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Abstract

Objective—Cortisol reactivity to stress is associated with affective eating, an important
behavioral risk factor for obesity and related metabolic diseases. Yoga practice is related to
decreases in stress and cortisol levels, thus emerging as a potential targeted complementary
intervention for affective eating. This randomized controlled trial examined the efficacy of a
heated, hatha yoga intervention for reducing cortisol reactivity to stress and affective eating.

Method—Females (V= 52; ages 25-46; 75% White) at risk for obesity and related illnesses were
randomly assigned to 8 weeks of Bikram Yoga practice or to waitlist control. Cortisol reactivity to
and number of snacks consumed following a laboratory stress induction were measured at weeks 0
(pretreatment) and 9 (posttreatment). Self-reported binge eating frequency and coping motives for
eating were assessed at weeks 0, 3, 6, and 9.

Results—Among participants with elevated cortisol reactivity at pre-treatment (“high-reactors”),
those randomized to the yoga condition evidenced greater pre- to posttreatment reductions in
cortisol reactivity (p=.042, d=.85), but there were not significant condition differences for the
“low reactors” (p=.178, d=.53). Yoga participants reported greater decreases in binge eating
frequency (p=.040, d=.62) and eating to cope with negative affect (p=.038, d=.54).

Conclusions—This study provides preliminary support for the efficacy of heated hatha yoga for
treating physiological stress reactivity and affective eating among women at risk for obesity-
related illnesses.
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Eating in response to stress or negative emotions is a risk factor for obesity and related
illnesses (Epel et al., 2004). Women who intentionally restrict food intake to control weight
(i.e., high in dietary restraint) constitute a particularly high-risk group because, relative to
males also high in dietary restraint, they are more likely to engage in affective eating and to
gain weight as a result (Drapeau et al., 2003; Wardle et al., 2000). Growing evidence
suggests that dietary restraint results in affective eating in part due to cortisol hyperreactivity
to stress (Adam & Epel, 2007; Epel et al., 2001; Newman et al., 2007; Roberts et al., 2014).
Together, these findings support the development of specialized interventions that target
cortisol hyperreactivity to stress.

In this manuscript, we report on the results of a randomized controlled trial that aimed to
evaluate the efficacy of a heated hatha yoga intervention to reduce cortisol reactivity to stress
and affective eating in women high in dietary restraint. We selected heated hatha yoga as an
intervention to engage this treatment target because it specifically aims to teach individuals
to regulate their emotional responding and to persist while being exposed to heat and new or
uncomfortable bodily sensations (i.e., a stressor). Like aerobic exercise, yoga results in
sympathetic activation through the practice of asana (i.e., physical postures) and certain
types of pranayama (i.e., breathing exercises; Bidwell et al., 2012; Sarang & Telles, 2006;
Telles et al., 2011) and may similarly function as repeated, prolonged exposure, thereby
improving emotional responding in stressful situations. In addition, the meditative and
relaxation aspects of yoga result in reduced sympathetic activity and increased vagal tone
(Ross & Thomas, 2010; Sarang & Telles, 2006; Telles et al., 2013). Thus, the physiological
mechanisms of hatha yoga may differ from more traditional aerobic exercise due to this
alternation between sympathetic and parasympathetic activation. Consistent with this
hypothesis are findings from West et al. (2004), who showed that, while hatha yoga and
aerobic exercise (African dance) both resulted in reduced perceived stress, only yoga
significantly reduced salivary cortisol. Support for using yoga as an intervention for women
high in dietary restraint also comes from research showing that yoga can lead to significant
decreases in salivary cortisol secretions and improvements in self-reported stress, anxiety,
depression, emotional well-being, and disordered eating across samples of women
(Banasiket et al., 2010; Carei et al., 2010; Mclver et al., 2009; Michalsen et al., 2005).

The primary aim of this study was to examine the effects of an 8-week heated hatha yoga
intervention on cortisol reactivity to stress. Secondly, we examined intervention effects on
self-report measures of binge eating and affective eating. We expected that, relative to a
waitlist control condition, at-risk women assigned to yoga would evidence greater
improvements across all measures. In light of extant work demonstrating that the link
between cortisol reactivity and affective eating is greater for high versus low “reactors,” we
also expected that the effect of yoga on cortisol reactivity would be stronger for those who
were initially high in cortisol reactivity.

Design—Consistent with NIH guidelines for developing and standardizing behavioral
therapies (Rounsaville et al., 2001), this trial examined the effects of a novel, community-
based yoga intervention for stress reactivity and affective eating (i.e., Stage 1b trial) using a
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prospective, parallel research design with roughly equivalent allocation to each treatment
arm. Before recruitment began, the first author generated a random allocation sequence
using an online random number generator. The sequence was kept in a password-protected
spreadsheet. At the end of each participant’s baseline assessment, a research assistant
opened the spreadsheet and assigned the participant to the condition corresponding to the
next number on the list.

We recruited a community sample of 52 females between April 2012 and May 2013.
Recruitment materials presented the trial as a “study examining the effects of hot yoga on
stress-relief and mental health.” Age was restricted to 25 to 45 years in light of age-related
variations in estrogen levels that affect HPA reactivity in women (Seeman et al., 2001).
Eligibility criteria also included: (1) elevated perceived stress (i.e., score = 0.5 SD above the
community mean on the Perceived Stress Questionnaire; Levenstein et al., 1993); (2)
classification as a restrained eater (i.e., score of = 15 on the Restraint Scale; Polivy et al.,
1988); (3) elevated emational eating (i.e., score of > 2.06 on the Dutch Emotional Eating
Scale; van Strien et al., 1986); (4) stable physical activity levels; and (5) written physician
medical clearance. Exclusion criteria were: (1) regular practice of yoga; (2) presence of
psychiatric or physical health conditions that would interfere with safety, and (3) concurrent
mental health treatment of any kind.

Baseline visit—~Participants completed the baseline visit within the first 5 days of the
follicular stage of their menstrual cycle and between 4:00 and 5:30 PM. The session lasted 3
hours and involved a baseline period, a series of laboratory stressors, and a recovery period.
The stressors lasted approximately 30 minutes and included a modified Trier Social Stress
Test (TSST; Kirschbaum et al., 1993), a breath-holding challenge, and a computerized
mirror-tracing task. Salivary cortisol samples were collected seven times during the visit:
twice during the half-hour baseline period (at —30” and —15”), at onset of stressors (at 0”),
during stressors (at +15”), at cessation of stressors (at +30”), and during recovery (at +60”
and +90”).

Intervention period—Yoga participants were instructed to attend at least two 90-minute
yoga classes per week for 8 weeks. All yoga classes took place at a Bikram Yoga studio.
Each class consisted of a standardized series of 26 hatha yoga postures, two breathing
exercises, and two savasanas (i.e., a resting/relaxation posture) in a room heated to 104° ~.
Participants assigned to waitlist received an 8-week membership following the 8-week
waitlist period. All participants completed online self-report measures at the end of each
week.

Posttreatment visit—One week following the last yoga session, and within the first 5
days of the follicular stage, participants completed a posttreatment assessment that mirrored
the Baseline Visit section, with the exception that the TSST speech topic was altered to
provide a novel challenge. In order to blind participants, the study was presented as an
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examination of the effects of yoga practice on stress and mental health, without reference to
eating behavior. Participants were debriefed at the end of the posttreatment assessment.

Assessment

Cortisol reactivity to stress—Cortisol samples were collected with synthetic salivettes
(Sarstedt, Rommelsdorf, Germany) and assayed with an enzyme immunoassay in duplicate.
The mean of the two values (expressed in ug/dL) was used for analyses. Examination of raw
data suggested that cortisol levels peaked between 30 and 60 minutes following the onset of
stressors (i.e., between samples +30” and +60”). Meta-analysis has shown that cortisol
typically peaks between 21 and 40 after stressor onset (Dickerson & Kemeny, 2004).
Although overlapping with this established stressor onset-to-peak interval, cortisol levels in
the current study may have peaked later and/or longer due to the acuteness and novelty of
our third and final stressor task, mirror-tracing. Preliminary analyses revealed that cortisol
increase in response to stress was best reflected in the 60-minute interval from the third
sample (taken at 0”, i.e., stressor onset) to the sixth sample (taken at +60”, i.e., 60 min
following stressor onsetand approximately 30 min following stressor cessation). AUC, for
cortisol reactivity for this study was thus calculated using the third (0”) through sixth (+60”)
samples from each participant. Consistent with extant research (Fekedulegn’s et al., 2007,
van Strien et al., 2013), we used area under the curve “with respect to increase” (AUC)) to
represent cortisol reactivity. Cortisol reactivity values for each participant at both time points
were scrutinized for outliers, defined as 3 SDs above or below the mean AUC, for each time
point. Of the 89 AUC, values, there were two outliers above the mean and none below; these
were replaced with the value 3 SD above the baseline AUC; mean.

Self-report measures—Binge eating frequency was assessed using item 8 of the Eating
Disorder Diagnostic Scale (EDDS; Stice, Fisher, & Martinez, 2004). Coping motives for
eating was assessed with the 18-item subscale of the Eating Expectancies Inventory (EEI;
Hohlstein et al., 1998). Dietary restraint, examined as a covariate, was measured with the 10-
item Dutch Restrained Eating Scale (DRES; van Strien et al., 1986).

Data Analytic Strategy

We used multilevel modeling (MLM) to analyze condition differences in outcomes and in
slopes of change from pre- to posttreatment. MLM is an intent-to-treat approach that
includes all subjects regardless of missing data. We used maximum-likelihood estimation
and centered the Time variable at posttreatment so that the intercept and main effects would
reflect scores at posttreatment. Level 1 of the model was composed of the intercept and time
(pre/post), and treatment condition and baseline levels of the dependent variable (Raab et al.,
2000) were included as level 2 predictors of the intercept and time. Because age varied by
condition (see Table 1), dietary restraint is clinically prognostic of affective eating, and
hormonal contraception use is related to cortisol levels, these three variables were examined
as covariates in all analyses, but dropped from models if they were not significant (o> .10).
The natural logs (Ln) of skewed continuous variables (cortisol reactivity) were used in all
the models. Effect sizes for condition differences in change over time were estimated in
accordance with Feingold (2013), and effect sizes for differences in posttreatment values
were estimated using fto dtransformation.
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Preliminary Analyses

Figure 1 shows participant flow. The sample (V= 52; Mage = 33.5, SD = 6.4) was
predominantly middle to upper-middle class, with 40 participants (77%) reporting at least a
college degree and 58.7% reporting an annual household over $50K. The majority identified
as Caucasian (7= 39, 75.0%), 11 as African American/Black (21.2%), 2 as Asian (3.8%),
and 10 as Hispanic/Latina (19.2%). Baseline and posttreatment means and standard
deviations for the primary study variables are shown in Table 1. No between-group
differences were evident for any demographic variables or baseline clinical variables, except
that participants assigned to yoga were younger (31.5 vs. 35.7 years old; A1,50) =5.96, p
=.018) and reported less restrained eating (A1,49) = 4.87, p=.032). Average weekly yoga
class attendance ranged from 0.13 to 3.25 sessions per week (M= 1.56, SD = 0.82).

Effects of Yoga on Cortisol Reactivity to Stress

As predicted, the three-way interaction of Time, Condition, and Initial Reactivity was
significant (b= -0.46, {89) = —2.07, p=.041). The interaction was probed by re-running
the model with initial cortisol reactivity centered at 1.5 SD above and below the mean (see
Figures 2 and 3). Among the “high reactors,” those randomized to yoga had greater
decreases in cortisol reactivity over time (6= -0.52, £89) = -2.06, p=.042, d=0.85) and
lower reactivity levels at posttreatment (6= -0.49, t(89) = -2.54, p=.013, d=0.54).
Among the “low reactors,” there were no condition differences in cortisol reactivity changes
over time (6 =0.32, {89) = 1.36, p=.178, d=0.53) or in posttreatment cortisol reactivity
values (6=10.34, {89) = 1.99, p=.055, d=0.42).

Effects of Yoga on Self-Reported Eating Behavior

Consistent with hypothesis, participants assigned to yoga reported significantly greater
decreases in binge eating frequency over time (6= -0.59, {179) = -2.07, p=.040, d=0.62)
and at posttreatment (6= -1.87, {179) = -3.21, p=.001, d= 0.48) relative to participants
assigned to waitlist. Similarly, participants assigned to yoga evidenced significantly greater
reductions in coping-oriented motives for eating (6= -3.97, {179) =-2.09, p=.038, d=
0.54) and lower levels at posttreatment (b= -12.13, {179) = -3.26, p=.001, d= 0.49)
relative to waitlist participants.

Discussion

This study aimed to test the efficacy of an 8-week heated yoga intervention for reducing
cortisol reactivity to stress and affective eating among an at-risk group of women high in
dietary restraint. Our findings showed a significant advantage of yoga over waitlist for
reducing self-reported binge eating frequency and coping-oriented motives for eating, as
well as for reducing cortisol reactivity to stress, although statistical significance of the
effects on the latter treatment target only emerged among women who evidenced elevated
cortisol reactivity to stress at the baseline visit prior to the intervention.
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Follow-up research must build upon these findings by including repeated measures of both
the putative treatment mechanism (i.e., cortisol reactivity) and outcome (affective eating)
and conducting formal mediation analysis (testing for causality). This research may consider
testing stress chronicity as a moderator of the relation between physiological reactivity to
acute stress and affective eating. Indeed, recent research has suggested that over time,
affective eaters experience a down-regulation of their HPA-axis stress responses, as a result
of chronic stress, affective eating, and obesity (Tomiyama et al., 2011). Because our findings
relating heated yoga practice to reduced HPA-axis reactivity suggest that this intervention
may have effects beyond reducing affective eating (Chrousos & Gold, 1998), it would be
worthwhile to test its efficacy on other relevant psychiatric and health outcomes in this at-
risk group.

This study has a number of limitations. First, our use of a waitlist control group limits
conclusions about intervention specificity. Using contact control and active interventions as
a basis of comparison will be important for future studies. Here, it may be particularly useful
to include both exercise and mindfulness-based non-physical activity control conditions, as
such comparators would help dismantle the efficacy of the yoga intervention. Second, the
effect sizes and statistical significance (and lack thereof) of our findings cannot be
generalized to other forms of yoga. Bikram yoga is a heated style of yoga, and less intense
or more meditative types of yoga may have different effects on both physiology and
behavior. Similarly, these findings should not be generalized to all women. Women in this
sample were 25-46 years of age and were selected for their elevated levels of stress, dietary
restraint, and affective eating. Third, despite careful randomization, women randomized to
yoga tended to be younger and less restrained in their eating. However, we controlled for age
and dietary restraint in analyses in which they were associated with the outcome variable at
the p < .10 level. Fourth, although 60% of participants completed the 8-week yoga
intervention, only 37% of the participants assigned to yoga condition met the prescribed two
classes per week. Such findings call for research examining predictors of yoga adherence as
well as studies that examine dose-response relations by manipulating dose.

In conclusion, this study provides initial evidence for the efficacy of Bikram yoga for
reducing cortisol reactivity to stress and self-reported binge eating and coping motives for
eating. Keeping in mind the rise in popularity of complementary and integrative approaches,
this research, if replicated and extended, may aid the goal to develop more effective
interventions that can reach more people in need.
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Public Health Significance

By targeting key behavioral and physiological mechanisms, yoga interventions may help
address the obesity epidemic. This study provides initial support for the use of heated
hatha yoga for improving cortisol reactivity and affective eating among women at risk for
weight gain and obesity-related illnesses.
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Assessed for eligibility

(n =650)
Excluded in initial prescreen (n = 577)
Not meeting inclusion criteria (n = 521)
Declined to participate (n = 56)
Excluded in screen interview (n = 21)
Not meeting inclusion criteria (n = 10)
Declined to participate (n = 11)
Randomized
{n=52)

/N

Yoga Intervention (n = 27) | | Waitlist Control (n = 25)

Post-treatment assessment (n = 20)
- Post-tx survey: 20 completed
- Post-tx visit: 18 completed

- Lost to follow up (n = 7)
+ lack of time (3)
« unrelated injury (1)
« disliked yoga (1)
* unknown (2)

Post-treatment assessment (n = 22)
- Post-tx survey: 22 completed
Post-tx visit: 21 completed

- Lost to follow up (n = 7)
* lack of time (1)
* unknown (2)

Analyzed (n = 27)

(MLM analyses include all subjects,
regardless of missing post-treatment
data and do not require imputation of
missing data.)

Analyzed (n = 24)
1 ppt excluded from PSQ and DEES
analyses due to incomplete baseline

survey

1 ppt excluded from cortisol and
snack analyses due to incomplete
cortisol samples at baseline

CONSORT Flow Diagram.

J Consult Clin Psychol. Author manuscript; available in PMC 2017 June 01.

Page 10



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Hopkins et al. Page 11

03 - =0 =WL: Baseline
=== WL: Post-treatment
** <+ YOGA: Baseline
025 - 0_.. e Y OGA: Post-treatment
o ? """"""" <> Salivary cortisol sample collected

3 .

g ~

=

2

=

>

-

E

4

e

o

=

=

o

-

Stressor
0 T T T T T T T 1
-30 =15 0 +15 +30 +60 +90
Time (minutes from stressor onset)
Figure 2.

Baseline and posttreatment curves for cortisol reactivity (ug/dL) in response to the
laboratory stress induction, by treatment condition.
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Condition differences in cortisol reactivity [In(AUC,)] changes from baseline (week 0) to

postintervention (week 9), by initial cortisol reactivity levels.
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Table 1

Baseline and Post-treatment Means (M) and Standard Deviations (SD), by Condition

Body mass index (BMI)

Dietary restraint (DRES)

Cortisol reactivity (AUC

Perceived stress (PSQ)

Coping motives for eatin

Binge eating frequency (|

Yoga (n = 27) Waitlist (n = 25)
Baseline Post-treatment  Baseline Post-treatment
n=27 n=17 n=25 n=22
M=28.41 M=26.63 M=26.30 M= 26.67
SD=4.59 SD=2.94 SD=5.53 SD=5.65
n=27 n=20 n=24 n=22
M=283% M=287 M=317% M=291
SD=0.55 SD=1.00 SD=0.55 SD=0.94
) n=27 n=18 n=24 n=20
M=3.52 M=0.67 M=2.35 M=131
SD=4.94 SD=2.08 SD=3.95 SD=3.60
n=27 n=21 n=24 n=22
M=063  Mm=035" M=057  m=046"
SD=0.15 SD=0.16 SD=0.14 SD=0.16
g (EEl scalel) n=27 n=20 n=24 n=22
M=78.78 M=59.20 M=72.67 M=66.14
SD=20.02 SD=2214 SD=2456 SD=2544
EDDSitem8) n=27 n=20 n=24 n=22
M=3.70 M=1.60 M=2.42 M=2.45
SD =354 SD=1.05 SD=1.61 SD=3.11

Note.

p<.05
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