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Abstract 

Background  Diet and exercise are important components of treatment for complex chronic conditions, however 
access to allied health support is limited. When available, support is often siloed and fragmented. Digital health 
incorporating patient choice may help to align health care services with preferences and goals. This study evaluated 
the implementation of a ubiquitously accessible patient-centred digital health diet and exercise service.

Methods  U-DECIDE was a single-centre, 26-week randomised controlled trial set in kidney and liver disease clinics 
in a tertiary hospital in Brisbane, Australia. Participants were adults with a complex chronic condition referred for die-
tetic consultation with at least one feature of the metabolic syndrome. All participants received a dietary consultation, 
an activity monitor and usual care. Intervention participants were offered one text message per week and access 
to additional digital health options (increased text message frequency, nutrition app, exercise app, group-based diet 
and/or exercise video consultations). The primary outcome of feasibility was determined by safety (study-related seri-
ous adverse events: SRSAEs), recruitment (≥ 50% eligible patients), retention (≥ 70%), exposure uptake (≥ 75% of inter-
vention group had greater access to health professional contact than comparator) and video consultation adherence 
(≥ 80% attendance). Secondary outcomes included process evaluation metrics and clinical outcomes.

Results  Of 67 participants (intervention n = 33, comparator n = 34), 37 (55%) were men, median (IQR) age was 51 
(41–58) years. The most chosen digital health options were the nutrition app (n = 29, 88%) and exercise video con-
sultations (n = 26, 79%). Only one participant chose no additional digital health options. The intervention group had 
no SRSAEs. The study exceeded targets for recruitment (52%), retention (81%) and exposure uptake (94%). Video 
consultation adherence was 42%. Engagement across digital health options was inconsistent.

Conclusions  Digital health options incorporating patient choice were feasible and can be offered to people 
with complex chronic disease as a service model option.
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Background
Complex chronic conditions such as liver and kidney 
disease are prevalent and associated with increased car-
diometabolic risk. The treatment of associated cardio-
metabolic dysfunction represents a substantial burden 
on the health system [1]. Improving diet quality and 
increasing physical activity are critical components of 
treatment [2]. Due to the complexity of multimorbid 
patient cohorts, management is often through special-
ist teams located at hospital clinics, not in primary care 
settings [3, 4]. Despite broad similarities in patient diet 
and exercise needs across different chronic conditions, 
these services are typically aligned to and delivered in a 
siloed specialist setting [3, 5]. Tertiary outpatient services 
often have insufficient resources to deliver health prac-
titioner contact at the frequency and intensity required 
for sustained behaviour change [6–8]. Where services 
do exist in our local context, they are often fragmented 
and require appointments with multiple healthcare pro-
fessionals which are typically restricted to one-on-one, 
in-person consultations. This approach is costly and 
uncoordinated, places a significant burden on the patient 
and does not meet their expressed needs [6–9]. A digital 
health approach through a unified complex chronic dis-
ease model of care for exercise and diet services targeting 
improved metabolic health could create efficiencies and 
improved access in these settings.

Recent advances in digital health bring opportuni-
ties to better assist diet and exercise interventions [10]. 
Although much of the evidence is limited to single health 
conditions and research settings, it provides a compel-
ling value proposition offering significant efficiency gains 
over the traditional in-person approach [11–13]. There 
remains a need to evaluate interventions in people with 
multimorbid complex conditions in a real-world setting. 
Digital health interventions can increase flexibility in 
access [14]. Incorporating patient choice of intervention 
may lead to improved engagement and clinical effective-
ness [15, 16].

The objective of this study was to evaluate the imple-
mentation of digital health diet and exercise services 
for people with complex chronic conditions being 
managed in a tertiary hospital outpatient setting. The 
primary aim was to determine the feasibility of a ubiq-
uitous chronic condition, diet and exercise digital 

metabolic health service, incorporating patient choice. 
This was determined by safety, recruitment rate, reten-
tion, exposure uptake and video consultation adher-
ence. The secondary aims were to evaluate patient 
choices and engagement with digital health options, as 
well as clinical outcomes and economic impact from a 
health services perspective.

Methods
Study design and participants
A detailed trial protocol has been previously described 
[17]. This was a single-centre, 26-week, parallel ran-
domised controlled trial with a 1:1 allocation ratio 
conducted in a tertiary public hospital in Brisbane, 
Australia. The study was run between December 2020 
and June 2022 (U-DECIDE study; Australia and New 
Zealand Trials Register: ACTRN12620001282976). 
The study was approved by the Metro South Human 
Research Ethics Committee (HREC/2019/QMS/58285) 
and The University of Queensland Human Research 
Ethics Committee (2020000127) and conformed with 
the Declaration of Helsinki. This study is reported in 
line with the CONSORT extension to pilot and feasi-
bility trials [18] and Template for Intervention Descrip-
tion and Replication (TIDieR) [19] guidelines.

Adults living with kidney or liver disease who were at 
increased cardiometabolic risk based on the presence 
of one or more components of the metabolic syndrome 
and receiving specialist care at the Princess Alexandra 
Hospital in Brisbane, Australia were the targeted par-
ticipants. Eligibility criteria included: i) under the out-
patient care of at least one of the following specialist 
hospital clinics: kidney or liver transplant, chronic kid-
ney disease (CKD), haemodialysis, peritoneal dialysis or 
hepatology; ii) having (or be undergoing treatment for) 
at least one of the features of the metabolic syndrome, 
as defined by the harmonised criteria [20]; iii) approved 
for participation by their treating medical specialist; 
iv) screened as physically capable to participate; and v) 
having access to a mobile device or computer hardware 
with internet access and webcam capability. Exclu-
sion criteria were: i) non-English speaking or unable to 
read and write in English; ii) documented malnutrition; 
iii) < 18 or > 80 years of age; iv) currently pregnant or 
breastfeeding; and v) life expectancy < 6 months.
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Randomisation and blinding
Potentially eligible patients were sourced by screen-
ing medical specialist referrals to the dietetics depart-
ment and invited to participate by the research project 
officer (LW). Participant information and consent 
forms were provided in advance of baseline assess-
ment, and written informed consent was obtained at 
in-person attendance at the baseline appointment. 
Participants completed a medical history and exercise 
safety questionnaire to screen for any conditions that 
may have impacted safety. Before baseline appoint-
ments, any participant who had a potential contrain-
dication to exercise training was referred to their 
treating specialist for a decision regarding inclusion/
exclusion. Participants underwent baseline testing 
before 1:1 randomisation to either the intervention or 
comparator groups (see Fig.  1). Computer-generated 
randomisation was performed by the research project 
officer using the REDCap research management sys-
tem, with groups being stratified by referral source: 
i) CKD clinic, ii) hepatology clinic, iii) liver or kidney 
posttransplant clinic. Assessors who completed end-
of-program clinical assessments were blinded to group 
allocations.

Procedures
All participants
All participants received usual medical and specialist 
care and were offered an initial individualised dietary 
consultation with a dietitian, and a wearable activity 
monitor (Fitbit Inspire HR™; Fitbit, Inc, San Francisco 
USA) for 24-h wear, for continual monitoring of physical 
activity through the study period.

Intervention group
The intervention group were offered access to a suite of 
digital health options with a mix of minimum required 
and additional patient-selected components [17]. All 
intervention participants received semi-personalised and 
unidirectional lifestyle-related text messages. At baseline, 
participants were able to choose the desired frequency of 
text messages: once, twice or three times per week, and 
the option of engaging with any number of different digi-
tal health options, which was an indication of intended 
engagement with the digital health strategies. Partici-
pants could choose to have access to a nutrition app 
(Sophus Health Pty Ltd, Brisbane, Australia; accessible 
via smart device application and website; for more infor-
mation refer to supplementary material 3), an exercise 
app (Physitrack Ltd, London, UK; accessible via smart 
device application and website), video consultations with 

Fig. 1  Participant flow
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an accredited practicing dietitian (45min group dietitian 
reviews offered monthly) and/or video consultations 
with an accredited exercise physiologist (60 min group 
exercise sessions offered weekly with maximum six par-
ticipants per group). Dietitian video consultations were 
intended to cover heart healthy nutrition topics, and 
were participant-led, with prompts from pre-set monthly 
topics if needed. Exercise physiology video consultations 
included supervised aerobic and resistance exercise. Fur-
ther details for the intervention have been previously 
described [17].

Comparator group
Participants in the comparator group were offered indi-
vidualised dietitian review as per standard care (either 
face to face or telephone) at a frequency deemed clini-
cally appropriate for the individual. Topics discussed 
depended on individual clinical interactions in each ses-
sion. There was no routine access to exercise specialists 
in the comparator group.

Outcomes
The primary outcome was feasibility. Secondary outcomes 
included process evaluation metrics (participant choices, 
engagement with nutrition app and wearable activity 
monitor, dietitian review topics), adverse events of special 
interest, costs and clinical outcomes. Outcome measures 
are as previously described in detail elsewhere [17].

Primary outcome
The determination for feasibility was that the interven-
tion was safe and at least three of the four a priori criteria 
(recruitment, retention, exposure uptake, video consul-
tation adherence) were fulfilled. Safety was assessed by 
comparing if the number of study-related serious adverse 
events (SRSAEs) in the intervention and comparator 
groups was similar (supplementary material 1). All seri-
ous adverse events (SAEs) were reviewed by an inde-
pendent medical officer and potential relationship to the 
study procedures classified as none, unlikely, possible or 
probable. An event was considered study-related if coded 
as possible or probable. The additional four a priori feasi-
bility criteria were: i) ≥ 50% of all referred eligible patients 
were recruited (recruitment), ii) ≥ 70% of participants 
underwent an end-of-program assessment (retention), 
iii) ≥ 75% of intervention participants had a higher fre-
quency of specialist outpatient dietetic and exercise spe-
cialist contact than the comparators (exposure uptake), 
and iv) dietetic and exercise video consultations had an 
attendance rate of ≥ 80% of the total scheduled contacts 
(video consultation adherence) [17].

Secondary outcomes
Process evaluation metrics

Participant choices  Patient-led choice of digital health 
options (text message frequency, nutrition app, exercise 
app, exercise and/or diet video consultations) was col-
lected at baseline assessments. In addition, education 
topics discussed in dietitian review sessions (both study 
groups) was extracted from clinician session notes with 
topics broadly classified into food-based education, 
dietary pattern education, nutrient and/or disease spe-
cific education and behaviour strategies (supplementary 
material 2 and Figure S2.1).

Engagement with nutrition app and activity moni‑
tor  Participants were able to access the nutrition app 
as they desired. The platform provided quarterly key 
metrics including: number of active users, date and fre-
quency of engagement per session, the type of device 
used, and the pages accessed (supplementary material 3).

At study end, engagement with wearable activity moni-
tor was determined from device wear-time compliance, 
calculated across the entire study length.

Adverse events of special interest
Adverse events (AEs) of special interest including mus-
culoskeletal injuries were also independently reviewed 
throughout the study (supplementary material 1). All 
participants were asked at the end of study if they had 
experienced any AEs during the study that had not yet 
been reported.

Clinical outcomes
Clinical outcome data were collected at baseline and end-
of-program assessments.

Metabolic syndrome severity score  The Metabolic 
Syndrome Severity Score (MetSSS; calculations pro-
vided in supplementary material 4) [21] is a continu-
ous risk assessment score for quantifying the metabolic 
syndrome.

Physical activity  Self-reported physical activity was 
measured using The International Physical Activity 
Questionnaire Short Form (IPAQ-SF) [22]. The IPAQ-
SF classification system is provided in supplementary 
material 5. Objectively assessed moderate-to-vigorous 
intensity physical activity (MVPA) was measured with 
a wearable activity monitor (Fitbit Inspire HR™). Par-
ticipants were asked to synchronise their wearable activ-
ity monitor to the Fitbit® app daily to assess MVPA 
and wear-time compliance. Wear-time compliance was 
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determined via days per week the device was worn. Study 
investigators assessed physical activity data on a weekly 
basis for implausible data (i.e. whole day MVPA totals 
not commensurate with tracked exercise sessions; days 
with < 1000 steps). Implausible records of physical activ-
ity were manually re-assessed to confirm if any tracking 
errors had taken place. This was completed by extracting 
MVPA data from automatically recorded exercise ses-
sions, not full-day totals.

Exercise capacity  The 6-Minute Walk Test (6MWT) 
was used to assess exercise capacity [23].

Neuromuscular fitness  The five times sit to stand (5xSTS) 
[23] was used to assess functional lower limb neuromuscu-
lar strength and endurance. Neuromuscular strength was 
assessed using the hand grip strength test (HGS) [13].

Muscular pain  Participants completed the Modified 
Nordic Musculoskeletal Questionnaire (MNMQ) [24] to 
quantify musculoskeletal pain.

Health‑related quality of life  The EQ-5D five level scale 
(EQ-5D-5L) was used to assess health-related quality of 
life [25].

Fatigue  Fatigue was assessed using the Functional 
Assessment of Chronic Illness Therapy Scale (FACIT) 
[26]. Potential FACIT scores range from 0 to 52, with a 
lower score indicating more severe fatigue.

Sleep quality and quantity  The Pittsburgh Sleep Qual-
ity Index (PSQI) was used to quantify sleep quality and 
quantity [27].

Dietary quality  Dietary quality assessment included a 
3-day self-administered digital food record in mobile app 
Research Food Diary (Xyris Software Pty Ltd, Australia) 
on the participant’s personal device which was analysed 
using FoodWorks 10 Professional (Xyris Software Pty 
Ltd, Australia).

Additional clinical parameters  Resting heart rate, body 
mass index (BMI) and blood composition were evalu-
ated at assessment sessions. Any change in medication 
use was recorded at study completion and categorised as 
newly initiated, increased dose, decreased dose or ceased.

Economic analysis – health services perspective
Service costs were estimated from the perspective of 
the hospital for an average patient using the resource 

method, where resource volumes and costs were gathered 
from trial data and the usual care offered by the health 
service. Human resources included dietitians, exercise 
physiologists and administration support for consulta-
tions. Other resources included the Fitbit Inspire HR™ 
and software costs for the Sophus and Physitrack apps. 
Australia operates a publicly funded hospital and health 
service, freely available to citizens. The model of govern-
ment funding reimbursement to a Queensland hospital 
is calculated based on a price per activity delivered [28]. 
Financial suitability was assessed by comparing economic 
gain from intervention and usual care groups based on 
local funding models established for reimbursement for 
outpatient activity, giving a final assessment of health 
service sustainability within current funding models.

Statistical analysis
As this was a feasibility study, sample size calculation 
was not performed for the primary outcome which com-
pared participants against a priori feasibility criteria 
[29]. A sample size calculation was performed using the 
MetSSS as a secondary outcome. Our final sample size is 
similar to other feasibility trials using digital health exer-
cise or diet interventions in chronic disease groups [30, 
31]. MetSSS was chosen as a reflection of the metabolic 
complexity of this cohort. Assuming a correlation of 0.5 
between baseline and 26-week MetSSS and an effect 
size of 0.42 (representing a change of 0.8 in the inter-
vention group and no change in the comparator group, 
with a pooled SD of 1.9), 67 participants per group would 
be required to achieve 80% power to detect a signifi-
cant difference at the 5% level (2-sided) using an analy-
sis of covariance (ANCOVA) with the baseline value as 
the covariate. Allowing for 20% dropout, the sample size 
required for this secondary outcome was determined to 
be 168 (84 per arm).

Secondary outcome data were analysed using Statisti-
cal Package for the Social Sciences (SPSS version 28.0; 
IBM Corp., Armonk, NY, USA). Secondary outcome data 
were tested for normality using the Shapiro–Wilk test 
and visual inspections of histograms and residuals Q-Q 
plots. All secondary outcome data are presented as mean 
values ± standard deviation (SD) if normally distributed 
and median [interquartile range] if not, unless otherwise 
stated. Assumptions testing for ANCOVA were verified. 
When data violated assumptions testing, Quade Non-
parametric ANCOVA was used. Effect sizes are reported 
as ƞ2 (eta-squared), which measures the proportion of 
variance associated with each main effect and the inter-
action effect in an ANOVA model and is calculated as 
the between-group sum of squares/total sum of squares. 
These effects were interpreted as negligible (0.00); small 
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(0.01); small-to-moderate (0.01–0.09); medium-to-large 
(0.10–0.25) and large (> 0.25) [32]. Chi-squared and 
Mann–Whitney U tests were used to assess demographic 
differences in participants who did/did not have diet 
record data. There was no imputation for missing data 
as this was deemed inappropriate based on the sample 
size. The analyses were two-tailed with significance set as 
p < 0.05.

Results
Participant flow is described in Fig.  1. There were sig-
nificant COVID-19 related disruptions affecting recruit-
ment, including outpatient clinic closures and/or 
restrictions on in-person attendance. Due to these cir-
cumstances, the trial was ceased prior to reaching the 
recruitment target. Investigators made decisions to cease 
whilst blinded to primary feasibility criteria results. It 
was widely considered that the sample achieved would 
have been greater if not for covid-related disruptions to 
the healthcare system. Participants were recruited from 
December 2020 to November 2021. Sixty-seven par-
ticipants were randomised into either the intervention 
(n = 33) or comparator group (n = 34).

Participant summary characteristics at baseline 
are shown in Table  1. Twenty-eight participants were 
recruited from kidney outpatient clinics (median 
eGFR = 17.5 mL/min2 (IQR = 9.5 to 60.8 mL/min2)). 
Median FACIT score aligned with profound fatigue and 
was similar to that seen in other kidney and liver disease 
cohorts [33, 34]. Mean MetSSS represented substantial 
metabolic disturbance [21], and 60% (n = 40) had low 
physical activity levels. EQ-5D-5L median index val-
ues were lower than similar cohorts [35], representing 
decreased health-related quality of life. Polypharmacy 
was evident with an average of 7.9 ± 4.7 medications 
administered daily. Muscle pain in the last week was 
reported by 73% of participants.

The feasibility of the digital health approach was con-
firmed (Table  2). This included criteria of safety (no 
SRSAEs in either group); recruitment (51.9%); partici-
pant retention (80.6%) and exposure uptake (94.0%). 
Video consultation adherence targets were not met, with 
an attendance rate of 42.2% for intervention participants 
(supplementary material 6 Table  S6.1). Differences in 
health professional exposure between the intervention 
and comparator groups are shown in Fig. 2.

Details on safety and adverse events of special interest 
are provided in Table 3. There were 44 non-study related 
SAEs (n = 21 in the intervention, n = 23 in the compara-
tor). All but one SAE were hospitalisations with n = 20 
planned and n = 23 unplanned admissions. There were 
31 AEs (n = 21 in the intervention, n = 10 in the com-
parator group). There were five study-related AEs (n = 4 

musculoskeletal, n = 1 chest pain), all in the intervention 
group.

Digital health choices for participants in the interven-
tion group are displayed in Table  4. Nineteen partici-
pants (58%) selected three text messages per week, six 
chose two (18%) and seven chose one (21%). The most 
frequently self-selected digital health options at baseline 
were the nutrition app (n = 29, 88%) and group video 
consultation exercise physiology sessions (n = 26, 79%). 
Twenty-five participants in the intervention group (76%) 
selected at baseline to have video consultation dietitian 
review sessions, although five of these participants did 
not attend any reviews (supplementary material 6 Fig-
ure S6.1). The median attendance for the remaining 20 
participants was two of five (40%) available video con-
sultations (range 1 to 4). Of the 34 participants in the 
comparator group, 17 (50%) did not attend any dietetic 
reviews while the median attendance for the remain-
ing 17 participants was one review session (range 1 to 
4). Of the 26 participants in the intervention group who 
selected at baseline to access video consultation exer-
cise sessions, two (7.7%) did not attend any sessions. The 
median attendance for the remaining 24 participants was 
12 sessions (46%; range 1 to 24). Usual clinic care did not 
include hospital-based exercise specialist services, so this 
was not available to the comparator group.

Thirty participants (91%) in the intervention group 
chose at baseline to engage with the nutrition app. How-
ever, only 18 of these (60%) engaged with the app, nine 
(30%) did not engage and for three (10%) engagement 
could not be determined (missing analytic data). Four-
teen participants engaged with the app via their mobile 
phone (78%), two via their personal computer (11%) and 
two used a combination of the two (11%) for a median 
of 2 occasions (IQR: 1–4.5) in the first month and then 
less often subsequently (Fig. 3). Of those who did engage 
with the app, all features were accessed at least once by 
13% (n = 4) (Frequency of fact sheet access shown in sup-
plementary material 7 Figure S7.1). Of the 183 days when 
participants had access to the nutrition app, engagement 
occurred for a median of 39.5  days (IQR 8.3—129.8), 
with a median time between each engagement session of 
10.2 days (IQR 4.9—41).

Digital food records were completed for both base-
line and end-of-program assessments by 44 (66%) par-
ticipants (n = 24 intervention, n = 20 comparator group). 
Participants wore the wearable activity monitor for an 
average of 79 ± 28% of the duration of the study (72 ± 28% 
intervention group and 85 ± 26% comparator group).

Due to the impacts of COVID on study recruitment 
and the early cessation of recruitment, the study was 
underpowered for most secondary clinical outcomes. 
Closure or restricted physical access to outpatient clinics 
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Table 1  Baseline participant characteristics

Intervention (n = 33) Comparator (n = 34) Total (n = 67)

Demographics
Sex (M/F), n 17/16 20/14 37/30

Age category (years), n (%)

  18 to 25 2 (6) 1 (3) 3 (4)

  26 to 40 6 (18) 8 (24) 14 (21)

  41 to 50 5 (15) 9 (26) 14 (21)

  51 to 60 10 (30) 10 (29) 20 (30)

  61 to 70 9 (27) 6 (18) 15 (22)

  > 70 1 (3) 0 (0) 1 (1)

Ethnicity#, n (%)

  European Australian 27 (82) 25 (74) 52 (78)

  Indigenous 1 (3) 2 (6) 3 (4)

  Asian 3 (9) 1 (3) 4 (6)

  Other 4 (12) 8 (24) 12 (18)

Disease stratification as per referral source, n (%)

  Chronic kidney disease 13 (39) 15 (44) 28 (42)

  Liver disease 4 (12) 3 (9) 7 (10)

  Kidney/liver transplant 16 (49) 16 (47) 32 (48)

Education level, n (%)

 < Grade 10 4 (12) 3 (9) 7 (10)

  Grade 10 5 (15) 3 (9) 8 (12)

  Grade 12 5 (15) 4 (12) 9 (13)

  TAFE/College 12 (36) 13 (38) 25 (37)

  University 7 (21) 11 (32) 18 (27)

Employment, n (%)

  Full-time 9 (27) 13 (38) 22 (33)

  Part-time 5 (15) 5 (14) 10 (15)

  Unemployed 8 (24) 7 (20) 15 (22)

  Self-employed 5 (15) 1 (3) 6 (9)

  Student 0 (0) 2 (6) 2 (3)

  Retired 6 (18) 6 (18) 12 (18)

Co-morbidities, n (%)

  Hypertension 23 (70) 21 (62) 44 (66)

  Obesity 22 (70) 20 (59) 42 (63)

  Diabetes 8 (24) 9 (26) 17 (25)

  Dyslipidaemia 10 (30) 14 (41) 24 (36)

Polypharmacy, total number of medications 8.8 ± 4.9 6.9 ± 4.3 7.9 ± 4.7

Anthropometry
  Waist circumference (cm) 109.5 ± 14.6 114.3 ± 18.3 112.0 ± 16.6

  Body mass index (kg/m2)^ 33.2 [30.1 to 36.6] 33.4 [28.9 to 36.9] 33.3 [29.4 to 36.9]

Blood pressure
  Systolic blood pressure (mmHg)^ 130 [121 to 139] 131 [124 to 138] 130 [123 to 139]

  Diastolic blood pressure (mmHg)^ 81 [77 to 85] 85 [78 to 88] 84 [78 to 86]

Fasting blood measures
  Glucose (mmol/L)^a 5.7 [5.1 to 7.2] 5.7 [5.3 to 7.0] 5.7 [5.1 to 7.1]

  Triglycerides (mmol/L)^b 1.8 [1.4 to 2.5] 1.6 [1.1 to 2.4] 1.7 [1.3 to 2.4]

  High-density lipoprotein cholesterol (mmol/L)^c 1.1 [1.0 to 1.3] 1.0 [0.9 to 1.3] 1.1 [0.9 to 1.3]

Metabolic syndrome severity
  MetSSSd 3.73 ± 1.64 3.94 ± 1.98 3.83 ± 1.80
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saw large variation in participant numbers for outcome 
measures that require specialised equipment and/or in-
person administration such as hand grip strength, exer-
cise capacity testing and or composite score measures 
(e.g. MetSSS). Rates of missing data for these measures 
are shown in supplementary material 8 Table S8.1.

Clinical outcomes are presented in Table  5. Dietary 
quality is presented in Table  6 and supplementary 
material 9 Table S9.1. Acknowledging recruitment tar-
gets were not met, there were no significant between 
group differences detected for change in any clinical 
variable adjusted for baseline and no change in the 

Data presented in mean ± SD unless otherwise stated

Abbreviations: n Number, M/F Male/female, TAFE Vocational college, MetSSS Metabolic syndrome severity score, VAS Visual analogue scale
# Can choose more than one option. ^Median [IQR]. an = 65. bn = 55. cn = 54. dn = 53. en = 66. fMaximum sum of 9 areas = 90

Table 1  (continued)

Intervention (n = 33) Comparator (n = 34) Total (n = 67)

Exercise capacity
  6-minute walk test (m)e 459.3 ± 95.7 440.3 ± 93.3 451.0 ± 94.4

Neuromuscular fitness
  Five times sit to stand (s)^a 14.4 [12.6 to 18.1] 16.3 [14.8 to 19.9] 15.9 [13.4 to 18.4]

  Hand grip strength (dominant) (kg)^e 29.6 [24.6 to 44.7] 32.7 [26.6 to 38.5] 30.9 [24.8 to 40.4]

Physical activity
International physical activity questionnaire classification, n (%)

  Low 18 (55) 22 (65) 40 (60)

  Moderate 13 (39) 8 (24) 21 (31)

  High 2 (6) 4 (12) 6 (9)

Muscle pain
Modified Nordic musculoskeletal questionnaire (MNMQ)

  Troublea in at least one area in the last week, n (%) 25 (76) 24 (71) 49 (73)

  Troublea in three or more areas in the last week, n (%) 14 (42) 17 (50) 31 (46)

  Pain intensity (sum of 9 areasb)^f 10 [5 to 22] 13 [5 to 25] 12 [5 to 23]

Fatigue
  Functional assessment of chronic illness scale (FACIT)^ 35 [24 to 43] 39 [25 to 45] 35 [25 to 44]

Sleep quantity and quality
  Pittsburgh sleep quality index (PSQI) 9.5 (4.4) 8.4 (4.0) 8.9 (4.2)

Quality of life
European quality of life five dimension five levels scale (EQ-5D-5L)

  Index value, n^ 0.783 [0.633 to 0.924] 0.739 [0.526 to 0.859] 0.759 [0.559 to 0.898]

  VAS score, n^e 70 [45 to 80] 62 [46 to 79] 66 [45 to 80]

Table 2  Primary outcome results

Abbreviations: SAEs Serious adverse events

Feasibility outcome Success criteria Result Feasibility 
success

Safety Number of study-related SAEs similar between intervention and control groups 0 SAEs related 
to the study inter-
vention

Yes

Recruitment rate  ≥ 50% of all referred eligible patients recruited 51.9% (67 of 129) Yes
Retention rate  ≥ 70% of participants assessed at baseline undergo an end-of-program assessment 80.6% (54 of 67) Yes
Exposure uptake  ≥ 75% of intervention participants have a higher frequency of specialist outpatient dietetic 

and exercise specialist contact than the controls
94.0% (32 of 34) Yes

Telehealth adherence Videoconferencing dietetic and exercise sessions have an attendance rate of ≥ 80% 
of the total scheduled contacts

42.2% (338 of 801) No

Feasibility success confirmed (safety + three criteria)
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number or type of medications taken by participants in 
each group.

At baseline, self-reported physical activity was most 
commonly categorised as low (60%) (Table  1). On aver-
age, each week 27 ± 31% of participants in the inter-
vention group and 23 ± 30% in the comparator group 
attained 150 min per week of MVPA.

The average cost (min–max range) per patient for the 
intervention was $935.34 ($758.15—$3,139.60), while 
usual care was $183.49 ($126.88—$461.71) (supplemen-
tary material 10 Table  S10.1). These costs were offset 
through local remuneration schemes to reimburse the 
hospital for outpatient consultations, creating an eco-
nomic gain of $833.66 (-$431.15—$1,675.40) for the 
intervention group and $89.01 ($36.12—$79.71) for usual 
care, with a return on investment of $1.89 ($0.43—$1.53) 
compared to $1.49 ($1.28—$0.83). This gain was the 
result of state-based hospital activity-based funding that 
could be claimed for clinical activities within each model, 
which offset the costs of each service delivery [28]. The 
intervention group average costs, net-benefit and ROI 
were very sensitive to changes in variables related to 
technology costs (48% of the total cost), dietitian costs 
(16% of the total cost), and remuneration derived from 

the exercise physiologist group consultations (77% of 
total remuneration).

Discussion
This study evaluated digital health diet and exercise ser-
vices for people with complex chronic conditions being 
managed in a tertiary hospital outpatient setting. The 
main finding was that digital health options to access 
specialist diet and exercise professionals and resources 
were feasible in terms of safety, recruitment, retention 
and exposure uptake. Video consultation adherence was 
higher than review appointment attendance in the com-
parator group but did not meet the a priori criteria target 
of 80% attendance.

Participants in this study generally presented with 
multimorbidity, significant polypharmacy, profound 
fatigue and musculoskeletal impairment at baseline. The 
multiple hospital admissions during the study demon-
strates the clinical complexity of this patient group. They 
remain vulnerable to and dependent on the healthcare 
system. Complex patients of this nature are typically 
excluded from lifestyle intervention trials and are there-
fore under-represented in the feasibility testing of digi-
tal health innovations. Digital diet and exercise services, 

Fig. 2  Exposure to health professional contacts through video-based or in-person diet and exercise sessions in the intervention and comparator 
groups. Each bar represents an individual participant
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ubiquitously accessible across specialist services, identi-
fied no safety concerns and were deemed a viable form of 
intervention delivery.

Patient choice was a novel aspect of this trial. Offer-
ing participant choice in intervention dose or exposure 

is an emerging innovative strategy in RCT designs [15] 
and offering patient choice in telehealth service deliv-
ery options is not widely adopted across the health 
service in our local context [36]. The range of tech-
nologies chosen by participants signalled an intention 
to engage with digital health strategies and indicates 
no single defined model of care would be suitable for 
all. Previous trials investigating the effect of patient 
choice on health outcomes report positive results, 
such as improvements in intervention adherence and 
outcomes of psychosocial/physical functioning [15, 
16]. In the current study, the degree of engagement 
with the options chosen did not consistently align 
with the intentions of participants when first offered 
digital health. Given that intentions may be subject to 
change over time [37], future interventions employ-
ing a patient choice model may benefit from ‘check-in’ 
points where participants have an opportunity to re-
assess and modify their selections.

Table 3  Number and type of serious adverse events and adverse events of special interest

Abbreviations: n Number

Comparator
n = 34

Intervention
n = 33

Total Group
n = 67

Serious adverse events, n

  Total 23 21 44

  Hospitalisation (planned) 8 12 20

  Hospitalisation (unplanned) 14 9 23

  Other 1 0 1

  Study-related 0 0 0

Adverse events of special interest, n

  Total 10 21 31

  Study-related 0 5 5

Number of participants that experienced at least one adverse event 
of special interest, n (% of group)

9 (26) 15 (45) 24 (36)

Hypoglycaemia, n 0 0 0

Falls, n

  Total 2 2 4

  Grade 1 Minor 1 1 2

  Grade 2 Symptomatic 1 1 2

Musculoskeletal injury, n

  Total 5 15 20

  Mild 3 5 8

  Moderate 2 9 11

  Severe 0 1 1

Hyperkalaemia, n 0 0 0

Low Blood Pressure, n 0 1—mild 1 – mild

Chest pain, n

  Total 0 2 2

  Mild 0 1 1

  Moderate 0 1 1

Covid infection during study, n 3 1 4

Table 4  Digital health choices made at baseline by participants 
in the intervention group (Participant choices)

Abbreviations: n Number

Digital health option n (%)

Text message (1 × weekly) 7 (21)

Text messages (2 × weekly) 6 (18)

Text messages (3 × weekly) 19 (58)

Nutrition app 29 (88)

Group video consultation dietetics (1 × monthly) 25 (76)

Group video consultation exercise physiology (1 × weekly) 
with exercise app

26 (79)

Exercise app only (asynchronous) 3 (9)
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Intention (or planned behaviour) is a significant deter-
minant of behaviour change [37] however a substantial 
intention-behaviour gap has been identified in diet and 
exercise interventions [37, 38]. Patient choice of inter-
vention was a novel aspect of this trial and indicated 
intention of engagement. Previous literature investigat-
ing the effect of patient choice on health outcomes have 
shown positive results, with particular improvements 
in intervention adherence and clinical outcome meas-
ures [15, 16]. However, the gap between digital health 
option selection at baseline and the subsequent low 
engagement with those options suggests a similar discon-
nect between intention and implementation of behav-
iour change. The most selected digital health options at 
baseline in the current study were the nutrition app and 
video consultation sessions. However, there was consid-
erable variability in engagement with the nutrition app 
and lower than expected attendance to video consulta-
tions through the study period. The frequency of engage-
ment with the nutrition app peaked in the first month of 
the intervention with limited engagement thereafter. It 
remains unclear what an appropriate engagement target 
would be needed for sustained behaviour change. The 
design of ‘set and forget’ text messages to deliver digital 
health messages and 24-h wear time for activity monitors 
appears to reduce intention-behaviour gap. This may be 
due to the automated or continuous nature of delivery 
which has been shown to improve adherence to digital 

health services [39]. In the current study, health-related 
text messages were individualised to participant condi-
tion and delivered at set times during the week. Given 
the tangible effect of personalisation on adherence to 
health interventions, this approach may have positively 
enhanced user engagement[39]. The individualised 
reminders (including just-in-time-adaptive reminders to 
move), real-time feedback and passive/automated data 
collection provided by wearable activity monitors may 
contribute to improved engagement.

A recent meta-analysis investigating the effectiveness 
and feasibility of video consultation exercise interven-
tions in chronic disease settings found a lack of standard-
ised reporting of attendance data, making it difficult to 
determine typical attendance rates in other clinical trial 
settings [40]. In less medically complex groups, attend-
ance to video consultations ranges from 58 to 79% of 
scheduled sessions [41, 42]. Whilst in highly controlled 
research settings, attendance may be an appropriate 
reflection of patient engagement, for participants in this 
trial, many experienced planned and unplanned hospi-
tal admissions over the trial period which impacted on 
attendance with the video consultations and may not 
have reflected a lack of intended engagement with the 
service. Further investigation of factors impacting inten-
tion-behaviour gap in this cohort are warranted.

This trial was designed to enable patient-centred 
delivery of care, so some heterogeneity in intervention 

Fig. 3  Engagement with the nutrition app: Of 30 participants who chose the app, n = 18 (60%) engaged with it over the 6-month study 
duration. Each of the coloured lines represents an individual participant engagement. Nine participants (30%) did not engage and for 10% (n = 3) 
engagement could not be determined
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exposure is to be expected. The intervention increased 
the exposure of participants to exercise and diet profes-
sionals, with a higher number of review appointments 

than the comparator group. These sessions were in addi-
tion to 24-h access to digital health resources via text 
messages, online content and smart phone applications. 

Table 6  Changes in dietary quality intake variables between groups via ANCOVA

Data presented in mean ± SD unless otherwise stated

Food group explanations: processed meat, frankfurters, sausage, corned beef, cured ham and luncheon meat made from beef, pork, poultry; unsaturated oils, fats 
naturally occurring in nuts, seeds, avocado, seafoods, and unhydrogenated vegetable oils; excludes palm oil and coconut oil; solid fats, fats naturally occurring in 
meat, poultry, eggs, dairy, fully or partially hydrogenated oils, shortening, palm oil and coconut oil

Abbreviations: INT intervention, COM comparator, n number, η2 eta-squared, CI confidence interval, n.a. Not available due to variable not being generated by quades 
nonparametric ANCOVA, /d per day, /wk per week, SD standard drinks, tsp teaspoons
^ Median [IQR]. #F statistic generated by quades nonparametric ANCOVA

INT (n = 24) COM (n = 20)

Variable Baseline Change
(Week 26)

Baseline Change
(Week 26)

Adjusted Mean 
Difference in 
Change Score
INT – COM 
(95%CI)

Effect Size (η2)
(p-value)^

Magnitude of 
between-group 
effect

Food groups
  Grains 
(serves/d)

5.2 ± 2.3 0.8 ± 2.4 6.0 ± 2.6 -0.7 ± 1.9 1.3 (-0.03 to 2.6) 0.08 (p = 0.05) small/moderate

  Wholegrain 
(serves/d)

1.6 ± 1.4 -0.2 ± 1.3 1.7 ± 1.5 0.0 ± 1.3 -0.4 (-1.1 to 0.3) 0.02 (p = 0.28) small/moderate

  Grains, who-
legrain propor-
tion (%)

31.5 ± 22.6 -8.7 ± 25 32.6 ± 22.3 8.1 ± 18.5 -17.3 (-29.9 
to -4.7)

0.13 (p = 0.01) large

  Fruit 
(serves/d)^

0.7 [0.3 to 1.4] 0.4 [-0.1 to 1.0] 0.5 [0.3 to 1.5] 0.0 [-0.4 to 1.1] n.a 1.09# (p = 0.30) n.a

  Vegetables 
(serves/d)^

3.1 [2.0 to 5.8] 0.0 [-1.8 to 0.5] 2.9 [1.5 to 4.4] 0.3 [-2.5 to 1.8] n.a 0.12# (p = 0.73) n.a

  Legumes 
(serves/wk)^

0.0 [0.0 to 0.0] 0.0 [0.0 to 0.0] 0.0 [0.0 to 0.0] 0.0 [0.0 to 0.9] n.a 3.81# (p = 0.06) n.a

  Red meat 
(serves/wk)^

4.5 [2.0 to 7.4] 1.2 [-4.6 to 2.2] 3.1 [0.2 to 8.4] 2.1 [-3.1 to 5.1] n.a 1.51# (p = 0.23) n.a

  Processed 
meat (serves/
wk)^

1.6 [0.0 to 4.1] -0.1 [-1.7 to 0.0] 1.0 [0.1 to 2.89] 0.1 [-1.2 to 1.0] n.a 1.62# (p = 0.21) n.a

  Fish and sea-
food (serves/wk)^

0.0 [0.0 to 2.7] 0.0 [-0.3 to 2.1] 0.0 [0.0 to 1.4] 0.0 [0.0 to 0.1] n.a 1.50# (p = 0.23) n.a

  Nuts and seeds 
(serves/wk)^

0.4 [0.0 to 2.5] 0.0 [-1.3 to 0.2] 2.6 [0.0 to 5.2] 0.1 [-3.3 to 3.0] n.a 1.24# (p = 0.27) n.a

  Dairy foods 
(serves/d)

2.0 ± 1.7 -0.2 ± 1.8 1.8 ± 1.0 0.1 ± 1.2 -0.2 (-0.9 to 0.5) 0.00 (p = 0.63) negligible

  Unsaturated 
oils (tsp/d)

6.2 ± 2.7 1.5 ± 3.4 7.9 ± 4.3 -1.6 ± 4.3 2.2 (0.1 to 4.3) 0.07 (p = 0.04) small/moderate

Solid fats (tsp/d) 6.0 ± 2.2 -1.3 ± 4.1 7.0 ± 4.6 -0.3 ± 5.4 -0.6 (-3.3 to 5.3) 0.00 (p = 0.67) negligible

Nutrients
  Energy (kJ/d) 8607.3 ± 2545.5 -301.7 ± 2436.6 8194.5 ± 2506.4 -711.8 ± 2646.6 447.6 (-11,071.3 

to 1966.4)
0.00 (p = 0.56) negligible

  Fibre (g/d) 22.3 ± 7.8 -0.7 ± 0.8 23.0 ± 10.3 -1.1 ± 11.3 0.0 (-5.3 to 5.3) 0.00 (p = 0.99) negligible

  Added sugar 
(tsp/d)^

8.0 [2.9 to 15.0] -2.0 [-8.3 to 5.3] 5.0 [2.1 to 9.5] -2.1 [-6.3 to 1.8] n.a 1.29# (p = 0.26) n.a

  Alcohol (SD/
wk)^

0.0 [0.0 to 4.3] 0.0 [-0.2 to 0.0] 0.0 [0.0 to 0.0] 0.0 [0.0 to 0.0] n.a 0.40# (p = 0.53) n.a

  % kJ from solid 
fat, alcohol 
and added sugar^

24.6 [30.4 to 37.4] -3.9 [-12.2 to 4.3] 18.6 [24.7 to 36.7] -1.5 [-6.2 to 5.9] n.a 0.07# (p = 0.79) n.a
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Greater accessibility to healthcare services is a commonly 
reported benefit of digital health interventions [43, 44]. 
This is of particular importance for those in regional or 
rural areas, who may have limited access to in-person 
specialist services and digital health may go some way in 
addressing issues of access equity [45].

There were no study-related serious adverse events 
associated with the intervention. This was despite low 
baseline levels of physical activity with frequent pain, 
profound fatigue and significant metabolic disturbance. 
Whilst clinician-perceived safety risk for patients with 
complex multimorbidity is a barrier for implementing 
digital health exercise services [43], there is no evidence 
for increased long term adverse events associated with 
these interventions [40, 46]. In a report from Australian 
allied health professionals, safety concerns (including 
vital sign monitoring, injury and instruction comprehen-
sion) were raised amongst clinicians leading video con-
sultation services during the COVID-19 pandemic [43]. 
In contrast, patients reported high levels of satisfaction 
with remote services with minimal safety concerns [43]. 
The relatively small number of mild to moderate muscu-
loskeletal injuries is noteworthy for future development 
of digital health interventions incorporating exercise [47].

Many in-person clinical measures that are widely used 
to assess effectiveness of diet and exercise interventions 
are not easily utilised in a remote monitoring environ-
ment [48]. This is of particular importance for outcome 
monitoring of patients who do not frequently attend in-
person outpatient services. Missing data rates in the cur-
rent study highlight this, where outcomes that required 
in-person measurements, such as the MetSSS and the 
6-min walk test (where 61% and 40% of participants 
respectively had missing data), were constrained by the 
need for physical attendance. This has implications for 
the transition to virtual service delivery, which requires 
confidence in the outcome measures utilised for clini-
cal monitoring [48]. Contemporary literature suggests 
that digital health interventions in chronic disease may 
improve clinical outcomes [11, 40]. However, further 
original research needs to be completed to fully under-
stand the ideal implementation strategies in different 
contexts. Exploration of appropriate alternative measures 
that can be performed and monitored remotely are criti-
cal for the future of digital health service design.

Clinical outcome measures were underpowered due 
to sample size. However, there was no evidence to sug-
gest any significant between group differences for change 
in any clinical variable adjusted for baseline. Contem-
porary literature suggests that digital health interven-
tions may improve clinical outcomes [11, 40]. However, 
further robust original research must be completed to 
fully understand the ideal implementation strategies in 

different contexts. All participants received a wearable 
physical activity monitor and dietary advice from special-
ist dietitians through the study period. This design means 
the comparator group still received usual specialist die-
tetic support and may have increased physical activity 
more than what might be expected in usual care which, in 
our local context, does not typically include provision of 
physical activity monitoring. The provision of an activity 
monitor to the comparator group was justified in order to 
have a means to objectively monitor physical activity, and 
to be able to observe improvements in the intervention 
group above that of simply wearing the activity monitor. 
Meeting recommended MVPA targets of 150 min per 
week remains a challenge with both groups meeting tar-
get only around 25% of the time each week.

There was a positive net-benefit for the intervention 
group due to the mechanism for funding group consul-
tations in the local context. Procuring technology (e.g. 
purchasing wearable activity monitors) were the largest 
cost in the intervention group. These costs were offset by 
the group consultation remuneration. Therefore, the net-
benefit and return on investment are specific to the local 
context and may not be transferrable to other settings. 
Incremental costs associated with the technology items 
may decrease as services are scaled, reducing the over-
all intervention cost. Future research could investigate 
societal benefits from telehealth interventions associated 
with productivity, reduced travel and improved access to 
care [12, 49]. This may equate to improved health equity.

The results of this trial should be viewed in the con-
text of the strengths and limitations of the study design 
and its implementation. The pre-determined feasibil-
ity criterion was a strength of the analysis. The RCT 
design which incorporated patient choice in inter-
vention exposure is novel and the complex cohort 
recruited are typically under-represented in clinical 
trials. The digital health intervention enabled diet and 
exercise video consultations to be offered in a unified 
complex chronic condition service model. This disman-
tled the specialist-centric siloed approach to care [3, 5]. 
COVID-19 disruptions negatively impacted the study 
in a number of ways: i) reduced outpatient activity and 
referrals to dietetics limited recruitment opportunities; 
ii) the fidelity of usual care received by the comparator 
group may have been compromised as they were poten-
tially exposed to more digital health assisted service 
delivery than usual (e.g. receiving dietitian review via 
telephone when clinics were closed); iii) exercise and 
food habits and choices were potentially influenced by 
public health stay-at-home orders and nationwide dis-
ruption in food production and delivery systems and, 
iv) reduced physical attendance at clinic resulted in 
high rates of missing data, particularly those requiring 
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in-person assessment (e.g. MetSSS, 6MWT) therefore 
limiting statistical power to assess clinical outcomes. 
Feasibility trials play an important role in informing 
the design of larger trials. The data from the sample of 
67 participants in this study gives a good estimate of 
change in metabolic outcomes which are required for 
calculating sample sizes necessary for larger innova-
tive trial designs which may also require adaptive fea-
tures to support patient choice and individual tailoring 
of services. The use of monitoring devices that provide 
real time feedback to participants need to be carefully 
considered in future study designs. Whilst some stud-
ies suggest the addition of monitoring devices provide 
only modest impacts on behaviours compared to self-
monitoring [50], the potential impact on behaviour 
within usual care control groups (i.e. reducing the like-
lihood of detecting a difference between groups) must 
be considered. As much of the previous research on the 
impact of self-monitoring physical activity on physical 
activity behaviour has focussed on otherwise healthy 
cohorts, more work is needed to determine if this is 
sufficient for change in people with complex chronic 
illness [51]. Whilst the delivery of the trial was feasi-
ble, there were concerns related to engagement and 
adherence with some of the technology options in this 
cohort. A broader evaluation of participant reported 
acceptability of technology-assisted service delivery is 
detailed elsewhere [52]. Further refinement of systems 
to support digital health service delivery and strategies 
to better individualise care may be needed to enhance 
adherence and fidelity prior to larger clinical trials in 
this patient cohort.

Conclusions
This study evaluated the implementation of digital 
health diet and exercise services for people with com-
plex chronic conditions being managed in a tertiary hos-
pital outpatient setting. It was found that digital health 
diet and exercise support delivered as a unified complex 
chronic disease service is feasible in a tertiary hospi-
tal outpatient setting. Digital health offers the opportu-
nity to increase contact with health professionals whilst 
generating efficiencies in models of care and improving 
health access equity. Feasibility was confirmed in this 
study. Although digital health offers the opportunity to 
increase contact with health professionals whilst gener-
ating efficiencies in models of care and generating more 
activity-based funding return on investment, concerns 
around digital health engagement and adherence to 
intervention strategies were noted in this cohort. Further 
work to identify adherence-building strategies are needed 
to improve engagement.
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