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Abstract
Purpose—This was a pilot project designed to assess the effect of individualized yoga treatment
on eating disorder outcomes among adolescents receiving outpatient care for diagnosed eating
disorders (Anorexia Nervosa, Bulimia Nervosa, Eating Disorder Not Otherwise Specified).

Methods—50 girls and 4 boys, aged 11–21 years were randomized to an 8 week trial of standard
care versus individualized yoga plus standard care. 27 were randomized to standard care and 26 to
yoga plus standard care (attrition: n = 4). Standard care (every other week physician/dietician
appointments) was required to meet ethical guidelines. The control group was offered yoga after
study completion as an incentive to maintain participation. Outcomes evaluated at baseline, end of
trial, and one month follow-up included: Eating Disorder Examination (EDE), Body Mass Index
(BMI), Beck Depression Inventory, State Trait Anxiety Inventory, and Food Preoccupation
questionnaire.

Results—The yoga group demonstrated greater decreases in eating disordered symptoms.
Specifically, the EDE scores decreased over time in the yoga group, while the control group showed
some initial decline but then returned to baseline EDE levels at week 12. Food preoccupation was
measured before and after each yoga session, and dropped significantly after all sessions. Both groups
maintained current BMI levels and decreased in anxiety and depression over time.
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Conclusions—Individualized yoga treatment decreased EDE scores at 12 weeks, and significantly
reduced food preoccupation immediately following yoga sessions. Yoga treatment did not have a
negative impact on BMI. Results suggest individualized yoga therapy holds promise as adjunctive
therapy to standard care.

Background
Eating disorders are complicated medical conditions that are increasing in prevalence over
time. Currently, approximately 1–5% of female adolescents are affected by eating disorders
[1–6]. The Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) lists three main
types of eating disorders: anorexia nervosa (AN), bulimia nervosa (BN) and eating disorder
not otherwise specified (EDNOS) [5]. Medical prognosis is generally poor, with morbidity
percentiles ranging between 10–20% [6–8]. Despite a wide range of treatments available, only
about 50% of eating disorder (ED) patients fully recover, and of the remaining 50%, 20% are
emaciated, and 25% are thin [9].

Anxiety and depression are common comorbid conditions in individuals with EDs, particularly
anorexia nervosa. Anxiety rates are estimated to be 60.3% and 56.9% for individuals with AN
and BN, respectively [10–11]. Approximately 50% of individuals with EDs have had a history
of major depression and 20–40% of individuals with EDs experience concurrent depressive
symptoms [12–14].

In addition to anxiety and depression, food preoccupation (FP) is included in most outcome
measures of eating disorders and has been discussed in landmark studies investigating the
impact of starvation on behavioral outcomes [15–19]. Current statistics on FP in EDs have yet
to be provided. This study utilized a pilot version of a questionnaire derived from current
measures to provide some indication of the qualitative impact of FP on EDs.

Individuals with EDs often attempt to control anxiety, depression and FP via exercise [20].
The substitution of yoga for more strenuous exercise may address health care provider concerns
of the impact of exercise on weight loss while simultaneously reducing symptoms of anxiety,
depression, and food preoccupation.

Yoga has been shown to be of preliminary use for anxiety, depression, and general ED
symptoms [21–24]. The purpose of this study was to evaluate if yoga can decrease eating and
psychological symptoms in adolescents with eating disorders.

Methods
Participants

All patients seeking standard care for an eating disorder at Seattle Children’s outpatient
Adolescent Medicine Department received study fliers from medical staff if they met inclusion
and exclusion criteria (n = 64). 10 patients declined participation. Inclusion criteria included
the following: a) between 10–21 years of age, and b) met DSM-IV criteria for AN, BN and/or
EDNOS. Exclusion criteria included: a) had a resting pulse less than 44 beats per minute, b)
physical inability to participate in yoga as determined by the referring health care provider,
and c) a co-morbid DSM-IV diagnosis of Psychotic disorder, Conversion disorder, Substance-
Related Disorder, and/or an Axis II Disorder.

Fifty four adolescents (50 females and 4 males) with a DSM-IV diagnosis of AN, BN or EDNOS
were recruited during active enrollment (February 2006-August 2006). Four participants were
lost due to attrition (see Figure 1).
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Procedures
Interested adolescents and parents contacted study staff to schedule an in-person consent
conference followed by completion of baseline measures. Informed consent (from parents/
guardians) and assent (from adolescents) were obtained according to Seattle Children’s
Institutional Review Board (IRB) protocols. Baseline measures included: a videotaped meal
with a family member (30 minutes), an optional break (30 minutes), State Trait Anxiety
Inventory and Beck Depression Inventory questionnaires (30 minutes), and the Eating Disorder
Examination (1.5 hours).

Randomization to group assignment occurred after baseline measure completion. The
randomization sequence was generated independently by biostatisticians at Seattle Children’s.
Randomization was stratified according to eating disorder diagnosis (AN, BN or EDNOS).
Participants were randomized to two treatment conditions using a stratified, permuted block
scheme. The two conditions were: a) yoga or b) no yoga.

The initial phase of the study included no incentives for controls. All interested families
declined participation when offered no compensation. When offered monetary compensation,
families also declined. When offered the opportunity to receive yoga treatment after completion
of the study, families participated and enrollment was completed in 7 months. All participants
in the control group chose to complete individualized yoga treatment after the completion of
the study.

All participants received standard medical care regardless of group assignment. This included
appointments with a physician and dietician every other week. Weight, height, vital signs, body
mass index (BMI), nutritional habits and menstrual status were monitored at these visits.

The research protocol was approved by the IRB at Seattle Children’s, and was funded by
internal and external independent grants. All research practices were in compliance with the
Health Insurance Portability and Accountability Act of 1996 (HIPAA).

Intervention
Participants received one hour of yoga semi-weekly for 8 consecutive weeks (1:1 instruction).
Yoga was administered in clinical research rooms. Each room was carpeted and had minimal
furniture or medical instruments. Room lights were dimmed to facilitate a less clinical
atmosphere. Participants used the same instructor for all sessions. Instructors were certified in
Viniyoga methodology by Yoga Alliance. Each instructor was a Registered Yoga Teacher at
the 200 hour level (RYT-200). All instructors were trained at the same yoga studio by the same
Experienced Registered Yoga Teacher, certified at the 500 hour level (E-RYT 500). Yoga
sessions followed a yoga treatment manual. All yoga sessions were audio-taped. A random
section of 20% of the audio recordings were assessed for inter-instructor reliability to the
protocol.

Assessment
Assessments were completed for both yoga and no yoga group at three time points: baseline,
post intervention (week 9), and at 1-month follow-up (week 12). Additionally, to examine
possible mechanisms for the impact of yoga, food preoccupation was measured for both groups
(the control group was offered yoga treatment after the conclusion of the study), before and
after every yoga session by research assistants blind to group assignment.

Primary outcomes
Participants completed the Eating Disorder Examination (EDE), a standardized, semi-
structured, diagnostic, clinical interview based on DSM-IV-TR criteria [25,26]. The EDE has
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long been considered the gold standard in the field of eating disorders based on validity,
reliability, generalizabilty, and normative data [27]. It includes four subscales: restraint, eating
concern, weight concern, and shape concern, which combine to form a global score. The EDE
also includes physical measurements of height and weight. The EDE has been shown to have
good internal consistency for each subscale and test–retest reliability and inter-rater reliability
[26,28–30].

Body Mass Index (BMI) was calculated by dividing weight (kg) by height2 (m2). Participants
were weighed using a digital scale and a wall-mounted stadiometer. Shoes and excess layers
of clothing were removed prior to acquiring weight, as patients were not weighed post voiding
in a hospital gown. The calculated value was then compared with children of the same age and
sex.

Secondary outcomes
Depression was assessed with the Beck Depression Inventory (BDI-II) [31]. The BDI-II is a
21-item self-report instrument used to assess depression in adults and adolescents (age 13 or
older). The items on the BDI-II were derived from the diagnostic criteria for depression in the
DSM-IV (1994) and are rated on a 4 point scale (0–3). The BDI has been shown to have good
internal consistency and test–retest reliability and to be responsive to change in depressive
symptoms [31].

Anxiety was assessed with the State Trait Anxiety Inventory (STAI), which consists of 40
items rated on a four-point Likert scale [32]. These items are divided into two scales: the A-
state and A-trait scale, each of which consists of 20 items. State anxiety (A-state) refers to
momentary anxiety and trait anxiety (A-trait) refers to a person’s overall, general, anxiety.
Test-retest correlations from adolescent normative samples have shown good test-retest
correlations and concurrent validity [32].

Food preoccupation (FP) is a key symptom in eating disorders. It is included in the EAT-40,
EAT-26, EDI-II, and EDE [24,16–18]. A measure solely focusing on FP has yet to be
developed. Both versions of the EAT include a “bulimia and food preoccupation” subscale that
includes true-false statements about FP (i.e. “I find myself too preoccupied with food”). The
EDE includes a FP question, but not a FP subscale. Given the focus of the study on the use of
yoga to decrease FP, a FP measure was needed. The EDE FP question was modified and used
as a pilot measure. This question read: Right now, are you spending much time thinking about
food, eating or calories? Is it interfering with your ability to concentrate? If so, how much is
it interfering? Answers were rated on a 6-point Likert scale: (0) no impairment (no interference
at all) (1) barely noticeable (it’s there in the back of my mind, but not consciously noticeable)
(2) slight impairment (it’s present; gnawing) (3) minimal impairment (it’s present and pressing,
but not consuming), (4) moderate impairment (it’s beginning to become consuming; I’m having
trouble focusing) (5) significant impairment (it’s consuming my mind; it’s nearly unbearable),
or (6) severe impairment (thinking of it every second; completely consuming; immobilizing).
No psychometrics examining this question are currently available and it was not tested on
healthy adolescents.

Data analysis
To examine the success of randomization procedures, chi square tests of independence and
independent t-tests were used to evaluate categorical and continuous variables, respectively.
There were no significant differences between the no yoga group and the yoga group on any
of the variables described in this demographics section, indicating that random assignment was
successful in evenly distributing third variables. As there were no significant differences, all
participants are described in the preliminary analyses without respect to treatment group.
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Missing data were managed in one of two ways. First, mean substitution was used to address
occasional missing data points on scale items (in 2 individuals). Second, in cases with large
amounts of data missing, such as full scale measures, individuals were dropped from those
analyses (i.e. for outcome data points of 5 participants in the no yoga group, and for 6
participants in the yoga group).

Differences in outcomes were assessed using chi square analysis for categorical variables and
one-way and mixed model analyses of variance for continuous variables. Pre/post quantitative
data was examined using paired t-tests. All analyses were conducted using intent-to-treat.
Partial eta squared was used as an estimate of effect size in interpreting ANOVA results.
Cohen’s standards for the interpretation of partial eta squared effect size were used (1988):
small (.01), medium (.06), and large (.14). Cohen’s d was used as an estimate of effect size in
interpreting paired t tests. The standards are: small (.2), medium (.4), and large (.8).

Results
Preliminary analyses

All variables were normally distributed. At baseline, the mean age of the participants was 16.52
years (SD = 2.35; range = 11–21) and the mean length of eating disorder illness was 14.3
months (SD = 16.7; range = 0–45 months, with one outlier at 92 months). Over-exercising
(daily participation in at least 2 organized sports, plus self initiated exercises, 5–7 days per
week) was documented in 48% (n = 24) of the participants prior to the start of the study.
According to chart review, 45% of participants (n = 23) had been hospitalized for their eating
disorder prior to the start of the study. The majority of the sample was female (n = 46 [92%]),
non-Hispanic (n = 47 [94%]), and white (n = 43 [86%]). Twenty nine participants (55%) had
Anorexia Nervosa, nine (17%) had Bulimia, and fifteen (28%) had EDNOS.

In addition to study participation, many participants endorsed simultaneous treatment in other
therapies and medication usage. Exploratory post-hoc analyses were conducted on participants
endorsing the three forms of other treatment with sufficient sample size: Individual
psychotherapy (n = 16), art therapy (n = 14), and SSRIs (n = 12). Independent t-tests comparing
individuals using each of these treatments with those not using that particular treatment (e.g.,
those using art therapy vs. those not using art therapy) yielded no significant differences,
indicating that none of these treatments had significant effects on outcome measures. Chi
square tests of independence confirmed that individuals using these other forms of treatment
were equally distributed across the yoga and no yoga groups, thus, there was no confounding
of treatment type in the study.

As the FP measure had not been previously validated, correlations between Global EDE scores
and the FP measure were examined. FP was significantly positively correlated with Global
EDE scores in all but two of 96 instances; both exceptions were positive and marginally
significant (ps < .1). These findings provide some evidence for concurrent validity of the
measure.

Primary analyses
Table 1 presents the means and standard deviations of the EDE scores for both treatment groups
at each assessment point. To test the hypothesis that eating disorder psychopathology would
improve over time if the participant received yoga treatment, a 2 (Group- No Yoga vs. Yoga)
× 3 (Time- Week 0, 9, 12) mixed model analysis of variance (ANOVA) was performed on
participants’ EDE global scores. The results showed support for the hypothesis, with a
significant interaction of Group by Time, F(2, 35) = 3.26, p = .05, η2 = .16. Planned
comparisons revealed that the two groups’ scores declined between Weeks 0 and 9, but the
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yoga group’s scores continued to trend downward through follow-up at Week 12, t(21) = 1.74,
p =.09. The no yoga group’s scores went in the opposite direction at the follow-up, significantly
increasing between Weeks 9 and 12, t(15) = 2.67, p =.02. The overall main effects of Group
and Time were non-significant (ps = .59 and .12, respectively). See Figure 2.

The participants’ four EDE subscale scores were then examined individually, to determine
what subscales were contributing to the significant interaction of Group and Time in the Global
score. A series of 2 (Group) × 3 (Time) mixed model ANOVAs showed no significant effects;
the interactions closest to approach significance were for Weight Concern scores, F(2, 35) =
2.79, p = .08, η2 = .14, and Shape Concern scores, F(2, 35) = 2.07, p = .14, η2 = .11. Both of
these subscales followed the pattern seen in the Global scores. See Table 1 for means and
standard deviations.

Secondary analyses
Scores on the BDI and STAI were examined as dependent variables in another series of 2
(Group) × 3 (Time) mixed model ANOVAs. The pattern of results on these measures was
highly similar. There were significant main effects of time, such that over the study participants
decreased in depression, F(2, 31) = 5.29, p = .01, η2 = .26, state anxiety, F(2, 35) = 4.28, p = .
02, η2 = .2, and trait anxiety, F(2, 35) = 10.92, p = < .001, η2 = .38. There were no main effects
of group and no significant interactions on these outcome measures (all ps > .3); essentially,
participants improved over time in both groups. See Table 2 for descriptive statistics.

For BMI, data were analyzed by group and time and also by diagnosis in a 2 (Group) × 3 (Time)
× 3 (Diagnosis) mixed model ANOVA, as treatment goals for weight outcomes differ by
diagnosis. Both the no yoga and yoga groups improved over time, but not significantly so, F
(2,62) = 1.28, p = .28. There was a significant main effect of group, such that the yoga group
had somewhat higher overall BMI at all time points than the no yoga group, F(1,31) = 4.83,
p = .04, η2 = .14. There was a significant main effect of diagnosis, such that the BN and EDNOS
participants had significantly higher BMIs than the AN group at all time points, F(1,31) = 9.90,
p < .001, η2 = .39. There were no other significant main effects or interactions, indicating that
the yoga treatment did not adversely affect BMI over time. This was true for all three diagnostic
categories. See Figure 3 for the yoga group’s data, and Table 2 for descriptive statistics on BMI
in both groups. BMI increased or stayed the same in 62.2% of the sample at the 12 week
followup. In the remainder of the sample, only 17.7% had BMI losses of greater than .5 points.

Participants were assessed on food preoccupation before and after each of 16 yoga sessions.
For this analysis, data for the yoga group and the no yoga group (who completed yoga after
the study was over) were combined. Participants in both groups completed the same measures
before and after yoga sessions and there were no significant differences between groups in any
of the session means to indicate they should be considered separately. Paired t-tests revealed
highly significant differences (ps < .01) from pre-test to post-test in all 16 sessions, such that
participants indicated less food preoccupation after doing yoga. Seven sessions had pre-post
differences in the medium effect size range according to Cohen’s criteria (.4 < d < .8), and the
other nine sessions had large effect sizes (d > .8).

Discussion
This pilot study is one of the first to give support to yoga as an effective adjunctive treatment
to improve eating disorder symptoms. The results showed differences in outcomes for the yoga
and no yoga groups over time in eating psychopathology, with yoga decreasing Global EDE
scores while the no yoga group’s EDE scores decreased but then returned to baseline levels
after 12 weeks. The trends in participants’ scores on the Weight and Shape Concern subscales
appeared responsible for the overall pattern of findings in the Global EDE scores, more so than
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the Restraint and Eating Concern subscales. One hypothesis for this trend is that food
preoccupation may be reduced by focusing attention on yoga poses. Participants frequently
endorsed this qualitatively after yoga sessions, commenting “This is the only hour in my week
when I don’t think about my weight.”

BMI scores remained stable for both groups. Yoga did not decrease weight in patients with
AN, and rapid weight fluctuations were not noted for patients with BN. Many physicians are
concerned about caloric expenditure in ED patients, so BMI maintenance in combination with
yoga therapy is reassuring. There were no interactive effects of BMI with the yoga treatment,
indicating that yoga was equally safe for patients with any of the three diagnoses.

Both groups significantly improved in anxiety and depression scores over time, possibly as a
result of the standard care they were receiving. Food preoccupation scores decreased from pre-
test to post-test after all yoga sessions. Given the strength of the food preoccupation effects, it
is hypothesized that yoga may function as an acute intervention. Giles (1986) suggested that
yoga might be useful before and after meals to help reduce food preoccupation [33]. Research
investigating Giles’ theory seems feasible based on these preliminary results. Data gained from
videotaped meals is being analyzed to provide further evidence for this hypothesis. While the
long term effects of yoga are not known, the apparent short term symptom relief from yoga
may improve the quality of life during treatment for adolescents with EDs.

Despite promising results, our study has several limitations. First, results may not generalize
to inpatient or community samples. Second, although some support for the concurrent validity
of the FP measure was provided, normative data is needed. Third, the limited sample of
participants within each diagnostic subgroup reduced statistical power to differentiate
treatment effects by diagnosis. Finally, as with any repeated measures design, repetitive testing
may increase scores for participants positively as they anticipate questions and form answers
ahead of time.

Future studies should: (a) utilize a larger sample size to examine yoga benefits by eating
disorder subgroup; (b) utilize biological measures of physical arousal; (c) examine the acute
versus long term effects of yoga; (d) examine the specific effects of yoga as compared to other
relaxation strategies; (e) examine the long term outcomes of adjunctive yoga interventions on
weight restoration and bone health.
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Figure 1.
Patient Flow.

Carei et al. Page 10

J Adolesc Health. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Global EDE Scores by Group and Time
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Figure 3.
BMI of Yoga Group by Diagnosis and Time
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