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Supplementary Methods

Literature Search Terms

The following search terms were used. All terms within brackets were combined using ‘OR’:

(exercise, physical activity, training) AND [(liver fat, hepatic fat, intrahepatic triglyceride,
IHTG, intrahepatocellular lipids, intrahepatic lipids, non-alcoholic fatty liver disease,
NAFLD, non-alcoholic fatty liver, fatty liver, hepatic steatosis, non-alcoholic steatosis,
liver steatosis, non-alcoholic steatohepatitis, NASH, hepatic steatohepatitis, liver
steatohepatitis, liver function) OR (hepatic insulin sensitivity, hepatic insulin resistance,
liver insulin sensitivity, liver insulin resistance, hepatic IR, liver IR, hepatic glucose
production, liver glucose production, endogenous glucose production, glycolysis,

gluconeogenesis)].

Data extraction

Imputation of the mean and standard deviation (SD) during data extraction

When the variation of change from pre- to post-intervention was reported as standard error or
confidence intervals, established statistical equations were used to convert these to SD. When
only pre- and post-intervention data were available, the mean change and SD were imputed
as previously reported (1), assuming a correlation coefficient for change in IHTG of 0.80 (2—

4).

Data presented in graphical form only

When data were presented in graphical form only, values were estimated using commercially

available software (Digitizeit, Version 2.2, Bormann, 1., Braunschweig, Germany).



Data presented as median and interquartile range

When original data were reported as median and interquartile range, the median change was
extracted and used in place of the mean, whilst the IQR was divided by 1.35 as an estimate
SD (1). A sensitivity analysis removing these studies suggested that using data in this manner

had no substantial impact on the results reported.
Converting data to a consistent unit of measurement

Data presented in this meta-analysis are, as much as possible, presented in a consistent format
using similar units of measurement. When IHTG was reported as the ratio between
intracellular lipid and water (lipid:water), this was converted to liver fat fraction using the

following calculation:
(lipid:water) / [1+(lipid:water)] x 100
In some cases, data were converted during extraction using conversion factors as follows:
Insulin: 1 mU =6 pmol
Glucose: 1 mmoleL™* = 18 mgedL™
EGP: 1 umol<kgtemin™ = 0.18 mgekgtemin*

When data were also normalised, such as when presenting aerobic capacity in mlskgtemin

rather than Lemin*, the mean value for the whole study group at baseline was used.
Inclusion of subsets of participants

When a paper reported one of the primary outcomes of this review in a subset of individuals
(or when only a subset of individuals met the inclusion criteria), only these individuals were

included. If descriptive data specific to this subset were available, they were extracted. If not,



the sample size was adjusted to represent the subset of individuals but the mean descriptive

data for the whole study population was used. This applies to the following studies:

Cuthbertson et al.,, 2016 (5): only 19 individuals (ex: 12; con: 7) underwent
hyperinsulinaemic, euglycaemic clamp and were thus included in HISI and percentage

suppression of EGP analyses.

Hickman et al., 2013 (6): only nine of the 13 patients in the exercise group underwent
post-training liver biopsy and were thus included in IHTG analyses. Furthermore,

complete data to allow calculation of HISI were only available for 11 patients.

Keating et al., 2015 (7): three separate exercise groups completing different exercise
interventions were included in this study. One of these groups was ineligible as the mean

baseline IHTG was < 5.56%.

Langleite et al., 2016 (8): only the dysglycaemic individuals had IHTG > 5.56% at

baseline.

Meex et al., 2010 (9): Raw data was collected for the calculation of HISI. One participant

was removed from analysis because no basal EGP data was available.

Sargeant et al., 2018 (10): only eight of the nine participants completed
hyperinsulinaemic, euglycaemic clamps and so only these participants were included in

HISI and percentage suppression of EGP analyses.

van der Heijden et al., 2010 (11): only seven individuals had NAFLD (defined as liver
fat > 5.6%) and so only this subset was included in the hepatic steatosis analysis. All
participants were included in the HISI analysis as NAFLD diagnosis was not an

inclusion criterion for this outcome.



Inclusion of studies with multiple follow-up measurements

One manuscript (12) reported data after six months and 12 months of intervention in two
separate exercise groups. The interventions differed only during the first six months and,

therefore, these data were extracted and used.

Risk of bias assessment

The Downs and Black scale was modified in two ways. Blinding participants and
experimenters to group allocations is a difficult task in exercise trials. It is possible, however,
to blind experimenters who are conducting data analysis. As such, item 14 of the original
scale (concerning participant blinding) was removed, whilst item 15 (concerning
experimenter blinding) was scored according to whether attempts were made to blind
experimenters during data analysis. ltem 27, concerning statistical power, was modified as

follows:

Formal power calculation performed based on detecting a significant change in IHTG =

score of two awarded

Formal power calculation performed based on detecting a significant difference in a

relevant and related outcome but which was not IHTG = score of one awarded

No formal power calculation performed = score of zero awarded.

Keating et al (7) performed a power calculation on IHTG to detect change between groups
indicating that 116 participants were required per group. However, due to limited data to
inform this power calculation and the difficulties in performing a study of that design in such
large numbers they did not recruit to this extent. Given that 1) the purpose of this meta-

analysis was not to determine differences between groups, 2) they had attempted to perform



an appropriate calculation and 3) the numbers they did recruit were similar to those of other

suitably powered studies, a score of two was awarded for item 27 (statistical power).
Combination of groups

In RCTs with multiple intervention groups, the intervention groups were combined, where
possible, using appropriate statistical formulae (1) and, for the purpose of exercise
programme description, the exercise intensity, duration and frequency of the combined group

were calculated as the weighted mean of the individual groups.



Supplementary Results

Table S1 — Participant characteristics and outcome measures of studies assessing changes in IHTG

Ref. Participant Characteristics at Baseline Relative
Intervention Aerobic Change in
- i - Comments
Overview N Age BMI Body Fat Capaci Baseline . . Body Weight
. . pacity Clinical Conditions y VWelg
Study Design P | e | kgmd ||y | HTE 06) %)
Cassidyetal. | HIT Hepatic steatosis according Reported medications:
(2016) 3 times per Ex: 12 (10/2) 61+9 31+5 35.4 (est.) 21.8+54 6.9+6.9 | tomean baseline measures. -1.1% Metformin (Ex: n=7, Con: n=7)
RCT week for 12 Con: 11 (8/3) 59+9 32+6 39.6 (est.) 203+6.1 7.1+6.8 | Diagnosed T2DM with stable 1.1 Stat_ins (Ex: n=, Con: n=6)
weeks. control for > 6 months. Antihypertensives (Ex: n=3, Con: n=5)
Cuthbertson Aerobic Ex: 30 50 30.6 30.4 23.7 19.4 25 Notable exclusion criteria:
etal. (2016) _ (23/7) (46-58) | (29.0-32.9) | (259-32.1) | (21.7-27.8) | (14.6-36.1) (-35--1.4)** | T2DM and IHD
3 -5 times ) Diagnosed NAFLD . . .
- per week for | €on:20 52 20.7 31.0 322 16.0 0.2 Excessive weight loss during the course of the
12 weeks. (16/4) 46-59) | (280-330) | (26537.7) | (209-256) | (9.6-32.5) (08-11) | study
Clinically defined but non- Notable exclusion criteria:
) advanced NAFLD (defined Exogenous insulin therapy.
Hallsworth et | Resistance as IHTG > 5% with NAFLD IHD
al. (2011) . Ex: 11 (NR) 52+13 32.3+49 37+8 21.8+38 14.0+9.1 | fibrosis score < -1.445). 0.0
3 times per Weight loss > 2.5% during the study.
weeks for 8 Con: 8 (NR) 62+7 32.3+48 41+6 185+5.2 11.2+8.4 | T2DM accepted provided 0.6 .
RCT . . Other:
weeks. diet and metformin
prescription were stable for > Exercise group were significantly younger than
6 months. control (p < 0.05).
Clinically defined but non-
) advanced NAFLD (defined
Hallsworth et | HIIT Ex: 12 as IHTG > 5% with NAFLD
al. (2015) _ (6/6) 54+10 | 310+40 | 384:64 219462 106+49 | fibrosis score < -1.445), -1.6%
3 times per ) None
et week for 12 | con: 11 52412 | 31.0+50 | 345%7.0 24657 10.3+4.4 | Metformin accepted but 0.0
weeks. (101) participants with any other
medication for T2DM were
excluded.
Haus et al.
2013 i . L
(2013) Aerobic ) Notable exclusion criteria:
| Dailyfor1 | EX 17(NR) 54+2 | 344%10 NR 24315 19.4+33 | Diagnosed NAFLD. 0.2 T1DM.T2DM and CVD
ncontrolled week
Intervention ’




Hickman et Resistance . Notable exclusion criteria:
al. (2013) s Diagnosed NAFLD. Diabetes
Imes per Ex: 9 (7/2 48+9 33.6+58 38876 216+73 71 + 32f ; i~ oriteri -2.6 +4.65
. week for 24 (772) 85% met diagnostic criteria Alcohol consumption > 40 and 20 geday™ for
ReT weeks. for NASH. men and women respectively.
Combined Notable exclusion criteria:
Houghton et (HIT + ) ) .
al. (2017) Resistance) Ex: 12 (7/5) 54+12 | 33.0+7.0 25.0+8.0 12.0+9.0 | Histologically characterised 11 260 minutes moderate-vigorous physical
_ Con: 12 (7/5) NR NASH with NAFLD activity activity per week
RCT 3 times per ' 51£16 | 33.0+£5.0 21.0+50 10.0£50 | score>5. 11 Insulin sensitising treatments
week for 12 . .
weeks. Cardiac or renal diseases.
Notable exclusion criteria:
Lipid lowering medications
johnson etal. | Aerobic Hepatic steatosis according FPG=70mmott?
2009 : . N
(2009 3 times per Bx: 12 (NR) 49+8 822x28 NR 259+48 86£86 | {5 mean baseline measures. 0.3 Reported medications:
RCT week for 4 Con: 7 (NR) 47+ 10 31.1+29 25.0+4.2 9.2+10.1 Hypertension allowed -0.2 Anti-hypertensive medications (n=5)
weeks. )
Note — medications were unaltered for the
duration of the study except when participants
refrained for 72 hours prior to study
assessments.
. Ex1(HI:LO): bi lusi .
Keating etal. | Aerobic 12 (6/6) 44+10 | 36359 219+48 84152 1wt Notable exclusion criteria:
(2015) 3-4timesper | Ex2(LO:HI): 45+9 34.0+3.1 NR 245+30 94+66 Hepatic steatosis according 150# Reported exercise on >3 days per week.
week for 8 11 (5/6). ' - R T B to mean baseline measures. ‘ Linid-loweri sl iz
RCT weeks. 39+10 | 32.2+48 217462 7790 0.9° n;g(;ic'act’;’gﬁ;'”g or Insufin-sensitizing
Con: 12 (3/9) ’
Combined . N
Langleite et (Aerobic + Hepatic steatosis according Notable exclusion criteria:
al. (2016) :zlals'Ts;nce) ta mean baseline measures Structured exercise performed > once per week
! Ex: 11 (11/0 53 (10 27.8 (5.3 NR 38.7(8.1 11.0(11.9 ; ; -1.2
Uncontrolled 4 tim r (o) (10) 3 G (19 g)g.?!ly cae;rlr;a%cgr(:!:g to Hypetterjsion, other Iivgr or kidney di_sea_ses,
Intervention Imes pe _pertormed during chronic inflammatory disease or medications
Wg:tsfor 12 screening. known to affect glucose metabolism.
Wi
Malin et al.
(2013) Aerobic Hepatic steatosis confirmed
Daily for 1 Ex: 13 (6/7) 51+12 333%32 NR 249+54 23.1+14.8 | during baseline measures 0.6 None
Uncontrolled week. (defined as > 5% IHTG).

Intervention




Ohetal.

Acceleration /

(2014) Vibration 8.2 122 Di%gnolser:]d NAFLD by
. . ' NR ) medical history, serum ALT Py
Uncontrolled 3 times per Ex: 18 (4/14) NR (25.5-33.2) NR (54-20.6) | and ultrasound. Confirmed 04 None
Intervention week for 6 by baseline IHTG > 5%.
weeks.
Notable exclusion criteria:
o ) Any form of structured exercise or > 2 hours of
Pugh et al. Aerobic Clinically diagnosed NAFLD low-intensity physical activity per week.
0,
(2014) s st | EX1300) 50+3 | 30.0+0.8 264+23 | 2134128 | definedasHTG=5.5% 24+20 | T2DM, IHD, habitual smokers.
N NR Individuals taking anti- ications:
. Reported medications:
per week for Con: 8 (4/4) 47+5 30.0+2.0 27.0+28 19.2+6.1 . L -1.1+2.0 p
RCT 16 weeks. Cv)g?gr;m svl\xfdmedlcatlons Anti-hypertensive medications (Ex: n=9)
Note - medications were unaltered throughout
the duration of the study.
Sargeant et al. - .
(20?8) HIIT NAFLD defined as IHTG > Participants were weight stable
] 5.56 percent in the absence Notable exclusion criteria:
Controlled 3 times per Ex: 9 (9/0) 41+8 31.7+3.1 28.7+3.0 31.8+48 15.6+8.3 | of reportefi seconqary causes -1.2 Any form of diagnosed metabolic disease or
Longitudinal week for 6 as determined during taking medication known to influence lipid
Intervention weeks. participant screening. metabolism or glycaemic control.
Sullivan et al b Notable exclusion criteria:
- | Aerobic oAl L
(2012) Stmesper | BC12@B) | 49%8 | 370x38 | 38021 | 208%45 | 202%146 | NAFLD defined as IHTG > 02 | 1PM Orhp'asrzla T(G >k4°°mghdLh'
Not weight-stable (> 3kg weight change in
. week for 16 | Con: 6 (1/5) 48+8 | 400+54 | 425+36 185+7.1 21.4+216 | 10% 0.2 previous three months).
weeks. Self-reported exercise > 1 hour per week.
All participants were post-pubertal.
Participants were obese for >5 years and
weight stable for > 6 months.
‘:“T_ger ol ) Notable exclusion criteria:
(Z‘gjlozr)];e al. | Aerobic Hepatic steatosis according Participation in organised school athletic
4 times per Ex: 15 (7/8) 16+2 337+43 | 383%58 26.8+6.3 9.0+12.0 | tomean baseline data 05 programme or > 45 minutes self-reported light
week for 12 ' to moderate physical activity.
Uncontrolled weeks.

Intervention

Any form of metabolic disease.

Any medication (including contraceptives).
1% degree relatives with diabetes.

Morbid obesity (>50% body fat).




All participants were post-pubertal.

Participants were obese for >5 years and
weight stable for >6 months.

van der Notable exclusion criteria:
Heijdenetal. | Resistance Hepatic steatosis according S . .
. Participation in any organised school athletic
(2010b) ) to mean baseline measures > 45 mi If: d ligh
2 times per Ex: 7 (NR) 16+1 353+19 | 426+53 NR 139+ 114 | pyt no formal diagnosis of 2.6 programme or = 45 minutes self-reported light
week for 12 NAFLD reported to moderate physical activity.
Uncontrolled weeks p : .
Intervention . Any form of metabolic disease.
Any medication (including contraceptives).
1% degree relatives with diabetes.
Morbid obesity (>50% body fat).
Ex1(Mod): 73 Notable exclusion criteria:
(Zzhoafe?) etal | Aerobic (22/51) 5447 | 281+33 | 335+55 18.0+9.9 | NAFLD diagnosed initially 284" | History of other chronic liver diseases,
; Ex2(Vig): 73 by ultrasound and the . hypertension, chronic kidney disease,
5 times per 21/52) 53+7 279+27 | 348+53 NR 18.4+9.9 | confirmed by *H-MRS -6.0%" hyperthyroidism, myocardial infarction (within
week for 24 during screening 6 th) or heart fail
RCT weeks. Con: 74 54+7 280+27 | 337x71 17.5+11.0 2.1 month) or heart failure.
28 /4.16) Participation in weight loss programmes

Data presented as mean + SD or median (IQR); Sample sizes represent the number of individuals entered into analyses; “Study did not include ‘standard care’ or no ‘intervention group’.

Patients were randomised to either exercise or dietary interventions;  Liver biopsy used. This number represent the percentage of hepatocytes affected by steatosis; ¥ Manuscript refers to

same study as van der Heijden et al (2009); “ significant difference from baseline (P < 0.05); # significant interaction between exercise and control groups (P < 0.05); *H-MRS: Magnetic

resonance spectroscopy; ALT: Alanine aminotransferase; BMI: Body mass index; Con: control group only; CVD: Cardiovascular disease; Ex: Exercise group only; FPG: fasting plasma

glucose; HIIT: High-intensity interval training; IHD: Ischaemic heart disease; IHTG: Intrahepatic triglyceride; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic

steatohepatitis; NR: Not reported; RCT: Randomised controlled trial; TIDM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TAG: Triacylglycerol; Mod: Moderate; Vig:

Vigorous.




Table S2 - Participant characteristics and outcome measures of studies assessing changes in HISI and %EGPsupp.

Participant Characteristics at Baseline

Ref. Intervention Aerobic =
) . asted Fasted HISI EGP .. Comments
Study Design Overview MNF (égfs) kBM|'2 Bog;/)Fat Caplaﬁlt_y Glucose Insulin (mgem?emin’ | suppression Cco:rl:dnilt(i:g:]s
(M:F) y (kg=m) § ff:‘mn%’) (mmol-L™) | (uUemL?) | per pUsmL?) (%)
See Table 4.2 for Notable exclusion
criteria
Cuthbertson Aerobic Ex: 12 304 Insulin Dose and Infusion Duration:
etal. (2016 ) 8/3/INR 44+13 | 31.0+23 | (259-321) | 281472 | 479+042 | 174111 | 1112060 | 50.1+20.2 | ) )
(2016) 3 -5 times ( ) 310 Diagnosed 0.3 mU-kg emin‘* for 120 minutes.
per week for | Con: 7 50+12 | 29.0%32 ' 242+113 | 484+064 | 134+49 | 100+058 | 465+27.3 | NAFLD. _ _ _

RCT 12 weeks. (3/4) (26.5-37.7) Potential Confounding Variables:
Significant reduction in body weight
and IHTG in the exercise group.

Diagnosed See Table 4.2 for Notable exclusion

Hickman et Resistance NAFLD. criteria

al. (2013) 3 times per . 39+8 Not 85% met NOTE: %EGPsy, Was reported at

RCT- week fo$24 Ex: 13 (9/4) 50+9 33+6 NR 55+05 24 + 22 0.85+0.61 Measured diag;nostic high-dose insulin infusion (1 mU-kg-

weeks. criteria for temin) and was improved by exercise
NASH training.
Notable exclusion criteria:
Endocrine disorders (PCOS, T2DM)
Ex 1: Ex1:
Aerobic 16 (0/16) Medication known to influence
Leeetal. 152 329+38 | 478+42 | 285+38 | 5182033 | 28.6+165 | 24.2+122f glucose metabolism or body
(2013) Ex 2: Ex2: ) Not None composition.
Resistance 16 (0/16) 15+2 36.4+38 515+47 243+43 5.24+0.38 | 458+22.0 16.5+10.57 M d d ) ) )
. easure reported. Potential Confounding Variables:

RCT 3-4 times per | Con: 15+2 353+40 | 51.3+35 | 239+30 | 539+032 | 31.1+153 | 22.9+14.4°

week for 8 No change in body weight in either
weeks. 12 (0/12) group.
IHTG significantly reduced in aerobic
exercise group only.




Notable exclusion criteria:

Cardiac disease, impaired liver or
renal function, BMI > 35kgem2.

Exogenous insulin therapies.

Combined
(Aerobic + ) Medications:
M tal Resistance) Ex1: None
(28%)9 al. st Exl: 20 reported. All T2DM participants were on oral
SUMESPEr 1 (2000) 50+1 | 20736 | 3L5+14 | 28845 | 590045 | 181+107 | 1105 | not Ex2: T2DM | antidiabetic agents.
. Measured diagnosed for | Medicati h d
Uncontrolled . Ex2: 17 59+1 | 300+34 | 311+14 | 275+51 | 900+170 | 17.0+53 08+03 edication was unchange
Intervention (2 Aerobic, 1 (17/0) at least 1 yzar throughout the duration of the study
Resistance) priortostudy | pt giscontinued for 7 days prior to
for 12 weeks. participation | gach clamp assessment.
Potential Confounding Variables:
No change in body weight in either
group.
IHTG not measured.
NAFLD .
defined as E?iie-l;?;le 4.2 for Notable exclusion
Sargeant et al TG =556
: percentinthe | |nsulin Dose and Infusion Duration:
(2018) HIT absence of
31i reported 20 mUsm2smin for 120 minutes.
Controlled times per Ex: 8 (8/0) 407 315+33 28.1+25 32.0+5.1 47+03 17645 0.68 +0.20 59.9+174 seconda
Conaitudi week for 6 ry Potential Confounding Variables:
gitudinal weeks causes as
Intervention ' determined No change in body weight.
duri_ng IHTG significantly reduced from pre-
participant to post-training.

screening.




Notable exclusion criteria:
T2DM, hyperlipidaemia

Lipid-lowering medications

Shojaee-
Mogadie etal. | Aerobic Ex: 10 Those already engaged in regular
(2007) 3 times per (10/0) 47+9 276+19 25.6 (est.) 31.0+32 NR 10.6 £6.3 2.09+1.03 570£151 | None physical activity.
week for 6 Con: 7 55+11 | 27.6+24 | 244(est) | 27.0£53 NR 114+76 191+087 | 620+18.9 | reported. Insulin Dose and Infusion Duration:
RCT weeks. (7/0) . .
0.3 mUskg*smin-* for 120 minutes.
Potential Confounding Variables:
No change in either body weight or
IHTG in either group.
van der ) See Table 4.2 for Notable exclusion
Heijdenetal. | Aerobic Hepatic criteria
(2009)* ) Not steatosis ) ) )
4 times per Ex:15(7/8) | 16%2 332435 | 383%58 | 275%6.3 50£04 202496 0.87£043 | o ired accordingto | Potential Confounding Variables:
week for 12 mean baseline | No change in body weight.
Uncontrolled weeks
Intervention ' Measures. IHTG not measured.
See Table 4.2 for Notable exclusion
criteria
Standardisation:
van der . .
Heijden etal. | Resistance Hepatic Post-intervention assessments were
(2010b) Not steatosis performed 3 days after the final
2 times per Ex:12 (6/6) | 16+2 353+24 | 426+53 NR 510+0.35 | 23.0+64 0.63+0.18 MO d accordingto | €xercise training session.
week for 12 easure mean baseline : : :
Uncontrolled weeks Potential Confounding Variables:
. measures.

Intervention

Body weight significantly increased
from baseline. Much of this was
accounted for by an increase in LBM.

IHTG not measured.

Data presented as mean + SD or median (IQR); Samples sizes represent the number of individuals entered into analyses; "Study did not include ‘standard care’ or no ‘intervention group’.

Patients were randomised to either exercise or dietary interventions; * HISI presented as mgekgemin™ per pUsmL*;* Manuscript refers to same study as van der Heijden et al (2010a); *

baseline values not reported and unavailable upon request; BMI: Body mass index; Con: control group only; EGP: Endogenous glucose production; Ex: Exercise group only; HISI:




Hepatic insulin sensitivity index; IHTG: Intrahepatic triglyceride; NAFLD: Non-alcoholic fatty liver disease; PCOS: Polycystic ovary syndrome; RCT: Randomised controlled trial;

T2DM: Type 2 diabetes mellitus.



Table S3 — Intervention characteristics of all included studies

Intervals were interspersed with 3 minutes consisting of
90 seconds passive recovery, 60 seconds upper body
resistance band exercise and 30 seconds preparation for
the subsequent interval.

Exercise diaries were completed
and reported completion of 33 out
of 36 prescribed sessions was
considered ‘adequate adherence’.

Ref. . . - Instructions to Control
Study Design E);_e;’;lese InltDSL::'/aet?(t)lr?n F;Seequ:e(r)]rly Details of Exercise intervention Exercise Supervision Groups / Details of Other Instructions
Placebo Intervention
Sessi(_)ns cor}sisted of ? cycling intervals at an intensity The initial exercise session was
Caseid equating to ‘very hard’ (16-17) on a Borg RPE scale. supervised by a member of the
assi i . .
y Interval length progressed by 10 seconds per week from 2 | résearch team after which Participants were instructed to
etal. (2016) 3timesper | minutes in week 1 to 3 minutes 50 seconds by week 12. instructions were provided via Continued standard continue their normal routine and
HIIT 12 weeks week voice-recordings loaded onto an care. medical care, making no changes to
RCT Intervals were interspersed with 3 minutes consisting of iPod (Apple, CA, USA). diet habituali activity or medication.
90 seconds passive recovery, 60 seconds upper body . . '
resistance band exercise and 30 seconds preparation for Adherence was monitored via
the subsequent interval. exercise diaries.
Participants were given the choice of exercising on a One session per week was Participants in the exercise groups
treadmill, cross-trainer, cycle ergometer or rower. ; ; ; were instructed to make no dietary
Cuthbertson supervised by a trained exercise d d ad modifications (confirmed by 3-day
T iologi Education and advice -
et al. (2016) ) 12 weeks 3_5times | Intensity increased from 30% HRR at week 1 to 60% physiologist. about the health self-report food diaries)
Aerobic per week HRR by week 12. The remaining sessions benefits of exercise in - )
. . To avoid disturbance to behaviour
RCT Frequency and duration progressed from 30 minutes, 3 monitored via Wellness System™ | NAFLD. participants in the control group '
times per week during week 1 to 45 minutes, 5 times per (Te°ht”ggty:“ l;'K' /Ltd.)_lor byt . were given no instructions regarding
week by week 12. repeated telephone/emarl contact. diet or lifestyle.
Sessions consisted of 8 whole-body e_xerc_ises targeting Sessions were supervised
Hallsworth large muscle groups performed as a circuit. biweekly.
etal. (2011) . 3times per | Sessions progressed from 2 circuits at 50% 1RM during Heart rate was recorded during Continued standard
Resistance 8 weeks - . . None reported
week week 1 to 3 circuits at 70% 1RM by week 7. every session and exercise logs care.
RCT . . . were completed to monitor
Participants were encouraged to increase the resistance adherence.
each week if possible.
Sessions consisted of 5 intervals on a cycle ergometer at The first 2 exercise sessions were
an intensity equating to ‘very hard’ (16-17) on a Borg superw;ed by mffmbeﬁ %f the Participants were instructed to
RPE scale. research team after whic . . 8
Hallsworth et instructions were provided via ) continue their norr_nal routine and
al. (2015) . Interval length progressed by 10 seconds per week from 2 | yoice-recordings loaded onto an Continued standard medical care, making no changes to
3 times per ; ; ; h care. diet, habitual activity or medication.
HIT 12 weeks week minutes in week 1 to 3 minutes 50 seconds by week 12. iPod (Apple, CA, USA).
RCT Participants were asked to monitor

and maintain body weight within
1% of baseline.




Haus et al.

(2013) 7 Sessions lasted 50-60 minutes consisting of 40-50 minutes | All exercise sessions were Participants were instructed to
Aerobic 1 week consecutive | of walking or running on a treadmill at 80-85% HRmax supervised by an exercise N/A maintain normal dietary habits and
Uncontrolled days with appropriate warm-up and cool-down. physiologist. habitual physical activity.
Intervention
Circuit-based sessions consisting of 15 moderate-intensity
(50% 1RM) resistance exercise covering the main muscle
Hickman et groups. Each exercise was performed for 30 seconds with
al. (2013) . 30 second_f, rest, during which participants moved to the . . There were no prescribed dietary
Resistance 24 weeks ;i,g;r(es PET 1 next exercise. lerl)sﬁgcelje sessions were NA changes for the exercise intervention
RCT" Sessions consisted of 1 circuit (12 min) during week 1 and group.
progressed to 5 circuits (60 min) by week 12.
1RM was re-assessed every 4 weeks.
A short HIIT session was performed made up of a 5
minute warm-up followed by 3 x 2 minute intervals at an
intensity equating to ‘very hard’ (16-18) on a Borg RPE
Houghton et seale All exercise sessions were
al. (2017) Combined 3 times per Intervals were interspersed with 1 minute rest. supervised by an accredited Contm_ued ste_mdard Par_tncnpants were |_nstructed _to
HNT + 12 weeks K . ialist and ded care with maintenance | maintain normal dietary habits and
Resistance) wee This was immediately followed by a resistance exercise | SXErCIS€ Specianist and recorae of baseline weight. habitual physical activity.
RCT circuit that comprised of 5 whole-body exercise targeting | {0 ensure adherence.
large muscle groups.
Participants lifted a weight that equated to an RPE of 14-
16 (‘hard’).
. . - - Participants were instructed to
Johnson et Each sessnon_lasteq 30-45 minutes consisting of 15 minute L - -
al. (2009) ] bouts of cycling with 5 minute recovery periods. ) ) 30 minute home-based {Eamtta(ljn habitual diet throughout
: Aerobi 4 week 3 times per ) _ L All exercise sessions were hole-body strotchi € study.
erooic weeks week Intensity was increased from 50% of pre-training VO, supervised whole-body stretching 24 hour food records were collected
RCT peak during week 1 to 60% in week 2 and 70% in weeks 3 routine.

and 4.

on the first and final three training
sessions.




Ex1 (HI:LO): 2 laboratory-based cycling sessions and 1
home-based brisk walking session per week all at the
same intensity and duration. The programme progressed

Stretching, self-
massage and ‘fitball’
programme. 1 session

Participants were instructed to

Ex1 as follows: Py ; ;
(HI:LO): Week 1: 45 minutes at 50% VO, peak : i per week were EZ';‘:&T habitual diet throughout
. S v ' All laboratory exercise sessions performed in the Y.
Keating et al. 3 sessions Week 2: Individual progression. were supervised by an accredited | laboratory and the Participants completed 24 hour food
(2015) Aerobic 8 weeks per week Weeks 3-8: 60 minutes at 50% VO, peak. exercise physiologist. remaining 2 at home. records on 3 non-exercise days at
RCT Ex2 Ex2 (LO:HI): 3 laboratory-based cycling sessions and 1 Adherence was 90, 96 and 94% in | During the one baseline and during the final week
(LO:HI): home-based brisk walking session per week all at the the HI:LO, LO:HI and control supervised laboratory | ©Of the intervention
4 sessions same inten.sity and duration. The programme progressed groups respectively. session particip_ants Participants also wore a tri-axial
per week as follows: performed 5 min of accelerometer for 2 weeks before
Week 1: 30 minutes at 50% VO, peak. Cyc_lmg_ 30Wto and after the intervention.
Week 2: Individual progression. gz?ltizlrrilt}elrgometer
Weeks 3-8: 45 minutes at 70% VO, peak. '
Participants completed two whole-body strength training
sessions and two sessions on a spinning bike per week.
One bike session consisted of aerobic intervals for seven
Langleite et minutes at 85% HRmax with three minutes rest of active
al. (2016) Combir_1ed ) recovery against a light load t_)etween i_ntervals. ) All exercise sessions were N ' _
(Aerobic + 12 weeks 3times per | Participants completed three intervals in week one, fourin | supervised N/A Participants recorded habitual diet
HIT + week weeks two-to-five and five from week six onwards. § before and after the intervention.
Resistance . . . . Mean attendance was 90%.
m:;nvrgglolﬁd ) The second session consisted of two minute intervals at >
90% HRmax With two minutes rest of active recovery
against a light load between intervals. Participants
completed six intervals in week one, seven in weeks two-
to-five and ten from week six onwards.
Ex1: Aerobic exercise were performed on treadmill and/or g‘: rl?c(: ; a(;teti(; any
elliptical. The programme progressed as follows: All exe_rcise session_s were structured exercise
Week 1: 40 minutes at HR equating to ~50% VO, peak. Slrj]pefv:sed by eijxermse activity
L2ee1et al. Ex1: Aerobic Weeks 2-8: 60 minutes at HR equating to ~70% VO, physiology graduates. A adh N _
(2013) ' 3 times per peak. 4 participants did not complete Toaaid adherence, Participants consumed a weight-
) 13 weeks ; P participants in control | maintenance diet throughout the
Ex2: week Ex2: 10 whole-bod ises taraeting | | exercise training (2 from each ffored th ‘
RCT Resistance x2: 10 whole-body exercises targeting large muscle group). Mean (+ SD) attendance group were offered the | duration of the study.

groups. All sessions were 60 minutes in duration. The
programme progressed as follows:

Weeks 1-4: 1-2 sets of 8-10 reps at 60% 1RM.
Weeks 4-13: 2 sets of 8-12 reps to fatigue.

was 95% (+ 4.3%) and 97% (+
2.8%) in aerobic and resistance
groups respectively.

opportunity to
complete either
exercise intervention
following post-study
assessment.




Malin et al.

(2013) 7 Sessions lasted for anproximately 60 minutes consistin All exercise sessions were Participants were instructed to
Aerobic 1 week consecutive of treadmill runnin F;Ft) 8506 HR y g supervised and 100% adherence N/A maintain normal dietary habits and
Uncontrolled days g max: was reported. habitual physical activity.
Intervention
Meex et al ) 3 times per
(2010) : E:I\C/I)g]dbelraig week total | Aerobic: 30 minutes at 55% Winay. Training sessions were supervised
Uncontrolled | A€robic + 12 weeks (2 aerobic, | Resistance: 8 whole-body exercises targeting large muscle | With 4 participants exercising per | N/A None reported
Intervention Resistance) 1 groups with 2 sets of 8 reps at 55% MVC. session.
resistance)
Participants received lifestyle
counselling regarding diet and
Whole-body exercises were performed using a vertical physical activity for NAFLD for 12
Ohetal. vibration machine. weeks prior to the intervention. This
(2014) ; ; ceased at the beginning of the
Vibration / 3times per | Sessions lasted 40 minutes with 30 seconds in between Tramgd staff_supemsed all intervention.
lerati 6 weeks K h - exercise sessions to ensure N/A
Uncontrolled Acceleration wee each exercise. correct execution o
nt i : Participants completed 24 hour food
ntervention Each week, one ‘movement preparation’, one ‘strength records for 3 consecutive days and
and power” and one ‘massage’ session were performed. wore a uniaxial accelerometer for 2
weeks at baseline and during the
final week of the intervention.
Conventional care
Sessions consisted of a combination of treadmill and an.S'S“fng of lifestyle
cycling exercise and progressed as follows: aavice from a .| Participants in the exercise group
Pugh et al. Weeks 1-4: 30 minutes at 30% HRR, 3 times per week. consultant hepatologist | yere instructed to make no dietary
(2014) 3 -5 times Weeks 4-8: 30 minutes at 45% HRR, 3 times per week. | Weekly sessions were supervised o sp_eC|aI|st i modifications throughout the
Aerobic 16 weeks K : X o IMES P | bvat Y g ise ph P logist provided at a clinical duration of the study, confirmed by
RCT per wee Weeks 8-12: 45 minutes at 45% HRR, 3 times per Yy a trained exercise pnysiologist. | consultation. 24 hour food diaries completed for 3
week. _ _ No supervision or days before and after the
Weell(s 12-16: 45 minutes at 60% HRR, 5 times per guidance was provided intervention.
weex. beyond this initial
visit.
Sessions consisted of 30-second maximal sprints on cycle o
Sargeant et ergometer interspersed with 4.5-minute periods of active Each participant
al. (2018) recovery at 50W. In addition participants completed a completed a six-week
3timesper | five-minute warm up and three-minute cool-down at 50W. All exercise sessions were ‘control phase’ before Participants were instructed to
Controlled HIT 6 weeks week P . ) . supervised and session attendance | the start of the training | maintain habitual diet and lifestyle
Longitudinal Participants completed four intervals per session for the was 100%. intervention, before throughout the duration of the study.

Intervention

first two weeks after which an additional interval was
added every two weeks, such that six intervals were
completed per session in weeks five and six.

and after which all
study were assessed.




Shojaee-
Moradie et

Exercise performed at 60-85% VO, max for a minimum

1 session per week was

Participants were

Participants were instructed not to

al. (2007) /(A\\?irg;)(?rlc():us) 6 weeks 3\/2{;}:63 per of 20 minutes, supervised by an exercise izkrﬁsaio d;:;n:nr:jue their change dietary habits throughout the
physiologist. lifestyle habits study.
RCT Y :
Sessions consisted of treadmill walking. ) Participants were
Sullivan et . . . 1 session per week was instructed to maintain
al. (2012) 5 times per During weeks 1-4, participants exercised for 15-30 performed under direct current activities of
Aerobic 16 weeks week P minutes at 45-55% of pre-training VO, peak. Sessions supervision from a member of the | daily living and were None reported
RCT progressed regularly until participants performed 30-60 research team. The remaining contacted once per
minutes of exercise at 45-55% VO, peak and this was sessions were completed at home. | week to review
maintained for the remainder of the intervention. compliance.
2 exercise sessions per week were i ;
van der Sessions consisted of treadmill, elliptical or cycle supervised by an exercise Participants were instructed t(.J make
Heijden et al i PETVISEd by - no changes to dietary or physical
(Zgjloer;q_e a ergometer exercise. physiologist and the remaining activity habits during the duration of
)¢ : i
Aerobic 12 weeks 4times per | sessions lasted approximately 50 minutes consisting of 10 \é\éel::rzﬁrcfeom)iditztr;??e with N/A the study.
week minutes warm-up, 10 minutes cool down and 30 minutes X Y . .
Uncontrolled exercise at a heart rate corresponding to 70% of baseline recording of heart rate. On Body weight was monitored two
Intervention VOjpeak (mean + SE: 86 + 206 HR ) average, participants completed times per week to assure weight
P T T mes 91 + 2% of prescribed sessions. stability.
Sessions lasted 60 minutes and consisted of 10 whole- o ;
van der body resistance exercises targeting large muscle groups. All exercise sessions per week Egzﬁ;ﬁagft\évzriitgﬁ?f tehd ;?Cg}ake
Heijden et al. were supervised by an exercise tivit ?1 bits duri y th pdy tion of
(2010b) _ 2 times per The programme progressed as follows: physiologist. ?ﬁel\s/tl )c/i abits during the duration o
Resistance 12 weeks K Weeks 1-2: 2-3 sets of 8-12 reps at 50% of 3RM. . N/A uay.
wee o o o On average, participants . .
Uncontrolled Weeks 3-8: individual progression increasing firstly by | comoleted 96 + 196 of the Body weight was monitored two
Intervention number of reps followed by weight. prescribed sess_ions times per week to assure weight
Weeks 9-12: 3 sets of 15-20 reps at 80-85% 3RM. stability.
Participants were supervised
during the first two to four weeks
of training to familiarise
themselves with the correct Participants were
Sessions lasted 30 minutes. exerc(;sz Ik?'tensnli/l' PstICLPam also | instructed to maintain
Zhang et al. : o attended bi-weekly healt hysical activity habits
(2016g) . In the moderate exercise group, participants walked education sessions. gn()i/ attended biy Participants were instructed to make
Aerobi 24 week 5times per | briskly at approximately 120 steps per minutes so that o klv health h heir diet th h
erobic WeeKs week their heart rate was 45 to 55% of predicted HR pax Participants then performed weekly health no changes to their diet throughout
RCT : sessions at a local community education sessions that | the duration of the study.

In the vigorous exercise group, participants jogged at an
intensity that elicited 65 to 80% of their predicted HRmax.

centre and received twice-weekly
telephone calls to assess
adherence. Participants in the
moderate group were given
pedometers to monitor training
step rate.

were held separately to
those attended by the
intervention groups.




*Study did not include ‘standard care’ or no ‘intervention group’. Patients were randomised to either exercise or dietary interventions; ¥ Manuscript refers to same study as van der Heijden
et al (2009); 1RM: 1-repetition maximum; 3RM: 3-repetition maximum; HIIT: High-intensity interval training; HRmax: Maximal heart rate; HRR: Heart rate reserve; NAFLD: Non-

alcoholic fatty liver disease; N/A: Not applicable; RCT: Randomised controlled trial; reps: repetitions; RPE: Rating of perceived exertion; VO, peak: peak oxygen consumption.



Table S4 — Risk of bias assessment for all studies

Reference Item Category / Number
(Puiilrif:taﬁgrgh\%ar) Nu'\rzsier: in Reporting E}gﬁg?@l Internal Validity: Bias Internal Validity: Confounding Power

Manuscript 1 2 3 4 5 6 7 8 9 10 {11 12 13 {"15 16 17 18 19 20 {21 22 23 24 25 26 27
Cassidy (2016) (ref. 34) 1 1 1 1 2 1 1 0 1 1 0 o0 1 1 1 1 1 1 1 1 1 1 1 0 1 1
Cuthbertson (2016) (ref. 35) 1 1 1 1 2 1 1 0 1 1 0 o0 1 1 1 1 1 1 1 1 0 1 0 o0 1 2
Hallsworth (2011) (ref. 36) 1 1 1 1 2 1 1 0 1 1 0 o0 1 1 1 1 1 1 1 1 0 1 0 o0 1 2
Hallsworth (2015) (ref. 47) 1 1 1 1 2 1 1 0 1 1 0 o0 1410 1 1 1 1 1 1 1 1 0 o0 1 2
Haus (2013) (ref. 39) 1 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 1 1 1 0 0 0 0 1 0
Hickman (2013) (ref. 18) 1 1 1 1 2 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 2
Houghton (2017) (ref. 48) 1 1 1 1 2 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 1 0 0 1 2
Johnson (2009) (ref. 11) 1 1 1 1 2 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0
Keating (2015) (ref. 41) 1 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 0 1 2
Langleite (2016) (ref. 37) 1 1 1 1 2 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0
Lee (2013) (ref. 43) 0 1 1 1 2 1 1 o0 1 10 0 110 o0 1 1 1 1 1 1 1 0 1 1 0
Malin (2013) (ref. 46) 1 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 0 1 0
Meex (2010) (ref. 32) 0 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 1 0
Oh (2014) (ref. 42) 1 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 0 1 1 1 0 0 0 1 0
Pugh (2014) (ref. 40) 1 1 1 1 2 1 1 0 1 1 0 0 1i0 1 1 1 1 1 1 0 1 0 o0 1 1
Sargeant (2018) (ref. 33) 1 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 0 1 0
Shojaee-Moradie (2007) (ref. 49) 0 1 1 1 2 1 1 0 1 1 0 0 1 0 1 1 1 1 1 1 1 1 0 0 1 0
Sullivan (2012) (ref. 12) 1 1 1 1 2 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 1 0 0 1 2
o000 & 2010002 e 1 1 1 1 2 1 1 o 1 14{0 o0 1f0 1 1 1 1 1{1 1 0o 0 0 1 0
van der Heijden (2010b) (ref. 45) 1 1 1 1 2 1 1 0 1 0 0 o0 1410 0 1 1 1 1 1 0 0 o0 1 1 2
Zhang (2016) (ref. 38) 1 1 1 1 2 1 1 1 1 1 0 o0 1 1 1 1 1 1 1 1 1 1 1 0 1 2

Full marking criteria can be found in the appendix of the original article by Downs and Black (13). * Item 14 of the Downs and Black scale (concerning
participant blinding) was not scored in this meta-analysis as blinding participants to group allocation in exercise studies is very difficult and uncommon.



Item 27 (concerning power) was amended as outlined above in this electronic supplementary material. A higher number represents a more positive
score. ¥ Two manuscripts reporting separate outcomes of the same study.



Table S5 - Pooled participant characteristics of RCTs included in meta-analysis of the

effects of exercise training on IHTG (n = 10 studies)

Exercise Groups

Control Groups

Total participant number
Male/Female/NR

Age (years)

Body weight (kg)

BMI (kgem)

Body fat (%)

Waist circumference (cm)

Fasted glucose (mmolsL?)

VO, peak (mlekgtemin™)
IHTG (%)

283

111/149/23

52 (45 to 61)
82.7 (71.4 to 103.0)
30.2 (28.0 to 37.1)
34.4 (30.4 t0 38.9)
99.9 (95.5 to 110.0)
5.63 (4.30 to 6.80)
23.6 (21.8 t0 26.4)

16.2 (6.9 t0 21.3)

169
77177115
52 (39 to 62)
84.0 (72.1t0 113.7)
30.2 (28.0 to 40.0)
34.8 (31.0 to 42.5)
99.2 (93.7 to 109.0)
5.67 (4.00 to 7.00)
22.3 (185 to 27.0)
14.5 (7.1 to 21.4)

Data presented as weighted mean with range; BMI: body mass index; IHTG: intrahepatic

triglyceride; NR: not reported; RCTs: randomised controlled trials; VO, peak: peak oxygen

uptake.

Table S6 — Pooled intervention characteristics of RCTs included in meta-analysis of the

effects of exercise training on IHTG (n = 10 studies)

Mode Range
Intervention duration (weeks) 12 4t024
Session frequency (times per week) 3 3to5
Session duration (mins) - 30to 53

IHTG: intrahepatic triglyceride; NR: not reported; RCTs

: randomised controlled trials.



Standard error of change in IHTG

Figure S1 — Funnel plots for assessment of publication bias in studies included in the

following analyses: a) within-group change in IHTG, b) difference between groups in

change in IHTG, and c¢) within-group change in HISI.
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Figure S2 — Meta-analysis of the pooled effect of exercise training on

IHTG using eligible RCTs

only.
Mean

Study difference between groups, %
D Absolute % (95% Cl) Weight

|
Johnson (2009) (Aerobic) : -2.02 (-7.62, 3.58) 3.64

I
Sullivan (2012) (Aerobic) E -5.30 (-17.81,7.21) 0.73
Pugh (2014) (Aerobic) — -3.30 (-7.94, 1.34) 5.31
Keating (2015) (Aerobic) : - -3.60 (-7.64, 0.44) 7.01
Cuthbertson (2016) (Aerobic) i -7.90 (-13.59, -2.21) 3.53
Zhang (2016) (Aerobic) — -4.55 (-6.41, -2.69) 32.93
Hallswerth (2011) (Resistance) e -2.10 (-5.29, 1.09) 11.20
Hallswerth (2015) (HIIT) : — -2.90 (-8.02, 2.22) 4.36
Cassidy (2016) (HIIT) r -3.30 (-6.93, 0.33) 8.66
Houghton (2017) (Combined) S -2.86 (-5.11,-0.61) 22.64
Overall (I-squared = 0.0%, p = 0.839) @ -3.61 (-4.68, -2.54) 100.00

NOTE: Weights are from random effects analysis

I I
-15 -10

Favours Intervention

I
-5

0 5 10

Favours Control

95% CI: 95% confidence interval; Combined: combined HIIT-plus-resistance exercise; HIIT: high-

intensity interval training; IHTG: intrahepatic triglyceride; RCTs: randomised controlled trials.



Absolute change in IHTG (%)

Figure S3 — Meta-regression between duration of exercise intervention in weeks and the

absolute change in IHTG from baseline elicited in all eligible studies.

Intervention duration (weeks)

0 4 8 12 16 20 24
| | | | | | |
o)
0_
8 y=-0.27x-0.14
P <0.001
2 @
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_10 -

Each circle represents a study, with larger circles indicating greater weight within the meta-

regression analyses. IHTG: intrahepatic triglyceride.



Figure S4 — Meta-regression between the magnitude of weight loss, relative to baseline,

elicited by exercise intervention and the absolute change in IHTG

Relative change in body weight (%)

-6 -4 -2 0 2
| | | | |

y=0.99x-1.99
P <0.001 o ©

—-10

Each circle represents a study, with larger circles indicating greater weight within the meta-

regression analyses. IHTG: intrahepatic triglyceride.
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