
Copyright: © 2023 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License  
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.  

“This article has been published in Journal of Clinical and Translational Hepatology at https://doi.org/10.14218/JCTH.2022.00091S and can also be viewed 
 on the Journal’s website at http://www.jcthnet.com ”.

Original Article

Journal of Clinical and Translational Hepatology 2023 
DOI: 10.14218/JCTH.2022.00091S

High-intensity Interval Training for the Management of 
Nonalcoholic Steatohepatitis: Participant Experiences and 
Perspectives
Shelley E. Keating1* , Ilaria Croci1,2,3, Matthew P. Wallen4,5, Emily R. Cox6, Jeff S. Coombes1,  
Nicola W. Burton7,8,9, Graeme A. Macdonald10,11 and Ingrid J. Hickman11,12

1Centre for Research on Exercise, Physical Activity and Health, School of Human Movement and Nutrition Sciences, The 
University of Queensland, Brisbane, Australia; 2K.G. Jebsen Center of Exercise in Medicine Norwegian University of Science 
and Technology, Department of Circulation and Medical Imaging, Faculty of Medicine, Trondheim, Norway; 3Department of 
Sport, Exercise and Health, University of Basel, Basel, Switzerland; 4Caring Futures Institute, College of Nursing and Health 
Sciences, Flinders University, Adelaide, Australia; 5Institute of Health and Wellbeing, Federation University, Mount Helen, 
Australia; 6School of Environmental and Life Sciences, University of Newcastle, Ourimbah, Australia; 7School of Applied 
Psychology, Griffith University, Mt Gravatt, Australia; 8Menzies Health Institute, Griffith University, Gold Coast, Australia; 
9Centre for Mental Health, Griffith University, Brisbane, Australia; 10Department of Gastroenterology and Hepatology, 
Princess Alexandra Hospital, Brisbane, Australia; 11Faculty of Medicine, The University of Queensland, Brisbane, Australia; 
12Department of Nutrition and Dietetics, Princess Alexandra Hospital, Brisbane, Australia

Abstract

Background and Aims: High-intensity interval training 

Received: 4 November 2022  |  Revised: 10 January 2023  |  Accepted: 15 February 2023  |  Published online: 21 April 2023

(HIIT) is a therapeutic option for people with nonalcoholic 
steatohepatitis (NASH). However, the perspectives and expe-
riences of HIIT for people with NASH are unknown, limiting 
translation of research. We explored the experiences and per-
spectives of both professionally supervised and self-directed 
HIIT in people with NASH and evaluated participant-reported 
knowledge, barriers, and enablers to commencing and sus-
taining HIIT. Methods: Twelve participants with NASH un-
derwent 12 weeks of supervised HIIT (3 days/week, 4×4 
minutes at 85–95% maximal heart rate, interspersed with 
3 minutes active recovery), followed by 12-weeks of self-
directed (unsupervised) HIIT. One-on-one, semistructured 
participant interviews were conducted by exercise staff prior 
to HIIT and following both supervised and self-directed HIIT 
to explore prior knowledge, barriers, enablers, and outcomes 
at each stage. Interviews were audio-recorded, transcribed, 
coded, and thematically analyzed by two independent re-
searchers. Results: Four dominant themes were identified: 
(1) no awareness of/experience with HIIT and ambivalence 
about exercise capabilities; (2) multiple medical and social 
barriers to commencing and continuing HIIT; (3) exercise 
specialist support was a highly valued enabler, and (4) HIIT 

was enjoyed and provided holistic benefits. Conclusions: 
People with NASH may lack knowledge of and confidence for 
HIIT, and experience multiple complex barriers to commenc-
ing and continuing HIIT. Exercise specialist support is a key 
enabler to sustained engagement. These factors need to be 
addressed in future clinical programs to augment the uptake 
and long-term sustainability of HIIT by people with NASH so 
they can experience the range of related benefits.
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Introduction
Non-alcoholic steatohepatitis (NASH) is a progressive form of 
nonalcoholic fatty liver disease (NAFLD), characterized by he-
patic steatosis, hepatocyte injury, inflammation, and varying 
degrees of liver fibrosis. NASH affects ∼6% of the worldwide 
population and up to 30% of people with obesity.1,2 NASH 
is a burgeoning indication for liver transplantation3 with up 
to 20% of people with NAFLD progressing to NASH.2 With 
no approved pharmaceutical therapies, lifestyle modification 
including exercise and diet remains the frontline approach 
for the management of NAFLD, including those with NASH.4

While there is no targeted exercise prescription for NASH, 
general recommendations for NAFLD promote 150–200 min-
utes of moderate intensity exercise per week.4,5 However, 
most people with NAFLD are not physically active, with only 
∼20% meeting physical activity recommendations.6,7 There 
is a growing interest in the role of physical activity performed 
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at, or above, a vigorous intensity for the treatment of NASH, 
as emerging evidence suggests it is effective in other chronic 
disease populations,8–10 and population studies have shown 
an inverse association with severe fibrosis.6 High-intensity 
interval training (HIIT) involves single or repeated bouts of 
high-intensity exercise interspersed with periods of active 
or passive recovery. In NAFLD, HIIT has shown comparable 
reductions in hepatic steatosis to traditional moderate inten-
sity continuous training.11 While evidence is limited to small 
studies with a wide range of training prescriptions, HIIT can 
improve diastolic function,12 hepatic stiffness13 and several 
metabolic pathways central to the pathogenesis of NASH.13,14

Owing to its vigorous nature, the safety of HIIT in clinical 
populations is often questioned. We and other researchers 
have previously demonstrated the safety of HIIT across a 
range of clinical patients including those with common co-
morbidities of NASH such as metabolic syndrome, hyperten-
sion, and musculoskeletal conditions.8,10,20,21 Clinical guide-
lines for the safe delivery and monitoring of HIIT in people 
with chronic disease22 emphasize the importance of medical 
screening, cardiopulmonary evaluation to inform program-
ming, modest workload progression, and regular monitor-
ing to identify any changes to medical status or medication 
that may preclude HIIT participation or affect heart rate re-
sponse. It was recently shown that supervised HIIT (4×4 
min at 85–95% maximal heart rate interspersed with 3 min 
lower intensity active recovery, three sessions per week for 
12 weeks) was safe and feasible for people with NASH,23 and 
related chronic diseases such as metabolic syndrome and 
coronary heart disease,10,21,22 when adequately screened 
and monitored. To complement this research, and in line with 
the 2022 global public health agenda for NAFLD,24 it is impor-
tant to also understand individual patients’ perceptions and 
experiences of HIIT.

There are established physiological mechanisms25–27 and 
comorbidities such as increased fatigue, heightened pain, 
musculoskeletal conditions and low mood28,29 which may 
predispose clinicians to assume that people with NASH would 
have low tolerance for vigorous exercise and low motiva-
tion. Most studies of exercise in NAFLD and NASH show poor 
maintenance of exercise by 6–12 months,15,16 and there is a 
paucity of data investigating patient factors that impact the 
sustainability of transitioning HIIT from supervised settings 
to self-directed.17–19 An understanding of people’s knowledge 
of HIIT, and perceived barriers and enablers to commenc-
ing and sustaining vigorous exercise, in both supervised and 
self-directed contexts is needed to inform the design and dis-
semination of acceptable and sustainable HIIT programs for 
people with NASH. Therefore, the aim of this study was to 
explore the experiences and perspectives of both profession-
ally supervised and self-directed HIIT in people with NASH. 
We also evaluated participant knowledge, barriers, and ena-
blers of commencing and sustaining HIIT.

Methods

Study design and setting
This qualitative study was designed and reported in accord-
ance with the consolidated criteria for reporting qualitative 
research (COREQ) checklist.30 The evaluation was nested 
within a larger randomized controlled trial investigating the 
safety, feasibility, and efficacy of a 12-week supervised HIIT 
intervention for improving cardiometabolic health in people 
with NASH (Australia and New Zealand Clinical Trials Registry: 
ACTRN12616000305426). All procedures were in accordance 
with the ethical standards of the 1964 Helsinki Declaration 

and its later amendments, and approved by the Metro South 
Hospital and Health Service’s Human Research Ethics Com-
mittee (HREC/15/QPAH/747) and The University of Queens-
land Human Research Ethics Committee (2016000010).

Participants were randomized into either HIIT exercise or 
control groups. Participants in the HIIT exercise group com-
pleted 12 weeks of supervised HIIT, followed by 12 weeks 
of self-directed (unsupervised) HIIT. Participants in the con-
trol group undertook 12 weeks of an attention control exer-
cise program involving gentle stretching exercises designed 
to not elicit cardiometabolic benefit but still provide a so-
cial and participatory interaction similar to the HIIT exercise 
group. On completion, control group participants undertook 
12 weeks of supervised HIIT followed by 12 weeks of self-
directed (unsupervised) HIIT. Participants in the overarching 
trial were provided detailed information about the current 
qualitative study as part of consenting to the broader study. 
Written informed consent was obtained from all participants 
prior to commencing the study.

Participants
Participants were recruited from a specialist hepatology out-
patient clinic within a metropolitan public hospital and health 
service and were eligible for inclusion if they were adults 
18–70 years of age, did not meet physical activity guidelines 
(undertook <150 minutes of moderate or <75 minutes of 
vigorous aerobic exercise per week or an equivalent com-
bination of moderate-vigorous activity, and had NASH con-
firmed by liver biopsy. The exclusion criteria have been re-
ported elsewhere (ANZCTR: ACTRN12616000305426) and 
included significant cardiac disease, hazardous alcohol use, 
and/or contraindications to exercise testing or training. To 
ensure safety in the parent study, participants were medi-
cally evaluated and screened by a cardiopulmonary exercise 
test with 12-lead electrocardiography under medical super-
vision. Referral to the study was provided by their treating 
physician, and therefore medical clearance to participate was 
provided prior to inclusion. All participants were consecutive-
ly invited to this qualitative study. Participants who did not 
complete the overarching study were still invited to return 
for an interview.

HIIT intervention
The supervised HIIT intervention consisted of four bouts of 
4 minutes of high-intensity exercise intervals (85–95% heart 
rate maximum, HRmax) corresponding to a rating of per-
ceived exertion (RPE) of 15–18 on the Borg 6–20 scale31 (li-
cense #5RYHYG), interspersed with 3 min recovery intervals 
(50–60% HRmax; RPE 11–13). This protocol was selected 
as the majority of evidence demonstrating the safety of HIIT 
in clinical populations have used this method.9,22,32 The pre-
scription and monitoring of HIIT aligned with guidelines for 
HIIT in clinical populations.22 Given the fitness level of the 
current study participants, the absolute intensity of the high-
intensity bouts was generally comparable to brisk walking up 
an incline. Sessions were completed on 3 days per week, for 
12 weeks, at a university gymnasium. All training sessions 
were supervised by an accredited exercise professional. The 
majority of HIIT sessions were conducted individually with 
the maximum number of participants training at one time 
being two. All Control group sessions were conducted indi-
vidually. HIIT sessions were preceded with a 5-minute warm 
up and followed by a 5-minute cool down. Participants pro-
gressed from at least one 4 minute interval in week 1 to the 
full 4×4 protocol by week 4. Heart rates were recorded at the 
end of each minute and RPE was checked in the final 15 s of 
each minute. Absolute training intensities were progressed 
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according to adaptation, informed by heart rate response 
and RPE, in order to maintain a consistent relative exercise 
intensity for the 12-week intervention. Exercise mode was 
predetermined by an accredited exercise professional prior to 
the baseline cardiopulmonary exercise test, based on ortho-
pedic limitations. While a treadmill was the study preferred 
exercise modality, other training modes (cycle ergometer, 
rowing ergometer, arm ergometer) were selected as appro-
priate by the accredited exercise professional according to 
their musculoskeletal capabilities. Following the supervised 
HIIT intervention, participants were then asked to complete 
12-weeks of self-directed HIIT, using the same 4×4 minute 
protocol, adapted for the participant’s self-directed exercise 
environment (i.e., access to available exercise equipment at 
home, at a gym, or within their local environment). Partici-
pants were given a heart rate monitor (Polar; Polar Electro, 
Kempele, Finland), Borg RPE scale (license #5RYHYG), and 
an exercise journal to record self-directed HIIT sessions.

Data collection
Interviews on participant experiences and perceptions were 
conducted between June 2016 and November 2019. Partici-
pants undertook three individual audio-recorded semistruc-
tured interviews, at baseline, after supervised HIIT, and after 
completion of self-directed HIIT. Interview questions (Sup-
plementary File 1) were developed by the multidisciplinary 
research team including exercise physiologists, a clinical 
health psychologist, dietitians, and hepatologists. The base-
line interview focused on participants’ understanding of HIIT, 
feelings and expectations about HIIT as an exercise option, 
anticipated barriers/enablers to general exercise and self-
efficacy related to HIIT. The post supervised-HIIT interviews 
focused on participant experience with HIIT including feel-
ings and outcomes, barriers/enablers to HIIT, future inten-
tions and self-efficacy to undertake self-directed HIIT. The 
post-self-directed HIIT interviews replicated the post-super-
vised HIIT interviews and included questions related to bar-
riers and enablers to sustaining HIIT exercise as prescribed.

Interviews were conducted individually, either face-to-face 
(at the same setting as the intervention study) or via tel-
ephone, by one of two exercise specialists (female accred-
ited exercise physiologists, including SK) who were known to 
the participants from the supervised training sessions. Inter-
views were scheduled within one week of completion of each 
timepoint, were recorded, then uploaded to a research data 
management system prior to deletion from the recording de-
vice. Contact with participants who had withdrawn from the 
study was attempted up to three times.

Participant characteristics
Baseline study assessments are described in detail elsewhere 
(ANZCTR: ACTRN12616000305426). In brief, participants 
completed a suite of physical health measures including body 
mass index (kg/m2), a detailed health history, health-related 
quality of life questionnaire33 and disease severity deter-
mined by NAFLD activity score.34 Cardiorespiratory fitness 
quantified as peak oxygen uptake (  2VO  peak ) was deter-
mined by assessing pulmonary gas exchange during a symp-
tom-limited cardiopulmonary exercise test (Parvo TrueOne 
2400; ParvoMedics Inc., East Sandy, UT, USA). Cardiorespi-
ratory fitness level was described according to standard sex- 
and age-specific percentiles.35,36

Data analysis
Interview audio-recordings were manually transcribed ver-
batim by research staff who were not involved in the inter-

viewing process. Transcripts were de-identified by redacting 
any reference to participant names. Data were managed us-
ing Microsoft Excel and independently coded and analyzed 
for dominant themes and subthemes by two researchers (SK 
and IH) using a deductive style of thematic analysis37 with 
themes and subthemes identified and consolidated through 
consensus discussions. Dominant themes were then tabu-
lated and crosschecked with exemplar quotes to validate in-
terpretations and consistency. Identified dominant themes 
and subthemes were developed using both a deductive ap-
proach bound by the intent of the overarching trial inves-
tigating feasibility of HIIT as a therapy for NASH including 
patient knowledge, barriers, enablers and outcomes; and an 
inductive approach developed after consultative interpreta-
tion of the analysis. Final review and discussion involved all 
investigators. Exemplar quotes are notated with participant 
number and the time point of interview (baseline, post-HIIT 
or post self-directed HIIT).

Results
Fourteen individuals were recruited, with two participants 
withdrawing prior to baseline interview completion (COVID-
related university closures n=1 and loss to follow-up n=1). 
Of the 12 people who commenced the intervention, includ-
ing four (33%) who were randomized to the control group 
and then invited to complete the HIIT component, did not 
complete the study. Three dropped out during supervised 
HIIT due to competing time commitments, and one during 
self-directed HIIT due to loss to follow-up. Therefore, a total 
of 29 of a possible 36 interviews (81% response rate) from 
12 individuals were conducted across the three time points; 
baseline (n=12), post-supervised HIIT (n=9), and after self-
directed HIIT (n=8). No participant who withdrew from the 
study returned for an invited interview. Of the nine partici-
pants who completed the supervised HIIT program, session 
attendance was >90% and all adhered to the HIIT prescrip-
tion. Of the eight participants completing the self-directed 
HIIT phase, self-reported adherence was poor. The median 
interview duration was 5 min 32 s (IQR 2 min 54 s to 9 min 
39 s).

Demographic and clinical description of interviewed partic-
ipants are shown in Table 1. Modalities initially prescribed for 
supervised HIIT included treadmill (n=7), cycle ergometer 
(n=3), rowing ergometer (n=1), and arm ergometer (n=1). 
For the self-directed HIIT, reported modalities included hill 
walking (n=2), treadmill (n=2), jogging (n=1), cycle ergom-
eter (n=2), and boxing (n=1).

Four dominant themes with subthemes were identified. 
They related to participant prior knowledge and expectations 
of HIIT, barriers and enablers to commencing and continuing 
HIIT in supervised and unsupervised settings, and outcomes 
experienced (Table 2): (1) no awareness of/experience with 
HIIT and ambivalence about exercise capabilities; (2) multi-
ple medical and social barriers to commencing and continu-
ing HIIT; (3) exercise specialist support was a highly valued 
enabler; and (4) HIIT was enjoyed and provided holistic ben-
efits.

No awareness of/experience with HIIT and ambiva-
lence about exercise capabilities
Prior to the intervention, it was rare for participants to be 
aware of HIIT as a training option and none had previous 
experience with HIIT prescriptions.

“I have not heard of it at all before now (09 Baseline).”
While there was general enthusiasm to commence exer-

cise in this research setting, this coexisted with nervousness 
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and trepidation about their capability to perform HIIT.
“I’m looking forward to it. I think. Um I might find it 
hard, but I will just try it out (04 Baseline).”

After experiencing HIIT, there was some surprise ex-
pressed by participants associated with the degree of physi-
cal response experienced without injury.

Table 1.  Baseline characteristics of interview participants

Characteristic (n=12) Value

Male Sex, n (%) 8 (67)

Age in years, mean±SD 57±10

Body mass index in kg/m2, mean±SD 39.4±7.3

Body weight in kg, mean±SD 120.1±31.3

Cardiorespiratory fitness

    
2VO  peak in mL/kg/min, mean±SD 20.9±9.1

    Percentile, median (range) 7th (5th–73rd)

    Exercise capacity (time on test in seconds), mean±SD 626.0±178.6

    Respiratory exchange ratio at peak capacity 1.1 (0.1)

NAFLD activity score, median (range) 5 (3–7)

Fibrosis, median (range) 2 (1a–4)

    F0/1, n (%) 2 (17)

    F2, n (%) 5 (41)

    F3, n (%) 3 (25)

    F4, n (%) 2 (17)

Comorbidities, median (range) 6 (2–14)

    Type 2 diabetes, n (%) 9 (75)

    Metabolic syndrome, n (%) 12 (100)

    Hypertension, n (%) 11 (92)

    Musculoskeletal conditions, n (%) 12 (100)

    0 0 (0)

    1 5 (42)

    2–3 6 (50)

    >3 1 (8)

Fatigue domain-CLDQ, mean±SD score/7# 4.3±1.1

Body pain-CLDQ, mean±SD score/7# 2.8±1.2

Medications prescribed

    Total number of prescribed medications, median (range) 8 (2–28)

    Anti-hyperglycemic 8 (67%)

        Insulin 4 (33%)

        Biguanide 8 (67%)

        Sulfonylurea 2 (17%)

        DPP-4 inhibitor 1 (8%)

        SGLT2 inhibitor 6 (50%)

    Antihypertensive 10 (83%)

    Cholesterol/lipid lowering 10 (83%)

    Beta-blocker 4 (33%)


2VO  peak, cardiorespiratory fitness (peak rate of oxygen consumption); percentiles are based on age- and sex-specific cutoffs; #Mean score from CLDQ refers to that 

experienced in the previous 2 weeks. Responses are a Likert scale ranging from 1 (most impairment) to 7 (least impairment). The fatigue domain comprises an aver-
age of five questions. Body pain relates to a single question within the broader systemic symptom domain. NAFLD activity score ranges from 0–8 with ≥ 5 considered 
more severe disease. CLDQ, chronic liver disease questionnaire; DPP-4, dipeptidyl peptidase-4; NAFLD, nonalcoholic fatty liver disease; SD, standard deviation; SGLT2, 
sodium-glucose cotransporter-2.
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“But most times when I go [to] the gym, I hurt my-
self, and do a ligament or something, but that hasn’t 
happened…..It was quite enlightening to me really (10 
Post-HIIT).”
A lack of confidence in exercise capabilities to continue 

HIIT in a self-directed manner remained in some participants 
at the end of the 12-weeks supervised program.

“You know, whether I will be able to create the situa-
tion where I am getting the, you know, the heart rate 
up and doing the four intervals. Whether I can actually 
do that and sustain that, or whether, I will find that it 
felt like too much and I couldn’t finish it. That worries 
me (16 Post-HIIT).”

Multiple medical and social barriers to commencing 
and continuing HIIT
Participants anticipated, and some described experiencing, 
generalized barriers to exercise. These included: work and 
study commitments, travel time burden related to attend-
ing exercise sessions and changes to usual routine. However, 
additional complex barriers to commencing supervised HIIT 
and continuing self-directed HIIT were also highlighted:

Multimorbidities: The presence of significant multimor-
bidities among participants was ubiquitous, such as muscu-
loskeletal limitations, diabetes, significant fatigue, and low 
mood. This complex medical phenotype was a pervasive bar-
rier to the participants commencing exercise. The impact of 
acute illness was the most identified reason for non-attend-
ance during the supervised HIIT program.

“Mainly just illness [makes HIIT difficult], I think that’s 
all, that’s all it has been, just illness (07 Post-HIIT).”
Multimorbidity impacted on the participants ceasing or re-

ducing the frequency of self-directed HIIT. Injury, illness, or 
medical procedures often resulted in temporary pauses in 
HIIT during the self-directed phase, and HIIT was then never 
reinstated. It was expressed by one participant that when 
they stopped exercising, the bodily pain they had previously 
experienced returned quickly. This pain may then have been 
a motivational and/or functional barrier to recommencing 
HIIT without external support from exercise supervisors.

“Um, when I was doing the exercises, my pains in the 
knee were markedly reduced. They got better and bet-
ter over the time. What happened once I stopped, and 
it happened very quickly once I stopped, was that the 
pain went back to where it was. (17 post self-directed 
HIIT).”
Multifarious specialist appointments: Most partici-

pants with multimorbidity had established links with the 
healthcare system and experienced a high burden of mul-
tifarious specialist appointments that could be a barrier to 
attending exercise sessions.

“Um, I have, and my wife, we have many appoint-
ments. ……. I have appointments for my NASH and my 
knees and diabetes and my wife has health conditions 
too. (08 Baseline).”
High burden of carer responsibilities: Obligations re-

lated to caregiver responsibilities that negatively impacted at-
tendance to and sustaining frequency of HIIT appointments.

“Um, I had to basically stop doing it. I just don’t get the 
time anymore because I am now a full-time carer for 
my wife. (08 post self-directed HIIT).”

Exercise specialist support was a highly valued ena-
bler
HIIT education and logistics support: With very limited 
to no prior knowledge or experience with HIIT, the major-
ity of participants relied on the exercise specialist for HIIT 

education and logistical support managing equipment (e.g. 
exercise equipment and heart rate devices), and specialist 
monitoring of exercise was also highly valued.

“Well, I would come here, everything would be set, I 
would have the ah, um, hate, the heart rate monitor 
and all that all set-up, all made for myself. The machine 
was generally in my place ……we would do the HIIT, 
I would recover and then I would go home. (08 Post-
HIIT).”
This desire for logistic support persisted after the super-

vised program with several participants describing an inabil-
ity to procure equipment for home and that HIIT prescription 
was not easily translated to their own environment. When 
self-directed, participants felt unable to manage all aspects 
of HIIT themselves such as equipment set-up and mainte-
nance, heart rate, and time monitoring, warm-ups / cool-
downs. While participants were encouraged by staff to fa-
cilitate their exercise environment to be enabling (i.e., just 
having a treadmill is not enough, it must be enticing to use), 
there was heterogeneity among participants in how logistics 
such as scheduling, routine, and access to equipment were 
self-managed. For some, home gym equipment was pre-
ferred over external gym providers, which were at times con-
sidered unfamiliar and costly. There seemed to be a greater 
degree of confidence to continue to do self-directed HIIT in 
those participants who had chosen to continue activities that 
did not require equipment (e.g., walking).

“[it’s] Awkward [doing HIIT at home] because while you 
are there, it is a matter of you controlling everything, 
yourself. You are monitoring the lot, you are monitoring 
your thing, the cool down, the HIIT part, you know, ….. 
when you gotta speed [up], monitoring controls. (09 
post self-directed HIIT).”
Feeling safe: Supervision from the exercise specialist 

created a feeling of safety and supported participants to gain 
confidence during the HIIT intervention. The role of expert 
exercise prescription, direction, and advice during the su-
pervised HIIT program was highly valued as an enabler. This 
included the ability to tailor the exercise prescription (notably 
the modality) to individual needs.

“Well the fact that it was supervised, both in terms of, 
you know, keeping me disciplined and keeping me safe, 
and learning that I can feel really bad, but because of 
being monitored, by people that know what they are 
talking about, I know that I am okay…….So, it was, that 
really helped me to learn it was okay, and to trust that 
it was okay (16 Post-HIIT).”
Social connection: The supervised HIIT with exercise 

specialists also generated social connection and social support 
which was highly valued by participants and strongly influ-
enced motivation for HIIT. The social support of the exercise 
specialist was consistently raised as an enabler to complete 
the HIIT sessions and there was a desire not to disappoint 
themselves, the exercise specialists, or the research team. A 
personal connection with the instructor/s was valued. Partici-
pants who joined a gym and accessed other exercise special-
ists during the self-directed HIIT period seemed to maintain 
HIIT activity, albeit lower than during the supervised inter-
vention phase.

“I mean it really helps to have somebody encouraging 
you and to get to know people and, like, three very dif-
ferent but very lovely people. Like, it was almost, I hate 
to say it, it was almost like a social occasion, catching 
up, having a chat in between things [intervals], it’s in-
teresting (16 Post HIIT).”
A point of commitment and accountability: Account-

ability was a critical enabler for participation in HIIT. Mentally 
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committing to the program and the accountability to the ex-
ercise specialists was perceived as a strong enabler during 
the supervised HIIT program. Many participants predicted 
that the loss of accountability to the exercise specialist would 
negatively impact self-directed continuation of the HIIT as 
prescribed. Success with self-directed HIIT was often linked 
to appointing alternative external points of commitment and 
accountability and without this, frequency of HIIT decreased 
significantly. The loss of scheduled appointments with expert 
supervision was commonly stated as a key factor reducing 
motivation to commit to self-directed HIIT.

“So when I was coming here, it’s, I was scheduled to 
come here. It’s like, I treat like it was a doctor’s ap-
pointment, or a hospital appointment, something like 
that. When I am home……. I will either do something 
or I don’t do something depends on how I feel (13 post 
self-directed HIIT).”

HIIT was enjoyed and provided holistic benefits
During the supervised HIIT sessions, participants unani-
mously reported positive experiences with expressed feel-
ings of enjoyment of the HIIT program.

“It was enjoyable, mentally and physically beneficial for 
me (09 Post-HIIT).”
Participants’ experiences of supervised HIIT were associ-

ated with perceptions of increased energy, fitness, strength, 
and flexibility. There were multiple reports of benefits expe-
rienced across multimorbidities including muscular, orthope-
dic and nerve pain and gastroenterological symptoms (e.g., 
gastro-esophageal reflux resolved).

“Ah I just generally feel like I have more energy ….. 
I just notice that I walk with a bit more of a spring in 
my step and you know, I haven’t been sick even, you 
know, [when] other people being sick around me and I 
haven’t got sick (16 Post-HIIT).”
In addition, participants described HIIT resulted in a great-

er ability to cope with activities of daily living and stimulated 
more active routines in other aspects of their life.

“But more importantly, from my behalf, is where I work, 
at the start of the program I would not have thought 
about going up the road to the shop to get a coffee or 
lunch, well now it is second nature, I just walk up. It’s 
not far, it’s only 500 meters or whatever, but I don’t 
even think about it now, I just do it. (09 Post-HIIT).”

Discussion
With the growing body of evidence of the clinical efficacy 
of HIIT for treatment of NAFLD,11,14 incorporating partici-
pants’ experience to inform the translation of research into 
a service design that enables exercise prescription is crucial. 
To our knowledge, this is the first evaluation of experiences 
and perceptions of both professionally supervised and self-
directed HIIT in people with NASH. In the context of naïve 
exposure to HIIT, people with NASH can have low knowl-
edge of and confidence for HIIT and are faced with multiple 
complex barriers to commencing and continuing HIIT. The 
involvement of an exercise specialist was a key enabler to 
sustained engagement, which provided participants with a 
range of holistic benefits.

Participants in this study had multimorbidity with signifi-
cant musculoskeletal limitations, which is typical of people 
presenting to liver clinics with NASH.38,39 Complex multimor-
bidity was a pervasive barrier to exercise and impacted both 
physical and mental aspects of commencing and continu-
ing with HIIT. Musculoskeletal limitations to exercise were 
ubiquitous and added to the mixed emotions of enthusiasm 

and trepidation experienced when attempting a new physical 
activity targeted at treating their chronic illness. Reflective 
of the high burden of comorbidities within the study cohort, 
the participants reported that multifarious specialist appoint-
ments interfered with attendance to exercise sessions. It was 
apparent that the siloed design of the local health system is 
experienced by patients with multiple comorbidities, all re-
quiring medical input, as lacking in co-ordination. This has 
the unintentional consequence of creating a perceived bar-
rier to attending HIIT sessions. This highlights the need for a 
highly flexible exercise service delivery that accommodates 
patient schedules while maintaining structured engagement 
to promote accountability and social connection.

Despite HIIT consistently ranking in the top fitness trends 
since 2014 by the American College of Sports Medicine40 and 
the rapid rise in the number of publications involving HIIT,41 
there was a lack of awareness of HIIT, as well as no ex-
perience with HIIT in this patient cohort. This highlights a 
discordance between academic knowledge of HIIT and clini-
cal treatments offered to patients and emphasizes the im-
portance of raising awareness of both clinicians and patients 
to assist translation of research demonstrating the value of 
HIIT into routine practice. HIIT prescription involves several 
variables which are integrated into the prescribed HIIT regi-
men (i.e., number, duration, and intensity of intervals; type 
and length of recovery; and mode of exercise). For the study 
participants, it was clear that the exercise professional was 
highly valued for their governance of HIIT prescription (i.e., 
expertise in educating patients about HIIT, assisting logis-
tics related to equipment use, generating a feeling of safety 
while exercising, creating social connections) and being a 
point of accountability that enabled strong commitment to 
the program. The lack of regular supervision by the exercise 
specialist contributed to reduced participation in self-directed 
environments due to the loss of the multiple enablers associ-
ated with exercise specialist support. This highlights a critical 
issue regarding accessibility and translatability of HIIT. The 
supervised program was free for participants, and this may 
have influenced the fact that neither cost nor affordability of 
HIIT was raised at any time as a possible barrier, although 
no financial support was offered for self-directed training op-
tions. Cost has been raised by others as a key barrier to 
exercise participation in people with NASH29,39 and further 
research exploring low cost, accessible exercise support is 
urgently needed. This may be particularly important for high 
priority groups including indigent, rural, and remotely locat-
ed and indigenous peoples where cost and access can be key 
barriers to exercise adoption and maintenance. Strategies to 
promote affordable access to exercise support could include 
telehealth, mHealth or eHealth technologies42–45 as well as 
group-based exercise session to reduce individual cost and/
or providing hospital community health infrastructure.

Prior to beginning the HIIT intervention, participants were 
enthusiastic and excited, although they also reported nerv-
ousness and a lack of confidence in their own physical capa-
bilities. A lack of confidence to exercise without supervision 
and a fear of falling have previously been identified as a key 
barriers to physical activity in NAFLD.38,39,46 Clinicians, includ-
ing exercise specialists, need to address patient confidence 
to facilitate exercise adoption (e.g., via graduated introduc-
tion to HIIT, providing mastery experiences, providing reas-
surance, and education). Other studies have identified that 
patients understand exercise is important and have a strong 
desire to be more physically active,39,46 especially with the 
support of exercise specialists.38 When given a choice, pa-
tients do prefer exercise over pharmacotherapies for NAFLD 
management.38 Moreover, the uncertainty in patient capabili-
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ties for lifestyle change also influences clinician perceptions 
of patients47 and may act as a barrier to discussing HIIT as 
a training option, or even prioritizing exercise prescription 
in treatment plans.39,48 Medical clinicians commonly report 
feeling ill-equipped to support tailored exercise prescription 
with a lack of accessible resources, little to no formal training 
(despite an expressed desire for training49) and limited time 
during consultations.48,50 While generalized lifestyle informa-
tion related to management of NAFLD is readily available, 
most clinicians do not give personalized recommendations 
or refer to exercise specialists51 and patients are left wanting 
more after their clinical interactions.48,51,52 These issues may 
be greater with HIIT, given its vigorous nature.

External regulators of behavior including supervision and 
social support are critical enablers for sustaining exercise rou-
tines in NAFLD.51 The transition from short-term supervised 
to long-term self-directed exercise programs within research 
settings has been ubiquitously associated with reduced par-
ticipation and regression of health benefits.15,16 Participants 
in this study predicted and reported difficulties with main-
taining HIIT once supervised sessions ceased. Removal of 
supervision has been documented as a barrier to sustained 
exercise in all studies examining HIIT beyond the supervised 
clinical setting.53 However, those who pre-empted this and 
recruited social supports (e.g., attending a gym with a friend 
or family member) were more likely to sustain engagement 
with regular HIIT training, albeit with generally lower inten-
sity/volume to that in the supervised phase of the interven-
tion. Exercise enjoyment is an important predictor of exer-
cise behavior, with higher levels of enjoyment resulting in 
more positive attitudes toward exercise and therefore more 
positive intentions to exercise in the future.54 An acute ses-
sion of HIIT appears more enjoyable than an acute session 
of traditional moderate intensity continuous training across a 
diversity of healthy and clinical groups, despite significantly 
higher heart rate, blood lactate, and perceived exertion.55 
Our findings corroborate this, with HIIT being unanimously 
enjoyed during the supervised sessions by the participants. 
Despite this, participation decreased when self-directed. This 
suggests that the high level of enjoyment experienced may 
not have been enough to offset other barriers such as low 
self-efficacy and lack of specialized supervision. Moreover, it 
highlights the social benefit of supervised exercise for people 
with NASH.

Impaired physical functioning and ability to accomplish 
activities of daily life have been identified as key contribu-
tors to reduced health-related quality of life in people with 
NASH.29 Study participants reported wide-ranging beneficial 
outcomes of HIIT training, commonly related to higher ener-
gy levels and lower fatigue. This is noteworthy given the age, 
severity of NASH, and multimorbidity present in the study 
cohort. Although exercise is effective at improving fatigue 
associated with NASH,56 fatigue itself and lack of energy are 
reported as barriers to initiating and finishing exercise ses-
sions in people with NAFLD.29,38,39 HIIT may be a strategic 
training option for NASH given its potential beneficial impact 
on energy levels. In this study, generalized improvements in 
perceived strength, flexibility, gastroenterological symptoms, 
and pain added to the holistic nature of HIIT benefits and 
translated into reported improvements in activities of daily 
living.

The study findings should be considered within the con-
text of its limitations. Participants were recruited to an ex-
ercise trial which introduces bias (patient cohort interested 
in exercise, with intentions to commit to HIIT three times 
per week). Interviewers were known to participants, which 
may have influenced responses, and as participants did not 

review transcripts, they were unable to add further perspec-
tives. There was a dropout rate of 33%, which is similar 
to what has been observed in supervised exercise trials in 
NAFLD.57 Moreover, perspectives and experiences of people 
who did not complete the intervention and did not accept the 
invitation to return for interview were not captured. We also 
did not capture the perspectives of care providers, notably 
hepatologists and exercise professionals, which would pro-
vide further valuable data to inform healthcare models and 
future directions for HIIT intervention translation. While time 
efficiency is often described as a key advantage of HIIT, this 
did not appear relevant for this patient group who undertook 
minimal hours of physical activity at baseline, so even time 
efficient physical activity was still an increased time invest-
ment overall. Finally, patient experiences are one part of the 
HIIT for NASH research agenda, and the results of the cur-
rent study need to be considered in the context of other evi-
dence, such as safety.

Collectively, evaluation of perceptions and experiences of 
people with NASH demonstrates that supervised HIIT was 
enjoyed and beneficial despite initial ambivalence and many 
complex medical and social barriers. Shared patient experi-
ences highlight key considerations for the implementation of 
HIIT into clinical practice. Recommendations for future inter-
ventions are outlined in Supplementary File 2. While benefits 
are multifaceted, numerous barriers to HIIT as a training op-
tion remain. Embedding exercise specialists into clinical care 
pathways is critical to maximize uptake and sustainability of 
HIIT programs for people with NASH.
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