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Abstract

Purpose The level of physical activity is inappropriately
high in up to 80 % of the patients suffering of anorexia
nervosa (AN), as a result of conscious efforts to lose
weight, affect regulation and biological adaptive changes
to starvation induced by hypothermia and neuroendocrine
mechanisms. The purposes of this paper were to (1) assess
the effect of dronabinol—a synthetic cannabinoid ago-
nist—on physical activity in patients with chronic and
stable AN, and to (2) unravel the role of leptin and cortisol
in this process.

Methods This prospective, randomised, double-blind,
crossover study was conducted at a specialised care centre
for eating disorders. Twenty-four adult women with AN of
at least 5-year duration received either the dronabinol-
placebo or placebo-dronabinol sequence. Physical activity
was monitored during the fourth week of each intervention.
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Body weight, leptin and urinary free cortisol excretion
were measured repeatedly during the trial. Changes in
behavioural dimensions related to AN were assessed by
Eating Disorder Inventory-2.

Results The total duration of physical activity did not
change, while its average intensity increased by 20 %
(P = 0.01) during dronabinol therapy, resulting in an

increased energy expenditure with  68.2 kcal/day
(P = 0.01) above placebo.
Conclusions This randomised, double-blind study

revealed that cannabinoid agonist treatment was associated
with a modest increase in physical activity in adult women
with severe and longstanding AN. Additionally, we
detected a strong relationship between the circulating lev-
els of leptin and physical activity in these chronically
undernourished patients.

Keywords Anorexia nervosa - Physical activity - Urinary
free cortisol - Leptin - Dronabinol

Up to 80 % of patients suffering from anorexia nervosa
(AN) [1] have inappropriately high levels of physical
activity; the phenotype varying from constant agitated
restlessness to excessive exercising that is undertaken
deliberately to induce weight loss [2]. Its implications for
the outcome of AN are still unclear, the evidence on this
matter being somehow divergent; while some authors
described increasing levels of physical activity parallel to
weight restoration during inpatient treatment [3-5], others
identified these as significant predictors of relapse in
patients with long-standing AN [6, 7].

In contrast with the loss of energy and fatigue associated
with other states of severe emaciation, the high amount of
physical activity is a pivotal and challenging feature of AN,
being the result of the conscious efforts to increase energy
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consumption and to enhance weight loss, an affect regu-
lation strategy [8] and an expression of the neuroendocrine
adaptive changes to chronic starvation [9].

As central behavioural responses to starvation are
mediated by the hypothalamic—pituitary—adrenal (HPA)
axis, the hyper-secretion of corticotropin releasing hor-
mone and hypercortisolism is well documented in AN and
in other causes of prolonged starvation [10]. Additionally,
both animal studies observing rodents with “semi-starva-
tion-induced hyperactivity” (often labelled as “activity
anorexia”) and human data [11] suggest that exercise
behaviour is related to an increased HPA-axis activity
independent of an eating disorder.

Leptin—a fat tissue hormone synthesised in adipo-
cytes—is essentially involved in the hypothalamic regula-
tion of the metabolic processes triggered by food
restriction. Hypoleptinemia has been proposed as a diag-
nostic marker of AN [12, 13] and co-occurs with high
levels of physical activity [14]. Conversely, in animal
models of “activity anorexia”, administration of leptin led
to a marked decrease in semi-starvation-induced physical
activity [15], suggesting a direct relationship between the
levels of leptin and the amount of physical activity.

Increasing evidence promotes the cannabinoid system as
a novel therapeutic target in extreme nutritional states.
Specific CB1 antagonists—such as rimonabant—were
proved to induce weight loss in the morbidly obese [16],
and conversely, agonists have been reported to exert
appetitive effects in cachectic subjects [17]. In a previous
report [18], we found that dronabinol, a synthetic cannab-
inoid agonist, safely induced a minor weight gain in
patients with severe and longstanding AN, without inter-
fering with the eating disorder-related behaviour and
symptomatology. Unfortunately, the potential psychologi-
cal effects of cannabinoid agonists have limited the human
evidence regarding the mechanisms behind their orexigenic
effects.

To our knowledge, the effect of cannabinoid agonist
stimulation on physical activity has not been tested in
humans. A biphasic, excitatory/inhibitory effect of can-
nabinoids has been repeatedly acknowledged in animal
models, but the evidence on this matter is somehow
divergent. While some authors found that low doses of
cannabinoid agonist decreased locomotor activity, while
higher doses increased it in a dose-dependent manner [19],
other authors described quite opposite effects.

The HPA-axis activity is suppressed by the endocan-
nabinoid signalling at several cortical and hypothalamic
regions, both during basal conditions and in response to
acute stress [20]. As excessive physical activity seems to
mutually reinforce the HPA-axis over-activation in a
vicious circle in some patients with AN [21], cannabinoid
stimulation may hypothetically exert a moderating effect
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on physical activity inducing a decrease in energy expen-
diture, and thus explaining at least one of the mechanisms
involved in the moderate increase in body weight reported
during synthetic cannabinoid agonist therapy [18].

Furthermore, exogenous stimulation of the cannabinoid
system was both reported to increase the circulating levels
of leptin [22] and to induce locomotor suppression in
rodent models [23, 24], suggesting another pathway
through which cannabinoid agonists may mediate physical
activity.

The purposes of this paper were twofold. First: to
determine the effect of dronabinol—a synthetic cannabi-
noid agonist—on physical activity in patients with severe
and chronic AN. Secondly: to assess the hypothesised role
of HPA-axis activity and leptin secretion in this process.

Methods
Participants

Twenty-four adult women with chronic AN participated in
the study. All the participants fulfilled the diagnostic cri-
teria for AN according to the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition, text revision
for at least 5 years and attended voluntary both psychiatric
therapy and somatic therapy as in- or outpatient at our
centre. Patients with previous or current alcohol or drug
abuse, and primary diagnosis of mania, schizophrenia or
depression were not eligible to participate in the study.
Women with unstable heart disease (not comfortable with
more than moderate exertion or at rest) were not eligible to
participate in the study, nor were women with known
allergy to dronabinol or sesame oil.

In addition to the baseline therapeutic regime, the par-
ticipants received dronabinol, 2.5 mg twice daily for
4 weeks and matching placebo for 4 weeks, separated by a
4-week washout period. The individual therapeutic
regimes—including the in- or outpatient status—were
identical during both interventions of the study. Participants
were randomly allocated to one of the two treatment
sequences (placebo-dronabinol and dronabinol-placebo)
following a simple, computer-generated randomisation list.
The dronabinol and placebo capsules were produced by
independent pharmacists [18]. Both the participants but also
the staff involved in the trial were kept blind to the treat-
ment sequence and urinary THC analyses during the study.

The effect of dronabinol therapy, primarily assessed
by monitoring the changes in body weight, has been
reported elsewhere [18]. The changes in physical
activity and the hormonal, attitudinal, and behavioural
dimensions relevant to AN were assessed as secondary
outcome measures.
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Setting

This add-on, double-blind, randomised, controlled, cross-
over study was conducted from December 2008 to
December 2011 at the Odense University Hospital in
Denmark. The centre applies a well-documented multi-
disciplinary treatment programme [25] comprising psy-
chotherapy, somatic control and nutritional rehabilitation.
Approximately 30 % of the referred patients have AN [26].
The study was approved by The Danish Medical Agency
(Journal Number: 2612-3699), The Regional Scientific
Ethical Committee for Southern Denmark (Project ID:
S-20080016) and The Danish Data Protection Agency. It
was registered at the European Union Drug Regulating
Authorities Clinical  Trials (EudraCT  number
2007-005631-29) and listed at ClininalTrials.gov (Identi-
fier: NCT00760695). The Regional Unit for Good Clinical
Practice monitored the trial.

Data regarding both the duration and the continuity of
AN were obtained through a retrospective review of our
patient database [25]. Nineteen percentage (n = 27) of
the 140 consecutively screened patients matched our cri-
teria of eligibility. The results presented in this paper are
based on the 24 participants who completed the study
[18].

Thirty-eight percentage (n = 9) of the participants
chose to be monitored in an outpatient setting
throughout the study, while 62 % (n = 15) were mon-
itored during hospitalisation. All participants (both in-
and outpatients) were prescribed individual, nutrition-
ally balanced diets which they followed during the trial.
According to the therapeutic regimen, formal exercise
groups were not available during the hospitalisation.
However, physical activities were not restricted, inpa-
tients having unrestricted access to open-air breaks or
home-visits during the weekends. Compliance to treat-
ment was assessed by a count of the capsules returned
at each visit and qualitative urinary THC analysis in
both in- and outpatients.

Outcomes
Clinical assessments

The participants were clinically evaluated at baseline and
during each intervention on a weekly basis, together with a
qualitative assessment of urinary 9-tetrahydrocannabinol
(THC) by a Roche Integra 400 kit. Body weight was
assessed in the morning, at the same time of the day, with
the subjects in underwear and barefooted. The measure-
ments were approximated to the nearest 0.1 kg on a cali-
brated electronic scale.

Accelerometry

The accelerometer (MTI ActiGraph model GT1M) was
worn for seven full, consecutive days during the last week
of each intervention. The device was initialised before each
measurement according to the manufacturer’s specifica-
tions. The participants were instructed to wear it over the
hip from the time they woke up in the morning until bed-
time, excepting showering or swimming.

We assessed the average physical activity intensity
expressed in counts/minute (CPM) and the duration of PA
expressed in minutes/day. The ranges (in CPM) for activity
intensities were 0-1,951 for light, and above 1,952 for
moderate to hard intensity, as validated by Freedson et al.
[27]. for hip worn devices.

Data were compiled using the computer software
Propero, recently developed by researchers at the Univer-
sity of Southern Denmark. The epoch length was set to
60 s, and sequences of at least 60 min of consecutive zero
counts, indicating that the accelerometer was not in use,
were excluded from the recordings. Only data from par-
ticipants accumulating at least 10 h of activity per day for
at least 4 days were analysed.

Energy expenditure was estimated by the Freedson
Combination (*98) method,' which automatically uses the
Work-Energy Theorem to calculate energy expenditure
below 1,952 CPM and the Freedson’98 equation to calcu-
late energy expenditure above 1,952 CPM.

Hormone analysis

Plasma leptin was measured in blood samples collected on
weekly basis, at the same time of the day, under fasting
conditions. Leptin concentrations were determined in
duplicates in EDTA plasma using an in-house time-
resolved immunofluorometric assay based on commercial
reagents as previously described [28]. The intra-assay and
inter-assay coefficients of variation were less than 5 and
10 %, respectively.

The secretion of cortisol was assessed during the last
day of each intervention, contemporaneously with activity
monitoring. Patients were responsible for collecting their
own urine, being assisted by our nursing staff in order to
assure the integrity of the sample. Twenty-four-hour urine
samples were collected, and the urinary free cortisol (UFC)
excretion was determined by liquid chromatography—tan-
dem mass spectrometry analysis, with a reported coeffi-
cient of variation of 10 %.

! as recommended by the manufacturer: http://www.actigraphcorp.
com/research-database/kcal-estimates-from-activity-counts-using-
the-potential-energy-method/.
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Table 1 Baseline data for 24

- ¢ Overall Outpatients Inpatients P
women with anorexia nervosa (n — 24) 38 % (I’L — 9) 62 % (” — 15)
participating in a randomised
crossover trial of dronabinol and  Mean age (years) 333 £ 127 362 £ 155 31.6 £ 109 N.S.
placebo therapy Disease burden (mean years) 15+ 115 20.8 £ 14.9 115+£76 0.05
Body mass index
kg/m? 157 £ 1.7 16.4 £ 0.9 153+£2 N.S.
% of IBW?* 74.7 £ 8.1 78 £4.3 72.7 £9.3 N.S.
Data are mean and standard ]
deviation. P values greater than P-Leptin (ug/) 28+27 23+15 324+32 N.S.
0.05 were noted as Urinary free cortisol (nmol/day) 101 £ 75.1 139.2 £ 97.2 78.1 £+ 48.7 N.S.
nonsignificant (N.S.) Binge purging behaviour 50 % (n = 12) 333 % (n = 3) 60 % (n =9) N.S.
a
Based on reference values Eating disorder inventory-2 total score ~ 104.6 + 53.8  112.9 + 53.8 99.7 + 53.7 N.S.

from Nysom et al. [43]

Psychological measures

The attitudinal and behavioural dimensions relevant to AN
were assessed during the first and the last week of each
intervention, by applying the self-reported Eating Disorder
Inventory-2 (EDI-2) [29]. The EDI-2 consists of 91 items
and 11 sub-scales measuring the drive for thinness, buli-
mia, body dissatisfaction, ineffectiveness, perfectionism,
interpersonal distrust, interoceptive awareness, maturity
fears, asceticism, impulse regulation and social insecurity.
EDI-2 has previously been validated in Danish patients
[30]; it has good test-retest reliability [31]; and it is rec-
ommended by the Practice Guideline for the Treatment of
Patients with Eating Disorders [American Psychiatric 32]
as a representative instrument for the assessment of
patients with eating disorders.

Statistical methods

Continuous variables were described by means and stan-
dard deviations. Categorical variables were described by
frequencies and percentages. A two-sided test approach
was used. P values of 0.05 or less were considered statis-
tically significant. Statistical analyses were performed in
Stata (version IC 12.1).

Due to technical errors, we failed to obtain valid
accelerometry data covering at least 10 h of activity per
day for at least 4 days during both interventions in three
participants. With respect to the intention to treat principle,
the missing data were replaced with the available mea-
surements after the “last observation carried forward”
principle. The differences in physical activity between each
medication and between in- and outpatients were assessed
by paired and nonpaired student’s 7 tests, respectively.
Nonparametric variables were naturally transformed.
Variables describing both primary and secondary outcomes
were tested for period, treatment sequence and carryover
effects [33]. The predictors of physical activity were
assessed in a multiple linear regression model with fixed
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and random coefficients. Effect sizes for significant pre-
dictors were estimated by Cohen’s f>.

Results

Twenty-four women with chronic and severe AN com-
pleted the study. Their age ranged from 19 to 62 years,
with a mean of 33.3 4 12.7 years. The average duration of
the disease was of 15 4 11.6 years, ranging from 5 to
50 years (Table 1).

The mean increase in body weight after the 4 weeks of
dronabinol intervention was of 1+ 1.4 kg, with
0.7 £ 1.4 kg (P = 0.03) above placebo [18]. The cumu-
lated rate of weight gain during the study was of
0.7 £ 1.3 kg/month. As expected, inpatients had a higher
rate of weight change throughout the study (1 %+ 1.5 kg/
month vs. 0.1 & 0.8 kg/month in outpatients; P = 0.02).
However, the difference in weight gain between the two
interventions was similar in both in- and outpatients
(0.7 £ 1.8 kg vs. 0.6 £ 0.7 kg; P = 0.9) (Table 2).

The circulating levels of plasma leptin and UFC
excretion were also comparable between in- and outpa-
tients, regardless the intervention. Also the EDI-2 scores
were comparable, with minimal changes during both
interventions (Table 3). No serious adverse events were
recorded during the study [18].

Apart from a steeper weight gain during the first medi-
cation period (regardless the drug received), we did not
detect any carryover or treatment sequence effects, neither
for changes in body weight [18] nor for variables
describing physical activity. We found no difference in
mean days of the valid activity recordings (6.3 £ 0.1)
between the two interventions.

The average daily physical activity duration during dro-
nabinol was similar to placebo, in spite of a modest increase in
the duration of moderate to hard physical activity (Table 4).

The duration of physical activity throughout the study was
similar in both in- and outpatients (14.3 = 1.2 vs.
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Table 2 Changes in body weight for ambulant and hospitalised women with anorexia nervosa participating in a randomised crossover trial of

dronabinol and placebo therapy

Overall Placebo Dronabinol A P
Change in body weight (kg) 07+13 03 £ 1.1 1+14 07+14 0.03
Outpatients (n = 9) 0.1 £0.8 —-0.2+£0.7 0.4 +£0.7 0.6 £ 0.7 0.03
Inpatients (n = 15) 1+£15 0.7+12 14 £ 1.7 0.7+ 1.8 N.S.
P 0.02 N.S. N.S. N.S

Data are mean and standard deviation. P values greater than 0.05 were noted as nonsignificant (N.S.)

15 £ 1.7 h/day; P = 0.11). Outpatients were, however,
more active in the range of moderate to hard activities during
dronabinol intervention than during placebo (Table 5).

The physical activity intensity was modestly but sig-
nificantly increased during dronabinol, exceeding the

Table 3 Absolute changes in EDI-2 score in 24 women with anor-
exia nervosa participating in a randomised crossover trial of dro-
nabinol and placebo therapy

EDI-2 Placebo Dronabinol Difference P

Drive for —03 £28 —1+£28 —-07+5 N.S.
thinness

Bulimia -05+24 -—-01+34 03+43 NS

Body 0.6 £33 033 +31 —-03+46 N.S.
dissatisfaction

Ineffectiveness 02+31 -03+4 —-0.5+5.1 N.S.

Perfectionism 0.6 +£2 —-05+£26 —-1.1+£3 N.S.

Interpersonal —-12+£29 —1 +£3.7 02+£5 N.S.
distrust

Interoceptive 0.1 +£43 02 +63 0.1 £88 N.S.
awareness

Maturity fears 0+ 2.16 —1£23 —-1+£37 NS

Asceticism 09 + 2.6 —1+44 —-18+55 NS

Impulse 03+£31 -03+46 —-06=x7 N.S.
regulation

Social 04+27 —-05+29 09 +£47 N.S.
insecurity

Total score 1+164 —-53+223 —-63+32.1 N.S.

Data are mean and standard deviation. P values greater than 0.05 were
noted as nonsignificant (N.S.)

placebo level by approximately 20 % (Table 4). This
increase occurred exclusively in the range of moderate to
hard activities. While both in- and outpatients had similar
activity levels during the study (504.1 £ 303 vs.
371.4 + 256.8 CPM; P = 0.13), only inpatients showed a
significant difference in physical activity intensity between
the two interventions (Table 5).

The estimated energy expenditure during the trial averaged
668.9 + 304.3 kcal/day, ranging from 187.2 to 1,430.1 kcal/
day. The amount of energy expended through physical activity
during dronabinol therapy was with 68.2 + 126.6 kcal/day
higher than during placebo (P = 0.01).

Neither the participant’s age nor their body weight w
correlated to the levels of physical activity. Among the
measured clinical and biological parameters, only the
UFC excretion was moderately associated with the
duration of physical activity (r = 0.39, P = 0.04). The
effect of dronabinol, and the impact of the individual
UFC excretion and leptin levels on physical activity
were estimated by multiple regression. Each model was
adjusted for the random effect of the hospitalisation
status and accounted for a large part of the individual
variation in both the overall duration and the intensity
of moderate to hard physical activity during the study
(90 and 98 %, respectively). The estimated change in
the duration of physical activity due to dronabinol was
under the chosen level of significance. However, dro-
nabinol intervention was significantly related to a
modest increase in the intensity of moderate to hard
physical activity (Table 6).

Table 4 The duration and the intensity of physical activity in 24 women with anorexia nervosa participating in a randomised crossover trial of

dronabinol and placebo therapy

Physical activities Overall Placebo Dronabinol P

Duration (h/day) 145+ 14 146 £ 14 145+ 15 N.S.
Light (0-1,951 CPM) 135 £ 1.7 13.6 £ 1.8 134 £ 1.6 N.S.
Moderate to hard (>1,952 CPM) 1.1 £0.8 1.0 £ 0.7 1.1 £09 0.04
Intensity (CPM) 4543 £ 291.1 428 + 2854 480.6 = 300.4 0.02
Light (0-1,951 CPM) 154.5 £ 62.9 1529 £ 634 156 + 63.6 N.S.
Moderate to hard (>1,952 CPM) 3,787.9 + 887.1 3,686.7 £+ 888.3 3,889.1 + 893.2 0.02

Data are mean and standard deviation. P values greater than 0.05 were noted as nonsignificant (N.S.)
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Table 5 A comparison of the levels of light and moderate to hard physical activity between ambulant (n = 9) and hospitalised (n = 15) women
with anorexia nervosa participating in a randomised crossover trial of dronabinol and placebo therapy

Light P Moderate to hard P
Placebo Dronabinol Placebo Dronabinol
Duration (h/day)
Outpatients 144 +£23 139 £ 1.8 N.S. 0.8 £ 0.6 0.9 £ 0.6 0.02
Inpatients 131 £13 131 £ 14 N.S. 1.1 £0.8 13+£1 N.S.
P N.S. N.S. N.S. N.S.
Intensity (CPM)
Outpatients 134.6 £ 28.1 137.4 £ 35.1 N.S. 3,610.2 £ 851.1 3,773.7 + 1,086.3 N.S.
Inpatients 163.9 £ 76.2 167.1 £ 74.8 N.S. 3,732.6 £ 936.1 3,958.3 + 789.2 0.04
P N.S. N.S. N.S. N.S.

Data are mean and standard deviation. P values greater than 0.05 were noted as nonsignificant (N.S.)

Table 6 Mixed effects regression models estimating the predictors of
the overall duration and the intensity of moderate to hard physical
activity in 24 women with anorexia nervosa participating in a ran-
domised crossover trial of dronabinol and placebo therapy

Coefficient P

Duration of physical activity (h/day)

Dronabinol 15x 107 £ 02 x 1072 N.S.

UFC (nmol/day) 84 x 102 +29 x 1073 <0.01

Leptin (pg/l) 0.09 + 0.09 N.S.

Constant 13.49 + 0.49 <0.01
Intensity of moderate to hard physical activity (CPM)

Dronabinol 208.9 £+ 59.4 <0.01

UFC (nmol/day) 05+13 N.S.

Leptin (ng/l) 316 £ 71 <0.01

Leptin® —19.1 £523 <0.01
Constant 3,023 £ 310.5 <0.01

Both models were adjusted for the random effect of the hospitalisa-
tion status (in-/outpatient). Correlation coefficients are presented in
means and standard errors. P values greater than 0.05 were noted as
nonsignificant (N.S.)

Regardless the intervention, the UFC excretion emerged
as a moderate predictor (Cohen’s f* = 0.35) for the dura-
tion of physical activity (Table 6), but was not associated
with a significant variation in the physical activity inten-
sity. Conversely, the levels of leptin were strongly related
to the intensity of moderate to hard physical activity
(Cohen’s f* = 0.90), this relationship being best described
by a nonlinear equation (Table 6).

Discussion
The level of physical activity in AN reflects a complex

interaction between the neurohormonal response to star-
vation and the attitudinal and behavioural dimensions of
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the disease, carrying meaningful information on both the
patient’s clinical profile and the outcome of the disease [6,
7]. This is the first report—to our knowledge—of the effect
of a synthetic cannabinoid agonist on the levels of physical
activity in adult women with severe and longstanding AN.
By comparing the levels of physical activity during dro-
nabinol intervention to placebo, we found a modest
increase in the level of physical activity in these patients.

The evidence regarding the effect of cannabinoid ago-
nist therapy on physical activity is sparse and based
exclusively on results from animal studies. A biphasic,
dose-dependent effect was repeatedly acknowledged [19,
34], anxiolytic- and anxiogenic-like effects being reported
in rodents at low and high doses, respectively [34, 35]. Our
results indicate that a relatively low dose of dronabinol was
associated with a modest, but significant increase in the
intensity of physical activity, suggesting a similar effect of
low-dose cannabinoid agonist therapy in women with AN.
However, the moderate increase in physical activity did not
have a negative impact on body weight, nor did it on the
attitudinal and behavioural dimensions relevant to AN [18].

Both animal [36-38] and human [21] reports suggest
HPA-axis over-activation and the amount of physical
activity are mutually reinforcing in AN. The most com-
pelling evidence is provided by animal studies, in which
administration of corticotropin releasing factor (CRF) leads
to increased physical activity [37], and conversely, CRF
antagonists attenuate the development of exercise-induced
anorexia [36, 38], suggesting that the HPA-axis activity in
particular mediates the link between food restriction-
induced weight loss and increased exercise in animal
models of activity based anorexia. Parallel with these
reports, the UFC was linearly associated with the duration
of physical activity in our group of women with severe and
chronic AN. However, neither the intensity nor the amount
of energy expenditure through physical activity was related
to UFC, suggesting that HPA-axis activity was not directly



Eat Weight Disord (2015) 20:13-21

19

related to the level of physical activity in these chronically
undernourished patients.

Conversely, we found that dronabinol intervention and
the levels of plasma leptin were significantly associated
with the amount of moderate to hard physical activity in a
regression model explaining approximately 98 % of its
total variance. In accordance with Holtkamp et al. [39] in
adolescents with AN, we identified the circulating level of
plasma leptin among the study group as being the strongest
predictor for moderate to hard physical activities. The U
shape of this relationship confirms the inverse correlation
between the level of leptin and the amount of physical
activity described by Holtkamp et al. [39] in severely
undernourished participants, but at the same time indicates
that this relationship might change in less affected partic-
ipants with over-average leptin levels. Less than 10 % of
the variance in moderate to hard physical activity intensity
was due to dronabinol intervention, suggesting that the
level of physical activity during the study was primarily
related to the metabolic activity of fat tissue, and to a lesser
extent a direct consequence of dronabinol therapy. Exces-
sive physical activity in AN is a significant predictor of
disease duration [6, 7]. Our inclusion criterion regarding
the duration of AN, i.e. minimum 5 years, might have
induced a selection bias, so that participants with long-
standing AN have higher habitual levels of physical
activity than in the general population of women with
chronic AN. Nevertheless, the levels of physical activity
were homogenous in our group, in spite of the nearly sig-
nificant age difference between in- and outpatients.
“Excessive exercisers” have been defined [1, 5] as exercise
dependent and performing more than 6 h moderate to hard
physical activity per week for at least 1 month. Amongst
our participants, the overall duration of moderate to hard
physical activity during the trial was fairly long, averaging
over 7 h per week. However, the lack of data on the
patients’ habitual level of physical activity prevented us
from investigating the effects of dronabinol in excessive
eXercisers versus nonexcessive exercisers.

The prospective design and the repeated measurements
improved the accuracy of detecting changes that occurred
during dronabinol medication. Potentially biasing factors
were minimised by keeping the baseline therapeutic regime
unchanged during the trial, each participant being moni-
tored in the same setup (in- or outpatient) during both
medications. The 4-week interval between the two medi-
cation periods seemed to prevent an ordering effect, as we
were not able to detect a statistical carryover effect, neither
for the main outcome, nor for variables describing physical
activity.

The accelerometer produces quantitative data that reflect
physical activity ranging from stationary movements (i.e.
jogging in place) to the patient’s actual walking and

running, but it does not provide qualitative data describing
the exact nature of the physical activity. However, other
alternative techniques such self-report or video-monitoring
could have a suppressive effect on the measured physical
activity.

The amount of physical activity recorded by acceler-
ometer was assessed by two independent variables, namely
duration and intensity. Bothe could have been influenced
by the participants, for instance by removing the device
during day time. The hospitalisation’s behavioural disin-
centive effect might also have influenced the pattern of
physical activity during the two interventions. Outpatients
spent more time performing moderate to hard physical
activities during dronabinol intervention, while inpatients
merely increased the intensity of these activities. However,
the levels of physical activity were comparable between in-
and outpatients, regardless the intervention, and the
crossover design assured that the study environment
remained unchanged during both interventions. Thus, we
assumed that eventual behavioural reactions induced by the
study setup (including intentional removal of the device)
did not affect the validity of the observed differences in
physical activity between the two interventions.

Apart from eating disorder-related attitudinal and
behavioural traits, dronabinol might also influence other
psychological dimensions associated with exercise behav-
iour and AN such as anxiety and depression and thus
activate psychological mechanisms aiming at decreasing
energy expenditure. The modest increase in the estimated
energy expenditure as a result of 4 weeks of treatment with
a cannabinoid agonist drug may therefore seem intriguing,
also given the fact that cannabinoid antagonists—such as
rimonabant—have been reported to increase energy
expenditure in animal studies [40]. Therefore, measure-
ment of real energy expenditure by calorimetric methods
would have been a more reliable method to assess dro-
nabinol-induced changes in energy expenditure.

The potential psychogenic effects of dronabinol, the low
prevalence of patients with severe and longstanding AN
(only 19 % of the 140 screened patients matched our
inclusion criterion of having AN for at least five years) and
the expected high drop-out rate [41] were factors influ-
encing the small sample size in this study and on the short
medication periods. Unexpectedly, and in contrast with
reports from other studies [42], nearly 90 % of the poten-
tially eligible patients consented to participate and also
completed the study. This led to a highly selected and
homogenous study population and thus prevents us to draw
firm conclusions regarding the effects of dronabinol in a
broader category of AN patients. Larger clinical studies are
needed in order to gain more insight into the physiological
mechanisms and the effects of dronabinol and to assess the
safety of cannabinoid-based therapy in patients with AN.
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This trial was the first prospective, randomised and
controlled study to objectively assess changes in physical
activity in patients with severe and longstanding AN,
showing that dronabinol—a synthetic cannabinoid ago-
nist—was associated with a modest increase in physical
activity. In concordance with other studies, our data con-
firm the strong relationship between the circulating levels
of leptin and physical activity in women with stable and
severe AN.
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