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Summary
Background Body image disturbance and anxiety are core features of anorexia nervosa (AN), a psychiatric disorder
with one of the highest mortality rates. This study examined the efficacy of a novel non-pharmacological treatment,
floatation-REST (Reduced Environmental Stimulation Therapy) on body image disturbance and anxiety in inpatients
with AN.

Methods This parallel group randomised controlled trial compared floatation-REST vs. care as usual in women and
girls hospitalised for treatment of AN in Tulsa, Oklahoma, USA. Participants were randomised on a 2:1 ratio to
receive eight, twice-weekly, 60-min floatation-REST sessions for 4 weeks, in addition to care as usual, or to receive
care as usual. The primary outcome was the average change in body dissatisfaction from pre- to post-float as
measured by the Photographic Figure Rating Scale. The secondary outcome was the average change in anxiety
from pre- to post-float as measured by the state version of the State Trait Anxiety Inventory. Longitudinal effects
of floatation-REST on body dissatisfaction were also examined. All analyses were conducted using the intention-to-
treat principle. Planned linear mixed models tested the effect of floatation-REST vs. care as usual. The trial was
preregistered (clinicaltrials.gov NCT03610451).

Findings Between March 16, 2018 and February 25, 2021, 133 participants were screened for eligibility, and 86 were
consented. Eighteen were excluded after consent, for a final randomisation sample of 68 participants (45 floatation-
REST; 23 care as usual). There were two session by condition interactions on body dissatisfaction (p = 0.00026) and
state anxiety (p < 0.0001), such that the floatation-REST group exhibited acute (i.e., pre- to post-session) reductions in
body dissatisfaction (floatation-REST group mean change (Δm) = −0.43; 95% CI −0.56 to −0.30, p < 0.0001, Cohen’s
d = 0.23), and acute reductions in anxiety (floatation-REST group Δm = −15.75; 95% CI −17.95 to −13.56, p < 0.0001,
Cohen’s d = 1.52); however, the care as usual group exhibited no significant changes. With regard to longitudinal
results, there was a significant time by treatment interaction between baseline and immediately post intervention
(p = 0.012) and baseline and six-month follow up (p = 0.0019). At immediately post intervention, there was a
trending reduction in body dissatisfaction for the floatation-REST group (Δm = −0.41, 95% CI −0.86 to 0.03,
p = 0.068) and care as usual group (Δm = 0.61; 95% CI −0.04 to 1.27, p = 0.070). At six-months post-intervention,
the floatation-REST group exhibited lower body dissatisfaction (Δm = −0.91; 95% CI −1.37 to −0.45, p = 0.0020,
Cohen’s d = 0.53) whereas the care as usual group reported no change in body dissatisfaction (Δm = 0.35; 95%
CI −0.28 to 0.98, p = 0.96) relative to baseline. There were no adverse events related to the trial during the study.

Interpretation Our findings suggest that Floatation-REST decreased body dissatisfaction compared to care as usual
acutely after each float session and at six-month follow-up. Floatation-REST has potential utility for the treatment
of body image disturbance and anxiety in AN. These results may be limited by some generalisability concerns
given the recruitment of a modest sample receiving inpatient treatment at a single site.
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Research in context

Evidence before this study
Reduced Environmental Stimulation Therapy via floatation
(floatation-REST) has been investigated for potential clinical
utility in individuals with psychiatric or medical conditions.
Between August 18, 2022 and September 1, 2022, we
searched the titles and abstracts in PsycINFO, PubMed, and
Web of Science using the search terms (“reduced
environmental stimulation therapy”) OR (“floatation
therapy”) OR (“flotation therapy”) OR (“floatation-REST”) OR
(“flotation-REST”) OR (“restricted environmental
stimulation”). Sixty-eight unique articles were identified using
the following search criteria: original research articles
published in a peer reviewed journal, and those utilising
human participants.
For this review, articles that were not relevant to the current
study topic were excluded including those related to athletic
and/or strength conditioning (n = 8), states of altered
consciousness (n = 6), insomnia (n = 2), personality and
creativity (n = 6), smoking cessation (n = 6) or alcohol use
(n = 1), for a total of 39 studies that were examined in detail.
Only six studies investigated individuals diagnosed with a
psychiatric disorder (e.g., anxiety, depression, or eating

disorder), and of these, only one examined the effect of REST
in anorexia nervosa (AN). In that single-group open label trial,
floatation-REST was found to be safe and well tolerated by
outpatients with AN and to acutely reduce body image
disturbance and anxiety.

Added value of this study
The current study is the first randomised controlled trial
examining the effects of floatation-REST in individuals with
AN. We found that the AN inpatients randomised to
floatation-REST experienced acute reductions in body image
disturbance and anxiety compared to a care as usual group.
Further, the longitudinal assessment of illness trajectories
revealed group differences such that the floatation-REST
group had significantly lower body image disturbance at six-
months post intervention.

Implications of all the available evidence
Few studies have focused on the safety or clinical impacts of
floatation-REST in individuals with psychiatric disorders. Our
findings have implications for the clinical utilisation of
floatation-REST in the treatment of eating disorders.
Introduction
Anorexia nervosa (AN) is a psychiatric disorder with
standardised mortality rates estimated to be higher than
many other severe psychiatric conditions including
schizophrenia and bipolar disorder.1 AN has a lifetime
comorbidity of 50–60% with anxiety disorders,2 and it is
associated with a high personal and family burden that
includes excessive healthcare costs, lost wages for pa-
tients and caregivers, and a substantially decreased
quality of life.3 Despite the intensive delivery of treat-
ments for AN via inpatient settings the disorder has an
extensive rate of relapse: as high as 50% within the first
year of treatment,4 with the greatest risk of relapse
approximately 60 days after hospital discharge.5 The
considerable risk of relapse, in conjunction with the
high mortality rate, substantial illness burden, and
prolonged treatment duration highlights an urgent need
for improved treatments for AN.

AN is characterised diagnostically by three core
symptoms: 1) severe food restriction leading to weight
loss; 2) intense fears of weight gain; and 3) body image
disturbance in the form of an aversive overvaluation of
one’s own weight and shape. Body image is a multi-
faceted construct comprised of cognitive/affective (how
one thinks and feels about their body) and perceptual
(how one actually sees their body size/shape) compo-
nents.6 Body image disturbance is more resistant to
change in women with AN than other eating disorders,7

and it is involved in the maintenance and relapse of
AN.8 There is consistent evidence for perceptual over-
estimations of body size in AN9–11 (but see12,13), although
most current first-line treatments for AN primarily
focus mainly on addressing the cognitive/affective
component of body image disturbance. Perceptually-
focused standalone body image treatments, such as
mirror-exposure therapy and virtual reality manipula-
tions can be successful for improving body image, but
these studies have primarily been small or non-
randomised, and some have been complicated by
adverse events.14 Other standalone interventions have
targeted the affective/cognitive component using prin-
ciples of cognitive behavioral therapy, but many of these
studies may suffer from inflated effect size estimates
due to small sample sizes or publication bias.15 Addi-
tionally, a meta-analytic study found only a small effect
(d = 0.38) for standalone treatments.15 Thus, the present
need for improved treatments for AN is compounded by
a shortage of safe and empirically validated in-
terventions targeting body image disturbance.

Traditional treatments for body image disturbance in
eating disorders tend to apply a top-down approach (i.e.,
manipulating cognitions to affect perceptions of the
body). However, more recent suppositions argue that
body image perception may occur via the nervous
www.thelancet.com Vol ▪ ▪, 2023
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system’s processing of multisensory inputs, affecting
perception and ultimately cognition via the integration
of afferent visual stimuli (i.e., what images are relayed
by the retina to the brain), prior cognitive schemas (i.e.,
how one thinks and feels about their body), and
incoming or anticipated interoceptive signals (i.e., how
one senses their body’s current physiological state).16,17

This theoretical perspective suggests that the dimin-
ished perception of interoceptive body signals (i.e., an
inability to accurately sense what is happening in the
body) causes an increased reliance and sensitivity to
exteroceptive body signals (especially visual), leading
one to view their body as an object from the third-person
perspective and negatively self-objectify it. As a conse-
quence, AN individuals may have difficulty adaptively
integrating external and internal signals, which could
lead to an inaccurate mental representation of one’s own
body. Abnormal interoception is currently a non-
diagnostic component of AN but it is increasingly rec-
ognised as playing a role in clinical expression of the
disorder,18–20 and functional neuroimaging studies have
identified disruptions of signaling across areas of the
brain that facilitate interoceptive and visuospatial rep-
resentation in AN.21,22 Diminished interoception has in
turn been associated with self-objectification23 and a
susceptibility to altered self-focused visual attention.24

Together, these findings suggest a mechanistic rela-
tionship between interoception and perceptual body
image disturbance and implies that a bottom-up
approach to treating disturbed body image may have
therapeutic benefit.

Reduced Environmental Stimulation Therapy via
floatation (floatation-REST) is a non-pharmacological
intervention under increasing investigation for poten-
tial anxiolytic properties in clinically anxious and
stressed populations. Floatation-REST involves immer-
sion in a shallow pool of water saturated with Epsom
salt, which, along with additional engineering calibra-
tions, results in an environment that reduces nervous
system input from exteroceptive sensory signals (e.g.,
light and sound proofing reduces visual and auditory
stimulation). Proprioceptive signals are reduced by the
high specific gravity of the water which facilitates
effortless floating without requiring skeletal muscle
movements, and thermosensory signals are equalised
via heating the air and water to match the skin’s tem-
perature. As a result, floatation-REST simultaneously
attenuates exteroceptive and proprioceptive sensory
input and increases awareness of interoceptive sensa-
tions.25 Studies in clinical populations have begun doc-
umenting the safety, tolerability, and efficacy of this
intervention,25–27 but only one to date has examined
floatation-REST in AN. In a single-group open-label
safety study, we found floatation-REST to be safe and
well-tolerated in partially weight-restored outpatients
with AN, with no evidence of orthostatic hypotension
induced by the float environment (primary outcome).28
www.thelancet.com Vol ▪ ▪, 2023
During the secondary analysis of outcomes we found
that floatation-REST produced moderate improvements
in body dissatisfaction indexed via the Photographic
Figure Rating Scale (PFRS), a measure of the perceptual
component of body image disturbance. We also saw
large acute reductions in state anxiety indexed via the
State Trait Anxiety Inventory (STAI), as well as positively
valenced increases in cardiorespiratory interoceptive
sensations. These open-label findings suggested that
further investigation of the clinical impact of floatation-
REST in AN was warranted.

We conducted a randomised clinical efficacy trial of
floatation-REST in AN with the primary objective to
examine the acute impact of eight sessions of floatation-
REST on body dissatisfaction in women and girls with
AN receiving intensive treatment in an inpatient setting.
We hypothesised that individuals receiving floatation-
REST, in addition to care as usual, would exhibit sig-
nificant reductions in body dissatisfaction from pre- to
post-floatation-REST relative to a group receiving care as
usual. Our secondary objectives were to evaluate the
longitudinal impact of floatation-REST on body dissat-
isfaction (i.e., intervention effects from baseline to post-
intervention and follow-ups) as well as the acute and
longitudinal impacts of floatation-REST on anxiety,
eating disorder symptom severity, functional ability, and
other perceptual and attitudinal measures of body im-
age. We hypothesised that the floatation-REST group
would also exhibit lower body dissatisfaction at post-
intervention and at six-week and six-month follow-up
times compared to the usual care group.
Methods
Study design
The study was a parallel group randomised control trial
performed at a single site. Ethical approval for the trial
was granted by the WIRB-Copernicus Group (WCG)
IRB on January 5, 2018, under study number 1182807.
The trial was prospectively registered with the National
Institute of Health clinicaltrials.gov (NCT03610451) at
the start of the study on March 16, 2018, and the pro-
tocol is provided in the Appendix (pages 1–41). This
protocol was developed via a pragmatic clinical trial
framework. The Pragmatic-Explanatory Continuum In-
dicator Summary 2 (PRECIS-2) wheels for the inter-
vention and care as usual groups are presented in the
Appendix (page 40).

Participants
Inpatients with AN were recruited from the Laureate
Eating Disorders Program (LEDP), a treatment program
for women and girls located within the Laureate Psy-
chiatric Clinic and Hospital in Tulsa, Oklahoma, USA.
All individuals presenting to LEDP who met criteria for
AN were considered for the trial. Participants were
recruited via recommendations from facility staff and
3
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posted fliers. They were included in the study if they
met the following criteria: female, primary clinical
diagnosis of AN, age 13–64 years, receiving inpatient
treatment at the LEDP, body mass index (BMI) ≥16 (to
reduce the likelihood participants were in a severe acute
starvation state), independently ambulatory, and ability
to comfortably lie in a supine position. Exclusion criteria
were active suicidal ideation, active cutting or skin
lacerating behaviors, current orthostatic hypotension,
comorbid schizophrenia spectrum, bipolar, or other
psychotic disorder, seizure within the previous 12
months, no smartphone/computer access, systolic blood
pressure >160 mmHg, diastolic blood pressure
>100 mmHg, and resting heart rate <40 beats per
minute. More detailed inclusion and exclusion criteria
are provided in the Appendix (pages 17–18). Written
informed consent was obtained for participants 18–64
years of age. Parental consent and assent were obtained
for participants 13–17 years of age.

Randomisation and masking
Participants were assigned randomly at a 2:1 ratio to
floatation-REST or care as usual. The unequal random-
isation was utilised to allow for greater ability to detect a
small effect expected from floatation-REST in compari-
son to a care as usual comparator. The randomisation
sequence was generated at the start of the study via
online computer randomisation by an in-house statisti-
cal consultant who was uninvolved with the study.
Randomisation occurred at the individual level only af-
ter verification that the inclusion criteria were met and
upon completion of the baseline visit assessments, such
that the research coordinator revealed the assignment to
the individual and scheduled their subsequent assess-
ments. Following the randomisation, the participants
and study team were not masked to the participant’s
assigned condition in this behavioral clinical trial.

Procedures
All participants were receiving residential eating disor-
der care which involves individualised, intensive thera-
peutic intervention from multidisciplinary teams
comprised of physicians, nursing staff, behavioral
therapists, registered dieticians, chefs, yoga instructors,
and school coordinators (if indicated). Treatment also
includes medical stabilization, psychopharmacology (if
indicated), nutritional assessments and interventions, as
well as intensive psychotherapy via group, individual,
and/or family therapy formats, totaling more than 40 h
per week of clinical programming. All participants
received the same level of care within LEDP regardless
of randomisation status. Every participant was
compensated for their involvement, with compensation
provided by the Laureate Institute for Brain Research
(LIBR).

Participants randomised to floatation-REST received
care as usual and completed eight float sessions at a rate
of approximately two sessions per week. Participants
randomised to floatation-REST reported to the LIBR
Float Clinic and Research Centre, a facility which was
pre-existing and operated by LIBR, and located three
floors below the residential eating disorder treatment
program in the same building. Participants in the study
did not incur personal cost or additional health
insurance charges associated with the utilisation of
floatation-REST. During the floatation-REST interven-
tion participants floated in one of two shallow circular
fiberglass pools. Each pool was 8 feet in diameter and
contained 11 inches of reverse osmosis water saturated
with ∼1800 pounds of USP grade Epsom salt (magne-
sium sulfate), creating a dense saltwater solution
maintained at a specific gravity of ∼1.26. When laying
supine, the density of this solution allowed participants
to float effortlessly on their back. The temperature of the
water and the air were calibrated to ∼95.0 ◦F or skin
temperature, helping to minimise the need for ther-
moregulation while reducing the thermal boundary be-
tween air, body, and water. Clothing was usually not
worn during the float session per the usual application
of this intervention, though participants were allowed to
float in a bathing suit if they preferred. They had the
option to float in total darkness or with soft ambient
illumination provided via a blue light emitting diode.
Participants were asked to shower before and after
floating. Mirrors in the adjacent bathrooms were
covered by a curtain to reduce potential effects of visual
exposure to their own body image before and after
floating. Each float lasted 60 min unless terminated
early by the participant. Participants completed ques-
tionnaires before and after each float session via an
electronic tablet containing the primary and secondary
outcome measures. Participants randomised to the care
as usual group completed the identical evaluation
measures at approximately the same timepoints as the
floatation-REST group. These time points took place
during a scheduled programming break and snack time
for both the usual care and floatation-REST group, thus
avoiding potential interference with clinical outcomes
assessment for care as usual participants and ensuring
floatation-REST participants did not miss any scheduled
therapeutic sessions given as part of usual care. This
scheduled snack time was prescribed as part of the
inpatient meal plan and adherence to this snack was
monitored by the study staff.

Additional self-reported outcomes data were
collected at baseline (prior to intervention), at post
intervention (immediately after completing the full
eight-session intervention), at six-weeks, and at six-
months post intervention, via electronic devices that
included tablets, computers, and smartphones. These
endpoints are detailed in the protocol (Appendix pages
16–17). Follow-up assessments were conducted
remotely at six-week and six-month intervals post
intervention.
www.thelancet.com Vol ▪ ▪, 2023
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Outcomes
The primary outcome was self-reported body dissatisfac-
tion as measured by the Photographic Figure Rating
Scale (PFRS),29 assessed before and after each session.
Participants are asked to select the image that most
closely approximates their current and ideal body. The
PFRS body dissatisfaction score is calculated as the ab-
solute difference between the current and ideal bodies
selected by the participant. Secondary outcome measures
included the PFRS measured at baseline, immediately
post intervention, at six-week, and six-month follow-ups.
Secondary outcomes assessed at pre- and post-session
timepoints included the State Trait Anxiety Inventory
(STAI) state form,30 Body Image States Scale (BISS), and
interoceptive sensation ratings rated on a visual analog
scale. Secondary outcome measures assessed at baseline,
immediately post intervention, six weeks, and six months
post intervention included: anxiety, eating disorder
symptom severity, functional ability, and other perceptual
and attitudinal measures of body image including the
Body Appreciation Scale-2 (BAS). A detailed schedule of
events is listed in the Appendix (page 24).

Monitoring of adverse events and safety outcomes
including serious adverse events, as defined by the trial
protocol (Appendix page 26), were recorded and reviewed
regularly by the senior investigator to determine their
relationship to the study. Adverse events were defined as
death, a life-threatening adverse event, inpatient hospi-
talisation, or prolongation of existing hospitalisation, or a
persistent or significant incapacity or substantial disrup-
tion of the ability to conduct normal life functions. There
was no data monitoring committee for the study.

Choice of primary measure
We selected body dissatisfaction on the PFRS as our
primary outcome because of the centrality of body im-
age disturbance to the diagnosis of AN, the recalcitrance
of this construct to treatment, and based on empirical
observations from our safety study in AN28 which
identified reductions in body dissatisfaction on the
PFRS during the secondary outcomes analysis.

Statistical analysis
We required a sample size of 54 participants, allocated in
a 2:1 ratio, to detect a medium effect size of floatation-
REST on PFRS body dissatisfaction. Our sample size
estimate was made based on several assumptions: (1) the
proposed float intervention (two float sessions per week
for four weeks) would have similar effects as the three
float sessions in the original safety study in AN,28 (2) the
care as usual group would show no average change in
body dissatisfaction, (3) the care as usual and floatation
groups would exhibit similar variance-covariance struc-
tures, and (4) a 10% dropout would be observed across
the intervention for each group. Based on these as-
sumptions, the sample size was calculated for 80% power
based on a linear mixed-effects model with Group as the
www.thelancet.com Vol ▪ ▪, 2023
fixed-effect, and (a) a random intercept only (equivalent to
exchangeable correlation structure) or (b) a random time/
float slope (to capture temporal correlation), at the 0.05
significance level for various effect sizes by 10,000-run
simulation for each scenario. Simulations were per-
formed in R (version 3.3.2) using packages mvtnorm
(version 1.0-6) to simulate multivariate normal data, lme4
version 1.1-14) for mixed-model inference.

We conducted all analyses using the intention-to-treat
(ITT) principle such that all randomised participants with
a recorded primary or secondary outcome were included,
according to their group assignment. Frequency distri-
butions, means, and standard deviations (SD) were
calculated for each outcome measure at all measurement
points. Distributions were examined for extreme outliers
and for significant deviations from normality. Outliers
were assessed using the generalised extreme studentised
deviant test. Distributions were tested for normality using
visual inspection of Q–Q plots and the Shapiro–Wilk
normality test. Both outcome measures were assessed
for covariance with several demographic metrics,
including age, admission BMI, years of education, age of
illness onset, and psychiatric medication status. Cova-
riates significantly related to the outcome of interest were
controlled for in the final models.

Linear mixed models (LMMs) were used to evaluate
changes of each self-report metric in response to time
and treatment. These models captured the acute and
long-term effects of treatment (i.e., primary and sec-
ondary outcomes). All tests were 2-tailed, with signifi-
cance set at p < 0.05. Analyses were conducted in R
(version 3.6.1). LMMs were constructed using the lme4
package. Our initial intention, specified in the Protocol,
was to impute missing values. However, that was not
done as linear mixed models can handle missing values
and can include partial data for a participant whose
observations are incomplete. In presenting results
from these models, interactions between treatment
groups and time were examined to determine if
changes over time differ by treatment group. This was
followed, if appropriate, by post hoc comparisons of
estimated marginal means (Δm) within each treatment
group to determine what led to the significant inter-
action. This testing was conducting using the emmeans
package in R.

Model 1 examined the acute effects of time (pre- and
post-session), treatment condition (floatation-REST vs.
care as usual) and their interaction in predicting pri-
mary (PFRS) and secondary outcome measures (STAI).
The acute LMM modeled before and after floatation-
REST effects, while controlling for inter-session vari-
ability by modeling the effects of session number (i.e.,
session 1–8) on the intercept. The model also accounted
for overall effect from pre- to post-floatation by
collapsing the effects of all eight sessions together.
Additionally, random effects of each participant were
modeled on the intercept and on the effect of time (pre,
5
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post) to control for potential individual difference vari-
ations present in the multiple measurements taken
from each participant. Models predicting the PFRS
included age, age of onset, education, and admission
BMI as covariates. Models predicting the STAI included
age, age of onset, education, and psychotropic medica-
tion as covariates.

Model 2 examined the longitudinal effect of the
intervention (i.e., cumulative effect of the eight floata-
tion sessions) on PFRS body dissatisfaction. Time was
modeled using a dummy code system with baseline as
the comparator condition. Interactions were explored
between time and treatment. Random effects of each
participant were modeled on the intercept. Outcome
measures at the conclusion of the intervention were
modeled by comparing baseline values with values ob-
tained immediately post-intervention, at six weeks post-
intervention, and at six months post-intervention.

Role of the funding source
The funder of this study, The William K Warren foun-
dation had no role in study design, data collection, data
analysis, interpretation, or writing of the report. All
authors had full access to all the data in the study and
accept responsibility for the decision to submit for
publication.
Results
Screening and recruitment took place between March
16, 2018 and February 25, 2021, with a pause in data
collection between March 2020 and July 2020 due to the
COVID-19 pandemic. Following this pause in recruit-
ment, rapid Sars-Cov-2 antigen testing was utilised to
allow study entry. A total of 133 participants were
screened for eligibility, and 86 were consented. Eighteen
were excluded after consent and one additional partici-
pant randomised to care as usual withdrew before their
first appointment, for a final randomisation sample of
n = 67 participants (45 floatation-REST; 22 care as usual;
see Fig. 1). Recruitment ended when a sufficient num-
ber of participants had been randomised to each
condition.

Baseline characteristics for each group are listed in
Table 1. The sample was predominantly Non-Hispanic,
White (92%; n = 42); 6% identified as White/American
Indian (n = 4), one participant identified as Chinese, and
one was missing race and ethnicity data. The floatation-
REST and care as usual group did not differ with respect
to mean body mass index at admission (17.3 vs. 16.9,
respectively), mean age (20.0 vs. 18.9 years, respec-
tively), or mean age of illness onset (14.7 vs. 14.9 years,
respectively).f Baseline eating disorder symptom
fAge was calculated from each participant’s self-reported date of birth,
and age of onset and illness duration were obtained independently from
their medical record.
severity was similar in the floatation-REST group
(m = 4.20, SD = 1.07) and in the care as usual group
(m = 4.36, SD = 0.92). Baseline levels of anxiety and body
dissatisfaction were also similar across groups (see
Table 1). The percentage of participants taking psycho-
tropic medication was higher in the floatation-REST
group (86%) than the care as usual group (50%). Par-
ticipants randomised to the floatation-REST condition
completed an average of 7.7 floatation sessions, with an
average float session duration of m = 49.4 min,
SD = 12.6 min across the study. Participants rando-
mised to the care as usual condition completed an
average of 7.6 measurement sessions. Prior to analyses,
data were assessed for normality and outliers. No
extreme deviations from normality or outliers were
identified.

For the primary outcome, there was a significant
session by treatment interaction on the PFRS
(F(1,62.0) = 15.00, p = 0.00026). This arose from signifi-
cant reductions in body dissatisfaction from pre-to post-
session for the floatation-REST group (Δm = −0.43; 95%
CI −0.56 to −0.30, p < 0.0001, Cohen’s d = 0.23), whereas
the care as usual group showed no significant change in
body dissatisfaction (Δm = 0.02; 95% CI −0.17 to 0.20,
p = 0.87). See Fig. 2A and B, and Supplementary
Material for additional model comparisons.

With regard to secondary outcomes for body dissat-
isfaction, there was a significant time by treatment
interaction between baseline and immediately post
treatment (F(1,158.8) = 6.50, p = 0.012). Post hoc testing
revealed that there was a trending within group differ-
ence for the floatation-REST condition (Δm = −0.41,
95% CI −0.86 to 0.03, p = 0.068) and care as usual
condition (Δm = 0.61; 95% CI −0.04 to 1.27, p = 0.070).
See Fig. 3 and Supplementary Material. The time by
treatment interaction was not significant at the six-week
follow-up (F(1,158.9) = 2.48, p = 0.12). However, there was
a significant time by treatment interaction between
baseline and the six-month post-intervention time point
(F(1,159.0) = 9.99, p = 0.0019; see Fig. 3). Relative to their
baseline, the floatation-REST group showed significantly
decreased body dissatisfaction at the six-month time
point (Δm = −0.91; 95% CI −1.37 to −0.45, p = 0.00020,
Cohen’s d = 0.53) whereas the care as usual group
showed no significant change in this measure
(Δm = 0.35; 95% CI −0.28 to 0.98, p = 0.28). For the
secondary outcomes of attitudinal body image (i.e., Body
Image States Scale and Body Appreciation Scale) there
were no significant session by treatment interactions (all
p’s > 0.05).

For the secondary outcome of anxiety, there was a
significant session by treatment interaction (F(1,
59.9) = 66.11, p < 0.0001). See Fig. 2C and D and
Supplementary Material. Post hoc testing showed that
there was a significant reduction in STAI-state anxiety
from pre- to post-session for the floatation-REST group
(Δm = −15.75; 95% CI −17.95 to −13.56, p < 0.0001,
www.thelancet.com Vol ▪ ▪, 2023
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Fig. 1: CONSORT flowchart of study enrollment, allocation, analysis, and follow-up.
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Cohen’s d = 1.52), but not for the care as usual group
(Δm = −0.01, 95% CI −3.10 to 3.13, p = 0.99). See
Fig. 2C. For the secondary longitudinal outcome of trait
anxiety (i.e., STAI-trait) there were no significant session
by treatment interactions (all p’s > 0.05). For all analyses,
additional models were explored without the presence of
covariates, with no change to the presented findings.
There were no adverse events related to the trial during
the study.
Discussion
This randomised clinical efficacy trial provided evidence
that floatation-REST, when compared to care as usual,
led to acute and longitudinal decreases in body
www.thelancet.com Vol ▪ ▪, 2023
dissatisfaction in women and girls with AN receiving
inpatient treatment. Additionally, we found that the
floatation-REST intervention was associated with large
reductions in state anxiety. The magnitude of these
findings is consistent with our previous nonrandomised
safety study in AN outpatients28 and with our hypotheses
for the current study.

There was a signal suggesting that floatation-REST
reduced body dissatisfaction more than usual care over
time. The small size of this effect may partly reflect the
well-known recalcitrance of body image disturbance to
therapeutic modulation in AN.7 It may also reflect the
lack of targeting of body image using specific cognitive
or behavioral strategies during the floatation-REST
intervention. This finding is in line with other body
7
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Floatation-REST (n = 45) Care as usual (n = 22)

Age in years, mean (SD) 20.0 (4.3) 18.9 (5.4)

Education, years, mean (SD) 13.2 (2.6) 12.0 (2.8)

Age of onset, years, mean (SD) 14.7 (3.8) 14.9 (2.6)

Illness duration, years, mean (SD) 6.0 (5.4) 3.5 (3.8)

Lowest BMI, mean (SD) 16.4 (2.4) 16.0 (2.6)

Admission BMI, mean (SD) 17.3 (1.8) 16.9 (1.6)

Psychiatric medication, mean (SD) 37 (86%) 11 (50%)

EDE-Q score at baseline, mean (SD) 4.20 (1.07) 4.36 (0.92)

STAI trait score at baseline, mean (SD) 60.7 (8.5) 61.0 (10.5)

PFRS score at baseline, mean (SD) 2.93 (1.70) 2.64 (1.62)

Ethnicity, n (%)

White 42 (96%)a 20 (91%)

Asian 0 (0.0%) 1 (5%)

American Indian or Alaska Native 3 (7%)a 1 (5%)

Primary diagnosis, n (%)

AN–restricting subtype 28 (64%)a 11 (50%)

AN–binge/purge subtype 7 (16%)a 2 (9%)

AN–unspecified 9 (21%)a 9 (41%)

Comorbid diagnosis, n (%)

Major depressive disorder 23 (54%)b 9 (41%)

Generalised anxiety disorder 34 (79%)b 16 (73%)

Obsessive compulsive disorder 9 (21%)b 4 (18%)

AN, anorexia nervosa; BMI, body mass index; EDE-Q, Eating Disorder Examination Questionnaire; STAI, State Trait Anxiety Index; PFRS, Photographic Figure Rating Scale.
aPercentage out of 44 participants due to missing demographic data. bPercentage is out of 43 participants due to missing diagnostic data. All percentages were rounded to
nearest integer, thus may not add to 100%.

Table 1: Participant demographics and selected baseline characteristics.
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image disturbance therapies including mirror expo-
sure,14 acceptance-based approaches,31 and cognitive
restructuring,32 which show evidence of small to me-
dium effects.14,15 Further, the current study did not find
evidence that floatation-REST influenced cognitive/af-
fective measures of body image disturbance. Additional
investigation is necessary to determine whether cogni-
tive or behavioral strategies focused on body image
disturbance could be augmented with floatation-REST to
exert larger and more comprehensive (i.e., cognitive,
affective, and perceptual) therapeutic impacts. The pre-
sent findings are well-poised for a pragmatic integration
with current treatments for AN, particularly those
focused on improving body image.

We also observed a robust impact of floatation-
REST on acute anxiolysis in inpatients with AN. The
magnitude of this effect (d = 1.52) was comparable with
previous floatation-REST studies of clinically anxious
outpatients25,26 in addition to our study of outpatients
with AN who reported lower levels of eating disorder
symptoms.28 This anxiolytic effect is noteworthy given
the high comorbidity of anxiety disorders with AN and
the challenges of finding effective short-acting in-
terventions for anxiety that are non-sedating, particu-
larly since previous work in AN has suggested a lack of
anxiolytic response to the short-acting benzodiazepine
alprazolam.33 The magnitude of the anxiolytic effect of
floatation-REST in AN is comparable to that of al-
prazolam for anxiety disorders (d = 1.79)34 and larger
than that of treatments for anxiety disorders involving a
placebo (d = 1.29),34 enhanced cognitive behavioral
therapy for eating disorders (d = 1.06),35 cognitive
remediation therapy for eating disorders (no
change),36,37 and exposure therapy for meal related
anxiety in AN (d = 0.32).38 Thus, further investigation is
necessary to determine whether traditional anxiolytic
treatments for AN could be augmented with floatation-
REST to exert larger therapeutic impacts, or whether it
could be used to reduce the anxiety related to meals or
weight restoration that is often observed during
treatment.
www.thelancet.com Vol ▪ ▪, 2023
This is the first randomised clinical efficacy study to
examine the effects of floatation-REST on body image
disturbance and anxiety in women and girls with AN.
We employed a care as usual comparator group with
robust sampling which provided a more reliable esti-
mate than a wait-list control. Based on these initial re-
sults, additional trials employing other comparators
appear warranted. For example, an active comparator
intervention could be utilised to better control for po-
tential nonspecific effects of therapeutic expectancy.
However, since we view floatation-REST primarily as a
tool for augmenting existing treatments rather than as a
standalone treatment, such comparators would need to
be designed carefully and might focus on matching the
attentional characteristics of both interventions. Addi-
tional steps may determine whether floatation-REST has
additive clinical utility when used to augment current
cognitive affective treatments focused on body image
disturbance. Investigations combining floatation-REST
with perceptually focused body image treatments (e.g.,
mirror exposure) could be an alternative approach.
Establishing the durability of such effects will be
important.

While the results of the current trial are promising,
there are several design characteristics to consider. The
intervention was limited to a modest sample of partici-
pants recruited from a single inpatient treatment centre
with a restricted ethnoracial background. The pragmatic
design of this study entailed a limited mechanistic
framework (i.e., no biomarker assessments). As this
study focused on individuals with AN, a transdiagnostic
approach including individuals with other eating disor-
ders characterised by overvaluation of weight and shape
would be useful in future investigations. As floatation-
REST is presently considered a novel therapeutic tool,
treatment expectancies may have played a role in the
current results, and future studies should examine such
expectancies and how they relate to symptom improve-
ment. The current study did not account for additional
treatment participants may have sought after leaving
residential treatment and it is unknown if participants
in the floatation-REST group continued with floatation-
REST after discharge or if this group differed from the
usual care group in post-hospitalisation treatment uti-
lisation. Finally, while there were significant time by
treatment interactions on the PFRS, suggesting a signal
related to floatation-REST, the differences between
groups at certain discrete time points were not signifi-
cant. This may in part be due to insufficient power to
detect group differences as the repeated measures study
design was better powered to detect longitudinal within
group differences. It will be important for future studies
to consider the potential influence of these factors on
observed outcomes. A pragmatic trial examining the
practicalities and cost of augmenting eating disorder
treatment with floatation-REST would be instructive as
to the real-world feasibility of this intervention. Despite
9
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these considerations, the current study exhibited mul-
tiple strengths in that it was prospectively designed us-
ing a rigorous and pragmatic framework, and used
randomisation to evaluate the efficacy of floatation-
REST in AN. Further, the design of the study drew
upon phenomenological and participatory insights
gathered from interviews conducted with AN partici-
pants during the prior safety trial.28

In conclusion, this study provides evidence that
floatation-REST led to sustained reductions in body
dissatisfaction and acute anxiolysis in inpatient women
and girls with AN. Floatation-REST thus has potential as
an efficacious tool for treatment of body image distur-
bance and anxiety in AN.
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