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A B S T R A C T

Objective: Determine the feasibility of a 6-month exercise and weight management intervention for people with
hip osteoarthritis (OA).
Design: 18 participants with clinical and radiographic hip OA with a body mass index �28 kg/m2 and <41 kg/m2

participated. Six consultations with a physiotherapist and six consultations with a dietitian via videoconferencing
over six months to deliver, and support, an exercise program and a ketogenic very low-calorie diet with meal
replacements. Recruitment rate and retention rate, adherence, adverse events and intervention acceptability were
assessed. Overall hip pain, physical function and body weight were assessed via numeric rating scale (NRS, 0–10),
Western Ontario and McMaster Universities Osteoarthritis Index physical function subscale (WOMAC, 0–68) and
home-scales respectively, at baseline, 3 and 6 months.
Results: Eighteen (11% of 157 people screened) participants were enrolled and 16 (89%) completed 6-month
assessments. Participants reported acceptable adherence to the intervention. Most (88%) participants were
“extremely satisfied” with the intervention. Ten minor adverse events were exercise related. Overall hip pain
reduced by �1.9 units (95%CI -2.8 to �0.9) at 3 months and by �3.3 (�4.3 to �2.2) at 6 months. Physical
function improved by �8.5 units (95%CI -13.2 to �3.6) and �14.2 (�18.1 to �7.5) at 3 and 6 months respec-
tively. Body weight reduced by 9.8% [95%CI -12% to �8%] and 11.3% [-13.6% to �9%] at 3 and 6 months
respectively.
Conclusions: The feasibility of a large clinical trial evaluating this exercise and weight management intervention is
supported.
Trial registration Australian New Zealand Clinical Trials Registry
(ACTRN12619001045101);

1. Introduction

Hip osteoarthritis (OA) is a chronic joint disease that is often painful
and disabling. The prevalence of symptomatic hip OA among older adults
is 6.2% [1] and up to 85% of those with hip OA are overweight or have
obesity [2]. There is no cure for OA and rates of joint replacement surgery
for hip OA are exploding, with a life-time risk of hip replacement for hip
OA as high as 1 in 7 for women and 1 in 10 for men [3]. Treatments that
effectively relieve symptoms and delay the need for joint replacement are
critical.
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Exercise is strongly recommended in clinical guidelines to manage
hip OA symptoms [4–8] based on evidence from several clinical trials.
Exercise has small to moderate beneficial effects on pain and physical
function in people with hip OA [9–11], with the majority of trials eval-
uating strengthening exercise. Although there is some evidence sup-
porting the use of exercise to delay hip joint replacement in people with
hip OA [12], exercise alone may be insufficient to reduce symptoms
adequately and delay the need for joint replacement in those who are
overweight or have obesity.

Clinical guidelines for hip OA management provide conflicting rec-
ommendations about weight loss. Recent clinical guidelines from the
Osteoarthritis Research Society International do not recommend weight
loss for hip OA, due to the absence of clinical trial evidence about the
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Table 1
Eligibility criteria.

Inclusion criteria Exclusion criteria

i) 50 years or older i) unstable weight (>2 kg self-reported
change over the previous 3 months);

ii) hip OA fulfilling the American College
of Rheumatology classification criteria
of pain and radiographic changes [59];

ii) on waiting list for or planning spinal
or lower limb surgery in next 12 months

iii) pain in the groin or hip region on
most days of the past month for >3
months

iii) previous arthroplasty on affected hip

iv) average hip pain intensity during
walking in the previous week �4/10
on an 11-point numerical rating scale
(NRS) (no pain ¼ 0; worst pain
possible ¼ 10),

iv) hip surgery within the past 6 months;

v) body mass index (BMI) between 28
kg/m2 and 41 kg/m2

v) self-reported inflammatory arthritis
(e.g. rheumatoid arthritis);
vi) unable to give informed consent to
participate fully in the intervention and
assessment procedures;
vii) inability to weigh themselves;
viii) any neurological condition affecting
lower limbs;
ix) inability to safely participate in
moderate-intensity exercise as
determined by the Exercise and Sports
Science Australia [60] pre-exercise
screening form, and;
x) unable to undertake a ketogenic very
low calorie diet without close
supervision of a medical practitioner,
including self-reported:
a) diagnosis of Type 1 diabetes;
b) Type 2 diabetes requiring insulin or
other medication apart from metformin;
c) warfarin use;
d) stroke or cardiac event in previous 6
months;
e) unstable cardiovascular condition;
f) fluid intake restriction, or;
g) severe chronic kidney disease, defined
as estimated glomerular filtration rate of
<30 mL/min/1.73m2.
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effectiveness of weight loss in people with hip OA [5]. In contrast, other
clinical guidelines do recommend weight loss for hip OA [4,6–8] based
on indirect evidence from studies in knee OA, advising reductions in
body weight by 5% for improvement in clinical and mechanistic out-
comes [8]. One uncontrolled study in people with hip OA reported a 5%
reduction in body weight using a combination of exercise and weight loss
that was associated with potentially clinical meaningful improvements in
hip OA symptoms [13]. Although adherence to consultations with cli-
nicians supervising the intervention was excellent (�82%), safety of this
face-to-face delivered intervention was not reported.

Method of delivering health care services is an increasingly important
consideration to ensure accessibility and scalability of care, particularly
in light of the COVID-19 pandemic. Evidence supports the use of tele-
rehabilitation by health professionals including physiotherapists and
dietitians to reduce knee pain [14] and body weight [15], respectively.
Telerehabilitation is acceptable to people with OA [16–18], physiother-
apists [16,19], and is endorsed by national physiotherapy [20] and die-
titian professional organisations [21]. However, to our knowledge no
previous studies have evaluated a remotely-delivered exercise and
weight management program by physiotherapists and dietitians in hip
OA.

The objectives of this pilot study were to assess the feasibility of
delivering an online 6-month exercise and weight management inter-
vention to people with hip OA and overweight or obesity to determine: i)
participant recruitment rates and retention; ii) adherence; iii) safety; iv)
acceptability of the intervention, particularly in relation to the weight
management component, and; v) changes in hip OA symptoms, body
weight and body composition.

2. Methods

2.1. Study design and setting

This study was designed as a pilot study. Reporting followed items of
the CONSORT [22] that are applicable to a non-randomised design. This
study was prospectively registered in the Australian New Zealand Clin-
ical Trials Registry (ACTRN12619001045101) and conducted at the
University of Melbourne.
2.2. Participants

Participants were recruited from the community in Melbourne,
Australia between August 2019 and October 2019 via social media
(Facebook). Only social media was used to recruit participants due to its
reach, efficiency and cost-effectiveness. Eligibility criteria are listed in
Table 1.
2.3. Procedures

Volunteers were screened via an online survey followed by telephone
screening to confirm eligibility. Potentially eligible participants under-
went a standard antero-posterior supine pelvic view x-ray. Participants
who had a hip x-ray in the prior 12-months and could provide the images
to the research team for screening were not required to undergo new x-
rays due to ethical concerns of additional radiation exposure. For par-
ticipants with bilateral symptoms, the most symptomatic eligible hip was
regarded as the study hip. Participants were advised to continue with
usual medication during the study. Participant-reported data were
collected via REDCap online questionnaire and stored on a password-
protected server. Body composition data was collected via dual-energy
x-ray absorptiometry at the Be Active Sleep Eat Facility, Monash Uni-
versity, Melbourne. Ethical approval was obtained from the Human
Research Ethics Committee at the University of Melbourne (#1954589)
and all participants provided written informed consent.
2

2.4. Intervention

The intervention was modelled on a knee OA exercise and weight
management intervention [23]. The development of the intervention,
including stakeholder involvement, has been described in detail else-
where [23]. Summary of services/resources provided to participants is
detailed in online supplementary Appendix 1. Informed by the Behaviour
Change Wheel [24], clinical consultations were based on our previous
and ongoing research into exercise [14,25–28] and weight management
[23] for hip and knee OA. Behaviour change techniques applicable for
exercise [29,30] and weight management [23,30] are embedded into the
physiotherapy and dietitian consultations and resources (online supple-
mentary Appendix 2). Our intervention is described using the TIDierR
(Template for Intervention Description and Replication) [31] checklist to
ensure we provide sufficient detail for replication.

2.5. Exercise program

The Exercise program consisted of educational information and six
individual consultations with a physiotherapist over six months via
videoconferencing (Zoom Video Communications Inc., California USA).
The physiotherapist consultations included education about OA and self-
management, as well as an individualised, structured, progressive
strengthening exercise program to be performed at home. Educational
resources (online supplementary Appendix 1) were provided in hardcopy
via post. Participants were also posted four exercise resistance bands
(yellow, green, red, blue) and one adjustable (0.5–5.0 kg) ankle-cuff
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weight for strengthening exercises.
Prior to their first consultation with the physiotherapist and dietitian,

participants completed a pre-consultation survey asking about their main
problems and goals, previous weight management, a brief history of their
hip symptoms, and other health problems. The initial physiotherapy
consultation was approximately 45 min long, with follow-up consulta-
tions approximately 30 min. Consultations were recommended to occur
in weeks 1, 3, 7, 11, 16 and 21, but the timing was flexible and was
negotiated between each participant and their physiotherapist. Together
with participants, the physiotherapist developed an individualised
management plan to include the following components: i) a structured
and progressive muscle strengthening exercise program; ii) information
about some of the common barriers to exercise and ways to overcome
them, and; iii) advice about self-monitoring and managing flare-ups.

The strengthening exercise program was comprised of exercises used
in previous trials by the Centre [27] (see online supplementary Appendix
3). The physiotherapists prescribed 4–6 exercises, including a minimum
of one from each of hip extensor, hip abductor and hip flexor strength-
ening and functional exercises. The exact number of exercises, as well as
sets/repetitions, were negotiated between the physiotherapist and
participant. Intensity was determined using the Borg CR10 Rating of
Perceived Exertion [32] where it should feel “hard” to “very hard” (5–7)
to perform a full set of each exercise. The study logbooks were used as a
motivational tool for participants and for their physiotherapist to assess
their progress through the exercise. Participants recorded their program
plan in an exercise logbook and were provided with a booklet demon-
strating the starting position and instructions for each exercise. Partici-
pants were encouraged to complete exercises three times per week. At
subsequent consultations, the physiotherapist reviewed participant
progress, adjusted the strengthening program as needed (including
removing/adding exercises and changing the dosage) and corrected ex-
ercise performance where required. Participants were asked to record
their exercise completion in their logbook between consultations. Phys-
iotherapists also recommended that participants complete regular arm
strengthening exercises (online supplementary Appendix 3), in addition
to their leg strengthening program, to reduce the risk of loss of muscle
mass during their weight management program.

During each consultation, physiotherapists provided education and
advice, prescribed exercises with progressions, discussed modifications/
flare-ups and adverse events, as applicable. The physiotherapist checked
the participant's logbook to assist with adherence to the exercise
program.

2.6. Weight management program

In conjunction with the Exercise program, participants received six
individual videoconferencing consultations with a dietitian. Dietitians
individualised a weight management program involving a ketogenic very
low-calorie diet (VLCD) [33] for each participant. A VLCD has been
shown to lead to greater weight loss in the short-term when compared to
a low-fat diet [34,35] and the production of ketones by the liver during
fatty acid oxidation while fasting or on a diet that restricts carbohydrates,
can reduce appetite [33]. Furthermore, participants with obesity are
more likely to achieve a weight loss target using a ketogenic VLCD than a
standard hypocaloric diet, and the rate of subsequent weight regain is not
significantly different between the two dietary approaches [34].
Although at least 5%weight loss is recommended for improvement in OA
symptoms [8], we encouraged participants to aim to lose at least 10% or
more of their body weight. The 10% weight loss target was selected due
to a dose-response relationship between weight loss and symptom
improvement in knee OA [36].

Prior to their first dietitian consultation, participants were posted a
variety of Optifast® meal replacement products (Nestl�e Health Science,
Rhodes, Australia) sufficient for two meals per day for one month. Par-
ticipants received additional Optifast® meal replacement products of
their choice as required over the subsequent five months. Optifast®meal
3

replacement products are formulated to provide an adequate supply of
micronutrients (vitamins, minerals, and metals), and come as bars,
shakes, desserts or soups in a variety of flavours. Additional educational
resources to support the participant's weight loss were also provided via
post (online supplementary Appendix 1).

The first dietitian consultation was approximately 45 min and took
place two to three days following the first physiotherapy consultation.
Follow-up consultations were approximately 30 min. Consultations were
recommended to occur in weeks 1, 3, 6, 10, between weeks 14–17, and
between weeks 19–23, but timing was negotiated between each partic-
ipant and their dietitian. During the first consultation, appropriate
weight loss goals, including a target weight, and a management plan
were developed. Participants were encouraged to commence the keto-
genic VLCD, which involved replacing twomeals, generally breakfast and
lunch, with meal replacements. One low-carbohydrate meal (generally
dinner) included a source of protein (e.g. white or red meat, fish or
seafood, eggs, or tofu) and non-starchy vegetables/salad. A small amount
(i.e. 1 tablespoon) of oil/fat was also recommended for this meal to
reduce the risk of gallstone formation. In total, the diet contained
approximately 800 kilocalories (3280 kJ) per day. The participant could
use a modified version of the diet (e.g. one meal replacement only) if
deemed necessary (e.g. if they found the meal replacements unpalatable
or were having difficulty adhering).

Participants were asked to weigh themselves at home weekly and
record their progress in their logbook. During subsequent consultations,
dietitians discussed progress and used motivational interviewing prin-
ciples and techniques to assist motivation [37], self-efficacy, and in
overcoming obstacles to completing the agreed self-management plan.
Dietitians guided participants through the resource booklets provided,
which included activities to help them adhere to their self-management
plan such as planning for unforeseen events (e.g. eating out) and
choosing a support person.

Once the target weight was achieved, participants were able to choose
whether to transition to a weight maintenance phase or continue with the
VLCD and aim for further weight loss. Transitioning off the VLCD
involved reintroduction of foods containing carbohydrates and
consuming only one meal replacement per day. This transition phase
lasted at least 2 weeks, after which participants commenced a healthy
eating diet consistent with the principles of the Commonwealth Scientific
and Industrial Research Organisation Total Wellbeing diet [38] (high
protein, low glycaemic index carbohydrate, low fat). In the weight
maintenance phase, participants were encouraged to monitor their
weight regularly (e.g. once per week). Participants who regained 2 kg or
more were advised to restart the ketogenic VLCD for 1–2 weeks. Di-
etitians used online consultation notes to record details of agreed weight
management plans and barriers/motivators that were discussed, and
which resources/activities participants were asked to read/complete.

2.7. Physiotherapists

Three private practice physiotherapists in Melbourne delivered the
exercise intervention. The physiotherapists had an average of 16 (range
7–29) years of clinical experience since qualification and 11 (range 4–24)
years of post-graduate clinical musculoskeletal experience. Only phys-
iotherapists who had treated at least five individuals with hip OA in the
past 12 months were eligible to participate. All physiotherapists attended
a 4-h training session and were provided with a treatment manual
describing the intervention. Telephone meetings were conducted with
physiotherapists to address study issues as needed.

2.8. Dietitians

Five dietitians in private practices across Melbourne, Australia
delivered the diet intervention. The dietitians had an average of 9 (range
4–19) years of clinical experience since qualification. Only dietitians who
had at least two years of clinical experience and some experience
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assisting people with weight loss were eligible to participate. Dietitians
already delivering a comparable weight management plan to people with
knee OA in another clinical trial [23] were recruited and provided with a
treatment manual describing the intervention for the current study, study
protocol and procedures. As part of the clinical trial evaluating the
weight management plan in knee OA [23], dietitians completed training
in i) best-practice OA management (half day workshop led by
researcher); ii) motivational interviewing skills (2-day training course
delivered by Health and Wellbeing Training Consultants who specialised
in training clinicians in motivational training), and; iii) VLCD (1-h
webinar delivered by research team). Further details on training have
been previously published [23]. Telephone meetings were conducted
with dietitians where necessary to address study issues.

2.9. Descriptive data (baseline)

Age, sex, duration of hip OA symptoms, problems in other joints,
comorbidities [39], and OA pain medication were obtained using a
questionnaire. Body weight and height were also self-reported and used
to determine BMI.

2.10. Adherence and adverse events

The number of dietitian and physiotherapist consultations attended
were documented by the therapist. Participants rated their adherence to
the i) weight loss management plan, and; ii) exercise program using an
11-point NRS (not at all ¼ 0 to completely as instructed ¼ 10) by
responding to “Over the past 6 months, how closely did you follow your
weight management program?” and “Over the past 6 months, overall
how closely did you follow the strengthening exercise program provided
to you by the physiotherapist?” Participants were instructed to report any
adverse event to the study coordinator as soon as possible for docu-
mentation in an adverse events treatment log. Adverse events were also
documented by the physiotherapist when they were made aware of them
and collected via self-report in the 6-month questionnaires.

2.11. Acceptability of treatment (6-month follow-up)

Participants rated their perceived usefulness of the dietitian consul-
tations, weight management educational resources, and VLCD on an11-
point NRS ranging from “not at all useful” to “extremely useful”. Par-
ticipants were also asked about how easy it was for them to use the
videoconferencing software using an 11-point NRS scale ranging from
“not at all easy” to “extremely easy”. Overall satisfaction with treatment
was scored on a 7-point Likert scale (“Overall, how satisfied are you with
the program you received for your hip pain?”) ranging from “extremely
unsatisfied” to “extremely satisfied”.

2.12. Pain (baseline, 3 months and 6 months follow-up)

Overall average hip pain intensity over the past week and during
walking was rated via a NRS with terminal descriptors ‘no pain’ (score 0)
and ‘worst pain possible’ (score 10). The NRS pain outcome has
demonstrated reliability in OA [40,41]. A minimum clinically important
change was defined as a change in pain of 1.8 units [42].

2.13. Physical function (baseline, 3 months and 6 months follow-up)

The physical function subscale of the Western Ontario and McMaster
Universities (WOMAC) Osteoarthritis Index was used to assess physical
function. The subscale contains 17 items, each answered on a Likert scale
(no dysfunction ¼ 0 and extreme dysfunction ¼ 4) and ranges from 0 to
68, with higher scores indicating poorer function. The WOMAC is a self-
report disease-specific instrument that has established validity, reliability
and responsiveness in several OA studies [43,44]. A minimum clinically
important change was defined as a change in physical function of 6 units
4

[45].

2.14. Overall change (6-month follow-up)

Participants rated their overall global change in a) pain related to
study hip, and; b) physical function related to study hip. The terminal
descriptors on the 7-point Likert scales were ‘much worse’ to ‘much
better’ [46]. Participants reporting that they were “moderately better” or
“much better” were classified as “improved”.

2.15. Body weight and composition (baseline, 3 months [self-reported
only] and 6 months follow-up)

Self-reported body weight was recorded at baseline, 3 months and 6
months. Participants were asked to use the same set of scales at the same
time of day across the time points. Total body mass, fat mass, lean mass
and visceral adipose tissue were measured at baseline and 6 months
follow-up using dual-energy x-ray absorptiometry (GE Lunar DXA
narrow-angle dual energy x-ray densitometer) according to the manu-
facturer recommendations for positioning the participant, scan protocols
and scan analysis. Participants were asked to fast for 2 h before each
DEXA scan, and to avoid engaging in exercise for 2 h before the scan.
Excellent test re-test reliability has been reported with GE Lunar DXA for
fat mass, lean mass and android mass (intra-class correlations 0.96–0.99)
[47], albeit with a protocol not directly comparable our current study.
Body weight was expressed in kg and as a percentage of change in weight
from baseline, while fat mass and leanmass were expressed as percentage
of body mass.

2.16. Sample size

A formal sample size calculation was not performed, due to this being
a pilot study [48,49]. We aimed to include 20 participants as we
considered this an adequate number to assess the feasibility of the
intervention. However, we chose to cease recruitment after 18 partici-
pants to ensure we would have pilot data to inform an upcoming grant
application.

2.17. Statistical analysis

As this was a pilot study, no hypothesis testing was performed [22].
Data for complete cases (i.e. participants who had data at baseline and
follow-up) were used to calculate change scores (follow-up minus base-
line) with 95% confidence intervals for continuous outcomes. Categorical
data were expressed as number participants (percentage). The number
(percentage) of participants who lost 5% and 10% body weight from
baseline, as well as the number of participants (percentage) who reached
the minimal clinically importance change in each of self-reported pain
and physical function were calculated. The percentage of participants are
expressed relative to the number of participants with available data per
outcome. Stata version 16.0 (Statacorp, College Station, TX, USA) was
used for descriptive statistics.

3. Results

Of the 157 individuals who completed the initial online screening, 66
(42%) completed phone screening, 39 (25%) completed x-ray screening
and 18 (11%) participants were enrolled into the study (Fig. 1). Two
participants withdrew from the study (one due to an unrelated adverse
event and one lost to 6-month follow-up). Sixteen participants underwent
a DXA scan at baseline and 10 participants underwent scan at 6 months.
Two participants did not undergo DXA scans at baseline due to no
available radiographer. At follow-up, four participants were unable to
attend their DXA scan due to COVID-19 related closure of the DXA fa-
cility, and two participants had withdrawn from the study. Participant
characteristics are described in Table 2.



Fig. 1. Flow of participants through the study.
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3.1. Adherence and adverse events

All participants attended all 6 dietitian sessions and 16 participants
attended at least 5 physiotherapy sessions. Participants reported very
good adherence to the weight management plan (mean (SD), [observed
range] 7.6 (2.6), [0 to 10]) and the prescribed strengthening exercises
(8.3 (1.5), [5 to 10]). Twenty-one adverse events (see online supple-
mentary Appendix 4) were reported by 16 (89%) participants. Eleven
were considered unrelated to the intervention and 10 were related to the
exercise component of the intervention.
3.2. Perceived usefulness and satisfaction

Eleven (69%) participants were “extremely satisfied” (i.e. selected 10
out of 10 on the NRS) with the usefulness of the weight management
5

education resources, mean (SD), [observed range]: 9.3 (1.4), [5–10].
Fifteen (94%) participants found the dietitian consultations “extremely
useful” (i.e. selected 10 out of 10 on the NRS), mean (SD) [observed
range]: 9.8 (1), [6–10]. Nine (56%) participants found the VLCD diet
“extremely useful” (i.e. selected 10 out of 10 on the NRS) with a mean
(SD) [observed range]: 8.9 (1.5), [5–10]. Ten (63%) participants found
the videoconferencing software “extremely easy to use” (i.e. selected 10
out of 10 on the NRS), with a mean (SD), [observed range] 9.4 (1.4),
[7–10]. Fourteen (88%) participants were “extremely satisfied” (i.e.
selected 10 out of 10 on the NRS) with the overall treatment, mean (SD)
[observed range]: 9.9 (0.3), [9,10].
3.3. Symptoms

Pain and physical function data are presented in Table 3. Individual



Table 2
Participant characteristics (means � SD, unless otherwise stated).

n ¼ 18

Age, years 64.8 � 6.5
Sex, female (%) 16 (89%)
Height, m 1.65 (0.07)
Weight, kg 90.08 (14.26)
Body mass index, kg/m2 33.1 (4.0)
Bilateral symptoms, n(%) 5 (28%)
Duration of symptoms, n(%)
<1 year 2 (11%)
1–2 years 9 (50%)
2–5 years 7 (39%)
5–10 years 0 (0%)
>5 years 0 (0%)

Problem in other joints, number of participants (%) 18 (100%)
Hand 8 (44%)
Neck 4 (22%)
Back 10 (56%)
Knee 11 (61%)
Foot/ankle 6 (75%)
Shoulder 6 (33%)

Current pain medication use, n(%)a

Non-steroidal anti-inflammatory tablets 6 (33%)
Cyclooxygenase-2 inhibitors 0 (0%)
Analgesia, paracetamol 13 (72%)
Topical anti-inflammatories 7 (39%)
Glucosamine or chondroitin 2 (11%)
Topical liniments 3 (17%)
Oral corticosteroids 0 (0%)
Oral opioids 1 (6%)

Comorbidities, n(%)
Heart condition 2 (11%)
High blood pressure 10 (56%)
Lung condition 0 (0%)
Diabetes 2 (11%)
Ulcer 0 (0%)
Kidney condition 0 (0%)
Liver condition 0 (0%)
Anemia 1 (6%)
Cancer 1 (6%)
Depression 3 (17%)
Hypothyroidism 1 (6%)
Vertigo 1 (6%)
Sleep apnoea 1 (6%)
History of fractures 1 (6%)

a Defined as at least once per week over the past month.
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participant trajectories for overall hip pain intensity, hip pain intensity
during walking and physical function are illustrated in Fig. 2. All (100%)
participants reported their pain on the global rating scale to be at least
“slightly better”, with 12 (75%) participants considered to have
“improved”. The majority (94%) of participants reported at least “slightly
better” for physical function on the global rating scale, with 13 (81%)
participants considered to have “improved”. See online supplementary
Appendix 5 for details.
3.4. Body weight and body composition

Body weight and body composition data are presented in Table 3.
Average self-reported body weight reduced by 10% [95%CI -12% to
�8%] at 3 months, and by 11% [-14% to�9%] at 6 months. At 3 months,
15 (88%) participants had lost at least 5% of body weight from baseline,
and 8 (50%) participants had lost at least 10% body weight. At 6 months,
14 (82%) participants had lost at least 5% of body weight from baseline,
and 11 (75%) participants had lost at least 10% body weight. Individual
participant changes in body weight from baseline over time is presented
in Figs. 2 and 3. Participants (n¼ 10) who underwent DXA assessment at
6 months lost 10% [95%CI -13% to �6%] of baseline body weight. On
average, fat mass reduced by 18% [95%CI -25% to �11%], lean mass
reduced by 3% [95%CI -5% to �1%] and visceral adipose tissue reduced
by 25% [95% CI -40% to �11%] from baseline.
6

4. Discussion

Our pilot data support the feasibility of a the 6-month online exercise
and weight management intervention in hip OA and inform development
of a future trial. The majority of participants reported good adherence
and perceived the weight management component to be “extremely
useful” and the overall intervention as “extremely satisfactory”. Of the 16
out of 18 participants who completed the study at 6 months, 75% of
participants lost 10% or more of baseline body weight (which was the
goal of the weight loss intervention) and 88% met or exceeded the
minimal clinically important change threshold in overall hip pain, hip
pain during walking and physical function.

The feasibility of a weight management and exercise intervention is
evidenced by recruitment and participation rates. Eighteen participants
were enrolled over a 6-week period, extrapolating to a recruitment rate of
12 participants per month. Approximately 11% of those who completed
the online, phone screening and x-ray screening were enrolled. A greater
number of females (89%) compared to males were enrolled. This is un-
surprising as hip OA is more common in females than males [50]. Future
clinical trials should consider stratifying by sex to balance the sexes
across trial arms [51].

The main reason people failed to be enrolled into the study was
failure to fulfil the BMI inclusion criterion (between 28 kg/m2 and 41 kg/
m2). The lower limit (28 kg/m2) was set in accordance with recom-
mendations [52] that VLCDs are not indicated for weight loss in people
with BMI �27 kg/m2. The upper BMI limit was set because people with
class 3 obesity (BMI �40 kg/m2) may be more likely to have complica-
tions of obesity that require medical monitoring during an intensive
weight loss intervention, and to require earlier consideration of adjunc-
tive treatments that would exclude them from participation, or require
them to discontinue the study (e.g. obesity medications or bariatric
surgery). Clinical trialists may wish to consider adjusting the range of
BMI to enhance the recruitment rate in future studies. Overall, retention
of participants who completed all self-reported outcomes at 6 months
was excellent (89%).

Participants adhered to the majority of consultations with both the
dietitian and physiotherapist and self-reported relatively high adherence
to the weight management plan and exercises prescribed. Overall, these
adherence data indirectly indicate the intervention components were
acceptable to our participants, supporting use of our exercise and weight
management intervention. We consider our intervention safe for our
population of interest. Although the majority of our participants reported
an adverse event, only 10 of the adverse events reported were related to
our intervention, and these were generally minor and consistent with
exercise rather than weight management. Although other exercise-
related studies in hip OA [53–56] appear to generally report fewer
adverse events from fewer participants, the number of adverse events in
the present study is consistent with those observed in our previous ex-
ercise trials in hip OA [26,27]. It is difficult to compare adverse events
across studies, as adverse events depend on various factors such as
number of participants, duration of intervention and definition used by
investigators. Nevertheless, a review of the exercise program will be
undertaken to determine if any of the exercises require modification for a
future trial.

All participants reported being almost “extremely satisfied” (9/10)
with the overall intervention, warranting further evaluation in a future
clinical trial. We also assessed perceived usefulness of the intervention,
particularly the weight management components and telehealth-delivery
mode to understand if any changes would be required prior to subsequent
evaluation in a future clinical trial. Most participants were “extremely
satisfied”with usefulness of the weight management education resources
(69%) and dietitian consultations (94%). Just over 50% of participants
rated the VLCD as “extremely useful”, with all but one participant rating
at least 7/10. The majority (63%) of participants rated the videocon-
ferencing software as “extremely easy to use” with all participants rating
the ease of use at least 7/10. Overall, our findings support the use of



Table 3
Exploratory outcomes.

Baseline
Mean
(SD)

3
months

6-
months
Mean
(SD)

Mean (95%CI)
3-mth change
3-mth minus
baseline

Number (%) of participants who
met or exceeded MCID at 3-months

Mean (95%CI)
6-mth change
6-mth minus
baseline

Number (%) of participants who
met or exceeded MCID at 6-months

Self-reported
outcomes

n ¼ 18 n ¼ 17 n ¼ 16

Self-reported body
weight, kg

90.3
(14.1)

81.0
(13.2)

79.0
(14.3)

�8.8 (�10.7,
�6.9)

– �9.9 (�12.0,
�7.8)

–

aOverall hip pain,
(0–10)

6.2 (1.7) 4.4 (2.0) 3.0 (2.3) �1.9 (�2.8,
�0.9)

8 (47%) �3.3 (�4.3,
�2.2)

14 (88%)

aHip pain during
walking, (0–10)

6.5 (2.0) 4.2 (2.4) 3.2 (2.3) �2.4 (�3.3,
�1.5)

11 (65%) �3.4 (�4.5,
�2.4)

14 (88%)

WOMAC physical
function, (0–68)

28.3
(10.8)

20.5
(10.2)

13.5
(8.6)

�8.5 (�13.2,
�3.6)

9 (53%) �14.2 (�18.9,
�9.5)

14 (88%)

Body composition n ¼ 16 n ¼ 10
Total body mass, kg 89.8

(13.4)
– 81.4

(15.5)
– – �8.4 (�11.7,

�5.1)
–

Lean mass, kg 46.5
(9.4)

– 44.7
(9.5)

– – �1.4 (�2.3,
�0.6)

–

Fat mass, kg 40.8
(6.6)

– 34.0
(9.3)

– – �7.0 (�9.7,
�4.3)

–

bLean mass, % 51.6
(4.5)

– 55.1
(5.9)

– – 3.9 (2.0, 5.7) –

bFat mass, % 45.6
(4.7)

– 41.6
(6.2)

– – �4.2 (�6.4,
�2.3)

–

Visceral adipose, kg 1.61
(0.80)

1.12
(0.61)

– – �0.39 (�0.74,
�0.04)

–

a NRS: numeric rating scale (higher score indicates worse pain); WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index (higher score indicates
worse function).

b Expressed as a percentage of total body mass; SD: standard deviation; CI: confidence interval; MCID: minimal clinical important difference.

Fig. 2. Individual participant trajectories from baseline to 3- and 6-month follow-up for i) hip pain intensity during walking; ii) overall hip pain intensity; iii) physical
function subscale of the Western Ontario and McMaster Universities Osteoarthritis Index, and; iv) self-reported body mass. Higher scores on indicate worse pain and
worse physical function.
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videoconferencing as an acceptable mode to deliver dietitian consulta-
tions, supporting previous reports that videoconference dietetic consul-
tations are feasible and well accepted [57].
7

Our preliminary data support the use of an exercise and weight
management intervention involving a ketogenic VLCD to reduce body
mass. Based on 6-month data from DXA scans, we observed a 17% [95%



Fig. 3. Individual participant change in self-reported body weight from baseline to 3- and 6-month follow-up. Dashed and solid red horizontal lines indicate 5% and
10% body weight loss from baseline, respectively. Data is missing from one participant at 6 months and from one participant at 3-months and 6-months.
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CI -25%, �11%] reduction in fat mass from baseline. Of note is the 25%
[95% CI -40%,�11%] reduction in visceral adipose tissue, a predictor of
all-cause mortality [58]. Future research using DXA scans should
consider factors such as hydration status and time of day as these factors
may influence accuracy of body composition data. Although participants
were encouraged to lose at least 10% of their body weight, clinical rec-
ommendations for hip and knee OA suggest that at least 5% of weight loss
is associated with changes in clinical outcomes [8] based on knee OA
literature. By 3 months, 88% of our participants had already achieved at
least 5% weight loss. The use of self-reported body weight may be
considered as a limitation and in a large-scale clinical trial it would be
preferable to access body weight with a blinded assessor using stand-
ardised scales.

In relation to symptom improvement, by 3 months–50% or more
participants had reached or exceeded the minimal clinically important
change for pain and physical function. By 6 months, most participants
(88%) reached or exceeded the clinically meaningful threshold for each
of the pain-related and physical function outcomes. Data regarding
global change for pain and physical function also support potentially
meaningful improvements at 6 months for the majority of participants.
No inferences should be made using our data and we caution any
extrapolation beyond the exercise and weight management programs
used in the current study given the lack of a control group. These data
may be used to inform sample size calculations for future clinical trials
that aim to investigate whether weight loss and exercise has symptomatic
benefits in people with hip OA.

In conclusion, this pilot study provides feasibility and safety data for a
remotely delivered exercise and weight management intervention for
individuals with hip OA and overweight or obesity that can help inform
the conduct of a randomised controlled trial. The weight loss component
of the intervention is scalable, given that the meal replacement products
are widely available in stores throughout Australia, as is access to di-
etitians who can deliver the program. The scalability of the intervention
is enhanced through delivery of the program via videoconferencing, and
well received among patients with obesity and knee OA [18].
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