
their physiological responses are also recorded during a post-stress recovery period while
watching a moving clouds video. The physiological measures used will be heart rate (HR)
and galvanic skin response (GSR), both of which will assess arousal (Braithwaite et al., 2013;
Ivry & Mangun, 2014; Lang et al., 1993). Heart rate variability (HRV) will be used to gauge
stress and relaxation (Conradi et al., 2020; Ditzen et al., 2019; Schneider et al., 2023). Pupil
dilation (PD) will measure cognitive and emotional arousal (Bertheaux et al., 2020; Sirois &
Brisson, 2014). Finally, Affectiva Affdex will track emotional valence, specifically focusing

on joy (iMotions, 2015; Pawling et al., 2017).

We hypothesise that during video watching, participants watching first- and third-
person perspective vicarious hug videos will exhibit distinct physiological responses

compared to those watching neutral hug videos. Specifically, we expect higher GSR,
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indicating stronger sensorimotor and socio-affective engagement associated with full-body
interpersonal vicarious touch (Schirmer & McGlone, 2019), similar to responses seen with
salient vicarious pain stimuli (Fusaro et al., 2016). Greater PD is predicted for first- and third-
person vicarious hugs due to their interpersonal nature (Ellingsen et al., 2014). Lower HR is
anticipated for first- and third-person vicarious hugs due to their expected calming effects
(Fusaro et al., 2016; Jakubiak & Feeney, 2016), but we do not expect significant changes in
HRV, suggesting maintenance of a calm physiological state, whereas a decrease in HRV may
be observed during neutral hugs videos due to their non-affective nature (Della Longa et al.,
2021). Joy levels, are expected to increase in response for first- and third-person perspective
vicarious hugs due to positive valence (Pawling et al., 2017). Stronger physiological
responses are anticipated for first-person perspectives due to heightened self-relatedness
(Fusaro et al., 2016; Saxe et al., 2006) and longer exposure, which enhance emotional

engagement and arousal (Dueren et al., 2021).

During the Stroop task and subsequent recovery, we hypothesise that participants who
watched first- and third-person perspective vicarious hugs will exhibit lower GSR compared
to those who viewed neutral hug videos, consistent with findings that GSR is lowest during
human touch in a stressful task (Cabibihan & Chauhan, 2015). We also expect lower PD
during the stressful task and recovery for those who viewed first-person and third-person
videos versus neutral videos, aligning with findings that holding a partner’s hand reduces
pupil dilation under stress (Graff et al., 2019). Additionally, we anticipate lower HR and
higher HRV during the Stroop and during stress recovery for individuals who watched first-
and third-person perspective hugs compared to neutral hugs, in line with evidence of the
stress buffering nature of real hugs (Conradi et al., 2020; Ditzen et al., 2019; Schneider et al.,
2023). Finally, due to the protective mechanisms associated with positive vicarious touch

(Kirsch et al., 2024), we anticipate joy levels to decrease less during stress and recovery
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compared to those watching neutral videos. One again, we anticipate stronger responses in
first-person perspectives due to heightened self-relatedness (Fusaro et al., 2016; Saxe et al.,
2006) and longer exposure, which enhance emotional engagement and arousal (Dueren et al.,

2021).

Methods

Participants

267 participants were recruited for this study using opportunity sampling,
advertisement, and an existing volunteer database. For four participants, we encountered
technical errors making their data unavailable for analysis. In the combined dataset there
were 263 healthy volunteers (151 female) between 18 and 86 years old (mean = 39.76; SD:
19.48). 48.67% were white, 31.94% were Asian/Asian British or American, 15.97% were
black/African/Caribbean/black British or American, 1.14% were mixed/multiple ethnic
groups, 0.38% were Latino, and 1.52% preferred not to say. Most (238) were right-handed.
All participants gave their informed written consent to participate in this study prior to
testing. All participants were rewarded with £10 cash for taking part in the study. This study
was conducted in accordance with the Declaration of Helsinki (1964) and was approved by

the local ethics committee.

The sample size was based on an a priori power analysis conducted using G*Power
version 3.1.9.2 (Faul et al., 2007) to determine the sample size necessary to detect a
conservative medium effect (f = .25, as outlined by Cohen (2013)), with a significant

criterion of a = .05 and power = 0.80. The sample needed with this effect size is N = 216.

Materials
A Stone Intel core i7 9" generation computer with a 24” monitor was used to present

visual stimuli. Version 9.3 of iMotions was used to collect physiological responses, including
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heart rate (HR), heart rate variability (HRV), galvanic skin response (GSR), pupil dilation
(PD), along with a joy metric. An external Logitech HD Pro webcam (C920) was used for

facial expression analysis recordings. Screen brightness was set to 75%.

Questionnaires. All questionnaires were presented in Qualtrics (Qualtrics, Provo,
UT) in the order presented below.

Sociodemographic Characteristics. In the sociodemographic characteristics
questionnaire, participants responded on their age (a continuous, numerical variable), sex as a
binary variable (men and women), ethnicity (a categorical variable: white (reference level),
Asian British or American, Black/African/Caribean/Black British or American, and other,
including Latino, mixed/multiple ethnic groups, and prefer not to say). Education level (a
categorical variable: GCSEs or below, AS/A level or vocational training, and Bachelor’s
degree or higher (reference level)), and having a romantic partner (Yes/No).

Touch Pleasantness. After each vicarious touch video, participants were asked "How
pleasant did you find the observed touch to be?” they responded on an 8-point Likert type
scale (1 = extremely unpleasant, 5 = neutral, 9 = extremely pleasant). This was treated as a
continuous variable.

Social Touch Questionnaire. Participants completed the Social Touch Questionnaire
(STQ) developed by Wilhelm et al. (2001). The STQ serves as a self-report instrument
designed to assess an individual’s inclination and reaction towards situations involving
interpersonal touch. By responding to statements like “I feel uncomfortable when someone |
don’t know very well hugs me” or “I get nervous when an acquaintance keeps holding my
hand after a handshake” participants provided insights into their sensitivity to social touch.
Participants were asked to “indicate how characteristic or true each of the following
statements is of you” on a 0-4 scale (0 = not at all, 1 = slightly, 2 = moderately, 3 = very, 4 =

extremely). A total score is calculated using the sum of the responses to all 20 questions.
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Scores on this scale are inversely related to the degree of preference for social touch; thus,
lower scores indicate a stronger affinity for social touch, while higher scores signify a
heightened aversion to engaging in, receiving, or observing social touch interactions. In this
sample, internal consistency (Cronbach’s o) of the scale was 0.83, indicating good internal
consistency.

Touch Deprivation Scale. Participants answered the Touch Deprivation Scale
(Punyanunt-Carter et al., 2009). The Touch Deprivation Scale, having undergone validation
within a student sample, is a self-report questionnaire. This assessment comprises 14 items
that prompt participants to evaluate the frequency of touch in their current lives and their
present desire for tactile contact. Respondents rated each item on a 5-point Likert scale,
ranging from “strongly disagree” to “strongly agree”, with higher ratings indicating a greater
sense of touch deprivation. The items are categorised into three distinct aspects: ‘Absence of
touch’, ‘Longing for touch’ and ‘Use of sexual behaviour to be touched.” Mean scores for
each of these subcategories are computed. Reliability analysis revealed internal consistency
for the ‘Longing for touch’ subscale (Cronbachs’s a = 0.8) and ‘Use of sexual behaviour to
be touched’ (Cronbachs’s o = -0.61), but not for the ‘Absence of touch’ subscale
(Cronbachs’s a. = 0.10), 'Longing for touch’ and ‘Use of sexual behaviour to be touched’
were included in subsequent analyses.

Touch Experience Questions. Participants were also asked about any history of
negative experiences with interpersonal touch: “I recognise in my personal history the
presence of negative/unpleasant experiences involving interpersonal touch”, with response
options “Yes”, “No”, and “Prefer not to answer”. Additionally, participants were asked about
conditions affecting their touch perception: “Do you live with any condition (physical or
mental) that may change the way you sense or perceive tactile (neutral, pleasant, or painful)

stimulation?”” with response options “Yes” and a text box to specify, and “No”. They were
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also invited to share any other relevant information that might influence their feelings about
observing touch between others: “Is there anything else that you feel we haven’t covered
about your own experience with touch that could impact how you feel about viewing other
people touch?”, with a text box for responses. Responses to these questions were used to
determine if any participants should be excluded from the analysis.

Biometric Sensors Used. Four types of physiological signals were recorded using
iMotions: heart rate (HR), heart rate variability (HRV), galvanic skin response (GSR), pupil
dilation (PD), along with a joy metric. HR, HRV, and GSR data were collected using
Shimmer3 wearable Bluetooth sensors at a 512 Hz sampling rate. The Shimmer3 GSR+
device measured Electrodermal activity via Ag/AgCI electrodes attached to the index and
middle fingers of the non-dominant hand, while the Shimmer3 ECG recorded HR and HRV
using three electrodes placed on each clavicle and the upper left hip. Pupil dilation was
tracked using a Tobii Pro Fusion eye tracker, calibrated with nine medium white points on a
grey background. All physiological signals were recorded simultaneously and continuously
throughout the study.

Joy levels were calculated using the Affectiva Affdex (version 5.1) software in
iMotions, with analyses facial expressions to evaluate emotional states. This software,
integrated with a Logitech HD Pro Webcam (C920) operating at a processing rate of 15 Hz,
first detects faces using the Viola-Jones face detection algorithm (Viola & Jones, 2001) and
then identifies 34 facial landmarks. It assigns scores from 0 to 100 for each facial action
based on a model trained on a diverse dataset of manually coded facial images. These scores
are used to calculate the likelihood of specific emotions, such as joy, by combining relevant
facial expressions like cheek raising and smiling, in alignment with the Facial Action Coding
System (FACS) (Friesen & Ekman, 1983). We focused on joy as it is a key emotion expected

to be elicited by the videos, and it correlates with other affective measures, such as
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electromyography (EMG) responses (Kulke et al., 2020). EMG has been shown to reflect

interpersonal touch responses (Pawling et al., 2017; Ree et al., 2019).

The HRV data were exported from iMotions as inter-beat intervals and calculated as
the standard deviation of the normal-to-normal (NN) R-R intervals (SDNN) in milliseconds
using Excel.

Video Stimuli. Six video stimuli were created for the purpose of this experiment in
Psychopy (version 2021.2.2). These stimuli included two varying perspectives: first-person
and third-person. Video durations were divided into two categories: 10 seconds and 30
seconds. 10 seconds videos used the first 10 seconds of the 30 second videos of each
condition. Two actors were used for the filming of videos. Actor heads were out of frame to
conceal physical attributes and sex, which could influence how the hugs were perceived.
Actors wore baggy clothes to further hide sex difference. This was with the goal of portraying
actors as (sex) neutral as possible. All video stimuli used a grey background screen. Among
these stimuli, neutral videos portrayed actor one hugging a large water bottle (refer to Figure
4.1). This was used as neutral stimuli based on previous research showing that such, object-
based touch is rated as neutrally valenced and pleasant (Lee Masson & Op de Beeck, 2018).
For the first-person perspective, the video entailed actor one moving directly toward the
camera, while actor two remained concealed behind it. This composition allowed only the
arms and hands of actor two to be visible, creating the illusion that the viewer embodies actor
two and the camera served as their vantage point. The third-person perspective videos
showed both actors approach each other from opposing sides of the screen. The hug took
centre stage, while the participant assumed the role of an observer witnessing a hug between

two individuals.
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Figure 4.1. Vicarious hug video stimuli at 1 second (left) and 5 seconds (right)

Neutral

Third-person

First-person

Stroop Task. A Psychopy task was constructed to induce mental stress using the
Stroop task paradigm (Stroop, 1992), adapted from the version developed by Yanagisawa et
al. (2010). This interaction rendition of the classic Stroop task was designed to display two
rows of words on a computer screen. Participants were given the task of determining if the
colour of the letters in the upper row matched the colour name printed in the lower row (see
Figure 4.2). They indicated their response using the “yes” or “no” keys, designated as keys 1
and 2 on the top row on the keyboard, using their right hand (Yanagisawa et al., 2010). The
“yes” key was positioned on the left and the “no” key on the right. 30 trials were presented in
random order, with each of the three conditions (congruent, incongruent, neutral) comprising
10 trials (see Figure 4.2). The stimulus remained visible until a response was given or for a
maximum of 2 seconds. In the neutral trials, the upper row displayed sequences of X’s

(XXXX) in colours red, green, blue, or yellow, while the lower row contained congruent
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colour words (‘RED’, ‘GREEN’, ‘BLUE’, and “‘YELLOW?”). In the incongruent condition,
the colour name word was printed in a colour that did not match its semantic meaning.

All word stimuli were presented in English. To ensure sequential visual attention, the
upper row appeared 100ms before the lower row (Schroeter et al., 2002). Equal probabilities
of 50% were assigned to both “yes” and “no” responses. Immediate feedback was provided
for correct or incorrect responses, displayed for one second. Correct answers triggered a
screen displaying the message “Correct!” against a white background. Incorrect answers
resulted in the message “Wrong!” accompanied by an angry face image from Tottenham et
al. (2009) (refer to Figure 4.3) beneath the text. Failure to respond within the 2-second
window was met with the message “Too slow!” alongside the same angry face image. After
practice, participants received information regarding the percentage of correct responses and
the statement “84% of people were faster than you”. The main Stroop task comprised 30
trials, each accompanied by feedback messages and a final feedback detailing the percentage
of correct responses and the average reaction time. Prior to the main experiment, a practice
session of seven trials was administered to ascertain correct response rates and reaction times

for both the practice and experimental sessions.

Figure 4.2. Instances of single Stroop task trials are shown for the neutral, congruent, and

incongruent conditions

Stroop test
Heart-rate variability (HRV), galvanic skin response (GSR), and Joy (Affectiva Affdex)
measured
Neutral (10 trials) Congruent (10 trials) Incongruent (10 trials)
XXXX GREEN GREEN

GREEN RED BLUE




111

Figure 4.3. Angry face image used in the feedback screens of incorrect or too slow Stroop

task responses (Tottenham et al., 2009)

Moving Clouds Video. Participants watched a video of moving clouds. This was
taken from pexels.com (Refer to Figure 4.4). This video was looped three times to last 90
seconds.
Figure 4.4. Moving clouds used in video form at the end of the Psychopy experiment to

record recovery from the Stroop task

Design
A between-participants design was chosen to prevent potential carryover effects that
could arise if participants were exposed to multiple conditions. Additionally, repeating the

Stroop task could lead to desensitisation, reducing its effectiveness as a stressor. Thus, each
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participant took part in one of 6 conditions: first-person perspective 10 seconds; first-person
perspective 30 seconds; third-person perspective 10 seconds; third-person perspective 30
seconds; neutral 10 seconds; and neutral 30 seconds. The allocation of conditions was based
on participant number, which were in ascending sequential order. This meant that the

experimenter was not aware of which video condition the participant was allocated to.

The independent variables were perspective (first-person versus third-person versus
neutral) and duration of exposure (10 seconds versus 30 seconds). The dependent variables

were biosensor measurements (HR, HRV, GSR, PD, and joy).

Procedure

Participants commenced by thoroughly washing and drying their hands before
familiarising themselves with the information sheet and consenting to participation. The
Qualtrics survey followed. Subsequently, an elastic belt housing the ECG shimmer was
secured around each participant’s waist, with three ECG electrodes placed beneath the left
and right clavicles, and on the upper left hip after alcohol cleaning. GSR sensor Velcro straps
were positioned on the middle and index finger pads of the participants’ non-dominant hand.
Seating arrangements optimised eye tracker alignment and captured facial expressions within
the camera frame. Participants underwent iMotions eye calibration, tracking a white dot on a

grey screen across nine positions.

The experimental protocol commenced with an introduction screen, followed by
instructions for the fixation cross resting period, during which participants viewed a grey
screen with a black fixation cross at its centre for 90 seconds. Next, participants viewed hug
interaction videos, each shown three times with three-second pauses, guided by personalised
instructions based on allocated conditions. First-person perspective viewers were informed,

“You will now watch a video of someone hugging you.” Third-person viewers observed “a
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video of two people hugging,” while neutral condition participants saw “video of someone
hugging a water bottle.” Videos were either 10 or 30 seconds long. After the final viewing,

participants rated video pleasantness.

Next, a Stroop task introduction screen explained the colour-word test. Participants
completed a practice session with seven trials, receiving immediate feedback for correct or
incorrect responses lasting one second. Practice ended information on the percentage of
correct responses and “84% of people were faster than you”. The main Stroop task comprised
30 trials, each accompanied by feedback messages and a final feedback about the percentage
they answered correctly and their average reaction time. Last, participants observed moving
clouds for 90 seconds to gauge Stroop task recovery. The experiment concluded with a screen

signalling its end, electrode removal, payment, and participant departure.

Statistical Analyses

All outcome variables (HR, HRV, GSR, PD, and joy) were log-transformed to
approximate normal distributions. However, the log-transformed joy scores displayed a
bimodal distribution across experiment stages (baseline, video viewing, Stroop task, and
recovery), likely due to varying participant responses to the emotional stimuli. Despite this,
the log-transformed joy scores were included as the dependent variable in our mixed effects
models, as these models are robust against deviations from normality (Schielzeth et al.,
2020). We confirmed the validity of our models by examining the residuals, which were

normally distributed despite the bimodal nature of the log-transformed joy scores.

Outcome variables in were normalised against baseline levels, by subtracting baseline
values from each experimental stage (video viewing, Stroop task, and recovery). Participants
were excluded from analyses if they had missing data for the outcome variable,

sociodemographic characteristic variables, or covariates, in each subset. Additionally, outliers
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were identified for pupil dilation using box-plot analysis (values 3 x IQR from above the
third quartile or below the first quartile) and were removed (baseline: 1, video viewing: 2,
Stroop task: 6, recovery: 4). Consequently, sample sizes varied across outcome variables (see

Table 4.3).

Mixed effects models were used to investigate the relationship between video perspective
(neutral, first-person, third-person), video length (10 seconds, 30 seconds), and experiment
stage (video viewing, Stroop task, and recovery clouds) with each outcome variable. For
mixed effects models, the reference video perspective was neutral, video length was 10
seconds, and the experiment stage was video viewing. Interaction terms were included
between video perspective, video length, and experiment stage. Each model accounted for the
nested structure of the data by incorporating a random intercept for each participant. Four

models were created for each outcome variable, all incorporating fixed effects:

Model One: Included video perspective, video length, experiment stage, sociodemographic
characteristics (age, sex, ethnicity, and education), and interaction terms between video

perspective, video length, and experiment stage.

Model Two: Added pleasantness ratings for videos.

Model Three: Added the availability of a romantic partner.

Model Four: Added longing for touch, use of sexual behaviour to be touched, and social

touch.

In the pupil dilation mixed-effects models, luminosity at each experiment stage was
included as a covariate to ensure that differences in pupil size were not the result of
brightness differences between experiment stages. To calculate the average luminosity for
each stage, we used a recently developed mathematical model (Pansara et al., 2024). This

model relies on a lookup table with 1330 entries that correspond to red-green-blue (RGB)
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intensity values of solid-colour images, as measured by a digital lux meter (LX1010BS;
Dr.meter; [https://drmeter.com/]), Each pixel in an image is represented by three RGB
intensity values (one for red, one for green, and one for blue), expressed as percentages of the
maximum value. The model takes these RGB values as input, three integers ranging from 0 to
100 for each colour, and provides the corresponding luminosity value. This process was used

to compute the overall luminosity for each experiment stage (see Table 4.1).

Table 4.1. Luminosity levels (%) across different experiment stages and video conditions

Experiment stage

Baseline Video condition Stroop Recovery
task
First- Third- Neutral
person person
10s 30s 10s 30s 10s 30s
Luminosity 20.13 792 801 911 9.08 892 898 57 23.07

(%)
Note. Higher luminosity scores indicate more brightness during the experiment stage (0 —

100%)

Results

Participant characteristics
Table 4.2 shows the participant demographic characteristics across video (neutral,

first-person, and third-person) and video length (10 seconds and 30 seconds) conditions.

Table 4.2. Participant demographic characteristics and other covariates by condition

combinations (video and video length)

Video Type Neutral First-person Third-person

Video Length (seconds) 10 30 10 30 10 30

N 43 43 45 42 45 45
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Age (Mean (SD)) 41.3 36.7 41.2 42.1 38.8 385
(19.8) (19.8) (19.7) (19.6) (19.6) (19.1)
Female (%)? 83.7 53.5 55.6 50 40 62.2
Ethnicity (%)
White 58.1 46.5 53.3 42.9 44.4 46.7
Asian/Asian British or 18.6 39.5 28.9 42.9 28.9 33.3
American
Black/African/Caribbean/Black 18.6 9.30 15.6 14.3 22.2 15.6
British or American
Other 4.66 4.66 2.22 0.0 4.44 4.44
Highest Qualification (%)
Bachelor’s Degree or Higher 60.48 65.13 6224 73.72 66.67 73.29
AS/A Level or Vocational 30.2 23.3 2442 16.68 2222 20.04
Training
GCSEs or Below 9.31 11.64 13.33 9.52 11.11  6.66
Romantic Partner (%)° 76.7 62.8 73.3 57.1 71.1 60
Video Pleasantness (Mean)°© 5.63 5.00 6.64 6.33 7.09 6.42
Longing for Touch (Mean)¢ 2.09 241 2.43 2.30 2.42 2.40
Use of Sexual Behaviour to be 2.67 2.84 2.94 2.44 2.47 2.71
Touched (Mean)®
Total Social Touch (Mean) 34.3 34.7 34.0 33.6 32.4 35.9

Note. These descriptive statistics were produced in the combined dataset before splitting this

dataset into sub-datasets.

& Compared to males

b Compared to no romantic partner available

¢Responded on an 8-point likert type scale (1 = extremely unpleasant, 5 = neutral, 9 =

extremely pleasant), with higher scores indicating higher ratings of pleasantness
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d ¢ Respondents rated each item on a 5-point Likert scale, ranging from “strongly disagree” to
“strongly agree”, with higher ratings indicating a greater sense of longing for touch or use of

sexual behaviour to be touched

" Respondents rated each item on a 5-point Likert scale, ranging from “not at all” to
“extremely”. The total social touch score was calculated using the sum of the responses to all

20 questions. Lower scores indicate a stronger affinity for social touch

Mixed effects models
The following sections summarise the associations identified in the final models for

each outcome variable, with the results presented in Tables 4.3 and 4.4.

Table 4.3. The relationship between video type, video length, and heart rate, heart rate

variability, galvanic skin response, pupil dilation, and joy

Variable Model 1% Model 2° B Model 3¢ B Model 49 B
(SE) (SE) (SE) (SE)

Heart Rate (N = 231)

Video (First-Person) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03)

Video (Third-Person) 0.03 (0.03) 0.03 (0.03) 0.03 (0.03) 0.03 (0.03)

Video Length (30s) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03)

Experiment Stage (Stroop) 0.03 (0.02)*  0.03 (0.02)*  0.03(0.02*  0.03 (0.02)*

Experiment Stage (Recovery) -0.03 (0.02) -0.03 (0.02) -0.03 (0.02) -0.03 (0.02)

Heart Rate Variability (HRV) (N = 216)

Video (First-Person) 0.05 (0.12) 0.07 (0.12) 0.07 (0.12) 0.07 (0.12)

Video (Third-Person) -0.11(0.12)  -0.09(0.12)  -0.09(0.12)  -0.09 (0.12)

Video Length (30s) 0.05 (0.12) 0.03 (0.12) 0.03 (0.12) 0.04 (0.12)

Experiment Stage (Stroop) 0.11 (0.07) 0.11 (0.07) 0.11 (0.07) 0.11 (0.07)

Experiment Stage (Recovery) 0.32 (0.07)*** 0.32 (0.07)*** 0.32 (0.07)*** 0.32 (0.07)***

Galvanic Skin Response (GSR) (N = 235)

Video (First-Person) 0.06 (0.05) 0.05 (0.05) 0.05 (0.05) 0.05 (0.05)
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Video (Third-Person) 0.002 (0.05)  -0.01 (0.05) -0.01 (0.05) -0.01 (0.05)
Video Length (30s) -0.03 (0.05) -0.03 (0.05) -0.03 (0.05) -0.03 (0.05)
Experiment Stage (Stroop) 0.18 (0.03)***  0.18 (0.03)*** 0.18 (0.03)*** 0.18 (0.03)***
Experiment Stage (Recovery) 0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)*
Pupil Dilation (PD) (N = 225)
Video (First-Person) -0.31 (0.24) -0.31 (0.24) -0.31 (0.24) -0.31 (0.24)
Video (Third-Person) 0.02 (0.04) 0.02 (0.04) 0.02 (0.04) 0.02 (0.04)
Video Length (30s) 0.06 (0.02)**  0.06 (0.02)**  0.06 (0.02)**  0.06 (0.02)**
Experiment Stage (Stroop) 12.13(11.41) 12.13(11.41) 12.13(11.41) 12.13(11.41)
Experiment Stage (Recovery) 3.50 (3.35) 3.50 (3.35) 3.50 (3.35) 3.50 (3.35)
Joy (N = 234)
Video (First-Person) -0.11 (0.73) 0.02 (0.73) 0.03 (0.74) 0.05 (0.74)
Video (Third-Person) -1.06 (0.75) -0.88 (0.76) -0.87 (0.76) -0.89 (0.76)
Video Length (30s) -1.44 (0.75) -1.53(0.75)*  -1.50 (0.75)*  -1.52 (0.76)*
Experiment Stage (Stroop) 1.25 (0.59)* 1.25 (0.59)* 1.25 (0.59)* 1.25 (0.59)*
Experiment Stage (Recovery) -0.45 (0.59) -0.44 (0.59) -0.44 (0.59) -0.44 (0.59)

Note. Mixed effects models examined the effects of video perspective (neutral, first-person,

third-person), video length (10 seconds, 30 seconds), and experiment stage (video viewing,

Stroop task, and recovery clouds) on each outcome variable. B(SE) indicates the regression

coefficient (B) and its standard error (SE). Statistical significance is denoted by *p < .05, **p

<.01, ***p < .001. Reference levels in these models are: neutral video perspective, video

length of 10 seconds, and the video viewing stage. N denotes the sample size for each

outcome variable. Estimates often change after 2 decimal places. The models build

sequentially as follows:

4Model 1 (base model) adjusts for age, sex, ethnicity, education, and lux levels for PD.

®Model 2 adds video pleasantness ratings to Model 1.

¢Model 3 adds romantic partner availability to Model 2.
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dModel 4 adds longing for touch, use of sexual behaviour to be touched, and social touch to

Model 3.

Table 4.4. Interactions between Video Perspective, Video Length, and Experiment Stage, on

each outcome measure in Models 4

Outcome Measure

p (SE)

HR HRV GSR PD Joy

(N =231) (N=216) (N =235) (N = 225) (N =234)
First-person x 30s 0.01(0.04) -0.12(0.17) -0.02 (0.08) -0.02 (0.03) 1.22 (1.06)
Third-person x 30s -0.04 (0.04) 0.03(0.17) 0.03(0.08) 0.01 (0.02) 2.73 (1.07)*
First-person x Stroop 0.02 (0.02) -0.14 (0.10) -0.02 (0.04) 0.32 (0.24) -0.70 (0.83)
Third-person x Stroop 0.03(0.02) -0.02 (0.10) 0.04 (0.04) -0.02 (0.04) -0.01 (0.84)
First-person x recovery ~ 0.02 (0.02) -0.12 (0.10) 0.01 (0.04) 0.32 (0.24) 0.42 (0.83)
Third-person x recovery  0.04 (0.02) -0.07 (0.10) 0.07 (0.04) -0.02 (0.04) 1.00 (0.85)
30s x Stroop 0.02 (0.02) -0.03(0.10) 0.07 (0.04) -0.07 (0.02)***  0.83 (0.85)
30s x recovery 0.03(0.02) -0.15(0.10) 0.12(0.04)** -0.06 (0.01)***  1.61 (0.85)

Note. B(SE) denotes the regression coefficient (B) and its standard error (SE) for each

interaction term. Statistical significance is indicated as follows: *p < .05, **p < .01, ***p <

.001. N denotes the sample size for these analyses.

Heart Rate (HR). Neither video perspective (first-person: g =0.02, SE =0.03, p =

467; third-person: g = 0.03, SE = 0.03, p =.249) nor video length (30 seconds: g = 0.02, SE

=0.03, p = .515) varied by HR during video viewing compared to the neutral perspective and

10-second reference categories. In terms of experiment stage, HR was a significantly higher

during the Stroop task experiment stage compared to the video viewing stage ( = 0.03, SE =

0.02, p =.038) (see Figure 4.5). There was no significant difference in HR during the

recovery stage as compared to video viewing (5 = -0.03, SE = 0.02, p = .112). No significant

interactions were found between video perspective, video length, and experiment stage (refer
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to Table 4.4), suggesting that the increase in HR during the Stroop task was consistent across

video and video length condition.

Figure 4.5. Associations between Video Perspective and Experiment Stage on Log

Transformed Heart Rate
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Heart Rate Variability (HRV). Neither video perspective (first-person: g = 0.07, SE
=0.12, p = .553; third-person: g =-0.09, SE = 0.12, p = .488) nor video length (30 seconds: j
=0.04, SE =0.12, p =.736) had significant associations with HRV during video viewing
compared to their respective reference categories (neutral perspective and 10 seconds). There
was also no significant main effect of the experiment stage Stroop (4 =0.11, SE =0.07,p =
.120). However, a significant main effect was observed for the recovery stage (# = 0.32, SE =
0.07, p <.001), indicating that HRV was significantly higher during recovery than during

video viewing for the reference condition (neutral perspective and 10 second duration). This
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increase in HRV during recovery typically reflects a return to a more relaxed state (see Figure
4.6). There were no other significant interactions (see Table 4.4).
Figure 4.6. Associations between Video Perspective and Experiment Stage on Log

Transformed Heart Rate Variability
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Galvanic Skin Response (GSR). The results show that neither video perspective
(first-person: g = 0.05, SE = 0.05, p =.361; third-person: g =-0.01, SE = 0.05, p =.928) nor
video length (30 seconds: g = -0.03, SE = 0.05, p = .630) had significant associations with
GSR during video viewing compared to their respective reference categories (neutral
perspective and 10 seconds) (see Table 4.3). However, GSR was significantly higher during
the Stroop (# = 0.18, SE = 0.03, p <.001) and recovery stages (# = 0.06, SE =0.03, p = .047)
compared to the video viewing stage (see Figure 4.7). There was a significant interaction

between video length (30 seconds) and the recovery stage (5 = 0.12, SE = 0.04, p =.007)
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showing that GSR was higher during the recovery stage when neutral hug videos were longer
(30 seconds) as compared to shorter (10 seconds) (see Figure 4.8). No other significant
interactions were found (see Table 4.4).

Figure 4.7. Associations between Video Perspective and Experiment Stage on Log

Transformed Galvanic Skin Response
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Figure 4.8. Associations between Video Perspective and Experiment Stage across Video

Lengths on Log Transformed Galvanic Skin Response
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Pupil Dilations (PD). The results indicate no statistically significant differences in
PD during first-person (5 = -0.31, SE = 0.24, p = .201) nor third-person (# = 0.02, SE = 0.04,
p = .665) perspective videos compared to neutral videos. However, PD was significantly
greater for longer (30 second) videos during neutral video viewing compared to shorter ones
(10 seconds) (# = 0.06, SE = 0.02, p =.002) (refer to Figure 4.9). We found no significant
differences in pupil size between experiment conditions, including the Stroop task (4 = 12.13,
SE =11.41, p =.288) and the recovery stage (# = 3.50, SE = 3.35, p =.298) compared to the
video watching stage. We observed significant interactions between video length and
experiment stage, indicating that PD was significantly reduced during the Stroop task (5 = -
0.07, SE =0.02, p <.001) and the recovery stage (# = -0.06, SE = 0.01, p <.001) in

comparison to video viewing, for participants who watched longer (30 seconds) neutral
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videos as compared to shorter ones (10 seconds). This effect appears to be primarily driven
by increased PD during the video viewing stage for 30 second neutral videos, rather than a
decrease during the Stroop and recovery stages (see Figure 4.9).

Figure 4.9. Associations between Video Perspective and Experiment Stage on Log

Transformed Pupil Dilation across Video Length Group
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Joy. Neither the first-person perspective (# = 0.05, SE = 0.74, p = .942) nor the third-
person perspective (# = -0.89, SE = 0.76, p = .243) significantly influenced joy compared to
the neutral video. However, video length had a significant association with joy, with
participants experiencing significantly less joy when watching 30-second neutral videos
compared to 10-second neutral videos (5 = -1.52, SE = 0.76, p = .045) (refer to Figure 4.10).
Also, there was a significant increase in joy during the Stroop task (5 = 1.25, SE = 0.59, p =
.033) compared to the video viewing stage, but there was no significant difference during the

recovery stage ( = -0.44, SE = 0.59, p = .454) relative to the video watching stage (see
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Figure 4.11). Additionally, we saw a significant interaction between the third-person video
perspective and video length, where longer third person videos (30 seconds) were associated
with a significant increase in joy compared to neutral 30 second videos during video
watching (f = 2.73, SE = 1.07, p = .011). Although this is largely driven by the reduction in
joy during 30 second neutral videos rather than an increase in joy for 30 second third-person
videos (see Figure 4.10).

Figure 4.10. Associations between Video Perspective and Experiment Stage on Log

Transformed Joy across Video Length Conditions
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Figure 4.11. Associations between Video Perspective and Experiment Stage on Log

Transformed Joy
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Discussion

Hugging has been shown to provide emotional support (Grewen et al., 2003; Reis &
Patrick, 1996) and act as a buffer against stress (Coan et al., 2006). Similarly, seeing others
being touched activates brain regions that are typically involved in the direct experience of
touch (Blakemore et al., 2005; Ebisch et al., 2008; Holle et al., 2013; Keysers et al., 2004;
Kuehn et al., 2018; Kuehn et al., 2014; Kuehn et al., 2013; Masson et al., 2018). Research
suggests that these vicarious experiences of touch can offer similar benefits to those of real
physical touch (Bjoérnsdotter & Olausson, 2011; Haggarty et al., 2021; Meijer et al., 2022),
including perceived stress reduction (Kirsch et al., 2024). Despite this, the potential of
vicarious hugging to evoke positive emotional responses and its stress-buffering effects are

still underexplored. Additionally, little is known about the factors that might influence these
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vicarious experiences. The current study aimed to address these gaps by investigating
whether vicarious hugs, differing in perspective (first-person vs. third-person) and duration
(10 seconds vs. 30 seconds), could influence physiological responses during vicarious hug

viewing, a stress-inducing task, and post-stress recovery.

Contrary to our expectations, we found no significant differences in HR, HRV, GSR,
PD, or joy, between first-person, third-person, and neutral vicarious hugs. Previous studies
have shown that vicarious painful touch can increase GSR (Fusaro et al., 2016), PD (Azevedo
et al., 2013; Chiesa et al., 2015), and reduce HR (Fusaro et al., 2016). Similarly, vicarious
CT-optimal touch has been linked to reduced frowning, increased smiling (Pawling et al.,
2017; Ree et al., 2019), and decreased HR (Fusaro et al., 2016), indicating a positive affective
response. Given the natural tendency to mirror others’ sensations and emotions (Bjornsdotter
& Olausson, 2011; Keysers & Gazzola, 2009; Lamm et al., 2015), and the broader
sensorimotor and socio-affective engagement in full-body stimuli like hugs (Schirmer &
McGlone, 2019), we expected stronger physiological and emotional responses to
interpersonal vicarious hugs, particularly those from a first person perspective. This
perspective is thought to enhance self-referential processing and empathy (Fusaro et al.,
2016; Saxe et al., 2006), unlike the neutral hug involving a water bottle, which lacks social
and emotional significance (Lee Masson & Op de Beeck, 2018). Our finding of no significant
physiological differences between vicarious hug conditions aligns with Fusaro et al (2016),
who also observed no differential GSR response between pleasant and neutral vicarious
stroking. Our results extends their conclusions by showing that this lack of distinction applies
to a broader range of physiological measures beyond GSR, suggesting that vicarious hugs,

like CT-optimal touch, may not inherently evoke distinct autonomic responses.

Our findings may be due to the limited effectiveness of the touch stimuli. The

perception of touch as pleasant depends on sensory cues (Taylor-Clarke et al., 2002) and the
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recipient’s motivational state (Triscoli et al., 2014). Without these factors, the anticipated
pleasant response may not arise, with could explain the lack of distinct physiological changes
for interpersonal vicarious hugs, especially those in the first-person perspective. We also
predicted no change in HRV, consistent with previous research showing that gentle caressing
maintains HRV, while tapping reduces it (Della Longa et al., 2021), suggested to be due to
the non-affective nature of tapping. Contrary to expectations, we did not find decreased HRV
in neutral hugs, even though water bottle hugs have previously been rated as neutrally
valenced and pleasant (Lee Masson & Op de Beeck, 2018). First, this could suggest that
physiological responses to real hugs are not mirrored in vicarious hugs. Second, our neutral
condition still depicted a hug, although neutral vicarious hugs in this study were rated as most
neutral on the pleasantness scale, so it is unlikely that they inadvertently introduced positive
valence. Therefore, even though neutral hugs were the least pleasant compared to first-person

and third-person vicarious hugs, they did not effect on physiology.

However, we observed significant differences in PD when comparing longer vicarious
hug videos to shorter ones. PD increased during longer neutral videos, with similar increases
seen for both first-person and third-person perspectives, suggesting that video length
consistently influenced PD across all conditions. PD is influenced by autonomic nervous
system activity; specifically, increased sympathetic activation causes dilation through the
dilator muscle, while reduced parasympathetic activity decreases constriction of the sphincter
muscle (Bradley et al., 2008; Steinhauer et al., 2004). Emotional stimuli typically trigger PD
as a marker of autonomic arousal (Bradley et al., 2008; Partala & Surakka, 2003; Steinhauer
et al., 2004), with both positive and negative stimuli capable of eliciting similar pupillary
responses. Contrary to our hypothesis, first-person and third-person videos did not elicit
larger pupil responses compared to neutral videos. This suggests that watching a longer hug

video may induce emotional arousal regardless of perspective, or interpersonal context,
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which differs from previous findings that suggest observed body parts (hands, arms, and feet)
from the perspective of the viewer increased somatosensory cortex activation compared to
observed body parts from which the viewer’s own body would be inaccessible (Saxe et al.,
2006). Furthermore, our findings are not in line with findings of earlier event-related
potentials (ERPS) in response to viewing a pencil touch the observers own face compared to
viewing touch on another person’s face (Adler et al., 2016). In this study, video duration was
the primary factor driving autonomic arousal, aligning with research showing longer hugs are
rated as more pleasant (Dueren et al., 2021). Once more, all videos featured a hug, limiting
our ability to determine whether the observed physiological effects were specific to hugs or
would generalise to non-hugging videos. While pleasantness ratings varied across the
vicarious hug videos, all elicited similar levels of PD, suggesting no direct correspondence

between PD and subjective ratings of pleasantness.

Despite increased PD indicating heightened emotional arousal, no corresponding
significant changes were observed in GSR or HR. GSR primarily reflects sympathetic
nervous system activity through sweat gland response (Sugenoya et al., 1990), while HR is
influenced by both sympathetic and parasympathetic inputs but is largely governed by
parasympathetic tone (Akselrod et al., 1981; Boucsein, 2012; Craft & Schwartz, 1995;
Mendelowitz, 1999). PD is a rapid and sensitive measure of arousal, whereas GSR and HR
reflect slower, more generalised autonomic changes. This suggests that pupil size may be
more sensitive to subtle emotional changes caused by longer exposure to vicarious videos,
while GSR and HR may not detect these responses as effectively. Wang et al. (2018) also
found that pupil size correlates with GSR before emotional stimuli, but this relationship tends
to diminish after stimulus presentation, possibly due to the intensity of the emotional stimuli.
The emotional intensity of the vicarious hug videos may not have been sufficient to elicit

significant GSR and HR changes, despite indicating some level of arousal through PD. This
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underscores the need for future research to explore how varying emotional intensities in
vicarious touch stimuli influence different autonomic responses, providing a more

comprehensive understanding of emotional arousal.

Furthermore, our results showed higher joy during longer third-person hugs compared
to longer neutral hugs, with no significant difference between longer neutral hugs and first-
person hugs. This effect was mainly driven by a significant decrease in joy during the longer
neutral videos rather than an increase in joy during the third-person condition. This suggests
that third-person hugs may have been perceived as less negative, possibly because the third-
person perspective engaged viewers’ empathy and sense of social connection more
effectively. In contrast, the first-person and neutral videos lacked the same interpersonal
engagement, which might have led to a decline in emotional appeal over time, contributing to
lower joy levels. Prior research indicates that object-based touch, like the neutral hug
scenario, is generally rated as less pleasant than interpersonal touch (Lee Masson & Op de
Beeck, 2018). Additionally, the absence of a visible hugger’s face or clear intention in the
first-person video could have reduced its emotional impact, creating a sense of discomfort or
mismatch with viewers’ expectations (Gazzola et al., 2012). These findings imply that first-
person perspective hugs may not evoke the same self-related experiences as first-person CT-
optimal touch, such as forearm stroking. The forearm may be more easily perceived as one’s
own body, while hugs are more complex and encompass multiple body regions, making it
harder for the brain to process the touch as self-referential (Adler & Gillmeister, 2019;

Cardini et al., 2011; Saxe et al., 2006).

The Stroop task successfully induced stress, as indicated by increased HR and GSR,
consistent with previous research on stress responses to cognitive challenges (Fink et al.,
2014; Healey & Picard, 2000; Lundberg et al., 1994; Pehlivanoglu et al., 2005; Renaud &

Blondin, 1997; Zhai & Barreto, 2008). Contrary to our expectations, neither first-person nor
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third-person hug videos buffered stress more effectively than the neutral videos, despite being
perceived as more pleasant than neutral hugs. We did find that participants who viewed
longer videos exhibited decreased PD during the Stroop task. Typically, PD increases under
stress due to sympathetic nervous system activation, while smaller PD indicates
parasympathetic dominance and relaxation (Andreassi, 2010; Granholm & Steinhauer, 2004;
Steinhauer et al., 2004; Stern et al., 2001; Verney et al., 2004). However, this reduction is
likely due to the increased PD observed during longer video viewing rather than a stress-
buffering effect, particularly considering the absence of significant changes in HR and GSR.
Thus, although subjective reductions to stress have been reported in response to vicarious
human-to-human and human-to-pet touch (Kirsch et al., 2024), the physiological effects of

more pleasant and self-related vicarious hugs may not manifest similarly.

Additionally, we found that participants displayed more joy during the Stroop task
than during video viewing. The Stroop task, while challenging, requires focused attention and
self-regulation, and for some participants, successfully navigating this challenge may evoke a
sense of accomplishment or positive emotion, reflected as increased joy in facial expressions
(Folkman & Moskowitz, 2000). This form of “good stress,” or eustress, can enhance feelings
of satisfaction and joy, particularly when the task is seen as an opportunity for mastery
(LePine et al., 2005). Positive affect often arises when individuals appraise the resolution of a
stressful encounter as successful, leading to emotions such as happiness or pride (Folkman &
Lazarus, 1985). In contrast, watching hug videos is a passive activity that may not elicit the
same level of emotional engagement. However, it is also possible that the observed
differences in joy were influenced by measurement limitations. Prior research has shown that
the Affectiva Affdex system tends to perform better with clear, static expressions compared

to more natural, dynamic facial movements (Magdin et al., 2019). This potential
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measurement issue is further highlighted by our findings of increased HR and GSR during the

Stroop task, indicating heightened stress levels, unless these measures also indicated eustress.

During post-stress recovery, markers of relaxation included significantly higher HRV
when participants watched a video of moving clouds compared to hug videos, indicating a
return to a calmer state. HRV, which measured in this study using the standard deviation of
normal-to-normal (SDNN) R-R intervals, reflects the body’s ability to recover from stress,
with higher values indicating more effective stress adaptation (Immanuel et al., 2023).
Additionally, PD during recovery was reduced for participants who watched longer videos,
regardless of video perspective or interpersonal factors. This effect, also observed during the
Stroop task, is likely due to prior increased PD during longer video viewing, rather than
indicating a stress-buffering effect of longer videos. In contrast, GSR remained elevated
during recovery compared to its level during hug video viewing, similar to the Stroop task,
indicating incomplete return to pre-stress arousal. This suggests that while GSR effectively
measures stress, its response is more delayed compared to HR, which returned to baseline
during recovery. Higher GSR levels were also observed for participants who watched longer
neutral hug videos, possibly reflecting delayed physiological recovery likely due to sustained

emotional engagement.

This study employed four models, after the first model, each incorporated additional
covariates; however, these covariates did not alter the outcomes. Model one controlled for
sociodemographic characteristics (age, sex, ethnicity, and education). Model two introduced
pleasantness ratings for the videos, while model three added the availability of a romantic
partner. Finally, model four included longing for touch, use of sexual behaviour to be
touched, and social touch. The consistency of the primary relationships observed across all
models suggests that the outcomes were robust and largely unaffected by these additional

factors. This indicates that the associations between vicarious hug videos and physiological
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outcomes are resilient to variations in the covariates, and that the covariates themselves likely

did not significantly influence the results.

In this study, screen brightness was consistently set at 75% across all participants to
standardise the visual environment. We also controlled for luminosity levels across different
experimental stages in the mixed effects models. However, future studies should aim to
directly measure the impact of luminosity on pupil size to ensure that it does confound the
assessment of emotional responses. The model used to measure luminosity of the experiment
stages in this study was based on unlit environments, unlike our setup in a lit room (Pansara
et al., 2024). Since pupil size varies with lighting conditions, measuring luminosity in the
specific experimental environment would be more appropriate. Additionally, controlling for
luminosity as a covariate in a mixed effects model is challenging because the relationship
between luminosity and pupil size is not linear (Zhang et al., 2019). Although, researchers
typically address the influence of luminosity on pupil size by using baseline data or
controlling lighting conditions (Aracena et al., 2015; Bradley et al., 2008), there is no
validated method to completely remove the influence of luminosity on pupil size related to
emotional arousal. While our approach has limitations, there is no consensus to date on the

correct approach to take to control for luminosity.

Furthermore, this study utilised multiple physiological measures simultaneously using
iMotions, including HR, HRV, GSR, PD, and joy measured using Affectiva Affdex.
However, the protocol may not have optimised these measures. For example, allowing longer
measurement durations could lead to more consistent responses across all markers, as GSR
may have stabilised during the recovery stage, similar to HR. Optimal GSR measurement
typically requires participants to rest for at least five to ten minutes before recording to
establish a stable baseline (Boucsein, 2012), but this study allowed only 90 seconds. While

10 to 15 seconds is often adequate to capture the full emotional response cycle with GSR
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(Critchley, 2002), responses to complex stimuli, such as videos or continuous interactions,
may require longer to develop. Skin conductance may be categorised into phasic skin
conductance response (SCR) and tonic skin conductance level (SCL), which indicate rapid
and slower shifts in autonomic arousal, respectively (Boucsein, 2012). Analysing SCR and
SCL separately allows researchers to distinguish whether physiological changes arise from
specific stimuli or overall arousal levels (Boucsein, 2012). However, this study focused
primarily on general arousal rather than the nuances of emotional responses. Nonetheless,
future studies should examine the difference in SCR and SCL in response to vicarious touch.
Additionally, the Stroop task may not have been sufficiently long to affect parasympathetic
changes; longer recordings, sometimes up to 24 hours, are generally more reliable for this
purpose (Bansal et al., 2009; Kim et al., 2018; Shaffer & Ginsberg, 2017). This limitation
could explain the lack of significant increases in HRV during vicarious touch, contrasting
with findings from Triscoli, Croy, Steudte-Schmiedgen, et al. (2017), who observed
significant HRV changes with continuous real stroking lasting an average of 35 minutes.
Future research should aim to optimise the measurement of each physiological marker,
though this may require separate studies. However, this approach has its drawbacks, as
isolated measurements may not provide a comprehensive understanding. Employing multiple
measures could enhance the interpretation of arousal valence, clarifying whether it is positive
or negative. While the simultaneous use of various measures is theoretically beneficial, its

practical implementation can be challenging.

The emotional experience of touch depends heavily on its alignment with the
recipient’s desires (Sailer & Leknes, 2022). The meaning of touch is shaped by factors
including the body part involved, the touch initiator, the relationship between individuals, the
touch’s purpose, accompanying verbal messages, and the recipient’s perception (Jones &

Yarbrough, 1985). Simply showing participants a hug may not have provided sufficient
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context to elicit positive emotions, as the lack of information about the hug’s purpose can
affect its perceived positivity and meaning (Morrison, 2023; Sailer & Leknes, 2022).
Additionally, participants may perceive touch as negative if they are not receptive to being
touched, which could affect their response to first-person perspective hugs. In these videos,
the giver’s face was not visible, which might have led participants to imagine the touch
coming from an unknown person, especially because a specific person to imagine was not
stated. Touch imagined with a partner tends to be more positively perceived than touch from
a stranger (Krahé et al., 2023). Furthermore, the first-person videos featured an actor
initiating the hug, whereas mutually initiated touches are generally viewed more favourably
(Sailer et al., 2024). These insights, while primarily related to real touch, may be relevant for
vicarious touch as well. Future research should carefully consider the context in which
touches are shown to participants, as this context could significantly influence how the touch

is perceived, especially in first-person perspective scenarios.

This study explored the effects of vicarious hugs, presented in first-person and third-
person perspectives, on physiological and emotional responses, and in response to a stress-
inducing task. Contrary to expectations, the results revealed no significant differences in HR,
HRV, GSR, PD, or joy, between the vicarious hug conditions and the neutral control. This
lack of distinct physiological responses suggests that vicarious hugs, despite their potential
for positive emotional engagement, may not inherently elicit the anticipated stress-buffering
effects. The findings highlight the complexity of emotional experiences related to touch and
underscore the importance of contextual factors, such as perceived intimacy of the touch and
the viewer’s emotional state. Notably, increased PD during longer video presentations
suggests that video duration, rather than the nature of the touch, may be a more significant
factor in eliciting emotional arousal. While longer viewing times appeared to enhance

emotional engagement, this did not translate into significant changes in GSR or HR,
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indicating that these measures may not fully capture subtle emotional responses.
Additionally, the study reveals the necessity of considering individual differences in how
touch is perceived, particularly in first-person scenarios where the absence of visible touch
initiators may affect participants’ emotional responses. Future research should further
investigate the nuanced effects of vicarious touch, exploring how varying emotional contexts
and participant characteristics influence both subjective and physiological responses. By
refining methodologies and expanding our understanding of vicarious touch, we can better

comprehend its role in emotional well-being and stress resilience.
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5. Electrophysiological Correlates of Touch in Older Adults: EEG and ECG

Responses to Close, Stranger, and Vicarious Interactions

Introduction

Interpersonal touch is a fundamental aspect of human interaction, crucial for fostering
social bonds and communication (Cekaite & Goodwin, 2021). Insufficient touch in adulthood
is associated with heightened anxiety, depression, reduced well-being, and loneliness (Debrot
etal., 2021; Floyd, 2014; Heatley Tejada et al., 2020; Stein & Sanfilipo, 1985). Conversely,
interpersonal touch enhances well-being (for a review, see Jakubiak & Feeney, 2017),
conveys positive affect (Pawling et al., 2017; Perini et al., 2015), promotes physiological
relaxation (Edwards et al., 2018; Lindgren et al., 2010; Triscoli, Croy, Olausson, et al., 2017,
Triscoli, Croy, Steudte-Schmiedgen, et al., 2017), and improves stress responses (Morrison,

2016D).

Stress is the body’s physiological response to environmental demands (Sapolsky,
2021). Sensory systems detect these stressors, sending signals to the brain for evaluation
(Pérez-Valenzuela et al., 2019). When an organism’s integrity is threatened, structures like
the amygdala and hypothalamus trigger the stress response by activating the sympathetic
nervous system (SNS) and the hypothalamic-pituitary-adrenal (HPA) axis (McEwen & AKil,
2020). This leads to adrenaline and cortisol release, increasing heart rate (HR) and blood
sugar to help the body cope with stress (Herman et al., 2020). While moderate stress can be
adaptive (Arnsten, 2009), managing excessive stress is vital for health. Sensory input,
particularly touch, plays a key role in stress modulation, possibly through increased oxytocin
release and vagus nerve activity, which together reduce autonomic arousal and enhance
relaxation (Carter, 1998; Eckstein et al., 2020; Ferrell-Torry & Glick, 1993; Kreuder et al.,

2019; Morrison, 2016b).
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Experimental studies consistently show that various types of partner touch protect
against stress. Before a stressor, partner neck and shoulder massages lower cortisol levels and
HR in women (Ditzen et al., 2007), and pre-stress handholding and hugs reduce blood
pressure and HR (Grewen et al., 2003). Even imagined partner touch support prior to stressful
task buffered pain and subjective stress responses (Jakubiak & Feeney, 2016, 2019). During
stress, partner handholding reduces neural responses to threats (Coan et al., 2006) while
stroking reduces HR (Triscoli, Croy, Olausson, et al., 2017). Post-stress, partner handholding
boosts heart rate variability (HRV) (Conradi et al., 2020), and speeds cortisol recovery
(Ditzen et al., 2019; Schneider et al., 2023). Frequent partner touch is also associated with
benefits, such as higher baseline oxytocin and reduced blood pressure responses (Light et al.,
2005), as well as lower subjective stress and higher positive mood the following day
(Burleson et al., 2007). Greater hugging over 14 days led to faster recovery from the common
cold (Cohen et al., 2015). Four weeks of increased touch raised oxytocin and lowered cortisol
in both partners, with reduced blood pressure in men (Holt-Lunstad et al., 2008). More
frequent kissing over six weeks resulted in lower perceived stress, greater relationship
satisfaction, and improved cholesterol levels (Floyd et al., 2009). Pregnant women receiving
massages over 16 weeks showed higher dopamine and serotonin, with reduced cortisol and
norepinephrine (Field et al., 2004). Thus, various types of partner touch, before, during, and
after stress are associated with enhanced physiological, emotional, and subjective stress
responses, with similar benefits seen even from imagined touch. Additionally, frequent
everyday touch with partners is associated with positive health outcomes. However, most

research focuses on partner touch and younger adults with ample touch access.

Moreover, direct comparisons of different types of touch are limited. Touch types
differ in terms of body location, social context, and emotional response (Schirmer et al.,

2021). Research indicates that people experience handshakes more frequently than desired,
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whereas hugs and stroking are sought more often than received (BeRler et al., 2020).
Although handholding is generally preferred over stroking for emotion regulation in intense
situations (Sened et al., 2023), some studies report minimal differences in their effects
(Cruciani et al., 2021). For instance, Reddan and colleagues (2020) found that both
handholding and stroking from a partner provided similar levels of pain relief from thermal
stimulation, although handholding was slightly more effective. Despite the known
physiological benefits of various touch types, such as hugging and stroking, direct
comparison are scarce. Furthermore, different types of touch may engage distinct neural
processing mechanisms (Saarinen et al., 2021). Notably, the neural oscillatory patterns
associated with these touch types remain largely unexplored, suggesting a significant area for

future research.

To understand these differences, it is essential to examine the skin’s nerve network,
which transmits sensory signals that support both discriminative and emotional functions. A-
beta (ApB) fibres rapidly convey spatial and temporal details about touch, while unmyelinated
C-tactile (CT) fibres are specialised for slow, gentle stroking, associated with comfort (Ldken
et al., 2009; McGlone et al., 2014; Olausson et al., 2002; Olausson et al., 2010; Olausson et
al., 2008). CT-fibres optimally respond to specific speeds (1-10 cm/s) and skin temperatures,
providing the neurobiological basis for soothing touch (Loken et al., 2009; Olausson et al.,
2002; Olausson et al., 2010; Olausson et al., 2008). While Ap-fibres target the primary
somatosensory cortex, CT-optimal touch activates brain areas involved in emotional
processing, such as the insular and orbitofrontal cortex (Gordon et al., 2013; McGlone et al.,
2007; Morrison et al., 2010). Affective touch, including stroking and holding, engages both
AB- and CT-fibres, with signals integrated at the dorsal horn and relayed to brain regions
associated with emotional states (e.g., insular, orbitofrontal, and superior temporal cortices)

(Abraira & Ginty, 2013; Davidovic et al., 2016; Gordon et al., 2013; McGlone et al., 2012,
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Olausson et al., 2002). CT-optimal touch is consistently rated as more pleasant than other
touch types (Pawling et al., 2017). However, moderate or deep pressure touch also elicit
positive emotional responses; for example, moderate massage showed greater reduction in
HR, subjective stress, and increases in relaxation as shown by EEG changes (higher delta,
lower alpha and beta) and increased positive affect (left frontal EEG activation) compared to
light massage or vibration (Diego et al., 2004). Similarly, deep pressure from an oscillating
compression sleeve was subjectively pleasant and calming, and activated brain regions

similar to those responsive to CT-optimal stroking (Case et al., 2021).

Although the density of tactile fibres decreases with age (Chang et al., 2004;
Ggransson et al., 2004), CT-fibres remain relatively resilient (Mclntyre et al., 2021).
Nevertheless, older adults may have different touch experiences compared to younger adults
due to smaller social networks (Pedell et al., 2010), higher rates of living alone (ONS., 2021),
and increased loneliness (Pino et al., 2014; Scharf & de Jong Gierveld, 2008). Larger
households can reduce loneliness more effectively in older adults than in midlife adults
(Victor & Yang, 2012), yet many older adults live alone and may face greater risk of social
isolation (ONS, 2021; Pino et al., 2014), and possibly touch deprivation. While those feeling
touch-deprived rate CT-optimal stroking as less pleasant despite similar attitudes toward
touch (Sailer & Ackerley, 2019), older adults generally find gentle touch more pleasant and
emotionally rewarding than younger individuals (Guest et al., 2014; Ishikura et al., 2024).
This greater appreciation may result from reduced touch frequency, although this remains

speculative (Sehlstedt et al., 2016), and requires further examination.

Research on touch and health outcomes in older adults often focuses on nursing and
clinical populations. For example, light touch on the forearm enhances nonverbal
communication in confused older adults (Langland & Panicucci, 1982) and reduces

depressive symptoms (Buschmann et al., 1999). In dementia patients, touch therapies like
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massage help alleviate depression and agitation behaviours (Watt et al., 2021; Watt et al.,
2019). In non-clinical settings, robotic faster (8.5 cm/s) back stroking has shown more
positive subjective valence and increased arousal than slower stroking (2.6 cm/s), although
faster stroking showed weaker corrugator electromyography (EMG) activity and stronger
skin conductance response than slower stroking in both younger and older adults (Ishikura et
al., 2024). Furthermore, longitudinal data from the National Social Life, Health and Aging
Project (NSHAP) indicates that touch in older adults is associated with lower blood pressure,
reduced HR (Lee & Cichy, 2020), decreased inflammation (Thomas & Kim, 2021), and
lower neuroendocrine load (Navyte et al., 2024). However, the NSHAP findings rely on
retrospective touch reports over the past 12 months, raising concerns about the reliability of
long-term self-reports. More immediate assessments of touch frequency are needed to

validate these outcomes and the validity of long-term self-reports of touch frequency.

Furthermore, research on touch predominantly focuses on romantic partners, with
limited studies examining touch from individuals of varying closeness. Existing findings on
stranger touch are mixed. For instance, a hug from a stranger can lower cortisol levels
(Dreisoerner et al., 2021), but it can also increase physiological arousal in stressful situations
(Debrot et al., 2024). Similarly, while touch from an experimenter lowered HR, it also raised
skin conductance, suggesting both calming and arousing effects (Vrana & Rollock, 1998).
This response resembles Autonomous Sensory Meridian Response (ASMR), characterised by
pleasant tingling sensations triggered by sights and sounds and associated with reduced HR,
increased GSR, and enhanced social connectedness (Poerio et al., 2018). Comparative studies
show that partner touch often reduces stress more effectively than stranger touch (Coan et al.,
2017; Coan et al., 2006) and is perceived as more pleasant and pain-relieving (Kreuder et al.,
2017; Kreuder et al., 2019). However, a recent systematic review and meta-analysis found

that touch interventions could be delivered effectively by both close individuals (such as



142

partners, family, or friends) and by strangers (such as healthcare professionals), with no
significant impact of emotional closeness on outcomes. Likewise, no differences in mental
and physical health benefits were observed based on the emotional closeness of the touch
provider (Packheiser et al., 2024b). Additionally, touch frequency and need are generally
higher with partners than with strangers (BeRler et al., 2020). Differences also exist in
acceptable touch areas: strangers are usually restricted to touching the hands, while close
acquaintances or partners can touch more intimate areas like the head and upper torso
(Suvilehto et al., 2015; Suvilehto et al., 2019). However, CT-fibres stimulation is consistently
associated with positive affect, regardless of whether the stroking is delivered from a close
individual (Triscoli, Croy, Olausson, et al., 2017) or a stranger (Kirsch et al., 2018). Given
the mixed findings, it remains uncertain which of these patterns applies to older adults, who
may experience touch differently depending on the emotional closeness of the person

providing it.

An emerging area of interest is vicarious touch, defined as the perception of touch
through visual feedback (Haans & lJsselsteijn, 2009). Research indicates that observing touch
activates brain regions and emotional responses similar to those involved in directly
experiencing touch (Bjoérnsdotter & Olausson, 2011; Bufalari et al., 2007; Haggarty et al.,
2021; Keysers et al., 2004; Lloyd et al., 2004; Pisoni et al., 2018; Rigato, Bremner, et al.,
2019). This phenomenon aligns with Simulation Theory, which proposes that we mentally
simulate others’ experiences to understand their states (Gallese & Goldman, 1998; Goldman
et al., 2006). (Bjornsdotter & Olausson, 2011; Bufalari et al., 2007; Forster & Abad-
Hernando, 2024; Haggarty et al., 2021; Pisoni et al., 2018; Rigato, Bremner, et al., 2019;
Smit et al., 2023). For example, observing human-human or human-pet hugs can elicit
subjective calm and pleasant emotions (Kirsch et al., 2024). However, vicarious touch

perception may decline with age (for a review, see Gillmeister et al., 2017). Age-related
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changes in brain structure, linked to reduced tactile sensitivity and sensorimotor coordination,
could weaken the neural representations of observed touch (Kalisch et al., 2009).
Additionally, older adults’ diminished emotion perception may impair their empathetic
responses to vicarious touch (Ruffman et al., 2008; Yang & Banissy, 2016). While vicarious
touch offers potential benefits similar to direct touch, its effectiveness may decrease with age,
warranting further investigation. Additionally, vicarious touch could offer a greater benefit in
older adults, similar to real touch, which older adults find more pleasant (Guest et al., 2014;

Ishikura et al., 2024).

Despite increasing interest in the role of touch, its study within social neuroscience
remains limited. Electroencephalogram (EEG) oscillations, categorised by frequency bands,
delta (0.5-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13-30 Hz), and gamma (30-80 Hz),
play distinct roles in sensory and emotional processing, although their exact functions are still
debated (Knyazev et al., 2006). Von Mohr et al (2018) suggested that EEG oscillations in the
theta, beta, and alpha bands appear most closely related to touch, while the roles of delta and
gamma in tactile processing are less well-established. Lower frequency bands like theta are
often linked to emotional and motivational states, while higher frequencies such as alpha and
beta are associated with inhibitory processes (Klimesch, 2012; Klimesch et al., 2007;
Knyazev, 2007). Increased theta activity has been linked to attentional engagement with
salient sensory stimuli (lannetti et al., 2008; Michail et al., 2016) and positive affect
(Ackerley, Carlsson, et al., 2014; Aftanas et al., 2001; Aftanas et al., 2004; Aftanas et al.,
2002; Balconi & Pozzoli, 2009; Krause et al., 2000; Maulsby, 1971). However, VVon Mohr et
al (2018) observed theta suppression during CT-optimal touch, although, their use of a still,
eyes-closed condition might have induced a low-arousal state, which can also influence theta

reduction (Klimesch, 1999; Knyazev et al., 2006; Mitchell et al., 2008).
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Reductions in alpha and beta power are consistently observed during direct touch
experiences (Diego et al., 2004; Michail et al., 2016; Singh et al., 2014; von Mohr et al.,
2018b) and states of relaxation (Aftanas & Golocheikine, 2001; Diego et al., 2004; Field et
al., 1996). Although it remains unclear if these reductions are driven by tactile sensations or
anticipatory processes before touch occurs (Foxe et al., 1998; Michail et al., 2016; von Mohr
et al., 2018a). Beta oscillations, in particular, have been linked to the perception of pleasant
touch and positive affective states, with increased beta power correlating with enjoyable
tactile experiences, especially in right hemispheric brain regions (Singh et al., 2014). This
aligns with findings that slow, gentle touch can induce beta synchronisation, engaging socio-
affective processes via CT-fibre activation (Ackerley et al., 2013). Reductions in alpha
activity are observed not only during direct touch but also when observing touch, indicating
sensorimotor engagement (Coll et al., 2015; Perry et al., 2010). Additionally, while alpha and
beta power were reduced during explicit touch observation (participants indicated touch
presence by pressing a button) compared to implicit observation (participants responded with
sex identification prompts), touch images, in contrast to no-touch images, were associated
with increased alpha and beta power (Schirmer & McGlone, 2019). These findings highlight
the need for more research to disentangle the effects of real versus vicarious touch and to
examine how factors like emotional closeness and touch type influence these neural patterns,

especially in older adults.

In this study, we tracked touch behaviours and their frequency monthly over a four-
month period using surveys. A subset of participants also participated in a lab session to
assess the relationship between touch frequency and cognitive control and stress response
during a psychological stress task. We recorded neural activity using electroencephalogram
(EEG) and cardiovascular responses (HR and HRV using electrocardiogram [ECG]).

Participants experienced different touch types (stroking, hugging, and handshakes) with close
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individuals, strangers, and through vicarious observation (vicarious touch) in an older adult
sample. We focused on theta (4-8 Hz), beta (13-30 Hz), and alpha (8-13 Hz) oscillations
across multiple scalp sites, to explore the neurophysiological effects of these touch

interactions. Our hypotheses were as follows:

1. Touch frequency and stress response: Higher touch frequency would be
associated with lower HR, increased HRV, and better cognitive control during the
Stroop task compared to lower touch frequency. Experimental studies demonstrate
that various types of partner touch, such as handholding, hugs, and stroking,
reduce stress, lower blood pressure, and decrease HR. Increased touch frequency
is linked to higher baseline oxytocin and lower cardiovascular responses,
suggesting that frequent touch enhances emotional regulation and stress resilience
(Coan et al., 2006; Jakubiak & Feeney, 2016, 2019; Light et al., 2005; Triscoli,
Croy, Olausson, et al., 2017).

2. Perceived pleasantness: Stroking and hugging, especially when performed by
close individuals, would be rated as more pleasant than handshakes, which would
be perceived as neutral. Touch types differ significantly in body location, social
context, and emotional response, with research indicating that while handshakes
are experienced more frequently than desired, hugs and stroking are sought after
more than received (BeRler et al., 2020; Schirmer et al., 2021). CT-fibres activated
during gentle stroking are linked to comfort and positive affect, with CT-optimal
touch rated as more pleasant than other touch types, while deep pressure from
hugs and massages also elicits positive emotional responses (Case et al., 2021,
Pawling et al., 2017).

3. Cardiovascular effects of touch: Direct touch, particularly with close

individuals, would result in greater reductions in HR and increases in HRV than
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vicarious touch, with more pronounced effects for stroking and hugging compared
to handshakes. Experimental evidence indicates that various types of partner
touch, such as handholding and hugging, mitigate stress and promote
cardiovascular health (Coan et al., 2006; Jakubiak & Feeney, 2016; Light et al.,
2005).

4. Theta activity: All touch conditions would increase theta activity compared to
rest, indicating attention to sensory stimuli and positive affect, with the strongest
theta responses expected for real touch from close individuals. This prediction
aligns with findings that higher theta activity is associated with emotional and
motivation states, as well as attentional engagement with salient stimuli (lannetti
et al., 2008; Michail et al., 2016).

5. Beta and Alpha power: Direct touch, particularly with close individuals, would
result in greater beta activity increases and larger alpha activity reductions than
vicarious touch, with more pronounced effects for stroking and hugging compared
to handshakes. This is supported by evidence that beta oscillations correlate with
pleasant tactile experiences and that reductions in alpha power occur during direct
touch, indicating more robust neural responses to physical interaction than to

vicarious touch (Coll et al., 2015; Schirmer & McGlone, 2019; Singh et al., 2014).

Methods
Participants
Sixty participants were recruited through opportunity sampling and advertisement.
After exclusions due to withdrawals (one after the first and two after the third survey), 57
participants completed all four monthly surveys, with 24 pairs of close adults also
participating in the EEG study. The remaining 9 did not participate in the EEG due to the

unavailability of a close person to accompany them.
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For the survey data analysis, the 57 participants included 39 women. Age ranged from
55 to 87 years (mean = 68.51, SD = 8.15). All participants identified as white, and 54 were
right-handed or ambidextrous. 73.68% had a romantic partner and of those 85.71% lived with
their romantic partner. The EEG analysis included 48 participants: 34 women, age ranged
from 56 to 87 years (mean = 68.94, SD = 8.37). All identified as white, and 45 were right-
handed or ambidextrous. 75% had a romantic partner and 91.67% lived with their romantic

partner. 16 pairs were romantic partners, 7 were friends, and 1 pair were siblings.

All participants gave informed consent on Qualtrics (https://www.qualtrics.com) prior

to testing. Participants were compensated with £5 vouchers per survey, with EEG participants
receiving an additional £50 cash. This study adhered to the Declaration of Helsinki (1964)
and was approved by the local ethics committee. A priori power analysis using G*Power
version 3.1.9.2 (Faul et al., 2007) indicated that a sample size of 41 was needed to detect a
medium effect of type of touch (hug, stroking, handshake) or experimental condition (close
individual, stranger, vicarious) (f = .25, as outlined by Cohen (2013)) with 0.90 power. The
power of paired t-tests to investigate significant effects arising from the ANOVA was also
computed; for two-tailed tests, with power of 0.90, 36 participants are required to detect a
medium effect (d=0.50, (Cohen, 2013)). Our sample of 48 participants is larger than other

EEG studies of touch (N=36, Peled-Avron et al. (2018); N=28, von Mohr et al. (2018a)).

Materials
Surveys. Participants completed four surveys in Qualtrics

(https://www.qualtrics.com), with variations in question content tailored to the study’s

objectives and timing (see Figure 5.1). Relationship status, 12 months touch, and past few
days touch were included in all surveys to consistently track touch behaviour. The first
survey uniquely included 6 months touch to capture mid-term touch behaviour, while the

Perceived Relationship Quality Components (PRQC) Inventory was included in the first three
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surveys to assess changes in relationship quality over time. Survey four introduced
sociodemographic characteristics, the Social Touch Questionnaire (STQ), Touch Deprivation
Scale (TDS), touch history related questions, and the Revised Adult Attachment Scale
(RAAS) to provide a more comprehensive understanding of participants’ touch experiences
and attachment styles in broader psychosocial contexts. This ensured the collection of both
consistent longitudinal data and new information without overburdening participants.

Figure 5.1. Overview of questions asked across four surveys

Survey 4
Survey 3
Survey 2 v' Relationship status
v 12 month touch
v’ Past few days touch
Surv ey 1 | ] v Sociodemographic
characteristics
- S v Social Touch
) . Questionnaire (STQ)
v Relationship status v Touch Deprivation
v' Relationship quality Scale (TDS)
v Relationship status v’ 12 month touch v Revised Adult
v Relationship status v Relationship quality v Past few days touch Attachment Scale
v' Relationship quality ¥ 12 month touch (RAAS)
v 6 month touch v' Past few days touch v' Touch history
v 12 month touch
v Past few days touch

Relationship status and quality. Participants were asked about their romantic
relationship status, including whether they have a romantic partner, if their relationship status
had changed in the last six months, and if they live with their romantic partner, with “yes” or
“no” response options. If participants indicated a change in relationship status, they were
asked to specify the change with options: “Started a new relationship”, “Ended a

relationship”, “Both ended a relationship and started a new relationship”, “Became

widowed”, or “Other” (with space to specify). These questions were asked in all four monthly
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surveys. Relationship status did not change over the course of the four surveys for any of the
participants.

For participants with a romantic partner, we measured global perceived relationship
quality using the Perceived Relationship Quality Components (PRQC) Inventory (Fletcher et
al., 2000). This was measures in the first three monthly surveys. The PRQC assesses Six
constructs: satisfaction, commitment, intimacy, trust, passion, and love. We used the
shortened version of the PRQC, featuring one item from each construct: “How satisfied are
you with your relationship?”, “How committed are you to your relationship?”, “How intimate
is your relationship?”, “How much do you trust your partner?”, “How passionate is your
relationship?”’, and “How much do you love your partner?”. Responses were recorded on a 7-
point Likert-type scale (1 = not at all to 7 = extremely). A total sum score was calculated
where higher scores indicating higher relationship quality. When aggregated, these six items
had good internal reliability (Cronbach’s alpha) across surveys; survey one = .78, survey two
= .81, and survey three = .77. A repeated-measures ANOVA showed no significant difference
in PRQC across three time points, F(2,44) = 0.648, p = 0.528, thus, an average PRQC score

was calculated using PRQC scores from 3 months.

Past few days touch.

Touch partner, type and frequency. In all four surveys, participants reported
the frequency of physical touch they experienced in the past few days (up to a week).
Participants with a romantic partner were asked, “In the past few days (up to a week ago),
how often have you engaged in hugging, Kissing, caressing, or other close physical contact
with a romantic partner?” All participants were asked, “In the past few days (up to a week
ago), how often have you engaged in hugging, holding, or other close physical contact with
another adult (other than a romantic partner)?”” Response options included “Several times an

hour”, “About once an hour”, “Many times a day”, “A few times a day”, “About once or
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twice a day”, “Less than once a day”, “Never”, “Don’t know”, and “Prefer not to say”. For
comparative analyses with 6 and 12 months touch, these responses were recoded numerically,
with “Never” assigned a value of 0 to “Several times an hour” assigned a value of 6.
Participants reporting any touch over the past few days with a romantic partner were asked to
specify the type of touch (“Hugging”, “Kissing”, “Caressing”, or “Other”) and its frequency
(“A little”, “A moderate amount”, “A lot”, or “A great deal”). Note. “Handholding” was
added as an option after the first month as a result of multiple participants specifying this as
“Other” touch shared. Participants reporting any touch over the past few days with non-
partners were asked to specify who touch was shared with (e.g., “Close friend”, “Family
member”, “Colleague”, “Neighbour”, or “Acquaintance”), the type of touch (“Hugging”,

“Holding”, or “Other”’) with each specified individual, and its frequency (“A little”, “A

moderate amount”, “A lot”, and “A great deal”).

To categorise participants based on their touch experiences, we created two
cumulative variables: one for touch with a romantic partner and one for touch with other
close adults over the four-month period. The scoring for touch frequency was as follows: “A
little” = 1, “A moderate amount” = 2, “A lot” = 3, and “A great deal” = 4. Scores were
summed across all four months to create a continuous variable for each context. To categorise
participants based on the total frequency of touch interactions, tertiles were calculated using
the distribution of touch frequencies across the entire sample. The “No partner touch”
category was specific to participants who did not report any touch with a romantic partner
across all four months. This categorisation was necessary because not all participants had a
romantic partner. One participant had a romantic partner but reported no touch with their
partner. For those who reported any partner touch, the remaining sample was divided into
three groups representing “Low”, “Moderate”, and “High” touch, based on the 33 and 66™

percentiles of the distribution. The same tertile-based grouping was applied to non-partner
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touch frequencies, although there was no “No Touch” group for non-partners. We also
calculated cumulative scores for each type of touch (hugging, kissing, caressing, and
handholding) by summing responses for each type of touch across the four months. For
handholding, data from three of the four monthly surveys were used. We chose not to
retrospectively add handholding to the first survey based on “other” reports due to the small

number of participants who mentioned it, which could introduce bias.

6 months touch. In the first survey, participants were asked about the frequency of
touch shared over the past 6 months. Participants with a romantic partner were asked, “In the
last 6 months, how often have you engaged in hugging, Kissing, caressing, or other close
physical contact with a romantic partner?” All participants were asked, “In the last 6 months,
how often have you engaged in hugging, holding, or other close physical contact with another
adult (other than a romantic partner)?” Response options were “Several times a week”,
“About once a week”, “About once a month”, “Several times within the last 6 months, but
less than once a month”, “About once or twice”, “Less than once”, “Never”, “Don’t know”,
and “Prefer not to say”. For analyses, these responses were recoded numerically, with
“Never” assigned a value of 0 to “Several times a week” assigned a value of 6.

12 months touch. In all four surveys, participants answered National Social Life,
Health, and Aging Project (NSHAP) touch frequency questions regarding the past 12 months.
These questions were included to assess the reliability of responses when asked monthly and
to compare them with contemporaneous reports from the past few days. Participants with
romantic partners were asked, “In the last 12 months, how often have you engaged in
hugging, kissing, caressing, or other close physical contact with a romantic partner?” All
participants were asked, “In the last 12 months, how often have you engaged in hugging,
holding, or other close physical contact with another adult (other than a romantic partner)?”’

Response options included: “Several times a week”, “About once every week”, “About once
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a month”, “Several times a year”, “About once or twice a year”, “Less than once a year”, and
“Never”. For analyses, these responses were recoded numerically, with “Never” assigned a
value of 0 to “Several times a week” assigned a value of 6. This was identical to the NSHAP
questions, response options, and numerical coding.

Touch pleasantness. In all four surveys, participants were asked to rate the
pleasantness of their indicated types of touch shared with the individuals they indicated
sharing these touches with on a 9-point Likert-type scale (1 = extremely unpleasant, 5 =
neutral, 9 = extremely pleasant). Specifically, they were asked:

1. “How pleasant do you find hugging your romantic partner to be?” (also applied to
kissing, caressing, and other specified touches with romantic partners).

2. “How pleasant do you find hugging your close friend(s) to be?”” (also applied to
holding and other specified touches with close friends).

3. “How pleasant do you find hugging your family member(s) to be?” (also applied to

holding and other specified touches with family members).

This same question format was used for touch interactions with colleagues, neighbours,
acquaintances. An average pleasantness rating was calculated for each type of touch, with

each individual, for every monthly survey across all participants.

Touch satisfaction. In all four surveys, participants with a romantic partner
were asked, “Are you satisfied with the amount of touch that you share with your romantic
partner?” Responses were recorded on a continuous scale from -1 (unsatisfied — not enough)
to 1 (unsatisfied — too much), with 0 indicating satisfaction. Participants who responded
“unsatisfied — not enough” were asked, “Which kind of touch do you want to share more of

with your romantic partner?” with options for “Hugging”, “Kissing”, “Caressing”, “Other”

(with a box to specify), and “Prefer not to say.” Participants who responded “unsatisfied — too
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much” were asked, “Which kind of touch do you wish to share less of with your romantic
partner?”” with the same response options.

All participants were then asked, “Are you satisfied with the amount of touch that you
share with other adults (not a romantic partner)?”” Responses were again recorded on a
continuous scale from -1 (unsatisfied — not enough) to 1 (unsatisfied — too much), with 0
indicating satisfaction. Participants who responded, “unsatisfied — not enough” were asked,
“Which kind of touch do you want to share more of with other adults (not a romantic
partner)?” with options for “Hugging,” “Holding,” “Other” (with a box to specify), and
“Prefer not to say”. Participants who responded “unsatisfied — too much” were asked, “Which
kind of touch do you wish to share less of with other adults (not a romantic partner)?” with

the same response options.

Sociodemographic Characteristics. Sociodemographic data were collected in the
final survey. Participants reported their age in years and their biological sex, with options
including “Male,” “Female,” or “Prefer not to say.” Ethnicity was categorised into several
options: “White,” “Mixed/multiple ethnic groups,” “Asian/Asian British or American,”
“Black/African/Caribbean/Black British or American,” “Arab,” “Please specify if you
identify with any other ethnic group,” and “Prefer not to say.”

Regarding educational attainment, participants were asked to select their highest qualification
from a list that included “PhD or equivalent doctoral level qualification,” “Masters or
equivalent higher degree level qualification,” “Postgraduate academic below-masters level
qualification (e.g., certificate or diploma),” “Bachelors or equivalent first degree
qualification,” “A-levels,” “As-levels,” “Post-secondary vocational training,” “GCSEs,”
“Completed primary school,” and “None of the above.” Handedness was also recorded, with

options for “Right-handed,” “Left-handed,” or “Ambidextrous.”
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Participants were additionally asked whether they were currently living with family
members other than a romantic partner, with “Yes” or “No” response options. Finally, they

reported their household composition - the number of individuals living in their household.

Social Touch Questionnaire (STQ). Social Touch Questionnaire (STQ) data was
collected in the final survey. The STQ, comprising of 20 questions, was developed by
Wilhelm et al. (2001) and serves as a self-report instrument designed to assess an individual’s
inclination and reaction towards situations involving interpersonal touch. By responding to
statements like “I consider myself to be a ‘touchy-feely’ person” or “As a child, I was often
cuddled by family members (e.g. parents, siblings),” participants provided insights into their
sensitivity to social touch. Participants were asked to “indicate how characteristic or true each
of the following statements is of you” on a 0-4 scale (0 = not at all, 1 = slightly, 2 =
moderately, 3 = very, 4 = extremely). Some items are reversed scored. Scores on this scale are
inversely related to the degree of preference for social touch; thus, lower scores indicate a
stronger affinity for social touch, while higher scores signify a heightened aversion to
engaging in, receiving, or observing social touch interactions. In this sample, internal
consistency (Cronbach’s a) of the 20 questions was .82.

Touch Deprivation Scale (TDS). Data on the Touch Deprivation Scale (TDS)
(Punyanunt-Carter et al., 2009) were collected during the final survey. This validated self-
report questionnaire consists of 14 items assessing the frequency of touch in participants’
lives and their desire for touch. Participants rated each item on a 5-point Likert scale from
“strongly disagree” to “strongly agree,” with higher scores indicating greater touch
deprivation. The items are grouped into three categories: ‘Absence of touch,” ‘Longing for
touch,” and ‘Use of sexual behaviour to be touched.” Mean scores for each subcategory were
calculated. Reliability analysis showed good internal consistency for the ‘Longing for touch’

(Cronbach’s o = .88) and acceptable consistency for the ‘Use of sexual behaviour to be



155

touched’ (Cronbach’s a = .50) subcategory, while the ‘Absence for touch’ subscale exhibited
poor reliability (Cronbach’s o = .03) and was therefore excluded from analysis.

Revised Adult Attachment Scale (RAAS). The Revised Adult Attachment Scale
(RAAS) data were collected in the final survey. The RAAS, developed by Collins (1996)
based on the Adult Attachment Scale (Collins & Read, 1990), assesses individual differences
in attachment style through 18 items divided into three subscales, each containing 6 items.
The Close subscale measures comfort with closeness and intimacy (e.g., I find it relatively
easy to get close to people”). The Depend subscale evaluates comfort in relying on others and
belief in their reliability (e.g., “I find that people are never there when you need them”).
Finally, the Anxiety subscale assesses worries about rejection and abandonment (e.g., “l am
uncomfortable when anyone gets too emotionally close to me”). Participants responded to
each item based on their general orientation toward close relationships, using a 5-point
Likert-type scale from 1 (Not at all characteristic) to 5 (Very characteristic). The Cronbach’s
alphas for the close, depend, and anxiety subscales were .61, .71, and .89, respectively.

Touch history. In the final survey, participants were asked additional questions
related to touch. First, they were asked, “I recognise in my personal history the presence of
negative/unpleasant experiences involving interpersonal touch,” with response options of
“Yes,” “No,” and “Prefer not to answer.” Second, participants were asked, “Do you live with
any condition (physical or mental) that may change the way you sense or perceive tactile
(neutral, pleasant, or painful) stimulation?”” with response options “Yes (please specify in the
text box below” and “No.” No participants reported adverse experiences with touch or
conditions that alter their perception of tactile stimulation.

Experimental tasks.

Figure 5.2. Experiment Task Sequence of Stroop Task Followed by Randomised Touch

Interactions
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Note. Participants first completed the Stroop task, followed by three touch experimental

conditions (close individual, stranger, vicarious) in randomised order. The order of touches

(stroking, hugging, handshakes) in each touch experimental condition was also randomised.

Stroop task. A PsychoPy (Home — PsychoPy®) task was constructed to induce

mental stress using the Stroop task paradigm (Stroop, 1992), adapted from the version

developed by Yanagisawa et al. (2010). This interactive rendition of the classic Stroop task

was designed to display two words, one in each of two rows on a computer screen.

Participants were given the task of determining if the colour of the letters in the upper row

matched the colour name printed in the lower row (see Figure 5.3). They indicated their

response using the “yes” or “no” keys, designated as keys 1 and 2 on the top row on the

keyboard, using their right hand (Yanagisawa et al., 2010). The “yes” key was positioned on

the left and the “no” key on the right. Two-hundred trials were presented in random order,

with each trial classified as either congruent, incongruent, or neutral (see Figure 3). The

stimulus remained visible until a response was given or for a maximum of 2 seconds. In the

congruent condition, the colour name was printed in a colour that corresponded to its

semantic meaning, whereas in the incongruent condition, the colour name was printed in a

colour that did not match its meaning. In the neutral trials, the upper row displayed sequences
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of Xs (XXXX) in colours red, green, blue, or yellow, while the lower row contained
congruent colour words (‘RED’, ‘GREEN’, ‘BLUE’, and ‘YELLOW”).

To ensure sequential visual attention, the upper row appeared 100ms before the lower
row (Schroeter et al., 2002). Equal probabilities of 50% were assigned to both “yes” and “no”
responses. Immediate feedback was provided for correct or incorrect responses, displayed for
one second. After practice, participants received information regarding the percentage of
correct responses and the statement “84% of people were faster than you” in order to enhance
the stressful nature of the task. The main Stroop task comprised 200 trials, each accompanied
by feedback messages and a final feedback detailing the percentage of correct responses and
the average reaction time. Correct answers triggered a screen displaying the message
“Correct!” against a white background. Incorrect answers resulted in the message “Wrong!”
accompanied by an angry face image from Tottenham et al. (2009) (refer to Chapter 4 Figure
4.3) beneath the text. Failure to respond within the 2-second window was met with the
message “Too slow!” alongside the same angry face image. Messages and angry faces were
chosen to enhance the stressful nature of the task. Prior to the main experiment, a practice
session of seven trials was administered to ascertain correct response rates and reaction times
for both the practice and experimental sessions. Following the Stroop task, participants

watched 90 seconds of moving clouds.

Figure 5.3. Instances of Single Stroop Task Trials are Shown for the Neutral, Congruent, and

Incongruent Conditions

Stroop test

Neutral (60 trials) Congruent (70 trials) Incongruent (70 trials)
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Touch interactions. Each participant experienced three types of touch (stroking,
hugging, and handshakes) across three experimental conditions: once with a close individual,
once with a stranger, and once by watching vicarious videos. Both the order of the
experimental conditions and the order of the touch types within each condition were
randomised for each participant.

Close individual and stranger interactions. Each type of touch was performed
three times. Participants completed three 10-second sessions of CT-optimal forearm stroking,
three 10-second criss-cross style hugs (where arms crossed over the partner’s shoulder and
waist), and three 3-second handshakes (refer to Figure 5.4). During each interaction,
participants were instructed to keep their eyes open and refrain from speaking. Before data
collection, participants practiced each touch with their close individual, and with the stranger,
until they felt comfortable with how to perform the interaction.

CT-optimal stroking was performed on the participant’s forearm (palm faced down)
with the index and middle fingers at a speed of 3 cm/s over a 10 cm range. This speed and
region were selected based on previous research, which shows that slow touch on this area
activates CT fibres (Kirsch et al., 2018; Pawling et al., 2017; von Mobhr et al., 2018a). This
was always on the participants right arm, which they positioned comfortably palm side down
on a pillow (refer to Figure 5.4). The criss-cross hug was chosen for its egalitarian nature and
common use, with a 10-second duration based on its reported pleasantness (Dueren et al.,
2021). Handshakes were set at 3 seconds to maintain a natural feel, as informed by earlier

studies (Feldhutter et al., 1990; Nagy et al., 2020).
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For interactions with strangers, two female experimenters were typically present to
ensure smooth execution of the touch protocols. Both experimenters were trained in the
specific touches required for the study. One experimenter performed the interactions, while
the second experimenter managed the technical aspects. This included pressing trigger
buttons to synchronise the touch interaction with the EEG recording, keeping time for each
interaction, and calling out the “start” and “stop” cues to signal the beginning and end of each
touch. On occasions where only one experimenter was available, a mobile trigger button was
used to send signals marking the start and finish of each interaction, while a timer placed

behind the participants ensured accurate timing.

After each set of three repetitions of an interaction, participants were asked to rate its
pleasantness on a 9-point Likert scale (1 = extremely unpleasant, 5 = neutral, 9 = extremely

pleasant).

Figure 5.4. CT-Optimal Stroking, Hugging, and Handshakes With a Stranger

Stroking Hugging Handshake

Vicarious videos. Three vicarious touch videos were created for the purpose of this
experiment and were presented to participants in Psychopy (version 2021.2.2). Each video

portrayed a different form of touch: CT-optimal stroking, hugging, and a handshake, with
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each video lasting 10 seconds (see Figure 5.5). To minimise bias related to physical
attributes, the actors’ heads were kept out of frame, and they wore loose-fitting clothing to
minimise sex differences, aiming to present the actors as gender-neutral as possible. All
videos were filmed against a plain grey background, and no audio was included.

In the stroking video, one actor’s right forearm rested on a table while another actor
stroked the forearm using their index and middle fingers at a speed of 3 cm/s over a 10 cm
range. The hugging video showed two actors approaching each other from opposite sides and
embracing in a criss-cross arm pattern hug for 10 seconds. In the handshake video, two actors
approached from opposite sides and performed a handshake with their right hands for 3

seconds, followed by conversational hand movements for the last 5 seconds.

Similar to touch interactions, each video was presented three times to participants,
with 3-second intervals between repetitions. During these intervals, a black fixation cross was
displayed on a white background. Before the onset of the first of three videos, participants
were shown a brief instruction on a white screen stating: “You will now watch a video of
people hugging/shaking hands/stroking another person’s forearm”. After viewing each set of
three repetitions, participants were asked to rate the pleasantness of the video on a 9-point

Likert scale (1 = extremely unpleasant, 5 = neutral, 9 = extremely pleasant).

Figure 5.5. Vicarious Hug Video Stimuli at 3 Seconds (Left) and 6 Seconds (Right)

Stroking
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Hugging

Handshake

Apparatus

Electroencephalogram (EEG) was recorded during each experimental condition (with
a close individual, a stranger, and during vicarious video viewing) using 64 scalp electrodes
mounted on an EasyCap (Easycap, Herrsching, Germany). The electrodes were referenced
online to the left earlobe, and offline re-referenced to the average of all scalp electrodes. An
additional electrode was placed on the right earlobe. EEG signals were amplified using a
NeuroScan SynAmps2 amplifier, with a band-pass filter set between 0.05 and 100 Hz and
digitised at a sampling rate of 1000 Hz. Electrode impedance was maintained below 30 kQ

throughout the recordings.

To monitor heart rate (HR) and heart rate variability (HRV), two additional bipolar
electrodes were placed on the right clavicle and left hip to record the electrocardiogram

(ECG) from participants, with the same filter settings as the EEG.

Procedure
Survey data collection occurred over four months, with participants completing
monthly Qualtrics surveys. For the 48 participants involved in the laboratory experiment, the

fourth survey was conducted in the laboratory, alongside physiological measurements during
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touch interactions. Participants not involved in the laboratory study completed the fourth

survey remotely.

In the laboratory, participants arrived in pairs but completed the experiment
sequentially. After providing informed consent and completing the final survey, EEG and
ECG electrodes were attached to the first participant, who then completed the Stroop task.
Meanwhile, electrodes were prepared for the second participant. Once the Stroop task was
completed, the first participant moved on to the recording of 2.5 minutes of sitting rest and
then 2.5 minutes of standing rest with eyes open to serve as within-participant baselines for
comparisons against EEG obtained from touch conditions. After this the participants

completed the touch interaction tasks.

The touch interactions involved three types of touch (stroking, hugging, and
handshakes) across three experimental conditions (close individual, stranger, and vicarious
video touch). The order of experimental conditions and touch types was randomised for each
participant, with each type of touch repeated three times. Participants practiced each touch
interaction with their close individual and the stranger before the actual trials. After each set

of touches, participants rated the pleasantness of the experience.

Once the first participant had completed all tasks, the second participant began the
sequence of tasks with the Stroop, followed by a randomised order of experimental

conditions and touch type order within each condition.

Data analyses
Survey data. Survey data were cleaned and analysed in R (V4.1.1; R Core Team,
2021). Descriptive statistics summarised participant demographics and the frequency of

physical touch interactions with romantic partners and non-partners across the four-month
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survey period (see Table 5.1). Continuous variables were reported as means and standard
deviations, while categorical variables were presented as percentages.

To explore relationships between psychological and sociodemographic variables and
touch frequency, Pearson correlation coefficients were calculated for both partner touch and
non-partner touch, after testing for normality. The Benjamini-Hochberg correction was
applied to adjust for multiple comparisons, with significance set at p <.05. This analysis
aimed to understand how factors such as attachment styles (RAAS subscales) and touch

deprivation (Touch Deprivation Scale subscales) relate to touch frequency.

Descriptive statistics (means and standard deviations) also provided an overview of
the frequency and pleasantness of various types of reported touch, at each of four time points
(see Table 5.2) and participants’ satisfaction with touch quantity (see Table 5.3). To assess
the reliability of self-reported touch frequency, means and standard deviations were
computed for touch interactions over three retrospective periods: the past 12 months, the past
6 months, and the past few days (see Table 5.4). Pearson correlation coefficients, corrected
using the Benjamini-Hochberg method, were used to evaluate the consistency of touch
reports across these periods, with separate analyses for touch with romantic partners and non-

partners.

Behavioural data.

Stroop task. The analysis of Stroop task performance focused on two key metrics:
accuracy (percentage of correct responses) and reaction time (RT). These metrics were
analysed in relation to participants’ reported frequency of touch with romantic partners and
other individuals over the past four months. Group comparisons were conducted for each
touch frequency category using mean and standard deviations for Stroop accuracy and

reaction time (see Table 5.5). To assess the relationship between touch frequency and Stroop
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task performance, Benjamini-Hochberg adjusted correlation analyses were conducted
between touch frequency and both Stroop task accuracy and mean RT.

A one-way ANOVA was used to check for baseline differences in sitting resting heart
rate (HR) and heart rate variability (HRV) between groups of touch frequency of touch
between romantic partners and non-partners over the four-month period. After this, paired t-
tests were used to compare HR and HRV during rest (sitting) and the Stroop task across
different touch frequency groups for both romantic partners and non-partners to assess
whether there were any significant differences in HR and HRV during a stressful task based
on the amount of touch reported over the last four months. This analysis was completely

separately for each group.

Experimental touch pleasantness. Descriptive statistics (means and standard
deviations) were presented for pleasantness ratings across the touch type conditions (stroking,
hugging, handshakes) in each experimental condition (close individual, stranger, vicarious)
(see Table 5.6). A 3 (touch type) x 3 (experimental condition) repeated measures ANOVA
was then conducted to assess significant differences in touch pleasantness ratings, followed
by Bonferroni-corrected post hoc comparisons to explore specific differences between touch

types and experimental conditions (see Appendix Table C.2).

EEG and ECG data.

Pre-processing. EEG and ECG data were pre-processed using BrainVision Analyzer
2.0. A band-pass filter between 0.05 and 40 Hz was applied to reduce noise, with channels
with artefacts corrected via spline interpolation and ocular artefacts removed using the
Gratton and Coles method (1983). The data were then re-referenced to the average of all
scalp electrodes. For each of the three 10-second iterations of each touch type (stroking,
hugging, handshakes), in each experimental condition (close individual, stranger, vicarious),

8-second segments were created for stroking and hugging, starting 1 second after the onset of
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each touch iteration and ending 9 seconds after onset (removing EEG activity from the first
and last second of the touch event). For handshakes, in which physical contact lasted three

seconds only, 2-second segments were created, starting 0.5 seconds after touch event onset
and ending 2.5 seconds after touch event onset. Finally, each of the 8-second segments was
further divided into 2-second segments, as were sitting and standing resting EEG data, and

ECG data.

A Fast Fourier Transform (FFT) analysis was applied on the EEG data using
BranVision Analyzer 2.0 to extract spectral power across three frequency bands of interest:
theta (4-8 Hz), alpha (8-13 Hz), and beta (13-30 Hz). The spectral power was averaged across
all available 2-second segments for each touch type within each experimental condition. The
averaged data were then exported to SPSS version 28 for statistical analysis. Average spectral
power for each frequency band was calculated for electrode clusters across six scalp regions:
prefrontal (Fpz, Fpl, Fp2), frontal (Fz, F1, F2, F3, F4, F5, F6, F7, F8), central (Cz, C1, C2,
C3, C4), parietal (Pz, P1, P2, P3, P4), temporal (FT7, T7, Tp7, FT8, T8, Tp8), and occipital
(Oz, 01, 02) (see Figure 5.6), for a similar approach to von Mohr et al. (2018a). To

normalise the data, log transformation was applied.

Significant differences were observed between sitting and standing postures during
the resting EEG (see Appendix Table C.1), and therefore, spectral power was not averaged
across these conditions. Instead, the resting condition was matched to the majority of
conditions in which participants were sitting or standing whilst recordings were made for
each comparison. All comparisons for stroking between different experimental conditions
(close individuals, strangers, vicarious) used the sitting rest as a baseline because participants
were sitting for stroking in all experimental conditions. In contrast, all comparisons for
hugging and handshakes between different experimental conditions used the standing rest as

a baseline because participants were standing for hugging and handshakes with close
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individuals and strangers (but not for watching vicarious videos). For touch type analyses, all
comparisons within the close individual experimental condition and the stranger experimental
condition, between different touch types, used the standing rest as the baseline because
participants were standing for hugging and handshakes with close individuals and strangers
(but not for stroking). However, all comparisons within the vicarious experimental condition
between different touch types used the sitting rest as the baseline because participants were

sitting for all vicarious videos.

For ECG data, R peaks were detected using the pulse artefact correction tool of
BrainVision Analyzer 2.0, and time information was extracted. R-peak data for each touch
type in each experimental condition, the Stroop task, and the resting conditions were exported
to Excel for preparation and then analysed in SPSS version 28.0. In Excel, heart rate (HR, in
beats per minute) for each touch type and experimental condition, was calculated from the
interval between R peaks in milliseconds, and heart rate variability (HRV) was calculated as
the standard deviation of the normal to normal sinus mode initiated R-R intervals (SDNN) in

milliseconds. To normalise the data, log transformation was applied to HRV.
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Figure 5.6. Electrode Layout Highlighting Clusters for Six Scalp Regions
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Note. The electrode layout corresponds to the 64-channel EasyCap configuration used in the
study. Highlighted clusters indicate the six scalp regions from which average spectral power
was calculated: prefrontal (blue), frontal (orange), central (yellow), parietal (green), temporal
(purple), and occipital (pink). These clusters were used for analysis of theta (4-8 Hz), alpha

(8-13 Hz), and beta (13-30 Hz) frequency bands.

Analyses. For ECG statistical analyses, descriptive statistics for HR and HRV were
calculated for each touch type within each experimental condition. Descriptive statistics
(means and standard deviations) of HR and HRV were presented for each touch type with
each experimental condition, during the Stroop task and during sitting and standing resting
conditions (see Table 5.9). Repeated measures ANOVAs were used to assess the main effects
of experimental condition (close individual, stranger, vicarious) on HR and HRV for each
touch type (stroking, hugging, handshakes), with comparisons made to baseline (rest

conditions) measurements as well. Greenhouse-Geisser corrections were applied where
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violations of sphericity were detected. Where significant main effects were found, we
conducted post hoc pairwise comparisons using Bonferroni correction to control for Type 1
error. These comparisons were used to further explore differences between specific
conditions (e.g., comparing HR and HRV during stroking by a close individual vs. a stranger)
(see Tables 5.10, 5.11, 5.12, and 5.13). Partial eta squared (np?) was used to estimate the
effect size of significant main effects, with values based on conventional standards (small =
.01, medium = .06, large = .14).

For EEG statistical analyses, descriptive statistics (see Table 5.14) were followed by
repeated-measures ANOVAS, which were conducted separately for experimental condition
and touch type. For the experimental condition analysis, each touch type (stroking, hugging,
handshakes) was analysed for each experimental condition (close individual, stranger,
vicarious) and scalp region (pre-frontal, frontal, central, parietal, temporal, and occipital),
with comparisons made to baseline (rest) measurements as well. This analysis was performed
on log-transformed values for theta, alpha, and beta frequencies. For the touch type analysis,
each experimental condition was analysed separately, comparing stroking, hugging,
handshakes across scalp regions. Where significant main effects were found, Bonferroni-
corrected post hoc pairwise comparisons were used to further explore differences between
specific (see Tables 5.15, 5.16, 5.17, 5.18, 5.19, and 5.20). Effect sizes are reported as partial
eta-squared (np?), with thresholds for small (.01), medium (.06), and large (.14) effects
(Cohen, 2013). Greenhouse-Geisser corrections were applied where assumptions of

sphericity were violated.

The functional role of different EEG frequency bands is still debated, partly due to the
variety of contexts in which EEG is recorded (Knyazev et al., 2006). However, there is
growing consensus that each frequency band reflects distinct brain functions. Therefore, our

EEG results are presented by frequency band. For instance, low-frequency bands like theta
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may relate to motivational and emotional activity, while higher frequency bands, such as
alpha and beta, are more associated with inhibitory processes (Klimesch, 2012; Klimesch et

al., 2007; Knyazev, 2007).

Results

Survey results

Participant characteristics. Table 5.1 provides a summary of participant
characteristics and their reported touch frequency with both romantic partners and non-
partners over four months. Several trends were observed. A negative correlation was found
between increasing age and both romantic partner and non-partner touch frequency over four
months. Participants with romantic partners report more touch with non-partners than
participants without romantic partners. Participants with higher relationship quality (PRQC)
report more touch with both romantic partners and non-partners. Participants who report a
stronger affinity for social touch (STQ) and participants who feel more comfortable with
closeness and relying on others (RAAS close and depend subscales) also report more touch
with non-partners than participants with less affinity and comfort with closeness and relying
on others. Lastly, those who report less touch with romantic partners also report more longing
for touch (TDS subscale) and greater anxiety about rejection (RAAS anxiety subscale).

Benjamini-Hochberg corrected Correlation analyses examined the relationship
between touch frequency and the sociodemographic and psychological variables reported in
Table 5.1. Partner touch frequency was positively correlated with household composition (r =
.54, p <.001), indicating that compared to those living alone, those living with other people
naturally share more touch with romantic partners. A strong positive correlation was also
found with relationship quality (r = .80, p <.001), suggesting higher relationship quality with
more partner touch. Regarding touch frequency with non-partners, there was a negative

correlation with total Social Touch Questionnaire (STQ) score, indicating that individuals
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who have a greater affinity for social touch share more touch with non-partners (lower scores

indicate a greater affinity with social touch) (r = -.49, p =.001). Also, we found a positive

correlation with the adult attachment closeness subscale of the RAAS (r = .38, p =.022),

suggesting that individuals who have a stronger comfort with closeness and intimacy touch

non-partners more. Other sociodemographic and psychological variables did not show

significant correlations with frequency of touch with non-partners.

Table 5.1. Demographic Characteristics of the Sample by Reported Touch Frequency with

Romantic Partners and Other Non-Partners

Romantic Partners

Non-Partners

No Low Moderate High Low Moderate High
Touch  Touch  Touch Touch | Touch  Touch Touch
(N=16) (N=14) (N=13) (N=14) | (N=24) (N=15) (N=18)
Age 69.40 69.10 69.20 66.30 |69.40  68.30 67.60
(mean(SD)) (5.11) (9.40) (8.34) (9.83) |(8.30) (6.27) (9.56)
Women (%) 75 7140  76.90 50 62.50 73.30 72.20
Highest
Quialification
(%)
GCSEs or 31.20 25 12.50 31.20 |43.80 18.80 37.50
below
AS/A level or 2350 17.60  35.30 2350 |41.20 29.40 29.40
vocational
training
Bachelor’s 26.10 3040 2170 21.70 | 4350 26.10 30.40
degree or higher
Romantic 6.25 100 100 100 6250  73.30 88.90
Partner (%)P
Living with 6.25 78.60  92.30 85.70 |62.50 66.70 61.10

Partner (%)°
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Household

Composition

(%0)

Lives alone 7220 1670  5.56 5.56 4440  27.80 27.80
Lives withone  7.14 3210 25 35.70 |46.40 21.40 32.10
other person

Liveswithtwo 11.10 11.10  44.40 33.30 [22.20 4440 33.30
Or more persons

Total Social 29.80 27.90 29.30 29.00 [32.20 29.90 24.10
Touch (10.50) (11.10) (11.50) (11.90) | (9.49) (10.60) (11.90)
Questionnaire

(mean (SD))¢

Longing for 2.69 2.04 1.63(.71) 1.99 2.16 197 (.83) 2.18
Touch (mean (1.12) (1.05) (1.17) | (1.08) (1.29)
(SD))®

Sex for Touch  2.56 2.68 2.92 (.61) 2.86 2.75 2.73(.94) 275
(mean (SD))f (1.14)  (.75) (1.22) | (1.06) (.88)
RAAS Close 3.49 3.77 4.06 (.67) 3.74 3.51 3.91(.62) 3.94
Subscale (.70) (.68) (.55) (.62) (.70)
(mean (SD))¢

RAAS Depend 2.96 3.26 3.76 (.67) 3.36 3.09 3.40 (.76) 3.54
Subscale (.82) (.84) (.66) (.84) (.70)
(mean (SD))"

RAAS Anxious 2.59 2.27 1.65(.97) 1.94 2.16 2.18(.93) 2.08
Subscale (1.20)  (.93) (.74) (.99) (1.19)
(mean (SD))!

Average 1.21 3150 36(3.43) 3860 |2220 2470 31.50
PRQC (mean  (4.83) (6.89) (4.15) | (18.10) (17.0) (12.30)

(SD))

Note. Participants who reported no touch with a romantic partner over the four months were

categorised as ‘no partner touch,’ the majority of whom were single. Those with any partner

or non-partner touch were divided into tertiles: ‘low,’ representing the lowest 33.3% of the
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data; ‘moderate,” comprising the middle 33.3%; and ‘high,” encompassing the highest 33.3%.
However, the distributions for partner and non-partner touch differ, so these categories cannot

be directly compared.

4 Percentage of women relative to men.

b percentage of participants with a romantic partner versus those without.

¢Percentage of participants living with their romantic partner versus those who are not.

4 Mean (SD) of the total Social Touch Questionnaire, where lower scores indicate a stronger

affinity for social touch.

&TMean (SD) scores for absence of touch, longing for touch, and sex for touch. Higher scores
reflect greater feelings of touch absence, longing, and sex for touch, respectively. Items are

rated on a 5-point Likert scale.

9. NI participants rated their general orientation toward close relationships on a 5-point Likert
scale (1 = Not at all characteristic to 5 = Very characteristic). Higher scores in the Close
subscale (h) reflect greater comfort with closeness and intimacy; the Depend subscale (i)
reflects greater comfort in relying on others; and the Anxious subscale (j) reflects greater

worry about rejection.

I Average score of three months of PQRC, recorded on a 7-point Likert scale (1 = Not at all to

7 = Extremely), with higher scores indicating better relationship quality.

Monthly touch frequency and pleasantness reports. Each month, participants
reported the types of touch they shared over the past few days (up to a week), with whom
they shared them, and the frequency of each touch. Partner hugging was reported the most
frequently, while partner kissing and handholding were less common (refer to Table 5.2).

Partner caressing was the least frequent touch with partners, but all types of partner touches
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were rated similarly pleasant. Among non-romantic relationships, family hugging was the

most frequent, followed by friend hugging. Family touches were rated as more pleasant than

friend touches, although both were reported less frequently than partner touches. Colleague,

neighbour, and acquaintance touches were the least common and least pleasant compared to

touches with partners, family, and friends. Both the frequency and pleasantness of partner

touches remained more stable over time than those with others.

Table 5.2. Means and Standard Deviations (SD) of Frequency and Pleasantness of Touches

Shared with Different Individuals

Type of Touch and

Frequency Mean (SD)

Pleasantness Mean (SD)

Relationship
Time Time Time Time |Time Time Time Time
1 2 3 4 1 2 3 4
Partner hugging 164 155 160 174 |862 861 843 858
(98) (1.04) (94) (96) |(64) (.68) (.76) (.65)
Partner kissing 150 136 145 131 |819 838 808 825
((92) (.98) (1.04) (1.12)|(1.14) (.87) (1.23) (1.09)
Partner caressing 91 81 .86 .83 811 874 841 852
(1.14) (99) (1.16) (1.12)|(1.36) (.65) (.93) (.70)
Partner handholding 110 126 143 872 840 835
(1.03) (1.23) (1.17) (61) (.86) (.88)
Friend hugging .63 .63 .68 91 713 740 699 761
(.82) (.84) (.78) (.87) | (1.06) (.94) (1.44) (1.05)
Friend holding 14 14 .05 .05 728 743 9.00 9.00
(52) (64) (29) (40) |(1.22) (1.50) (.00) (.00)
Family hugging .88 .88 12 84 8.07 834 7.93 838
(97) (97) (.84) (1.08)|(1.09) (.78) (1.23) (1.00)
Family holding 32 25 14 .30 822 821 898 875
(.78) (69) (55) (.84) |(96) (1.27) (.05) (.70)
Colleague hugging .05 .07 .05 .07 6.30 7.67 6.95 7.57
(29) (32) (290 (32) |(1.18) (1.23) (1.20) (1.45)
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Colleague holding - .02 - - - 8.8 - -
(.13)

Neighbour hugging .07 .07 A1 11 6.42 562 6.70 7.64
(.26) (.26) (.31) (.36) |(L.00) (.74) (1.82) (1.14)

Neighbour holding - - - .02 - - - 2.9

(.13)

Acquaintance hugging .23 16 .07 14 6.39 563 692 7.06
(.63) (46) (26) (52) |(L.72) (1.73) (1.65) (1.58)

Acquaintance holding .07 .02 .04 .04 655 7.00 79 9.00
(.37) (13) (.27) (.27) |(1.29)

Note. In monthly surveys, participants reported types of touch shared over the past few day
(up to a week) and with whom. For each reported touch, they rated its frequency on a 5-point
scale (0 = None to 4 = A great deal), answering questions such as, “In the past few days (up
to a week ago), how much hugging have you shared with your romantic partner?” Average
frequencies and pleasantness ratings (on a 9-point scale: 1 = Extremely unpleasant to 9 =
Extremely pleasant, where 5 = Neutral) are presented for each touch type. All participants
were included in the calculations of averages, even if they reported no touch. Handholding
with a partner was added starting from Time 2. The number of responses per cell varies, with
a range of 1 to 37 responses (mean = 13.8, median = 7) for cells where there were more than

Zero responses.

Satisfaction with touch quantity. On average, participants felt unsatisfied with the
quantity of touch they shared with both romantic partners and other close adults and this
remained consistent over time (refer to Table 5.3). Specifically, they felt that they did not
share enough touch with these individuals. These feelings of non-satisfaction were much
stronger for touch with romantic partners compared to non-partners. Participants reported
wanting more of all types of touch with romantic partners (hugging, kissing, caressing, and

handholding) and other adults (hugging and holding).
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Table 5.3. Means and Standard Deviations of Partner and Non-Partner Quantity Satisfaction

Across Four Time Points

Time  Partner Touch Quantity Other Individual Touch Quantity
Point  Satisfaction Satisfaction

Timel -.29(.46) -.09 (.30)

Time 2 -.30(.47) 0.00 (.26)

Time 3 -.29 (.46) -.15 (.36)

Time 4 -.21(.49) -.03 (.31)

Note. Means (standard deviation) are reported. Responses were recorded on a continuous
scale from -1 (unsatisfied — not enough) to 1 (unsatisfied — too much), with 0 indicating

satisfaction.

Reliability of retrospective self-report touch frequency. Table 5.4 presents the
frequency of touch with romantic partners and non-partners across different timeframes: the
past 12 months, 6 months, and the past few days. For romantic partners, touch frequency
remains stable when participants report retrospectively over 6 or 12 months, ranging between
once and several times per week. However, when asked about the past few days, touch
frequency increases to once or twice a day, or even a few times daily. For non-partners, touch
was consistently reported at lower frequencies, typically between once a week and once a
month over the 6 and 12-month periods. However, when asked about the past few days,
participants reported more frequent touch, between less than once a day and once or twice
daily. This pattern indicates that while touch reports remain stable over longer periods,
shorter timeframes and finer response options reveal more frequent touch interactions with

both romantic partners and non-partners.
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Table 5.4. Descriptive Statistics of Partner and Non-Partner Touch Frequency Over the Last

12 Months, 6 Months, and Few Days, Across Surveys

Time Point Romantic Partner (Mean (SD)) Non-partner (Mean (SD))
Last 12 months @
Time 1 5.34 (1.46) 4.56 (1.36)
Time 2 5.52 (1.06) 458 (1.18)
Time 3 5.68 (.93) 4.67 (1.34)
Time 4 5.73 (.87) 4.60 (1.43)
Last 6 months®  5.62 (1.03) 4.25 (1.58)
Last few days °©
Time 1 2.57 (1.13) 1.33 (1.06)
Time 2 2.41 (1.09) 1.15 (.95)
Time 3 2.49 (1.14) 1.28 (.96)
Time 4 2.54 (1.05) 1.24 (1.07)
Note.

2 Response options for the past 12 months were from 0 = Never, 1 = Less than once a year, 2
= About once or twice a year, 3 = Several times a year, 4 = About once a month, 5 = About

once every week and 6 = Several times a week.

b Response options for the last 6 months, response options were and 0 = Never, 1 = Less than
once, 2 = About once or twice, 3 = Several times within the last 6 months, but less than once

a month, 4 = About once a month, 5 = About once a week and 6 = Several times a week.

¢ Response options for the past few days, response options were 0 = Never, 1 = Less than
once a day, 2 = About once or twice a day, 3 = A few times a day , 4 = Many times a day, 5 =

About once an hour, and 6 = Several times an hour.

Correlations and stability of touch reports over time. Benjamini-Hochberg corrected
Pearson correlation analyses assessed the stability of participants’ touch frequency reports

over time. For romantic partners, strong and significant positive correlations were found
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between Time 1 and subsequent time points (r = .86 to .92, p <.001); Time 2 and subsequent
time points (r =.82 t0 .92, p <.001); and Time 3 and 4 (r = .88, p <.001), indicating high
consistency in reports of partner touch frequency over the last 12 months. Short-term reports
(over the past few days) also showed significant correlations, though lower correlations were
found between Time 1 and subsequent time points (r =.53 to .74, p <.001); Time 2 and
subsequent time points (r =.60 to .79, p <.001); and Time 3 and 4 (r = .69, p <.001),
reflecting less stability compared to longer-term reports.

For non-partners, correlations of the touch frequency over the last 12 months were
significant but lower than those for romantic partner touch between Time 1 and subsequent
time points (r = .69 to .83, p <.001); Time 2 and subsequent time points (r =.74 t0 .83, p <
.001); and Time 3 and 4 (r = .72, p < .001), suggesting more variability in non-partner touch
reports. Short-term correlations for non-partner touch between Time 1 and subsequent time
points (r = .60 to .63, p <.001); Time 2 and subsequent time points (r = .55 to .63, p < .001);
and Time 3 and 4 (r = .53, p <.001), showed greater variability compared to long-term
reports. Overall, long-term reports were more stable than short-term ones, and romantic
partner touch reports were more stable over the long term compared to non-partners, while

both types of reports were relatively variable in the short term.
Behavioural Data

Stroop Task Performance.

Accuracy and Reaction Time Based on Four Month Touch Frequency. Table 5.5
presents the results of the Stroop task, comparing participants’ accuracy and reaction times
(RT) based on their reported frequency of touch with romantic partners and non-partners.
Benjamini-Hochberg adjusted correlation analysis revealed no correlation between romantic
partner touch frequency over the last 4 months and Stroop correct answers (r = .04, p =.769)

or mean Stroop RT (r =-.08, p =.769). The correlations between other individual touch
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frequency over the last 4 months were also non-significant with Stroop correct answers (r = -
.23, p =.217) and mean Stroop RT (r =.18, p =.234). This suggests that touch frequency
with romantic partners and other individuals did not affect Stroop task performance.

Table 5.5. Stroop Task Accuracy and Reaction Time by Frequency of Touch with Romantic

Partners and Non-Partners

Romantic Partner Non-partners

No Low Moderate High Low Moderate High

Touch  Touch Touch Touch | Touch  Touch Touch

(N=16) (N=14) (N=13)  (N=14) | (N=24) (N=15)  (N=18)
Stroop Correct 8430 86.10 85.90 85.20 |[86.80 91.50 79.10
Answers (%)’ (10.40) (17.40) (14.30) (8.53) | (12.00) (7.10) (14.60)
Mean Stroop RT 1.13 1.05 1.13(.20) 1.10 1.08 1.08 (.23) 1.15
(mean (SD))™ (.21) (.25) (.20) (.24) (.16)

Note. Participants reporting no partner touch over four months were categorised as ‘NO

Touch’ (mostly without a romantic partner). Those with non-zero scores were divided into
tertiles, creating ‘Low’, ‘Moderate’, and ‘High’ touch groups for both partner and other adult
touch. We also examined whether the number of correctly answered congruent and
incongruent trials and mean RTs for congruent and incongruent trials, were correlated with
the frequency of touch with romantic partners and non-partners. We found no statistically

significant correlations.
'Percentage of correct Stroop answers out of 198 trials.

™ Mean and standard deviations of reaction time of Stroop trial response measures in seconds

out of a possible 2 seconds.

HR and HRV during the Stroop task. A one-way ANOVA was performed to check
for differences in sitting resting heart rate (HR) and heart rate variability (HRV) between

romantic partner and non-partner touch frequency over four months groups. There were no
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statistically significant differences between partner touch groups for resting HR, F(3, 43) =
1.52, p =.223, or HRV F(3, 43) = 1.10, p = .358. Similarly, no significant differences were
found between non-partner touch groups for HR, F(2, 44) = .41, p = .666, and HRV F(2, 44)
= .65, p = .528. Paired t-tests were then used to compare HR and HRV during rest (sitting)
and the Stroop task across different touch frequency groups for both with romantic partners

and non-partners. The analyses were completely separately for each group.

For romantic partners, there were significant differences in HR between rest and
Stroop task performance across all touch groups. Specifically, participants who reported no
partner touch in the last four months showed a significant increase in HR during the Stroop
task compared to rest, t(11) = 3.71, p = .003, with a mean difference of 4.96 beats per minute
(bpm) (95% CI: 2.01 to 7.90). Similarly, significant HR differences were found in the Low
Touch group, t(10) = 4.95, p <.001, mean difference = 10.36 bmp (95% CI: 5.70 to 15.02),
the Moderate Touch group, t(9) = 5.13, p <.001, mean difference = 5.03 bpm (95% CI: 2.81
to 7.24), and the High Touch group, t(10) = 3.04, p = .012, mean difference = 8.78 bpm (95%
Cl: 2.35t0 15.21). HRV did not significantly differ between rest and Stroop task performance
across No Touch (t(11) = -0.54, p = .603), Low Touch (t(10) = 0.08, p = .936), Moderate
Touch (t(9) = -0.43, p = .675), and High Touch (t(10) = 0.04, p = .971) groups with romantic

partners.

For non-partners, similar significant increases in HR during the Stroop task were
observed across the different touch groups. Participants in the Low Touch group showed a
significant increase in HR, t(17) = 4.87, p < .001, with a mean difference of 6.49 bpm (95%
Cl: 3.68 t0 9.31). The Moderate Touch group also showed significant HR increases, t(10) =
2.99, p = .014, with a mean difference of 6.68 bpm (95% CI: 1.70 to 11.67), as did the High
Touch group, t(14) = 4.36, p <.001, with a mean difference of 8.66 bpm (95% CI: 4.40 to

12.92). HRV did not significantly differ between rest and Stroop task performance across
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Low Touch (t(17) =-0.46, p = .654), Moderate Touch (t(10) =-0.56, p = .588), and High

Touch (t(14) = 1.02, p = .325) groups with non-partners.

These results show a consistent increase in HR from rest to the Stroop task across all
touch groups, without evidence that higher touch frequency moderates the HR response
during a stressful task. This suggests that the influence of touch on stress may be state-
dependent, as increased touch over the past four months does not appear to improve
resilience during a stressful task. In contrast, no significant differences were found for HRV,
likely because HRYV reflects longer-term autonomic regulation and is less responsive to short-

term stress tasks compared to HR, which reacts more immediately to acute stress.

Experimental Touch Pleasantness. Table 5.6 presents pleasantness ratings for
stroking, hugging, and handshakes across experimental conditions. Hugging was rated as the
most pleasant touch across all experimental conditions, with close individual hugs rated the
highest overall, while handshakes were rated the least pleasant, especially vicarious
handshakes. A 3 (touch type) x 3 (experimental condition) ANOVA revealed significant
effects for both touch type, F(2, 92) = 26.59, p <.001, and experimental condition, F(2, 92) =
13.89, p <.001, as well as a significant interaction between them, F(4, 184) = 8.37, p < .001.
Post hoc comparisons (Appendix Table C.2) showed that close individual hugging was the
most pleasant, followed by close individual stroking and stranger hugging, while vicarious
touches were generally rated lower, with vicarious hugging rated highest among them.
Table 5.6. Pleasantness Ratings of CT-Optimal Stroking, Hugging, and Handshakes

Vicariously Watched, with Close Individuals, and with Strangers

Touch Close individual Stranger Vicarious
Type Pleasantness (Mean Pleasantness (Mean  Pleasantness (Mean
(SD)) (SD)) (SD))

Stroking 7.02 (1.52) 6.54 (1.47) 5.74 (1.73)
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8.17 (1.08) 6.96 (1.54) 7.26 (1.39)
6.27 (1.78) 6.48 (1.65) 5.51 (1.04)

Note. Participants rated pleasantness on a 9 point scale from 1 = not at all pleasantto 9 =

Hugging
Handshake

extremely pleasant, where 5 = neutral.

Heart Rate (HR) and Heart Rate Variability (HRV)

Descriptive Statistics. In Table 5.7 we present the heart rate (HR) and heart rate
variability (HRV) recorded from the experimental conditions (close individual, stranger,
vicarious) and touch type conditions (stroke, hugging, handshakes). We performed a paired t-
test to check if there is a significant difference in sitting and standing HR, and found that they
are significantly different, t(46) = -7.58, p < .001. The mean difference between the two
conditions was -6.41 (95% CI: -8.11, -4.71), indicating that standing HR was significantly
higher than sitting HR. However, HRV was not significant different between the two postures
,t(46) = 1.25, p = .219, with a mean difference of 0.11 (95% CI: -0.06, 0.28). Thus,
significant HR differences should be interpreted with caution when comparing conditions
with different postures, such as vicarious hugs and real hugs.

Table 5.7. HR and HRV Means (Standard Deviation) for Each Touch Type in Each

Experimental Condition, the Stroop Task, and Rest Conditions

Experiment condition HR (bpm) HRV
Stroke 61.86 (8.70) 3.33(0.86)
Close Individual Hugging 68.90 (10.12) 3.82 (0.97)
Handshake 72 .71 (13.58) 3.46 (1.46)
Stroke 62.13 (9.02) 3.37 (0.83)
Stranger Hugging 69.54 (9.59) 3.58 (0.71)
Handshake 73.34 (11.74) 3.05 (1.30)
Stroke 61.76 (8.71) 3.06 (1.14)
Vicarious Hugging 62.63 (8.60) 3.09 (0.91)
Handshake 63.48 (8.20) 3.17 (1.30)
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Stroop 72.64 (8.77) 3.60 (0.80)
Sitting 64.12 (8.92) 3.53 (0.64)
Rest Standing 70.29 (10.96) 3.41(0.77)

Note. Mean (standard deviation) HR (bpm) and log-transformed HRV (SDNN) are reported.

More positive log-transformed HRV indicate higher HRV.

Experimental Condition HR and HRV Effects.

Stroking. Significant main effects on HR and HRV were found for stroking across
experimental conditions (close, stranger, vicarious, sitting rest): HR: F(3, 135) = 7.56, p <
.001, np? = .14, and HRV: F(2.39, 107.58) = 7.38, p < .001, ny? = .14. Post hoc pairwise
comparisons with Bonferroni correction (see Table 5.8) showed significantly lower HR
during stroking across all experimental conditions compared to rest. There were no
significant HR differences between experimental conditions for stroking. In contrast, HRV
was significantly lower during vicarious stroking than rest (see Table 5.9). There were no
other significant HRV differences between stroking and rest, or between experimental
conditions.

Hugging. Significant main effects for hugging in different experimental conditions
(close, stranger, vicarious, standing rest) were found in HR: F(3, 132) = 31.65, p < .001, np*=
42, and HRV: F(3, 132) = 12.54, p < .001, np? = .22. Post hoc pairwise comparisons with
Bonferroni correction indicated lower HR during vicarious hugging compared to rest and
compared to real hugs (see Table 5.8). No significant HR differences were found between
real hugs and rest or between close individual and stranger hugs. However, HRV was
significantly higher during close individual hugs compared to rest, whereas HRV was
significantly lower during vicarious hugs compared to rest and real hugs (see Table 5.9).
Posture-related HR differences may have contributed to the significantly lower HR during

vicarious hugs, where participants were seated.
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Handshakes. Significant main effects for handshakes in different experimental
conditions (close, stranger, vicarious, standing rest) were observed in HR: F(2.12, 93.37) =
18.33, p < .001, ny2 = .29, but not HRV: F(2.48, 106.68) = 2.49, p = .076, ny2= .06. Post hoc
pairwise comparisons of HR with Bonferroni correction revealed that HR was lower during
vicarious handshakes compared to both rest and real handshakes (see Table 5.8).
Additionally, HR was significantly higher during handshakes with strangers compared to rest.
No significant differences in HRV were observed (see Table 5.9). The lower HR during
vicarious handshakes compared to real ones may have been due to posture differences rather
than an effect on affect or arousal.

Table 5.8. Post Hoc Pairwise Comparisons with Bonferroni Correction on HR Between

Conditions (Close, Stranger, Vicarious, and Rest) for Stroking, Hugging, and Handshakes

Stroking Hugging Handshakes
Close vs. stranger -.24 (.47) -.20 (.74) -.42 (1.70)
Close vs. vicarious 14 (.49) 6.35 (.97)** 9.27 (1.97)**
Stranger vs. vicarious .38 (.53) 6.55 (.83)** 9.69 (1.37)**
Close vs. rest -2.21 (.56)** -.67 (.79) 2.54 (1.46)
Stranger vs. rest -1.97 (.65)* -47 (.82) 2.96 (.90)*
Vicarious vs. rest -2.35 (.66)** -7.01 (.85)** -6.73 (1.23)**

Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., close — stranger). *p < .05, **p < .01 corrected

values.

Table 5.9. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-Transformed
HRV Between Conditions (Close, Stranger, Vicarious, and Rest) for Stroking, Hugging, and

Handshakes

Stroking Hugging Handshakes

Close vs. stranger -.05 (.07) 17 (.14) .58 (.27)
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Close vs. vicarious .25 (.10) 72 (13)** .23 (.25)
Stranger vs. vicarious .30 (.11) 55 ((12)** -.35(.26)
Close vs. rest -.19 (.09) 40 (.14)* .10 (.20)
Stranger vs. rest -.15 (.09) .23 (.10) -.48 (.18)
Vicarious vs. rest -45 ((12)** =33 (.11)* -13(.19)

Note. Data are presented as mean difference (standard error) of the first mentioned condition

minus the second mentioned conditions (e.g., close — stranger). *p < .05, **p < .01 corrected

values.

Touch Type HR and HRV Effects.

Close. HR and HRV analyses revealed significant main effects for different touch

types (stroking, hugging, handshakes) with a close individual: HR: F(1.82, 80.05) = 24.19, p

<.001, np?=.36 and HRV: F(1.97, 86.78) = 3.15, p = .049, ny% = .07. Post hoc pairwise

comparisons with Bonferroni correction (see Table 5.10) revealed significantly lower HR

during stroking with a close individual compared to standing rest, and both hugging and

handshakes. Though this could have been influenced by posture differences, as sitting resting

HR was significantly lower than standing resting HR (see Table 5.7), and the resting

condition in these comparisons was standing HR, while participants were sitting during the

delivery of stroking. HRV was significantly higher during hugging a close individual than

during standing rest or stroking (see Table 5.11). No other significant differences in HR or

HRV were observed between touch types with close individuals or when compared to

standing rest.

Stranger. HR and HRV analyses revealed significant main effects for touch types

(stroking, hugging, handshakes) with a stranger: HR: F(2.39, 105.18) = 42.75, p < .001, np? =

49, and HRV: F(1.60, 70.38) = 4.75, p = .017, np? = .10. Post hoc pairwise comparisons with

Bonferroni correction (see Table 5.10) revealed significantly lower HR during stroking with a

stranger compared to standing rest, hugging, and handshakes. Although this also could have
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been influenced by posture differences, as sitting resting HR was significantly lower than
standing resting HR, and the resting condition in these comparisons was standing HR, while
participants were sitting during the delivery of stroking. In contrast, HR was significantly
higher during stranger handshakes compared to standing rest, as well as stroking and
hugging. No significant differences in HR were found between hugging and standing rest.
There were also no significant HRV differences between any touches with a stranger and
standing rest, although HRV was significantly higher during hugging compared to both
stroking and handshakes (see Table 5.11).

Vicarious. HR and HRV analyses revealed significant main effects for touch types
(stroking, hugging, handshakes): HR: F(2.08, 95.53) = 4.12, p = .018, np? = .08 and HRV:
F(1.81, 83.24) = 4.36, p = .019, np? = .09. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.10) revealed that HR was lower during vicarious stroking compared
to sitting rest, but there were no significant differences between vicarious touches, or between
hugging and handshakes and sitting rest. While HRV was significantly lower during both
vicarious stroking and hugging compared to sitting rest (see Table 5.11).

Table 5.10. Post Hoc Pairwise Comparisons with Bonferroni Correction on HR Between
Touch-Type Conditions (Stroking, Hugging, Handshakes, and Rest) for Touch Shared with

Close Individuals, Strangers, and Vicarious

Close individuals Strangers Vicarious
Stroke vs. hug -7.30 (.96)** -6.91 (.82)** -.85(.32)
Stroke vs. handshake -10.79 (1.75)** -10.46 (1.24)** -1.71 (.77)
Hug vs. handshake -3.50 (1.74) -3.55 (.93)* -.86 (.80)
Stroke vs. rest -8.41 (.92)** -7.40 (.96)** -2.25 (.65)**
Hug vs. rest -1.11 (.87) -.49 (.82) -1.40 (.57)

Handshake vs. rest 2.38 (1.45) 3.06 (.91)* -.54 (.87)
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Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., stroking - hugging). *p < .05, **p < .01

corrected values.

Table 5.11. Post Hoc Pairwise Comparisons with Bonferroni Correction on HRV Between
Touch-Type Conditions (Stroking, Hugging, Handshakes, and Rest) for Touch Shared with

Close Individuals, Strangers, and Vicarious

Close individuals Strangers Vicarious
Stroke vs. hug -46 (.14)** -.28 (.07)** -.03 (.10)
Stroke vs. handshake -.09 (.22) .29 (.20) -.11 (.20)
Hug vs. handshake .38 (.22) 57 (.20)* -.08 (.18)
Stroke vs. rest -.01 (.09) -.05 (.10) - 47 ((12)**
Hug vs. rest 45 (\14)* .23 (.10) -.44 (.08)**
Handshake vs. rest .08 (.19) -.34 (.18) -.36 (.16)

Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., stroking - hugging). *p < .05, **p < .01

corrected values.

HR and HRV Key Findings Summary. Stroking and hugging showed calming
effects that were absent during handshakes. Lower HR was observed during stroking across
all experimental conditions, while higher HR was observed during stranger handshakes than
other stranger touches. However, HRV was more responsive to hugging, with higher HRV

observed during real hugs, especially those with close individuals.

EEG Results

Spectral Power Descriptive Statistics. In Table 5.12 we present the log-transformed
spectral power for theta, beta, and alpha recorded in experimental conditions (close
individual, stranger, vicarious) and touch type conditions (stroke, hugging, handshakes)

across all scalp sites.



187

Table 5.12. Log-Transformed Spectral Power for Theta, Beta, and Alpha in Close Individual,
Stranger, and Vicarious, and Rest (Sitting and Standing) Experimental Conditions Across
Stroking, Hugging, and Handshake Touch-Types, in Prefrontal, Frontal, Central, Parietal,

Temporal, and Occipital Scalp Sites

Prefrontal Frontal Central Parietal Temporal  Occipital
Theta
Close
Individual
Stroke .02 (.96) -1.07 (.68) -2.03(49)  -1.85(55) -1.23(.60) -.94(.63)
Hugging .63(1.20)  -62(87) -155(1.11) -1.39(1.08) -.64 (1.10) -.68(.92)
Handshake .80(1.20)  -.46 (1.01) -1.48(1.31) -1.16 (1.39) -.57 (1.07) -.36(.78)
Stranger
Stroke .03(1.05) -98(.78) -1.88(.89)  -1.70(.86) -1.08(.88) -.93(.60)
Hugging .88(1.34)  -61(81) -1.60(.88)  -1.40(.88) -.62(.89) -.77 (.71)
Handshake .96 (1.17)  -.43(.86) -1.41(1.05) -1.17(1.01) -.43(1.05) -.26(.58)
Vicarious
Stroke -.29 (.79) -83(.61) -1.92(.81) -1.75(.76) -.98 (.67) -1.01(.57)
Hugging .13 (.98) -83(72) -1.88(79)  -1.62(78) -1.01(.92) -.79(.76)
Handshake .13 (.75) -28(71) -1.81(67)  -1.46(74) -57(.69) -.69 (.59)
Rest
Sitting -.85(.86)  -1.37(57) -1.95(58)  -1.89(.68) -1.40(.58) -1.45(.68)
Standing -73(.96)  -1.21(.65) -1.91(53)  -1.84(.63) -1.28(55) -1.38(.67)
Beta
Close
Individual
Stroke -158(71) -2.02(74) -2.75(77)  -2.90(60) -1.27(.65) -2.05(.64)
Hugging -1.35(.79) -2.09 (.68) -2.66 (.95) -2.62(.85) -.80(.83) -1.63(.76)
Handshake -1.31(1.01) -1.86(.93) -2.66(1.20) -2.70 (1.04) -.74(.90) -1.63(.83)
Stranger
Stroke -158(.73) -2.09(.62) -2.71(.69)  -2.81(.65) -1.30(.62) -2.08 (.64)
Hugging -1.17(79) -2.01(67) -2.57(.80)  -2.59(.60) -.61(.85) -1.52(.67)
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Handshake -1.07 (93) -1.85(.87) -2.59(.90)  -2.59(.74) -.45(.99) -1.34(.99)
Vicarious

Stroke -1.66 (.76)  -2.22(.72) -2.86(.76)  -2.98(59) -2.09 (.73) -2.29 (.60)
Hugging -1.55(.82) -2.17 (.80) -2.80(.77)  -2.93(67) -1.94(.86) -2.29 (.65)
Handshake -1.68 (.75) -2.22(.81) -3.00(.85)  -3.16 (56) -2.06 (.80) -2.40 (.62)
Rest

Sitting -1.83(.77)  -2.19(.66) -2.68(.68)  -2.77(62) -1.86(54) -2.39(.64)
Standing -1.75(.86) -2.01(.77) -2.71(69)  -2.78(58) -1.81(57) -2.31(.65)
Alpha

Close
Individual

Stroke -.89 (76)  -1.67 (.70) -2.35(76)  -2.01(.84) -1.19(.68) -1.22(.88)
Hugging -.36 (96)  -1.35(.71) -1.92(1.05) -1.60(1.05) -.77(.89) -.56 (.90)
Handshake -.44(1.01) -1.41(.85) -2.19(1.19) -1.81(1.20) -.91(.93) -.85(.81)
Stranger

Stroke -.89(.80)  -1.64(.68) -2.21(.90)  -1.89(.87) -1.08(.76) -1.17 (.75)
Hugging -.16 (.88)  -1.36(59) -1.96(.82)  -1.57(.82) -72(72) -.64(.80)
Handshake -.18(1.00) -1.31(.63) -2.10(.89)  -1.75(.81) -.70(.83) -.64(.70)
Vicarious

Stroke -1.18 (61) -1.70 (52) -2.34(.76)  -2.07(72) -1.36(.73) -1.49 (.55)
Hugging -.92 (.74) -1.65 (.63) -2.30(.77) -2.01(.75) -1.29(.85) -1.39(.66)
Handshake -1.03 (.63) -1.54(56) -2.45(67)  -2.17(61) -1.32(.68) -1.44 (.55)
Rest

Sitting -1.13(.87) -1.56(.82) -1.85(92)  -1.45(1.07) -1.14(.79) -1.03(1.08)
Standing -.99 (.83)  -1.38(.77) -1.82(.86)  -1.36(1.05) -1.05(.77) -.86(1.07)

Note. Data is presented as mean (standard deviation). Greater negative values in log-

transformed data reflect lower activity.

Theta.

Experimental Condition.

Stroking. Analyses on theta activity revealed significant main effects, for

stroking across experimental conditions (close, stranger, vicarious, sitting rest), F(2.19,
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103.11) = 6.82, p = .001, np? = .13, scalp site, F(2.61, 122.60) = 210.52, p < .001, np2= .82,
and their interaction, F(5.63, 264.62) = 11.04, p < .001, np? = .19. To further investigate, we
conducted repeated measures ANOVAs including only the within-subjects factor of
experimental condition (close, stranger, vicarious, rest) at each scalp site for stroking. The
main effect of experimental condition was statistically significant at the prefrontal, F(3, 141)
=13.54, p <.001, np? = .22, frontal, F(3, 141) = 10.54, p <.001, np? = .18, temporal, F(2.01,
94.29) = 5.55, p = .005, np? = .11, and occipital scalp sites, F(3, 141) = 16.06, p < .001, ny*=
.26. However, the main effect of experimental condition was not statistically significant at the
central scalp site, F(1.46, 68.38) = .57, p = .514, np?= .01, nor at the parietal scalp site,
F(1.65, 77.45) = 1.11, p = .325, 1,2 = .02. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.13) showed significantly higher theta activity during stroking in all
experimental conditions compared to rest at prefrontal, frontal, and occipital scalp sites, with
additional differences at the temporal scalp site for vicarious stroking. There were no
significant differences in theta activity between the experimental conditions.

Hugging. Analyses on theta activity revealed significant main effects for
hugging across experimental conditions (close, stranger, vicarious, standing rest), F(2.15,
101.22) = 12.45, p < .001, n,2 = .21, scalp site, F(2.57, 120.70) = 190.56, p < .001, 12 = .80,
and their interaction, F(6.36, 298.80) = 10.01, p < .001, np? = .18. To further investigate, we
conducted repeated measures ANOVAs including only the within-subjects factor of
experimental condition at each scalp site for hugging. The main effect of experimental
condition was statistically significant at prefrontal, F(3, 141) = 25.52, p <.001, np? = .35,
frontal, F(2.27, 106.64) = 9.45, p < .001, np? = .17, parietal, F(1.99, 93.38) = 3.85, p = .025,
np? = .08, temporal, F(2.13, 99.97) = 7.70, p < .001, np? = .14, and occipital scalp sites,
F(2.37,111.15) = 11.44, p < .001, np? = .20. However, the main effect of experimental

condition was not statistically significant at the central scalp site, F(1.72, 80.88) =3.04, p =
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.061, np? = .06. Post hoc pairwise comparisons with Bonferroni correction (see Table 5.13)
showed significantly higher theta activity during hugging, across all experimental conditions
compared to rest at prefrontal, frontal, and occipital scalp sites. This was more widespread for
real hugs, especially with strangers (parietal and temporal scalp sites). Additionally, theta
activity was significantly higher during stranger hugs compared to vicarious hugs at the
prefrontal scalp site. The differences between rest and vicarious hugging were larger and
more widespread than those between sitting and standing rest (refer to Appendix Table C.1.),
suggesting that these differences were unlikely due to posture. We did not find any other

differences between hugging experimental conditions.

Handshakes. Analyses on theta activity revealed significant main effects for
handshakes in different experimental conditions (close, stranger, vicarious, standing rest),
F(2.48, 116.32) = 20.96, p < .001, n,2 = .31, scalp site, F(2.81, 132.26) = 187.14, p < .001,
np? = .80, and their interaction, F(7.31, 349.26) = 12.83, p <.001, np? = .21. To further
investigate, we conducted repeated measures ANOVAs including only the within-subjects
factor of experimental condition at each scalp site for handshakes. The main effect of
experimental condition was statistically significant at all scalp sites. Including the prefrontal,
F(3, 141) = 33.40, p < .001, ny% = .42, frontal, F(3, 141) = 17.21, p < .001, n,? = .27, central,
F(2.00, 93.79) = 5.13, p = .008, n,?2 = .10, parietal, F(2.37, 111.21) = 7.07, p < .001, np2= .13,
temporal, F(2.41, 113.20) = 14.08, p < .001, ny% = .23and occipital scalp sites, F(2.40,
112.57) = 38.70, p < .001, np? = .45. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.13) showed significantly higher theta activity during handshakes,
across all experimental conditions, compared to rest at the prefrontal, frontal, parietal,
temporal, and occipital scalp sites, including the central site for stranger handshakes. Theta
activity was higher during real handshakes compared to vicarious handshakes at the

prefrontal scalp site, and this was more widespread for strangers, including central and
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occipital sites. As these differences did not occur at scalp sites showing significantly different

resting theta activity between sitting and standing (see Appendix Table C.1), posture cannot

explain the observed differences.

Table 5.13. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-

Transformed Theta Activity Between Conditions (Close Individual, Stranger, Vicarious, and

Rest) Across Scalp Sites (Prefrontal, Frontal, Central, Parietal, Temporal, and Occipital) for

Stroking, Hugging, and Handshakes

Prefrontal Frontal Central  Parietal Temporal Occipital

Theta Theta Theta Theta Theta Theta
Stroking
Close vs. stranger -.01 (.14) -.10 (.10) -15(.13) -15(12) -15(12) -.02(.07)
Close vs. vicarious .32 (.16) -.25(.11) -11(.12) -10(17) -25(11) .07 (.09)
Stranger vs. vicarious .32 (.15) -.15(.09) .04 (.07) .05(.08) -.10(.08) .08 (.08)
Close vs. rest 88 (.16)** .30 (.09)** -.08(.05) .04(07) .16(.08) .50 (.08)**
Stranger vs. rest 88 (.18)** .40 (.11)** .06 (15) .19(15) .32(.13) .52 (.09)**
Vicarious vs. rest 56 (.16)**  55(.10)** .02 (14) .14 (14) .41 (12)** .44 (.10)**
Hugging
Close vs. stranger -.25 (.20) -.01 (.09) .05 (.08) .02 (.10) -01(.12) .09 (.10)
Close vs. vicarious .50 (.20) .21 (.16) 34 (.20) .23 (.20) .38 (.21) 10 (.17)
Stranger vs. vicarious .75 (.21)** .22 (.15) 29 (17) .22 (.17) .39 (.19) .01 (.14)
Close vs. rest 1.36 (.20)** 58 (13)** .36(.17) .46(.17) .65 (.16)** .69 (.15)**
Stranger vs. rest 1.61 (.20)** 59 (15)** .31(.14) .44 (15)* .66 (.14)** .61 (11)**
Vicarious vs. rest 86 (.18)**  .37(12)*  .03(12) .23(13) .27(.15) .59 (.13)**
Handshakes
Close vs. stranger -.16 (.21) -.03 (.14) -07 (12) .01(.16) -14(.13) -.10(.10)
Close vs. vicarious .67 ((19)** -.18 (.14) 33(.14)  .30(.17) .004 (.14) .34 (.13)
Stranger vs. vicarious .83 (.19)** -.15(.15) 40 (.14)* .29 (.16) .14 (.16) 43 ((11)**
Close vs. rest 153 (20)**  .75(.16)** .43(20) .69 (.22)* .72 (.16)** 1.02 (.14)**
Stranger vs. rest 1.69 (.20)** .78 (.14)** .50 (.18)* .68 (.17)** .85 (.17)** 1.12 (.12)**
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Vicarious vs. rest 86 (15)**  .93(12)** .10(12) .38(13)* .71 (11)** .69 (.09)**

Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., close — stranger). *p < .05, **p < .01 corrected

values.

Touch Type.

Close Individual. Analyses on theta activity showed significant main effects for
different touch types (stroking, hugging, handshakes) with a close individual, F(1.78, 83.52)
=20.95, p <.001, np? = .31; scalp site, F(2.87, 134.92) = 179.53, p < .001, np?>= .79, and their
interaction, F(6.35, 298.51) = 7.78, p < .001, np? = .14. To further investigate, we repeated the
ANOVA including only the within-subjects factor of touch type (stroke, hug, handshake,
standing rest) at each scalp site for touch shared with close individuals. The main effect of
touch type was statistically significant across all scalp sites, including the prefrontal, F(3,
141) = 28.89, p < .001, n,2 = .38, frontal, F(2.21, 103.66) = 15.86, p < .001, ny%= .25, central,
F(1.20, 56.44) = 6.09, p = .012, n,2 = .12, parietal, F(1.49, 70.03) = 8.98, p = .001, np2= .16,
temporal, F(1.93, 90.54) = 15.17, p < .001, ny% = .24, and the occipital scalp sites, F(2.33,
109.71) = 22.48, p < .001, np? = .32. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.14) revealed greater theta activity during all touches with close
individuals compared to rest at prefrontal and occipital sites, with more widespread effects
for hugs and handshakes at frontal and temporal sites. However, during stroking, theta
activity was significantly lower than rest at the central site. Comparing touch types with close
individuals, hugging and handshakes showed higher theta activity than stroking at prefrontal,
frontal, central, parietal, and temporal scalp sites, and the occipital site for handshakes. No
significant differences in theta were found between hugging and handshakes. Since posture-
related differences (sitting vs. standing rest) were only significant at frontal and temporal

sites (see Appendix Table C.1), and theta was consistently higher during hugging and
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handshakes than stroking at nearly all sites, it suggested that posture did not account for the

observed theta differences.

Stranger. Analyses on theta activity showed significant main effects for
different touch types (stroking, hugging, handshakes) with a stranger, F(2.37, 111.17) =
30.08, p <.001, np? = .39; scalp site, F(2.46, 115.42) = 168.64, p < .001, np? = .78, and their
interaction, F(6.92, 325.16) = 12.04, p < .001, np? = .20. To further investigate, we repeated
the ANOVA including only the within-subjects factor of touch type (stroke, hug, handshake,
standing rest) at each scalp site for touch shared with strangers. The main effect of touch type
was statistically significant across all scalp sites, including the prefrontal, F(3, 141) = 35.97,
p <.001, ny? = .43, frontal, F(3, 141) = 17.80, p < .001, ny? = .28, central, F(1.72, 81.04) =
7.54, p =.002, np? = .14, parietal, F(1.89, 89.03) = 11.62, p < .001, np? = .20, temporal,
F(2.41, 113.22) = 18.30, p < .001, np? = .28, and occipital sites, F(3, 141) = 38.84, p < .001,
np? = .45. Post hoc pairwise comparisons with Bonferroni correction (see Table 5.14) showed
greater theta activity during all strangers touches compared to rest at the prefrontal and
occipital sites. Hugging and handshakes produced more widespread effects, with increased
theta activity at frontal, parietal, and temporal sites, while hugging also showed increases at
the central site. Additionally significantly higher theta activity was observed during hugging
and handshakes than stroking at multiple scalp sites. Theta activity was also higher during
handshakes than hugs at the occipital site. Posture-related differences were only significant at
the frontal and temporal sites (see Appendix Table C.1). Given that theta activity was
consistently higher during hugging and handshakes than stroking at almost all sites, it

suggested that posture alone did not account for the observed differences in theta.

Vicarious. Analyses on theta activity showed that the main effect was
statistically significant for vicarious touch types (stroking, hugging, handshakes), F(2.40,

112.76) = 13.67, p < .001, 1,2 = .23, scalp site, F(3.01, 141.52) = 213.95, p < .001, n,2= .82,
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and their interaction, F(5.69, 267.53) = 16.23, p < .001, np? = .26. To further investigate, we
repeated the ANOVA including only the within-subjects factor of vicarious touch type
(stroke, hug, handshake, and sitting rest) at each scalp site. The main effect of touch type was
statistically significant across most scalp sites, including the prefrontal, F(2.43, 114.24) =
20.15, p < .001, np?= .30, frontal, F(3, 141) = 32.45, p < .001, np2 = .41, parietal, F(2.37,
111.32) = 3.92, p = .017, np® = .08, temporal, F(2.37, 111.14) = 12.48, p < .001, np?= .21, and
occipital scalp sites, F(2.49, 117.00) = 21.68, p < .001, n,?> = .32. However, the main effect of
vicarious touch type was not significant at central scalp sites, F(2.13, 100.03) = .43, p = .662,
np? = .01. Post hoc pairwise comparisons with Bonferroni correction (see Table 5.14) revealed
that theta activity was significantly higher during all vicarious touches compared to rest at
prefrontal, frontal, and occipital scalp sites. This effect was more widespread for vicarious
stroking and handshakes, with increased theta at the temporal sites, and at the parietal sites
specifically for handshakes. Between touch types, theta activity was significantly higher
during vicarious handshakes and hugs compared to stroking. For hugs, this difference was
only significant at the prefrontal sites, while for handshakes it was at multiple sites.
Additionally, theta activity was significantly greater during handshakes than hugs at the

frontal and temporal sites.

Table 5.14. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-
Transformed Theta Activity Between Touch-Type Conditions (Stroking, Hugging,
Handshakes, and Rest) Across Scalp Sites (Prefrontal, Frontal, Central, Parietal, Temporal,

and Occipital) for Stroking, Hugging, and Handshakes

Prefrontal Frontal Central Parietal Temporal  Occipital
Theta Theta Theta Theta Theta Theta

Close individuals

Stroke vs. hug “61(16)** -45(12)** -48(16)* -46(15* -60 (.15)** -.26(.15)
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Stroke vs. handshake -.78 (19)** -.61 (.14)** -55(.19)*  -.69 (.(20)** -.67 (.16)** -50 (.13)**

Hug vs. handshake -.17 (.18) -17 (\12) -.07 (.08) -23(.12) -.07 (.11) -.33(.13)

Stroke vs. rest 75 ((17)** .13 (.09) -12 (.04)*  -.004 (.07) .05 (.08) 43 (.08)**
Hug vs. rest 1.36 (.20)** .58 (.13)** .36 (.17) 46 (.17) 65 (.16)** .69 (.15)**
Handshake vs. rest 1.53 (.20)** .75 (.16)** .43 (.20) .69 (.22)* 72 (16)**  1.02 (.14)**
Strangers

Stroke vs. hug -85 (18)** -36 ((10)** -29 (.06)** -30(.08)** -.46(.11)** -.16(.10)

Stroke vs. handshake -.93 (.18)** -.55 (.11)** -47 (09)** -53 (10)** -.65 (.11)** -.67 (.10)**

Hug vs. handshake -.08 (.20) -19 (.11) -.19 (.10) -.24 (.09) -19 (.11) -.51 (.10)**

Stroke vs. rest 76 (.18)** .23 (.13) 03 (.14) 14 (.14) 21 (.14) 45 (.09)**

Hug vs. rest 1.61 (20%* 59 (12)** .31 (.14) A4 (15)* .66 (14)** .61 (11)**

Handshake vs. rest  1.69 (20)** .78 (.14)** 50 (.18)* .68 (17)** .85 (17)** 1.12(12)**

Vicarious

Stroke vs. hug ~42 (14 01(13)  -04(16)  -13(15)  .03(17)  -23(11)

Stroke vs. handshake -.43 (.10)** -.55 (.09)** -.11(.07) -29 (.08)** -.41 (.09)** -32(.07)**

Hugvs. handshake  -.003 (.13)  -56 (11)** -07(13)  -16(13) -44(14)* -10(.10)

Stroke vs. rest 56 (.16)** .55 (.10)** .02 (.14) 14 (.14) A1 (12)** .44 (10)**

Hug vs. rest 98 (19)** 54 (.13)** .06 (.13) -27(14)  .38(.15) 66 (.13)**

Handshake vs. rest .99 (.15)**  1.10 (.11)** .14 (.13) 43 (14)* 82 (12** .76 (L10)**

Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., stroking - hugging). *p < .05, **p < .01

corrected values.

Theta Key Findings Summary. Overall, theta activity increased across all types of
touch (stroking, hugging, handshakes) and all experimental conditions (close individual,
stranger, vicarious) relative to baseline across multiple scalp sites, but less so at central sites.
Real touch, particularly with strangers, led to more robust and widespread theta activity than
vicarious touch. Among all the types of touch, the most significant effects were seen during
hugging and handshakes with strangers. No specific effects of touch with close individuals

differed from other touch events, suggesting that theta did not seem to signal the prioritised
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processing of highly affective touch (as would be expected to be experienced during close

individual touch) compared to any other touch.

Beta.
Experimental Condition.

Stroking. Analyses on beta activity showed significant main effects for
affective forearm stroking in different experimental conditions (close, stranger, vicarious,
sitting rest), F(3, 141) = 9.99, p < .001, ny? = .18; scalp site, F(2.98, 140.22) = 75.33, p <
.001, np% = .62, and their interaction, F(7.87, 369.64) = 13.50, p < .001, np? = .22. To further
investigate, we repeated the ANOVA including only the within-subjects factor of
experimental condition (close, stranger, vicarious, rest) at each scalp site for stroking. The
main effect of experimental condition was statistically significant across the prefrontal, F(3,
141) = 3.56, p = .016, 1% = .07, parietal, F(2.04, 95.95) = 5.33, p = .006, > = .10, temporal,
F(2.44, 114.61) = 36.20, p < .001, np? = .44, and occipital scalp sites, F(3, 141) = 12.91, p <
.001, np% = .22. However, the main effect of experimental condition was not statistically
significant for the frontal scalp site, F(3, 141) = 2.12, p = .101, n,% = .04, nor the central scalp
site, F(2.34, 110.11) = 1.71, p = .180, np? = .04. Post hoc pairwise comparisons with
Bonferroni correction (see Table 5.15) revealed significantly higher beta activity during real
stroking compared to rest in temporal and occipital scalp sites. Although there was
significantly less beta activity during close and vicarious stroking at the parietal scalp site.
When comparing stroking across experimental conditions, we found more beta activity
during real stroking compared to vicarious stroking at temporal and occipital sites, with the
addition of the parietal site for strangers. There was no significant difference in beta activity

between stroking from a close individual and stranger.

Hugging. Analyses on beta activity showed significant main effects for hugging

in different experimental conditions (close, stranger, vicarious, standing rest), F(1.83, 86.16)
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=22.16, p <.001, np? = .32; scalp site, F(3.00, 140.74) = 111.87, p <.001, n,?>= .70, and their
interaction, F(6.14, 288.67) = 23.58, p < .001, np? = .33. To further investigate, we repeated
the ANOVA including only the within-subjects factor of experimental condition (close,
stranger, vicarious, rest) at each scalp site for hugs. The main effect of experimental
condition was statistically significant at the prefrontal, F(2.51, 117.99) = 9.77, p < .001, np?=
.17, parietal, F(1.50, 70.53) = 5.26, p = .013, np? = .10, temporal, F(1.94, 91.39) = 64.67, p <
.001, np? = .58, and occipital scalp sites, F(2.15, 100.89) = 42.68, p < .001, np? = .48.
However, the main effect of experimental condition was not statistically significant for the
frontal, F(2.03, 95.33) = 1.24, p = .293, np? = .03, nor the central scalp sites, F(1.52, 71.27) =
1.61, p =.212, np? = .03. Post hoc pairwise comparisons with Bonferroni correction (see
Table 5.15) showed significantly higher beta activity during real hugs compared to rest at the
prefrontal, temporal, and occipital scalp sites. No significant differences were found between
vicarious hugs and rest. Beta activity was also significantly higher during real hugs than
vicarious hugs at the temporal and occipital sites, and more widespread for strangers
(prefrontal and parietal sites). These differences were unlikely due to posture, as beta activity
differences between sitting and standing rest were only significant at the frontal scalp site
(refer to Appendix Table C.1). Additionally, hugs with strangers resulted in more beta

activity than hugs with close individuals at the temporal site.

Handshakes. Analyses on beta activity showed significant main effects for
handshakes in different experimental conditions (close, stranger, vicarious, standing rest),
F(2.19, 102.68) = 30.67, p < .001, 2 = .40; scalp site, F(3.39, 159.54) = 112.22, p < .001,
np? = .71, and their interaction, F(7.15, 336.14) = 21.02, p < .001, n? = .31. To further
investigate, we repeated the ANOVA including only the within-subjects factor of
experimental condition (close, stranger, vicarious, rest) at each scalp site for handshakes. The

main effect of experimental condition was statistically significant across all scalp sites,
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including prefrontal, F(3, 141) = 12.30, p < .001, n,%= .21, frontal, F(2.39, 112.24) = 4.10, p
= .014, np2= .08, central, F(1.95, 91.74) = 4.03, p = .022, 1,2 = .08, parietal, F(1.84, 86.60) =
11.46, p < .001, np? = .20, temporal, F(2.37, 111.28) = 87.95, p < .001, ny% = .65, and the
occipital scalp sites, F(1.91, 89.78) = 51.14, p < .001, ny?> = .52. Post hoc pairwise
comparisons with Bonferroni correction (see Table 5.15) showed significantly higher beta
activity during real handshakes compared to rest at the prefrontal, temporal, and occipital
scalp sites. In contrast, beta activity was significantly lower during vicarious handshakes than
rest at the central and parietal sites. Real handshakes also produced significantly more beta
activity compared to vicarious handshakes across all scalp sites, with central site differences
observed only for strangers. These widespread differences were unlikely due to posture; as
beta differences between sitting and standing rest were limited to the frontal sites (refer to
Appendix Table C.1). Additionally, handshakes with strangers showed significantly more

beta activity than those with close individuals at the temporal and occipital sites.

Table 5.15. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-
Transformed Beta Activity Between Conditions (Close Individual, Stranger, Vicarious, and
Rest) Across Scalp Sites (Prefrontal, Frontal, Central, Parietal, Temporal, and Occipital) for

Stroking, Hugging, and Handshakes

Prefrontal  Frontal Central Parietal Temporal  Occipital

Beta Beta Beta Beta Beta Beta
Stroking
Close vs. stranger .01 (.08) .07 (.09) -.04 (.10) -.08 (.06) .04 (.08) .02 (.06)
Close vs. vicarious .09 (.10) 20 (.11) 11 (.09) .08 (.06) 82 ((11)** .23 (.06)**
Stranger vs. vicarious .08 (.09) 13 (.10) 15 (.07) 16 ((.04)** 79 ((11)** .21 (.07)*
Close vs. rest 26 (.10) 17(09)  -.07(.07) -12 (04)* 59 (.09)** .33 (.06)**
Stranger vs. rest 25 (.09) 10(.07)  -.03(.09) 04 (07)  55(.07)** .31 (.08)**
Vicarious vs. rest 17 (.08) -.04 (.09) -.18 (.08) -21 (.06)** -.23(.11) .10 (.06)
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Hugging

Close vs. stranger -.18 (.09) -.08 (.06) -.09 (.06) -.03 (.06) -19 (.07)*  -.11(.06)
Close vs. vicarious 20 (.14) .09 (.13) 14 (.14) 30 (.14) 1.14 (14)** .65 (.10)**
Stranger vs. vicarious .38 (.12)* A7 (111) 22 (.11) 34 (10)**  1.33 (.16)** .77 (.10)**
Close vs. rest 39 (11)**  -.08 (.11) .05 (.13) 16 (.11) 1.02 (.10)** .67 (.10)**
Stranger vs. rest 58 ((10)**  .001 (.10) .14 (.10) 19 (.07) 1.21 (\12)** .79 (.10)**
Vicarious vs. rest 19 (.12) -.17 (.09) -.09 (.06) -.15 (.07) -13(.12) .02 (.07)
Handshakes

Close vs. stranger -.24 (.13) -003 (.11) -.07(.12) -.11 (.10) -29 (11)*  -.29 (.10)*
Close vs. vicarious 37(13)*  37(12*  .34(.13) 46 (12)**  1.32 (13)** .77 (.08)**
Stranger vs. vicarious .61 (.14)** .37 (.13)* .42 (.12)** 57 (.09)**  1.62 (.14)** 1.05(.12)**
Close vs. rest 43(13)*  .15(.14) .05 (.17) .08 (.14) 1.07 (.11)** .68 (.09)**
Stranger vs. rest 68 (.14)** .16 (.14) 13 (.14) 19 (.10) 1.36 (.14)** .97 (.14)**
Vicarious vs. rest .06 (.10) -.22 (.09) -29 (.08)**  -38 (.05)** -.25(.09) -.09 (.07)

Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., close — stranger). *p < .05, **p < .01 corrected

values.

Touch Type.

Close Individual. Analyses on beta activity showed significant main effects for
different touch types (stroking, hugging, handshakes) with a close individual, F(1.75, 82.05)
=11.91, p <.001, np? = .20; scalp site, F(3.18, 149.64) = 110.41, p <.001, n,?>= .70, and their
interaction, F(4.87, 228.89) = 12.87, p < .001, np? = .22. To further investigate, we repeated
the ANOVA including only the within-subjects factor of touch type (stroke, hug, handshake,
standing rest) at each scalp site for touch shared with close individuals. The main effect of
touch type was statistically significant across the prefrontal, F(3, 141) = 6.03, p < .001, %=
.11, temporal, F(2.34, 109.92) = 60.38, p < .001, np? = .56, and occipital scalp sites, F(2.55,
119.98) = 31.78, p <.001, np? = .40. However, the main effect of touch type was not

statistically significant at frontal, F(2.18, 102.55) = 1.56, p = .213, np> = .03, central, F(1.33,
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62.36) = .22, p = .710, np? = .01, nor parietal scalp sites, F(1.22, 57.53) = 2.36, p = .124, np? =
.05. Post hoc pairwise comparisons with Bonferroni correction (see Table 5.16) revealed
significantly higher beta activity during all types of touch with a close individual compared to
rest at temporal and occipital scalp sites, and at the prefrontal site for hugs and handshakes.
Beta activity was also significantly higher during hugging and handshakes compared to
stroking at temporal and occipital sites. These differences were unlikely due to posture; as
beta differences between sitting and standing rest were limited to the frontal sites (refer to
Appendix Table C.1). No significant differences were found between hugging and

handshakes.

Stranger. Analyses on beta activity showed significant main effects for
different touch types (stroking, hugging, handshakes) with a stranger, F(1.88, 88.46) = 25.54,
p <.001, np? = .34; scalp site, F(3.28, 153.97) = 121.97, p < .001, ny? = .72, and their
interaction, F(8.20, 385.43) = 21.96, p < .001, np? = .32. To further investigate, we repeated
the ANOVA including only the within-subjects factor of touch type (stroke, hug, handshake,
standing rest) at each scalp site for touch shared with strangers. The main effect of touch type
was statistically significant across the prefrontal, F(2.56, 120.07) = 15.60, p <.001, ng? = .25,
parietal, F(1.90, 89.47) = 5.16, p = .008, n,? = .10, temporal, F(2.11, 99.17) = 70.37, p < .001,
np? = .60, and occipital scalp sites, F(2.25, 105.67) = 37.90, p < .001, np? = .45. However, the
main effect of touch type was not significant in frontal, F(1.78, 83.53) = 1.80, p = .175, np? =
.04 nor central scalp sites, F(2.10, 98.64) = 1.04, p = .362, %> = .02. Post hoc pairwise
comparisons with Bonferroni correction (see Table 5.16) showed significantly higher beta
activity during all touches with strangers compared to rest at temporal and occipital scalp
sites, and at the prefrontal site for hugs and handshakes. Beta activity was also significantly
higher during stranger hugging and handshakes compared to stroking at prefrontal, temporal,

and occipital scalp sites, with an additional increase at the parietal site for hugs. These
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differences were unlikely due to posture, as beta differences between sitting and standing rest
were limited to frontal sites (see Appendix Table C.1). No significant differences were found

between hugging and handshakes.

Vicarious. Analyses on beta activity showed that the main effect for vicarious
touch types (stroking, hugging, handshakes) was not statistically significant, F(3, 141) =
2.16, p = .096, np? = .04. Although significant main effects were found for scalp site, F(3.16,
148.47) = 64.48, p < .001, np? = .58, and the interaction between touch type and scalp site,
F(6.63, 311.56) = 5.76, p < .001, np?=.11. To further investigate, we repeated the ANOVA
including only the within-subjects factor of vicarious touch type (stroke, hug, handshake,
sitting rest) at each scalp site. The main effect of touch type was statistically significant at the
prefrontal, F(2.09, 98.09) = 4.23, p = .016, np? = .08, central, F(2.18, 102.59) =5.33, p =
.005, np? = .10, and parietal scalp sites, F(2.22, 104.39) = 12.90, p < .001, ny? = .22. However,
the main effect of vicarious touch type was not significant at frontal, F(3, 141) = .14, p =
.935, np? = .003, temporal, F(3, 141) = 2.21, p = .093, ny% = .05, nor occipital scalp sites,
F(2.31, 108.54) = 1.96, p = .139, np? = .04. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.16) revealed significantly lower beta activity during vicarious
stroking and handshakes compared to rest at the parietal site, and at the central site for
vicarious handshakes. Furthermore, beta activity was significantly lower during vicarious
handshakes compared to stroking and hugs at the parietal site. No significant differences were

found between vicarious hugs and stroking or rest.

Table 5.16. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-

Transformed Beta Activity Between Touch-Type Conditions (Stroking, Hugging, Handshakes,



and Rest) Across Scalp Sites (Prefrontal, Frontal, Central, Parietal, Temporal, and

Occipital) for Touch Shared with Close Individuals, Strangers, and Vicarious
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Prefrontal  Frontal Central Parietal Temporal  Occipital

Beta Beta Beta Beta Beta Beta
Close individuals
Stroke vs. hug -22(12)  07(10) -.09(13) -27(12)  -47(.08)** -42(.08)**
Stroke vs. handshake -.27 (13)  -.16(.13) -09(17) -20(.15)  -52(.10)** -.43(.08)**
Hug vs. handshake ~ -.04 (.11) -23(.08) -.00(.07) .08 (.05) -.06 (.08) -.004 (.08)
Stroke vs. rest A7 ((11) -01(10) -.04(.06) -.12(.04) .55 (.08)** .25 (.06)**
Hug vs. rest 39 (11)**  -08(11) .05(13) .16 (.11) 1.02 (.10)** .67 (.10)**
Handshake vs. rest 43 (.13)* 15 (.14) .05 (.17) .08 (.14) 1.07 (.11)** .68 (.09)**
Strangers
Stroke vs. hug -41 (11)**  -08(.09) -13(.09) -.22 (.06)** -.69 (.09)** -.56 (.09)**
Stroke vs. handshake -.52 (.13)** -24(.13) -12(11) -22(.08)  -.85(.12)** -74(.11)**
Hug vs. handshake -10 (.11) -15(.08) .01 (.09) .002 (.06) -.16 (.10) -.18 (.11)
Stroke vs. rest 16 (.11) -08(.08) .003(.09) -.03(.06)  .51(.07)** .23(.08)*
Hug vs. rest 58 (.10)** .001(.10) .14(.10) .19 (.07) 1.21 (.12)** .79 (.10)**
Handshake vs. rest .68 (.14)** .16 (.14) .13 (14)  .19(.10) 1.36 (.14)** .97 (.14)**
Vicarious
Stroke vs. hug -11(07)  -05(08) -06(08) -05(07) -15(10)  -.001 (.06)
Stroke vs. handshake .02 (.06) .001 (.11) .15(.07) 18 (.04)**  -.03 (.09) .11 (.05)
Hug vs. handshake .13 (.06) 05(09) .20(.10) .24 (.07)*  .12(.10) 11 (.04)
Stroke vs. rest .17 (.08) -04(.09) -18(08) -.21(.06)** -23(11) .10 (.06)
Hug vs. rest 28 (.11) 02(09) -12(06) -15(07) -09(12)  .10(.08)
Handshake vs. rest .15 (.10) -04 (11)  -32(10)* -39 (.06)** -21(11)  -.01(.07)

Note. Data are presented as mean difference (standard error) of the first mentioned condition

minus the second mentioned conditions (e.g., stroking - hugging). *p < .05, **p < .01

corrected values.

Beta Key Findings Summary. Similar to theta, beta activity was significantly higher

during real touch compared to rest and vicarious touch, particularly in parietal, temporal, and



203

occipital scalp sites. The most significant and widespread effects were observed during hugs
and handshakes with strangers, extending to prefrontal sites for hugs, and to all scalp sites for
handshakes. No specific effects of touch with close individuals differed from other touch
events, suggesting no differences in beta power that signal prioritised processing of more

affective touch. However, unlike theta, vicarious touch resulted in less beta activity than rest.

Alpha.
Experimental Condition.

Stroking. Analyses on alpha activity showed significant main effects for
affective forearm stroking in different experimental conditions (close, stranger, vicarious,
sitting rest), F(2.16, 101.71) = 6.03, p = .003, np? = .11; scalp site, F(2.95, 138.82) = 132.97,
p <.001, np? = .74, and their interaction, F(5.58, 262.05) = 12.19, p <.001, np?=.21. To
further investigate, we repeated the ANOVA including only the within-subjects factor of
experimental condition (close, stranger, vicarious, rest) at each scalp site for stroking. The
main effect of experimental condition was statistically significant across prefrontal, F(3, 141)
=4.47, p = .005, 0> = .09, central, F(1.64, 76.86) = 9.69, p <.001, ny?= .17, parietal, F(1.77,
83.11) = 13.36, p <.001, n?= .22, temporal, F(1.95, 91.81) = 4.93, p = .010, n,*>= .10, and
the occipital scalp site, F(2.40, 112.71) = 7.91, p <.001, np? = .14. However, the main effect
of experimental condition was not statistically significant for the frontal scalp site, F(2.34,
109.93) = 1.50, p = .226, np> = .03. Post hoc pairwise comparisons with Bonferroni correction
(see Table 5.17) revealed significantly lower alpha activity during all stroking compared to
rest at the parietal scalp site, and this effect was more widespread for close individual (central
site) and vicarious stroking (central and occipital scalp sites). When comparing between
experimental conditions, alpha activity was significantly lower during vicarious than real

stroking at prefrontal and occipital sites, with more widespread effect for strangers (parietal
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and temporal sites). No differences in alpha activity were found between stroking from close

individuals and strangers.

Hugging. Analyses on alpha activity showed significant main effects for hugs
in different experimental conditions (close, stranger, vicarious, standing rest), F(2.24, 105.37)
=0.25, p <.001, np? = .16; scalp site, F(2.64, 124.26) = 140.87, p < .001, np?= .75, and their
interaction, F(5.58, 262.13) = 12.53, p < .001, np? = .21. To further investigate, we repeated
the ANOVA including only the within-subjects factor of experimental condition (close,
stranger, vicarious, rest) at each scalp site for hugging. The main effect of experimental
condition was statistically significant across all scalp sites, including prefrontal, F(3, 141) =
15.38, p < .001, ny2 = .25, frontal, F(2.21, 103.92) = 4.34, p = .013, n,2 = .09, central, F(1.88,
88.18) = 4.59, p = .014, ny2= .09, parietal, F(2.20, 103.24) = 7.38, p < .001, n,2 = .14,
temporal, F(2.02, 95.06) = 8.80, p < .001, np? = .16, and the occipital scalp sites, F(2.44,
114.52) = 18.06, p < .001, np? = .28. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.17) revealed that alpha activity was significantly higher during real
hugs compared to rest at the prefrontal scalp site, and temporal site for strangers. In contrast,
alpha activity was significantly lower during vicarious hugs than rest at central, parietal, and
occipital sites. Differences at parietal and occipital sites may be due to higher alpha activity
during standing rest compared to sitting rest, as participants were sitting during vicarious
stroking (see Appendix Table C.1). However, the difference at central sites is unlikely to be
posture-related, as no difference in alpha activity was found between sitting and standing rest
at this site. Alpha activity during real hugs was also significantly higher than vicarious hugs
at prefrontal, temporal, and occipital sites, with more widespread effects for strangers (frontal
and parietal sites). Since only of the prefrontal site showed no posture-related differences,
these findings should be interpreted with caution. No significant differences in alpha activity

were found between hugs with close individuals and strangers.
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Handshakes. Analyses on alpha activity showed significant main effects for
handshakes in different experimental conditions (close, stranger, vicarious, standing rest),
F(2.19, 102.80) = 8.68, p < .001, 1,2 = .16; scalp site, F(3.20, 150.44) = 162.53, p < .001, np2
= .78, and their interaction, F(6.76, 317.86) = 14.37, p < .001, np? = .23. To further
investigate, we repeated the ANOVA including only the within-subjects factor of
experimental condition (close, stranger, vicarious, rest) at each scalp site for handshakes. The
main effect of experimental condition was statistically significant across the prefrontal, F(3,
141) = 16.21, p < .001, np? = .26, central, F(1.59, 74.88) = 7.04, p = .003, np? = .13, parietal,
F(1.89, 88.72) = 9.87, p < .001, n,2 = .17, temporal, F(2.19, 103.13) = 10.11, p < .001, n,2=
.18, and occipital scalp sites, F(2.11, 99.14) = 13.27, p < .001, n? = .22. However,
experimental condition was not significant at frontal scalp sites, F(2.54, 119.42) = 1.46,p =
234, mp? = .03. Post hoc pairwise comparisons with Bonferroni correction (see Table 5.17)
revealed significantly higher prefrontal alpha activity during real handshakes compared to
rest. In contrast, alpha activity was significantly lower during vicarious handshakes compared
to rest at central, parietal, temporal, and occipital sites. Similar to stroking and hugs, alpha
activity was significantly higher for real handshakes at prefrontal, temporal, and occipital
sites, and more widespread for strangers (central and parietal sites). However, caution is
needed when interpreting comparisons with vicarious handshakes, as alpha activity was
significantly higher during standing rest than sitting rest at the frontal, parietal, temporal, and
occipital scalp sites (see Appendix Table C.1). No significant differences in alpha activity

were found between handshakes with close individuals and strangers.

Table 5.17. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-

Transformed Alpha Activity Between Conditions (Close Individual, Stranger, Vicarious, and
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Rest) Across Scalp Sites (Prefrontal, Frontal, Central, Parietal, Temporal, and Occipital) for

Stroking, Hugging, and Handshakes

Prefrontal  Frontal Central Parietal Temporal  Occipital

Alpha Alpha Alpha Alpha Alpha Alpha
Stroking
Close vs. stranger -.01 (.10) -03(.07) -.14(.12) -.13 (.10) -.11 (.08) -.05 (.07)
Close vs. vicarious 29 (.10)* 03(.07) -01(11) .05 (.11) 17 (.07) 27 (.09)*
Stranger vs. vicarious .30 (.10)* .06 (.06) .14 (.05) .18 (.06)* 28 (.05)** .32 (.08)**
Close vs. rest 23 (.11) -12 (.06) -.50 (.08)** -.56 (.09)** -.05 (.06) -19 (\11)
Stranger vs. rest 24 (11) -.09 (.09) -.36(.14) -44 (113)* .06 (.10) -.14 (.10)
Vicarious vs. rest -.06 (.11) -14 (.09) -50(.13)** -.61(.14)** -.22(.09) -46 ((12)**
Hugging
Close vs. stranger -19 (.14) .01 (.05) .04 (.07) -.03 (.08) -.04 (.06) .07 (.07)
Close vs. vicarious 56 ((17)**  .30(.12) .38(.17) 42 (.17) 52 (.16)* .82 (.13)**
Stranger vs. vicarious .76 (.15)** .29 (.11)* .34 (.15) 45 ((14)* 57 ((15)** .75 (.12)**
Close vs. rest 64 (.15)**  .03(.10) -11(16) -24(17)  .28(.12) .30 (.14)
Stranger vs. rest 83 (.14)** .02(09) -14(13) -21(14)  .32(11)*  .22(.13)
Vicarious vs. rest .07 (.15) -27 (\11) -49(.12)** -66 (.15)** -.24(.13) -53 (.14)**
Handshakes
Close vs. stranger -.26 (.17) -10(.10) -.09 (.11) -.06 (.12) -.21 (.09) -.21 (.09)
Close vs. vicarious 59 (14)**  13(.10) .26 (.12) .36 (.14) 42 ((10)** 59 ((11)**
Stranger vs. vicarious .85 (.15)** .22 (.10) .35 (.10)** .42 (11)** .62 (.12)** .80 (.12)**
Close vs. rest 56 (.15)**  -.03(.13) -37(20) -45(21) .14 (.14) .01 (.17)
Stranger vs. rest 82 (.16)** .07 (12) -28(.16) -.39(.17) 35 (.14) 22 (.17)
Vicarious vs. rest -03(11)  -15(.09) -.63(.11)** -.81 (13)** -.27 (.10)*  -.58 (.13)**

Note. Data are presented as mean difference (standard error) of the first mentioned condition

minus the second mentioned conditions (e.g., close — stranger). *p < .05, **p < .01 corrected

values.
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Touch Type.

Close Individual. Analyses on alpha activity showed significant main effects
for different touch types (stroking, hugging, handshakes) with a close individual, F(1.67,
78.25) = 6.08, p = .006, ny2 = .12; scalp site, F(3.06, 143.81) = 146.53, p < .001, n,2 = .76,
and their interaction, F(5.08, 238.94) = 9.27, p <.001, np?=.17. To further investigate, we
repeated the ANOVA including only the within-subjects factor of touch type (stroke, hug,
handshake, standing rest) at each scalp site for touch shared with close individuals. The main
effect of touch type was statistically significant across all scalp sites, including the prefrontal,
F(2.62, 122.94) = 10.70, p < .001, ny2 = .19, frontal, F(1.74, 81.63) = 4.40, p = .019, ny2= .09,
central, F(1.33, 62.60) = 5.27, p = .017, ny? = .10, parietal, F(1.49, 69.95) = 6.64, p = .005,
np? = .12, temporal, F(1.58, 74.13) = 5.89, p = .008, np? = .11, and the occipital scalp sites,
F(2.51, 117.89) = 7.93, p < .001, np? = .14. Post hoc pairwise comparisons with Bonferroni
correction (see Table 5.18) showed that alpha activity was significantly higher during hugs
and handshakes with close individuals compared to rest at prefrontal scalp sites. In contrast,
alpha activity was significantly lower during stroking than rest at frontal, central, parietal, and
occipital sites. Alpha activity was also higher during hugs and handshakes than stroking with
close individuals at prefrontal sites, with hugs influencing all scalp sites. Additionally,
hugging showed higher alpha activity than handshakes at the central site. However, these
comparisons should be interpreted with caution, as alpha activity was higher during standing
rest (the comparison condition) than sitting rest (when stroking occurred) at the frontal,

parietal, temporal, and occipital scalp sites (see Appendix Table C.1).

Stranger. Analyses on alpha activity showed significant main effects for
different touch types (stroking, hugging, handshakes) with a stranger, F(1.93, 90.54) = 7.85,
p <.001, np? = .14; scalp site, F(2.98, 139.99) = 141.78, p < .001, np? = .75, and their

interaction, F(6.78, 318.56) = 15.00, p < .001, np? = .24. To further investigate, we repeated
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the ANOVA including only the within-subjects factor of touch type (stroke, hug, handshake,
standing rest) at each scalp site for touch shared with strangers. The main effect of touch type
was statistically significant across all scalp sites, including the prefrontal, F(3, 141) = 22.06,
p <.001, np2 = .32, frontal, F(2.07, 97.12) = 5.88, p = .004, ny%= .11, central, F(1.72, 80.99) =
4.42,p =.019, ny?= .09, parietal, F(1.73, 81.38) = 7.45, p = .002, np? = .14, temporal, F(1.96,
91.98) = 8.26, p < .001, ny? = .15, and the occipital scalp sites, F(2.29, 107.69) = 7.80, p <
.001, np? = .14. Post hoc pairwise comparisons with Bonferroni correction (see Table 5.18)
revealed higher alpha activity during stranger hugs and handshakes compared to rest at the
prefrontal site, and at the temporal site for hugs. In contrast, significantly lower alpha activity
was found during stranger stroking than rest at frontal, central, parietal, and occipital sites.
Alpha activity was also significantly higher during hugs and handshakes than stroking at
prefrontal, frontal, temporal, and occipital scalp sites, and more widespread for hugs (central
and parietal sites). No significant alpha differences were found between hugging and
handshakes. However, stranger stroking comparisons should be interpreted with caution, as
alpha activity during standing rest was significantly higher than sitting rest, except for

prefrontal and central sites (see Appendix Table C.1).

Vicarious. Analyses on alpha activity showed significant main effects for
vicarious touch types (stroking, hugging, handshakes), F(2.19, 102.73) = 5.06, p = .006, 1> =
.10; scalp site, F(3.45, 162.05) = 141.93, p <.001, n,®>= .75, and their interaction, F(6.12,
287.57) = 17.28, p < .001, np? = .27. To further investigate, we repeated the ANOVA
including only the within-subjects factor of vicarious touch type (stroke, hug, handshake,
sitting rest) at each scalp site. The main effect of touch type was statistically significant
across the central, F(2.13, 100.24) = 11.15, p <.001, np? = .19, parietal, F(2.17, 101.99) =
14.85, p < .001, np? = .24, and the occipital scalp sites, F(1.71, 80.56) = 8.21, p = .001, np? =

.15. However, the main effect of vicarious touch type was not significant at the prefrontal,
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F(2.08, 97.95) = 2.35, p = .099, n,? = .05, frontal, F(2.34, 110.18) = 1.66, p = .189, n,2 = .03,
and temporal scalp sites, F(2.31, 108.33) = 1.88, p = .152, np? = .04. Post hoc pairwise
comparisons with Bonferroni correction (see Table 5.18) revealed significantly lower alpha
activity during all vicarious touches compared to rest at central and parietal scalp sites, and
the occipital site for stroking and handshakes. Alpha activity was also significantly lower
during vicarious stroking than vicarious handshakes at the frontal site. No other significant

differences were found between vicarious touches.

Table 5.18. Post Hoc Pairwise Comparisons with Bonferroni Correction on Log-
Transformed Alpha Activity Between Touch-Type Conditions (Stroking, Hugging,
Handshakes, and Rest) Across Scalp Sites (Prefrontal, Frontal, Central, Parietal, Temporal,

and Occipital) for Touch Shared with Close Individuals, Strangers, and Vicarious

Prefrontal  Frontal Central Parietal Temporal  Occipital

Alpha Alpha Alpha Alpha Alpha Alpha
Close individuals
Stroke vs. hug -54 (13)** =32 (10)** -43(.15)*  -42 (15)*  -43(.10)** -.65 (.13)**
Stroke vs. handshake -.46 (.15)*  -.26(.12)  -16(19)  -21(18)  -29(12)  -.37(.14)
Hug vs. handshake .08 (.14) .06 (.07) .27 (.08)* .21 (.09) 14 (.07) 29 (.12)
Stroke vs. rest 10 (.11) -29 (06)** -53(.07)** -66(.09)** -15(.06)  -.36(.11)*
Hug vs. rest 64 (.15)** .03 (.10) -11(16)  -24(17) .28 (.12) .30 (.14)
Handshake vs.rest .56 (.15)** -.03(.13)  -.37(20)  -45(21) .14 (.14) 01(.17)
Strangers
Stroke vs. hug - 72 (12)**  -28 ((.06)** -.25(.06)** -32 (07)** -.36(.07)** -53(.10)**
Stroke vs. handshake -.71 (.14)** -.33 (.09)** -.11(.09) -.14 (.09) -39 (.10)** -53 (.13)**
Hug vs. handshake .01 (.14) -05(.07) .14 (.08) .18 (.09) -03(.08)  .001(.12)
Stroke vs. rest 11 (.11) -26 (08)* -39 (.13)* -53(.13)** -04(10)  -31(11)*
Hug vs. rest 83 (.14)** .02 (.09) -.14 (.13) -.21 (.14) 32 ((11)* 22 (.13)
Handshake vs. rest 82 (.16)** .07 (.12) -.28 (.16) -39 (.17) 35 (.14) 22 (.17)

Vicarious
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Stroke vs. hug -27(10)  -05(08)  -04(13)  -05(12) -07(12)  -.10(.07)
Stroke vs. handshake -.16 (.07) -16 (.05)* .11 (.05) .11 (.06) -.04 (.06) -.05 (.06)
Hug vs. handshake 11 (.09) -.12 (.08) 15 (.11) .16 (.10) .03 (.10) .05 (.07)
Stroke vs. rest -06 ((11)  -14(.09)  -50 (13)** -61 (14)** -22(.09)  -.46 (.12)**
Hug vs. rest 21 (.15) -10(11)  -45(12)** -56 (14)** -15(12)  -.36 (.14)
Handshake vs. rest 10 (.12) .02 (.09) -60 ((12)**  -72(.13)** -.18(.09) -41 (\13)*

Note. Data are presented as mean difference (standard error) of the first mentioned condition
minus the second mentioned conditions (e.g., stroking - hugging). *p < .05, **p < .01

corrected values.

Alpha Key Findings Summary. These findings should be interpreted with caution,
as increased alpha activity may be influenced by posture differences; participants were seated
during vicarious touch and stroking, while standing during real interactions, and we found
lower alpha activity during sitting than standing rest at frontal, parietal, temporal and
occipital scalp sites. Similar to theta and beta, real hugs and handshakes showed significantly
higher alpha activity compared to rest and vicarious touch, with greater effects for hugs. As
seen in beta, alpha activity was significantly lower during vicarious touch than rest.
Additionally, stroking revealed lower alpha than rest across experimental conditions. No
specific effects of touch with close individuals differed from touch with strangers, suggesting

no differences in alpha power that signal prioritised processing of more affective touch.

Discussion
Research highlights the protective role of tactile interactions against stress (Dagnino-
Subiabre, 2022; Fishman et al., 1995; Kidd et al., 2023) and their benefits for physical health
(Field, 2010; Packheiser et al., 2023; Thomas & Kim, 2021). Older adults tend to perceive
touch as more emotionally meaningful and pleasant than younger adults (Guest et al., 2014;
Sehlstedt et al., 2016), yet they engage in less frequent touch (Upenieks & Schafer, 2022). This

study sought to contribute to the growing body of research by examining the characteristics of
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touch behaviours reported over a four-month period in an older adult sample. Additionally, we
investigated how touch frequency relates to cognitive performance and physiological stress
responses (HR and HRV) during a stress-inducing task. Moreover, we explored whether
pleasantness ratings and electrophysiological responses (HR, HRV, and EEG) varied based on
the type of touch (stroking, hugging, handshakes) and the nature of the interaction (with close

individuals, strangers, or vicariously experienced) in this older adult population.

Longitudinal Survey

We found that older adults living with others and in higher-quality relationships
engaged in more frequent partner touch, consistent with research showing that cohabitation and
marriage increases physical contact compared to living alone (McDaniel & Andersen, 1998;
Trotter et al., 2018), while trust and happiness in relationships promote touch more than conflict
and dissatisfaction (Debrot et al., 2013; Jakubiak et al., 2021). Additionally, individuals with a
greater desire for social touch reported more touch with non-partners, suggesting that older
adults with a natural affinity for touch actively seek out physical closeness in broader social

contexts.

Over the four-month period, romantic partner touch, especially hugging, was most
frequent and consistently rated as the most pleasant. This echoes findings that partners are
touched more often and with greater valence and arousal than others (BeRler et al., 2020; Xu
et al., 2023), likely because couples express emotional support and affection through physical
touch (Grewen et al., 2005; M. Diamond, 2000). Partner touch is also most strongly associated
with physiological and psychological benefits, such as reduced blood pressure during
handholding and hugging (Grewen et al., 2003), lower cortisol after massages (Ditzen et al.,
2007), decreased anxiety (Coan et al., 2006), and reduced neuroendocrine stress (Navyte et al.,
2024). Earlier research found that young adults engage more in cuddling/holding than hugging

in romantic relationships, with women also engaging in more handholding than hugging
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(Gulledge et al., 2003), indicating that while patterns of romantic touch being the most frequent
and pleasant persist into older age, there may be age-related changes in touch type preferences.
Furthermore, we found that among non-romantic relationships, family members and friends
were most frequently touched, especially through hugs, reflecting the role of hugs in close
interpersonal relationships. Touches with colleagues, neighbours, and acquaintances were less
frequent and rated less pleasant, likely reflecting the more formal nature of these relationships,
consistent with findings that closer relationships elicit more positive emotional responses to

touch (Suvilehto et al., 2015).

In terms of satisfaction with the amount of touch they received, participants consistently
reported dissatisfaction with the quantity shared with both romantic partners and non-partners.
This dissatisfaction persisted over time and was stronger for romantic partners, suggesting that
even when touch occurs frequently, participants desired more. This echoes findings during
COVID-19, where prolonged social distancing increased the desire for intimate touch (kissing,
hugging, caressing from partner or close family), even when it was already occurring more
than other touches (Von Mohr et al., 2021a). This may indicate a broader trend of a need for

greater physical or emotional connection.

Both long-term and short-term touch frequency reports demonstrated general stability
over time, with long-term reports being more consistent than short-term reports, indicating
stable reporting patterns of retrospective touch frequency over extended periods (e.g., 12
months). In contrast, short-term reports exhibited greater variability, likely reflecting daily
fluctuations influenced by situational factors such as interpersonal conflict, which can reduce
opportunities for touch from one month to another (Bolger et al., 1989; Rook, 2001). However,
perceived relationship quality (PRQC) did not change over three months, suggesting that this
could be a result of more trivial factors, such as more or less presence due to work/travel in one

month compared to the next. Additionally, each time participants reported touch frequency
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over the past 12 months, they may have recalled their previous responses and repeated them

for consistency (Pyszczynski et al., 1985).

Moreover, short-term reports indicated more frequent touch with both partners and non-
partners compared to long-term reports. This increased frequency and variability in short-term
reports may partly result from more fine-grained response options, allowing for more precise
reporting than the broader averages captured in long-term reports. Additionally, the long-term
scale’s lowest frequency option is “Several times a week,” which does not capture higher
frequencies like “per day” or “per hour.” Moreover, individuals may be reluctant to select the
extreme scale endpoints (Nye et al., 2010; Scheier & Carver, 1985). While long-term reports
showed greater consistency for touch with partners than with non-partners, short-term reports
of touch with partners were slightly less stable than those with non-partners, although the
difference was less pronounced than in long-term reports. These findings suggest that
longitudinal surveys, such as the National Social Life Health and Aging Project (NSHAP),
which rely on long-term retrospective reports, may accurately capture stable partner touch
patterns but may underrepresent touch frequency and oversimplify touch dynamics. Including
short-term reports, and fine-grained response options could address this gap by capturing more
precise and variable short-term touch patterns to accompany long-term touch frequency

reports.

Stroop Task

Contrary to expectations, we found that more touch shared with romantic partners or
non-partners over a four-month period, did not improve cognitive control (accuracy or
reaction time (RT)) nor modulate cardiovascular responses (heart rate (HR) or heart rate
variability (HRV)) during the Stroop task. This task measures cognitive control (MacLeod,
1991; Norman & Shallice, 2000; Stroop, 1935) and psychological stress (Siska, 2002) by

requiring participants to inhibit automatic responses and adapt to conflicting information
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(e.g., naming the colour of a word when the word itself represents a different colour). This
cognitive conflict induces stress, which is typically measured through changes in HR
(Mathewson et al., 2010; Mueller et al., 2022; Waldstein et al., 1997) and HRV (Grillot et al.,

1995; Satish et al., 2015; Sigka, 2002).

While participants exhibited an increase in HR during the Stroop task, reflecting a
physiological stress response, prior touch did not affect cardiovascular responses to stress.
We also did not find significant differences in HRV between rest and the Stroop task.
Existing research indicates that touch during cognitive tasks improves cognitive control (e.g.,
handholding improves error-related neural monitoring and inhibitory control; Saunders et al.,
2018), and touch during stressful tasks reduces HR (e.g., wrist touch during a cold pressor
task; Drescher et al., 1985). Touch administered before a stressful task can also promote
resilience (e.g., partner massage before a stress task lowers cortisol and HR; Ditzen et al.,
2007). This suggests that touch may mitigate cardiovascular stress responses when
administered during or immediately before stressful tasks. However, habitual touch over time
may not accumulate to improve cognitive control or acute cardiovascular responses. Its
effects appear more context-dependent, with immediate, intentional touch providing direct
calming effects, while long-term touch frequency may influence chronic stress regulation, as
indicated by associations between 12-month touch frequency and lower neuroendocrine stress

(Navyte et al., 2024).

Experimental Touch Pleasantness

We hypothesised that both stroking and hugging, whether with close individuals or
strangers, would be rated as most pleasant, with touch from close individuals rated more
highly than from strangers. We also expected vicarious touches to be rated as less pleasant
than real touches. As anticipated, hugging close individuals was rated the most pleasant,

followed by stroking from close individuals, and by stroking and hugging strangers.
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Vicarious touches were rated lower overall, though vicarious hugging was the most pleasant
among them. These results are consistent with the longitudinal survey, where participants
also rated hugging partners as the most pleasant, followed by hugging family and friends.
This aligns with previous research showing that hugs from close individuals provide
emotional support and help buffer stress (Cohen et al., 2015; Light et al., 2005; van Raalte &
Floyd, 2021) and are generally rated positively (Floyd, 1999). Hugs with strangers, however,
were rated as less pleasant than those with close individuals, and also less pleasant relative to

vicarious hugs.

Contrary to our expectations, there was no significant difference in the pleasantness of
stroking between close individuals and strangers. This suggests that the pleasantness of
stroking may be less influenced by the relationship between the individuals, unlike hugs,
which are perceived as significantly more pleasant when shared with close individuals.
Previous research on CT-optimal stroking supports this, showing that stroking can be rated as
pleasant even when delivered by a tactile stimulator (Ackerley, Backlund Wasling, et al.,
2014; Triscoli, Croy, Steudte-Schmiedgen, et al., 2017). This implies that the activation of
CT-fibres may be primarily responsible for the pleasantness of stroking, whereas the

emotional context or relationship seems more critical for pleasantness of hugs.

Handshakes were rated as pleasant but less so than other forms of touch, regardless of
the relationship with the person. While handshakes are often associated with conveying
interpersonal trust (Burgoon, 1991), they are more closely linked to personality traits such as
extraversion and dominance (Astrém, 1994; Chaplin et al., 2000) than to affective
communication. Additionally, vicarious touches were rated as the least pleasant overall,
suggesting that although vicarious touch can activate neural representations similar to direct
touch (Bufalari & lonta, 2013; Keysers & Gazzola, 2009) and has been rated as pleasant in

previous studies (Kirsch et al., 2024; Pawling et al., 2024), it did not evoke the same
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subjective sense of pleasantness as real touch. Notably, among vicarious touches, vicarious
hugs were rated as the most pleasant, implying that empathetic responses to hugs may
generate higher levels of perceived pleasantness than other vicarious touches. Perhaps
vicarious touch can emotionally remind individuals of real touch, though its effects appear to
vary by touch type. For example, while vicarious hugs were rated as the most pleasant among

vicarious touch types, vicarious stroking did not evoke similar pleasantness.

HR and HRV

We examined how different types of touch (stroking, hugging, and handshakes) under
different experimental conditions (close individual, stranger, and vicarious) influenced HR
and HRV. Our hypotheses were that real stroking and hugging, especially with close
individuals, would lead to more of a reduction in HR and increase in HRV compared to

vicarious touch, and that handshakes would not significantly affect HR and HRV.

In line with our hypotheses, we found that both real and vicarious stroking
consistently reduced HR. This finding supports prior research showing that slow, CT-optimal
stroking can reduce HR in both adults and infants (Fairhurst et al., 2014; Pawling et al., 2017;
Triscoli, Croy, Olausson, et al., 2017). However, contrary to expectations, HR reductions
were similar regardless of whether the stroking was administered by a close individual, a
stranger, or even observed vicariously. This suggests that the calming effect of stroking is
largely independent of the identity of the person delivering the touch and even whether the
touch is real or observed. Even though subjective pleasantness ratings were significantly
higher for real stroking than vicarious, this did not seem to effect HR response. This may
reflect the universally soothing qualities of CT-optimal stroking (Bjornsdotter & Olausson,
2011; Haggarty et al., 2021). Our study is among the first to demonstrate that HR reductions
occur equally across these touch conditions, suggesting a possible application in clinical

practice and elderly care.
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Unexpectedly, we found that stranger handshakes increased HR, contrary to our
expectation that handshakes would not affect HR. This increase may be due to the formal,
less intimate nature of handshakes, especially with strangers, which may induce tension in the
experimental setting (Astrom, 1993; Nagy et al., 2020). In contrast, vicarious handshakes and
hugs led to a decrease in HR compared to rest or real touch. This effect, however, is likely
due to posture differences, as participants were seated during vicarious touches but standing
during real touches. We found that HR was significantly higher during standing than sitting

rest, which likely explains this HR reduction during vicarious touch.

For HRV, our hypothesis that real stroking and hugging, particularly with close
individuals, would increase HRV, was only partially supported. We found that real hugs did
elevate HRV, suggesting increased parasympathetic activity and relaxation (Dreisoerner et
al., 2021; Light et al., 2005; Yoshida et al., 2020). This is consistent with previous research
showing that tactile stimulation, such as hugs or massage, increases vagus nerve activity in a
pressure-based process and leads to lower autonomic nervous system activation (Ferrell-
Torry & Glick., 1993; Field., 1998). However, HRV was only significantly higher than rest
during hugs with close individuals, whereas HRV during stranger hugs was higher than
vicarious hugs, but not higher than rest. This indicates that emotional closeness likely plays a
role in activating the parasympathetic nervous system during hugs with emotionally close
individuals, as seen in HRV increase during infant-parent hugs but not during infant-stranger
hugs (Yoshida et al., 2020), but also in reduced cortisol levels during stranger hugs, but not

HR differences (Dreisoerner et al., 2021).

Interestingly, vicarious touches, particularly vicarious stroking and hugging, led to
reduced HRV compared to real touches. Lower HRV is typically associated with stress
(MacArthur & MacArthur, 2000; Vrijkotte et al., 2000) or cognitive engagement (Cinaz et

al., 2010; Hjortskov et al., 2004; Mateo et al., 2012; Taelman et al., 2011). The passive nature
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of vicarious touch may explain this, as solely observing touch could increase cognitive
engagement, leading to reduced HRV despite a calming HR response (Luque-Casado et al.,
2013; Pendleton et al., 2016). Additionally, the short HRV recordings used in our study may
not fully capture parasympathetic changes, as longer, 24-hour recordings are generally more
reliable for this purpose (Bansal et al., 2009; Kim et al., 2018; Shaffer & Ginsberg, 2017).
This may also explain why we did not find a significant increase in HRV during real stroking,
such as the findings by Triscoli, Croy, Steudte-Schmiedgen, et al. (2017), where stroking
occurred continuously and without interruption for an average duration of 35 minutes.
Further research is needed to clarify the physiological mechanisms of vicarious touch,

particularly in distinct HR and HRV patterns.

Theta

As hypothesised, all touch-types, whether with a close individual, a stranger, or
vicarious, increased theta activity compared to rest. This supports existing research linking
theta to attentional engagement with salient sensory stimuli (lannetti et al., 2008; Michail et
al., 2016) and positive affect (Ackerley, Carlsson, et al., 2014; Aftanas et al., 2001; Aftanas et
al., 2004; Aftanas et al., 2002; Balconi & Pozzoli, 2009; Krause et al., 2000; Maulsby, 1971).
However, contrary to expectations, no significant differences in theta increases were
observed between experimental conditions for CT-optimal stroking. We had anticipated
stronger theta responses for real stroking, especially from close individuals, given previous
findings on the central role of affective touch in intimate relationships (Suvilehto et al.,
2015), and that its regulatory function seems to be mediated by psychological intimacy
(Debrot et al., 2013). These theta findings are consistent with HR responses, which also
showed no substantial variation between experimental conditions for CT-optimal stroking,
reinforcing the idea that the physiological effects of CT-optimal stroking may be largely

independent of contextual factors in older adults, even if subjective affective ratings are not.
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A distinction between real and vicarious touch was evident during hugs and
handshakes, where real physical touch, produced stronger and more widespread theta activity.
Hugs and handshakes engage deep pressure sensory pathways, which can be pleasant and
activate similar brain regions to CT-optimal stroking (Case et al., 2021), but they differ in
that CT-optimal stroking specifically targets CT-fibres (Wessberg & Norrsell, 1993). CT-
fibres stimulation is consistently associated with positive affect, regardless of whether the
stroking is delivered from a close individual (Triscoli, Croy, Olausson, et al., 2017), a
stranger (Kirsch et al., 2018), robotically (Loken et al., 2009), via brush stroking (Loken et
al., 2009), skin-to-skin contact (Kirsch et al., 2018), or observed vicariously (Haggarty et al.,
2023). While the intrinsic positivity of CT-targeted touch in evoking positive affect remains a
topic of debate (Sailer & Leknes, 2022), it is generally supported in contexts beyond close
personal interactions, more so than for other touches. The underlying mechanisms for the
affective and sensory processing of hugs and handshakes are less well understood. Vicarious
hugs and handshakes, while still increasing theta, appear to engage less intense sensory and
emotional processing, reflecting the attenuated neural impact of observing versus physically
experiencing touch. Additionally, real touch was rated as more pleasant, suggesting a
stronger emotional response, which may contribute to the heightened theta activity observed
(Aftanas et al., 2001; Aftanas et al., 2004; Aftanas et al., 2002; Balconi & Pozzoli, 2009;
Krause et al., 2000). Furthermore, perceived intention plays a crucial role in the affective
value of touch (for a review see: Sailer & Leknes, 2022). The intention behind stroking is
likely clearer across interaction modes, whereas the intention of vicarious hugs and
handshakes may be more ambiguous compared to their real counterparts (McCann &
McKenna, 1993), potentially moderating the emotional impact. In our study, participants

were not provided with any context regarding the intention behind vicarious touches. Future
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research could explore the influence of perceived intention in vicarious touch by introducing

context narratives.

Contrary to our expectations, no significant differences in theta activity were found
between touches from close individuals and strangers. Previous research has consistently
shown that touch between close individuals is associated with positive affect (Floyd, 1999;
Loken et al., 2009; Pawling et al., 2017) and higher theta power (Ackerley, Carlsson, et al.,
2014; Aftanas et al., 2001; Aftanas et al., 2004; Aftanas et al., 2002; Balconi & Pozzoli,
2009; Krause et al., 2000; Maulsby, 1971). However, our findings indicate that in older
adults, the emotional closeness of the touch partner does not significantly modulate theta
oscillations. This suggests that older adults may process touch as uniformly pleasant,
regardless of the relationship context or subjective ratings, with theta response being driven
more by the tactile stimulation itself rather than the emotional connection with the touch
giver. These findings support research showing that the pleasantness of affective touch
increases with age (Sehlstedt et al., 2016), indicating that touch in later adulthood is
perceived more generally as positive. However, stranger hugs and handshakes elicited more
widespread theta activity compared to their vicarious counterparts, a pattern that was less
pronounced for touches from close individuals. The age-related “positivity effect” (Mather &
Carstensen, 2005), characterised by reduced amygdala activation to negative but not positive
stimuli (Gutchess et al., 2007; Leclerc & Kensinger, 2011; Mather et al., 2004), may help
explain this finding. Given that the amygdala is involved in processing pleasant touch
(Gordon et al., 2013; Spitoni et al., 2020; Voos et al., 2013), older adults may experience a
broader or even enhanced perception of touch as positive, even from strangers. This suggests
that the hedonic aspects of touch remain intact or are even heightened with age, independent
of relational factors, providing a neurophysiological basis for the diminished selectivity of

emotional closeness in tactile processing.
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Finally, our findings show that hugs and handshakes elicited greater theta activity
than stroking, with handshakes producing the most widespread increases, despite being rated
as less pleasant. Theta power reflects emotional experiences and arousal (Giintekin & Basar,
2016; Knyazev, 2007), regardless of whether stimuli are positively or negatively valenced
(Aftanas et al., 2001; Balconi & Lucchiari, 2006; Balconi & Pozzoli, 2009; Knyazev et al.,
2009). In terms of pleasantness, hugging was rated as more pleasant than stroking, while
handshakes were rated as less pleasant. Additionally, HR and HRV findings indicate calming
effects for stroking and hugging, but not for handshakes. This may also indicate that hugs and
handshakes were more salient than stroking (lannetti et al., 2008; Michail et al., 2016). Thus,
increased theta activity observed during hugs and handshakes may reflect heightened
emotional experience, arousal, and salience, but with different valences: more positive than
stroking for hugging and more negative than stroking for handshakes. Another possible
explanation is that hugs and handshakes may stimulate Ap-fibres more than stroking, given
their greater pressure, larger contact areas, and involvement of glabrous skin, factors known
to enhance theta responses (Kuc et al., 2023; Michail et al., 2016). Moreover, during
vicarious touch, theta activity was higher for stroking and hugging compared to handshakes,
suggesting that while vicarious handshakes may have been salient, this salience was likely

not driven by affective factors.

It is also possible that some formal or tense emotions associated with handshakes
(Astrém, 1993; Nagy et al., 2020) may have been conflated with the positive emotions of
handholding (Sened et al., 2023). While any touch enables two-way sensing, the tactile palms
and fingers are much more sensitive than other body areas (Gibson & Craig, 2005; Morioka
et al., 2008). Both handshakes and handholding engage both palms and fingers, allowing
optimal tactile feedback between participants. This may facilitate bi-directional feedback

important for homeostatic regulation, as suggested by evidence showing handholding
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promotes synchrony in skin conductance and brain activity (Goldstein et al., 2018; Reddan et
al., 2020). To avoid contaminating results, participants were silent during handshakes,
potentially making this touch more perceptually ambiguous and resulting in both outcomes of
formal handshakes but also pleasant handholding. Further research is needed to clarify these

effects.

In contrast to our findings, von Mohr et al (2018) reported theta suppression during
affective touch, which they attributed to attentional and emotional regulatory processes
observed in mindfulness and meditation (Chiesa et al., 2013; Mitchell et al., 2008; Tanaka et
al., 2014; Uusberg et al., 2014; Yu et al., 2011). However, their paradigm involved
participants remaining still with their eyes closed, potentially inducing a low-arousal or
drowsy state, which can influence theta activity (Klimesch, 1999; Knyazev et al., 2006;
Mitchell et al., 2008). In our study, participants had their eyes open and were moving during
hugs and handshakes, which involved skin-to-skin contact rather than brush stroking,
possibly accounting for the difference in theta dynamics. However, it should be noted that
von Mohr et al (2018) expected increased theta in response to touch for the same reasons as
the present study, reflecting attention to involuntary salient sensory stimuli (lannetti et al.,
2008; Michail et al., 2016) and processing of affectively valence cues (Aftanas &
Golocheikine, 2001; Aftanas et al., 2004; Aftanas et al., 2002; Balconi & Pozzoli, 2009;

Krause et al., 2000).

Beta and Alpha

Our findings demonstrated clear differences in beta and alpha activity between real
and vicarious touch. Vicarious touch resulted in reduced beta and alpha activity compared to
rest, with beta reductions observed during vicarious stroking and handshakes, while alpha
reductions were observed across all vicarious touches. In contrast, increased beta and alpha

activity was observed during real touches, with increased beta observed for all real touches,
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while increased alpha occurred during real hugs and handshakes. Prior studies reported beta
and alpha reduction during tactile stimulation (Diego et al., 2004; Michail et al., 2016; Singh
et al., 2014; von Mohr et al., 2018b), with beta oscillations thought to play a role in sensory
integration (Brovelli et al., 2004; Simoes et al., 2003). However, it remains uncertain whether
beta and alpha suppression is driven by tactile processing or primarily by anticipation (Foxe
et al., 1998; Michail et al., 2016; von Mohr et al., 2018a). This ambiguity often arises when
rest conditions directly precede touch stimulation, leading to increases in beta and alpha
activity due to the anticipatory effects, especially for alpha (Foxe et al., 1998). Our study
recorded the rest condition independently of other experimental conditions, which could

explain why we did not find consistent beta and alpha reductions.

Instead, our observed beta and alpha reductions during vicarious touch, and only
alpha reductions across all stroking interactions, likely reflect heightened attention and
sensory engagement, given that both beta and alpha are inversely related to attention (Diego
et al., 2004; Klimesch et al., 1998; Nunez, 2000; Shagass, 1972), and sensory processing
(Bastiaansen et al., 2001; Brinkman et al., 2014). Additionally, reductions in alpha activity
are associated with tactile observation (Coll et al., 2015; Perry et al., 2010). In our study,
vicarious touches and stroking involved the most direct observation of the physical contact
points. In contrast, real hugs obscured these contact points due to the close, intertwined
nature of the interaction, while handshakes typically involve maintaining eye contact rather
than focusing on the touch itself. This supports findings from Schirmer and McGlone (2019),
who reported beta and alpha desynchronisation when participants focused on touch in social
interaction images, indicating sensorimotor activation. Nonetheless, it should not be
overlooked that posture differences may have influenced the unique effects observed in
vicarious touch compared to real touches, and between stroking compared to hugs and

handshakes. Participants were seated during vicarious touches and stroking interactions, but
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standing during real hugs and handshakes. Resting beta and alpha activity was significantly
lower during sitting than standing. These posture differences were observed in frontal scalp
sites for both beta and alpha, but were also present in parietal, temporal, and occipital sites
for alpha activity. While significant differences were often more widespread during posture-
mismatched conditions than present only at the scalp sites affected by rest condition
differences, further research is needed to determine whether these beta and alpha reductions

persist when posture is matched.

However, Schirmer and McGlone (2019) also found that touch images, compared to
no-touch images, elicited higher alpha and beta power. This difference may be explained by
complexity of touch stimuli. Studies showing alpha and beta suppression frequently used
images focusing solely on the point of physical contact (Kim et al., 2022; Peled-Avron et al.,
2016; Whitmarsh et al., 2011; Yang et al., 2009), while more complex, full-body images
likely increase perceptual demands, similar to how motor imagery complexity elevates beta
and alpha power (Brinkman et al., 2014). Our results suggest that the greater processing
demands of real touch, and the inability to isolate observation of the touch, might explain the
increased beta and alpha activity compared to vicarious touch. Notably, vicarious stroking
and handshakes exhibited significantly less beta activity than rest, as did real stroking, likely
due to the larger body areas and more dynamic movement involved in hugging, making these

stimuli more challenging to process too.

Furthermore, increased beta power has previously been associated with more pleasant
tactile experiences, particularly in right hemispheric temporo-parietal and frontal sites (Singh
et al., 2014). The beta increases we observed during all real touch in temporal, occipital, and
prefrontal sites support this, indicating that beta activity may reflect the hedonic valence of
touch, which aligns with participants’ ratings of higher pleasantness during real touches

compared to vicarious touches. Previous electrophysiological studies have shown that
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temporo-parietal beta activity correlates with emotional states, demonstrating greater beta
activity during emotionally positive tasks (Ray & Cole, 1985). Additionally, fMRI studies
have identified the posterior insula, medial frontal cortex, and cingulate cortex as key brain
regions involved in the hedonic experience of tactile stimulation (Bjornsdotter et al., 2009;
Gordon et al., 2013; Rolls et al., 2003; Voos et al., 2013). The topography of the beta activity
we observed aligns with these neural sources. Additionally, inherently pleasurable tactile
stimuli are known to activate inferior prefrontal regions, with afferent projections from the
somatosensory cortex into the orbitofrontal cortex, inferior frontal gyrus, and adjacent
anterior frontal operculum being associated with this sensation (Hagen et al., 2002). Our

findings of beta increases at prefrontal electrode sites support this.

Regarding beta and alpha activity during interactions with close individuals versus
strangers, we found higher beta activity at temporal and occipital scalp sites during stranger
hugs and handshakes compared to those with close individuals. This finding could suggest
that participants perceived stranger hugs and handshakes more positively, as increased
temporo-parietal beta activity is associated with pleasant touch (Singh et al., 2014) and
positive emotional states (Ray & Cole, 1985; Schutter et al., 2001). However, this
interpretation contradicts subjective ratings of pleasantness and cardiovascular responses.
Thus, this may be linked to the age-related “positivity effect” (Mather & Carstensen, 2005),
where older adults tend to perceive or interpret experiences more positively, potentially
leading to an enhanced response to touch from strangers. In contrast, no significant
differences in alpha activity were observed between close and stranger hugs and handshakes,
suggesting similar levels of attention and sensory processing regardless of emotional
closeness (Bastiaansen et al., 2001; Brinkman et al., 2014; Diego et al., 2004; Klimesch et al.,

1998; Nunez, 2000; Shagass, 1972). Consistent with the theta findings, there were also no
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differences in beta or alpha activity during close versus stranger stroking, further supporting

the idea of universal perception of stroking as pleasant, at least among older adults.

In terms of beta and alpha differences between touch types, we observed significantly
higher alpha activity during hugs than handshakes with close individuals. Given that
increases in beta and alpha power are associated with greater processing demands (Brinkman
et al., 2014), this elevated alpha activity during hugs may reflect the higher cognitive
complexity involved in processing hugs compared to handshakes. This complexity is likely
due to the larger body areas involved, the emotional significance of hugs, and the longer
duration of contact in our experimental setup (hugs lasting 10 seconds versus 3 seconds for
handshakes). However, no significant differences in beta power were found between hugs
and handshakes with close individuals. Alpha oscillations are also associated with
mindfulness, interoceptive awareness, and relaxation (Cahn & Polich, 2006; Lomas et al.,
2015; Yu et al., 2011), suggesting that the higher alpha activity during hugs could indicate a
more relaxed state, consistent with our HRV findings showing increased HRV during hugs
with close individuals. Furthermore, the absence of significant differences in beta or alpha
activity between stranger hugs and handshakes further supports the notion that hugs with
close individuals may have a uniquely relaxing effect. For vicarious touch, beta activity was
higher during stroking and hugs compared to handshakes. Lower beta activity during
vicarious handshakes compared to other vicarious touches might indicate that handshakes
were the least challenging to process, likely because they are not as emotionally driven.
Moreover, we observed more alpha activity during vicarious handshakes than stroking, which
could suggest lower tactile observation in this condition. Reductions in alpha activity are
often linked to increased tactile observation (Coll et al., 2015; Perry et al., 2010), and the
brief duration of contact during handshakes compared to stroking likely contributed to this

effect. Finally, no significant differences were found in beta or alpha activity between
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vicarious stroking and hugs, indicating that these touch types might evoke similar levels of

sensorimotor and attentional processing

Limitations and Future Directions

In summary, this study provides insights into the longitudinal touch patterns of older
adults, their behavioural and physiological responses to stress based on cumulative touch
frequency, and their electrophysiological responses to stroking, hugging, and handshakes,

shared with close individuals, strangers, and vicariously.

Over a four-month period, older adults reported romantic partner touch, especially
hugging, as the most frequent and pleasant, with hugs from family and friends also occurring
frequently. However, they consistently expressed dissatisfaction with the amount of touch
received from both partners and non-partners. Additionally, when comparing short-term and
long-term retrospective reports of touch frequency, we found that short-term reports were
more variable and indicated a higher touch frequency than long-term reports. Furthermore,
increased touch frequency did not improve cognitive control or significantly affect

physiological responses during a stressful task.

Our electrophysiological findings revealed distinct patterns for stroking compared to
hugging and handshakes across close individual, stranger, and vicarious conditions. Stroking
interactions yielded consistent responses, with no significant differences in pleasantness, HR
and alpha activity reduction, or theta activity increases, suggesting that older adults’
responses to stroking are less context-dependent than other touch types. In vicarious
interactions, both stroking and hugging reduced both HR and HRV, reflecting a response
characterised by calmness and arousal, though this interpretation is uncertain. In contrast, real
hugs increased HRV, while handshakes with strangers raised HR, indicating distinct calming

and arousing effects. Theta activity increased across all touch types and experimental
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conditions, suggesting that theta oscillations encode both real and vicarious sensory stimuli.
Real hugs and handshakes elicited stronger responses compared to their vicarious
counterparts, likely due to the activation of deep pressure sensory pathways and clearer
intentions. Notably, theta oscillations did not correlate with the emotional closeness of the
touch partner, implying that older adults may find real touches physiologically more pleasant
regardless of their relational context. Beta and alpha activity patterns differentiated real from
vicarious touch; vicarious interactions showed decreased beta and alpha activity, indicating
heightened attention, whereas real touches resulted in increased activity, suggesting greater
sensory integration and pleasantness. The heightened beta activity during stranger hugs and
handshakes may reflect the age-related ‘positivity effect’. Lastly, greater alpha activity during
hugs compared to handshakes may indicate the higher cognitive complexity associated with

processing hugs, which require more emotional and physical engagement.

Overall, the present study provides evidence of how contextual factors, influence
physiological responses to touch in an older adult population. However, these findings should

be considered in light of several limitations, which also suggest directions for future research.

First, the inconsistent posture across conditions presents a methodological challenge.
Although consistent posture would have been ideal, we prioritised minimising standing time
for our older adult sample, and maintaining the naturalness of interactions. Participants stood
during hugs and handshakes, but were seated for stroking and vicarious interactions, in line
with existing research (Ackerley, Wasling, et al., 2014; Dueren et al., 2021; Feldhutter et al.,
1990; Nagy et al., 2020; Smit et al., 2023). We found significant differences in resting HR,
theta, beta, and alpha oscillations between seated and standing postures, but no differences in
resting HRV. Additionally, not all scalp sites showed significant differences in theta, beta,
and alpha oscillations. This suggests that our findings were not solely influenced by posture,

as differences between conditions often exceeded those due to body posture. We matched rest
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posture to the majority of touch postures in each comparison. For instance, we used standing
rest for hug comparisons, despite not matching vicarious hugs. Only all stroking and all
vicarious comparisons had fully matched postures, as participants were seated across all
conditions, thus seated rest was used too. By treating rest as an independent condition, we
could directly compare touch interactions to rest and evaluate whether interactions
significantly differed from one another or from rest. This approach also facilitated
comparisons with previous studies, such as von Mohr et al (2018). Nevertheless, future
studies should strive to match postures across all conditions to ensure validity. This would
eliminate the confounding effects of posture and allow clearer attribution of physiological

changes to touch interactions.

Second, the duration of touch interactions was not fully matched. Hugging was set to
10 seconds based on research suggesting this as the optimal duration (Dueren et al., 2021),
and stroking was also set to 10 seconds to ensure consistency. Handshakes, however, were
limited to three seconds to prevent increased stress responses (Feldhitter et al., 1990; Nagy et
al., 2020). Each trial was repeated three times. These durations are consistent with previous
studies, such as eight blocks of six-second brush strokes (von Mobhr et al., 2018), and single
trials of one-second hugs, five-second, and ten-second hugs (Dueren et al., 2021). These
ultra-short recordings may not optimally capture HRV or parasympathetic changes. Although
24-hour recordings are most reliable for assessing HRV (Bansal et al., 2009; Kim et al., 2018;
Shaffer & Ginsberg, 2017), this method is impractical for measuring HRV in response to
hugs. We opted to use the standard deviation of NN intervals (SDNN) because it is a widely
recognised measure of overall HRV (Wang & Huang, 2012). Other studies suggest that the
root mean square of the successive differences in RR intervals (RMSSD) is better suited for
ultra-short assessments (10 seconds to one minute), whereas SDNN typically required

recordings longer than one minute (Nussinovitch et al., 2011). For example, Triscoli et al
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(2017) employed continuous stroking for an average of 35 minutes, finding greater HRV
activation than observed in our study. However, longer hugs (over 10 seconds) and
handshakes (over three seconds) may be perceived as uncomfortable or stressful, consistent
with findings that pleasantness and desire for touch decrease with repeated stimulation
(Triscoli et al., 2014). Future studies should aim to maintain consistent interaction durations

for better comparisons.

Third, this study delivered both real and vicarious touches without context and
intention cues to focus solely on the physiological effects of touch itself. However, the role of
context and intention cannot be overlooked, as they play a crucial role in the emotional
impact of touch. For example, participants were reluctant to compare the pleasantness of
fabrics without knowing their intended use, highlighting the importance of context (Ripin &
Lazarsfeld, 1937). Additionally, findings from nursing literature suggest that touch is rated as
more comforting when perceived as instrumental (e.g., to facilitate care) rather than
affectionate, likely due to clearer and more interpersonally appropriate intentions associated
with instrumental touch (McCann & McKenna, 1993). Future studies should examine the
influence of intention behind interactions from individuals of varying emotional closeness, as
well as vicarious touch, to determine how these factors affect touch perception and

processing.

Fourth, our study focused on older adults, who tend to perceive touch as more
emotionally meaningful and pleasant compared to younger adults (Guest et al., 2014;
Sehlstedt et al., 2016), despite engaging in touch less frequently (Upenieks & Schafer, 2022).
This demographic may benefit significantly from touch interventions. While much of the
existing research on touch emphasises younger adults (Cruciani et al., 2021), it would be
valuable to directly compare physiological responses to different types of touch, with close

individuals, strangers, and vicariously in younger populations. Additionally, future research
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should aim to directly compare touch characteristics, as well as behavioural and physiological
responses, between younger and older adults. Such studies would help determine whether
cumulative touch influences acute stress responses and cognitive performance in other age
groups, but also whether the electrophysiological patterns observed here, such as the context-
independent response to stroking and differentiation between touch types more so than

emotional closeness, also apply to younger adult or are unique to older populations.

Fifth, we did not examine sex differences due to insufficient statistical power. While
existing research indicates that both men and women experience similar emotional and
physiological benefits from touch with familiar individuals, such as romantic partners,
evidenced by improvements in momentary affective states (Debrot et al., 2017; Debrot et al.,
2013) and reductions in cortisol levels, HR, and blood pressure during stress (Ditzen et al.,
2019; Ditzen et al., 2008), some differences also emerge. For instance, men may benefit more
from touch interventions in terms of blood pressure, while women tend to find touch more
pleasant (Holt-Lunstad et al., 2008; Russo et al., 2020). The dynamics shift further when
considering touch between strangers; men may perceive caressing touch from female
experimenters as rewarding, while women may not (Kirsch et al., 2018). However, it is
unclear if these patterns extend to older adults. Therefore, it is unclear how sex influenced
our findings, and if mane versus women perceived touch conditions different, thus, future

studies should investigate how sex influences the neural correlates of touch.

Sixth, our experimental design may have combined the formal or tense emotional
cues often associated with handshakes (Astrém, 1993; Nagy et al., 2020) with the more
positive emotions linked to handholding (Sened et al., 2023). To reduce potential confounds,
participants remained silent during handshakes, possibly making this touch more perceptually
ambiguous and contributing to mixed emotional effects. Given the high sensitivity of the

palms and fingers (Gibson & Craig, 2005; Morioka et al., 2008), both handshakes and
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handholding provide rich tactile feedback, potentially enabling mutual regulation, as
suggested by evidence that handholding can enhance synchrony in skin conductance and
brain activity (Goldstein et al., 2018; Reddan et al., 2020). Future research should examine
whether handshakes and handholding elicit similar effects when contextual cues are limited,

and no verbal communication occurs during contact.

Seventh, we found no effect of past touch frequency on current stress resilience.
Although prior research has linked frequent partner touch with positive physiological and
psychological outcomes. This includes increased baseline oxytocin and reduced blood
pressure (Light et al., 2005), lower perceived stress and higher positive mood (Burleson et al.,
2007), quicker recovery from common colds (Cohen et al., 2015), reduced cortisol levels
(Holt-Lunstad et al., 2008), improved cholesterol levels (Floyd et al., 2009), and elevated
dopamine and serotonin (Field et al., 2004). It remains possible that individuals with more
frequent touch and satisfying relationships derive greater benefit from acute touch during
stressful tasks than those with less frequent touch or less fulfilling relationships.
Understanding these dynamics may help clarify the role of touch history and relationship
satisfaction in modulating responses to stress in older adults, informing potential therapeutic

uses of touch in stress management.

Finally, this study’s participants lacked racial diversity, as all were white. This limits the
generalisability of our findings, given that cultural differences can influence touch behaviour
and perceptions (Remland et al., 1995; Schirmer et al., 2023). Future research should aim to
replicate these results in more racially and culturally diverse populations to gain a broader
understanding of touch dynamics. Additionally, all participants in the lab study had a close
individual they felt comfortable touching, which might have biased the findings toward more
positive outcomes. Exploring stranger and vicarious touch with individuals who do not have

close touch partners could yield different results. Future studies should include participants
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without a touch partner to better understand touch responses across different relationship
contexts. Moreover, participants knew in advance that the study involved touch interactions
with both close individuals and strangers. This may have led to a self-selection bias, attracting
individuals more comfortable with touch in general. Prior evidence suggests that people who
are more comfortable with touch are more likely to engage in studies involving physical contact
with strangers (Fromme et al., 1989). To address this bias, future studies should consider

recruiting a more varied sample that includes individuals with different levels of touch comfort.

In conclusion, while tactile interactions are known to reduce stress and benefit
physical health, older adults perceive touch as more emotionally meaningful and pleasant
than younger adults but engage in it less frequently. This study sheds light on the complex
interplay between touch characteristics and physiological responses in older adults. Over a
four-month period, participants reported that while hugs from romantic partners, family, and
friends were the most frequent and pleasant, they expressed dissatisfaction with the overall
amount of touch received. Notably, our findings indicated that short-term and long-term
reports of touch frequency differed, with short-term reports showing greater variability.
Electrophysiological analyses revealed that stroking evoked consistent responses across
contexts, indicating its universal pleasantness, while real hugs and handshakes elicited unique
physiological effects that did not differ significantly between close individuals and strangers.
This suggests that the type of touch is more influential than the emotional closeness of the
touch giver. Furthermore, while both real and vicarious touches had distinct impacts on HR
and HRV, the lack of correlation between theta activity and emotional closeness highlights
the potential differences in neural and cardiovascular processing of real touch. Collectively,
these findings may inform interventions to leverage touch for enhancing well-being in older
populations, and call for further research to explore these dynamics across different age

groups and contexts.
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6. General Discussion
Overview

Research consistently underscores the protective role of touch in reducing stress
(Dagnino-Subiabre, 2022; Fishman et al., 1995; Kidd et al., 2023) and its benefits for
physical health (Field, 2010; Packheiser et al., 2023; Thomas & Kim, 2021). Older adults
tend to find touch more emotionally meaningful and pleasant than younger adults (Guest et
al., 2014; Sehlstedt et al., 2016), yet they engage in it less frequently (Upenieks & Schafer,
2022). Despite this, most studies focus on younger populations. This thesis sought to fill that
gap by exploring the physiological health correlates of touch frequency and relationship

context among older adults, using both cross-sectional and longitudinal data.

To expand on existing findings, this research employed secondary data from a large
household panel survey, the National Social Life, Health and Aging Project (NSHAP),
alongside experimental data collection of physiological and neural markers of touch. A
further specific focus was placed on vicarious touch, known to activate similar brain regions
as direct touch (Bjornsdotter & Olausson, 2011; Haggarty et al., 2021; Meijer et al., 2022),
and reduce perceived stress (Kirsch et al., 2024). Given the limited exploration of its
emotional and physiological effects, particularly in everyday contexts like hugging, this
thesis investigated how vicarious hugs, varying by perspective (first-person vs. third-person)
and duration (10 vs. 30 seconds), affect physiological responses during stress and recovery.
Additionally, this thesis addressed gaps in the literature that NSHAP could not, such as
detailed characteristics of older adults’ experiences, the accuracy of long-term retrospective
touch reports, and direct comparisons of autonomic and neural responses to real versus
vicarious touch in older adults. Specifically, the final component of this research directly
compared how different types of touch are perceived, and how these types of touch are

perceived when shared with individuals of different emotional closeness (e.g., partner,
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family, friends vs. strangers), while additionally comparing these real touches to their
vicarious counterparts. Overall, providing an in-depth understanding of how various forms of
touch, both real and vicarious, impact emotional and physiological health in older adults, and

how the context and nature of interpersonal relationships influence these effects.

Findings from Chapter 2, examining the cross-sectional association between
frequency of interpersonal touch and components of allostatic load, revealed that frequent
touch with romantic partners was associated with better neuroendocrine health, while touch
with other close individuals showed no significant associations. Chapter 3, which looked at
the long-term association between touch frequency and components of allostatic load, found
that frequent romantic partner touch was associated with better metabolic and cardiovascular
health five years later. Similar to cross-sectional investigations in Chapter 2, there were no
significant associations with other close adult touch frequency. Overall, this suggests that the
short-term benefits off frequent partner touch are pronounced in neuroendocrine systems,

while the long-term benefits are most apparent in metabolic and cardiovascular systems.

Chapter 4 investigated the physiological markers of vicarious hugs, varying in
perspective (first-person vs. third-person) compared to a neutral hug (actor hugging a water
bottle) and duration (10 seconds vs. 30 seconds), during video viewing, a stressful task, and
post-stress recovery. Results showed no significant differences in heart rate (HR), heart rate
variability (HRV), galvanic skin response (GSR), pupil dilation (PD), or expressions of joy
between the different perspectives and durations of vicarious hugs compared to the neutral
hug video. However, longer videos led to greater PD, indicating increased autonomic arousal
regardless of perspective. Additionally, less joy was found during longer neutral hug videos
compared to third-person hugs, suggesting that first-person perspectives of full-body touches
may be more complex and less pleasant than third-person views. Although the Stroop task

successfully induced stress, as shown by increased HR and GSR, neither first-person nor
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third-person hug videos buffered stress better than neutral videos. Interestingly, longer video
exposure resulted in reduced PD during the Stroop task and post-stress recovery, indicating
greater relaxation compared to shorter exposures. In summary, these findings suggest that
while different perspectives and durations of vicarious hugs might not influence
physiological responses to stress, longer exposures, regardless of context of hugs, might lead
to greater autonomic arousal during exposure, while additionally leading to greater relaxation

and reduced autonomic arousal during stressful tasks and during recovery.

Finally, Chapter 5 examined the touch behaviours of older adults over a four-month
period, and explored how frequency of touch over four months was associated with cognitive
and physiological stress responses (HR and HRV) during the Stroop task. Furthermore,
Chapter 5 directly compared autonomic (HR and HRV) and neural oscillatory (EEG) patterns
in response to different touch types (CT-optimal stroking, hugging, and handshakes), shared
with individuals of varying emotional closeness (partner/friend/family, strangers, or
vicarious). The longitudinal survey findings highlighted several key patterns. For example,
older adults living with others, and those with greater relationship satisfaction, reported
sharing more touch with partners. In terms of the characteristics of touch shared over four
months, partner hugs emerged as the most frequent and pleasant, followed by hugs with
friends and family. Additionally, older adults consistently reported wanted more touch than
they experienced. Furthermore, increased touch frequency with partners or non-partners did
not lead to improvements in cognitive control or cardiovascular stress responses during the
Stroop task, suggesting that accumulated frequent touch may not enhance acute stress

responses in older adults, unlike what has been shown for touch applied during stress.

Regarding autonomic and neural comparisons, findings revealed unigue responses for
CT-optimal stroking, whereby both real (close individual and stranger) and vicarious stroking

reduced HR. Although vicarious touches generally, showed lower HRV, indicating arousal.
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In contrast, real hugs, especially with close individuals, showed increased HRV, indicating
greater parasympathetic activity and relaxation. Neural oscillatory patterns revealed increases
in theta activity across all types of touch and all touch sources compared to rest, suggesting
similar attentional engagement and positive affect (Ackerley, Carlsson, et al., 2014; Aftanas
et al., 2001; Aftanas et al., 2004; Aftanas et al., 2002; Balconi & Pozzoli, 2009; lannetti et al.,
2008; Krause et al., 2000; Maulsby, 1971; Michail et al., 2016). Similar to HR findings, there
were no significant differences in theta activity for CT-optimal stroking across touch source
conditions, indicating that perceptions of CT-optimal stroking are independent of contextual
factors in older adults, even if they are vicarious. However, differences in theta activity were
observed between hugs and handshakes. Real hugs and handshakes produced stronger theta
activation compared to their vicarious counterparts, however, when hugs and handshakes
were real, no significant differences were observed between close individuals and strangers,
suggesting that for older adults, the type of touch is a bigger driver for neural differences than

whom it is shared with.

Similarly, differences in beta and alpha activity were observed between real and
vicarious touch, with lower activity observed during vicarious touch, and increased activity
during real touch, with CT-optimal touch showing alpha desynchronisation similar to
vicarious touch, compared to rest. These differences are thought to represent attentional and
sensory engagement differences in focusing on touch observation compared to more complex
states while actually experiencing touch (Bastiaansen et al., 2001; Brinkman et al., 2014;
Diego et al., 2004; Klimesch et al., 1998; Nunez, 2000; Shagass, 1972). However, increased
beta activity, previously associated with pleasant tactile experiences (Singh et al., 2014),
suggests a greater perception of pleasure during all real touches, consistent with participants’
reports of higher pleasantness for real compared to vicarious touch. Additionally, higher

temporal and occipital beta activity was observed during stranger hugs and handshakes
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compared to those with close individuals, suggesting an age-related “positivity effect”
(Mather & Carstensen, 2005), where older adults tend to interpret experiences more
favourably. Although this finding did not align with subjective pleasantness or cardiovascular
responses, thus requiring future investigation. Alpha activity, associated with mindfulness
and relaxation (Cahn & Polich, 2006; Lomas et al., 2015; Yu et al., 2011), was higher during
real hugs, particularly with close individuals, supporting the HRV findings that suggested
increased relaxation during close interactions. Thus, these findings suggest that theta
oscillatory increases may be a marker of both tactile observation and sensation in older
adults, while beta and alpha are responsible for differences in attentional processing, but also

the hedonic properties of touch.

Demographic, Behaviour, and Desire Characteristics of Touch in Older Adults
The factors that may signal a risk of touch absence in older adults and the

characteristics of their touch behaviours remain underexplored. Upenieks and Schafer (2022)
investigated whether greeting touch, which are physical interactions such as embraces, kisses,
and pats on the back occurring during social encounters (Jones & Yarbrough, 1985), varies
according to older adults’ characteristics. They found that women were more likely than men
to engage in greeting touch, aligning with social support literature suggesting that women
maintain larger and more supportive social networks (Antonucci et al., 2004). Additionally,
Upenieks and Schafer (2022) found no significant associations between ethnicity or
socioeconomic status and touch in later life, despite evidence that low education and income
are typically associated with lower social support (Fischer & Beresford, 2015). Furthermore,
Upenieks and Schafer (2022) found that other interpersonal factors were associated with
more frequent greeting touch, such as having a romantic partner, being employed, engaging
in formal (e.g., volunteering for charitable organisations) and informal (e.g., getting together

socially with friend or relatives) social activities.
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Extending these findings, Chapter 2 of this thesis showed that women report more
frequent touch with non-romantic individuals, suggesting that, in addition to greeting touches,
women may engage in touch more often than men with non-romantic others. However, no
sex difference was found for touch frequency with romantic partners, supporting findings that
women tend to have larger, denser, and more supportive social networks and are more likely
to exchange emotional support than men (Antonucci et al., 2004; Liebler & Sandefur, 2002;
Taylor et al., 2016). In contrast to Upenieks and Schafer (2022), Chapter 2 also found that
white and more educated older adults reported more frequent touch with both partners and
non-partners. This difference may stem from Upenieks and Schafer’s (2022) use of a greeting
touch measure, while Chapter 2 focused on affectionate touch. These findings suggest that
non-white older adults and those of lower socioeconomic status may face barriers to frequent
romantic and non-romantic touch. Lower socioeconomic status is linked to less social support
from partners and friends (Fischer & Beresford, 2015), potentially due to chronic stress and
interpersonal strains associated with adverse socioeconomic conditions (Mickelson &
Kubzansky, 2003), which contribute to social isolation in later life (Shankar et al., 2017).
Ethnic differences may further influence these patterns, as white individuals often report
more friendships at mid-life than other ethnicities (Griffin et al., 2006), and experience higher
relationship quality (Bulanda & Brown, 2007). These differences in social relationships and
relationship quality may explain the higher frequency of touch reported by white respondents
in Chapter 2. Supporting this, Chapter 5 found that higher relationship quality was associated
with more frequent partner touch, as found in existing findings from younger samples

(Gulledge et al., 2003).

Additionally, Chapter 5 findings indicate that individuals who live with others report
more frequent touch with romantic partners than those living alone, likely because

cohabitation creates more opportunities for touch (McDaniel & Andersen, 1998). This
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finding aligns with similar findings from younger samples, showing that there is a substantial
difference in the touch exposure between alone-living and married individuals (Trotter et al.,
2018). Similarly, Chapter 2 shows that older adults engaging in more sexual touch with
partners also engage in more affectionate touch, suggesting that both types of touch may form
an integrated expression of relational closeness and comfort with physical intimacy. This
aligns with research showing that affection mediates the association between sexual activity,
life satisfaction, and positive emotions (Debrot et al., 2017). Interestingly, Chapter 2 also
reveals that older adults who report frequent touch with romantic partners often engage in
less touch with other close adults. This may be due to social norms or personal preferences
that reserve touch for romantic relationships. In contrast, Chapter 5 finds that those with a
strong affinity for social touch and comfort with intimacy tend to touch non-partners more
frequently, suggesting that individuals comfortable with touch may express it across a wider
range of relationships. This may differ from those who, whether by personal preference or

social convention, largely limit touch to their romantic partners.

In the NSHAP, touch frequency from both romantic partners and other close
individuals, is measured at two Waves of data collection. To our knowledge, NSHAP is the
only nationally representative dataset that includes measures of older adult touch frequency,
though these have limitations. First, the data does not specify the type of touch shared or the
specific individuals involved in non-partner touch. Second, the wording of questions differs
between Waves. In Wave 1, partner touch was assessed with, “In the last 12 months, how
often have you engaged in the following activities: hugging, kissing, caressing, or other close
physical contact with you partner?” Wave 2 revised this to, “In the last 12 months, how often
have you engaged in the following activities? How often have you or your partner shared
caring touch, such as a hug, sitting or lying cuddles up, a neck rub, or holding hands?”” For

non-partner touch, Wave 1 asked, “In the last 12 months, how often have you engaged in the
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following activities: hugging, holding, or other close physical contact with another adult?” In
Wave 2, this became, “Other than your partner, how often have you and a person such as a
friend, grandchild, or another adult, shared caring touch, such as a greeting hug, a touch on
the arm, or a neck rub? (In the last 12 months, how often have you engaged in the following

activities?)”.

Thus, in Chapter 5, specific patterns of touch were observed in older adults. Findings
showed that older adults rated partner touch as the most frequent and also the type of touch
they desired most, aligning with findings from younger populations (Beller et al., 2020) and
suggesting that touch with romantic partners remains poignant with age. Among partner
touches, hugging was the most frequent, with kissing and handholding occurring less often,
and caressing being the least frequent. However, all types of partner touch were rated as
similarly pleasant. Among non-romantic relationships, family hugs were the most frequent,
followed by friend hugs, with family touches rated as more pleasant than friend touches.
Touches with colleagues, neighbours, and acquaintances were the least frequent and rated
less pleasant compared to those partners, family, and friends. Both the frequency and
pleasantness of partner touches remained more stable over time than touches with non-
partners. Participants expressed a general dissatisfaction with the quantity of touch they
shared with partners and non-partners, particularly for romantic partners, and this feeling
remained over time. Participants consistently desired more touch with romantic partners
(hugging, kissing, caressing, and handholding) as well as with other adults (hugging and
holding), paralleling findings in younger populations who report experiencing certain touches

(e.g., hugging and stroking) less often than desired (BeRler et al., 2020).

Thus, certain demographic, relational, and individual factors appear to influence touch
behaviours in older adults. Within romantic relationships, barriers to touch may be greater for

individuals who are non-white, have lower education levels, experience lower relationship
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quality, live alone, or engage in less sexual touch. Outside of romantic relationships, men,
non-white individuals, those with lower education, and those less comfortable with intimacy
or social touch may similarly face reduced opportunities for touch. Notably, older adults
express a greater desire for touch than they report receiving, particularly with romantic
partners, whose touch remains the most frequent and sought-after into later years. Hugging
emerges as the most commonly shared form of touch, especially with partners, family, and

friends.

Emotional Closeness and Touch Type

The findings of this thesis highlight the influence of emotional closeness and touch
type on physiological, affective, and neural responses to touch in older adults. Touch with
romantic partners offers significant physiological benefits, including reduced blood pressure,
lower cortisol, and increased stress resilience (Ditzen et al., 2007; Grewen et al., 2003).
Moreover, research suggests that partner touch more effectively reduces stress and pain and
enhances positive emotions than touch from friends, while simply being near a partner, rather
than a friend, reduces threat-related activity in the amygdala over time (Coan et al., 2006;
Floyd et al., 2018; Kreuder et al., 2017; Morriss et al., 2019). Thus, partner touch appears to
be particularly effective in reducing stress and promoting positive emotions. Findings from
Chapters 2 and 3 confirm that frequent partner touch is linked to multi-system health benefits
in older adults, while touch from close but non-romantic individuals does not yield these
effects. However, in Chapter 5, older adults expressed a desire for more touch not only from
partners but also from other close individuals, implying that motivations for touch extend

beyond physiological gain.

Touch from close individuals like family members or friends also offers substantial

benefits, as these interactions provide emotional support and express a broader range of affect
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compared to stranger touch (Antonucci et al., 2014; Pisano et al., 1986). Partner touch shows
greater reductions in neural threat responses, pain, and stress, and is perceived as more
pleasant and emotionally resonant than stranger touch (Bef3ler et al., 2020; Coan et al., 2017;
Coan et al., 2006; Floyd et al., 2018; Kreuder et al., 2017; Kreuder et al., 2019; Xu et al.,
2023), though touch from strangers can also provide benefits, including lowering cortisol,
blood pressure, respiratory rate, and pain (Dreisoerner et al., 2021; Papathanassoglou &
Mpouzika, 2012). Chapter 5 findings show that older adults perceive hugs from close
individuals (partners, friends, family) as more pleasant than those from strangers. Moreover,
close individual hugs were associated with increased HRV, echoing findings linking
emotionally significant hugs to increased HRV (Yoshida et al., 2020). Stroking, by contrast,
appeared equally pleasant across all relational contexts, with similar HR reductions,
suggesting that a calming effect independent of emotional closeness. This aligns with
research indicating that CT-optimal stroking, whether by close individuals, strangers, or
tactile devices, provides universally pleasant (Ackerley, Backlund Wasling, et al., 2014;
Kirsch et al., 2018; Triscoli, Croy, Olausson, et al., 2017; Triscoli, Croy, Steudte-
Schmiedgen, et al., 2017) and soothing (Bjérnsdotter & Olausson, 2011; Haggarty et al.,

2021) effects.

Neural activity measurements further elucidates these effects. Chapter 5 shows that
theta activity increased across all touch types, indicating similar attentional engagement and
positive affect, regardless of emotional closeness (Ackerley, Carlsson, et al., 2014; Aftanas et
al., 2001; Aftanas et al., 2004; Aftanas et al., 2002; Balconi & Pozzoli, 2009; lannetti et al.,
2008; Krause et al., 2000; Maulsby, 1971; Michail et al., 2016). However, hugs and
handshakes from strangers elicited higher beta activity in temporal and occipital regions than
from close individuals, potentially reflecting an age-related “positivity effect” (Mather &

Carstensen, 2005). This beta increase, associated with pleasant touch and positive emotions
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(Ray & Cole, 1985; Schutter et al., 2001; Singh et al., 2014), contrasts with subjective
preferences for touch from close individuals, suggesting a neural receptiveness to all touch.
Whereas, hugs from close individuals elicited higher alpha activity than handshakes, possibly
reflecting a more relaxed state and greater cognitive processing due to the intimacy, larger
contact area, and extended duration of hugs (Brinkman et al., 2014; Cahn & Polich, 2006;
Lomas et al., 2015; Yu et al., 2011). Hugs and handshakes also elicited more theta activity
than stroking, with handshakes showing the highest response despite lower pleasantness
ratings. This may reflect heightened arousal or salience (Giintekin & Basar, 2016; lannetti et
al., 2008; Knyazev, 2007; Michail et al., 2016), increased Ap-fibre activation (Kuc et al.,
2023; Michail et al., 2016), or overlap with handholding. Additionally, no differences were
found in beta or alpha activity between close and stranger stroking, supporting stroking’s

consistently pleasant perception in older adults.

These findings underscore that while CT-fibre activation likely drives the universal
appeal of stroking, the impact of hugs and handshakes is modulated by emotional closeness.
Overall, this thesis suggests that the physiological and affective responses to touch in older
adults reflect a complex interplay between tactile sensation and relational context, where
partner and close-individual touch provide layered benefits, yet all forms of touch are

perceived as broadly positive in older age.

Touch Frequency and Stress in Older Adults
In Chapter 2, cross-sectional analyses of NSHAP data revealed that more frequent
touch with romantic partners over the past 12 months was associated with better
neuroendocrine health. Principal components analysis (PCA) of allostatic load biomarkers
revealed that dehydroepiandrosterone (DHEA) and pulse rate were highly correlated, and we
labelled this as neuroendocrine health. DHEA, a hormone produced by the adrenal glands,

plays a central role in stress regulation. It has immune-boosting effects, including anti-
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inflammatory and anti-glucocorticoid properties (Suzuki et al., 1991), which are essential for
regulating the hypothalamic-pituitary-adrenal (HPA) axis, which governs stress responses
(Maninger et al., 2009). High levels of DHEA are associated with successful ageing,
maintaining youthfulness, and disease prevention (Butler, 1997; Khorram, 1996). Meanwhile,
pulse rate reflects vagal function, a component of the autonomic nervous system central to
stress regulation (Porges, 2007). Together, DHEA and pulse serve as markers of primary
mediators in the stress response, involving stress hormones, their antagonists, and
inflammatory cytokines (McEwen, 2003). These mediators influence cellular functions such
as enzyme activity, receptor sensitivity, ion channel behaviour, and gene expression, all of
which are crucial for maintaining the body’s physiological stability. Chronic imbalance in
these primary mediators can lead to compensatory changes in secondary systems, including
metabolic (e.g., insulin), cardiovascular (e.g., systolic and diastolic blood pressure), and
immune functions (e.g., fibrinogen). These systems adjust their operating ranges to cope with
stress, resulting in subclinical shifts. If stress persists, the body may reach a state of allostatic
overload, where cumulative physiological strain leads to disease and other adverse health
outcomes, known as tertiary outcomes (Juster et al., 2010). This pattern suggests that more
frequent partner touch with romantic partners could help maintain neuroendocrine health in
older adults. By enhancing DHEA levels and supporting vagal function, regular touch with
partners may reduce the impact of primary stress mediators, thus limiting the need for

compensatory changes in secondary systems.

Chapter 3 extended these findings by showing that frequent partner touch was
associated with improved metabolic and cardiovascular health five years later, indicating
potential long-term effects of touch on secondary allostatic systems in older adults. In
contrast, touch frequency with other close adults showed no similar associations, nor did

partner touch predict neuroendocrine health over the same period, suggesting the unique
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importance of partner touch for sustained health benefits. These findings align with research
linking increased touch frequency to lower likelihood of chronic inflammation five years later
in older adults (Thomas & Kim, 2021). Thus, these findings support the allostatic load theory,
chronic imbalance in primary mediators (neuroendocrine health) can lead to compensatory
changes in secondary systems, including metabolic (e.g., insulin), cardiovascular (e.g.,
systolic and diastolic blood pressure), and immune functions (e.g., fibrinogen). Therefore,
frequent partner touch may contribute to neuroendocrine and autonomic regulation, reducing
stress levels and preventing prolonged HPA axis and sympathetic activation. This may in turn
lower baseline hormone levels, helping to maintain metabolic and cardiovascular health over
time (Goldman et al., 2006; Karlamangla et al., 2002; Seeman et al., 2001). Allostatic load is
a better predictor of mortality than metabolic syndrome components or individual mediators
(Seeman et al., 2001) and can provide early warning signs for future adverse health outcomes
(Beckie, 2012), suggesting that older adults who share touch infrequently with partners may

be at a heightened risk or poor health and mortality.

The NSHAP findings in this research showed that frequent touch was associated with
better stress-related health outcomes both cross-sectionally and longitudinally. However,
Chapter 5 found that increased touch frequency over four months did not influenced HR and
HRYV responses during the Stroop task, which induces acute psychological stress. Prior
studies have shown that touch delivered during (Drescher et al., 1985) or immediately before
(Ditzen et al., 2007) a stressor can modulate cardiovascular responses, but Chapter 5 findings
suggest that cumulative, everyday frequent touch may not provide similar buffering effects
for acute stressors in older adults. Acute stress responses, such as HR and HRV changes in a
short-term task, depend on immediate physiological reactions, primarily sympathetic nervous
system activation. While frequent partner touch may support long-term stress regulation (as

shown in Chapters 2 and 3), it appears less effective at modulating moment-to-moment
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autonomic responses to acute stress in older adults. Instead, regular partner touch may
gradually lower baseline stress levels, contributing to reduced allostatic load rather than acute
reactivity. Furthermore, given that autonomic flexibility tends to decrease with age (Lin &
Heffner, 2023), older adults may experience less physiological benefit from touch-induced
increases in vagal tone during acute stress. Therefore, older adults might derive more benefit
from the chronic stress-reducing effects of regular touch rather than its immediate buffering
capacity. Moreover, to our knowledge, the immediate effects of interpersonal touch on stress
have yet to be examined in older adults. Future research should address this gap and compare
these acute effects to the longer-term benefits of touch. It would also be valuable to
investigate whether older adults who experience frequent touch gain greater acute benefits, as

their systems may be better attuned to the regulatory effects of touch.

Vicarious Touch and Behavioural, Physiological, and Neural Responses

In exploring vicarious touch and its behavioural, physiological and neural effects, this
thesis underscores both the potential and limitations of observed touch in promoting
emotional and physiological responses similar to direct tactile experiences. Findings from
Chapter 5 indicate that vicarious CT-optimal stroking (gentle stroking at 1-10 cm/s) was rated
as less pleasant than real stroking, but vicarious stroking can reduce HR in older adults, akin
to real stroking, highlighting its universal calming effects (Bjérnsdotter & Olausson, 2011;
Hagoarty et al., 2021). However, this similarity was exclusive to stroking; all forms of
vicarious touches led to reduced HRV from rest, contrasting with real touch and indicating a
unique arousal response likely tied to heightened cognitive engagement rather than relaxation
(Cinaz et al., 2010; Hjortskov et al., 2004; Mateo et al., 2012; Taelman et al., 2011).
Importantly, the arousal associated with vicarious stroking was coupled with a calming
response reflected in reduced HR. This coexistence of activating and deactivating

physiological responses may illustrate the emotional complexity of vicarious stroking, as
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complex emotional experiences often involve a blend of traditionally opposing emotional
components (Berrios et al., 2015; Lindquist & Barrett, 2008). These findings are reminiscent
of Autonomous Sensory Meridian Response (ASMR), which is characterised by a warm,
tingling, and pleasant sensations triggered by sights and sounds, such as personal attention in
hairdressing videos. ASMR s also linked to reduced HR and increased GSR, fostering
feelings of social connectedness (Poerio et al., 2018). Given that both vicarious CT-optimal
stroking and ASMR are suggested as potential tools for alleviating loneliness, a direct

comparison of their effects would be beneficial.

In Chapter 5, vicarious hugs reduced HRV but did not produce the HR reductions
seen with vicarious stroking, while Chapter 4 found no significant HRV change during
vicarious hugs. This discrepancy may reflect age-related differences, as Chapter 5 involved
older adults only, suggesting that HRV reductions during vicarious hugs may indicate a
distinct arousal response in older adults. CT-optimal stroking and hugging likely engage
different calming mechanisms. CT-optimal stroking, which involves gentle, rhythmic
stroking at 1-10 cm/s on hair-bearing skin such as the forearm, activates CT-fibres and
associated affective and reward pathways (Ackerley, Backlund Wasling, et al., 2014; Gordon
et al., 2013; McGlone & Reilly, 2010). Hugging, by contrast, applies deep pressure, engages
vagal afferents, and involves full-body contact, possibly activating alternative relaxation
pathways (Case et al., 2021; Diego & Field, 2009; Kandel et al., 2000; McGlone & Reilly,
2010). Observing hugs may also require more cognitive processing due to greater visual
complexity (e.g., limb position, clothing), potentially lessening its calming effect compared to
observing stroking. Thus, while both touch types are perceived as pleasant (Case et al., 2021),
vicarious hugs may not replicate the same calming effect as stroking when observed. This
was regardless of perspective of the vicarious hug (first-person vs. third-person), duration (10

vs. 30 seconds) or whether the observed touch was with another person or a water bottle, as
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demonstrated in Chapter 4. Similarly, vicarious handshakes in Chapter 5 did not elicit

reduced HR, possibly for similar reasons as vicarious hugs.

In terms of neural correlates, Chapter 5 revealed that all real and vicarious touches
increased theta activity, a neural marker of attentional engagement and positive affect,
suggesting a shared attentional response across touches. Notably, there were no significant
differences in theta activity between real stroking and vicarious stroking, suggesting similar
attentional engagement (lannetti et al., 2008; Michail et al., 2016) and positive affect
(Ackerley, Carlsson, et al., 2014; Aftanas et al., 2001; Aftanas et al., 2004; Aftanas et al.,
2002; Balconi & Pozzoli, 2009; Krause et al., 2000; Maulsby, 1971). However, real hugs and
handshakes produced stronger theta responses than their vicarious counterparts, indicating a
deeper attentional and emotional engagement, likely due to the sensory depth of direct touch
involving deep pressure pathways (Case et al., 2021). Moreover, longer exposure to vicarious
hugs in Chapter 4 led to greater pupil dilation during viewing (indicating autonomic arousal)
and reduced dilation during stress recovery, suggesting that longer exposures may lead to
habituation, lowering arousal in subsequent stress tasks without the parasympathetic
relaxation typical of real touch. Thus, while vicarious touch can engage attention and evoke
mild autonomic arousal, its effects appear more observational and cognitive than emotionally

supportive.

Beta and alpha patterns further distinguished real from vicarious touch: real touch
increased beta and alpha activity, associated with positive emotional engagement, while
vicarious touch generally reduced these rhythms. These difference likely reflects the greater
processing demands of real touch, which involves richer sensory input and social context
(Schirmer & McGlone, 2019). Studies focusing on just the touch itself show beta and alpha
suppression (Kim et al., 2022; Peled-Avron et al., 2016; Whitmarsh et al., 2011; Yang et al.,

2009), while more complex, full-body imagery elicits increased beta and alpha power,
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mirroring the demands of processing motor imagery (Brinkman et al., 2014). Notably,
vicarious stroking and handshakes showed lower beta activity than at rest, a pattern observed
for real stroking as well, possibly due to the complex visual and kinaesthetic elements in
stimuli like hugs. Higher beta activity during real touches may also reflect hedonic
experiences (Ray & Cole, 1985; Singh et al., 2014). These patterns suggest that while
vicarious touch captures attention, real touch more effectively engages social-affective neural

pathways, enhancing positive affect and sensory processing.

Contemporaneous Versus Long-term Retrospective Touch Reports

Chapters 2 and 3 used data from the NSHAP, including touch frequency measures
through two self-report questions: (1) frequency of touch with romantic partners over the last
12 months, and (2) frequency of touch with other adults over the last 12 months. These
questions were asked in two data collection waves, five years apart. Due to potential recall
bias inherent in long-term retrospective self-reports, especially those concerning affective
experiences (Lay et al., 2017; Mill et al., 2016; Parkinson et al., 1995), which could affect the
accuracy of findings, we conducted an assessment in Chapter 5 to examine the reliability of
these measures. To address this, participants were asked to respond to the same two NSHAP
questions monthly over a four-month period. This allowed us to evaluate whether 12-month
touch frequency reports were consistent over time. The findings showed general stability in
participants’ long-term reports (NSHAP questions) of touch frequency with both romantic
partners and other adults. This consistency suggests that in the NSHAP, respondents’ 12-
month recall was likely stable and reliable. Had there been discrepancies between the
monthly responses, it might have indicated potential shifts in memory accuracy due to recent
experiences (Leigh, 1977), raising concerns about the reliability of a single 12-month
question. These findings also suggest that individuals are unlikely to be influenced by recent

or significant events when reconstructing their 12-month estimates. Thus, the consistency of
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responses supports the validity of the NSHAP’s one-time 12-month touch frequency
questions. However, it is important to acknowledge that social desirability bias could still be

a factor in these reports (Van de Mortel, 2008).

Additionally, we compared long-term retrospective reports (12 months) of touch
frequency to short-term retrospective reports (covering the last few days) to explore how they
differ. Both long-term and short-term reports were generally stable over time, suggesting
consistent recall. However, short-term reports showed greater variability, likely due to daily
fluctuations influenced by situational factors like interpersonal conflict, which can
temporarily reduce opportunities for touch (Bolger et al., 1989; Rook, 2001). This suggests
that long-term and short-term touch frequency reports may capture different aspects of touch
dynamics, potentially leading to distinct health associations. The stability of long-term
reports indicates that they reflect more consistent and general patterns of touch behaviour,
making them a reliable measure for assessing broader health outcomes in cross-sectional and
longitudinal studies. Therefore, the findings in Chapters 2 and 3, which rely on these 12-
month measures, are likely valid and meaningful. In contrast, the greater variability seen in
short-term reports highlights their sensitivity to recent and situational influences. This means
that short-term measures may better capture immediate fluctuations in touch behaviour,
which might not be reflected in long-term reports. Consequently, while long-term reports are
effective for identifying sustained patterns and their long-term health implications, short-term
reports could offer valuable insights into how daily changes in touch frequency are linked to

acute shifts in well-being.

Furthermore, short-term reports indicated more frequent touch with both partners and
non-partners compared to long-term reports. This increased frequency and variability may
result from the fine-grained response options available, allowing for more precise reporting

than the broader averages captured in long-term assessments. Retrospective reports of partner
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and non-partner touch frequency over the past 12 months showed more stability than reports
over the past few days. Partner touch frequency was particularly stable in long-term reports,
while non-partner touch reports were less consistent. In contrast, short-term reports showed
greater variability in partner touch frequency compared to non-partner touch frequency.
These findings suggest that longitudinal surveys like the NSHAP may accurately capture
stable patterns of partner touch but could underrepresent the frequency of touch and
oversimplify touch dynamics. Thus, the non-significant associations found for touch with
other close individuals may partly stem from this underreporting. Integrating short-term
measures with more detailed response options could enhance our understanding of non-
partner touch behaviours and their potential health effects. Therefore, future research should
explore this area, as non-partner touch may represent a significant source of well-being that is
not well captured in existing large datasets, such as the NSHAP. Additionally, the stability of
long-term reports strengthens the evidence that frequent partner is linked to both short-term
(neuroendocrine health) and long-term (metabolic and cardiovascular health) benefits, as
observed in Chapters 2 and 3. Therefore, while the emphasis on long-term reports was
appropriate for assessing sustained health outcomes, future research should investigate

whether these associations persist when using more granular, short-term data.

Implications
The findings of this research carry significant implications for enhancing the health
and well-being of older adults through touch. Notably, older adults express a desire for more
touch than they currently receive, from both romantic partners and close individuals,
corroborating findings from younger populations (Von Mobhr et al., 2021b) and underscoring
the necessity of interventions to promote touch in this population. Structured, touch-friendly

activities can create safe environments that foster social contact, leveraging the age-related
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“positivity effect” to enhance community-based interactions (Mather & Carstensen, 2005)

and in turn neuroendocrine health and long-term metabolic and cardiovascular health.

Our research further demonstrated the unique health benefits of regular romantic
partner touch, revealing its association with improved neuroendocrine health and long-term
cardiovascular and metabolic health. These findings extend research from younger
populations, confirming that partner touch is strongly associated with physiological and
psychological benefits (Coan et al., 2006; Ditzen et al., 2007; Grewen et al., 2003). They
underscore the need for public health strategies that promote intimate partner touch as a
preventative measure for managing stress and reducing long-term disease risk in ageing
populations, including cardiovascular disease, a leading cause of mortality in the United
States (Murphy et al., 2021; Rosamond et al., 2007). In fact, cardiovascular disease related
deaths increased globally between 1990 and 2017 from 5.9 million to 9.3 million
(Jagannathan et al., 2019). While frequent partner touch stabilised baseline stress levels, it
does not significantly affect acute cardiovascular responses to a stressful task, indicating that
its benefits are more pronounced in managing chronic stress rather than immediate reactivity.
This finding suggests that interventions should prioritise cumulative touch experiences,
which can be particularly beneficial for older adults as their autonomic flexibility declines
with age (Lin & Heffner, 2023). However, it appears that the acute effects of touch warrant

further investigation as well.

The type of touch also plays a critical role, with CT-optimal stroking and hugs
showing cardiovascular relaxation effects during the touch experience. For hugs, increased
HRV was observed only when it was shared with close individuals (partners, friends, family),
similar to previously reporting findings that partner handholding increases HRV after stress
(Conradi et al., 2020). However, for stroking, HR reductions were observed regardless of the

emotional closeness of the provider. This insight has implications for therapeutic
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interventions in eldercare, suggesting a focus on the type of tactile experience is necessary
when touch is delivered by a non-close individual, as well as training caregivers in techniques
that maximise the sensory quality of touch. However, this suggests that familiarity with a
touch giver may not be necessary to achieve some momentary relaxation effects from touch.
Enhanced beta activity during real touches with strangers, especially in hugs and handshakes,
supports an age-related positivity effect (Lin & Heffner, 2023), wherein older adults interpret
experiences more favourably, which we suspect was the cause for favourable neural
responses with strangers. This may imply that older adults are inclined to view diverse social
interactions through a positive lens, which could be leveraged in social programs to

encourage interpersonal interactions and diminish feelings of loneliness.

Demographic disparities in touch frequency, related to sex, ethnicity, education,
cohabitation, and relationship quality, highlight the need for targeted public health initiatives
that foster inclusive, touch-friendly environments. While some of these disparities have
previously been shown in greeting touch behaviours in older adults (Upenieks & Schafer,
2022), this research extends these findings to interpersonal touch shared with close
individuals that are not solely greeting touches. Programs designed to increase social
interactions for at-risk groups could help mitigate the barriers to touch. For example, these
disparities may be partly explained by smaller social networks and lower relationship quality,
thus pointing to a need for intervention in these aspects of older age (Antonucci et al., 2004;

Bulanda & Brown, 2007; Liebler & Sandefur, 2002; Taylor et al., 2016).

Vicarious touch elicited similar increases in theta activity as real touch, with no
significant differences between real and vicarious stroking, suggesting comparable positive
affect and engagement (Ackerley, Carlsson, et al., 2014; Michail et al., 2016). Vicarious CT-
optimal stroking also reduced HR, a response previously observed only with real stroking

(Triscoli, Croy, Olausson, et al., 2017). However, all forms of vicarious touch decreased
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HRV, indicating arousal rather than relaxation (Lugue-Casado et al., 2013; Pendleton et al.,
2016). This response pattern for vicarious stroking in older adults, combining both activation
and deactivation, parallels other complex emotional experiences, such as ASMR, which has
shown potential for alleviating loneliness (Poerio et al., 2018). Comparing these effects
directly could further elucidate the role of vicarious stroking in emotional support. Although
longer exposure to vicarious hugs increased pupil dilation (indicating autonomic arousal),
they lacked the stress-buffering effects of real hugs. Therefore, while vicarious stroking may
offer supplementary comfort for individuals with limited access to physical contact, it does

not fully replicate the benefits of direct touch.

Finally, this research highlights the value of using both short-term and long-term
measures to capture touch frequency accurately. While, short-term retrospective reports may
reflect immediate fluctuations due to situational factors, long-term reports provide stable
patterns, suggesting unlikelihood of influence from recent events, indicating reliable
measures in the NSHAP, the only nationally representative dataset measuring touch
frequency and biomarkers in older adults. However, short-term reports may capture more
frequent touch, suggesting that long-term measures may underestimate overall touch
frequency, particularly with non-partners. Thus, integrating both types of measures could
offer a more comprehensive understanding of how both short-term and long-term touch
behaviours, allowing for better-designed interventions that address both long-term and acute

well-being in older adults.

General Limitations and Future Directions
This research has several limitations that warrant consideration. First, the touches
studied here in the laboratory were presented without contextual or intentional cues, limiting
insight into how these factors might influence touch perception and its physiological effects.

In Chapters 4 and 5, both real and vicarious touches were delivered without clarifying their
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purpose or the intention behind them. While this approach isolated the physiological effects
of touch, the emotional impact of touch is known to vary significantly based on perceived
context and intent. For example, prior studies indicate that contextual information, such as
whether a touch is intended for care versus affection, enhances comfort and clarity in the
recipient’s interpretation (McCann & McKenna, 1993). Similarly, lack of information about
the purpose of the touch can affect its perceived positivity and meaning (Morrison, 2023;
Sailer & Leknes, 2022). Additionally, some forms of touch may be perceived as intrusive or
even harmful, depending on the context and intent (Jones & Yarbrough, 1985; Ojanlatva,
1994), with potential for misuse or power assertion. Future research should explore how
varying context and intent influence touch effects within relationships of varying closeness,
to provide a more nuanced understanding of touch’s psychological and physiological impacts

across diverse social contexts.

Second, while Chapters 2, 3, and 5 focus on older adults, most existing touch research
centres on younger populations, leaving a gap in direct age-based comparisons (Cruciani et
al., 2021). Older adults find touch more emotionally meaningful than younger adults but
engage in it less often (Guest et al., 2014; Sehlstedt et al., 2016; Upenieks & Schafer, 2022),
which may influence their responses to touch interventions. Future research should directly
compare behavioural and physiological responses to various types of touch, from close
individuals, strangers, and vicarious sources, in both age groups. This would help determine
if observed patterns, such as context-independent responses to stroking, are unique to older
adults or apply more broadly. Furthermore, while Chapter 4 included a broad age range, it did
not specifically focus on older adults’ responses to vicarious touch. Future studies should
explore how older adults uniquely respond to such touch and its impacts on emotional and
stress responses. Furthermore, the Chapter 5 sample included only older adults comfortable

with touch, potentially excluding those who are more touch-deprived or less comfortable with



257

touch. For example, prior evidence suggests that people who are more comfortable with
touch are more likely to engage in studies involving physical contact with strangers (Fromme
et al., 1989). Future research should examine how touch is perceived among these

individuals.

Third, although the NSHAP is a nationally representative dataset, it may reflect a
WEIRD (Western, Educated, Industrialised, Rich, Democratic) sample (Pitesa & Gelfand,
2023), which limits the generalisability of findings to non-WEIRD populations. Future
research should investigate touch across diverse cultural contexts, as cultural norms
significantly influence touch frequency and meaning. Chapters 2 and 3 utilise NSHAP data
from the United States, while Chapters 3 and 4 draw on data from the UK. Cultural
differences in touch behaviour have been well-documented. For instance, Hall (1966) found
that individuals from high-contact cultures tend to engage in closer physical proximity and
touch more frequently than those from non-contact cultures. Research indicates that
individuals in the UK, Northern Europe, North America, and Asia touch engage in less
frequent touch compared to those in Latin or South America, or Southern Europe (Hall, 1966;
Jourard, 1966). For example, Jourard (1966) observed couples in cafes in San Juan, Puerto
Rico, and London, finding that Puerto Rican couples touched each other an average of 180
times per hour, while couples in London averaged zero touches per hour. Given these cultural
variations, it is uncertain whether the findings from Chapters 2 and 3 would also apply in the
UK context. Future studies should explore whether neuroendocrine, cardiovascular, and
metabolic associations with increased partner touch frequency are consistent across different

cultures.

Fourth, this research did not examine potential sex differences in response to touch.
Prior research shows that both men and women experience emotional and physiological

benefits from touch with familiar individuals, such as partners, which include improvements
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in mood and reductions in cortisol, heart rate, and blood pressure under stress (Debrot et al.,
2017; Debrot et al., 2013; Ditzen et al., 2019; Ditzen et al., 2008). However, certain sex-
based differences have been observed. For instance, men may experience greater reductions
in blood pressure from touch interventions, while women tend to report greater pleasure from
touch interactions (Holt-Lunstad et al., 2008; Russo et al., 2020). Responses to touch from
strangers also vary by sex. Men often perceive caressing touch from female experimenters as
rewarding, whereas women may not (Kirsch et al., 2018). Additionally, women generally
respond more positively to non-sexual touch from strangers than men (Hertenstein et al.,
2006), and Western men tend to avoid same-sex touch with acquaintances (Crawford, 1994).
The context also plays a critical role for women, who respond more positively to touch in
professional environments and more negatively when touched by opposite-sex strangers in
informal contexts (Martin, 2012). Given these nuances and the limited focus on older adults
in prior research, it is unclear how sex differences might have influenced our findings. Future
studies should examine how sex influences the neural and emotional responses to touch
across different ages and contexts. Additionally, exploring partner touch dynamics within
older adult pairs could yield valuable insights. Specifically, researchers could investigate
whether individuals’ perceptions of touch align with those of their partners and how these
perceptions relate to relationship quality and touch satisfaction. Moreover, examining
synchrony in neural oscillations and HRV during partner touch in older adults could provide

a deeper understanding of the physiological connections between partners over time.

Fifth, the measures used in Chapters 4 and 5 were not fully optimised. In Chapter 5,
for instance, CT-optimal touch was compared to hugging and handshakes. The perceptual
differences between these touch types stem from the body parts involved in giving and
receiving touch. Non-reciprocal touch, like stroking, typically involve the receiver sitting still

while the toucher uses their fingers to stroke their forearm. In contrast, active touching (such
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as hugging) engages motor processes and influences predictions about associated
somatosensory experiences (Blakemore et al., 1998; Boehme et al., 2019). Active touch is
more effortful and involves inhibitory processes that may dampen awareness of emerging
somatosensory impressions (Boehme & Olausson, 2022). Consequently, comparing different
touch types, some passive (like CT-optimal stroking) and some active (like hugging), can be

challenging without accounting for these factors.

Finally, the study’s physiological measures were not all optimally implemented. For
example, HRV assessments are generally more reliable with longer measurement periods,
often requiring recordings of up to 24 hours (Bansal et al., 2009; Kim et al., 2018; Shaffer &
Ginsberg, 2017). For instance, Triscoli, Croy, Steudte-Schmiedgen, et al. (2017) noted
significant HRV changes with continuous stroking lasting an average of 35 minutes.
However, it is important to consider that the pleasantness and desire for touch can diminish
over repeated exposures (Triscoli et al., 2014), and hugs are most pleasant between 5 and 10
seconds (Dueren et al., 2021), further complicating these comparisons. Lastly, resting
baseline measures in Chapter 5 were matched to the majority of touch postures, though not all
comparisons had a posture matched baseline. By treating rest as an independent condition, we
could directly compare touch interactions to rest. Nevertheless, future studies should strive to
match postures across all conditions to ensure validity, thereby eliminating the confounding
effects of posture and allowing clearer attribution of physiological changes to touch

interactions.

Final Summary and Contributions to the Field
This research provides new insights into the health-related benefits of touch
frequency, type, and context among older adults, filling a critical gap in literature that
predominantly addresses younger populations. By combining data from the National Social

Life, Health, and Aging Project (NSHAP) with experimental measures of physiological,
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neural, and emotional responses, this study demonstrated the distinct, context-dependent

impacts of touch in later life.

Our findings in older adults showed that frequent touch with romantic partners was
associated with improved neuroendocrine health in cross-sectional analyses and better
metabolic and cardiovascular health in longitudinal analyses on the NSHAP. This suggests
that regular partner touch may mitigate the negative health outcomes associated with multi-
system dysregulation in older adults. In contrast, touch with other close individuals showed
no comparable associations. In examining vicarious hugs, we observed that while longer
durations of vicarious hug observation increased autonomic arousal, indicated by pupil
dilations, they did not serve a protective function during a stressful task or during post-stress
recovery. Notably, the observer’s perspective (first-person, third-person) did not make a
difference in this response. Thus, vicarious hugs may not buffer stress or produce
physiological relaxation to the extent that real touch can. These finding underscore the

importance of both context and duration in eliciting beneficial effects of vicarious touch.

Furthermore, different types of touch, including CT-optimal stroking, hugging, and
handshakes, shared with individuals of varying emotional closeness (close individual,
stranger, and vicarious) were associated with varying physiological and neural responses.
Real touch, particularly hugs, demonstrated enhanced hedonic and heart rate variability
effects, indicating relaxation, especially when shared with close individuals. Although the
findings also suggested that the type of touch may play a more significant role than emotional
closeness in influencing neural responses among older adults. Specifically, CT-optimal
stroking showed the most similarities across who it was received from and whether it was
real or observed, including reduced heart rate and similar theta increases. Thus, these findings
suggest that theta oscillatory increases may be a marker of both tactile observation and

sensation in older adults, while beta and alpha are responsible for differences in attentional
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processing, but also the hedonic properties of touch in older adults. Additionally, we found
that older adults expressed a strong desire for more touch than they currently receive which

points to an unmet need and the potential impact of touch-focused interventions.

These insights could be used to support public health strategies aimed at promoting
partner and interpersonal touch to improve both emotional and physiological well-being in
older adults, particularly at-risk groups. With further scope for the use of vicarious stroking

as a low-cost intervention for older adults in social care or clinical settings.
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Appendix A: Chapter 2 — Interpersonal Touch and the Importance of Romantic Partners

for Older Adults’ Neuroendocrine Health

Table A.1. Descriptive statistics of respondents in the analytic sample versus those not in the

analytic sample by sociodemographic characteristics and covariates

Sociodemographic characteristics and

Present in analytic

Not present in analytic

covariates sample (n=1,419) sample (n=1,586)
Frequency (%) Frequency (%o)

Sex

Men 51.02 46.03

Women 48.98 53.97

Age

57-64 32.49 35.25

65-74 38.34 34.55

75-85 29.18 30.20

Educational Attainment

< High school degree 22.20 24.21

High school degree or equivalent 26.71 26.10

Some college or associate degree 28.19 28.75

Bachelor’s degree or higher 22.90 20.93

Total Household Assets

0-49,999 20.50 24.13

50,000-99,999 11.86 8.74

100,000-499,999 39.20 37.18

500k or higher 28.44 29.95
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Ethnicity

White 74.58 70.03
Non-White 25.42 29.97
Romantic Partner

Yes 66.53 67.40
No 33.47 32.60
Number of co-residents

Lives alone 27.05 28.90
Lives with one other person 51.98 49.84
Lives with two or more persons 20.97 21.26
Frequency of Sexual Touch

No sex 50.73 50.82
Infrequent sexual touch 10.45 12.11
Frequent sexual touch 38.82 37.07
Alcohol Intake

Regular drinkers 54.86 48.97
Non-regular drinkers 24.71 26.12
Never drank alcohol 20.43 2491
Frequency of Touch with Partner

>Weekly 76.99 76.38
Weekly 9.45 12.07
Monthly 5.69 4.60
Yearly or less 7.86 6.95
Frequency of Touch with Others

>Weekly 20.02 22.12
Weekly 21.31 19.30
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Monthly 12.61 11.99

Yearly or less 46.07 46.59

Note. All those not in the analytic sample had missing values for at least one of the eight

biomarkers used as outcome variables.

Figure A.1. Scree plot showing the eigenvalues for each individual component.

Eigenvalues

Component number

Table A.2. Weighted component loadings for each biomarker for the full sample.

Biomarker Metabolic Cardiovascular Neuroendocrine
Health Health Health

BMI (kg/m~2) 0.89 0.13 -0.16

Waist Circumference 0.89 0.12 -0.20

(inches)

CRP (log transformed) 0.49 -0.02 0.34

(mg/L)

HBalC (percent of total 0.47 -0.17 0.14

haemoglobin)

Systolic Blood Pressure (mm | 0.01 0.88 -0.07

Hg)




335

Diastolic Blood Pressure 0.06 0.87 0.22
(mm Hg)

Pulse (beats/min) 0.08 -0.04 0.82
DHEA (pg/mL) 0.09 -0.09 -0.49

Figure A.2. No association of metabolic health and partner touch frequency (left) and other

close adult touch frequency (right)
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T T T T T
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Note. More positive metabolic load scores indicate worse metabolic health. Lines represent

95% confidence intervals.

Figure A.3. No association of cardiovascular health and partner touch frequency (left) and

other close adult touch frequency (right)
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Note. More positive cardiovascular load scores indicates worse cardiovascular health. Lines

represent 95% confidence intervals.

Appendix B: Chapter 3 - The Longitudinal associations between Romantic Touch and

Metabolic and Cardiovascular Health in Older Adults

Table B.1. Descriptive statistics of respondents in the analytic sample versus those not in the

analytic sample by sociodemographic characteristics and covariates

Sociodemographic characteristics and

Present in analytic

Not present in analytic

covariates sample (n=787) sample (n=1,474)
Frequency (%) Frequency (%o)

Sex

Men 51.70 45.90

Women 48.30 54.10

Age

Wave 1

57-64 37.10 38.30

65-74 40.20 36.10

75-85 22.70 25.60

Wave 2

62-69 36.20 37.90

70-79 40.80 36.20

80-91 23.00 26.00

Educational Attainment*

< High school degree 18.30 21.20

High school degree or equivalent 24.10 25.60

Some college or associate degree 32.10 29.60

Bachelor’s degree or higher 25.40 23.60
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Total Household Assets*?

0-49,999 16.00 17.80
50,000-99,999 9.15 6.72
100,000-499,999 33.50 29.20
500k or higher 26.00 22.30
Ethnicity*®

White 73.10 69.10
Non-White 24.40 28.20
Romantic Partner*

Yes 70.30 71.50
No 29.70 28.50
Number of co-residents*

Lives alone 24.90 25.30
Lives with one other person 54.10 53.90
Lives with two or more persons 21.00 20.80
Frequency of Sexual Touch *¢

No sex 43.60 45.30
Infrequent sexual touch 11.70 11.90
Frequent sexual touch 42.90 39.60
Alcohol Intake*®

Regular drinkers 43.60 40.80
Non-regular drinkers 23.50 22.00
Never drank alcohol 16.30 20.80
Frequency of Touch with Partner

Wave 1°

>Weekly 51.80 51.50
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Weekly 5.97 7.80
Monthly 7.50 5.83
Never 1.02 1.15
Wave 2

>Weekly 39.40 34.90
Weekly 5.08 5.90
Monthly 5.97 6.17
Never 2.80 2.78
Frequency of Touch with Others

Wave 19

>Weekly 20.10 21.30
Weekly 21.10 18.50
Monthly 28.30 28.30
Never 24.30 24.90
Wave 2"

>Weekly 42.90 40.60
Weekly 20.10 19.00
Monthly 19.10 18.20
Never 6.23 5.43

Note. *Responses were used from Wave 1 and if not available, from Wave 2

8120 (15.20%) respondents in the analytic sample and 354 (24.00%) in the non-

analytic sample had incomplete responses for total household assets

b20 (2.54%) respondents in the analytic sample and 41 (2.78%) in the non-analytic

sample had incomplete responses for ethnicity
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€14 (1.78%) respondents in the analytic sample and 48 (3.26%) in the non-analytic

sample had incomplete responses for frequency of sexual touch

4131 (16.60%) respondents in the analytic sample and 240 (16.30%) in the non-

analytic sample had incomplete responses for alcohol intake

€265 (33.70%) respondents in the analytic sample and 497 (33.70%) in the non-
analytic sample had incomplete responses for frequency of touch with a romantic partner at

Wave 1

7368 (46.8%) respondents in the analytic sample and 741 (50.30%) in the non-
analytic sample had incomplete responses for frequency of touch with a romantic partner at

Wave 2

949 (6.23%) respondents in the analytic sample and 103 (6.99%) in the non-analytic

sample had incomplete responses for frequency of touch with other close adults at Wave 1

" 92 (11.70%) respondents in the analytic sample and 247 (16.80%) in the non-
analytic sample had incomplete responses for frequency of touch with other close adults at

Wave 2

Appendix C: Chapter 5 - Electrophysiological Correlates of Touch in Older Adults: EEG

and ECG Responses to Close, Stranger, and Vicarious Interactions

Table C.1. Differences between theta, beta, and alpha spectral power during sitting rest and

standing rest across prefrontal, frontal, central, parietal, temporal, and occipital scalp regions.

Prefrontal Frontal Central Parietal Temporal  Occipital

Theta



Sit vs.
stand

Beta

Sit vs.
stand

Alpha

Sit vs.
stand

-13 (.14)

-.09 (.06)

-13 (.08)

-17 (.07)*

-18 .03 (.04)
(.06)**

-17 -.03(.03)
(.04)**

-.04 (.22)

04 (21)  -11(32)*

.01(.03)  -.04(.05)

-.09 (.04)* -.09
(.02)**
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-.07 (.28)

-.08 (.04)

-.17
(.05)**

Note. Differences are presented as mean difference (standard error). The difference scores

represent sit rest minus stand rest. *p < .05, **p < .01 corrected values.

Table C.2. Post hoc pairwise comparisons with Bonferroni correction on pleasantness ratings

between touch-type conditions (stroking, hugging, handshakes, and rest) for touch shared

with close individuals, strangers, and vicarious

Pleasantness (mean difference (SE))

Vicarious stroking vs. vicarious hugging -1.51 (.25)**
Vicarious stroking vs. vicarious handshakes 0.23 (.25)
Vicarious stroking vs. close stroking -1.26 (.24)**
Vicarious stroking vs. close hugging -2.40 (.29)**
Vicarious stroking vs. close handshakes -0.55 (.29)
Vicarious stroking vs. stranger stroking -0.81 (.24)*
Vicarious stroking vs. stranger hugging -1.26 (.29)**
Vicarious stroking vs. stranger handshakes -0.72 (.29)
Vicarious hugging vs. vicarious handshakes 1.74 (.25)**
Vicarious hugging vs. close stroking 0.26 (.29)
Vicarious hugging vs. close hugging -0.89 (.24)*

Vicarious hugging vs.

close handshakes

0.96 (.29)*
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Vicarious hugging vs. stranger stroking 0.70 (.29)
Vicarious hugging vs. stranger hugging 0.26 (.24)
Vicarious hugging vs. stranger handshakes 0.79 (.29)
Vicarious handshakes vs. close stroking -1.49 (.29)**
Vicarious handshakes vs. close hugging -2.64 (.29)**
Vicarious handshakes vs. close handshakes -0.79 (.24)
Vicarious handshakes vs. stranger stroking -1.04 (.29)*
Vicarious handshakes vs. stranger hugging -1.49 (.29)**
Vicarious handshakes vs. stranger handshakes -0.96 (.24)**
Close stroking vs. close hugging -1.15 (.25)**
Close stroking vs. close handshakes 0.70 (.25)
Close stroking vs. stranger stroking 0.45 (.24)
Close stroking vs. stranger hugging 0.00 (.29)
Close stroking vs. stranger handshakes 0.53 (.29)
Close hugging vs. close handshakes 1.85 (.25)**
Close hugging vs. stranger stroking 1.60 (.29)**
Close hugging vs. stranger hugging 1.15 (.24)**
Close hugging vs. stranger handshakes 1.68 (.29)**
Close handshakes vs. stranger stroking -0.26 (.29)
Close handshakes vs. stranger hugging -0.70 (.29)
Close handshakes vs. stranger handshakes -0.17 (.24)
Stranger stroking vs. stranger hugging -0.45 (.25)
Stranger stroking vs. stranger handshakes 0.09 (.25)
Stranger hugging vs. stranger handshakes 0.53 (.25)
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3. Note. Data are presented as mean difference (standard error) of the first mentioned
condition minus the second mentioned conditions (e.g., vicarious stroking — vicarious

hugging). *p < .05, **p < .01 corrected values.



