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ABSTRACT

Stress is an established risk factor for negative health outcomes. Salivary cortisol and testosterone
concentrations increase in response to acute psychosocial stress. It's crucial to reduce stress for
health and well-being through evidence-based interventions. Body-mind interventions such as
meditation and Tai Chi have shown reduced cortisol levels but mixed results in testosterone
concentration after stress. To address this research gap, we conducted a pilot randomized controlled
trial to examine the modulating effects of a short-term (seven 20-minute sessions) mindfulness
meditation on testosterone and cortisol in response to acute stress. Using one form of mindfulness
meditation - Integrative Body-Mind Training (IBMT) and an active control-relaxation training (RT),
we assessed salivary cortisol and testosterone concentrations at three stages of stress intervention
— rest, stress, and an additional 20-min IBMT or RT practice. We found increased cortisol and
testosterone concentrations after acute stress in both groups, but testosterone rise was not
associated with cortisol rise. Moreover, an additional practice immediately after stress produced
higher testosterone concentrations in the IBMT group than the RT group, whereas cortisol
concentration increased in the RT group than in the IBMT group at the same time point. These
findings indicate that brief mindfulness intervention modulates a dual-hormone profile of
testosterone and cortisol in response to acute stress presumably via the co-regulation of
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1. Introduction

Research has shown that minor yet frequent daily stressors are
often better predictors of important health outcomes than
chronic stress such as major life events (Tang, Holzel, & Posner,
2015; Tang et al., 2020). It is imperative to understand how the
hypothalamus-pituitary-adrenal (HPA) axis responds to acute
stress that affects health and well-being. Stress-induced activa-
tion of the HPA axis leads to the release of cortisol. Although
acute HPA axis responses to stress are adaptive for engaging
with novel and uncertain situations, exaggerated or chronic
secretion of cortisol can suppress immune function and have
negative effects on health and well-being (Almeida et al.,
2020). Appropriate reactivity to acute stress and timely cessa-
tion of the stress response is critical for an organism’s survival
(Glaser, 2005; Smyth et al.,, 2018).

Many stress management studies have chosen salivary corti-
sol as a reliable physiological index to evaluate the efficiency of
an intervention (Fan et al.,, 2009; Gaab et al., 2003; Hammerfald
et al, 2006; MacLean et al, 1997; Oyola & Handa, 2017).

Individuals who received cognitive-behavioral stress manage-
ment training showed an attenuated cortisol response to acute
stress relative to those in the waitlist control group without any
stress management training, who reached their salivary cortisol
maximum about 20minutes after acute stress (Oyola & Handa,
2017). Likewise, our previous randomized controlled trials (RCTs)
have shown that short-term Integrative Body-Mind Training
(IBMT)—a form of open-monitoring mindfulness meditation (see
details in 2.2), improves self-regulation ability and reduces stress
compared to an active control group given the same amount of
relaxation training (RT) (Fan, Tang, & Posner, 2014; Pawlow &
Jones, 2005; Scholey et al, 2009; Tang, 2017; Tang et al,, 2007;
2009). For example, five 20-minute sessions of IBMT had a sig-
nificantly lowered cortisol response to mental stress after train-
ing than did the RT. Moreover, an additional 20minutes of
practice immediately after acute stress reduced the cortisol con-
centration in the IBMT group, relative to the RT group. However,
5 sessions of IBMT did not change the basal cortisol levels. Thus,
another study using the same RCT design further explored
whether increasing amounts of IBMT could decrease basal

CONTACT Yifen Cui @ yvonecui@hotmail.com @ Central Lab, Affiliated Zhongshan Hospital of Dalian University, Dalian, Liaoning, ChinaYi-Yuan Tang
8 yiyuan@asu.edu @ College of Health Solutions, Arizona State University, Phoenix, AZ, USA

*Equal contribution

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow
the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


mailto:yvonecui@hotmail.com
mailto:yiyuan@asu.edu
https://doi.org/10.1080/10253890.2024.2316041
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2024.2316041&domain=pdf&date_stamp=2024-2-19
http://www.tandfonline.com

2 Y.FAN ET AL.

cortisol. Our results showed that the basal cortisol levels
decreased significantly in the IBMT but not in the RT after 2 and
4weeks of training (5-10hours in total). An additional IBMT prac-
tice immediately after acute stress produced significantly lower
cortisol release for the IBMT group in comparison with the RT
group at weeks 2 and 4. These results indicate that IBMT pro-
duces a change in the basal endocrine system and larger acute
effects as the dose of training increases (Pawlow & Jones, 2005;
Scholey et al., 2009; Tang et al., 2007).

Gonadal hormones play a key role in the regulation of
HPA axis (Glaser, 2005; Smyth et al., 2018). Testosterone, the
end-product of the hypothalamus-pituitary-testicular (HPT)
axis, is implicated in male reproductive development and
behavior. Though they often exert different effects, the HPT
and HPA axes do not operate independently and instead
communicate with and co-regulate one another. For instance,
testosterone modulates HPA axis men's reactivity to psychoso-
cial stress (Chichinadze & Chichinadze, 2008; Knight et al.,
2017; Tang, Tang, & Gross, 2019) and men with lower basal
cortisol concentrations show larger increases in the testoster-
one response to social stress (Tang, Tang, Posner, & Gross,
2022; Viau, 2002).

Prior work showed that testosterone levels may either
decrease or increase under acute stress (Barel et al, 2018;
Bedgood, Boggiano, & Turan, 2014), a possible reason for this
inconsistency may be the social nature of the stressful event
(Chichinadze & Chichinadze, 2008; Tang et al, 2022). It has
been suggested that the increase in testosterone levels in
males has a preparatory role in stress challenges by inducing
competitive and dominant behavior (Lennartsson et al.,, 2012).
The increase in testosterone may be part of an adaptive strat-
egy when facing social challenges (Tang et al., 2022; Zueger,
Annen, & Ehlert, 2023). Even though testosterone levels may
increase in the initial phase of acute psychosocial stress, the
HPT axis may be inhibited during prolonged periods of stress
(Bedgood et al., 2014). In contrast to the tendency of chronic
stress to elevate cortisol levels, chronic stress decreases tes-
tosterone levels in males. Lower levels of testosterone in men
have been associated with depression and lower life satisfac-
tion (Kutlikova et al., 2020).

Body-mind techniques include various practices such as
mindfulness meditation, Tai Chi, Yoga, Kung-Fu training, and
relaxation training (Pawlow & Jones, 2005; Scholey et al.,
2009). Although these techniques differ, they share several
key components such as body relaxation, bodily awareness,
breath adjustment, mental imagery, and mindfulness practice,
which can help facilitate practitioners to get into meditative
states easily (Fan et al.,, 2014; Pawlow & Jones, 2005; Scholey
et al.,, 2009; Tang, 2017; Tang et al., 2007; 2009). So far, only a
few studies have examined the effects of these techniques on
both cortisol and testosterone levels. One study reported that
after 4months of Transcendental Meditation practice in young
men, basal cortisol concentration was decreased, but basal
testosterone concentration was unchanged (Gaab et al., 2003).
Similarly, compared to the sedentary control, long-term Tai
Chi (one form of movement meditation) showed lower basal
cortisol concentration but did not affect basal testosterone
concentration among middle-aged men (Booth, Shelley,
Mazur, Tharp, & Kittok, 1989). However, Tai Chi gigong, and/or

self-defense Kung-Fu training in aging men were neither
associated with testosterone nor cortisol compared to the
age-matched controls (Kutlikova et al., 2020). Therefore, the
pattern of testosterone response to body-mind practices
remains unclear.

To address this issue, the current study aims to examine
the modulating effects of short-term IBMT on men’s cortisol
and testosterone concentrations. Additionally, it seeks to
explore the relationship between changes in cortisol and tes-
tosterone concentrations in response to acute psychosocial
stress using a reliable stress test among young adults. We
hypothesize that short-term IBMT will induce a dual-hormone
profile of increased testosterone combined with reduced cor-
tisol than RT in a rigorous RCT design.

2. Methods
2.1. Study design and subjects

We employed a double-blind, randomized controlled design
(Davidson, 2010; Terburg, Morgan, & van Honk, 2009). Subjects
were recruited through a notice on the bulletin board of Dalian
University of Technology. All responders (Chinese college stu-
dents) received an in-person screening interview and assess-
ment at the University Psychological Counseling Center and
were excluded if having (1) prior or current training experi-
ences such as meditation, relaxation, yoga, or cognitive train-
ing; (2) preexisting health conditions or a past or present
history of psychiatric, immune, metabolic, or endocrine disease,
or use of medication with known immune or endocrine effects.

Based on our prior studies on cortisol concentration
changes following IBMT (Glaser, 2005; Pawlow & Jones, 2005;
Tang et al, 2007), we conducted a power analysis with a
medium to large effect size (f=0.32) for repeated measures of
ANOVA, yielding a total sample size of 18 for two groups to
achieve at least 80% power. To account for potential attrition/
dropout and potential underpower because of individual fluc-
tuations in cortisol and testosterone concentrations, we dou-
bled the sample size and ended up with a total of 32 people
who were eligible to participate and complete the study.
Thirty-two healthy male college students (mean age+SD =
21.33+0.63) without any previous training experiences were
randomly assigned to an experimental group (16 subjects,
IBMT practice) and 16 control subjects who received an equal
period of RT practice. There were no significant differences in
gender, age, education, and ethnicity between the two
groups. The study was conducted according to the guidelines
of the Declaration of Helsinki, and approved by the Ethics
Committee of Dalian University of Technology (DUT200304).
Informed consent was obtained from all subjects involved in
the study.

2.2. Training Methods

Mindfulness meditation involves paying attention to the
present moment without judgment and usually has two
forms: focus attention and open monitoring. In literature,
IBMT is termed as a form of open-monitoring mindfulness



meditation (Terburg et al., 2009). As described in our prior
work (Fan et al., 2014; Pawlow & Jones, 2005; Scholey et al.,
2009; Tang, 2017; Tang et al., 2007; 2009; Tang & Tang, 2023;
Terburg et al., 2009), different from some practices with the
effort to control or manipulate the mind, IBMT stresses no
effort to control or manipulate thoughts and feelings but
emphasizes an awareness of the natural state of body and
mind, and accepts whatever arises in one's awareness at
each moment. To achieve this mindfulness state, IBMT
strengthens body and mind interaction and often uses
stretching postures to first engage in the body (bodifulness)
and then facilitate mental states with full awareness (mind-
fulness), also see review (Fan et al, 2014). Guided by an
experienced trainer, subjects start the gentle and gradual
adjustment and exercise of body postures with full aware-
ness, to achieve bodily presence, balance, and integration.
When the body is naturally relaxed, the mind is easily calm
but alert effortlessly. Our RCTs showed that this effortless
body-mind practice is supported by the interaction and opti-
mization of the central and autonomic nervous systems (Fan
et al., 2014; Pawlow & Jones, 2005; Scholey et al., 2009; Tang,
2017; Tang et al., 2007; 2009; Terburg et al., 2009), which can
promote mindfulness awareness effectively.

Relaxation Training (RT) is a form of progressive muscle
relaxation technique very popular in the West. RT involves
progressively relaxing different muscle groups over the face,
head, shoulders, arms, legs, chest, back, and abdomen, guided
by an experienced trainer. Stretching and adjusting body pos-
tures are encouraged to facilitate relaxation. With eyes closed
and in a sequential pattern, one is instructed to concentrate
on the sensation of relaxation, such as the feelings of warmth
and heaviness. This progressive training helps the participant
achieve physical and mental relaxation and calmness. RT has
been used as an active control in our and other RCTs (Lazar
et al.,, 2000; Pawlow & Jones, 2005; Scholey et al.,, 2009; Tang
et al., 2007; Taren et al., 2015). IBMT and RT share several
components of body-mind techniques, but the main differ-
ence between IBMT and RT is with or without a mindfulness
component, suggesting RT is an adequate control for IBMT.

2.3. Experimental procedure

Before training, the qualified IBMT and RT trainers separately
gathered the subjects to introduce the structure of the pro-
gram and the training method, answer questions, and also
set up the exact time, training room, and disciplines for the
group practice. Experimental (IBMT) and control (RT) subjects
completed a group training (4-5 subjects) on campus for 7
consecutive days with a 20-minute session per day (without
any extra sessions such as home practice). Following the
IBMT or RT instructions guided by the trainers, the subjects
sat in a chair closed their eyes, and practiced IBMT or RT
respectively in different rooms. After each training session,
every subject filled out an in-house self-report questionnaire
and evaluated the practice. The trainers gave brief and
immediate responses to questions the subjects may have
(Fan et al., 2014; Pawlow & Jones, 2005; Scholey et al., 2009;
Tang, 2017; Tang et al., 2007).
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All subjects performed the stress intervention test after 7
sessions of training. The stress intervention test included
three stages—rest, stress, and additional 20-minute practice.
After a 5-minute rest, subjects performed a 3-minute mental
arithmetic task (see 2.4) to induce acute stress. Then, the
experimental subjects practiced IBMT for 20 minutes, whereas
the controls practiced a 20-minute RT.

2.4. Mental arithmetic task

Mental arithmetic was used as an acute and reliable labora-
tory stressor shown in research (Glaser, 2005; Lai, Liu, Lin, Tsai,
& Chien, 2017; Pawlow & Jones, 2005; Tang et al., 2007;
Walther, Lacker, & Ehlert, 2018). Subjects read the introduc-
tion writing on a computer screen and performed serial sub-
traction of 47 from a four-digit number. During the 3-minute
mental arithmetic task, subjects were prompted to respond
verbally as fast and accurately as possible. The experimenter
checked the correct answers printed on a piece of paper. If
the subject did not give the correct answer in 5seconds, the
experimenter would press the mouse button, and then the
computer would produce a harsh sound to remind the sub-
ject, who was required to restart the task and do it again.

2.5. Sampling methods and biochemical analysis

Saliva samples were collected repeatedly before and immedi-
ately after the stress, and immediately after the 20-minute
practice. To control for variations of cortisol and testosterone
levels over the circadian rhythm, saliva sample collection was
performed from 14.00 to 18.00 pm. Subjects were required to
not smoke or drink alcohol on the day of the test or eat a
large meal or engage in physical activity for four hours prior
to the test. They were asked to rinse their mouths before col-
lecting samples. Subjects collected about 1ml saliva samples
using the disposable syringe (BD Emerald™). The experi-
menter then put the saliva into the test tubes, which were
labeled and placed into a refrigerator under —20°C and then
thawed 24h later for analysis. The concentrations of cortisol
and testosterone were analyzed by Radioimmunoassay at the
third-party clinical service center at the Affiliated Zhongshan
Hospital of Dalian University following structured clinical pro-
tocols using GammaCoat™ RIA Kit. Intra- and inter-assay coef-
ficients of variation were below 10%. To reduce error variance
caused by imprecision of the intra-assay, all samples of each
subject were analyzed in the same run and in duplicates.

2.6. Statistical analyses

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) 17.0 for Windows. Data
were analyzed using the ANOVA with group and time as the
between-subjects and within-subjects factors, respectively. If
a significant effect was detected, post-hoc t-tests were con-
ducted to identify significant differences in the means.
Pearson’s correlation analysis was conducted to assess the
potential relationship between different measures. There were
no missing values and outliers observed in this pilot study.
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3. Results
3.1. Salivary cortisol

Salivary cortisol concentrations at the three stages of the
stress intervention test are shown in Figure 1. A 2 (group:
IBMT, RT) x 3 (time point: rest, immediately after stress, addi-
tional practice) ANOVA revealed a significant main effect for
time (F(1,30)=25.130, p<.001, np2=.456) and a significant inter-
action for groupxtime (F(2,60)=4.669, p<.05, r]p2=.135).
Relative to baseline, cortisol concentrations increased after
exposure to the stressor in both groups. Moreover, cortisol
concentration increased significantly in the RT group after the
additional 20-minute practice (t(15) = 3.034, p<.01, Cohen’s
d=.758), and was also higher than that of the IBMT group at
the same time point (t(30)=-2.185, p<.05, Cohen’s d=-.335).

3.2. Salivary testosterone

Salivary testosterone concentrations at the three stages of
the stress intervention test are shown in Figure 2. The same
ANOVA used for cortisol was applied to testosterone and
revealed a significant main effect for time (F(1,30)=76.057,
p<.001, np2:.717) and a significant interaction for group x time
(F(2,60)= 3.454, p<.05, npzz.103). Like cortisol, testosterone
concentrations immediately after stress were higher relative
to baseline in both groups. Testosterone concentrations also
increased after the additional 20-minute practice in both the
IBMT group (t(15) =5.386, p<.001, Cohen’s d=1.347) and RT
group (t(15) =2.684, p<.05, Cohen’s d=.671). Most impor-
tantly, the extent of this increase was greater in the IBMT
group relative to the RT group (t(30) =3.019, p<.05, Cohen’s
d=1.067).

Figure 1. Salivary cortisol (nmol/L) concentrations at the three stages of the stress intervention test.
Note. # p<.05, integrative body-mind training (IBMT) group versus relaxation training (RT) group.

Ap<.05, A4p<.01, A44p<.001, immediately after stress versus rest.
* p<.05, ** p<.01, immediately after an additional practice versus immediately after stress.
Error bars depict Mean+SE.

Figure 2. Salivary testosterone (pg/ml) concentrations at the three stages of the stress intervention test.
Note. # p<.05, integrative body-mind training (IBMT) group versus relaxation training (RT) group.

Ap<.05, A4p<.01, A44p<.001, immediately after stress versus rest.

* p<.05, ** p<.01, *** p<.001, immediately after an additional practice versus immediately after stress.

Error bars depict Mean+SE.



3.3. Relationship between the changes in cortisol and
testosterone concentrations responses to stress

Cortisol and testosterone concentrations increased in response
to acute stress in both groups, but the magnitude of the
increase in the concentrations of cortisol was not correlated
with the testosterone rise (r(32)=.092, p=.616) based on the
difference between rest and immediately after stress (stage 2
- stage 1).

4. Discussion

This study aimed to examine the intervention effects of
short-term mindfulness meditation on cortisol and testoster-
one concentrations and their relationships in response to
acute psychosocial stress. Consistent with our hypotheses, we
found increased cortisol and testosterone levels after acute
stress in both groups, but cortisol rise was not associated
with testosterone rise. We also found an additional 20-minute
practice immediately after stress produced higher testoster-
one concentrations in the IBMT group than the RT group,
whereas cortisol concentration increased in the RT group
than in the IBMT group at the same time point. These find-
ings indicate that IBMT outperforms RT in modulating these
two hormones in response to acute stress.

Stress leads to the secretion of cortisol. Exaggerated release
of cortisol can suppress aspects of immune function and have
negative effects on health and wellbeing (Almeida et al., 2020).
Salivary cortisol is a delayed peripheral response to acute stress
(Ring et al.,, 2000). Salivary cortisol level reaches its maximum
about 20minutes after acute stress reaction (Fan et al.,, 2009;
Oyola & Handa, 2017). Our previous studies examined the
dynamic changes in salivary cortisol and salivary secretory
immunoglobulin A (slgA, an index of mucosal immunity)
responses to acute stress, and found that the slgA decrease
was significantly correlated with the cortisol increase during
the 20 minutes after stress (Glaser, 2005). Moreover, we demon-
strated that an additional 20-minute IBMT practice immediately
after acute stress rendered the participants lower salivary cor-
tisol and higher slgA in a group that received 5 sessions of
IBMT training, in comparison to the same amount of RT
(Pawlow & Jones, 2005; Tang et al., 2007). These studies indi-
cate that IBMT can serve as an effective intervention to modu-
late endocrine and immune responses to stress. In the present
study, patterns of variations in salivary cortisol concentrations
across the three stages of the stress intervention test were
consistent with our previous studies (Pawlow & Jones, 2005;
Scholey et al., 2009; Tang et al., 2007), further showing that a
20-minute session of IBMT practice after acute stress appeared
to attenuate the release of cortisol.

Growing evidence suggests that the effects of mindfulness
meditation derive from improved self-regulation of attention,
emotion, and self-awareness (Terburg et al, 2009). For exam-
ple, mindfulness meditation involves paying attention to the
present moment without judgment and encourages subjects
to become more aware of their thoughts, feelings, and bodily
sensations. This heightened self-awareness helps identify stress
triggers and patterns, allowing for proactive stress manage-
ment through positive reappraisal, emotion regulation, or other
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strategies, thereby modulating cortisol and testosterone pro-
files effectively (Goldin et al., 2021; Gonzalez-Palau & Medrano,
2022; Hanley et al, 2021; Tang, Tang, & Posner, 2016; Terburg
et al, 2009). In addition, stress is often associated with nega-
tive emotions. Mindfulness practice helps subjects become
aware of these emotions and detect subtle affective changes
related to stressors. By observing emotions in a non-judgmental
and accepting way, subjects can cultivate a more balanced and
non-reactive response to stressors, promoting better emotion
regulation and stress reduction (Fan et al, 2014; Gonzalez-
Palau & Medrano, 2022; Pawlow & Jones, 2005; Tang et al.,
2016). Consistent with these findings, a series of RCT studies
have shown that short-term IBMT improves attention control,
emotion regulation, and self-awareness, as well as brain plas-
ticity in self-regulation networks, suggesting IBMT reduces
stress through strengthening self-control (Pawlow & Jones,
2005; Scholey et al.,, 2009; Tang et al, 2007; Tang, 2017; Fan
et al, 2014; Tang et al., 2009; Terburg et al.,, 2009).

In this study, salivary testosterone concentrations signifi-
cantly increased immediately after the mental arithmetic task
in both groups relative to rest, but the magnitude of change
in testosterone concentrations was not associated with the
increase in cortisol. The mechanism behind the acute
stress-induced increase in testosterone remains unclear. It has
been suggested that social status and sympathetic reactivity
contributed to acute stress-induced increases in testosterone
(Barel et al., 2018). The acute psychosocial stress-induced
increase of testosterone levels has been suggested to have a
preparatory purpose in stress challenges by inducing compet-
itive and dominant behavior (Lennartsson et al., 2012), which
may be beneficial to overcome the stressor. Research showed
that testosterone level temporarily increases in the initial
phase of acute psychosocial stress, after 30 minutes of recov-
ery the testosterone level was significantly reduced (Bedgood
et al, 2014). The HPA axis and HPT axis are competitive sys-
tems and during prolonged periods of stress, the HPT axis
and the production of sex steroids could be inhibited
(Bedgood et al,, 2014). In contrast to the tendency of chronic
stress to elevate cortisol levels, chronic stress decreases tes-
tosterone levels in males. Lower levels of testosterone have
been associated with depression and lower life satisfaction
(Kutlikova et al., 2020).

People need to cope with high day-to-day stressful life
events. Testosterone and cortisol work together to maintain an
appropriate biological and psychological balance (Willemsen,
Ring, McKeever, & Carroll, 2000). Testosterone and cortisol act
in concert with and contribute to adaptive responses to stress
(Mehta & Prasad, 2015); for example, the dual-hormone profile
of increased testosterone and reduced cortisol is related to
adaptive decision-making in stressful social settings (Wang
et al., 2005). Dysregulation of the HPA and HPT axes can result
in compromised responses to stressful life events (Smyth et al.,
2018). Our studies showed that an additional 20-minute IBMT
practice after stress could induce a larger release of salivary
testosterone and attenuated release of salivary cortisol than
RT practice. Therefore, IBMT could provide a convenient
approach to modulating endocrine response to stress in time
(Pawlow & Jones, 2005; Scholey et al., 2009; Tang et al., 2007).
It should be noted that IBMT emphasizes body-mind
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integration and optimization toward achieving an optimal
meditative state characterized by calm and restful alertness of
the present moment, it may allow subjects to quickly recover
from their previous stressful state and return to a pre-stress
brain and body state. Our previous RCTs indicated that brief
IBMT could induce several neurophysiological and psychologi-
cal changes (Scholey et al., 2009; Terburg et al, 2009). For
example, 5-10 sessions of training produced functional and
structural changes in brain self-regulation networks including
anterior cingulate and adjacent prefrontal cortices and stria-
tum, reduced cortisol and negative moods, enhanced testos-
terone, immune function, and positive moods, and improved
quality of life (Fan et al, 2014; Mehta, Mor, Yap, & Prasad,
2015; Pawlow & Jones, 2005; Scholey et al.,, 2009; Tang, 2017;
Tang et al., 2007; 2009; Terburg et al., 2009). Moreover, these
positive brain, physiological, and behavioral changes were
accompanied by the interaction of both central and auto-
nomic nervous systems (Fan et al., 2014; Scholey et al., 2009;
Tang, 2017; Tang et al., 2007; 2009). It is thus possible that
IBMT may contribute to improved homeostasis in response to
stress via a specific neuroendocrine pathway - co-regulation of
the HPT and HPA axes, subsequently influencing both testos-
terone and cortisol concentrations in response to stress.

Testosterone plays an important role in male physiology and
behavior (Mazur & Booth, 1998; Wingdfield, Hegner, Dufty, & Ball,
1990), and most previous research on testosterone in the con-
text of stress has focused primarily on males (Dismukes, Johnson,
Vitacco, lturri, & Shirtcliff, 2015; Knight et al, 2017; Kutlikova
et al,, 2020). The present study was also conducted in males to
build on the previous literature. However, growing evidence
suggests that testosterone levels are also related to female stress
responses and behavior (Casto & Edwards, 2016; Casto, Edwards,
Akinola, Davis, & Mehta, 2020). Some research has shown similar
fluctuations in testosterone levels in both men and women in
response to acute stress (Knight & Mehta, 2017; Lennartsson
et al. 2012), whereas other studies found sex differences
(Schultheiss et al,, 2005; Kivlighan, Granger, & Booth, 2005).
These sex differences in the context of stress might be explained
by key differences between the male and female endocrine sys-
tems. Whereas men’s testosterone is secreted primarily from the
gonads, women'’s testosterone levels are secreted primarily by
the adrenal glands (Schultheiss et al, 2005). Given that fewer
studies have examined testosterone levels, stress, and behavior
in females compared to males (Casto & Prasad, 2017), it remains
unclear whether the findings from the current study conducted
in males will generalize to females. As such, this remains an
important question to investigate in future research.

As mentioned before, previous studies have found basal cor-
tisol concentrations decreased after months of transcendental
meditation (Gaab et al., 2003), or years of Tai Chi (Booth et al.,
1989), but basal testosterone concentrations were unchanged.
Our previous RCTs have shown that basal cortisol levels
decreased after just 2-4weeks of IBMT, suggesting IBMT may be
highly effective in regulating acute stress response (Pawlow &
Jones, 2005; Scholey et al., 2009; Tang et al., 2007). Future
research should examine the effect of longer IBMT on basal
testosterone.

This study has some limitations that should be taken into
account. First, the short-term training (seven 20-min sessions)

did not allow us to examine the longitudinal effects of the
training. Future studies should explore the effects of long-term
training on the brain and endocrine function in a larger and
more diverse sample (Mehta et al, 2015). Second, our sam-
ples only consisted of young males, which may limit the gen-
eralizability of the results. However, this could also be a
strength, as dominance and competition in males occur in a
more natural setting. Further, recent work indicates that tes-
tosterone levels can be measured more accurately in males
compared to females due to relatively lower levels in females
(Prasad, Lassetter, Welker, & Mehta, 2019). Nevertheless, newer
techniques such as mass spectrometry hold promise for
improving the validity of testosterone measurement, particu-
larly in populations with low levels (e.g. women; Schultheiss,
Dlugash, & Mehta, 2019; Prasad et al., 2019). Thus, future
research should adopt these improved measurement tech-
niques to explore whether mindfulness meditation would
show similar or different hormone changes in males and
females. Third, this study did not use a waitlist control
(non-intervention control). The waitlist control has been inten-
sively investigated in the meditation field (Davidson, 2010;
MacCoon, MacLean, Davidson, Saron, & Lutz, 2014; MacCoon
et al, 2012; Rosenkranz et al., 2013; Terburg et al.,, 2009). Early
meditation research often used meditation intervention vs.
waitlist control and demonstrated the positive training effects.
For example, compared to the waitlist control, a widely used
meditation program—mindfulness-based stress reduction
(MBSR) showed positive effects on stress reduction, mood
changes, behavioral symptoms, and pain relief (Terburg et al.,
2009). However, later rigorous RCT studies using an active
control failed to replicate these results. For example, a series
of studies used MBSR vs. Health Enhancement Program (HEP)
to validate the active control in meditation (Davidson, 2010;
MacCoon et al, 2012; 2014; Rosenkranz et al.,, 2013). Both
HEP and MBSR were structurally equivalent, having all the
matching components both in class and at homework prac-
tices. However, results showed both HEP and MBSR were
effective in reducing symptoms over time, and MBSR was not
superior to HEP. Other longitudinal RCTs also showed no sus-
tained attention differences between MBSR and HEP, MBSR
and HEP had comparable post-training stress-evoked cortisol
responses, as well as equivalent reductions in self-reported
psychological distress and physical symptoms (Davidson,
2010; MacCoon et al, 2012; 2014; Rosenkranz et al., 2013).
These results indicate that prior studies using waitlist control
produced false positive results, and the meditation vs. waitlist
design has major flaws because of multiple concerns such as
ethical concerns (e.g. delay subjects’ benefits), difficulty in
blinding when subjects are aware of the conditions, and high
dropout rate due to dissatisfaction with being on the waitlist.
In addition, the positive outcomes in the meditation group
may derive from social confounders during the whole inter-
vention period such as frequent contact and interaction
between trainees and trainers in the meditation group com-
pared to the limited interaction in waitlist control. Therefore,
it is imperative to utilize active control conditions that permit
a rigorous comparison rather than the waitlist that does not
have any active training component (Davidson, 2010; Terburg
et al, 2009). Consequently, for the past 10years, more and



more meditation studies have used longitudinal RCT design
with active controls such as relaxation training, health educa-
tion or enhancement programs, physical exercise, and cogni-
tive tasks (Davidson, 2010; MacCoon et al., 2012; 2014;
Rosenkranz et al., 2013; Terburg et al., 2009). RT has shown
positive effects compared to waitlist control and has been
used as an active and adequate control in our and other RCTs
(Benson & Klipper, 2000; Lazar et al., 2000; Pawlow & Jones,
2005; Scholey et al.,, 2009; Tang et al., 2007; Taren et al., 2015)
as the main difference between mindfulness meditation (e.g.
IBMT) and RT is with or without a mindfulness component.
Therefore, in contrast to the waitlist design, the rigorous and
longitudinal RCT design in the current study could also be
seen as a strength (IBMT vs. active control RT) in revealing
the training effects and underlying mechanisms.

5. Conclusion

To our knowledge, this RCT demonstrates that even short-term
mindfulness meditation can modulate testosterone response
to stress and the relationship between the changes in cortisol
and testosterone concentrations responses to stress. Our find-
ings suggest IBMT may contribute to improved homeostasis
in response to stress via co-regulation of the HPT and HPA
axes. Consistent with the dual-hormone hypothesis, IBMT may
provide a means to efficiently regulate both cortisol and tes-
tosterone to affect dominant and aggressive behavior and
improve prosocial behavior (Wang, Zhang, Wu, Qin, & Liu,
2022; Wang, Zhang, et al., 2022).
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