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ABSTRACT

International Journal of Exercise Science 17(3): 308-326, 2024. Objective: Anorexia Nervosa (AN) has
one of the highest mortality rates of all mental health disorders, low recovery rate and is associated with widespread
endocrine dysfunction. Resistance training (RT) has been consistently shown to provide beneficial effects on health
outcomes that are often negatively affected by AN, however participation in exercise is controversial for individuals
with AN. The objective of this study was to assess the effects of maximal RT as an add-on to standard of care in
patients with AN. Methods: Originally, a controlled clinical trial was planned but due to COVID-19 pandemic, the
study was prematurely ended and reported as a case series design. Three female inpatients with AN (Age 18-29
years, body mass index (BMI) 14.5-16.3 kg/m?, illness duration 1-7 years) underwent a supervised 6-week RT
intervention as an add-on to standard of care. Primary outcome was muscular strength, as measured by a 1-
repetition maximum. Secondary outcomes included BMI, eating disorder psychopathology and maladaptive
exercise tendencies. Results: No adverse events were reported. All three participants improved lower body muscle
strength, ranging from 32% to 134% in the leg press. Changes of 4% to 134% in the bench press and -3% to 38% in
the pulldown were also observed. Conclusions: RT improved muscular strength in the participants. RT as part of
standard of care may also provide additional benefits for individuals with AN, although further research is required
to determine which subtype of patients would benefit from the addition of RT to their treatment protocol.

KEY WORDS: Eating disorder, maladaptive exercise, body dissatisfaction, drive for thinness
INTRODUCTION

Anorexia Nervosa (AN) is characterised as an inability to maintain a minimally normal body
weight, an intense fear of gaining weight and a disturbance in body image (63). Individuals with
AN may present different patterns of weight-related behaviours: individuals who restrict food
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intake, possibly in addition to increased energy expenditure (AN-R), and individuals who
undergo binge-eating or purging episodes (AN-BP) (63). AN can be further classified as
“typical” or “atypical”, where a key feature of AN is absent, such as significant weight loss (63).
AN has one of the highest mortality rate of all psychiatric disorders (2). According to a 2021
population-based cohort study, the standardised mortality rate of AN is 5.06 (35), while it has
been reported that one in five deaths of individuals with AN is due to suicide (2, 56). A
population-based sample of twins in Sweden showed an overall prevalence of AN to be 1.2% in
females and 0.29% in males during a 4-year study period (9), while lifetime prevalence might be
as high as 4% in females (20). Disconcertingly, follow-up studies have observed that only 34 %
of patients with AN were recovered 5-10 years following treatment (22), with 62.8% to be fully
recovered after 22 years (19).

Along with body image disturbance and a lower-than-expected body weight, there is often
undernutrition present in AN, which can manifest in widespread endocrine dysfunction (64).
Individuals with AN often present with various disturbed physiological processes that are
associated with low energy availability (47), which include disturbed bone turnover (27, 46),
lowered metabolic rate beyond predicted (38) and dysregulation of menstrual cycle (43). AN is
associated with an increased risk of comorbidities such as osteoporosis, a disease process which
frequently remains even after recovery from AN, with recovered patients with AN remaining a
high-risk group (3, 35). This is supported by long-term studies showing a continued lack of bone
mineral density normalisation (12, 33, 49), coupled with increased fracture risk 40 years after
diagnosis of AN (40). Other physiological complications can be present in AN, such as reduced
muscle mass (22, 39), while some individuals recovered from AN or in partial remission still
have lower than normal levels of skeletal muscle mass (51). In other populations, exercise, such
as resistance training, is advocated for its improvements in physical and mental well-being and
can promote muscular strength and bone mass (27). A positive effect is also seen with exercise
and body image, with exercisers observed to have improved body image scores following
completion of an exercise intervention (33). Although there is a growing body of evidence
suggesting that closely monitored, supervised exercise together with nutritional support is safe,
and may provide multiple benefits in the treatment of eating disorders (50), it is still overlooked
as a potential contributor in overall standard of care.

The use of exercise in the treatment of eating disorders is controversial. Concerns around the
use of exercise in the treatment of eating disorders are understandable, with maladaptive
exercise behaviour seen in 31-80% of the patients (17, 54). Some patients with eating disorders
may be motivated to partake in maladaptive exercise to avoid a dreaded consequence, which
can manifest as a desire use exercise to control their weight and shape and/or avoid negative
feelings that may arise as a result of not exercising (18). There may also be physiological
complications of engaging in exercise. It has been observed that individuals with AN have
higher bone fracture rates (25, 38) and increased prevalence of soft tissue injuries and surgeries
(54). Other complications include cardiovascular events, and these complications can persist
long term (56). Bradycardia is one of the conditions most commonly seen in Anorexia Nervosa
(28), which can also be induced by exercise training (4, 7). While concerns are understandable,
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there is a growing body of evidence that supports the safety of resistance training in the
treatment of AN. It has been demonstrated that in individuals with Anorexia Nervosa,
resistance training is well-tolerated (26, 62) and does not negatively impact weight status (26,
60). In individuals with Bulimia Nervosa, moderate exercise was also observed to improve drive
for thinness and body dissatisfaction greater than cognitive behavioural therapy (57). A study
on the use of exercise to reduce exercise abuse in patients with eating disorders also observed
an improvement in attitudes (emotional commitment and involvement) towards exercise from
women in the exercise group (10). While it has been observed that a light resistance program
can increase strength in individuals with Anorexia Nervosa (13), this evidence is conflicting (61).
Interestingly, while del Valle et al., did not observe consistent increases in strength in the a low-
intensity resistance training intervention, they did observe improvements across all strength
measures following a high-intensity resistance training intervention (25). Implementing
supervised exercise in the treatment of eating disorders has also been reported to facilitate
weight gain in patients with AN (10), increase strength and bone mineral density (8), and
improve quality of life (1, 16). Despite this, evidence on the use of resistance training in AN is
limited, and the success of exercise interventions in the treatment of AN requires further
research, especially at higher intensities (60).

Given the long-term impact of AN and the difficulty in achieving recovery, there is a need to
identify additional treatment options to help improve an individual’s prognosis. Exercise,
specifically resistance training, could be one approach to help improve bone and muscle health
and body image. Conducting supervised exercise sessions as part of standard of care with
individuals with AN can provide a controlled environment for patients to practice normal
exercise behaviours. Thus, the objective of this study was to investigate the effect of adding
resistance training as an add-on to standard of care for patients with AN, while exploring if
individuals with AN could sustain a program of maximal resistance training. We hypothesise
that patients with AN who participate in a maximal resistance training program as part of their
standard of care will increase muscular strength following 6 weeks of training.

METHODS

Participants

This study is an add-on to the Prospective Longitudinal All-comer inclusion study on Eating
Disorders (PROLED; ID: H-15012537; addendum 77106). PROLED is a clinical naturalistic 10-
year follow-up study, with annual visits, that started in January 2016 and end in 2021. The study
had an expected inclusion rate of at least 100 patients with AN per year. Between November
2019 and March 2020, patients for the study were recruited from the day-care unit and inpatient
wards for treatment of eating disorders at Psychiatric Centre Ballerup. Participation in the
training intervention in the treatment of eating disorders is possible without participation in the
PROLED study. Psychiatric Centre Ballerup is the only unit for treatment of eating disorders in
the capitol region of Denmark, having a catchment area of 2 million inhabitants and an expected
prevalence of eating disorders of around 25,000.
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Inclusion criteria were women, diagnosis of AN according to International Statistical
Classification of Diseases and Related Health Problems (ICD)-10 (64), 18-60 years, with a body
mass index (BMI) greater than 14.5 kg/m? and signed informed consent. Exclusion criteria were
forced care, unstable medical or psychiatric health, presence of osteoporosis and issues with
compliance to treatment or study protocol. Eligibility criteria related to the health and treatment
of potential participants was determined by competent on-site staff (physicians/psychiatrists).
Upon successful inclusion to the study, blood samples were collected. Relevant information
from the patients” medical records related to medical history and initial clinical assessment were
also obtained. Three female inpatients with AN (Age 18-29 years, BMI 14.5-16.3kg/m?, illness
duration 1-7 years) were recruited to participate in the study.

The current study was approved by the Regional Ethics committee of the capitol region of
Denmark (ID: H-19037864; addendum 71552) and registered at ClinicalTrial.gov
(NCT04185727). This research was carried out fully in accordance to the ethical standards of the
International Journal of Exercise Science (49).

Protocol

Standard of Care: As this study was an add-on to standard of care, participants were required
to be compliant with their current treatment plan as per the eligibility criteria. As part of their
treatment, weekly measures of weight are conducted, and all patients undergo medical and
psychiatric examinations, with any psychiatric or medical complications addressed. Patients
aim to increase weight by approximately 0.5kg (daycare) to 1kg (inpatient) per week up to an
ideal body weight. Individual meetings with psychologists, dieticians and nurses are offered to
patients, while a dietician also hosts workshops aimed to develop patient cooking skills. Body
awareness therapy is also provided by a trained physiotherapist (12). A set of stopping criteria
in addition to inclusion/exclusion criteria was set to ensure that participation in the study did
not interfere with the patients” standard of care. A lack of weight gain over three consecutive
weeks (21 days) would lead to stop of treatment, and therefore also exclusion from intervention.
Furthermore, an attendance of < 70% of sessions and/or more than 4 sessions missed in a row
would lead to exclusion from the study.

Weight gain is achieved through the provision of supervised daily meals, which are planned by
a dietician. This included three meals (two main meals, one snack) for participants from the
daycare unit and five meals (three main meals, two snacks) for participants present at the
inpatient unit. This weight gain is typically achieved through a combination of monitored meals,
post-meal rest and restrictions in physical activity. However, as this was an intervention based
on the incorporation of exercise, individuals may have been required to consume a slight
increase in calories to ensure they complied with the required weekly weight gain. This was
accomplished following discussion between the patient and their dietician to determine an
acceptable source of extra calories, such as consumption of a small portion of juice. The study
timeline for the study intervention is presented in Figure 1.
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Figure 1. Study Intervention Timeline.

Anthropometric measurements = weight, height, and body mass index.

1RM: 1 repetition maximum, EDI: Eating Disorder Inventory, VAS: Visual Analogue Scale, EAI: Exercise
Addiction Inventory.

Training: Participants completed a 6-week supervised resistance training intervention
consisting of four exercises. The program consisted of 3 sets of 5 repetitions completed at 5
repetition maximum (RM) per exercise, with three minutes of rest between each set. Participants
completed three weekly workouts. Exercises included three resistance exercises: leg press
(Matrix Fitness, Johnson Health Tech Denmark, Denmark), bench press and pulldown (HUR
Health and Fitness Equipment, HUR, Finland), and one plyometric exercise (dropdowns). In the
first week after baseline testing, participants progressed loading from 70% (Session 1) to 80%
(Session 3) 1RM, before continuing at a prescribed 85% 1RM throughout the intervention. Every
time a participant completed all repetitions successfully for an exercise in a training session, an
incremental increase in difficulty was added for the following session (through exercise/ weight
progression). Instructions and feedback were given to participants throughout the entire
intervention to ensure consistency and correct technique.

1RM Test: At least two days prior to baseline strength testing, a familiarisation session was
conducted at Psychiatric Center Ballerup to demonstrate and practice correct exercise technique.
Lower body and upper body strength were assessed through 1RM tests on incline leg press
(Technogym, Gambettola, Italy), bench press and cable pull-down (Technogym, Gambettola,
Italy) at baseline and week six. This test started using 10 repetitions at a weight load assumed
to be approximately 50% of the participants” 1IRM. After three minutes of rest, participants
completed five repetitions at approximately 60% 1RM. After another three minutes rest,
participants completed three repetitions at approximately 70% 1RM, then a further three
minutes of rest before completing one repetition at approximately 80% 1RM. From there on,
participants completed one repetition at a weight load increased by 2.5-5 kg from the
subsequent lift, followed by five minutes of resting, until they were no longer able to complete
a repetition. Upon failure to complete the 1RM repetition, the previous successful attempt was
recorded as their 1RM.
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EAI: The Exercise Addiction Inventory (EAI) questionnaire consists of six questions based on
the six general components of addiction (salience, mood modification, tolerance, withdrawal
symptoms, social conflict, and relapse). The responses are rated on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree) and a sum score is calculated (range 6-30 points),
where a score > 24 indicates probable exercise addiction (30, 31).

EDI: The Eating Disorder Inventory (EDI)-3 is a 91-item self-report questionnaire that assesses
the presence of eating disorder psychopathology and related features, comprising 12 primary
scales. A total EDI score, as well as two subscales (drive for thinness and body dissatisfaction)
were assessed. The EQI-3 is validated in measuring eating disorder-related symptoms in Danish
adults, with internal consistency for the two subscales measured at .86 and .90 (14).

VAS: The Visual Analogue Scale (VAS) questionnaire consists of 7 questions regarding feelings
and anxiety around meals (39). A score of 0-10 is given for each question giving a total score of
0-70, with higher scores showing higher meal-based anxiety.

Anthropometrics: Anthropometric measurements were obtained from medical records at
Psychiatric Center Ballerup. Height was obtained once, and body weight was obtained weekly.
BMI was calculated as body weight in kg/height in m?2.

Activity Level: Activity levels were objectively measured with ActiGraph GT3X+ (Actigraph
LLC, Pensacola, FL, USA). This is an accelerometer that measures acceleration in three axes, one
for each axis of motion. While the ActiGraph collects raw data, the ActiLife software was used
for data processing and analysis. Acceleration was expressed through counts per minute, and
the epoch length was set to 60s. Participants were asked to always wear the ActiGraphs on the
non-dominant wrist, except for when showering, at baseline and post-intervention for one week.

Statistical Analysis

Statistical power for the maximal resistance training intervention was calculated based on a
session-to-session improvement of 0.7-1% improvement in muscle strength. The control group
can expect a 5% improvement in muscle strength from pre- to post-intervention testing due to a
learning effect. A 12-week intervention with three sessions per week and 80% adherence
suggests an increase of 20% in muscle strength from the intervention. Given a power of 0.80, a
significance level of 0.05 and a 20% dropout, it was determined that a total of nine participants
would be required for the maximal resistance training regime. Unfortunately, the study was
interrupted due to the COVID-19 pandemic which resulted in changes to the study. Firstly, the
rolling recruitment was halted, and only three participants had been recruited. All participants
were in the intervention group, so no control group was established. Finally, the intervention
was shortened from 12 weeks to 6 weeks.

Due to the changes in the study, statistical analyses planned a priori were not carried out. Instead,
visual analysis of the data is complemented with descriptive statistics, which are presented as
raw values at each timepoint for each participant (41), as well as percentage changes from
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baseline to completion of the intervention. In pooled analyses, where appropriate, descriptive
statistics are presented as unadjusted means + standard deviation. All data analysis was
performed using the R software (R Core Team, 2021, https:/ /www.R-project.org) and RStudio,
an Integrated Development Environment for R, version 2022.7.1.554 (RStudio, Boston, MA,
USA).

STROO01: By completion of the 6-week intervention, the participant had attended 71% of training
sessions. It was reported by the participant that illness not related to the training was the
primary reason for missing the sessions.

STR003: The participant reported that she was struggling with treatment motivation, and that
the only treatment sessions she was attending were sessions that were scheduled on the same
day as the intervention training session. This situation became more problematic when the
participant failed to meet weight gain requirements for two consecutive weeks. Upon further
discussion with her attending physician, STR003 applied to be admitted to the inpatient unit at
PCB at the end of intervention week 4 (prior to starting week 5), which enabled closer
monitoring of the individual, facilitating her continued participation in the intervention.
Nutrition intake requirements changed because of enrolment in different unit.

STR004: As a result of scheduling clashes between her treatment and the intervention, 1RM
testing for participant STR004 had to be rescheduled from Week 6 to Week 7. This had to occur
as STR004’s regular treatment schedule could not be altered. This resulted in STR004 completing
a further three resistance training sessions, utilising progressive overload, before completing the
final 1RM test. In contrast, STR001 and STR003 did not complete extra sessions prior to Week 6
1RM testing.

RESULTS

A total of 4 participants were recruited, with data obtained from 3 (STR001, STR003 & STR004).
One participant removed herself from the study prior to baseline testing. Patient baseline
characteristics are presented in Table 1.

Table 1. Patient Baseline Characteristics.

Characteristics STR001 STR003 STR004
Age, years 18 29 20
Initial Diagnosis, ICD-10 code F50.9 F50.02 F50.01
Disorder Duration, years 3 7 1
Menstrual Cycle (previous 6 months) No No Yes
BMI, kg/m? 14.53 15.82 16.31

BMI: Body Mass Index, ICD: International Statistical Classification of Diseases and Related Health Problems, ICD-
10 codes: F50.01: Anorexia Nervosa-restricting type, F50.02: Anorexia Nervosa-binge eating/purging type, F50.9:
Eating disorder, unspecified
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The percentage of completed training sessions was 71%, 94% and 95% for STR001, 003 and 004,
respectively. No physical training-related physical injuries were reported. Primary outcome
results are displayed in Figure 2 while secondary outcome results are presented in Table 2.

Individual training data is presented in Figure 3. As described elsewhere, Sessions 1-3 were
utilised as an adjustment period.
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Figure 2. Mean change in 1-repetition maximum strength test from baseline to post-intervention for all participants
(STR0O01, STR003, STR004) for each exercise.

Table 2. Secondary outcome results from 6-week maximal resistance training intervention for three participants
(STR001, STR003 & STR004).

Baseline Week 6

Outcome STRO01 STRO003 STR004 STR001 STRO003 STR004
BMI, kg/m? 14.53 15.82 16.31 15.71 14.98 18.21
Weight, kg 445 45.7 48.8 48.8 44.0 53.0
EDI 127 206 32 97 231 16
EDI-DT 2 25 0 3 27 0
EDI-BD 15 35 17 8 34 16
EAI 13 22 6 10 22 6
VAS 30 52 4 13 39 0
CPM 894 677 1158 994 703 1186
Steps per 24 hours 15783 10280 20468 15599 12133 24192

BMI: Body Mass Index, BD: Body Dissatisfaction, DT: Drive for thinness, EAI: Exercise Addiction Inventory, EDI:
Eating Disorder Inventory, VAS: Visual Analogue Scale, CPM: Counts Per Minute. Counts per minute represent a
measure of acceleration in a specified time interval (60s)
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Figure 3. Exercise Training Progression Data.
Spaces in the data represent participant absences.

STRO01 case presentation: A woman who met the ICD-10 criteria for AN (64) and was further
classified as “atypical” and “restrictive” type of AN by her attending physician. Her current AN
severity was rated as “severe”, but with no secondary symptoms. At her current height, her
maximum weight was 60 kg (2015), and lowest weight was 35 kg (2019).

Physiological outcomes: The primary outcome of skeletal muscle strength increased as indicated
by increases of all measures of 1IRM from baseline to completion of the intervention, with an
increase in incline leg press from 110kg to 145kg, bench press from 20kg to 25kg and pulldown
from 24kg to 33kg. STRO01 missed Sessions 5, 6, 7, 9 and 14 out of a total of 17 sessions. From
Session 4 onward (not including adjustment period), increases from first to last training session
in the weight lifted for five repetitions for the Leg Press, Bench Press and Pulldown were 20.5kg
(24%), 4.8kg (22%) and 14kg (54%), respectively. The participant increased BMI by 1.18 kg/m?
(8.1%). Over the 6-week period, weight increased by 4.3 kg, an increase of 1.3 kg over expected.
Minimal difference in Steps/24H was noted, with a change from 15783 steps per 24 hours at
baseline to 15599 steps per 24 hours post-intervention. Counts per minute by 100 (11.2%) from
baseline to post-intervention.
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Psychological outcomes: An improvement in eating disorder psychopathology was observed
as indicated by a decreased of 30 points in the EDI questionnaire (23.6%). STR001 had low a
baseline EDI-DT score with EDI-BD being similar to normal controls (14). The respective
changes in the DT and BD subscales of the EDI questionnaire after the training intervention were
+1 and -7 respectively. VAS mood score decreased by 17 points (56.7%), reflecting a decrease in
meal-based anxiety. EAI decreased by 3 points (23.1%).

STROO03 case presentation: A woman who met the ICD-10 criteria for AN (64), and was further
classified as “typical” and “binge/purge” type of AN by her attending physician. Her current
AN severity was rated as “severe”, and secondary symptoms include anxious (avoidant)
personality disorder. Her maximum weight at her current height was reported as 75 kg in 2012,
and her lowest recorded weight was 38 kg in 2019. In the past 6 month she has been
overeating/binging, dieting and used vomiting < 1 time per week coupled with maladaptive
exercise 1 time per week (duration not recorded/reported).

Physiological outcomes: Two out of three measures of 1RM increased from baseline to
completion of the intervention, with an increase in incline leg press from 75kg to 145kg. A minor
increase was observed in the bench press (from 25kg to 26kg), while a decrease was observed in
pulldown, with a change from 31kg at baseline to 30kg post-intervention. STR003 missed
Session 2 out of a total of 17 sessions. From Session 4 onward (not including adjustment period),
increases from first to last training session in the weight lifted for five repetitions for the Leg
Press, Bench Press and Pulldown were 33.5kg (42%), 4kg (22%) and 8kg (25%), respectively. The
BMI of the participant decreased by -0.84 kg/m? (5.3%). Over the 6-week period, weight
decreased by 1.7 kg, a difference of 4.7 kg below expected. An increase in Steps/24H was noted,
with a change from 10280 steps per 24 hours at baseline to 12133 steps per day post-intervention.
Counts per minute by 26 (3.8%) from baseline to post-intervention.

Psychological outcomes: The EDI score increased by 25 points (12.1%), reflecting a worsened
eating disorder psychopathology. At baseline, STR003 had higher-than-normal EDI-DT and
EDI-BD scores compared to Danish patients with eating disorders (14). The worsening of the
participant’s eating disorder psychopathology was not reflected within the EDI-DT and EDI-BD
subscales, with minor changes observed (DT: +2, BD: -1). VAS mood score decreased by 13
points (25.0%), reflecting a decrease in meal-based anxiety. There was no change in overall EAI
score.

STRO004 case presentation: A woman who met the ICD-10 criteria for AN (64), and was further
classified as “typical” and “restrictive” type of AN by her attending physician. Her AN severity
was rated as “moderate”, and she had no secondary symptoms. At her current height, her
maximum weight was 75 kg (2015), and lowest weight was 37 kg (2019).

Physiological outcomes: All measures of 1RM increased from baseline to completion of the
intervention, with an increase in incline leg press from 75kg to 175kg, bench press from 23.5kg

International Journal of Exercise Science http:/ /www.intjexersci.com

( |
l317j



Int | Exerc Sci 17(3): 308-326, 2024

to 55kg and pulldown from 33kg to 36kg. STR004 missed Session 1 out of a total of 20 sessions
(due to scheduling conflicts with standard of care, STR004 completed the post-intervention 1IRM
test in Week 7, which resulted in her partaking in an extra 3 training sessions). From Session 4
onward (not including adjustment period), increases from first to last training session in the
weight lifted for five repetitions for the Leg Press, Bench Press and Pulldown were 86kg (91%),
10kg (55%) and 28kg (78%), respectively. The participant increased BMI of 1.9 kg/m? (11.6%).
Over the 6-week period, weight increased by 4.2 kg, a difference of 0.2 kg above expected (the
individual was moved to the daycare unit after two weeks by clinicians following improvement
due to treatment success). An increase in Steps/24H was noted, with a change from 20468 steps
per day at baseline to 24192 steps per day post-intervention. Counts per minute increased by 28
(2.4%) from baseline to post-intervention.

Psychological outcomes: The EDI score decreased by 16 points (50.0%), reflecting an improved
eating disorder psychopathology. STR004 had low baseline EDI-DT score with EDI-BD being
similar to normal controls (14). The respective changes in the DT and BD subscales of the EDI
questionnaire after the training intervention were 0 and -1 respectively. VAS mood score
decreased by 4 (100%) points, reflecting a decrease in meal-based anxiety. EAI showed no
change, with the participant showing very low exercise dependence at both baseline and week
6.

DISCUSSION

The primary finding of this study was that participation in a maximal resistance training
intervention resulted in improvements in lower body muscle strength in three patients with AN.
Increases in 1RM were also observed in upper body muscle strength, however this differed by
patient and by exercise (bench press vs. pulldown). No injuries were observed or reported, and
the maximal resistance training was well-tolerated by participants. Furthermore, despite
participation in three weekly exercise sessions for a period of six weeks, maladaptive exercise
attitudes and behaviours, as measured by EAI, did not increase.

Following a 6-week maximal resistance training intervention, increases in muscle strength, as
measured by 1RM, were observed, with the largest magnitude of change observed in the lower
body exercise. Early changes in muscle strength appear to be explained by neural adaptations
with an increase in muscle size observed after a longer period of resistance training (5, 24), while
neural adaptations are greater following high-load training than low-load training (36). Thus, it
is difficult to determine how much of the improvements in muscle strength can be attributed to
hypertrophy. Furthermore, although no measures of bone health were obtained in this study,
the large strength increases observed suggests that high strain rates and magnitude have been
imposed on the bone, supported by cross-sectional findings of a relationship between 1RM and
bone mineral density (31). Given that AN is associated with increased risk of osteoporosis (3, 35)
and fracture risk (40), in addition to reduced muscle mass (22, 39), there is a need to explore
other approaches to help improve long-term bone and muscle health. It would be expected that
participation in maximal resistance training would stimulate a more favourable osteogenic
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environment, promoting improved bone health. Long-term participation in a maximal
resistance training program, coupled with optimal energy availability as per standard treatment
could be a viable approach to try to improve long-term bone and lean body mass outcomes.
Moderate-to-high levels of activity were observed in the three participants in this case report
series according to the assessed steps/24 hours, and thus it is crucial to ensure adequate energy
availability to ensure patients with AN to resolve undernutrition issues and help stimulate an
anabolic environment hypertrophy and improvements in bone mineral density.

The impact of exercise on psychological behaviours present in AN is equivocal. Firstly, there are
concerns that the use of exercise training by patients with AN may trigger maladaptive exercise
tendencies to control body weight and shape (46) or to avoid some dreaded consequence of not
exercising (18), which may be problematic given the prevalence of maladaptive exercise in
patients with AN (16). In this study, improvements in the EDI total score were observed in two
patients, while a third reported a worsening of eating disorder psychopathology. Upon further
inspection of the EDI questionnaire subscales, there were minimal changes in the EDI-DT and
EDI-BD subscales except for one patient who reported improvements in body dissatisfaction.
While no consistent impact on EDI-DT and EDI-BD were found in this study, other studies have
found positive changes following completion of an exercise intervention. Szabo and Green
found the EDI total score significantly decreased for patients with AN upon completion of an
exercise intervention (58), while Sundgot-Borgen et al. reported decreased body dissatisfaction
and a reduced drive for thinness with participation in a supervised exercise program as part of
the treatment of bulimic patients (57). Vancampfort et al. conducted a systematic review which
concluded that exposure to supervised exercise led to improvements in attitude towards body
weight and shape, while participation in a resistance training program was also suggested to
improvement the perception of exercise, (62). Given the concerns that surround the addition of
exercise to standard treatment of AN, this improvement in the perception of exercise is
particularly interesting, as the participation in an resistance training program may reduce the
tendency to partake in maladaptive exercise. Furthermore, while little change was observed in
maladaptive exercise tendencies in this study as reported by EAI, this is not surprising given
that the intervention did not incorporate a specific psychological component to address
participation in the intervention. However, the lack of adverse events, such as a triggering of
maladaptive exercise attitudes and behaviours, caused by maximal resistance training should
be considered a positive outcome due to the proposed risks associated with patients with AN
participating in an exercise regimen.

The two participants with the improvements in total EDI score were those who were progressing
in their treatment according to their attending physician and had improved their BMI. As has
been noted in Complicating Factors, the worsened eating disorder psychopathology was observed
in the individual who was regressing in her treatment and was admitted to the inpatient ward.
From one perspective, the addition of maximal resistance training in this participant’s standard
of care could be considered a positive in that it ensured she attended the clinic for treatment at
least three days a week (on days that the intervention was taking place), and this was noted by
the participant’s attending physician. Another perspective, however, should consider the risk of
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this positive aspect developing into maladaptive exercise tendencies. The addition of exercise
to standard of care may not be suitable for all patients with AN, and so it is necessary to identify
factors that may help determine which individuals may be considered eligible to incorporate
maximal resistance training into their standard of care. In our study, the individual who
reported a worsening of eating disorder psychopathology and weight status had a longer
disorder duration, presented with binge/purge subtype of AN and had secondary symptoms.
In some studies, studies it was observed that individuals with AN-R were more likely to partake
in problematic physical activity (44). Looking at specific dimensions of maladaptive exercise
however, it was observed that restrictive eating was only correlated with maladaptive exercise,
whereas binge eating correlated with compensatory exercise and exercise to control
weight/shape, in addition to maladaptive exercise (42). Another factor to consider is disorder
duration, with disorder duration associated with habit strength (17). It is possible that
individuals with a longer disorder duration may find it more difficult, or require more time, to
reframe how they think of and perceive exercise. If this is the case, it is possible that STR003
used participation in the intervention as a way of controlling weight gain as a result of their
treatment, whereas STR001 and STR004 may have been able to adopt a healthier attitude
towards exercise more successfully/quickly. The addition of maximal resistance training may
not be suitable for all individuals with AN. There may be a certain level of recovery required
prior to partaking in maximal resistance training sessions. It has been suggested that individuals
below 80% of an ideal body weight or engaging in purging exercise with caution to avoid
complications that may present in individuals with bradycardia, while it is recommended that
individuals with functional hypothalamic amenorrhea should avoid high impact exercise (52).
There may be aspects of an individuals” disorder that may indicate whether they would be a
suitable candidate to partake in maximal resistance training, such as attitudes towards exercise
or eating disorder psychopathology. However, some studies have noticed improvements in
maladaptive exercise tendencies and eating disorder psychopathology following an exercise
intervention. As such, it may not be ideal to simply consider certain individuals unsuitable for
participation in maximal resistance training programs - instead it may be the case that the
addition of maximal resistance training to standard of care requires dynamic evaluation
throughout an individuals” treatment, and there may be periods where regular training sessions
are deemed more or less beneficial to overall treatment success. While not within the scope of
this paper, further research (which is adequately powered) should consider the different aspects
of the AN disorder that may predict the response of certain groups of individuals to the addition
of maximal resistance training to their overall treatment plan, and also consider at which stages
of recovery from AN is the addition of maximal resistance training most beneficial to the
individual. One of the benefits of maximal resistance training is its positive impact on bone and
muscle strength. However, if a patient is not interested in resistance training, alternative types
of exercise should be explored to improve the ability to tailor physical training interventions to
the patient.

The health benefits of resistance training are well known, however there are concerns about the
incorporation of exercise in the treatment of patients with AN. In this study, maximal resistance
training was shown to improve muscle strength in individuals with AN. Furthermore, despite
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concerns about impaired bone and muscle health in this population, no injuries were reported,
indicating that maximal resistance training was well-tolerated by the three participants in this
study. However, concerns surrounding participation in a maximal resistance training program
for patients with AN are understandable, such as the potential risk physical injuries or the
presence of maladaptive exercise behaviours. Future studies therefore need to both address
basic science, such as epigenetic and cellular acute responses and systematic adaptations from
resistance and applied approaches on how best to implement such training together with
standard of care. This is necessary to determine optimal implementation protocols, not only in
a controlled experimental setup but in real-world treatment settings, with the aim of improving
long-term prognoses of individuals with AN. Another practical implication of the findings in
this study is to ensure proper exercise competence in eating disorder clinic staff to safely
supervise maximal resistance training in this patient group. Others have suggested that clinical
exercise physiologists are excellent providers of such competence (6). Finally, with a focus on
patient-centred care, there is a need to consider the individual; for each individual, the success
of the addition of resistance training to their treatment may depend on the stage of their recovery
process when it is introduced. It must also be acknowledged that not every individual with AN
may benefit from resistance exercise, and an emphasis should be placed on reframing attitudes
towards exercise instead of just the physical act of carrying out resistance training. Future
studies should incorporate a psychological component of a resistance training intervention with
the aim of targeted maladaptive exercise-related psychopathologies. Various eating disorder
diagnoses might require adapted approaches to supervised maximal resistance training to
ensure it is safe for the patient. This should be a collaborative approach between clinicians,
patients and, ideally, clinical exercise physiologists to design a suitable maximal resistance
training program to aid the individual with AN on their recovery journey and improve long-
term prognosis.

The main limitation of this study is the transition from a controlled experimental trial to a case
series because of the COVID-19 pandemic. This resulted in reduced recruitment, resulting in
power not being satisfied and the lack of a control group, along with violations of the original
study protocol. As a result, planned statistical analyses were not carried out; it is not possible to
rule out the possibility of observed changes in individuals with AN who participated in a
maximal resistance training intervention happening by chance. There were also differences
within study procedures which may have influenced changes in outcomes from baseline to post-
intervention due to scheduling conflicts and participant absences. As a result of the interruption
in the study, participants only completed 6-7 weeks of the maximal resistance training
intervention out of the intended 12 weeks. Future research should consider longer interventions
to assess the long-term impact of maximal resistance training as an add-on to standard of care
in the treatment of AN. Despite the major limitations of this study, there were several strengths
which may help inform future research. Firstly, the researchers who conducted the intervention
had prior experience in coaching resistance training exercises and were able to ensure safe and
controlled participation in a maximal resistance training intervention. The study also utilised a
participatory design, integrating clinical staff and patients with AN into the wider project.
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In conclusion, the addition of maximal resistance training to standard of care of AN may be one
viable approach to improve muscle strength in individuals with AN. However, careful
consideration is needed of the suitability of maximal resistance training for each individual, as
well as the individual’s treatment. Larger clinical trials are required to assess and validate the
addition of maximal resistance training to standard of care compared to just standard treatment.
Future research should also consider if there are certain disorder or individual characteristics
that may indicate if an individual would be a suitable candidate for the addition of maximal
resistance training to their treatment plan.
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