
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ipsm20

Download by: [University of Abertay Dundee], [ John Babraj] Date: 29 November 2017, At: 05:18

The Physician and Sportsmedicine

ISSN: 0091-3847 (Print) 2326-3660 (Online) Journal homepage: http://www.tandfonline.com/loi/ipsm20

The effect of low volume sprint interval training in
patients with non-alcoholic fatty liver disease

Catriona MacLean, John Dillon, John A Babraj & Niels BJ Vollaard

To cite this article: Catriona MacLean, John Dillon, John A Babraj & Niels BJ Vollaard (2017): The
effect of low volume sprint interval training in patients with non-alcoholic fatty liver disease, The
Physician and Sportsmedicine, DOI: 10.1080/00913847.2018.1411171

To link to this article:  https://doi.org/10.1080/00913847.2018.1411171

Accepted author version posted online: 29
Nov 2017.

Submit your article to this journal 

View related articles 

View Crossmark data

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Abertay Research Portal

https://core.ac.uk/display/228178202?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.tandfonline.com/action/journalInformation?journalCode=ipsm20
http://www.tandfonline.com/loi/ipsm20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00913847.2018.1411171
https://doi.org/10.1080/00913847.2018.1411171
http://www.tandfonline.com/action/authorSubmission?journalCode=ipsm20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ipsm20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00913847.2018.1411171
http://www.tandfonline.com/doi/mlt/10.1080/00913847.2018.1411171
http://crossmark.crossref.org/dialog/?doi=10.1080/00913847.2018.1411171&domain=pdf&date_stamp=2017-11-29
http://crossmark.crossref.org/dialog/?doi=10.1080/00913847.2018.1411171&domain=pdf&date_stamp=2017-11-29


Acc
ep

ted
 M

an
us

cri
pt

Publisher: Taylor & Francis 

Journal: The Physician and Sportsmedicine 

DOI: 10.1080/00913847.2018.1411171 

 

The effect of low volume sprint interval training in patients with non-alcoholic fatty liver disease 

 

Catriona MacLean1, John Dillon2, John A Babraj3, Niels BJ Vollaard4* 

 
1 Department for Health, University of Bath, Bath, UK; cmaclean16@btinternet.com; +44 1382 

425533 
2 School of Medicine, University of Dundee, Ninewells Hospital & Medical School, Dundee, UK; 

j.f.dillon@dundee.ac.uk; +44 1382 660111 
3 School of Social & Health Sciences, Abertay University, Dundee, UK; J.Babraj@abertay.ac.uk; +44 

1382 308165 
4 Faculty of Health Sciences and Sport, University of Stirling, Stirling, UK; n.vollaard@stir.ac.uk; +44 

1786 466488 

 

* Corresponding author 

Dr Niels BJ Vollaard 

Faculty of Health Sciences and Sport 

University of Stirling 

Stirling 

FK9 4LA 

UK 

+44 1786 466488 

n.vollaard@stir.ac.uk  

 

 

 

ABSTRACT 

Objectives: Exercise is an important part of disease management in patients with non-alcoholic fatty 

liver disease (NAFLD), but adherence to current exercise recommendations is poor. Novel low-

volume sprint interval training (SIT) protocols with total training time commitments of ≤30 min per 
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week have been shown to improve cardiometabolic risk and functional capacity in healthy sedentary 

participants, but the efficacy of such protocols in the management of NAFLD remains unknown. The 

aim of the present study was to examine whether a low-volume SIT protocol can be used to improve 

liver function, insulin resistance, body composition, physical fitness, cognitive function and general 

well-being in patients with NAFLD. 

Methods: In the present study, 7 men and 2 women with NAFLD (age: 45±8 y, BMI: 28.7±4.1 kg·m-2) 

completed a 6-week control period followed by 6 weeks of twice-weekly SIT sessions (5-10×6-s ‘all-

out’ cycle sprints). Body composition, blood pressure, liver function, metabolic function, functional 

capacity, cognitive function and quality of life were assessed at baseline, following the control 

period, and following the SIT intervention.  

Results: Walking speed during the walk test (+12%), estimated VO2max (+8%), verbal fluency (+44%), 

and blood platelet count (+12%; all p<0.05) significantly increased during the control period. These 

measures remained significantly raised compared to baseline following the SIT intervention, but did 

not significantly change any further compared to the post-control time-point. Diastolic blood 

pressure decreased from 87±10 to 77±8 mm Hg from the end of the control period to the end of the 

SIT intervention (p<0.05).  

Conclusion: This study does not support the use of 6 weeks of a low volume SIT protocol involving 

twice-weekly sessions with 5-10×6-s ‘all-out’ cycle sprints as an intervention for NAFLD disease 

management. 

 

Keywords: 

SIT; all-out; NAFLD; NASH; liver function; physical function  

 

Abbreviations: 

ALT: alanine aminotransferase; ANOVA: analysis of variance; AST: aspartate aminotransferase; AUC: 

area under the curve; BMI: body mass index; EPO: end power output; FIB-4: fibrosis-4 score; HIIT: 

high-intensity interval training; HOMA-IR: homeostasis model assessment of insulin resistance; IR: 

insulin resistance; MICT: moderate-intensity continuous training; MPO: mean power output; MS: 

metabolic syndrome; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; 

PPO: peak power output; OGTT: oral glucose tolerance test; SIT: sprint interval training; T2D: type 2 

diabetes; VO2max: maximal aerobic capacity.  
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1 INTRODUCTION 

 

Non-alcoholic fatty liver disease (NAFLD) is among the most common causes of chronic liver disease, 

and its prevalence is increasing globally [1]. In the Western world NAFLD tends to be associated with 

obesity, hyperlipidaemia and insulin resistance (IR) [2]. As such it is considered to represent the 

hepatic aspect of the metabolic syndrome (MS) [3, 4], and is associated with an increased risk for the 

development of cardiovascular disease and type 2 diabetes [2]. It is now accepted that IR is a key 

aspect in the pathophysiology of both MS and NAFLD, and that IR should be addressed in clinical 

treatment of patients with NAFLD [2]. Untreated, in a subset of patients NAFLD may progress to non-

alcoholic steatohepatitis (NASH) with possible subsequent cirrhosis, liver failure or hepatocellular 

carcinoma [3, 5], and it is an increasingly frequent reason for liver transplantation [6]. Furthermore, 

NAFLD is associated with increased risk of dying from cardiovascular disease or cancer [7]. 

 

Lifestyle changes such as weight loss and exercise are fundamental aspects of NAFLD management, 

as they have been shown to reduce insulin resistance, steatosis and liver fat, and improve liver 

function [4, 8, 9, 10, 11, 12]. Both aerobic and resistance exercise result in improvements in liver fat 

levels in patients with NAFLD and type 2 diabetes (T2D) [13]. Aerobic exercise has been shown to 

improve liver steatosis independently of weight loss [14]. A systematic review by Keating et al. [15] 

concluded that exercise was beneficial in NAFLD, despite evidence being drawn from small studies 

with a wide variation in exercise prescription. A retrospective study of 813 patients with NAFLD, 

diagnosed by liver biopsy, suggested that vigorous exercise more effectively reduced the risk of 

NAFLD and liver fibrosis compared to moderate exercise, though this was based on self-reported 

data on exercise quantity and intensity [16]. Conversely, a recent randomised controlled trial 

concluded that low- and high-intensity aerobic exercise were equally effective at reducing 

intrahepatic lipid in inactive overweight/obese adults [17]. To date, no conclusions have been 

reached on the optimum quantity and intensity of exercise required to treat NAFLD [1, 18, 19].  

 

Despite the known positive effects of exercise, patients with NAFLD are often more sedentary than 

unaffected individuals, and few patients achieve the recommended daily and weekly guidelines for 

physical activity [6]. As lack of time is a common perceived barrier to exercise, time-efficient 

alternatives to aerobic exercise have been proposed, including (sub)maximal high-intensity interval 

training (HIIT) and supramaximal sprint interval training (SIT) [20].  
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The ‘classic’ SIT protocol was developed a decade ago and consists of 4-6 repeated 30-s Wingate 

sprints [21]. This protocol was shown to be associated with aerobic adaptations similar to 

substantially higher volumes of moderate-intensity continuous training (MICT) [21, 22]. We 

subsequently demonstrated rapid improvements in measures of insulin sensitivity and glycaemic 

control in healthy volunteers following two weeks of SIT [23]. However, this SIT protocol is extremely 

demanding and raises concerns over compliance, health and safety, particularly in those with 

existing disease [20, 24]. Furthermore, the classic SIT protocol is not as time-efficient as often 

proposed, as the need for recovery periods in between sprints means that the total time-

commitment per training session is close to 30 min, similar to recommendations for MICT [25].  

 

To address these issues, in recent years studies have investigated whether the classic SIT protocol 

can be made shorter and less strenuous, while retaining the associated health benefits [26, 27, 28, 

29, 30, 31]. There is now clear evidence that substantially reducing the total time exercising at high 

intensity does not attenuate important adaptations such as improvement in maximal aerobic 

capacity (VO2max) [32]. In recent studies we have shown that a SIT protocol using repeated efforts 

as brief as 6 seconds is associated with improvements in health and physical function in middle-aged  

[33] and elderly adults [34], as well as in trained athletes [35]. This SIT protocols may provide a 

suitable alternative to MICT for primary prevention in sedentary individuals [25], but it could also 

have potential as a treatment for noncommunicable diseases including type 2 diabetes [36], 

metabolic syndrome, and NAFLD. No previous studies have investigated the efficacy of repeated 

brief supramaximal sprints for improving health markers in patients with NAFLD. Thus, the aim of 

the present study was to examine whether a low volume SIT protocol results in improvements in 

liver function, insulin resistance, body composition, physical fitness, cognitive function and general 

well-being in patients with NAFLD.  
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2 MATERIAL AND METHODS 

 

2.1 Participants 

Ten men and 2 women diagnosed with NAFLD with steatosis (n=7) or NASH (n=5) were recruited 

from liver clinics in Ninewells Hospital, Dundee. Three male participants subsequently withdrew due 

to medical problems unrelated to the study (2 prior to and 1 during the training intervention), 

leaving 9 participants who completed the study (age: 45±8 y, BMI: 28.7±4.1 kg·m-2; 6 Caucasian, 2 

South-East Asian, 1 South Asian). The diagnosis of NAFLD was made by an experienced hepatologist 

based either on liver biopsy results, or on the presence of bright/increased echogenicity on hepatic 

ultrasound, consuming less than 14 units of alcohol per week, and negative tests for other liver 

diseases (HCV, HBV, alpha 1 antitrypsin deficiency, haemochromatosis, autoimmune liver disease 

and Wilson’s disease). A diagnosis of NASH was made if the liver biopsy NAS score was greater than 

3 or for those not biopsied if they had an elevated NAFLD fibrosis score.  Those aged below 20 y or 

above 59 y were excluded, as were those with uncontrolled hypertension, unstable cardiovascular, 

pulmonary or metabolic disease, and those with significant mobility problems. Participants were 

screened for suitability through a Physical Activity Readiness Questionnaire for Everyone (PAR-Q+). 

The study used a single-group repeated measures design, with each participant undergoing an initial 

6-week control period, followed by a 6-week intervention (i.e. each participant acted as their own 

control). All participants gave written informed consent. Ethics approval was obtained from Scotland 

A Research Ethics Committee (REC reference: 15/SS/0108), and the study complied with the 

Declaration of Helsinki. The trial was registered at ClinicalTrials.gov (ID: NCT02528305). 

 

2.2 Experimental Procedures 

Participants attended for baseline assessment having fasted from midnight the day before. Height 

was measured (Seca stadiometer, Seca, Hamburg, Germany) followed by body mass and body 

composition (segmental bioimpedance analyser, Tanita MC-780MA, Tanita, Japan). Ankle-brachial 

pressure index (ABPI) was recorded supine (watch BP office ABI TWIN200ABI, Microlife Watch BP, 

AG Switzerland) before a venous blood sample was taken. One lithium-heparin tube was centrifuged 

(Eppendorf Centrifuge 5804R, Hamburg, Germany) at 1600 rpm for 8 min, after which serum was 

separated and refrigerated to prevent insulin degradation. Samples were transferred to an 

accredited hospital laboratory (Clinical Pathology Accreditation (UK) Ltd) for analysis of fasting 

glucose, insulin, triglycerides, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and 

platelets by standard procedures. Homeostasis model assessment of insulin resistance (HOMA-IR 

[37]) and FIB-4 (fibrosis-4 score, a non-invasive marker of fibrosis [38]) were calculated. Finger-prick 
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blood samples were taken for measurement of plasma glucose (Freestyle freedom-lite Glucometer, 

Abbott Diabetes Care, Maidenhead, UK) prior to and 20, 40, 60, 80, 100 and 120 min following 

consumption of 75 g glucose (410 mL Lucozade Original, GlaxoSmithKline, Brentford, UK)) for an oral 

glucose tolerance test (OGTT). The response to glucose was assessed from calculating the area under 

the curve (AUC) using the trapezoid rule. Immediately following Lucozade ingestion, the participants 

completed the 36-Item Short Form Health Survey (SF-36) to assess general well-being [39]. Thirty 

min after the glucose load, episodic memory was assessed by immediate recall of 10 words, with 

delayed recall to test semantic memory 10 min later. Additionally, verbal fluency was used to assess 

executive function, via the listing of words starting with a particular letter of the alphabet. After 

completion of the OGTT, physical function was assessed by a ‘get up and go’ test (GUAG) [40], where 

the participants were timed while standing up from a chair unaided, with arms crossed, walking 3 m, 

turning round, returning to the chair and sitting down again, all as quickly as possible. This was 

performed 3 times, with the mean time taken. Finally, physical fitness was assessed by estimating 

VO2max from a submaximal walking test [41]. The participants wore a heart rate monitor (Polar T31 

HR monitor, Polar Electro, Warwick, UK) and walked for 4 min on a treadmill with a flat gradient 

(Mercury H/P/Cosmos, Nussdorf-Traunstein, Germany) without any encouragement. They were 

allowed to adjust the treadmill speed during this time. Thereafter, the gradient was increased to 5%, 

during which time the speed was fixed. After 4 min of walking at a 5% gradient, participants were 

asked to rate their perceived exertion (RPE) using the Borg Scale [42], and their heart rate (HR) and 

walking speed were recorded in order to estimate their VO2max using the equation by Ebbeling et al. 

[41]. Walking speed was also divided by RPE to gauge effort relative to speed, to determine whether 

participants could walk faster following SIT but perceive similar effort required to that in baseline 

testing.  

 

2.3 Second Assessment 

In order to allow the participants to make any changes to their diet and lifestyle as advised by their 

hepatologist without affecting the study, the baseline assessment was repeated at the same time of 

day, six weeks after the initial assessment. This allowed the participants to act as their own controls. 

Thereafter, the participants started the SIT intervention. 

 

2.4 Training Intervention 

Participants had their blood pressure checked prior to each training session (Boso-medicus, Bosch & 

Sohn, Jungingen, Germany). The training comprised twice-weekly supervised SIT sessions on Monark 

Peak Bikes (Ergomedic 894E, Monark Exercise AG, Vansbro, Sweden), with heart rate (Polar, Oulu, 
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Finland) recorded during each session. After a 2-min unloaded warm-up at a cadence of 50 rpm, 

participants were asked to sprint at maximum effort for 6 s against a resistance equivalent to 7% of 

body mass for men and 6% of body mass for women, which was applied automatically when 

reaching 100 rpm. This was followed by 1 min of passive recovery, or until heart rate dropped below 

120 beats·min-1. Sprints were repeated 5 times in sessions 1-3 and 6 times in session 4, after which 

an additional sprint was added each week (e.g. 10 sprints in week 6; minimum session duration of 13 

min). Peak (PPO), mean (MPO), and end power output (EPO) were recorded. 

 

2.5 Third Assessment 

The baseline assessment was repeated as previously detailed, 5±1 days after the last training 

session. 

 

2.6 Statistical Analysis 

All data shown are means±SD. Statistical analysis was performed using SPSS statistical software 

(v21). All parameters were analysed for differences between the 3 time-points (baseline / post 

control / post SIT) using repeated measures ANOVA, with post hoc analysis with Bonferroni 

correction in the case of significant main effects. Paired sample t-tests were used to analyse 

differences between the first and last training session for mean heart, PPO, MPO and EPO. 

Significance was accepted at p<0.05.   
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3 RESULTS  

 

The nine participants who completed the study performed all 12 SIT sessions (100% adherence). 

PPO, MPO and EPO produced in the first 5 sprints were significantly higher in the last compared to 

the first SIT sessions (Figure 1; p<0.001). Results for the body composition measures, blood pressure, 

blood measures, functional tests, memory tests and the SF-36 are shown in Table 1. Walking speed 

during the 12-min walk test (+12%), estimated VO2max (+8%), verbal fluency (+44%), and blood 

platelet count (+12%; all p<0.05) significantly increased during the control period. These measures 

remained significantly raised compared to baseline following the SIT intervention, but did not 

significantly change any further compared to the post-control time-point. Diastolic blood pressure 

decreased from 87±10 to 77±8 mm Hg from the end of the control period to the end of the SIT 

intervention (p<0.05). No other significant changes were observed, including in the 8 

subcomponents that make up the total score for the SF-36 questionnaire (physical function, role 

physical, general health, mental health, social functioning, vitality, bodily pain, role emotional; data 

not shown).  
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4 DISCUSSION 

 

The aim of the present study was to examine the health benefits of a low volume SIT protocol in 

patients with NAFLD. The supramaximal exercise sessions were well-tolerated by the participants, 

but the data do not support the use of this 5-10 × 6-s ‘all-out’ SIT protocol in the management of 

liver disease: although diastolic blood pressure significantly improved following 6 weeks of training, 

no other parameters were affected.  

 

This study was the first to examine the efficacy of supramaximal SIT in patients with NAFLD. Previous 

research justifies investigations into the efficacy of interventions utilising high exercise intensities. 

For example, in a recent review article Keating et al. [43] stated that higher exercise intensities may 

lead to superior adaptations. A study by Oh et al. [44], looking at the therapeutic effects of aerobic 

high-intensity interval training, resistance training, and moderate-intensity continuous aerobic 

training in patients with NAFLD, demonstrated that each of these modalities was effective at 

reducing hepatic fat content, but that only aerobic high-intensity interval training was effective at 

improving hepatic stiffness. Recently, a submaximal HIIT protocol was used by Hallsworth et al. [45] 

in patients with NAFLD, and this protocol was shown to be effective at improving liver fat, body 

composition, and cardiac function following 12 weeks of training. However, the 3 weekly sessions 

took 30-40 min to complete, and included 5 repetitions of 2-3 min of cycling at an RPE of 16-17 

(equivalent to ‘very hard’). It remains to be seen whether the uptake of, and adherence to, such a 

strenuous intervention is sufficient to warrant its use as an alternative to current physical activity 

recommendations involving lower-intensity, less strenuous MICT of a similar duration. The benefit of 

low volume SIT protocols is that health benefits can be achieved within a minimal total time 

commitment (≤30 min per week) and with acceptable ratings of perceived exertion [25]. However, 

the minimum effective SIT volume remains unknown. The present study suggests that performing 5-

10 × 6-s ‘all-out’ cycle sprints twice a week is sufficient to lower diastolic blood pressure. This is 

important as even small decreases in blood pressure can result in substantial reductions in 

cardiovascular disease [46, 47], with measurable effects down to at least 115 mm Hg systolic blood 

pressure and 75 mm Hg diastolic blood pressure [48]. However, the lack of improvements in 

functional capacity, estimated VO2max, liver function, measures of glycaemic control, body 

composition, cognitive function, and quality of life, suggests that the present training volume was 

insufficient to support the use of this SIT protocol in disease management of patients with NAFLD.  
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In previous studies with an identical SIT protocol we demonstrated significant improvements in 

performance in athletes [35], and in health and physical function in middle-aged [33] and elderly 

adults [34]. Similarly, we have shown improvements in health markers in sedentary young adults 

using a protocol with longer (20 s) but fewer (2) sprints [29, 30], involving a comparable total time 

exercising at high-intensity. Therefore, it is unclear why the participants in the present study did not 

present with similar adaptations. A potential explanation is that individuals with metabolic disorders 

may have an impaired response to training. Indeed, impaired responses to aerobic exercise have 

been reported in patients with T2D or metabolic syndrome [49, 50], and patients with T2D appear to 

respond less well to low volume SIT [36] compared to sedentary but healthy individuals [29, 30]. 

Furthermore, longer T2D disease duration is associated with poorer improvements in insulin 

sensitivity and glycaemic control following aerobic exercise training [51]. Conversely, other studies 

have reported greater benefits of exercise in people with poorer baseline insulin sensitivity [52]. 

Although various types of medication, including metformin and statins, have been shown to 

attenuate exercise-induced adaptations [53, 54, 55], only one participant in the present study was 

taking statins, and none were on anti-diabetic medication. Future research should answer the 

question whether patients with metabolic disorders can be expected to respond to different 

exercise training protocols in a similar way to healthy individuals, but the present study indicates 

that 6 weeks of training involving 2 sessions and a total of 60-120 s of ‘all-out’ cycling exercise per 

week is insufficient to improve a range of health markers.  

 

It is unclear what caused the significant improvements in walking speed during the 12-min walk test, 

estimated VO2max, verbal fluency, and blood platelet count following the 6-week control period. We 

did not perform familiarisation tests prior to the baseline testing session, and we do not have data 

on potential changes in diet or physical activity levels during the control period that could explain 

these findings. Therefore, future studies would benefit from a randomised controlled study design 

with parallel arms, and measurement of potential changes in diet and physical activity levels.  

 

Conclusion 

 

In conclusion, this study does not support that performing 6 weeks of a low volume SIT protocol 

involving twice-weekly sessions with 5-10 × 6-s ‘all-out’ cycle sprints is an effective intervention for 

NAFLD disease management.   

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

be
rt

ay
 D

un
de

e]
, [

Jo
hn

 B
ab

ra
j]

 a
t 0

5:
18

 2
9 

N
ov

em
be

r 
20

17
 



Acc
ep

ted
 M

an
us

cri
pt

 11

 

Funding 

This work was supported through a small bursary by the British Association of Sport and Exercise 

Medicine. 

 

Declaration of Interests 

The authors have no relevant affiliations or financial involvement with any organization or entity 

with a financial interest in or financial conflict with the subject matter or materials discussed in the 

manuscript. This includes employment, consultancies, honoraria, stock ownership or options, expert 

testimony, grants or patents received or pending, or royalties. 

 

Acknowledgements 

The authors would like to thank Dr James Burns for his assistance with analysis of the venous blood 

samples, Dr Elaine Henry, Dr James Cotton, Dr Morag Barron, Kirsty Turnbull, Jan Tait, and Eleanor 

Milne for help with participant recruitment, and Ross Lorimer for help with training supervision. 

(BASEM). 

 

Authors' Contributions  

CM, JB and NV conceived of the study and participated in its design. CM, JD and JB participated in 

participant recruitment and data collection. CM and NV performed data analysis and drafted the 

manuscript. JD and JB provided feedback on the final manuscript. All authors have read and 

approved the final version of the manuscript, and agree with the order of presentation of the 

authors. 

 

  D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

be
rt

ay
 D

un
de

e]
, [

Jo
hn

 B
ab

ra
j]

 a
t 0

5:
18

 2
9 

N
ov

em
be

r 
20

17
 



Acc
ep

ted
 M

an
us

cri
pt

 12

REFERENCES  
 

1. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev Gastroenterol Hepatol. 2013 
Nov;10(11):686-90. doi: 10.1038/nrgastro.2013.171. PubMed PMID: 24042449. 

2. Abenavoli L, Milic N, Di Renzo L, et al. Metabolic aspects of adult patients with nonalcoholic 
fatty liver disease. World J Gastroenterol. 2016 Aug 21;22(31):7006-16. doi: 
10.3748/wjg.v22.i31.7006. PubMed PMID: 27610012; PubMed Central PMCID: 
PMCPMC4988304. 

3. Gariani K, Philippe J, Jornayvaz FR. Non-alcoholic fatty liver disease and insulin resistance: 
from bench to bedside. Diabetes Metab. 2013 Feb;39(1):16-26. doi: 
10.1016/j.diabet.2012.11.002. PubMed PMID: 23266468. 

4. Rinella ME. Nonalcoholic fatty liver disease: a systematic review. JAMA. 2015 Jun 
09;313(22):2263-73. doi: 10.1001/jama.2015.5370. PubMed PMID: 26057287. 

5. Smith BW, Adams LA. Non-alcoholic fatty liver disease. Crit Rev Clin Lab Sci. 2011 May-
Jun;48(3):97-113. doi: 10.3109/10408363.2011.596521. PubMed PMID: 21875310. 

6. Da Silva HE, Arendt BM, Noureldin SA, et al. A cross-sectional study assessing dietary intake 
and physical activity in Canadian patients with nonalcoholic fatty liver disease vs healthy 
controls. J Acad Nutr Diet. 2014 Aug;114(8):1181-94. doi: 10.1016/j.jand.2014.01.009. 
PubMed PMID: 24631112. 

7. Adams LA, Lymp JF, St Sauver J, et al. The natural history of nonalcoholic fatty liver disease: a 
population-based cohort study. Gastroenterology. 2005 Jul;129(1):113-21. PubMed PMID: 
16012941. 

8. Eckard C, Cole R, Lockwood J, et al. Prospective histopathologic evaluation of lifestyle 
modification in nonalcoholic fatty liver disease: a randomized trial. Therap Adv 
Gastroenterol. 2013 Jul;6(4):249-59. doi: 10.1177/1756283X13484078. PubMed PMID: 
23814606; PubMed Central PMCID: PMCPMC3667474. 

9. Hannah WN, Jr., Harrison SA. Lifestyle and Dietary Interventions in the Management of 
Nonalcoholic Fatty Liver Disease. Dig Dis Sci. 2016 May;61(5):1365-74. doi: 10.1007/s10620-
016-4153-y. PubMed PMID: 27052013. 

10. Sreenivasa Baba C, Alexander G, Kalyani B, et al. Effect of exercise and dietary modification 
on serum aminotransferase levels in patients with nonalcoholic steatohepatitis. J 
Gastroenterol Hepatol. 2006 Jan;21(1 Pt 1):191-8. doi: 10.1111/j.1440-1746.2005.04233.x. 
PubMed PMID: 16706832. 

11. St George A, Bauman A, Johnston A, et al. Independent effects of physical activity in patients 
with nonalcoholic fatty liver disease. Hepatology. 2009 Jul;50(1):68-76. doi: 
10.1002/hep.22940. PubMed PMID: 19444870. 

12. Thoma C, Day CP, Trenell MI. Lifestyle interventions for the treatment of non-alcoholic fatty 
liver disease in adults: a systematic review. J Hepatol. 2012 Jan;56(1):255-66. doi: 
10.1016/j.jhep.2011.06.010. PubMed PMID: 21723839. 

13. Bacchi E, Negri C, Targher G, et al. Both resistance training and aerobic training reduce 
hepatic fat content in type 2 diabetic subjects with nonalcoholic fatty liver disease (the 
RAED2 Randomized Trial). Hepatology. 2013 Oct;58(4):1287-95. doi: 10.1002/hep.26393. 
PubMed PMID: 23504926. 

14. Johnson NA, Sachinwalla T, Walton DW, et al. Aerobic exercise training reduces hepatic and 
visceral lipids in obese individuals without weight loss. Hepatology. 2009 Oct;50(4):1105-12. 
doi: 10.1002/hep.23129. PubMed PMID: 19637289. 

15. Keating SE, Hackett DA, George J, et al. Exercise and non-alcoholic fatty liver disease: a 
systematic review and meta-analysis. J Hepatol. 2012 Jul;57(1):157-66. doi: 
10.1016/j.jhep.2012.02.023. PubMed PMID: 22414768. 

16. Kistler KD, Brunt EM, Clark JM, et al. Physical activity recommendations, exercise intensity, 
and histological severity of nonalcoholic fatty liver disease. Am J Gastroenterol. 2011 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

be
rt

ay
 D

un
de

e]
, [

Jo
hn

 B
ab

ra
j]

 a
t 0

5:
18

 2
9 

N
ov

em
be

r 
20

17
 



Acc
ep

ted
 M

an
us

cri
pt

 13

Mar;106(3):460-8; quiz 469. doi: 10.1038/ajg.2010.488. PubMed PMID: 21206486; PubMed 
Central PMCID: PMCPMC3070294. 

17. Keating SE, Hackett DA, Parker HM, et al. Effect of aerobic exercise training dose on liver fat 
and visceral adiposity. J Hepatol. 2015 Jul;63(1):174-82. doi: 10.1016/j.jhep.2015.02.022. 
PubMed PMID: 25863524. 

18. Conjeevaram HS, Tiniakos DG. Editorial: Exercise for NAFLD: does intensity matter? Am J 
Gastroenterol. 2011 Mar;106(3):470-5. doi: 10.1038/ajg.2010.496. PubMed PMID: 
21378763. 

19. Finelli C, Tarantino G. Have guidelines addressing physical activity been established in 
nonalcoholic fatty liver disease? World J Gastroenterol. 2012 Dec 14;18(46):6790-800. doi: 
10.3748/wjg.v18.i46.6790. PubMed PMID: 23239917; PubMed Central PMCID: 
PMCPMC3520168. 

20. Gillen JB, Gibala MJ. Is high-intensity interval training a time-efficient exercise strategy to 
improve health and fitness? Appl Physiol Nutr Metab. 2014 Mar;39(3):409-12. doi: 
10.1139/apnm-2013-0187. PubMed PMID: 24552392. 

21. Burgomaster KA, Hughes SC, Heigenhauser GJ, et al. Six sessions of sprint interval training 
increases muscle oxidative potential and cycle endurance capacity in humans. J Appl Physiol 
(1985). 2005 Jun;98(6):1985-90. doi: 10.1152/japplphysiol.01095.2004. PubMed PMID: 
15705728. 

22. Burgomaster KA, Howarth KR, Phillips SM, et al. Similar metabolic adaptations during 
exercise after low volume sprint interval and traditional endurance training in humans. J 
Physiol. 2008 Jan 01;586(1):151-60. doi: 10.1113/jphysiol.2007.142109. PubMed PMID: 
17991697; PubMed Central PMCID: PMCPMC2375551. 

23. Babraj JA, Vollaard NB, Keast C, et al. Extremely short duration high intensity interval 
training substantially improves insulin action in young healthy males. BMC Endocr Disord. 
2009 Jan 28;9:3. doi: 10.1186/1472-6823-9-3. PubMed PMID: 19175906; PubMed Central 
PMCID: PMCPMC2640399. 

24. Kessler HS, Sisson SB, Short KR. The potential for high-intensity interval training to reduce 
cardiometabolic disease risk. Sports Med. 2012 Jun 01;42(6):489-509. doi: 
10.2165/11630910-000000000-00000. PubMed PMID: 22587821. 

25. Vollaard NB, Metcalfe RS. Research into the Health Benefits of Sprint Interval Training 
Should Focus on Protocols with Fewer and Shorter Sprints. Sports Med. 2017 Apr 08. doi: 
10.1007/s40279-017-0727-x. PubMed PMID: 28391489. 

26. Gillen JB, Martin BJ, MacInnis MJ, et al. Twelve Weeks of Sprint Interval Training Improves 
Indices of Cardiometabolic Health Similar to Traditional Endurance Training despite a Five-
Fold Lower Exercise Volume and Time Commitment. PLoS One. 2016;11(4):e0154075. doi: 
10.1371/journal.pone.0154075. PubMed PMID: 27115137; PubMed Central PMCID: 
PMCPMC4846072. 

27. Gillen JB, Percival ME, Skelly LE, et al. Three minutes of all-out intermittent exercise per 
week increases skeletal muscle oxidative capacity and improves cardiometabolic health. 
PLoS One. 2014;9(11):e111489. doi: 10.1371/journal.pone.0111489. PubMed PMID: 
25365337; PubMed Central PMCID: PMCPMC4218754. 

28. Hazell TJ, Macpherson RE, Gravelle BM, et al. 10 or 30-s sprint interval training bouts 
enhance both aerobic and anaerobic performance. Eur J Appl Physiol. 2010 Sep;110(1):153-
60. doi: 10.1007/s00421-010-1474-y. PubMed PMID: 20424855. 

29. Metcalfe RS, Babraj JA, Fawkner SG, et al. Towards the minimal amount of exercise for 
improving metabolic health: beneficial effects of reduced-exertion high-intensity interval 
training. Eur J Appl Physiol. 2012 Jul;112(7):2767-75. doi: 10.1007/s00421-011-2254-z. 
PubMed PMID: 22124524. 

30. Metcalfe RS, Tardif N, Thompson D, et al. Changes in aerobic capacity and glycaemic control 
in response to reduced-exertion high-intensity interval training (REHIT) are not different 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

be
rt

ay
 D

un
de

e]
, [

Jo
hn

 B
ab

ra
j]

 a
t 0

5:
18

 2
9 

N
ov

em
be

r 
20

17
 



Acc
ep

ted
 M

an
us

cri
pt

 14

between sedentary men and women. Appl Physiol Nutr Metab. 2016 Nov;41(11):1117-1123. 
doi: 10.1139/apnm-2016-0253. PubMed PMID: 27753506. 

31. Zelt JG, Hankinson PB, Foster WS, et al. Reducing the volume of sprint interval training does 
not diminish maximal and submaximal performance gains in healthy men. Eur J Appl Physiol. 
2014 Nov;114(11):2427-36. doi: 10.1007/s00421-014-2960-4. PubMed PMID: 25091854. 

32. Vollaard NBJ, Metcalfe RS, Williams S. Effect of Number of Sprints in an SIT Session on 
Change in V O2max: A Meta-analysis. Med Sci Sports Exerc. 2017 Jun;49(6):1147-1156. doi: 
10.1249/MSS.0000000000001204. PubMed PMID: 28079707. 

33. Adamson S, Lorimer R, Cobley JN, et al. High intensity training improves health and physical 
function in middle aged adults. Biology (Basel). 2014 May 12;3(2):333-44. doi: 
10.3390/biology3020333. PubMed PMID: 24833513; PubMed Central PMCID: 
PMCPMC4085611. 

34. Adamson SB, Lorimer R, Cobley JN, et al. Extremely short-duration high-intensity training 
substantially improves the physical function and self-reported health status of elderly adults. 
J Am Geriatr Soc. 2014 Jul;62(7):1380-1. doi: 10.1111/jgs.12916. PubMed PMID: 25039507. 

35. Jakeman J, Adamson S, Babraj J. Extremely short duration high-intensity training 
substantially improves endurance performance in triathletes. Appl Physiol Nutr Metab. 2012 
Oct;37(5):976-81. doi: 10.1139/h2012-083. PubMed PMID: 22857018. 

36. Ruffino JS, Songsorn P, Haggett M, et al. A comparison of the health benefits of reduced-
exertion high-intensity interval training (REHIT) and moderate-intensity walking in type 2 
diabetes patients. Appl Physiol Nutr Metab. 2017 Feb;42(2):202-208. doi: 10.1139/apnm-
2016-0497. PubMed PMID: 28121184. 

37. Wallace TM, Levy JC, Matthews DR. The updated HOMA model: comparison of performance 
against euglycaemic and hyperglycaemic clamps. Diabetologia. 2004 Aug;47:A223-A223. 
PubMed PMID: WOS:000223951600612. 

38. Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpensive and accurate marker of 
fibrosis in HCV infection. comparison with liver biopsy and FibroTest. Hepatology. 2007 
Jul;46(1):32-36. doi: 10.1002/hep.21669. PubMed PMID: WOS:000247637000007. 

39. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med Care. 1992 Jun;30(6):473-83. PubMed PMID: 
1593914. 

40. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail 
elderly persons. J Am Geriatr Soc. 1991 Feb;39(2):142-8. PubMed PMID: 1991946. 

41. Ebbeling CB, Ward A, Puleo EM, et al. Development of a single-stage submaximal treadmill 
walking test. Med Sci Sports Exerc. 1991 Aug;23(8):966-73. PubMed PMID: 1956273. 

42. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc. 1982;14(5):377-
81. PubMed PMID: 7154893. 

43. Keating SE, George J, Johnson NA. The benefits of exercise for patients with non-alcoholic 
fatty liver disease. Expert Rev Gastroenterol Hepatol. 2015;9(10):1247-50. doi: 
10.1586/17474124.2015.1075392. PubMed PMID: 26289101. 

44. Oh S, So R, Shida T, et al. High-Intensity Aerobic Exercise Improves Both Hepatic Fat Content 
and Stiffness in Sedentary Obese Men with Nonalcoholic Fatty Liver Disease. Sci Rep. 2017 
Feb 22;7:43029. doi: 10.1038/srep43029. PubMed PMID: 28223710; PubMed Central 
PMCID: PMCPMC5320441. 

45. Hallsworth K, Thoma C, Hollingsworth KG, et al. Modified high-intensity interval training 
reduces liver fat and improves cardiac function in non-alcoholic fatty liver disease: a 
randomized controlled trial. Clin Sci (Lond). 2015 Dec;129(12):1097-105. doi: 
10.1042/CS20150308. PubMed PMID: 26265792. 

46. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of 
cardiovascular disease: meta-analysis of 147 randomised trials in the context of expectations 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

be
rt

ay
 D

un
de

e]
, [

Jo
hn

 B
ab

ra
j]

 a
t 0

5:
18

 2
9 

N
ov

em
be

r 
20

17
 



Acc
ep

ted
 M

an
us

cri
pt

 15

from prospective epidemiological studies. BMJ. 2009 May 19;338:b1665. doi: 
10.1136/bmj.b1665. PubMed PMID: 19454737; PubMed Central PMCID: PMCPMC2684577. 

47. Lewington S, Clarke R, Qizilbash N, et al. Age-specific relevance of usual blood pressure to 
vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective 
studies. Lancet. 2002 Dec 14;360(9349):1903-13. PubMed PMID: 12493255. 

48. Joffres M, Falaschetti E, Gillespie C, et al. Hypertension prevalence, awareness, treatment 
and control in national surveys from England, the USA and Canada, and correlation with 
stroke and ischaemic heart disease mortality: a cross-sectional study. BMJ Open. 2013 Aug 
30;3(8):e003423. doi: 10.1136/bmjopen-2013-003423. PubMed PMID: 23996822; PubMed 
Central PMCID: PMCPMC3758966. 

49. Layne AS, Nasrallah S, South MA, et al. Impaired muscle AMPK activation in the metabolic 
syndrome may attenuate improved insulin action after exercise training. J Clin Endocrinol 
Metab. 2011 Jun;96(6):1815-26. doi: 10.1210/jc.2010-2532. PubMed PMID: 21508135; 
PubMed Central PMCID: PMCPMC3100747. 

50. Sriwijitkamol A, Coletta DK, Wajcberg E, et al. Effect of acute exercise on AMPK signaling in 
skeletal muscle of subjects with type 2 diabetes: a time-course and dose-response study. 
Diabetes. 2007 Mar;56(3):836-48. doi: 10.2337/db06-1119. PubMed PMID: 17327455; 
PubMed Central PMCID: PMCPMC2844111. 

51. Solomon TP, Malin SK, Karstoft K, et al. Pancreatic beta-cell function is a stronger predictor 
of changes in glycemic control after an aerobic exercise intervention than insulin sensitivity. 
J Clin Endocrinol Metab. 2013 Oct;98(10):4176-86. doi: 10.1210/jc.2013-2232. PubMed 
PMID: 23966244; PubMed Central PMCID: PMCPMC3790622. 

52. Jenkins NT, Hagberg JM. Aerobic training effects on glucose tolerance in prediabetic and 
normoglycemic humans. Med Sci Sports Exerc. 2011 Dec;43(12):2231-40. doi: 
10.1249/MSS.0b013e318223b5f9. PubMed PMID: 21606871. 

53. Malin SK, Braun B. Impact of Metformin on Exercise-Induced Metabolic Adaptations to 
Lower Type 2 Diabetes Risk. Exerc Sport Sci Rev. 2016 Jan;44(1):4-11. doi: 
10.1249/JES.0000000000000070. PubMed PMID: 26583801. 

54. Mikus CR, Boyle LJ, Borengasser SJ, et al. Simvastatin impairs exercise training adaptations. J 
Am Coll Cardiol. 2013 Aug 20;62(8):709-14. doi: 10.1016/j.jacc.2013.02.074. PubMed PMID: 
23583255; PubMed Central PMCID: PMCPMC3745788. 

55. Murlasits Z, Radak Z. The effects of statin medications on aerobic exercise capacity and 
training adaptations. Sports Med. 2014 Nov;44(11):1519-30. doi: 10.1007/s40279-014-0224-
4. PubMed PMID: 25012079. 

  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

be
rt

ay
 D

un
de

e]
, [

Jo
hn

 B
ab

ra
j]

 a
t 0

5:
18

 2
9 

N
ov

em
be

r 
20

17
 



Acc
ep

ted
 M

an
us

cri
pt

 16

Table 1: Changes in parameters following the 6-week control phase and the 6-week SIT intervention 

 Baseline Post control Post SIT
      Body composition:    
Body mass (kg) 85.2±18.6 85.9±19.6 86.0±20.2 
BMI (kg·m-2) 28.7±4.1 28.9±4.5 29.0±4.8 
Body fat (%) 30±8 29±8 28±7 
Trunk fat (%) 27±6 29±5 29±6 
      Blood pressure:    
Diastolic pressure (mm Hg) 85±13 87±10 77±8 c 
Systolic pressure (mm Hg) 139±18 142±13 135±20 
Mean arterial pressure (mm Hg) 103±13 105±10 96±11 
Ankle-brachial pressure index  1.15±0.16 1.08±0.18 1.13±0.27 
      Blood measures:    
Plasma glucose (mmol·L-1) 5.5±0.6 5.4±0.6 5.6±0.6 
Plasma insulin (mU·L-1) 27±15 37±35 27±14 
HOMA-IR 6.9±4.7 9.6±10.6 7.0±4.3 
Plasma glucose AUC OGTT (units) 981±136 1030±182 1010±247 
Plasma triglycerides (mmol·L-1) 1.83±0.91 1.73±1.03 1.76±0.51 
Platelets (x109·L-1) 252±56 276±66 b 280±66 a 
ALT (U·L-1) 65±20 71±23 61±17 
AST (U·L-1) 30±7 30±7 28±4 
AST/ALT 0.51±0.17 0.47±0.20 0.50±0.21 
FIB-4 0.68±0.18 0.60±0.19 0.60±0.18 
      Functional tests:    
Get up and go (s) 6.5±0.7 6.2±0.6 5.9±0.6 
12-min walk speed (km·h-1) 4.2±0.7 4.7±0.9 a 4.8±0.8 a 
12-min walk HR (beats·min-1) 116±18 116±22 116±10 
12-min walk RPE 12.1±2.1 12.3±1.0 11.2±1.9 
12-min walk RPE/speed 3.0±0.9 2.7±0.7 2.5±1.0 
12-min walk estimated VO2max (mL·kg-1·min-1) 34.9±6.5 37.6±7.2 a 38.5±7.2 a 
      Memory test:    
10-word immediate recall 6.0±1.6 6.9±1.3 6.3±1.5 
10-word delayed recall 4.4±1.2 5.1±1.8 4.6±1.7 
Verbal fluency 8.1±3.6 11.7±4.4 a 11.1±2.9 a 
      Quality of life:    
SF-36 total score (%) 71.1±16.3 72.0±19.9 79.7±16.7 

Values shown are means±SD. Significant difference from baseline: a (p<0.05), b (p<0.01); significant 

difference from post control: c (p<0.05)  
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Figure 1 Power output during the first 5 sprints of the first and last training sessions. Each 

line shows peak (PPO), mean (MPO), and end (EPO) power output. PPO, MPO, and EPO were 

significantly higher during the last session compared to the first session.  
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