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ABSTRACT
Context • Human beings are highly social creatures who 
often touch each other during social interactions. Although 
the physiologic effects of touch are not understood fully, it 
appears to sustain social bonds and to increase cooperative 
behaviors. Oxytocin (OT) is a hormone known to facilitate 
social bonding, and touch may affect OT release. Previous 
studies seeking to relate massage and oxytocin in humans 
have been inconsistent in their findings. 
Objectives • This study examined the effect of massage on 
oxytocin and also measured its effect on other physiologic 
factors, including adrenocorticotropin hormone (ACTH), 
nitric oxide (NO), and beta-endorphin (BE).
Design • The research team advertised that the trial would 
study relaxation and assigned participants randomly to 
the intervention or the control group. A lab administrator 
assigned a random numeric code to participants to mask 
their identities. 
Setting • The study took place at the University of 
California Los Angeles (UCLA), Los Angeles, CA.
Participants • Ninety-five people from UCLA gave 
written informed consent for participation in the study, 
with the team paying them to participate. The intervention 
group included 65 participants and the control group 30 

participants.
Intervention • For the intervention (massage) group, the 
research team drew participants’ blood and followed the 
blood draw with 15 minutes of moderate-pressure massage 
of the upper back. The control (rest) group rested quietly 
for 15 minutes after the blood draw. A second blood draw 
followed for both groups.
Outcome Measures • The research team assayed OT, ACTH, 
NO, and BE. The team used four survey instruments to 
examine the relationship between personality factors and 
the physiologic measures of interest. The team analyzed 
data using SPSS 15.0 for Windows.
Results • Massage was associated with an increase in OT 
and reductions in ACTH, NO, and BE. Comparing the 
effects of massage for the massage group with those for the 
rest group, the research team found significant differences 
between groups for changes in OT, ACTH, NO, and BE . 
Conclusions • This study is the first using a large sample 
of mixed gender that demonstrates that massage increases 
OT and decreases ACTH, NO, and BE. These findings 
may help explain the mechanisms through which social 
connections reduce morbidity and mortality. (Altern Ther 
Health Med. 2012;18(6):11-18.)

It is not unusual for human beings who meet for the first 
time to touch each other. Most people who know each 
other nearly always touch upon meeting (eg, with hand-

shakes, hugs, or kisses). Physical contact of various sorts 
during encounters is also common among animals. 
Nonhuman primates spend a substantial amount of time 
touching and grooming to sustain social bonds, decrease 
stress, and reconcile after aggression.1-3 Although the physi-
ologic effects of touch are not fully understood, touch in 
humans appears to sustain social bonds4 and to increase 
cooperative behaviors.5 

At the same time, a lack of research has allowed few 
robust conclusions regarding the physiologic mechanisms 
behind the finding that active social networks seem to reduce 
morbidity and mortality.6 People with more extensive social 
networks have fewer hospital readmissions and health-care 
visits, and also spend less on health care.7,8 Larger social net-
works and frequent contact with friends also has been associ-
ated with a lower instance of depression.9 Conversely, for 
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those individuals with limited social networks, women have 
higher rates of psychiatric disorders while older males and 
females have a 60% increase in risk of dementia.10,11 The life 
expectancy for seniors with small social networks is shorter 
than for those who regularly participate in social activities.12-

14 
Some researchers have linked the improved health out-

comes for individuals with larger social networks to neu-
roendocrine changes as well as improvements in immune 
function. For example, social networks may protect health by 
buffering stress; chronic stress can suppress immune 
function.15,16 In part, the physiology of touch might explain 
why social networks reduce morbidity and mortality. In 
patients with hypertension, massage therapy decreased blood 
pressure and depression.17, 18 Massage also appears to decrease 
cortisol and increase dopamine and norepinephrine 
levels.4,19,20 In addition, Ironson et al have provided evidence 
that massage boosts the immune system in AIDS patients, 
increasing the number of natural killer cells as well as their 
activity.21

The current research examined the effect of touch on 
oxytocin (OT) release and associated physiologic factors that 
are part of the neural architecture of appropriate social 
behaviors.22 The research team’s previous research showed 
that an intentional signal of trust, measured by a monetary 
transfer from one person to another, induced OT release in 
proportion to the amount of money received.23 Preceding the 
monetary transfer with a 15-minute, moderate-pressure back 
massage increased the OT levels and the amount of reciproc-
ity after receiving money denoting trust.5

In the current study, the research team examined wheth-
er massage alone would stimulate OT release. The team also 
measured the associated effects on adrenocorticotropin hor-
mone (ACTH), nitric oxide (NO), and β-endorphin (BE), all 
of which are markers that interact with OT or that massage 
affects, according to previous research. 

OT was the team’s primary target because it acts as an 
anxiolytic and promotes social intercourse. 23,24 Several stud-
ies have shown that OT, measured in peripheral blood, 
increases when one is trusted and when one feels empathy.23,25,26 
Studies that have infused OT into humans have shown that it 
increases trust, generosity, and eye gaze towards others.27-29 
Trust, generosity, and empathy are important in sustaining 
social relationships.22 

Some research has shown that stroking animals can 
induce OT release.30,31 Unfortunately, the relationship between 
touch and OT release in humans is unreliable. Two small 
studies found no increase in OT after massage.32,33 Relatedly, 
10 minutes of hugging by a person’s partner did not produce 
an acute effect on OT levels,34,35 and a shoulder-and-neck 
massage by a partner did not elicit an OT change in women 
enduring a stressor.36 A study examining married couples 
found that compared to a control group, a 4-week interven-
tion involving 30 minutes of warm touch and massage three 
times a week was associated with higher levels of salivary but 
not plasma OT for both males and females.37 On the other 

hand, a study comparing deep-pressure massage to light 
touch found that deep-pressure massage did not affect OT or 
ACTH, but that light touch led to a 27% increase in OT and 
a 24% decrease in ACTH in 24 participants. 38 The research 
team’s previous work5 showed only a trend relating massage 
and OT for a small number of participants (N = 24). That 
study found that massage alone did not raise OT; rather, 
monetary transfers denoting trust produced an increase in 
OT. When the receipt of a monetary transfer denoting trust 
was coupled with massage, OT increased by 16% above the 
increase from trust alone. 

The current trial sought to test whether massage alone 
would raise OT when studying a larger sample of volunteers. 
The research team hypothesized that 15 minutes of massage 
would raise OT, while rest alone would not change, or might 
even decrease, OT. The team also predicted that massage 
would decrease hypothalamic-pituitary-adrenal (HPA) axis 
activity, as several studies have found. 39 Studies have shown 
that elevated stress responses40,41 and social isolation42,43 are 
associated with cardiovascular disease and increased mor-
bidity and mortality. Although elevated cortisol is associated 
with stress, cortisol does not begin to rise until about 10 
minutes after stimulation and ACTH release precedes it.44 
Because of the 15-minute massage stimulus that the current 
study used, the research team selected ACTH as a measure of 
stress.45 The team hypothesized that massage would reduce 
ACTH. 

The research team also assayed two additional physio-
logical factors that may be involved in the response to mas-
sage. The team assayed BE because it is an endogenous opi-
oid, and keratinocytes can produce it. Researchers have pro-
posed that BE synthesis may be a mechanism by which 
massage reduces pain.46 Furthermore, Foley et al have linked 
BE to the relaxation and feelings of well-being that accom-
pany massage.47 A study that investigated the impact of skin-
to-skin touch between mothers and infants showed that BE 
decreased in infants after touch.48 Previous tests of the rela-
tionship between BE and massage, however, have produced 
mixed results.46,49 Studies also have linked BE to social-con-
tact behaviors in animals, such as grooming.50,51 In the cur-
rent study, the research team predicted that BE would show 
a significant increase in participants who received massage. 
The team also assessed NO, an endothelium-derived relaxing 
factor, because keratinocytes produce and release it and 
because it causes smooth muscle relaxation.52 NO release 
causes vasodilation and reduces cardiovascular tone.53 
Phagocytes also produce NO as part of the human immune 
response.54 The research team predicted that massage would 
increase NO because of the vasodilatation and relaxation that 
typically follow massage.55 

METHODS
Participants

The research team advertised that the trial would 
study relaxation. Ninety-six people from the University 
of California, Los Angeles (UCLA) gave written informed 
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consent for participation in the study, with the team paying 
them to participate. One participant in the massage group 
dropped out of the study after he became queasy during the 
first blood draw, leaving 95 in the final sample (mean age 
21.36 years, SD = 3.46). A rest condition served as the control, 
and to ensure the validity of the treatment, the team assigned 
more participants to the intervention condition than to the 
control. The research team assigned participants randomly 
to the intervention (massage) group (N = 65) or the control 
(rest) group (N = 30).

The overall sample had 52.6% females, and about half 
of the participants in both groups were female (massage 
= 52.3%; rest = 53.3%). Each session of the experiment 
included 8 to 14 participants, to whom a lab administrator 
assigned a random numeric code to mask their identities. 
All sessions began at 10 AM to control for possible diurnal 
variations in physiologic measures and lasted about 1.5 hrs. 
The Institutional Review Boards at UCLA and Claremont 
Graduate University approved this study. 

Materials and Procedure
To control the type of touch, the same three massage 

therapists massaged all participants in the intervention group. 
Participants in that group received 15 minutes of moderate-
pressure Swedish massage on their upper backs while lying 
prone on a massage table with their clothes on and shirts lifted 
to their shoulders. Massage took place in a semiprivate room, 
and one of three female, licensed massage therapists provided 
it. The research team instructed the therapists to minimize 
conversation with the participants, and the same therapists 
assisted in every session. The team informed participants 
in advance that they had asked the massage therapists not 
to converse with them. The team asked participants in the 
control group to rest by sitting in chairs for 15 minutes in 
the same rooms where participants in the massage group 
had received massages. The massage and rest sessions were 
run during different days, and the therapists removed the 
massage tables during the rest sessions to ensure that the 
control group did not know that participants in the massage 
group had received massages. 

Blood Draw 
After participants signed the informed consent, the 

research team took them to a private room for their first blood 
draw. A licensed phlebotomist drew 20 mL of blood from an 
antecubital vein for all participants. The phlebotomist drew 
two 8-mL, EDTA (ethylenediaminetetraacetic acid) whole-
blood tubes and one serum-separator tube while maintaining 
a sterile field and using a Vacutainer. Some of the participants 
in the massage group (N = 41) and all of the participants in 
the rest group (N = 30) participated in an economic task after 
the massage, as described in Morhenn et al (2008), and these 
participants had a second, 20-mL blood draw immediately 
following the completion of the task. Participants in the 
massage group who did not participate in the economic 
task (N = 24) received their second blood draw immediately 

following the 15 minutes of massage.
After the phlebotomist drew the blood, the research 

team placed each tube on ice. The research team then placed 
the tubes in a refrigerated, clinical centrifuge; chilled them 
to 4°C; and spun them at 1500 rpm for 12 minutes. The team 
withdrew plasma and sera from the tubes using disposable 
pipettes and placed them into 2-mL microtubes with screw 
caps. The team immediately placed these tubes on dry ice and 
then transferred them to a -80°C freezer for storage until the 
assays were performed. 

OUTCOME MEASURES
Assays

OT, ACTH, and NO assays were done at the Endocrine 
Core Laboratory of the Yerkes National Primate Research 
Center at Emory University (Atlanta, GA) using commer-
cially available kits. The team assayed OT using a competitive 
EIA kit from Assay Designs (Ann Arbor, MI). The team did 
not perform an extraction step before the assay, based on 
consultations with Assay Designs and on several analyses by 
the Biomarkers Core at Emory University. The research 
team’s lab and other labs have used unextracted samples in 
previous studies.5,23,25,56 Unextracted OT is known to produce 
assay values for OT that are between 10 and 100 times higher 
than extracted values,57 but the team’s focus was on the 
change in OT; so this approach mitigated the effect. The 
inter- and intra-assay coefficients of variation were 7.48% at 
484.68 pg/mL and 10.2% at 494.63 pg/mL (10 replicates), 
respectively. 

The research team assayed ACTH using RIA kits from 
DiaSorin (Stillwater, MN). The inter- and intra-assay coeffi-
cients of variations for the first kit were 15.40% at 38.70 pg/
mL and 8.63% at 16.03 pg/mL (10 replicates) and for the 
second kit were 9.83% at 111.87 pg/mL and 2.94% at 87.77 
pg/mL (10 replicates). Since NO is a gas, the research team 
could document only its breakdown products in serum. As a 
result, the nitrites in the serum were assayed using an ELISA 
kit from Bioassay Systems (Hayward, CA) with a 4% coeffi-
cient of variation. Lastly, the research team assayed BE with 
an EIA kit from Bachem (Torrance, CA), showing a 13.36% 
interassay coefficient of variation (6 replicates). 

Surveys
The research team used four survey instruments to 

examine the relationship between personality factors and 
the physiologic measures of interest. These surveys included 
(1) the Affective Intensity Measure (AIM) that assesses 
the intensity with which people feel emotions,58 (2) the 
Self Monitoring Scale that measures the ability to control 
emotional expressiveness to appropriately fit a situation,59 
(3) the Experiences in Close Relationships-Revised (ECR-R) 
that measures attachment styles,60 and (4) demographic and 
general attitude questions taken from Zak, Borja, Matzner, 
and Kurzban.61 The team included the surveys to assess 
the role of personality traits on changes in OT and other 
physiologic measures, if any.
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Statistical Analysis
The research team analyzed data using SPSS 15.0 for 

Windows (SPSS, Chicago, IL). A percentage of participants 
took part in an economic task called the trust game, as 
described in Morhenn et al, and this task involved a single 
monetary decision that studies have shown influences 
physiology.5, 25 To remove the effect of the monetary decision, 
the research team ran a least-squares regression on each 
physiologic measure, using a variable coding for participation 
in the task and a variable representing the monetary transfer 
as the two predictors. The team then saved the residuals and 
added them to the mean of each measure so that a subsequent 
value of a measure removed the effect of the monetary-
decision task. The team performed this transformation only 
on measures from the second blood draw for participants 
who received monetary transfers; no transfers preceded the 
first blood draw. The research team used a battery of tests that 
showed that the statistical procedure used to remove the effect 
of the decision task was successful. See the appendix for this 
procedure. The team used paired t tests for within-subjects 
comparisons when applicable and nonparametric tests when 
the conditions for a t test were not satisfied. All reported 
values for t tests are two-tailed, unless otherwise specified. 
The research team tested for between-subjects effects, 
with regressions controlling for basal levels of physiologic 
measures. The team also ran repeated-measures ANOVAs, 
and the findings were identical to paired t tests (Appendix). 

RESULTS
Assays	

Basal OT is highly variable absent a stimulus for its 
release.62 Before performing between-group comparisons, 
the research team ran an ordinary least-squares (OLS) 
regression to confirm that basal OT for participants in both 

groups was unrelated to treatment condition (P = .393). The 
team obtained the same result for basal values of the other 
physiologic measures (ACTH: P = .780; NO: P = .975; BE:       
P = .848). As a result, between-group comparisons are valid. 
In testing for differences between groups, the research team 
ran OLS regressions controlling for basal levels of each 
physiological measure and massage as a predictor of physio-
logical measures at the second blood draw. The research 
team also used independent-samples t tests to determine 
whether a significant difference exists between groups for the 
change in physiological measures.

OT Assays. Consistent with the research team’s primary 
hypothesis, the assays indicated that individuals receiving 
massages showed an increase in OT between baseline          (M1 
= 190.37 pg/mL, SD = 122.04) and the second blood draw 
(M2 = 223.50 pg/mL, SD = 127.16) producing a significant 
change (P < .001). A similar comparison in the control group 
showed a decrease in OT that trended toward significance 
(M1 = 249.93 pg/mL, SD = 173.51; M2 = 228.46 pg/mL, SD = 
57.31; P = .094). See Figure 1. 

Performing OLS regressions for the change in OT 
showed that massage was associated with higher OT com-
pared to rest (P < .001) and that massage accounted for 2.8% 
of the variation in OT levels. A t test demonstrated that mas-
sage also accounted for the significant difference in the 
change in OT between the two groups (Massage: M = 33.13, 
SD = 28.78; Rest: M = -21.47, SD = 66.77; P < .001). 

ACTH Assays. These assays found that ACTH decreased 
in those who received massage (M1 = 59.57 pg/mL,                       
SD = 55.30; M2 = 56.14 pg/mL, SD = 57.31; P = .012). For par-
ticipants who rested, levels of ACTH increased (M1 = 44.59 
pg/mL:, SD = 30.78; M2 = 66.41 pg/mL, SD = 38.51; P < .001). 
See Figure 2. 

Figure 1. Oxytocin Levels at First and Second Blood Draw 
for Massage vs Rest

Comparison of average OT levels at baseline and at the sec-
ond blood draw for participants who received massage and 
participants who rested, with SE bars. Massage was associ-
ated with a 17% rise in OT, which was a significant increase 
over basal levels (P < .001). The rest group had a 9% decrease 
in OT (P = .094). This difference shows that massage changes 
the release pattern of OT.

Figure 2. ACTH Levels at First and Second Blood Draws for 
Massage vs Rest 

Basal and poststimulus, mean ACTH with SE bars for par-
ticipants who received  massage and who rested. ACTH de-
creased 6% for the massage group (P < .01), and increased 
49% for the rest group (P < .001). As with OT, massage ap-
pears to have changed the release pattern of ACTH.

Oxytocin Levels at First and Second Blood Draw for 
Massage vs Rest

ACTH Levels at First and Second Blood Draws for 
Massage vs Rest
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Massage also was a significant predictor of lower ACTH 
levels for the rest vs the massage group (P < .001), with mas-
sage accounting for 5.1% of the variation in ACTH. The 
change in ACTH was significantly different in the two groups 
(Massage: M = -3.43, SD = 10.68; Rest: M = 21.82, SD = 13.67; 
P < .001).

NO Assays. Before examining the change in NO, the 
research team excluded one participant in the massage group 
because his basal NO was more than 4 SDs higher than the 
average. For the remaining data, massage decreased NO     
(M1  = 169.13 ng/mL, SD = 52.46; M2 = 110.45 ng/mL,          
SD = 54.52; P < .001). In contrast, those who rested had a 
significant increase in NO (M1 = 127.57 ng/mL, SD = 45.74; 
M2 = 305.51 ng/mL, SD = 150.70; P = .001). See Figure 3.

Massage predicted the difference in NO for the second 
blood draw, after controlling for baseline levels (P < .001), 
with massage explaining 39.5% of the variation in the levels 
of NO. Due to massage, the change in NO varied signifi-
cantly between the two groups (Massage: M = -1.95,                    SD 
= 2.29; Rest: M = 5.93, SD = 5.64; P < .001). 

BE Assays. Lastly, the team found that BE decreased in 
those who received massages (M1 = .30 ng/mL, SD = .27; 
M2 = .22 ng/mL, SD = .22; P = .004). No significant changes in 
BE occurred for participants who rested (P = .185). See 
Figure 4. Table 1 summarizes these findings.

BE repeated the pattern between groups. Those who 
received massaged showed a negative change in BE, while 
rest was associated with a positive change in BE (Massage: 
M = -.09, SD = .14; Rest: M = .04, SD = .16; P < .01). Massage 
accounted for 5.5% of the variation in the levels of BE at the 
second blood draw after controlling for baseline BE. 

Correlations Between Assays. To understand more 
fully the physiologic effects of massage, the research team 
examined correlations between physiologic measures. For 

the group receiving massage, there was a significant negative 
correlation between the change in OT and the change in 
ACTH (r = -.21, one tailed t test P = .05). No other correla-
tions between physiologic measures were significant for 
those who were massaged. Rest, on the other hand, was asso-
ciated with a positive correlation between the change in BE 
and the change in OT (r = .50, P < .01). Additionally, there was 
a positive correlation between the change in ACTH and the 
change in NO (r = .40, P = .034) in the rest group. 

Typically, women release more OT than men for all non-
reproductive stimuli that have been studied to date.22, 63 As a 
result, the research team examined whether gender affected 
the results using least-squares regressions. Women who 
received massage did not release significantly more OT than 
men (P = .45); however, women who rested did show a 
change marginally higher in magnitude than men (females’ 
mean change in OT -49.71 pg/mL; males’ mean change in 
OT, 8.78 pg/mL; P = .056). Massage alone predicted 25% of 

Figure 3. NO Levels at First and Second Blood Draw for 
Massage vs Rest 

Massage was associated with a 35% decrease in NO (P < 
.001). Those who rested showed a 140% increase (P < .001).  
As with OT and ACTH, this difference indicates that mas-
sage changes NO release.

Figure 4. β-endorphin Levels at First and Second Blood 
Draws for Massage vs Rest  

Average level of BE before and after massage and rest. BE 
decreased 29% for those who received massage (P < .01), but 
did not change for participants who rested (P = .185).

Massage Rest
OT +9%a -18%a

ACTH -20%a +30%a 
NO -36%a +91%a

BE -30%a ns

Table 1. Percent Change in Physiologic Measures from 
Baseline to Second Blood Draw (N = 95)

Abbreviations. OT, oxytocin; ACTH, adrenocorticotropin 
hormone; NO, nitric oxide; BE, beta endorphin. 

aP < .001 

NO Levels at First and Second Blood Draw for 
Massage vs Rest

β-endorphin Levels at First and Second Blood Draws for 
Massage vs Rest
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the variation in OT change (P = .017), and massage and gen-
der explained 30% of the variation in the change. Gender was 
not a significant predictor of change in ACTH (P = .28). 
Women also released more NO than men (P = .023). Gender 
was not associated with the change in BE (P = .81). 

Surveys	
Next, the research team used OLS regressions to exam-

ine whether personality traits affected the results through 
their interaction with physiological measures. The team first 
tested whether self-monitoring tendencies, as measured by 
the Self-Monitoring Scale, had an effect on the relationship 
between the experimental manipulation (massage) and phys-
iological changes. The team found that scores on this scale 
did not interact with whether or not one received a massage 
for any of the physiological changes. 

Next, the research team tested whether attachment style, 
as measured by the ECR-R, affected physiological changes. 
The research team found that those who were massaged and 
had stronger attachments released more OT (P = .018). The 
team did not find a relationship between attachment style 
and physiologic measures for those participants who rested. 

As a final personality measure, the research team tested 
whether affective intensity, as measured by the AIM, impact-
ed the observed relationships. The team found no effects for 
those participants in the massage or the control group.

Following earlier work relating oxytocin to trust,23,25,27 
the research team examined how the predilection to trust 
interacted with massage. The team performed this study by 
creating a composite score from responses to six attitude 
questions about trust. This measure significantly interacted 
with the experimental manipulation for the change in OT
(P = .005), but not for other physiologic measures.

DISCUSSION
The research team began this investigation searching for 

a physiologic mechanism through which one aspect of social 
interactions, touch, might explain its positive health benefits. 
Both OT and ACTH were primary candidates. Using a large 
sample of mixed gender, the research team showed that 15 
minutes of skin-to-skin, moderate-pressure back massage 
resulted in a 17% increase in OT within subjects. This change 
in OT is consistent with the findings of other studies that 
used other stimuli to induce OT release and that showed that 
OT release produced behavioral effects.35,57 Massage may 
promote prosocial behaviors such as trustworthiness, gener-
osity, and empathy.23,25,26,28 Such prosocial behaviors help 
sustain social relationships. Although a previous study by 
Holt-Lunstad et al found that warm touch was associated 
with higher salivary OT than levels for a control group, this 
study did not find increases in plasma levels compared to 
baseline.37 Furthermore, the researchers conducted the study 
with married couples who were trained to touch each other, 
and therefore does not reflect the effects for those individuals 
who receive treatment from massage therapists. Rappaport et 
al also found an increase in OT but only for participants 

receiving light touch, not for those who received massage.38

In the current study, massage produced a 6% decrease in 
the stress marker ACTH. By acting on corticotropin-releas-
ing factor (CRF), OT inhibits ACTH release.64-67 Indeed, the 
research team demonstrated a negative correlation between 
the increase in OT and the decrease in ACTH. This finding is 
a likely candidate to explain why social ties reduce morbidity 
and mortality; interacting with friends inevitably involves 
touching that reduces a marker for cardiovascular tone. 

Contrary to expectations, the research team found that 
levels of BE decreased in participants who received a mas-
sage. Previously, researchers have suggested that BE is the 
potential mechanism by which massage reduces pain. One 
study found that massage increased BE,49 while another 
found no change.48 The results from the current study are 
difficult to interpret, as the participants were not in pain 
before receiving massage. The team’s results are thus unable 
to clarify the relationship between BE and massage.

Clearly, a complex set of interactions occurs between the 
substances measured, but OT release is likely the initiator of 
this cascade of effects as it is released within seconds of a 
stimulus.68, 69 Release times for the other substances mea-
sured are (1) 5 to 8 seconds for NO,70,71 (2) 15 seconds for 
ACTH,72 and (3) approximately 1 to 2 minutes for BE (in 
response to nonpainful stimuli).73 The 35% decrease in NO 
after massage may have contributed to the increase in OT 
levels. NO regulates OT release, with the stimulation of nitric 
oxide synthase (NOS) inhibiting OT release.74

Several limitations to this study exist that other research-
ers should take into account when interpreting the results. 
First, massage accounted for only a small proportion of the 
variation in OT, ACTH, and BE, although it did account for 
a large proportion of the variation in NO. These findings may 
not be surprising given the substantial variation in most 
physiologic measures and the many effects of hormones on 
the body. Second, the assay procedure for OT did not include 
an extraction step, producing larger values and standard 
errors than would be found in an extracted sample. The 
research team’s finding of a significant change in OT after 
massage without extraction was thus less likely, and yet, the 
study found it nonetheless. 

Next, although OT is an anxiolytic, it is also released in 
response to moderate stress and may signify discomfort. The 
use of blood draws may have induced stress for participants. 
Participants were aware initially that the experiment involved 
blood draws, and the research team encouraged them to 
withdraw if they were uncomfortable with any part of the 
experiment. If the stress of the blood draws were driving the 
results, the control group would have had an increase in OT 
as well; instead their OT fell, indicating that stress is unlikely 
to be a concern. 

Lastly, the participants in this experiment did not know 
the massage therapists who were touching them. During 
debriefing, not a single participant said they felt uncomfort-
able during the massage. Yet, the touch that occurs during a 
massage is different than that which occurs during typical 
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Table A1. Measures of the participation in the monetary 
decision task and the decision itself are unrelated to all 
physiologic measure for both basal and treatment values. 

Hormone

Effect of 
social 

task on 
baseline 

blood draw 
(P values)  

Effect of 
amount 
social 

signal on 
baseline 

(P values)

Effect of 
task on 
second 

blood-draw 
levels after 
removing 
effects of 

task 
(P values)

Effect of 
task on 
second 

blood-draw 
levels after 
removing 
effects of 

social 
signals

 (P values)

OT .39 .84 .96 .99

ACTH .78 .28 .79 .73

NO .98 .06 .56 .06

BE .85 .99 .77 .13
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social interactions. As a result, the results of this study may 
not generalize to casual social interactions that do not 
involve such a high degree of touch, but rather, occur over 
extended periods of time. The research team did not expect 
that a brief massage, such as that employed in this study, 
would have the lasting physiological effects that close rela-
tionships can offer.

CONCLUSION	
As researchers continue to discover the stimuli that 

increase OT,22 they are beginning to document this peptide’s 
positive health effects. These effects include (1) OT’s ability 
to activate the adaptive immune system,76 (2) its role as a 
stress buffer,24,77 and (3) its potential ability to mediate 
depression.75-79 Being trusted is another nonreproductive 
stimulus that induces OT release.23,25 Trust and touch are an 
essential part of sustaining social ties. The mediating effects 
of OT on stress and possibly the immune system that this 
article reports provides evidence for the mechanism through 
which social relationships protect health. 

Appendix A
A subset of the participants took part in a single-deci-

sion task involving money that has been shown to affect 
oxytocin (OT) (Zak, Kurzban & Matzner, 2005). Because the 
research team was interested solely in investigating the effect 
of massage on physiology, the team removed the effect of 
participating in the decision task and also the effect related to 
the amount of money participants sent or received during 
the task. To do this, the team ran a least-squares regression 
on each physiologic measure obtained from the second 
blood draw, with a variable coding for participation in the 
task and a variable representing monetary decision as the 
predictors. The team then saved the residuals and added 
them to the mean of each measure so that a subsequent value 
of a measure had the effect of the monetary-decision task 
removed. The team performed this transformation only on 
measures from the second blood draw for participants who 
received monetary transfers; no transfers preceded the first 
blood draw. 

To test whether this method of removing effects was suc-
cessful, the research team ran regressions on the transformed 
variables with the variables that the team had removed as 
predictors (Table A1). These tests demonstrated that partici-
pation in the task and the decisions were no longer signifi-
cant predictors. All analyses used these transformed vari-
ables. 

As a precautionary measure, the research team checked 
if participation in the task or monetary transfer significantly 
predicted basal physiologic levels as well, perhaps due to 
some anticipatory effect. Using regression analysis for both 
participation and the decision that participants made, nei-
ther showed any statistically significant effect on any of the 
five physiologic measures. 
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