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Systematic review

Is supervised exercise training safe in patients with anorexia nervosa?
A meta-analysis

L.W.C. Ng ∗, D.P. Ng, W.P. Wong
Department of Physiotherapy, Singapore General Hospital, Singapore

bstract

ackground  Anorexia nervosa is an eating disorder that is often preceded by excessive physical activity. As such, exercise is not often
rescribed in the clinical management of individuals with anorexia nervosa.
bjective  To examine the effects of supervised exercise training in patients with anorexia nervosa.
ata  sources  Five databases were searched from their inception to Week 14 of 2011 using the subject headings ‘anorexia’ and ‘exercise’ to

dentify relevant studies.
ligibility  criteria  PRISMA guidelines were followed. Studies that investigated the effects of inclusion of supervised exercise training in
linical management with usual management in patients diagnosed with anorexia nervosa were included in this review. Case reports were
xcluded.
ata  extraction  and  synthesis  Two reviewers independently extracted data using a standardised assessment form. Quality assessment was

ated for the controlled trials and single-group studies using the PEDro scale and Downs and Black scale, respectively. Fixed or random effect
pproaches were used to determine effect size, depending on the heterogeneity of the studies.
esults  Pooled randomised controlled trials and quasi-randomised studies showed no significant effect of supervised exercise training on

elected anthropometric measurements, while the single-group studies showed significant improvement in weight and body fat. Although
hort Form-36 revealed no training effect, distorted feelings about food and exercise were reduced. Cardiovascular fitness also improved with
o decrease in weight.
imitations  Heterogeneity of exercise training programmes, small sample size (n  ≤  20) for 67% of the trials, and inability to exclude
ublication bias.

onclusions  Inclusion of supervised exercise training in the comprehensive management of patients with anorexia nervosa appears to be

afe, as no detrimental effect was observed in anthropometry. Strength and cardiovascular fitness were also shown to improve.
 2012 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Anorexia nervosa is an eating disorder associated with
maciation, often accompanied by a marked increase in
hysical activity [1]. The diagnosis of anorexia nervosa is
stablished based on criteria from the Diagnostic and Sta-

istical Manual of Mental Disorders (DSM-IV) [2], and is
haracterised by a refusal to maintain minimal weight or
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 great fear of gaining weight, a distorted body image and
menorrhoea in postmenarcheal females [2]. Many patients
ith anorexia nervosa are at risk of medical complications

uch as bone fractures and hormonal imbalances, which may
e caused or exacerbated by extreme amounts of exercise [3].
he prevalence of anorexia nervosa is approximately 0.2%

o 0.9% [4], with 40% to 80% of individuals with anorexia
ervosa exercising excessively [5]. Given the complexity of
ating disorders, estimation of the burden of anorexia nervosa
s challenging. In Singapore, the disease burden of anorexia

nd bulimia accounted for 2.1% of total disability-adjusted
ife years in those aged 15 to 34 years, and was ranked one
f the top 10 causes of disease burden in 2004 [6].

hed by Elsevier Ltd. All rights reserved.
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Management of anorexia nervosa involves treatment of
hysical, cognitive and behavioural aspects of the condi-
ion [7]. Usual management recommended by the American
sychiatric Association includes nutritional rehabilitation,
sychosocial interventions (e.g. cognitive behavioural ther-
py and family-based treatment) and medications (e.g.
ntidepressants such as fluoxetine) [8]. Such treatments have
een studied in both adolescents and adults with anorexia ner-
osa, but findings are inconclusive [9] and exercise training
ay be a useful modality with beneficial physical and psycho-

ogical effects [10]. A review by Hausenblas et  al. revealed
hat exercise for patients with anorexia nervosa did not affect
eight gain and had positive effects, such as improved body
erception, positive mood and quality of life [11]. How-
ver, according to a more recent literature review, few studies
ncluded exercise training as part of the overall treatment for
atients with anorexia nervosa [3].

Exercise is not often prescribed for hospital inpatients
ith anorexia nervosa, which may be due to a lack of under-

tanding that exercise can be moderated under appropriate
onditions, such as during refeeding and stabilisation of body
eight [11]. Exercise training may play an important role

n the management of anorexia nervosa through lean body
ass gain, provision of an outlet for the patient’s inclinations

owards exercise [12], reduction in anxiety and depression,
aving a better body image, and improved social behaviour
11]. Although intensive aerobic training would be inappro-
riate due to its association with overindulgence or high
nergy expenditure [12], other forms of exercise that are
imed at increasing muscle mass and helping to regulate
xcessive behaviours would be beneficial [10,13]. Too much
xercise has often been implicated in the pathogenesis and
rogression of anorexia nervosa [14]. As such, it is impor-
ant to monitor body weight or body mass index (BMI) when
xercises are prescribed. Although a narrative review was
ublished recently [3], the studies selected were limited to
hose with weight restoration using any exercise or struc-
ured physical activity programme, and so the review was
nable to offer any guidelines on exercise prescription for
atients with anorexia nervosa. Thus, the aim of this review
as to search the literature systematically and undertake a
eta-analysis of data from studies that evaluated the effect

f supervised exercise training on anthropometry, as well
s describe the psychological and other physiological out-
omes in patients with anorexia nervosa after training. This
as important implications in a clinical setting to determine
f supervised exercise training is safe and beneficial in the
anagement of anorexia nervosa.

ethods
ata sources

Study identification began with electronic searching
f computerised databases, namely PubMed, EMBASE,

r
a
u
m

apy 99 (2013) 1–11

INAHL, Physiotherapy Evidence Database (PEDro) and
ochrane Central Register of Controlled Trials from

nception to Week 14 2011 (Table A, see supplemen-
ary online material). The subject headings used in the search
ere ‘anorexia’ and ‘exercise’. Secondary searches included
and searching the reference lists of all identified studies and
he PubMed ‘related articles’ function.

tudy selection

Studies were eligible for inclusion if they: (1)
ecruited patients with anorexia nervosa diagnosed on the
asis of DSM-III-R (1987) or DSM-IV (1994) criteria
Table B, see supplementary online material); (2) investi-
ated the effects of supervised exercise training against usual
anagement recommended by the American Psychiatric
ssociation; and (3) measured changes in selected anthro-
ometric (body weight, BMI, percentage body fat or lean
ody mass), physiological (muscle strength or endurance)
r psychological (quality of life or depression) variables.
here necessary, authors were contacted for those studies

hat did not report values in absolute terms. Case reports were
xcluded. Anthropometric data from randomised controlled
rials (RCTs) and quasi-randomised trials with a control arm
ere included for meta-analysis. Psychological data were

ncluded for systematic review. All data from single-group
tudies were also included in the systematic review. There
ere no articles prior to 1987 that examined the effects of

upervised exercise in the treatment of anorexia nervosa.

uality assessment

Two reviewers (LWCN and DPN) independently extracted
ata using a standardised assessment form. Quality assess-
ent for the RCTs and non-randomised trials with a control

rm was rated using the 10-point PEDro scale [15]. This scale
ses criteria related to blinding, intention-to-treat and loss to
ollow-up, with a higher score indicative of superior inter-
al validity [15]. Quality assessment for the single-group
nterventional studies was rated using a modified Downs
nd Black tool [16], which comprised 27 questions, relat-
ng to study description, external validity, internal validity
nd statistical power [17]. Disagreements were resolved by
iscussion between the two reviewers and, where necessary,

 third person (WPW) was consulted.

ata extraction  and  analysis

Consistency between reviewers for both quality assess-
ent methods was calculated using Kappa (κ) statistics. The

2 test was used to quantify statistical heterogeneity of all
tudies with a control arm [18]. A value of ≥75% rep-

esents high heterogeneity [19]. A fixed or random-effect
pproach was used. If I2 ≤  25%, a fixed-effect model was
sed to estimate the effect size. Hedges’ g or standardised
ean difference (SMD) was preferred over Cohen’s d  in this
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eta-analysis, as the former would adjust for small sample
ias [20]. For effect size, ≤0.2 is considered small, 0.5 mod-
rate and ≥0.8 large [21]. Sensitivity or subgroup analysis
as chosen for BMI as it was more frequently measured and

eported. Sensitivity analysis was conducted to ensure that
he results pooled in the meta-analysis were robust. Compre-
ensive Meta Analysis Version 2.2.050 (Biostat, Englewood,
ew Jersey, USA) was used for all analyses. The single-group

nterventional studies were included in the systematic review
ut not the meta-analysis. Funnel plots for all four measures
f anthropometry were examined for publication bias.

esults

The search strategy yielded 1184 records, of which nine
tudies met the inclusion criteria: four RCTs, three quasi-
andomised trials and two single-group interventional studies
Fig. A, see supplementary online material). The author of
ne study was contacted.

uality  assessment

Table 1 presents the PEDro scores for all trials with a
ontrol arm, as well as the Downs and Black scores for
he single-group interventional studies. Reviewers agreed on
3% of all PEDro items with a κ  statistic of 0.86. The median
EDro scores for the RCTs and quasi-randomised trials were

 (range 3 to 7) and 5 (range 4 to 5) points, respectively.
eviewers agreed on 74% of all Downs and Black items with

 κ  statistic of 0.56, which indicates moderate agreement.
he Downs and Black score was 15 (range 14 to 16) points.
he quality of all the trials was poor to fair, with 44% of

he studies lacking randomisation and all the trials lacking
linding.

ubject characteristics

Table 1 presents the characteristics of all the trials. The
ample size of the RCTs ranged from five to 26, the sam-
le size of the quasi-randomised trials ranged from eight to
27, and the sample size of the single-group studies ranged
rom 14 to 32. Collectively, participants in these studies were
aucasians, predominantly females (n  = 430, 99%) with an
verage age of 21 years.

ffects  of  exercise  training  on  anthropometry

All four RCTs showed no significant change in body
eight and BMI regardless of the mode of exercise (Table 2)

22–25]. There was no change in percentage body fat [22–24]
r lean body mass [23,24]. In the quasi-randomised trials,

ouyz et  al.  found no change in body weight and lean body
ass in the group that performed supervised exercise [26].
okumura et  al.  reported no change in percentage body fat
ut an increase in BMI {from 18.8 [standard deviation (SD)

e
1

apy 99 (2013) 1–11 3

.5] to 21.7 (SD 0.5) kg/m2; P < 0.001}  for the group that
ncluded 30 minutes of cycling at anaerobic threshold after

 mean period of 10 months [27]. Significant weekly body
eight gain of at least 1.69 kg (P  < 0.05) was observed in the

tudy by Calogero and Pedrotty, where a combination of dif-
erent types of exercises were performed by the experimental
roup [28].

Meta-analysis was conducted for both the RCTs and
uasi-randomised trials. Since statistical heterogeneity was
bserved for body weight and BMI, a random effect model
as used for pooling the findings. The pooled SMD for body
eight was 0.40 (P  = 0.11) (Fig. 1). The sensitivity analy-

is for BMI showed that the quasi-randomised trials had a
ignificant SMD of 1.14, while that of the RCTs was small
nd insignificant (SMD −0.13, P  = 0.67) (Fig. 2). The pooled
MD for BMI was also not significant (SMD 0.50, P  = 0.10)
Fig. 3). No heterogeneity was observed for percentage body
at or lean body mass, and the pooled SMD was small and
nsignificant (Figs. 4 and 5).

The two single-group intervention studies significantly
mproved body weight, BMI and percentage body fat
Table 2) [29,30]. In one study, a significant improvement
as also demonstrated in lean body mass [from 35.4 (SD
.4) kg to 39.7 (SD 3.6) kg] [29].

ffects of  exercise  training  on  psychological  outcomes

Participants in one study undergoing Viniyoga, defined
s a programme of exercises comprising strength build-
ng, posture and relaxation, flexibility and large muscle

ovements [30], were significantly less pre-occupied with
ood after every exercise session [25]. Exercise commitment
describing negative effect of exercise), exercise involvement
describing frequency and type of exercise habits) and exer-
ise rigidity (addressing missing exercise sessions) are three
imensions of the Obligatory Exercise Questionnaire, an
ssessment tool that has been used in some studies involving
atients with anorexia nervosa. Participation in an exercise
rogramme during treatment reduced emotional commit-
ent to exercise and exercise involvement compared with

he control arm; however, exercise rigidity did not reduce
n those who did not participate in the exercise programme
Table 3) [28]. No significant effect of exercise training on
ealth-related quality of life was demonstrated, as determined
y Short Form-36 (SF-36; group × time interaction effect,

 > 0.05 for all subscales of SF-36) [24]. Similar findings
ere found in older patients (>29 years, see Table 3) with

norexia nervosa (P  ≥  0.05) [22].

ffects  of  structured  exercise  on  other  physiological
utcomes
Chantler et  al.  demonstrated a significant increase in knee
xtensor and knee flexor peak torque [change of 25.6 (SD
1.4) N m and 17.3 (SD 4.7) N m, respectively] in patients
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Table 1
Description of trials.
Study Randomised controlled trials

PEDro Setting and
duration

Experimental Control

Sample
size

Gender
(M/F)

Mean (SD)
age (years)

Protocol Sample
size

Gender
(M/F)

Mean (SD)
age (years)

Protocol

Thien 2000 [22] 3 Eating disorder
outpatients
follow-up clinic,
Canada;
3 months

5 0/5 29 (4.4) Graded exercise protocol dependent on patient’s percentage ideal
body weight and percentage body fat. Ranged from Level 1 to
Level 7. Level 1 is stretching exercises in sitting and lying while
Level 7 is stretching exercises, resistive strengthening and low
impact cardiovascular exercise.
Three times per week

7 1/6 36 (7.9) Usual care and
encouraged to
limit exercise as
much as possible

Chantler 2006 [23] 6 Eating disorder
unit, South
Africa;
8 weeks

7 0/7 20 (5.0) 2.5-kg dumb-bells for back, chest, calf, shoulder and arm
exercises; and elastic thera-bands or body weight for back, thigh,
hip and abdominal exercises. 2 to 3 sets × 8 to 15 repetitions.
Twice per week; 1 hour each

7 0/7 22 (6.0) Usual care

del Valle 2010 [24] 6 Outpatient clinic,
Spain;
12 weeks

11 1/10 15 (0.6) Warm up (10 to 15 minutes), stretching, 11 strength exercises
involving major muscle groups of 1 set ×  10 to 15 repetitions,
isometric contractions of large muscle groups of 6 sets × 3
repetitions of 20 to 30 seconds and cool down (10 to 15 minutes).
Twice per week; 60 to 70 minutes each

11 1/10 14 (1.2) Usual care

Carei 2010 [25] 7 Adolescent
outpatient clinic,
USA;
8 weeks

15 0/15 17 (2.5) 1 hour Viniyoga.
Twice per week

11 2/9 16 (1.9) Usual care

Study Quasi-randomised trials

PEDro Setting and
duration

Experimental Control

Sample
size

Gender
(M/F)

Mean (SD)
age (years)

Protocol Sample
size

Gender
(M/F)

Mean (SD)
age (years)

Protocol

Touyz 1993 [26] 4 Inpatient
treatment,
Australia;
4 weeks

19 N/A 16 (2.5) Behavioural programme.
Anaerobic exercise programme consisting of stretching, posture
enhancement, weight training and occasional social sport or
aerobic activity.
3 hours per week

20 N/A 20 (5.3) Behavioural
programme

Tokumura 2003 [27] 5 Japan;
6 to 12 months
(mean 10
months)

9 0/9 14 (median) 30 minutes stationary bicycle exercise at anaerobic threshold.
5 times per week

8 0/8 14 (median) Usual care

Calogero 2004 [28] 5 Residential
eating disorders
treatment facility,
USA;
2.5 to 5 weeks

127
43 (R)
20 (BP)

0/127 22 (8.0) Warm up, exercise activities (stretching, posture, yoga, Pilates,
partner exercises, strength training, balance, exercise balls, aerobic
activity and recreational games) and cool down
2 to 4 times per week; 60 minutes each

127
39 (R)
13 (BP)

0/127 23 (8.7) Usual care

Study Single-group studies

Downs and Black tool Setting and duration Sample
size

Gender
(M/F)

Mean (SD)
age (years)

Protocol

Russell 1993 [29] 14 Eating disorders programme, Australia;
10 to 15 weeks

32 0/32 19 (41.0) Graded supervised structured exercises consisting of aerobic and
non-aerobic activity

Szabo and Green 2002 [31] 16 Eating disorders unit, South Africa;
8 weeks

14 N/A 20 (mean) 2.5-kg dumb-bells for upper body exercises, and therapeutic elastic
bands and body weight for lower body exercises

M, male; F, female; R, restricting subtype; BP, binge–purge subtype; SD, standard deviation; N/A, not available.
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Table 2
Outcomes of controlled trials and single-group studies (raw data).

Study Measures Pre Post

Intervention group Control group Intervention group Control group

Thien 2000 [22] Body weight (kg) – – – –
BMI (kg/m2) 20.3 (1.8) 17.2 (1.6) �1.0 (1.3) �0.8 (1.1)
Body fat (%) 21.0 (2.9) 16.7 (4.9) �0.9 (2.1) �0.5 (2.6)
Lean body mass (kg) – – – –

Chantler 2006 [23] Body weight (kg) 40.3 (4.5) 43.5 (4.4) 46.3 (3.9) 46.8 (3.9)
BMI (kg/m2) 15.1 (1.1) 16.5 (1.3) 17.4 (1.3) 17.8 (1.1)
Body fat (%) 10.0 (2.2) 12.2 (2.7) 12.6 (3.6) 14.1 (3.1)
Lean body mass (kg) 36.2 (3.6) 38.1 (3.6) 40.4 (3.0) 40.2 (3.1)

del Valle 2010 [24] Body weight (kg) 48.2 (8.8) 46.6 (5.5) 47.0 (8.6) 47.2 (5.3)
BMI (kg/m2) 18.7 (1.7) 18.2 (1.5) 18.2 (2.2) 18.3 (1.6)
Body fat (%) 14.8 (2.9) 13.8 (2.6) 13.7 (3.3) 13.9 (2.4)
Lean body mass (kg) 20.7 (4.7) 19.8 (3.0) 20.8 (3.1) 20.4 (3.0)

Carei 2010 [25] Body weight (kg) – – – –
BMI (kg/m2) 17.9 (2.0) 17.8 (2.0) 18.2 (2.2) 18.8 (2.6)
Body fat (%) – – – –
Lean body mass (kg) – – – –

Touyz 1993 [26] Body weight (kg) 39.1 (3.1) 37.2 (4.3) �4.1 (2.3) �3.85 (2.4)
BMI (kg/m2) 14.8 (1.0) 14.3 (1.3) – –
Body fat (%) – – – –
Lean body mass (kg) – – – –

Tokumura 2003 [27] Body weight (kg) – – – –
BMI (kg/m2) 18.8 (0.5) 19.6 (0.7) 21.7 (0.5) 20.2 (0.5)
Body fat (%) 27.7 (0.8) 27.8 (1.4) 30.3 (0.5) 29.1 (1.2)
Lean body mass (kg) – – – –

Calogero 2004 [28] Body weight (kg) – – �2.7 (0.9) (R) �1.8 (1.6) (R)
BMI (kg/m2) 18.5 (5.2) 20.5 (6.0) �3.6 (1.9) (BP) �2.1 (1.0) (BP)
Body fat (%) – – – –
Lean body mass (kg) – – – –

Russell 1993 [29] Body weight (kg) 42.0 (0.9) 51.9 (4.4)
BMI (kg/m2) 15.4 (1.3) 19.1 (1.2)
Body fat (%) 15.2 (5.0) 23.4 (3.8)
Lean body mass (kg) 35.4 (3.4) 39.7 (3.6)

Szabo 2002 [31] Body weight (kg) 40.3 (4.5) (E)/43.5 (4.4) (NE) 46.3 (3.9) (E)/46.8 (3.9) (NE)
BMI (kg/m2) 15.1 (1.1) (E)/16.5 (1.3) (NE) 17.4 (1.3) (E)/17.8 (1.1) (NE)
Body fat (%) 10.1 (2.2) (E)/12.3 (2.7) (NE) 12.6 (3.6) (E)/14.1 (3.1) (NE)
Lean body mass (kg) 36.2 (3.6) (E)/38.1 (3.6) (NE) 40.4 (3.0) (E)/40.2 (3.1) (NE)

�, change; BMI, body mass index; R, restricting subtype; BP, binge–purge subtype; E, anorexic exercisers; NE, anorexic non-exercisers.
Data are mean (standard deviation).
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Table 3
Description of psychological and quality-of-life outcomes.

Study Intervention group Control group Comparison between groups

Thien 2000 [22] SF-36 improved by 6.6 (7.0).
Social function improved by
5.0 (18.9)

SF-36 decreased by
12.0 (25.5).
Social function decreased by
19.6 (27.8)

P  = 0.07
P = 0.05

Chantler 2006 [23] N/A N/A

del Valle 2010 [24] SF-36 score: improvement in
physical role, general health,
social function and mental
component scale

SF-36 score: improvement in
all domains and physical
component scale and mental
component scale

No significant interaction
effect and no significant
training effect

Carei 2010 [25] Reduction in weight and
shape concerns of the Global
Eating Disorder Examination
score at Week 12.
Reduction in anxiety and
depression score at Week 12

The Global Eating Disorder
Examination score decreased
slightly at Week 9 but
returned to baseline at Week
12.
Reduction in anxiety and
depression score at Week 12

No difference between groups

Touyz 1993 [26] N/A N/A

Tokumura 2003 [27] N/A N/A

Calogero 2004 [28] Emotional commitment to
exercise (R)
(pre) 25.9 (8.5)
(post) 23.0 (6.3).
Emotional commitment to
exercise (BP)
(pre) 23.8 (6.1)
(post) 19.2 (7.2).
Exercise involvement (R)
(pre) 8.8 (3.3)
(post) 7.8 (2.4).
Exercise involvement (BP)
(pre) 8.2 (2.9)
(post) 7.1 (1.7).
Exercise rigidity (R)
(pre) 5.7 (1.9)
(post) 4.3 (1.4).
Exercise rigidity (BP)
(pre) 5.6 (1.7)
(post) 4.1 (1.1)

Emotional commitment to
exercise (R)
(pre) 24.2 (8.9)
(post) 25.0 (9.5).
Emotional commitment to
exercise (BP)
(pre) 26.5 (9.8)
(post) 27.5 (9.2).
Exercise involvement (R)
(pre) 8.6 (3.4)
(post) 9.0 (2.7).
Exercise involvement (BP)
(pre) 8.9 (3.6)
(post) 9.3 (3.4).
Exercise rigidity (R)
(pre) 5.9 (2.1)
(post) 6.0 (1.7).
Exercise rigidity (BP)
(pre) 5.7 (1.8)
(post) 5.8 (2.0)

No significant difference
between exercise and control
group or between diagnostic
groups.
ANCOVA (exercise vs
control):
Emotional commitment to
exercise, M = 23.23 vs
M = 24.7, F = 15.7,
P < 0.0001.
Exercise involvement,
M = 8.0 vs M = 8.3, F = 8.5,
P = 0.004.
Exercise rigidity, M = 4.1 vs
M = 5.6, F = 55.4, P < 0.0001

Study Single group

Russell 1993 [29] N/A
Szabo 2002 [31] Beck Depression Index (E) decreased

by 11.8 (18.6) (P = 0.219)
Beck Depression Index (NE)
decreased by 15.2 (11.5) (P = 0.012)
Eating Disorder Inventory (E)
decreased by 22.0 (2.7) (P = 0.002)
Eating Disorder Inventory (NE)
decreased by 25.5 (2.7) (P = 0.011)

SF-36, Short Form-36; R, anorexic nervosa, restricting subtype; BP, anorexic nervosa, binge–purge subtype; E, anorexic exercisers; NE, anorexic non-exercisers;
N/A, not available.
Data are mean (standard deviation).
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Fig. 1. Forest plot for body weight. R, restricting subtype; BP, binge–purge subtype; CI, confidence interval.

F
b

ig. 2. Forest plot for body mass index analysed based on study type (sensitivity
inge–purge subtype; CI, confidence interval.
 analysis). RCT, randomised controlled trial; R, restricting subtype; BP,



8 L.W.C. Ng et al. / Physiotherapy 99 (2013) 1–11

F urge sub

w
g
c
i
(
i
t

g
w
t
f

F

ig. 3. Forest plot for body mass index. R, restricting subtype; BP, binge–p

ho participated in a twice-weekly resistance training pro-
ramme, whereas no significant change was found in the
ontrol group [23]. Muscular strength measured by six repet-
tive maximum on seated lateral row improved significantly

P = 0.009) for the exercise training group; however, no sim-
lar significant improvement was observed in other strength
ests (bench and leg press) or functional tests (timed up and

w
s
m

ig. 4. Forest plot for lean body mass. CI, confidence interval.
type; CI, confidence interval.

o test and timed up and down stairs test) [24]. Nine patients
ho cycled for half an hour five times a week at anaerobic

hreshold improved their peak volume of oxygen consumed
rom 31.8 (SD 1.3) ml/kg/min to 46.4 (SD 2.2) ml/kg/min,

hile oxygen consumption at anaerobic threshold improved

ignificantly from 15.7 (SD 1.1) ml/kg/min to 23.0 (SD 1.4)
l/kg/min (P  < 0.01) [27].



L.W.C. Ng et al. / Physiotherapy 99 (2013) 1–11 9

F

D

a
c
m
s
d
s
t
S
c
c
a
a
a

E

i
p
a
h
i
o
c
l
W
m
t
t

[
l
u
t
c
o
i
[
t
o
s
‘
f
F
d
t
f
h
t
r
c
t
w
n

E
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iscussion

Supervised exercise training did not affect anthropometry,
s observed in all trials with a control arm. However, signifi-
ant before–after improvement was noted in all the anthropo-
etric measures after exercise training, as observed in the two

ingle-group studies. Supervised exercise training showed a
ecrease in concerns about body weight, shape and depres-
ion [25,31], as well as perception of exercise [28], although
here was no training effect on quality of life as measured by
F-36 [22,24]. Improvement in strength [23] and cardiovas-
ular endurance [27] was also observed despite no significant
hange in lean body mass. This implied that incorporating

 supervised exercise programme into the management of
norexia nervosa did not have a negative impact on weight,
nd may have psychological and physiological benefits.

ffects of  exercise  training  on  anthropometry

Clearly, a supervised exercise programme significantly
mproves before–after measurements of body weight, BMI,
ercentage body fat and lean body mass [27,28]. However,
dding a supervised exercise programme to the compre-
ensive management of anorexia nervosa did not further
mprove these anthropometric measurements. Close scrutiny
f these studies reveals a predominance of flexibility exer-
ises [22,24,26,28], which are aimed at increasing muscle
ength or range of motion rather than muscle mass [32].
here resistance exercises were included to build muscle
ass (for lean body mass and body weight), the resis-

ance or weights prescribed were likely to be ‘light’ so that
hey could be tolerated by patients with anorexia nervosa

e
t
v
l

22–24,26,28,31], and therefore were insufficient to stimu-
ate muscle growth. In most instances, the major goal was to
nderstand that a low level of resistive exercises was required
o maintain body shape and tone [26]. Secondly, the anorexic
ontrols could possibly continue to be involved in some form
f exercise at the time of the studies. Enforcing complete
nhibition of exercise participation could be time consuming
26]. Conversely, those who were not exercising in the con-
rol arms may have initiated exercise participation as a result
f witnessing favourable changes experienced by those in the
upervised exercise training arms; a phenomenon known as
diffusion or imitation of intervention’, thus constituting a
orm of social threat to internal validity in these studies [33].
inally, another possible reason for the lack of a significant
ifference between the supervised exercise training and con-
rol groups was type II error due to small sample sizes. Except
or one quasi-randomised trial [26], all studies in this review
ad small sample sizes. In particular, all RCTs included less
han 20 patients in each arm (Table 1). Regardless of the
easons for the lack of significantly better anthropometric
hanges with the addition of supervised structured exercise
raining, having such a programme may improve compliance
ith psychotherapy and/or refeeding treatments for anorexia
ervosa [31].

ffects  of  exercise  training  on  psychological  outcomes

Exercise is known to have a positive effect on self-

steem, mood and depression that could help to prevent and
reat eating disorders [34]. This was noted in one obser-
ational study where patients with anorexia nervosa were
ess depressed after an 8-week supervised resistance training
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rogramme [30]. Disordered feelings about food and exercise
ere reduced in those who participated in supervised exercise

25,28]. However, there was no training effect on quality of
ife when a generic questionnaire (SF-36) was used [22,24].
lthough SF-36 has been used to assess psychosocial dete-

ioration in patients with anorexia nervosa [35], it may not
e sensitive to detect change after treatment in patients with
norexia nervosa.

ffects of  structured  exercise  on  other  physiological
utcomes

Exercise training appeared to have other benefits such
s a significant increase in muscle strength [23] and
ardiovascular endurance [27] without compromising body
eight. The improvement in cardiovascular fitness (approx-

mately 46%) for patients with anorexia nervosa [27] was
uch higher than that reported in similar aged females [36].
owever, one study found that resistance exercise had no

ffect on muscular strength [24], probably because the inten-
ity was inadequate (only one set of 10 to 15 repetitions) and
he type of exercise was isometric instead of isokinetic.

trengths and  limitations

This is the first meta-analysis undertaken on the effects of
 supervised exercise programme on anthropometry, which
s a concern when patients with anorexia nervosa participate
n exercise programmes. Although a recent literature review
n anorexia nervosa and exercise concluded from its limited
mpirical data that there was a positive correlation between
hysical activity and weight restoration, it did not look objec-
ively at the effect of exercise and was unable to provide
uidelines on exercise in patients with anorexia nervosa [3].
his is also the first review to examine both psychological
nd physiological outcomes of supervised exercise training
n patients with anorexia nervosa.

However, this systematic review is limited by the het-
rogeneity of exercise training programmes, which may
hallenge the validity of the meta-analysis and pooled data
s well as the small sample size (n  ≤  20) for 67% of the tri-
ls. The funnel plots for percentage body fat and lean body
ass (Fig. B, see supplementary online material) also showed

vidence of asymmetries, thus publication bias cannot be
xcluded. This review also based its data source on estab-
ished electronic databases, whereas the grey literature (e.g.
esearch thesis) was excluded. The quality of the articles was
ot excellent, which may explain the minimal results.

mplications for  clinical  practice  and  further
ecommendations
A programme consisting of aerobic exercise alone is not
ecommended for patients with anorexia nervosa, because
his type of exercise expends energy and brings about con-
iderable caloric loss. Indeed, patient education on different
apy 99 (2013) 1–11

xercises to bring about other components of physical fitness
e.g. strength, flexibility and balance) should be included.
he nine trials in this study included resistance training

23,24,31], stretching or yoga [22,25], combination of anaer-
bic and low impact aerobic activity [6,28,29], and aerobic
xercise at anaerobic threshold [27]. Furthermore, two of
hese studies had a concurrent refeeding programme [26,29]
hich involves stabilising and normalising eating and dietary
ehaviours, which includes meal supervision, tube feeding
r supplementation. All of them enforced strict criteria on
hich patients were eligible for the exercise programme

such as being >71% ideal body weight for at least 24 hours
22,23,28], 1800 to 2500 calories of dietary intake per day
24,31], stable body weight and an increase of body fat by
5% [27], and a resting pulse rate of >44 beats per minute
25]). This meta-analysis showed that including supervised
xercise training in the management of anorexia nervosa is
afe, as it did not result in additional weight loss and may
ave benefits in the areas of strength and psychological well-
eing. Future research is required to establish guidelines for
xercise training in individuals with anorexia nervosa, and
o determine responders to supervised exercise training, atti-
udes towards exercise and relapse. Other future studies could
nclude service delivery such as home-based programmes as
ell as cost-effectiveness.

onclusion

The addition of supervised exercise training to usual care
ppeared to have no additional effect on anthropometry; thus,
t is safe to incorporate it into clinical programmes. Exercise
raining seemed to improve strength and cardiovascular
ndurance despite no change in lean body mass. There
lso appeared to be no impact on quality of life, although
isordered feelings for food and exercise were reduced.
urther research is required with larger sample sizes and

onger follow-up periods.
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