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ARTICLE INFO ABSTRACT

Keywords: Background: and purpose: Exercise has not typically been used as an adjunct in treatment of anorexia nervosa
Anorexia nervosa (AN). This study aimed to examine the effects of progressive resistance exercise (PREx) on perceived quality of
Exercise

life (QoL) and body composition in adolescents with AN.

Materials and methods: Forty-four adolescents diagnosed with AN were randomly allocated to either PREx or
control groups after hospitalization. The PREx group completed twenty-four PREx sessions over two months
including three sets of 8-10 repetitions of eight whole-body exercises at a moderate intensity. QoL and body
composition were evaluated at baseline and after two months using Health Questionnaire Short-Form 36 (SF-36)
and anthropometric measurements.

Results: At completion, forty-one participants (n = 19 PREx, and n = 22 controls) with mean age of 12.78 + 0.88
years and mean body mass index of 18 + 2.2 kg/m? were analyzed. Significant group x time effects were found
on SF-36 role physical (RP) scores. Significant improvements with large effect sizes (d > 0.72) were found in RP,
and arm circumferences in the PREx group. Spearman association analyses between percent change in anthro-
pometric variables and change in QoL scores showed positive associations with moderate-to-large effect sizes in
the PREx group among the following variables: mid-thigh-circumference, physical functioning (PF) and general
health (GH); calf-circumference relaxed and body pain; biceps skinfold and GH scores; triceps-skinfold, and role
physical (RP) and vitality (VT); supraspinale-skinfold and RP and VT; mid-thigh-skinfold and calf-skinfold and
VT.

Conclusion: PREx after hospitalization enables modest positive changes in QoL associated to anthropometric
changes in adolescents with AN without adverse effects on weight recovery.

Physical fitness
Quality of life
Resistance training

1. Introduction levels of psychological distress and anxiety associated with a fear of
body fat and weight gain compounded with a pathological desire to

Anorexia nervosa (AN) is an eating disorder primarily observed in achieve extreme thinness [1]. Sadly, AN’s mortality rate is one of the
women [1,2] that over the past decade has shown the greatest preva- highest for all psychiatric disorders with around 5% of all sufferers

lence in aged 15-19 years old [3]. Individuals with AN exhibit high passing away [1]. Despite best intentions and intensive therapies,

* Corresponding author. C/ Julian Claveria, s/n 33006, Oviedo, Spain.
E-mail address: dr.maria@fdelvalle.net (M. Fernandez-del-Valle).

https://doi.org/10.1016/j.ctcp.2022.101576
Received 29 January 2021; Received in revised form 24 March 2022; Accepted 25 March 2022

Available online 27 March 2022
1744-3881/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:dr.maria@fdelvalle.net
www.sciencedirect.com/science/journal/17443881
https://www.elsevier.com/locate/ctcp
https://doi.org/10.1016/j.ctcp.2022.101576
https://doi.org/10.1016/j.ctcp.2022.101576
https://doi.org/10.1016/j.ctcp.2022.101576
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctcp.2022.101576&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

A. Agne et al.

treatment is successful in no more than 50% of patients, with the relapse
rates around 31%, regardless of age [3]. Relapse has long plagued the
outcomes of individuals with AN. Along with several other factors such
as comorbid illnesses, self-reported lower quality of life (QoL), and
engagement in dysfunctional exercise post-acute treatment have all
contributed to the rates of relapse and recovery as a whole [3-5].

Quality of life encompasses an individual’s perception of their
overall wellness and can be reflected in various domains including
physical and mental health [6]. Typically, individuals with eating dis-
orders (ED) perceive themselves as having lower QoL. EDs impact QoL
through the impairment of mental wellbeing, social skills, sense of self,
physical health and relationships [4]. Indeed, previous research inves-
tigating QoL in AN found that they have poorer perception of their
health-related QoL compared to the general population [5,7-9].
Furthermore, in those with AN, poorer perceptions of QoL were corre-
lated with higher EDs symptom scores [5,7,9], greater incidence of co-
morbid illnesses (i.e. depression) and poor emotional awareness and low
sense of self control [7]. As an indicator of recovery, perception of QoL is
understood to trigger or maintain ED symptoms, wherein positive
changes in QoL is related to better ED outcomes [4]. Thus, targeting QoL
in ED treatment may be an avenue by which treatment trajectories could
be improved.

Body weight (BW) and body mass index (BMI) are well known re-
covery, remission, and relapse markers for AN [10]. BMI is an important
marker in the treatment process for AN. Higher BMI and lower rates of
weight loss after acute treatment (~1 month) have been associated with
successful weight maintenance in these patients [11]. Reports have
highlighted that the severity of an ED combined with low BMI are pre-
dictors of low QoL [7,12]. However, this association is lost when
examining individuals with AN who are admitted to hospital for emer-
gency reasons [5]. Despite research highlighting that body composition,
specifically percent body fat and total body fat in weight recovered in-
dividuals with AN is not different from controls after weight recovery;
abdominal (visceral) fat and intra-muscular fat are disproportionately
increased [13-15] while muscle mass is significantly decreased [15].
Individuals with AN have consistently expressed concern about weight
gain associated to this abnormal fat redistribution [14,15]. Unlike
muscle mass, body fat distribution normalizes after a year of weight
maintenance [15,16]. As a consequence, the evaluation of regional
changes (i.e. trunk, upper- and lower-extremities) in body composition
may be an important influencer of QoL in AN treatment.

Therapeutic exercise interventions are one way in which QoL may be
influenced, while facilitating improvements in BMI, BW and anthropo-
metric markers [7,12,17,18]. In fact, exercise in AN—including
moderate-to-vigorous intensity exercise—has been associated with
improved BMI, anthropometric skinfolds and circumferences percen-
tiles, skeletal muscle mass, fat free mass (FFM) [18-20], ED psychopa-
thology and comorbid symptoms in AN [21-23]. Incorporating exercise
into the treatment of EDs, particularly in AN, has been approached with
hesitancy and caution [24]. Hesitancy stems in part from the fact that
when exercise is engaged in a manner that is physically and psycho-
logically detrimental it becomes a dysfunctional behavior (thus termed
dysfunctional exercise) [25]. Dysfunctional exercise is the second
highest predictor of relapse in AN [26], and is noted as one of the first
presenting and last remaining symptoms of an ED [25,27,28]. Due to the
impact of dysfunctional exercise in physical and psychological recovery,
exercise has commonly been avoided in treatment [29], thus clinicians
have often utilized other strategies such as bed rest and exercise absti-
nence [24,30]. However, evidence now indicates that these practices
can present a harmful risk to both physical and psychological health (i.e.
increased feelings of depression, irritability and anxiety, decreased bone
density, decreased lean mass, etc.) [31]. The key component of pro-
ducing beneficial outcomes in exercise interventions in AN has been the
implementation of therapeutic exercise programs with nutritional sup-
port [17,22,32-35]. Therefore, developing healthier exercise practices
seems to be critical to improve psychopathology and reduce relapse risk
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in AN associated to a dysfunctional behavior [17,25,31,34].

Recent therapeutic exercise interventions in individuals with AN
have mainly utilized low-to-moderate intensity activities [21,23,36,37]
with only a few studies utilizing moderate-to-high intensity progressive
resistance exercise (PREx) [18,22,38]. Overall, moderate-to-high in-
tensity PREx has shown to improve muscle strength, bone health, and
BMI when compared to controls [19,22,38] without impacting weight
recovery or psychopathologies [17,32,34,39], or increasing reactivity to
stress and other triggers of relapse [25]. To the best of our knowledge,
only one study analyzed the effects of exercise on QoL in patients with
AN. The study included a three-month low-intensity progressive exercise
program (i.e. stretching, cardiovascular and isometric exercise) that did
not allow improvements in QoL, nor negatively impacted weight or BMI
recovery [21]. No other physical fitness-related variables (i.e. strength,
cardiovascular fitness, etc.) were assessed. Overall, the results from this
study suggest that exercise “dose” (i.e., intensity) may be key for QoL
improvement. Given the relationship of QoL with relapse and illness
outcomes, the potential benefit of incorporating moderate-to-vigorous
resistance exercise calls for additional research. Therefore, the aim of
this study was to investigate the effects of PREx on perceived physical
and mental health related QoL and body composition in AN after hos-
pitalization. We hypothesized that perceived QoL will improve signifi-
cantly after two months of PREx compared to the control group and
associated with positive changes in body composition without nega-
tively impacting weight gains.

2. Materials and methods
2.1. Design, ethical considerations, and participants

Forty-four young adolescents with AN who previously participated
in a study to determine the effects of resistance training on physical
fitness [40] were included in this study. Participants were recruited at
the hospital’s Eating Disorders Treatment Center by convenience sam-
pling. Both parental consent and patients consent forms were obtained
before enrollment. The intervention was carried out in accordance with
the Declaration of Helsinki. Adolescents with AN were included in the
study following the CONSORT guidelines for randomized controlled
trials. The study protocol was approved by the Clinical Research Ethics
Committee (Comité Etico de Investigacion Clinica — CEIC) at the Hospital
Universitario Infantil Nino Jesiis de Madrid (ID: R-0034/08-1). The
study was registered at www.clinicaltrials.gov (NCT01906320).

In the present study, we utilized a parallel group randomized
controlled trial. A total of 44 participants were blocked in a 1:1 ratio
based on their BMI at the start of the study and then randomized into
PREx (n = 22) and control (n = 22) groups following an allocation
concealment process (using sealed/opaque envelopes). To be included
in the study participants met the following inclusion criteria: diagnosed
with AN based on the Diagnostic and Statistical Manual of Mental Dis-
order IV [40]; were less than 16 years old; were part of a structured day
care program including cognitive behavioral therapy (3 days/week) and
diet monitoring; had a BMI >14.0 kg/m2 [27]; were not currently
engaging in dysfunctional exercise and had no contraindications to
performing exercise [27]. To continue in the PREx group throughout the
course of the study participants had to: not encounter significant losses
of weight or BMI attributable to voluntary reduction of dietary intake;
not develop dysfunctional exercise behaviors [41,42]. A total of three
PREX participants were lost over the course of the study due to: change
to treatment center (n = 2) and hospitalization due to voluntary
reduction of dietary intake (n = 1). Therefore, 19 participants completed
the study in the intervention group (see Fig. 1).

The study was organized in two phases: familiarization phase and
intervention phase (see Fig. 2). The familiarization phase included three
preparation sessions and physical fitness assessments (i.e. cardiorespi-
ratory fitness (CRF), muscular strength). The intervention phase was
preceded and followed by body composition assessments (i.e., weight,
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Fig. 1. CONSORT Flow diagram.

Fig. 2. Schematic of the study design.
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SF-36 — health questionnaire short-form 36; PF — physical fitness (including cardiorespiratory and strength testing); PREx — progressive resistance exercise;
reps—repetitions; 6RM —six-repetition maximum; kcals—kilocalories; CBT — cognitive behavioral therapy.

height, circumferences and skinfolds) and perceived physical and
mental health questionnaire (i.e., SF-36). Clinical exercise professionals
who specialized in EDs completed and supervised the assessment and
training sessions with the participants. The same group of researchers
performed all assessments—except CRF—and supervised the training
sessions. All tests were scheduled into two sessions with a day of rest in
between, and under similar environmental conditions (20-24 °C,
45-55% relative humidity) and time (10:00 a.m. to 1:00 p.m.). Each
patient consumed the same amount of energy each day. Specifically,
they consumed a diet of 55% carbohydrate, 30% protein and 15% fat.
Additionally, the intervention group increased their calorie intake by
consuming a high-protein milkshake (~150 kcals) accounting for the
energy expenditure required during the strength training session [35,38,
43].

2.2. Familiarization phase

Each participant took part in a familiarization period over the course
of one week to minimize the learning effect that could result in technical
and neuromuscular improvements on the strength tests [38]. Each in-
dividual participated in three 50-min sessions. Each session was pre-
ceded and followed by a warm-up and cool-down identical to those
performed in the PREx intervention period. Participants completed two
to three sets of five to eight repetitions of the exercises that were used to
assess strength, and one familiarization session for the treadmill
ergometer. The subsequent assessments were performed during the
familiarization period to ensure the participants met inclusion criteria
and to obtain initial strength values for PREx prescription.
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2.2.1. Physical activity levels

To ensure the participants were not dysfunctional exercisers and that
both intervention and control groups had similar physical activity levels
at the beginning of the study, spontaneous physical activity was
assessed. Participants were required to maintain their usual physical
activity while wearing a uniaxial accelerometer for ten days (Actigraph
MTI, GT1M model, Manufacturing Technology, Fort Walton Beach, FL).
A minimum of 10-h registration per day for at least 7 days (Mon-
day-Sunday) was set to count as valid. An average value of three
working days and two weekend days was calculated. Additional details
on this methodology are provided elsewhere [44].

2.2.2. Cardiorespiratory fitness

To assess CRF, participants completed a graded treadmill test
(Technogym Run Race 1400HC; Gambettola, Italy). The test was per-
formed while monitoring heart activity by electrocardiography (BTL-
08MT Plus ECG) to ensure that exercise was not contraindicated. The
protocol was designed specifically for those with AN and the protocol
has been previously used successfully [38,45,46]. The test was termi-
nated when participants experienced volitional fatigue or when a loss of
ability to maintain the required workload was shown.

2.2.3. Muscular strength

To determine exercise intensity an upper and lower body muscular
strength test was performed. Participants followed a standardized six-
repetition maximum (6RM) strength test on the same resistance
weight machines (i.e. seated leg press, bench press and lateral row) used
during the training sessions. The 6RM “is described as the maximum
strength capacity to perform six repetitions until momentary muscular
exhaustion” [45]. The assessment included a three-set warm-up (50%,
70%, and 90% of the perceived 6RM) with 1-min resting periods be-
tween sets, and 2 min between the last warm-up set and the 100% 6RM
attempt. Further details are provided elsewhere [47].

2.3. Assessments and intervention

On assessment day, participants consumed their usual breakfast
(fruit juice [~200 mL] and a bowl of cereal [~45 g] with milk [~200
mL]) approximately 3 h before the assessment. The following assess-
ments were completed by both PREx and control groups before and after
the intervention period, referred to as pre-assessment and post-
assessment, respectively.

2.3.1. Health related quality of life questionnaire short-form 36 (SF-36)

Perceived health was evaluated pre- and post-intervention in both
groups using the SF-36 questionnaire. The SF-36 evaluates perceived
health-related QoL in two main areas physical health and mental health.
There are 36 items that are scored into each domain: physical func-
tioning (PF), role limitations due to physical health (RP), bodily pain (BP),
general health (GH), vitality (VT), social functioning (SF), role limita-
tions due to emotional problems (RE) and mental health (MH). The scores
from each domain all contribute towards two summary scales: physical
component scale (PCS) and mental component scale (MCS). The SF-36
domain scores range from 0 (worst) to 100 (best), with a higher score
indicating a better state of health. There are three steps involved in the
scoring of each SF-36 domain: recoding of recorded items (i.e. a total of
10 items require reverse scoring), algebraic sum of the items raw scores
in the same domain, and transformation of raw scores to 0—100 scores
[48]. Summary scales are then computed using general population’s
mean and standard deviations, calculating z-scores from previously
determined domains, and utilizing scoring factor coefficients specific for
each scale [49].

2.3.2. Body composition and anthropometry
Weight (kg) and height (m) were collected, and BMI was calculated
as kg/m?. These variables were also recorded weekly by the medical
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team to ensure the safety of the PREx program and to monitor adverse
changes to weight or BMI. Anthropometry data were collected following
the International Society for the Advancement of Kinanthropometry
(ISAK) standards [50] by the same ISAK Level-3 anthropometrist.
Anthropometry measurements included: 6 girths (arm contracted, arm
relaxed, upper-thigh, mid-thigh, calf relaxed, and calf contracted) and 7
skinfolds (biceps, triceps, subscapular, abdominal, supra-iliac, mid--
thigh and calf).

2.3.3. Intervention

The PREx group engaged in psychotherapy and participated in three
50-min PREx sessions per week for eight weeks (24 sessions total). The
exercise session took place between 9:30 and 10:00 a.m. before psy-
chotherapy. To begin the session, the PREx group participated in a dy-
namic warm-up prior to the PREx session that targeted the major muscle
groups. The dynamic warm-up included three sets of 10 repetitions of a
total of eight exercises [arm circles, sumo squat with lateral leg rise,
lunge walks (with and without knee rise), inch worms, frog walk,
walking hamstring stretch with knee rise, leg cross overs (supine), and
scorpion (prone)] sequenced in the same order and increasing range of
motion each set. The participants then performed three sets of eight
exercises (i.e. bench press, leg press, lateral row, leg extension, lateral
pull down, abdominal crunch, low back extension and push-ups) and
completed 8-10 repetitions. The intensity of leg press, bench press and
lateral row exercises was set at 70% of their 6RM. The intensity for the
remaining exercises was selected based on the OMNI-Resistance Exer-
cise Scale (OMNI-RES) [51,52]. An OMNI-RES score of 6 was selected to
ensure intensity was similar to that used in seated leg press, bench press
and lateral row [53]. Rest periods between exercises lasted 1-2 min. The
load gradually increased from 5 to 10% after the participant was able to
perform the exercise without fatigue for two consecutive sessions [54]
coinciding with an OMNI-RES score of <6. Stretching exercises were
completed at the end of session. The control group participated in the
same psychotherapy as the PREx group every week for eight weeks.
However, they did not receive the same exercise program and did not
consume the additional protein intake.

2.4. Statistical analyses

All data were checked for normality using the Shapiro-Wilk tests,
where normality was assumed if p > 0.05. Baseline variables were
compared through Student’s t-test for independent sample to detect
differences between control and PREx groups at baseline. A 2 x 2 (group
x time) repeated measures analysis of variance (ANOVA) model was
used to assess PREx effects (control vs. PREx) from pre-to post-inter-
vention on health-related QoL (SF-36 questionnaire), and body
composition variables. Bonferroni-corrected pairwise comparisons were
performed when appropriate. The eta squared effect sizes (n%) were
classified as 0.01 (small), 0.06 (medium), 0.14 (large) [55]. Likewise,
Cohen’s effect sizes (d) were classified as 0.1 (very small), 0.2 (small),
0.5 (medium), 0.8 (large), 1.2 (very large), and 2.0 (extremely large)
[56]. One-sample t-test was utilized to compare SF-36 scores with
normative values [PF, RP, BP, RE and VT = 100, SF = 90, GH = 75, MH
= 70, and MCS and PCS = 50] [57]. Associations between QoL and
anthropometric variables were examined by Spearman association an-
alyses. The strength of the relationship was classified as < 0.1 (very
small), 0.1-0.29 (small), 0.3-0.49 (moderate), 0.5-0.69 (high),
0.7-0.89 (very high), and 0.9-1 (perfect). All data were summarized as
mean + SD. The level of significance was set at p < 0.05. Statistical
analyses were performed using the SPSS Statistics for Windows, version
20 (IBM Corporation, Armonk, NY).
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3. Results
3.1. Characterization of the sample

A total of 41 participants (mean age = 12.78 + 0.88 years) diagnosed
with AN were analyzed. A description of the sample’s baseline measures
is included in Table 1. No differences were found for minimum BMI
achieved through the course of the treatment, BMI, dietary intake, and
moderate-to-vigorous physical activity levels (MVPA) between groups at
inclusion in the study.

3.2. Quality of life

Scores from SF-36 broken down into control group and PREx group
are included in Table 2. The analysis of QoL variables showed significant
group x time interaction effects on RP (F [1,39] = 4.34, p = 0.044, n? =
0.1). Pairwise comparisons indicated that the PREx group significantly
increased RP scores (t [19] = 6.08; p = 0.018; d = 0.8) and PF scores (t
[19] =5.01; p = 0.031; d = 0.72). Lastly, time interaction effects were
found on PCS (F [1,39] = 4.47, p = 0.036; n2 = 0.11) showing increases
in perceived physical health-related QoL for both PREx and control
groups.

Results from the comparison between SF-36 domains and scales with
normative values are shown in Table 3. Except for PCS, all SF-36-derived
scores were significantly different from normative values at baseline in
both PREx and control groups. After two months, GH scores were no
longer different from healthy cutoffs for any of the groups. Additionally,
MH scores were not significantly different from normative scores, and
PCS scores were significantly greater in the PREx group after
intervention.

3.3. Anthropometry

Table 4 depicts the anthropometric data compared between the
control group and PREx group. ANOVA analyses highlighted time in-
teractions for BW (F [1,39] = 12.533; p = 0.001; n2 = 0.10) with sig-
nificant improvement pre-to-post in both PREx (F [1,39] = 5.714; p =
0.022; n? = 0.13) and control (F [1,39] = 6.930; p = 0.012; p? = 0.15)
groups. Additionally, the control group presented larger BW (F [1,39] =
5.182; p = 0.028; n2 = 0.12), mid-thigh circumference (F [1,39] =
4.264; p = 0.046; nz = 0.10), relaxed calf circumference (F [1,39]
5.480; p = 0.024; n2 = 0.12), contracted calf circumference (F [1,39] =
4.474; p = 0.041; nz = 0.10), and mid-thigh skinfold thickness (F [1,39]
= 4.225; p = 0.046; |'12 = 0.98) compared to the PREx group at enroll-
ment. Pairwise comparisons revealed significant pre-to-post differences
in arm circumference contracted (t [19] = 6.753, p = 0.013; d = 3.18)
and arm circumference relaxed (t [19] = 1.402, p = 0.021; d = 0.77)
only in the PREx group.

3.4. Association analysis

Spearman association analyses between percent change (% change)
of anthropometric variables, and pre-to-post differences in SF-36 scores
revealed moderate to high positive associations (rho) in the PREx group
between: % change in mid-thigh circumference and pre-to-post

Table 1
Description of the sample at baseline.

Variables Control group (n = 22) PREx group (n = 19)
Minimum BMI (kg/m?) 16.2 + 1.8 15.8 + 1.7

BMI at inclusion (kg/mz) 181+ 21 17.0 £ 2.1

Diet (kcals/day) 2345.4 + 226.2 2268.42 + 197.3
MVPA (min/day) 44.6 + 24.2 42.9 +25.6

BMI -body mass index, kcals—kilocalories; MVPA - moderate-to-vigorous
physical activity levels; min—minutes; PREx—progressive resistance exercise.
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difference in PF (rho = 0.60, p = 0.006) and GH scores (rtho = 0.49, p =
0.035); % change in calf circumference relaxed and pre-to-post differ-
ence in BP scores (rho = 0.50, p = 0.031); % change in biceps skinfold
and pre-to-post difference in GH scores (tho = 0.55, p = 0.015); %
change in triceps skinfold and pre-to-post difference in RP (rho = 0.53, p
= 0.021) and VT scores (rtho = 0.56, p = 0.013); % change in supra-
spinale skinfold and pre-to-post difference in RP (rho = 0.46, p = 0.046)
and VT scores (rho = 0.53, p = 0.020); % change in mid-thigh skinfold
and pre-to-post difference in VT scores (rho = 0.56, p = 0.0121- =
0.924); and % change in calf skinfold and pre-to-post difference in VT
scores (rho = 0.48, p = 0.036, 1-p = 0.92). Control group association
analyses showed a very weak association between % change in
abdominal skinfold and pre-to-post difference in SF (rho = 0.43, p =
0.028), and a very small and negative association between % change in
mid-thigh circumference and pre-to-post difference in PF (rho = —0.43,
p = 0.044).

4. Discussion

This is the first study to incorporate a two-month long resistance
training program into the treatment of AN after hospital discharge and
examine both anthropometric parameters (i.e. circumferences and
skinfolds) and QoL. Our results show that the intervention resulted in
modest improvements of perceived QoL without negative impact on
weight recovery. In addition, this study revealed positive associations
between anthropometric measures and QoL improvements. Results from
this study suggest that incorporating individualized, supervised and
nutritionally supported resistance training into AN treatment offers an
avenue by which to improve mental and physical health without hin-
dering treatment progression (i.e. BW or BMI).

This 2-month PREx intervention allowed significant improvements
in RP scores in the PREx group compared to controls. Moderate to large
effect sizes in RP and PF suggest additional benefits for the exercising
group after eight weeks of training. Likewise, moderate effect sizes were
found in SF scores for the PREx group only, indicating meaningful im-
provements in patients’ social function QoL domain. At baseline all SF-
36-derived scores, except PCS, were significantly lower compared to
normative values. After two months, both control and PREx groups
showed normalized GH scores, and only patients in the PREx group
exhibited normal MH values and PCS values. These findings, together
with the significant improvements over time in the PCS scores indicate
that despite both AN groups’ QoL improvement, those participating in
PREx had additional positive effects. Thus, our results highlight the
value, for both mental and physical health when incorporating resis-
tance training into AN treatment.

To the best of our knowledge, only one other study examined the
effects of exercise on QoL utilizing SF-36 [21]. This study incorporated a
graded 3-month exercise intervention [21], and unlike our study, they
prescribed a lower intensity training program—including stretching,
isometric and strengthening exercises and low impact cardiovascular
exercises three times per week—with patients organized into exercise
levels based on BW and BMI progress [21]. Contrary to our findings,
none of the items nor the SF-36 summary scales changed significantly.
However, our 2-month PREx intervention resulted in significant differ-
ences in QoL (RP) in the intervention group compared to controls.
Consequently, this finding could indicate that intensity and type of ex-
ercise could be a key factor in PREx leading to changes in QoL. Specif-
ically higher intensity resistance training may contribute to the
improvement of QoL and body composition in AN treatment.

Living with a chronic disease during adolescence seems to lead to a
lower QoL and psychosocial impairment. In addition, chronic illnesses
such as AN increase the risk for comorbid mental health illnesses [58].
Indeed adolescents with anxiety and depression do benefit from resis-
tance training activities [59,60]. Moreover, high intensity resistance
exercise has shown to improve QoL in non-clinical samples of adolescent
population without adverse outcomes [61]. This phenomena might be
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Table 2
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Effects of eight weeks of PREx on perceived physical and mental health related QoL compared to controls.

Control group (n = 22)

PREx group (n = 19)

Pre Post A Pre post A

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
PF 84.24 + 16.35 85.90 + 21.41 1.67 + 15.66 83.42 + 16.83 91.05 + 10.61% 7.63 + 13.88
RP 76.70 + 24.79 74.43 + 31.33 -2.27 + 25.84 62.83 + 24.72 77.63 + 21.68*} 14.80 + 26.53
BP 75.22 + 19.05 72.27 + 24.89 —2.95 + 25.37 69.31 + 25.43 75.63 + 25.17 6.32 + 23.27
GH 62.70 + 20.81 67.63 + 17.91 4.93 + 15.13 61.90 + 18.21 67.84 + 17.24 5.93 + 22.29
vT 58.52 + 26.88 63.06 + 24.69 4.55 + 22.89 54.93 + 24.36 62.50 + 22.34 7.57 + 16.87
SF 69.31 + 32.67 71.02 + 22.94 1.70 + 21.23 61.18 + 26.96 71.05 + 22.45 9.87 + 23.04
RE 73.48 + 25.54 69.69 + 31.02 -3.79 + 24.09 68.86 + 22.87 71.49 + 25.20 2.63 + 21.16
MH 58.22 + 25.60 55.45 + 27.89 -2.77 + 20.56 50.52 + 21.91 58.42 + 27.18 7.89 + 17.02
PCS 50.86 + 8.89 53.22 + 7.47 2.36 + 10.30 50.77 + 7.47 54.52 + 5.84** 3.75 + 7.09
MCS 41.76 + 14.62 40.19 + 14.96 -1.57 + 10.25 37.04 + 12.73 40.51 + 15.12 3.48 + 8.73

SD—standard deviation; A —pre-to-post change; PF —physical functioning; RP —role limitations due to physical health; BP —bodily pain; GH —general health; VT —vitality;
SF —social functioning; RE — role limitations due to emotional problems; MH -mental health; PCS —physical component scale; MCS —-mental component scale; PRE-
x—progressive resistance exercise; “Analysis of the variance, time x group effects p < 0.05; **Analysis of the variance, time p < 0.05; " pairwise comparisons p < 0.05.

Table 3

Differences between participants’ SF-36 scores at baseline and after intervention compared to normative values broken down by PREx and control groups.

Control group (n = 22)

PREx group (n = 19)

t df p Mean diff t df p Mean diff
PF pre —4.52 21.00 0.000 —-15.76 pre -4.29 18.00 0.000 —16.58
post -3.09 21.00 0.006 —14.09 post —3.67 18.00 0.002 -8.95
RP pre —4.41 21.00 0.000 —23.30 pre —7.24 18.00 0.000 -37.17
post -3.83 21.00 0.001 —25.57 post —4.50 18.00 0.000 —22.37
BP pre —6.10 21.00 0.000 —24.77 pre —5.26 18.00 0.000 —30.68
post —-5.22 21.00 0.000 —-27.73 post —4.22 18.00 0.001 —24.37
GH pre -2.77 21.00 0.011 -12.30 pre -3.13 18.00 0.006 -13.09
post -1.93 21.00 0.068 —7.36 post —1.81 18.00 0.087 -7.16
VT pre —7.24 21.00 0.000 —41.48 pre —8.04 18.00 0.000 —45.07
post —7.02 21.00 0.000 —36.93 post -7.32 18.00 0.000 —37.50
SF pre -2.97 21.00 0.007 —20.68 pre —4.66 18.00 0.000 —28.82
post -3.88 21.00 0.001 —18.98 post —3.68 18.00 0.002 —18.95
RE pre —4.87 21.00 0.000 —26.52 pre -5.93 18.00 0.000 -31.14
post —4.58 21.00 0.000 —-30.30 post -4.93 18.00 0.000 —28.51
MH pre -2.16 21.00 0.043 -11.77 pre —3.87 18.00 0.001 —19.47
post —2.45 21.00 0.023 —14.55 post —1.86 18.00 0.080 —11.58
PCS pre 0.45 21.00 0.654 0.86 pre 0.51 18.00 0.618 0.77
post 2.03 21.00 0.056 3.23 post 3.37 18.00 0.003% 4.52
MCS pre —2.64 21.00 0.015 —8.23 pre —4.44 18.00 0.000 -12.96
post -3.07 21.00 0.006 —9.80 post -2.73 18.00 0.014 -9.48

A —pre-to-post change; PF —physical functioning; RP -role limitations due to physical health; BP —bodily pain; GH —general health; VT -vitality; SF —social functioning;
RE - role limitations due to emotional problems; MH —mental health; PCS —physical component scale; MCS —mental component scale; PREx—progressive resistance
exercise; Non-significant differences are shown in bold; ? Significantly greater scores compared to the healthy cutoff values.

particularly valuable to AN recovery, as comorbid diagnosis of anxiety
or depression is common in AN. Around 20-80% of individuals experi-
ence depression [62] and 60% experience comorbid anxiety disorders
[63]. Thus, therapeutic exercise used as an adjunct treatment in AN may
be an avenue by which to target QoL and subsequently improving co-
morbid symptoms such as anxiety and depression. In addition, Padierna
and colleagues (2002) evaluated the effects on QoL of a two-year psy-
chotherapy intervention in AN using SF-36. Overall, QoL improved in
most items — except RE [8]. Conversely, the present study suggests that
therapeutic exercise complementary to treatment may have the poten-
tial to evoke changes in QoL more rapidly. Thus, not only could PREx be
a safe avenue by which comorbid illnesses can be targeted in ED treat-
ment, but by doing so it may be improving QoL more effectively than
traditional therapy.

The PREx intervention resulted in improved anthropometric cir-
cumferences without negatively impacting skinfolds, BW or BMI. The
modest anthropometric findings of this study—the increases in arm
circumferences relaxed and contracted in the PREx group—are worth
mentioning as they might represent improvements in appendicular
muscle mass. This finding indicates that resistance training could be
beneficial for muscle mass recovery after hospitalization. When

comparing with normative values for age and sex [64,65], ~ 10% of the
patients in the control group decreased arm and calf circumference
percentiles. However, the AN patients in the PREx group who reached
the > 25th percentile increased from ~ 63% to ~ 84% for mid-thigh
circumference, from ~ 32% to ~ 48% for triceps skinfold, and from ~
16% to ~ 21% for subscapular skinfold (with two participants reaching
75th percentile). The improvements in body composition noted here are
valuable indicators of health in AN as these patients exhibit not only low
levels of fat, but also FFM linked to poor bone health [16,66-68].
Overall, upper extremity force and muscle mass are poor even after
significant increase in BMI, body fat percentage, or weight recovery
[69]. Therefore, improvements in physical health could be optimized by
addressing muscular fitness—muscle mass and strength—in addition to
weight regain and nutritional rehabilitation [69]. Further measurement
of circumferences as a proxy of muscle content through the course of the
disease—together with skinfolds—could help health care professionals
understand muscular fitness progress and decide when PREx could be
beneficial for patients with AN. Addressing this issue is of great impor-
tance, as low muscle mass and decreased physical activity have been
reported to determine lower bone mineral density [22,70] and impaired
structure in both adults and adolescents with AN [71]. Moreover, more
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Effects of eight weeks of PREx on body composition and anthropometric variables compared to controls.

Control group (n = 22)

PREx group (n = 19)

Pre Post % A Pre post % A
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
BW (kg) 46.11 + 6.05 47.77 + 5.47% 4.15 + 8.50 41.57 + 7.37 43.19 + 4.10 + 4.91
BMI (kg/m?) 18.11 + 2.15 20.00 + 7.68 9.57 + 32.14 16.89 + 2.09 17.52 + 3.83 + 4.71
Circumferences (cm)
Arm relaxed 23.19 + 2.18 23.19 + 2.39 0.06 + 4.91 22.04 + 2.39 22.55 + 2.33t 2.40 + 2.79
Arm contracted 24.04 + 1.89 24.02 + 2.29 —0.02 + 5.76 23.00 + 1.98 23.68 + 2.13% 2.98 =+ 3.15
Upper-Thigh 50.67 + 4.77 50.74 + 5.14 0.17 + 4.64 48.35 + 4.77 49.25 + 1.93 + 3.60
Mid-Thigh 47.47 + 3.95 47.32 + 4.12 -0.17 + 6.08 44.49 + 3.96 45.27 + 1.76 + 3.35
Calf relaxed 32.84 + 2.42 32.68 + 2.25 —0.37 + 4.04 31.49 + 3.15 31.75 + 1.56 =+ 2.76
Calf contracted 33.32 + 2.45 33.34 + 2.35 0.12 + 3.08 31.49 + 3.15 31.75 + 1.01 + 3.15
Skinfolds (mm)
Biceps 6.54 + 2.33 6.72 + 2.96 1.75 + 23.34 5.28 + 1.41 5.4 + 1.53 2.73 + 15.75
Triceps 12.6 + 3.45 12.88 + 4.53 1.80 + 22.84 10.71 + 2.71 10.76 + 2.74 0.94 + 11.24
Subscapulare 8.93 + 2.76 9.08 + 3.31 1.05 + 16.03 7.48 + 3.00 7.76 + 3.17 4.66 + 15.86
Abdominal 14.85 + 5.86 14.43 + 5.84 —0.88 + 22.05 12.76 + 5.57 12.03 + 5.52 —4.33 =+ 19.50
Supraspinale 10.27 + 4.19 10.8 + 5.58 4.09 + 28.59 8.58 + 4.00 8.49 + 3.80 —0.03 + 15.11
Mid-Thigh 20.89 + 6.46 21.9 + 8.07 4.08 + 20.06 17.07 + 5.16 17.62 + 5.51%** 4.25 + 14.70
Calf 12.75 + 5.30 12.79 + 5.30 0.14 + 16.55 10.38 + 3.21 10.59 + 3.32 2.61 + 10.48

SD—standard deviation; % A —pre-to-post percent change; BW — body weight; BMI —-body mass index; PREx—progressive resistance exercise;
Analysis of the variance, group effects p < 0.05; T pairwise comparisons p < 0.05.

variance, time effects p < 0.05;

than 38% of recovered patients develop osteoporosis and 92% osteo-
penia [72]. Therefore, the incorporation of higher intensity PREx shows
promise for not only significant improvements in QoL, but also muscle
and long-term bone health.

It has long been debated if exercise is safe for adolescents with EDs
[34,73]. As noted in our results, no adverse outcomes on AN treatment
progression were found. However, the intervention protocol required for
participants to nutritionally support their activity throughout the
intervention. The addition of nutritional support provides fuel for the
body to meet demands of PREx and maintain energy availability [43].
Maintaining a positive energy availability protects against a host of
negative outcomes resulting from exercise under insufficient energy
availability. Some of the negative effects of exercising under low or
negative energy availability includes further hormonal imbalances,
increased risk of injury, cardiovascular risk, and additional negative
effects on bone health, gastrointestinal health, menstrual function and
immunological function, all of which would further aggravate the ED
[74,75]. Incorporating exercise supported with nutritional adaptation
and the expertise of exercise professionals may support, rather than
hinder treatment progression. Although this may require the expansion
of the treatment team to include professionals such as athletic trainers or
physical therapists, the evidence suggests that PREx was a safe form of
complementary treatment that could improve QoL scores and muscle
mass.

This study has several strengths with one being that its design was a
randomized controlled trial that included a supervised and nutritionally
supported exercise intervention. The age of the participants included in
the study ranged from 12 to 16 years, reflecting a prominent age of AN
onset [76] as opposed to many studies that included more heteroge-
neous samples (12-45 years) [33-35,42]. Another strength of the study
was the novel use of a higher intensity exercise program in AN treat-
ment. Contrary to prior research, this PREx program was able to induce
positive changes in perceived QoL and beneficial associations to body
composition outcomes. We experienced a low attrition rate (7%), and
the participants had a very high level of adherence (88 + 8.4%) to the
program. This study is not without its limitations. A bias may be asso-
ciated to the convenience sampling method limiting the generalizability
of our results to the greater of AN population. Nevertheless, this study
was conducted at a nationwide recognized treatment unit, that receives
cases from all over the country. This, linked to a very low prevalence
rate (<1%) [76] of the disorder would have made population-based
recruitment unrealistic and unethical. Low patient numbers have been

**Analysis of the

a common limitation in most studies of exercise in AN [77]. In this study,
the sample size allowed for modest improvements in QoL and BW.
However, strong associations between QoL scores and anthropometric
improvements in the PREx group show promise. Likewise, assessor
blinding was not possible in this study, however, the researchers
working with patients received anti-bias training consisting of three
practical sessions on how to implement the standardized assessment
protocols to minimize potential bias. The use of gold standard methods
(i.e. dual-energy X-ray absorptiometry, magnetic resonance imaging) to
assess body composition would have strengthened our results. However,
this technology was not available for our study. In addition, there is lack
of equations validated for patients with AN that estimate body compo-
nents from anthropometry. For this reason, to increase the validity of
body composition data and minimize the associated limitations we used
anthropometric variables instead of estimation of body components and
ensured a professionally trained technician (certified Level 3 anthro-
pometrist) performed all the assessments. Despite these shortcomings,
we were able to detect modest changes in QoL and upper body cir-
cumferences, and strong associations between QoL scores with body
composition changes. Overall, future studies should implement strate-
gies that include assessor blinding, a greater sample size when the pri-
mary outcome of the study is QoL (SF-36) or anthropometric variables
(include a priori sample size calculations) and aim to investigate whether
nutritionally supported PREx could impact other outcomes such as ED
and comorbid symptomatology, spontaneous physical activity levels,
bone health, or overall physical health.

5. Conclusion

In conclusion, the use of nutritionally supported PREx complemen-
tary to standard ED treatment resulted in modest improvements in
perceived QoL within two months without negatively impacting weight
or BMI recovery. Both control and PREx groups increased BW similarly,
indicating similar trajectories of weight recovery. In addition, im-
provements in QoL were associated with positive changes in anthro-
pometry in the PREx group. Our study indicates that PREx is a safe and
beneficial exercise protocol for individuals with AN after hospitaliza-
tion. The findings within this study support the need for more research
examining the integration of resistance training exercise into the treat-
ment plan of patients with AN after hospitalization.



A. Agne et al.

Author contributions

Conceptualization, M.F., M.P., E.L.; Data curation, M.F., H.O., E.L.;
Formal analysis, M.F., E.L., A.A., H.O.; Investigation, M.F., M.G., M.P.;
Methodology, M.F., E.L., M.P.; Project administration, M.F., M.P., M.G.;
Resources, M.G., M.P.; Supervision, M.P., M.F.; Validation, E.L., M.E.;
Visualization, M.F., E.L., H.O., A.A.; Writing—original draft prepara-
tion, A.A., M.F., D.Q., H.O.; Writing—review and editing, M.F., A.A., D.
Q., E.L., M.G., M.P., H.O. All authors have read and agreed to the pub-
lished version of the manuscript.

Declaration of interest statement

The authors declare no competing interests.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Acknowledgments

The authors would like to thank the patients and parents from the
research unit at the hospital for their support and participation. Addi-
tionally, the authors would like to thank JaiLin Allen for her initial
contributions to this project.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ctcp.2022.101576.

References

[1] S. Edakubo, K. Fushimi, Mortality and risk assessment for anorexia nervosa in
acute-care hospitals: a nationwide administrative database analysis, BMC
Psychiatr. 20 (2020) 1-8, https://doi.org/10.1186/512888-020-2433-8.

[2] J. Haines, D. Neumark-Sztainer, M.E. Eisenberg, P.J. Hannan, Weight teasing and
disordered eating behaviors in adolescents: longitudinal findings from project EAT
(Eating Among Teens), Pediatrics 117 (2006), https://doi.org/10.1542/peds.2005-
1242,

[3] T. Berends, N. Boonstra, A. Van Elburg, Relapse in anorexia nervosa: a systematic
review and meta-analysis, Curr. Opin. Psychiatr. 31 (2018) 445-455, https://doi.
org/10.1097/YCO.0000000000000453.

[4] D. Mitchison, L. Dawson, L. Hand, J. Mond, P. Hay, Quality of life as a vulnerability

and recovery factor in eating disorders: a community-based study, BMC Psychiatr.

16 (2016) 328, https://doi.org/10.1186/512888-016-1033-0.

G. Abbate-Daga, F. Facchini, E. Marzola, N. Delsedime, C. Giovannone, F. Amianto,

et al., Health-related quality of kife in adult inpatients affected by anorexia

nervosa, Eur. Eat Disord. Rev. 22 (2014) 285-291, https://doi.org/10.1002/
erv.2302.

[6] P.E. Jenkins, R.R. Hoste, C. Meyer, J.M. Blissett, Eating disorders and quality of
life: a review of the literature, Clin. Psychol. Rev. 31 (2011) 113-121, https://doi.
org/10.1016/j.cpr.2010.08.003.

[7] C. Kane, M. Tomotake, S. Hamatani, S. Chiba, T. Ohmori, Clinical factors
influencing quality of life in anorexia nervosa patients, Open J. Psychiatr. 8 (2018)
50-60, https://doi.org/10.4236/0jpsych.2018.81004.

[8] A. Padierna, J.M. Quintana, I. Arostegui, N. Gonzalez, M.J. Horcajo, Changes in
health related quality of life among patients treated for eating disorders, Qual. Life
Res. 11 (2002) 545-552. http://www.ncbi.nlm.nih.gov/entrez/query.fegi?emd
=Retrieve&db=PubMed&dopt=Citation&list_uids=12206575.

[9] A. Padierna, J.M. Quintana, I. Arostegui, N. Gonzalez, M.J. Horcajo, The health-
related quality of life in eating disorders, Qual. Life Res. 9 (2000) 667-674. htt
p://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt

Citation&list_uids=11236856.

[10] S.S. Khalsa, L.C. Portnoff, D. McCurdy-McKinnon, J.D. Feusner, What happens after
treatment? A systematic review of relapse, remission, and recovery in anorexia
nervosa, J. Eat. Disord. 5 (2017) 1-12, https://doi.org/10.1186/s40337-017-0145-
3.

[11] A.S. Kaplan, B.T. Walsh, M. Olmsted, E. Attia, J.C. Carter, M.J. Devlin, et al., The
slippery slope: prediction of successful weight maintenance in anorexia nervosa,
Psychol. Med. 39 (2009) 1037-1045, https://doi.org/10.1017/
5s003329170800442x.

[12] B. Bamford, C. Barras, R. Sly, C. Stiles-Shields, S. Touyz, D. Le Grange, et al., Eating
disorder symptoms and quality of life: where should clinicians place their focus in

[5

fad}

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Complementary Therapies in Clinical Practice 48 (2022) 101576

severe and enduring anorexia nervosa? Int. J. Eat. Disord. 48 (2015) 133-138,
https://doi.org/10.1002/eat.22327.

L. Mayer, B.T. Walsh, R.N. Pierson, S.B. Heymsfield, D. Gallagher, J. Wang, et al.,
Body fat redistribution after weight gain in women with anorexia nervosa, Am. J.
Clin. Nutr. 81 (2005) 12861291, https://doi.org/10.1093/AJCN/81.6.1286.
L.E. Mayer, D.A. Klein, E. Black, E. Attia, W. Shen, X. Mao, et al., Adipose tissue
distribution after weight restoration and weight maintenance in women with
anorexia nervosa, Am. J. Clin. Nutr. 90 (2009) 1132-1137, https://doi.org/
10.3945/ajcn.2009.27820. https://doi.org/10.3945/ajcn.2009.27820 [piil.

E. Franzoni, F. Ciccarese, E. Di Pietro, G. Facchini, F. Moscano, L. Iero, et al.,
Follow-up of bone mineral density and body composition in adolescents with
restrictive anorexia nervosa: role of dual-energy X-ray absorptiometry, Eur. J. Clin.
Nutr. 68 (2014) 247-252, https://doi.org/10.1038/EJCN.2013.254.

C. Hiibel, Z. Yilmaz, K.E. Schaumberg, L. Breithaupt, A. Hunjan, E. Horne, et al.,
Body composition in anorexia nervosa: meta-analysis and meta-regression of cross-
sectional and longitudinal studies, Int. J. Eat. Disord. 52 (2019) 1205-1223,
https://doi.org/10.1002/eat.23158.

D. Vancampfort, J. Vanderlinden, M. De Hert, A. Soundy, M. Adamkova, L.

H. Skjaerven, et al., A systematic review of physical therapy interventions for
patients with anorexia and bulemia nervosa, Disabil. Rehabil. 36 (2014) 628-634,
https://doi.org/10.3109/09638288.2013.808271.

M. Fernandez-del-Valle, E. Larumbe-Zabala, M. Graell-Berna, M. Perez-Ruiz,
Anthropometric changes in adolescents with anorexia nervosa in response to
resistance training, Eat. Weight Disord. (2015), https://doi.org/10.1007/s40519-
015-0181-4.

M. Fernandez-del-Valle, E. Larumbe-Zabala, G. Morande-Lavin, M. Perez Ruiz,
Muscle function and body composition profile in adolescents with restrictive
anorexia nervosa: does resistance training help? Disabil. Rehabil. 38 (2016)
346-353, https://doi.org/10.3109/09638288.2015.1041612.

M. Rizk, L. Kern, C. Lalanne, M. Hanachi, J. Melchior, C. Pichard, et al., High-
intensity exercise is associated with a better nutritional status in anorexia nervosa,
Eur. Eat Disord. Rev. 27 (2019) 391-400, https://doi.org/10.1002/erv.2661.

V. Thien, A. Thomas, D. Markin, C.L. Birmingham, Pilot study of a graded exercise
program for the treatment of anorexia nervosa, Int. J. Eat. Disord. 28 (2000)
101-106, https://doi.org/10.1002/(SICI)1098-108X(200007)28:1<101::AID-
EAT12>3.0.CO;2-V.

S. Bratland-Sanda, N.C. @verby, A. Bottegaard, M. Heia, @. Stgren, J. Sundgot-
Borgen, et al., Maximal strength training as a therapeutic approach in long-
standing anorexia nervosa: a case study of a woman with osteopenia, menstrual
dysfunction, and compulsive exercise, Clin. Case Stud. 17 (2018) 91-103, https://
doi.org/10.1177/1534650118755949.

T.R. Carei, A.L. Fyfe-Johnson, C.C. Breuner, M.A. Brown, Randomized controlled
clinical trial of yoga in the treatment of eating disorders, J. Adolesc. Health 46
(2010) 346-351, https://doi.org/10.1016/].jadohealth.2009.08.007.

D.A. Quesnel, M. Libben, N.D. Oelke, M.I. Clark, S. Willis-Stewart, C.

M. Caperchione, Is abstinence really the best option? Exploring the role of exercise
in the treatment and management of eating disorders, Eat. Disord. 26 (2018)
290-310, https://doi.org/10.1080/10640266.2017.1397421.

R.M. Calogero, K.N. Pedrotty-Stump, Incorporating exercise into eating disorder
treatment and recovery: cultivating a mindful approach, in: Treat. Eat. Disord.,
Elsevier Inc., 2010, pp. 425-441, https://doi.org/10.1016/B978-0-12-375668-
8.10025-7.

M. Strober, R. Freeman, W. Morrell, The long-term course of severe anorexia
nervosa in adolescents: survival analysis of recovery, relapse, and outcome
predictors over 10-15 years in a prospective study, Int. J. Eat. Disord. 22 (1997)
339-360.

P.J.V. Beumont, B. Arthur, J.D. Russell, S.W. Touyz, Excessive physical activity in
dieting disorder patients: proposals for a supervised exercise program, Int. J. Eat.
Disord. 15 (1994) 21-36, https://doi.org/10.1002/1098-108X(199401)15:1<21::
AID-EAT2260150104>3.0.CO;2-K.

L. Taranis, C. Meyer, Associations between specific components of compulsive
exercise and eating-disordered cognitions and behaviors among young women, Int.
J. Eat. Disord. 44 (2011) 452-458, https://doi.org/10.1002/eat.20838.

H.J. Bergmeier, H. Morris, N. Mundell, H. Skouteris, What role can accredited
exercise physiologists play in the treatment of eating disorders? A descriptive
study, Eat. Disord. (2019) 1-19, https://doi.org/10.1080/
10640266.2019.1701351, 00.

R.R. Davies, The treatment of compulsive physical activity in anorexia nervosa
lacks a conceptual base, Adv. Eat. Disord. 3 (2015) 103-112, https://doi.org/
10.1080/21662630.2014.892835.

A. Ibrahim, D. Cutinha, A. Ayton, What is the evidence for using bed rest as part of
hospital treatment of severe anorexia nervosa? Evid. Base Ment. Health 22 (2019)
77-82, https://doi.org/10.1136/ebmental-2018-300064.

B. Cook, H. Hausenblas, D. Tuccitto, P.R. Giacobbi, Eating disorders and exercise: a
structural equation modelling analysis of a conceptual model, Eur. Eat Disord. Rev.
19 (2011) 216-225, https://doi.org/10.1002/erv.1111.

C. ZunKer, J.E. Mitchell, S.A. Wonderlich, Exercise interventions for women with
anorexia nervosa: a review of the literature, Int. J. Eat. Disord. 44 (2011) 579-584,
https://doi.org/10.1002/eat.20862.

L.W.C. Ng, D.P. Ng, W.P. Wong, Is supervised exercise training safe in patients with
anorexia nervosa? A meta-analysis, Physiotherapy 99 (2013) 1-11, https://doi.
org/10.1016/j.physio.2012.05.006.

F.J. Moola, S.E. Gairdner, C.E. Amara, Exercise in the care of patients with anorexia
nervosa: a systematic review of the literature, Ment. Health Phys. Act. 6 (2013)
59-68, https://doi.org/10.1016/j.mhpa.2013.04.002.


https://doi.org/10.1016/j.ctcp.2022.101576
https://doi.org/10.1016/j.ctcp.2022.101576
https://doi.org/10.1186/s12888-020-2433-8
https://doi.org/10.1542/peds.2005-1242
https://doi.org/10.1542/peds.2005-1242
https://doi.org/10.1097/YCO.0000000000000453
https://doi.org/10.1097/YCO.0000000000000453
https://doi.org/10.1186/s12888-016-1033-0
https://doi.org/10.1002/erv.2302
https://doi.org/10.1002/erv.2302
https://doi.org/10.1016/j.cpr.2010.08.003
https://doi.org/10.1016/j.cpr.2010.08.003
https://doi.org/10.4236/ojpsych.2018.81004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=12206575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=12206575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=11236856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=11236856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=11236856
https://doi.org/10.1186/s40337-017-0145-3
https://doi.org/10.1186/s40337-017-0145-3
https://doi.org/10.1017/s003329170800442x
https://doi.org/10.1017/s003329170800442x
https://doi.org/10.1002/eat.22327
https://doi.org/10.1093/AJCN/81.6.1286
https://doi.org/10.3945/ajcn.2009.27820
https://doi.org/10.3945/ajcn.2009.27820
https://doi.org/10.3945/ajcn.2009.27820
https://doi.org/10.1038/EJCN.2013.254
https://doi.org/10.1002/eat.23158
https://doi.org/10.3109/09638288.2013.808271
https://doi.org/10.1007/s40519-015-0181-4
https://doi.org/10.1007/s40519-015-0181-4
https://doi.org/10.3109/09638288.2015.1041612
https://doi.org/10.1002/erv.2661
https://doi.org/10.1002/(SICI)1098-108X(200007)28:1<101::AID-EAT12>3.0.CO;2-V
https://doi.org/10.1002/(SICI)1098-108X(200007)28:1<101::AID-EAT12>3.0.CO;2-V
https://doi.org/10.1177/1534650118755949
https://doi.org/10.1177/1534650118755949
https://doi.org/10.1016/j.jadohealth.2009.08.007
https://doi.org/10.1080/10640266.2017.1397421
https://doi.org/10.1016/B978-0-12-375668-8.10025-7
https://doi.org/10.1016/B978-0-12-375668-8.10025-7
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref26
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref26
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref26
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref26
https://doi.org/10.1002/1098-108X(199401)15:1<21::AID-EAT2260150104>3.0.CO;2-K
https://doi.org/10.1002/1098-108X(199401)15:1<21::AID-EAT2260150104>3.0.CO;2-K
https://doi.org/10.1002/eat.20838
https://doi.org/10.1080/10640266.2019.1701351
https://doi.org/10.1080/10640266.2019.1701351
https://doi.org/10.1080/21662630.2014.892835
https://doi.org/10.1080/21662630.2014.892835
https://doi.org/10.1136/ebmental-2018-300064
https://doi.org/10.1002/erv.1111
https://doi.org/10.1002/eat.20862
https://doi.org/10.1016/j.physio.2012.05.006
https://doi.org/10.1016/j.physio.2012.05.006
https://doi.org/10.1016/j.mhpa.2013.04.002

A. Agne et al.

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

C.P. Szabo, K. Green, Hospitalized anorexics and resistance training: impact on
body composition and psychological well-being. A preliminary study, Eat. Weight
Disord. 7 (2002) 293-297. http://www.ncbi.nlm.nih.gov/pubmed/12588057.

1. Chantler, C.P. Szabo, K. Green, Muscular strength changes in hospitalized
anorexic patients after an eight week resistance training program, Int. J. Sports
Med. 27 (2006) 660-665, https://doi.org/10.1055/5-2005-865812.

M. Fernandez-del-Valle, E. Larumbe-Zabala, A. Villasenor-Montarroso, C. Cardona
Gonzalez, 1. Diez-Vega, L.M. Lopez Mojares, et al., Resistance training enhances
muscular performance in patients with anorexia nervosa: a randomized controlled
trial, Int. J. Eat. Disord. 47 (2014) 601-609, https://doi.org/10.1002/eat.22251.
B. Cook, L. Leininger, The ethics of exercise in eating disorders: can an ethical
principles approach guide the next generation of research and clinical practice?
J. Sport Heal. Sci. 6 (2017) 295-298, https://doi.org/10.1016/].jshs.2017.03.004.
American Psychiatric Association, Diagnostic and Statistical Manual of Mental
Disorders, fifth ed., DSM-5®, Arlington, VA, 2013.

C. Davis, D.K. Katzman, S. Kaptein, C. Kirsh, H. Brewer, K. Kalmbach, et al., The
prevalence of high-level exercise in the eating disorders: etiological implications,
Compr. Psychiatr. 38 (1997) 321-326, https://doi.org/10.1016/S0010-440X(97)
90927-5.

S. Bratland-Sanda, J. Sundgot-Borgen, @. Rg, J.H. Rosenvinge, A. Hoffart, E.

W. Martinsen, Physical activity and exercise dependence during inpatient
treatment of longstanding eating disorders: an exploratory study of excessive and
non-excessive exercisers, Int. J. Eat. Disord. 43 (2010) 266-273, https://doi.org/
10.1002/eat.20769.

B.J. Cook, S.A. Wonderlich, J.E. Mitchell, R. Thompson, R. Sherman, K. McCallum,
Exercise in eating disorders treatment: systematic review and proposal of
guidelines, Med. Sci. Sports Exerc. 48 (2016) 1408-1414, https://doi.org/
10.1249/MSS.0000000000000912.

K.Y. Chen, D.R. Bassett, The technology of accelerometry-based activity monitors:
current and future, Med. Sci. Sports Exerc. 37 (2005) 490-500, https://doi.org/
10.1249/01.mss.0000185571.49104.82.

M.F. del Valle, M. Perez, E. Santana-Sosa, C. Fiuza-Luces, N. Bustamante-Ara,

C. Gallardo, et al., Does resistance training improve the functional capacity and
well being of very young anorexic patients? A randomized controlled trial,

J. Adolesc. Health 46 (2010) 352-358, https://doi.org/10.1016/].
jadohealth.2009.09.001.

J.R. Ruiz, M. Fernandez del Valle, Z. Verde, 1. Diez-Vega, C. Santiago, T. Yvert, et
al., ACTN3 R577X polymorphism does not influence explosive leg muscle power in
elite volleyball players, Scand. J. Med. Sci. Sports 21 (2011) e34-41, https://doi.
org/10.1111/j.1600-0838.2010.01134.x.

P.J. Maud, C. Foster, Strength Testing: Development and Evaluation of
Methodology, Physiol. Assess. Hum. Fitness, Hum. Kinet., Champaign, IL, USA,
2006, p. 129.

J.E. Ware, K.K. Snow, M. Kosinski, B. Gandek, SF-36 Health Survey: Manual and
Interpretation Guide, New England Medical Center, Boston, 1993.

N.C. Laucis, R.D. Hays, T. Bhattacharyya, Scoring the SF-36 in orthopaedics: a brief
guide, J. Bone Joint Surg. Am. 97 (2015) 1628-1634, https://doi.org/10.2106/
JBJS.0.00030.

M. Marfell-Jones, A. Stewart, J. de Ridder, International Standards for
Anthorpometric Assessment, 2012.

R.J. Robertson, F.L. Goss, J.L. Andreacci, J.J. Dubé, J.J. Rutkowski, K.M. Frazee, et
al., Validation of the children’s OMNI-resistance exercise scale of perceived
exertion, Med. Sci. Sports Exerc. 37 (2005) 819-826, https://doi.org/10.1249/01.
MSS.0000162619.33236.F1.

R.J. Robertson, F.L. Goss, J. Rutkowski, B. Lenz, C. Dixon, J. Timmer, et al.,
Concurrent validation of the OMNI perceived exertion scale for resistance exercise,
Med. Sci. Sports Exerc. 35 (2003) 333-341, https://doi.org/10.1249/01.
MSS.0000048831.15016.2A.

F. Naclerio, G. Rodriguez-Romo, M.I. Barriopedro-Moro, A. Jimenez, B. Alavar, N.
T. Triplett, Control of resistance training intensiy by the omni perceived exertion
scale, J. Strength Condit Res. 25 (2011) 1879-1888.

A.D. Faigenbaum, W.J. Kraemer, C.J. Blimkie, I. Jeffreys, L.J. Micheli, M. Nitka, et
al., Youth resistance training: updated position statement paper from the national
strength and conditioning association, J. Strength Condit Res. 23 (2009) S60-S79,
https://doi.org/10.1519/JSC.0b013e31819df407.

C.A. Pierce, R.A. Block, H. Aguinis, Cautionary note on reporting eta-squared
values from multifactor anova designs, Educ. Psychol. Meas. 64 (2004) 916-924,
https://doi.org/10.1177/0013164404264848.

S.S. Sawilowsky, Very large and huge effect sizes, J. Mod. Appl. Stat. Methods 8
(2009) 597-599, https://doi.org/10.22237/jmasm/1257035100.

J. Alonso, E. Regidor, G. Barrio, L. Prieto, C. Rodriguez, L. de la Fuente, Valores
poblacionales de referencia de la version espanola del cuestionario de salud SF-36,
Med. Clin. 111 (1998) 410-416.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Complementary Therapies in Clinical Practice 48 (2022) 101576

T. Santos, M.G. De Matos, C. Simoes, 1. Leal, M. Do Cet MacHado, (Health-related)
quality of life and psychosocial factors in adolescents with chronic disease: a
systematic literature review, Int. J. Adolesc. Med. Health 31 (2019), https://doi.
org/10.1515/1JAMH-2017-0037/DOWNLOADASSET/SUPPL/IJAMH-2017-0037_
SUPPL. ZIP.

N. Achamrah, M. Coéffier, P.D.-N. Reviews, U., Physical activity in patients with
anorexia nervosa, Nutr. Rev. 74 (2016) 301-311, https://doi.org/10.1093/nutrit/
nuw001, 2016.

B.R. Gordon, C.P. McDowell, M. Hallgren, J.D. Meyer, M. Lyons, M.P. Herring,
Association of efficacy of resistance exercise training with depressive symptoms
meta-analysis and meta-regression: analysis of randomized clinical trials, JAMA
Psychiatr. 75 (2018) 566-576, https://doi.org/10.1001/
jamapsychiatry.2018.0572.

K.S. Dahab, T.M. McCambridge, Strength training in children and adolescents:
raising the bar for young athletes? Sport Health 1 (2009) 223-226, https://doi.
org/10.1177/1941738109334215.

J.L. Silberg, C.M. Bulik, The developmental association between eating disorders
symptoms and symptoms of depression and anxiety in juvenile twin girls, JCPP (J.
Child Psychol. Psychiatry) 46 (2005) 1317-1326, https://doi.org/10.1111/j.1469-
7610.2005.01427 .x.

C.M. Bulik, P.F. Sullivan, J.I. Fear, P.R. Joyce, Eating disorders and antecedent
anxiety disorders: a controlled study, Acta Psychiatr. Scand. 96 (1997) 101-107,
https://doi.org/10.1111/j.1600-0447.1997.tb09913.x.

M.A. McDowell, C.D. Fryar, C.L. Ogden, K.M. Flegal, Anthropometric reference
data for children and adults: United States, 2003-2006 - PubMed, Natl. Heal. Stat.
Rep. 10 (2008) 1-48.

L.A. Moreno, M.I. Mesana, M. Gonzalez-Gross, C.M. Gil, J. Fleta, J. Warnberg, et
al., Anthropometric body fat composition reference values in Spanish adolescents.
The AVENA Study, Eur. J. Clin. Nutr. 60 (2006) 191-196, https://doi.org/
10.1038/sj.ejcn.1602285.

M. Solmi, N. Veronese, C.U. Correll, A. Favaro, P. Santonastaso, L. Caregaro, et al.,
Bone mineral density, osteoporosis, and fractures among people with eating
disorders: a systematic review and meta-analysis, Acta Psychiatr. Scand. 133
(2016) 341-351, https://doi.org/10.1111/acps.12556.

1. Legroux, B. Cortet, Factors influencing bone loss in anorexia nervosa: assessment
and therapeutic options, RMD Open 5 (2019) 1009, https://doi.org/10.1136/
rmdopen-2019-001009.

A. Polito, M. Cuzzolaro, A. Raguzzini, L. Censi, A. Ferro-Luzzi, Body composition
changes in anorexia nervosa, Eur. J. Clin. Nutr. 52 (1998) 655-662. http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation
&list_uids=9756122.

M. Alberti, C. Galvani, C. Capelli, M. Lanza, M. El Ghoch, S. Calugi, et al., Physical
fitness before and after weight restoration in anorexia nervosa, J. Sports Med. Phys.
Fit. 53 (2013) 396-402.

N.A. Rigotti, S.R. Nussbaum, D.B. Herzog, R.M. Neer, Osteoporosis in women with
anorexia nervosa, N. Engl. J. Med. 311 (1984) 1601-1606, https://doi.org/
10.1056/nejm198412203112503.

M. Misra, A. Klibanski, Anorexia nervosa and bone, J. Endocrinol. 221 (2014)
R163-R176, https://doi.org/10.1530/JOE-14-0039.

S. Grinspoon, E. Thomas, S. Pitts, E. Gross, D. Mickley, K. Miller, et al., Prevalence
and predictive factors for regional osteopenia in women with anorexia nervosa,
Ann. Intern. Med. 133 (2000) 790-794, https://doi.org/10.7326/0003-4819-133-
10-200011210-00011 [pii].

H.A. Hausenblas, B.J. Cook, N.I. Chittester, Can exercise treat eating disorders?
Exerc. Sport Sci. Rev. 36 (2008) 43-47.

M. Mountjoy, J. Sundgot-Borgen, L. Burke, S. Carter, N. Constantini, C. Lebrun, et
al., The IOC consensus statement: beyond the female athlete triad-relative energy
deficiency in sport (RED-S), Br. J. Sports Med. 48 (2014) 491-497, https://doi.org/
10.1136/bjsports-2014-093502.

M. Mountjoy, J.K. Sundgot-Borgen, L.M. Burke, K.E. Ackerman, C. Blauwet,

N. Constantini, et al., IOC consensus statement on relative energy deficiency in
sport (RED-S): 2018 update, Br. J. Sports Med. 52 (2018) 687-697, https://doi.
org/10.1136/bjsports-2018-099193.

F.R.E. Smink, D. van Hoeken, H.W. Hoek, Epidemiology of eating disorders:
incidence, prevalence and mortality rates, Curr. Psychiatr. Rep. 14 (2012)
406-414.

T.F. Mathisen, J.H. Rosenvinge, O. Friborg, K. Vrabel, S. Bratland-Sanda,

G. Pettersen, et al., Is physical exercise and dietary therapy a feasible alternative to
cognitive behavior therapy in treatment of eating disorders? A randomized
controlled trial of two group therapies, Int. J. Eat. Disord. 53 (2020) 574-585,
https://doi.org/10.1002/eat.23228.


http://www.ncbi.nlm.nih.gov/pubmed/12588057
https://doi.org/10.1055/s-2005-865812
https://doi.org/10.1002/eat.22251
https://doi.org/10.1016/j.jshs.2017.03.004
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref40
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref40
https://doi.org/10.1016/S0010-440X(97)90927-5
https://doi.org/10.1016/S0010-440X(97)90927-5
https://doi.org/10.1002/eat.20769
https://doi.org/10.1002/eat.20769
https://doi.org/10.1249/MSS.0000000000000912
https://doi.org/10.1249/MSS.0000000000000912
https://doi.org/10.1249/01.mss.0000185571.49104.82
https://doi.org/10.1249/01.mss.0000185571.49104.82
https://doi.org/10.1016/j.jadohealth.2009.09.001
https://doi.org/10.1016/j.jadohealth.2009.09.001
https://doi.org/10.1111/j.1600-0838.2010.01134.x
https://doi.org/10.1111/j.1600-0838.2010.01134.x
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref47
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref47
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref47
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref48
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref48
https://doi.org/10.2106/JBJS.O.00030
https://doi.org/10.2106/JBJS.O.00030
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref50
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref50
https://doi.org/10.1249/01.MSS.0000162619.33236.F1
https://doi.org/10.1249/01.MSS.0000162619.33236.F1
https://doi.org/10.1249/01.MSS.0000048831.15016.2A
https://doi.org/10.1249/01.MSS.0000048831.15016.2A
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref53
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref53
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref53
https://doi.org/10.1519/JSC.0b013e31819df407
https://doi.org/10.1177/0013164404264848
https://doi.org/10.22237/jmasm/1257035100
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref57
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref57
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref57
https://doi.org/10.1515/IJAMH-2017-0037/DOWNLOADASSET/SUPPL/IJAMH-2017-0037_SUPPL
https://doi.org/10.1515/IJAMH-2017-0037/DOWNLOADASSET/SUPPL/IJAMH-2017-0037_SUPPL
https://doi.org/10.1515/IJAMH-2017-0037/DOWNLOADASSET/SUPPL/IJAMH-2017-0037_SUPPL
https://doi.org/10.1093/nutrit/nuw001
https://doi.org/10.1093/nutrit/nuw001
https://doi.org/10.1001/jamapsychiatry.2018.0572
https://doi.org/10.1001/jamapsychiatry.2018.0572
https://doi.org/10.1177/1941738109334215
https://doi.org/10.1177/1941738109334215
https://doi.org/10.1111/j.1469-7610.2005.01427.x
https://doi.org/10.1111/j.1469-7610.2005.01427.x
https://doi.org/10.1111/j.1600-0447.1997.tb09913.x
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref64
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref64
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref64
https://doi.org/10.1038/sj.ejcn.1602285
https://doi.org/10.1038/sj.ejcn.1602285
https://doi.org/10.1111/acps.12556
https://doi.org/10.1136/rmdopen-2019-001009
https://doi.org/10.1136/rmdopen-2019-001009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=9756122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=9756122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=9756122
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref69
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref69
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref69
https://doi.org/10.1056/nejm198412203112503
https://doi.org/10.1056/nejm198412203112503
https://doi.org/10.1530/JOE-14-0039
https://doi.org/10.7326/0003-4819-133-10-200011210-00011
https://doi.org/10.7326/0003-4819-133-10-200011210-00011
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref79
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref79
https://doi.org/10.1136/bjsports-2014-093502
https://doi.org/10.1136/bjsports-2014-093502
https://doi.org/10.1136/bjsports-2018-099193
https://doi.org/10.1136/bjsports-2018-099193
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref82
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref82
http://refhub.elsevier.com/S1744-3881(22)00044-5/sref82
https://doi.org/10.1002/eat.23228

	Progressive resistance exercise as complementary therapy improves quality of life and body composition in anorexia nervosa: ...
	1 Introduction
	2 Materials and methods
	2.1 Design, ethical considerations, and participants
	2.2 Familiarization phase
	2.2.1 Physical activity levels
	2.2.2 Cardiorespiratory fitness
	2.2.3 Muscular strength

	2.3 Assessments and intervention
	2.3.1 Health related quality of life questionnaire short-form 36 (SF-36)
	2.3.2 Body composition and anthropometry
	2.3.3 Intervention

	2.4 Statistical analyses

	3 Results
	3.1 Characterization of the sample
	3.2 Quality of life
	3.3 Anthropometry
	3.4 Association analysis

	4 Discussion
	5 Conclusion
	Author contributions
	Declaration of interest statement
	Funding sources
	Acknowledgments
	Appendix A Supplementary data
	References


