
Original Article

Global Advances in Health and Medicine
Volume 11: 1–9
© The Author(s) 2022
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/21649561211067443
journals.sagepub.com/home/gam

Effects of Group-delivered Stress-reduction
Guided Imagery on Salivary Cortisol,
Salivary Amylase, and Stress Mood in
Urban, Predominantly Latino Adolescents

Marc J. Weigensberg, MD1
, Cheng K. Fred Wen, PhD2, Donna Spruijt-Metz, PhD3,4, and

Christianne Joy Lane, PhD5

Abstract

Objectives: To determine acute effects of stress-reduction guided imagery delivered in group format on stress biomarkers
salivary cortisol and salivary amylase, and on self-reported stress mood, in healthy, predominantly Latino adolescents.
Study Design: 111 adolescent participants (94% Latino), a subset from a large, randomized controlled lifestyle intervention to
improve obesity-related health behaviors, received either 4 weekly lifestyle education sessions (Lifestyle group; LS) or the same
weekly lifestyle education sessions plus an additional weekly stress-reduction guided imagery session delivered in group format
(Guided imagery group; GI). Salivary cortisol, salivary amylase, and self-reported stress moods were assessed before and after
sessions on intervention weeks 3 and 4. Statistics: Linear mixed effects models examined within- and between-session and group
differences in pre- to post-session changes.
Results: Both groups showed decreases in salivary cortisol, 5% decrease in LS group and 32% in GI group (within-group
differences all P < .05), with between-group difference in salivary cortisol of moderate size (P = .05; Cohen’s d = .44).Within the
GI group alone, salivary cortisol decrease was similar following either the lifestyle or GI sessions (P = .64). There were no
statistically significant amylase changes within or between groups. All 5 individual stress moods declined by 27% to 46% in the GI
group (all P < .05), while only 1 of the 5 declined in LS group.
Conclusions: Group stress-reduction guided imagery reduces the stress biomarker salivary cortisol, as well as reducing
subjective stress mood states, making it a viable modality for large scale stress-reduction interventions.
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Introduction

Adolescents and children living today suffer from significantly
higher levels of stress and anxiety than did youth in the past.1,2

Latino adolescents may suffer from higher levels of psychosocial
stress due to a combination of factors including immigration,
acculturation, discrimination, or socioeconomic stressors.3–5

Latino adolescents also represent a group at high risk for both
obesity6 and obesity-related morbidities, such as type 2 diabetes7

Chronic stress and altered hypothalamic–pituitary–adrenal
axis activity have been linked to both an increase in obesogenic
lifestyle behaviors (e.g., ingestion of high caloric “comfort”
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foods)8 and obesity-related disease risk in adults.9–11 This evi-
dence suggests that chronic stress may result in subtle degrees of
hypercortisolism, promoting obesity-related morbidities, and
risk for diabetes. Specifically with respect to children and
adolescents, we previously found that in overweight and obese
Latino children, ages 8–13, morning serum cortisol was higher
in those with metabolic syndrome than in those without, and
that serum cortisol increased in conjunction with increased
number of features of metabolic syndrome.12 Additionally, in
obese Latino teens, a blunted rise in cortisol overnight was
associated with increased carotid intima media thickness (a
marker of preclinical peripheral vascular disease).13 These
findings suggest that disruption in the hypothalamic–pituitary–
adrenal (HPA) axis may increase risk for development of
obesity in non-obese individuals, as well as obesity-related co-
morbidities in obese youth and adults. In addition, stress has
been linked to behavioral and mental health morbidities in
youth independent of obesity status, particularly in minority
youth where acculturation, perceived discrimination, and
cultural stress have been linked to substance use and mental
health issues among Latino adolescents14,15 and perceived
discrimination in adolescence has been linked to altered cor-
tisol awakening response in African Americans.16 Stress-
reduction modalities that could modify cortisol responses
might therefore be a useful integrative approach for stressed
youth in general, as well as an important addition to traditional
lifestyle approaches17,18 designed to prevent or treat obesity in
children and adolescents.

These considerations led us to explore the effects of a stress-
reduction, mind–body integrative modality, Interactive Guided
ImagerySM, as a possible therapeutic modality to lower cortisol
levels in obese, Latino adolescents at risk for diabetes. In this
population, stress-reduction interactive guided imagery deliv-
ered to individuals acutely lowered salivary cortisol.19,20

However, the cost and labor that would be needed to deliver
an in-person, individualized guided imagery stress-reduction
intervention, makes it impractical for use in larger scale in-
terventions. In addition, this work did not address the utility of
guided imagery in reducing cortisol in non-obese youth. Re-
cently we replicated the acute salivary cortisol reduction using
stress-reduction guided imagery (SRGI) delivered in group
format21 in a small population of obese and non-obese youth,
but without a concurrent control group, limiting the interpret-
ability of these findings. These findings need to be replicated in
a larger study population with an appropriate control group.

The generalized stress response consists of both HPA axis
and autonomic nervous system responses.22 While cortisol
responses to acute stressors have been well-characterized23

and HPA axis dysregulation has been linked to multiple
health issues,24 the autonomic nervous system response to
stress, particularly in children, has been less studied. Salivary
amylase is a marker of sympathetic nervous system func-
tion,25 and is increased following acute stressors in both
adults and adolescents.26,27 While some behavioral inter-
ventions in adults have shown changes in salivary amylase,

few studies have assessed acute changes in amylase in re-
sponse to short-term mind–body stress-reduction modalities,
and none to our knowledge have done so in children.28,29

Therefore, the purpose of this report is to determine the
acute effects of SRGI delivered in group format compared to
an active control group (lifestyle education) on self-reported
stress mood and on the stress biomarkers salivary cortisol and
salivary amylase in a population of generally healthy, obese
and non-obese, predominantly Latino high school students.
We hypothesized that there would be significantly greater
reductions in salivary cortisol and self-reported stress mood
between-groups receiving SRGI compared to those receiving
lifestyle education alone. We also hypothesized that among
participants within the SRGI group only, reductions in sal-
ivary cortisol and stress mood would be greater following
SRGI sessions compared to following lifestyle education
sessions. We further sought to explore the response of sali-
vary amylase, a marker of sympathetic autonomic nervous
system activity, to the SRGI, hypothesizing that salivary
amylase would be reduced following guided imagery.

Methods

Participants

Participants reported in this study represent a subset of the
Imagine HEALTH parent study, a 12-week behavioral life-
style RCT intervention utilizing guided imagery for which the
full protocol and primary outcomes (physical activity and
dietary intake) have been previously described in detail.30,31

Briefly, sophomore and junior high school students of any
age, gender, or BMI status were recruited during in-person
staff recruitment visits during required classes (e.g., History
and English) from 4 public high schools in eastern Los
Angeles. Exclusion criteria included serious chronic illness,
eating disorder, psychiatric disorder, or physical, cognitive, or
behavioral disability; use of medication known to affect body
composition; lack of English fluency; or concurrent activities
that would interfere with the ability to attend after-school
intervention sessions. Prescreening phone calls were made by
study staff, followed by group consenting and enrollment
visits where written parental consent and youth assent were
obtained. This study was approved by the Internal Review
Board (IRB, #HS-13-00836) of the University of Southern
California Health Science Campus.

Study Design

The present study presents methods and results from the
subgroup of participants during the first 4 weeks of our pre-
viously reported overall 12-week lifestyle intervention.30,31

For the parent study, 232 eligible participants underwent group
consenting and enrollment visits (Figure 1). The intervention
was delivered during the after-school hours (starting approx-
imately between 3–3:30 PM) in 3 annual waves from January
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through May of 2015–2017. Participants were cluster ran-
domized at the school level at the start of each annual inter-
vention wave into non-intervention Control vs one of 3 active
intervention arms, with blocking implemented to ensure no
school delivered the same intervention arm more than once
across the full duration of the study. The non-intervention
Controls of the parent study are not included in this report,
since acute salivary and mood outcome measures were not
assessed for this group. The other 3 arms at randomization
were as follows: (1) “Lifestyle” education (LS) alone; (2)
“Stress Reduction Guided Imagery” (SRGI); and, (3)
“Lifestyle Behavior Guided Imagery” (LBGI). All three
groups received the same twice weekly 75-minute sessions
for 12 weeks of didactic and experiential lifestyle education,
which consisted of one session relating to healthy nutrition
and one session encouraging physical activity practices,
consistent with general pediatric recommendations.30 SRGI
and LBGI groups received these same 2 weekly lifestyle
education sessions, plus an additional 75-minute guided
imagery session per week with an emphasis on stress

reduction and lifestyle behavior, respectively. The curric-
ulum content of the LS, SRGI, and LBGI groups are fully
described previously.30 SRGI and LBGI groups from the
parent intervention each received identical stress-reduction
guided imagery sessions during intervention weeks 1–4 and
were therefore combined into a single “Guided Imagery”
(GI) group to compare with the LS group for the purposes of
this report (see Figure 1). This report and the outcomes
reported herein thus represent intra-intervention outcomes
limited only to the first 4-week portion of the full 12-week
intervention.

Delivery of Group Guided Imagery and
Lifestyle Classes

Weekly lifestyle education classes were delivered during
after-school hours (generally starting between 3–3:30 PM).
The weekly nutrition classes were taught in a classroom
setting by masters-level nutrition student interns assisted by
adult mentors and consisted of didactic and experiential

Figure 1. Legend * Reasons for not meeting inclusion criteria: • Inadequate time available: 750, •Other after-school activities: 214, • Incorrect
age/grade: 19, • Serious illness/medications: 27, • Behavioral disorder/cognitive issue: 29, • Lack of English fluency: 8, • Other: 8.
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elements that emphasized generally accepted healthy eating
principles30 combined with principles of intuitive eating.32

The weekly physical activity sessions were taught on the
schoolyard by a professional trainer, consisting of both di-
dactic and experiential elements.30

Guided imagery sessions were delivered in a classroom
setting during the same after-school hours in the context of
the facilitated group process known as “council.”21,30 In-
terventionists were highly skilled professionals with certifi-
cation training in Interactive Guided ImagerySM (https://
acadgi.com/certification/), including an academic social
worker, an integrative physical therapist, an expressive arts
therapist, and a personal coach practitioner with long-
standing certification in interactive guided imagery. All
were trained in the council process by the PI and an expe-
rienced council practitioner consultant from the Los Angeles
public schools’ “Council in Schools” program. Fidelity of the
intervention delivery was assessed weekly across the duration
of the intervention by the PI, as previously described in
detail.30 Each weekly GI council session started with a
personal “check in” and a brief report of their home imagery
practice from the preceding week, followed by an explanation
of the GI exercise about to be undertaken (∼25 minute du-
ration). The group GI exercises were then conducted using
pre-written scripts (∼25 minute duration). As previously
detailed30, the specific content of the 4 weekly sessions were
as follows: (1) Relaxation breathing; (2) Relaxation breathing
plus progressive muscle relaxation (PMR); (3) relaxation
breathing + PMR + “relaxing place” imagery (exploration of
a mental image of a place that represents just comfort and
relaxation); and (4) repeat of relaxing place imagery, followed
by a second imaginal exploration of the relaxing place after
only 3-focused breaths. Following each group SRGI session,
participants debriefed their imagery experiences in the
council format (duration ∼25 minutes). Each week partici-
pants were encouraged to practice the SRGI exercises at
home for at least 10 minutes a day between sessions.

Outcome Procedures and Measurements

Acute Change in Salivary Cortisol and Salivary Amylase. Saliva
was obtained by research study staff using Salivettes pre- and
post-individual intervention sessions (∼75 minutes apart) on
weeks 3 and 4 of the intervention period. For the LS group,
saliva was collected immediately before and immediately
after the weekly 75-minute nutrition education sessions of
weeks 3 and 4. For the GI group, saliva was also collected
immediately before and immediately after the nutrition ed-
ucation session, as well as before and after the additional
weekly 75 min stress-reduction GI sessions during weeks 3
and 4. Sampling was done in weeks 3 and 4 in order to
minimize the session burden in weeks 1 and 2, the first 2
sessions of a complicated 12-week intervention, and to allow
the subjects to get familiar with all processes of the weekly
group intervention sessions. The nutrition education session

was chosen as the comparison group since the guided im-
agery group also took the nutrition class and this therefore
was a parallel experience for both groups. No collections
were made following the physical activity sessions due to the
potential confounding effects of exercise on cortisol. Due to
an inadvertent protocol deviation caused by human error, we
estimate that 44 salivary samples from 27 participants in the
LS group were not collected, resulting in a significant study
group size discrepancy. Salivettes were returned on the same
day as collection to our laboratory and stored at �800C until
processing, at which point they were thawed and then
centrifuged at 2500 RPM for 10 minutes. Saliva was then
aliquoted and stored in cryovials at �800C until subsequent
assay using commercially available assay kits (salivary
cortisol ELISA, Salimetrics, Inc; inter-assay CV = 3.75%
[high], 6.41% [low], sensitivity 2 nmol/L (.007 mcg/dl);
salivary amylase kinetic enzyme assay, Salimetrics, Inc,
inter-assay CV = 4.7%, intra-assay CV = 5.5%).

Acute Change in Stress Mood State. Stress mood was measured
using the tension subscale of the Profile of Mood States for
Adolescents (POMS-A) (168), a 24-item measure of mood
that has been validated extensively in adolescent pop-
ulations.33 Study staff administered a visual analog scale
containing the 4 individual mood items (“worried,” “ner-
vous,” “panicky,” and “anxious”) plus an additional fifth item
(“stressed”), at the identical timepoints of the saliva collec-
tion, pre-session and post-session during weeks 3 and 4 of the
intervention. Changes in mood scores were calculated as the
post-session minus pre-session difference in each of the 5
individual scale items, as well as a “total” mood score cal-
culated as the average of the 5 individual mood scores before
and after the session.

Statistical Analyses

To test the primary aim that there was a difference in decrease
within session between the LS and GI groups, cortisol,
amylase, and stress mood scores were examined using linear
mixed effects models to examine the difference in change
from pre- to post-session for LS or GI sessions. Change
scores were calculated as post-session level minus pre-
session level so that a negative value would indicate a de-
cline within session. Data from both Sessions 3 and 4 were
included. Since there were no differences seen between
Session 3 and Session 4 values in our preliminary analyses,
we included session as a repeated measurement and not a
covariate in the models. Nutrition sessions include measures
for both LS and GI, while guided imagery sessions include
data from only GI group, as these sessions were not attended
by the LS group. The model was adjusted for the starting
value at each session and randomized group. Further mod-
eling for the GI group alone was performed to determine if
there was a difference in response to the type of session
(Nutrition vs GI). Winsorized assay values were used so that
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estimates would not be unduly represented by outliers. An-
alyses were performed using SPSS (v.24); a priori α = .05 for
examining the difference in intra-session change between GI
and LS sessions. In order to understand the clinical magnitude
of effect, percent change within groups and estimated mar-
ginal means for the models were used to compute estimates of
effect size, Cohen34’s d, which calculates the difference
between groups in the unit of a SD. This allows us to de-
termine the size of the effect as small (d = .2), moderate (d =
.5), or large (d = .7).

Results

The demographic characteristics of participants in these
analyses are shown in Table 1. The LS and GI groups were
comparable in age, sex, ethnicity, and BMI status, with
approximately one quarter of the sample being obese. Al-
most all were Latino, due to the individual school demo-
graphics, and we had about twice as many girls as boys in
this sample. Students participated in the sessions with 79%
percent of LS students and 66% of GI students attending
at least 3 of the 4 lifestyle education sessions, and 65% of
GI students attending at least 3 of the 4 guided imagery
sessions.

Table 2 shows the unadjusted average pre-session, post-
session, and change in salivary cortisol, salivary amylase, and
stress mood states across the intervention sessions. In the full
models, both groups showed a decrease in salivary cortisol
within sessions (within-group P < .05; see Figure 2), with an
average percent decrease of 5% in the LS group and 32% in
the GI group. The between-group difference in salivary
cortisol decrease was moderate in size (P = .05, Cohen’s d =
.44). When examining just the GI group, there was no dif-
ference in the type of session (i.e., lifestyle education session
vs GI session) on salivary cortisol decrease (P = .64). Neither
group changed significantly in amylase within sessions, nor
was there a difference in the amount of change in amylase
between groups (P = .89).

For the self-reported stress mood measures, there was a
significant decline in all 5 individual mood state measures, as

well as in the “total” average score of the 5 mood state
measures combined, within the GI group (all P < .05), with
percent decreases in mean scores ranging from 27% to 46%.
The LS group decreased significantly only for the feeling
“stressed” item, and in the total average mood score (38% and
23% decrease, respectively). However, there were no sig-
nificant between-group differences in any of the self-reported
changes in mood states, as is shown in Table 2, and all
between-group effect sizes were small, (Cohen’s d ranging
from .04 to .25). When examining the difference in mood
states relating to session type for the GI group only, there was
a significant difference only for the feeling of “nervous,”with
the change in “nervous” mood being greater after the GI
session vs after the lifestyle session (P = .003; Cohen’s d =
.31; Figure 3).

Discussion

The results of this study replicate our earlier, uncontrolled
pilot findings that SRGI delivered in group format leads to
acute reduction in salivary cortisol levels in adolescents,
adding our understanding that this effect is present whether
the imagery is delivered to individuals,20 or in groups.21 To
our knowledge, this is the first report of a randomized
controlled study showing significant reductions in salivary
cortisol in adolescents in response to group GI. In the present
study, the decrease in salivary cortisol in the GI group
compared to the LS control was of moderate effect size. It is
also important to note that the 32% reduction in cortisol seen
in the present study was comparable in magnitude to the 38%
reduction previously seen in response to individual SRGI.20

Other mind–body modalities have been shown to reduce
either self-reported stress or cortisol values. Pawlow et al.
showed reductions in salivary cortisol following progressive
muscle relaxation in adults,35 and mindfulness-based stress
reduction has been shown to similarly reduce self-reported
stress.36 Thus, our findings can be placed in the increasing
body of evidence that there are multiple mind–body ap-
proaches to address stress in both adults and youth, and that
group guided imagery is one of several effective modalities

Table 1. Participant Characteristics.

Lifestyle group (n-19) Guided imagery group (n = 92)

Age (years) - mean ±SD 15.5 ± 0.5 15.8 ± 0.7
Gender - n (%)
Female 12 (63) 61 (66)
Male 7 (37) 31 (34)

Ethnicity - n (%)
Latino 19 (100) 85 (92)
Other 0 (0) 7 (8)

BMI percentile - mean ± SD 67.6 ± 30.1 69.6 ± 29.1
Obese - n (%) 5 (26) 21 (23)

Obese defined as BMI>95th percentile for age and sex.
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that can be used to reduce stress in the short term in
adolescents.

The finding within the GI group that salivary cortisol
decreased comparably whether the subjects were experi-
encing either the SRGI or the lifestyle education class in the
after-school period was unexpected. This may indicate that
there was a non-specific effect of participating in the GI
council group on the cortisol biomarker at this time of day,
such that a cortisol lowering effect was seen when partici-
pants gathered at the same time with their group whether
receiving SRGI or the nutrition class. A possible explanation
for this occurrence is an increase in group cohesion, trust, and
stress-reduction from having participated in the GI council
and therefore trained in relaxation techniques for the 2 weeks

prior to assessment in weeks 3 and 4. This is supported by our
prior findings that council alone reduced subjective stress in
young adults with type 1 diabetes.37 As these measurements
were made during the third and fourth week of the inter-
vention, per protocol, the GI group may have experienced the
after-school gathering as relaxing, no matter what specific
activity they undertook. Unfortunately, we did not measure
salivary cortisol and stress mood changes within Sessions 1
and 2, which might have shown that this nonspecific group
effect was not present at the early sessions, but developed as
the program went on and the GI group learned the relaxation
techniques and grew more cohesive. Another related possi-
bility for this finding is that the GI group participants actually
used their breathing and imagery techniques during the

Figure 2. Salivary cortisol within-session change by group and type of session. Legend: Values display adjusted M +/� 95%CI for the change in
salivary cortisol across Sessions 3 and 4 of the intervention (i.e., post-session minus pre-session value, adjusted for pre-session values and
repeated measures). Both groups decreased in cortisol within session, as demonstrated by 95% CI for each group being <0.

Table 2. Salivary Cortisol, Salivary Amylase, and Self-Reported Stress Within Sessions.

Lifestyle group Guided imagery group

Lifestyle sessions (n = 31) Lifestyle sessions (n = 148) Guided imagery sessions (n = 148)

Pre-session Post-session Change Pre-session Post-session Change Pre-session Post-session Change

Cortisol
(nmol/L)a�LS, a�GI; b

3.8 ± 2.7 3.6 ± 2.9 �.1 ± 3.7 4.0 ± 3.2 2.8 ± 1.7 �1.2 ± 2.7 4.4 ± 3.0 2.9 ± 1.8 �1.5 ± 2.8

Amylase (U/ml) 78.4 ± 36.1 90.2 ± 39.6 11.7 ± 25.9 100.6 ± 65.6 110.3 ± 80.4 9.0 ± 57.8 107.4 ± 70.5 115.8 ± 76.2 8.5 ± 62.7
Mood

Nervousa�GI; c 13.1 ± 22.3 13.4 ± 21.5 .3 ± 11.7 12.3 ± 19.8 10.3 ± 18.4 �1.6 ± 10.0 15.1 ± 22.3 9.5 ± 16.8 �5.7 ± 17.4
Worrieda�GI 16.4 ± 17.3 13.0 ± 19.1 �3.3 ± 12.7 16.4 ± 17.3 13.0 ± 19.1 �3.3 ± 12.7 15.4 ± 21.5 10.8 ± 18.2 �4.3 ± 14.0
Anxiousa�GI 17.2 ± 22.4 13.0 ± 17.9 �4.3 ± 10.4 13.6 ± 20.0 9.5 ± 16.2 �4.0 ± 14.0 15.7 ± 18.9 10.2 ± 15.2 �5.6 ± 16.8
Panickya�GI 10.3 ± 23.3 8.5 ± 15.6 �1.8 ± 11.6 9.1 ± 14.8 6.9 ± 12.8 �2.2 ± 8.9 11.3 ± 15.7 7.1 ± 11.3 �3.7 ± 13.4
Stresseda�LS, a�GI 24.5 ± 25.1 15.3 ± 19.7 �9.2 ± 12.8 24.2 ± 26.2 13.6 ± 19.6 �10.2 ± 16.7 26.7 ± 26.1 14.0 ± 20.0 �12.6 ± 20.5
Totala�LS, a�GI 16.3 ± 19.2 12.6 ± 16.3 �3.7 ± 8.3 14.9 ± 17.2 10.2 ± 14.7 �4.5 ± 7.9 17.7 ± 17.9 10.6 ± 13.0 �7.2 ± 12.8

Results show unadjusted mean ± SD changes in each of the listed stress markers for the 2 weekly sessions combined. Winsorized cortisol and amylase are
reported as they were used in the models. Change is computed post-pre - negative change thus indicates a decrease from pre to post-session. Conversion for
cortisol: nmol/L ÷ 27.59 = μg/dL.
Significance markers (a,b,c) indicate P ≤ .05 for adjusted models.
aSignificant within-group decrease; �LS/GI indicates which groups decreased.
bSignificant between-group difference in change during session.
cSignificant difference between type of session (Lifestyle vs GI) within the GI group, from models stratified by group.
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nutrition sessions without being instructed to do so, thereby
leading to comparable cortisol lowering following the after-
school lifestyle sessions. If so, this would indicate an ac-
ceptability of the guided imagery modality to a level where
the participants use it in aspects of their life not directly
related to the study protocol. This is supported by our
previous findings21 and anecdotal experience in this study,
that once adolescents are trained in GI, they spontaneously
use it without instructions to do so in settings outside the
formal intervention structure.

The findings that GI reduced stress mood in all 5 of the
individual mood states further supports the use of GI for
stress management in this population. That the reductions in
stress mood states were not statistically significantly dif-
ferent between LS and GI groups is likely due to the very
large variability in these data, particularly in the LS group
which had a smaller sample size. Students discriminated
among the various mood states as well, with the feeling state
of nervous being particularly affected by SRGI. This may
indicate actual differences in GI effects on these specific
moods, or more likely indicates a different level of specificity
in the participants’ ability to recognize and label the various
moods. For example, feeling nervous could be a mood easily
identified within the life experience of the students, whereas
feeling panicked was less so. Regardless, these findings
suggest the youth not only showed reduced cortisol stress
biomarker, but actually felt a reduction in stress mood fol-
lowing GI.

Salivary amylase is generally considered to be a biomarker
of sympathetic autonomic nervous system activation,25 and
therefore part of the acute systemic stress response.38 Prior
studies have demonstrated increases in salivary amylase fol-
lowing natural and laboratory stressors in adults as well as
adolescents.26,27 These findings, and others suggesting that
salivary amylase may be expected to decrease in response to
therapeutic stress-reduction intervention,39 led us to explore
whether salivary amylase would acutely decrease in response

to SRGI. However, we did not see such a change in salivary
amylase in response to the intervention sessions, whether
SRGI or lifestyle education. This null finding is consistent
with prior findings in adolescents showing increases in
salivary amylase only in emotional states of high arousal, but
no change following emotions characterized as lower arousal,
including relaxation.40 There is also evidence that cortisol
and amylase responses may be asymmetrical depending on
past traumatic experiences in youth.41 Further studies are
warranted to investigate salivary amylase response to other
types, durations, and depths of stress-reduction interventions,
and to determine whether pre-existing characteristics of the
study population may moderate amylase and other stress
biomarker responses.

While acute reductions in stress and stress biomarker
indicate a potent biological effect of the mind-body mo-
dality of guided imagery, it is unknown whether this
translates to a benefit in stress reduction in the longer term.
Whether acute changes in cortisol following brief bouts of
stress reduction have any relationship to overall stress or
stress biomarker patterns over time would be important to
ascertain, given the past findings linking chronic life stress
with obesity-related disease risk factors.10,42 Similarly,
longer-term effects of stress management using GI on other
health markers, whether biological or psychological, should
be addressed.

Limitations of this report include the fact that this was a
secondary analysis of intra-intervention outcomes related to a
larger RCT intervention. As such, we combined 2 of the
originally randomized groups (SRGI and LBGI) since they
had to the point of analysis for this report (4 weeks into the
intervention) received identical interventions of both lifestyle
classes and stress-reduction guided imagery, thereby allowing
for a larger GI group to compare to the lifestyle (LS) group.
Combining these groups led to unequal numbers in the
comparison groups (i.e., around twice as many in GI com-
pared to LS), which was compounded by an unfortunate

Figure 3. Nervous mood within-session change by group and type of session. Legend: Values display adjusted M +/� 95% CI for the change in
nervous mood across sessions 3 and 4 of the intervention (i.e., post-session minus pre-session value, adjusted for pre-session values and
repeated measures). The GI group decreased significantly within session as demonstrated by 95% CI being <0.
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protocol deviation which led to the failure to assess cortisol
and mood in many of the LS group participants. The resulting
inequality of study group size presents a limitation in that
greater standard errors due to a smaller sample size in the LS
group may have limited the ability to detect the group dif-
ferences. Another limitation relates to the generalizability of
these findings outside of a predominantly Latino teenage
population. In addition, while the absolute values we found
for salivary cortisol values are in line with prior reports in
children and adolescents,43 testing for reductions in cortisol
levels in the late afternoon, when levels are physiologically
low, may reduce chances to detect differences in short term
reductions. Future studies might address this by performing
stress-reduction intervention in the late morning hours while
cortisol levels are typically higher, yet beyond the potentially
confounding effects of the cortisol awakening response.43

Finally, our protocol measured cortisol responses only in
weeks 3 and 4, preventing us from detecting longitudinal
changes in response to the guided imagery in the GI group
from weeks 1 and 2 which may have explained the unex-
pected similar reduction seen in cortisol within the GI group
on weeks 3 and 4 whether receiving the lifestyle class or the
guided imagery session.

In conclusion, we have shown that stress-reduction guided
imagery delivered in group format significantly reduces
salivary cortisol, and to a similar degree as that previously
shown following individual guided imagery. SRGI also re-
duced acute stress mood, but did not have an effect on sal-
ivary amylase. Future studies will be needed to demonstrate
potential longer-term effects of stress-reduction guided im-
agery on self-reported stress, stress biomarkers, and related
health outcomes.

Appendix A

Notation

GI Guided imagery
LS Lifestyle

SRGI Stress-reduction guided imagery
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