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ARTICLE INFO ABSTRACT

The unmyelinated C-tactile afferents system holds a hedonic function in touch experiences, shaping social
functioning in the so-called affective touch hypothesis. Despite the fact that females are recognized as more
sensitive to discriminative aspects of touch and respond more positively to touch than men, sex differences in the
perception of affective touch have not been extensively investigated. We aimed to fill this gap by meta-analyzing
existing studies on this topic. Thirteen studies were eligible and pooled effect sizes (Hedges’ g) were compared.
Random effect models were used. Results, which are not influenced by publication bias, show that there is a sex
asymmetry in the pleasantness perceived during an affective tactile stimulation, with females showing higher
pleasantness ratings than males. The size of the association does not vary as a function of sex distribution, age
and methodological quality. Hormonal as well as evolutionary differences related to the caregiving and nur-
turing function of females may explain sex differences in affective touch. Results are limited by the small number
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of studies included in the meta-analysis.

1. Introduction

In highly social species touch plays a central role in the formation
and maintenance of relationships since it is our most social sense and
the first one to develop. The hedonic properties of touch are primarily
involved in improving the quality of human life (Beebe-Center, 1932):
frequent affectionate touch is associated with secure attachment style
(Krahé et al., 2018; Suvilehto et al., 2015), and tactile experience
during childhood plays a crucial role for the development of the social
brain (Cascio et al., 2019 for a recent review). For instance, lack of
touch experiences in early life can produce long lasting damages like
reduction of gray matter and lower quality brain activation (Nelson
et al., 2014). The term social brain refers to the neuronal networks
enabling our interactions with the social world: our interest in others,
our sensitivity to their emotions and thoughts, and our ability to in-
teract with them (Brauer et al., 2016). The somatosensory system in-
cludes an affective dimension that overcomes the functional and ana-
tomical role of discriminative somatosensory networks, and the core of
such dimension seems to be related to unmyelinated C-tactile afferents,
present in hairy but not in the glabrous skin (Liu et al., 2007; Olausson
et al., 2010), which respond strongly to innocuous skin deformation
(Vallbo et al., 1999). The most accredited hypothesis regarding the
functional role of the C-tactile system is known as the Affective Touch
hypothesis, according to which the C-tactile afferents system boost the

emotional effects of physical closeness to a friendly person, supporting
feelings of pleasure, protection and security (Vallbo et al., 2016). C-
tactile afferents hold a hedonic function in tactile experiences, showing
a preferential response rate when the stimulation occurs at skin-like
temperatures (32 °C) (Ackerley et al., 2014a) delivered at caress-like
velocities (3 or 5cm/s) (Essick et al., 1999; Loken et al., 2009), which
are typical characteristics of human caress. C-tactile afferents’ input is
rewarding since there is a high correlation between subjective plea-
santness perceived during a slow stimulation and their impulse rate
(Loken et al., 2009; Wessberg et al., 2003). Social touch behaviors in
mammals is modulated by several hormones, such as opioids like the
pp-opioid receptor (MOR) and the neuropeptide oxytocin, which in turn
reduces cortisol release (e.g., Colonnello et al., 2017; Ellingsen et al.,
2016 for narrative reviews; Walker and McGlone, 2013; Walker et al.,
2017). For instance, opioid blockade modulates the perception of
pleasantness of slow CT-optimal touch (Case et al., 2016), and in-
tranasal oxytocin administration regulates social evaluations of others
after being touched (Ellingsen et al., 2013).

Importantly, the preference for a C-tactile optimal stimulation has
been seen both in adults and children (5-8 years old), showing that
affective touch is perceived as more pleasant already at a young age
(Croy et al., 2019; Sehlstedt et al., 2016). On the other hand, the pre-
sence of a sex asymmetry during tactile experiences has emerged: in
general, women tend to respond more positively to touch than men
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(Stier and Hall, 1984) and they seem to experience more positive touch
through their life than men (Takeuchi et al., 2010; Webb and Peck,
2015). Overall, women seem to be more prone to reactive behaviors,
such as allowing oneself to be touched, while men seem to be more
familiar with proactive behaviors, such as initiating touch (Major,
1981). Comparing same-sex and cross-sex touching behaviors, men are
more likely to initiate touch when the one being touched is a woman
(Henley, 1973). When they touch, women are rated as more affec-
tionate, trusting, happy, and composed than men (Lee and Guerrero,
2001).

A sex asymmetry also emerges in the perceived valence of a touch;
for example, women are more likely to appreciate a stranger toucher,
provided that the touch is nonsexual, compared to men (Hall et al.,
2005; Hertenstein et al., 2006). Furthermore, when two individuals
have an equal professional status, there seems to be a sex asymmetry in
touch with males being touchers more often than females (Hall, 1996).
These findings suggest that men and women interpret touch differently:
men may tend to interpret touch initiated by an equal status stranger as
dominance input, while women may interpret it as a warm and friendly
gesture (Major, 1981). The view that touching behavior is an expression
of dominance is also supported by studies showing a sex by with cul-
tural differences interaction in determining touching behavior (e.g.,
Dibiase and Gunnoe, 2004). It has to be noted, however, that simila-
rities of emotional bonding via social touch between different cultures
(i.e., East Asian and Western) have been reported (Suvilehto et al.,
2019). Despite such cultural similarities, the effect of context should
always be taken into account when examining interpersonal affective
touch. On the basis of situational variables (e.g., inferences about the
identity or intentions of the toucher), certain tactile interactions can
also be perceived as appropriate or inappropriate. Studies showed, for
example, how touch pleasantness can be modulated by the presence of
smiling faces or pleasant odors (Ellingsen et al., 2013; Croy et al.,
2014). Similarly, heterosexual men rate touch as more pleasant when it
is delivered by a woman compared to a man (Gazzola et al., 2012;
Scheele et al., 2014).

Data also support the presence of sex differences in the accuracy of
communicating emotions via touch: in particular, sex-related differ-
ences have been observed for emotions like happiness, sympathy and
anger. It seems that women can successfully communicate sympathy
and happiness briefly touching the arm of a stranger, while the same is
true for men regarding anger communication (Hertenstein and Keltner,
2011).

Females also show different affective responses compared to males
for tactile stimulations delivered with various texture materials to dif-
ferent body sites. In general, males and females rated texture materials
that were smooth or soft (e.g. cupro and cotton interlock) with similar
pleasantness ratings, especially if the stimulation occurred on the hand,
forearm or thigh. However, sex differences were found for textured
materials that were rough or coarse (e.g. terry toweling and denim):
males found denim and terry toweling less pleasant on the forehead,
while females found them most unpleasant on the thigh and hand
(Essick et al., 2010).

Regarding affective touch there is less clear evidence about sex
asymmetries. Most of the studies do not find significant effects of par-
ticipants sex on their pleasantness ratings, with CT optimized touch
usually perceived as significantly more pleasant than non-optimized
tactile stimulations (e.g., Croy et al., 2014; Jonsson et al., 2015;
Sehlstedt et al., 2016; Triscoli et al., 2013). However, recent studies
have shown that females are more sensitive to affective touch, as well as
to discriminative aspects of touch. In fact, females rated affective touch
and non-affective touch stimuli as more pleasant and had higher tactile
acuity than males. This difference was not correlated to hair follicle
density, which is higher in women than men (Jonsson et al., 2017).

Lastly, women seem to differ from men even regarding pain per-
ception, being more sensitive to small temperature changes, to heat
pain and cold pain (Meh and Denisli¢, 1994); in general, they show a
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greater sensitivity to pain, being better able to discriminate the in-
tensity of noxious heat stimuli (Feine et al., 1991). On this account,
some studies have highlighted the existence of a relationship between
affective touch and pain. In fact, CT-targeted touch reduces heat pain,
suggesting that pain perception can be modulated by the activity of the
affective touch system. Moreover, it seems that the role of C-tactile
afferents may be disrupted while an injury or an inflammation of the
skin are going on, inducing a reversion of their activity into a signal of
negative affective sensations in the so called “hedonic flip” (Liljencrantz
and Olausson, 2014).

To date, despite the fact that reported evidences highlight the pre-
sence of a sex asymmetry in the perception of affective touch, there are
conflicting results as well, with some studies reporting no differences at
all. Furthermore, it appears that sex differences in perception of affec-
tive touch have not been quantified likely due to the small number of
studies on this topic.

In order to fill this gap, a meta-analysis was performed with the aim
of quantifying sex differences in the perception of pleasantness during
affective touch stimulation. Given the evidences reported so far, the
present study hypothesized that females are more sensitive to affective
touch than males and thus that their subjective pleasantness ratings
associated with affective touch stimulation are higher than those of
males.

2. Methods
2.1. Literature search and study selection

Two search strategies were used to systematically collect empirical
studies on affective touch. First, pubMED (https://www.ncbi.nlm.nih.
gov/pmc/) and psycINFO (http://www.apa.org) database were sear-
ched for English-language publications through June 21 2017. One
single search was conducted for the following key words: affective
touch OR pleasant touch OR gentle touch.

The search was limited to English-language publications and human
samples. Inclusion criteria for our analysis were as follows: (a) mea-
sures of pleasantness perceived during affective touch stimulation, (b)
sample composed of both males and females, and (c) defined stimula-
tion speed (3 or 5 cm/s).

Reasons for exclusion were: (a) review articles, (b) case reports, (c)
studies conducted only on clinical populations, (d) grey literature and
(e) studies conducted on children. Each study was included just once in
the meta-analysis.

A total of 270 articles were found. After applying inclusion and
exclusion criteria, 67 articles results were retrieved. Comparison of the
retrieved titles, identified 24 studies that were duplicates, thus leaving
43 abstracts for further evaluation (see Fig. 1). In order to perform the
meta-analysis, separate pleasantness ratings, divided by sex, were
needed; since none of the 43 studies provided such information, we
contacted the corresponding authors for additional data. Among the 43
studies, the requested data was received for 12 studies and one more
study was added following the suggestion of one author (Ackerley et al.,
2014b), totaling 13 studies. Thus, the current meta-analysis is based on
data provided by the authors of the 13 studies that met the inclusion
criteria, for the main analysis, and data directly extracted from the
aforementioned studies, for moderation analysis (see Table 1).

2.2. Coding and moderator analysis

The quality of evidence was assessed with a modified version of the
Newcastle-Ottawa Scale (NOS; Wells et al., 2011). In our modified NOS
scale, the maximum score that could be achieved by a study was 7 stars
(see Appendix).

We examined how size of the association varied as a function of sex
distribution (% of women), mean age (years), number of trials (number
of stimulations; i.e., number of total affective touch stimulations given
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Clinical Interventions; Methodological)
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Full-Text Articles Assessed for Eligibility
(n=43)

Full-Text Articles Excluded (Missing Data)

(n=31)

Studies Included in the Meta-Analysis
(n=13)

Fig. 1. Flow chart showing study selection for the meta-analysis.

in the whole experimental paradigm), methodological quality (0-7),
stimulation speed (cm/s), and stimulation type (hand or robot). A
minimum of four studies for each subgroup was required for the
moderation analysis.

Continuous moderators (i.e. sex distribution and age) were eval-
uated using metaregression, while categorical moderators (stimulation
type, methodological quality and number of stimulations) were entered
as grouping variables in the effect size calculations.

2.3. Data analysis

For each study (or subsample of a study), we calculated a Hedges’ g
effect size. Based on conventional standards, effect sizes of g equal to
.20, .50, and .80 were considered small, medium, and large, respec-
tively (Cohen, 1988). Calculation of effect sizes was based on means
and standard deviations.

The effect sizes were computed in ProMeta Version 3.0 (Internovi).
Random-effects models were used in all the analyses as they account for
the amount of variance caused by differences between associations as
well as differences among participants within associations. ProMeta
also computed 95% confidence intervals (CI) around the point estimate
of an effect size. The Q and I? statistics were used to assess hetero-
geneity among studies. A significant Q value indicates a lack of
homogeneity of findings among studies. I? values of .25, .50, and .75
correspond to low, moderate, and high between-trial heterogeneity,
respectively.

Publication bias occurs when the decision to publish an experiment
or research study is influenced by its outcome; in particular, profes-
sional journals tend to publish papers with statistically significant re-
sults rather than studies with null or inconclusive results (Song et al.,
2013). The problem of publication bias was estimated first informally,

by using a funnel plot of effect size against standard error for asym-
metry, and subsequently formally by using Begg and Mazumdar’s rank
correlations, and Egger’s regression intercept test. Finally, we decided
not to rely on fail-safe number (N), or file-drawer number, even though
it is the second most used method to assess publication bias. This choice
was made because, for this purpose, it has been considered inadequate
and problematic (e.g., Becker, 2005). In fact, as reported by Higgins and
Green (2011), the estimate of fail-safe N is highly dependent on the
assumed mean effect for the unpublished studies and runs against the
principle to concentrate on the size of the estimated effect and the as-
sociated confidence intervals, rather than on whether the p value
reaches a particular, arbitrary threshold.

Since the main aim of a meta-analysis is to aggregate over all data,
analyses including the entire set of studies were run. Statistics reported
in this meta-analysis conformed to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA; Moher et al., 2010)
statement (PRISMA checklist available from the first author upon re-
quest).

3. Results

Table 1 shows all studies included in the current meta-analysis,
moderators and conditions or comparisons used to derive effect sizes.

As shown in Fig. 2, the meta-analysis showed a significant differ-
ence between males and females with women rating affective touch as
more pleasant than men (13 studies; 362 subjects; g = .25, 95% CI [.04,
.46, p = .022).

Heterogeneity was not significant, as shown by the Q and I° statis-
tics, Q (12) = 10.56, p = .567; I = .00. We did not find evidence of
asymmetry using a classic funnel plot (see Fig. 3). Kendall’s tau did not
detect the presence of a publication bias (Z = .61; p = .542) and this
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Table 1

Studies Included in the Meta-Analysis and Conditions/Comparisons Used to Derive Effect Sizes.

et al.

Affective Touch delivered to Males

(SD)

Affective Touch delivered to Females
(SD)

Number of Trials Quality (0 - 7)

Stimulation Type

Stimulation Speed (cm/s)

Mean Age (SD)

Number of Subjects

(Females)

Studies

6.00 (1.06)
5.77 (0.95)
3.81 (5.22)
5.93 (2.17)
6.31 (1.01)
1.61 (1.31)
0.69 (0.41)
2.69 (1.77)

6.12 (1.43)
6.39 (1.27)
4.08 (3.20)
7.34 (1.45)
6.64 (1.37)
1.67 (0.78)
0.58 (1.28)
3.28 (3.39)

Robot
Robot
Hand

25 (3)
24 (4

34 (17)
30 (15)
28 (25)
45 (24)
39 (20)
20 (10)
12 (10)
35 (25)
27 (16)
20 (10)
15 (11)
25 (15)
31 (15)

Ackerley et al. (2014a)

Ackerley et al. (2014b)
Case et al. (2016)
Croy et al. (2014)

3
3

39.9 (12.5)
23.3 (3)
26

Robot
Hand

50
15
25

Ellingsen et al. (2013)

Hand

5

23.2 (2.58)

22.8

Etzi and Gallace (2016)

Etzi et al. (2014)

Hand

Robot
Hand

3

22.40 (6.76)

63.6

Hielscher and Mahar (2016)
Kass-Iliyya et al. (2016)
Loken et al. (2011)

50.57 (18.42)
2.42 (2.63)
6.4 (1.6)

58.05 (22.37)
2.22 (2.81)
7.9 (0.9)

12

Robot
Hand

21-28

3
3
3

27.3 (9.96)
23 (3.85)

Macefield et al. (2014)
Sailer et al. (2016)

1.31 (3.07)
3.53 (2.62)

1.49 (3.79)
2.55 (3.60)

Non-Specified

12

Robot

Hand + Robot

24.5 (2.61)

Triscoli et al. (2013)
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was further confirmed by Egger’s regression test (Intercept = .19,
t = .16, p = .876). No potential outliers emerged in this meta-analysis.

3.1. Moderation analysis

Unfortunately, almost all studies had a stimulation speed of 3 cm/s,
thus not allowing for moderation analysis. Results of the present meta-
analysis did not differ based on sex distribution (p = .697), mean age
(p = .863), number of trials (p =.578), methodological quality
(p = .807), or stimulation type (p = .748).

The study by Triscoli et al. (2013) was excluded from the modera-
tion analysis on stimulation type because results were based on both
robot and hand stimulations. The studies by Etzi et al. (2014), Etzi and
Gallace (2016) were excluded from this analysis as well, because dif-
ferent kinds of textures, which are not compatible with the soft brushes
used in other studies, were used. The study of Sailer et al. (2016) was
excluded from the moderation analysis on number of trials because they
did not use a defined number of stimulations, but they performed
stroking on each subject for 40 min.

Sex distribution was not a significant moderator, even though 5 out
of 13 studies used samples composed mostly of females; this means that
results are not influenced by the percentage of females or males.

Mean age did not play a significant role as a moderator because
most of the studies included participants in their 20 s. Moreover, it has
been previously suggested that the affective processing of pleasant
touch is a stable disposition (Sehlstedt et al., 2016).

The number of stimulations was not a significant moderator of sex
differences in affective touch; however, 4 studies applied just 3 affective
touch stimulations while 8 studies used more than 3 affective touch
stimulations. Nevertheless, it must be noted that continuous stimula-
tions seem to be unsuited to study affective touch. In fact, C-tactile
afferents may need time between stimulations to not be fatigued and it
seems that following a series of 2 or 3 successive stimulations (as
happens in the majority of the analyzed studies) the response settles to
a submaximal level which can last even for a long time (Iggo, 1960).
However, further evidences have proved that touch satiety occurring
after a C tactile-optimal stroking (3 cm/s) requires some time and it
does not produce unpleasant feelings, meaning that pleasant touch is
robust against sensory satiety (Triscoli et al., 2014). This evidence was
even further supported by results of a recent study, included in our
meta-analysis, showing that even after 40 min of continuous affective
touch, participants did not perceive the stroking as unpleasant (Sailer
et al., 2016).

As to type of stimulation, previous studies also suggest that human
and robotic tactile stimulations lead to similar pleasantness ratings for
C-tactile optimized skin stroking, even though people are aware of the
stimulation’s source (Triscoli et al., 2013).

Lastly, methodological quality, measured by NOS scale, was not a
significant moderator. The reason why none of the studies received the
maximum number of stars was mostly due to the small sample sizes
used.

4. Discussion

In recent years, affective touch and its neurophysiological correlates
have received great attention. C-tactile fibers allow the perception and
the conduction of affective interpersonal touch and it seems that people
tend to spontaneously caress the skin of their partner or children at a
velocity that falls within the optimal range for the activation of C-tactile
afferents (Croy et al., 2016). Although, to date, sex asymmetry in touch
perception has not received solid validations, the present meta-analytic
results show that affective touch is experienced differently in males and
females. Hence, our hypothesis that females rate affective touch as
more pleasant than males was supported by the data. Unfortunately, the
number of studies that could have been potentially included in the
analysis was limited due to the fact that sex differences are not usually
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Fig. 2. Forest Plot. For each study included in the
meta-analysis, boxes represent the size of the study

(studies with larger samples are depicted with bigger

boxes), whereas horizontal lines represent the 95%

confidence interval (CI) of each study result. The ver-
tical line (y-axis), known as the “line of null effect”,
indicates the absence of difference between the two
examined groups (males and females) in affective

touch. The diamond at the bottom of the forest plot

represents the point estimate and confidence interval

(its width) resulting from the combination of all in-
dividual studies.

95% ClI
Ackerley etal. 20142 -0.56/0.75 s
Ackerleyetal. 2014b  -0.17/1.25
Caseetal. 2016  -1.09/1.24 o
Croyetal.2014  0.16/1.36 ——
Ellingsen etal. 2013  -0.34/0.88 —i—
Etzietal. 2014  -1.48/1.32 =
Etzietal. 2016  -0.79/0.89 !
Hielscheretal. 2016  -0.53/0.91 )
Kass-lliyya etal. 2016 -0.40/1.10 :
Lokenetal. 2011  -0.91/0.77 =
IMacefield et al. 2014 0.11/2.45 -
Saileretal. 2016  -0.72/0.82 L
Triscoli etal. 2013  -0.99/0.39 L
Overall (random-effects model) 0.04/0.46 -Q—

analyzed and/or reported in these studies.

This finding is in line with previous studies not included in the
present meta-analysis showing that women respond more positively to
touch than men (Stier and Hall, 1984) and perceive affective touch as
more pleasant than men (Jonsson et al., 2017).

Several factors may contribute to these differences, including hor-
mones, genetics and psychological factors, and it seems plausible that
these differences are not entirely explained by social and cultural cos-
tumes. In fact, it has been shown that young girls perceive touch to be
more pleasant than boys (Croy et al., 2019) and it is unlikely that social
or cultural factors have already and entirely biased their behavior.

It seems that C-tactile afferents are involved in the conduction of
erotic touch as well (Kandel et al., 2013). Even though the presence of
C-tactile afferents in the genital area has not been confirmed yet, erotic
genital touch activates the same area in posterior insula activated by C-
tactile afferents sensations (Georgiadis and Holstege, 2005; Georgiadis
et al., 2010). In fact, the highest eroticism ratings are maximally as-
sociated with CT-optimal touch, which mediates sexual desire and
performance in a sex specific-way. Apparently, women tend to interpret
slow touch as a sexual cue while men tend to interpret it as a sexual
reward (Bendas et al., 2017). Moreover, it seems that women rate touch

as more erotic compared to men (Jonsson et al., 2015). The finding that
erotic touch perception relates to sexual desire and sexual performance
in a sex-specific way may support the hypothesis that sex asymmetry in
the perception of affective touch is in part independent from cultural or
social bias.

A possible interpretation of sex differences in the evaluation of af-
fective touch may be related to sex hormones and more specifically to
the higher presence of testosterone in men. In fact, testosterone has
always been associated with hunting (Worthman and Konner, 1987;
Trumble et al., 2014) and dominance behavior (Mazur and Booth,
1998). It has been proven that men with lower levels of testosterone are
more sensitive to touch, while higher levels of this hormone are asso-
ciated with reduced tactile sensitivity (Burris et al., 1991). As the au-
thors suggest, the chronic exposure to testosterone to which men un-
dergo, for example during puberty, may produce the aforementioned
reduction in tactile sensitivity (Burris et al., 1991). It has been shown
that testosterone levels are inversely correlated with paternal affec-
tionate touch since it appears that fathers with high levels of testos-
terone are less likely to touch their infants (Weisman et al., 2014). On
this account, fatherhood seems to be negatively related to testosterone
levels; in fact, fathers have lower levels of testosterone compared to

Fig. 3. Funnel Plot. Each dot represents a single study;
the y-axis represents the standard error of effect esti-
mate with larger studies placed towards the top. The x-
axis shows the result for each study. In the absence of
bias and between study heterogeneity, the scatter is
due to sampling variation alone and the plot resembles
a symmetrical inverted funnel. The open and filled
diamonds overlap meaning that the estimated number
of missing studies is negligible.
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men without children (Grebe et al., 2019). This decrease is thought to
promote parenting behaviors (Edelstein et al., 2015; Fleming et al.,
2002; Gray et al., 2002; Perini et al., 2012). Thus, increased testos-
terone may be functional for indirect forms of paternal care since it
facilitates aggressive defense of infants when there is a treat, while on
the other hand it may interfere with more direct forms of caregiving
such as holding and cuddling (van Anders et al., 2012).

Another possible interpretation of our results may be related to the
fact that females have evolved as caregivers and nurtures, since they are
typically involved in the creation of the maternal bonding with off-
spring and to the so called maternal sensitivity, that is mother’s ability
to perceive and accurately interpret her infant’s signals and respond
appropriately and promptly (Ainsworth et al., 1978). In fact, compared
to males, women share a peculiar tactile relationship with their chil-
dren, which starts already within the womb (Field, 2010 for a review).
It has been proposed that CT afferents are prematurely stimulated by
the movements of fetal lanugo hairs induced by the amniotic fluid
(Bystrova, 2009); moreover, mothers automatically touch their ab-
domen in order to calm, stimulate and interact with the fetus, which in
turn tend to move towards the touched area (Marx and Nagy, 2017).
Maternal stroking has been implicated in the development of the social
brain and thus it has a great influence on social behavior development
(Jean et al., 2009). In particular, affective touch is considered to be the
scaffolding through which the social brain is shaped (Crucianelli and
Filippetti, 2018) and it has been proved that parents tend to sponta-
neously activate the affective touch system during tactile interaction
with their own child (Croy et al., 2016). In general, all existing studies
point to the notion that maternal tactile interactions play a crucial role
for infants’ mental and physical health (e.g. Sharp et al., 2012; Maitre
et al., 2017).

Mothers adapt their tactile behaviour to the age of their infants
(Jean et al., 2009) and use different types of touch (Ferber et al., 2008;
Stack and Muir, 1992; Stack et al., 1996), eliciting specific responses in
their infants, and in turn infants become sensitive to their mother’s
touch (Stack and Muir, 1992). The frequency of touch during playing
sessions between mothers and their five-year-old children appears to be
associated with the strength of connectivity of the posterior superior
temporal sulcus and other nodes in the social brain (Brauer et al.,
2016). However, frequency of tactile interactions itself does not influ-
ence attachment between mother and infants, whereas what is im-
portant is the kind of touch which is mostly used: in fact, nurturing and
affectionate touch is associated with secure attached infants (Weiss
et al., 2000).

Furthermore, it appears that mothers might be able to regulate their
infants’ emotions using touch (Hertenstein and Campos, 2001); indeed,
mothers who are unable to understand and interpret their infants’ needs
show non-attuned tactile interactions with them (Crucianelli and
Filippetti, 2018). These results highlight the importance of an optimal
tactile relationship, which is supported by maternal tactile sensitivity,
for offspring well-being.

To sum up, maternal cuddling and caressing strengthen the re-
lationship between mother and child, and maternal touch is critical for
offspring development; thus, it is plausible that females have a greater
sensitivity to affective touch - which is already functional early in life -
in order to create optimally adaptive tactile relationships.

4.1. Limitations and conclusions

One of the most important limitations of the present study is the
small number of available studies; likely due to the fact that studies on
affective touch are only relatively recently increasing in number.
Moreover, in order to perform the analysis, we needed subjective
pleasantness measures provided by healthy subjects - both males and
females - during a CT-optimal stimulation delivered in a neutral con-
dition; these criteria reduced consistently the number of available stu-
dies. A further limitation of our study was that we did not include
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studies published in languages other than English. Also, we did not
include gray literature like working papers, white papers or reports.
Fortunately, our analyses suggest that publication bias is unlikely to
have influenced our results.

To conclude, the present meta-analysis supports that women rate
affective touch as more pleasant than men. The small size of the effect
points to the need for more studies on this topic. In particular, such
studies should include both males and females in their sample and have
larger samples. Moreover, future studies should include objective
measures, such as neuronal firing or brain activation, in order to ex-
plore the origin of the sex differences found in the present meta-ana-
lysis. Furthermore, it could be of interest the exploration of the effect of
the stimulus materials (i.e. classic brush, cotton, silk) in the evaluation
of tactile pleasantness among women and men.

Lastly, despite the absence of publication bias, it should be noted
that results reported in our study may be potentially influenced by a
selection bias. In fact, it is possible that the examined studies do not
report analysis on sex differences because these are statistically non-
significant. This consideration should sensitize authors to report,
whenever possible, information regarding sex differences in the per-
ception of affective touch.
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Appendix A. Adapted version of the Newcastle-Ottawa scale used
in the present study for quality assessment (maximum 7 stars)

Selection: (Maximum 2 stars)

1) Representativeness of the general population sample:

2) Truly representative of the average in the target population. * (all
subjects or random sampling)

3) Somewhat representative of the average in the target population. *
(non-random sampling)

4) Selected group of users.

5) No description of the sampling strategy.

6) Sample size:

7) Satisfactory. * (MIN 30)

8) Not satisfactory.

Measurement of the predictor (s) (Maximum 2 stars)

a) The tool is available or described.**
b) No description of the measurement tool.

Outcome: (Maximum 3 stars) VAS

1) Assessment of the outcome:

2) Detailed description. **

3) No description.

4) Statistical test:

5) The statistical test used to analyze the data is clearly described and
appropriate, and the measurement of the association is presented,
including confidence intervals and the probability level (p value). *

6) The statistical test is not appropriate, not described or incomplete.

Appendix B. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.neubiorev.2019.09.
037.
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