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A B S T R A C T

Massage may be an important method for increasing endogenous oxytocin concentrations and of potential
therapeutic benefit in disorders with social dysfunction such as autism where basal oxytocin levels are typically
reduced. Here we investigated oxytocin release and associated neural responses using functional near infrared
spectroscopy (fNIRS) during hand- or machine-administered massage. 40 adult male subjects received 10min of
light foot massage either by hand or machine in a counterbalanced order and then rated pleasure, intensity,
arousal and how much they would pay for the massage. Blood samples were taken before and after each massage
condition to determine plasma oxytocin concentrations. Neural responses from medial and lateral orbitofrontal
cortex, superior temporal sulcus and somatosensory cortex were measured (fNIRS oxy-Hb) together with skin
conductance responses (SCR), ratings of the massage experience, autistic traits and sensitivity to social touch.
Results showed subjects gave higher ratings of pleasure, but not intensity or arousal, after hand- compared with
machine-administered massage and there were no differential effects on SCR. Subjects were also willing to pay
more for the hand massage. Plasma oxytocin increased after both massage by hand or machine, but more po-
tently after massage by hand. Both basal oxytocin concentrations and increases evoked by hand-, but not ma-
chine-administered massage, were negatively associated with trait autism and attitudes towards social touch, but
massage by hand-evoked changes were significant in higher as well as lower trait individuals. Increased neural
responses to hand vs. machine-administered massage were found in posterior superior temporal sulcus and
medial/lateral orbitofrontal cortex but not somatosensory cortex. Orbitofrontal cortex and superior temporal
cortex activation during hand massage was associated with the amount of money subjects were willing to pay
and between orbitofrontal cortex activation and autism scores. Thus, hand-administered massage can potently
increase oxytocin release and activity in brain regions involved in social cognition and reward but not sensory
aspects of affective touch. Massage by hand induced changes in both oxytocin concentrations and neural circuits
involved in processing social affective trust may have therapeutic potential in the context of autism.

1. Introduction

The neuropeptide oxytocin (OXT) plays an important role in influ-
encing both social bonds and a number of different aspects of social
cognition in a variety of different species, including humans (Kendrick
et al., 2017). There is increasing evidence across cultures that basal
plasma OXT concentrations are reduced in disorders with social dys-
function, such as autism, and by early life social neglect which can also

lead to social dysfunction (Green et al., 2001; Oztan et al., 2018; Parker
et al., 2014; Zhang et al., 2016). Importantly, reduced OXT con-
centrations correlate with autistic symptom severity in terms of social
dysfunction in clinical and healthy populations in Caucasian (Parker
et al., 2014) and Asian (Zhang et al., 2016) samples. In the context of
depression, high intent suicide attempters also have reduced cere-
brospinal fluid OXT concentrations (Jokinen et al., 2012). Furthermore,
there is substantial evidence from both animal models and human
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studies that OXT administration can produce anxiolytic effects (Naja
and Aoun, 2017; Neumann and Slattery, 2016). This has resulted in an
increasing number of studies and clinical trials which are assessing the
potential therapeutic benefit of attempting to increase endogenous OXT
concentrations using administration of intranasal OXT either acutely or
chronically (Kendrick et al., 2017). Several studies have shown some
therapeutic efficacy of such endogenous OXT treatments in anxiety,
autism and schizophrenia (Gordon et al., 2013; Guastella and Hickie,
2016; Kendrick et al., 2017; Naja and Aoun, 2017; Parker et al., 2017)
although far more research is clearly required. In this context it is also
important to explore whether there are alternative, non-invasive and
non-pharmacological strategies which might be effective in increasing
endogenous OXT concentrations. One such strategy may be through the
use of tactile stimulation.

Social affective touch and/or massage treatments have been shown
by several studies to reduce anxiety, stress, heart rate, blood pressure
and pain (Diego et al., 2004; Diego and Field, 2009; Field, 2014, 2016;
Wilhelm et al., 2001) and to be helpful in relation to a number of
clinical conditions, most notably cancer (Kinkead et al., 2018; Lee et al.,
2015; Wyatt et al., 2017). In the context of the current paper massage
treatment has been shown to improve some symptoms of autism spec-
trum disorder (ASD), such as increased tolerance of touch and social co-
operation and reduced anxiety and repetitive behavior (Escalona et al.,
2001; Silva et al., 2015; Walaszek et al., 2017) as well as having po-
sitive effects in other psychiatric disorders (Rapaport et al., 2018).

Some of the beneficial effects of affective touch and massage may be
due to it increasing OXT release where animal studies have consistently
demonstrated effects associated with tactile stimulation (see Uvnäs-
Moberg et al., 2014). A number of studies have reported that blood,
saliva or urine OXT concentrations are increased in response to social
affective touch in both chimpanzees (Crockford et al., 2013) and hu-
mans (Holt-Lunstad et al., 2008; Light et al., 2005; Morhenn et al.,
2008, 2012; Odendaal and Meintjes, 2003). In human couples increased
blood concentrations of OXT during the early stage of relationships are
also correlated positively with levels of affective touching
(Scheiderman et al., 2012). On the other hand, the OXT assays per-
formed have sometimes not used the recommended extraction step
(McCullough et al., 2013) and a number of studies have reported no
effect (Heinrichs et al., 2003; Grewen et al., 2005; Ditzen et al., 2007),
including one clinical trial on the effects of gentle touch in intensive
care patients (Henricson et al., 2008). Findings in humans therefore
currently need to be treated with some caution and more evidence is
required

While receiving warm social affective touch is of great importance
for social development and interactions (Bjornsdotter et al., 2014;
Brauer et al., 2016) responses are clearly sensitive to who is doing the
touching, context and duration (Ellingsen et al., 2014, 2016; Gazzola
et al., 2012; McCabe et al., 2008; Scheele et al., 2014). Massage on the
other hand is potentially much easier to employ therapeutically, and
shoulder and neck massage (Bello et al., 2008; Turner et al., 1999) and
back massage (Morhenn et al., 2012) can increase plasma OXT con-
centrations and correspondingly reduce adrenocorticotropin (ACTH),
suggestive of an anxiolytic action (Morhenn et al., 2012). However, one
study has reported no significant effect of back and neck massage
(Wikstrom et al., 2003). Machine-administered massage (massage seat)
can also increase endogenous OXT concentrations in saliva in men and
these were associated with greater sensitivity to infant signals, although
less effectively in individuals who had experienced childhood emo-
tional maltreatment (Riem et al., 2017). One small study has reported
that autistic children receiving the gentle massage from their mothers
exhibited higher oxytocin concentrations during massage period com-
pared to the non-massage period (Tsuji et al., 2015), although the study
did not report any effects on symptoms. Thus massage administered
either manually or via a mechanical device can increase OXT con-
centrations in either blood or saliva although their relative potency and
modulatory effects of autistic traits and sensitivity to social touch have

not been explored. In the current study we therefore compared the ef-
fects of hand (Chinese style) or mechanically delivered foot massage on
OXT release. Both of these massages administer rhythmic pressure to
the whole foot, with no stroking and such light pressure foot massage
should activate both C-tactile (CT) and non-C-type fibers, the former
being of particular importance for conveying the effects of social touch
(Gordon et al., 2011; Olausson et al., 2010; Vallbo et al., 1993). In the
study subjects were also asked to self-rate the pleasure, arousal and
intensity of the massage and a physiological measure of arousal was
also taken (skin conductance response). While we hypothesized that
subjects should rate the pleasure of the manual massage highest our aim
was that both kinds of massage would be similar in terms of their in-
tensity and arousal since the latter could present potential non-specific
confounders for making comparisons between manual and machine-
based massage.

Although the respective efficacy of manual and machine massage
for eliciting OXT release is a key component for their potential use in a
therapeutic context for disorders with social dysfunction such as
autism, an important secondary and related component is the extent to
which these different types of massage can additionally activate neural
circuitry involved in processing affective touch. Furthermore, the re-
lationships between massage-evoked OXT release and neural activation
changes associated with affective touch have yet to be established in
humans, although it has been reported that intranasal OXT increased
activation in these regions in response to social touch (Scheele et al.,
2014). Social affective touch targeting CT-afferents particularly acti-
vates brain regions involved in social cognition (amygdala, medial
prefrontal cortex, superior temporal sulcus – STS) and reward (orbito-
frontal cortex – OFC) and regions involved in interoception and salience
processing, such as the insula, as well as the somatosensory cortex (S1)
(Bennett et al., 2014; Gordon et al., 2011; Olausson et al., 2010; Perini
et al., 2015). Importantly, the response to social touch is also reduced in
ASD in all of these regions (Kaiser et al., 2015) and in the OFC and STS
in healthy individuals with higher autistic traits (Voos et al., 2013).
Neural responses to massage-type stimuli are more varied, but generally
have been shown to engage at least some components of the affective
touch networks (Golaszewski et al., 2006; Ouchi et al., 2006). Notably,
massage of the sole of the foot activates the STS, insula, thalamus and
caudate as well as S1 (Golaszewski et al., 2006).

In the present study we have therefore investigated the respective
effects of light pressure foot massage either administered by hand or by
machine on both OXT release and activation of brain regions associated
with affective touch. Neural activation was recorded using functional
near infrared spectroscopy (fNIRS) which is an increasing used, optical
neuroimaging method for monitoring haemodynamic responses in the
brain with neural activation being measured via changes in the con-
centration of oxygenated haemoglobin (Oxy-Hb). An important ad-
vantage of the technique compared with functional MRI is that subjects
can be recorded from in a more relaxed and normal environment with
less constrictions on movement and for the present experiment it also
allowed the use of mechanical massage devices which are not MRI
compatible (Plichta et al., 2006). A previous fNIRS study has already
demonstrated increased STS activity in response to affective touch
(Bennett et al., 2014). Thus, we used fNIRS to measure cortical acti-
vation patterns the key cortical regions responding to affective touch
(OFC, STS and S1) during hand and machine massage and correlated
them with OXT release and the pleasure evoked by the massages. Given
the focus of our study on possible therapeutic application of massage-
evoked changes in OXT and activation of brain regions involved in
social touch in relation to autism we additionally employed established
questionnaires for quantifying autistic symptoms in both healthy and
clinical populations (Autism Spectrum Questionnaire – AQ; Baron-
Cohen et al., 2001; Ruzich et al., 2015) and reduced comfort and pre-
ference for social touch which autistic individuals also score high on
(social touch questionnaire - STQ; Wilhelm et al., 2001).

Based on the previous findings summarized above we hypothesized
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that massage by hand would be rated more pleasurable, but not more
arousing, than equal intensity machine massage. We additionally hy-
pothesized that hand massage would be more effective at releasing OXT
and increasing responses in brain regions responsive to processing
cognitive and reward effects of social touch (OFC and STS) but not in
those responding primarily to sensory and intensity aspects of touch
(S1). Finally, we hypothesized that basal and/or evoked OXT release
and neural responses to hand massage would be positively associated
with pleasure/reward ratings and negatively associated with autistic
traits and dislike of social touch but not with other personality traits.

2. Methods and materials

2.1. Participants

A total of 40 male heterosexual healthy Chinese University students
(mean age ± sem=21.78 ± 0.40) participated in the study. All
subjects were reported being free of medical or psychiatric disorders,
current or regular medication in an initial interview and did not con-
sume any alcohol, caffeine or nicotine on the day of the experiment. To
reduce novelty, all subjects were required to have had at least two or
more previous experiences of receiving Chinese foot massage. The study
had full approval from the local ethics committee of the University of
Electronic Science and Technology of China and procedures were in
accordance with the latest revision of the declaration of Helsinki. All
subjects provided written informed consent.

2.2. Experimental design

Before the experimental session, each subject completed a number
of questionnaires on personality, mood, traits and sensitivity to touch
and reward. Chinese versions of the State-Trait Inventory (STAI;
Spielberg et al., 1970), Beck’s Depression Inventory II (BDI; Beck et al.,
1996) and Cheek and Buss Shyness Scale (CBSS; Cheek, 1983) were
administered to confirm that all subjects had scores on anxiety, de-
pression and shyness/social anxiety within the normal healthy range.
Chinese versions of: NEO-Five Factor Inventory (NEO-FFI; Costa and
McCrae, 1992), Empathy Quotient (EQ; Baron-Cohen and Wheelwright,
2004), Behavioral Inhibition System and Behavioral Activation System
Scales (BIS/BAS; Carver and White, 1994) and the Sensitivity to Pun-
ishment and Sensitivity to Reward Questionnaire (SPSRQ; Torrubia
et al., 2001) were administered in order to assess the specificity of as-
sociations with the two specific scales of interest, the AQ and STQ
which were also completed. For both the AQ and STQ higher scores
indicate greater autistic traits/greater discomfort with social touch re-
spectively. The AQ comprises 50 questions (e.g. “I enjoy social occa-
sions”) and is a widely used and established instrument for quantifying
the continuum of autistic symptoms across the range from normality to
pathology (Ruzich et al., 2015). The internal consistency (Cronbach’s α)
of the Chinese version used in the current study was good (0.73) and
similar to that we have reported recently in a large scale genetics study
(Montag et al., 2017). Individual scores ranged from 0 to 50 (M=20.2,
SE= 0.98). The STQ comprises 20 questions (e.g. “I get nervous when
an acquaintance keeps holding my hand after a handshake”) associated
with feelings and attitudes towards social touch. The internal con-
sistency (Cronbach’s α) of the Chinese version of the questionnaire was
also good (0.70). Individual scores ranged from 0 to 80 (M=41.45,
SE= 1.26). Additionally, the Positive and Negative Affect Schedule
(PANAS; Watson et al., 1988) was administered after each type of
massage as a measure of their respective impact on mood.

After completing the questionnaires, subjects were asked to wash
their feet before they received the foot massage. Next they were asked
to lean back on a comfortable reclining chair with their feet supported.
A cap containing the fNIRS optodes was put on their head and two
Ag–AgCl electrodes, attached to the index and middle fingers and
connected to a Biopac Systems module for electrodermal activity

recording for measurement of skin conductance responses (SCR). A
catheter for blood sampling was then inserted into an arm vein by a
qualified nurse. All participants were then blindfolded so that they
could not see either the professional masseur or the machine massage
devices and both the temperature and illumination in the experimental
room was controlled to ensure comfort. All subjects were instructed to
close their eyes and to focus on the massage. The study included two
blocks, one of which was a Chinese foot massage given by a professional
masseur and the other one was a machine-based massage applied using
a commercial massage machine (Panasonic – EW-NA84). The Chinese
foot massage is a pressure type massage (i.e. no stroking) and the ma-
chine used also provided a pressure type massage to match it as far as
possible (although the machine can massage the lower leg as well we
only used the foot component). The massage boots applied heat to
maintain temperature at around 37 °C (low temperature setting on the
device to simulate normal body temperature) to match that of the hand
massage. All hand massages were performed by the same male masseur
although subjects were unable to see who was massaging them. In each
period of massage subjects received either hand massage or machine
massage for 20 s and then had a rest for 10 s (i.e. no massage) and this
was repeated 20 times (i.e. a total of 10min). The right and left feet
were massaged simultaneously and the order of the two massage types
was counterbalanced. Blood samples (6 ml) were collected immediately
before and after each of the two massages (i.e. 4 samples in all).
Massaging both feet simultaneously controlled for any subject pre-
ference for left or right and, importantly, allowed us to use bilateral
neural activation data. The time interval between the two massage
periods was 15min. Following each type of massage, subjects were
asked to complete the PANAS and to rate three questions about the
massage on a scale of 1–9 (1 = low, 9 = high): (1) How much did the
massage make you feel pleasure? (2) How much did the massage arouse
you? (3) How strong was the massage? (i.e. how intense). Additionally,
subjects were asked how much they would be willing to pay for the
massage (1–100 RMB). Finally, subjects were asked to guess whether
the massage by hand was administered by a male or female professional
masseur to control for possible sex-dependent effects.

Before and during the massages, SCR was used to measure sympa-
thetic arousal and neural activity was recorded using fNIRS.

2.3. Data acquisition

2.3.1. fNIRS
Preceding data collection, a 3D digitizer system (Polhemus, VT,

USA) was used to localize the placement of each optode in relation to
reference points on the subject’s head (nasion, inion, left and right ears,
top and back of the head) to assess variability in head size and shape.
Measurements of neural activation were taken using a non-invasive
near-infrared diffuse optical tomography instrument (CW6, Techen,
Inc., Milford, MA, USA) with 27 optodes (15 detectors and 12 sources).
Each adjacent source detector pair defined a single measurement
channel with a 3.0 cm spatial separation between detectors and sources.
This design allowed coverage of three main interest regions divded into
six regions of interest (ROIs): bilateral orbitofrontal cortex (OFC), di-
vided into lateral (lOFC), mediolateral (mlOFC) and medial (mOFC) (3
separate OFC ROIs were used due to the well established functional
heterogeneity of this region), bilateral primary somatosensory cortex
(medial S1 area representing foot and leg) and bilateral anterior and
posterior superior temporal sulcus (aSTS and pSTS). Previous research
suggests that STS changes in response to touch should be primarily in
the posterior region (Davidovic et at., 2016). The instrument generated
two wavelengths of near-infrared light (690 and 830 nm) and measured
the changes in oxyhemoglobin (oxy-Hb) and deoxyhemoglobin (deoxy-
Hb). The optodes were positioned according to international 10–20
coordinates (see Fig. 1). Hair was manually parted under the optodes to
improve signal detection.
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2.3.2. Blood sampling and oxytocin measurement
Venous blood was collected into 6ml EDTA tubes which were im-

mediately kept chilled in ice and centrifuged at 1600 g for 15min at
4 °C within half an hour of collection. Plasma was immediately ali-
quoted into chilled Eppendorf tubes and stored at −80 °C until OXT
analysis. All samples were analyzed within 6 months of collection.
Oxytocin concentrations in 1ml plasma samples were measured in
triplicate using a commercial ELISA assay (Cayman Chemical, Ann
Arbor, Michigan USA Kit 500440). A standard prior extraction step was
performed in accordance with the manufacturers recommended pro-
tocol and spiked samples (with 100 pg/ml OXT added) were included
with every assay to calculate extraction efficiency which was 96.6%.
The extraction step incorporated a 2-fold concentration of samples
using a vacuum concentrator (Concentrator plus, Eppendorf, Germany)
resulting in a detection sensitivity of 3 pg/ml. The majority of samples
had detectable concentrations (> 98%) and those which did not were
assigned the minimum detection value. The intra- and inter-assay
coefficients of variation were 5.97 and 7.25% respectively. The man-
ufacturer’s reported cross-reactivity of the antibody with related neu-
ropeptides, such as vasopressin and vasotocin, is< 0.01%.

2.4. Data analysis

2.4.1. Behavioral rating and SCR data analyses
Paired t-tests with Bonferroni correction for multiple comparisons

were used to analyze statistical differences in pleasure, arousal and
intensity ratings and amount of money subjects were prepared to pay
for the massage for the hand massage vs. machine massage conditions.
SCR waveforms were analyzed offline, using AcqKnowledge 4.2 soft-
ware (BIOPAC Systems Inc.). SCR amplitudes to hand and machine
massage represented the dependent measures. The level of SCR re-
sponse was determined by taking the mean base-to-peak difference for
the first waveform (in microsiemens, μs) in the10 s window after mas-
sage onset or rest onset. Paired t tests were conducted between each
type of massage and rest as well as between hand and machine massage.

2.4.2. Plasma OXT concentration analysis
We conducted paired t-tests to analyze whether mean concentra-

tions of plasma OXT were increased following each type of massage
compared to their respective baseline samples taken just prior to the
massage. In order to compare the difference between the magnitudes of
OXT increase following each massage, mean percent differences from
baseline were calculated and paired t-tests used to analyze the differ-
ence between hand and machine massage. Correlation analysis was
used to explore the relationship between OXT concentrations (averaged
baseline and absolute increase in OXT after massage) and behavioral
ratings including questionnaires (i.e. AQ and STQ), SCR and neural
activation changes. Differences in correlation coefficients during the
two types of massage were tested for by bootstrap analysis (Baguley,

2012; Wilcox, 2016).

2.4.3. fNIRS data analysis
Data from fNIRS optodes was analyzed using NIRS-SPM version 4.1

(Jang, 2008; Ye et al., 2009; Tak et al., 2011; Muthalib et al., 2015),
with non-specific global trends due to breathing, cardiac, vaso-motion
or other experimental errors being effectively removed by a Wavelet-
MDL de-trending algorithm. For general linear model (GLM) analyses,
20-s blocks of hand massage and machine massage and 10-s blocks of
rest after each massage were modeled separately with boxcar functions.
We then performed single-subject GLM analyses by convolving four task
events (hand massage, machine massage, rest after hand massage, rest
after machine massage) with a hemodynamic response curve to model
the hypothesized oxy-Hb response during each experimental condition.
In line with many other studies initial analyses were assessed at an
uncorrected statistical threshold of P < 0.05 (Bennett et al., 2014;
Byun et al., 2014; Ehlis et al., 2008; Muthalib et al., 2015; Suzuki et al.,
2008). We implemented a ROI-based analysis focusing on an average of
oxy-Hb signals across all recording channels within the 6 specific ROIs.
In each case we calculated activation differences between period of
massage and periods of rest across the 10min block for each type of
massage. We conducted paired t-test [hand vs rest; machine vs. rest;
hand vs machine] and Bonferroni-correction was applied to correct for
the multiple ROIs. Correlations between regional oxy-Hb changes and
behavioral ratings as well as questionnaire scores during hand massage
and machine massage were also calculated and differences tested for
using bootstrap analysis. In addition, we examined the mediation effect
of STS on the relationship between S1 and OFC by using a bootstrap
procedure (Preacher and Hayes, 2008). Four subjects were excluded
due to technical problems with fNIRS acquisition leaving 36 subjects in
the final analysis.

An additional exploratory analysis was conducted to investigate
whether the perceived gender of the masseur would influence the
neural responses, behavioral ratings, SCR and OXT release (in-
dependent t-test).

3. Results

3.1. Behavioral ratings and SCR results

Table 1 shows that positive mood (PANAS) was higher after hand
massage compared with machine massage (t=3.05, p Bonferroni = 0.03)
but not negative mood (t = 0.72, p Bonferroni = 1.00). Most importantly,
pleasure ratings were significantly higher following hand massage re-
lative to machine massage (t=7.18, p Bonferroni < 0.001). No differ-
ential effects on arousal or intensity ratings were found (t<2.62, ps
Bonferroni > 0.13), confirming the specificity of the effects. Subjects were
willing to pay significantly more for hand compared with machine
massage (t=7.32, p Bonferroni < 0.001). The subjects could not

Fig. 1. Localization of fNIRS optodes over the
6 ROIs. These ROIs included somatosensory
cortex (S1, channel 1 and 13, red), anterior
superior temporal sulcus (aSTS, channels 6–10
and channels 18–22, purple), posterior su-
perior temporal sulcus (pSTS, channels 11–12
and channels 23–24, yellow), medial orbito-
frontal cortex (mOFC, channels 27,29,30,31,
orange), medial-lateral orbitofrontal cortex
(mlOFC, channels 26, 28, 32, 34, light blue),
and lateral orbitofrontal cortex (lOFC, chan-
nels 25, 33, green) (For interpretation of the
references to colour in this figure legend, the
reader is referred to the web version of this
article).
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accurately recognize the gender of the professional masseur (17
thought was a male and 23 thought was a female - χ2 = 0.90, p =
0.34). For the SCR analysis 6 subjects were excluded due to low-quality
data and so SCR data from 34 subjects were included in the final ana-
lysis. Results showed that there was no significant difference in SCR
between hand and machine massage (t = 1.36, p Bonferroni = 1.00, see
Table 1). However, we found significant SCR increases during each type
of massage compared to rest (hand massage: p < 0.001; machine
massage: p= 0.003).

3.2. Plasma OXT concentrations

There was no difference between baseline OXT concentrations in
samples taken prior to each type of massage (T1, t=1.17, p= 0.25).
More importantly, plasma OXT levels increased significantly after both
hand (+7.13 pg/ml – t=5.71, p < 0.001) and machine (+ 2.36 pg/
ml, t=2.47, p= 0.02) massage, but more potently after hand massage
(+ 51.8% vs. + 18.2%, p= 0.008, see Fig. 2). In addition, there was a
significant negative correlation between the averaged baseline OXT
concentrations and AQ score [r = -0.55, p < 0.001- (p Bonferroni =
0.002)](see Fig. 3a). Moreover, we found a significant negative corre-
lation between the averaged baseline OXT concentrations and STQ
score [r = -0.38, p= 0.017- (pBonferroni = 0.03)] (see Fig. 3b). There
was also a significant negative correlation between the magnitude of
the increase in OXT after hand massage for both AQ and STQ scores but
not for machine massage (AQ: hand massage r = -0.33, p = 0.04,
machine massage r=0.14, p= 0.38; STQ: hand massage r = -0.32,
p= 0.04, machine massage r=0.20, p= 0.22) (see Fig. 3c and d).
There were also significant differences between these coefficients (AQ:
p= 0.05, bootstrap = 10,000; STQ: p= 0.04, bootstrap = 10,000 –
i.e. using the method described by Baguley (2012) and Wilcox (2016)
for non-independent samples). No significant correlations were found
between either basal or massage-evoked increases of OXT and ratings of
the massage experience or with SCR (ps>0.17).

In view of the negative association between OXT release evoked by
hand-administered foot massage and both AQ and STQ scores, we
carried out an additional exploratory analysis to demonstrate that
massage was nevertheless effective in producing significant OXT release
in both individuals with lower and higher traits. We therefore

performed a median split analysis on subjects based on their AQ and
STQ scores and carried out paired t-tests to analyze whether both
groups showed significantly increased plasma OXT in response to the
massage. This analysis confirmed that both sub-groups with lower and
higher AQ scores showed robust increased OXT concentrations in re-
sponse to massage (AQ scores: high – scores: 21–32, mean OXT in-
crease= 5.76 pg/ml, n=20, t (19) = 4.16, p= 0.001; low – scores:
10–20, mean OXT increase = 8.5 pg/ml n=20, t (19) = 4.11, p =
0.001) and the same was also true for STQ scores (STQ: high – scores:
43–56, mean OXT increase= 8.44 pg/ml, n=19, t (18) = 3.96, p=
0.001; low – scores: 24–42, mean OXT increase = 5.69 pg/ml, n = 21, t
(20) = 4.25, p < 0.001).

Confirming the specificity of observed associations with the AQ and
STQ no significant correlations were found between basal or massage-
evoked OXT and other questionnaire scales (i.e. NEO-FFI, EQ, BIS/BAS
and SPSRQ - all ps> 0.1).

3.3. fNIRS ROI analysis

To specify the differences between massage and rest periods and
between the two types of massage in the 6 bilateral ROIs (S1, aSTS,
pSTS, mOFC, mlOFC and lOFC), we performed paired t-test with p value
Bonferroni correction. In comparison with periods of rest (i.e. no
massage), hand massage evoked significant increased oxy-Hb in the
pSTS (p Bonferroni = 0.01) and mlOFC (p Bonferroni = 0.02) although
increased activity was also seen in S1 this failed to reach significance
after correction. For the machine massage there was a significant de-
crease in oxy-Hb in the mlOFC (p Bonferroni = 0.01), increased activity in
S1 again failed to reach significance after correction (see Table 2 &
Fig. 4). We found that oxy-Hb in the pSTS (t=3.49, p Bonferroni = 0.006,
see Fig. 4b) and mlOFC (t=3.62, p Bonferroni = 0.005, see Fig. 4c) was
significantly higher after hand massage compared to machine massage,
but not for other regions (t<1.76, ps Bonferroni > 0.52).

In addition, we conducted correlation analyses between regional
oxy-Hb changes and ratings of the massage experience and also with AQ
and STQ scores. For rating scores significant associations were only
found for pleasure and how much subjects were willing to pay for the
massage. Massage-evoked activation of the mlOFC was positively cor-
related with the amount subjects were prepared to pay during hand
compared to machine massage (hand massage- r=0.34, p= 0.04;
machine- r = -0.23, p= 0.18) but there was no significant difference
between the coefficients (p= 0.09; p= 0.07, bootstrap = 10,000).
Activation of pSTS was also positively correlated with how much sub-
jects were prepared to pay for the hand massage (r=0.36, p = 0.03)
and rated their pleasure (r=0.42, p= 0.01, see Fig. 5a) but not for
machine massage (money: r=0.01, p= 0.96; pleasure r = -0.03, p=
0.87). Only the coefficient with pleasure was significantly different
between the two massage conditions (money: p= 0.15, pleasure: p=
0.03; bootstrap = 10,000). A positive correlation with AQ score was
found for mlOFC activation after hand compared to machine massage
(hand massage- r=0.42, p= 0.01, machine massage - r = -0.17, p=
0.33), and the difference between coefficients was significant (p=
0.03, bootstrap = 10,000 – see Fig. 5b). No correlations were found
with STQ scores or other personality traits.

Table 1
Behavioral ratings and questionnaire scores for study subjects following two types of foot massage (mean ± sem).

Measurements (40 subjects) Machine massage Hand massage t-value p-value with Bonferroni correction

Positive and Negative Affective Scale (PANAS)-Positive 22.50 ± 1.35 24.45 ± 1.35 3.05 0.03
Positive and Negative Affective Scale (PANAS)-Negative 10.80 ± 0.54 11.18 ± 0.61 0.72 1.00
Pleasure ratings 5.90 ± 0.22 7.25 ± 0.13 7.18 0.001
Arousal ratings 5.13 ± 0.28 6.00 ± 0.26 2.62 0.10
Intensity ratings 5.94 ± 0.30 5.17 ± 0.24 2.22 0.26
Payment (RMB) 31.58 ± 3.73 55.18 ± 3.72 7.32 0.001
Skin conductance (SCR) 0.69 ± 0.11 0.86 ± 0.14 1.36 1.00

Fig. 2. Changes of oxytocin plasma concentrations. Histograms show
mean ± SEM plasma concentrations of oxytocin (OXT) in 40 male subjects
immediately before and immediately after a 10min foot massage applied either
by a machine or by hand. *p<0.05, **p<0.01, ***p<0.001.
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A mediation analysis was conducted using a bootstrapping method
(Preacher and Hayes, 2008) to investigate the relationship between S1,
pSTS and mlOFC. The changes in S1 were significantly associated with
the changes in pSTS (path a=0.47) and the changes in mlOFC (path
c=0.41). When the changes in STS were included as the predictor,
they were significantly associated with the changes in OFC (path
b= 0.43) and the correlation between the changes in S1 and mlOFC
was attenuated (path c’=0.20). These results indicated partial med-
iation and using a bootstrap analysis the mediation was significant
(indirect effect= 0.20, 95% CI = [0.03, 0.49], bootstrap=1000, see
Fig. 6). Results therefore confirmed that the oxy-Hb changes in S1
mediated changes in mlOFC through increasing pSTS activation.

3.4. Perceived gender of the masseur

In view of the fact that a number of studies have reported perceived

gender of the individual giving social touch to a subject can influence
both pleasure experience and neural responses to it (Gazzola et al.,
2012; Scheele et al., 2014), including in the context of OXT adminis-
tration (Scheele et al., 2014), we additionally performed an exploratory
analysis investigating this in relation to our hand massage results. The
perceived gender of the masseur had no significant effect on behavioral
ratings of the massage or OXT release or SCR (all ps>0.25). For the
neural responses there was no difference in S1, pSTS or mlOFC acti-
vation in subjects who perceived the masseur to be male as opposed to
female that could survive Bonferonni correction.

4. Discussion

The current study investigated whether hand- or machine-ad-
ministered foot massage are effective in evoking endogenous OXT re-
lease and activating both cognitive and reward components of the
neural system responding to social affective touch. Our results show
clearly that the hand administered massage can evoke a large increase
in plasma OXT (51.8%) and also activates regions processing reward
aspects of social touch (mlOFC) and social cognition aspects (pSTS). By
comparison machine-administered massage evoked smaller increases in
OXT (18.2%) but did not produce significant changes in pSTS activation
and reduced activity in mlOFC. Furthermore, hand massage was rated
as more pleasurable and rewarding than machine massage despite
being rated as of equal intensity and evoking similar levels of increased
arousal. Both basal OXT concentrations and increases evoked by hand
massage were negatively associated with AQ and STQ scores, although
a median-split analysis showed that subjects with both higher and lower
scores had significantly increased concentrations after massage.
Additionally, pSTS and mlOFC activation were positively associated
with pleasure ratings and/or how much subjects were willing to pay for

Fig. 3. Correlation analysis between concentrations of oxytocin and questionnaire scores. Regression graphs show significant correlations between baseline con-
centrations of oxytocin (OXT) and (a) autism spectrum quotient scores (AQ) and (b) social touch questionnaire (STQ) scores. They also show correlations between
hand-massage evoked changes in OXT concentrations and (c) AQ and (d) STQ scores (n= 40 male subjects).

Table 2
Neural activation (oxy-Hb changes) in the 6 ROIs during the two types of
massage (mean ± sem).

Brain region Machine massage Hand massage t-value p-value with
Bonferroni
correction

S1 0.80 ± 0.54 0.64 ± 0.34 0.25 1.00
Posterior STS −1.16 ± 0.53 1.35 ± 0.38* 3.49 0.006
Anterior STS −0.49 ± 0.49 0.34 ± 0.23 1.38 1.00
Medial OFC −0.53 ± 0.39 0.68 ± 0.36 1.76 0.52
Medial-lateral

OFC
−1.63 ± 0.52* 1.31 ± 0.41* 3.62 0.005

Lateral OFC −0.89 ± 0.53 0.26 ± 0.38 1.43 0.97

* p<0.05 Bonferonni corrected vs rest.

Q. Li et al. Psychoneuroendocrinology 101 (2019) 193–203

198



the hand massage, and mlOFC activation was also associated positively
with AQ scores. Thus overall, our findings demonstrate that foot mas-
sage administered by hand is effective both at increasing OXT con-
centrations and evoking increased activation in key brain regions in-
volved in social affective touch processing. This supports its potential
for therapeutic use in ASD.

Foot massage administered by hand was very effective in increasing
plasma OXT concentrations, while machine-administered massage was
significantly less potent despite being given similar intensity ratings
and evoking similar increased arousal.While the baseline OXT con-
centrations we observed are slightly higher than those reported in some
other studies using different commercial ELISA kits or radio-im-
munoassays (Gossen et al., 2012; Striepens et al., 2013), we did include
a standard extraction procedure, post-extraction recovery was high and
also results from samples “spiked” with known additional OXT con-
centrations were accurate. Our basal OXT concentrations are also very
similar to those reported in saliva samples in Caucasian men given
mechanical massage (Riem et al., 2017) and in blood samples from
Caucasian and Asian typically developing controls and autism subjects

(Oztan et al., 2018; Zhang et al., 2016). Hand massage-evoked changes
in plasma OXT concentrations were comparable to or greater than those
reported in response to affective touch (Holt-Lunstad et al., 2008; Light
et al., 2005; Morhenn et al., 2008) and proportionately around a
quarter of those evoked by 24–26 IU intranasal OXT after 15–45min,
although similar in terms of absolute magnitude (Gossen et al., 2012;
Striepens et al., 2013). The 15-minute massage also only increased OXT
concentrations for a short duration since they had returned to baseline
within 15min of the end of the massage period, whereas following
intranasal OXT two studies have reported that concentrations only re-
main elevated for around 45min (Gossen et al., 2012; Striepens et al.,
2013). One study has claimed that OXT levels in saliva remain elevated
for up to 7 h after administration (Van IJzendoorn et al., 2012) al-
though this is out of line with blood-based analyses and may reflect the
large concentrations of OXT applied to the nasal cavity permeating the
throat and specifically influencing saliva concentrations over a long
period. In comparison, the machine-administered foot massage only
evoked small increases in plasma OXT. It is possible that other kinds of
machine-delivered massage could be more effective, although a recent

Fig. 4. Activation maps during hand and machine massage. Histograms show mean ± SEM activity changes in the posterior STS (a) and medial-lateral OFC (b) for
hand vs machine massage. ** p < 0.01 Bonferroni corrected. The maps also show fNIRS activation during machine (c) and hand (d) massage in the orbitofrontal
cortex (OFC), superior temporal sulcus (STS) and primary somatosensory cortex (S1)(see Fig. 1 for specific optode localizations).

Fig. 5. Correlation analysis between behavioral ratings and brain activity. Regression graphs show significant correlations between: (a) pleasure rating and posterior
STS activation to the hand massage (b) AQ scores and medial-lateral OFC activation in response to hand massage (n= 36 subjects).
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study using a seat vibratory massage system reported similar small in-
creases in saliva (Riem et al., 2017). While the subjects rated the
strength of the hand and machine massages in our current study as
equivalent, and both elicited similar levels of increased arousal, the
pleasure ratings and positive mood scores (PANAS) for the hand mas-
sage were significantly higher as was the amount of money subjects
were prepared to pay. This difference between the pleasure of touch
administered by hand as opposed to machine is in agreement with a
previous study (Ellingsen et al., 2014). Thus, it seems likely that the
greater ability of hand massage to evoke OXT release may have been
due to the greater feelings of pleasure it produced. Whether the greater
pleasure was the result of the massage being administered by a person
or some aspect of the quality of the massage itself (other than tem-
perature and strength) cannot be determined with the protocol we used.

Both basal and hand massage-evoked increases in OXT concentra-
tions were negatively associated with autism traits, as measured by the
AQ, and touch sensitivity (STQ – where high scores indicate dislike of
being touched). This is in agreement with previous studies reporting
lower basal OXT and altered sensitivity to touch in ASD (Cascio et al.,
2008). Healthy subjects with higher autism traits also exhibit altered
sensitivity to touch (Robertson and Simmons, 2013). However, im-
portantly an additional exploratory analysis revealed that hand mas-
sage significantly increased plasma OXT concentrations in a sub-group
of subjects with higher scores on the AQ and STQ as well as in those
with lower scores. Thus, hand massage may be a potential therapeutic
strategy for increasing basal OXT concentrations in the context of ASD,
although possibly greater frequencies or durations of massage might be
required to achieve optimum outcomes.

Hand-administered foot massage produced a robust activation of the
pSTS, but not the aSTS, whereas machine-administered massage did not
influence either region. The STS is an important region for social cog-
nition and both previous fMRI and fNIRS studies have consistently
shown that the pSTS is activated during affective touch (Bennett et al.,
2014; Davidovic et al., 2016; Gordon et al., 2013) as well as vocal
emotion, faces and visual body motion (Deen et al., 2015; Schirmer and
Adolphs, 2017). In young children the frequency of being touched by
their mothers is also positively associated with pSTS activity and
functional connectivity (Brauer et al., 2016). Thus, hand-administered
foot massage is effective in influencing neural circuitry involved in
affective touch processing as well as OXT release. Furthermore, pSTS
responses were positively associated both with pleasure ratings given
by subjects and how much they were prepared to pay for the massage.
This is in agreement with a previous finding that pSTS responses are
predictive of the pleasantness of stroking the skin (Monika et al., 2016)
and that tactile stimulation which does not involve actual touch by
another person (i.e. administered using some kind of device) appears
not to routinely activate the pSTS (Perini et al., 2015; Sliz et al., 2012).
In the context of visual and auditory stimuli the pSTS shows a degree of
people/social specificity (Watson et al., 2014) and may therefore play a
key role in the integration of multimodal social stimuli. Interestingly,

the pleasure of social touch can be enhanced by its combination with
pictures of a happy faces, and this effect is enhanced by intranasal
oxytocin (Ellingsen et al., 2014). It is possible therefore that OXT may
be producing this latter effect via the pSTS. The pSTS shows impaired
responsivity to affective touch in ASD (Kaiser et al., 2015) and for
healthy individuals with higher trait autism (Bennett et al., 2014; Voos
et al., 2013). However, we did not find any association between AQ or
STQ scores and pSTS responses.

Hand administered foot massage evoked significant activation in
mlOFC, but not in mOFC or lOFC. The greater mlOFC activation ob-
served during hand- compared to machine-administered massage may
also reflect the greater pleasure and reward experienced since it was
positively associated with the amount of money subjects were prepared
to pay for the hand massage. Indeed, a recent study where OFC re-
cordings were made using intracranial electrodes in humans has re-
ported that the region we are defining as mlOFC is most associated with
responses to experienced reward (Li et al., 2016). Since machine mas-
sage actually evoked a significant deactivation in the mlOFC this might
possibly reflect the fact that it was significantly less rewarding than
hand massage, although deactivation in this region has also been as-
sociated with increased reward seeking (Haber and Knutson, 2010) and
so perhaps the machine massage might have promoted a greater mo-
tivation to have a hand massage instead. The OFC is again a key region
involved in the processing of social affective touch (Gordon et al.,
2013), and although we found no association between its activation and
evoked OXT release a recent study has shown that intranasal OXT in-
creased both OFC activation and pleasure ratings in response to social
touch (Scheele et al., 2014). Several studies have reported decreased
OFC activation in ASD subjects in response to affective touch (Kaiser
et al., 2015), as well as in healthy subjects with higher trait autism
(Voos et al., 2013), however in the current study we found that OFC
activation in response to hand massage was actually positively corre-
lated with AQ scores. This might suggest that individuals with higher
autistic traits actually derived the most pleasure from the massage
given mlOFC activation was also positively correlated with how much
subjects valued it. However, there was no association between AQ
scores and either pleasure ratings or the amount subjects were willing
to pay. Possibly individuals with higher AQ scores might have found the
pleasurable experience of the massage more novel, and this may have
increased mlOFC activation without necessarily being associated with
increased subjective ratings of pleasure/value. While mlOFC activation
in response to social touch in male Caucasian subjects is also influenced
by the perceived gender of the person administering the touch (Scheele
et al., 2014) we did not observe this in the current study for OFC re-
sponses to hand administered massage.

Activation of the S1 region during massage compared to rest did not
quite achieve significance which might reflect some habituation to the
stimulation or carry over or activation from the massage periods to the
rest ones. However, most importantly there was no evidence for dif-
ferential activation of the S1 region responding to touching the feet
during hand vs machine massage. This confirms the behavioral ob-
servation that the intensities of the two kinds of massage were similar
and that differential changes in OFC and STS regions are therefore
unlikely to have been due to differential sensory activation per se. There
is some evidence that S1 activation can also be influenced by perception
of who is administering social affective touch (Gazzola et al., 2012) but
we found no evidence for this in the context of foot massage. In-
dividuals with ASD show altered responsivity to sensory aspects of
touch in terms of both increased and decreased sensitivity (Cascio et al.,
2008) and high autistic traits are similarly associated with sensory
sensitivity problems. There are also abnormalities in S1 functional
connectivity in ASD (Khan et al., 2015) but we found no evidence for
correlations between S1 activity and AQ scores in our current study.

We carried out a mediation analysis to investigate the neural circuit
involved in response to hand massage and this demonstrated that ac-
tivation of S1 primarily influences increased activation in OFC via the

Fig. 6. Mediation analysis between the three key brain regions. Mediation
analysis between activities of S1, posterior STS and medial-lateral OFC (path
a=0.47, p= 0.01; path b=0.43, p= 0.01; path c=0.41, p= 0.03; path
c’=0.20, p= 0.03).
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STS rather than directly. Thus hand massage of this kind does appear to
be effective in activating this specific circuitry involved in social cog-
nition and reward aspects of social affective touch and our findings
therefore demonstrate that its sensitivity extends to soft touch ad-
ministered by a human which is not specifically affective in nature.

There are some limitations in the current study. Firstly, to avoid
possible menstrual cycle-dependent effects in females we only included
male subjects and it is possible that there may be some sex-differences
in behavioral, OXT and neural responses to massage. Secondly, while
our behavioral feedback from subjects revealed that they did not per-
ceive the intensities of the hand- and machine-administered massages
as different we did not have an objective measure of this. Thus, we
cannot rule out the possible contribution of differential massage in-
tensity to differences between the observed effects of hand and machine
massage. Thirdly, it was not possible to administer the machine vs hand
massage in a manner where the subject could be blinded since the two
types of massage are obviously different, however the analyses of re-
sults were performed blind such that the experimenter was not aware
which massage type was administered. Fourthly, we only measured
blood concentrations of OXT as a marker for parallel changes in the
brain. The relationship between basal blood and cerebrospinal fluid
concentrations of OXT is not always consistent although importantly
stimulus-evoked changes in blood and cerebrospinal fluid do show
greater agreement (Valstad et al., 2017). A recent study directly com-
paring basal concentrations in blood and cerebrospinal fluid reported
good correlations between them using ELISA protocols, although
agreement between different types of assay was not so good (Lefevre
et al., 2017). However, we cannot totally exclude the possibility that
the massage did not alter OXT changes in the brain, although clearly it
did increase activity in brain regions processing affective touch. Fifth,
Chinese subjects were recruited in the current study who are used to
massages being administered by both male and female masseurs and so
we cannot exclude the possibility that for subjects from other cultures
there might be more marked effects of the perceived sex of the masseur.
Finally, while fNIRS technology has become increasingly established
there is still a need for more work on providing better automated
procedures for localization of functional brain activity (Pinti et al.,
2018).

In summary, our findings demonstrate that light pressure foot
massage administered by hand is more effective in promoting both
increased endogenous blood concentrations of OXT and neural re-
sponses in key regions involved in cognitive (STS) and reward (OFC) of
social touch compared to massage by machine. While the OXT effects of
hand massage were reduced in individuals with higher autistic traits
they were still significant and therefore our results support the possi-
bility that massage could be considered as a non-invasive therapeutic
method for increasing OXT concentrations and additionally for pro-
moting both cognitive and rewarding aspects of social touch in ASD.
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