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Abstract

Objective: Patients with anorexia nervosa (AN) are often observed to have high levels of physical activity, which do
not necessarily diminish after a successful therapy. Previous studies have shown that body fat tissue recovery in
these patients is associated with a disproportional restoration of the adipocyte hormone, leptin. Therefore, we
wondered whether the individual variation in physical activity in AN patients prior to treatment may be related to body
fat percentage and plasma leptin level outcome.
Method: Body fat percentage, leptin serum, and physical activity levels (accelerometer) were measured in
adolescents with an (n=37, age 13 to 17.5 years) at initial assessment, at the end of study participation (median 12
months), and at one-year follow-up.
Results: Accelerometer data were used to split the patients in two groups: those with low (n=26) and those with high
levels of physical activity (HLPA, n=11). These groups did not differ in terms of age, IQ, presence of menses, BMI
and season of admission. The HLPA group was characterized by a longer total duration of illness. Physical activity
levels during therapy decreased for the group with initially HLPA and increased for the group with low levels of
physical activity (to comparable levels). Physical activity remained stable after one year. The increase in body fat
percentage and leptin levels were dependent on the recovery status; however, recovered patients with initially HLPA
had significantly higher fat mass during the follow-up.
Discussion: HLPA, an important modulator of AN progression in adolescents, can be successfully diminished by
therapeutic intervention. Among recovered patients, those with initially HLPA had higher fat mass levels than those
with low levels of physical activity. This finding suggests that HLPA are an important modulator of the body
composition recovery mechanism.
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Introduction

Hyperactivity is one of the core symptoms of anorexia
nervosa (AN)[1,2]. It was reported that about 30-80% of
individuals with AN can be characterized as hyperactive [3].
Hyperactivity may be differentiated in AN patients in three
ways: 1) excessive exercise (i.e. exercising at least 6 hours per
week [4] or an exercise that, when postponed, evokes negative

emotional states [5,6]); 2) high commitment to exercise despite
its adverse consequences for ones health or social contacts
[7]; or, 3) restlessness which may express itself in constantly
active posture, fidgeting or inability to sit still [8,9]. Various
studies have shown that hyperactive AN individuals differ from
those who are not characterized by hyperactivity [10–12].
Hyperactive individuals with AN are at higher risk for relapse
[10,11] and are usually diagnosed at a younger age [12]. It is
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suggested that AN sufferers exercise in order to deal with
negative affections [13]. This may be reflected in studies that
found positive [14] as well as a negative [15] correlations
between levels of activity and anxiety measurements.
Hyperactivity can manifest itself in various forms, such as
restlessness and fidgeting or engagement in intensive physical
exercise. Intensive physical exercise, though not pathological
per se, facilitates body weight loss in the acute phase of the AN
and hampers the efforts to restore body weight [12]. Just as
high physical activity levels in AN patients may be a premorbid
factor of the disease, the elevated physical activity levels
assessed during an eating disorder (ED) may just reflect their
premorbid high physical activity levels [4,16]. However, some
argue that hyperactivity is a consequence of extreme food
intake limitation [17,18]. Discrepancies were also observed in
clinical evidence [13,16]. Because of these discrepancies, it is
unclear whether one should expect a decrease in physical
activity during treatment. To our knowledge, the issue of
changes in physical activity levels during treatment and their
consequences of these changes in recovery were never
assessed in adolescents with ED. One exception is a case
study reporting a slight but not complete decrease in
hyperactivity in one adolescent ED patient after treatment [19].

Body fat percentage (fat%) drops severely in individuals with
AN due to weight preoccupation, restricted feeding, and/or
exercise regime. Patients’ interest is devoted to restricting fat
intake with relatively maintained protein and vitamin intake [20].
As a consequence, percent body fat is even lower in persons
with ED than in underweight females without ED matched for
BMI [21–23]. Therapeutic interventions aim, among other
goals, to restore body weight and body composition; however,
various research groups have shown abnormalities in fat tissue
restoration in AN patients after regaining body weight. Namely,
fat tissue tends to restore faster in abdominal regions than at
the extremities [24–29]. This effect is no longer observed one
year after recovery [25].

Changes in body fat percentage at the acute phase of the
disease [20] and during recovery [30] are reflected in the
plasma levels of leptin, a hormone secreted by fat tissue.
Leptin plays pleiotropic roles in energy assessment and
expenditure. When animals are food deprived, and as a
consequence develop hyperactivity, leptin injections diminish
their activity level [31–33]. As a consequence, leptin levels
were hypothesized to be inversely related to the heightened
activity levels in ED. It has indeed been shown that high
physical activity [34] and subjective motor restlessness [35]
correlate with low plasma leptin levels. Weight restoration in
individuals suffering from AN is followed by an increase in
leptin, sometimes above the normal range [36–38]; however,
hyperleptinemia is not always detected [39,40]. If
hyperleptinemia occurs, leptin levels are said to drop back to a
normal range within weeks or months [37]. The abrupt increase
in leptin to levels exceeding those normally observed in age
and BMI matched controls may hamper body weight restoration
and was associated with heightened risk of relapse [14].
Hyperleptinemia can partly be a consequence of sudden
increase in body fat percentage in weight-restored AN patients.
Thus, body fat percentage changes can modulate changes in

various ED symptoms, including hyperactivity and excessive
exercise. Other hormonal changes were also observed in
acutely ill individuals with AN, such as elevated levels of ghrelin
[41,42], a hormone secreted by the stomach in response to
fasting [43]. Body weight increase in recovered individuals with
AN is accompanied by elevated ghrelin levels [41,44].

In the present study, we measured the physical activity of
adolescent ED patients by using an accelerometer. The
measurements were performed longitudinally: at the initial
assessment, at the end of study (maximum of 12 months after
the initial assessment) and at one-year follow-up. First, we
tested the hypothesis that high levels of physical activity
decrease in adolescent ED patients as a result of treatment.
We also evaluated if this effect is still present at one-year
follow-up. Second, we assessed whether high levels of
physical activity at the acute phase of the illness (the initial
assessment) would negatively influence the recovery rate.
Finally, as body composition and leptin levels at recovery have
an influence on relapse, we investigated if high levels of
physical activity in AN patients influence the body composition
and leptin levels restoration at recovery and at one-year follow-
up.

Methods

Participants
Female adolescent patients (n=51) were referred to the

treatment center (by e.g., general practitioners or mental health
professionals) because of an expected diagnosis of AN.
Patients were between 13 and 17.5 years old and were still
living with their parents. Six patients who did not fulfill the
weight criterion, but whose weight was clearly below that which
is expected from their own growth curves were diagnosed as
having Eating Disorders Not Otherwise Specified and were
also included in the study. Comorbidity was not common in our
sample. The majority of patients (63%) were diagnosed with
restrictive type of AN and the remaining with purging type of
AN. The type of AN was not related to the physical activity level
of the AN patients (Fisher exact test: P <0.44).

Study information included a letter sent to the patients’ home
address followed by an interview with the subject, the parents,
and a researcher during the first visit to the treatment center.
Upon confirmation of the eating disorder diagnosis and after
obtaining informed consent, a diagnostic assessment followed.
All 51 patients were enrolled in a treatment procedure. Out of
these, 14 patients were not included in the analysis due to
missing data for objectively measured physical activity (PA) (in
three cases, the Actiwatch malfunctioned; two patients did not
wear the Actiwatch; and nine patients showed long periods of
inactivity, which indicated Actiwatch misuse). Therefore, the
final sample included in the current study consisted of 37
patients (23 inpatients and 14 outpatients). The sample was
used in a previous study by Carrera and colleagues [15]; their
study assessed the influence of ambient temperature on the
expression of excessive physical activity in AN patients.
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Ethics statement
All participants provided a written informed consent. In case

of minor participants, the written consent was also obtained
from the next of kin. All procedures were approved by the
Medical Ethics Committee of the University Medical Center
Utrecht.

Treatment Center
The study took place between January 2006 and May 2009

at the Rintveld Center for Eating Disorders in Zeist (Altrecht
Mental Health Institute). All treatments were covered by the
Dutch health insurance and were without additional costs for
patients and their families. Rintveld is a specialist center for
eating disorders and is one of the two top clinical centers in
The Netherlands. This center offers multidisciplinary in- and
outpatient treatment for adolescent (<18 years) and adult
patients. In addition, if necessary, medical treatment may be
provided by the nearby Meander Hospital in Amersfoort. The
staff of the adolescent treatment program consists of
psychiatrists and other physicians, dietitians, family therapists,
psychomotor therapists [45], creative therapists, psychologists,
and nurses. An integrated approach that aimed at recovery of
weight, eating pattern, and body attitude, as well as
normalizing family relations and developmental and social
skills, was offered to the patients in a system-oriented stepped
and matched care model. Additional treatments were assigned
to patients according to their needs and were adjusted during
treatment as appropriate. Clinical staff aimed at limiting
patients’ hyperactivity when possible. Patients attended school
at home or at the center whenever possible. Weight gain was
targeted at 0.5–1.0 kg/week in accordance with clinical
guidelines.

Time frame of the study
All patients obtained treatment for the full year or until they

recovered or dropped out of the treatment. Additionally,
patients took part in a longitudinal study with assessment
repeated every second month for a maximum of one year.
Thus, measurements were taken at initial assessment and at 2,
4, 6, 8, 10 and 12 months after the initial assessment. As most
patients stayed in the treatment and participated in the study
for the whole year, the median duration of the study was 12
months (minimum 2 months, maximum 12 months). Fifteen
patients dropped out of the study sooner than 12 months (i.e.,
patients who withdrew between initial assessment and the 12th
month, terminated treatment against advice, or terminated
treatment with the agreement of their therapist after at least
partial remission) (for overview, see Figure 1). The last
assessment taken for each of the patients was considered “the
end of study” for that patient. Measurements were taken also
one year after the end of the study (follow-up). There was no
difference in the duration of study participation between
patients classified as having high levels of physical activity and
those who were classified as having low levels of physical
activity (Mann-Whitney test: U=129.00, P <0.66). Additionally,
we calculated the duration of illness prior to the initial
assessment (duration of illness) as a difference between age of
AN onset and the date of admission to the clinic.

Figure 1.  Timeframe of the study.  The diagram shows the
number of patients in the study at each data measurement
point between enrolment, initial assessment (T0), and maximal
duration of treatment (T12).
doi: 10.1371/journal.pone.0078251.g001
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Data collection
At initial assessment.  Demographic information collected

during the first visit included the results of a physical
examination, psychiatric interview, and an assessment of ED
and comorbid psychopathology. A trained psychologist
assessed the presence of AN characteristics based on DSM-IV
criteria using the eating-disorder examination (EDE).
Furthermore, we used standardized BMI (sdBMI) smaller than
1.0 (comparable with BMI 19 in adults) as the weight criterion
for AN. Additionally, the patients were examined using the
Eating Disorder Inventory-2 (EDI-2) (Garner 1991); the Morgan
and Russell Outcome Assessment Schedule (MROAS); the
Comprehensive Psychopathological Rating Scale (CPRS-S-A);
and the Information, Vocabulary, Block Design, and Picture
Completion tasks of the Wechsler Intelligence Scale for
Children-3 (WISC3). Finally, physical activity, fat%, as well as
serum leptin and ghrelin levels, were measured.

At the end of study and at follow-up.  Data on sdBMI,
presence of menses, EDI-2, MROAS, CPRS-S-A, physical
activity, fat%, serum leptin, and ghrelin levels were collected at
the end of study and at follow-up.

Recovery definition
For study purposes, we used MROAS to split the patient

population into the recovered (MROAS score ≥ 9) and the non-
recovered group (MROAS score < 9). Patients were classified
as recovered or non-recovered at the end of study and at
follow-up study independently. The MROAS is often used in AN
research and provides a quantitative measure (scores 0–12) of
current outcome state divided over five subscales: nutritional
state, menstrual function, mental state, psychosexual
adjustment, and socio-economic status. Higher MROAS scores
indicate better outcome states. The composite MROAS score
can also be used to evaluate patient’s outcome state in three
categories: Good (composite score ≥9), Intermediate (≥4 and
≤8), and Poor (<4) [46].

Standardized BMI (sdBMI)
We used BMI transformed into sdBMI scores on the basis of

the standard growth curves for the Dutch population (Growth
Analyser 3.5, Dutch Growth Foundation, Rotterdam, NL). The
use of the sdBMI values instead of BMI values was motivated
by the fact that this study involved adolescent patients (13.5 -
17 years of age) and because we analyzed the longitudinal
data of each patient (BMI at intake and at the end of study).
Average BMI changes significantly during puberty. It may reach
values considered to be low according to standard cut-off
points. However, these values may still be within a healthy
range when the standard growth curves for the age and gender
are considered. Adolescent patients should gain weight at a
level that is considered appropriate for their age. The amount
of body weight loss during illness is potentiated by the fact that
they drift away from their normal growth curve. Therefore,
sdBMI, in comparison with BMI, is considered a more precise
description of the body growth of adolescents.

Objective assessment of physical activity
Physical activity (PA) was measured using an accelerometer

(Actiwatch model AW 4; Cambridge Neurotechnology,
Cambridge, United Kingdom). The Actiwatch was strapped to
the patient’s right ankle and was worn for three consecutive
weekdays, from 9 pm on the first day to 9 pm on the fourth day,
except while swimming and showering. The epoch length
(sampling time) for the Actiwatch was set to 1 minute. Night
activity (23:00–07:00) and sequences of >10 min of
consecutive zero counts were excluded from the recordings.
This procedure was similar to that recently used in the field of
eating disorders [13]. Thereafter, the data were summarized as
counts per day and patients were excluded from analyses if
more than 30% of the day was not available for two of the three
days. Activity data from days 1 to 3 were averaged to
determine daily physical activity for each patient. Data analysis
was undertaken to determine the periods of time (%) at varying
intensity levels of physical activity. The ranges (in counts per
minute) for the activity intensities were <200 for sedentary
activity (SA), 200 to <1800 for light activity (LA), and ≥1800 for
moderate-to-vigorous physical activity (MVPA), as validated by
Puyau et al. [47] for the Actiwatch device worn on the lower
right leg. Patients were subdivided into groups characterized by
high levels of physical activity and low levels of physical activity
(HLPA and LLPA groups, respectively) on the basis of their
participation in moderate or vigorous physical activity
measured by the accelerometer. Accelerometer calibration
studies showed that MVPA readouts correspond to high levels
of physical activity such as participation in sports [47]. Thus,
total time spent on MVPA was used to split the population into
the two groups by using a cutoff of 2.5 hours of MVPA readout
per three days of measurements, which corresponds to the
definition used in previous publications [13].

Physiological parameters
Body weight and fat% were measured using a TANITA Body

Composition Analyzer TBF-300 (Tanita Corporation, Tokyo,
Japan). Blood samples were obtained by venipuncture for
hormonal analysis. Plasma samples were stored at −80°C prior
to determination. Leptin was measured using a sensitive
Radio-Immuno-Assay (RIA) (Sensitive Human Leptin RIA Kit,
Linco, St. Charles, Missouri, U.S.A.), intra-assay CV of 5.63%,
and inter-assay CV of 5.66%. Ghrelin was measured using a
sensitive Radio-Immuno-Assay (RIA) (Human (total) Ghrelin
RIA Kit, Linco, St. Charles, Missouri, U.S.A.), intra-assay CV of
6.4%, and inter-assay CV of 16.3%. Relative hyperleptinemia
was defined as leptin levels above the 95 percentile for a given
BMI for girls 5.8-18.99 years old based on previously published
observations [37].

Data analysis
Data of all patients with valid data for at least the first two

months of the study were analyzed. Missing data were imputed
according to the last-observation-carried-forward method.
According to this method, the last observed data point after
initial assessment may be used for all subsequent missing data
points until the end of the study for a given patient. Student’s t-
test was used to compare the LLPA and the HLPA groups as
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well as the recovered and the non-recovered groups. Effect
size for the t-test results was calculated using Pearson’s r.
Repeated measures ANOVA (with Greenhouse-Geisser
correction if necessary; in that case ɛ value is reported) was
used to analyze physical activity data at initial assessment, at
the end of study and at follow-up. Effect size for repeated
measures ANOVA was calculated using partial Eta2 (η2

partial).
Fisher exact test was used for the in- and outpatient analysis.
Chi-square and Kaplan-Meier analyses were used to evaluate
recovery and recovery rate differences between the LLPA and
the HLPA group. Cramer’s V coefficient was used as an
estimate of the effect size for the chi-square test. Two-way
ANOVA, with physical activity group classification and recovery
status as main factors, was used to compare the
characteristics of the recovered and the non-recovered LLPA
and HLPA patients. In all cases, Levene’s test of equality of
error variances showed that the assumption of the two-way
ANOVA was met. Spearman’s rho correlation analysis was
used to examine associations between fat%, plasma leptin,
and plasma ghrelin levels with psychological variables
measured with EDI-2 and CPRS-S-A. All analyses were
performed with SPSS 20.0 (IBM) and data are presented as
mean ± standard error of the mean. For significance
thresholds, a P-value of 0.05 was used throughout, unless the
P-value was corrected for multiple comparisons as stated at
the results section.

Results

Population characteristics
All the participants (n=37, all those who had physical activity

data at initial assessment) were females, aged 13 to 17.5 years
at initial assessment (mean=15.15, SD=1.21), with average IQ
of 104.8 (SD=13.11), and BMI between 12.6 and 18.4
(mean=15.66, SD=1.38). Out of those patients, 30% were
classified as belonging to the HLPA group at initial assessment
based on the objective accelerometer data (LLPA n=26, HLPA
n=11).

Recovery
At the end of study, 51.4 % of patients met the criteria for

recovery according to MROAS (19 recovered (Rec), 18 non-
recovered (nonRec) patients). The Rec group gained more
body weight than the nonRec group; however, the two groups
did not differ significantly in terms of BMI at the end of study. At
this time point, the Rec and nonRec group differed significantly
in terms of the Obsession and Depression scales of CPRS-S-
A, as well as for Maturity Fears and Social Insecurity scales of
EDI-2 (Table 1). These differences were observed despite the
fact that at initial assessment, there were no differences
between the Rec group and the nonRec group for CPRS-S-A
or EDI-2 (data not shown). Between the end of study and the
follow-up, six additional patients recovered. However, six other
patients relapsed. It is of note that the relapse rate in our
sample (16%) was comparable to the one reported in the
literature [11]. At one-year follow-up, the nonRec group had a
significantly lower BMI and sdBMI than the Rec group (Table
2). Furthermore, the nonRec group had higher scores than the

Rec group for CPRS-S-A (all scales) as well as for EDI-2
(Ineffectiveness, Interpersonal Distrust, Interoceptive
Awareness, Maturity Fears, and Social Insecurity) (see Table
2).

Characterization of LLPA and HLPA groups
We compared the LLPA and HLPA patients at initial

assessment to test whether other characteristics co-occurred in
our sample of patients with high levels of physical activity. No
differences between the LLPA and the HLPA groups were
observed for age, IQ (n(nonEE)=23, n(EE)=11), BMI, presence of
menses (n=31 no menses, n=1 regular menses, n=4
premenarche, n=1 use of anticonceptive pill), EDI-2 total score,
EDI-2 subscales, and CPRS-S-A subscales (Table 3).
Furthermore, outpatients were not more likely to be included in
the HLPA group than inpatients (LLPA inpatients (n=15), LLPA
outpatients (n=11), HLPA inpatients (n=8), HLPA outpatients
(3); Fisher’s exact test, P<0.48). However, the LLPA and the
HLPA patients differed in terms of duration of illness prior to
initial assessment (Figure 1). Student’s t-test showed that the
HLPA group had significantly longer duration of illness before
admission to Rintveld Clinic than the LLPA group (t(35)=-2.472,
P<0.02, r=0.99) with a large effect size (Figure 2A). This data
indicate that the HLPA group had an earlier age of onset of the
illness.

Table 1. Characteristics of the sample at the end of study.

 nonRec (n=18) Rec (n=19)    
 Mean (SD) Mean (SD) t(df) P< e.s.

BMI
18.656
(0.424)

19.311
(0.345)

-1.205 (35) 0.24 0.200

sdBMI -1.033 (0.260) -0.479 (0.189) -1.73 (31.4) 0.09 0.295

CPRS-S-A      

anxiety 6.563 (4.60) 5.250 (3.553) 0.937 (32) 0.36 0.163

obsessions 8.781 (5.709) 4.056 (3.753) 2.81 (25.4) 0.01 0.487

depression 8.562 (6.129) 4.722 (4.226) 2.147 (32) 0.04 0.355

EDI-2      

drive for thinness 33.28 (7.61) 27.89 (10.48) 1.780 (35) 0.08 0.288

body dissatisfaction 41.94 (10.50) 36.47 (12.47) 1.439 (35) 0.16 0.236

bulimia scale 13.11 (3.71) 11.53 (4.85) 1.112 (35) 0.27 0.185

ineffectiveness 37.06 (9.69) 33.89 (8.35) 1.065 (35) 0.29 0.177

perfectionism 19.61 (5.71) 18.11 (4.98) 0.856 (35) 0.40 0.143

interpers. distrust 22.89 (6.22) 21.05 (5.17) 0.979 (35) 0.33 0.163

interoceptive aw. 29.78 (8.34) 30.16 (7.53) -0.146 (35) 0.86 0.025

maturity fears 27.11 (7.50) 22.79 (5.25) 2.041 (35) 0.05 0.326

ascetism 28.50 (7.72) 25.53 (6.30) 1.287 (35) 0.21 0.213

impulse regulation 27.33 (5.81) 25.16 (6.34) 1.086 (35) 0.29 0.181

social insecurity 30.33 (6.91) 25.95 (5.98) 2.068 (35) 0.05 0.330

Characteristics of the nonRec (non-recovered) and the Rec (recovered) groups at
the end of study. EDI-2 = Eating Disorder Inventory, Interpers. distrust =
interpersonal distrust; interoceptive aw.= interoceptive awareness, CPRS-S-A =
Comprehensive Psychopathological Rating Scale, e.s. = effect size. Student’s t-
test, significant results are in bold.
doi: 10.1371/journal.pone.0078251.t001
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Decrease in physical activity during treatment
In order to test the hypothesis that physical activity

decreases during treatment, we compared the time course of
total physical activity between LLPA and HLPA groups at initial
assessment, at the end of study, and at one-year follow-up. We
conducted repeated measures ANOVA to assess changes over
time of the physical activity levels of the patients. The physical
activity levels were measured using an accelerometer and the
patients were grouped on the basis of their physical activity
(PA) levels. For daily physical activity levels, both the PA
classification and the interaction between time and PA
classification were significant, thus indicating that PA levels
differed between the LLPA and the HLPA groups in a time-
dependent manner. The Student’s t-test, which was conducted
as a post hoc test (corrected P-value: p=0.0167), showed that
the HLPA group had a significantly higher total daily physical
activity than the LLPA group at initial assessment
(t(38.37)=-9.137, P<0.001, r=0.99) (Figure 2B and Table S1).
This difference disappeared during treatment due to the fact
that the HLPA group decreased in their total activity while the
LLPA group on average slightly increased in their activity.

Influence of HLPA on recovery rate
We aimed at assessing if HLPA detected at initial

assessment diminished the recovery rate of adolescent AN
patients. There was no difference in recovery rate for both the
LLPA and the HLPA groups (χ2(1)=1.408, P<0.24, Cramer’s

Table 2. Characteristics of the sample at follow-up.

 nonRec (n=18) Rec (n=19)    
 Mean (SD) Mean (SD) t(df) P < e.s.
BMI 17.95 (1.95) 19.71 (1.72) -2.918 (35) .006 0.442

sdBMI -1.66 (1.35) -0.47 (0.71) -3.374 (35) .002 0.495

CPRS-S-A      

anxiety 8.50 (5.26) 4.36 (3.58) 2.711 (32) 0.01 0.432

obsessions 9.47 (5.43) 4.47 (3.82) 3.129 (32) 0.01 0.484

depression 9.59 (5.38) 4.44 (4.36) 3.077 (32) 0.01 0.478

EDI-2      

drive for thinness 31.78 (6.49) 28.11 (12.17) 1.15 (27.7) 0.26 0.213

body dissatisfaction 39.78 (8.39) 39.32 (12.50) 0.13 (31.6) 0.89 0.023

bulimia scale 14.61 (5.82) 11.58 (3.67) 1.906 (35) 0.07 0.307

ineffectiveness 38.56 (9.61) 31.47 (10.00) 2.194 (35) 0.04 0.348

perfectionism 19.39 (4.63) 16.42 (4.86) 1.901 (35) 0.07 0.306

interpers. distrust 24.33 (6.70) 19.58 (5.32) 3.397 (35) 0.02 0.498

interoceptive aw. 31.72 (7.34) 26.47 (7.35) 2.172 (35) 0.04 0.345

maturity fears 27.11 (6.86) 22.89 (5.04) 2.139 (35) 0.04 0.340

ascetism 27.11 (7.38) 23.11 (7.09) 1.684 (35) 0.10 0.274

impulse regulation 28.17 (6.53) 24.11 (7.04) 1.817 (35) 0.08 0.294

social insecurity 31.33 (6.08) 23.74 (5.38) 4.030 (35) 0.01 0.563

Characteristics of the nonRec (non-recovered) and the Rec (recovered) groups at
follow-up. EDI-2 = Eating Disorder Inventory, Interpers. distrust = interpersonal
distrust; interoceptive aw.= interoceptive awareness, CPRS-S-A = Comprehensive
Psychopathological Rating Scale, e.s. = effect size. Student’s t-test, significant
results are in bold.
doi: 10.1371/journal.pone.0078251.t002

V=0.195, for sample sizes see Figure 3A). Kaplan-Meier
survival analysis with PA classification as a factor showed that
there was no effect of PA classification on the recovery rate
(mean=10.72, 95% CI 9.57-11.87; mean=10.57, 95% CI
8.87-12.28, for the LLPA and the HLPA groups respectively).
Thus, our data suggested that HLPA at initial assessment had
no negative influence on recovery rate of the adolescent AN
patients.

Changes in PA levels in recovered and non-recovered
patients

We tested the hypothesis that HLPA patients who recovered
had lower physical activity levels at initial assessment than
those who did not recover. We also assessed if changes in
levels of PA were more profound for the Rec than for the
nonRec patients from the HLPA and the LLPA groups. In order
to do so, we split the population into four groups on the basis of
PA classification and of recovery according to MROAS. As a
consequence four groups were compared: LLPA-nonRec,
LLPA-Rec, HLPA-nonRec, and HLPA-Rec. We conducted two-
way ANOVA, with PA classification and recovery status as

Table 3. Basic characteristics of the sample split by
physical activity levels.

 LLPA (n=26) HLPA (n=11)    
 Mean (SD) Mean (SD) t(df) P< e.s.
Age 15.262 (1.353) 15.345 (1.010) -0.184 (35) 0.86 0.031

IQ
103.783
(12.446)

106.755
(13.124)

-0.640 (32) 0.53 0.112

BMI 16.188 (1.408) 15.582 (1.654) 1.138 (35) 0.26 0.189

sdBMI -2.185 (1.026) -2.827 (1.755) 1.398 (35) 0.17 0.229

CPRS-S-A      

anxiety 9.340 (4.377) 11.556 (4.572) -1.287 (32) 0.21 0.222

obsessions 9.280 (4.880) 12.833 (5.006) -1.861 (32) 0.07 0.313

depression 9.827 (13.222) 13.222 (5.197) -1.657 (33) 0.11 0.277

EDI-2      

drive for thinness 34.115 (8.155) 35.500 (5.418) -0.515 (35) 0.61 0.087

body
dissatisfaction

42.269
(10.267)

42.818
(10.255)

-0.149 (35) 0.88 0.025

bulimia scale 12.962 (5.466) 15.182 (6.493) -1.068 (35) 0.29 0.178

ineffectiveness 38.31 (8.57) 42.77 (8.29) -1.462 (35) 0.15 0.240

perfectionism 19.04 (5.80) 20.27 (5.12) -0.611 (35) 0.55 0.103

interpers. distrust 22.50 (5.94) 26.09 (5.75) -1.696 (35) 0.10 0.276

interoceptive aw. 34.19 (7.80) 34.82 (6.95) -0.230 (35) 0.82 0.039

maturity fears 26.54 (5.94) 30.41 (7.79) -1.650 (35) 0.11 0.269

ascetism 27.92 (5.95) 30.10 (6.59) -0.955 (34) 0.35 0.162

impulse regulation 27.43 (7.55) 29.40 (6.87) -0.720 (34) 0.48 0.123

social insecurity 28.23 (4.94) 31.00 (6.73) -1.360 (34) 0.18 0.227

Student’s t-test showed no differences between the LLPA (low levels of physical
activity) and the HLPA (high levels of physical activity) groups at initial
assessment. EDI-2 = Eating Disorder Inventory, Interpers. distrust = interpersonal
distrust; interoceptive aw.= interoceptive awareness, CPRS-S-A = Comprehensive
Psychopathological Rating Scale. All effect sizes (e.s.) are small or negligible.
doi: 10.1371/journal.pone.0078251.t003
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factors, to assess daily physical activity levels at assessment,
at the end of study, and at follow-up (Figure 3A, Table S2).

At the initial assessment, there was a significant effect of PA
classification, recovery status, and interaction on daily physical
activity levels. Post hoc analysis (Student’s t-test, corrected P-
value: p=0.025) showed significant difference between Rec and
nonRec patients in the HLPA group with a large effect size
(t(9)=-2.989, P<0.02, r=0.71). HLPA patients, who recovered at
the end of study, had significantly higher physical activity levels
at initial assessment than those patients who did not recover.
At the end of the study and at follow-up, the effect of PA
classification, recovery status, and interaction between the two
variables were not significant.

Figure 2.  Characterization of LLPA and HLPA patients.  A)
Duration of illness, defined as time between obtaining the first
diagnosis and initial assessment at Rintveld clinic. Duration of
illness is significantly higher for the HLPA (high levels of
physical activity) group than for the LLPA (low levels of
physical activity) group. Mean±SEM, Student’s t-test, * P<.05.
B) Physical activity of the LLPA and the HLPA groups at initial
assessment, at the end of study, and at follow-up. Data are
expressed as mean ± SEM; Repeated measures ANOVA,
Student’s t-test as a post hoc test: *** P<.001 in comparison to
the LLPA group at the same time point.
doi: 10.1371/journal.pone.0078251.g002

Influence of HLPA on restoration of fat% and on plasma
leptin levels

We investigated the influence of HLPA at initial assessment
on the restoration of fat% and on plasma leptin and ghrelin
levels after treatment (at the end of study and at one-year
follow-up). For that purpose, we split the population into four
groups as explained in the analysis above. We conducted a
two-way ANOVA analysis, with PA classification and recovery
status as factors, to characterize fat% at initial assessment, at
the end of study and at follow-up. Due to the availability of a
small number of blood samples for patients in the HLPA-Rec
group at initial assessment, we only analyzed leptin and ghrelin
levels at the end of study and at follow-up.

Results for fat% are shown in Figure 3B and Table S2. At
initial assessment, there were no differences in terms of fat%
between the recovered and the non-recovered HLPA and LLPA
groups. At the end of study, Rec patients had higher fat% than
nonRec patients and there was no significant effect of PA
classification or interaction on body fat%. At follow-up,
recovered patients had higher fat% than non-recovered
patients and this effect depended on PA classification as the
interaction effect was significant. Post hoc analysis (Student’s
t-test; corrected P-value: p=0.025) showed significant
difference between the LLPA and the HLPA recovered patients
with a large effect size (t(12)=-3.309, P<0.007, r=0.99). There
was also a significant difference, with a large effect size,
between recovered and non-recovered HLPA patients
(t(5)=-3.424, P<0.02, r=0.69); however, there was no difference
between recovered and non-recovered LLPA patients
(t(16)=-1.828, P<0.09, r=0.42).

Results for leptin levels are shown in Figure 3C and Table
S2. Two-way ANOVA showed that at the end of study, the
recovery status had a significant large effect on plasma leptin
levels; however the PA classification or interaction had no
effect. Post hoc analysis (Student’s t-test; corrected P-value:
p=0.025) showed significant difference between recovered and
non-recovered HLPA patients for leptin levels with a large
effect size (t(8)=-5.886, P<0.001, r=0.90). Also at the follow-up,
there was a significant effect of recovery status on leptin levels
but not significant effects of PA classification or interaction. The
effect sizes for PA classification and interaction were large,
suggesting that a larger sample size might be required to
obtain significant effect. Post hoc analysis (Student’s t-test;
corrected P-value: p=0.025) showed significant differences
(with large effect sizes) between recovered and non-recovered
patients in the LLPA group (t(12)=-2.859, P<0.02, r=0.64) and
the HLPA group (t(5)=-3.605, P<0.02, r=0.85). Results for
ghrelin levels are shown in Figure 3D and Table S2. There
were no significant effects for ghrelin at the end of study and at
follow-up.

Associations of psychological measurements with
observed biological parameters

We assessed how the biological measures relate to the
psychological measures at one-year follow-up in our sample.
We used Spearman’s rho correlation analysis to examine
associations between fat%, plasma leptin, and plasma ghrelin
levels with psychological variables measured with EDI-2 and
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CPRS-S-A (Table S3). Analysis showed that fat% at follow-up
correlated significantly and negatively with all the subscales of
CPRS-S-A and with four EDI-2 subscales (Ineffectiveness,
Interpersonal Distrust, Maturity Fears and Social Insecurity). As
fat% and leptin correlated significantly (Spearman’s rho =
0.569, P<0.01), it is not surprising that plasma leptin levels at
follow-up correlated significantly and negatively with all the
subscales of CPRS-S-A and with six EDI-2 subscales
(Ineffectiveness, Interpersonal Distrust, Interoceptive
Awareness, Maturity Fears, Impulse Regulation, and Social
Insecurity). Finally, ghrelin plasma levels correlated
significantly and positively with two EDI-2 subscales (Body
Dissatisfaction and Interpersonal Distrust). Taking under
consideration the number of correlations, 5% of the significant
associations are false positives (about 3 of the 42 correlations).
Therefore, majority of the correlations obtained should be
considered valid.

Discussion

We conducted a longitudinal study in adolescent anorexia
nervosa patients to assess the effects of treatment on high
physical activity levels as well as to investigate the
consequences of high levels of physical activity on
physiological recovery. We showed that patients who had high
levels of physical activity at initial assessment were
characterized by earlier age of onset of the illness. During the
treatment, physical activity levels of AN patients normalized
(decreased for the HLPA and increased for the LLPA groups)
at the end of treatment and remained stable at one-year follow-
up. High levels of physical activity at initial assessment did not
influence recovery rate in this sample. However, patients who
engaged in high levels of physical activity had profound
increases in fat% and leptin levels at recovery. The changes in
body composition and leptin levels observed at recovery were
still maintained at one-year follow-up.

The data showed the normalization of physical activity levels
of the adolescent AN patients during treatment, and this effect

Figure 3.  Differences between recovered and non-recovered LLPA and HLPA patients.  Daily physical activity scores (A), fat
% (B), leptin serum levels (C), and ghrelin serum levels (D) plotted for recovered and non-recovered LLPA and HLPA groups at 3
time points (initial assess. = initial assessment). Data are expressed as mean ± SEM; Two-way ANOVA, Student’s t-test as a post
hoc test: * P<.05, *** P<.001 between the recovered (Rec) and non-recovered (nonRec) patients in the same group (LLPA or HLPA)
and at the same time point; ## P<.01, ### P<.001 between the LLPA and the HLPA groups at the same time point. Numbers within
bars indicate sample size per group.
doi: 10.1371/journal.pone.0078251.g003
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was maintained one year later. Patients who were initially
highly active diminished their physical activity, while patients
who were characterized by low activity increased their physical
activity. The increase in the PA of patients from the LLPA
group may be potentially explained by the emaciation of
patients at initial assessment, which might have resulted in
decreased physical activity levels. As patients from the LLPA
group partly restored their body fat%, their physical activity
levels increased. As far as the decrease of physical activity of
patients in the HLPA group is concerned, there are two
possible explanations for this finding. First, this effect may be
considered a positive verification of the hypothesis that
extreme food limitation and body weight loss may be
evolutionarily conserved triggers for hyperactivity observed in
AN patients [14,17]. Second, the decrease in activity at the end
of study might have been caused by the efforts of the clinical
staff to decrease patients’ hyperactivity. The effect of reduction
of PA was present also at follow-up. This may suggest that
members of the patients' social surroundings learned about the
negative effect of hyperactivity on the health status of AN
patients. As a result, they may put more pressure on patients to
stay less active. Finally, we cannot fully exclude the possibility
that the observed normalization of physical activity seen in both
groups is merely an effect of regression toward the mean. The
latter would take place if the PA scores of both the LLPA and
the HLPA groups at initial assessment were extreme in
comparison to the average scores of the adolescent AN
population. However, this is not the case. In a new study that is
currently being conducted at the Rintveld clinic, a new group of
adolescent AN patients has comparable PA scores to the
population used in the current study. Also, the percentage of
patients classified as HLPA is identical between the two
populations.

Contrary to what is expected, our data show that HLPA
patients who recovered at the end of study were characterized
by even higher physical activity levels at initial assessment
than the non-recovered HLPA patients. The data may support
previous findings that high levels of physical activity do not
necessarily result in poorer outcomes after treatment. It was
previously shown that, in AN patients, high physical activity
levels are partly driven by body weight preoccupation [48].
Furthermore, the relation between high exercise levels and
disordered eating is partially mediated by reasons to exercise
[49]. These variables were, however, not assessed in the
current study.

Previously, it was reported [12] that AN patients who were
highly physically active were younger at the first clinical
interview. Our findings also showed that the age of onset of AN
was earlier in the HLPA group than in the LLPA group. We
propose that high levels of physical activity may mask the
progress and severity of AN for patients and their social
surroundings. This is in agreement with previous hypotheses
that one of the functions of high physical activity in individuals
with AN is the denial of the negative outcomes of severe
dieting [16].

The recovery rate during one-year follow-up was comparable
to those previously reported in the literature [50]. As was
predicted, recovery was associated with an increase in body fat

% and leptin levels. In our sample, the fat% increase was more
profound in a group of patients who were classified to the
HLPA group at the acute phase of the illness. The effect on
body fat% was maintained and even strengthened at one-year
follow-up. Thus, we suggest that previous history of HLPA
changes fat pad restoration in response to re-feeding. We also
observed relative hyperleptinemia (assessed dependent on the
BMI for age and gender matched controls) during recovery,
consistent with previous reports [36,37]. However, contrary to a
previous report [37], elevated leptin levels did not normalize at
one-year follow-up. Although, 1) leptin levels at the end of
study and at follow-up mimicked the group differences
observed in body fat% at these time points; and, 2) though
relative hyperleptinemia (assessed dependent on the BMI for
age and gender matched controls) was observed in all of the
HLPA-Rec patients and only in half of the LLPA-Rec patients,
the results were not statistically significant. This is most
probably due to the small HLPA-Rec group size and high
variability in leptin levels. Finally, both fat% and leptin plasma
levels in the current study correlated negatively at follow-up
with psychological measurements such as anxiety, obsessions,
depression (as measured with CPRS-S-A), and various
subscales of EDI-2. These findings suggest that the higher fat
% and leptin levels are at one-year recovery, the better the
psychological outcome as measured by CPRS-S-A and EDI-2
(lower scores of psychopathology measured by these
questionnaires).

Although plasma leptin levels correlate with body fat%, leptin
levels are likely to respond to short-term changes due to
various stimuli such as food intake. As a consequence, slow
changes in fat% are more informative of patients’ physical state
than the dynamic leptin measurements. Nevertheless, plasma
leptin levels may convey important information. First, in the
current study, at follow-up, leptin was a much better predictor
of psychological outcome than fat% measurement. Second,
leptin levels may inform us about the propensity of a person to
develop hyperactivity. Gelegen et al. in 2007 [51] showed that
a mouse strain that is sensitive to the activity-based anorexia
model has higher baseline plasma leptin levels in comparison
to a strain that is more resistant to activity-based anorexia.
Both strains are characterized by comparable plasma leptin
levels as a consequence of restricted feeding. Thus the
susceptible mouse strain (that becomes hyperactive during
food restriction) is characterized by a stronger decline of leptin
between baseline and experimentally evoked food restriction.
This could lead to the hypothesis that the stronger the decline
of leptin due to food restriction, the higher the sensitivity is to
restricted caloric assessment and perhaps to the hyperactivity
that is evoked by it. Additional research is needed to further
test this hypothesis.

We did not observe any effects of recovery on ghrelin levels.
The high within-group variance of ghrelin levels suggests that
factors, other than the ones included in the current study, may
have influenced ghrelin levels.

The main limitation of the study is the drop-out of patients
between initial assessment, end of study, and follow-up. As a
consequence, some of the groups have a small headcount.
Therefore, it is not justified to generalize the findings on the

Longitudinal Changes in Physical Activity

PLOS ONE | www.plosone.org 9 October 2013 | Volume 8 | Issue 10 | e78251



influence of HLPA on recovery of fat% and leptin levels to all
AN patients. Another limitation of the study is the lack of a
control group, which makes it impossible to state whether the
HLPA group is characterized with higher physical activity levels
than healthy controls or only relative to the LLPA group.
Further studies are necessary to replicate our findings.

Despite the limitations, the current study contains several
findings of clinical relevance. On the one hand, HLPA may
have a negative influence on the course of AN. For example,
our data suggest that HLPA may mask the development of AN
from patients and their social surroundings. This fact may
cause a delay in searching for professional help and may
prolong the time of illness without appropriate treatment. On
the other hand, one should distinguish possibly different
influences of HLPA on health status of AN patients during
disease onset, maintenance, and recovery from AN. First, in
our sample, HLPA did not have negative consequences on the
recovery rate of adolescent AN patients. This observation
surely results from the fact that the treatment was successful in
diminishing the levels of PA in our sample. HLPA was,
however, associated with higher body fat percentage and
higher leptin levels in recovered patients (at the end of study
and at follow-up) in comparison to the LLPA group. These
observations may have negative as well as positive influences
on long-term remission. It has been previously shown that high
leptin levels may counteract therapeutic efforts by increasing
PA and decreasing food intake [52–57]. However, in the
current study, we did not observe an increase in PA at one-
year follow-up in the group of patients with high plasma leptin
levels. Furthermore, the correlation analysis has shown that the
higher the fat% and leptin levels, the better the psychological
outcome as measured using CPRS-S-A and EDI-2
questionnaires. This may suggest that although HLPA
contribute to the development of AN and may counteract
treatment effort, it may also have a positive side. Namely,
HLPA patients who recover and manage to maintain low PA
levels may have better treatment outcomes than LLPA
patients. It is possible that previous HLPA result in higher fat%
levels after refeeding, which may in turn result in higher leptin
plasma levels in comparison to the LLPA group. This may have
an unexpected positive influence on the psychological status of
AN patients as leptin is known to diminish hypothalamic-
pituitary-adrenal axis response to stress [58]. This hypothesis
requires, however, further research as well as replication of
current findings in a larger sample.

In summary, the data show that AN patients who are
characterized by HLPA at the acute phase of the illness are

characterized by longer duration of illness prior to admission to
specialized treatment. High activity levels in adolescent AN
patients do not hamper per se the progress in treatment.
However, body composition recovery differs between the
recovered LLPA and the recovered HLPA groups. Namely, the
increase in fat% is higher for the recovered HLPA than for the
recovered LLPA patients, even at one-year follow-up.
Furthermore, these findings suggest that HLPA at initial
assessment have long lasting consequences for body
composition and consequently for levels of psychopathology at
recovery.
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